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WELCOME TO FACSS 2005 

 
On behalf of the Governing Board and the Executive Committee it is my pleasure to welcome you to Quebec City 
for the 32nd annual meeting of the Federation of Analytical Chemistry and Spectroscopy Societies (FACSS). We are 
significantly enriched by the participation of Canadian Society for Analytical Sciences and Spectroscopy by jointly 
holding the 51st International Conference on Analytical Sciences and Spectroscopy (ICASS) with this year’s 
meeting 
 
FACSS is continuing to evolve in response to constructive comments from attendees and leadership. A new format 
for the technical program was implemented at the 2004 conference that was designed to encourage mixing, 
discussion, and exchange of ideas. In this format, slightly modified—but largely continued this year, each day will 
begin with ‘wake-up coffee’ followed by plenary presentations by an internationally acclaimed speaker and/or 
FACSS award winner. The technical program will consist most days of only eight highly focused, concurrent 
sessions comprised of both poster and oral presentations. Refreshments will be served during the poster sessions 
and the venue, a ballroom as opposed to a convention floor, allows for a comfortable, intimate setting for both 
posters and the exhibits. Ample time will be allotted to the poster presentations to maximize their visibility and 
impact, and several awards will be given for quality posters. We welcome your feedback on the changes. We also 
encourage you to take full advantage of the meeting’s workshops, employment bureau, and social activities. 
 
FACSS continues to look forward to new relationships, while strengthening the existing ones. The American 
Society for Mass Spectrometry (ASMS) has had many of its members participating in FACSS over the years, and 
the organization is now interested in officially becoming affiliated with FACSS. The FACSS meeting is the annual 
meeting of the Society for Applied Spectroscopy and the Coblentz Society. FACSS is emphasizing this fact in its 
graphics and is instituting policies and activities to support the membership and health of these affiliates.  
   
This year’s technical program features thematic symposia in the topical areas of atomic spectroscopy, bioanalytical, 
chemometrics, homeland security, imaging, laser spectroscopy, mass spectrometry, molecular spectroscopy 
(Raman, IR, near IR, and luminescence), nanoscience, NMR, pharmaceuticals, process analytics, proteomics and 
sensors. The conference will kickoff with "Adventures in Chemical Analysis" by Professor Richard Zare of 
Stanford University and the Thursday plenary "Analytical Instrumentation as a Science Driver: The Case of Mass 
Spectrometry" will be presented by R. Graham Cooks of Purdue University.  Key lectures will be given throughout 
the meeting by the following award winners: Charles Mann Award winner D. Bruce Chase of Dupont, William F. 
Meggers Award winners Hirotsugu Hiramatsu and Hiro-o Hamaguchi of the University of Tokyo, Anachem Award 
winner Mary J. Wirth of the University of Arizona, Lester K. Strock Award winner Richard Russo of the Lawrence 
Berkeley National Laboratory, and the Ellis R. Lippincott Award winner Jaan Laane of Texas A&M. Information 
about the awards and the recipients can be found in this program. 
  
Quebec City is a fabulous city; please take time out from the meeting to enjoy it. Attractions and fascinating 
discoveries can be found: Lower Town, home to the first settlers of New France and encompassing the old port 
district and a host of other treasures; Upper Town, with the historic fortified city and the famous Château 
Frontenac, perched atop towering Cape Diamond; and everywhere steep, winding roads and stairways with telling 
names, like “Côte de la Montagne” (Mountain Road) and “Escalier Casse-Cou” (Breakneck Stairway), museums, 
world-class restaurants and souvenir shops. We will be having our Wednesday evening Gala at the Chapel within 
the “Musée de l’Amérique Française”, the oldest museum in Canada. 
 
This year’s meeting would not be possible if it were not for a fantastic team of people that freely volunteer copious 
amounts of time, passion, thought and effort. When you see someone wearing a "Committee Ribbon" on their name 
tag, please take the time to thank them for their efforts. More so, if you have constructive comments or suggestions, 
complimentary or otherwise, please mention it---or even better become involved in the FACSS organization; we 
can always use new ideas and energy! 
 
Mark Hayes  
2005 Governing Board Chair 
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GENERAL INFORMATION
LOCATION:  All conference symposia and exhibits will be held 
at the Québec City Convention Center, 900 boul. René-Levesque 
Est, Quebec City, G1R 2B5 Canada.  Sunday workshops will be 
held at the Delta Québec Hotel, 690 René-Levesque East 
Boulevard.  Monday through Thursday workshops will be held at 
the convention center. 

PROGRAM.  This printed program contains titles and abstracts as 
submitted by the authors.  It is not possible to edit these 
submissions. 
SPEAKERS.  There will be a LCD projector for each symposium.  
Speakers must supply their own computer with their presentation. 
Each speaker should carefully adhere to the time allotted for the 
talk. 
SPEAKER READY ROOM.  A room is equipped with an LCD 
projector.  The speaker ready room is 201A. 

POSTER SESSIONS. 
 Sunday SAS Sponsored Student Poster Session – Loggia 

o Poster Session and Welcome Mixer 17:00 – 19:00 
Monday Poster Session – Room 206A/B 
o Morning Session 09:00 – 10:30 
o Afternoon Session 14:00 – 15:00 

 Tuesday Poster Session – Convention Hall 200C 
o Morning Session 09:00 – 10:30 
o Afternoon Session 14:00 – 15:30 

 Wednesday Poster Session – Convention Hall 200C 
o Morning Session 09:00 – 10:30 
o Afternoon Session 14:00 – 15:30 

 Thursday Poster Session – Room 206A/B 
o Morning Session 09:00 – 10:30 
o Afternoon Session 14:00 – 15:30 

Your poster should remain up all day.  If your poster number is 
an odd number (1, 3, 5, etc.), the presenting author must be present 
09:00 - 9:45 and 14:00 – 14:45 on the assigned day.  If your poster 
number is an even number (2, 4, 6, etc.), the presenting author must 
be present 09:45 – 10:30 and 14:45 – 15:30 on the assigned day.  
One exception to this schedule is on Monday afternoon, when all 
authors should be by their posters from 14:00 – 15:00. 

FACSS WORKSHOPS.  A list of workshops, descriptions, and 
the locations begin on page 31.  You must register for a FACSS 
workshop at the conference registration desk. 

EMPLOYMENT BUREAU.  The bureau will be located in 
Rooms 201B/C at the convention center.  The center will be open 
Monday through Wednesday, 08:30 to 17:00 and 08:30 – 15:00 on 
Thursday.  Registration forms are available at the employment 
bureau.  See page 34 for additional information. 

EXHIBITS.  The exhibition is located in Convention Hall 200C 
and will be open as follows:  See page 21 for details. 
 Monday (Opening Reception) 17:30 – 19:30 
 Tuesday – Wednesday 09:00 – 17:00 

BREAKS.  Monday and Thursday breaks will be held in Room 
206A/B.  Tuesday and Wednesday breaks will be held in 
Convention Hall 200C.  

INTERNET ACCESS.  Complimentary wireless internet access 
will be available to all conferees.  Access is located in the 
convention hall and convention hall foyer.  Select the “CCQ-
Congres” Wireless Network on your computer.  Start your 
browser.  Follow the instructions and enter the event code: 1924-
02.  If you did not bring a computer or do not have wireless 
capability, a complimentary internet café is located on the third 
floor. 

REGULATIONS.  The following regulations are in the best 
interest of the conference. 
1. There is no smoking in any conference area. 
2. An official name badge is required at all times. 
3. No advertising may be placed in the conference area. 
4.  Only official exhibitors may display in the Exhibit Hall. 

SPECIAL EVENTS. 
SUNDAY 
 17:00 – 19:00 Welcome Mixer and SAS Sponsored Student 

Poster Session, FACSS and SAS Award 
Presentations, Loggia  

MONDAY 
 08:00 Plenary Lecture: Adventures in Chemical 

Analysis, Richard N. Zare, Room 200A 
 15:00 Lippincott Award: Spectroscopic 

Determination of Molecular Structures and 
Conformational Pathways in Ground and 
Singlet and Triplet Excited Electronic States 
Jaan Laane, Room 200A 

 17:30–19:30 Reception for Exhibit Opening (wine, beer, 
snacks, live music), Convention Hall 200C 

TUESDAY 
 08:00 Charles Mann Award: FT-Raman:  The Life 

Cycle of an Analytical Technique, D. Bruce 
Chase, Room 200A 

 08:30 ANACHEM Award: Single-Molecule Probing 
of Functional Receptors, Mary Wirth, Room 
200A 

 12:30 GE Advanced Materials sponsored 
Student/Professional Panel Discussion and 
brown bag lunch.  “I’m graduating soon. 
What’s Next?” Room 303.  Sign up at 
conference registration desk. 

 14:00 Dessert Reception at Poster Session, 
Convention Hall 200C 

WEDNESDAY 
 08:00 Strock Award: Laser Ablation: Atoms to 

Aerosols, Richard E. Russo, Room 200A 
 08:30 Meggers Award: Amazing Vibrational 

Spectroscopy, Hiro-o Hamaguchi, Room 200A 
 14:00 Dessert Reception at Poster Session, 

Convention Hall 200C 
 17:00 Visit the ABB installations and laboratories 

situated close to the Convention Center.  
Participation is free but limited.  Sign up at the 
ABB booth.  Shuttle transportation will be 
provided (inquire at ABB booth or conference 
registration desk for information). 

 18:30 FACSS Gala, Chapel within the Musée de 
l’Amérique Française.  Shuttle transportation 
will be provided (information at conference 
registration desk). Ticket required 

THURSDAY 
 08:00 Plenary Lecture: Analytical Instrumentation 

as a Science Driver: The Case of Mass 
Spectrometry, R. Graham Cooks, Room 200A 

COMPANION REGISTRATION.  Companion registration is 
offered for persons accompanying conference registrants.  Does not 
include access to symposia or exhibit hall other than for exhibit 
opening. Cost is $45 and includes the following: 
• Monday Welcome, 9:00, coffee and pastries, Room 301B 
• Tuesday, Wednesday - 09:00-11:00, coffee and pastries, Room 

301B 
• Monday, 17:30 – 19:30, Exhibit Hall Opening Reception
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EVENTS OF INTEREST TO STUDENTS 

Sunday Evening, Loggia 
• Welcome Mixer – 17:00 – 19:00 
• SAS Sponsored Student Poster Session – 17:00 – 19:00 
 
Monday 
• Employment Bureau in Rooms 201B/C 
 Monday – Wednesday 08:30 – 17:00; Thursday 08:30 – 15:00 
 
Tuesday 
• 12:30, GE Advanced Materials sponsored Student/Professional Panel Discussion and brown bag lunch.  “I’m 

graduating soon. What’s Next?” Room 303B.  Sign up at conference registration desk. 
 
Wednesday 
• 08:30 – 17:00, Professional Analytical Chemists in Industry: A Short Course for Undergraduate Students; 

Diane Parry, instructor. No charge.  Register at the conference registration desk. 
 

WEDNESDAY EVENING 

17:00 Visit the ABB installations and laboratories situated close to the Convention Center. 
A visit of the ABB installations and laboratories will allow participants to see one of the largest laboratory, 
at-line and process analyzers portfolios in the world, performing real-time analysis of the chemical 
composition and/or physical properties of a process stream.  Shuttle transportation to ABB will be provided 
and will return participants to the center, conference hotels, or the FACSS gala (inquire for more 
information at conference registration desk).  Participation is free but limited.  Sign up at the ABB booth. 

 
18:30 FACSS Gala. The FACSS gala will take place at the Chapel within the “Musée de l’Amérique Française”, 

the oldest museum in Canada. This museum has its roots in European religious and educational traditions. 
Located in a building that is part of the Séminaire de Québec site, founded by Bishop Laval in 1663, it is 
the witness and the herald of a colorful past, worthy of the world's greatest epics. The Chapel was first built 
on this site in 1750. After a fire destroyed it in 1888, it was rebuilt to plans drawn by Joseph-Ferdinand 
Peachy and inspired by the Église de la Trinité in Paris. For a long time, this place of worship was used by 
priests and seminarians, teachers and students. Pope Jean-Paul II came to pray in the Chapel in 1984. The 
Chapel was secularized in 1989 and is now part of the museum, serving as a concert hall, an auditorium and 
a conference room. Attendees will enjoy an evening reception with local culinary specialties camaraderie.  
Cost: $35.00 

 
INDEX TO ADVERTISERS 

 
 ABB Page 36 
 ADVANCED CHEMISTRY DEVELOPMENT Page 20 
 ALINE, INC. Page 18 
 B&W TEK, INC. Page 41 
 BIO-RAD LABORATORIES Inside Back Cover 
 KAISER OPTICAL SYSTEMS, INC. Back Cover 
 PERKINELMER LIFE & ANALYTICAL SCIENCES Inside Front Cover 
 ROYAL SOCIETY OF CHEMISTRY Page 35 
 SOCIETY FOR APPLIED SPECTROSCOPY Pages 17 and 19
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FACSS ORGANIZATION 

Member Organizations of FACSS 
American Chemical Society, Analytical Division 

ANACHEM 
Analysis Division of Instrument Society of America 

Coblentz Society 
Royal Society of Chemistry 

Society for Applied Spectroscopy 
 

FACSS is the National Meeting for the Society for Applied Spectroscopy and the Coblentz Society 
 

2005 Chair Persons 
 Governing Board Chair Mark A. Hayes, Arizona State University 
  E-mail:  mhayes@asu.edu 
 Governing Board Chair Elect Diane Parry, Procter and Gamble 
 Past Governing Board Chair Michael Blades, University of British Columbia 
 Second Past Governing Board Chair Ron R. Williams, Saginaw Valley State University 
 Secretary John Graham, Hercules Inc. 
 Treasurer Paul N. Bourassa, Lifeblood Mid-South Regional Blood 

Center 
 Exhibit Chair Scott W. McGeorge, Transition Technologies, Inc.   
  E-mail:  mcgeorge@transition.ca 
 General Chair Denis Boudreau, Laval University 
  E-mail: denis.boudreau@chm.ulaval.ca 
 Program Chair Paul Farnsworth, Brigham Young University 
  E-mail:  paul_farnsworth@byu.edu 
 Workshops Chair  Christine Wehlburg, MITRE Corporation 
 Employment Chair Drew Manica and Erica Kyllo, GE Plastics 
 

2005 Program Section Chairs 
 Atomic Spectroscopy Paul B. Farnsworth, Brigham Young University 
 Awards S. Douglass Gilman, Louisiana State University 
 Bioanalytical Dana Spence, Wayne State University; R. Scott 

Martin, Saint Louis University 
 Biomedical Spectroscopy and Imaging Anthony Shaw and Lorenzo Leonardi, National 

Research Council of Canada; Max Diem, City 
University of New York 

 Chemometrics Paul Gemperline, East Carolina University 
 ICASS Diane Beauchemin, Queen’s University 
 IR and Near IR Emil Ciurczak, Integrated Technical Solutions 
 Mass Spectrometry and Proteomics George Agnes, Simon Fraser University; Michael Siu, 

York University; Liang Li, University of Alberta 
 Nanoscience and Nanomaterials Wei Zhao, University of Arkansas 

 Process Analytical Barry Wise, Eigenvector Research, Inc. 
 Raman Ian Lewis, Kaiser Optics 

 SAS Student Poster Session Bonnie Saylor and Victor Hutcherson, Society for 
Applied Spectroscopy 
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FACSS CHAIRS 

GOVERNING BOARD CHAIR 

 

Mark Hayes 
Arizona State University 

 Mark A. Hayes is currently a Professor of Chemistry and 
Biochemistry at Arizona State University in Tempe, Arizona. He is 
married to Carol & has two children, boys, ages 9 & 12. He received 
his bachelor’s degree in 1985 from Humboldt State University in the 
heart of Redwood National Park in Arcata, California. After four 
years working for a ‘mom & pop’ analytical laboratory and as a 
technical support chemist for a capillary gas chromatography 
company, he returned to graduate school at The Pennsylvania State 
University in State College, Pennsylvania under the talented and 
visionary guidance of Professor Andrew G. Ewing. His graduate 
work was focusing on capillary zone electrophoresis, electrostatic 
interactions and mass spectrometry, where he graduated in 1993. Dr. 
Hayes then worked with enzyme modified electrodes and fiber optic 
sensors at the University of California, Riverside. In 1996, he joined 
the faculty at Arizona State University in the Chemistry and 
Biochemistry Department and joined the Center for Solid State 
Electronics Research in 2000. He was promoted to Associate 
Professor in 2002 and has recently taken on new responsibilities as 
the co-Director of Arizona Applied NanoSensors and is leading an 
Integrated Proteomics working group for the Biodesign Institute. 
The areas of current research include microfluidics, surfaces 
modifications, microimmunoassays, inflammatory response in 
murine lung, early breast cancer detection, supraparticle dynamic 
paramagnetic structures, photon induced surface energy controls, 
among other active projects.  
 

GENERAL CHAIR 

 
Denis Boudreau 

Laval University 
 Denis was born in 1963 in Sherbrooke, Qc, Canada. After a 
rather uneventful childhood experimenting with various tools in his 
father’s tool shop and lighting minor electrical fires in the basement, 
he finally opted for an arguably less perilous trade and received a 
B.Sc. in Chemistry at the U. of Sherbrooke in 1986. Still haunted by 
electronics and moved by G. Horlick’s pioneering work on the use 
of photodiode arrays for atomic spectrometry, Denis spent his senior 
term project experimenting with a derelict spectrometer and a linear 
CCD, lighting a few more electrical fires in the process. He then 
joined the laboratory of Dr. J. Hubert at the University of Montréal, 
where he studied analytical plasma discharges using optical (M.Sc. 
1988) and mass spectrometry (Ph.D. 1992). He subsequently went to 
the U. of Florida as an NSERC postdoctoral fellow (1992-93), under 
the supervision of Dr. J.D. Winefordner, where he probed plasma 
discharges using various lasers and dabbled into numerical modeling 
of laser-atom interactions in collisional media. The latter encounter 
with paper lasers and an undying fondness for sub-zero climates led 
him to Sweden and Dr. O. Axner’s laboratory (1993). After a final 
passage at the U. of Montréal as a research associate (1994-95), 
Denis joined the faculty at Laval U. in 1995. 
 His main research program is aimed at the development of 
sensitive laser-based techniques for spectrochemical analysis. 
Current projects involve the use of laser-enhanced ionization, laser-
excited atomic fluorescence and laser-induced breakdown 
spectrometry for the detection of trace chemical species in solid and 
liquid microsamples introduced in various atomization sources by a 
number of means (ultrasonic nebulization, liquid chromatography, 
laser ablation, graphite furnace vaporization). Other techniques in 
the laboratory’s laser spectroscopy toolbox include pump-probe, 
shadowgraph and degenerate four-wave mixing. In recent years, 
Denis has also started a prudent but enticing exploration of a 
research field that is totally orthogonal to his main research thrust, 
namely the use of fluorescent polymeric transducers as sensitive and 
sequence-specific DNA biosensors, a fascinating adventure 
featuring diode lasers, confocal optics, DNA-grafted magnetic 
nanobeads, microbiologists and infectiologists, and some very nasty 
bugs. Since 1995, he has trained 11 graduate students and 6 
postdoctoral fellows, and has authored or co-authored over 20 
refereed manuscripts. He is a member of the Centre d’optique, 
photonique et laser (COPL) research center based at Laval U., and 
of the Femtotech research network on the applications of ultrafast 
lasers.  He has served on the editorial board of Spectrochimica Acta 
B and is currently the Editor for Spectrochimica Acta Electronica. 
He has been Director of Graduate Studies at Laval U. since 2000. 
 When not at work, Denis enjoys playing football and basketball 
with his two sons (9 and 11), is an avid albeit rapidly aging downhill 
and cross-country skier, plays a reasonable guitar and is working 
feverishly at becoming a semi-passable jazz saxophonist. 
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FACSS CHAIRS 

PROGRAM CHAIR 

 
Paul Farnsworth 

Brigham Young University 
 Paul Farnsworth is currently chair of the Department of 
Chemistry and Biochemistry at Brigham Young University.  He 
earned his B.S. degree in 1977 from BYU, then went on for doctoral 
work at the University of Wisconsin in Madison under the direction 
of John Walters.  He did postdoctoral work with Gary Hieftje at 
Indiana University, and then returned to BYU as an assistant 
professor in 1983.  He has had two appointments as a visiting 
scientist at the Joint Research Center of the European Commission 
in Ispra, Italy, the first in 1989 and the second in 1998, working in 
the laboratories of Nicolò Omenetto. 
 Paul’s primary research interests are laser and atomic 
spectroscopy.  He began his research career studying energy 
transport and excitation mechanisms in inductively coupled plasmas 
used as emission sources.  He has slowly evolved into a mass 
spectrometrist, but retains his interest in optical spectroscopy.  In 
recent years he has been using laser-excited fluorescence as a tool to 
study ion transport through the vacuum interface of an inductively 
coupled plasma mass spectrometer.  His initial work on ion transport 
was recognized with the Spectrochmica Acta atomic spectroscopy 
award in 1998.  He has also ventured into the molecular world with 
the development of detectors for proteins based on two-photon 
excited fluorescence. 
 Paul has been an active participant in FACSS conferences since 
his graduate student days.  He is also an active member in one of the 
sponsoring societies, SAS, at both the local and national level.  He 
has served as editor for the journal Applied Spectroscopy since 1997, 
and has had primary responsibility for the development of the online 
edition of the journal.  He was editor of Spectrochimica Acta 
Electronica from 1994-2001 and is currently a member of the 
editorial board of Spectrochimica Acta, part B. 
 Paul was drawn back to Utah by family ties and the mountains.  
He spends as much time as possible in the latter hiking, cycling, 
backpacking, and skiing.  He maintains some semblance of culture 
by playing in the local community orchestra, where he is the 
principal horn player. 

EXHIBITS CHAIR 

 

Scott W. McGeorge 
Transition Technologies Inc. 

 Scott founded Transition Technologies in 1994 and has 
developed a business model geared to providing quality scientific 
support for the products that the company distributes across Canada.  
The Company’s analytical product line is dedicated to productivity 
enhancements for ICP optical and mass spectrometry.  In 1999 TT 
expanded into the life science arena and currently expends a 
significant effort servicing the medical genetics community 
providing solutions for mutation detection and nucleic acid analysis 
using denaturing HPLC and/or temperature gradient capillary 
electrophoresis.  More recently the Company has expanded to 
include automatic bio-reactor sampling systems with integration 
support for a variety of downstream technologies. 
 Scott received his B.Sc. degree in chemistry from the 
University of Waterloo with a minor in computer science in 1980.  
He was able to combine aspects of these disciplines at McGill 
University in Montreal where he studied with Dr. Eric D. Salin.  He 
received his Ph.D. in 1985 for applications of image sensor 
technology for ICP-AES. 
 After graduate school, Scott worked for a small instrumentation 
company with funding from an Industrial Research Fellowship.  He 
later managed a corporate group assigned to the development of 
multiple dispersion ICP spectrometer systems employing echelle 
optics and photodiode array detection. He founded Transition 
Technologies in the summer of 1994 and currently enjoys serving a 
client base with wide ranging interests and problems.  He has 
authored or co-authored 13 publications.  He has served as Exhibit 
Chair for FACSS since 1996 and the 2005 meeting in Quebec City 
marks the 10th anniversary in this capacity. 
 Research interests include novel methods for DNA 
heteroduplex analysis to enhance the accuracy and throughput for 
genetic mutation screening and scoring.  New directions for the 
business include contract laboratory services targeting niche 
applications associated with the company’s core competencies. Scott 
is active in the martial arts holding a black belt in Goju Jitsu Ryu 
(Renshi Michael Neville, 5th Dan) and a black belt in conventional 
Jiu Jitsu (Shihan Robert Krantsz, 7th Dan).  He is an active diver 
certified for mixed gas applications and is currently training for 
advanced tri-mix and decompression ventures. 
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PROGRAM and EVENT SPONSORS

ANACHEM SYMPOSIUM 

ANACHEM 
 

ATOMIC SPECTROSCOPY 

CETAC Technologies 
PerkinElmer Life & Analytical Sciences 

Varian, Inc. 
 

BIOANALYTICAL 

Eldex Laboratories, Inc. 
Pfizer, Inc. 

Sigma-Aldrich 
 

CHEMOMETRICS 

John Wiley & Sons 
 

GALA 

ABB 
ICIP/CIPI 

Spectroscopy Magazine 
 

KINETIC CAPILLARY 

Beckman Coulter 
MDS Sciex 

Praecis Pharmaceuticals 
 

MEGGERS AWARD SYMPOSIUM 

Symphotic Tii Corporation 
 

NANOSCIENCE & NANOMATERIALS 

Applied NanoFluorescence, LLC 
Continuum Lasers 

HORIBA, Jobin Yvon 
Symphotic Tii Corporation 

 
NEAR IR 

GlaxoSmithKline 
 

PROCESS ANALYTICAL 

Axsun Technologies 
GlaxoSmithKline 

Mettler Toledo Autochem 
PerkinElmer Life & Analytical Sciences 

Smiths Detection 
 

RAMAN 

Andor Technology 
Bruker Optics, Inc. 

HORIBA Jobin Yvon 
John Wiley & Sons 

Kaiser Optical Systems, Inc. 
Renishaw, Inc. 

 
WORKSHOPS 

Axsun Technologies 
Smiths Detection 

 
MANN AWARD 

Dorothy Mann, on behalf of the Mann Family 
 

STUDENT POSTER AWARD SPONSORS 

Society for Applied Spectroscopy (SAS) 
Procter & Gamble 

CRC Press 
John Wiley & Sons 

Meinhard Glass Products 
Spectrochimica Acta Part B 

Taylor and Francis 
 

GENERAL CONFERENCE SPONSOR 

ABB 
 

MONDAY EXHIBIT OPENING SPONSORS 

Fibertech Optica, Inc. 
Transition Technologies, Inc. 
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FLOOR PLANS 

 
 

 
 

EXHIBITS 
Tuesday and Wednesday 
Poster Sessions 

Monday and Thursday 
Poster Sessions 

Employment 
Bureau 

Plenaries 
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FACSS AWARDS 

The Tomas Hirschfeld Award and the FACSS Student Award recognizes outstanding contributions by individuals 
who are Ph.D. and M.Sc. candidates

TOMAS HIRSCHFELD AWARD 

 
Jean-Francois Masson 
Arizona State University 

Presentation, Thursday 17:10, Room 204B 

 Jean-Francois joined the group of Karl Booksh in 2002 
at Arizona State University to pursue a Ph.D. in analytical 
chemistry. His research focuses on the development of fiber-
optic based surface plasmon resonance sensors for 
monitoring the release of cardiac markers in serum. He is 
also involved in the development of novel surface coatings 
to resist non-specific protein adsorption to the sensor’s 
surface. After graduation, he will join the group of Boris 
Mizaikoff at the Georgia Institute of Technology. He has 
been an author of 15 peer-reviewed articles as well as 4 
conference proceedings, and 4 patents. He received 
scholarships from NSERC (Canada) and FQRNT (Québec) 
to pursue his graduate studies at Arizona State University. 
He additionally received numerous academic or research 
related awards. Jean-Francois also attended collège Ahuntsic 
in Montréal, Canada from 1995 to 1998 where he obtained a 
technical degree in analytical chemistry. Afterwards, he 
went to study at Université de Sherbrooke. In the course of 
obtaining his bachelor of science in chemistry degree at 
Sherbrooke, he interned at the Institut de Recherche 
d’Hydro-Québec in 1999, at the research centers of 
Boehringer-Ingelheim Canada in 2000, and of Merck Frosst 
Canada in 2001. During the internships, his research 
consisted of improving separation methods of polymers and 
pharmaceutical compounds using HPLC. He graduated in 
2001 from Université de Sherbrooke. 

FACSS STUDENT AWARD 

 
Allen E. Haddrell 

Simon Fraser University 
Presentation, Wednesday 12:10, Room 207 

 Allen received a Bachelor of Science degree in 
Environmental Chemistry from Okanagan University 
College in Kelowna, B.C., in 2001.  He is currently pursuing 
his Ph.D. in Chemistry at Simon Fraser University in 
Vancouver, B.C., under the supervision of Dr. George 
Agnes.  Allen’s doctoral studies revolve around the toxicity 
of air pollution, and how chemical processes in the 
troposphere factor into the pathogenesis of respiratory and 
cardiovascular diseases.  He is developing novel methods to 
obtain measures of the inflammation potential for particles 
suspended within the troposphere as a function of their 
chemical composition.  His experiments utilize ac levitation 
technology that he assisted in the development of, to 
generate, alter, and deliver designed particles onto lung cells 
in vitro, followed by quantitation of downstream biological 
responses.  Allen’s doctoral studies have resulted in four 
publications on which he is the primary author. 
 In his spare time, Allen trains for and competes in 
triathlons.  On August 29th 2004, Allen completed the 
Ironman Canada Triathlon, which consisted of a 2.4 mile 
swim, 112 mile bike and 26.2 mile run, in 16 hours (the 
photo above was taken at the finish line).  He is registered to 
compete in the 2006 Ironman Canada. 
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DISTINGUISHED SERVICE AWARD 
Recognizing members for their long-time service to the 

society 

 
 

Rina K. Dukor 
BioTools, Inc. 

 

 Rina Dukor is the President and CEO of BioTools, Inc. 
an Illinois-based company she co-founded with Professor 
Laurence Nafie of Syracuse University in 2000.  BioTools is 
a leader in providing instrumentation and services to 
pharmaceutical and biotechnology companies in several 
niche markets concentrating in the areas of proteins and 
chirality. 
 Rina received a Ph.D. in physical chemistry from the 
University of Illinois, Chicago in 1991 under the direction of 
Professor Timothy Keiderling.  Her doctoral thesis topic was 
in the area of VCD of biological molecules. Upon 
graduation, she joined the Amoco Technology Company, 
Biotechnology Division (currently Vysis, Inc., a subsidiary 
of Abbott) as a postdoctoral research associate and in 1993 
was appointed to a full staff position.  While at Amoco, Rina 
established a spectroscopy laboratory focused on the 
vibrational spectroscopy of proteins and nucleic acids.  As a 
project manager, she was responsible for the design and 
implementation of new products and for the supervision of 
employees and interns.  She left Vysis at the end of 2001 to 
devote her energies full-time at BioTools. 
 Her current research interests are in applications of 
vibrational spectroscopy to pharmaceutical problems.  She 
has co-authored over 30 peer-reviewed papers; several 
review chapters and is a holder of four patents. Rina has 
presented her work at many international meetings both as 
contributed and invited lectures.  Rina is a co-instructor on a 
well-known course on Biological Infrared and Raman 
Spectroscopy (BIRS) which is given under auspices of the 
Society for Applied Spectroscopy (SAS). 
 Rina joined SAS as a graduate student and has been 
very active both in the Chicago Local Section and National 
ever since.  As a board member of the Chicago Section, over 
the last twelve years she has served as membership 
committee chairperson, program chairperson, workshop 
chairperson and as the Section Chairperson.  On the National 
level, she served on the Local Section Affairs Committee, 
Nominating Committee, Parliamentarian for several 
Presidents, and was elected President of the National SAS 
for the year 2000.  She stays actively involved as a Co-Chair 
of the Ad-Hoc Committee on Internationalization and 

Technical Sections and as one of the Focal Point Editors for 
Applied Spectroscopy Journal.  Rina is also a member of the 
Coblentz Society.  Recently, she served on the Governing 
Board of Federation of Analytical Chemistry and 
Spectroscopy Societies (FACSS) and was the General Chair 
of the FACSS 2003 meeting in Ft. Lauderdale.  She is also 
Co-Chair of the International Conference on Advanced 
Vibrational Spectroscopy (ICAVS-3) in Lake Lawn, 
Wisconsin in August of 2005. 
 But her greatest joy in life comes from her two children 
B Alan and Anna.  Her free time is spent sitting in (with her 
laptop) on tennis, piano, dance and gymnastics lessons. 

 
FELLOWS AWARD 

Recognizing an individual SAS member for their outstanding 
service to the field of spectroscopy 

 

 
James Holcombe 

University of Texas at Austin 

Professor Holcombe received his Bachelor’s Degree 
from Colorado College (1970) and his Ph.D. from the 
University of Michigan (1974).  Since that time, he has been 
a member of the faculty in the Department of Chemistry and 
Biochemistry at The University of Texas at Austin and 
served as Department Chair from 2000-2004. During 1984-
85, he spent a year as Program Director for Chemical 
Analysis at the National Science Foundation, and was 
Editor-in-Chief for Applied Spectroscopy (1994-1998) 
during which time he initiated the Focal Point series for the 
Journal. As a member of SAS since graduate school, Dr. 
Holcombe has been heavily involved in the Society, 
including serving as President.  He has also served in various 
capacities with FACSS, including serving as Program Chair 
in 1991. He serves on several national and international 
organizing committees as well as various editorial boards. 

Prof. Holcombe’s research interests have focused on 
atomic spectroscopy with particular emphasis on graphite 
furnace atomic absorption and, more recently, on 
electrothermal vaporization for sample introduction to 
ICPMS.  He also has an active research program involving 
the development of biomolecules for trace metal 
preconcentration and toxic metal remediation.  He has 
authored or coauthored more than 140 publications in 
refereed journals and has presented his research at various 
national and international conferences throughout the world.  
He attributes his success and good fortune to the quality and 
industry of his many graduate, undergraduate and post 
doctoral research students as well as his serendipitously 
lucky selection of interesting research problems. 
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HONORARY MEMBERSHIP AWARD 
Recognizing those individuals who have made exceptional 

contributions to spectroscopy 

 
Wolfgang Kiefer 

University of Würzburg 

 Dr. Wolfgang Kiefer was educated at the University of 
Munich in Germany receiving both his Diploma in Physics 
in 1967 and his Ph.D. in Physics in 1970.  From 1970-1972, 
Dr. Kiefer served as a Postdoctorate Fellow at the National 
Research Council of Canada in the Division of Chemistry.  
From there he went to the University of Munich as Assistant 
in the Department of Physics.  In 1977, Dr. Kiefer left the 
University of Munich to become Professor for Experimental 
Physics at the University of Bayreuth in Germany followed 
by Full Professor/Head of the Institute for Experimental 
Physics at the University of Graz in Austria.  In 1988, he 
took a position as Full Professor for Physical Chemistry at 
the University of Würzburg in Germany.  From 1996-1997 
he served as Vice Dean of Faculty of Chemistry and 
Pharmacy at the University and from 1997-1999 as Dean of 
Faculty of Chemistry and Pharmacy. 
 Dr. Kiefer has been involved in numerous national and 
international activities. These include European Editor 
(Molecular Spectroscopy) for the journal, Applied 
Spectroscopy, member of the Editorial board, Associate 
Editor and Editor-in-Chief of the Journal of Raman 
Spectroscopy, Member of the Editorial Boards of the Asian 
Journal of Physics, Spectroscopy Letters, Trends in Applied 
Spectroscopy, Asian Chemistry Letters, Chinese Journal of 
Light Scattering, Journal of Pure and Applied 
Spectrophysics, and Chemical Physics Letters.  He has been 
a member of the IUPAC Commission for Infrared and 
Raman Spectroscopy, Director of a NATO Institute on 
Nonlinear Raman Spectroscopy, an Association of British 
Spectroscopists Lecturer, and a member of several Steering 
Committees.  In 2000 he received the Distinguished Service 
Award from the Society for Applied Spectroscopy.  Dr. 
Kiefer was Chairman of the XIII International Conference 
on Raman Spectroscopy and Chairman of the International 
Steering Committee for International Raman Conferences.  
He was Visiting Professor of Hong Kong University of 
Science and Technology, Waseda University, Tokyo, 
Zhengzhou University, P.R. China and is Honorary 
Professor of Wuhan University, P.R. China, and Capital 
Normal University Beijing, P.R. China.  In 2003 he received 
an Honorary Doctor degree from the Babes-Bolyai 

University, Cluj-Napoca, Romania, and in 2003 he was the 
23rd Annual Pittsburgh Conference Lecturer.  Dr. Kiefer is 
Honorary Member of the Advisory Board of the Committee 
on Light Scattering of the Chinese Physical Society, 
Honorary Fellow of the Laser and Spectroscopy Society of 
India and Foreign Councillor of the Institute for Molecular 
Science, Okazaki National Research Institutes, Japan. He 
received an INCONS 2005 (International Conference on 
Spectrophysics 2005) Award.  He is co-editor of five books 
and has published more than 700 papers 
 

GRADUATE STUDENT AWARD 
Recognizing a graduate student for outstanding research in 

spectroscopy 

 

Kaveh Jorabchi 
George Washington University 

 

 Kaveh Jorabchi was born in Iran and attended high 
school at the National Organization for the Development of 
Exceptional Talents. His efforts and passion for chemistry 
won him a gold medal at the National Chemistry Olympiad 
in 1996, qualifying him for 1997 International competitions 
in Montreal where he was awarded a silver medal. In 2001, 
he received his bachelor=s degree in chemistry from Sharif 
University of Technology (Tehran, Iran) and joined the 
research group of Professor Akbar Montaser at the George 
Washington University (Washington, DC). Although 
interested in a broad range of chemical research, his main 
focus has been advancement of plasma based spectrometries 
and development of instrumental techniques and 
methodologies for the trace elemental and isotopic analysis 
of nanoliter-size samples. He uses a variety of techniques 
including imaging to measure and understand the droplet 
generation and transport, plasma properties, and plasma-
sample interactions towards generation of maximum 
analytical signal from a minimum amount of sample. His 
applied and fundamental studies have resulted in 6 
publications, 2 patents, more than 10 presentations in 
national and International conferences and several best 
poster awards. In 2005, he was awarded an ACS-Division of 
Analytical Chemistry Graduate Fellowship. 
 Kaveh’s non-academic interests include listening to 
world music, classical and jazz. In addition, he plays the 
kamancheh (the Persian spike fiddle) and has collaborated 
with several music ensembles. Recently, he has performed in 
concerts and Persian classical music workshops at the music 
departments of Boise State University (Boise, ID) and 
Montgomery College (Rockville, MD). 
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ELLIS R. LIPPINCOTT AWARD 
Given to honor the memory of Ellis R. Lippincott for significant 

contributions to vibrational spectroscopy. The medal is sponsored 
jointly by the Society for Applied Spectroscopy, the Coblentz 

Society, and the Optical Society of America. 

 
Jaan Laane 
Texas A&M 

Presentation, Monday 15:00, Room 200A 
 Jaan Laane was born in Estonia in 1942. When he was 
two, he and his family fled from the Soviets, winding up in a 
displaced persons camp near Augsburg, Germany.  In 1949 
the family immigrated to the USA, settling in Polo, Illinois. 
After graduating from high school as class valedictorian, 
Jaan attended the University of Illinois (Urbana) as a Sloan 
Scholar and James Scholar. He graduated with Highest 
Distinction in Chemistry in 1964 and received the Kendall 
Award for top senior chemistry major.  As an undergraduate 
he worked for three years under Professor Theodore L. 
Brown carrying out experiments in infrared spectroscopy 
and organotin synthesis. Following his first of three 
summers working at Los Alamos Scientific Laboratory, he 
began graduate work at MIT as a National Science 
Foundation and Woodrow Wilson Fellow.  Working in the 
laboratory of Professor Richard C. Lord, and also under the 
guidance of Professor Dietman Seyferth for organosilicon 
synthesis, Jaan synthesized silacyclobutane and several other 
new compounds and studied their vibrational spectra.  He 
wrote an original computer program to accurately calculate 
the quantum energy levels for ring-puckering vibrations with 
quartic/quadradic potential functions. These were studied 
using Lord’s new far-infrared instrumentation.  He received 
his Ph.D. in 1967, along with the Kodak Award as the best 
graduate student in the chemistry department. 
 Following a year at Tufts University, Dr. Laane moved 
to Texas A&M University and was promoted to Associate 
Professor (1972) and Full Professor (1976). His research 
there has focused on vibrational spectroscopy and the 
determination of vibrational potential energy surfaces in 
both ground and excited electronic states. He has contributed 
to both a theoretical understanding of molecular vibrations 
and structures, as well as to the experimental methodology 
in these areas. He has made significant contributions to 
understanding of singlet and triplet electronic excited states 
in nitrogen-oxygen compounds and Raman difference 
spectroscopy. He has more than 250 publications, two 
books, a dozen book chapters, approximately 400 
presentations, including plenary and invited lectures at 

spectroscopy conferences. In 1999-2000 he held the Welch 
Foundation Lectureship, and in 2003 he presented the 
Frontiers in Spectroscopy lectures at Ohio State University.  
His research laboratory has synthesized a significant number 
of new organosilicon and other cyclic compounds and fully 
analyzed their vibrational spectra, including the 
determination of their potential energy surfaces for 
conformationally important vibrations. He has been in the 
forefront of writing computer programs for calculating both 
the kinetic energy and potential energy functions for one-, 
two-, and three-dimensional problems. “Laane’s Tables,” 
published in 1970, and his programs for calculating periodic 
potential functions for internal rotations and pseudorotations 
have been widely distributed and utilized.  Professor Laane 
is a Fellow of the American Physical Society and the AIC.  
He received the Alexander von Humboldt U.S. Senior 
Scientist Award in 1979 and a Texas A&M teaching award 
in 1982.  He is an elected member of the Estonian Academy 
of Sciences and received an honorary D.Sc. from the 
University of Tartu in 2000.  At Texas A&M he was Chair 
of the Physical and Nuclear Chemistry Division, and he has 
served as Associate Dean of Science and Speaker of the 
Faculty Senate.  He also played the key role in establishing a 
Texas A&M campus in Japan.  Since 1994 Laane has served 
as Editor for the Journal of Molecular Structure. 
 

LESTER W. STROCK AWARD 
Established by the SAS New England section to recognize an 

author(s) of an outstanding paper or series of papers 

 
Richard Russo 

Lawrence Berkeley National Laboratory 
Presentation, Wednesday 08:00, Room 200A 

 For approximately 30 years, Dr. Russo’s research has 
emphasized the study and development of laser-based 
technologies.  His research includes study of fundamental 
mechanisms underlying laser ablation processes relevant to 
applications in chemical analysis, micromachining, materials 
fabrication and nanotechnology. He was co-inventor on 
several technologies including ion-assisted pulsed laser 
deposition, ion-texturing, moving-mirror laser ultrasonic 
sensor, and nanowire lasers. He has directed eight Ph.D. 
students at the University of California Berkeley, who 
contributed to the 185 publications and seven book chapters 
in his name. Dr. Russo was the organizer for the Fourth 
International Conference on Laser Ablation, held in 
Monterey CA July 1997, as well as numerous scientific 
symposia at National and International Conferences. 
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MEGGERS AWARD 
Recognizing the author(s) of an outstanding paper appearing in Applied Spectroscopy 

 

  
 Hirotsugu Hiramatsu Hiro-o Hamaguchi 

 

Presented to Hirotsugo Hiramatsu and Hiro-O Hamaguchi for the paper entitled A Development of Infrared 
Electroabsorption Spectroscopy and Its Application to Molecular Structural Studies.   Volume 58, Number 4.  

Presentation, Wednesday 08:30, Room 200A 
 

Hirotsugu Hiramatsu was born in Hyogo, Japan, in 1974.  
He graduated from the school of science, the University of 
Tokyo in 1997, working with Professor Mitsuo Tasumi.  He 
received his M.S. and Ph.D. degrees from the University of 
Tokyo in 1999 and 2002, respectively, under the supervision 
of Professor Hiro-o Hamaguchi.  He joined Center for 
Integrative Bioscience, Okazaki National Research Institutes 
in 2002 (renamed Okazaki Institute for Integrative 
Bioscience, National Institutes for Natural Sciences, in 
2004) for his postdoctoral work with Professor Teizo 
Kitagawa.  His research interests include the structural 
chemistry of liquids and proteins, and spectroscopic 
approach to them.   

Hiro-o Hamaguchi received his B. Sc. Degree from the 
University of Tokyo in 1970 and his D. Sc. Degree in 
physical chemistry from the same university in 1975. He 
was supervised by Professor Takehiko Shimanouchi on 
studies of resonance Raman effect and anomalous 
depolarization in hexahalide transition metal complexes. He 
then became Research Associate (1975), Lecturer (1981), 
and Associate Professor (1983) at Department of Chemistry, 
Faculty of Science, the University of Tokyo. Between 1977 
and 1979, he was a Ramsay Fellow and worked with 
Professor David Buckingham of Cambridge University, UK. 
He left the University of Tokyo in 1990 to become a 
laboratory head at the Kanagawa Academy of Science and 
Technology, where he was responsible for a five-year 
project “Ultimate Molecular Spectroscopy”. He came back 
to the University of Tokyo in 1995, when he became 
Professor at Department of Basic Science. In 1997, he 
moved to Department of Chemistry, School of Science and 
has been holding the same position till the present time. Dr. 
Hamaguchi was guided to the research field of vibrational 
spectroscopy by romantic phrases, “Spectra are letters from 
the molecule” and “Vibrational spectra are molecular 
fingerprints”. His interest covers a wide range of vibrational 
spectroscopy. Starting from the elucidation of anomalous 
depolarization ratio in resonance Raman scattering due to 
electronic degeneracy (1975), he proceeded to the 
development of nanosecond (1983) and picosecond (1992) 
time-resolved Raman spectroscopy to looked at the structure 
and dynamics of short-lived reaction intermediates. Recent 
research efforts are directed toward the elucidation of more 
complicated molecular systems, molecular complexes, 
solution and liquids, ionic liquids, and also living cells and 
human organs, using time- and space-resolved vibrational 
spectroscopy. 
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MANN AWARD 
For Achievements in the Field of Applied Raman Spectroscopy 

D. Bruce Chase 
DuPont 

Presentation, Tuesday 08:00, Room 200A 
Bruce Chase received his B. A. from Williams College in 1970 and his Ph.D. in physical chemistry from 
Princeton University in 1975, where he worked with Professor Donald S. McClure on studies of charge 
transfer excitation of transition metal ions in alkali fluorides.  He then joined E. I. DuPont de Nemours as 
a research chemist in the Spectroscopy Division of the Central Research Department. Today, he is a 
DuPont Fellow in the Corporate Center for Analytical Sciences. Dr. Chase's primary area of research is in 
vibrational spectroscopy, FT-IR and Raman techniques, and applications to industrial analytical 
problems. Specific areas of FT-IR spectroscopy include infrared emission, diffuse reflectance and in situ 

studies of photo-induced reactions. In addition his work has dealt with the problems of phase correction in interferometry and 
the spectral artifacts associated with nonlinear detector response. In Raman spectroscopy his work has involved the 
development of a micro Raman capability using a laser microscope. In collaboration with Dr. Tomas Hirschfeld (deceased) he 
developed an FT-Raman spectrometer which demonstrated the utility of near infrared excitation. This approach has provided a 
nearly universal solution to the problem of fluorescence in Raman spectroscopy. Dr. Chase and Dr. Hirschfeld were recognized 
with an IR-100 award for this work. His research has continued in this area and involves quantitating detector sensitivity, 
alternate sampling configurations, and improved filter design for low frequency response. He has also worked extensively in 
the area of multichannel detection in Raman spectroscopy, using both silicon based CCDs and non silicon detectors such as 
PtSi, Ge, and InGaAs arrays. Current research programs involve in-situ determinations of fiber orientation using Raman 
scattering, near field vibrational spectroscopy, focal plane array approaches to infrared measurements, and vibrational sum 
frequency generation spectroscopy. Dr. Chase is Fellow of the Society for Applied Spectroscopy, and a member of The 
Coblentz Society, and the American Chemical Society (Analytical and Polymer Divisions). He currently holds a visiting 
scientist position at NIST and is a research professor at the University of Delaware in the Materials Science Department. He 
was General Chairman of the 1984 FACSS Meeting and Chairman of the Analytical Gordon Conference in 1986. Dr. Chase 
served as President of the Coblentz Society during 1986 and 1987 and is currently treasure.  He served as Editor for molecular 
spectroscopy of Applied Spectroscopy from 1993-1997. He was the 1989 winner of the Williams-Wright award and was 
named the 1990 EAS New York Section Gold Medal awardee. He also received the 1991 Delaware Valley ACS Section 
Award, the 1994 SSP Award from the Spectroscopy Society of Pittsburgh and is co-winner of the 1994 Bunsen-Kirchhoff 
Prize from the German Chemical Society.  He also received the 1998 Bomem-Michelson Award and is the 1999 recipient of 
the ACS Analytical Division Award in Spectrochemical Analysis and the 2002 Anachem Award. 

ANACHEM AWARD 
The Anachem Award was established in 1953 and is presented annually to an outstanding analytical chemist based on activities in teaching, research, 

administration or other activity which has advanced the art and science of the field. The Award was presented as a part of the Anachem Conference through 
1972. After 1972, the Anachem Award has presented at the National FACSS Conference as a part of a special symposium arranged and given by former 

students and colleagues. 

Mary J. Wirth 
University of Arizona 

Presentation, Tuesday 08:30, Room 200A 
Mary J. Wirth is currently Professor of Chemistry at the University of Arizona. She has previously 
held positions at the University of Wisconsin-Madison, Lawrence Livermore National Laboratory, 
and the University of Delaware. She received her B.S. degree from Northern Illinois University 
and her Ph.D. from Purdue University, where she studied with Fred E. Lytle. Her research interests 
are in the study of fundamental interfacial phenomena that underlie bioanalytical techniques. Over 
her career, she has coupled emerging spectroscopic techniques with phenomena that underlie 
chemical separations. She is the originator of fluorescence probing of molecular reorientation at 

chemical interfaces, where she combined frequency domain spectroscopy with control of optical polarization and surface 
orientation. She pioneered the use of single-molecule spectroscopy for investigating chemical equilibrium at interfaces, and 
used this to unravel the strong adsorption processes that cause chromatographic tailing. She has invented new ways of 
chemically modifying surfaces for separations, including both mixed self-assembled monolayers and polymer brush layers 
grown through atom-transfer radical polymerization. She is now using single-molecule spectroscopy to probe strong binding 
events of labeled drugs at pharmacologically important G-protein coupled receptors, and is developing lipid bilayers on 
polymer brush films for separations of membrane proteins. She has been a distinguished lecturer at the University of Wyoming 
and Texas A&M University, and was Chair of the Gordon Research Conference on Analytical Chemistry. She received a 
Special Creativity Award from the National Science Foundation in 1996, and is receiving the Gold Medal Award of the NY 
Society for Applied Spectroscopy this year.  
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PREVIOUS FACSS BOARD AND MEETING CHAIRS 

1973 
Jeannette Grasselli Governing Board Chair 

1974 - Atlanta 
James White Governing Board Chair 
George Heinz General 
James White Program 
Edward Ruffing Exhibit 

1975 - Indianapolis 
I. James Holcombe Governing Board Chair 
Gerald Wallace General 
I. James Holcomb Program 
Edward Ruffing Exhibit 

1976 - Philadelphia 
Edward Brame Governing Board Chair 
Edward Brame General 
Edward Dunlap Program 
Douglas Robinson Arrangements 
Edward Ruffing Exhibit 

1977 - Detroit 
Edgar Peck Governing Board Chair 
Mitch Kapron and James Burns General 
Jeannette Grasselli Program 
L. Felix Schneider Arrangements 
Edward Ruffing Exhibit 

1978 - Boston 
James Williamson Governing Board Chair 
Paul Lublin General 
James Cosgrove Program 
James Cornwell Arrangements 
Edward Ruffing Exhibit 

1979 - Philadelphia 
Peter Keliher Governing Board Chair 
Douglas Robinson General 
Philip LeFleur Program 
Sydney Fleming Arrangements 
Edward Ruffing Exhibit 

1980 - Philadelphia 
L. Felix Schneider Governing Board Chair 
Sydney Fleming General 
Theodore Rains Program 
Robert Barford Arrangements 
Edward Ruffing Exhibit 

1981 - Philadelphia 
Jack Katon Governing Board Chair 
Robert Barford General 
Mary Kaiser Program 
James Cavanaugh Arrangements 
Peter Keliher Exhibit 

1982 – Philadelphia 
Sydney Fleming Governing Board Chair 
James Cavanaugh General 
Andrew Zander Program 
Matthew O’Brien Arrangements 
Peter Keliher Exhibit 

1983 - Philadelphia 
Mary Kaiser Governing Board Chair 
Matthew O’Brien General 
John Lephardt Program 
D. Bruce Chase Arrangements 
Peter Keliher Exhibit 

1984 - Philadelphia 
Theodore Rains Governing Board Chair 
D. Bruce Chase General 
Patricia Rouse Coleman Program 
Fred Corcoran Arrangements 
Peter Keliher Exhibit 

1985 - Philadelphia 
Robert Barford Governing Board Chair 
Fred Corcoran General 
Matthew Klee Program 
Marshall Fishman Arrangements 
Peter Keliher Exhibit 

1986 - St. Louis 
Ronald Schroeder Governing Board Chair 
Marshall Fishman General 
Alexander Scheeline Program 
Terry Hunter Arrangements 
Edward Brame Exhibit 

1987 - Detroit 
Patricia Rouse Coleman Governing Board Chair 
David Coleman and L. Felix Schneider General 
John S. Beaty Program 
Edward Brame Exhibit 

1988 - Boston 
James Cavanaugh Governing Board Chair 
Frank Plankey and John S. Beaty General 
Roger Gilpin Program 
Edward Brame Exhibit 

1989 - Chicago 
Alexander Scheeline Governing Board Chair 
Paul Bourassa General 
Robert Michel Program 
Edward Brame Exhibit 

1990 - Cleveland 
Nancy Miller-Ihli Governing Board Chair 
Charles Belle General 
Steven Hughes Program 
Edward Brame Exhibit 

1991 - Anaheim 
David Coleman Governing Board Chair 
Richard Deming and Constance Sobel General 
James Holcombe Program 
Edward Brame Exhibit 

1992 - Philadelphia 
Karmie Galle Governing Board Chair 
Matthew Klee General 
Barry Lavine Program 
Edward Brame Exhibit 
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PREVIOUS FACSS BOARD AND MEETING CHAIRS 

1993 - Detroit 
Robert Watters Governing Board Chair 
L. Felix Schneider and Dave Coleman General 
Julian Tyson Program 
Mildred Barber Exhibit 

1994 - St. Louis 
Paul Bourassa Governing Board Chair 
Terry Hunter General 
John Koropchak Program 
Mildred Barber Exhibit 

1995 – Cincinnati 
Jon W. Carnahan Governing Board Chair 
Joseph A. Caruso General 
Richard F. Browner and R. Kenneth Marcus Program 
Mildred Barber Exhibit 

1996 – Kansas City 
Rachael Barbour Governing Board Chair 
O. Karmie Galle General 
William Fateley Program 
Scott McGeorge Exhibit 

1997 - Providence 
Mildred Barber Governing Board Chair 
Chris Brown General 
John Olesik Program 
Scott McGeorge Exhibit 

1998 - Austin 
John Graham Governing Board Chair 
David Laude General 
Isiah Warner and Linda McGown Program 
Scott McGeorge Exhibit 

1999 - Vancouver 
Robert G. Michel Governing Board Chair 
Michael Blades General 
Ronald Williams Program 
Scott McGeorge Exhibit 

2000 - Nashville 
John Koropchak Governing Board Chair 
Arlene Garrison General 
Michael Carrabba Program 
Scott McGeorge Exhibit 

2001 – Detroit 
David A. Laude Governing Board Chair 
David Coleman and L. Felix Schneider General Co-Chairs 
David J. Butcher Program 
Scott McGeorge Exhibit 

2002 – Providence 
Michael Carrabba Governing Board Chair 
Robert G. Michel General Chair 
Mark A. Hayes Program Chair 
Scott McGeorge Exhibits 

2003 – Fort Lauderdale 
Ronald Williams Governing Board Chair 
Rina Dukor General Chair 
James Rydzak Program Chair 
Scott McGeorge Exhibit 
 
2004 – Portland 
Michael Blades Governing Board Chair 
David Trimble General Chair 
George Agnes Program Chair 
Scott McGeorge Exhibit 
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SOCIETY AND COMMITTEE MEETINGS AND EVENTS 

FACSS 
Saturday, October 8, Cremazie/Garneau; Delta Quebec Hotel 
 09:00 Ad Hoc Fees/Membership 
 13:00 FACSS Retreat 
Sunday, October 9, Belair, Hilton Quebec Hotel 
 19:00 Web Site Meeting 
 19:30 Program Committee 
Wednesday, October 12, Room 304B, Convention Center 
 09:00 2006 Planning/Budget Committee 
 10:00 Budget Committee for Orlando 
 11:00 Budget Committee for Memphis 
 13:00 Budget and Finance Committee 
Thursday, October 13 
 08:30 Executive Committee, Room 304B, Convention 

Center 
 19:00 Governing Board, Cremazie/Garneau, Delta 

Quebec Hotel 

ASTM 
Monday, October 10 
 10:30 – noon E13.10 Molecular Spectroscopic Optical Imaging, 

Room 304B, convention center 
Tuesday, October 11 
 13:00 – 14:00 E13.08 Raman Spectroscopy, Room 304B, 

convention center 
 18:00 Raman Reception, Kent Room, Hilton Quebec 

Hotel 

BIOANALYTICAL 
Tuesday, October 11, Wolfe Room, Delta Quebec Hotel 
 18:00 2nd Annual Bioanalytical Mixer.  This social event 

is sponsored in part by Pfizer, Sigma-Aldrich, and 
Eldex, Inc. 

COBLENTZ 
Monday, October 10, Belair Room, Hilton Quebec Hotel 
 20:00 Board Meeting 

SOCIETY FOR APPLIED SPECTROSCOPY 
Sunday, October 9 
 07:30  – 18:00 SAS Executive Committee Meeting, Lauzon 

Room, Hilton Quebec Hotel 
 12:00 – 13:30 SAS Executive Committee Luncheon, Courville 

Room, Hilton Quebec Hotel 
Monday, October 10 
 08:30 – 9:30 SAS Roundtable Breakfast, Courville Room, 

Hilton Quebec Hotel 
 12:00 – 13:30 Publications Committee Meeting/Lunch, Lauzon 

Room, Hilton Quebec Hotel 
Tuesday, October 11 
 12:00 – 14:00 SAS Committee Meetings, Courville Room, 

Hilton Quebec Hotel 
 16:30 – 18:30 SAS Governing Board Meeting, Beauport Room, 

Hilton Quebec Hotel 
 19:00 – 21:00 SAS Wine and Cheese Reception, St. Louis 

Room, Hilton Quebec Hotel (members only) 

ICASS 
Tuesday, October 11, Room 301A, Convention Center 
 12:30 – 14:00 CSASS Awards Luncheon (limited to 50 people, 

on a first-come basis, with priority given to 
CSASS members):  Presentation of the MDS 
Sciex Student Bursary Awards, CSASS 
Distinguished Service Awards and the Smiths 
Detection Award, followed by the Smiths 
Detection Award lecture by H. P. Loock, from the 
Department of Chemistry, Queen’s University, 
Kingston, ON, entitled “Ring-down 
Spectroscopy on Liquids and Its Application to 
Microfluidics and Water Quality Control.  The 
lecture will be followed by a lunch buffet 

Wednesday, October 12 
 12:30 – 14:00 Annual General Meeting of the CSASS and lunch 

 

 
Bringing you the convenience, time and cost savings of truly disposable microfluidic-based 

products that adapt to your current laboratory instruments. 

Visit us at Booth #48 

Eliminate pipetting into µµµµ-cuvettes 

FREE samples of the FluoroVetteTM 

Fits into any single sample spectrometer. 

Buy 10 FluoroVettesTM, adaptor is FREE! 

Have a special need? See us for custom products 
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FACSS EXHIBITORS 
ABB Booth 27 
Absolute Standards, Inc. Booth 29 
Advanced Chemistry Development Inc. Booth 35 
ALine, Inc. Booth 48 
Applied Biosystems Booth 61 
Aspectrics, Inc. Booth 40 
Axsun Technologies Booth 18 
B&W Tek, Inc. Booth 65 
Bio-Rad Laboratories, Informatics Div Booth 45 
BioTools, Inc. Booth 42 
Blackwell Publishing Professional Booth 4 
Boston Electronics Corporation Table Top 5 
Bruker Optics, Inc. Booths 24, 25 
Burgener Research Inc. Booth 28 
Canadian Light Source Booth 63 
Ceram Optec Industries Booth 26 
CETAC Technologies Booth 36 
Channel Systems, Inc. Booth 64 
Coblentz Society Booth 68 
Controle Analytique Inc. Booths 59, 60 
Coractive High-Tech Booth 49 
Delta Nu Booth 33 
Eigenvector Research, Inc. Booth 34 
Elsevier - Materials Today Table Top 2 
FACSS Booth 19 
Fibertech Optica, Inc. Booth 70 
Gamble Technologies Limited Booth 7 
GBC Scientific Equipment Booth 56 
Glass Expansion Booth 53 
Hamilton Sundstrand Corporation Booth 41 
Hitachi High Technologies America Booth 51 

HORIBA Jobin Yvon Booths 1,2 
ICP Information Newsletter, Inc. Booth 54 
Intevac, Inc. Booth 46 
John Wiley & Sons Table Top 4 
LabPlus International / Reed Business Information Table Top 3 
Meinhard Glass Products Booth 67 
Mesophotonics Ltd Booth 66 
Mettler Toledo AutoChem Inc. Booth 23 
Ocean Optics, Inc. Booth 6 
OPOTEK, Inc. Booth 11 
PerkinElmer Life & Analytical Sciences Booth 37 
Picarro, Inc. Booth 62 
Pittsburgh Conf of Analytical Chem Booth 50 
Renishaw, Inc. Booths 31,32 
RoMack, Inc. Booth 47 
Royal Society of Chemistry Booth 69 
Savillex Corporation Booth 57 
SCP Science Booth 52 
Shimadzu Scientific Instruments, Inc. Booth 39 
Siemens Energy & Automation Booth 3 
Smiths Detection Booth 30 
Society for Applied Spectroscopy Booths 43,44 
SpectroPure / Ricca Chemical Company Booth 22 
Spectroscopy Magazine Booth 55 
Springer Table Top 1 
Teledyne Leeman Labs Inc. Booth 38 
Thermo Electron Corp. Booths 8,9,10 
Transition Technologies, Inc. Booth 5 
Varian, Inc. Booths 20,21 
WITec GmbH Booth 58 
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EXHIBITOR DESCRIPTIONS 
ABB Booth 27 
585 boul. Charest E., Ste 300 
Quebec, PQ,  G1K 9H4 CANADA 
Phone: 418 877 2944 
www.abb.com/analytical 

Founded in 1973, Bomem soon established a reputation for 
excellence in infrared spectroscopy. The company ranks amongst 
the world’s top five companies in FT-IR in terms of technical 
innovation. As a part of Asea Brown Bovery Ltd (ABB) since 
1999, Bomem now named ABB, Analytical, designs, manufactures 
and markets high-performance analytical system solutions and 
spectroradiometers for Petroleum, Chemical, Life Science, 
Metallurgy and Remote Sensing/Aerospace markets. ABB’s 
Analytical capabilities embrace one of the largest laboratory, at-line 
and process analyzers portfolios in the world, performing real-time 
analysis of the chemical composition and/or physical properties of 
a process sample stream. ABB’s advanced solutions combine 
analyzers, advanced process control, process and application 
knowledge to improve process performance, productivity, capacity 
and safety of its customers processes.  Its dedicated team of 
engineers offers the best solutions with reliable instruments in order 
to create greater value for its customers. 
 
Absolute Standards, Inc. Booth 29 
PO Box 5585 
Hamden, CT 06518  
Phone: 800 368 1131 
www.absolutestandards.com 

Absolute Standards, Inc. supplies the global testing community 
with inorganic, organic, petrochemical, forensic, pharmaceutical, 
and performance evaluation standards for calibration, certification, 
and quality control purposes. These standards cover a wide range of 
applications including metals, anions, wet chemical standards 
analyzed by ICP, AA, IC, wet techniques as well as volatiles, semi-
volatiles, pesticides and PCB's tested by gas chromatography and 
liquid chromatography. Absolute values our history of being an 
industry leader in the manufacturing of Analytical Reference 
Materials (ARM’s) and Performance Evaluation samples. That 
tradition is a major impetus in our commitment to dependability 
and responsiveness. 
 
Advanced Chemistry Development Inc. Booth 35 
110 Yonge Street, 14th FL 
Toronto, ON,  M5C 1T4 CANADA 
Phone: 416 368 3435 
www.acdlabs.com 

Advanced Chemistry Development, Inc., (ACD/Labs) is a global 
software company offering solutions which systematize the wealth 
of scientific knowledge among the many branches of chemical, 
biochemical and pharmaceutical R&D, using our deep 
understanding of chemical disciplines, advanced mathematical 
algorithms, and computer science. Serving more than 500 industrial 
companies and 350 academic and government institutions 
worldwide, our goal is to provide the industry standard in 
comprehensive and innovative chemical and spectroscopic 
processing, prediction, and database management software 
solutions that unite analytical data, chemical structures, and 
molecular property prediction. 
 

ALine, Inc. Booth 48 
1802 Mackay Land 
Redondo Beach, CA 90278  
Phone: 877 707 8575 
www.alineinc.com 

ALine, Inc.'s mission is to be the premiere provider of specialty 
disposable microfluidic tools for the laboratory. By designing our 
products on three standard platforms: the microtiter plate, the 
microscope slide and the micro flowcell for the fluorometer, our 
customers do not have to purchase expensive capital equipment. 
We incorporate membranes and electrodes for specialty 
applications in the pharmaceutical, medical device, environmental 
and industrial markets. Our contract with NASA demonstrates how 
we customize products for our customers.  Introducing the patent-
pending FluoroVette(TM), a low cost alternative the quartz 
flowcells. Fits into a standard fluorimeter using our patent-pending 
adaptor. 
 
Applied Biosystems Booth 61 
Proteomics & Small Molecule Mass Spectrometry 
850 Lincoln Center Drive 
Foster City, CA 94404 
Phone:  450 458 5200 
www.appliedbiosystems.com 

Applied Biosystems MDS Sciex is the world leader in Mass 
Spectrometry Solutions for the Life Sciences producing the worlds 
most renowned and respected line of mass spectrometry products. 
 
Aspectrics, Inc. Booth 40 
6900 Koll Center Pky. Ste 401 
Pleasanton, CA 94566  
Phone: 923 931 2022 
www.aspectrics.com 

Aspectrics provides competitively priced, rugged, high-precision 
spectrophotometric instruments and supporting software for a 
variety of applications, including industrial, environmental, and 
food processing. Aspectrics' products are based upon its patented 
Encoded Photometric Infrared Spectroscopy (EP-IR) technology 
invented and reduced to practice by the company’s founder and 
CTO, Thomas W. Hagler, Ph.D. This technology enables 
Aspectrics to produce multi-application chemical composition 
analyzers, based upon a universal EP-IR hardware platform. EP-IR 
spectrometry advantages: Full spectrum information refreshed up to 
300 times / second. Inherent wavelength accuracy (lithographic 
reproduction techniques used for scanning disk manufacturing) Up 
to 512 spectral Data Points providing all relevant spectral 
information, including inter-molecular and intra-molecular 
interactions in non-gaseous complex mixtures, Very rugged 
(vibration-insensitive, large operational ranges of temperatures) 
Low manufacturing & maintenance costs 
 
Axsun Technologies Booth 18 
1 Fortune Drive 
Billerica, MA 01821 
Phone: 978 262 0049 
www.axsun.com 

Axsun Technology’s IntegraSpec™ NIR micro-spectroscopy 
platform provides high quality measurement options, while 
drastically reducing the total cost of measurement. Readily 
configured as rugged, low-cost systems, IntegraSpec-based 
products can be integrated into the process stream without 
extensive investment in plant maintenance and training, or capital. 
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B&W Tek, Inc. Booth 65 
825 Dawson Drive 
Newark, DE 19713  
Phone: 302 368 7824 
www.bwtek.com 
B&W Tek develops and manufactures instruments based on its key 
building blocks including miniature array based UV/VIS/NIR 
spectrometers, diode-pumped solid-state lasers and high power 
diode and fiber lasers. CCD, PDA, InGaAs, and PbS array 
spectrometers are available within the 200-2900 nm wavelength 
range with standard and high resolution configurations.  Fiber 
coupled sample holders, reflectance probes, Raman probes, as well 
as UV, Vis, and NIR light sources provide complete solutions for 
your spectroscopic applications.  We also provide broadband light 
source products including super luminescent diode (SLD) and 
amplified spontaneous emission (ASE) are available within 670-
1650 nm including the S+C+L bands. Also available are high 
power (up to 150 W) fiber delivered diode lasers in 635 - 2000 nm, 
high power fiber lasers and EDFA amplifiers.  Low noise laser 
product lines include solid state violet/blue, green, yellow, red and 
NIR lasers.  Our stabilized 785 nm laser is suitable for Raman 
excitation applications.  ISO 135485 & ISO 9001 Certified. For 
more information, please visit our website: www.bwtek.com 
 
Bio-Rad Laboratories, Informatics DivBooth 45 
3316 Spring Garden St. 
Philadelphia, PA 19104-2596  
Phone: 215 349 7363 
www.knowitall.com 

Bio-Rad's Sadtler Software & Database Solutions for Spectroscopy 
have become industry standards in both commercial and academic 
laboratories worldwide with a unique blend of spectral data, along 
with state-of-the-art tools for: · Spectral Database Building & 
Management · Spectral Search · Spectral Analysis · Spectral 
Prediction · Reporting Notably, this spectroscopy software has been 
recognized as the best in the Scientific Computing & 
Instrumentation Readers' Choice Awards four years in a row. At 
FACSS, Bio-Rad will feature its advanced multi-technique 
database searching. This powerful search technology enables users 
to search and consolidate data from all spectral techniques at the 
same time, providing dramatically improved search accuracy and 
efficiency. Bio-Rad is the leading producer and publisher of fully 
verified spectral databases, with a collection that contains over 
885,000 IR, NMR, MS, and Raman data covering pure compounds 
and a broad range of commercial products used in pharmaceutical, 
forensic, polymer, and environmental chemistry. 
 
BioTools, Inc. Booth 42 
950 N. Rand Rd., Ste 123 
Wauconda, IL 60084  
Phone: 847 487 5500 
www.btools.com 
 
Blackwell Publishing Professional Booth 4 
2121 State Avenue 
Ames, IA 50014  
Phone: 515 292 0140 
www.blackwellprofessional.com 

Blackwell Publishing is one of the world’s leading publishers in 
Applied and Industrial Chemistry. Our high-quality titles are 
designed for industry and research chemists. The company offers a 
large selection of reference materials which cover all areas of 
applied and industrial chemistry. Stop by and browse through our 
books and pick up our newest catalog. We will offer a discount on 
all orders placed at the conference. 

Boston Electronics Corporation Table Top 5 
91 Boylston Street 
Brookline, MA 02445 
Phone: 617 566 3821 
www.boselec.com 
Boston Electronics, Inc. is the exclusive North American 
distributor for luminescence lifetime (fluorescence and 
phosphorescence) spectrometers using the technique of TCSPC, 
steady state fluorimeters, and laser flash photolysis spectrometers 
from Edinburgh Instruments.  Also, we are the exclusive North 
American distributor for  TCSPC modules and electronics from 
Becker and Hickl. 
 
Bruker Optics, Inc. Booths 24, 25 
19 Fortune Drive 
Manning Park 
Billerica, MA 01821  
Phone: 978 439 9899 
www.brukeroptics.com 

Bruker Optics offers the most advanced FT-IR, FT-NIR, Raman, 
TD-NMR and terahertz spectrometers to meet all your demanding 
applications. Visit www.brukeroptics.com for more information 
 
Burgener Research Inc. Booth 28 
1680-2 Lakeshore Rd. W. 
Mississauga, ON, L5J 1J5 CANADA 
Phone: 905 823 3535 
www.burgenerresearch.com 

Producers of the best ICP and ICP/MS nebulizers. 
 
Canadian Light Source Booth 63 
University of Saskatchewan 
101 Perimter Rd 
Saskatoon, SK, S7N 0X4 CANADA 
Phone: 306 657 3558 
www.lightsource.ca 

The Canadian Light Source (CLS) synchrotron is a national 
research facility that will light the way to a new era of science and 
innovation. With applications in environmental, life and materials 
sciences, this facility is the first of its kind in Canada and one of 
only 40 similar facilities worldwide. As spectroscopy inquiries 
become more complex, synchrotron light sources, such as the CLS, 
provide analytical techniques that allow for the characterization of 
in situ materials, in any sample state. Opened in 2004, and located 
on the University of Saskatchewan campus in Saskatoon, the CLS 
features seven initial experimental facilities and six currently under 
development. These will be used to probe the structure of matter 
and analyze a host of physical, chemical, geological and biological 
processes. The CLS is wholly owned by the University of 
Saskatchewan and funded by federal, provincial, municipal, 
industrial and academic sources. 
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Ceram Optec Industries Booth 26 
515 Shaker Rd. 
E. Longmeadow, MA 01028  
Phone: 413 525 0600 
www.ceramoptec.com 

CeramOptec Industries serves the scientific, medical, and industrial 
markets with optical fiber, fiber bundles, assemblies and 
spectroscopic fiber accessories.  CeramOptec produces stock and 
custom silica / silica, plastic-clad silica, and hard polymer-clad 
silica optical fibers and low loss bundles and assemblies for UV, 
VIS, and IR transmission, medical laser delivery, sensors, plasma 
fusion, and spectroscopy.  Products for high (+380°C) or low (-
190°C) temperature, Optran MIR silver halide fiber for laser power 
delivery and remote IR sensing (4 to 16 microns); and fused silica 
capillary tubing for analytical instruments and industrial 
applications.  Our fibers offer exceptional performance from 193 
nm to 2.4 microns, from -190°C to +1500°C.  UV, VIS, NIR, and 
MIR fibers and bundles are manufactured in any length.  Any 
environment is welcomed, including oil, radiation, monitoring, and 
space.  CeramOptec fibers are ideal for deep UV, VIS, NIR, and 
MIR and are available as bare fibers, assemblies, bundles or cables. 
 
CETAC Technologies Booth 36 
14306 Industrial Road 
Omaha, NE 68144-3334  
Phone: 402 733 2829 
www.cetac.com 

CETAC offers a complete line of sample introduction and handling 
systems for ICP and ICP-MS.  Products include the LSX-213 Laser 
Ablation System, the new Aspire PFA concentric nebulizer and 
numerous autosamplers for liquid introduction. The U-5000AT+ 
and U-6000AT+ Ultrasonic Nebulizers enhance detection limits for 
ICP-AES and ICP-MS. The Aridus Desolvating Nebulizer System 
reduces solvent interferences in ICP-MS. The QuickTrace series of 
mercury analyzers provide both CVAF and CVAA techniques to 
meet the EPA performance criteria for mercury determination in 
liquid samples. 
 
Channel Systems, Inc. Booth 64 
PO Box 188 
402 Ara Mooradian Way 
Pinawa, Manitoba, R0E 1L0 CANADA 
Phone: 204 753 5197 
www.channelsystems.ca 

Channel Systems Inc. (CSI) specializes in imaging, measurement & 
automation solutions. We offer a unique range of imaging products 
for use in many sectors including scientific imaging, forensics, 
quality control, art and document analysis, as well as biomedical 
applications. Our solutions range from UV to mid-Infrared. Along 
with imaging hardware, we develop powerful image acquisition 
and analysis software. We are a member of the National 
Instruments (NI) Alliance and as such are very experienced with 
integrating NI hardware and the LabVIEW development system 
into automation & measurement solutions. Our systems improve 
safety, reduce human error and improve quality & yield. Our main 
product and service lines include: • Nuance and Varispec Imaging 
Systems • Imaging Spectrograph (Specim) Systems • Digital 
Cerenkov Viewing Device (DCVD)• Infrared Imaging Systems • 
Measurement, Automation & Machine Vision Systems • Support 
Products 
 

Coblentz Society Booth 68 
Dept of Chem, Hughes Hall 
Miami University 
Oxford, OH 45056  
Phone: 513 529 2874 
www.coblentz.org 

The Coblentz Society is a professional organization that fosters the 
understanding and application of vibrational spectroscopic 
sciences: infrared, near infrared, Raman and chemometric methods 
used in these spectroscopies.  Through the voluntary efforts of its 
members, the society sponsors scientific conferences, creates 
symposia for research presentations, provides social activities to 
stimulate informal discussion and recognizes   excellence in 
vibrational spectroscopic through three sponsored awards.  These 
awards include the Coblentz Award, the Williams-Wright Award 
and the Lippincott Award.  The society also administers the ABB 
Bomem-Michelson Award.  http.//coblentz.org 
 
Controle Analytique Inc. Booth 59, 60 
1076 Johnon Street 
Thetford Mines 
Quebec,  G6G 5W6 CANADA 
Phone: 418 334 0990 
www.cai-ca.com 

We offer a selection of Trace N2 analyzers, specialty gas GCs with 
ppb detection limits for permanent gases and hydrocarbons, online 
analyzers, gas purifiers, patented sample stream selection systems, 
palladium H2 separation devices, H2 purifiers, pressure regulators 
and valves, detectors: FID, TCD, plasma emission. We can develop 
specialized applications according to customer's needs and 
demands. Our R&D department is in continuous expansion and 
opened to new challenges. 
 
CorActive High-Tech Booth 49 
2700 Jean-Perrin, Ste 121 
Quebec, PQ,  G2C 1S9 CANADA 
Phone: 418 845 2466 
www.coractive.com 

CorActive manufactures Specialty Optical Fiber products for OEM 
customers serving the telecommunications, sensor, defense, 
security, industrial, medical and aerospace industries. CorActive 
offers a full line of standard SOF products including erbium doped, 
double clad, Mid-IR fiber, ultra violet sensitive and attenuating 
optical fiber, plus custom fiber development services for specific 
applications. CorActive High-Tech Inc. is a privately owned 
company established in 1998. CorActive distinguishes itself by 
being the sole company wholly dedicated to the production of 
specialty optical fibers and is totally committed to its clients' needs. 
As such, CorActive endeavors to develop a solid business 
relationship with our select customers. CorActive’s key production 
staff is highly qualified and has world class expertise and skills in 
the production of specialty optical fibers. CorActive holds the 
licenses for the production of rare-earth doped fibers (such as 
erbium) and photosensitive fibers. Thus many innovative fibers can 
be developed for various applications. 
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Delta Nu Booth 33 
628 Plaza Lane 
Laramie, WY 82070  
Phone: 307 745 9148 
www.deltanu.com 

DeltaNu provides academia and industry with low-cost Raman 
spectroscopic products. These range from benchtop systems for 
teaching and research to portable hand-held systems for field or 
forensic work. Our system operating wavelengths range from 
532nm to 785nm and spectral ranges from 200 wavenumbers to 
3400 wavenumbers. We offer teaching materials and newsletters to 
address educational needs and applications. Come by and see our 
new Inspector Raman battery operated wireless field spectrometer. 
 
Eigenvector Research, Inc Booth 34 
PO Box 561 
830 Wapato Lake Rd. 
Manson, WA 98831  
Phone: 509 687 2022 
http://www.eigenvector.com 

Eigenvector Research is a Chemometrics Research and 
Applications company.  We provide chemometrics software, 
training and consulting services to wide variety of industries, 
including the pharmaceutical, medical device, consumer goods, 
semiconductor, petrochemical, and analytical instrument  sectors. 
Our PLS_Toolbox chemometrics software is used by 2000+ 
scientists and engineers in more than 50 countries. It includes 
pattern recognition and calibration methods useful in a wide variety 
of chemical process applications.  We offer short courses on a wide 
variety of topics from our introductory “Chemometrics without 
Equations” to our advanced courses  “Introduction to Multivariate 
Image Analysis” and “Applied Multi-way Analysis.” Our expert 
consulting staff is available to help you with development of 
custom applications and devices, including laboratory and on-line 
applications.  Let Eigenvector be your complete source for 
chemometrics tools and know-how! Visit us at booth 34 and see 
how we can help you kick start your chemometrics projects . 
 
Elsevier - Materials Today Table Top 2 
The Boulevard, Langford Lane 
Kidlington,Oxford,   O5X 1GB UK 
www.materialstoday.com 
 
FACSS Booth 19 
2019 Galisteo Street, Bldg I-1 
Santa Fe, NM 87505 
Phone: 505 820 1648 
http://facss.org 
 
FACSS 2006 will be held September 24 - 28 at Walt Disney 
World's Contemporary Hotel in Orlando, Florida.  The on-site 
conference facility is an excellent venue for FACSS and attendees 
are just a short walk from their hotel room to the Exhibits, Poster 
Sessions and Symposia.  All of Walt Disney World's entertainment 
and dining options are brought to your doorstep by the monorail 
that glides right through the lobby of the hotel.  FACSS 2006 will 
be the perfect opportunity to combine science and fun with your 
colleagues, friends and, of course bring, your family!  Be sure to 
watch the web site (www.facss.org) for abstract submission and 
conference information for FACSS 2006 in Orlando, Florida. 
 

Fibertech Optica, Inc. Booth 70 
330 Gage Avenue, Ste 11 
Kitchener, ON,  N2M 5C6 CANADA 
Phone: 519 745 2763 
www.fibertech-optica.com 

FiberTech Optica designs and manufactures specialty multimode 
step-index UV-VIS (180 to 1100 nm), VIS-NIR (350 to 2400 nm) 
fused silica fibers, ZrF fibers for MIR (1300 to 4500 nm), plastic 
clad silica (PCS) and hard plastic silica (HCS) fibers as well as 
fiber optic assemblies.  Do you want to improve the signal-to-noise 
ratio of your systems?  Many choices of numerical apertures, core 
to clad ratios and diameters and various types of buffers and 
coatings are available.  Low solarization fibers are also available.  
We also design and manufacture custom bundles, reflectance and 
immersion probes and single fiber assemblies used in harsh 
industrial and scientific environments. Applications include remote 
spectroscopy, on-line process control analysis, remote sensing, 
illumination, chemical analysis, non invasive testing laser marking, 
cutting, welding and soldering.  We address all of your fiber optic 
needs. 
 
Gamble Technologies Limited Booth 7 
Mississauga Distribution Facility 
6535 Millcreek Drive, Unit #58 
Mississauga ON,  L5N 2M2 CANADA 
Phone: 905 812 9200 
www.gtl.ca 

Gamble Technologies Limited (GTL) is a wholly owned Canadian 
corporation providing instrumentation solutions in Nuclear and 
Radiation Measurements, Optical Spectroscopy and Materials 
Characterization.  The company is proud to distribute the products 
of Advanced Measurement Technology (ORTEC, Princeton 
Applied Research and Signal Recovery); Thermo Electron 
Radiation Measurement and Protection; Andor Technology; IR-
Microsystems; Ocean Optics; Sciencetech; and surface science 
solutions from Mikropack and Uniscan Ltd.  We have sales offices 
in Quebec City, Ottawa, and Vancouver and our distribution 
facility in Mississauga. 
 
GBC Scientific Equipment Booth 56 
PO Box 339 
151A North State Street 
Hampshire, IL 60140  
Phone: 847 683 9870 
www.gbcscientific.com 

GBC Scientific Equipment continues a long tradition of offering 
Premier Analytical Instrumentation with the introduction of the 
SensAA Atomic Absorption Spectrophotometer. The low cost - 
high value SensAA features touch screen technology and a built-in 
Pentium 4 computer, as well as the exclusive Hyper Pulse 
background correction and 6-cathode Application Source lamp. 
GBC also proudly presents the Optimass 8000 ICP orthogonal 
Time-of-Flight Mass Spectrometer. The Optimass 8000 provides 
true simultaneous detection of all elements from mass 2 to mass 
260 amu, automatically detecting ALL of the isotopes, routinely 
analyzing multiple elements from ultra trace levels (ng/L) levels to 
high concentrations (mg/L). High sample throughput and cost 
savings are key advantages of this fast, efficient mass spectrometer. 
GBC also offers a comprehensive line of Atomic Absorption 
products, UV/Visible products, Rheometer and HPLC 
instrumentation 
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Glass Expansion Booth 53 
4 Barlows Landing Rd, Unit 2 
Pocasset, MA 02559  
Phone: 508 563 1800 
www.geicp.com 

Glass Expansion provides sample introduction components to the 
analytical spectrometry market, including nebulizers, spray 
chambers, torches, RF coils, and ICP-MS cones. We also provide 
ancillary products such as the Eluo nebulizer cleaner, an Internal 
Standard Mixing kit, and the Capricorn argon humidifier. We will 
be highlighting a new product targeted at enhanced productivity for 
ICP- AES and ICP-MS spectrometers. The Niagara Rapid Rinse 
Accessory initiates the rinse sequence immediately after sample 
integration shaving up to 30 seconds off each analytical cycle 
 
Hamilton Sundstrand Corporation Booth 41 
2771 N. Garey Avenue 
Pomona, CA 91767  
Phone: 909 593 3581 
www.hs-ait.com 

Hamilton Sundstrand’s Applied Instrument Technologies (AIT) 
unit manufactures rugged, reliable spectroscopy and gas 
chromatography process analyzers for on-line monitoring and 
process development. AIT is introducing the new RPM series of 
Raman spectrometers for both process development and on-line 
monitoring. Other product lines include: Analect FTIR/NIR, 
PIONIR NIR, the MGA line of process mass spectrometer, and the 
FXi process gas chromatograph. AIT’s instruments are found 
worldwide in the applications as diverse as petrochemical, 
pharmaceutical, steel, fermentation, and biotechnology. AIT has 
earned recognition for providing high quality products with low 
maintenance costs. Visit us on the web at: www.hs-ait.com 
 
Hitachi High Technologies America Booth 51 
3100 North First Street 
San Jose, CA 95134  
Phone: 800 548 9001 
www.hitachi-hta.com 

Hitachi High Technologies America, Inc. (HTA) assists 
researchers in finding solutions to their scientific instrument 
requirements. We offer a wide range of reliability-proven 
analytical instrumentation, including UV-Visible/NIR and 
Fluorescence Spectroscopy Systems, high performance liquid 
chromatography (HPLC), Amino Acid Analyzers, and LC/MS 
Systems. 
 

HORIBA Jobin Yvon Booths 1,2 
Attn: Raman Spectroscopy 
3880 Park Avenue 
Edison, NJ 08820  
Phone: 732 494 8660 
www.jyhoriba.com 

HORIBA Jobin Yvon provides high performance instrumentation 
for spectroscopy and other scientific and analytical applications.  
We are the World Leader in Raman spectroscopy.  At FACSS we 
will be showing the LabRAM ARAMIS our fully automated 
confocal Raman microscope, which switches automatically 
between up to four lasers, notch filters, and gratings.  We will also 
show our Axial Spectrograph the go any-where 
Raman/Fluorescence/PL system which can accommodate up to 60 
fiber probes at a time, the rugged design makes it ideal for difficult 
or harsh environments like process lines, the bottom of the ocean 
and space. The XGT 5000, our award winning EDXRF 
Microscope, will be demonstrated; this system provides rapid 
elemental imaging without the requirement for evacuating the 
sample compartment.  Our XGT systems are the instrument of 
choice for rapid WEEE/RoHS compliance testing at very low ppm 
levels and above. 
 
ICP Information Newsletter, Inc. Booth 54 
85 N. Whitney Street 
Amherst, MA 01002-1869  
Phone: 413 256 8942 
www.chem.umass.edu/winterconf2000 

ICP Information Newsletter, Inc. is a nonprofit corporation 
established in 1997 to foster science education, research, and study 
in spectroanalytical chemistry. The corporation comprises three 
divisions: the ICP Information Newsletter, a monthly publication 
with international distribution that gather all conference and 
published information related to plasma spectrochemistry; the 
Winter Conference on Plasma Spectrochemistry, a biennial meeting 
with international participation featuring state-of-the-art research 
developments in plasma spectrochemistry, and the University 
Research Institute for Analytical Chemistry, the research and 
development branch that provides specialty plasma 
spectrochemical analyses, method development, training, 
consulting, and applied research with ICP atomic emission 
spectrometry and ICP mass spectrometry. The 2006 Winter 
Conference on Plasma Spectrochemistry is scheduled for Tucson, 
Arizona, January 8-14, 2006. Visit www-
unix.oit.umass.edu/~wc2006 for program and registration details. 
The ICP Information Newsletter now in its thirty-first year of 
publication is currently distributed to subscribers in computer-
readable format on CD-ROM. 
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Intevac, Inc. Booth 46 
CID 
3560 Bassett Street 
Santa Clara, CA 95054  
Phone: 408 496 2877 
www.intevac.com 

Intevac, a leading integrated sensor and camera manufacturer for 
low light spectroscopy and imaging applications announces the 
release of a new platform for low light NIR spectroscopy: 
MOSIRTM  MOSIRTM is the world’s first near infrared (NIR) image 
intensified camera with spectral coverage between 950 and 1650 
nm. The core technology of MOSIRTM is Intevac’s Electron 
Bombarded Charge Couple Device (EB-CCD). When photons 
strike the photocathode, electrons are emitted into a vacuum cavity. 
These electrons are then electrically accelerated into a CCD array 
that outputs a high resolution, low noise 16-bit digital signal. 
Typical gains of 200 e-/photon are achieved through the electron 
bombarded semiconductor gain process in silicon. The CCD has 
the industry standard format for spectroscopy with 1024 X 256 
format and 26 X 26 µm pixel pitch. MOSIRTM easily attaches to 
leading spectrometers and accessories and is controlled by 
LabViewTM and third-party spectroscopy application software 
packages.  LabView is a registered trademark of National 
Instruments Corporation. 
 
John Wiley & Sons Table Top 4 
The Atrium, Southern Gate 
Chichester, West Sussex PO19 8SQ UK 
www.wiley.com 

Looking for solutions to your analytical problems? Visit the 
Wiley exhibit and find out how to access the latest 
information from leading authors and institutes throughout 
the world. Pick up free copies of key journals, Journal of 
Raman Spectroscopy, Journal of Mass Spectrometry and 
Journal of Chemometrics; learn about our recently launched 
Analytical Sciences backfile collection and our spectroscopy 
databases; and see first hand our quality recent publications 
including – Smith: Modern Raman Spectroscopy, Chau: 
Chemometrics: From Basics to Wavelet Transform and Keeler: 
Understanding NMR Spectroscopy – all available at a 15% 
discount. Discover our extensive analytical portfolio at: 
www.interscience.wiley.com and www.wiley.com 
 
LabPlus International Table Top 3 
Biotech International 
C/o Reed Business Information 
Rue des Palais 100 
1030 Brussels,   Belgium 
Phone: 32 2 240 2611 
www.labplusinternational.com 

A unique editorial mix of laboratory technology articles, science 
reports, regulatory updates as well as industry and product news; 
LabPlus meets the needs of analytical and research professionals in 
the fields of Pharmaceutical, Science, Food/Feed Analysis, 
Chemistry and Environmental Testing.  With a circulation figure of 
over 34,000 in Europe and Asia/Pacific, LabPlus international is 
audited every year and is the only international magazine in its field 
with 100%, qualified circulation certified by BPA.  Every copy of 
the magazine is mailed by an individual’s name, professional title 
and laboratory/organization name. 
 

Meinhard Glass Products Booth 67 
700 Corporate Circle, Suite A 
Golden, CO 80402  
Phone: 303 277 9776 
www.meinhard.com 

Manufacturer of nebulizers, torches, and spray chambers for ICP 
and ICPMS.  Since 1974, Meinhard has been the leading supplier 
of glass concentric nebulizers, from either borosilicate glass or 
quartz, in Type A, Type C, and Type K designs. Meinhard's recent 
innovations include the High Efficiency Nebulizer (1994) and 
Direct Injection High Efficiency Nebulizer (1996) for ICP and 
ICPMS. In 2003, Meinhard expanded its product line to include 
Meinhard-quality torches and spray chambers for all major ICP and 
ICPMS manufacturers and is proud to offer corrosion-resistant PFA 
components from Elemental Scientific. As a division of Analytical 
Reference Materials International, Meinhard products are available 
through a worldwide network of distributors as well as directly at 
800-MEINHARD. 
 
Mesophotonics Ltd Booth 66 
Chilworth Science Park 
2 Venture Road 
Southampton, Hamp,   UK SO167NP 
Phone: 44 23 8076 375 
www.mesophotonics.com 

Mesophotonics Ltd, a developer of disruptive photonic crystal 
technology, announced at Photonics West 2005 the release of its 
Klarite substrates for surface enhanced Raman Spectroscopy 
(SERS). Offering unparalleled levels of reproducibility, Klarite 
SERS substrates, mounted on standard 3” glass slides, allow the 
unique Raman finger print present in all molecules to be easily and 
repeatedly identified. Klarite substrates enable faster, higher 
accuracy detection of biological and chemical samples at lower 
detection limits for a wide range of markets including homeland 
security, forensics, environmental monitoring, medical diagnostics 
and drug discovery. 
 
Mettler Toledo AutoChem Inc. Booth 23 
7075 Samuel Morse Drive 
Columbia, MD 21046  
Phone: 410 910 8486 
www.mt.com/autochem 

METTLER TOLEDO provides high value, analytical 
instrumentation for particle and chemical characterization of 
pharmaceuticals and specialty chemicals. METTLER TOLEDO’s 
Lasentec® FBRM and PVM are in-process, real-time particle 
characterization technologies, suitable for virtually any solids or 
dispersed-phase concentration. METTLER TOLEDO’s ReactIR 
mid-infrared and Diamond ATR probe (DiComp) technologies are 
ideally suited for in situ optimization of Critical Control Parameters 
for a wide range of chemistries that cover straightforward to 
aggressive cases. Each of these technologies provided by 
METTLER TOLEDO applies to every development stage from lab 
through scale-up and production, thereby ensuring consistent data 
throughout the life of a process. 
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Ocean Optics, Inc. Booth 6 
830 Douglas Avenue 
Dunedin, FL 34698  
Phone: 727 733 2447 
www.oceanoptics.com 

Ocean Optics is a diversified electro-optics technology firm and a 
leading supplier of solutions for optical sensing and spectroscopy. 
With more than 50,000 miniature fiber optic spectrometers sold, 
our extensive line of complementary technologies includes 
spectrometers, spectrofluorometers, chemical sensors, excitation 
sources, and optics, among hundreds of other products. Recently 
we introduced our most sensitive spectrometer. The QE65000 is a 
novel combination of detector, optical bench, and electronics 
technologies that provides users with a remarkably sensitive system 
for demanding low-light level applications such as fluorescence, 
DNA sequencing, astronomy and Raman spectroscopy—at levels 
of up to 90% quantum efficiency with high signal-to-noise and 
rapid signal processing speed. Another innovation, the HR2000+, is 
our fastest high-resolution spectrometer, capable of generating up 
to 1,000 full spectral scans every second and can achieve optical 
resolution to 0.035 nm (FWHM). 
 
OPOTEK, Inc. Booth 11 
2233 Faraday Avenue 
Suite E 
Carlsbad, CA 92008  
Phone: 760 929 0770 
www.opotek.com 

Mfr. of efficient, compact, and widely tunable solid state laser 
systems based on Optical Parametric Oscillators (OPO). These 
systems are used in photochemistry, photobiology, medical 
diagnostics and environmental monitoring. They are computer 
controlled and simple to use. Contact Eli Margalith, President, 
emargalith@opotek.com 
 
PerkinElmer Life & Analytical Sciences Booth 37 
710 Bridgeport Avenue 
Shelton, CT 06484  
Phone: 203 402 6878 
http://las.perkinelmer.com 
PerkinElmer, the undisputed leader in inorganic analysis, is the 
preferred choice for atomic spectroscopy solutions and services in 
thousands of laboratories globally, helping you advance research 
and development, control product quality and improve the 
environment. With a product line that features flame Atomic 
Absorption (AA), high-performance graphite furnace, standard-
setting WinLab32(tm) software and an array of accessories, 
PerkinElmer(r) AA spectrometers are designed to meet your most 
demanding requirements for productivity, flexibility, ruggedness 
and performance. The PerkinElmer(r) Optima(tm) family of 
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-
OES) instruments is recognized as the preferred choice to solve 
your application requirements. Whether you requirements are for 
high performance and productivity or high performance and 
analytical flexibility, the Optima family can meet your needs.  The 
PerkinElmer SCIEX(tm) ELAN family of Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) instruments sets the standard 
for ICP-MS ultratrace analysis. Whether you choose instruments 
based on classic quadrupole technology or instruments that utilize 
patented Dynamic Reaction Cell(tm) interference-reduction 
technology, every application challenge can be met. 
 

Picarro, Inc. Booth 62 
480 Oakmead Pkwy. 
Sunnyvale, CA 94085  
Phone: 408 962 3932 
www.picarro.com 

Picarro is a leading supplier of innovative lasers and laser-based 
instrumentation for bioscience, analytical chemistry, industrial 
process control and environmental applications. Our cavity 
ringdown spectroscopy instruments are in use in a variety of 
industries including Emissions, Semiconductor, and Petrochemical. 
 
Pittsburgh Conference of Analytical Chemistry Booth 50 
300 Penn Center Blvd., Ste 332 
Pittsburgh, PA 15235  
Phone: 412 859 0818 
www.pittcon.org 

The other major Conference and Tradeshow in the fields of 
laboratory science and analytical chemistry 
 
Renishaw, Inc. Booths 31,32 
5277 Trillium Blvd. 
Hoffman Estates, IL 60192  
Phone: 847 286 9953 
www.renishaw.com 
 
RoMack, Inc. Booth 47 
105 Edward Wyat Drive 
Williamsburg, VA 23188  
Phone: 757 258 4805 
www.romackfiberoptics.com 

Company description: RoMack, Inc. manufactures fiberoptic 
assemblies, components and related products specifically tailored 
for spectroscopic, laser, pharma and medical applications. Products 
include probes, fiberoptics, connectors, adapters, patchcords, 
bundles, arrays, imagers, collimators, couplers, tapers and filter 
packages. RoMack, Inc. routinely takes concept to product, 
creating solutions to the most difficult problems. 
 
Royal Society of Chemistry Booth 69 
Thomas Graham House 
Science Park, Milton Road 
Cambridge,  UK CB4 0WF 
Phone: 44 1223420066 
www.rsc.org 

The RSC is the largest organization in Europe for advancing the 
chemical sciences.  Supported by a network of 45,000 members 
worldwide and an internationally acclaimed publishing business, 
our activities span education and training, conferences and science 
policy, and the promotion of the chemical sciences to the public.  
Visit the booth to enquire about membership, browse through our 
catalogue or collect a sample copy of one of our internationally 
renowned journals; including The Analyst, JAAS, JEM, Lab-on-a-
Chip, and Analytical Abstracts. 
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Savillex Corporation Booth 57 
6133 Baker Road 
Minnetonka, MN 55345  
Phone: 952 935 4100 
www.savillex.com 

Savillex Corporation has been providing high quality PFA 
laboratory products for over 25 years. We manufacture over one 
thousand labware products including vials, digestion vessels, 
containers, in-line filter holders, beakers, sub-boiling stills, transfer 
vessels and impingers. We provide products for the analytical 
market; products for sample gathering, preparation, introduction, 
analysis and storage. In addition, we offer our customers through 
our unique tooling technology, an inexpensive way to move to 
injection molded components from expensive machined 
components at very short run volumes.  See all of our new products 
for ICP-MS/OES which include ultra pure PFA nebulizers, spray 
chambers and complete sample introduction kits. Featured are our 
new all PFA cross flow nebulizer, the X-Flow, and the all PFA 
concentric nebulizer, the C-Flow. These products along with our 
complete all PFA sample handling labware allow the user to 
maintain purity throughout their analysis without risking 
compromised results. 
 
SCP SCIENCE Booth 52 
21800 Clark Graham 
Baie D’Urfe, Canada H9X 4B6 
Phone: 800 361 6820 
www.scpscience.com 

Founded in 1980 and celebrating 25 years in 2005, SCP Science is 
a successful privately owned manufacturer and distributor of 
analytical equipment, supplies, standards, reagents, and certified 
reference materials for the inorganic analytical laboratories market. 
The company manufactures supply items including digestion 
systems; calibration, quality control and certified reference material 
standards; and specialized glassware for the atomic spectroscopy 
market. In distribution, the company supplies analytical instruments 
for spectroscopists primarily in Canada 
 
Shimadzu Scientific Instruments, Inc. Booth 39 
7102 Riverwood Dr. 
Columbia, MD 21046  
Phone: 410 381 1227 
www.shimadzu.com 

Shimadzu offers a full line of analytical instrumentation, including 
UV Visible and Fluorescence Spectrophotometers; FTIR 
Spectrometers; Automated FTIR Microscope; HPLC systems and 
components; LC/MS; Gas Chromatography; GC/MS; Data Stations 
for Spectroscopy and Chromatography; Thermal Analyzers, TOC, 
Atomic Absorption Spectrometers, Particle Size Analyzers, 
Balances, Arc-Spark Optical Emission Spectrometers, Capillary 
Rheometers, Mooney Viscometers, Universal Testing Equipment 
and more. 
 

Siemens Energy & Automation Booth 3 
3333 Old Milton Parkway 
Alpharetta, GA 30005  
Phone: 770 751 4822 
www.sea.siemens.com 

Siemens Energy & Automation, Inc. (SE&A) is a wholly-owned 
subsidiary of Siemens Corporation, which in turn is a wholly-
owned subsidiary of Siemens AG. SE&A engineers, manufactures, 
markets, and services products and systems that regulate, control, 
and distribute electrical power, automate manufacturing processes, 
protect manufacturing processes, protect electrical systems, and 
convert electrical power to mechanical energy. The company 
focuses on offering totally integrated automation systems and 
manufactures a wide range of electrical and electronic equipment 
and systems for commercial and residential construction, and 
general industry. 
 
Smiths Detection Booth 30 
14 Commerce Drive 
Danbury, CT 06810  
Phone: 203 207 9726 
www.smithsdetection.com 

Smiths Detection Scientific offers micro-analysis and trace 
detection technology for homeland security and industrial 
applications. Markets that we serve include mobile laboratories, 
Forensics, Public Health, Pharmaceutical and Chemical Industries. 
Applications include identification and/or screening of micro-
samples of chemical and biological WMDs, unknown chemical 
identification, drug discovery research, process optimization 
research, cleaning validation, polymorph screening, forensic 
analysis and material identification and quality control. 
 
Society for Applied Spectroscopy Booths 43,44 
201B Broadway Street 
Frederick, MD 21701-6501  
Phone: 301-694-8122 
www.s-a-s.org 

The Society for Applied Spectroscopy is an association of scientific 
professionals who have organized to advance and disseminate 
knowledge and information concerning spectroscopy and other 
allied sciences. We've served the scientific community for over 40 
years and are the publishers of Applied Spectroscopy. Visit our 
booth for membership information. 
 
SpectroPure / Ricca Chemical Company Booth 22 
2275 Cassens Dr., Ste 147 
Fenton, MO 63026  
Phone: 314 302 8782 
www.spectropure.com 

New catalog is available describing a complete line of atomic 
spectroscopy products - AA, ICP, ICP-MS, as well as standardized 
solutions for analytical laboratories, reagent chemicals in small 
packages, and certified NIST traceable secondary standards. Multi-
element ICP standards are listed by EPA method. 
 
Spectroscopy Magazine Booth 55 
485 Route 1 South, Bldg F, 1st Fl 
Iselin, NJ 08830  
Phone: 732 346 3081 
www.spectroscopyonline.com 
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Springer Table Top 1 
233 Spring Street 
New York, NY 10013  
Phone: 212 460 1500 
www.springeronline.com 
Sample renowned Springer journals, like "Analytical and 
Bioanalytical Chemistry" (ABC), one of the most popular Springer 
journals. We are proud of the fast publication times, increased 
impact factor, easy manuscript submission and continual acclaim! 
Outstanding features include: Analytical Challenge, Building a 
Professional Career and the ABCs of Teaching Analytical Science! 
ABC complements an entire analytical program, including the 
Journal of Applied Spectroscopy. Visit springeronline.com to view 
the complete portfolio of books, journals series and reference 
works.  
 
Teledyne Leeman Labs Inc. Booth 38 
6 Wentworth Drive 
Hudson, NH 03051  
Phone: 603 886 8400 
www.leemanlabs.com 

Teledyne Leeman Labs will display its latest solid state detector 
ICP, the Prism Simultaneous ICP.  The Prism ICP is designed to 
be affordable without sacrificing performance.  Prism provides 
short warm-up times, fewer interferences, high sample throughput 
and exceptional long-term stability – all contributing to a 
laboratory’s ability to report accurate results on time.  Also on 
display is the Hydra AF Gold Plus Mercury Analyzer. The Hydra AF 
Gold Plus is part of a family of mercury analyzers including both 
fluorescence and atomic absorption based systems for sample 
preparation and sample analysis.  All of our Hg products are 
designed to comply with worldwide methods for the determination 
of mercury in a broad range of sample matrices.  Teledyne Leeman 
Labs product offerings include ICP spectrometers, Mercury 
Analyzers, AA Spectrometers and Inorganic ICP Standards and 
Mercury reagents. 
 
Thermo Electron Corp. Booths 8,9,10 
5225 Vernona Road 
Madison, WI 53711  
Phone: 608 273 6822 
www.thermo.com 

Leading the world in high-tech instruments, Thermo Electron 
Corporation helps life science, laboratory, and industrial customers 
advance scientific knowledge, enable drug discovery, improve 
manufacturing processes, and protect people and the environment 
with instruments, scientific equipment and sample-in/knowledge-
out solutions. Visit us at booth 8 - 10 and see our latest offerings 
for spectroscopy. 
 

Transition Technologies, Inc. Booth 5 
257 Norseman Street 
Toronto,  M8Z 2R5 CANADA 
Phone: 416 233 1551 
www.transition.ca 

Transition Technologies Inc. is the exclusive Canadian Distributor 
for CETAC Technologies and specializes in productivity 
enhancements for ICP optical and mass spectrometry.  These 
products include an array of automation systems (autosamplers, 
autodilutors, automated sample preparation), nebulizers (micro-
volume, ultrasonic, desolvating), solid sampling laser ablation 
systems (193, 213, 266 nm solid-state), and mercury systems (cold-
vapour AA, fluorescence). We supply ICP consumables (ICP-MS 
cones, standards, glassware, detectors, and power tubes) and 
engage in consulting activities.  In the life science arena we 
specialize in DNA (nucleic acids in general) analysis using 
denaturing HPLC and temperature gradient capillary 
electrophoresis.  The remaining product line is centered on 
automated bio-reactor sampling with a variety of downstream 
applications for process monitoring, control, and method 
development. Transition Technologies also provides laboratory 
services in Molecular Biology and Analytical Chemistry utilizing 
established skills in method development, safety, quality control 
and laboratory systems design. Transition Technologies has been 
serving the analytical and life science community since 1994 and 
counts a wide range and large number of laboratories as clients. 
 
Varian, Inc. Booth 20,21 
3120 Hansen Way D-111 
Palo Alto, CA 94304  
Phone: 650 424 5449 
www.varian.com 

Varian, Inc. is a world leader in scientific instruments' technologies 
serving environmental, industrial, chemical, life science, and heath 
care customers. At the FACSS conference we will be presenting 
our latest range of spectroscopy products. To learn more about the 
latest in ICP-OES, ICP-MS and AA technology, visit us at Booth 
#20&21 
 
WITec GmbH Booth 58 
101 Tomaras Ave. 
Savoy, IL 61784  
Phone: 877 948 3201 
www.WITec.de 

WITec is a manufacturer of high performance instrumentation for 
scientific and industrial applications focused on new solutions for 
Optical and Scanning Probe Microscopy (Scanning Near-field 
Optical Microscopes, Confocal Scanning Microscopes, Raman-
CSM, Atomic Force Microscopes, Pulsed Force Mode AFM). 
WITec offers the AlphaSNOM using unique cantilever technology, 
the Confocal Raman Microscope CRM 200 designed for highest 
sensitivity and resolution and the Mercury 100 AFM with the 
integrated Digital Pulsed Force Mode for material research and 
nanotechnology. The modular design of the WITec microscopy 
systems allows highest flexibility and versatility for nearly the 
complete range of high resolution microscopy applications. 
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FACSS/SAS WORKSHOPS 
Workshops are a valuable component of FACSS and are conducted by leading experts.  There is an additional charge for workshops. Sunday 
workshops will be held at the Delta Quebec Hotel and Monday through Thursday workshops will be held at the convention center. 
 
Following are the rates for workshops unless otherwise indicated. 
 half day full day 2 day 
Conferees: $150 $300 $500 
Students: $25 $50 $100 
Non-Conferees $250 $400 $700 
 

ATTACK THE VARIANCE: AN INTRODUCTION TO 
ROBUST METHOD DESIGN 

Drew Manica and Erica Kyllo, GE Advance Material 
Randy Bishop, GlaxoSmithKline 
Sunday, October 9, 08:30 – 17:00 
Delta Quebec Hotel – D’Auteuil 

This workshop will cover statistical design strategies (DOE & 
Robust Design) for building robust new methods and improving 
existing methods. Learn how critical experimental factors can be 
identified and controlled for measurement improvement as well as 
how deliberate experimental design can capture variability to 
produce a more robust measurement. Robust design methodologies 
accommodate variability present in the experimental factors 
themselves and in the measurement process in such a way that 
undesirable variation of the final result is minimized. 
Consequently, both an optimal and robust measurement system can 
be developed simultaneously. Hands-on breakout sessions will 
include the use of statistical software. 

 
NEAR-INFRARED ANALYSIS: A VERSATILE, RAPID, 

NON-DESTRUCTIVE TECHNIQ, 
Donald A. Burns, NIR Resources and  
Howard L. Mark, Mark Electronics 
Sunday, October 9, 08:30 – 17:00 
Delta Quebec Hotel, Brebeuf-Kent 

Both beginners and those already working in the field will profit 
from this basic-to-intermediate level offering. We start at the very 
beginning, but proceed at a fast pace to provide an introduction to 
Near-IR, the instrumentation involved, method development, and a 
host of applications to bring students up to speed quickly. You’ll 
hear about chemometrics (the efficient algorithms used in the 
powerful software) from Dr Mark, an expert in this field who has 
published extensively on the subject. The organization of the 
workshop follows:  Introduction: overview & history, principles & 
theory, basis of absorptions. Chemometrics: qualitative & 
quantitative analysis. Method Development: general rules, 
derivatives, zero-crossing, hidden information. Applications: 
liquids, solids, gases; use of fiber optics; case studies (e.g., 
pharmaceuticals, polymers, textiles, beverages, tobacco/cigars, 
medical uses, detection of counterfeits). Software: from instrument 
vendors, third party packages. The future: what’s down the road, 
how/where to learn more, and a basic/searchable bibliography of 
over 2500 references on a take-home disk to get you started. The 
course workbook will contain copies of most of the slides used 
during the presentations. 

 
ANALYTICAL RAMAN SPECTROSCOPY 

Michael Morris, University of Michigan 
Sunday, October 9, 08:30 – 12:30 

Delta Quebec Hotel, Buade 
The course will provide an overview of modern Raman 
spectroscopy beginning with an introduction to Raman scattering 
and the differences between IR and Raman spectra. It will include 
discussion of resonance and surface enhancement of spectra, 
polarization and the advantages of working with different 
excitation wavelengths. Modern instrument configurations will be 
covered, with emphasis on single stage spectrographs and CCD 
array detectors. The course will include a thorough introduction to 

the major approaches to sample illumination and spectrum 
collection, emphasizing fiber optic probes and Raman microprobes. 
Raman imaging will be briefly discussed. Calibration and data 
reduction topics covered will include Raman shift and intensity 
standards, white light correction, polarization corrections and 
signal/noise ratios. Multivariate calibration and 2D Raman 
spectroscopy will be briefly described. Important applications areas 
will be surveyed. Attendees will be briefed on recent developments 
including time-gated Raman spectroscopy and CARS. 

 
BIOLOGICAL INFRARED AND RAMAN SPECTROSCOPY 

Rina Dukor, BioTools, Inc. and Timothy A. Keiderling, 
University of Illinois at Chicago 

Sunday, October 9, 08:30 – 17:00 
Delta Quebec Hotel, Cremazie 

The Society for Applied Spectroscopy is pleased to offer a course 
designed to introduce both bioscientists and spectroscopists to the 
rapidly expanding use of IR in the biosciences. It will enable 
bioscientists to ascertain if IR can provide solutions to their 
biological problems and help them learn how to use IR for their 
experiments. The course will aid spectroscopists in finding out 
what biological experiments are possible or needed, how to handle 
biological samples, and what techniques and accessories yield the 
most biological information.  
 

INFRARED CHEMICAL IMAGING 
E. Neil Lewis, Janie Dubois, and Frederick W. Koehler,  

Spectral Dimensions, Inc. 
Sunday, October 9, 13:00 – 17:00 

Delta Quebec Hotel, Buade 
The coupling of digital imaging and optical spectroscopy has 
traditionally proceeded through two distinct pathways either 
utilizing imaging detectors in concert with discreet optical filters, 
or coupling high-resolution spectrometers with point mapping 
approaches. Fixed bandpass optical filters provide high image 
quality with little or no spectral information, while mapping 
approaches emphasize spectral performance over image quality. 
More recently, technologies that completely integrate these 
modalities have emerged and matured. The application of 
continuously tunable optical filters, step-scan interferometers, 
rapid-scan interferometers, high-performance 2D infrared focal-
place array detectors (FPA’s), infrared line-arrays, and powerful 
data processing methods have all contributed to the feasibility and 
ease of completely integrating spectroscopy and imaging. However, 
the value and utility of infrared and near-infrared chemical imaging 
is its ability to non-invasively visualize chemical heterogeneity, and 
to provide both a qualitative and quantitative assessment of the 
molecular composition and architecture of a diverse array of 
heterogeneous materials. As a result, it can be used to assess the 
quality and performance of new and existing complex materials and 
products. Topics covered in this half-day course will include: 
imaging spectrometer technologies, focal-plane array detectors and 
data processing methods and software. We will frame the 
instrumentation discussion with a strong emphasis on the value and 
practical applications of the technology for biological, polymeric 
and pharmaceutical problem solving. 
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INDUCTIVELY COUPLED PLASMA- MASS 

SPECTROMETRY (ICP-MS): INTRODUCTION 
R. S. Houk, Ames Laboratory USDOE, Iowa State University 

Sunday, October 9, 08:30 – 12:30 
Delta Quebec Hotel, Garneau 

This course is meant for the beginner in ICP-MS. Course Topics: 
The ICP as an Ion Source Ion Extraction and Beam Formation 
Operating Principles of Ion Lenses, Quadrupole Mass Analyzers, 
and Detectors Magnetic Sector Mass Analyzers with the ICP 
Causes of and Corrections for Spectral Interferences and Matrix 
Effects Survey of Methods to Remove Polyatomic Ions - Cool 
Plasma, Collision Cells, Solvent Removal Survey of Applications 
and Designing a Sound Analytical Strategy Using ICP-MS. 

 
INDUCTIVELY COUPLED PLASMA - MASS 

SPECTROMETRY (ICP-MS): ADVANCED TOPICS 
R. S. Houk, Ames Laboratory USDOE, Iowa State University 

Sunday, October 9, 13:00 – 17:00 
Delta Quebec Hotel, Garneau 

This course is meant for the experienced ICP-MS user, or someone 
who has completed the Introduction course Course Topics - 
Fundamentals of Ion Extraction Micronebulizers and Solvent 
Removal Droplets, Particles & Noise in the ICP Collision Cells 
Magnetic Sectors – Applications Multicollector Instruments for 
Isotope Ratio Measurements Quadrupoles in Alternate Stability 
Regions TOF Mass Analyzers Speciation by GC, LC and CE with 
ICP-MS Instrument Survey. 

 
LASER ABLATION SAMPLING FOR INDUCTIVELY 

COUPLED PLASMA MASS SPECTROMETRY 
Bodo Hattendorf, Federal Institute of Technology Zurich 

Monday, October 10, 08:30 – 12:30 
Room 302B, Convention Center 

The course provides an overview on important aspects of laser 
ablation micro-sampling for use with ICPMS as detector. The 
primary goal is to highlight the relevant factors that influence the 
quality of analytical results and to provide pathways to obtain 
quantitative element concentrations in solid samples. It includes the 
discussion of the fundamental aspects of laser ablation sampling 
and the influence of individual operating parameters and hardware 
configurations on sensitivity, accuracy and potential sources for 
“elemental fractionation”. The particular aspects of ICPMS as 
detector for laser generated aerosols are presented briefly and 
approaches for the examination of transient signals and data 
reduction strategies are included as well. Several examples will be 
used to demonstrate the possibilities and limitations of LA-ICPMS 
as an advanced analytical tool. 

 
PRACTICAL APPLICATIONS OF LCMS FOR SMALL 

MOLECULES 
Michael P. Balogh, Waters Corporation 

Monday, October 10, 08:30 – 17:00 
Room 303B, Convention Center 

A one-day course introduces the most commonly applied HPLC-to-
mass spectrometry techniques and examines in detail the most 
widely used related technologies. High throughput, high sensitivity 
and ease-of-use considerations are illustrated with applications 
from industrial and environmental analyses as well as 
pharmaceutical interests. Course materials include video aids and a 
wide variety of practical applications to demonstrate ionization 
techniques and components while examining what makes an 
LC/MS method successful and where some of the common errors 
are made. An extensive Glossary as well as reference materials 
created specifically for LC/MS practice is included. 

 

CHEMOMETRICS WITHOUT EQUATIONS 
(or Hardly Any) - HANDS ON! 

Barry M. Wise, Jeremy M. Shaver and Willem Windig, 
Eigenvector Research, Inc. 

Monday, October 10 – Tuesday, October 11, 08:30 – 17:00 
Room 302A, Convention Center 

Conferees $550, Students $150, Non-conferees $750 
(includes use of PC) 

Concentrates on two areas of chemometrics: 1) exploratory data 
analysis and pattern recognition, and 2) regression. Participants will 
learn to safely apply techniques such as Principal Components 
Analysis (PCA), Principal Components Regression (PCR), and 
Partial Least Squares (PLS) Regression. Examples will include 
problems drawn from process monitoring and quality control, 
predicting product properties, and others. The target audience 
includes those who collect and/or manage large amounts of data 
that is multivariate in nature. This includes bench chemists, process 
engineers, and managers who would like to extract the most 
information from their measurements. The course will finish with a 
short section on how to apply these models for online predictions, 
Multivariate Statistical Process Control and inferential sensing. 
Students will work problems using MATLAB and PLS_Toolbox 
on computers provided (maximum of two students per computer). 

 
PRINCIPLES OF INFRARED SPECTRAL 

INTERPRETATION 
Brian C. Smith, Spectros Associates 
Monday, October 10, 08:30 – 12:30 

Room 304A, Convention Center 
Learn to integrate the peak position, height, and width information 
in an infrared spectrum to successfully determine unknown 
molecular structures and to perform identities better. Discover the 
four ways of attacking mixture spectra, then learn a 10-step 
approach to systematically achieve better interpretation results . 
The diagnostic infrared bands of many economically important 
molecules including saturated and aromatic hydrocarbons, alcohols, 
ketones, and esters, are presented. The course concludes with a 
special discussion of polymer spectra. Attendees interpret many 
unknown spectra in class with the instructor's guidance. This is an 
updated version of a course the instructor has taught to over 1,000 
people since 1992. 
 
PROCESS ANALYTICAL CHEMISTRY: OUT OF THE LAB 

AND INTO THE PIPE 
Christian Hassell, AMTI and James W. Rydzak, 

GlaxoSmithKline 
Tuesday, October 11, 08:30 – 17:00 

Room 304A, Convention Center 
Process analyzers are becoming more important to the 
manufacturing industry by providing improved process quality, 
yields, uptimes and safety, while reducing hazards and 
environmental impact. This course will answer a question 
frequently posed by laboratory analytical chemists: "What is 
process analytical chemistry and how does it differ from more 
traditional laboratory-based analysis?" It will introduce basic 
relevant engineering concepts, and compare process analyzers with 
laboratory instrumentation. The course will primarily focus on on-
line and in-line applications of optical and mass spectrometry, gas 
chromatography, and titrimetry as they are applied in the refining, 
chemicals, petrochemicals, food, personal care, pharmaceuticals, 
and life science industries. 
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FACSS/SAS WORKSHOPS
INDUSTRIAL PROBLEM SOLVING USING THERMAL 

ANALYSIS 
Joseph Marcinko and Anthony A. Parker 

Polymer Synergies LLC 
Tuesday, October 11, 08:30 – 17:00 

Room 302B, Convention Center 
This course is designed to give an appreciation of the problem 
solving situations in which thermal analysis can add value. A brief 
background of the instrumentation will be given. Differential 
Scanning Calorimetry (DSC), Differential Thermal Analysis 
(DTA), Dynamic Mechanical Analysis (DMA), Thermomechanical 
Analysis (TMA) and Thermogravimetric Analysis (TGA) and TGA 
coupled with Mass Spectrometry (TGA/MS) will be covered. Case 
studies of illustrating how these techniques have been utilized to 
solve industrial process questions and problems will be presented. 
Course Objectives • Learn the basics of the techniques – DSC, 
DTA, TGA, TGA-MS, TMA, DMA • Learn how to use multiple 
thermal analysis techniques in tandem to solve process and 
performance problems in product development – examples 
including composites, coatings, elastomer development, and 
process studies • Learn how to identify the nature of transitions in 
polymeric materials • Understand the principles of time-
temperature equivalence and applications, i.e. learn how to use 
thermal analysis data to develop models for time-temperature 
dependent mechanical behavior • Develop an appreciation for when 
to use a particular TA technique. 

 
INTRODUCTION TO MULTIVARIATE IMAGE ANALYSIS 

Barry M. Wise, Jeremey M. Shaver and Willem Windig, 
Eigenvector Research 

Wednesday, October 12 – Thursday, October 13, 08:30 – 17:00 
Room 302A, Convention Center 

Conferees $550, Students $150, Non-Conferees $750 
(includes use of PC) 

Designed to give the student practical experience. Before the 
course, students will be sent a pre-course reading assignment 
covering some of the basic background and principles of MIA. The 
course will start with a brief review of principal components 
analysis (PCA) and partial least squares (PLS) regression and how 
they are used in image analysis. Additional topics to be covered 
included multivariate image regression, and preprocessing to 
capture textural information. Methods to mitigate the effects of 
background interference, e.g. clutter, will also be discussed. 
Students will work problems using MATLAB and PLS_Toolbox 
on computers provided (maximum of two students per computer). 

 
PROFESSIONAL ANALYTICAL CHEMISTS IN 

INDUSTRY: A SHORT COURSE FOR UNDERGRADUATE 
STUDENTS 

Diane Parry, The Procter & Gamble Co. 
Wednesday, October 13, 08:30 – 17:00 

Room 302, Convention Center, No charge 
The objective of this workshop is to provide insight into the work 
of industrial analytical chemists. In a highly interactive forum, 
participants will explore the role of analytical chemist as problem 
solver using real problems encountered at Procter & Gamble. 
Participants have an opportunity to try their hand at solving real 
consumer product chemistry problems, and to get answers to some 
of their questions on industrial chemistry careers. The course is 
targeted at third-year undergraduates who have had some exposure 
to instrumental analysis; however, new undergraduate students, 
graduate students, and chemistry teachers have all reported that 
they found the short course highly beneficial. 

 

COMPLIANT ANALYSIS OF WATER, WASTES AND 
SOLID ENVIRONMENTAL SAMPLES 

I.B. Brenner, Environmental Analytical Service Jerusalem, Israel 
Wednesday, October 12, 08:30 – 17:00 

Room 304A, Convention Center 
Routine reliable determination of primary and secondary metal 
pollutants in water and in liquid and solid wastes that threaten 
fitness of consumption has become a primary challenge to society. 
Analytical compliance is vital because of environmental 
evaluations, health regulations, litigation, homeland security and 
strategic decision-making concerning land use and water 
utilization. This course consists of a one day tutorial overview of 
the application of Inductively Coupled Plasma Atomic Emission 
(ICP-AES) and Mass Spectrometries (ICP-MS) for compliant 
analysis of water, wastewater and related solid wastes using 
USEPA standard operating procedures (200.5, 200.7, 200.8, SW 
846 6010C, 6020A, CLP ILM5.3). The course will commence with 
a brief description of sample collection, delivery (chain of custody), 
and preservation. The myriad of sample preparation schemes 
provided by USEPA and Standard Methods will be described and 
their efficiencies compared using recovery, contamination, sample 
throughput, and cost. ICP instrumentation will be reviewed – in 
particular performances of axial vs. radial ICP-AES and Collision 
vs. Reaction cells in ICP-MS. It will be demonstrated that Mg II 
280/Mg I 285 nm ratios and % 1560CeO/140Ce and Na and Ca 
induced matrix effects can be used for rapid instrument set up – 
vital for laboratory productivity. The routine performance of these 
SOPs will be exemplified using QA/QC figures of merit such as 
instrumental and method limits of detection (IDLs, MDLs), linear 
dynamic ranges (LDRs), recovery from spiked sample and 
laboratory control solutions and CRMs. This course will emphasize 
the factors controlling uncertainty such as spectroscopic (overlap 
and polyatomic ions) and nonspectroscopic interference effects (in 
the plasma, sample introduction system and the plasma-MS 
interface) and compliant methods for their compensation. The 
curriculum also includes a practical perspective of the needs of 
accreditation such as ISO 17025 in terms of the performance of 
these compliant procedures. The short course will conclude with a 
discussion among participants of their concerns applications. 
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FACSS EMPLOYMENT BUREAU 
The FACSS Employment Bureau will be available during the 2005 FACSS Conference to both job applicants and employer representatives.  
The Employment Bureau is a free service that provides job and applicant listings, message boards, and interviewing booths.  Participants 
must be registered for the conference.  Separate files will be available for job opportunities and applicant resumes.  Registered participants 
may review these files during Employment Bureau hours.  Either applicants or employers may request on-site interviews. 
 
LOCATION.  The employment bureau is located in Rooms 201B/C at the convention center. 
HOURS.  08:30 – 17:00 PM, Monday – Wednesday and 08:30 – 15:00 on Thursday 
 
• Applicants should submit the FACSS Employment Bureau Applicant Form and a personal one-page resume. The Applicant Form is 

designed to allow easy review by employer representatives.  Applicants also should include a formal resume.  Applicants who wish to 
exclude their resume from the resume book should check the appropriate box on the registration form. 

• Employers should submit the Employer Form.  Books containing all applicant approved resumés will be available for purchase and will 
be mailed after the conference. 

 
ON-SITE REGISTRATION.  Applicants and employer representatives must sign in with the Employment Bureau upon arrival at the 
meeting.  Applicant Resumé forms and Employer forms will be available for review.  Interview booths will be available during Employment 
Bureau hours.  The Employment Bureau will schedule 30-minute interviews upon request from either employers or applicants.  Interview 
notices and messages will be posted on message boards.  It is recommended that Employment Bureau participants check the message boards 
at approximately two-hour intervals during the day. 
 
SPECIAL INVITIATION TO STUDENT ATTENDEES: 
Tuesday, 12:30, GE Advanced Materials sponsored Student/Professional Panel Discussion and brown bag lunch.  “I’m graduating soon. 
What’s Next?” Room 303B.  Sign up at conference registration desk 
 

ORDER FORM FOR BOOK OF APPLICANT RESUMÉS  
Resumé books will be prepared containing all applicant resumés received (unless an applicant has requested to be excluded).  Books will be 
mailed after the conference.  The cost of each book is $100.  Please fill out the information below if you wish to purchase applicant resumé 
books. 

Number of books requested _______ x $100 Total Amount:  $ ______________________ 

This form must be accompanied by full payment for the total amount.  Checks must be in U.S. dollars and payable through a U.S. bank.  We 
regret that we do not accept purchase orders. 

 " Check is enclosed.  Make payable to FACSS 

 " Charge total amount to VISA, MasterCard, or Amex 

______________________________________________________________________________________________________________  
 Visa/MasterCard/Amex Number Exp. Date Cardholder’s Signature 
 

 
Mailing address: 

Company/Institution ______________________________________________________________________________________________  

Address _______________________________________________________________________________________________________  

______________________________________________________________________________________________________________  
 City State Zip Country 

Representative’s Name ____________________________________________________________________________________________  

 

SEND TO:  FACSS Registration, PO Box 24379, Santa Fe, NM 87506 (USA) 
FAX:  (505) 989-1073    ####    Faxed orders must be charged to VISA or MasterCard 



35 



21
03

05
56

●   Fastest publication times in the fi eld

●   Expanded three page limit for Communications

●   High visibility - cited in MEDLINE 

●    Contains the i-section in every issue – a dynamic mix of reviews, overviews and 
trends articles on selected topics

●  Impact factor: 2.783

www.rsc.org/analyst

The latest developments in the theory and application of analytical 
and bioanalytical techniques.

A core teaching tool, publishing urgent communications, full papers and 
review articles.

The Analyst

Im
ag

e 
re

p
ro

du
ce

d 
by

 p
er

m
is

si
on

 o
f K

ev
in

 C
oo

p
er

, A
na

ly
st

 2
00

5,
 1

30
(4

)



36 



37 

PROGRAM HIGHLIGHTS 

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY 
 07:30 Wake up coffee 07:30 Wake up coffee 07:30 Wake up coffee 07:30 Wake up coffee 

08:30 - 17:00 
FACSS/SAS 
Workshops 

Plenary Session 
Room 200A 

08:00 
 

Richard Zare 
Stanford University 

Plenary Sessions 
Room 200A 

08:00 
Charles Mann Award 

D. Bruce Chase, DuPont 

08:30 
Anachem Award 

Mary Wirth, Univ of Arizona 
 

Plenary Sessions 
Room 200A 
08:00 AM 

Strock Award 
Richard Russo, LBNL  

08:30 
Meggers Award 

Hiro-o Hamaguchi, 
University of Tokyo 

 

Plenary Session 
Room 200A 

08:00 
 

R. Graham Cooks, 
Purdue University 

 08:30 – 17:00 
Workshops 

08:30 AM – 17:00 
Workshops 

08:30 AM – 17:00 
Workshops 

08:30 AM – 17:00 
Workshops 

 09:00 – 10:30 
Poster Session and  

Break 
Room 206A/B 

09:00 – 10:30 
Poster Session and Break 

Convention Hall 200C 

09:00 – 10:30 
Poster Session and Break 

Convention Hall 200C 

09:00 – 10:30 
Poster Session and 

Break 
Room 206A/B 

  09:00 – 17:00 
Exhibits Open 

Convention Hall 200C 

09:00 – 17:00 
Exhibits Open 

Convention Hall 200C 

 

 10:30– 12:30 
Oral Symposia 

10:30 – 12:30 
Oral Symposia 

10:30 – 12:30 
Oral Symposia 

10:30 – 12:30 
Oral Symposia 

 12:30 – 14:00 
Lunch on own 

12:30 – 14:00 
Lunch on own 

12:30 – 14:00 
Lunch on own 

12:30 – 14:00 
Lunch on own 

 
 

14:00 – 15:00 
Poster Session and  

Break 
Room 206A/B 

14:00 – 15:30 
Poster Session and Dessert 

Reception 
Convention Hall 200C 

14:00 – 15:30 
Poster Session and Dessert 

Reception 
Convention Hall 200C 

14:00 – 15:30 
Poster Session and 

Break 
Room 206A/B 

 15:00 
Lippincott Award 

Plenary 
Jaan Laane, Texas A&M 

Room 200A 

  15:10  
SPRII Symposium 

begins 

 15:30 – 17:30 
Oral Symposia 

15:30 – 17:30 
Oral Symposia 

15:30 – 17:30 
Oral Symposia 

15:30 – 17:30 
Oral Symposia 

17:00 – 19 00 
Welcome Mixer and 

SAS Sponsored 
Student Poster Session 

Loggia 

17:30 – 19:30 
Exhibit Opening 

Reception 
Convention Hall 200C 

18:00 
Raman Reception 

Kent Room 
Hilton Quebec Hotel 

 

17:00 
ABB Installation and 

Laboratory Visit 

 

  18:00 
2ND Annual Bioanalytical 

Mixer Sponsored in part by 
Pfizer, Sigma-Aldrich, and 

Eldex, Inc. 
Wolfe Room 

Delta Quebec Hotel 

  

  19:00 
SAS Reception 

(SAS members only) 
St. Louis Room 

Hilton Quebec Hotel 

18:30 
FACSS Gala 

Chapel within the “Musée 
de l’Amérique Française” 

Tickets required 
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PROGRAM OVERVIEW 

SUNDAY EVENING 
Welcome Mixer and SAS Sponsored Student Poster Session, 17:00 – 19:00, Loggia 

MONDAY MORNING 
08:00 PLENARY LECTURE, Room 200A 

Adventures in Chemical Analysis 
Richard N. Zare, page 42 

09:00 SYMPOSIA AND POSTER SESSIONS 
 09:00 – 10:30, Posters, Room 206A/B, page 42 
 Advances in Sample Introduction 
 Biomedical Imaging 
 Chemometrics 
 IR Imaging 
 Microfluidics, LOC 
 MS Proteomics 
 New Instrumentation 
 New MS Technology 
 Novel Instrumentation and Applications for Raman 

Spectroscopy 
 Pharmaceutical Applications of Raman Spectroscopy 
 Surfaces 
 10:30 – 12:30, Symposia, page 45 
 General Chemometrics, Room 202 
 Pharmaceutical Applications of Raman Spectroscopy, 

Room 203 
 Carbon Nanotube Separations I, Room 204A 
 Biomedical Spectroscopy and Imaging I, in vitro, 

Room 204B 
 Advances in Sample Introduction, Room 205A 
 General Process Analytical, Room 205B 
 Near Surface Analysis I, Room 205C 
 New MS Technology, Room 207 
 

MONDAY AFTERNOON 
14:00 SYMPOSIA AND POSTER SESSIONS 
 14:00 – 15:00, Posters, Room 206A/B, page 42 
 For listing, see above. 
 15:00 – 15:30, Lippincott Award Plenary, Jaan Laane, 

Room 200A, page 47 
 15:30 – 17:30, Symposia, page 47 
 Chemometrics in Process Analytical Technologies, 

Room 202 
 Novel Instrumentation and Applications for Raman 

Spectroscopy, Room 203 
 Carbon Nanotube Separation II/Laser Spectroscopy in 

Nanoscience I, Room 204A 
 Bioanalytical Measurements using Lab on a Chip 

Technology, Room 204B 
 Lippincott Award Symposium, Room 205A 
 Infrared Imaging, Room 205B 
 Near Surface Analysis II, Room 205C 
 Enabling MS for Proteomics, Room 207 
 Royal Society of Chemistry, Room 301A 

TUESDAY MORNING 
08:00 PLENARY LECTURES, Room 200A 
 Charles Mann Award, D. Bruce Chase, page 49 
 ANACHEM Award, Mary Wirth, page 49 
09:00 SYMPOSIA AND POSTER SESSIONS 
 09:00 – 10:30, Posters, Convention Hall 200C, page 49 
 Bioanalytical 
 Electrochemistry  
 Environmental Chemistry 
 Fluorescence Spectroscopy  
 General Raman 
 Materials 
 Sensors 
 10:30 – 12:30, Symposia, page 52 
 Chemometrics in Vibrational Spectroscopy, Room 202 
 Open Raman, Room 203 
 Laser Spectroscopy in Nanoscience II, Room 204A 
 Biomedical Spectroscopy and Imaging II, Raman and 

Fluorescence, Room 204B 
 Anachem Award Symposium, Room 205A 
 PAT in Pharma, Room 205B 
 Status of Inductively Coupled Plasma Mass 

Spectrometry, ICASS, Room 205C 
 New Ideas in MS I, Room 207 
 

TUESDAY AFTERNOON 
14:00 SYMPOSIA AND POSTER SESSIONS 
 14:00 – 15:30, Posters, Convention Hall 200C, page 49 
 For listing, see above. 
 15:30 – 17:30, Symposia, page 54 
 Chemometrics in Hyperspectral Imaging, Room 202 
 Charles Mann Award Symposium, Room 203 
 Nanomaterials for Photonics, Room 204A 
 Probing Local Organization in Biomimetic Bilayer 

Systems, Room 204B 
 Biological, Chemical, and Environmental Applications 

of Synchrotron Radiation Spectroscopy, Room 
205A 

 NIR in Process Analytical, Room 205B 
 Measurement of Isotope Ratios by Inductively 

Coupled Plasma Mass Spectrometry, ICASS, 
Room 205C 

 New Ideas in MS II, Room 207 
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PROGRAM OVERVIEW

WEDNESDAY MORNING 
08:00 PLENARY LECTURES, Room 200A 
 Strock Award, Richard Russo, page 56 
 Meggers Award, Hiro-o Hamaguchi, page 56 
09:00 SYMPOSIA AND POSTER SESSIONS 
 09:00 – 10:30, Posters, Convention Hall 200C, page 56 
 AES/AAS 
 Food and Pharmaceutical Applications of 

Spectroscopy 
 IR Applications 
 Laser Applications 
 Molecular Spectroscopy 
 Raman Microscopy 
 10:30 – 12:30, Symposia, page 59 
 Multivariate Curve Resolution, Room 202 
 Intelligent Applications of Raman Microscopy, Room 

203 
 Nanotubes and Nanowires for Sensing I, Room 204A 
 Biomedical Spectroscopy and Imaging III, In Vivo, 

Room 204B 
 Meggers Award Symposium, Room 205A 
 New Frontiers in Laser Spectroscopy, Room 205B 
 Speciation Analysis with Atomic Spectrometry 

Detection, ICASS, Room 205C 
 Proteomic Technologies Applied to Respiratory and 

Cardiovascular Disease Research I, Room 207 
 

WEDNESAY AFTERNOON 

14:00 SYMPOSIA AND POSTER SESSIONS 
 14:00 – 15:30, Posters, Convention Hall 200C, page 56 
 For listing, see above. 
 15:30 – 17:30, Symposia, page 61 
 Multiway Methods, Room 202 
 Raman Microscopy II, Room 203 
 Nanotubes and Nanowires for Sensing, Room 204A 
 Early Career Investigators in Bioanalytical Chemistry, 

Room 204B 
 Forensics, Room 205A 
 PAT in Pharma II, Room 205B 
 Speciation Analysis with ICPMS Detection, ICASS, 

Room 205C 
 Proteomic Technologies Applied to Respiratory and 

Cardiovascular Disease Research II, Room 207 

THURSDAY MORNING 
08:00 PLENARY LECTURE: Analytical Instrumentation 

as a Science Driver: The Case of Mass Spectrometry, 
R. Graham Cooks, Room 200A, page 63 

09:00 SYMPOSIA AND POSTER SESSIONS 
 09:00 – 10:30, Posters, Room 206A/B, page 63 
 Elemental MS 
 Laser Ablation and LIBS 
 NIR Applications/Process Control 
 Separations 
 SPR/SERS 
 10:30 – 12:30, Symposia, page 66 
 Laser-Induced Breakdown Spectroscopy, ICASS, 

Room 202 
 Really Useful Applications of Vibrational 

Hyperspectral Imaging, Room 203 
 A Spectrum of Applications of Near-Infrared 

Spectroscopy, Ballroom 204A 
 SPR I, Room 204B 
 Technologies in Defense of the Homelands I, Room 

205A 
 Enhanced Sample Introduction in ICP Spectrometry, 

ICASS, Room 205B 
 Kinetic Capillary Electrophoresis I, ICASS, Room 

205C 
 MS Proteomics I, ICASS Room 207 
 

THURSDAY AFTERNOON 

14:00 SYMPOSIA AND POSTER SESSIONS 
 14:00 – 15:30, Posters, Room 206A/B, page 63 
 For listing, see above. 
 15:30 – 17:30, Symposia, page 68 
 Laser Ablation for Analytical Sampling Strock Award 

Symposium, ICASS, Room 202 
 Raman and Infrared Spectroscopy of Natural and 

Synthetic Polymers, Room 203 
 Advances in Near-infrared instrumentation, Room 

204A 
 SPR II, Room 204B (begins at 15:10) 
 Technologies in Defense of the Homelands II, Room 

205A 
 Applications of Inductively Coupled Plasma Mass 

Spectrometry, ICASS, Room 205B 
 Kinetic Capillary Electrophoresis II, ICASS, Room 

205C 
 MS Proteomics II, ICASS, Room 207 
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TECHNICAL PROGRAM OVERVIEW BY TOPIC 

AWARD SESSIONS, Room 200A 
Monday PM 
 Lippincott Award 
Tuesday AM 
 ANACHEM 
 Charles Mann Award 
Wednesday AM 
 Meggers Award 
 Strock Award 

ATOMIC SPECTROSCOPY, Rooms 202, 205A, 205B, 
205C 
Monday AM 
 Advances in Sample Introduction, Room 205A 
Monday PM 
 Royal Society of Chemistry Symposium, RSC, room 301A 
Tuesday AM 
 Status of Inductively Coupled Plasma Mass Spectrometry, 

ICASS, Room 205C 
Tuesday PM 
 Measurement of Isotope Ratios by Inductively Coupled 

Plasma Mass Spectrometry, ICASS, Room 205C 
Wednesday AM 
 Speciation Analysis with Atomic Spectrometry Detection, 

ICASS, Room 205C 
Wednesday PM 
 Speciation Analysis with ICPMS Detection, ICASS, Room 

205C 
Thursday AM 
 Laser Induced Breakdown Spectroscopy, ICASS, Room 202 
 Enhanced Sample Introduction in ICP Spectrometry, ICASS, 

Room 205B 
Thursday PM 
 Laser Ablation for Analytical Sampling, ICASS, Room 202 
 Applications of Inductively Coupled Plasma Mass 

Spectrometry, ICASS, Room 205B 

BIOANALYTICAL/SEPARATIONS, Room 205C 
Thursday AM 
 Kinetic Capillary Electrophoresis I ICASS 
Thursday PM 
 Kinetic Capillary Electrophoresis I, ICASS 

BIOANALYTICAL, Room 204B 
Monday AM 
 Biomedical Spectroscopy and Imaging I, in vitro 
Monday PM 
 Bioanalytical Measurements using Lab on a Chip Technology 
Tuesday AM 
 Biomedical Spectroscopy and Imaging II 
Tuesday PM 
 Probing Local Organization in Biomimetic Bilayer Systems 
Wednesday AM 
 Biomedical Spectroscopy and Imaging III, in vivo 
Wednesday PM 
 Early Career Investigators in Bioanalytical Chemistry 
Thursday AM 
 SPRI 
Thursday PM 
 SPRII 

CHEMOMETRICS, Room 202 
Monday AM 
 General Chemometrics 
Monday PM 
 Chemometrics in Process Analytical Technology 
Tuesday AM 
 Chemometrics in Vibrational Spectroscopy 
Tuesday PM 
 Chemometrics in Hyperspectral Imaging 
Wednesday AM 
 Multivariate Curve Resolution 
Wednesday PM 
 Multiway Methods 

FORENSICS, Room 205A 
Wednesday PM 
 Forensics 

IR and NEAR IR, Room 204A 
Monday PM 
 Infrared Imaging 
Thursday AM 
 A Spectrum of Applications of Near-Infrared Spectroscopy 
Thursday PM 
 Advances in Near-Infrared Instrumentation 

LASER SPECTROSCOPY, Room 205B 
Wednesday AM 
 New Frontiers in Laser Spectroscopy, Room 205B 

MASS SPECTROMETRY & PROTEOMICS, Room 207 
Monday AM 
 New MS Technology 
Monday PM 
 Enabling MS for Proteomics 
Tuesday AM 
 New Ideas in MS I 
Tuesday PM 
 New Ideas in MS II 
Wednesday AM 
 Proteomic Technologies Applied to Respiratory and 

Cardiovascular Disease Research I 
Wednesday PM 
 Proteomic Technologies Applied to Respiratory and 

Cardiovascular Disease Research II 
Thursday AM 
 MS Proteomics I, ICASS 
Thursday PM 
 MS Proteomics II, ICASS, Room 207 

NANOSCIENCE AND NANOMATERIALS, 
Room 204A 
Monday AM 
 Carbon Nanotube Separations I 
Monday PM 
 Carbon Nanotube Separation II/Laser Spectroscopy in 

Nanoscience I 
Tuesday AM 
 Laser Spectroscopy in Nanoscience II 
Tuesday PM 
 Nanomaterials for Photonics 
Wednesday AM 
 Nanotubes and Nanowires for Sensing I 
Wednesday PM 
 Nanotubes and Nanowires for Sensing II 



41 

TECHNICAL PROGRAM OVERVIEW BY TOPIC

PROCESS ANALYTICAL TECHNOLOGY, 
Room 205B 
Monday AM 
 General Process Analytical 
Tuesday AM 
 PAT in Pharma I 
Tuesday PM 
 NIR in Process Analytical 
Wednesday PM 
 PAT in Pharma II 

RAMAN, Room 203 
Monday AM 
 Pharmaceutical Applications of Raman Spectroscopy 
Monday PM 
 Novel Instrumentation and Applications for Raman 

Spectroscopy 
Tuesday AM 
 Open Raman 
Tuesday PM 
 Charles Mann Award 
Wednesday AM 
 Intelligent Applications of Raman Microscopy 
Wednesday PM 
 Raman Microscopy 
Thursday AM 
 Really Useful Applications of Vibrational Hyperspectral 

Imaging 
Thursday PM 
 Raman and Infrared Spectroscopy of Natural and Synthetic  

Polymers 

SURFACES, Room 205C 
Monday AM 
 Near Surface Analysis I 
Monday PM 
 Near Surface Analysis II 
SYNCHROTRON SPECTROSCOPY, Room 205A 
Tuesday PM 
 Biological, Chemical, and Environmental Applications of 

Synchrotron Radiation Spectroscopy 

TECHNOLOGIES IN DEFENSE OF THE 
HOMELANDS, Room 205A 
Thursday AM 
 Technologies in Defense of the Homelands I 
Thursday PM 
 Technologies in Defense of the Homelands II 
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TECHNICAL PROGRAM – MONDAY 
Plenary and Posters 

07:30 Wake Up Coffee, Convention Hall Lobby 

08:00, Plenary Session, Convention Hall 200A 

 

Richard N. Zare 
(1) Adventures in Chemical Analysis; Richard N. Zare; Stanford University 

Richard N. Zare is the Marguerite Blake Wilbur Professor in Natural Science at Stanford University. He was born in Cleveland, Ohio, and is 
a graduate of Harvard University, where he received his B.A. degree in chemistry and physics in 1961 and his Ph.D. in chemical physics in 
1964. In 1965 he became an assistant professor at the Massachusetts Institute of Technology, but moved to the University of Colorado in 
1966, remaining there until 1969 while holding joint appointments in the departments of chemistry, and physics and astrophysics. In 1969 he 
was appointed to a full professorship in the chemistry department at Columbia University, becoming the Higgins Professor of Natural 
Science in 1975. In 1977 he moved to Stanford University. Professor Zare is Chair of the Stanford Chemistry Department. He is renowned 
for his research in the area of laser chemistry, resulting in a greater understanding of chemical reactions at the molecular level. By 
experimental and theoretical studies he has made seminal contributions to our knowledge of molecular collision processes and contributed 
very significantly to solving a variety of problems in chemical analysis. His development of laser induced fluorescence as a method for 
studying reaction dynamics has been widely adopted in other laboratories.  Professor Zare has received numerous awards for his teaching and 
research. He has authored and co-authored over 700 publications and more than 50 patents, and he has published four books.  
 

MONDAY POSTER SESSIONS and BREAKS 
09:00 – 10:30 and 14:00 – 15:00 

Room 206A/B 

All Monday posters should be put up in Room 206A/B between 7:30 – 08:00 and removed between 17:00 – 18:00.  If your poster board 
number is an odd number (1, 3, 5, etc.), the presenting author must be present 9:00 - 9:45 and 14:00 – 15:00 on Monday.  If your poster board 
number is an even number (2, 4, 6, etc.), the presenting author must be present 9:45 – 10:30 and 14:00 – 15:00 on Monday. 

Advances in Sample Introduction 
Board # 
 1 (2) Detection of Hg in Hair by Inductive Heating 

Vaporization Atomic Spectrometry; David Duford1, 
Josiane LaFleur1, Rebecca Lam1, Eric Salin1; 1McGill 
University, Chemistry Department 

 2 (3) Electrothermal Vaporization and Laser Ablation 
as Sample Introduction System for ICP-MS: Potential 
and Limitations in the Determinations of 
Radionuclides; Patricia Grinberg1, Lu Yang1, Zoltan 
Mester1, Scott Willie1, Ralph Sturgeon1; 1NRC 

 3 (4) Sample Introduction Methods for Enhanced 
Arsenic and Selenium Detection by ICP-AES and 
ICP-MS; Fred Smith1, Paula Doeschot1; 1CETAC 
Technologies 

 4 (6) Innovative Sampling Techniques for Improving 
Productivity in Simultaneous CCD-based ICP-OES; 
Doug Shrader1, Andrew Ryan1, Christine Rivera1; 
1Varian, Inc. 

 5 (7) Improvement of Direct Injection Multi-Gas ICP 
Source for AES and MS; Akitoshi Okino1, Hidekazu 
Miyahara1, Goro Ohba1, Jungsun Ahn1, Taichi 
Kageyasu1, Kazuyasu Takimoto1, Eiki Hotta1; 1Tokyo 
Institute of Technology 

Biomedical Imaging 
Board # 
 6 (8) Infrared and Raman Microanalysis; Michael 

Fuller1, Ellen Miseo1, Jonah Kirkwood2, Andrew 
Ghetler2, Jacqueline Sedman2, Ashraf Ismail2; 1Varian 
Inc.; 2McGill Univeristy 

 7 (9) Novel Bis(carbocyanine) Near-Infrared Probes; 
Gabor Patonay1, Aldona Raszkiewicz1, Ewa Wolinska1, 
Jun Seok-Kim1, Lucjan Strekowski1; 1Georgia State 
University 

 8 (11) Nanoscale Dielectrophoretic Spectroscopy of 
Living Organisms in Aqueous Medium; Brian Lynch1, 
Al Hilton1, Garth Simpson1, 1Purdue University 

 9 (12) Dispersed Volume Phase Transition Hydrogels 
Sensors for Ultrasonic Molecular Contrast Agents; 
David Troiani1, David H. Burns1; 1McGill University 

10 (13) Applications of Near-Infrared Fluorescence 
Anisotropy in the Characterization of Cholesterol 
Distribution in Lipid Membranes; Richard Williams1, 
Angela Winstead1; 1Morgan State University 

 11 (14) Dynamic Baseline Shifting Detection, Modeling 
and Correction Method and it’s Applications For 
Diversified in-situ Spectroscopic Measurements; Bei 
Ma1; 1Mettler-Toledo AutoChem, Inc. 
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Chemometrics 
Board # 
 12 (15) The Role of Spectral Informatics in High 

Throughput Raman Spectroscopy; Stephen Lowry1, 
1Thermo Electron Corp. 

 13 (16) Determination of Enantiomeric Composition by 
Multivariate Regression Modeling of Spectral Data-
Effect of Varying Chiral Analyte Concentration; 
Jemima Ingle1, Marianna Busch1, Kenneth; 1Baylor Univ. 

 14 (17) Chemometrics Analysis of RAIRS Spectra for 
Surface Chemistry Studies; Wee Chew1, Boon Hong 
Kee1, Wee Sun Sim3; 1Institute of Chemical and 
Engineering Sciences; 2National University of Singapore 

 15 (19) Detection and Determination Limit in 
Multivariate Curve Resolution Applied to 
Spectroscopic Data; Cyril Ruckebusch1,2, Lionel 
Blanchet1,2, Ludovic Duponchel1,2, Jean-Pierre 
Huvenne1,2; 1Laboratoire de Spectrochimie infrarouge et 
Raman; 2Univ. des Sci. et Tech. de Lille 

 16 (20) Influence of Variable Selection on Multivariate 
Models in NIR Spectroscopy; Cyril Ruckebusch1 2, 
Alexandra Durand1 2, Tahar Beboulleta1 2, Jean-Pierre 
Huvenne1 2; 1Laboratoire de Spectrochimie infrarouge et 
Raman; 2Univ. des Sci. et Tech. de Lille 

 17 (21) Quantitative Analysis of Chlorinated Solvents 
Using Raman Spectroscopy: Rational Approaches to 
Improving Accuracy; Marc N. Leger1, Jennifer Conroy1, 
Alan G. Ryder1, Kenneth Hennessy2, Michael G. 
Madden2; 1Dept. of Chemistry/NCBES, NUI-Galway; 
2Dept. Information Technology, NUI-Galway 

 18 (22) Impurity Profiling in Pharmaceutical Tablets 
using Liquid Chromatography Mass Spectrometry 
Data in Presence of Instrumental Drift; Jean-Claude 
Wolff1, Simeone Zomer2, Richard Brereton2, Thomas 
Thurston1, Christian Airiau1; 1GlaxoSmithKline; 
2University of Bristol 

 19 (23) A Fractal Analysis Approach for CE/CEC 
Column Characterization; Fabiano Pandozzi1, Dirk 
Bandilla1, Cameron Skinner2, David H. Burns1; 1McGill 
University; 2Concordia University 

 20 (24) Constrained Regularization: A New Strategy for 
Accurate Measurement of Glucose Concentrations in 
Human Volunteers Using Transcutaneous Raman 
Spectroscopy; Wei-Chuan Shih1, Michael Feld1; 1MIT 

 21 (25) BTEM Graphical User Interface Software for 
Spectral Resolution of Complex Spectroscopic Data; 
Wee Chew1, Su Yun Ong1; 1Institute of Chemical and 
Engineering Sciences 

 22 (26) Determination of Cholesterol, Glucose and Urea 
Using Searching Combination Moving Window 
Partial Least Squares Regression Method with Near 
Infrared Spectroscopy; Naroo Kang1, Sumaporn 
Kasemsumran3, Young-Ah Woo1, Chang-Hee Cho2, 
Hyo-Jin Kim1, Yukihiro Ozaki3; 1Dongduk Women’s 
University; 2Korean Food and Drug Administration; 
3Kwansei-Gakuin University 

 23 (27) Performance Characterization of Multi-Analyte 
Qualitative Detection Systems With Receiver 
Operator Characteristic Curves; Christopher Brown1; 
1Ahura Corporation 

 24 (28) Revisiting the Spectral Library Search in Light of 
New Frontiers; Christopher Brown1, Gregory Vander 
Rhodes1; 1Ahura Corporation 

 25 (29) Classification of Atherosclerotic Rabbit Aorta 
Samples with Mid-Infrared Spectroscopic Techniques 
and Multivariate Data Analysis; Richard A. Palmer1, 
Ruth  Wang2, Jessica Chapman1, Olaf von Ramm1, Boris 
Mizaikoff2; 1Duke University; 2Georgia Institute of 
Technology 

26 (30) Spectral Window Selection for On-Line 
Spectroscopic Analysis of Fermentation Progression; 
Gary Montague1, Sophia Triadaphillou1, Elaine Martin1, 
Paul Jeffkins2, Sarah Stimpson2, Alison Nordon3; 1Univ. 
of Newcastle; 2GlaxoSmithKIine; 3Univ. of Strathclyde 

 27 (31) MEMS for Spectroscopy; Mouli Ramani; 
1Polychromix 

IR Imaging 
Board # 
 28 (33) Novel Instrument for Chemical ImagingBbased 

on a Tunable Laser Source; Eli Margalith1, Rhett 
Barnes1; 1OPOTEK Inc. 

 29 (34) Regions of Interest in FTIR Imaging 
Applications: Diffusion of Nicotine into Ethylene-Co-
Vinyl Acetate Films; John P Bobiak1, Jack L Koenig1; 
1Case Western Reserve University 

 30 (35) Imaging Applications using a Near-Field 
Scanning Microspectrometer; Richard Larsen1, Wendy 
Gardinier1, Yoshihito Narita2, Tsutomo Inoue2; 1Jasco, 
Inc.; 2Jasco Corporation 

Microfluidics, LOC 
Board # 
 31 (36) Reaction Kinetics in a Levitated Drop Reactor: 

Instrumentation and Mass Transfer; Alexander 
Scheeline1, Christopher R. Field1, Ben Krejcie1, Zakiah 
N. Robinson1, Haylee Trout1; 1University of Illinois at 
Urbana-Champaign 

 32 (37) Microamperometric Sensors for Detecting 
Reactive Oxygen Species in the Inner Ear of 
Mongolian Gerbils; Alexander Scheeline1, Rebekah 
Wilson1, Christoher Sorce1, Haylee Trout1, Jonathan 
Siegel2; 1University of Illinois at Urbana-Champaign; 
2Northwestern University 

 33 (38) Approaches to Chemically Selective Sensing 
Using Nano-Structured, Functionalized 
Microcantilever Arrays; Michael Sepaniak1, Pampa 
Dutta1, Datskos Panos2, Peter  Chapman1, Larry  
Senesac2, Oliver Hofstetter3; 1University of Tennessee; 
2Oak Ridge National Labratory; 3Northern Illinois Univ. 

 34 (39) Conception of a New Biosensor Based on 
Polycationic Polythiophenes; Patricia Harding Lepage1, 
Fabien Le Floch1, Hoang-Anh  Ho1, Mario Leclerc1; 
1CERSIM, Département de Chimie, Université Laval 

 35 (40) Formation and Characterization of the Coupling 
Layer for the Fabrication of Protein Chip; Jae-Ho 
Kim1, Sung-wook Choi1; 1Ajou University 

36 (41) Drug Detection By Serrs Using Lab-on-a-Chip 
Technology; Karen M. McCarney1, W. Ewen Smith1, 
Duncan Graham1, Paul B. Monaghan2, Jon M. Cooper2; 
1University of Strathclyde; 2University of Glasgow 

 37 (42) The Integration of Microfluidic Sample 
Preconditioning with Diagnostic and Analytical 
Biomedical Infrared spectroscopy; R. Anthony Shaw1, 
Mansfield Colin1, Angela Man1; 1Institute for 
Biodiagnostics, NRCC 

 38 (43) Development of an Endothelium Mimic Using 
Microchip-Based Valves; Matthew Hulvey1, Scott 
Martin1; 1Saint Louis University 
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 39 (44) Developments in Use of Tapered Ge Slab 
Waveguides for IR Evanescent Wave Sensing; Mark 
Braiman1; 1Syracuse University 

 40 (45) Digital Microfluidics for Proteomics Analyses; 
Aaron Wheeler1, Chris Bird2, Debalina Chatterjee2, 
Hyejin Moon2, Rachel Loo2, Chang-Jin Kim2, Joe Loo2, 
Robin Garrell2; 1University of Toronto; 2University of 
California, Los Angeles 

 41 (46) Measurement of Electroosmotic Flow in Dynamic 
Buffer Systems; Kimberley Frederick1, John Francis 
O'Grady1, Peter Bartline1; 1College of the Holy Cross 

 42 (47) Morphological Changes in Polyelectrolyte 
Multilayer Coated Capillaries; Peter Bartline1, 
Kimberley Frederick1; 1College of the Holy Cross 

MS Proteomics 
Board # 
 43 (48) Resolution of Apparent Leupeptin Heterogeneity 

by HPLC Mass Spectroscopy; Michael Sommer1, 
Alexander Belenky1, Elzbieta Wask-Rotter1, Bronislaw 
Czech1, Qingping  Jiang1; 1Bayer HealthCare - 
Diagnostics Division 

 44 (49) Radical Activated Cleavage of Peptides and 
Proteins: An Alternative to Proteolytic Digestion; 
Barbara Jones1, Laurie Locascio2, Mark Hayes1; 1Arizona 
State University; 2National Institute of Standards and 
Tech 

 45 (50) Covalent-like Stability of the Arginine-Phosphate 
Electrostatic Interaction; Amina S. Woods1, Shelley N. 
Jackson1, Hay-Yan J. Wang1; 1NIDA IRP, NIH 

New Instrumentation 
Board # 
 46 (51) Field-Portable Measurement of Trace Beryllium 

in the Workplace; Kevin Ashley1, Prerna Sonthalia1; 
1CDC/NIOSH 

 47 (52) How to Modernize the Dobson and Brewer 
Spectrometers; Hikmat Asadov1; 1ANASA 

 48 (53) Awakening of the Sleeping Beauty - the Return of 
DC Arc OES; Isaac (Joe) Brenner; 1Environmental 
Analytical Labs, Israel; 2Spectral Systems, Germany 

 49 (54) Tungsten Coil Atomic Emission Spectrometry; 
Jennifer A. Rust1, Joaquim A. Nobrega2, Clifton P. 
Calloway Jr.3, Bradley T. Jones1; 1Wake Forest 
University; 2Universidade Federal de Sao Carlos; 
3Winthrop University 

 50 (55) High Performance Optical Spectroscopy for the 
Measurement of Minute Concentration Changes in 
Substances; Olga Pawluczyk1, Romuald Pawluczyk1; 
1P&P Optica Inc 

 51 (56) Optical Fiber for Mid-infrared Remote 
Spectroscopy Applications; Mohammed Saad1; 
1IRphotonics 

 52 (57) Improving Ion Mobility Spectrometry Trace 
Detection Methodology for Field Applications; Greg 
Cook1, Christian Whitchurch2, Kelly Mount3, Dave 
McCollam3, Robert Gillette4, Mark Miller4, Brian 
Eckenrode4; 1Uniformed Services University of Health 
Sciences; 2Defense Threat Reduction Agency; 
3Explosives Unit, FBI Laboratory; 4CTFSRU, FBI 
Laboratory 

 53 (58) Development of a Handheld System for Photon 
Time-of-Flight Analysis of Turbid Media; Francis 
Esmonde-White1, David Burns1; 1Department of 
Chemistry, McGill University 

 54 (59) Development and Application of a Co-axial Fiber 
Optic Chemical Sensing Excitation-Emission Matrix 
Fluorometer for Remote and In-situ Sensing; James 
Jordan1, Karl Booksh1; 1Arizona State University 

New MS Technology 
Board # 
 55 (60) Gold Cluster Assisted Laser Photoionization of a 

Dipeptide; J. Albert Schultz1, Jerry F. Moore2, Michael J. 
Pellin2, Igor V. Veryovkin2, Wallis F. Calaway2, Agnès 
L. Tempez,1, Michael V. Ugarov1, Steven Oldenburg4, 
Amina S. Woods3; 1Ionwerks Inc.; 2Argonne National 
Laboratory; 3NIDA IRP, NIH; 4nanoComposix Inc 

 56 (61) Nanoelectrospray Mass Spectrometry Study of 
Intact Hemoglobin Interaction with Oxaliplatin in 
Red Blood Cells of Cancer Patients; Xing-Fang Li1, 
Rupasri Mandal1, Jun  Peng1, Michael  Sawyer2; 
1University of Alberta; 2Cross Cancer Institute 

 57 (62) Mode Changes in Electrosprays: Needle 
Geometry and Wettability Effects; Ioan Marginean1, 
Peter Nemes1, Akos Vertes12; 1George Washington 
University; 2IPTA 

 58 (63) Effects of Solvent Flow, Dopant Flow, and Lamp 
Current on Dopant-Assisted Atmospheric Pressure 
Photoionization for LC/MS; Michael Blades1, Damon 
Robb1; 1University of British Columbia 

 59 (64) Application of Photoelectron Resonance Capture 
Ionization (PERCI) Mass Spectrometry to the 
Analysis of Comestible Oils and Oil-Derived Fuels; 
James Zahardis, Brian LaFranchi, Giuseppe Petrucci; 
1University of Vermont 

 60 (65) Laser Post-Ionization Secondary Neutral Mass 
Spectrometry (LPI SNMS): A New Generation of 
Instruments Enables New Analytical Applications; 
Igor Veryovkin1, Wallis Calaway1, Jerry Moore1, 
Michael Pellin1, Emil Tripa1; 1Argonne National 
Laboratory 

 61 (66) Laser-Processed Silicon Surface as a Matrix-Free 
Laser Desorption Ionization Substrate; Yong Chen1,2, 
Akos Vertes1,2; 1Department of Chemistry, George 
Washington Univ.; 2IPTA, George Washington 
University 

 62 (67) In-situ Thermal Desorption/Gas 
Chromatography/Mass Spectrometry (TD/GC/MS) 
Analysis of Phenoxyethanol Sequentially Desorbed 
from a Single Ink Sample at Two Temperatures - A 
Novel and Simple Mass-Independent Ink-Dating 
Approach; Lay-Keow Ng Ng1, Pierre Lafontaine1, Luc 
Brazeau1; 1Laboratory, Canada Border Services Agency 

 63 (68) Simultaneous Analysis Methods of BPA, BPF, 
BADGE, BFDGE and 10 Their Derivatives Using 
LC/APCI-MS; Jae Chun Choi1, Young Ja Lee1, So Hee 
Kim1, Soo Young Choi1; 1Seoul Regional Korea Food & 
Drug Admistration 

Novel Instrumentation and Appplications for Raman 
Spectroscopy 

Board # 
 64 (69) Triple Spectrometer System Offers Excellent 

Stray Light Rejection and Resolution for UV to NIR 
Raman Applications; Marc Neglia1,2, Dmitri 
Koulikov1,2; 1Princeton Instruments; 2Acton Research 
Corporation 
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 65 (70) A Miniature, High-Resolution, Raman 
Spectrometer Engine; Richard Crocombe1, Xiaomei 
Wang1, Xinfa Ma1, David Coppeta1, Dale Flanders1; 
1Axsun Technologies 

66 (71) UV Raman Spectroscopy with Acousto-Optic 
Tunable Filters; Jon Carnahan1, Kaho Kwok1, William 
Hug2, Ray Reid2; 1Northern Illinois University; 2Photon 
Systems 

 67 (72) Enhancing Raman Flow Cell with a Polymer 
Waveguide for Geothermal Spring Analysis; Michelle 
Meighan1, Tina  Battaglia1, Jean-Francois Masson1, Karl 
Booksh1; 1Arizona State University 

Pharmaceutical Applications of Raman Spectroscopy 
Board # 
 68 (73) Investigating Structure-Function Relationships in 

Food Proteins using Infrared, Raman, and 
Fluorescence Spectroscopy; Douglas L. Elmore1, Sean 
Smith1, Carrie Lendon1, Allen Muroski1, Brian 
Anderson1; 1Cargill 

 69 (74) NIR Chemical Imaging as an Accuracy Predictor 
in Near-IR, ATR-FTIR, and Raman Spectroscopic 
Determination of Acetaminophen Content in 
Pharmaceutical Tablets; Mazen L. Hamad1, Alan S. 
Carlin1, Christopher D. Ellison1, Everett H. Jefferson1, 
Robbe C. Lyon1, John A. Spencer2, David J.  Strachan3, 
Mark S. Kemper3, Ian R.  Lewis3, Ajaz S. Hussain4; 
1Division of Product Quality Research, FDA; 2Division 
of Pharmaceutical Analysis, FDA; 3Kaiser Optical 
Systems; 4Office of Pharmaceutical Science, FDA 

 70 (75) Qualitative and Quantitative Characterization of 
a ternary Mixture of Pharmaceutical Polymorphs by 
ATR-FTIR and FT-Raman Spectroscopy; Amid 
Salari1, Kewei Xu1, Richard Young1; 1Roche Palo Alto 

Surfaces 
 71 (76) Studies on Molecular Structures of Proteins and 

Peptides at the Solid/Liquid Interface Using SFG; 
Zhan Chen1; 1University of Michigan 

 72 (77) Understanding Molecular Interactions Between 
Polymers and Silanes; Zhan Chen1; 1University of 
Michigan 

 73 (78) Assessment of Component Surface Cleaning 
Using Traditional and "Green" Solvents; John Monti1, 
Shannon Richard1, Eric Bukowski1; 1Shimadzu Scientific 
Instruments Inc 

 74 (79) Preparation and Spectral Properties of Cross-
Linked Fullerene C60 Thin Films; Elena V. Basiuk1, 
Edgar Alvarez-Zauco1, Vladimir A. Basiuk2, Taras Yu. 
Gromovoy3, Sergey V. Snegir3, Valeriy A. Pokrovskiy3; 
1UNAM-CCADET, México; 2UNAM-ICN, México; 
3ISC, NASU, Ukraine 

 75 (81) Electrochemical Impedance Characterization of 
Ultrathin Organosilane Films on Silicon Substrates; 
John W. Cline1, Andrienne Friedli1; 1Middle Tennessee 
State University 

 76 (82) Quantification of Mixtures using XANES 
Spectroscopy; Jeff Warner1, Jodi Olchowy1, Tom 
Kotzer1, Jeffrey Cutler1; 1Canadian Light Source 

Monday Morning, Room 202 
GENERAL CHEMOMETRICS 

Organizer and Presider:  Paul Gemperline 

10:30 (83) NIR Studies of Hydrogen Bonding Using Physical 
Models Applied to Mixture Spectra; Paul Gemperline, 
Ernst Bezemer, Kristen Smith; 1East Carolina University 

11:10 (84) Chemometrics in Near-infrared (NIR) Library 
Building; Kathryn Lee1, Steve Brennan1; 1Wyeth 

11:30 (85) Novel Chemometric Tool to Elucidate Complex 
Chemical Reaction System Measured by On-line or 
In-situ FTIR Spectroscopy; Effendi Widjaja1, 
Chuanzhao Li2, Wee Chew1, Marc Garland1,2; 1Institute 
of Chemical & Engineering Sciences; 2Dept of Chem. & 
Biomol. Eng., NUS 

11:50 (86) 3-way and 4-way PARAFAC Applied to 
Excitation-Emission Matrix Fluorescence 
Spectroscopy; Karl Booksh1, Yoon-Chang Kim1, Frank 
Vogt1, Jeffrey Cramer1, James Jordan1; 1ASU 

12:10 (87) Evolution of Information Entropy Minimization 
to Band-Target Entropy Minimization Approach: 
Historical Development of a Novel Self-Modeling 
Curve Resolution; Effendi Widjaja1, Chuanzhao Li2, 
Wee Chew1, Li Chen2, Huajun Zhang1, Liangfeng Guo2, 
Marc Garland1,2; 1Institute of Chemical & Engineering 
Sciences; 2Dept of Chem. & Biomol. Eng., NUS 

Monday Morning, Room 203 
PHARMACEUTICAL APPLICATIONS OF RAMAN 

SPECTROSCOPY 
Organizers: Fred LaPlant and Steve Arrivo; Presider: Fred LaPlant 

10:30 (88) Identification of Crystallization Pathways for the 
Formation of Pharmaceutical Cocrystals by 
Spectroscopic Methods; Nair Rodriguez-Hornedo1, Kurt 
Seefeldt1, Jay Jayashankar1, Sara J. Nehm1; 1University 
of Michigan 

10:50 (89) Lab to Plant: Development and Transfer of 
Quantitative Raman Method for Solvent Ratio and 
Product Concentration; Robert Wethman1, Lifen Shen1, 
Anne Kelly1; 1Bristol-Myers Squibb 

11:10 (90) Probing Solute Diffusion in Hydrogels Using 
Raman Microspectroscopy; Michel Lafleur1, Sungjong 
Kwak1, Lucie Marcotte1; 1Université de Montréal 

11:30 (91) Statistical Analysis of Differences in the Raman 
Spectra of Polymorphs; Shawn Mehrens1, Uma Kale1, 
Xianggui Qu2; 1Pfizer Global Research and 
Development; 2Oakland University 

11:50 (92) Raman Spectroscopy for Quantitative 
Monitoring of Tablet Coating; Shih-Ying Chang1, 
Arwa El-Hagrasy1, Srinivasa Paruchuri1, Sanjeev 
Kothari1, Divyakant Desai1, San Kiang1; 1Bristol-Myers 
Squibb 

12:10 (93) Chemical Imaging of Pharmaceutical Samples by 
a Global Illumination Raman Imaging Instrument; 
Slobodan Sasic1; 1Pfizer Inc 

Monday Morning, Room 204A 
CARBON NANOTUBE SEPARATIONS I 

Organizers: Wei Zhao and Steven Doorn; Presider: Steven Doorn 

10:30 (94) How Amines Assist in the Separation of Metallic 
from Semiconducting Single Wall Carbon Nanotubes; 
Fotios Papadimitrakopoulos1; 1University of Connecticut 
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10:50 (95) Solution Chemistry and Physics of DNA-
Wrapped Carbon Nanotubes; Ming Zheng1; 1DuPont 
Central Research and Development 

11:10 (96) Aggregation Effects on the Raman Spectroscopy 
of Dielectrophoretically Deposited Single-Walled 
Carbon Nanotubes; Pehr Pehrsson1, Lars Ericson1; 
1Naval Research Laboratory 

11:30 (97) NEXAFS Studies of Carbon Nanotubes; 
Stanislaus Wong1, 2, Sarbajit Banerjee1,2, Tirandai 
Hemraj-Benny1, 2, Mahalingam Balasubramanian2, 
Sharadha Sambasivan3, Daniel Fischer3, James 
Misewich2; 1SUNY Stony Brook; 2Brookhaven National 
Laboratory; 3NIST 

11:50 (98) Super Growth- Water Assisted Highly Efficient 
Synthesis of Single Walled Nanotubes; Kenji Hata1; 
1AIST 

12:10 (99) Separation of Single-Walled Carbon Nanotubes 
by Diameter using Density Gradient Centrifugation; 
Mark Hersam1, Samuel Stupp1, Michael Arnold1; 
1Northwestern University 

Monday Morning, Room 204B 
BIOMEDICAL SPECTROSCOPY AND IMAGING I, in vitro 

Organizers: Anthony Shaw, Lorenzo Leonardi, Max Diem; 
Presider: Max Diem 

10:30 (100) Toward  Objective Histo-Pathology: Infrared 
and Raman Spectral Imaging of Human Cells and 
Tissue (Optical Diagnosis); Max Diem; 1Hunter College 
of CUNY 

10:50 (101) Clinical Analytical and Diagnostic Testing by 
Mid-Infrared Spectroscopy: Coming of Age; Anthony 
Shaw1, Colin Mansfield1, Sarah Low Ying1, Angela 
Man1, Kan-Zhi Liu1; 1NRC Institute for Biodiagnostics 

11:10 (102) Development of a Miniature Fiber Optic Non-
Resonant Multi-Photon Photoacoustic Spectroscopy 
Probe for Subsurface Tumor Diagnostics; Brian 
Cullum1, John Kiser1, Daniel Buswell1; 1Univ. of MD 
Baltimore County 

11:30 (103) Infrared Microscopic Imaging of Biological 
Cells and Tissues: When is a Synchrotron Infrared 
Source Beneficial?; Lisa M. Miller1, Randy J. Smith1, G. 
Lawrence Carr1; 1Brookhaven National Laboratory 

11:50 (104) Diagnostic Potential of FT-IR 
Microspectrometry and Artificial Neural Network 
Analysis in Colorectal Cancer Patients; Peter Lasch1; 
1RKI 

12:10 (105) Identification of Brain Metastasis with 
Unknown Primary Tumors by IR Spectroscopy; 
Reiner Salzer1, Larysa Shapoval1, Stephan Sobottka2, 
Gabriele Schackert2, Christoph Krafft1; 1TU Dresden, 
Inst. Analyt. Chem.; 2TU Dresden, Med. Faculty, 
Neurosurgery 

Monday Morning, Room 205A 
ADVANCES IN SAMPLE INTRODUCTION 

Organizer and Presider: Akbar Montaser 

10:30 (106) New Developments in Laser Ablation, Solvent 
Removal and LC-ICP-MS; R. S. Houk1, Nathan 
Saetveit1, Patrick Sullivan1, David Baldwin1, Stan Bajic1; 
1Ames Lab Iowa State University 

10:50 (107) Issues Related to Analysis of Small Sample 
Volumes by ICP-MS Including Capillary 
Electrophoresis Detection; John Olesik1, Noel Casey1, 
Sara Plowman1; 1Ohio State University 

11:10 (108) Recent Developments in Liquid Sample 
Introduction and Aerosol Diagnostics; Cristina 
Nechita1, Kaveh Jorabchi1, Ryan Brennan1, Jessica 
Gray1, Kaveh Kahen1, Akbar Montaser1; 1George 
Washington University 

11:30 (109) 31P Element Specific Detection - From Warfare 
Agents to Human Serum; Joseph Caruso1; 1University 
of Cincinnati 

11:50 (110) Determination of Arsenic Antimony and 
Selenium by Hydride Generation ICP-OES: 
Evaluation of Rapid Generation and Stripping; Julian 
Tyson1, Fumin Pan1, Dennis Yates2; 1UMass Amherst; 
2PerkinElmer Life and Analytical Sciences 

12:10 (111) Total Sample Consumption Systems for 
Inductively Coupled Plasma Spectrometry; José L. 
Todolí1, Jean M. Mermet2; 1University of Alicante; 
2University Claude Bernard 

Monday Morning, Room 205B 
GENERAL PROCESS ANALYTICAL 

Organizer and Presider:  Barry Wise 

10:30 (112) Advances in Gas Chromatographic 
Instrumentation and Methodology; Robert Synovec1 2; 
1Center for Process Analytical Chemistry; 2University of 
Washington 

11:10 (113) Reference Sampling for Process Analytical 
Technologies - Theory of Sampling (TOS); Kim H. 
Esbensen; 1Aalborg University Esbjerg, AAUE. Denmark 

11:50 (114) A Holistic Approach to Sensor and Analytical 
Method Development; Barry M. Wise1, Neal B. 
Gallagher1, Richard M. Ozanich2; 1Eigenvector Research, 
Inc.; 2Pacific Northwest National Laboratory 

Monday Morning, Room 205C 
NEAR SURFACE ANALYSIS I 

Organizer and Presider: Kim Marshall 

10:30 (115) Auger Electron Spectroscopy: What It Can 
Really Do For You; Joseph Geller; 1Geller 
MicroAnalytical Laboratory, Inc. 

11:10 (116) Characterization of Surfaces and Thin Films on 
Glasses by Radio Frequency Glow Discharge Optical 
Emission Spectrometry; Albert Brennsteiner1, Patrick 
Chapon2, Philippe Belenguer3, Reha Ozalp4; 1HORIBA 
Jobin Yvon Inc; 2HORIBA Jobin Yvon SAS; 3CPAT, 
Center for Plasma Physics; 4Istanbul Technical 
University 

11:30 (117) Nanoanalytics in the Steel Industry - Tools for 
Concerted Coating Design!; Tamara Appel; 1Thyssen 
Knupp Steel 

12:10 (118) Evaluation of Anti-Corrosion Layers by GD-
OES; Kolja Willimzik1; 1GWAB Synect GmbH 

Monday Morning, Room 207 
NEW MS TECHNOLOGY 

Organizer and Presider:  Robert Brown 

10:30 (119) Fourier Transform Mass Spectrometry for 
Chemical Analysis; Charles L. Wilkins1, Jeffrey J. 
Jones1, Arwah Jaber1; 1University of Arkansas 
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11:10 (120) Differential Detection of Metabolites and 
Biomarkers using Nanochromatogarphy, Accurate 
Mass and Retention Time Information Combined 
with New Hunter/Profiler Statistical Software; David 
A. Weil1, Xiangdong Li1, John Chakel1, Robert Kincaid1, 
Bryan Miller1, Theodore Sana1, Hongfeng; 1Agilent 
Technologies 

11:30 (121) A New Cryogenic Fourier Transform Mass 
Spectrometer; Peter O'Connor1; 1Boston University 
School of Medicine 

11:50 (122) Ion Cooling and Transmission Performance of 
an Advanced MALDI-Ion Source Based on 3D 
Electric-Pneumatic Ion Dynamics Simulations; 
Andreas Hieke1, Scot R. Weinberger1; 1Ciphergen 
Biosystems, Inc. 

12:10 (123) Alternate Approaches For Sample Spotting In 
LC-MALDI; Robert Brown1; 1Utah State University 

MONDAY POSTER SESSION and BREAK 
14:00 – 15:00, See pages 42 - 45 

Room 206A/B 
 

Monday Afternoon, Room 200A 
ELLIS R. LIPPINCOTT AWARD 

15:00 (124) Spectroscopic Determination of Molecular 
Structures and Conformational Pathways in Ground 
and Singlet and Triplet Excited Electronic States; Jaan 
Laane; 1Texas A&M University. Refer to page 13 for 
additional information. 

Monday Afternoon, Room 202 
CHEMOMETRICS IN PROCESS ANALYTICAL 

TECHNOLOGIES 
Organizer and Presider:  Barry Wise 

15:30 (125) The Future of Process Analytics and Control 
Technologies - The Role of Data Fusion; Elaine 
Martin1, Gary Montague1; 1University of Newcastle 

16:10 (126) Analysis of LC-MS and LC-DAD data; Willem 
Windig1, Mark Bayliss2; 1Eigenvector Research; 
2Advanced Chemistry Development, Inc. 

16:30 (127) Chemometrics and Chromatography:  
Extracting Information from Large Volumes of 
Multivariate Data; Karisa Pierce1, Rachel Mohler1, 
Jamin Hoggard1, Robert Synovec1; 1University of 
Washington 

16:50 (128) Using Pre-Whitening Techniques for Process 
Model Stabilization; Jeremy M. Shaver1, Barry M. 
Wise1, Tatiana G. Levitskaia2, Serguei I Sinkov2; 
1Eigenvector Research, Inc. 

17:10 (129) On the Multivariate Curve Resolution Problem 
for GC-SAW Analysis of Vapor Mixtures; Barry M. 
Wise1, Neal B. Gallagher1, Jay W. Grate2; 1Eigenvector 
Research, Inc.; 2Pacific Northwest National Laboratory 

Monday Afternoon, Room 203 
NOVEL INSTRUMENTATION AND APPLICATIONS FOR 

RAMAN SPECTROSCOPY 
Organizer and Presider:  Neil Everall 

15:30 (130) Femtosecond Coherent Four-Wave Mixing 
Spectroscopies and Applications; Wolfgang Kiefer1; 
1Institut fuer Physikalische Chemie der Universität 

15:50 (131) Deep Layer Probing in Powders – Temporal and 
Spatial Approaches Compared; P. Matousek1, M. D. 
Morris2, N. Everall3, I. P. Clark1, M. Towrie1, E. R. C. 
Draper4, A. E. Goodship4, W. F. Finney2, A. W. Parker1; 
1Rutherford Appleton Laboratory (UK); 2University of 
Michigan (USA); 3ICI PLC, Wilton Research Centre 
(UK); 4Royal Veterinary College (UK) 

16:10 (132) Raman Photon Migration in the Biomedical 
Sciences; Michael D. Morris, Matthew Schulmerich, 
William F. Finney; 1University of Michigan 

16:30 (133) In vivo Tissue Characterization by Raman 
Spectroscopy; Gerwin Puppels1,2; 1River Diagnostics 
BV; 2Center for Optical Diagnostics & Therapy 

16:50 (134) Application of Raman Spectroscopy toward 
Understanding the Relationship between a 
Compound's Chemical Structure and its Chemical, 
Physical and/or Biological Properties; Don Pivonka; 
1AstraZeneca Pharmaceuticals 

17:10 (135) Optical-Trapping Confocal Raman Microscopy 
for the Analysis of Individual Particles in Liquids; 
Joel Harris, Christopher Fox, Travis Bridges, Grant 
Myers, Daniel Cherney; 1University of Utah 

Monday Afternoon, Room 204A 
CARBON NANOTUBE SEPARATION II / LASER 

SPECTROSCOPY IN NANOSCIENCE I 
Organizers: Wei Zhao and Steven Doorn; 

Presider:  Fotios Papadimitrakopoulos 

15:30 (136) Carbon Nanotube Fluorescence:  A Powerful 
Tool for Research and Analysis; R. Bruce Weisman1; 
1Rice University 

15:50 (137) Selectively Eliminate Metallic Carbon 
Nanotubes in Nanotube Network; Jie Liu1, Lei An1; 
1Duke University 

16:10 (138) Using Designed Peptides for Carbon Nanotube 
Purification, Separation and Noncovalent 
Functionalization; Gregg Dieckmann; 1University of 
Texas at Dallas 

16:30 (139) Optical Limiting Behaviors of Bundled and 
Individual Single-Walled Carbon Nanotubes; Wei 
Zhao1, Chulho Song1, Ming Zheng2; 1University of 
Arkansas; 2E. I. du Pont de Nemours and Company 

Monday Afternoon, Room 204B 
BIOANALYTICAL MEASUREMENTS USING LAB ON A 

CHIP TECHNOLOGY 
Organizer:  Scott Martin; Presider:  Mark Hayes 

15:30 (140) Making It Count; Richard N. Zare1, Bo Huang1, 
Hongkai Wu1; 1Stanford University 

16:00 (141) Investigating in vivo Physiological Processes 
with Microfluidic Devices and Biological Cells; Dana 
Spence, Teresa D'Amico, Paul Root, Luiza Genes; 
1Wayne State University 

16:30 (142) Manipulating, Immobilizing, and Sampling 
from Cells On-Chip using Integrated Microvalves; R. 
Scott Martin1, Michelle W. Li1, Matthew K. Hulvey1, 
Laura C. Mecker1, Alexander K. Price1; 1Saint Louis 
University 

17:00 (143) A Microfluidic System for Capillary 
Electrophoresis/ESI-MS of Intact Proteins; Aaron 
Timperman, Kathleen  Kelly, Brent Reshke, Scott  
Miller, James Lenke, Trust Razunguzwa; 1West Virginia 
University 
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Orals 15:30 – 17:30

Monday Afternoon, Room 205A 
LIPPINCOTT AWARD SYMPOSIUM 

Organizer and Presider:  John Hellgeth 

15:30 (144) Surface-Enhanced Raman Spectroscopy: 
Interpretational Challenges in Analytical 
Applications; Paul Jagodzinski1; 1Colorado School of 
Mines 

15:50 (145) NCNCS as a Poster-Molecule for the Power of 
Quantum Monodromy as a Concept for 
Understanding the Internal Dynamics of Quasilinear 
Molecular Systems; Manfred Winnewisser1, Brenda P. 
Winnewisser1; 1Ohio State University 

16:10 (146) Collision-Induced Absorption in Atmospheric 
Molecules; Walter Laffertt1; 1NIST 

16:30 (147) The Roles of Kinematics vs. Potential Energy 
Surfaces in Molecular Rotational Energy Transfer; 
Charles Parmenter1, Samuel Clegg2, Mariana Duca3; 
1Indiana University; 2Los Alamos National Laboratory; 
3University of Bucharest 

16:50 (148) On the Vibrational Spectra and Structural 
Parameters of CH3NCS, SiH3NCS and GeH3NCS; 
James Durig, Chao Zheng; 1University of Missouri-
Kansas City 

17:10 (149) Fine Structure Effects in Interesting Small 
Molecules from Rotational Spectroscopy 
Supplemented with Quantum Chemical Calculations; 
Norman C. Craig; 1Oberlin College 

Monday Afternoon, Room 205B 
INFRARED IMAGING 

Organizer and Presider:  Christine Wehlberg 

15:30 (150) Non-destructive Chemical Mapping of 
Pharmaceutical Tablets Using Terahertz Pulsed 
Imaging; Daavid Newnham1, Philip Taday1, Yao-Chun 
Shen1, Colin Baker1; 1TeraView Limited 

15:50 (151) The Application of Near Infra-Red Imaging to 
Pharmaceutical Development and Troubleshooting:  
What Does Your Tablet Really Look Like?; Caroline 
Rodger1, Vicki Loades1, Mike Claybourn1; 1AstraZeneca 

16:30 (152) Development and Characterization of a Fiber 
Optic Surface Enhanced Raman Scattering (SERS) 
Nano-Imaging Probe; Brian Cullum1, Mikella Hankus1, 
Gregory Gibson1; 1Univ. of MD Baltimore County 

16:50 (153) Mapping of Cellular Metabolic and Molecular 
Structure Changes During Tumor Progression by FT-
IR Spectrometry and Imaging; Cyril Petibois1,2, Michel 
Moenner3,4, Sandra Rochas1,2, Andreas Bikfalvi3,4, 
Gérard Déléris1,2; 1CNRS UMR 5084, CNAB; 
2Université Victor Segalen Bordeaux 2; 3INSERM EMI 
0113; 4Université Bordeaux 1 

17:10 (154) Application of Hyperspectral Imaging to Food 
Materials; Carrie Lendon1, Douglas Elmore1, Sean 
Smith1, Allen Muroski1, Brian Anderson1; 1Cargill 

Monday Afternoon, Room 205C 
NEAR SURFACE ANALYSIS II 

Organizer and Presider:  Arne Bengston 

15:30 (155) Fundamentals and Applications of Secondary 
Ion Mass Spectroscopy (SIMS) for Near Surface 
Analysis; Philip Merrill1; 1Evans Northeast, Evans 
Analytical Group 

16:10 (156) Near Surface Depth Profile Analysis by Glow 
Discharge Spectrometry; Kim Marshall, Charles Maul, 
Dianne Goodman; 1LECO Corporation 

16:30 (157) Near-Surface Analysis with Glow Discharge 
Optical Emission Spectroscopy; Arne Bengtson1; 
1Corrosion & Metals Research Institute, Sweden 

Monday Afternoon, Room 207 
ENABLING MS FOR PROTEOMICS 

Organizer and Presider:  Ron Orlando 

15:30 (158) Quantitative Proteomic Analysis of Cellular 
Signaling Networks; Forest White1, Yi Zhang1, 
Alejandro Wolf-Yadlin1, Neil Kumar1, Sampsa 
Hautaniemi1, Douglas Lauffenburger1; 1MIT 

15:50 (159) Enabling Mass Spectrometry for Post-
translational Modification Proteomics; Joseph Zaia, 
Alicia Hitchcock, Joy Miller, Jennifer  Seymour, 
Catherine Costello; 1Boston University 

16:10 (160) Targeted Proteomic Techniques for Discovery 
and Post-Translational Modifications Using a Hybrid-
Triple Quadrupole Linear Ion Trap Mass 
Spectrometer; David Cox1, Christie Hunter1, Nick 
Morrice2; 1Applied Biosystems / MDS SCIEX; 
2University of Dundee, Scotland 

16:30 (161) Proteomic Approaches to Type II Diabetes; 
Lance Wells1, Jae-Min Lim1, Dan Sherling1; 1University 
of Georgia 

16:50 (162) Top Down Characterization of Histone H3 by 
FTMS; Eric Thomas, James Pesavento, Michael Boyne, 
Craig Mizzen, Neil Kelleher; 1University of Illinois 

17:10 (163) 80 Da Protein Modification: Not Always 
Phosphate!; Katalin F. Medzihradszky1; 1UCSF 

Monday Afternoon, Room 301A 
ROYAL SOCIETY OF CHEMISTRY 

Organizer and Presider:  Andy Fisher 

15:30 (164) Determination of the Effect of Cooking on Heme 
Fe; James Harnly1, Charmonte Watkins1, Edith 
Blackwell1, Andrea Docking2, Raymond Glahn2; 1USDA, 
ARS, Food Compositin Lab; 2USDA, ARS, Plant Soil 
and Nutrition Lab 

15:50 (165) Mercury Speciation in Environmental and 
Biological Samples:  Comparison of HPLC-ICP-MS 
AND GC-ICP-MS Techniques; Martin Nash1, Bill 
Spence1, Simon Nelms1, Shona McSheehy2; 1Thermo 
Electron Corporation; 2LCABIE, University of Pau 

16:10 (166) Determination of Trace Element Species in Food 
and Drink Without Liquid Chromatography or 
Plasma Source Mass Spectrometry; Julian Tyson1; 
1UMass Amherst 

16:30 (167) Relationship Between the Bioaccessibility and 
Solid Phase Distribution of Arsenic in Soils; Mark 
Cave1, Joanna Wragg1; 1British Geological Survey 

16:50 (168) The Search for Selenium Volatiles in Plants: 
Merging Atomic and Molecular Mass Spectrometry 
with Mathematics; Joseph Caruso1, Juris Meija1; 
1University of Cincinnati 
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TECHNICAL PROGRAM – TUESDAY 
Plenaries and Posters

07:30 Wake Up Coffee, Convention Hall Lobby 

CHARLES MANN AWARD 
08:00 Plenary Session, Room 200A 

 
D. Bruce Chase 

(169) FT-Raman:The Life Cycle of an Analytical Technique; 
Bruce Chase; CCAS DuPonet Experimental Station 

Refer to page 15 for additional information. 
 

ANACHEM AWARD 
08:30 Plenary Session, Room 200A 

 
Mary Wirth 

(170) Single-Molecule Probing of Functional Receptors;  
Mary Wirth; University of Arizona 

Refer to page 15 for additional information. 

TUESDAY POSTER SESSIONS and BREAKS 
9:00 – 10:30 AM and 14:00 – 15:30 PM 

Convention Hall 200C 
All Tuesday posters should be put up in Convention Hall 200C between 07:30 – 08:00 and removed between 17:00 – 18:00.  If your poster 
board number is an odd number (1, 3, 5, etc.), the presenting author must be present 09:00 - 9:45 and 14:00 – 14:45 on Tuesday.  If your 
poster board number is an even number (2, 4, 6, etc.), the presenting author must be present 09:45 – 10:30 and 14:45 – 15:30 on Tuesday. 

Bioanalytical 
Board # 
 1 (171) Metabolomics and Spectroscopy (One 

Spectroscopist's “Exhaust" Is Another’s Bionomic 
Engine); Brian Buckley1, Ill Yang1, Nancy Fiedler1, CS 
Yang1; 1EOHSI, Rutgers University 

 2 (172) A Novel Protease Assay Method; William 
Volcheck1, Xinzhan Peng1, Jiyan Chen1, Xinshe Xu1, 
Garrick Little1, Chuck Prescott1, Daniel Draney1; 1LI-
COR Biosciences 

 3 (173) Metabolomics for Fetal Health Classification; 
Kristin Power1, 2, Lucy Botros1,2, Dan Tisi1,3, Scott 
Rosendahl1,2, Kristine Koski1,3, David Burns1,2; 1McGill 
University; 2Department of Chemistry; 3School of 
Dietetics and Human Nutrition 

 4 (174) Arsenic Binding Study of Cysteine and the Dna 
Repair Proteins Parp and P53.; Anthony McKnight-
Whitford1, Zhongwen Wang1, X.Chris Le1; 1University of 
Alberta 

 5 (175) Development of a Liposomal Bioluminescent 
Flow Injection ImmunoAnalytical System for Biotin; 
Ja-an Annie Ho1, Ming-Ray  Huang1; 1National Chi-Nan 
University 

 6 (176) Flow Injection Enzymatic Analysis for Glycerol 
and Triacylglycerides; Li-chen Wu1, Chien-Ming 
Cheng1; 1National Chi-Nan University 

 7 (177) Selection of Aptamers by SELEX: Addressing 
the PCR Issue.; Michael Musheev1; 1York University 

 8 (178) Electrochemical Immunoassay Based on A Two-
step Gold Nanoparticles Enlargement Process; Hsuan-
Jung Huang1, Hung-Hua Hsieh1; 1National Sun Yat-sen 
University 

 9 (179) Estimating Measurement Uncertainty from 
Quality Control Data: Examples from Regulatory 
Analyses of Veterinary Drug Residues in Animal 
Tissue Matrices; Leslie C. Dickson1, Richard W. 
Fedeniuk1, James D. MacNeil1; 1Centre for Veterinary 
Drug Residues, CFIA 

 10 (180) Ion Induced Nucleation in Solution; George 
Agnes, Samuel Bakhoum, Neil Draper, Allen Haddrell; 
1Simon Fraser University 

Electrochemistry 
Board # 
 11 (181) Light-Assisted Preparation of Pt-Znporphyrin 

Complex Nanoparticles and Their Application 
Electrochemical Detection Organohalides; Wisitsri 
Wiyarat1, Sabahudin Hrapovic2, John  Loung2, Werasak 
Surareuagchai3, Mithran Somasundrum4; 1The Joint 
Graduate Schoolof Energy and Environment; 
2Biotechnology Research Institute, NRCC; 3School of 
Bioresources and Technology; 4Biochemical Engineering 
and Pilot Plant 

 12 (182) Nanostructured Catalyst on Carbon Fibers: 
Pushing the Limit; Pubudu Peiris1, Mekki Bayachou1; 
1Cleveland State University 

 13 (183) pH Metric Study of Complexe Formation of 
Some Alkali and Alkaline Earth Metal with Two 
Dicarboxylic Acid Ligands; Rostam Shabani, 
Abdolkarim Abbaspour, Hashem Sharghi 

Environmental Chemistry 
Board # 
 14 (184) Phytoremediation of Arsenic and Lead at 

Barber Orchard, NC; David Butcher1, Patrick 
Baldwin1, Alisha Pendergrass1, James Bolick1; 1Western 
Carolina University 

 15 (185) EPA Method 1631: One Experience in 
Certification; David Pfeil1; 1Teledyne Leeman Labs 
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Posters 09:00 – 10:30 and 14:00 – 15:30

 16 (186) Diffusion Badges as a Long-term, Low-level 
Method of Air Monitoring; Kimberly P. Williams1,2, 
Susan L.  Rose-Pehrsson2, David A. Kidwell2; 1Nova 
Research, Inc; 2Naval Research Laboratory 

 17 (187) An Alternative Method for Monoethanolamine 
Detection in Air; Kimberly P. Williams1,2, David A. 
Kidwell2, Susan L. Rose-Pehrsson2; 1Nova Research, Inc; 
2Naval Research Laboratory 

 18 (188) NMR and DRIFT Analysis of Forest Litter 
Chemistry and Its Changes During Decomposition 
Over Eight Years in Canadian Forests; Jason Nault1, 
Caroline Preston1, Tony  Trofymow1, CIDET working 
group1; 1Pacific Forestry Centre, Canadian Forest Service 

 19 (189) Aerosol Chemical Composition in Dependency 
of Local Meteorology in Chicago, Illinois; Martina 
Schmeling1, Tinamarie Fosco1, Xiaoling Ang1, David 
Bolos1; 1Loyola University Chicago 

 20 (190) Is There A Difference In Life Expectancy 
Between Overweight Men and Women?; Gus Miller; 
1Edinboro University of Pennsylvania 

 21 (191) New ICP-MS Developments Meet the 
Challenges of Routine Analysis of Complex 
Environmental Samples; Robert Henry1, Phil Shaw1, 
Bill Spence1, Simon  Nelms1; 1Thermo Electron 

 22 (192) Comparison of Infrared, Raman and 
Fluorescence Methods for the Identification of 
Environmental Particles; William A. Ivancic1, Busolo 
Wa Wabuyele1, Johnway Gao1, Timothy B. Hutson1, 
Russell H. Barnes1; 1Battelle 

 23 (193) UV Radiation Information System for 
Environmental Education; Masahinko Kan1, Megumi 
Yamashita1, Takashi Kasai1, Yasuhiko Hatakeyama1, 
Shinji Komatsu1, Kenta Kataoka1; 1Hokkaido University 
of Education Sapporo 

 24 (194) Respirable Aerosols in Sudbury – a Seasonal 
Study; Pamela Koski1,2, Graeme Spiers1,2; 1Laurentian 
University; 2MIRARCO 

 25 (195) Quantification of Metals in Pristine and 
Contaminated Waters of the Canadian Shield; Troy 
Maki1,2, Graeme Spiers1,2; 1Laurentian University; 
2MIRARCO 

 26 (196) Lakes Are Not Uniform – A Trace Metal Study; 
Alan Lock1,3, Tobias Roth1,4, Troy Maki1,2, Francois 
Prevost1, Graeme Spiers1,2; 1MIRARCO; 2Laurentian 
University; 3Trent University; 4Universität Karlsruhe 

 27 (197) Safety Evaluation of PCBs in Food; Eunju Lee, 
Hee-Yun Kim, So-Young Chung, You-Sub  Sho, Yoon-
Dong Lee, Jung-Hyuk Suh, Seong-Soo Park, Woo-Jeong 
Choi, Hyo-Jung Park, Je-Yong Woo; Eun-ju Lee; Hee-
Yun Kim; So-Young Chung; You-Sub Sho; Korea Food 
& Drug Administration 

 28 (198) Arsenic and Selenium in Soils and Sediments – 
Method Development; Dana Willson1,2, Lindsay 
Robertson1,2, Graeme Spiers1,2; 1MIRARCO; 2Laurentian 
University 

 29 (199) Bioaccessibilityof Metals in Sudbury Soils; Joinal 
Abedin2, Wijdan Mailk1,2, Graeme  Spiers1,2; 1Laurentian 
University; 2MIRARCO 

 30 (200) Determination of Depleted Uranium in 
Environmental Samples using Thermal Ionization 
Mass Spectrometry; Sarata Kumar Sahoo1, Kunio 
Shiraishi1, Shino Takeda1, Zora S Zunic2; 1RCERM, 
NIRS, Chiba, Japan; 2VINCA Inst Nucl Sci, Belgrade, 
Serbia 

 31 (201) Structural Characterization of Chemically 
Reduced Humic Acid; Daniel G. Beach1, Stephen J. 
Duffy1; 1Mount Allison 

 32 (202) Trace Metal Preconcentration of Water Samples 
Using Paramagnetic Microspheres for On-Column 
Sample Storage and Detection; Zackarias 
Papachristou1, Eric Salin2, Cameron D. Skinner1; 
1Concordia University; 2McGill University 

 33 (203) Micro-Orifice Uniform Deposit Impactor 
(MOUDI) for the Characterization of Metal 
Distribution in Size-Fractionated Urban Air Particle 
Samples; Nouri Hassan Hassan 1, Pat Rasmussen1, 
Renaud Vincent2, Josée Guénette2, DJ MacIntyre2; 
1Health Canada, Environmental & Occupational 
Toxicology; 2Health Canada, Inhalation Toxicology 

 34 (204) The Effect of Heterogeneous reactions on the 
Inflammation Potential of Ambient Particles; Allen 
Haddrell1, Edward Lau1, Michael Ndukauba Eleghasim1, 
Alice Kardjaputri1, George Agnes1, Stephen van Eeden2; 
1Simon Fraser University; 2James C Hogg iCAPTURE 
Centre 

 35 (205) The Canadian Total Diet Study; Robert Dabeka1, 
Xu-Liang Cao1; 1Health Canada 

Fluorescence Spectroscopy 
Board # 
 36 (206) Probing Self-Assembling Nano-spheroids with 

Fluorescent Reporter Molecules; Daniel B. Bassil1, 
Sheryl A. Tucker1, Scott J.  Dalgarno1, Gareth W. V. 
Cave1, Jerry L. Atwood1, John F. Kauffman1; 1University 
of Missouri- Columbia Chemistry Department 

 37 (207) Developing a Spectroscopic Method to 
Determine the Efficacy of a Novel Photodynamic 
Therapy Modality in Treating Equine Squamous Cell 
Carcinoma; Sheryl Tucker1, Jena Whetstine1, Elizabeth 
Morgan1, Elizabeth Giuliano1, Philip Johnson1; 
1University of Missouri~Columbia 

 38 (208) Multivariate 3-way Data Analysis of 
Luminescence Spectra for Plant Identification within 
Free Ranging Herbivore Diets; Gary Rayson1, Safwan 
Obeidat1, Cheryl Pezzotti1, Ed Fredrickson2, Rick Estell2, 
Dean Anderson2; 1New Mexico State University; 
2USDA-ARS, Jornda Experimental Range 

 39 (209) Cyclodextrin and Fluorphore Supermolecular 
Assemblies; Carrie A. Buckley1, Frank V. Bright1, 
Alexander N. Cartwright1; 1University at Buffalo 

 40 (210) Fluorescence Lifetime Enhancement of Organic 
Chromophores; Florencio Hernandez1, Shenjiang Yu1, 
Marisol Garcia1, Andres Campiglia1; 1University of 
Central Florida 

 41 (212) A Fluorescence Based Assay for Determining 
the Intracellular Redox Status of Glutathione in 
Erythrocytes without a Prior Separation Step; Paul 
Root1, Madushi Raththagala1, Wasanthi Subasinghe1, 
Dana Spence1; 1Wayne State Univerisity 

 42 (213) Surface Immobilized Antibody-Antigen Binding 
Affinity Studies by Single Molecule Fluorescence 
Imaging; Jamshid Temirov1, Andrew Bradbury1, James 
Werner1; 1Los Alamos National Laboratory 

 43 (214) A Strategy for Three-Dimensional Tracking of 
Single Fluorophores; Guillaume A. Lessard1, James H. 
Werner1, Peter M. Goodwin1; 1Los Alamos National 
Laboratory
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 44 (215) Quantum Dot Blinking Characterized by Two-
photon Excitation Fluorescence Correlation 
Spectroscopy; Romey Heuff1, Jody Swift1, David 
Cramb1; 1University of Calgary 

General Raman 
Board # 
 45 (216) Cosmic Spike Removal Using Combination of 

Difference Spectrum, Median Filter and the Upper 
Bound Spectrum Method; Dongmao Zhang, Yong Xie; 
1The Bindley Bioscience Center 

 46 (217) Studying Protein Ligand Binding Using Raman 
Spectroscopy; Dongmao Zhang, Yong Xie, Dor Ben-
Amotz; 1Purdue University; 2Purdue University; 3Purdue 
University 

 47 (218) Automated Algorithm Development for Raman 
Spectral Searching; Steven Choquette1, Anthony  
Kearsely1, Danielle Dickinson2, Brian Eckenrode2; 
1NIST; 2FBI Academy, CTFSRU 

 48 (219) High-Pressure Raman Spectroscopy of Solid 
Inorganic Phosphate Materials; Martin Baril1, Hassane 
Assaaoudi1, Ian S. Butler1; 1McGill University 

 49 (220) Effectively Dealing with the Unique Issues of 
Quantitative Raman Spectroscopy; Bruce McIntosh1, 
Hue Phan1; 1Hamilton Sundstrand Sensor Systems 

 50 (221) Raman Spectroscopy-Based Metabolomics: 
Evaluation of Sample Preparation and Optical 
Accessories to Improve Detection of Urinary 
Metabolites; Daniel Cherney1, Timothy Collette1; 1US 
Environ. Prot. Agency 

 51 (222) Raman Spectroscopy of Ocular Tissue as a 
Probe for Articular Cartilage Collagen Damage; 
Karen Dehring1,4, Abigail Smukler2,4, Blake Roessler2,4, 
Michael Morris3,4; 1Department of Biomedical 
Engineering; 2Department of Internal Medicine; 
3Department of Chemistry; 4University of Michigan 

 52 (223) Application of Principal Component Analysis in 
Raman Spectroscopy: Analysis of Functionalized 
Multiwall Carbon Nanotubes; Roberto Sato-Berrú1, 
Elena Basiuk (Golovataya-Dzhymbeeva)1, Jose Saniger-
Blesa1; 1Universidad Nacional Autonoma de Mexico 

 53 (224) Chemical and Structural Characterization of 
Co-Se Catalysts for Hydrogen Fuel Cell Applications; 
Mark Yu Chao Teo1, Phil Wong1, Li Zhu1, Darija Susac1, 
Dan Bizzotto1, Keith Mitchell1, Robert Parsons1, Stephen 
Campbell2; 1University of British Columbia; 2Ballard 
Power Systems Inc. 

 54 (225) Effect of High-Pressure on the Micro-Raman 
Spectra of Ultramarine Blue; Mirela M Barsan1, Denis 
F. R. Gilson1, Ian S. Butler1; 1McGill University, 
Chemistry Department 

 55 (226) High-Pressure Photoacoustic and Raman Study 
of Polycrystalline BaTiO3; Elsi Mejía-Uriarte1, Roberto 
Sato-Berrú2, Margarita  Navarrete3, Mayo Villagran-
Muniz4, José Manuel Hernández1, Héctor Murrieta1; 
1Instituto de Física-UNAM; 2Lab de Materiales y 
sensores CCADET-UNAM; 3Instituto de Ingeniería-
UNAM; 4Lab. de fotofísica, CCADET-UNAM 

 56 (227) Low Resolution Raman Spectroscopy in 
Instrumental Analysis Laboratory; Alexander 
Nazarenko1; 1SUNY College at Buffalo 

 57 (228) Raman Spectral Interpretation; Michael Boruta1, 
Eugene Karpushkin1; 1Advanced Chemistry 
Development, Inc. 

58 (229) Development of Apatite Standards for 
Spectroscopic Analysis of Bone; Mary Tecklenburg1, 
Ayorinde Awonusi1, ShaRhonda Dennis1; 1Central 
Michigan University 

 59 (230) Metal Ion Binding by a Bicyclic Diamide: Deep 
UV Raman Spectroscopic Characterization; Victor 
Shashilov1, Vladimir Ermolenkov1, Igor Lednev1; 
1Department of Chemistry, University at Albany, SUNY 

 60 (231) The Use of Raman Spectroscopy to Characterize 
Mechanisms and Kinetics of Hydrogenation 
Reactions; Mark Kemper1, Ian Lewis1, Bonnie Avery2, 
Venkata Tumuluri2, Mitchell Avery2, Anjaneyulu Sheri2, 
Seoung Choi2; 1Kaiser Optical Systems, Inc.; 2University 
of Mississippi 

 61 (232) Application of Deep UV Raman Spectroscopy 
for Structural Characterization of Protein at All 
Stages of Fibrillation; Ming Xu1, Vladimir 
Ermolenkov1, Laura Fredriksen1, Igor Lednev1; 
1Department of Chemistry, University at Albany, SUNY 

 62 (233) The Use of Support Vector Machines in the 
Classification of the Gastrointestinal (GI) Tract 
Tissues Measured by Raman Spectroscopy; Effendi 
Widjaja1, Wei Zheng2, Colin Sheppard2, Zhiwei Huang2; 
1Institute of Chemical and Engineering Sciences; 2Dept 
of Bioengineering, NUS, Singapore 

 63 (234) Quantitative Analysis of Drug Mixtures Using 
Raman Spectroscopy and Chemometrics; Kathryn 
Noonan1, Kimberley Frederick1; 1College of the Holy 
Cross 

 64 (235) Unusually Strong Overtones and Combination 
Bands in Deep-UV Resonance Raman Spectroscopy; 
Freek Ariese1, Evtim V. Efremov1, Cees Gooijer1; 1Laser 
Centre Vrije Universiteit Amsterdam 

Materials 
Board # 
 65 (236) Application of 19F Detected PFG-Inverse NMR 

Technique; Suzuki Toshio1, Yamamoto Kiyoshi1; 
1ASAHI Glass Co., Ltd 

 66 (237) Palladium Determination by Photoacoustic 
Spectroscopic Method; Maria Toral1, Céar Soto2, 
Renato Saavedra2, Jorge Yañéz2, Alfredo Cruz Orea3; 
1Universidad de Chile; 2Universidad de Concepción; 
3IPN Mexico DF 

 67 (238) Characterization of Emulsion Polymerization of 
Poly(butylacrylate) by Gas Chromatography, ATR-
FTIR, and Iodimetry; Drew Manica1, Allyson 
Charbonnet1, Manish Paradkar1, KS Raghunandana1, K 
Raghunathan1, A. D. Rosa1, Nancy Jestel1, C. 
Seetharaman1, Sanjeev Naik1, Albin Berzinis1; 1GE 
Advanced Materials 

 68 (239) Application of the XPS Method for Studing of 
the HTSC Based on Copper in Super-Conducting 
State; Yekaterina Naymushina1, Vyacheslav Kukuyev2, 
Irina Shabanova3; 1Udmurt State University; 2Voronezh 
State University; 3Physical-Technical Institute 

 69 (240) The XPS Study of the Processes of the 
Formation of the Carbon Metal-Containing Nano-
Structures; Irina Shabanova1, Lyudmila Makarova2, 
Vladimir Kodolov3; 1Physical-Technical Institute of the 
Ural Branch of; 2The Institute of Surface Physics, State; 
3Scientific and Education Center of Chemistry 
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Board # 
 70 (241) Determination of Contaminants in Rare Earth 

Materials by Prompt Gamma Activation Analysis 
(PGAA); Dale L. Perry1, Gerald A. English1, Richard B. 
Firestone1, Gabor L. Molnar2, Zsolt Revay2; 1Lawrence 
Berkeley National laboratory; 2Institute of Isotopes, 
Budapest, Hungary 

 71 (242) Use of Prompt Gamma Activation Analysis 
(Pgaa) for the Analyses of Metal Oxyanion Materials; 
Dale L. Perry1, Gerald A. English1, Richard B. 
Firestone1, Gabor L. Molnar2, Zsolt Revay2; 1Lawrence 
Berkeley National Laboratory; 2Institute for Isotopes, 
Budapest, Hungary 

 72 (243) Fluid Behavior of Hyperpolarized 129Xe 
Emerging from a Capillary Tube; Tatsuya Asanuma1, 
Takashi Hiraga1, Mineyuki Hattori1; 1Nat. Inst. of Adv. 
Indust. Sci. and Tech. (AIST) 

 73 (244) Nanowires and Thin Films of Semiconducting 
Transition Metal Oxides Formed by Electrochemical 
Deposition; Indee Dela Kumarihamy1, Maria Hepel1; 
1SUNY Potsdam 

Sensors 
Board # 
 74 (245) Towards a Spectroelectrochemical Sensors for 

Analysis of PAHs; Tina Battaglia; 1University of 
Cincinnati 

 75 (246) Detection of FITC-cortisol via Molecular 
Lighthouses; Matt Petkus; 1Arizona State University 

 76 (247) Sol-Gel-Based Fiber Optic Sensors for 
Distributed Sensing; Peter Geissinger1, Veronica Rigo1; 
1University of Wisconsin-Milwaukee 

 77 (248) High-Density, Multi-Parameter Optical Fiber 
Sensor Arrays; Peter Geissinger1, Paul Henning1, Robert 
Olsson2; 1University of Wisconsin-Milwaukee; 
2Milwaukee School of Engineering 

 78 (249) Gold Nanorods: A Novel Approach to 
Improving Limits of Detection for Mercury 
Determination in Aqueous Samples; Eloy Hernandez1, 
Matt Rex1, Andres Campiglia1; 1University of Central 
Florida 

 79 (250) Analysis of Fluidic Behavior and Reaction 
Dynamics in Microreactors by Simple Visualization 
Procedures; Hirofumi Kawazumi1, Shota Matsubara1, 
Naoki Yokoyama1; 1Kinki University, Kyushu 

 80 (251) Liposome Sensors as a Way of Improving 
Protein Analysis in Capillary Electrophoresis; Andres 
Campiglia1, Matt Rex1, Alejandro Solis1, Manas Haldar1, 
Sanku Mallik1; 1University of Central Florida 

 81 (252) DNA Functionalised Nanoparticles as Novel 
Biosensors; Duncan Graham1, David Thompson1, Karen 
Faulds1, Ewen Smith1; 1University of Strathclyde 

 82 (253) Thermographic Detection of DNA Microarrays; 
Marta Cerruti1, Marc Sauthier1, Dage Liu1, Daniel 
Feldheim1, Stefan Franzen1; 1Department of Chemistry, 
NCSU 

 83 (254) Sensors Based on Resonance Energy Transfer 
Using a Metal Binding Indicator; Brianna White1, 
James  Holcombe1; 1University of Texas at Austin 

 84 (255) Development of Novel Gas Sensors Based on 
Long-Wavelength Vertical-Cavity Surface-Emitting 
Lasers; Alexandre Lytkine1, John Tulip1, Wolfgang 
Jäeger2; 1University of Alberta, ECE; 2University of 
Alberta, Chem Centre 

 85 (256) Direct Detection and Identification of 
Bioweapons Nucleic Acids Based on Cationic 
Polymers; Sébastien Dubus1, Jean-François Gravel1, 
Boris Le Drogoff2, Teodor Veres2, Denis Boudreau1; 
1COPL and Dept. Chemistry, Laval U.; 2Industrial Mat. 
Inst., NRC 

 86 (257) Investigation of an Intrinsic Photonic 
Amplification Mechanism Used for the Ultrasensitive 
and Sequence-Specific Detection of DNA Material; 
Kim Doré1, Hoang-Anh Ho2, Mario Leclerc2, Denis 
Boudreau1; 1COPL and Dept. Chemistry, Laval 
University; 2CERSIM and Dept. Chemistry, Laval 
University 

 87 (258) Interferometric Sensor for Monitoring Our 
Environment; Daniel Campbell, David Gottfried, Jie Xu, 
Janet Cobb-Sullivan; 1Georgia Tech Research Institute 

Tuesday Morning, Room 202 
CHEMOMETRICS IN VIBRATIONAL SPECTROSCOPY 

Organizer and Presider:  Howard Mark 

10:30 (259) Validating a Chemometric System; James 
Duckworth1, Scot Ellis1, Garry Ritter1; 1Thermo Electron 
Corp. 

10:50 (260) Applying Self-Modeling Mixture Analysis to 
Simplify Vibrational Interpretations; Michel Hachey1, 
Michael Boruta1; 1Advanced Chemisitry Development, 
Inc. 

11:10 (261) The Implications of the Nyquist Criterion on 
Optimal Data Spacing in Processing NIR Spectra; 
David Honigs1; 1Perten Instruments 

11:30 (262) Impact of Signal-to-Noise Ratio on Limits of 
Detection of Multivariate Calibrations; David 
Hopkins1, Bertrand Lanher2; 1Applied Chemometrics; 
2Aspectrics 

11:50 (263) Quantitative Analysis in Near-Infrared 
Chemical Imaging; Frederick Koehler1, E. Neil  Lewis1, 
Linda Kidder1; 1Spectral Dimensions 

12:10 (264) Process Analytical Technology Applications of 
Chemometrics in Pharmaceutical Manufacturing; 
Larry McDermott, Edita Botonjic, Richard Crocombe, 
Bob Jenner; 1Axsun Technologies 

Tuesday Morning, Room 203 
OPEN RAMAN SESSION 

Organizer and Presider:  Ian Lewis 

10:30 (265) The Use of a Large-Spot Probe for Accurate 
Quantification of a Degradant in an Intact Tablet by 
Raman Spectroscopy; Mark Kemper1, Ian Lewis1; 
1Kaiser Optical Systems, Inc. 

10:50 (266) Practical Applications of Raman Spectroscopy 
for Process Analysis; Brian J Marquardt1, Dave  
Veltkamp1; 1CPAC, University of Washington 

11:10 (267) Applicability of Raman Spectroscopy for 
Detection and Identification of Illicit Materials in 
Complex Solid Mixtures; Marc N. Leger1, Alan G. 
Ryder1, Michael G. Madden2; 1Dept. of Chemistry/ 
NCBES, NUI-Galway; 2Dept. Information Technology, 
NUI-Galway 

11:30 (268) Probing Molecular Reactions with a Handheld 
Raman Spectrometer; Keith Carron1, Rick Cox1; 
1DeltaNu, LLC
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11:50 (269) Novel Instrumentation for Infrared and Raman 
Spectroscopy for the High Throughput Research in 
New Polymers and Materials; Anne Leugers1, Tzu-Chi 
Kuo1, David Neithamer1, Jack Hetzner1, Michael 
Johnson1, Chris Tucker1; 1The Dow Chemical Company 

12:10 (270) Rugged Raman Handheld for Chemical 
Identification; Kevin Knopp1, Masud Azimi1, 
Christopher Brown1, Peili Chen1, Chih-Cheng Lu1, 
Christopher Pinzone1, Gregory Vander Rhodes1, Peidong 
Wang1, Leyun Zhu1, Daryoosh Vakhshoori1; 1Ahura 
Corporation 

Tuesday Morning, Room 204A 
LASER SPECTROSCOPY IN NANOSCIENCE II 

Organizers:  Wei Zhao and Steven Doorn; Presider:  Jie Liu 

10:30 (271) Plasmonics Nanoprobes: New Tools for 
Molecular Diagnostics, Imaging and Therapy; Tuan 
Vo-Dinh1; 1Oak Ridge National Laboratory 

10:50 (272) UV Raman Probing of the Reaction Coordinate 
in Protein Folding and in the Volume Phase 
Transition of N-Isopropylacrylamide Nanogel 
Particles; Sanford Asher; 1University of Pittsburgh 

11:10 (273) Raman Studies of Electron-Phonon Coupling in 
Single-Walled Carbon Nanotubes; Stephen Doorn1, 
Satishkumar Chikkannanavar1, Andy Shreve1, Erik 
Haroz1, Serguei Goupalov1; 1Los Alamos National 
Laboratory 

11:30 (274) Environmental Effects on the Optical Transition 
Energies in Single Wall Carbon Nanotubes; Anna 
Swan1, Yan Yin1, Stephen Cronin, Andrew Walsh1, 
Bennett Goldberg1, Rodrigo Carpaz3, Catalin Spataru4, 
Paul Tagney4, Marvin Cohen4, Steven Louie4; 1Boston 
University; 2Harvard University; 3Universidade Federal 
do Rio de Janeiro; 4University of California, Berkeley 

11:50 (275) Ultrasensitive Molecular Sensing Based on 
Optical Fibers and SERS Using Novel Gold Metal 
Nanoparticle Aggregates; Jin Zhang1, Adam 
Schwartzberg1, Tanmy Oshiro1, Yi Zhang1, Claire Gu1; 
1Univ. of California Santa Cruz 

12:10 (276) Low Temperature, Photoluminescence and 
Photoluminescence Excitation Studies of Individual 
Carbon Nanotubes; Han Htoon; 1Los Alamos National 
Laboratory 

Tuesday Morning, Room 204B 
BIOMEDICAL SPECTROSCOPY AND IMAGING II, 

RAMAN AND FLUORESCENCE 
Organizers:  Anthony Shaw, Lorenzo Leonardi, Max Diem 

Presiding:  Anthony Shaw 

10:30 (277) How Raman Instrument and Experiment 
Artifacts Affect PLS-Model Performance; Gerwin 
Puppels1, Rolf Wolthuis1, Tom Bakker Schut1; 1Erasmus-
University Medical Center Rotterdam 

10:50 (278) Future Possibilities in Urological Diagnosis of 
Malignancy Using Raman Spectroscopy; Nicholas 
Stone1, Consuelo Hart Preito1, Matthjis Grimbergen3, 
Jeremy Uff1, Pavel Matousek2, Alastair Ritchie1; 
1Gloucestershire Royal Hospital; 2Rutherford Appleton 
Laboratory; 3University Medical Centre Utrecht 

11:10 (279) Raman Spectroscopy of Oral Bacteria; Andrew 
Berger1, Qingyuan Zhu1, Robert Quivey1; 1University of 
Rochester 

11:30 (280) Multi-Modal Approaches to Optical Disease 
Diagnosis; Anita Mahadevan-Jansen1, Chad Lieber2, 
David Dickensheets3, Steve Gebhart1, Reid Thompson1, 
Wei-Chiang Lin4; 1Vanderbilt University; 2University of 
California, Davis; 3Montana State University; 4Florida 
International University 

11:50 (281) Raman Microscopy Probes Structure and 
Function of Musculoskeletal Tissues; Michael D. 
Morris1, Victoria Popescu1, William F. Finney1; 
1University of Michigan 

12:10 (282) Combining OCT and Polarized Raman 
Spectroscopy for Detection of Early Dental Decay; 
Lin-P'ing Choo-Smith1,2, Alex Ko1, Mark Hewko1, 
Cecilia Dong2, Blaine Cleghorn3, Michael Sowa1; 1NRC 
Institute for Biodiagnostics; 2University of Manitoba; 
3Dalhousie University 

Tuesday Morning, Room 205A 
ANACHEM AWARD SYMPOSIUM 

Organizer:  Keith Olson; Presider:  David Coleman 

10:30 (283) Remote Access Instrumentation for 
Undergraduate Research; Fred Lytle1, Gabriela 
Weaver1, Debora Steffen1, Phillip Wyss1, Marguerite 
Kelly1, John Campbell1; 1Purdue University 

10:50 (284) Dynamics and Reactivity of Surface-Bound 
Spectroscopic Probes; Gary Blanchard1, Monika 
Dominska1; 1Michigan State University 

11:10 (285) Recent Advances in Measuring Molecular 
Structure and Adsorption at Liquid Surfaces with 
Vibrational Sum Frequency Spectroscopy; Geraldine 
Richmond; 1University of Oregon 

11:30 (286) A Meaningful Protocol for Testing the Silanol 
Activity of HPLC Columns; Brian Bidlingmeyer1, Nona 
Martonoe1; 1Agilent Technologies, Inc. 

11:50 (287) Imaging Microheterogeneous Polarities and 
Adsorption Sites in Porous Silica with Confocal 
Fluorescence Microscopy; M. Lei Geng1, Zhenming 
Zhong1, Mark Lowry1, Reygan Freeney1, Chet Duda1; 
1University of Iowa 

12:10 (288) Quantitative Analysis of Interfacial Populations 
at the Single-Molecule Level; Joel Harris1, Joshua 
Wayment1, Peder Brakke; 1University of Utah 

Tuesday Morning, Room 205B 
PAT IN PHARMA 

Organizer and Presider:  Barry Wise 

10:30 (289) Projection Methods and PAT; Theodora Kourti1; 
1McMAster Univerity 

11:10 (290) Characteristics of Validatable PAT 
Applications; Paul Gemperline1; 1East Carolina 
University 

11:50 (291) Chemometrics Problems in Applying Partial 
Least Squares Regression to Drug Development and 
Strategies for Building Valid and Robust Models; 
Husheng Yang; 1AstraZeneca Pharmaceuticals 

Tuesday Morning, Room 205C 
STATUS OF INDUCTIVELY COUPLED PLASMA MASS 

SPECTROMETRY 
Organizer and Presider:  Diane Beauchemin 

10:30 (292) ICP-MS:  Status and Future; R. S. Houk1, J. W. 
Ferguson1, C. Gross1, M. D. Porter1, S.  Lorge1; 1Ames 
Laboratory USDOE
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11:10 (293) Ion-Molecule Reactions to Overcome Spectral 
Overlaps in ICP-MS; John Olesik1, Deanna Jones1, 
Brandon Henderson1; 1The Ohio State University 

11:50 (294) Plasma Spectrochemistry and Environmental 
Chemistry: New Frontiers; Olivier F.X. Donard1, David 
Amouroux1, Eva Krupp1, Mathilde Monperrus1, 
Emmanuel Tessier1; 1CNRS UMR 5034 

Tuesday Morning, Room 207 
NEW IDEAS IN MS I 

Organizer and Presider:  Liang Li 

10:30 (295) Proteomics of Prostate and Ovarian Tumor 
Cells Using Multidimensional Liquid Separations and 
Mass Mapping; David Lubman1, Yi Zhu1, Hye-yeung 
Kim1, Yanfei Wang1, Rong Wu1, Kathleen Cho1, Manoj 
Pal1, Arun Sreekumar1, Arul Chinnaiyan1; 1The 
University of Michigan 

10:50 (296) MS-Based Peptide Chip Technology for Rapid 
and Absolute Quantitation of Expression and 
Modification Level for Cancer-Related Proteins; 
Christoph Borchers1; 1University of North Carolina at 
Chapel Hill 

11:10 (297) Examining Protein Factories Using Bathroom 
Scales; Patrick Limbach, Daisy-Malloy Hamburg, 
Mahmud Hossain, Soheil Pourshahian; 1University of 
Cincinnati 

11:30 (298) Proteome Prefractionation by Solution 
Isoelectric Focusing and Ion Exchange 
Chromatography; Alan Doucette1, John Tran1; 
1Dalhousie University 

11:50 (299) Quantitation of Small Molecules by MALDI-
Triple Quadrupole Mass Spectrometry; Lekha Sleno1, 
Dietrich Volmer1; 1National Research Council-IMB 

12:10 (300) Liquid Phase Sample Preparation for the 
MALDI TOFMS Analysis; Kevin Owens1; 1Drexel 
University 

 
TUESDAY POSTER SESSION and DESSERT RECEPTION 

14:00 – 15:30, See pages 49 - 52 
Convention Hall 200C 

 
Tuesday Afternoon, Room 202 

CHEMOMETRICS IN HYPERSPECTRAL IMAGING 
Organizer and Presider:  David Haaland 

15:30 (301) Exploring and Resolving Mono- and Multilayer 
Images: the Use of Spectral and Spatial Information; 
Anna de Juan1, Tom Hancewicz2, Marcel Maeder3, Romà 
Tauler4, Ludovic Duponchel5; 1Universitat de Barcelona.; 
2Unilever Research & Development, NJ; 3The University 
of Newcastle, Australia; 4IQAA-CSIC, Barcelona; 
5Universite des Sciences et technologies de Lille, Lille 

16:10 (302) Shapelet Decomposition as an Image Analysis 
Tool for Clinical Skin Measurement; Thomas 
Hancewicz1, Jesse Weissman1, Dane Drutis1, Peter 
Kaplan1; 1Unilever R&D 

16:30 (303) Beauty of the Walsh Hadamard Transform; 
Chris Brown; 1University of Rhode Island 

16:50 (304) Applying Multivariate Curve Resolution 
Analysis Techniques to 3D Hyperspectral Biological 
Images; Howland Jones1, David Haaland1, Michael 
Sinclair1, Jerilyn Timlin1; 1Sandia National Labs 

17:10 (305) Application of Clustering Methods to 
Qualitative Analysis in Near-Infrared Chemical 
Imaging; Frederick Koehler1, Ken Haber1, Eunah Lee1, 
Linda Kidder1, E. Neil Lewis1; 1Spectral Dimensions 

Tuesday Afternoon,, Room 203 
CHARLES MANN AWARD SYMPOSIUM 

Organizer and Presider:  Michael Pelletier 

15:30 (306) Fiber-Optic-Linked Ultraviolet Resonance 
Raman Spectroscopy for Nucleic Acid and Protein 
Studies; Michael Blades1, Georg Schulze1, Curtis 
Hughesman1, Yee Chee Bong1, Charles Haynes1, Robin 
Turner1, Lindsay Eltis1, Andrew  Jirasek2, Geoff 
Horsman1, Fred Vaillancourt3; 1University of British 
Columbia; 2University of Victoria; 3Harvard Medical 
School 

15:50 (307) Raman Spectroscopy Inside Molecular 
Electronic Junctions; Richard McCreery1, Aletha 
Nowak1, Uma Vishwanathan1; 1Ohio State University 

16:10 (308) Tissue Biomechanics Through the Lens of 
Industrial Polymer Physical Chemistry; Michael D. 
Morris; 1University of Michigan 

16:30 (309) Super-Resolution, in-situ Microscopies for 
Characterization of Nanostructured Organic 
Materials; Stephan Stranick; 1NIST, Gaitherburg, MD 

16:50 (310) Process Raman Spectroscopy for Composition 
Control Batch Polymerization; Troy Francisco1, Scott 
Yembrick2, Kenneth Leffew3; 1DuPont Measurement 
Systems Technology; 2DuPont Process Control Group; 
3DuPont Central Research & Development; 4 

17:10 (311) Guided Wave Instrumentation for Raman 
Spectroscopy; Michael Pelletier; 1Jet Propulsion 
Laboratory 

Tuesday Afternoon, Room 204A 
NANOMATERIALS FOR PHOTONICS 
Organizer and Presider:  Gregory van Patten 

15:30 (312) High-Efficiency Generation of Multiple Excitons 
by a Single Photon in Semiconductor Nanocrystals; 
Victor Klimov1; 1Los Alamos National Laboratory 

16:10 (313) Molecular Spring Assemblies of Nanoparticles 
and Nanowires; Nicholas Kotov1, Jaebeom Le1, 
Alexander Govorov2; 1University of Michigan; 2Ohio 
University 

16:50 (314) Fluorescence Resonance Energy Transfer in 
Quantum Dots; P. Gregory Van Patten1, Martin E. 
Kordesch1, Dengguo Wu1; 1Ohio University 

17:10 (315) Near-field Scanning Photocurrent Microscopy 
of Nanowire Photodetectors; Lincoln Lauhon, Yi Gu, 
Eun Soo Kwak, Jessica Lensch, Jon Allen, Teri Odom; 
1Northwestern University 

Tuesday Afternoon, Room 204B 
PROBING LOCAL ORGANIZATION IN BIOMIMETIC 

BILAYER SYSTEMS 
Organizer and Presider:  Dana Spence 

15:30 (316) Probing Local Organization in Biomimetic 
Bilayer Systems; Gary Blanchard1, Kelly Greenough1, 
Monique Koan1; 1Michigan State University 

16:00 (317) Detection of Biomolecule Adsorption to 
Patterned Ligand Arrays Using Chirality as a Label-
Free Probe; John Conboy1, Matthew  Kriech1, Trang 
Nguyen1; 1University of Utah 
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16:30 (318) Strategies for the Design and Readout of 
Ultrahigh Density Immunodiagnostic Platforms; Marc 
Porter1, Hye-Young Park1, Jeremy Driskell1, Karen 
Kwarta1, Betsy Yakes1, Jill Uhlenkamp1, Rachel Millen1, 
Nikola Pekas1, John Nordling1, Robert Lipert1; 1Iowa 
State University 

17:00 (319) Studies of Calcium Oxalate Precipitation at 
Lipid Raft Monolayers; Daniel Talham, Isa Benitez; 
1University of Florida 

Tuesday Afternoon, Room 205A 
BIOLOGICAL, CHEMICAL, AND ENVIRONMENTAL 

APPLICATIONS OF SYNCHROTRON RADIATION 
SPECTROSCOPY 

Organizer and Presider:  Marc Lamoreaux 

15:30 (320) Studies of Metals in Living Systems using X-ray 
Absorption Spectroscopy; Graham George1, Christian 
Doonan1, Satya Singh1, Ingrid Pickering1, Ruth 
Hoffmeyer1, Limei Zhang1, Charles Young2, Juergen 
Gailer3; 1University of Saskatchewan 

16:10 (321) Chemical Analysis at High Spatial Resolution 
Using Scanning Transmission X-ray Microscopy; 
Adam Hitchcock; 1McMaster University 

16:30 (322) New Insights into Iron Chemistry in 
Mitochondrial Iron Overload Disorders using X-ray 
Absorption Spectroscopy; Helen Nichol1, Bogdan  
Popescu1, Heather Myers1, Akela Hanson1; 1University of 
Saskatchewan 

16:50 (323) Characterization of Sediments and Other 
Materials Using Synchrotron Radiation; K. W. Jones1, 
H. Feng2, E. A. Stern3; 1Brookhaven National 
Laboratory; 2Montclair State University; 3U. S. 
Environmental Protection Agency 

17:10 (324) XAFS Analysis of Some Metals in Particulate 
Matter; Marc Lamoureux1, Nicholas Warner1; 
1Department of Chemistry, Saint Mary's University 

Tuesday Afternoon, Room 205B 
NIR IN PROCESS ANALYTICAL 

Organizer and Presider:  Katherine Bakeev 

15:30 (325) Implementation of Process Analytical 
Technologies (PAT) in Pharmaceutical 
Manufacturing; Chi-Shi Chen1, Joep Timmerman1, 
Steve Hammond1; 1Pfizer, Inc. 

15:50 (326) Near Infrared Spectroscopic Monitoring & 
Control of an Industrial Polyaryl Ether Polymer 
Isolation Process; Nancy L. Jestel1, Gary Bates1, Ken 
Krozel1, Michael Dobrowolsky1; 1GE Advanced 
Materials 

16:10 (327) NIR Monitoring of Streptococcus pneumoniae 
Fermentations; Maxine Klass-Hoffman1, William Kull1, 
Jason Lotvin1; 1Wyeth 

16:30 (328) NIR Spectrometric Method for Wet Process 
Control in Silicon Wafer Processing; John Hellgeth1, 
Ken Ward1, Timur Ivannikov1, Gabriel Boenzli1, John  
Coates2; 1Hewlett-Packard Company; 2Coates Consulting 

16:50 (329) Process Chemistry Evaluations with NIR: 
Concentration of Water in Nitric Acid Streams; 
Jessica Jarman1, Randy Bishop2, Mark DeLong1, Roy 
Odle1; 1GE Advanced Materials; 2GlaxoSmithKline 

17:10 (330) FT-NIR Chemometrics Modeling Applications 
in Petroleum Refining Industry; Qasem AL-Sharari1; 
1Saudi Aramco / Ras Tanura Refinery Laboratrory 

Tuesday Afternoon, Room 205C 
MEASUREMENT OF ISOTOPE RATIOS BY 
INDUCTIVELY COUPLED PLASMA MASS 

SPECTROMETRY 
Organizer:  Diane Beauchemin;  Presider:  Ralph Sturgeon 

15:30 (331) Determination of Precise Isotope Ratios of 
Selenium Using Multicollector ICP/MS; Holger 
Hintelmann1, Nagmeddin Elwaer1; 1Trent University 

15:50 (332) Biological Fractionation of Cu, Zn and Cd in 
Biological Systems; Douglas Evans1, David Lasenby1; 
1Trent University 

16:10 (333) Isotope Ratio Precision with Transient Sample 
Introduction using ICP-oa-TOFMS; Scott Willie1, 
Zoltán Mester1, Ralph Sturgeon1; 1National Research 
Council Canada 

16:30 (334) Precise Isotope Ratio Measurement in Natural 
Samples Using ICP-MS--Fact or Fiction?; Kurt Kyser1, 
Don Chipley1; 1Queen's University 

16:50 (335) New Developments in Plasma Source Time-Of-
Flight Mass Spectrometry for Elemental Analysis of 
Fast Transient Signals; Nicolas H. Bings1, Sebastian 
Schmidt-Lehr1; 1University of Hamburg, Germany 

17:10 (336) Investigation of Natural Mercury (Hg) Isotope 
Fractionation in the Murray Brook Mine Watershed 
(New-Brunswick, Canada); Delphine Foucher1, Holger 
Hintelmann1, Tom Al2, Kerry MacQuarrie2; 1Trent 
University; 2University of New-Brunswick 

Tuesday Afternoon, Room 207 
NEW IDEAS IN MS II 

Organizer and Presider:  Liang Li 

15:30 (337) Linear Quadrupole Ion Traps with Added 
Octopole Fields; Don Douglas1, Anthony Michaud2, 
Aaron Frank3, Chuanfan Ding4, XianZhen Zhao1, Annie 
Moradian1; 1University of British Columbia; 2Arizona 
State University; 3Battelle Memorial Institute; 4Fudan 
University 

15:50 (338) Mass Spectrometry of Individual Sub-10 nm 
Diameter Particles and Molecules; Murray Johnston1, 
Shenyi Wang1; 1University of Delaware 

16:10 (339) The Use of FAIMS as a Problem Solving Tool in 
LC-MS Method Development; Randy Purves1, Garnet 
McRae1, James Kapron1; 1Ionalytics 

16:30 (340) Nanoliter-Volume Sample Preparation for 
Biological Mass Spectrometry Using Capillary 
Electrophoresis; Ken Yeung1; 1University of Western 
Ontario 

16:50 (341) MALDI Mass Spectrometry for Microdevice 
Readout; Kermit Murray; 1Louisiana State University 

17:10 (342) LC-MALDI MS: New Interface and 
Applications; Liang Li1, Bryce Young1; 1University of 
Alberta 
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Plenaries and Posters 

07:30 Wake Up Coffee, Convention Hall Lobby 

STROCK AWARD 
08:00 Plenary Session, Room 200A 

 
Richard Russo 

(343) Laser Ablation: Atoms to Aerosols; Richard Russo; 
Lawrence Berkeley National Laboratory 

Refer to page 13 for additional information. 
 

MEGGERS AWARD 
08:30 Plenary Session, Room 200A 

 
Hiro-o Hamaguchi 

(344) Amazing Vibrational Spectroscopy; Hiro-o Hamaguchi; 
University of Tokyo 

Refer to page 14 for additional information. 

WEDNESDAY POSTER SESSIONS and BREAKS 
09:00 – 10:30 and 14:00 – 15:30 

Convention Hall 200C 
All Wednesday posters should be put up in Convention Hall 200C between 07:30 – 08:00 and removed between 17:00 – 18:00.  If your 
poster board number is an odd number (1, 3, 5, etc.), the presenting author must be present 09:00 - 09:45 and 14:00 – 14:45 on Wednesday.  
If your poster board number is an even number (2, 4, 6, etc.), the presenting author must be present 09:45 – 10:30 and 14:45 – 15:30 on 
Wednesday. 

AES/AAS 
Board # 
 1 (345) Techniques for Increasing Productivity in ICP 

Spectrometry; Jerry Dulude1; 1Glass Expansion, Inc., 
Pocasset, MA 

 2 (346) Multiline-based Internal Standardization in 
ICP-AES; Albert Brennsteiner1, Agnes Cosnier2, Yves 
Danthez2, Cendrine Dubuisson2, Emmanuel Fretel2, 
Olivier Rogerieux2, Geoff Tyler2, Sébastien Vélasquez2; 
1HORIBA Jobin Yvon Inc; 2HORIBA Jobin Yvon SAS 

 3 (347) A Comparative Analytical Study of the 
Gypsum–Anhydrite Transformation Kinetics in Hot 
Acidic Manganese Solution; Helen Farrah1, Geoffrey 
Lawrance1, Wanless Erica1; 1The University of 
Newcastle 

 4 (348) Observation of Modulated Plasma in Three-
Electrode Hollow Cathode Glow Discharge Lamp 
with Fast Fourier Transfer Spectrum Analyzer; Kenji 
Kodama1, Kazuaki Wagatsuma1; 1Laboratory for 
Analytical Sciences 

 5 (349) Detention of Fluorine by a New Micro Plasma 
Source; Hidekazu Miyahara1, Goro Ohba1, Jungsun 
Ahn1, Kyu-Sun Chung2, Eiki Hotta1, Akitoshi Okino1; 
1Tokyo Institute of Technology; 2Hanyang University 

 6 (350) Development of Lab-on-a-Chip Techniques for 
Elemental Analysis: Atoms in Bubbles; John Molloy1, 
James Holcombe1; 1The University of Texas 

 7 (351) The Determination of Mercury in Seafood; a 
Comparison of Cold Vapor Atomic Absorption and 
Fluorescence Techniques; David Pfeil1, Bruce 
MacAllister1; 1Teledyne Leeman Labs 

 8 (352) Use of Spectral Subtractions to Find New 
Wavelengths for ICP-OES; Peter Brown1, Manuel 
Almeida1, 1Teledyne Leeman Labs 

 9 (353) A New High Performance Cost Effective ICP 
Array Detector ICP - OES: The Teledyne Leeman 
Labs Prism; Peter Brown, Ph.D.1, Manuel Almeida1, 
David Pfeil1; 1Teledyne Leeman Labs 

 10 (354) Method Development Strategies Utilizing 
Axially Viewed ICP-OES when Samples Consist of 
Complex Matrices; Doug Shrader1, Christine Rivera1; 
1Varian, Inc. 

 11 (355) Application of Fast Sequential AA to Complex 
Sample Matrices; Doug Shrader1, Christine Rivera1, 
Anna Tisinger1; 1Varian, Inc. 

 12 (356) Metals Determinations with High Accuracy and 
Traceable Uncertainty; T.M. Rettberg1, S. Evans 
Norris1, J. MacIntosh1; 1VHG Labs 

 13 (357) A Comparative Study of International Soil 
Digestion Techniques Prior to ICP-OES Analysis; 
Gaston Mercier1, Ranjan Roy2; 1Agriculture Canada; 
2SCP Science 

 14 (358) Chelation of Urinary Cadmium with 
Ammonium Pyrrolidine Dithio-Carbamate Prior to 
Determination by Tungsten-Coil ICP-AES; Amanda 
Davis1, Bridget Alligood1, Clifton  Calloway2, Bradley 
Jones1; 1Wake Forest University; 2Winthrop University 

 15 (359) A General Method Used to Determine the 
Concentration of Seven Elements in Three Different 
Vehicles Used for Parental Compounds; Brent Busse; 
1Bristol Myers Squibb 

 16 (360) Determination of Carbohydrates and Organic 
Acids in Foods by HPLC-ICP-AES; José L. Todoli1, 
Eduardo Paredes1, Salvador Maestre1, Soledad Prats1; 
1University of Alicante 

 17 (361) Determination of  Dissolved Organic Carbon 
and Inorganic Carbon in Water Samples Through 
Inductively Coupled Plasma Atomic Emission 
Spectrometry; José L. Todolí1, Angel Bejarano1, 
Salvador Maestre1; 1University of Alicante 
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 18 (362) Effect of the Sheathing Gas on the Performance 
of a Torch Integrated Sample Introduction System in 
ICP-AES; José L. Todolí1, Cristina Lagomarsino3, 
Marco Grotti3, Jean M. Mermet2; 1University of Alicante; 
2Université Claude Bernard; 3University of Genova 

 19 (363) Direct Analysis of Minor and Trace Elements in 
Ceramic Powders by Spark Ablation Inductively 
Coupled Plasma Optical Emission Spectrometry; 
Nicolas H. Bings1, Arne F. Kiera1, Sebastian Schmidt-
Lehr1, Jose A.C. Broekaert1; 1University of Hamburg, 
Germany 

Food and Pharmaceutical Applications of Spectroscopy 
Board # 
 20 (364) Quantitation of Drug Impurities by HPLC with 

UV Detection: Errors Due to Variable Wavelength 
Detection and to Mobile Phase Gradients; David 
Salvat1, Jeffrey Poliak1; 1Pfizer, Inc. 

 21 (365) The Isolation, Extraction and Identification of 
Chemical Markers in a Complex Plant Based 
Medicine for Treating Endometriosis by LC-MS-MS; 
Shalona Anuj1, Cheang Khoo1, Alan Bensoussan1; 
1University of Western Sydney 

 22 (366) Sample Preparation and Measurement 
Optimisation in Terahertz Pulsed Spectroscopy; David 
A. Newnham3, J. Axel Zeitler1,2,3, Philip F. Taday3, Clare 
J. Strachan1, Michael Pepper2,3, Keith C. Gordon4, 
Thomas Rades1; 1School of Pharmacy, University of 
Otago, NZ; 2Cavendish Lab, University of Cambridge; 
3TeraView Limited, Cambridge, UK; 4Department of 
Chemistry, U of Otago, NZ 

 23 (367) A Screening Method for Flavonoids and 
Phenolic Acids; James Harnly1, Longze Linn1; 1U.S. 
Department of Agriculture 

 24 (368) Identification, and Classification/Sourcing of 
Counterfeit Anti-Malarial Tablets Using Near Infra-
Red Chemical Imaging; Jean-Claude Wolff1, John 
Warrack1, Joe Schoppelrei2; 1GlaxoSmithKline; 2Spectral 
Dimensions 

 25 (369) On the Application of Fluorescence 
Spectroscopy for Investigations of the Prodrug 
Potential; Christian Banekovich1, Barbara Matuszczak1; 
1Institute of Pharmacy, University of Innsbruck 

 26 (370) Microparticle Characterization; Richard Duerst1, 
Lara Sciaraffa1, Patrick Wurm1, Andrew Vogt1, Joseph 
Neilly1; 1Abbott Laboratories 

 27 (371) A Comparison of Spectroscopic Techniques for 
the Analysis of Protein Adsorption on Contact Lenses; 
Eric J. Bukowski1, John A. Monti1, Shannon M. 
Richard1; 1Shimadzu Scientific Instruments 

 28 (372) Isothermal Solid-Vapour-Solid Polymorphic 
Conversion Process of Carbamazepine Characterized 
by Terahertz Pulsed Spectroscopy; David A. 
Newnham3, J. Axel  Zeitler1,2,3, Philip F. Taday3, Michael 
Pepper2,3, Keith C. Gordon4, Thomas Rades1; 1School of 
Pharmacy, University of Otago, NZ; 2Cavendish Lab, 
University of Cambridge; 3TeraView Limited, 
Cambridge, UK; 4Department of Chemistry, University 
of Otago, NZ 

 29 (373) TeraHertz Pulse Imaging for the Non-
Destructive Analysis of Pharmaceutical Coatings.; 
Linda Jayes1, Fiona Clarke1; 1Pfizer Ltd 

 30 (374) Detection of Chirality in Solid-State Samples 
using Fourier Transform Vibrational Circular 
Dichroism; Rosina A. Lombardi1, Xiaolin Cao1, 
Laurence A. Nafie1,2; 1Syracuse University; 2BioTools, 
Inc. 

 31 (375) Determination of Absolute Configuration of 
Molecules of Pharmaceutical Interest by VCD 
Spectroscopy; Laurence A. Nafie1,2, Teresa B. 
Freedman1, Xiaolin Cao1, Rina K. Dukor2; 1Syracuse 
University; 2BioTools, Inc. 

 32 (376) Spectroscopic Studies of Protein Formulations: 
Avoidance of Excipient Interference Using 
Vibrational Circular Dichroism; Rina K. Dukor2, 
Xiaolin Cao1, John Carpenter3, Rosario LoBrutto4, Jane 
Pepper4, Tiansheng Li5, Laurence A. Nafie1,2; 1Syracuse 
University; 2BioTools, Inc.; 3University of Colorado 
Health Sciences; 4Novartis Pharmaceuticals Corp.; 
5Amgen 

 33 (377) Testing Tablets for Hardness by NIR; Molly 
Cole1, Chun Cai1; 1Sanofi-Aventis Pharmaceuticals 

 34 (378) Quantitation of API Impurities at the ppm Level 
by LC/MS/MS; Henry Yorzinski1, Andrew Blanchard1, 
Eugene Kadar1, Gregg Kelly1, Charles Palmer1, Tyrone 
Shire1, Zhongli Zhang1; 1Pfizer Global R&D 

IR Applications 
Board # 
 35 (379) Applications of FTIR in the Paper Industry; 

Ascencion Koenig, Chuck Lohrke; 1International Paper 
Co. 

 36 (380) Application of Photoacoustic Fourier Transform 
Infrared Spectroscopy to Paper Coatings for Coat 
Weight Measurement; Francis Acholla1, James Brown1, 
Ravi Mukkamala1; 1Rohm and Haas Company 

 37 (381) Amyloid Peptide Aggregation Studies by 
Circular Dichroism and IR Spectroscopies in 
Solution, Langmuir and Langmuir-Blodgett Films; 
Roger M. Leblanc1, Jhony Orbulescu1, Changqing Li1, 
David Naistat1; 1University of Miami, Department of 
Chemistry 

 38 (382) Multivariate Analysis of =CH2 and –CH3 
Vibrational Modes in the Solid/Liquid Paraffin Phase 
Transition; Frederick Haibach1, A Zin Oo2; 1Confluent 
Sciences Consulting, Inc.; 2Mt. Holyoke College 

 39 (383) Absolute Stereochemistry Determination within 
the Pharmaceutical Industry - Where Single Crystal 
X-ray Diffraction Fails, Can Vibrational Circular 
Dichroism Spectroscopy Succeed?; Helen Turner1, 
Mike Claybourn2, Ron Roberts2, Christopher Frampton3, 
Andrea Russell1; 1University of Southampton, UK; 2Astra 
Zeneca, Macclesfield, UK; 3Pharmorphix, Cambridge, 
UK 

 40 (384) Study of the Conformation and Aggregation of 
the Recombinant Spider Silk Protein MaSp1 BY 
FTIR, CD and VCD Spectroscopies; Thierry Lefevre1, 
Jean-Francois Rioux1, Marie-Eve Rousseau1, Thierry 
Buffeteau2, Michel Pezolet1; 1Laval University; 
2University of Bordeaux 

 41 (385) Amyloid Fibril Structures of Three Fragments 
of b2-Microglobulin Elucidated by Vibrational 
Spectroscopy; Hirotsugu Hiramatsu1, Yuji Goto2, Teizo 
Kitagawa1; 1Okazaki Institute for Integrative Bioscience; 
2Osaka University.
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 42 (386) Vibrational Circular Dichroism in Anisotropic 
Thin Solid Films.; François Lagugné-Labarthet1, Thierry 
Buffeteau1, Claude Sourisseau1; 1LPCM-UMR 
5803/CNRS, Université Bordeaux, Talence 

 43 (387) The Coblentz Society Infrared Spectral 
Collection – A Resource Renewed; John Hellgeth1, 
Michael Boruta2; 1The Coblentz Society; 2ACD/Lab, Inc 

 44 (388) Advanced Software for Bringing Microscopy to 
Spectroscopists and Spectroscopy to Microscopists; 
Kenneth Fredeen1, John Seelenbinder1, Christian Tobler1; 
1Smiths Detection 

 45 (389) Mid-Infrared Instrument Control and Data 
Analysis Software Tailored for Organic Chemistry 
Tasks; Kenneth Fredeen1, John Corbett1, Andrew 
Bajorinas1, Eric Zuidema1; 1Smiths Detection 

 46 (390) Advances in Compound Verification and 
Unknown Identification Through Consolidated 
Analysis Involving Multiple Spectral Techniques; 
Kevin Scully, Marie Scandone, Deborah Kernan, 
Greogory Banik; 1Bio-Rad Laboratories 

 47 (391) Step-Scan Time-Resolved Spectroscopy of Solar-
Energy-Transducing Proteins from Oceanic Bacteria; 
Mark Braiman, YaoWu Xiao; 1Syracuse University 
Chemistry Department 

 48 (392) Transforming Infrared Spectroscopy in the 21st 
Century Using Focal Plane Arrays: Real Time Studies 
of Dynamics in Thin Films; John Rabolt1, Julia  Liu1, 
Christian  Pellerin1, Bruce Chase2; 1University of 
Delaware; 2University of Montreal; 3DuPont Central 
Research and Development 

 49 (393) Electro-rheo-optical Study of Liquid Crystals 
and Polymers Using Planar Array Infrared 
Spectroscopy; Christopher Snively1, John Rabolt1; 
1University of Delaware 

 50 (394) Synthesis and Spectroscopic Characterization of 
Novel Pt(II) Complexes Containing Sulfoxide and 
Pyrazine Ligands; Julien R.L. Priqueler1,2, Ian S. 
Butler1, Fernande D. Rochon2; 1McGill University; 
2UQAM  

Laser Applications 
Board # 
 51 (395) Laser Ultrasonic Technology and its 

Applications in Measuring Surface Defect of Metal; 
Gang Li1, Guoping  Zhang1; 1Central China Normal 
University 

 52 (396) Spectroscopic Properties of Er3+ (Dy3+): 
La3Ga5SiO14 Single Crystals; Duorong Yuan1, 
Xuzhong Shi1, Zengmei Wang1, Shiyi Guo1; 1State Key 
Lab of Crystal Material. 

 53 (397) Photionization and Photodissociation of 
Polyaromatic Hydrocarbons using 355 nm Radiation; 
Juan Carlos Poveda Jaramillo1, Ignacio Alvarez1, Carmen 
Cisneros1; 1UNAM 

 54 (398) Analytical Potential of Phosphorescence Line 
Narrowing Spectroscopy; Andres Campiglia1, 
Shenjiang Yu1; 1University of Central Florida 

 55 (399) On the Nature of Water between 130 K and 
Crystallization as Probed by Single-Molecule 
Spectroscopy; Tonu Reinot1, Nhan C. Dang1, Ryszard 
Jankowiak2; 1Department of Chemistry, Iowa State 
University; 2Ames Laboratory, USDOE 

 56 (400) Nonlinear Optical Ellipsometry; Ryan Plocinik1, 
Garth Simpson1; 1Purdue University 

 57 (401) Terahertz Time Domain Spectroscopy of 
Aqueous Solutions of Ethylene Glycol; Seiji Kojima1, 
Kazushiro Fukushima2, Ryoichi Fukasawa2; 1University 
of Tsukuba; 2Tochigi Nikon Corporation 

 58 (402) Prediction of Nonlinear Optical Properties of 
Proteins: Vibrations; Andrew Moad1, Garth Simpson1; 
1Purdue University 

 59 (403) From Laboratory to Industrial Process 
Monitoring, The Development of Cavity Ringdown 
Spectroscopy; Norman Wright1, Sze Tan1, Serguei 
Koulikov1, Alex Kachanov1, Chris Rella1; 1Picarro, Inc. 

 60 (404) Applications Challenges: Trace Gas Analysis by 
Cavity Ring-down Spectroscopy from Industrial to 
Environmental Monitoring; Norman Wright1, Edward 
Wahl1, Boris Kharlamov1, Bruce Richman1; 1Picarro, Inc. 

 61 (406) Cavity Ring-Down Spectroscopy in a Liquid-
Only Cavity for Improved Absorbance Detection 
Sensitivity in HPLC; Freek Ariese1, Lineke Van der 
Sneppen1, Arjan Wiskerke1, Cees Gooijer1, Wim 
Ubachs1; 1Laser Centre Vrije Universiteit Amsterdam 

 62 (407) Detection of Explosive by Laser 
2Photofragmentation and Chemiluminescence; Pamela 
P. Monterola1, Ronald Whiddon1, Benjamin Smith1, 
Nicolo Omenetto1, James Winefordner1; 1University of 
Florida 

Molecular Spectroscopy 
Board # 
 63 (408) Development of Precise Chelatometric 

Titrations with Molecular Spectroscopy; Toshihiro 
Suzuki1, Akiharu Hioki1; 1NMIJ/AIST 

 64 (409) Simultaneaous Determination of Iron and 
Cobalt by Preconcentration on a Silica-
Cyclophosphazene Composite; Miguel Barbosa1, M. 
Inés Toral1, Carlos Díaz1; 1University of Chile 

 65 (410) Spectrophotometric Determination of Iron (III) 
After Extraction of Its Ternary Complex  into 
Microcrystalline Naphtalene; Mohammad Reza 
Baezzat1, Zahra Shirinzadeh1; 1Firoozabad Azad 
University 

 66 (411) Preconcentration of Iron and Cobalt as 
Complexes on Octadecyl- Functionalized Silica Gel 
(C-18) in Surfactant Presence; M.Inés Toral1, Alejandra 
Fuenzalida1, Alfredo Cortes1; 1Faculty of Science, 
University of Chile 

 67 (412) Determination of Copper (II) in Presence of 
Silver (I) On Deae Sephadex A25 with 5-(4-
Sulphophenylazo)-8-Aminoquinoline; M. Inés Toral1, 
Libby Morales1, M. José Alvarez1; 1University of Chile  

 68 (413) Chemiluminescence Outside the Visible Region: 
Near-Ultraviolet and Near-Infrared Light Emanating 
from Chemical Reactions in Aqueous Solution; Paul 
Francis1, Neil Barnett1, Trevor Smith2, Paul Spizzirri2; 
1Deakin University; 2University of Melbourne 

 69 (414) Synthesis and Characterization of Esters and 
Thiol Esters of Isonicotinic Acid; Eugenio Sánchez-
Arreola1, Jocelyn Juarez-Badillo1, Javier Garces-Eisele1, 
Thomas Scior2; 1Universidad de las Américas, Puebla; 
2Ben. Universidad Autonoma de Puebla 
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Raman Microscopy 
Board # 
 70 (415) ATR-FTIR and Confocal Raman Microscopy 

Studies of Biofilms; Truis Smith-Palmer1, Judith Pink1, 
Lisa Hill1, Zachary Kerr1, David Pink1; 1St Francis 
Xavier University 

 71 (416) Characterization of a Hazardous Eyeliner 
(Kohl) by Confocal Raman Microscopy; Karim Jallad1, 
Hartmut Hedderich2; 1American University of Sharjah; 
2Purdue University 

 72 (417) Raman Spectroscopy As a Real-Time Probe for 
Normal Cardiomyocyte Function; Obianuju Inya-
Agha1, Tony Davies1, Godfrey Smith1, Jon Cooper1; 
1University of Glasgow 

 73 (418) Raman Spectroscopic Imaging of Chemical 
Composition Changes of Bone Fractures; Tso-Ching 
Chen1, Barbara McCreadie1, Michael Morris1; 
1University of Michigan 

 74 (419) Subsurface Raman Spectroscopy of Highly 
Scattering Systems using a Non-Confocal Fiber Optic 
Array Probe. Application to Transcutaneous Tissue 
Spectroscopy; Matthew V. Schulmerich1, Willam F. 
Finney1, Richard Fredricks1, Michael D. Morris1; 
1University of Michigan 

 75 (420) New Developments in Raman Microsampling; 
Mark Wall1; 1Thermo Electron Corporation 

 76 (421) Raman Spectral Imaging - A Nondestructive, 
High Resolution Analysis Technique for Materials 
Characterization; Olaf Hollricher1, Ute Schmidt1, 
Fernando Vargas1, Matthias Kress1, Klaus Weishaupt1; 
1WITec GmbH 

 77 (422) Improved Temporal Resolution in Dynamic 
Raman Spectroscopy of Bone Deformation; Andrew 
Callender1, William Finney1, Kurtulus Golcuk1, Gurgit 
Mandair1, Michael Morris1; 1University of Michigan 

 78 (423) Quantitative Assessment of Raman Molecular 
Chemical Imaging Performance using a Standard 
Reference Material; Patrick J. Treado1, Matthew P. 
Nelson1, Amy J. Drauch1, Oksana Klueva1; 1ChemImage 
Corporation 

Wednesday Morning, Room 202 
MULTIVARIATE CURVE RESOLUTION 

Organizer and Presenter:  Anna de Juan 

10:30 (424) Multivariate Curve Resolution: Quality 
Assessment of Results; Roma Tauler1; 1IIQAB-CSIC 

10:50 (425) Self-modeling Mixture Analysis by Pure 
Variable Methods; Willem Windig1, Neal Callagher1, 
Michael Boruta2, Michel Hachey2, Andrey Andrey3; 
1Eigenvector Research; 2Advanced Chemistry 
Development, Inc.; 3Consultant 

11:10 (426) MCR Analysis of 3D Hyperspectral Confocal 
Images From Photosynthetic Prokaryotes; David 
Haaland1, Howland Jones1, Jerilyn Timlin1, Michael 
Sinclair1, Sawsan Hamad2, Willem Vermaas2; 1Sandia 
National Laboratories; 2Arizona State University 

11:30 (427) Incorporating Additional Constraints in the 
Iterated Constrained Endmembers (ICE) Algorithm 
for Finding Endmembers in Hyperspectral Images; 
Aloke Phatak1, Mark Berman1; 1CSIRO Mathematical & 
Information Sciences 

11:50 (428) Rapid Multivariate Curve Resolution Applied to 
Rapid Process Monitoring with HPLC/Raman Data; 
Karl Booksh1, Brian Dable1,2, Brian Marquardt2; 
1Arizona State University; 2University of Washington 

12:10 (429) Multivariate Curve Resolution Applied to 
Infrared Reflectance Measurements of Soil 
Contaminated with Organic Analyte; Jeremy Shaver1, 
Thomas Blake2, Paul Gassman2, Neal Gallagher1, Willem 
Windig1; 1Eigenvector Research, Inc.; 2Pacific Northwest 
National Laboratory 

Wednesday Morning, Room 203 
INTELLIGENT APPLICATIONS OF RAMAN 

MICROSCOPY 
Organizer and Presider:  Andrew Whitley 

10:30 (430) Practical Confocal Raman Microscopy Part A: 
Problems and Artefacts; Neil Everall; 1ICI PLC 

10:50 (431) Practical Confocal Raman Microscopy Part B: 
Improving the Depth Resolution; Neil Everall; 1ICI 
PLC 

11:10 (432) Quantitative Orientation Measurements of 
Proteins in Single Silk Filaments by Polarized Raman 
Microscopy; Michel Pezolet1, Thierry Lefevre1, Marie-
Eve Rousseau1, Lilyane Beaulieu1, Joanie Paradis1; 
1Laval University 

11:30 (433) Confocal Raman Microscopy for Cosmetic 
Applications; Christophe Hadjur; 1L'oreal Research 

11:50 (434) Micro-Raman Study of Phonon Confinement 
Effects in Silicon Nanowires; Peter Eklund1, H. 
Gutierrez1, K. Adu1; 1Pennsylvania State University 

12:10 (435) Polarized Micro-Raman Measurements In 
Mesostructured Azopolymer Films; Francois 
Lagugne;-Labarthet1, Claude Sourisseau1, Jean-Luc 
Bruneel1; 1LPCM-UMR5803, Universite; Bordeaux 1 

Wednesday Morning, Room 204A 
NANOTUBES AND NANOWIRES FOR SENSING I 

Organizer and Presider:  Pehr E. Phersson 

10:30 (436) Redox-Based Biosensing Using Carbon 
Nanotubes; Bruce Diner1, Salah Boussaad1, Bibiana 
Onoa1, Janine Fan1, Frank Pellicone1; 1E. I. du Pont de 
Nemours & Co. 

11:10 (437) Chemical Detection Using Single-Walled 
Carbon Nanotubes; Eric Snow1, Keith Perkins1, Eric 
Houser1; 1Naval Research Laboratory 

11:50 (438) Combined Nanotube FET/Microfludic Devices 
as Chemical and Biological Sensors; Jie Liu1, Qiang  
Fu1; 1Duke University 

12:10 (439) Biosensing and Biomaterial Patterning Using 
Functionalized Carbon Nanotube; Xiaowu Tang, 
Hongjie Dai; 1Stanford University 

Wednesday Morning, Room 204B 
BIOMEDICAL SPECTROSOCPY AND IMAGING III, in vivo 

Organizers:  Anthony Shaw, Lorenzo Leonardi, Max Diem 
Presider: Lorenzo Leonardi 

10:30 (440) In vivo Biomedical Spectroscopy: The Challenge 
of Early Gastrointestinal Cancer Detection; Brian C. 
Wilson1; 1Ontario Cancer Institute and University of 
Toronto 
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10:50 (441) Clinical Application of Near Infrared 
Spectroscopy in Burn injury Assessment; Lorenzo 
Leonardi1, Michael Sowa1, Michelle Levasseur1, Jeri 
Payette1, Bernie Schattka1, Karen Cross2, Joel Fish2, 
Manuel Gomez2; 1National Research Council of Canada; 
2Ross Tilley Burn Centre 

11:10 (442) Small Animal Fluorescent Time-Domain 
Imaging; Laura McIntosh1, Pascal Gallant1, Guobin Ma1; 
1ART Advanced Research Technologies Inc. 

11:30 (443) Polarization Spectroscopy and Imaging of Pre-
Cancer in the Oral Cavity; Konstantin Sokolov1, Linda 
Nieman2, Dizem Arifler3, Adel K. El-Naggar1, Ann 
Gillenwater1; 1University of Texas MD Anderson Cancer 
Center; 2Sandia National Laboratories; 3University of 
Texas at Austin 

11:50 (444) In vivo Approaches for Quantification of 
Biospectroscopy; David Burns1; 1McGill University 

12:10 (445) Increasing Contrast and Multiplexing for Small 
Animal Fluorescence Imaging Using Spectral 
Imaging; James Mansfield1; 1CRi 

Wednesday Morning, Room 205A 
MEGGERS AWARD SYMPOSIUM 

Organizer:  Doug Gilman; Presider:  Terry Gustavson 

10:30 (446) Focal Plane Array Detectors in Infrared 
Spectroscopy; Bruce Chase1, John Rabolt2, Christian 
Pellerin3, Isabelle Pelletier2, Julia Liu2, Chris Snively2; 
1DuPont; 2Univ. of Delaware; 3University of Montreal 

10:50 (447) Potential of Vibrational Spectroscopy on Protein 
Science; Hirotsugu Hiramatsu1; 1Okazaki Institute for 
Integrative Bioscience 

11:10 (448) Terahertz Spectroscopy, Imaging and 
Applications; Edwin J. Heilweil1, Matthew C. Beard1, 
Craig M. Brown1, 4, Mathew B. Campbell2, Merrick 
DeWitt2, William T. Lotshaw3, Okan Esenturk1, Timothy 
M. Korter1, Ari A. Evans1, Rad Balu4; 1Optical 
Technology Div., Physics Lab, NIST; 2SPARTA, Inc. 
Rosslyn, VA; 3Naval Research Lab, Washington DC; 
4Dept. of Chemistry, U. Md., Baltimore 

11:30 (449) Analytical Characterization of Silicones and 
Silicon-Containing Materials; Ronda Grosse1, Herbert 
Brothers, Jr.1, Huiping Chen1, Michael Gaul1, Jeffrey 
Kelly1, Ronald Tecklenburg, Jr.1; 1Dow Corning Corp. 

11:50 (450) Nanosecond Time-Resolved IR Studies of 
Carbonyl Nitrenes; John P. Toscano1; 1Johns Hopkins 
University 

12:10 (451) The Direct Detection of an Aryl Azide Excited 
State: An Ultrafast Study of the Photochemistry of 
Para and Ortho-Biphenyl Azide; Terry L. Gustafson1, 
Gotard Burdzinski1, Matthew S. Platz1; 1The Ohio State 
University 

Wednesday Morning, Room 205B 
NEW FRONTIERS IN LASER SPECTROSCOPY 

Organizer and Presider:  Denis Boudreau 

10:30 (452) Long range Intense Femtosecond Laser 
Propagation and Sensing in the Atmosphere; S.L. 
Chin1, S.A. Hosseini1, W. Liu1, Q. Luo1, F. Théberge1, J.-
F. Gravel1,2, D. Boudreau1,2, N. Akozbek3, A. Becker4, 
V.P. Kandidov5; 1COPL & Dept. Physics, Phys. Eng. & 
Optics, Laval U; 2COPL & Dept. Chemistry, Laval U; 
3Timedomain Corp., Huntsville, AL; 4Max Planck Inst. 
for the Physics of Comp 

11:10 (453) CEIS (Combined Ion Electron Spectroscopy); 
Bernd Witzel1, Patrick Kaminski1,2, Rolf Wiehle2, 
Wolfgang Kamke2, Hanspeter Helm2; 1Dept. Physics, 
Phys. Eng. & Optics, Laval U.; 2Dept. Molec. & Opt. 
Phys., Freiburg, Germany 

11:30 (454) Progress in Analytical Cavity Ringdown 
Spectroscopy; George Miller1, Yunjing Li1, Megan 
Walker1; 1University of Tulsa 

11:50 (455) Chiral Effects in Nonlinear Optics; Garth 
Simpson; 1Purdue University 

12:10 (456) Electric Fields at Protein Active Sites as 
Determined by Hole-Burning Stark Spectroscopy; 
Peter Geissinger1, Michael DuPrey1, Isaac Schwabacher1, 
Jörg Woehl1, Barry Prince2; 1University of Wisconsin-
Milwaukee; 2University of Canterbury, New Zealand 

Wednesday Morning, Room 205C 
SPECIATION ANALYSIS WITH ATOMIC 

SPECTROMETRY DETECTION 
Organizer:  Diane Beauchemin; Presider:  Iris Koch 

10:30 (457) Selenium: From Toxicant to Mercury 
Antagonist; Joseph Caruso1; 1University of Cincinnati 

11:10 (458) Speciation Analysis of Arsenic Metabolites and 
Their Protein Complexes; X. Chris Le1, Meiling Lu1, 
Zhongwen Wang1, Xiufen Lu1, Hailin Wang1, Huiming 
Yan1, Anthony McKnight-Whitford1, William R. Cullen2, 
Lora L. Arnold3, Samuel M. Cohen3; 1University of 
Alberta; 2University of British Columbia; 3University of 
Nebraska Medical Center 

11:30 (459) Application of the Retention Analysis Method 
for the Separation of Mercury Compounds; Juergen 
Gailer1, Andrew Percy1; 1University of Calgary 

11:50 (460) A New GC/CVAFS Characterization Method of 
Methylmercury in Food; Serge Dragna1, Thierry 
Guerin1; 1AFSSA 

12:10 (461) Determination of Chromium in Solids and 
Liquids by Ion-Chromatography Coupled to Laser-
Enhanced Ionization Spectrometry in the Nitrous 
Oxide/Acetylene Flame; Isabelle Poulin1, Annick Dio-
Fortier1, Denis Boudreau1; 1COPL and Department of 
Chemistry, Université Laval 

Wednesday Morning, Room 207 
PROTEOMIC TECHNOLOGIES APPLIED TO 

RESPIRATORY AND CARDIOVASCULAR DISEASE 
RESEARCH I 

Organizer and Presider:  George Agnes 

10:30 (462) Ambient Particle Characterization by Mass 
Spectrometry:  From Single Particle Analysis to 
Proteomics; Murray Johnston1; 1University of Delaware 

10:50 (463) Identification of Plasma Protein Markers 
Relevant to Ozone Exposure-Induced Changes in Rats 
Using MALDI-TOF-MS; Susantha Mohottalage1, 
Karthikeyan Subramanian1, Erica Blais1, Patrick 
Goegan1, Josee Guenette1, Renaud Vincent1, Prem 
Kumarathasan1; 1ITAB Section, HECS Branch, Health 
Canada 

11:30 (464) Differential Analysis of HPLC-Fluorescence 
Chromatograms from Plasma for Detection of Peptide 
Biomarkers of Exposure to Ambient Air Pollutants; 
Subramanian Karthikeyan1, Devi Ganesh1, Susantha 
Mohottalage1, Prem Kumarathasan1, James D Krapo2, 
Renaud Vincent1; 1SEP, Health Canada, Ottawa, ON; 
2NJMRC, Denver, CO 
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11:50 (465) Development of an Apparatus for Quantitative 
Dose-Response Studies to Measure Inflammation 
Potential Induced as a Function of Ambient Particle 
Type; George Agnes1, Allen Haddrell1, Stephan van 
Eeden2; 1Simon Fraser University; 2University of British 
Columbia 

12:10 (466) Identification of the Components of 
Tropospheric Particulate Matter Responsible for 
Particulate Matter Toxicity, as Demonstrated with 
Particulate Matter Mimics; Allen Haddrell1, George 
Agnes1, Stephen van Eeden2; 1Simon Fraser University; 
2James C Hogg iCAPTURE Centre, UBC 

 
WEDNESDAY POSTER SESSION DESSERT RECEPTION 

14:00 – 15:30, See pages 56 - 59 
Convention Hall 200C 

 
Wednesday Afternoon, Room 202 

MULTIWAY METHODS 
Organizer and Presider:  Karl Booksh 

15:30 (467) A Flexible Multinearity Constraint in the 
Resolution of Complex Multiway Data; Roma Tauler1, 
Anna de Juan2; 1IIQAB-CSIC; 2University of Barcelona 

15:50 (468) Multidimensional UV Resonance Raman 
Spectroscopy: Improving Resolution of the Highly 
Overlapped Amide and Aromatic Modes of Peptides 
and Proteins; Renee JiJi1, Janina Kneipp1, Thomas 
Spiro1; 1Princeton University 

16:10 (469) Accelerated Analyses of Multi-Way Data 
Utilizing Multi-Dimensional Wavelet Transforms; 
Frank Vogt1, Jeff Cramer1, Karl Booksh1; 1Arizona State 
University 

16:30 (470) Accelerated Three-Way Parallel Factor Analysis 
Utilizing Wavelet Transforms; Jeff Cramer1, Frank 
Vogt2, Karl Booksh1; 1Arizona State University; 
2University of Tennessee 

16:50 (471) Maximum Likelihood Methods for Three-Way 
Analysis in Chemistry; Lorenzo Vega-Montoto1, Peter 
D. Wentzell1; 1Dahousie University 

Wednesday Afternoon, Room 203 
RAMAN MICROSCOPY II 

Organizer and Presider:  Ian Lewis 

15:30 (472) Thermal Transformation of Bundled Carbon 
Nanotubes Into Graphitic Ribbons; Peter Eklund1, H. 
Gutierrez1, U. Kim1; 1Pennsylvania State University 

15:50 (473) Rapid Raman Microspectscopy and Imaging: 
The Role of the Electron-Multiplied CCD (EMCCD); 
Mayank Tripathi2, William F. Finney1, Michael D. 
Morris1, Tso-Ching Chen1, Kurtulus Golcuck1; 
1University of Michigan; 2Andor Technology 

16:10 (474) Effect of Sampling Size on the Quantitation of 
Polymorphs and their Distribution on the Surface of 
Tablets by Raman Spectroscopy; Michael 
Koenigbauer1; 1AstraZeneca 

16:30 (475) UVRR Spectroscopy of Biopharmaceuticals; 
Zai-Qing Wen1, Cynthia Li1, Linda Narhi1; 1Amgen Inc.  

16:50 (476) Preliminary Qualitative and Quantitative 
Raman Microspectroscopic Studies on Triterpenoids; 
Marcia M.L. Yu1, Reinhard Jetter1, Michael W. Blades1, 
Robin F.B. Turner1; 1The University of British Columbia 

17:10 (477) Raman Microscopy as a Probe of Retinal Tissue; 
John J. McGarvey1,2, Jim W. Curry2.3, Rene J. Beattie1,2, 
Lindsay J. Barrett1,2, David Simpson3, Lucinda  
Campbell3, Robert Petters4; 1School of 
Chemistry,Queen's University Belfast; 2Centre for 
Clinical Raman Microscopy; 3Dept of Ophthalmology, 
Queen's Univ; 4North Carolina State University 

Wednesday Afternoon, Room 204A 
NANOTUBES AND NANOWIRES FOR SENSING 

Organizer:  Pehr Pehrsson; Presider:  Eric Snow 

15:30 (478) Large-scale, Multiplex Electrical Detection of 
Proteins and Viruses by Ultrasensitive Nanowire 
Sensor Arrays; Gengfeng Zheng1, Fernando Paltosky1, 
Charles M. Lieber1; 1Dept. of Chemistry & Chemical 
Biology, Harvard University 

16:10 (479) Reversible Doping for Nanotube Sensors and 
Electronic Applications; Stephen Doorn1, Satishkumar 
Chikkannanavar1, Leif Brown1, Hsing-lin Wang1; 1Los 
Alamos National Laboratory 

16:30 (480) Optical Enzymatic Detection of Glucose Based 
on Hydrogen Peroxide-Sensitive HiPco Carbon 
Nanotubes; Wei Zhao1, Chulho Song1, Pehr Pehrsson2; 
1Department of Chemistry, University of Arkansas; 
2Chemistry Division, Naval Research Lab 

16:50 (481) Silicon Nanowires for Chem/Bio Sensing; 
Zhiyong Li1, Moller Sven2, Xuema Li1, R. Stanley 
Williams1, Pavel Kornilovich2, Garry Hinch2, Ken 
Ward2, Qingqiao Wei2; 1Hewlett-Packard Laboratories; 
2Hewlett-Packard Company 

17:10 (482) Carbon Nanotube as Nanoprobes; Liwei Chen1; 
1Ohio University 

Wednesday Afternoon, Room 204B 
EARLY CAREER INVESTIGATORS IN BIOANALYTICAL 

CHEMISTRY 
Organizer and Presider:  Dana Spence 

15:30 (483) Microfluidic Biofuel Cells for Self-Powered 
Sensing Applications; Shelley Minteer1, R. Scott 
Martin1, Anna  Kinsella1, Christine M. Moore1; 1Saint 
Louis University 

15:50 (484) Enzyme-free and Detector-free Detection of 
DNA Point Mutations; Lin He1, Xinhui Lou1, Mark 
Eckert1; 1North Carolina State University 

16:10 (485) Development of Improved Proteome Analysis 
Strategies by Controlling the Gas-Phase 
Fragmentation of Peptide Ions during Tandem Mass 
Spectrometry; Gavin E. Reid1, Kade D. Roberts1, 
Jennifer M. Froelich1, Mahasilu Amunugama1, James J. 
Sierakowski1; 1Michigan State University 

16:30 (486) Nanoelectrode Architectures for Enhanced 
Electrogenerated Chemiluminescence Investigation of 
Cellular Function; Donald Cannon1, William Ames1, 
Perry Motsegood1, Irma Nydegger1; 1University of Iowa 

16:50 (487) Microchip Surface Modification and 
Membrane-Based Sample Enrichment for Enhanced 
Bioanalysis in Polymeric Microdevices; Adam 
Woolley1, Yi Li1, Tao Pan1, Ryan Kelly1; 1Brigham 
Young University 
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Orals 15:30 – 17:30

Wednesday Afternoon, Room 205A 
FORENSICS 

Organizer: Paul Farnsworth and Presider:  Diane Williams 

15:30 (488) Time Study of Skin Surface Residues from Pre-
Pubescent Children: Forensic Implications; Diane 
Williams1, Justine Brucker-Serrano2; 1Federal Bureau of 
Investigation; 2Oak Ridge Institute of Science Education 

15:50 (489) The Effects of Temperature on Children’s 
Latent Fingerprint; Corrie Brown1, Diane Williams2; 
1ORISE; 2FBI Laboratory 

16:10 (490) Classification and Quantification of a 
Pharmaceutical Analyte in Solid Mixtures with 
Raman Spectroscopy; Marc N. Leger1, Marie-Louise 
O'Connell1, Alan G. Ryder1, Tom Howley2, Michael G. 
Madden2; 1Dept. of Chemistry/NCBES, NUI-Galway; 
2Dept. Information Technology, NUI-Galway 

16:30 (491) Evaluation of a High Surface Area SPME 
Design for Human Scent Forensic Applications; Elie 
Zussman1, Rex Stockham2, Brian Eckenrode3; 1The 
George Washington University; 2FBI, Explosives Unit; 
3FBI, CTFSRU 

16:50 (492) Detection of Cocaine-N-oxide and Other 
Cocaine Metabolites in Hair by Liquid 
Chromatography Mass Spectrometry; Billy Acon1, 
Steve Lemon Jr.1, Heather Peters2, Charles Quenzer2, 
Mark Miller2; 1Oak Ridge Institute for Science and 
Education; 2Federal Bureau of Investigation 

17:10 (493) Capillary Electrophoresis with Fluorescence 
Detection for Abuse Drugs Analysis; Ahmed Alnajjar1; 
1King Faisal University 

Wednesday Afternoon, Room 205B 
PAT IN PHARMA II 

Organizer and Presider:  James Rydzak 

15:30 Introduction to SAS Process Analytical Technical 
Session; Jim Rydzak1, Christian Hassel2; 
1GlaxoSmithKline, 2AMTI 

15:50 (494) Reaction Monitoring by FTIR-Spectroscopy 
with a New Light-Fiber Coupled ATR-Probe; Heinz 
W. Siesler1, Alexander Friebe1, Lukas Kuepper2; 
1Department of Physical Chemistry, University of 
Duisburg-Essen 

16:10 (495) In-Situ Raman and Infrared Spectroscopy: 
Emerging Tools in Small Molecule Process 
Development; Tiffany Correll1, Lawrence Brice1; 
1Amgen, Inc. 

16:30 (496) In-situ FTIR Monitoring of API Manufacturing 
Unit Operations; Kyle Leeman1, Paul Ahlijanian1, Matt 
Weekly1, Greg Withbroe1, John Tucker1, Sandeep 
Kedia1, Robert Mclaughlin1, Anne Serdakowski2, 
Jannette Novy3; 1Pfizer Inc.; 2University of Rhode Island; 
3Rhode Island College 

16:50 (497) The Value of Characterizing the Reaction Gas-
phase in Pharmaceutical Process Development 
Experiments; Mark LaPack1, Steven Doherty1, Amanda 
McDaniel1, Robert Roginski1, Jodi Czarnik1; 1Eli Lilly 
and Co. 

17:10 (498) Investigation of Data Fusion Strategies for 
Spectroscopic Imaging through a Case Study; Lin 
Zhang1, Mark Henson1, Salvador Garcia-Munoz1, S. 
Sekulic1; 1Pfizer Global R&D 

Wednesday Afternoon, Room 205C 
SPECIATION ANALYSIS WITH ICPMS DETECTION 

Organizer:  Diane Beauchemin; Presider:  Heidi Chen 

15:30 (499) Environmental and Biological Applications of 
Capillary Electrophoresis-Inductively Coupled 
Plasma-Mass Spectometry; Ramon Barnes1,2, John 
Danku1,2, Dula Amarasiriwardena3; 1University Research 
Institute for Analytical Chem; 2University of 
Massachusetts; 3Hampshire College 

16:10 (500) Interaction Between Blood Proteins and 
Anticancer Platinum Drugs; Xing-Fang Li1, Rupasri 
Mandal1; 1University of Alberta 

16:30 (501) Complementary Use of X-ray Absorption 
Spectroscopy and HPLC-ICPMS for Arsenic 
Speciation; Iris Koch1, Paula Smith2, Kalam Mir2, 
Allison Rutter2, Ken Reimer1; 1Royal Military College of 
Canada; 2Queen's University 

16:50 (502) Application of Species Specific Isotope Dilution 
to the Determination of Selenomethionine in Yeast by 
GC-ICP-MS; Lu Yang1, Zoltán Mester1, Ralph 
Sturgeon1; 1National Research Council Canada 

17:10 (503) Multidimensional Chromatography, Coupled 
with Inductively Coupled Plasma Mass Spectrometry, 
for Speciation of Zinc Metalloproteins; Shrimati A. 
Balram1, Lee Lee Chung1, Danielle Cleveland1, Clare 
Yannette1, Douglas Chin1, Michael Morrison1, Phuong 
Nguyen1, Heather Molyneux1, Hedley Freake2, Robert G. 
Michel1; 1U. of Connecticut, Chemistry; 2U. of 
Connecticut, Nutritional Sciences 

Wednesday Afternoon, Room 207 
PROTEOMIC TECHNOLOGIES APPLIED TO 

RESPIRATORY AND CARDIOVASCULAR DISEASE 
RESEARCH II 

Organizer and Presider:  George Agnes 

15:30 (504) Enabling Mass Spectrometric Techniques for 
Tissue Proteomics; Liang Li; 1Department of Chemistry, 
University of Alberta 

16:10 (505) A High-Throughput Platform for the Analysis of 
Biomarkers for Anti-Ischemic Drugs Based on LC-
MALDI-MRM Analysis; Devanand Pinto1,2, Jacqueline 
Mouris2, Steven Locke1, Pollen Yeung2; 1National 
Research Council; 2Dalhousie University 

16:30 (506) Shotgun Glycoproteomics; Ron Orlando; 1CCRC, 
UGA 

16:50 (507) Detection of Proteins in Biological Fluid Using 
Surface Plasmon Resonance; Michael R Malone1, 
Megaret Barnhart1, Jean-Francois Masson1, Tina M 
Battaglia1, Karl S Booksh1; 1Arizona State University 

17:10 (508) Aptamers as Analytical Tools for Determination 
of Enzyme Concentration in Single Cells; Julia 
Jitkova1, Maxim Berezovski1, Sergey N. Krylov1; 1York 
University 
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Plenary and Posters 

07:30 Wake Up Coffee, Convention Hall Lobby 

08:00, Plenary Session, Convention Hall 200A 

 
R. Graham Cooks 

(509) Analytical Instrumentation as a Science Driver: The Case of Mass Spectrometry; R. Graham Cooks 
Purdue University, West Lafayette, IN 

Graham Cooks was born in South Africa and took a Ph. D. at the University of Natal, Pietermaritzburg and also at Cambridge, UK. He is a 
Distinguished Professor of Chemistry at Purdue University where he has spent the bulk of his career. His interests have involved construction 
of mass spectrometers as well as their use in fundamental studies and applications. The latter interest led to construction of miniature ion trap 
mass spectrometers and their application to problems of trace chemical agent detection. He is on the boards of a number of journals and has 
been honored by awards from the American Chemical Society and other organizations. His work is highly cited (one of 100 most-cited 
chemists).  

 
THURSDAY POSTER SESSIONS and BREAKS 

09:00 – 10:30 AM and 14:00 – 15:30 PM 
Room 206A/B 

All Thursday posters should be put up in Room 206A/B between 07:30 – 08:00 and removed between 5:00 – 6:00.  If your poster board 
number is an odd number (1, 3, 5, etc.), the presenting author must be present 09:00 - 09:45 and 14:00 – 14:45 on Thursday.  If your poster 
board number is an even number (2, 4, 6, etc.), the presenting author must be present 09:45 – 10:30 and 14:45 – 15:30 on Thursday. 

Elemental MS 
Board # 
 1 (510) A General Method For The Determination of 

Trace and Heavy Metals By Inductively Coupled 
Plasma-Mass Spectrometry (ICP-MS); Shyla Mathew1; 
1Bristol-Myers Squibb 

 2 (511) Investigating the Capabilities of Pulsed Glow 
Discharge Time-of-Flight Mass Spectrometry for the 
Qualitative Analysis of Chemical Warfare Agent 
Metabolites; Megan DeJesus1, Jennifer Robertson-
Honaker1, Fred L. King1; 1West Virginia University 

 3 (512) Fundamental Studies of Particle Vaporization in 
an Argon ICP Using Time Resolved Mass 
Spectrometry; Noel Casey1, John Olesik1; 1The Ohio 
State University 

 4 (513) Elemental Analysis of Amniotic Fluid 
Metabolomics; Josiane P. Lafleur1, Margaret Antler1, 
Daniel K. Tisi1, Eric D. Salin1, Kristine G. Koski1, David 
H. Burns1; 1McGill University 

 5 (514) Direct Analysis of Analyte Laden 
Chromatographic Material by Laser Ablation 
Inductively Coupled Plasma Mass Spectrometry; 
Josiane P. Lafleur1, Cameron D. Skinner1, Eric D. Salin1; 
1McGill University 

 6 (515) A New High Performance, High Throughput 
Glow Discharge Sector Field Mass Spectrometer for 
the Analysis of High Purity Metals; Lothar Rottmann1, 
Joachim  Hinrichs1, Meike Hamester1; 1Thermo Electron 

 7 (516) Non-Metal Detection Utilizing LC-ICP-MS With 
USN-MD Sample Introduction; Jon Carnahan1, John 
Carr1, Kaho Kwok1, Adam Dill1, Zhirui Wang1, Gregory 
Webster2; 1Northern Illinois University; 2Pfizer Global 
Research and Development 

 8 (517) Determination of Plutonium Isotopes in Soil and 
Sediment Samples Using Microwave Digestion, On-
Line Extraction Chromatography, Desolvating 
Nebulization and ICP-MS; Vladimir N. Epov1, R. 
Douglas Evans1; 1Environmental & Resource Studies, 
Trent University 

 9 (518) Strategies for the Direct Analysis of Organic 
Solvents in ICP-MS Using Membrane Desolvation; 
James Leach1; 13M Company Corporate Analytical 

 10 (519) Determination of Mercury in Whole Blood by 
Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS). A Performance Evaluation; Pierre Dumas1, 
Alain Leblanc1; 1Institut national de santé publique du 
Québec 

 11 (520) Chemical Resolution of Isobars in ICP-MS : 
Fundamental and Practical Aspects of Method 
Development; Dmitry R. Bandura1, Vladimir I. 
Baranov1, Scott D. Tanner1; 1PerkinElmerSCIEX 

 12 (521) Coupling LC to a 90 Degree Ion Optics ICP-MS 
(LC-ICP-MS) for Elemental Speciation; Doug 
Shrader1, Christine Rivera1, Michael Leist1, Shane 
Elliott1; 1Varian, Inc. 

 13 (522) Use of a New Hydride Generation Device to 
Measure Precise Selenium Isotope Ratios by MC-
ICP/MS; Holger Hintelmann1; 1Trent University 
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 14 (523) Polyatomic Ions; No Longer a Problem for 
Routine Multi-Element Analysis of Variable Matrix 
Samples, Using ICP-MS; Christopher Scanlon1; 
1Agilent Technologies 

 15 (524) Trace Elemental Analysis of Wafer Surface by 
ICP-MS; Hsiaoming Tan1; Scott Paladichuk1; 1Jazz 
Semiconductor, Inc. 

 16 (525) Ablation Ionomics:  Application of Laser 
Ablation Inductively Coupled Plasma Mass 
Spectrometry for Multi-dimensional Ionomic 
Profiling; Luke Gumaelius1, Brett Lahner1, David Salt1; 
1Purdue University 

 17 (526) High-throughput Ionomics: Interrogating the 
Ionome with Robotics, Desolvation and Lasers High-
throughput Ionomics: Interrogating the Ionome with 
Robotics, Desolvation and Lasers; Luke Gumaelius1, 
Brett Lahner1, David Salt1; 1Purdue University 

 18 (527) The Story in the Hair – Elements of 
Environmental and Nutritional Importance; Firhan 
Malik1, Troy Maki1, Graeme Spiers1,2; 1Laurentian 
University; 2MIRARCO 

 19 (528) Trace Elements in Urine - a Timely Study; Neil 
Graham1, Troy Maki1,2, Graeme Spiers1,2; 1Laurentian 
University; 2MIRARCO 

 20 (529) A New Detection System for High Resolution 
ICP-MS; Meike Hamester1, Julian Wills1, Lothar 
Rottmann1; 1Thermo Electron 

21 (530) Fast and Efficient Calibration Method for Icp 
Spectrometry Based On the Use of Stirred Tanks; Jose 
L. Todoli1, Eduardo Paredes1, Salvador Maestre1; 
1University of Alicante 

22 (530b) Effect of Methanol and Sodium Dodecylsulfate 
on Radial Profiles of Ion Abundance in Inductively 
Coupled Plasma Mass Spectrometry; Shulan Liu1, 
Diane Beauchemin1; 1Queen’s University 

Laser Ablation and LIBS 
Board # 
 23 (531) Laser Ablation Inductively Coupled Plasma 

Mass Spectrometry for Human Hair Analysis; Eric 
Salin1, Kevin Bemben1; 1McGill University 

 24 (532) Complete Research System Solution Offering 
for Laser Induced Breakdown Spectroscopy; Marc 
Neglia1, 2; 1Princeton Instruments; 2Acton Research 

 25 (533) Quantitative Analysis by Laser Ablation 
ICPMS: Limitations from the Ion Source; Bodo 
Hattendorf1, Zhongke Wang1, Detlef Guenther1; 1ETH 
Zuerich 

 26 (534) Ion Distribution and Vaporization Efficiency in 
the ICP for Laser-generated Aerosols; Zhongke 
Wang1, Bodo Hettendorf1, Detlef Guenther1; 1ETH 
Zürich 

 27 (535) Secondary Ion Mass Spectrometry Analysis of 
Laser Ablation Craters in NIST Glasses; Jason Holt1, 
Greg Klunder1, Erik Nelson2; 1Forensic Science Center, 
LLNL; 2Mat'l Synth. & Nano-beam Precision Group 

 28 (536) A New Large Format, Low Dispersion Laser 
Ablation Cell for the Analysis of Transient and Steady 
State Aerosol Signals; Lawrence Neufeld1; 1New Wave 
Research Inc. 

 29 (537) Femtosecond Laser Ablation ICP-MS; Jhanis 
Gonzalez1, Xianglei Mao1, Richard Russo1; 1Lawrence 
Berkeley National Laboratory 

 30 (538) Quality Control of Al -alloy Cladding; Sayed 
Waly1, Abd Elftah Helal1, Nagwa Zahran1, Mohamd 
Shaht1, Mohamd Ghoneim1, Yossry Aziz1; 1Atomic 
Energy Authority, Cairo, Egypt 

 31 (539) Hydrogen Analysis in Metals Using Laser-
Induced Gas Plasma and Target Plasma at Helium 
Atmospheric Pressure; Syahrun Nur abdul Madjid1, 
Koo Hendrik Kurniawan2, Tjung Jie Lie2, Kiichiro 
Kagawa3; 1Department of Physics, Syiah Kuala 
University; 2Maju Makmur Mandiri Research Center; 
3Department of Physics, Fukui University 

NIR Applications / Process Control 
Board # 
 32 (540) “Real-time” On-line Application with AOTF-

NIR Analyzers; Igor Nazarov; 1Brimrose Corporation 
 33 (541) Tissue Identification using a Miniature Near-

Infrared Spectrometer; Edita Botonjic1, Steven 
Fawcett1; 1Axsun Technologies 

34 (542) Near-Infrared Spectroscopy as a Means of 
Determining Postmortem Interval of Skeletal 
Remains; Jody Harvey1, Marianna Busch1, Kenneth  
Busch1, Susan Wallace1; 1Baylor University 

 35 (543) Investigating Analytical Techniques for 
Fermentation Process Monitoring – Off-Gas Analysis 
and Acoustic Emission Analysis; Clare Hopper1, Alison 
Nordon1, Kirsty Laverty1, Lorraine Gibson1, David 
Littlejohn1, Paul Jeffkins2, Sarah Stimpson2, Alison 
Dann2, Mark Richardson2; 1University of Strathclyde; 
2GlaxoSmithKline 

 36 (544) Near Infrared Analysis of Amniotic Fluid for 
Fetal Health Assessment using Particle Swarm 
Wavelet Selection; Scott M. Rosendahl1, Kristin M. 
Power1, Daniel K. Tisi2, Kristine G. Koski2, David H. 
Burns1; 1McGill University, Department of Chemistry; 
2McGill University, Dietetics and Human Nutrition 

 37 (545) Ultrafast On-Line Applications of Near-Infrared 
Spectroscopy in the Pharmaceutical Industry; Heinz 
W. Siesler1, Sven Borchert2, Heino Prinz2; 1University of 
Duisburg-Essen; 2Uhlmann VisioTec GmbH 

 38 (546) Multivariate Optical Element Predictive Ability 
in Response to NIR Spectral Resolution; Luisa T.M. 
Profeta1, Michael L. Myrick1; 1University of South 
Carolina 

 39 (547) Monitoring The Epimerization Of 2,2-Dimethyl-
1,3-Dioxolane-4-Methanol Using Near-Infrared 
Vibrational Circular Dichroism Spectroscopy; 
Laurence A. Nafie1,2, Changning  Guo1, Rina K. Dukor2, 
Reha Shah3, John Mills3, Xiaolin Cao1, Teresa B. 
Freedman1; 1Syracuse University; 2BioTools Inc.; 
3Johnson & Johnson Pharmaceutical Research 

 40 (548) Prediction of Monounsaturated, 
Polyunsaturated, and Saturated Fats by NIR and FT-
NIR Spectroscopy in Processed Cereal Products; 
Sandra E. Kays1, Laura L. Vines2, Philip, E. Koehler2; 
1USDA, ARS, Athens, GA; 2The University of Georgia, 
Athens 

 41 (549) Near Infrared Spectroscopy Application for 
Determination of Moisture Content in an Active 
Pharmaceutical Ingredient; Jun Chen1, Amy Wang1, 
Hafez Abdel-Kader1; 1Sanofi-Aventis 

 



65 

TECHNICAL PROGRAM – THURSDAY 
Posters 09:00 – 10:30 and 14:00 – 15:30

Separations 
Board # 
 42 (550) Spectroscopic Investigations of the Selective 

Sequestering Ability of Poly(amidoamine) 
Dendrimers; Elizabeth Morgan1, Julie Rogers1, Sheryl 
Tucker1; 1University of Missouri~Columbia 

 43 (551) Supercritical Fluid Extraction of Lanthanides 
for Analytical Radiochemistry; Ismael Gonzalez1, Phill 
Goodall1; 1Nexia Solutions 

 44 (552) Selective Capture and Release of DNA Using 
Capillary Affinity Gel Electrophoresis; Andrew Chan1, 
Ulrich J. Krull1; 1University of Toronto at Mississauga 

 45 (553) Fluorescence Detector for Capillary 
Electrophoresis using Violet Light Emitting Diode 
and Labeling Reagent; Riichiro Nakajima1, Takayoshi 
Tanaka1, Keiichi Noda1, Yuki Matsui1, Takashi Tamura1, 
Kazuhiko Tsukagoshi1; 1Doshisha University 

 46 (554) Analysis of Gasoline Residues in Aqueous 
Environments using Solid Phase Microextraction – 
Gas Chromatography / Ion-Trap Mass Spectroscopy; 
Don-Roger Parkinson; 1S.W.G.C., Memorial University 

 47 (555) Quantification and Comparison of Methyl 
Benzoate and Ergosterol as Biomass Markers of Mold 
for Indoor Building Materials.; Don-Roger Parkinson1, 
Wyn Rools2; 1Memorial U., S.W.G.C., Chemistry; 
2Memorial U. S.W.G.C., Biology 

 48 (556) Temperature Programming in the High-
Performance Liquid Chromatographic Separation of 
20 Polycyclic Aromatic Hydrocarbons in Soil, 
Sediment, and Sewage Sludge; Audrey E. McGowin1, 
Gail L. Dean1, Pragathi V. Kadiri1; 1Wright State 
University 

 49 (557) The Application of Mass Spectrometry in the 
Molecularly Imprinted Polymers; Shuting Wei1, 
Facundo Fernandez1, Boris Mizaikoff1; 1Georgia Institute 
of Technology 

 50 (558) Enhancing Learning with GC-MS:  A Reaction 
Investigation in Organic Laboratory; Salah Blaih1, 
James Durandetta1, Hani Blaih1; 1Kent State University 
Trumbull 

 51 (560) Dielectrophoretic and Electrophoretic Based 
Separation and Concentration of Bioparticles; Michele 
Pysher1, Mark Hayes1; 1Arizona State University 

 52 (561) Rapid Screening Approach for Trace Metal 
Separation; Xavier Poteau1, Philip Goodall1, Samuel 
Carradice1; 1NexiaSolutions 

 53 (562) Capillary Electrophoresis and MALDI-TOF 
Mass Spectrometry for Characterization of the 
Products of Enzymatic Deacetylation of Chitin and 
Chitosan Oligosaccharides; Karen C. Waldron1, Marie-
Eve Beaudon1, Abdessamade Bahtouki1, Isabelle 
Boucher2; 1University of Montreal, Department of 
Chemistry; 2ISM Biopolymer, Granby Quebec 

 54 (563) Supercritical Fluid Extraction of Acanthoside-D 
from Acanthopanax Senticosus; Kyung Ho Row1, 
Kwang Jin Lee1; 1Inha University 

 55 (564) Determination of Selected Neurotransmitter 
Metabolites Using Monolithic Column 
Chromatography Coupled with Chemiluminescence 
Detection; Jacqui Adcock1, Neil Barnett1, Jason Costin1, 
Paul Francis1, Simon Lewis1; 1Deakin University, 
Australia 

 56 (565) Determination of Phosalon in Soil by SPE/UV; 
Madjid Soleimani; Imam Khomeini Int. University 

 57 (566) A Simple KCE Method for the Direct 
Measurement of the Bimolecular Rate Constant of 
Complex Formation (kon); Alexander Petrov1, Victor 
Okhonin1, Maxim Berezovski1, Sergey N. Krylov1; 1York 
University 

 58 (567) Isolation and Characterization of Pre-
Calcipotriene; Larisa Kalashnikova1, Irina  Vassillieva1, 
John  Statler1; 1Connetics Corporation 

 59 (570) The Use of Local Clays as Adsorbant for the 
Chromatographic Determination of the Saturates 
Content of Base Oils; Kwame Ankoma Kwakye1; 1Tema 
Lube Oil Co Ltd., Ghana 

 60 (571) Verification of the Potency of an Anti-Rust 
Additive for Lubricating Oils Obtained from a Plant; 
Kwame Ankoma Kwakye1; 1Tema Lube Oil Co Ltd. 

 61 (572) Direct Ultra Trace Analysis of Trimethylamine 
in Semiconductor Grade Hydrogen Peroxide with a 
New IC Technique; Klaus Klemm, Alexander 
Maschkow1, Anja Gruber1; 1Merck KGaA Darmstadt, 
Germany 

 62 (573) Application of Thiol-Nanosacavenger in the 
Measurement of Environmental Pollutants; Nezar 
Hassan Khdary1, Alan G Howard2; 1Nezar Hassan 
Khdary; 2Alan G. Howard 

 63 (574) Studies on the Determination Method of Beet 
Red in Foods; Tal Soo Lee, Young Mi Jang, Ki Hyoung 
Hong, Sung Kwan Park, Yong Kwan Kwon, Sung Kug 
Park, Sun Young Chang; 1Korea Food & Drug 
Adminstration 

 64 (575) Determination of Preservatives in Cosmetics 
and Food Samples; Najma Memon1, M.Iqbal Bhanger1; 
1Centre of Excellence in Analytical Chemistry 

 65 (577) Determination of Residual 1-(2-Hydroxyethyl) 
Piperazine in Pharmaceuticals; Marie-Josée 
Rocheleau1, Josée Verreault1, Julie Bolduc1; 1Bristol-
Myers Squibb PRI 

 66 (578) Selective Oxidation Of Ivermectin With 
Organo-Hydroperoxides; Andreas Abend1, Christopher 
Beasley1, Tsang-Lin Hwang1, Robert Reed1; 1Merck 
Research Laboratories 

 67 (579) Analysis of Surface Wipes for the Detection of 
2,6-di-tert-butyl-4-nitrophenol on Navy Submarines; 
Christina  DiGiulio1, Kevin Johnson2, Susan Rose-
Pehrsson2; 1NOVA Research, Inc; 2Naval Research 
Laboratory 

 68 (580) A Rapid and Specific Analysis of Labile and 
Genotoxic Agaritine in Mouse Plasma Using Liquid 
Chromatography-Tandem Mass Spectrometry; 
Kazunari Kondo1, Asako Watanabe1, Ikuro Abe2, Hideya 
Tanaka2, Hiroshi Akiyama1, Tamio Maitani1; 1National 
Institute of Health Sciences; 2University of Shizuoka 

SPR/SERS 
Board # 
 69 (581) Novel Surface Coatings For Antibody 

Attachment To Surface Plasmon Resonance Sensors; 
Jean-Francois Masson1, Karl Booksh1; 1Arizona State 
University 

 70 (582) Surface Plasmon Resonance of Metal Oxides; 
Crissy Rhodes1, Scott Brewer1, Simon Lappi1, Marta 
Cerruti1, Stefan Franzen1; 1North Carolina State 
University 
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 71 (583) Designing Colloidal Nanostructures with 
Optimal Properties for Surface-Enhanced Raman 
Scattering; Ramon A. Alvarez-Puebla1, Elena Arceo1, 
Ricardo F. Aroca1; 1University of Windsor 

 72 (584) Development and Characterization of 
Multilayer Enhanced Sers Immuno-Nanosensors; 
Honggang LI1, Caitlin Baum1, Brian Cullum1; 1Univ. of 
MD Baltimore County 

 73 (585) Fiber Optic Chemical Sensing Surface Plasmon 
Resonance Spectroscopy; Yoon-Chang Kim1, Soame 
Banerji1, Jean-Francois Masson1, Wei Peng1, Karl 
Booksh1; 1Arizona State University 

 74 (586) Development of a Surface Enhanced Raman 
Spectroscopy Technique for the Identification of 
Biomarkers on Mars; Michael Miller1, Narasi Sridhar1, 
Darrell Dunn1, Kendra Price1, Roberto Pabalan1, T.A. 
Abrajano2; 1Southwest Research Institute; 2Rensselaer 
Polytechnic Institute 

 75 (587) Visualization of SERS-Active Particles on 
Linear-Flow Test Strips; Peter J. Codella1, Michael C. 
Burrell1, Frank J. Mondello1, Rui Chen1, Andrew Pris1, 
Vincent Lee2, Partick Engel2, Scot Sutherland2; 1GE 
Global R&D; 2GE Homeland Security 

 76 (588) Wavelength-Scanned Surface-Enhanced Raman 
Excitation Spectroscopy; Matthew Young1, Adam 
McFarland1, Jon Dieringer1, Richard Van Duyne1; 
1Northwestern University 

 77 (589) Rapid Analysis of Drugs and Metabolites in 
Saliva; Chetan Shende1, Frank Inscore1, Paul 
Maksymiuk1, Stuart Farquharson1; 1Real-Time Analyzers 

 78 (590) Detecting Hydrolysis Products of Chemical 
Agents in Water by Surface-Enhanced Raman 
Spectroscopy; Frank Inscore1, Stuart Farquharson1; 
1Real-Time Analyzers 

 79 (591) Identifying Surfaces Contaminated with Bacillus 
Spores using Surface-Enhanced Raman Spectroscopy; 
Frank Inscore1, Alan Gift1, Paul  Maksymiuk1, Jay 
Sperry1, Stuart Farquharson1; 1Real-Time Analyzers 

 80 (592) SERRS Polymer Beads; W.Ewen Smith, Duncan 
Graham, Peter Cormack, Ailie McCabe, R.Arun Prasath, 
Charlotte Eliasson, Aaron Hernandez-Santana, Edward 
Quinn; 1Strathclyde University 

 81 (593) A Novel Screening Method for Enzyme Activity 
and Enantioselectivity Using SERRS; Karen Faulds1, 
Lorna C. Stevenson1, Andrew Ingram1, Barry D. Moore1, 
Duncan Graham1; 1University of Strathclyde 

 82 (594) Extrinsic Raman Labels for Surface Enhanced 
Raman Scattering-Based Immunoassays; Robert 
Lipert1, Hye-Young Park1, Jeremy Driskell1, Betsy Jean 
Yakes1, Jill Uhlenkamp1, Deepak Dibya1, Marc Porter1; 
1Iowa State University 

 83 (595) Surface Plasmon Resonance and the Excluded 
Volume Effect; Helen Hsieh1, Matthew Tingey1, Bruce 
Pitner1; 1BD Technologies 

Thursday Morning, Room 202 
LASER-INDUCED BREAKDOWN SPECTROSCOPY 
Organizer:  Louis St. Onge; Presider:  Mohamad Sabsabi 

10:30 (596) Caves, Deserts, Roads, Churches, 
Factories…Current Scenarios for LIBS Technology; 
Javier Laserna; 1University of Malaga 

11:10 (597) Microchip Lasers for Single Particle Detection 
using Laser Induced Breakdown Spectroscopy; Ben 
Smith1, Nicolo Omenetto1, Igor Gornushkin1, Kirby 
Ampohsah-Manager1, James Winefordner1; 1University 
of Florida 

11:30 (598) The Application of Laser Induced Breakdown 
Spectroscopy (LIBS) for the Analysis of 
Pharmaceutical Products and Intermediates; Mark 
Mowery1, Robert Green1, Elizabeth Kwong1, John 
Higgins1, Julie Smith1, Robert Reed1; 1Merck & Co., Inc. 

11:50 (599) Implementing Real-Time Chemical Monitoring 
of Ore Beneficiation Processes with LIBS; Daniel 
Michaud1, Jean-Guy Chartrand1, Guy Chevalier2; 
1COREM; 2Quebec-Cartier Mining Company 

12:10 (600) Spectrochemical Analysis of Lead by a 
Combination of Laser-Induced Breakdown 
Spectroscopy and Laser-Induced Fluorescence 
Spectroscopy; Stéphane Laville1, Mohamad Sabsabi1, 
Louis St-Onge1, André Hamel1; 1IMI - NRC 

Thursday Morning, Room 203 
REALLY USEFUL APPLICATIONS OF VIBRATIONAL 

HYPERSPECTRAL IMAGING 
Organizer and Presider:  Sophie Morel 

10:30 (601) Near-field Raman Microscopy: Breakthrough in 
Chemical Imaging, Problems and Perspectives; Alexei 
Sokolov; 1University of Akron 

10:50 (602) Raman, Infrared and Near Infrared Chemical 
Imaging: Which, When and Why?; Neil Lewis1, 
Kenneth Haber1, Linda Kidder1, Frederick Koehler1, 
Eunah Lee1, Joseph Schoppelrei1; 1Spectral Dimensions, 
Inc. 

11:10 (603) Raman Confocal Imaging of Reaction-Diffusion 
Process in Micro Channels; Laurent Servant1, Jean-
Baptiste Salmon2, Armand Ajdari2, Patrick Tabeling2, 
David Talaga1, Mathieu Joanicot3; 1LPCM; 2MMn-
ESPCI; 3LOF-RHODIA 

11:30 (604) Polarized Raman Spectroscopy of Early Dental 
Caries: A Comparison with OCT and Histology; Lin-
P'ing Choo-Smith1,2, Alex Ko1, Mark Hewko1, Cecilia 
Dong2, Blaine Cleghorn3, Michael Sowa1; 1NRC Institute 
for Biodiagnostics; 2University of Manitoba; 3Dalhousie 
University 

11:50 (605) New Advances in Raman Image Analysis; Mark 
Wall1, Frederico Izzia1, Steve Lowry1; 1Thermo Electron 
Corporation 

12:10 (606) Speed and Throughput Enhancements in 
Raman Chemical Imaging:  Fiber Array Spectral 
Translators (FAST); Matthew P. Nelson1, Patrick J. 
Treado1; 1ChemImage Corporation 

Thursday Morning, Room 204A 
A SPECTRUM OF APPLICATIONS OF NEAR-INFRARED 

SPECTROSCOPY 
Organizer:  Katherine Bakeev; Presider:  Sandra Kays 

10:30 (607) Instrumentation Factors and Sample 
Presentation Effects on Calibration Transfer and 
Direct  Prediction of Drug Content using Different 
Near Infrared Spectrometers; Stephen Hoag1, Simin  
Hassannejad Tabasi1, Katherine Bakeev2, Raafat Fahmy3; 
1University of Maryland; 2Foss NIRSystems; 3Food and 
Drug Administration 
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10:50 (608) Classification of Fabrics by Near-Infrared 
Spectroscopy; Christopher Davis1, Dennis  Rabbe1, 
Marianna  Busch1, Kenneth Busch1, Alton Hassell1, 
Judith Lusk1; 1Baylor University 

11:10 (609) In-Vivo, Noninvasive Measurement of Muscle 
pH using Near Infrared Spectroscopy; Olusola 
Soyemi1, Michael  Shear1, Michelle Landry1, Dulce 
Anunciacion1, Babs Soller1; 1UMass Medical School 

11:30 (610) Real-time Performance Verification (RTPV) in 
NIR Measurement Systems; Chun Cai1; 1sanofi aventis 

11:50 (611) Nutritional classification of cereal food products 
using FT-Raman and Near-Infrared Spectroscopy; 
Miryeong Sohn1, Sandra Kays1, David Himmelsbach1, 
Franklin Barton, II1; 1USDA-ARS 

12:10 (612) Vial Clarity Increase Cause and Effect; Robert 
Roller; 1Eli Lilly and Co. 

Thursday Morning, Room 204B 
SPR I 

Organizer:  Karl Booksh; Presiders:  Roger Terrill and Karl Booksh 

10:30 (613) New Spectroscopic Methods for SPR Bioaffinity 
Sensing; Alastair W Wark1, Hye Jin Lee1, Robert M 
Corn1; 1University of Cailfornia-Irvine 

10:50 (614) Interfacial Free Energy Gradients and Active 
Spatiotemporal Control of Molecular Recognition; 
Paul Bohn1, Xuejun Wang1, Qian Wang1; 1Univ. of 
Illinois 

11:10 (615) Surface Plasmon Resonance Analysis of Protein-
Carbohydrate Interactions; Roger MacKenzie; 
1National Research Council of Canada 

11:30 (616) Microfluidics and Surface Plasmon Resonance 
Imaging for Saliva-Based Medical Diagnostics; Tim 
Chinowsky; 1University of Washington 

11:50 (617) System Optimization for Fourier Transform 
Surface Plasmon Resonance Measurements in the 
Near Infrared Spectral Region; Stephen Lowry1, 
Koichi Nishikida1, Steve Weibel2, Voula Kodoyianni2; 
1Thermo Electron Corp.; 2GWC Technologies Inc. 

12:10 (618) DNA Duplexation: SPR and SEIR Views; Roger 
Terrill1; 1San Jose State University 

Thursday Morning, Room 205A 
TECHNOLOGIES IN DEFENSE OF THE HOMELANDS I 

Organizer and Presider:  Cynthia Mahan 

10:30 (619) Overview of Homeland Security Advanced 
Research Projects Agency; Jane Alexander; 1DHS 

11:10 (620) Chemical and Explosives R&D Programs within 
the CBRNE Defense Office of the Homeland Security 
Advanced Research Projects Agency (HSARPA); 
Keith B. Ward1; 1DHS S&T, HSARPA 

11:50 (621) Biological Countermeasures; Michael P. 
McLoughlin1; 1DHS 

12:10 (622) Sandy Sensors: Lessons Learned from Fielded 
Instrumentation in Iraq; D. Christian Hassell; 1AMTI 

Thursday Morning, Room 205B 
ENHANCED SAMPLE INTRODUCTION IN ICP 

SPECTROMETRY 
Organizer:  Diane Beauchemin; Presider:  Ian Brindle 

10:30 (623) Flow Injection Hydride Generation with ICP-
OES; Julian Tyson1, Princess Hernandez1, Fumin Pan1, 
Dennis Yates2; 1UMass Amherst; 2PerkinElmer Life and 
Analytical Sciences 

11:10 (624) Towards the Characterisation of Selenoproteins 
in Human Serum Samples; Cameron McLeod1, Sarah 
Stokes1, Josephine Bunch1, Renli Ma2, Erik  Larsen3; 
1The University of Sheffield; 2Northumbria University; 
3Institute of Food Nutrition 

11:30 (625) Photochemical Alkylation and Vapor 
Generation for Enhanced Sample Introduction 
Efficiency; Ralph Sturgeon1, Zoltan Mester1, Xu-ming 
Guo1; 1INMS-NRC 

11:50 (626) The Analytical Utility of Optimized Time 
Resolved ETV-ICP(TOF)MS Data Collection; James 
Holcombe, Gulay Ertas; 1Univerisity of Texas 

12:10 (627) Multiplexed ETV-ICP(TOF)MS:  Maximizing 
Elemental Analytical Data; Thomas Kreschollek1, 
James Holcombe1; 1University of Texas at Austin 

Thursday Morning, Room 205C 
KINETIC CAPILLARY ELECTROPHORESIS I 

Organizer and Presider:  Sergey Krylov 

10:30 (628) Kinetic Capillary Electrophoresis - the Concept; 
Sergey Krylov1; 1York University 

11:10 (629) Advances in Microelectrophoretic Equilibrium 
Methods for Binding Studies; Niels Heegaard1; 1Statens 
Serum Institut 

11:30 (630) Simple Migration Steps Result in Complex 
Analyte Behavior in Capillary Electrophoresis; David 
Chen1, Ning Fang1; 1University of British Columbia 

11:50 (631) Interdomain Collaboration in the Drug-Binding 
Activity and Folding of Tetracycline Repressor; Alan 
Davidson1,2, Sean Reichheld1; 1Dept. of Biochemistry, 
University of Toronto; 2Dept. of Mol. and Med. Gen., U. 
Toronto 

12:10 (632) Using SPR to Measure Binding Kinetics 
Between Proteins and Small Molecules; Giuseppe 
Papalia1; 1University of Utah 

Thursday Morning, Room 207 
MS PROTEOMICS I 

Organizer:  K. W. M. Siu; Presider:  Carlito Lebrilla 

10:30 (633) The Expanding Mass Spectrometry Toolbox for 
Characterizing Proteins; Joseph Loo1,2, Pinmanee 
Boontheung1, Shen Hu3, Prasanna Ramachandran1, 
Yongming Xie1, Yanan Yang1, Rachel Ogorzalek Loo2; 
1UCLA Department of Chemistry and Biochemistry; 
2UCLA School of Medicine; 3UCLA School of Dentistry 

11:10 (634) Breaking the Proteome Apart; Daniel Figeys1,2, 
Thodoros Topaloglou3, Rob Ewing3, Peter Chiu3, Martin 
Ethier1,2, Yinglun Sheng1,2, Nathalie Major1,2, Jeffrey C. 
Smith1,2, Julian Vasilescu1,2, Jean-Philippe Lamber1,2; 
1The Ottawa Institute of Systems Biology; 2University of 
Ottawa; 3Protana Inc. 

11:30 (635) Analysis of PARP and Poly(ADP-ribose) 
Interactors by Mass Spectrometry; Guy G. Poirier1, 
Aude Picard-Cloutier1, Michele Rouleau1, Marie-Eve 
Bonicalzi1, Pierre Gagné1, Chantal Ethier1, Arnaud 
Droit1, Jean-Francois Haince1, Jean-Philippe Gagné1; 
1Laval University CHUL Research Center 

11:50 (636) Non-Canonical Amino Acids in the Yeast 
Proteome: Study of Seleno-Methionine Incorporation; 
Zoltan Mester1, Shona McSheehy1, Luc Tessier2, John  
Kelly2; 1Institute for National Measurement Standards, 
NRC; 2Institute for Biological Sciences, NRC 
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Orals 15:30 – 17:30 (SPRII begins at 15:10)

12:10 (637) Mapping Protein Phosphorylation in 
Endometrial Carcinoma; Adrian Taylor1, Leroi 
DeSouza1, K.W. Michael Siu1; 1CRMS, York University 

 
THURSDAY POSTER SESSION and BREAK 

14:00 – 15:30, See pages 63 - 66 
Room 206 A/B 

 
Thursday Afternoon, Room 202 

LASER ABLATION FOR ANALYTICAL SAMPLING 
STROCK AWARD SYMPOSIUM 

Organizer:  Louis St. Onge;  Presider:  Julian Tyson 

15:30 (638) Numerical Model for Laser Ablation and Laser-
Induced Plasma Formation: Effect of Laser 
Parameters, Background Gas and Metal Target; 
Annemie Bogaerts1, Zhaoyang Chen1, Davide Bleiner1; 
1University of Antwerp, Department of Chemistry 

16:10 (639) Combination of Laser Capture Microdissection 
and Laser Ablation Inductively Coupled Plasma Mass 
Spectrometry for Local Analysis of Biological 
Samples; Robert Hutchinson1, Cameron McLeod1, Alan 
Cox1; 1University of Sheffield 

16:30 (640) Determination of Some Trace Metals in 
Particulate Matter using LA-ICP-MS; Marc 
Lamoureux1, Janelle Samson1, Yuqing Tian1; 
1Department of Chemistry, Saint Mary's University 

16:50 (641) Chemical Analysis by Femtosecond Laser 
Ionization Mass Spectrometry; Greg Klunder1, Jason 
Holt1; 1Lawrence Livermore National Laboratory 

17:10 (642) Next Generation Laser Ablation; Rick Russo1, 
Jhanis Gonzalez1, Xianglei Mao, Chunyi Liu1, Sy-Bor 
Wen1, Greg Klunder2, David Baldwin3; 1Lawrence 
Berkeley National Laboratory; 2Lawrence Livermore 
National Laboratory; 3Ames Laboratory 

Thursday Afternoon, Room 203 
RAMAN AND INFRARED SPECTROSCOPY OF NATURAL 

AND SYNTHETIC POLYMERS 
Organizer and Presider:  Michel Pezolet 

15:30 (643) Raman Scattering as a Process Tool for  
Polymerization Reactions; Bruce Chase1, Mike Grady1, 
William Simonsick1, Cherng Wang1; 1DuPont 

15:50 (644) Polymer Characterization using Planar Array 
Infrared Spectroscopy; Christian Pellerin1, Isabelle 
Pelletier1, John F. Rabolt2, D. Bruce Chase3; 1University 
of Montreal; 2University of Delaware; 3DuPont Inc. 

16:10 (645) Porolized Infrared Spectroscopy and Quantum 
Chemistry Calculation Studies of C-H - - - O 
Hydrogen Bondings and Lamella Structure in 
Biodegradable Polyhydroxybutyrate; Yukihiro Ozaki1, 
Harumi Sato1, Jiri Dybal2, Tadahisa  Iwata3, Rumi 
Murakami1, Jianming Zhang1, Kohji Tashiro4, Isao 
Noda5; 1Kwansei Gakuin University; 2Institute of 
Macromolecular Chemistry; 3RIKEN Institute; 4Toyota 
Technological Institute 

16:30 (646) Vibrational Spectroscopic Studies of Polymeric 
Nanocomposites based on Layered Silicate Nanoclays 
and Carbon Nanotubes; Vasilis Gregoriou1, Georgia 
Kandilioti1, Spiros Tzavalas1, Dionysis Mouzakis1, 
Stavros Bollas1; 1FORTH/ICEHT 

16:50 (647) Infrared Spectroscopic Characterization of the 
Crystalline Structure of Polyamide-6 and Its Blend 
with Amorphous Polyamide; Kenneth Cole1, Jean-Marc 
Lefebvre2, Olivia Persyn2, Valérie Miri2, Christophe 
Depecker2; 1National Research Council Canada (IMI); 
2Univ. Sci. Tech. de Lille 

17:10 (648) Study by Raman Microspectroscopy of the 
Effect of Mechanical Deformation on the Structure of 
Spider Dragline Silk Monofilaments; Marie-Eve 
Rousseau1, Thierry Lefevre1, Michel Pezolet1; 
1Department of Chemistry, Laval University 

Thursday Afternoon, Room 204A 
ADVANCES IN NEAR-INFRARED INSTRUMENTATION 

Organizer and Presider:  David Himmelsbach 

15:30 (649) Filtering Out Absorbing Interferences in 
Multivariate Optical Computing; Michael Myrick1, 
Ryan Priore1; 1University of South Carolina 

15:50 (650) NIR Instrumentation and Software for Real-
Time Process Measurement; Susan Bragg1, Joachim 
Mannhardt2; 1SpectrAlliance, Inc.; 2J&M Analytische 
Mess- und Regeltechnik 

16:10 (651) A Novel Near-Infrared Spectropolarimeter for 
Determination of Sucrose; Carlos Calleja-Amador1, 
Dennis Rabbe1, Marianna Busch1, Kenneth Busch1; 
1Baylor University 

16:30 (652) Robust Fourier Transform Spectrometers – An 
OxyMoron?; Trent Ridder1, Benjamin Ver Steeg1, 
Brendan Falvey1, Bentley Laaksonen1; 1TruTouch 
Technologies, Inc. 

16:50 (653) Smaller Really Can be Better: Spectral Sensing; 
John Coates; 1Coates Consulting 

17:10 (654) Near-Infrared Spectroscopy Using A Widely-
Tunable Laser; Richard Crocombe, Dale Flanders, 
Walid Atia; 1Axsun Technologies 

Thursday Afternoon, Room 204B 
SPR II 

Organizer Karl Booksh 
Presider:  Tim Chinowski and Karl Booksh 

15:10 (655) Nanosensors Based on Responsive Polymer 
Brushes and Gold Nanoparticle Enhanced 
Transmission Surface Plasmon Resonance 
Spectroscopy; Eliza Hutter1, Iryna Tokareva1, Minko 
Sergiy1, Janos Fendler1; 1Clarkson University 

15:30 (656) A Portable 24-channel Surface Plasmon 
Resonance Biosensing Instrument Based on Texas 
Instruments' Spreeta Chips; Sinclair Yee1; 1University 
of Washington 

15:50 (657) Direct Detection of Glucose by Surface Plasmon 
Resonance with Immobilized Bacterial 
Glucose/Galactose-Binding Protein; J. Bruce Pitner1, 
Matthew L. Tingey1,2, Zachary A. Pfeiffer1,2, Douglas B. 
Sherman1, Terry J. Amiss1, Helen V. Hsieh1; 1BD 
Technologies; 2Univesity of Wisconsin, Madison 

16:10 (658) Surface Plasmon Resonance Detection on 
Conducing Metal Oxide Thin Films; Crissy Rhodes1, 
Stefan Franzen1; 1NC State University 
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16:30 (659) Detection of Low Molecular Weight Analytes 
with High-Resolution Differential Surface Plasmon 
Resonance Sensor; Erica Forzani1, Kyle Foley1, Andrew 
Baumgardner2, Paul Westerhoff2, Nongjian Tao1; 1Dept. 
of Electrical Engineering & CSSER; 2Dept.ofCivil & 
Environmental Engineering 

16:50 (660) Imaging SPR for in situ Study of Supported 
Lipid Membranes: Developing New Sensors for 
Membrane-Targeting Proteins; Quan Cheng; 
1University of California Riverside 

17:10 (661) Detection of Biomolecules in Complex Media 
Using Surface Plasmon Resonance Sensors; Jean-
Francois Masson1, Michael Malone1, Margaret Barnhart1, 
Karl Booksh1; 1Arizona State University 

Thursday Morning, Room 205A 
TECHNOLOGIES IN DEFENSE OF THE HOMELANDS II 

Organizer and Presider:  Cynthia Mahan 

15:30 (662) An Electronic Nose from Arrays of Polymer 
Composite Vapor Sensors; Marc Woodka1; Nathan 
Lewis; 1CalTech 

15:50 (663) Characterization of Positive and Negative Ions 
Simultaneously Through Measures of K and ∆∆∆∆K by a 
Tandem DMS-IMS2; G.A. Eiceman1, H. Schmidt1, J.E. 
Rodriguez1, C.R. White1, E.G.  Nazarov2, E.V. Krylov2, 
R.A. Miller2, M. Bowers2, D. Burchfield3, B. Niu3, E. 
Smith3, N. Leigh4; 1New Mexico State University; 
2Sionex Corporation; 3Hamilton Sundstrand; 4University 
of Missouri 

16:10 (664) A Rapid Isothermal Amplification Technology 
for the Identification of Biothreat Agents; Jeffrey Van 
Ness1, David Galas1; 1Keck Graduate Institute 

16:30 (665) Identification of Concealed Explosives via THz 
Absorption Spectroscopy Using Principal Component 
Analysis; Glenn J. Bastiaans1, Jerald Cole1; 1Intelligent 
Optical Systems, Inc. 

16:50 (666) Developing a Handheld Chemical Analyzer for 
Detecting TICs & CWAs Using a Solid-State Sensor 
Array; Brent T. Marquis1, Gregory P. Harmer1, Chuncai 
Yang1; 1Sensor Research & Development Corp. 

Thursday Morning, Room 205B 
APPLICATIONS OF INDUCTIVELY COUPLED PLASMA 

MASS SPECTROMETRY 
Organizer:  Diane Beauchemin; Presider:  Jim Holcombe 

15:30 (667) Arsenic Speciation: an Evaluation of Their 
Determination by Various Techniques; Ian Brindle1, 
Roger McLaughlin1, April Conn1, Angel Chung1; 1Brock 
University 

15:50 (668) The Determination of Tin, Thallium, and 
Uranium in Soils, Sediments and Sludges by 
Microwave Digestion ICP-MS; Teresa Switzer1, Alla 
Kryukova1, Rusty Moody1; 1Ontario Ministry of the 
Environment 

16:10 (669) Speciation of Anthropogenic Metals in Surficial 
Materials of the Sudbury Region; Graeme Spiers1,2, 
Joinal Abedin1,2; 1Laurentian University; 2MIRARCO 

16:30 (670) SemiQuant+Collision Cell: Rapid 
Determination in Chemical Emergency; Heidi Chen1, 2, 
Ewa Dabek-Zlotorzynska1; 1ETC, Environment Canada; 
2HPFB, Health Canada 

16:50 (671) Assessment of the Bioaccessibility of Elements in 
Airborne Particulate Matter using On-Line Leaching 
with ICPMS; Diane Beauchemin1, Mingyan Chu1, Denis 
Bérubé2; 1Queen's University; 2Health Canada 

17:10 (672) The Inductively Heated Electrothermal 
Vaporizer: A Sample Introduction Technique for 
Direct Mercury Analysis of Human Hair by ICP-MS; 
Rebecca Lam1, Josiane Lafleur1, Laurie Chan2, Eric 
Salin1; 1McGill University, Chemistry; 2McGill 
University, Dietetics 

Thursday Afternoon, Room 205C 
KINETIC CAPILLARY ELECTROPHORESIS II 

Organizer and Presider:  Sergey Krylov 

15:30 (673) Electrophoretic Analysis of Biological Molecules 
using Multiphoton Photochemistry; Jason Shear, 
Matthew Plenert, Rex Nielson, Eric Ritschdorff, Gleb 
Solomentsev; 1University of Texas at Austin 

16:10 (674) High Speed CE as Tool for Analysis of 
Bioaffinity; Robert Kennedy; 1University of Michigan 

1630 (675) Further Advances in NECEEM-based Selection 
of Aptamers; Maxim Berezovski1, Sergey Krylov1; 
1York University 

16:50 (676) Selection of Aptamers by Capillary 
Electrophoresis and Other Methods; Yingfu Li; 
1McMaster University 

17:10 (677) Selection of Smart Aptamers by Equilibrium 
Capillary Electrophoresis of Equilibrium Mixtures; 
Andrei Drabovich1; 1York University 

Thursday Morning, Room 207 
MS PROTEOMICS II 

Organizer:  K. W. M. Siu; Presider:  Joseph Loo 

15:30 (678) Discovery of Disease Markers by the Glycomics 
Approach; Carlito Lebrilla; 1University of California, 
Davis 

16:10 (679) Comparison of Methods for the Analysis of 
Endogenous Serum Peptides; John Marshall1,2; 1Faculty 
of Engineering and Applied Science; 2Ontario Cancer 
Biomarker Network 

16:30 (680) Identification of Differentially Expressed 
Proteins in Cerebral Stroke using Laser Capture 
Microdissection and ICAT-nanoLC-MS/MS; John 
Kelly1, Momir Nesic1, Valade Philippe1, Preston Ed1, 
Chan Kenneth1, Smith Brandon1, Danica Stanimirovic1, 
Arsalan Haqqani1; 1NRC-Institute for Biological Sciences 

16:50 (681) High-Throughput Analysis of Pharmaceutical 
Drugs using a High Repetition-Rate MALDI Triple 
Quadrupole Instrument; Dietrich Volmer1, Lekha 
Sleno1; 1National Research Council/IMB 

17:10 (682) Monitoring the Global Phosphoproteomic 
Dynamics of Retinoic Acid-Treated P19 cells; Jeffrey 
Smith1, Daniel Figeys1; 1University of Ottawa 
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(1) Adventures in Chemical Analysis 
Richard N. Zare1; 1Stanford University 

The ability to separate the individual components of a mixture is a 
critical requirement in the chemical sciences.  Often a substance 
must be available in pure form before an understanding of its 
structure and function can be obtained.  Dynamical processes can 
only be followed through knowledge of the concentrations of 
individual species as a function of time.  As far back as medieval 
times and even into the 20th century the main separation methods 
available were: filtration; precipitation; distillation; and 
crystallization. This work led to many triumphs including the 
accurate determination of atomic weights through careful 
precipitation measurements. The evolving complexity of the 
systems studied, especially in the biochemical sciences, led to the 
development of new analytical separation technologies: mass 
spectrometry; centrifugation; electrophoresis; and chromatography.  
As the 20th Century came to a close, we witnessed the cracking of 
the genetic code, the recording of the human genome, and the rise 
of combinatorial synthesis. All these efforts point to the need for 
automated, high-throughput analyses, involving complex samples 
present in tiny amounts. Chemical analysis can be the gating step in 
screening candidate molecules for various properties and in 
advancing our understanding of life processes.  This presentation 
addresses what necessary milestones must be achieved to carry out 
chemical analyses on small volumes containing complex mixtures 
of analytes.  Special attention is given to individual cells and 
cellular compartments.  It is important to recognize cells as 
chemical factories. It is predicted that new techniques will open 
single cells and their individual compartments to investigations at 
exquisite levels of detail.  
 
(2) Detection of Hg in Hair by Inductive Heating Vaporization 

Atomic Spectrometry 
David Duford1, Josiane LaFleur1, Rebecca Lam1, Eric Salin1; 

1McGill University, Chemistry Dept 
The health impact of mercury has raised concerns for years.  A 
low-cost  system for the analysis of mercury (Hg) in human hair 
will be demonstrated by inductively heated electrothermal 
vaporization, gold amalgamation, atomic absorption spectrometry 
(IH-ETV-GA-AAS).  The vaporized Hg is transported in a gas 
stream to an atomic absorption (AA) system tuned to the Hg 254 
nm line.  This particular AA is in a “cold vapor” arrangement 
specifically designed for gaseous rather than liquid samples.  The 
interest in this system revolves around the excellent Hg detection 
limits of cold vapor AA and the need for excellent detection limits 
when studying Hg in human hair.  The IH-ETV is superior to other 
ETV systems because it can handle very large samples, solid and 
liquid, and eliminates the need for lengthy digestion of samples 
(minimizing loss and contamination).  Furthermore, a gold 
amalgamation (GA) trap is included to serve the duel purpose of 
purification and preconcentration.  Moreover, digital acquisition is 
incorporated to facilitate data treatment and analysis.  The entire 
system has the potential to be made into a low cost, field portable 
system capable of monitor populations at risk (such as Native 
North American fishing populations) due to dietary or work 
exposure to Hg. 
 
(3) Electrothermal Vaporization and Laser Ablation as Sample 
Introduction System for ICP-MS: Potential and Limitations in 

the Determinations of Radionuclides 
Patricia Grinberg1, Lu Yang1, Zoltan Mester1, Scott Willie1, Ralph 

Sturgeon1; 1NRC 
Sample introduction into the ICP-MS is considered one of the most 
critical parts of the analytical process. In this presentation, the use 
of ETV and LA of dried micro-droplets as sample introduction to 
ICP-MS for the rapid assessment of long-lived radionuclides will  

be explored. Each system has its own potentials and limitations.  
ETV has been shown to provide a number of benefits for sample 
introduction, such as improved transport efficiency, small sample 
volume requirement, reduced interferences by removing the matrix 
and solvent components before they enter the mass spectrometer, 
ability to directly analyze organic liquids, strong acids and liquids 
high in dissolved solids and slurries. However, it can suffer from 
carbide formation, severe memory effects and poor sensitivity, 
especially for refractory elements. Additionally, fast transient 
signals are generated, which require a minimum number of data 
points per isotope per signal for characterization in sequential data 
acquisition mode when quadrupole instruments are used. 
Approaches in order to overcome the above limitations will be 
presented.  Laser ablation (LA) is mostly applied to the analysis of 
solids because of its several advantages, including pg g-1 detection 
limits, wide elemental coverage and linear dynamic range, but 
quantitative analysis remains problematic due to the lack of matrix-
matching solid standards for calibration. Attempt to use LA for the 
analysis of dried micro-droplets will be demonstred. 
 

(4) Sample Introduction Methods for Enhanced Arsenic and 
Selenium Detection by ICP-AES and ICP-MS 

Fred Smith1, Paula Doeschot1; 1CETAC Technologies 
A variety of sample introduction methods are available for 
enhanced element detection by ICP-AES and ICP-MS.  These 
methods can be very useful for elements that are more difficult to 
detect, such as the metalloids arsenic and selenium.  Both elements 
are of interest due to potential toxicity, particularly for 
environmental samples.  The sample introduction methods include 
ultrasonic nebulization, low-flow nebulization followed by 
membrane desolvation, and hydride generation.  The hydride 
generation system described is a new system with a specialized 
gas-liquid separator and an inert membrane filter.  These features 
are designed to maximize analyte signal and reduce background 
noise.  Detection limits will be presented for each method along 
with comparative advantages and disadvantages of each.  
Membrane desolvation will be investigated for reduction of ArCl+ 
interferences for quadrupole ICP-MS.  These interferences can 
severely degrade detection of As and Se in a high chloride matrix 
such as seawater. 
 
 

(6) Innovative Sampling Techniques for Improving 
Productivity in Simultaneous CCD-based ICP-OES 

Doug Shrader1, Andrew Ryan1, Christine Rivera1; 1Varian, Inc. 
Simultaneous ICP-OES is renown for the speed of analysis, 
accuracy and linear range.  Many ICP - OES systems are using a 
CCD detector to replace pmt detectors.  Typically the CCD detector 
leads to better accuracy by simultaneously measuring background 
and analyte signal and in some case the internal standard signal as 
well.  Increased speed of analysis can be achieved by using creative 
sample introduction techniques.  This paper will describe the use of 
a switching valve to decrease the sample delay time as well as the 
stabilization time of the plasma.  Further, the rinse time can be 
shortened so that the total analysis time is based on the integration 
time and number of replicates.  As a result, the system can be setup 
for maximum sample throughput without jeopardizing accuracy or 
precision. 
 
(7) Improvement of Direct Injection Multi-Gas ICP Source for 

AES and MS 
Akitoshi Okino1, Hidekazu Miyahara1, Goro Ohba1, Jungsun Ahn1, 

Taichi Kageyasu1, Kazuyasu Takimoto1, Eiki Hotta1; 1Tokyo 
Institute of Technology 

At the last FACSS meeting, we reported about a new direct 
injection multi-gas ICP source. With the plasma source, not only  
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Ar but He, N2, O2, CO2 and air plasmas can be stably generated at 
the atmospheric pressure and aqueous solutions are able to directly 
introduce into the plasma using conventional nebulizsers. The torch 
consists of coaxial three quartz glass tube and the carrier gas, the 
plasma gas and the cooling gas flow between the tubes. In the case 
of Ar and He ICP, N2, O2 and air can be used as a cooling gas. But, 
unfortunately, toughness of the plasma was not adequate for direct 
injection, especially in the case of Ar ICP. Argon plasma easily 
turned off and the ionization efficiency was very low compare with 
the conventional introduction system. To improve these problems, 
a new ICP torch is designed and developed. The torch has a support 
gas flow around the nebulized solutions. The laminar support gas 
flow reduce diffusion of the injected solutions. Then the solutions 
introduced into the center of the plasma. As a result, the stable 
generating conditions of plasmas under direct introduction are 
extended. The intensities of emission and ion from sample elements 
are dramatically improved. Furthermore, direct injection multi-gas 
plasma are realized by not only free-running RF generator but even 
crystal-controlled generator. 
 

(8) Infrared and Raman Microanalysis 
Michael Fuller1, Ellen  Miseo1, Jonah Kirkwood2, Andrew  
Ghetler2, Jacqueline Sedman2, Ashraf Ismail2; 1Varian Inc.; 

2McGill Univeristy 
The use of biophotonic approaches to characterize complex 
biological samples is growing at a phenomenal rate. Vibrational 
spectroscopy has been demonstrated within the past decade to be a 
highly sensitive and reproducible method for the identification of 
microorganisms without the use of reagents. The technique is 
uniformly applicable to virtually all microorganisms that can be 
grown in culture, and spectra can be recorded from intact cells 
taken directly from culture plates within minutes after obtaining an 
adequate sample of a pure culture. The recent development of 
infrared imaging instrumentation employing focal-plane-array 
(FPA) detectors provides new opportunities for microbiological 
analysis with unprecedented throughput and sensitivity as well as a 
significant reduction in the time required for culturing. This paper 
will describe the design and applications of Raman and FT-IR 
microanalysis techniques that provide both single point and image 
measurements. A number of applications including the 
determination will be discussed. 
 

(9) Novel Bis(carbocyanine) Near-Infrared Probes 
Gabor Patonay1, Aldona Raszkiewicz1, Ewa Wolinska1, Jun Seok-

Kim1, Lucjan Strekowski1; 1Georgia State University 
During the past several years fluorescent technology in the near-
infrared (NIR) spectral range has proved to be a valuable tool in 
analytical chemistry. Despite numerous applications, including the 
rapidly increasing bioanalytical use of NIR labels, however, still 
relatively few studies have been reported for long wavelength 
probes, in spite of the increasing availability of NIR dyes in the last 
few years.  The application of NIR probes is advantageous due to 
their high molar absorptivities and the relatively low background 
interference of the long wavelength spectral region. The use of 
semiconductor lasers further strengthens the analytical utility. New 
NIR bis(carbocyanine) chromophores synthesized in our laboratory 
make possible the more efficient use of NIR probes. These dyes 
form intramolecular H-aggregates in polar solvents, even at very 
low concentrations. Spectral properties and the folding constant of 
the dimeric form greatly depend on the heterocyclic moieties and 
the length or flexibility of the connecting chain. The intramolecular 
dimeric form of the dye can be described as a clamshell complex 
with two interacting hydrophobic carbocyanine moieties. In this 
intramolecular H-aggregate, the chromophore has a low extinction 
coefficient and low fluorescence quantum yield. Upon addition of 
analytes or biomolecules the H-and D- bands are decreased and the  

monomeric band is increased, with concomitant increase in 
fluorescence intensity, suggesting that clamshell H-aggregates open 
up. One of the main advantages of this dimeric dye is that the free 
dye (i.e., not complexed to an analyte) has negligible fluorescence. 
The studies presented here give representative examples of the 
wide variety of analytical, bioanalytical, and clinical applications of 
these new NIR bis(carboicyanine) probes. Examples will be given 
for determining solvent and solute properties using these NIR 
probes. These probes can be used for determination of solvent 
hydrophobicity and microhydrophobicity or for characterizing 
microenvironmental properties of complex chemical systems and 
biomolecules, as well as their use as non-covalent labels in 
bioanalytical applications, just to mention a few examples. Special 
emphasis will be placed on applications where the inherently low 
interference of the near-infrared region is especially advantageous. 
Details of the chemistry of these new NIR bis(carbocyanine) probe 
molecules will be given. 
 

(11) Nanoscale Dielectrophoretic Spectroscopy of Living 
Organisms in Aqueous Medium 

Brian Lynch1, Al Hilton1, Garth Simpson1; 1Purdue University 
Dielectrophoresis, the frequency dependent force between a 
polarizable particle in a non-uniform electric field and a polarizing 
electrode, has been coupled with the feedback mechanism of an 
atomic force microscope in a novel scanning probe spectroscopy 
technique. The application of a radio frequency alternating electric 
potential to a conductive scanning probe generates a large non-
uniform field at the apex of the probe.  Moieties in the vicinity of 
the varying electric field will experience a force that depends on the 
waveform applied to the probe and the frequency dependent 
dielectric properties of the substance. The dielectrophoretic 
spectrum of  the surface can be measured with nanoscale resolution 
by monitoring the resulting forces upon the probe when the 
waveform applied to the probe is varied in frequency. In addition to 
probing molecular structure with dielectrophoretic spectroscopy, 
when the dielectric properties of a substance are known a priori, the 
application of a constant frequency waveform leads to a short range 
interaction between the surface and the probe that can be used to 
preform non-contact imaging in solution. 
 
(12) Dispersed Volume Phase Transition Hydrogels Sensors for 

Ultrasonic Molecular Contrast Agents 
David Troiani1, David H. Burns1; 1McGill University 

Ultrasound imaging is currently limited to characterizing structures 
in tissue and does not contain inherent molecular information. 
Recently, ultrasound contrast agents have been developed to help 
visualize blood vessels in organs and tumors. We present a novel 
approach of using hydrogels as molecularly sensitive ultrasound 
contrast agents. For a general-purpose analyte probe, we are 
focusing on target materials of polyacrylamide and cellulose 
polymer hydrogels, which experience a large volume phase 
transition upon subtle changes in analyte concentration. For the 
micro/nano-probes made, preliminary results with gel molding and 
constrained self-assembly have been promising. Probes ranging in 
size from 600 microns to less than 100 nanometers were made. 
Volume phase transitions of dispersed solutions of the probes show 
dramatic differences in the optical and ultrasonic properties. We 
examined both the harmonic and non-harmonic ultrasonic 
characteristic of a series of micron/nano size hydrogels. 
Measurements in the 2-10 MHz ultrasonic region of both the 
collapsed and expanded states of these gels clearly show a 
difference in characteristics. Multivariate curve resolution of the 
spectral power measured during the phase transition was used to 
determine the ultrasonic characteristics which depend significantly 
on gel size. Using changes in the scattering properties, model 
systems sensitive to analyte concentration (example, metal ion)  
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were developed. The results are encouraging for future 
development of analyte specific probes for clinical use. 
Methodologies to achieve the long term goals are discussed.  
 
(13) Applications of Near-Infrared Fluorescence Anisotropy in 

the Characterization of Cholesterol Distribution in Lipid 
Membranes 

Richard Williams1, Angela Winstead1; 1Morgan State University 
In this study, we report on the use of near-infrared fluorescent 
compounds to monitor and characterize cholesterol distribution in 
simulated cell membranes.  While conventional UV-visible 
spectroscopy techniques can provide good sensitivity and 
specificity, they are often limited in sensitivity by interference from 
the background spectral properties of non-targeted components in 
the UV-visible region. Bio-analytical techniques that incorporate 
fluorescent near-infrared (near-IR) dyes offer several advantages as 
an alternative to techniques that utilize chromophores in the UV-
visible region. In the near-IR region, background interference is 
minimized, since few biological compounds naturally exhibit near-
IR spectral properties.  Near-IR dyes typically exhibit strong molar 
absorptivity coefficients and good quantum yields.  They are often 
comparable in size to conventional UV-visible chromophores. By 
measuring the anisotropy of near-IR fluorescent dyes known to 
associate with the non-polar regions of bipolar lipid membranes, 
we demonstrate the ability of these dyes to characterize various 
levels of cholesterol in these membranes.  Potential applications for 
characterizing lipid rafts in cellular membranes will also be 
discussed. 
 

(14) Dynamic Baseline Shifting Detection, Modeling and 
Correction Method and Its Applications for Diversified in-situ 

Spectroscopic Measurements 
Bei Ma1; 1Mettler-Toledo AutoChem, Inc. 

In image modeling and analysis, baseline shifting problems are not 
only common in FT-IR, near-IR spectroscopy, but also in UV-
Visible, Raman and NMR spectroscopy. Baseline shifting, possibly 
introduced by chemical and / or physical effects, temperature 
disturbance or instrumental perturbations, complicates multivariate 
data analysis and leads to misinterpretation and misclassification of 
the spectra.  Therefore, prior detection and correction of the 
baseline shifting may be a critical data-preprocessing step for both 
the accurate classification and the quantification of large spectral 
data sets in an automatic way. An automated data pre-processing 
algorithm is newly developed for dynamic baseline detection, 
modeling and correction. Conventional baseline correction 
methods, such as the first order, second order and polynomial 
baseline correction, require the user’s intervention, especially for 
non-linear baseline distortion problems. Moreover, conventional 
methods need prior spectral information and work poorly with low 
signal density spectra.  The dynamic baseline correction approach 
detects, models and corrects linear and non-linear baseline 
distortion automatically. It not only provides high quality spectra 
for reaction data analysis, but also keeps useful spectral 
information even under the noise level. This method consists of 
three steps: the automatic detection of the baseline shifting, the 
dynamic modeling of the baseline shifting and the automatic 
correction of the baseline shifting. The baseline shifting detection is 
the crucial step: as a moving window goes through the entire 
spectrum, each data point is investigated with the noise standard 
deviation based threshold and a coarse baseline is formed 
afterwards. A refined baseline model is constructed by 
incorporating a dynamic optimization routine and finally the 
baseline shifting model is subtracted from the original spectra 
automatically. This algorithm has been applied on diversified in-
situ spectroscopic measurements, such as FT-IR, Raman and so on.  
Both minor and major baseline shifting can be detected and  

corrected successfully without any manual interference. Certain 
spectral artifacts, such as temperature fluctuation caused baseline 
shifting can be detected and removed, too. 
 

(15) The Role of Spectral Informatics in High Throughput 
Raman Spectroscopy 

Stephen Lowry1; 1Thermo Electron Corp. 
High Throughput Spectroscopy is a method by which spectra are 
rapidly acquired from an array of samples and then converted into 
meaningful information related to the specific application. Even in 
sample sets as small as encountered in a 96-well microtiter plate, 
the analysis step can be extremely time consuming. In this 
presentation we will report on recent developments in this 
laboratory designed to enhance productivity by streamlining data 
analysis in these high throughput or combinatorial experiments. We 
will demonstrate that the key step in improving analysis is the 
appropriate application of spectral preprocessing techniques and 
multivariate statistical analysis to create a response function that 
can be used for visual identification of the samples in the array. The 
visually coded array can be used to identify target compounds and 
outlier samples that may be new or different. This technology has 
proven to be valuable in such areas as high throughput 
crystallization studies and combinatorial research into new polymer 
catalyst systems. We will also demonstrate that for some sample 
sets supervised similarity analysis is the optimal approach, while 
for other samples unsupervised techniques such as cluster analysis 
and multivariate curve resolution provide better results. We will 
describe some experimental results from the analysis of 
polymorphs in a 96 well format. 

 
(16) Determination of Enantiomeric Composition by 

Multivariate Regression Modeling of Spectral Data-Effect of 
Varying Chiral Analyte Concentration 

Jemima Ingle1, Marianna  Busch1, Kenneth Busch1; 1Baylor 
University 

With the advent of single-enantiomer drugs, rapid, high-throughput 
methods of chiral analysis are urgently needed by the 
pharmaceutical community to meet the requirements of various 
regulatory government agencies like the U.S. Food & Drug 
Administration. Previous work by our group has successfully 
demonstrated that multivariate regression modeling (PLS-1) of 
spectral data can be used to determine the enantiomeric excess (ee) 
of an analyte in the presence of a chiral auxiliary. In these early 
studies, it was necessary to keep the total concentration of the 
chiral analyte and the chiral auxiliary constant so that only the ratio 
of the enantiomers varied in different samples; this requirement of 
maintaining a constant total chiral analyte concentration, of course, 
would be difficult to achieve with real samples. In this study, we 
investigate the effect of allowing the total concentration of the 
chiral analyte to vary on the predictive abilities of the regression 
model. Two different approaches will be compared, one using the 
concentration as a variable in the regression model, and the other 
normalizing the spectra with respect to concentration before 
statistical analysis. 
 

(17) Chemometrics Analysis of RAIRS Spectra for Surface 
Chemistry Studies 

Wee Chew1, Boon Hong Kee1, Wee Sun Sim3; 1Institute of 
Chemical and Engineering Sciences; 2National University of 

Singapore 
Chemometrics analysis on 60 in-situ RAIRS spectra of CO 
adsorption on a Ni(111) metal single crystal surface was 
performed. The in-situ RAIRS data were collected from 4 repeated  
experiments at low temperature (ca. 120 K). The bilinear 
hypothesis was assumed to be valid for the negative logarithm 
(base 10) of the reflectance R measurement from raw RAIRS data,  
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i.e. –log10(R) or pRAIRS. For this chemometrics analysis, no 
attempt was made to correct for the intrinsic reflection-absorption 
nature of RAIRS so as to extract the corresponding linear 
absorbance spectral data. The origin-centered pRAIRS spectral 
data, with absolute values of 4E-3 or less, was pre-processed with 
baseline corrections before chemometrics analyses were performed 
for the mid-infrared region 1700-2200 cm-1, in particular using 
Self-Modeling Curve Resolution (SMCR) techniques. The 
numerical methods used for spectral analysis include SIMPLISMA, 
OPA, ALS, IPCA, BTEM and various combinations of the above. 
Besides IPCA, the other SMCR techniques were successful in 
elucidating major pure component spectra imbedded within the 60 
in-situ RAIRS spectra. A comparison of the reconstructed spectra 
using different SMCR techniques showed that SIMPLISMA, 
SIMPLISMA-ALS, OPA-ALS and BTEM were effective in 
resolving the first four major component spectra. Furthermore, 
BTEM algorithm was able to reconstruct two additional minor 
component spectra beyond the fourth major component. The 
resolved vibrational frequencies from the pure component spectra 
can be assigned to CO molecules adsorbed in domain structures 
with different local coverages and adsorption sites on the Ni(111) 
surface. The co-existence and evolution of these CO domain 
structures are clearly elucidated by the chemometrics analysis. This 
contribution demonstrates the efficacy of SMCR techniques for 
resolving complex in-situ RAIRS spectra obtained from surface 
adsorption experiments. In particular, the BTEM algorithm has 
been most successful in this study. It is envisaged that BTEM and 
other SMCR methods will be effective chemometrics tools for the 
analysis of other RAIRS data in surface chemistry studies. 
 
(19) Detection and Determination Limit in Multivariate Curve 

Resolution Applied to Spectroscopic Data 
Cyril Ruckebusch1 2, Lionel  Blanchet1 2, Ludovic Duponchel1 2, 

Jean-Pierre Huvenne1 2; 1Laboratoire de Spectrochimie infrarouge 
et Raman; 2Univ. des Sci. et Tech. de Lille 

In the laboratory, we often deal with two-way evolving multi-
component data sets where spectra of raw systems or unknown 
mixtures are recorded as a function of a dependent variable, e.g. 
time or pH. Multivariate curve resolution based on alternating 
least-squares (MCR-ALS) [1] is in then a powerful model-free 
approach to provide the contributions of all species in the process, 
i.e., their concentration profiles and the corresponding pure spectra. 
Moreover, matrix augmentation (coupling two-way data matrices 
from different systems that share some or all of their compounds in 
a third direction) and recent developments in algorithms [2] enable 
to avoid pitfalls as e.g. similarity of the spectra or co-evolutions of 
the concentration profiles. Completely embedded or minor species 
are thus eventually detected and quantified.[2,3] A further step may 
now be done measuring the capacity of the proposed analytical 
method to detect the lowest instrumental response (detection limit) 
and the minimum concentration (determination limit).[4] For this 
purpose, the effect of noise on the resolution and the derived 
feasibilities bands illustrating rotational ambiguities are studied on 
simulated data. The capacity to detect the intermediate species is 
evaluated on the spectral results through a dissimilarity index. The 
methodology is then applied on experimental data sets focusing on 
chemical meanings of the resolution [1] R. Tauler, A.K. Smilde, 
B.R. Kowalski, J. Chemom. 9 (1995) 31. [2] A. de Juan, S. Navea, 
J. Diewok, R. Tauler, Chemom. Intell. Lab. Syst. 70 (2004) 11. [3] 
C. Ruckebusch, L. Duponchel, J.P. Huvenne, and A. de Juan, Anal. 
Chim. Acta., in press, available online 28 December 2004. [4] R. 
Boqué, F.X. Rius, Chemom. Intell. Lab. Syst. 32 (1996) 11. 
 

(20) Influence of Variable Selection on Multivariate Models in 
NIR Spectroscopy 

Cyril Ruckebusch1 2, Alexandra  Durand1 2, Tahar  Beboulleta1 2, 
Jean-Pierre Huvenne1 2; 1Laboratoire de Spectrochimie infrarouge 

et Raman; 2Univ. des Sci. et Tech. de Lille 
Near-infrared spectroscopy (NIRS) is a useful technique to 
characterize raw materials and applications of multivariate 
calibration and classification are widespread. We illustrate here the 
results obtained on spectral data sets from the textile industry. The 
objectives of the study are both quantitative and qualitative taking 
advantage of the cross-sensitivity of NIR spectra. With adequate 
pre-processing of the spectra, the chemical composition of raw 
textile can be determined using PLS calibration with root mean 
square error of prediction within the threshold value authorized by 
the legislation. Besides, several physical characteristics can be 
accessible through supervised pattern recognition algorithms such 
as Soft Independent Method of Class Analogy (SIMCA) and K-
Nearest Neighbours (KNN). To go further, we also detail here 
results concerning variable selection andreduction. Different 
methods for variable selection are tested, in particular genetic 
algorithms (GA), interval PLS (iPLS), Backward interval PLS 
(biPLS) and uninformative variable elimination by PLS (UVE-
PLS)[1,2]. It is well established that deleting noisy or 
uninformative variables improves performance and robustness of 
the models. Nevertheless, variable selection can also be driven by 
other reasons, e.g. instrumentation, in online or embedded 
applications. The influence of wavelength selection on the 
predictive ability of the models should then be studied before going 
from full-spectra spectrometer to the prototype when specific low-
cost sensors are considered. [1] L. Norgaard, A. Saudland, J. 
Wagner, J.P. Nielsen, L. Munck, S.B. Engelsen, Appl. Spectrosc., 
54, 2000, 413. [2] J. Ghasemi, A. Niazi, R. Leardi, Talanta, 59, 
Issue 2, 2003, 311-317. 

 
(21) Quantitative Analysis of Chlorinated Solvents Using 
Raman Spectroscopy: Rational Approaches to Improving 

Accuracy 
Marc N. Leger1, Jennifer Conroy1, Alan G. Ryder1, Kenneth 

Hennessy2, Michael G. Madden2; 1Dept. of Chemistry/NCBES, 
NUI-Galway; 2Dept. Information Technology, NUI-Galway 

Raman spectroscopy is a promising method for rapid, non-invasive, 
non-destructive analysis of solid and liquid mixtures. Raman 
spectroscopy has already been established for qualitative analysis 
in terms of the general classification of compounds and materials. 
As it becomes a viable tool for quantitative analysis, there is a need 
to properly study the instrumental limitations of the technique. 
Particular interest is drawn to the inherent variation in the Raman 
collection efficiency, which manifests itself in relatively large 
(~10%) changes in spectral intensity. This has a negative impact on 
the accuracy of regression models.  An external standard, coupled 
with error estimates taken from measurement replicates, is used for 
the rational preprocessing of a sample set containing mixtures of 
various non-chlorinated organic solvents with various chlorinated 
solvents (including dichloromethane, chloroform and 1,1,1-
trichloroethane). Classification and quantification of this sample set 
will be done using various chemometric and machine learning 
techniques.  Detection and quantification of the chlorinated 
solvents at concentrations of 5% and less are shown in this work. 
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(22) Impurity Profiling in Pharmaceutical Tablets using Liquid 
Chromatography Mass Spectrometry Data in Presence of 

Instrumental Drift 
Jean-Claude Wolff1, Simeone Zomer2, Richard Brereton2, Thomas 

Thurston1, Christian Airiau1; 1GlaxoSmithKline; 2University of 
Bristol 

In pharmaceutics, the characterisation and classification of samples 
by their impurity fingerprint is a vital task for the protection of 
patents. Differences in synthetic routes/processes between different 
sources (i.e. manufactures and distributors) may create impurities 
useful to achieve this goal. Because of its high sensitivity, liquid 
chromatography-mass spectrometry is a preferred technique for this 
type of study, but when samples are acquired in smaller batches 
over a long period of time, the analysis can be difficult due the 
limited reproducibility of the technique: instrumental drift may add 
up to the data in various forms, complicating any comparison by 
means of traditional pattern recognition methods. Here we propose 
a strategy for the characterisation of impurities in pharmaceutical 
tablets in presence of severe instrumental drift that is based on the 
use of the component detection weighted index of analogy 
(CWIA)1. This index calculates a correlation coefficient between 
each pair of samples where each m/z value is taken into account in 
proportion to its quality measured by the component detection 
algorithm2. The extension on each sample pair in each of the 
batches produces 2-way and 3-way correlation matrices that can be 
used as input for pattern recognition techniques such as principal 
components analysis and parallel factor analysis3. Results show 
that samples can be classified according to their source that in turn 
can be characterised by a series of m/z values whose 
chromatograms display peaks related to impurities. In addition, the 
approach readily identifies m/z values whose chromatograms 
account for most of the drift in each of the batches analysed. [1] 
S.Zomer, R.G. Brereton, J-C. Wolff, C.Y. Airiau, C. Smallwood, 
Anal. Chem 77, 1607 (2005). [2] W. Windig, J.M. Phalp, A.W. 
Payne, Anal. Chem 68, 360 (1996). [3] R. Bro Anal. Chim. Acta 
500, 185 (2003). 
 

(23) A Fractal Analysis Approach for CE/CEC Column 
Characterization 

Fabiano Pandozzi1, Dirk Bandilla1, Cameron Skinner2, David H. 
Burns1; 1McGill University; 2Concordia University 

A means of characterization of CE capillaries and CEC columns 
has been developed involving fractal analysis. In the past, it has 
been shown that the column, support and analyte interaction can 
have fractal nature present [García-Lopera, Rosa et al. J. 
Chromatogr. A 2003, 996, 33-43.], affecting the chromatographic 
separation.  A measure of the fractal character of a chromatogram 
can be obtained for the separation of a given analyte or group of 
analytes using the correlation dimension.  In order to understand 
the relationship of the correlation dimension to characterize a 
specific column, simulated data was generated using a skewed 
Gaussian model. A variety of means, standard deviations, 
intensities, noise levels and tailings were systematically examined. 
Likewise, the sensitivity of the correlation dimension to the 
presence of single and multiple peaks were analyzed within the 
same chromatogram. Marked differences in the correlation 
dimension plots could be seen which were dependent on different 
chromatographic profiles. These changes could be characterized 
using a linear regression of the correlation dimension plots which 
produced parameters and simplified comparisons between 
chromatograms. In addition to simulations, real data analyzed using 
the fractal approach showed good agreement in sensitivity of the 
parameters measured for differing chromatographic conditions. The 
results are promising in that few variables are needed to identify a 
specific column. This approach will have use in the analytical 
laboratory for routine analysis. 

(24) Constrained Regularization: A New Strategy For Accurate 
Measurement of Glucose Concentrations in Human Volunteers 

Using Transcutaneous Raman Spectroscopy 
Wei-Chuan Shih1, Michael Feld1; 1MIT 

We present a new multivariate calibration method for accurate 
measurement of glucose concentrations in human volunteers using 
transcutaneous Raman spectroscopy. Multivariate calibration, a 
quantitative method to extract correlation between input and 
response variables in a high-dimensional regression model, is an 
important tool in our measurements of blood analyte 
concentrations. It is generally difficult to know all of the underlying 
chemical or structural components in living biological tissues, 
rendering calibration techniques such as ordinary least squares 
ineffective. Therefore, implicit calibration techniques, such as 
partial least squares (PLS) and principal component regression 
(PCR), which require spectral measurements and only the 
concentrations of the analyte of interest, greatly facilitate 
experimental design. However, PLS and PCR lack the ability to 
incorporate prior information about the analyte or system which, in 
principle, can improve measurement accuracy. Furthermore, PLS 
and PCR can be influenced by spurious effects such as system drift 
or co-varying analytes.  In this work, multivariate calibration is 
approached as an inverse problem to fully exploit the benefit of 
implicit calibration and use of prior information. Constrained 
regularization is used to simultaneously control the model 
approximation error, the noise propagation error, and the 
incorporation of prior information. Glucose is chosen as an 
example in our study because its concentration can be easily altered 
in a human volunteer. Numerical simulations and in vivo data 
collected during a two-hour oral glucose tolerance test are used to 
demonstrate that compared to PLS, the constrained regularization 
method, when used with proper constraints, generates a calibration 
which has significantly reduced errors and  is more strongly based 
upon the analyte of interest. 
 

(25) BTEM Graphical User Interface Software for Spectral 
Resolution of Complex Spectroscopic Data 

Wee Chew1, Su Yun Ong1; 1Institute of Chemical and Engineering 
Sciences 

A MATLAB-based advanced chemometrics spectral analysis 
technique coined as Band-Target Entropy Minimization (BTEM) 
was developed to solve complex spectroscopic data in chemical 
R&D applications. To date, more than 10 internationally refereed 
journal papers have utilized BTEM for complex spectroscopic data 
analysis. The BTEM algorithm has been successfully applied to 
data series of 1-dimensional and 2-dimensional spectra, which 
ranges vibrational spectroscopy (infrared and Raman), Raman 
imaging, mass spectrometry, 1D-NMR, 2D-NMR, and XRD. This 
spectral resolution technique is capable to analyze data size ranging 
normal PC-based usage to that requiring supercomputing 
computational power. Its application to the analysis of complex 
organometallic catalytic reaction has won the Singapore IBM-IHPC 
High Performance Computing (HPC) Quest Gold Award (1st Prize) 
in 2003. The entire BTEM code is written in MATLAB language 
script files, containing hundreds of lines of coding. It is therefore 
not easy for a non-MATLAB programmer to easily utilize this 
advanced computational technique for routine chemical data 
analysis. It would be ideal to provide chemists who are non-
programmers an easy-to-use graphical user interface (GUI) to 
execute this proven chemometrics technique. For this objective a 
MATLAB-based stand alone executable GUI software for BTEM 
analysis of a series of 1-dimensional spectra was recently 
developed (© Su Yun Ong, Wee Chew, Effendi Widjaja, Marc 
Garland, ICES, A*STAR, 2005). It is envisioned that this user 
friendly BTEM GUI software would facilitate the prevalent use of 
the BTEM analysis in chemical R&D for elucidating spectral  
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patterns obtained from spectroscopic investigation of complex 
chemical systems which are relevant to both the academia and 
industry. 
 

(26) Determination of Cholesterol, Glucose and Urea Using 
Searching Combination Moving Window Partial Least Squares 

Regression Method with Near Infrared Spectroscopy 
Naroo Kang1, Sumaporn Kasemsumran3, Young-Ah Woo1, Chang-

Hee Cho2, Hyo-Jin Kim1, Yukihiro Ozaki3; 1Dongduk Women’s 
University; 2Korean Food and Drug Administration; 3Kwansei-

Gakuin University 
Near infrared (NIR) spectra in the 10000-4000 cm-1 region were 
collected from control serum solutions mixed with cholesterol, 
glucose and urea solutions with various concentrations. The 
concentration ranges of cholesterol, glucose and urea were 46.08-
395.39, 29.89-318.57 and 5.92-19.66 mg/dl, respectively, which 
cover the clinically important ranges. Moving window partial least 
squares regression (MWPLSR) method was applied to the NIR data 
to select informative regions for cholesterol, glucose and urea. 
Searching combination moving window partial least squares 
regression (SCMWPLSR) method was used to search for the 
optimized combinations of informative regions found by 
MWPLSR, and partial least squares calibration models were 
developed and compared for each spectral region proposed by 
MWPLSR and SCMWPLSR and whole region. The best PLS 
calibration model for each component was obtained from the 
spectral region optimized by SCMWPLSR. The best prediction 
results for cholesterol, glucose and urea have RMSEP of 6.68, 
10.35 and 1.28 mg/dl, respectively. Of particular note is that the 
prediction result for urea is much better than that previously 
obtained by several research groups under similar conditions. 
SCMWPLSR can select the optimized combination spectral region 
for each blood component successfully within the complex blood 
matrix over the low concentration range. 
 

(27) Performance Characterization of Multi-Analyte 
Qualitative Detection Systems With Receiver Operator 

Characteristic Curves 
Christopher Brown1; 1Ahura Corporation 

Traditional dedicated analyzers for chemical detection were 
systems dedicated for single chemical species, for example, 
ammonia or chloride, although in recent years for, obvious reasons 
of convenience, cost and efficiency, multi-analyte instrumentation 
has gained increasing prominence.  Many of these systems are 
quantitative, and thus traditional analytical figures of merit such as 
‘limit of detection’ conveniently apply. To achieve quantitative 
analysis, however, these multi-analyte devices typically focus on a 
small list of target compounds. In contrast, many contemporary 
field-portable optical spectroscopic systems (such as mid-Infrared 
and Raman spectroscopic systems) sacrifice quantitative 
capabilities for increased coverage of detection; that is, many more 
species can be detected through spectral library searching (often 
hundreds or thousands), but with no quantitative performance to 
speak of.  Instead, these devices typically render a qualitative 
decision such as “substance A is present/not-detectable.”  This 
newer breed of qualitative instrumentation is not easy characterized 
using traditional analytical figures of merit, since their claims and 
operation are so radically different.  Nonetheless, characterizations 
of their expected qualitative performance would be extremely 
helpful to the users that rely on their performance. Receiver 
operator characteristic (ROC) curves have become accepted as the 
standard method for describing the performance of qualitative tests 
in the clinical and medical literature. Originating in signal detection 
theory, the ROC curve describes the performance of a qualitative 
system in terms of its sensitivity (ability to detect desired events) 
and false-positive rate over the full range of possible thresholds of  

decision. For optical spectroscopy devices using spectral library 
search techniques, additional factors must be considered, such as 
the expected precision of the search result.  In this talk we will 
introduce ROC curves, and related measures that are valuable for 
characterizing the performance of qualitative detection systems, 
and give several examples of their application for the performance 
characterization of field-portable optical spectroscopic systems 
employing spectral library searching. 
 

(28) Revisiting the Spectral Library Search in Light of New 
Frontiers 

Christopher Brown1, Gregory Vander Rhodes1; 1Ahura Corporation 
The proliferation of computing platforms and digital storage in the 
1970’s and 1980’s induced a firestorm of literature developments in 
spectral library search methods.  Since that time the domain has 
progressed much more slowly, arguably because existing 
techniques were adequate for user requirements, which, 
predominantly, was to dramatically accelerate the spectral 
interpretation task for technical staff already skilled in 
spectroscopic techniques.  On this account they have demonstrated 
success.  The progressive miniaturization of chemical 
instrumentation—from mass to infrared and Raman 
spectroscopies—has pressed spectral library searching into a new 
domain of application.  Where before technically skilled users 
could evaluate the results of the search using their own scientific 
expertise, field-portable detection systems employing library search 
techniques are often placed in the hands of non-spectroscopy-
experts.  Although some training can be provided, ultimately these 
end-users are reliant on the device and its accompanying software 
to suggest judgments and therefore actions.  In this talk we discuss 
some alternative approaches in spectral library searching that 
provide non-expert users with results that are interpretable as 
evidence.  In many scenarios, a particular library record is favored 
with overwhelming odds over other possibilities, but as 
importantly, the results convey when judgment can and cannot be 
made between two or more candidate library records, and when, in 
spite of high correlation, one can definitively say a pure match does 
not exist.  We also discuss the probabilistic integration of 
physicochemical information such as color and state into the 
search, as well as discuss challenges in computational efficiency 
for highly miniaturized instrumentation. 
 

(29) Classification of Atherosclerotic Rabbit Aorta Samples 
with Mid-Infrared Spectroscopic Techniques and Multivariate 

Data Analysis 
Richard A. Palmer1, Ruth  Wang2, Jessica Chapman1, Olaf von 

Ramm1, Boris Mizaikoff2; 1Duke University; 2Georgia Institute of 
Technology 

Atherosclerotic and normal rabbit aorta samples show a difference 
in chemical composition governed by their water, lipid and protein 
content.  However, the strongly overlapping infrared absorption 
features of the different constituents and the complexity of the 
tissue matrix render direct evaluation of the spectroscopic 
dfferences obtained from IR reflectance measurements challenging 
for classification.  We have successfully applied multivariate 
analysis and classification techniques based on partial least squares 
regression (PLS) and linear discriminant analysis to IR 
spectroscopic data obtained from freshly excised tissue by IR 
reflectance microscopy, demonstrating 100% predictive accuracy 
during blind testing. Tranining data were collected from 
atherosclerotic and normal rabbit aorta samples. Prospects for 
eventual in-vivo application will be discussed.  
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(30) Spectral Window Selection for On-Line Spectroscopic 
Analysis of Fermentation Progression 

Gary Montague1, Sophia Triadaphillou1, Elaine Martin1, Paul 
Jeffkins2, Sarah Stimpson2, Alison Nordon3; 1University of 
Newcastle; 2GlaxoSmithKIine; 3University of Strathclyde 

The US FDA initiative in Process Analytical Technologies (PAT) 
has opened new opportunities for pharmaceutical manufactures 
who have to date been constrained in instrument deployment by 
regulatory issues. Bioreactor operation is one process operation that 
will benefit from improved analytical measurement devices. 
Traditionally, on-line monitoring and control has been limited to 
environmental parameters such as pH, dissolved oxygen and 
temperature and critical media concentrations have only been 
available through off-line sample analysis. Inevitably samples are 
taken infrequently and the results from laboratory analysis returned 
after some delay and as a consequence the quality of control 
suffers.  A shift to a more responsive control strategy using on-line 
analysis of broth concentrations is required, with PAT being a vital 
enabling technology. This paper contrasts existing strategies and 
outlines a new procedure for creating a robust calibration model. 
Invasive and non-invasive on-line near and mid infrared 
spectroscopy was applied to track the progression of key nutrients 
and product levels throughout an industrial fermentation. It was 
found that the construction of a robust calibration model was 
problematic using standard modelling methods. The biological 
media is a highly complex natural mixture containing soluble 
components but also biologically active and inactive particles. 
Furthermore, the process conditions show vast variation in 
characteristics over the batch. A potential means of improving 
accuracy and robustness is to use a calibration model building 
approach that is more distinguishing between informative and non-
informative regions of the spectra. The use of a PLS calibration 
model using the full spectra formed the base case. A variety of 
wavelength selection methods were considered including forward 
selection, backward elimination and GAs. Whilst improvements 
were attained, the levels of accuracy were still not satisfactory. A 
novel automated spectral window selection method was derived 
which allows regions of the spectra to be chosen for their 
descriptive capability and a PLS calibration model constructed on 
the sub-set of wavelengths. To increase further the robustness of 
the model, a stacking method was employed where model 
predictions were combined to produce more accurate assessments 
of fermentation broth concentrations. Results from industrial 
fermentation application show the relative merits of the approaches. 
 

(31) MEMS for Spectroscopy 
Mouli Ramani; 1Polychromix 

Conventional methods of performing chemical identification, 
namely, measuring the entire spectrum of transmitted light across 
some pre-selected range of wavelengths and then analyzing the 
collected light to identify characteristic absorption lines of target 
chemicals, can be improved through the use of recent technical 
developments. One goal of modern instrumentation is to make 
chemical-sensing measurements more efficient with respect to 
speed, cost and the use of available light energy from the source by, 
for example, using a single detector rather than an array. The 
Micro-Electro-Mechanical Systems (MEMS) technology, currently 
used in telecommunications now can be applied to spectroscopy to 
create various patterns of “off-on” filters, passing some bands 
while blocking others. A technique known as Digital Transform 
Spectroscopy allows a complete spectrum to be collected with a 
single detector, using a time sequence of filter patterns. An 
important application is the analysis of mixtures of compounds 
known as “chemometrics.” Chemometric analysis extracts a 
weighted sum of light absorbances at different wavelengths to 
perform the separation. 

(33) Novel Instrument for Chemical Imaging based on a 
Tunable Laser Source 

Eli Margalith1, Rhett Barnes1; 1OPOTEK Inc. 
NIR Chemical Imaging is recognized as an important analytical 
tool for a wide variety of industries, including agriculture, 
medicine, and chemical and pharmaceutical development and 
production.  Currently available NIR imaging technologies utilize 
idth while tuning over a broad range of wavelengths.  By replacing 
the broadband source and tunable filters of a typical NIR imaging 
instrument, several advantages are realized, including: high power 
for dense samples or operation in the transmission mode, larger 
field-of-view, fast scan-rates, and ability to use optical fiber to 
efficiently deliver light to the sample.  Other advantages include a 
wider range of wavelengths, including the mid-IR, visible and UV, 
rapid switching between system configurations, and the potential 
for a multiple-user/multiple-station system.  We will present 
preliminary results demonstrating the capability of an OPO-based 
spectral imager to acquire NIR hyperspectral images of various 
samplesfiltering or dispersion of a broadband light source in order 
to achieve wavelength selection, which imposes several key 
performance limitations on existing instrumentation.  We present a 
spectral imaging instrument based on tunable laser technology.  
Specifically we utilize an Optical Parametric Oscillator (OPO), 
which can provide high output power and narrow bandw. 
 

(34) Regions of Interest in FTIR Imaging Applications: 
Diffusion of Nicotine into ethylene-Co-Vinyl Acetate Films 

John P Bobiak1, Jack L Koenig1; 1Case Western Reserve University 
Effective image analysis of dynamic processes, such as diffusion 
and dissolution, requires precise reporting of component locations 
in space and time.  An improved method for analyzing FTIR 
images is described which employs hypothesis testing in the spatial 
and temporal domains.  Changes in the observed absorbance (over 
space and time) are revealed by comparison to a reference statistic, 
which can be tailored by choosing the size of a region of interest.  
This improved analysis method was used to compare the rates of 
diffusion of nicotine into poly(ethylene-co-vinyl acetate) film from  
aqueous solutions containing anionic and nonionic surfactants.  
Compared to a solution without surfactant, sodium dodecyl sulfate 
inhibited the uptake of nicotine from aqueous solution whereas 
Tween 40 enhanced the uptake.  The nicotine diffusion rate also 
showed a dependence on the length of the hydrophobic segment of 
nonionic surfactants.  These results demonstrate the roles of 
solubilization, wetting, and viscosity on diffusion-controlled drug 
release. 
 

(35) Imaging Applications using a Near-Field Scanning 
Microspectrometer 

Richard Larsen1, Wendy Gardinier1, Yoshihito Narita2, Tsutomo 
Inoue2; 1Jasco, Inc.; 2Jasco Corporation 

Near-field mapping instrumentation can provide combined 
topographic / optical maps of a sample surface with a spatial 
resolution of 50 nm or greater, depending upon the probe aperture 
diameter.  By combining a near-field probe and a full performance 
spectrograph; Raman, photoluminescence and near-infrared spectra 
can be collected with a spatial resolution well below the 1 micron 
(visible) to 10 micron (infra-red) limits imposed on conventional 
systems.  Multiple spectra collected over 2 dimensions and 
assembled into “3-D” maps is a powerful nano-scale 
characterization method. Unlike tapping-mode atomic force 
microscopy (AFM), near-field scanning optical microscopy 
(NSOM) is a non-contact, non-destructive analysis technique.  In 
addition, near-field spectroscopy does not require special coatings 
or sampling environments such as required by Scanning Electron 
Microscopy (SEM). One drawback of conventional NSOM has 
been the lack of spectroscopic data or polarization information  
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from a sample. With an NSOM spectrometer, the fiber probe can 
provide spectra from a sample at the extreme nano-scale range.  
Probes with a sub-wavelength slit-shaped aperture have also been 
developed for polarization sensitive spectroscopic observations. 
These probes feature high throughput with a polarization capability 
over ten times that of a standard (circular) probe and applicability 
to a wide range of samples. This paper will describe examples of 
near-field mapping experiments with a broad range of samples and 
applications of different NSOM probe types will be discussed.  The 
advantages and limitations of near-field spectroscopy will also be 
addressed.   
 

(36) Reaction Kinetics in a Levitated Drop Reactor: 
Instrumentation and Mass Transfer 

Alexander Scheeline1, Christopher R. Field1, Ben Krejcie1, Zakiah 
N. Robinson1, Haylee Trout1; 1University of Illinois at Urbana-

Champaign 
Nonspecific adsorption is a common limitation to selective 
detection of proteins and characterization of enzyme-catalyzed 
kinetics.  We describe an acoustically-levitated drop reactor in 
which nonspecific adsorption is minimal because the solid/liquid 
interface exists only where capillaries contact the drop.  The 
comparatively hydrophobic gas/liquid interface is perpetually 
renewed as the no-slip boundary condition between the liquid and 
surrounding gas results in convective fluid motion and mixing 
within the drop.  Here we report initial measurements of drop 
convective mixing, spectroscopic characterization, and operation of 
the ~ 1 µL drop as a continuously-stirred tank reactor.  We also 
explain how to operate the drop levitator so that temperature and 
gas composition can change with time while still maintaining 
cavity tuning.  Application is to the study of myeloperoxidase-
catalyzed kinetics. 
 

(37) Microamperometric Sensors for Detecting Reactive 
Oxygen Species in the Inner Ear of Mongolian Gerbils 

Alexander Scheeline1, Rebekah Wilson1, Christoher Sorce1, Haylee 
Trout1, Jonathan Siegel2; 1University of Illinois at Urbana-

Champaign; 2Northwestern University 
Noise-induced hearing loss (NIHL) reduces the quality of life for 
approximately 3% of the human population, a problem that will 
only worsen as the population ages.  Oxidative stress is correlated 
with NIHL, but it is unclear whether reactive oxygen species (ROS) 
are a primary cause of tissue damage or a consequence of it.  
Determination of ROS in real time during noise exposure requires 
sensors small enough to insert in the inner ear.  We report methods 
for fabricating high aspect ratio probes, depositing electrode 
surface modifications, and characterizing electrode function in 
vitro.  Calibration must account for fluid convection which 
accelerates mass transfer and the effects sensor slope response.  
Progress towards or achievement of in vivo measurement will also 
be reported. 
 

(38) Approaches to Chemically Selective Sensing Using Nano-
Structured, Functionalized Microcantilever Arrays 

Michael Sepaniak1, Pampa Dutta1, Datskos Panos2, Peter 
Chapman1, Larry Senesac2, Oliver Hofstetter3; 1University of 
Tennessee; 2Oak Ridge National Labratory; 3Northern Illinois 

University 
This talk will focus on approaches to chemical sensing based on 
chemically-driven nanomechanics. The transducers employed are 
surface nano-structured and chemically-functionalized 
microcantilever arrays (MCAs) confined within microfluidic flow 
cells.  Static bending of the MC transducers, typically 50(wide) x 
200(long) x 1(thick) micrometer silicon structures, is monitored via 
an optical bending technique wherein vertical cavity surface 
emitting lasers, arranged in arrays, are reflected from the tips of the  

MCs onto a position sensitive detector.  The static bending results 
from apparent surface stresses generated when analytes interact 
with the chemically-functionalized side of the MC.    While high 
mass sensitivity is easily achieved, key to the performance of the 
sensor is the degree of analytical selectivity exhibited.   We have 
chemically-functionalized one of the sides of MCs with molecular 
recognition reagents, as self assembled monolayers or thin films, 
using cavitand receptors, bioaffinity reagents, polymers, etc.  Two 
approaches can provide good levels of measusurement selectivity.  
First high affinity biological reagents can be employed.  We will 
demonstrate the use of antibodies to compounds such as cytokines 
and amino acids in this manner.  The benchmark in selectivity that 
we have reached with this immunological approach is the 
discrimination between optical isomers of amino acids.  The second 
approach involves the use of differentially coated cantilevers in the 
array.  We will show that gas phase applications, identification of 
volatile analytes can be accomplished based on MCA response 
signatures and the use of suitably trained neural nets. 
 

(39) Conception of a New Biosensor Based on Polycationic 
Polythiophenes 

Patricia Harding Lepage1, Fabien Le Floch1, Hoang-Anh Ho1, 
Mario Leclerc1; 1CERSIM, Département de Chimie, Université 

Laval 
A polycationic polythiophene able to form electrostatic bonds with 
DNA is used for identification of genetic material. The colorimetric 
and luminescent properties of this polymer, based on conformation 
change of the conjugated backbone, enable the recognition of 
hybridization of a DNA single strand probe with his 
complementary target. A concentration of DNA single strand of 10-
18M can be detected by spectroscopic methods based upon 
fluorescence modification [1].  To extend this detection principle to 
an electronic and multiparametric solid-state biosensor, a new 
cationic and water-soluble polythiophene transducer bearing 
ferrocene group has been synthesized. This electroactive polymer is 
easily detected by pulsed voltammetry. The solid-state 
electrochemical detection occurs when the DNA targest are 
hybridized with complementary PNA neutral probes covalently 
bounded to a conductive support. PNA is a DNA analog in which 
phosphate backbone is replaced by peptide backbone [2]. The use 
of a PNA probe forced the polymer to react specifically with the 
PNA/DNA duplex. This type of analysis cans also discriminate 
single- or double-mismatched oligonucleotides from perfectly 
complementary targets [3]. It allows detection of targets in sub-
nanomolar concentration. This new polymer can be used in 
numerous analytical and bioanalytical systems for modern medical 
diagnostics and biomedical research applications by an > principle 
of detection. The development of integrated, portable and 
multiparametric devices will be discussed. [1]  K. Doré, S. Dubus, 
H.-A. Ho, I. Lévesque, M. Brunette, G. Corbeil, M. Boissinot, G. 
Boivin, M. G. Bergeron, D. Boudreau, M. Leclerc J. Am. Chem. 
Soc., 126, 4240 (2004). [2] M. Egholm, O. Buchardt, P.E. Nielsen, 
R H. Berg, J. Am. Chem. Soc., 114, 1895 (1992). [3] F. Le Floch, 
H.-A. Ho, P. Harding Lepage, M. Bédard, R. Neagu-Pleasu, M. 
Leclerc, Adv. Mater., in press. 
 
(40) Formation and Characterization of the Coupling Layer for 

the Fabrication of Protein Chip 
Jae-Ho Kim1, Sung-wook Choi1; 1Ajou University 

Successful immobilization of biological materials on solid 
substrates by formation of chemical bonding often requires 
carefully designed self-assembled monolayer of the coupling 
agents, which acts as a glue layer between substrate and biological 
materials. In order to address problems associated with 
immobilization of biomaterials including low surface 
concentration, non-specific binding and protein denaturation, we  
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investigate the effect of carboxyl/hydroxyl ended coupling agents 
and BSA for protein immobilization. In this study, a human IgG 
and GAD were used as probe proteins. We also studied the effects 
of the surface morphology of coupling layer by using simple linear 
molecules, dendrimer and mixed monolayers with different mole 
ratio of the coupling agents. Those are investigated by FT-IR 
spectroscopy, Surface Plasmon Resonance (SPR) and Atomic 
Force Microscopy (AFM). It was found that optimal coupling layer 
should be tailored by the characteristics of immobilized protein.  
 

(41) Drug Detection by Serrs Using Lab-On-A-Chip 
Technology 

Karen M. McCarney1, W. Ewen Smith1, Duncan Graham1, Paul B. 
Monaghan2, Jon M. Cooper2; 1University of Strathclyde; 

2University of Glasgow 
Surface enhanced resonance Raman scattering (SERRS) is 
combined with microfluidics to make a sensitive and selective 
detector for the detection of therapeutic drugs.  Microfluidic 
manipulation allows small volumes of material to be investigated 
and enables the development of analytical techniques with very low 
detection limits. It is ideal for use with Raman microprobes because 
the interrogated volume matches the dimensions of the microfluidic 
channels. (1) The combination of SERRS and microfluidics can 
provide a cost effective, optically transparent and environmentally 
friendly technique. (2,3) The flow cells are disposable and very 
small amounts of reagents are consumed and the detection 
sensitivity is high. In addition the laminar flow region improves 
reliability. The drug Mitroxantrone (4) has been detected 
quantitatively over a wide concentration range down to 1x10-9 M. 
This is adequate for clinical use but further improvements would be 
helpful to speed up the measuring times and produce a smaller, 
portable system. The method is clinically important because 
diagnostic spectra can be obtained quickly for the drug in a matrix 
such as plasma or serum. Work is in progress to develop this. The 
method has the potential to be a fast and ultra sensitive technique, 
with the possibility of biological sample analysis and simultaneous 
detection of multiple drug analytes in the future. The generality of 
the method for other drugs is currently being assessed. (1) Keir, R., 
Igata, E., Arundell, M., Smith, E.W., Graham, D., McHugh, C., 
Cooper, J.M., Anal. Chem., 2002, 74, 1503-1508. (2) Effenhauser, 
C.S., Bruin, G.J.M., Paulus, A., Ehrat, M., Anal. Chem., 1987, 69, 
3451-3457. (3) Duffy, D.C., McDonald, J.C., Scheller, O.J.A., 
Whitesides, G.M., Anal. Chem., 1998, 70, 4974-4984. (4) Neidhart, 
J.A., Gochnour, D., Roach, R.A., J. Clin. Oncol., 1986, 4, 672-677. 
 

(42) The Integration of Microfluidic Sample Preconditioning 
with Diagnostic and Analytical Biomedical Infrared 

Spectroscopy 
R. Anthony Shaw1, Mansfield Colin1, Angela Man1; 1Institute for 

Biodiagnostics, NRCC 
This study represents a further step in proof-of-concept for an 
integrated microfluidic Laminar Fluid Diffusion Interface (LFDI) 
sample preconditioning and reagent-free infrared (IR) spectroscopy 
technology. The specific question addressed is whether spectra 
from LFDI-processed samples can provide analytical methods that 
are more accurate than the corresponding methods from 
unprocessed samples. We hypothesize that an integrated IR-LFDI 
technology will improve quantitative analysis of analytes that are 
otherwise difficult or impossible to quantify by IR spectroscopy, 
(e.g. serum creatinine). Active LFDI cards (ActiveH Lab Card 
SMHF-01) were used in combination with their associated micro-
pump platform (microFlow System, Micronics, Inc. Redmond, 
WA, USA). To model the enrichment process and facilitate visual 
tracking of relevant spectroscopic trends, simulated serum solutions 
were prepared. Spectra of the LFDI processed simulated samples, 
and also genuine serum, illustrate that a substantial change in the  

relative concentration of relevant serum analytes is attainable. 
However, an explicit qualitative demonstration of creatinine’s 
enrichment in genuine serum is improbable, since other 
constituents of comparable molecular weight will experience 
similar concentration enrichment relative to protein. Therefore, 
partial least squares regression (PLS) calibration models, which 
optimally relate spectral features to the reference analyte levels, 
were developed using I) the entire set of spectra for the raw serum 
samples, and II) the corresponding set of spectra for LFDI 
processed receiver streams. This quantitative analysis show 
substantial improvement for the LFDI processed samples over their 
analogous non-LFDI samples, in the form of superior correlation 
between creatinine related IR absorption features and serum 
creatinine concentrations, and improved accuracy. These results 
provide proof that the absorption spectrum of creatinine is more 
strongly represented in the spectra of the LFDI processed samples 
than is the case for unprocessed serum. Thus, LFDI sample 
preconditioning is an enabling technology for reagent-free IR 
spectroscopy. Their successful integration will, among other things, 
allow for the detection of low concentration analytes, thereby, 
broadening the range of analytes accessible. Finally, design 
parameters of the active LFDI-cards used here were far from 
optimal for our purpose. It is therefore strongly anticipated that the 
design and use of IR-specific LFDI cards will significantly lower 
the detection threshold. 
 
(43) Development of an Endothelium Mimic Using Microchip-

Based Valves 
Matthew Hulvey1, Scott Martin1; 1Saint Louis University 

Previous reports in the literature have described work that utilizes 
microvalves to manipulate and analyze single cells.  However, 
there have been limited reports of using microvalves to specify the 
immobilization and culture of cells on fluid channel walls.  This  
poster will explain work involving the use of microchip-based 
valves to specifically immobilize endothelial cells on the lumenal 
wall of a poly(dimethylsiloxane) (PDMS) fluid channel. The goals 
of this work are to optimize procedures for creating a confluent 
layer of endothelial cells to eventually develop a three-dimensional 
blood-brain barrier mimic. The lithography-based fabrication of 
silicon master molds and bi-layer PDMS devices, which 
incorporate integrated microvalves and fluid channels for directing 
cell culture, will be discussed.  Alternatively, a method using laser 
ablation to define fluid channels in PDMS-microvalving layers, 
thus replacing the need for positive photoresist structures, will also 
be described.  Fluorescence microscopy and amperometric 
detection were used to examine the ability of the valves to stop 
flow at the molecular level. However, in order to prevent leaks, the 
current valving method requires an irreversible seal of the PDMS 
device to a glass substrate.  Work towards an alternative valving 
method, which allows a reversible seal between the substrates, will 
also be detailed. The process of using the microvalves to 
manipulate hydrodynamic flow, specifically coat portions of the 
fluid channels with fibronectin, and to trap cells in specific portions 
of the fluid channel has been successfully performed in our 
laboratories.  We will also describe the sealing of a polycarbonate 
membrane between two fluid channels to create a three-
dimensional microfluidic system, as is seen in vivo.  
Implementation of this work into a full blood-brain barrier mimic 
will be discussed. 
 

(44) Developments in Use of Tapered Ge Slab Waveguides for 
IR Evanescent Wave Sensing 

Mark Braiman1; 1Syracuse Universtiy 
Miniature germanium slab waveguides under 20 microns in 
thickness have been embedded into ceramic substrates. These 
substrates are sufficiently rigid and chemically inert to allow the  
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embedded Ge waveguides to serve as a platform for chemical 
sensing of ~10 nanoliter quantities of liquid flowing transversely 
across the thinnest portion of the waveguide.  This design permits 
the incorporation of such sensors into continuous- and stop-flow 
reaction systems utilizing typical organic solvents. 
 

(45) Digital Microfluidics for Proteomics Analyses 
Aaron Wheeler1, Chris Bird2, Debalina Chatterjee2, Hyejin Moon2, 

Rachel Loo2, Chang-Jin Kim2, Joe Loo2, Robin Garrell2; 
1University of Toronto; 2University of California, Los Angeles 

A novel method for analysis of proteins by matrix assisted laser 
desorption/ionization mass spectrometry (MALDI-MS) is 
presented, relying on digital microfluidics. In this fully integrated 
method, proteins are reduced, enzymatically digested, and analyzed 
by mass spectrometry. This method should be useful in the 
development of strategies for high throughput proteomics analyses. 
Proteomics is the study of all proteins expressed in a sample. 
Because mammalian cells express a proteome consisting of 5,000-
20,000 proteins, and may express hundreds of proteomes in 
response to environmental cues, proteomics requires methods and 
instruments capable of processing thousands of samples 
simultaneously. Unforutnately, a typical peptide mass fingerprint 
(PMF) analysis requires biochemical processing steps that entail 
several hours (or even days) of laboratory time. To meet the 
challenge of collecting vast amounts of proteomics data, several 
technologies have been developed to facilitate high-throughput 
analysis by mass spectrometry, including the coupling of 
microfluidic channels to MALDI or electrospray ionization (ESI) 
MS. We recently developed an alternative approach, relaying on 
digital, or droplet-based microfluidics. In digital microfluidics, 
electrical potentials are applied sequentially between electrodes 
buried beneath a hydrophobic, dielectric layer, causing droplets to 
travel across the surface. Digital microfluidics may be more 
compatible with MALDI-MS than channel microfluidics, as the 
former has an inherently array-based geometry. Here, we report the 
first fully integrated digital microfluidics proteomic analysis 
platform. Samples are reduced, enzymatically digested, and 
analyzed by MALDI-MS and PMF. Database identification of 
proteins processed in this manner are comparable or superior to 
samples processed by conventional means. This method, which 
makes use of disposable devices with no moving parts, requires low 
reagent volumes and analysis time. Because it has the potential to 
integrate sample processing steps with creation of high-throughput 
arrays for MALDI-MS, this method may represent a major advance 
over existing technologies for proteomics. 
 

(46) Measurement of Electroosmotic Flow in Dynamic Buffer 
Systems 

Kimberley  Frederick1, John Francis O'Grady1, Peter Bartline1; 
1College of the Holy Cross 

Several applications in microfluidic separations make use of 
varying running buffer composition in order to optimize separation 
efficiency including non-equilibrated separations and sample 
stacking.  Many models have been developed to predict the effect 
of buffer composition on electroosmotic flow (EOF) in 
microfluidic systems.  Validating these models under dynamic 
buffer conditions could result in more effective approaches to 
optimizing separations.  This work uses periodic photobleaching of 
a neutral fluorophore in the running buffer to measure EOF in real-
time.  Dynamic changes in buffer pH, ionic strength, viscosity and 
composition are studied and the results are compared to theoretical 
models. 
 

(47) Morphological Changes in Polyelectrolyte Multilayer 
Coated Capillaries 

Peter Bartline1, Kimberley  Frederick1; 1College of the Holy Cross 
Polyelectrolyte multilayers (PEMs) have been successfully 
employed as coating materials in microfluidic separations.  
Depositing PEMs on the capillary surface simply involves 
alternating rinses of cationic and anionic polymers.  When 
physically adsorbed to a capillary surface, PEMs alter the surface 
charge allowing for more diverse separations. PEMs make 
excellent coatings because they are easy to produce, stable, durable, 
and insensitive to changes in pH.  The exact morphology of the 
polymer layers determines the electroosmotic flow (EOF) and 
consequently the separation behavior. This study uses real-time 
measurements of EOF to monitor changes in PEM morphology. 
EOF measurements are made using photobleaching of a dilute 
neutral fluorophore added directly into the running buffer.  PEM 
reorganization occurs rapidly and reversibly when EOF is initially 
established.  There is also evidence that PEM layers decay through 
two mechanisms; slow polymer “bleeding” and rapid “unzipping”. 
 
(48) Resolution of Apparent Leupeptin Heterogeneity by HPLC 

Mass Spectroscopy 
Michael Sommer1, Alexander Belenky1, Elzbieta Wask-Rotter1, 

Bronislaw Czech1, Qingping  Jiang1; 1Bayer HealthCare - 
Diagnostics Division 

HPLC of high purity leupeptin in aqueous solutions produced 
chromatograms with multiple major peaks. Analysis of the 
individual HPLC fractions by mass spectroscopy has demonstrated 
the presence of relatively stable intermolecular oligopeptide 
aggregates.  MS data detected dimers of the different molecular 
forms of the peptide, including the dehydrated (m/z=409), gemdiol 
(m/z=445) and parent species (m/z=427).  All detected derivatives 
of leupeptin appear to be involved in these assemblies.  Since the 
aggregates are held together by nonspecific intermolecular bonds it 
suggests that analogous formations might exist in solutions of other 
structurally similar oligopeptides. 

 
(49) Radical Activated Cleavage of Peptides and Proteins: An 

Alternative to Proteolytic Digestion 
Barbara Jones1, Laurie Locascio2, Mark Hayes1; 1Arizona State 

University; 2National Institute of Standards and Tech 
Though many techniques in proteomics research require protein 
fragmentation, there are few alternatives for this process.  The 
current state of the art technology, protease fragmentation, requires 
4 or more hours for in-solution digestion and 3 to 5 minutes in a 
microfluidic device.  Here we present a new, virtually preparation-
free method that produces a fragmentation pattern in less than 10 s.  
Radical activated cleavage (RAC) of peptides uses hydroxyl radical 
production, at the surface of titanium dioxide (TiO2), to fragment 
the peptide backbone.  Figure 1 shows an illustration of both the 
production of hydroxyl radicals at the surface of TiO2, and radical 
activate cleavage of a target protein at the TiO2 surface.  
Fragmentation of biological products using this method is rapid, 
specific, and reproducible.  The hydroxyl radicals are produced at 
the surface using UV light are present for only 100s of 
microseconds, and are confined to a defined reagent zone.  Peptides 
and proteins can be moved past the “reagent zone” and 
fragmentation is highly tunable through residence time, and 
illumination time and intensity.  Fragmentation of angiotensin I, 
lys-bradykinin and myoglobin was shown to be reproducible and 
rapid using RAC.  Fragmentation occurred in predictable patterns 
suggesting cleavage of the peptide bond at proline.  Additionally, 
enkephalin and Peptide A-779, two peptides that do not contain 
proline, showed no fragmentation under the same conditions.  The 
peptide angiotensin was fragmented using several different device 
configurations including the following: (1) small volume wells; (2)  
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microfluidic channels; and (3) a microflow reactor. The results 
showed a reproducible pattern when separated and detected using 
capillary electrophoresis.  This is the first demonstration of specific 
protein fragmentation using hydroxyl radicals.  The speed of 
fragmentation and confinement of the fragmentation zone make 
this technique especially suited for proteomic research in 
microfluidic devices. 
 

(50) Covalent-like Stability of the Arginine-Phosphate 
Electrostatic Interaction 

Amina S. Woods1, Shelley N. Jackson1, Hay-Yan J. Wang1; 1NIDA 
IRP, NIH 

Electrostatic interactions between a basic epitope containing 
adjacent arginine residues and an acidic epitope containing a 
phosphorylated serine are involved in receptor heteromerization.  In 
the present study we demonstrate that this arginine-phosphate 
electrostatic interaction possesses a “covalent-like” stability.  
Hence, these bonds can withstand fragmentation by mass 
spectrometric collision-induced dissociation at energies similar to 
those that fragment covalent bonds and they demonstrate an 
extremely low dissociation constant by plasmon resonance.  The 
present work also highlights the importance of phosphorylation-
dephosphorylation events in the modulation of this electrostatic 
attraction.  Phosphorylation of the acidic epitope, a casein kinase 
one consensus site, makes it available to interact with the basic 
epitope.  On the other hand, phosphorylation of serine and/or 
threonine residues adjacent to the basic epitope, a protein kinase A 
consensus site, slows down the attraction between the epitopes.  
Although analyzed here in the frame of receptor heteromerization, 
the arginine-phosphate electrostatic interaction most likely 
represents a general mechanism in protein-protein interactions. 
 

(51) Field-Portable Measurement of Trace Beryllium in the 
Workplace 

Kevin Ashley1, Prerna Sonthalia1; 1CDC/NIOSH 
Occupational exposure to beryllium can cause insidious, potentially 
fatal disease and, consequently, new exposure limits for beryllium 
in air and on surfaces have been established in efforts to reduce 
exposure risks to potentially affected workers.  Field-portable 
monitoring methods for beryllium are desired in order to facilitate 
on-site measurement of beryllium in the workplace, with 
consequent measures taken towards the protection of human health.  
In our laboratory and in collaboration with members of the 
Analytical Subcommittee of the Beryllium Health and Safety 
Committee, we have evaluated on-site extraction media and 
methods for beryllium in workplace air and surface dust samples.  
For purposes of field applications, our primary focus has been on 
ultrasonic extraction techniques using diluted ammonium bifluoride 
or a dilute mixture of nitric and sulfuric acids.  We have also 
evaluated field-portable fluorescence and, preliminarily, 
electroanalytical methods for measuring trace beryllium in 
workplace samples.  Quantitative recoveries of Be (>95%) have 
been obtained from soluble beryllium compounds (beryllium 
sulfate and beryllium nitrate), while somewhat lower recoveries of 
~80-85% were obtained from beryllium oxide.  Sub-parts-per-
billion (sub-ppb) detection limits have been achieved with field-
portable fluorescence measurement of beryllium, resulting in 
method detection limits of less than a nanogram of Be per sample.  
Estimated detection limits for beryllium by portable electroanalysis 
appear to be about an order of magnitude higher.  Performance data 
from challenge samples using within-laboratory and, where 
possible, interlaboratory analysis show promise for on-site 
extraction and analysis from both soluble and insoluble beryllium 
compounds.  However, limitations remain for field-based 
extractions of beryllium from certain matrices, especially highly 
refractory materials. 

(52) How to Modernize the Dobson and Brewer Spectrometers 
Hikmat Asadov; ANASA 

As it is well known accuracy of satellite ozone measurements is 
restricted by accuracy of ground measurements which now are 
carried out with Dobson or Brewer type spectrometers. Accuracy of 
these devices is equal to 3-4 percents. Therefore in order to 
increase the accuracy of ozone maps the new principles of 
spectrometric measurements should be developed. We have 
developed the  new patented method for measurements of 
atmospheric gases, including ozone which was also submitted to 
20-th ozone Quedrennial Symposium. This method makes it 
possible, firstly to compensate the aerosol error and, secondly to 
carry out full compensation of Aerosol error and error due to 
Reileigh scattering. The method is based on three spectral 
measurements made at three spectral points where the value of the 
wavelengh of the measurements should be changed till meeting of 
some analitical condition derived theoretically.The proposed 
method also can be used in filter type constructions. 
 
(53) Awakening of the Sleeping Beauty - The Return of DC Arc 

OES 
Isaac (Joe) Brenner; 1Environmental Analytical Labs, Israel; 

2Spectral Systems, Germany 
In the past, direct current (DC) arc OES was an accepted method 
for true multielement direct solids analysis of refractory materials. 
However, the popularity of the approach declined as a result of lack 
of instrumental technology - but not of lack of understanding of the 
behavior of the analyte in the arc gap. Recently there has been a 
sudden awakening in the form of the innovative development of a 
modern electronically controlled excitation source (Spectral 
Systems, Germany) which takes into account the fundamental 
properties of the DC carbon arc. The coupling of this system to a 
mutichannel CID echelle-based spectrometer via a fiber optic 
bundle, takes full benefit of the spectrum and together with 
versatile software faciltites the accurate multielement determation 
of volatile, involatile and refractory elements in the subppm 
concentration range. In this presentation we will describe the new 
excitation source and its coupling to an optical emission 
spectrometer. The performance of the system for the analysis of a 
wide range of complex refractory metallurgical, ceramic, and 
geological samples, was evaluated using analytical figures of merit 
such as LODs, interference effects, and calibration statistics. The 
accuracy of the data was determined using CRMS. It is concluded 
that this DC arc coupled to a multichannel simultaneous CID 
spectrometer, opens new windows of opportunity for the 
characterization of complex refractory samples that defy chemical 
decomposition. 
 

(54) Tungsten Coil Atomic Emission Spectrometry 
Jennifer A. Rust1, Joaquim A. Nobrega2, Clifton P. Calloway Jr.3, 

Bradley T. Jones1; 1Wake Forest University; 2Universidade Federal 
de Sao Carlos; 3Winthrop University 

A novel tungsten coil atomic emission spectrometer (WCAES) is 
described and evaluated.  The system employs a single tungsten 
coil as a combined atomizer and excitation source for the 
determination of trace metals by atomic emission spectrometry.  
The tungsten coil is extracted from a 150 W, 15V commercial slide 
projector light bulb.  A simple, laboratory constructed, computer-
controlled power supply provides a constant current to the coil.  A 
high-resolution Czerny-Turner monochromator with a charge 
coupled device detector completes the system.  Simultaneous, 
multi-element analyses are possible within a 4 nm spectral window.  
Eleven test elements are used to characterize the system: Al, Co, 
Cr, Dy, Ga, K, Mn, Pb, Rb, Sc, and Yb.  Tungsten coil atomic 
emission detection limits are reported for these elements: 0.02 ng 
Al, 0.6 ng Co, 0.003 ng Cr, 0.01 ng Dy, 0.7 ng Ga, 0.3 ng K, 0.04  
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ng Mn, 11 ng Pb, 0.07 ng Rb, 1 ng Sc, and 0.003 ng Yb.  The 
precision for the new technique is in the range of 1.1 – 12.5 % 
relative standard deviation for all metals.  Aluminum, Cr, Mn, and 
K are determined in a standard reference material (trace elements in 
water).  Tungsten coil atomic emission spectrometry proves to be 
an extremely simple technique that provides analytical figures of 
merit comparable to those of tungsten coil atomic absorption 
spectrometry.  The elimination of the requirement for an external 
light source results in a system that could be quite portable. 
 

(55) High Performance Optical Spectroscopy for the 
Measurement of Minute Concentration Changes in Substances 

Olga Pawluczyk1, Romuald Pawluczyk1; 1P&P Optica Inc. 
The capability of spectrometers to measure low concentrations of 
chemical components depends on the performance of the 
measurement system. The factors influencing the performance of a 
real spectroscopic system are analyzed and the results are then used 
to develop a line of high performance spectrometers.  The 
improved design of spectrometers features Volume Phase 
Holographic (VPH) transmission grating, 2D detector array for 
simultaneous registration of all spectral information, dedicated 
optical system specifically optimized for spectroscopic 
applications, carefully selected spectral ranges  and many other 
improvements  The new design results in a non-scanning  system 
with SNR reaching 100,000:1, high spectral resolution of down to 
0.3 nm over broad spectral ranges in the UV to NIR regions.  Such 
systems provide unprecedented measurement capabilities of small 
concentrations or small concentration changes in substances. The 
capability to measure minute concentrations is applicable in many 
fields such as biomedical, petrochemical, pharmaceutical and food 
analysis.  For example, changes in insulin levels or oxygen 
concentration in blood are indicative of many disease processes.  
The paper demonstrates measurements of small concentrations of 
several substances of interest.  High performance spectrometers 
have many benefits.  They can be used non-destructively, acquire 
all data simultaneously, and can be easily installed in process 
control situations. 
 

(56) Optical Fiber for Mid-infrared Remote Spectroscopy 
Applications 

Mohammed Saad1; 1IRphotonics 
Remote Mid-IR spectroscopy applications have been limited due to 
the lack of an optical fiber delivery system that is robust, flexible 
and cost effective.  Fluoride fibers are among the rare amorphous 
materials that have a transmission window from 0.3 µm in the UV 
to 5.5 µm in the infrared and that could in theory be used for 
remote Mid-IR or multi-spectral spectroscopy applications. During 
the eighties, They were intensively developed for ultra long haul 
telecommunication application, due to their theoretical ultra low 
loss (10-3db/km at 2,6 µm). Their use for telecom applications was 
abandoned to silica, but there still remained some short length 
applications in the Mid IR spectrum that include remote 
spectroscopy, IR-imaging, thermometry, laser power delivery and 
fiber lasers/amplifiers. The first commercially available fluoride 
fibers suffered from high attenuation, as well as mechanical, 
handling and environmental performance issues. Some companies 
abandoned fluoride fiber technology while others using new and 
original materials and processes have developed fibers that have 
essentially overcome the poor performance of the first generation 
of fluoride fibers that were brought to market. The technology is 
now very mature and can provide doped and un-doped single and 
multimode optical fiber with very good mechanical and optical 
properties. Mechanical properties now approach those of specialty 
silica fibers with proof strengths of up to 150 Kpsi, breaking bend 
radiuses as low as 4 mm for 125 µm fibers diameter and multi-
mode fibers are now routinely produced with attenuations of less  

than 0.1 dB/m. Significant technological improvements have been 
made to fluoride fibers. These new fluoride fibers  represent a 
robust, flexible, and practical method of delivering Mid-IR or 
multi-spectral information to remote spectroscopy equipment.  
 

(57) Improving Ion Mobility Spectrometry Trace Detection 
Methodology for Field Applications 

Greg Cook1, Christian Whitchurch2, Kelly Mount3, Dave 
McCollam3, Robert Gillette4, Mark Miller4, Brian Eckenrode4; 
1Uniformed Services University of Health Sciences; 2Defense 
Threat Reduction Agency; 3Explosives Unit, FBI Laboratory; 

4CTFSRU, FBI Laboratory 
An important problem facing today’s military and law enforcement 
personnel is the ability to detect, correctly identify, and interdict the 
illegal use of explosives intended to initiate terror, both nationally 
and internationally.  Currently, many ion mobility spectrometry 
(IMS) instruments are used in the field to locate contraband, such 
as explosives. A well-known limitation of IMS instruments results 
when analyzing samples that contain mixtures or complex matrices.  
In these cases, analytes of concern can be masked, which results in 
individual components going undetected, false positive results 
being generated, or interference with trace detection capabilities 
occurring.  Rapid gas chromatography (GC) is a technology that 
could potentially improve current capabilities in the separation of 
trace organic explosives prior to detection via IMS.  In this 
research, a robust GC/IMS instrument, utilizing a low thermal mass 
GC column that permits rapid pre-separation of complex samples 
prior to detection, was engineered and tested.  Six explosives 
(HMTD, PETN, RDX, TATP, Tetryl, TNT) were analyzed at 
varying levels of concentration using a GC/MS and a GC/IMS 
system to compare and contrast the discriminatory power of the 
two instruments. Potential adulterants were also identified and 
analyzed.  Test results were compared with GC/IMS instruments to 
demonstrate advantages that can be gained from the new 
instrumentation’s detection and identification capabilities.  The 
instrumentation’s strengths and weaknesses were evaluated with 
regards to accuracy, precision, dynamic range, sensitivity, 
serviceability, and adaptability for use in the field.  The new 
instrument’s capabilities can be beneficial in-situations where 
public safety is threatened or when rapid analyses are required to 
evaluate forensic evidence.  GC/IMS was found to be a valuable 
tool for reducing the level of interferents and reducing the false 
positive responses currently being experienced in the field.  
 

(58) Development of a Handheld System for Photon Time-of-
Flight Analysis of Turbid Media 

Francis Esmonde-White1, David Burns1; 1Department of 
Chemistry, McGill University 

Photon time-of-flight measurements can be used to characterize the 
optical properties of turbid media such as the scattering and 
absorption coefficients. Use of photon time-of-flight measurements 
has been limited by the cost and complexity of these devices. A 
portable photon time-of-flight system is demonstrated using an 
inexpensive portable pulsed laser system, and a high speed 
photodiode. Light intensities were recorded directly using a 
handheld oscilloscope. A second approach for measurement of light 
intensities used an electronic mixer and inexpensive silicon delay 
line to simplify the necessary detection electronics. The square 
laser trigger pulse was delayed and mixed with the photodiode 
signal. The result of this hard edged phase mixing is to 
electronically select a portion of the detected pulse. An integrated 
charge for each time-delay was collected, giving a measure of light 
intensity with time. This simplified hardware allows the signal to 
be profiled with 0.15ns steps, at a fraction of the cost of previous 
detection electronics. Absorption and scattering properties for a 
series of light scattering solutions were examined using this  
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instrument. In particular, the rising edge of the measured signal 
from turbid samples was found to be selective for estimation of the 
scattering coefficient. Correspondingly, the overall intensity when 
corrected for the scattering is shown to be selective for estimation 
of the absorption coefficient. Results are encouraging for future 
development of a portable clinical instrument. 
 

(59) Development and Application of a Co-axial Fiber Optic 
Chemical Sensing Excitation-Emission Matrix Fluorometer for 

Remote and In-situ Sensing 
James Jordan1, Karl Booksh1; 1Arizona State University 

The Co-axial Fiber Optic Chemical Sensing Excitation-Emission 
Matrix Fluorometer (CaFOCS-EEMF) is a prototype instrument 
that has evolved from academic laboratory research.  The aim of 
the research was to design and deploy a single measurement EEMF 
to the deap-sea hydrothermal vents of the Pacific Oceans’ Juan de 
Fuca  and interrogate the extreme environment for the presence of 
fluorescence signals that may be attributable to life processes or 
bio-activity. Presently, an empty niche exists in the availability of 
instrumentation capable of the in-situ monitoring of extreme 
environments.  This course of investigation will seek to quantify 
identifiable chemical species and track their  levels through various 
hydro-geologic migration and transport pathways and to learn more 
about their behavior and eventual fate.  The class of analytes 
known as polycyclic aromatic hydrocarbons (PAHs) as well as 
some DDT-type pesticide levels found in soils and natural waters 
are of great concern as the rate of generation and deposition into 
vital soil and water resources becomes increasingly greater than 
their removal by either natural processes or environmental 
remediation efforts.  Utilizing CaFOCS-EEMF to perform 
expedited site characterization (ESC) and long term monitoring of 
PAHs and DDT-type pesticide migration should yield important 
data concerning the health and stability of vital aquatic resource. 
The co-axial design of this fiber optic probe addresses a key 
limiting factor in commercially available probes. Note: most 
commercial probes are referred to as reflectance probes. 
Reflectance probes monitor the reflected light that returns to the 
detector via the receive fiber. The most common configuration for 
the probe is packing 7 fibers of similar (or different) diameters as 
close together as possible. This configuration is known as the six-
around-one geometry. This geometry is important because the 
monitoring channel (usually the center fiber) has a field of view 
specified by material of manufacture and the process by which it 
was manufactured. The co-axial design eliminates the necessity of 
multiple fibers (six) _by employing the capillary waveguide (one) 
as a continuous band of incident radiation around the field of view 
of the receive (one) fiber. 
 
(60) Gold Cluster Assisted Laser Photoionization of a Dipeptide 

J. Albert Schultz1, Jerry F. Moore2, Michael J. Pellin2, Igor V. 
Veryovkin2, Wallis F. Calaway2, Agnès L. Tempez1, Michael V. 
Ugarov1, Steven Oldenburg4, Amina S. Woods3; 1Ionwerks Inc.; 

2Argonne National Laboratory; 3NIDA IRP, NIH; 
 4nanoComposix Inc 

Gold nanoparticulateshave recently been reported as highly 
efficient matrices for direct laser desorption of biomolecular ions 
and have shown promise for improving molecular analysis of 
biotissues. Laser postionization (photoionization after desorption) 
with ultraviolet (UV) light is known for enhancing sensitivity and 
reducing fragmentation of laser desorbed neutrals. More recent 
results from infrared (IR) laser photoionization of an IR-MALDI 
(matrix assisted laser desorption ionization) plume show great 
promise. we show a new approach that uses gold nanospheres as a 
matrix for N2 laser desorption of ions and neutrals, followed by 
VUV (vacuum ultraviolet) laser postionization of desorbed neutral 
parent peptide molecules. The function of the nanoparticles is two- 

fold: (1) they assist in the laser desorption of neutral bioanalytes by 
a microfocused UV laser and (2) they also assist in the 
photoionization of co-desorbed biomolecules with another VUV 
laser as demonstrated herein. 
 

(61) Nanoelectrospray Mass Spectrometry Study of Intact 
Hemoglobin Interaction with Oxaliplatin in Red Blood Cells of 

Cancer Patients 
Xing-Fang Li1, Rupasri Mandal1, Jun Peng1, Michael  Sawyer2; 

1University of Alberta; 2Cross Cancer Institute 
We report the development of a nanoelectrospray ionization 
quadrupole time-of-flight mass spectrometry (nanoESI-MS) 
technique for detection of intact hemoglobin and drug adducts. 
Protein solution preparation and instrumental parameters were 
systematically optimized for the detection of the intact hemoglobin 
tetramers. We first applied this technique to study the interaction of 
intact human Hb tetramer with oxaliplatin, cis-[(1R,2R)-1,2-
cyclohexanediamine-N,N’] [oxalato(2-)-O,O’] platinum. 
Oxaliplatin is currently used to treat colorectal cancers. Incubations 
of Hb with oxaliplatin resulted in the binding of oxaliplatin to intact 
Hb, with a stoichiometry ranging from 1:1 to 1:5, depending on the 
concentrations of the protein and oxaliplatin as well as the 
incubation time. Characterization of the Hb-oxaliplatin adducts 
using tandem MS revealed that both the parent drug molecule, cis-
[(1R,2R)-1,2-cyclohexanediamine-N,N’] [oxalato(2-)-O,O’] 
platinum, and its hydrated species, cis-[(1R,2R)-1,2-
cyclohexanediamine-N,N’] [H2O]2 platinum, formed complexes 
with Hb. The hydrated species of oxaliplatin bound to Hb was 
through the displacement of the oxalate ligand. We further 
analyzed the Hb-oxaliplatin adducts in red blood cells (RBC) from 
cancer patients who were undergoing oxaliplatin treatment. The 
Hb-oxaliplatin adducts detected in RBC ware the same as those 
found in the incubations. The level of the Hb-oxaliplatin adducts in 
the RBC collected at 1 h and 48 h after infusion of oxaliplatin did 
not change significantly for the same patient, suggesting a slow 
elimination of oxaliplatin from RBC.  Profiling of the Hb-
oxaliplatin adducts in RBC from patients demonstrated inter-patient 
differences, which may serve as a biomarker. The established 
nanoelectrospray ionization tandem mass spectrometry method is 
useful for studying interaction of other drugs with intact Hb. 
 

(62) Mode Changes in Electrosprays: Needle Geometry and 
Wettability Effects 

Ioan Marginean1, Peter Nemes1, Akos Vertes12; 1George 
Washington University; 2IPTA 

Recent results indicate a direct connection between the 
electrohydrodynamic pulsation of the Taylor cone and oscillations 
in the spray current (Anal. Chem. 76 (2004) 4202). In this 
contribution, we describe further details of this relationship based 
on the Fourier analysis of the spray current in correlation with fast 
imaging of the Taylor cone. To explore the effect of needle 
geometry, 50% methanol was pumped through blunt tip stainless 
steel capillaries of various inner and outer diameters and 
electrosprayed against a flat counter electrode placed at 30-mm 
distance. The above-mentioned diagnostic methods were used to 
characterize switching between aperiodic (chaotic) and periodic 
current oscillations for the needles. The results showed that the 
geometry and wetting properties of the capillary tip determined the 
positional stability of the meniscus contact line, which in turn 
influenced the dynamic behavior of the Taylor cone. Although the 
actual flow rate for mode switching was needle-dependent, with 
increasing flow rate similar patterns of electrospray evolution were 
observed. The frequency of the spray current oscillations was found 
to decrease with increasing wetted area. Needles with a large 
difference between their inner and outer diameters offered a large 
area for Taylor cone anchoring. In these cases only axial modes  
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were observed. Multi-jet regimes were only present when the outer 
rim of the needle was wetted. These results promise new methods 
for spraying mode control and new needle geometry designs for 
improved spray stability. 
 
(63) Effects of Solvent Flow, Dopant Flow, and Lamp Current 
on Dopant-Assisted Atmospheric Pressure Photoionization for 

LC/MS 
Michael Blades1, Damon Robb1; 1University of British Columbia 

For dopant-assisted atmospheric pressure photoionization (DA-
APPI), there are limits to the sensitivity and total ion current (TIC) 
which can be obtained by increasing the dopant flow and/or the 
lamp power.  Further, these limits are decreased by raising the flow 
rate of the liquid sample stream.  These empirical observations 
have not previously been explained.  From the early atmospheric 
pressure ionization literature, we have constructed a theoretical 
framework describing the mechanisms responsible for these aspects 
of DA-APPI performance.  Here, a synopsis of this theory is 
presented, along with experimental results illustrating the effects of 
dopant flow, lamp current, and solvent flow on DA-APPI 
sensitivity and deliverable TIC.  Together, theory and experimental 
results are used to explain the observed limitations in DA-APPI 
performance. 
 

(64) Application of Photoelectron Resonance Capture 
Ionization (PERCI) Mass Spectrometry to the Analysis of 

Comestible Oils and Oil-Derived Fuels 
James Zahardis, Brian LaFranchi, Giuseppe Petrucci; 1University 

of Vermont 
Photoelectron resonance capture ionization (PERCI) is a soft 
method of molecular ionization developed for the analysis of 
organic analytes. PERCI relies on the attachment of low-energy 
photoelectrons (Epe < 10 eV) to vaporized molecules. In 
combination with time-of-flight mass spectrometry (MS), PERCI 
facilitates identification of organic compounds by significantly 
reducing molecular fragmentation. Tuning of the photoelectron 
energy can produce either associative or dissociative attachment, 
making the ionization method widely applicable or selective 
respectively. Photoelectron capture is especially sensitive for 
compounds that can stabilize excess negative charge, such as 
organic acids, ketones, and aldehydes. As such, PERCI is ideally 
suited to the ionization of fatty acids in oils and oil-derived 
products. We have applied PERCI MS to the analysis of two 
classes of samples: comestible oils and biodiesel fuels. Biodiesel 
fuels are derived by esterification of fatty acids in commercially 
available oils, such as rapeseed and soybean. Several important 
qualities of biodiesel, such as viscosity, freezing point, and fuel 
value, depend largely on the chain-length distribution of fatty acid 
esters in the biodiesel. Biodiesel samples are introduced directly 
into the PERCI mass spectrometer, without chemical workup, by 
ultrasonic nebulization of dilute solutions in ethanol.  A single 
analysis taking less than one minute yields a complete fatty acid 
chain-length distribution for each sample, permitting process 
optimization in the biodiesel production. We present results on the 
application of PERCI MS to the direct analysis of biodiesel fuels 
generated by different chemical processes and having undergone 
different clean-up procedures. We also present results from the 
application of PERCI mass spectrometry to the analysis of various 
oils (for example, olive, peanut, soybean, rapeseed), adulterated 
olive oil samples (for example, with peanut and rapeseed oil). With 
PERCI MS analysis, we demonstrate capabilities to identify 
adulterated olive oils and suspected adulterating agents, quantify 
the level of adulteration, and the regional source of the olive oil. 
Finally, analytical figures of merit are presented with respect to 
sensitivity to and identification of various adulterants. 
 

(65) Laser Post-Ionization Secondary Neutral Mass 
Spectrometry (LPI SNMS): a New Generation of Instruments 

Enables New Analytical Applications 
Igor Veryovkin1, Wallis  Calaway1, Jerry Moore1, Michael Pellin1, 

Emil Tripa1; 1Argonne National Laboratory 
The range of analytical applications using the LPI SNMS technique 
is being significantly extended with the new generation of time-of-
flight (TOF) mass spectrometers (MS) developed and constructed 
at Argonne National Laboratory. Two new TOF MS instruments of 
essentially the same design, SPIRIT (2002) and SARISA (2004), 
are now fully operational. Microfocused ion and laser beams are 
used as probes for sample atomization, producing gas phase atoms 
and molecules for post-ionization. Various lasers are then used for 
Single-Photon Ionization (SPI) or Resonantly Enhanced Multi-
Photon Ionization (REMPI). SPI, can be performed using excimer 
(ArF at 193 nm) or F2 (157 nm) laser light. REMPI, can be 
performed using a set of Ti-sapphire solid state lasers (in SARISA). 
The analytical spot size of the laser microprobe (about 0.5 µm) has 
been achieved by incorporating a high resolution optical 
microscope of the Schwarzshild-type into the extraction ion optics. 
This in-vacuum optical microscope also enables real-time sample 
imaging during analyses. The analytical spot size for the ion 
microprobes in SARISA and SPIRIT depends on the type of ion 
gun chosen for a particular analysis: a few µm with gas ion sources 
and 50-100 nm with liquid metal ion sources. In addition to these 
ion guns which are pointed at the sample at 60º from normal, the 
SARISA instrument also incorporated a gun, which is dedicated to 
surface cleaning and ion milling by low energy (100÷1000 eV) ion 
sputtering with normal impact angle. The combination of low 
energy sputtering with either ion or laser microprobe enables three-
dimensional analyses with depth resolution that can achieve one 
atomic monolayer. Current and future analytical applications of the 
LPI SNMS technique such as quantitative ultra-trace analysis of 
extraterrestrial samples and nanoscale objects will be discussed. 
This work is supported by the U. S. Department of Energy, BES-
Materials Sciences, under Contract W-31-109-ENG-38, and by 
NASA under Work Orders W-19,895 and W-10,091  
 

(66) Laser-Processed Silicon Surface as a Matrix-Free Laser 
Desorption Ionization Substrate 

Yong Chen1,2, Akos Vertes1,2; 1Department of Chemistry, George 
Washington Univ.; 2IPTA, George Washington Univ. 

Matrix-free methods are emerging as promising alternatives to 
matrix-assisted laser desorption/ionization (MALDI) for the mass 
analysis of low mass molecules. In lieu of small organic matrix 
molecules, micro- or nanostructures are used to absorb the laser 
energy and to desorb and ionize the analyte. Processed with pulses 
from a mode-locked laser, the silicon surface forms an array of 
mesoscopic spikes and demonstrates high optical absorption 
efficiency. Methods: Low-resistivity N/As(100) silicon wafers were 
processed with a mode-locked frequency-tripled Nd-YAG laser 
(355nm, 22ps) in air, SF6 gas, or water environment. After 1000 
shots, the surface was cleaned with HF (1N, 3.65%) to remove 
SiO2, rinsed with deionized water, and air dried. Aqueous solutions 
of small peptides (6,000 Da) were directly deposited on the Si 
substrate. A nitrogen laser (337nm, 3ns) was used to induce 
desorption/ionization, and the produced peptide ions were analyzed 
with a linear time-of-flight mass spectrometer. Results: Scanning 
electron microscope images showed that upon laser exposure, 
regularly arranged protrusions formed on the Si surfaces. As the 
laser shots were repeated they increased in height and eventually 
developed into array of conical microspikes. The radius of the spike 
tip varied with the processing environment, ranging from ~500 nm 
in water, to 2 um in SF6 gas, and to 5 um in air. Protonated 
angiotensin I (1,296 Da), substance P (1,347.6 Da), and insulin 
(5,733.5 Da) ions were generated from the Si surface where it was  
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laser-processed, but no ions were detected from the unprocessed 
surfaces. The threshold fluence for desorption/ionization varied 
with the processing environment, from 25 mJ/cm2 for Si processed 
in water to 80 mJ/cm2 for surfaces produced in SF6 gas.  
 

(67) In-situ Thermal Desorption/Gas Chromatography/Mass 
Spectrometry (TD/GC/MS) Analysis of Phenoxyethanol 
Sequentially Desorbed from a Single Ink Sample at Two 

Temperatures - A Novel and Simple Mass-independent Ink-
Dating Approach 

Lay-Keow Ng Ng1, Pierre Lafontaine1, Luc Brazeau1; 1Laboratory, 
Canada Border Services Agency 

Signatures and written documents produced with ballpoint pens 
represent the most important element for document dating analysis. 
Current ink dating techniques are based on Aginsky method, which 
quantifies the relative loss of the high boiling ink solvent, e.g. 
phenoxyethanol  (PE), between 2 ink samples taken from the same 
ink entry, one heated and the other unheated. Fresher ink gives 
larger solvent loss upon heating. For valid comparison, the two 
samples must contain the same amount of ink. This requirement is 
not always met. This paper discusses a mass-independent approach 
in which measurements are made on the same ink sample. It 
involves extraction of PE in a thermal desorption unit which is 
directly interfaced to a gas chromatography/mass spectrometer 
(GC/MS). Desorption of the same ink sample is carried out at 
75¢ªC and 200¢ªC sequentially. The vaporized PE is analyzed by 
GC/MS on a selected ion monitoring (SIM) mode. The ratio of the 
response of PE extracted at 75¢ªC to the total response collected at 
both temperatures decreases with ink age and follows an 
exponential decay curve.  The R value, which is the % ratio, is used 
to differentiate between fresh and old inks. Generally, it is  > 45 for 
inks less than 6 month-old.   
 

(68) Simultaneous Analysis Methods of BPA, BPF, BADGE, 
BFDGE and 10 their Derivatives using LC/APCI-MS 

Jae Chun Choi1, Young Ja Lee1, So Hee Kim1, Soo Young Choi1; 
1Seoul Regional Korea Food & Drug Admistration 

A rapid and sensitive simultaneous analytical method based on 
LC/APCI-MS has been developed for determination of BPA, BPF, 
BADGE, BFDGE and 10 their derivatives in food packaging 
materials and foods. Optimized CV, m/z and ionization mode of 
LC/APCI-MS using 0.1% formic acid and acetonitrile as mobile 
phase in 275 nm were +40, 213.11>228.16 for BPA, +20, 
358.20>340.22 for BADGE, +20, 376.17>358.22 for 
BADGE.H2O, +20, 394.22>376.21 for BADGE.2H2O, +20, 
376.22>394.16>412.18 for BADGE.HCl.H2O, +20, 
358.17>394.27>376.66 for BADGE.HCl, +20, 
358.20>432.09>413.13 for BADGE.2HCl, +20, 199.08>200.14 for 
BPF, +20, 330.12>312.33 for BFDGE, +20, 348.16>330.61 for 
BFDGE.H2O, +20, 366.18>348.2 for BFDGE.2H2O, +20, 
384.18>348.12>367.24 for BFDGE.HCl.H2O, +20, 
330.16>366.16>402.20 for BFDGE.HCl, +20, 
330.12>402.10>366.02 for BFDGE.2HCl. The result of this paper 
showed that the LC/APCI-MS can be used as routine method for 
analysis of BPA, BPF, BADGE, BFDGE and 10 their derivatives in 
food packaging materials and foods, if nessessary, using SIM mode 
to obtain maximum selectivity and sensitivity for quantitative 
analysis. 
 

(69) Triple Spectrometer System Offers Excellent Stray Light 
Rejection And Resolution for UV to NIR Raman Applications 

Marc Neglia1,2, Dmitri Koulikov1,2; 1Princeton Instruments; 2Acton 
Research Corporation 

This triple spectrometer system offering from PI Acton presents the 
most flexible system for scientific use on the market. Three 
imaging corrected spectrometers of 500mm or 750mm focal  

lengths yield excellent stray light rejection with superb resolution. 
The patented optical design enables the user to switch between 
additive and subtractive modes via software control without the 
need for any additional hardware. The optimum working range of 
the system is from the UV up to the NIR, depending on the grating 
and detector selection. The best resolution and stray light 
suppression is achieved by using the system in triple additive mode 
with a photon counting detector in scanning operation. Using this 
configuration, Raman spectra can be taken with a minimum 
distance from the Rayleigh line of less than 5cm-1 with a resolution 
of less than 0.2cm-1 at 500nm. However, multi-channel detection 
with a CCD or ICCD camera produces data acquisition at about 
1000 times faster than with a single channel detector. Working in 
triple subtractive mode, Raman spectra can be measured to less 
than 5cm-1 from the Rayleigh line with a typical spectral resolution 
of less than 0.5cm-1 at 500nm, when data is collected with a 13µm 
CCD pixel. A variety of different configurations enable the system 
to be used in a wide field of applications. A total of four input ports 
and four output ports provide a variety of different system setups. 
Switching between additive and subtractive mode is done inside the 
first two stages without any need of additional hardware. Therefore, 
the double monochromator stage can be used together with the 
third stage for Raman spectroscopy, or it can be used as an 
excitation stage for fluorescence and photoluminescence, allowing 
the emission to be detected by the third stage. Another use for this 
flexible system would be to run three separate, independent 
experiments at the same time. Each of the four exit ports can be 
occupied by either single channel detectors, such as a 
photomultiplier tube, or by a multi-channel detector, such as CCD, 
ICCD, or NIR array detector cameras. 
 

(70) A Miniature, High-Resolution, Raman Spectrometer 
Engine 

Richard Crocombe1, Xiaomei Wang1, Xinfa Ma1, David Coppeta1, 
Dale Flanders1; 1Axsun Technologies 

A common vision for the ideal analytical instrument has focused on 
the concept of a hand-held, intelligent device that gives specific 
analytical answers.  Miniature X-ray fluorescence instruments have 
been available for some time for metals analysis, but miniature 
high-resolution, high-sensitivity molecular spectrometers (infrared, 
near-infrared, Raman) have remained a challenge. A number of 
portable, moderate cost, Raman spectrometers have been 
developed, but in general these have operated at either low 
resolution (~10 to 20 cm-1), or have compromised performance in 
other areas.  Adaptation of technology developed for the 
telecommunications industry has allowed the construction of near-
infrared spectrometers with simultaneous high resolution, high 
signal-to-noise and rapid data collection [1].  This technology has 
now been extended into Raman spectroscopy, and this paper will 
describe the performance and applications of a novel, miniature, 
high-resolution, Raman spectrometer engine. [1] R.A. Crocombe, 
D.C. Flanders and W. Atia, “Micro-optical instrumentation for 
process spectroscopy”, Proc. of SPIE, 5591, 11-25 (2004). 
 

(71) UV Raman Spectroscopy with Acousto-Optic Tunable 
Filters 

Jon Carnahan1, Kaho Kwok1, William Hug2, Ray Reid2; 1Northern 
Illinois University; 2Photon Systems 

Raman spectroscopy has long been recognized as a versatile tool in 
the studies of molecular structures because of its many advantages. 
For instance, Raman often requires minimal sample preparation, 
and water can be used as solvent without causing significant 
interference. These advantages are especially important for the 
study of biological samples. During the past decade, acousto-optic 
tunable filters (AOTF) have been applied as wavelength selection 
devices for Raman instrumentation. These studies utilized visible  
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lasers. However, applications of UV-AOTF Raman have not been 
demonstrated. Possible reasons include lack of appropriate UV 
lasers and AOTFs in the past. Recent successes with a quartz 
AOTF having an output wavelength down to 200 nm, and the 
availability of compact deep UV lasers make this goal possible. 
The use of a compact pulsed deep UV laser (224.3 nm) with a 
quartz AOTF for Raman spectroscopy is proposed. This 
spectrometer has several potential advantages. The technique 
should have high sensitivity because Raman intensity is directly 
proportional to the fourth power of the excitation frequency. High 
spectral resolution will be obtained because the spectral bandpass 
of an AOTF is directly proportional to the square of the excitation 
wavelength.  Observing Raman scattering in the UV region should 
allow the avoidance of fluorescence background.  Finally, the 
reduced power consumption afforded by triggering the AOTF and 
associated electronics with the pulsed UV laser and the compact 
size of the AOTF are suitable for NASA applications.   Preliminary 
experiments with the UV laser to demonstrate the potentials of this 
research will be presented. 
 

(72) Enhancing Raman Flow Cell with a Polymer Waveguide 
for Geothermal Spring Analysis 

Michelle Meighan1, Tina  Battaglia1, Jean-Francois Masson1, Karl 
Booksh1; 1Arizona State University 

There is an ever-growing need for a field portable fiber-optic 
Raman system able to take in-situ measurements of terrestrial 
waters.  Studying environmental systems is important for a plethora 
of reasons, from the management of nutrient application to 
supervising pollution.  This study investigates the reactions 
occurring in local geothermal systems in Arizona.  The 
concentration of sulfate in five different hot springs was analyzed 
using Raman Spectroscopy. To improve the Raman signal, the 
system was modified to allow better collection efficiency.  In 
present work, 30cm of Teflon AF were used for augmentation of 
Raman measurements.  It was ascertained that using the flow cell 
with the Teflon AF waveguide enhanced the peak intensity of the 
sulfate.  To furthermore enhance the signal from sulfate, the 
volume of the samples was reduced from 100mL to approximately 
20mL. Using the concentrated samples for the calibrations yielded 
a predicted sulfate concentration with more accuracy in the 
determination of the sulfate concentration.  Limit of detection in the 
low ppm range can easily be achieved.  In local Arizona hot 
springs, sulfate concentration is around a few hundred ppm.  It was 
also established that the use of the Teflon AF with the concentrated 
samples resulted in an enhancement of up to 10-fold. 
 

(73) Investigating Structure-Function Relationships in Food 
Proteins using Infrared, Raman, and Fluorescence 

Spectroscopy 
Douglas L. Elmore1, Sean Smith1, Carrie Lendon1, Allen Muroski1, 

Brian Anderson1; 1Cargill 
Protein structure can dramatically affect the properties and 
functionality of food products such as texture, appearance, flavor, 
dispersibility, and shelf life, and since processing often alters the 
secondary structure of food proteins, understanding protein-
structure relationships can help food companies design high protein 
food products with desirable qualities.  Infrared and Raman are 
powerful techniques for probing changes in protein conformation 
in-situ, in a non-destructive manner.  These techniques can also 
provide information about hydrogen bonding, the orientation of 
Amide II groups in alpha-helix and beta-sheet conformations, and 
disulfide cross-linkages.  We will present the results of a study of 
beef denaturation under a variety of conditions.  Using information 
obtained from the protein amide bands, we have created plots that 
describe the temperature and time-dependent changes in protein 
secondary structure and hydrogen bonding.   The results from a  

powdered protein study will be presented and discussed as well.  
To obtain the necessary infrared spectra, single reflection diamond 
attenuated total reflection (ATR) was employed.  Complications 
associated with quantitative measurements are addressed in the 
context of food proteins.  Various data reduction challenges will 
also be addressed.  Fluoresence spectroscopy provides information 
about surface hydrophobicity and thus water-protein interactions.  
Since many food proteins are globular, this information can 
sometimes reveal changes associated with the hydrophobic core.  
Issues associated with various tagging strategies will be addressed.   
Several food applications will be presented that benefited from a 
combined infrared, Raman, and fluorescence spectroscopic 
approach. 
 
(74) NIR Chemical Imaging as an Accuracy Predictor in Near-

IR, ATR-FTIR, and Raman Spectroscopic Determination of 
Acetaminophen Content in Pharmaceutical Tablets 

Mazen L. Hamad1, Alan S. Carlin1, Christopher D. Ellison1, Everett 
H. Jefferson1, Robbe C. Lyon1, John A. Spencer2, David J. 

Strachan3, Mark S. Kemper3, Ian R. Lewis3, Ajaz S. Hussain4; 
1Division of Product Quality Research, FDA; 2Division of 

Pharmaceutical Analysis, FDA; 3Kaiser Optical Systems; 4Office of 
Pharmaceutical Science, FDA 

The use of spectroscopy (including NIR, ATR-FTIR, and Raman), 
for the in-line, on-line or at-line, non-destructive, quantitative 
determination of active pharmaceutical ingredients (API) in dosage 
forms is a key aspect of Process Analytical Technology (PAT).  
Quantitation is generally limited by two factors related to the scale 
of scrutiny: 1) the sampling area of the incident beam impinging on 
the tablet, and 2) the level of API-excipient heterogeneities in the 
tablet.  A third factor, which can be controlled by the analyst, is the 
number and location of spectroscopic measurements acquired from 
the surface of the tablet.  Increasing the number of measurements 
will, however, increase the analysis time and the level of difficulty 
of the analysis. NIR chemical imaging can be used to determine the 
tablet level of heterogeneity by providing a spatial map of the API 
domains in the tablets.  Given this novel information, the analyst 
can infer the degree of accuracy that will be achieved when using a 
given spectroscopic method with a given optical beam sampling 
area. This study assessed the feasibility of predicting active drug 
content in the same set of pharmaceutical tablets by different 
nondestructive spectroscopic techniques, including dispersive NIR 
reflectance, FT-NIR reflectance, FT-NIR transmission, ATR-FTIR, 
dispersive Raman (large spot and small spot), and FT-Raman. 
Commercial-grade acetaminophen tablets ranging in dose from 60-
120 mg were evaluated. The spectra of each tablet, acquired with 
each instrument, were subjected to similar preprocessing 
techniques and the acetaminophen contents were predicted using 
partial least squares (PLS) analysis and compared to the reference 
HPLC method.  The relationship between the accuracy of the 
results from each instrument, the number of spectroscopic 
measurements, and the NIR chemical images will be discussed; and 
each instrument will be evaluated based on its PAT compatibility.  
 

(75) Qualitative and Quantitative Characterization of a 
Ternary Mixture of Pharmaceutical Polymorphs by ATR-FTIR 

and FT-Raman Spectroscopy 
Amid Salari1, Kewei Xu1, Richard Young1; 1Roche Palo Alto 

Full characterization of polymorphism in solid pharmaceuticals has 
become an increasingly important and necessary activity 
throughout the course of drug development and manufactering 
process. It is now commonly understood that small changes in solid 
state properties of the Active Pharmaceutical Ingredient (API) 
could have profound effect on the chemical properties, 
pharmaceutial performance, and the drugability of the API into a 
final drug product. This has made the pharmaceutical industry to  



ABSTRACTS 

86 

carry out polymorphism screening as early in the discovery phase 
as possible in order to select an optimal polymorph, and to avoid 
potential solid state related pitfalls down stream during the 
development phase. Moreover, in-situations where the most desired 
solid state form of the drug substance is difficult to manufacture 
with an acceptable level of purity, accurate quantitation and control 
of the polymorphic mixture may becomes necessary. In this work, 
the application of FT-Raman and ATR-FTIR spectroscopy 
combined with PLS modeling, to the full qualitative and 
quantitative characterization of a ternary mixture of crystalline 
forms is presented.  Although both techniques probe the molecular 
microenvironment of the solid sample and operate based on a 
common set of fundamental principles, there are nonetheless, 
important differences among the two techniques.  These differences 
often render one technique superior over the other depending on the 
type of compound and the information desired. In order to most 
directly compare the two techniques and to better reveal their subtle 
differences, we have carried out qualitative and quantitative 
analyses of mixtures of three polymorphs of ganciclovir under 
nearly identical experimental conditions, sample preparation, and 
data processing. While both techniques produced similar results, 
specific strength and weaknesses were identified with each 
technique. A direct comparison of the results obtained by the 
application of these two analytical techniques will be presented. 
 
(76) Studies on Molecular Structures of Proteins and Peptides 

at the Solid/Liquid Interface Using SFG 
Zhan Chen1; 1University of Michigan 

Molecular structures of interfacial proteins and peptides play 
important roles in biocompatibility, anti-biofouling control, 
membrane protein function, and anti-microbial peptide behavior. 
Sum frequency generation (SFG) vibrational spectroscopy has been 
applied to investigate molecular structures of proteins and peptides 
at the solid/liquid interface in-situ. SFG is a nonlinear optical laser 
technique which not only provides information of surface chemical 
species but also detects molecular structures of surfaces and buried 
interfaces with a submonolayer surface sensitivity. In this study, a 
thin film model was adopted to interpret SFG spectra. Isotope 
labeled method was introduced in the SFG studies. SFG results 
demonstrate that C-H stretching and amide signals can elucidate 
structures of hydrophobic side chains and secondary structures of 
interfacial peptides and proteins respectively. Detailed correlations 
between SFG amide I signals and secondary structures of 
interfacial proteins and proteins have been deduced. Various 
peptides and proteins including several anti-microbial peptides, 
albumin, lysozyme, fibrinogen, and factor XII (FXII) have been 
studied. Time-dependent structural changes of adsorbed proteins at 
the solid/liquid interface have been monitored. In addition, SFG 
chiral spectra were collected from interfacial peptides and proteins, 
which provide additional measurements to determine structures of 
these proteins and peptides. We also showed that combinations of 
linear vibrational spectroscopy such as attenuated total reflection 
Fourier transform infrared spectroscopy with nonlinear vibrational 
spectroscopic techniques such as SFG and four-wave mixing 
provide more detailed structure of surfaces/interfaces than that 
from a single technique. 
 
(77) Understanding Molecular Interactions Between Polymers 

and Silanes 
Zhan Chen1; 1University of Michigan 

Silanes are widely used as adhesion promoters. Understanding 
molecular structures of polymer/silane interfaces will provide us 
with a basis to understand polymer adhesion. Sum frequency 
generation (SFG) vibrational spectroscopy has been applied to 
investigate interfaces between deuterated poly(methyl 
methacrylate) (d-PMMA) or deuterated polystyrene (d-PS) and  

various silanes including n-octadecyl-trichlorosilane (OTCS) and 
n-octadecyl-trimethoxysilane (OTMS). Our results indicate that 
interfacial structures of silanes at various polymer interfaces are 
determined by interactions between silanes and polymer surface 
dominating groups. For example, the end methyl groups from 
OTCS dominate the OTCS/d-PMMA interface, while the 
methylene backbone groups dominate the OTCS/d-PS interface. At 
the OTMS/d-PMMA interface, the -OCH3 head groups segregate 
to the interface. Different silane structures at various interfaces 
determine the differences in adhesion at these interfaces. In 
addition to the OTCS and OTMS, we have also studied behaviors 
of amino silanes such as 3-aminopropyltrimethoxysilane (ATMS) 
and N-(2-aminoethyl)-3-aminopropyltrimethoxysilane (AATM) at 
the polymer surface. Both ATMS and AATMS diffuse into 
PMMA. The details of the diffusion were investigated by sum 
frequency generation (SFG) vibrational spectroscopy. The results 
show that the molecular order of the polymer/silane interface exists 
during the entire diffusion process and is lost when the ATMS 
molecules traverse through the thickness of the PMMA film. The 
kinetics of the diffusion of the silane into the polymer have been 
deduced from the time dependent SFG signals detected from the 
silane molecules as they diffuse through polymer films of different 
thickness. Instead of diffusion, AATM molecules form hydrogen 
bonds at the poly(ethylene terephthalate) (PET)/amino silane 
interface. The detailed structure of AATM molecules at the PET 
surface has been deduced from our SFG results. This research 
demonstrates that SFG is a powerful technique to elucidate 
molecular interactions between silanes, important adhesion 
promoters for polymer materials, and various polymer surfaces.  
 

(78) Assessment of Component Surface Cleaning Using 
Traditional and "Green” Solvents 

John Monti1, Shannon Richard1, Eric Bukowski1; 1Shimadzu 
Scientific Instruments Inc 

In this presentation, we describe results from studies on the 
effectiveness of traditional and “green” solvents for surface 
cleaning of optical and semiconductor components. Optical 
components consisted of windows, mirrors, gratings, prisms, 
beamsplitters, plates, wafers, and sample cells. Semiconductor 
components consisted of EEPROMS, ICs, and diodes. Test 
contaminants included waxes, solder fluxes, greases, oils, resins, 
and photo-resists. Exposure of the samples to the contaminants was 
standardized. Cleaning was assessed comparing transmittance and 
reflectance measurements of the samples from the far UV (165nm) 
to the IR (3,300nm) before exposure to the contaminants and after 
cleaning. Results suggest that it is possible to assess component 
cleaning over an extremely wide wavelength range using a single 
instrument with a low LOD for contaminants. This allows 
reduction of the total number of samples run with concomitant 
reduction in the amount of wash solvent generated. With use of 
more environmentally friendly solvents, further reduction in 
generation of hazardous waste is possible. 
 

(79) Preparation and Spectral Properties of Cross-Linked 
Fullerene C60 Thin Films 

Elena V. Basiuk1, Edgar Alvarez-Zauco1, Vladimir A. Basiuk2, 
Taras Yu. Gromovoy3, Sergey V. Snegir3, Valeriy A. Pokrovskiy3; 
1UNAM-CCADET, México; 2UNAM-ICN, México; 3ISC, NASU, 

Ukraine 
During the last decade, there has been a great interest to polymerize 
C60 fullerene films on various substrates, photopolymerization 
being one of the most common methods. This interest was 
stimulated with great potential technological possibilities of 
polymerized fullerene films. The photopolymerization changes the 
solubility of fullerene films, and influences their physical and 
chemical characteristics. On the other hand, photoirradiation  
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induces not only the fullerene polymerization, but also the 
formation of other carbonaceous phases. Thus, finding an 
alternative way is highly desirable. In the present paper, we tested 
applicability of the gas-phase technique to the reaction of fullerene 
C60 thin film with 1,8-diaminooctane (or 1,8-octanediamine), a 
representative of long-chain aliphatic diamines, which can be 
expected to react with two or more neighbor fullerene molecules 
simultaneously and thus to act as a cross-linking agent. Our main 
interest was in the preparation of relatively insoluble C60 films, 
which can be similar to the photopolymerized fullerene films in 
their stability, but at the same time the undesirable formation of 
other carbonaceous phases would be avoided. We studied 
polymerization of C60 fullerene films and solid C60 with vaporous 
1,8-octanediamine at ca. 120 C. Such a treatment reduces 
dramatically C60 film and solid C60 solubility in toluene, indicating 
the transformation of C60 into a different solid phase of polymeric 
nature. We investigated the effect of this chemical transformation 
on the vibrational modes of the films and solid C60, by means of 
room-temperature infared (IR) transmission and Raman 
spectroscopy. Compared to the spectra of pristine C60, IR spectra 
of the transformed phase exhibit new lines along with a decrease or 
total disappearance of some IR-active modes typical for C60. The 
latter is indicative of lowering the icosahedral symmetry of C60 
molecule, which is totally consistent with the proposed 
polymerization processes. The films and solid C60 before and after 
their reaction with 1,8-diaminooctane were studied by matrix-
assisted laser desorption ionization time-of-flight (MALDI-TOF) 
mass spectrometry. Morphology of the polymerized fullerene films 
was characterized by atomic force microscopy (AFM). The 
mechanism of chemical polymerization of C60 in the bulk and films 
is discussed.  
 
(81) Electrochemical Impedance Characterization of Ultrathin 

Organosilane Films on Silicon Substrates 
John W. Cline1, Andrienne  Friedli1; 1Middle Tennessee State 

University 
Interfacial layers can be modified to introduce different 
functionalities onto substrates for use in the binding and detection 
of specific biomolecules. Integral to this modification process is the 
need to create homogenous, stable films.  Surface characterization 
can give indirect information about average layer thickness and 
hydrophobicity while spectroscopy gives information about end-
functional groups, but molecular defects are difficult to detect.  
Surface blocking ability can be related to coverage and quality of 
films at the molecular level and is best determined through 
electrochemical methods.  Here we characterize end-functionalized 
organosiloxane thin films using electrochemical impedance 
spectroscopy (EIS). EIS is a powerful analytical tool that has long 
been used in corrosion research to predict the long-term 
performance of organic coatings on metallic substrates. More 
recently, the technique has gained acceptance in numerous 
applications including enzyme kinetics studies, biosensors, battery 
design and materials characterization. However, EIS is rarely 
applied in the characterization of ultrathin films.  Our work 
involves characterization of monolayer range films of APTS and 
other film-precursors made by distillation of commercial silanes 
onto heavily doped silicon wafers. When the wafers are placed in 
an electrochemical cell with Pt counter and pseudo-reference 
electrodes in a 0.5% aqueous HF solution and exposed to an 
applied AC amplitude of 10 mV over a 1 MHz-10 mHz frequency 
range, frequency-dependent data is obtained and fit to an equivalent 
circuit. The results are interpreted in the context of ellipsometric, 
SEM/EDX and contact angle goniometry data for samples from the 
same batch.  Current impedance data suggests that the high 
frequency time constants of the native oxide layer and 
organosiloxane film on fully coated substrates are too similar to be  

resolved.  However, coverage of the substrate can be followed by 
the change in the capacitive and resistive elements associated with 
the low frequency time constant of the native oxide on an uncoated 
substrate.  While APTS films formed at 1 h distillation times have 
monolayer thicknesses as confirmed by ellipsometry, they remain 
extremely porous. This is relevant to device applications since film 
stability depends largely on access to the substrate through such 
pores. 
 

(82) Quantification of Mixtures using XANES Spectroscopy 
Jeff Warner1, Jodi Olchowy1, Tom Kotzer1, Jeffrey Cutler1; 

1Canadian Light Source 
The analysis and quantification of chemical species and elemental 
oxidation states in natural environments and complex industrial 
process streams is being increasingly demanded. Synchrotron-
based x-ray absorption spectroscopy (XAS) requires little sample 
preparation, presenting the opportunity to do in-situ analyses. In 
particular, X-ray absorption near-edge structure (XANES) 
spectroscopy is a powerful speciation technique but many aspects 
of its quantification capabilities have not been fully 
explored.Although the term “fingerprint” is often used when 
discussing XANES spectra, in fact the accurate fitting of XANES 
data requires unique spectral features in both the unknown and 
reference spectra. We examine a series of binary mixtures of 
elements; chromium, nickel, arsenic, lead and molybdenum to 
determine the effect of (i) the number of components, (ii) the 
matrix, (iii) edge energy, (iv) component percent, (v) nearest 
scatterer, (vi) energy or k-space range, and (vii) aspects of the 
sample processing – normalization, Fourier transform and Fourier 
filtering. 
 
(83) NIR Studies of Hydrogen Bonding Using Physical Models 

Applied to Mixture Spectra 
Paul Gemperline, Ernst Bezemer, Kristen Smith; 1East Carolina 

University 
Near-infrared spectroscopy is exquisitely sensitive to hydrogen 
bonding or excruciatingly sensitive to hydrogen bonding, 
depending on the objective of an NIR method of analysis.  In our 
attempts to develop kinetic models of batch reactions using in-situ 
NIR spectroscopy, we find that significant variation in the NIR 
measurements due to hydrogen bonding makes fitting of kinetic 
models very challenging.  In this paper, the challenges of fitting 
kinetic models directly to NIR spectra will be described.  In 
addition, some novel first-principles kinetic models will be 
described that successfully describe most of the variation observed 
in NIR spectra recorded from reactions conducting in hydrogen 
bonding environments.  By incorporating the reaction temperature 
into the modeling software, the enthalpy of composite reaction 
steps are estimated. 
 

(84) Chemometrics in Near-infrared (NIR) Library Building 
Kathryn Lee1, Steve Brennan1; 1Wyeth 

Every process has raw materials, and knowing the quality of those 
raw materials is the first step in the production of quality products.  
Identification, qualification, and quantification tests that are fast, 
accurate, and easy to use are essential to knowing that quality.  
Though there are many techniques that accomplish this, near-
infrared (NIR) is popular.  NIR, through chemometrics and 
computer analysis, can be used to evaluate chemical content of pure 
and mixed materials, as well as provide information on physical 
condition. To err is human, and mistakes will be made, so the 
library has to have the ability to identify them.  If the NIR library 
cannot catch them, then there needs to be other identification tests 
that can.  Though tolerance for variation needs to be included, too 
much tolerance will let unacceptable material pass, and the safety 
margin and the purpose of the library is lost.  Library grouping is  



ABSTRACTS 

88 

essential to successful in implementation.  Because the chemical 
content of materials is most important and materials have very 
different particle sizes and therefore spectral baselines, derivative 
math pre-treatment is typically used in libraries.  However, this 
removes nearly all of the valuable physical property information 
that NIR can provide, eliminating one of its major advantages.  
Thus materials may need analysis through multiple ID and 
qualitative libraries.  Since NIR quantitative analysis is based on 
reference values, lab error analysis is essential.  This includes not 
only lab standard error calculations, but also analysis of lab error 
over time, with analyst, and other content, including moisture.  
Attention to other components, known or unknown is also 
important. 
 
(85) Novel Chemometric Tool to Elucidate Complex Chemical 

Reaction System Measured by On-line or In-situ FTIR 
Spectroscopy 

Effendi Widjaja1, Chuanzhao Li2, Wee Chew1, Marc Garland1,2; 
1Institute of Chemical & Engineering Sciences; 2Dept of Chem. & 

Biomol. Eng., NUS 
A novel chemometric tool to perform integrated analysis of on-line 
or in-situ reaction spectra was developed. Based on on-line or in-
situ spectroscopic reaction data and knowledge of the initial 
amounts of reagents put into a reactor,  the goals are sought: (1) the 
number s of observable species and their characteristic pure 
component spectra, (2) the moles of all species, (3) the number R 
of reactions present and their reaction stoichiometries, and finally 
(4) the extent of reactions. This developed tool has clear 
implications not only for elucidating the kinetics of known 
chemical reactions, but it also has significant implications for 
exploratory studies of new reacti ve  systems. Application to  the  
homogeneous manganese and rhodium catalyzed alkene 
hydroformylation reaction is presented.  [1] E. Widjaja, C. Li, and 
M. Garland, J. Cat. 223, 278 (2004) [2] E. Widjaja, C. Li, and M. 
Garland, Total algebraic system identification for homogeneous 
catalyzed syntheses of fine chemicals (alkenes to aldehydes). In 
Recent Advances in Computational Science and Engineering, 
pp.36-40. London: Imperial College Press (2002). 
 

(86) 3-way and 4-way PARAFAC Applied to Excitation-
Emission Matrix Fluorescence Spectroscopy 

Karl Booksh1, Yoon-Chang Kim1, Frank Vogt1, Jeffrey Cramer1, 
James Jordan1; 1ASU 

Independently emerging fluorescence profiles of unknown, 
photochemically induced degradation products of several naturally 
non-fluorescent pesticides and polycyclic aromatic hydrocarbons, 
were monitored using single exposure excitation-emission 
fluorescence spectroscopy.  Three-way parallel factor analysis 
(PARAFAC) was employed to uniquely resolve the pure 
fluorescent spectra of the overlapping photolysis products.  For the 
improvement in selectivity of EEM-PARAFAC fluorometer, the 
four-way PARAFAC model was derived from the inclusion of the 
photochemically induced excitation-emission spectra.  The 
quantitative utility of EEM photolysis-based determinations was 
demonstrated by employing four-way PARAFAC models built 
from EEM time cubes of multiple fenvalerate samples and 
photodegradation of PAHs over a titanium dioxide reactor.  The 4-
way PARAFAC models were then used to predict original pesticide 
concentrations resulting in conservative limit of detection and root 
mean square errors of calibration (RMSEC) of 3 micro-M, each. 
 

(87) Evolution of Information Entropy Minimization to Band-
Target Entropy Minimization Approach: Historical 

Development of A Novel Self-Modeling Curve Resolution 
Effendi Widjaja1, Chuanzhao Li2, Wee Chew1, Li Chen2, Huajun 

Zhang1, Liangfeng Guo2, Marc Garland1,2; 1Institute of Chemical & 
Engineering Sciences; 2Dept of Chem. & Biomol. Eng., NUS 

A recently  developed curve resolution method, band-target entropy 
minimization (BTEM), belongs to non-linear constrained 
optimization group. BTEM has some unique features, which cannot 
be found in other curve resolution techniques, i.e. (1) BTEM 
doesn’t require any a priori estimate of number of species present 
in a system, (2) BTEM recovers pure component spectra from the 
rotation of z eigenvectors, which are  necessarily  larger than s 
species observed in mixtures (typically z > 2s), (3) BTEM has  a  
goal-oriented approach, the user target s  a single spectral feature of 
interest, and the algorithm yields the full-range reconstructed pure 
spectrum associated with the target ed  feature. In  the current 
work, we would like to present the evolution of its development. It 
started from the modification of Sasaki’s information entropy 
approach. And it continued until we found a novel method which 
could even extract pure spectra of compounds whose signal 
features  possess  less than circa 0.1% of total signal intensity. This 
method  wa s initially developed to extract pure component spectra 
from highly localized mixture signals of FT-IR. However, due to its 
general characteristics, it has now been applied to a wide variety of 
spectroscopic signals from both one and two dimensional signals, 
such as Raman, MS, NMR, XRD, Raman imaging and 2D NMR 
data. Applications to some of these spectroscopic data (IR, Raman, 
MS and Raman imaging) will be shown. [1] K. Sasaki, S. Kawata, 
S. Minami, Appl. Optics. 23, 1955 (1984) [2] E. Widjaja, M. 
Garland. J. Comput. Chem. 23, 911 (2002) [3]  W. Chew, E. 
Widjaja, M. Garland,  Organometallics  21,1982  (2002). [4]  E. 
Widjaja, C. Li, M. Garland, Organometallics 21, 1991 (2002). [5] 
C. Li, E. Widjaja, W. Chew, M. Garland,  Angewandte Chemie, IE 
41, 3758 (2002). [6]  E. Widjaja, C. Li, W. Chew, M. Garland, 
Analytical Chemistry, 75, 4499 (2003). [7] C. Li, E. Widjaja, M. 
Garland ,  J. American Chemical Society 125, 5540  (2003). [8] M. 
Garland, Processing Spectroscopic Signals in Mechanisms in 
Homogeneous Catalysis, Ed B. Heaton, Wiley, (2005) 
 

(88) Identification of Crystallization Pathways for the 
Formation of Pharmaceutical Cocrystals by Spectroscopic 

Methods 
Nair Rodriguez-Hornedo1, Kurt Seefeldt1, Jay Jayashankar1, Sara J. 

Nehm1; 1University of Michigan 
The diversity of solid-state forms that an active pharmaceutical 
ingredient (API) may attain relies on the repertoire of non-covalent 
interactions and molecular assemblies, the range of order, and the 
balance between entropy and enthalpy that defines the free energy 
landscape.  It is recognized that crystallization is associated with 
molecular recognition events that lead to self-assembly, and that 
pharmaceutical function and thermodynamic stability can be altered 
with a slight change in the interacting molecules or their molecular 
network motifs.  Our current understanding of pharmaceutical 
solids in terms of molecular recognition and complementarity 
provides new insights into the design and function of multiple 
component crystals or cocrystals and in the control of processes 
that lead to the desired solid-state forms.  This presentation will 
discuss the mechanisms of formation of pharmaceutical cocrystals 
by solution and solid-state processes and the use of spectroscopic, 
calorimetric, and diffraction methods to identify crystallization 
pathways and kinetics. 
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(89) Lab to Plant: Development and Transfer of Quantitative 
Raman Method for Solvent Ratio and Product Concentration 

Robert Wethman1, Lifen Shen1, Anne Kelly1; 1Bristol-Myers 
Squibb 

In-line Raman monitoring of pharmaceutical process operations can 
provide valuable time savings and process information.  This 
presentation will discuss the development, implementation and 
transfer of in-line Raman methods for the determination of solvent 
composition during the distillation unit operation, as well as, the 
concentration of API prior to final crystallization.  Accurate control 
of these operations has been shown to significantly impact the 
quality and quantity of the product produced. Additionally, the 
application of an in-situ concentration method for establishment of 
the meta-stable zone width for crystallization development will be 
discussed. 
 

(90) Probing Solute Diffusion in Hydrogels using Raman 
Microspectroscopy 

Michel Lafleur1, Sungjong Kwak1, Lucie Marcotte1; 1Université de 
Montréal 

Raman microspectroscopy is a powerful tool to examine the 
transport properties of solutes in hydrogels.  Raman bands can be 
used as probes to define the spatial distribution of analytes and 
from these measurements, a quantitative description of the 
diffusion can be obtained.  Two applications of this approach will 
be presented.  First we have characterized the diffusion of 
polyethylene glycol in Ca-alginate gels, a polysaccharide gel used 
as a drug-release material.  The solute distribution in gel cylinders 
was defined by Raman microspectroscopy, as a function of time 
and space. Using a model based on Fick's law, it is possible to 
calculate the mutual-diffusion coefficient of the macromolecules. 
This approach is valuable for the characterization of materials used 
for controlled release of drugs.  Second, we have characterized in-
situ the penetration of molecules in bacterial biofilms. This study 
establishes that water molecules can diffusion practically 
everywhere in biofilms whereas polyethylene glycol 10 kDa has 
limited access to biofilms.  The penetration of the later is 
heterogeneous and modulated by the biomass density.  As a 
consequence, there is a considerable volume of the biofilms that is 
unaccessible to macromolecules.  These results support the 
hypothesis that the resistance of biofilms to antibacterials is 
associated to the transport of the drugs in the films where the 
effective dose is considerably reduced. 
 
(91) Statistical Analysis of Differences in the Raman Spectra of 

Polymorphs 
Shawn Mehrens1, Uma  Kale1, Xianggui Qu2; 1Pfizer Global 

Research and Development; 2Oakland University 
Raman spectroscopy is a useful tool for identifying polymorphs of 
pharmaceutical compounds.  One limitation of the technique is that 
the small differences in Raman spectra require confirmation of 
polymorphs by other methods.  Fourteen compounds, both 
commercial and proprietary pharmaceutical compounds and their 
polymorphs were analyzed by Raman microscopy.  By using 
descriptive statistics and analysis of variance, several methods are 
proposed which provide an approach for comparing the spectra of 
suspected polymorphs.  Because it is difficult to determine the 
exact amount that a peak may shift before two forms should be 
considered different; a guideline of a shift greater than 1.6 cm-1 is 
proposed. A standard ANOVA analysis is used to compare 
individual peaks both within and between polymorphs, as well as 
an alternative method that proposes the use of a total ANOVA table 
that considers the entire spectrum.  Both methods have their 
advantages and disadvantages, but they provide a starting point for 
the comparison of a large number of spectra, and effectively 
differentiate between polymorphs of a given compound.  The  

method accurately identified true polymorphs in all cases, but 
showed a bias towards misidentifying some samples as polymorphs 
when they were in fact the same form.  This bias was not 
significant and even in these situations, the magnitude of the 
calculated F values was a useful indicator of whether the result was 
a false positive or not. 
 

(92) Raman Spectroscopy for Quantitative Monitoring of 
Tablet Coating 

Shih-Ying  Chang1, Arwa El-Hagrasy1, Srinivasa Paruchuri1, 
Sanjeev Kothari1, Divyakant Desai1, San Kiang1; 1Bristol-Myers 

Squibb 
Process Analytical Technology (PAT) is a key element of the 21st 
Century cGMP Initiative, FDA’s Strategic Plan, and Critical Path 
Initiative.  The application of real-time sensors combined with 
multivariate data analysis is one essential component for successful 
PAT deployments.  Recent instrumental development has led to 
innovative Raman probe designs that can better analyze solid 
dosage forms such as coated tablets.  We will present a case study 
that applies Raman spectroscopy to monitor tablet components 
during coating process.  Combined with quantitative calibration 
modeling, it is feasible to verify the quality of coated layers from 
process measurements thus providing continuous process 
verification and control. 
 
(93) Chemical Imaging of Pharmaceutical Samples by a Global 

Illumination Raman Imaging Instrument 
Slobodan Sasic1; 1Pfizer Inc 

Raman chemical images of pharmaceutical samples were acquired 
by using a global illumination Raman imaging system. The 
chemical images of the components of tablets and inhalation 
blends, as well as crystals of pure active pharmaceutical ingredient 
(API) were collected by using the Raman imaging instrument 
equipped with liquid crystal tuneable filters (LCTFs) for 
wavenumber selection.  Four objectives, ranging from x10 to x100, 
were used for viewing samples and collecting back-scattered light.  
The laser line at 514 nm was primarily used to excite the samples. 
Chemical imaging via LCTFs can be carried out by selecting only 
the wavenumbers (bands) that are typical for the components 
present, or through a relatively wide spectral range that 
encompasses the bands of all the components of interest. Both 
approaches were employed in this study. The tablet formulations 
were analyzed by acquiring the full spectra in the 900 – 1450 cm-1 
region.  Results are compared with images from point or line 
excitation mapping systems.  The comparison of chemical images 
obtained from the placebo and real tablet formulations shows that 
the presence of a strong scatterer (the API) has a very significant 
impact on the chemical images obtained.  Almost all of the area of 
the tablet is found occupied by API and Avicel (the most abundant 
excipient) although these two components account for no more than 
75% of the mass of the tablet.  It is usually found that the Raman 
response of APIs is very strong and because of this the most 
effective use of the global illumination system appears to be 
imaging low concentrations of API.  For example, data presented 
shows that less than 1% of an unwanted polymorphic form of an 
API can be successfully imaged.  This example demonstrates 
superiority of the global imaging system in terms of imaging 
capabilities as compared to the Raman systems with line or point 
excitation. The API images of the inhalation samples are also 
presented.  Significant difference in the Raman signal of the API 
and the carrier, lactose, makes it straightforward to image the API 
while imaging lactose proves far more difficult.  Finally, the 
images of the crystals of API impurities are discussed. Raman 
global imaging proves very efficient for determining chemical 
identity of the small crystals of impurities on the surface of the 
much bigger crystals of the bulk form. 
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(94) How Amines assist in the Separation of Metallic from 
Semiconducting Single Wall Carbon Nanotubes 

Fotios Papadimitrakopoulos1; 1University of Connecticut 
Within the family of one-dimensional (1D) materials, single wall 
carbon nanotubes (SWNTs) play a major role because of their 
many unique physical and chemical properties, such as an ability to 
be either semiconducting (sem-) or metallic (met-) depending only 
on its geometrical structure.  From an electronics perspective, 
separation of SWNTs according to type (met- versus sem-) and 
diameter (which controls band-gap for sem-SWNTs) is of extreme 
importance. Developing techniques capable of separating 
nanostructured objects such as SWNTs according to their 
electronics nature is paramount in order to enable these materials to 
compete with traditional materials. Our recent work indicates, that 
the preferential interaction of surfactant amines with sem-SWNTs 
alters substantially their solubility characteristics to afford 
separation from the met-SWNT fraction.  Until recently, very little 
was known on the nature of such preferential interaction of amines 
with sem-SWNTs.  In this paper, we will be elucidating the 
underlying chemistry and physics that govern such interactions. 
Furthermore, the strength of these interactions will be discussed as 
a function of nanotube type, diameter, and chirality. Financial 
support from ARO and AFOSR are kindly appreciated. 
 
(95) Solution Chemistry and Physics of DNA-wrapped Carbon 

Nanotubes 
Ming Zheng1; 1DuPont Central Research and Development 

We have developed a DNA-based dispersion and separation 
method for single-walled carbon nanotubes in aqueous solution. 
Purified and separated carbon nanotubes allowed us to explore their 
solution redox chemistry, and their self-assembly process at 
liquid/solid interface. Results pertaining to these topics will be 
presented.  This work comes from the Molecular Electronics group 
at DuPont CR&D. 
 

(96) Aggregation Effects on the Raman Spectroscopy of 
Dielectrophoretically Deposited Single-Walled Carbon 

Nanotubes 
Pehr Pehrsson1, Lars Ericson1; 1Naval Research Laboratory 

The effect of aggregation on surfactant-suspended individual 
single-walled carbon nanotube (SWNT) Raman spectroscopy was 
explored by comparing nanotubes in ionic and nonionic 
suspensions with nanotubes from the same suspensions drop dried 
on surfaces and deposited by dielectrophoresis. The Raman spectra 
of the deposited tubes were compared as a function of rinsing  The 
evolution of the samples’ radial breathing modes and tangential 
modes at multiple excitation wavelengths (514 nm, 633 nm, and 
785 nm) illustrates a direct correlation between changes in the 
Raman spectra and a broadening and downshifting of resonance 
transition energies. The dielectrophoresis and drop-dried samples 
exhibited similar Raman changes with rinsing, which is assumed to 
remove residual surfactant. The results indicate that conclusive 
characterization of electronic separation by dielectrophoresis is 
compromised by aggregation effects.  The Raman spectra are also 
correlated with changes in the electrical (I-V) behavior of the 
deposited samples. Conclusions as to the degree of separation of 
metal and semiconductor nanotubes are interpreted in light of this 
data. SWNTs functionalized with various biomolecules of interest 
for sensor applications were also dielectrophoretically deposited 
and examined by Raman within the contexts of electronic 
modification and aggregation. 
 

(97) NEXAFS Studies of Carbon Nanotubes 
Stanislaus Wong1, 2, Sarbajit Banerjee1,2, Tirandai Hemraj-Benny1, 

2, Mahalingam  Balasubramanian2, Sharadha  Sambasivan3, Daniel 
Fischer3, James Misewich2; 1SUNY Stony Brook; 2Brookhaven 

National Laboratory; 3NIST 
We have extended the use of NEXAFS spectroscopy for the study 
of the electronic structure and chemical composition of pristine, 
wet-air oxidized, and sidewall-ozonized nanotubes. Near Edge X-
Ray Absorption Fine Structure (NEXAFS) spectroscopy is a 
technique that involves the excitation of electrons from a core level 
to partially filled and empty states. It is an important element-
specific characterization tool capable of obtaining electronic, 
structural, and bonding information, not only about nanotube 
carbons but also about those associated with surface functionalities, 
which are introduced by oxidative processes. In previous work, 
NEXAFS has been used to measure varying degrees of bond 
hybridization in mixed sp2/sp3 bonded carbon materials, the 
presence of defects in nanotubes, amorphous precursors to 
multiwalled carbon nanotubes, and the nature of oxygen-containing 
functional groups on carbon nanotubes. Specifically, we have 
completed a comparative NEXAFS study of (a) raw and (b) 
variously oxygenated HiPco single-walled carbon nanotubes, 
including (i) wet-air oxidized tubes, as well as (ii) ozonized tubes, 
whose sidewalls have been covalently functionalized with 
oxygenated functionalities. Solution-phase ozonized tubes are 
particularly useful for (a) the self-assembly of nanotubes onto metal 
surfaces and (b) the synthesis of nanotube-quantum dot 
heterostructures. Overall, our observations are consistent with the 
loss of the characteristic electronic transitions between the intrinsic 
van Hove singularities in functionalized, ozonized nanotubes, due 
to disruption of the ð-network upon sidewall functionalization, that 
correlate with prior data obtained using Raman and near-IR-UV-
visible spectroscopies. In a complementary study, understanding of 
oxidative processes such as solution-phase ozonolysis in 
multiwalled carbon nanotubes (MWNTs) has been found to be of 
fundamental importance in devising applications of these tubes as 
components in composite materials as well as for development of 
cutting and filling protocols. We have demonstrated that NEXAFS  
is a particularly useful and effective technique for studying the 
surface chemistry of carbon nanotubes. 
 
(98) Super Growth- Water Assisted Highly Efficient Synthesis 

of Single Walled Nanotubes 
Kenji Hata1; 1AIST 

We demonstrate an extremely efficient chemical vapour deposition 
synthesis of single-walled carbon nanotubes where the activity and 
lifetime of the catalysts are enhanced by an addition of water into 
the ambient of the CVD furnace, a growth mode we call “Super 
Growth” [1]. The enhanced catalytic activity of super growth 
results in massive growth of super-dense and vertically-aligned 
single-walled nanotubes forests with heights up to 2.5 millimeters. 
In addition, these SWNT forests were easily separated from the 
catalysts, producing the most pure SWNT material (over 99.98%) 
ever made, amazingly through an all-dry process without any 
purification. Moreover, patterned highly organized intrinsic single-
walled nanotube structures were successfully fabricated. Super 
Growth simultaneously addresses many critical problems such as 
scalability, purity, and cost, and opens up innumerable 
opportunities ranging from fundamental research to real 
applications. [1] K. Hata, et al.,Science 306. 1362 (2004). 
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(99) Separation of Single-Walled Carbon Nanotubes by 
Diameter using Density Gradient Centrifugation 

Mark Hersam1, Samuel Stupp1, Michael Arnold1; 1Northwestern 
University 

The utilization of single-walled carbon nanotubes (SWNTs) in 
large quantities for molecular electronics, optoelectronics, and 
sensing applications will require SWNTs of the same physical 
structure, electronic type, and band gap.  Since current methods of 
synthesis produce mixtures of nanotubes with different physical 
structures and electrical properties, the development of strategies 
for the post-production separation of these one-dimensional 
materials is highly desirable.  In this work, we demonstrate a 
scalable method for separating SWNTs by diameter using density 
gradient centrifugation, a technique commonly utilized to separate 
and isolate different sub-cellular components, DNA from RNA, 
and even different sequences of DNA by their compositions.  An 
advantage of this technique is that it does not require covalent 
modification of the SWNTs, which can significantly degrade their 
outstanding electronic, optical, and mechanical properties.  
Furthermore, density gradient centrifugation is compatible with 
SWNTs of arbitrary length.  To date, we have focused on the bulk 
separation of SWNTs by diameter through centrifugation of DNA 
wrapped SWNTs in aqueous density gradients [1]. The enrichment 
is identified by the visual formation of colored bands of SWNTs in 
the density range of 1.11-1.17 g/mL.  Atomic force microscopy 
analysis confirms the apparent separation by diameter and reveals 
SWNTs of various lengths between 0.1 and 1 micron. Furthermore, 
the optical absorbance spectra of the separated SWNTs indicate 
that SWNTs of decreasing diameter are increasingly more buoyant.  
This non-destructive and scalable separation strategy is expected to 
impact a variety of applications for SWNTs where monodisperse 
band gaps are essential. [1] M. S. Arnold, S. I. Stupp, and M. C. 
Hersam, “Enrichment of single-walled carbon nanotubes by 
diameter in density gradients,” Nano Lett., 5, 713 (2005). 
 
(100) Toward Objective Histo-Pathology: Infrared and Raman 

Spectral Imaging of Human Cells and Tissue (Optical 
Diagnosis) 

Max Diem; Hunter College of CUNY 
Vibrational spectroscopy of cells and tissues can detect disease and 
physiological activity. Thus, it is possible to construct spectral 
maps of tissues, composed of upwards of 40,000 individual spectra, 
which exactly correlate with standard histopathology. In this 
contribution, the application of spectral imaging to study metastatic 
colon cancer in lymph nodes, as well as individual cells affected by 
various lymphatic diseases, will be introduced. Instrumentation: IR 
spectral maps of cells or were collected via a Perkin Elmer 
Spectrum One/Spotlight 300 Infrared Spectrometer (Perkin Elmer 
Corp, Shelton, CT), incorporating a 16x1 element HgCdTe array 
detector. Raman images were collected using a JY-Labram 
Microscope (Jobin Yvon Inc., Edison, NJ) using 632.8 nm radiation 
for excitation. Data Analysis: Tissue data sets were analyzed via 
hierarchical cluster analysis for unsupervised presorting of data. 
Subsequently, artificial neural nets (ANNs) were trained against 
established histopathology to render medical diagnoses. Cell 
spectra were analyzed by means of Principal component Analysis. 
Spectral Maps of Lymph Nodes: The aim of this study was the 
detection of colon and breast adenocarcinomas that have spread 
into adjacent lymph nodes, and to study the variations of the 
spectral patterns due to different cancers. IR imaging accurately 
reproduces the morphological architecture of the lymph node, and 
reveals regions of tumour growth. It is interesting to note that the 
spectra of the breast and colon cancer regions are quite similar, yet 
distinguishable. This opens up the possibility of determining the 
location of a primary tumour from the infrared spectra of 
metastases in lymph nodes. Spectral Maps of Individual Cells: We  

have analyzed thousands of individual infrared spectra of normal 
and cancerous, exfoliated or cultured epithelial and lymphatic cells, 
as well as Raman and IR spectral maps of such cells. We find that 
even for cultured cells, or carefully exfoliated and purified cells, 
the spectral patterns observed for individual cells vary enormously. 
These variations can be correlated to the biological activity of cells. 
Spectral patterns and images collected during mitosis and apoptosis 
will be presented. 
 

(101) Clinical Analytical and Diagnostic Testing by Mid-
Infrared Spectroscopy: Coming of Age 

Anthony Shaw1, Colin Mansfield1, Sarah Low Ying1, Angela Man1, 
Kan-Zhi Liu1; 1NRC Institute for Biodiagnostics 

When asked to list the strengths of mid-infrared spectroscopy, the 
first thing that comes to mind is chemical specificity; each unique 
chemical structure provides a unique mid-infrared spectroscopic 
fingerprint. This provides the basis not only for materials 
identification, but also for quantification – the spectral signature of 
each constituent within a mixture provides the means to recognize 
it, and the intensity of that signature provides the basis for 
quantification. While the benefits of this approach have been 
realized beautifully by application of near-IR spectroscopy to 
various situations where routine, repetitive analyses are required, 
mid-IR spectroscopy has potential advantages in certain-situations. 
One of these is clinical analysis. For example, at least one key 
serum assay – HDL cholesterol – may be carried out by mid-IR 
spectroscopy but not by near-IR spectroscopy; the mid-IR spectrum 
simply carries more detailed molecular information that is critical 
for this analysis. A second advantage of mid-IR is the small sample 
volume – only microliters are required in our approach, which is to 
dry the sample to a film and to measure the spectrum of that film 
rather than the aqueous sample. Thirdly, the specificity of mid-IR 
spectroscopy provides a foundation for the development of 
diagnostic classification based clinical tests. Motivated by the 
prospect of routine, accurate clinical and diagnostic testing, our 
group has recently developed and adapted accessories and 
techniques to accomplish two goals. One is to provide practical 
instrumentation for the clinical environment, including both 
automated high throughput laboratories and point-of-care 
applications. The second is to broaden the range of analytes and 
diagnostic tests through the adoption of microfluidic preprocessing. 
This technique offers the means to selectively pre-concentrate 
certain analytes or groups of analytes according to their molecular 
weights (diffusion coefficients), opening the door to mid-IR-based 
applications that are otherwise impracticable. This presentation will 
summarize the clinical methods developed to date, outline the 
technologies developed for high throughput and point-of-care 
testing, and illustrate by example the benefits of microfluidic 
preprocessing.  
 

(102) Development of a Miniature Fiber Optic Non-Resonant 
Multi-Photon Photoacoustic Spectroscopy Probe for 

Subsurface Tumor Diagnostics 
Brian Cullum1, John Kiser1, Daniel Buswell1; 1University of MD, 

Baltimore County 
We have developed a miniature fiber optic probe for the real-time 
margining of brain tumors based upon a non-technique known as 
non-resonant multiphoton photoacoustic spectroscopy (NMPPAS).  
This technique couples multiphoton excitation in the diagnostic 
region of the near infrared spectrum with photoacoustic detection, 
to monitor the endogenous chemical composition differences 
between healthy and malignant tissues.  Due to the multiphoton 
excitation process employed, cellular level spatial resolution can be 
achieved as deep as 2-cm below the surface of a tissue, allowing for 
the accurate differentiation and margining of tumors. Following 
excitation, non-radiative relaxations of the two-photon absorption  
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events are detected using an ultrasonic transducer. To demonstrate 
the potential for a small system for surgical applications, the 
excitation and detection components have been integrated into a 
single fiber optic probe. This probe consists of a 220-micrometer 
diameter multimode optical fiber for transmission of the excitation 
light, focusing optics and an ultrasonic piezoelectric transducer. 
Using this novel NMPPAS technique and probe, measurements 
have been performed on tissue phantoms as well as several flash 
frozen, excised brain tissue samples, both tumorous and healthy.  
These tissue samples were typically 1-cmtext2 in area with a depth 
of about 8-mm. The tumorous tissues were all low grade 
astrocytomas from the frontal lobes of several different patients, 
with each tumor having a matched healthy tissue sample from the 
neighboring tissue of the same individual. NMPPAS spectra 
obtained from the analysis of these excised tissue samples 
demonstrated a clear difference between healthy and malignant 
tissues that could potentially be used for clinical studies.  
 

(103) Infrared Microscopic Imaging of Biological Cells and 
Tissues: When is a Synchrotron Infrared Source Beneficial? 

Lisa M. Miller1, Randy J. Smith1, G. Lawrence Carr1; 1Brookhaven 
National Laboratory 

Fourier transform infrared microspectroscopy (FTIRM) and 
imaging (FTIRI) have become valuable techniques for examining 
the chemical composition of biological cells and tissues on a 
microscopic scale. Most IR microscopes are equipped with 
conventional thermal (globar) IR sources and single (point) 
detectors.  Recently, the spatial resolution of IR microspectroscopy 
has been dramatically improved by using synchrotron light as the 
IR source.  Also, the data collection rates of the technique have 
radically increased through the implementation of one- and two-
dimensional focal plane array detectors.  The choice of IR source 
and detector is important, and depends on the particular application.  
In this presentation, we will show biomedical applications and the 
differences between conventional globar IR sources and 
synchrotron light, and between a single point detector and focal 
plane array.  These comparisons provide guidance for the 
preferable IR source and detector based on the type of application. 
This work was funded by the National Institutes of Health, R01-
GM66873 and performed at Beamline U10B at the National 
Synchrotron Light Source, Brookhaven National Laboratory. The  
NSLS is operated for the U.S. Department of Energy under contract 
DE-AC02-98CH10886. 
 

(104) Diagnostic Potential of FT-IR Microspectrometry and 
Artificial Neural Network Analysis in Colorectal Cancer 

Patients 
Peter Lasch1; 1RKI 

Fourier Transform Infrared (FT-IR) microspectrometry can be used 
to obtain spatially resolved objective information on the structural 
composition of histological specimens. In combination with digital 
imaging techniques this technique shows a great promise for in-
vivo and ex-vivo medical diagnosis. False color images produced 
by IR imaging methodologies can be interpreted also by non-
spectroscopists and are directly comparable to outcomes of 
standard histological staining protocols. In the presentation we will 
discuss IR imaging strategies on the basis of spectral data obtained 
with high spatial resolution on colorectal adenocarcinoma 
cryosections. For data acquisition a PerkinElmer SpectrumSpotlight 
300 imaging system was used that permits to collect IR spectra 
with a lateral resolution of about 10 µm at 1000 cm-1. About 1.5 
million IR spectra from 28 colorectal adenocarcinoma patient 
samples with a histopathological grading of 1-3 were recorded and 
analyzed. In could be shown in the past that multivariate clustering 
methods such as hierarchical clustering (HCA), fuzzy C-means  

clustering (FCM) and k-means clustering (KMC) can be 
successfully applied for IR imaging. At the one hand, the use of 
any of these clustering algorithms dramatically increased the 
information content of IR images, as compared to the univariate 
imaging technique of functional group mapping. One the other 
hand, clustering techniques cannot be used for the elaboration of 
large reference data bases of tissue spectra. Supervised classifiers 
such as artificial neural networks (ANN), or support vector 
machines (SVM) are thought to be significantly more effective to 
handle the patient-dependent variance contributions of IR spectral 
reference data bases. In the presentation practical aspects of 
spectral classification by supervised data analysis are discussed and 
the applicability of supervised imaging techniques will be 
compared. 
 
(105) Identification of Brain Metastasis with Unknown Primary 

Tumors by IR Spectroscopy 
Reiner Salzer1, Larysa Shapoval1, Stephan Sobottka2, Gabriele 

Schackert2, Christoph Krafft1; 1TU Dresden, Inst. Analyt. Chem.; 
2TU Dresden, Med. Faculty, Neurosurgery 

This study applies for the first time infrared (IR) spectroscopy to 
determine the primary tumor of the five most abundant brain 
metastases such as rectum carcinoma, bronchial carcinoma, 
mamma carcinoma, kidney cell carcinoma and malign melanoma. 
Standard methods sometimes fail to identify the origin of brain 
metastases which is an important prerequisite for complete 
therapies. As metastatic cells usually contain the molecular 
information of the primary tissue cells and IR spectroscopy probes 
the molecular fingerprint of cells, IR spectroscopy based methods 
constitute a new approach to analyze cryosections. IR data sets 
were recorded by point detection, mapping procedures. 
Unsupervised cluster analysis correlated the IR maps with the main 
tissue morphology. IR spectra were selected from five mapping 
data sets to develop a supervised classification model based on the 
algorithm soft independent modeling of class analogies (SIMCA). 
This model was used to identify the origin of 11 independent 
samples including one sample where the primary tumor could not 
be determined by standard methods. 
 

(106) New Developments in Laser Ablation, Solvent Removal 
and LC-ICP-MS 

R. S. Houk1, Nathan Saetveit1, Patrick Sullivan1, David Baldwin1, 
Stan Bajic1; 1Ames Lab Iowa State University 

This talk will present new results in three recent areas of research 
pertinent to sample intorduction for ICP-MS: 1.  An evaluation of 
laser ablation with a simple fs laser. 2.  An evaluation of a small, 
fast system for solvent removal for contuous sample introduction. 
3.  Use of solvent removal to facilitate quantification in gradient 
elution LC-ICP-MS. 
 

(107) Issues Related to Analysis of Small Sample Volumes by 
ICP-MS Including Capillary Electrophoresis Detection 

John Olesik1, Noel Casey1, Sara Plowman1; 1Ohio State University 
This presentation will focus on concepts and practical 
considerations in generating and transporting aerosols into an ICP 
for MS measurement of small sample volumes. Issues related to 
ICP-MS detection for microseparation techniques including 
capillary electrophoresis will be discussed.  Among these are peak 
broadening, sensitivity and precision. 
 
(108) Recent Developments in Liquid Sample Introduction and 

Aerosol Diagnostics 
Cristina Nechita1, Kaveh Jorabchi1, Ryan Brennan1, Jessica Gray1, 
Kaveh Kahen1, Akbar Montaser1; 1George Washington University 

This presentation is centered on recent devices for introduction of 
micro- and nanoliter volume of test samples into inductively  
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coupled plasmas, and on the applications of novel diagnostic 
techniques to characterize and optimize the sample aerosol for 
reduced matrix effects and improved detection limits, precision, 
and accuracy in plasma spectrometry.  One device under 
investigation is a tunable direct injection high efficiency nebulizer 
(t-DIHEN) that allows axial adjustment of the solution capillary 
versus the gas nozzle with 5-nm resolution. Phase Doppler particle 
analysis and laser-based imaging techniques centered on particle 
image velocimetry and optical patternation are used to map and 
contrast the droplet size and velocity distributions for the t-DIHEN, 
several commercial micronebulizers, and the conventional 
pneumatic nebulizer-spray chamber systems used in plasma mass 
spectrometry. Key analytical performance indices are also reported 
along with selected applications for the analysis of biological 
samples. 
 
(109) 31P Element Specific Detection - From Warfare Agents to 

Human Serum 
Joseph Caruso1; 1University of Cincinnati 

31P is an element of high importance, necessary for human life, 
responsible in some of the most important post-translational protein 
modifications, and the central functional group in numerous 
pesticides, herbicides, nerve agents, blood bags fire retardants. This 
presentation will discuss analytical applications to these wide-
ranging substances. Two examples are warfare agent hydrolyzates 
and human blood plasma. For plasma it is noted that leaching of 
triphenylphosphate and related species from the plastic plasma 
storage bags has been reported in several studies. It was noted that 
levels of phenylphosphates found in drug free human plasma are of 
the same magnitude as their haemolytic EC20 values, which is of 
enormous significance for the medical treatment of patients who 
have a large portion of their plasma exchanged for this type of 
donor plasma. The metallomics approach with ICP-MS and GC-
TOF-MS will be discussed. In another study 31P as the central atom 
in warfare agent hydrolyzates is presented with primary data from 
collision cell ICP-MS showing detection levels superior to standard 
methods. 
 

 (110) Determination of Arsenic Antimony and Selenium by 
Hydride Generation ICP-OES: Evaluation of Rapid 

Generation and Stripping 
Julian Tyson1, Fumin Pan1, Dennis Yates2; 1UMass Amherst; 

2PerkinElmer Life and Analytical Sciences 
The multimode sample introduction system (MSIS), devised by 
Brindle, allows both the introduction of solution by conventional 
nebulization and the generation of hydrides in the same unit.  In the 
HG mode, there is an extremely short contact time between the 
reagent and analyte/matrix before stripping occurs compared with 
that for conventional continuous flow HG.  This novel feature 
appears to have some interesting consequences: the sensitivities for 
As(V) and Sb(V) are identical to those for As(III) and Sb(III), and 
considerable signal enhancement by thiourea  (a masking agents 
added to prevent transition metal interferences) is observed.  These 
performance characteristics are quite different from what is 
typically observed for reactions in a continuous flow or flow 
injection manifold.  Furthermore, we have observed that if a time 
delay is incorporated into the procedure after the addition of 
thiourea at low acid concentration, an enhancement in signal is 
obtained which matches that obtained immediately at higher acid 
concentration.  The presence of up to 10 ppm bismuth with thiourea 
considerably enhances the signal (3-4 fold) for selenium. 
 

(111) Total sample consumption systems for inductively 
coupled plasma spectrometry 

José L. Todolí1, Jean M. Mermet2; 1University of Alicante; 
2University Claude Bernard 

The microsample introduction systems for ICP-AES and ICP-MS 
have evolved enormously in the last ten years. Nowadays, there are 
many devices available for the analysis of liquid sample volumes 
on the order of several microlitres what are also able to work 
efficiently at liquid flow rates below 1 uL/min. At these so low 
sample consumption rates, it is possible to introduce the totality of 
the nebulized sample into the plasma. The development of the so 
called total consumption systems is a current trend in this area. 
Among the different approaches recently characterized for the 
introduction of microsamples into high temperature plasmas we can 
find two kinds of total sample consumption systems: (i) those using 
a pneumatic nebulizer coupled to an aerosol transport system; and 
(ii) those based on the direct introduction of primary aerosols inside 
the plasma. Several advantages and pitfalls are attributed to both 
choices. Summarizing it can be said that whereas choice (i) permits 
an efficient solvent evaporation inside a chamber, for choice (ii) the 
totality of the aerosol is injected into the plasma base without any 
external modification. The solvent evaporation inside a spray 
chamber is efficiently produced if two conditions are fulfilled; on 
one hand the total solvent mass should be lower than the maximum 
value that can be admitted by the argon stream, and, finally, in 
order the evaporation to be produced in an efficient way, the 
aerosols provided by the nebulizer should be as fine as possible. 
Both aspects will be discussed in the present lecture. The present 
work also shows a brief comparison between both groups of liquid 
microsample introduction devices in terms of ICP sensitivities, 
limits of detection, matrix effects and memory effects. Data 
corresponding to the characterization of new pneumatic nebulizers 
and future studies for the improvement of the nebulizer 
performance will also be shown. 
 
(112) Advances in Gas Chromatographic Instrumentation and 

Methodology 
Robert Synovec1 2; 1Center for Process Analytical Chemistry; 

2University of Washington 
Gas chromatography (GC) is a very popular and powerful 
separation technique for process analysis. GC is popular because 
the instrumentation and methodology are readily available to 
address many important chemical analysis applications, i.e., 
because GC is an established “user-friendly” technique.  GC is a 
powerful technique because the scope of applications that can be 
addressed is extremely broad, from high-speed separations utilizing 
one-dimensional GC to comprehensive separations utilizing two-
dimensional GC.  From this context, our group has been exploring 
advances in separation technology in the following areas: novel 
stationary phase development leading toward microfabricated GC, 
ultra high-speed GC separations, and valve-based comprehensive 
two-dimensional GC (GC x GC).  An overview of these areas will 
be presented. The novel stationary phases we are exploring are 
monolayer protected gold-centered nanoparticles (MPNs).  The 
MPNs have useful thermodynamic and mass transfer properties that 
serve them well when applied as a thin film for open tubular GC.  
High-speed separations with dodecanethiol MPNs in a thin film of 
~15 nm in a square channeled capillary have been readily achieved, 
and these results hold considerable promise for the evolvement of 
“high performance” microfabricated GC devices.  We are also 
exploring ultra high-speed GC, where the width of an unretained 
analyte peak can be only a few milliseconds.  A separation of four 
test analytes in less than 50 milliseconds was achieved, 
engendering the notion that GC can function in the same or faster 
time regime than most chemical sensors.  Finally, we have 
developed a valve-based GC x GC that transfers 100% of the  
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effluent from the first column to the second column.  This valve-
based GC x GC also functions at high temperature, so is not limited 
by the valve-based design.  This instrument design significantly 
improves detection sensitivity and is readily applicable to process 
analysis.  
 
(113) Reference Sampling for Process Analytical Technologies - 

Theory of Sampling (TOS) 
Kim H. Esbensen; 1Aalborg University Esbjerg, AAUE. Denmark 

Representative sampling forms a critical success factor for PAT. 
Many instrumental analytical methods (X) are based on “analysis 
by proxy”, for which the representativity of reference data (Y) is 
critical w.r.t. the underlying multivariate calibrations. Although the 
Theory of Sampling (TOS) has been known for 25-50 years, it is 
still only little appreciated and implemented in todays process 
analytical chemistry or other PAT, even though sampling errors 
form the dominant part of what is termed "measurement errors" - 
typically 100 X the analytical error s.s. There is no simple way out 
of the need for representative primary reference sampling; the 
situation can not be remedied by neither statistics, chemometric 
data analysis or by any other type of  a posteori "corrections". This 
introductory lecture presents a theoretical as well as practical 
framework of seven sampling unit operations (TOS) with which to 
approach all types of sampling issues in the field or plant, in 
industry or the laboratory for PAT purposes. 
 

(114) A Holistic Approach to Sensor and Analytical Method 
Development 

Barry M. Wise1, Neal B. Gallagher1, Richard M. Ozanich2; 
1Eigenvector Research, Inc.; 2Pacific Northwest National 

Laboratory 
The development of sensor systems and analytical methods is best 
done when the whole system is considered simultaneously. 
Optimization of the individual parts of the system does not 
guarantee that the system as a whole will be optimal. The holistic  
approach discussed here requires understanding in depth the 
environment of the application, the physics/chemistry governing 
the response of the analytical system, and the data preprocessing 
and processing (i.e. chemometrics). This typically requires that you 
have a (generally statistical) model of the environment (means, 
distributions and covariances of analytes in the environment that 
would produce a response on the sensor system, generally these are 
scenario specific), a model of how the sensor works, including a 
noise model, and possibly a drift model (either due to things like 
coating degradation or imperfect temperature control, etc.), and of 
course a method for pretreating the data (methods used to eliminate 
extraneous variance and/or linearize the response) and ultimately 
for classification or quantification (pattern recognition or 
calibration). Once all of the models of the complete system are 
together they can be used for optimizing how the system is 
configured (questions like what sensor coatings to use or 
wavelengths to measure, or what resolution), how the response is 
generated (issues like integration time, amount of time used to 
collect sample on a sorbent bed). The models can also be used to 
generate performance estimates such as Receiver Operator Curves. 
Examples are shown for a number of sensor system design 
applications. 
 
(115) Auger Electron Spectroscopy: What It Can Really Do For 

You 
Joseph Geller; 1Geller MicroAnalytical Laboratory, Inc. 

Auger electron spectroscopy (AES) identifies surface composition 
by measuring the energies and intensities of Auger electrons. The 
Auger energies are characteristic of the elements from which they 
come. It provides compositional information for many types of 
surfaces, thin films, and interfaces with information from a depth of  

0.5 to 3 nm. In some cases the chemical state of the sample can be 
determined. All conductive samples that have low outgassing in 
vacuum can be analyzed. Some non-conductive samples can also 
be analyzed using special techniques.  The Auger process is 
initiated with the removal of an inner shell atomic electron, forming 
a vacancy. Several processes are capable of producing the vacancy, 
but bombardment with an electron beam is the most common. The 
inner shell electron vacancy is filled by a second electron from a 
higher shell. That energy must be simultaneously released. A third 
electron, the Auger electron, is emitted carrying the excess energy 
in a radiationless process. This process of an excited ion decaying 
into a doubly charged ion by ejection of an electron is called the 
Auger process. The Auger process requires 3 electrons. As such, 
hydrogen and helium are not detectable.  From where does the 
technique’s surface sensitivity come? Characteristic Auger 
electrons have narrow energy distributions and lose energy quickly 
in the sample. Auger electrons are absorbed by the sample if they 
have to travel farther than about 1 nm to escape. Auger electrons 
that escape from deeper in the sample contribute to the background 
as loss tails to the spectrum.  To analyze samples in depth, Auger 
instruments often incorporate ion beam sputtering to remove 
material from the sample surface. One cycle of a typical depth 
profile consists of sputtering a small amount of sample, stopping, 
measuring the energy regions of the desired elements, and finally, 
quantifying the data. The analysis accuracy can be quite high in 
some cases to be discussed.  When AES is practiced on a ultra high 
vacuum scanning electron microscope the sample emission volume 
is very close to that of the electron beam diameter. This can 
approach 10 nm. 
 

(116) Characterization of Surfaces and Thin Films on glasses 
by Radio Frequency Glow Discharge Optical Emission 

Spectrometry 
Albert Brennsteiner1, Patrick Chapon2, Philippe Belenguer3, Reha 
Ozalp4; 1HORIBA Jobin Yvon Inc; 2HORIBA Jobin Yvon SAS; 

3CPAT, Center for Plasma Physics; 4Istanbul Technical University 
RF Glow Discharge Optical Emission Spectrometry has been 
applied to the analysis of thin films on metals and non metals for 
some time. However the applications on glasses and glass coatings 
have always been limited by inherent difficulties linked to the 
complexity of the interactions between the studied materials and 
the RF GD plasma process. Some aspects of these difficulties will 
be adressed: the effect of the sample nature (permeability and 
thickness), the efficiency of the power coupling and the risks of 
overheat. Recent researches have however permitted to understand 
the fundamentals of these interactions and improved our knowledge 
of the RF GD plasma.  In parallel new technical developments - the 
introduction of a pulse RF source have allowed to overpass 
previous barriers on practical applications. Results will be 
presented showing some applications on ultra thin layers on various 
glasses and the study of thermal processes on glasses. 
 
(117) Nanoanalytics in the Steel Industry - Tools for Concerted 

Coating Design! 
Tamara Appel; 1Thyssen Knupp Steel 

The term ´nano´ is attracting immense attention in present-day 
research in areas like semiconductors and the like but it also offers 
an innovation potential for flat steel products. With a flat steel 
product, whose amount of surface is large compared to the total 
mass, it is the characteristics described by bounding surfaces that 
dominate. Developments to functionalise metal surfaces take place 
today, as in the past, at the nano level. With the aid of 
nanotechnology, functional characteristics of materials are tailored 
by purposefully influenced matter in the nanometre range and by 
putting new phenomena and properties to use. Descriptors such as 
easy-to-clean, anti-fingerprint coatings, scratch resistance, and self- 
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cleaning and corrosion-free surfaces can be mentioned as examples 
in this respect. Although they used to be studied less consciously 
but more phenomenological in the past, the new concept today are 
described at a molecular level. The analytical challenge consists in 
giving support to the design of new coatings and in gaining a better 
understanding of the processes taking place at themolecular level. 
This concerted venture into the nanoworld is being supported by 
the use of modern analysis. Here, Photoelectron Spectroscopy 
(XPS) is a valuable tool to study steel surfaces and substrates for 
thin film coatings. With XPS a monochromatic X-ray beam is used 
as the energy source. The beam causes ejections of electrons with 
kinetic energies characteristic for the surface atom. It allows not 
only for qualitative and quantitative analysis of surfaces (more 
precisely 1 - 4 nm) but also provides additional information on the 
chemical environment of species via the observed core level 
electron shifts. An additional ion gun establishes depth profiling 
capabilities. After describing the principles of operation of XPS, 
examples for applications for coatings development will be given 
which include lubrication (examination of friction surfaces), 
corrosion (layers formed on metal surfaces in aqueous or gaseous 
environment) and coatings characterisation (by different deposition 
methods). By this, advantages and the limits for XPS will be 
shown. 
 

(118) Evaluatio of Anti-corrosion Layers by GD-OES 
Kolja Willimzik1; 1GWAB Synect GmbH 

Not Available 
 

(119) Fourier Transform Mass Spectrometry for Chemical 
Analysis 

Charles L. Wilkins1, Jeffrey J. Jones1, Arwah Jaber1; 1University of 
Arkansas 

Because it has been well-recognized that unprecedented mass 
resolving power and mass measurement accuracy can be achieved 
with Fourier transform mass spectrometry, this technique has 
become popular for analytical applications demanding these 
characteristics. Examples of such applications can be drawn from 
many areas. This presentation will consider the prospects for 
synthetic polymer analysis and bioanalytical applications. For 
example, it is possible to carry out highly demanding copolymer 
analysis with FTMS, just as it is to directly analyze bacteria 
without lysis or prior preparation. The presentation will consider 
these, as well as potential new instrument developments in the 
field. The prospects for future analytical approaches also will be 
considered. Among the most interesting of these are the possibility 
of monitoring production of recombinant proteins for potential 
application in the pharmaceutical industry and possible future 
medical applications distiguishing healthy from diseased tissue. 
Furthermore, use of FTMS for highly accurate bacterial taxonomy 
will also be discussed. 
 

(120) Differential Detection of Metabolites and Biomarkers 
using Nanochromatogarphy, Accurate Mass and Retention 

Time Information Combined with New Hunter/Profiler 
Statistical Software 

David A. Weil1, Xiangdong Li1, John Chakel1, Robert Kincaid1, 
Bryan Miller1, Theodore Sana1, Hongfeng; 1Agilent Technologies 

Differential detection of metabolites in biological matrices was 
accomplished via new algorithms using retention time, accurate 
mass, and intensity to identify “Features” and statistical comparison 
software to differentiate expression level changes from variations 
due to experimental conditions.  Metabolic samples typically 
exhibit significant complexity, 100-1000’s of compounds co-
eluting over wide concentration ranges make manual extraction of 
compounds of interest from LC/MS time-of-flight data sets nearly 
prohibitive.  A prototype “Molecular Feature Extractor” algorithm  

automatically extracts and identifies individual molecular features 
from the data sets, in addition to reducing LC/MS data file sizes. 
Experimental: LC/MS accurate mass, ESI and APCI mass spectral 
data obtained from urine and cell extracts were used to test the 
performance of the “Molecular Feature Extractor” algorithm.  The 
mass spectral data was acquired using a LC/TOF, while sample 
introduction and chromatographic separations were accomplished 
using binary and capillary HPLC systems.  Minimal sample 
preparation (desalting, enrichment) was completed prior to analysis 
using commercially available desalting spin tubes and pipette tips.  
Differential expression of metabolites in urine and fatty acids from 
cell extracts and proteins/peptides from biological fluids were used 
to test the ability of the statistical packages to differentiate 
experimental variations from expression level changes with various 
visualization tools. Results:The “Molecular Feature Extractor” 
algorithm first finds peaks in all spectra, and removes chemical 
background by subtracting the baseline for each m/z  bin (EIC).  
The peaks were then clustered in RT (in seconds) and m/z (to the 
fourth decimal place) in 2-dimensional space to form 3-D peaks. 
These 3-D peaks were centroided and a peak-volume was assigned 
to each peak.  Retention time variation was reduced using a flow 
controlled capillary HPLC and mass measurement variation was 
reduced using internal reference mass correction.  Individual 3-D 
peaks that are related to each other via isotopes, adducts, dimers, 
trimers, and charge state were all combined together as a neutral 
mass and total volume value.  Identification of common/distinct 
molecular features and removal of features in a blank/sample were 
accomplished in the next step.  Empirical formulas were generated 
using the monoisotopic mass and isotope pattern to confirm the 
identification of the small molecules. The Hunter software 
identified low-level impurities and metabolites and was used to 
assess the performance over an extended dynamic range.  The first 
of a set of rat urine samples was extracted using a signal-to-noise 
threshold of 2 and the resulting molecular feature list was sorted by 
peak volume.  The largest peak volume was found to be 200 arb. 
units (m/z 178.052). By inspection, several molecular features were 
identified at m/z 160.040 with various retention times, and with 
relative volumes between 0.04% and 1%. Differential expression 
demonstrated using urine, cellular and plant extract samples.  2-D 
and 3-D visualization tools in the prototype software and in the 
statistical package enabled the features to be rapidly sorted into 
multiple categories: those present in all sets; present in all sets but 
with 4-fold change, and those unique to only one set of samples. 
 
(121) A New Cryogenic Fourier Transform Mass Spectrometer 

Peter O'Connor1; 1Boston University School of Medicine 
An external source MALDI Fourier Transform mass spectrometer 
is being constructed inside the vertical cold bore of a specially 
designed magnet.  The magnet design uses a fairly standard 14T 
vertical bore magnet (similar to a 600 MHz NMR) but with the 
inner bore of the magnet sealed off as a vacuum chamber.  The 
FTMS ion optics are then mounted inside this 4K cold-bore 
vacuum chamber.  This arrangment allows certain advantages.  
First, the chamber pressure is extremely low due to the 
cryopumping effect of the chamber walls - it's estimated to be ~1e-

12 mbar.  Second, the magnetic field is higher than currently 
available in FTMS (with one notable exception).  Third, the 
preamplifier can be designed to take advantage of the cold bore to 
reduce thermal noise and improve signal.  The instrument is 
currently under construction  and will hopefully achieve first signal 
prior to the meeting. 
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(122) Ion Cooling and Transmission Performance of an 
Advanced MALDI-Ion Source based on 3D Electric-Pneumatic 

Ion Dynamics Simulations 
Andreas Hieke1, Scot R. Weinberger1; 1Ciphergen Biosystems, Inc. 
As previously reported, the intent to design advanced ion sources 
for collisionaly cooled biomolecules had stimulated the 
development of the advanced multi-physics simulation system 
GEMIOS (Gas and Electromagnetic Ion Optical Simulator). Recent 
research based on such GEMIOS simulations led to the creation of 
the term 'electro-pneumatic ion optics' since the functionality of 
considered novel ion-optical devices is in fact based on the 
superposition of two vector fields and two scalar field. Specifically, 
and in contrast to state-of-the art devices, gas pressure and gas flow 
velocities are not considered as global quantities but true field 
solutions are obtained. One of the fundamental aspects of classical 
charged particle optics is that governing fields are conservative. 
This, however, is no longer the case in electro-pneumatic ion 
optical systems. Ions can be cooled, or, depending on the average 
kinetic energy gain of ions between collision events in relation to 
the thermal energy of the gas, substantially heated by applied 
electric fields.  It has been shown that the GEMIOS simulator 
correctly computes drag induced ion temperatures and drift 
velocities as function of applied field strength according to two 
well known theoretical conjectures by Langevin and Wannier 
concerning ion mobility in rarified gases. Exclusively based on 
predictions from extensive GEMIOS simulations an experimental 
prototype of an Electro-Pneumatic Ion source was constructed and 
connected to a commercial MS instrument (AB-QStar). 
Fundamentally, the functionality of the MALDI-EPI source 
depends on a number of coaxial electro-pneumatic elements which 
create a highly non-equilibrium supersonic gas flow field 
configuration as well as accelerating and guiding electric fields. 
Early experiments confirmed the excellent ion cooling and 
transmission performance and included, in varying dilution, 
samples of [Glu]1-fibrinopeptide B  (m=1570u), as well as various 
labile species such as ACTH 18-39 (m=2465u) and EGF receptor 
661-681 (m=2398u) in CHCA as matrix. 
 

(123) Alternate Approaches For Sample Spotting In LC-
MALDI 

Robert Brown1; 1Utah State University 
In recent years, MALDI has emerged as a routine and indispensable 
characterization tool in the field of proteomics.  For very complex 
samples, such as those generated in shot-gun proteomics 
experiments, pre-separation schemes are required prior to MALDI 
analysis.  Robotic sample spotting approaches for coupling small 
bore LC separations with MALDI are widely employed. In the 
most common method MALDI matrix is introduced post-column 
via a “tee” and co-deposited with the chromatographic effluent. In 
this work, we examine two alternative approaches for matrix 
deposition which may prove beneficial for LC-MALDI. Normally, 
coupling in LC-MALDI is accomplished by spotting the effluent of 
a small bore LC column and “teeing-in”, post-column, a solution 
containing the required MALDI matrix.  While this approach works 
well in most cases we have explored two alternative techniques for 
matrix addition which can also be applied to traditional (non-LC 
coupled) MALDI. The first alternative method we have explored 
involves pre-coating sample targets via sublimation of the matrix 
onto the sample target prior to spotting.  Targets can than be 
spotted with sample without the need for additional matrix.  This 
approach has the advantage that the matrix also undergoes 
purification during the sublimation process. When the composition 
of the solvent used to spot the target was optimized, sensitivities for 
common peptides were similar to dried droplet methods.  For less 
water soluble matrices (such as sinapinic acid), concentration of 
peptides in the surface layer was found to lead to improved  

sensitivities over dried droplet preparations. A second approach 
that is being pursued involves utilization of a polymer film as the 
target surface.  Matrix (5-10% by weight) is added to a polymer 
solution which is than cast onto a MALDI target.  Solvent added to 
the film causes swelling of the polymer and allows matrix to be 
released.  Initial work has examined the suitability of cross-lined 
poly(acrylic acid) and hydroxypolystyrene polymers.  Using these 
films to deliver the matrix also appears to require higher laser 
energy to successfully desorb analytes than conventional 
preparations, which is a potential drawback to the method. 
 
(124) Spectroscopic Determination of Molecular Structures and 

Conformational Pathways in Ground and Singlet and Triplet 
Excited Electronic States 

Jaan Laane; 1Texas A&M University 
In 1945 R. P. Bell predicted that certain out-of-plane vibrations in 
ring molecules should be governed by quartic (fourth power) 
potential energy functions rather than harmonic ones. These 
vibrations are often very important as they provide the pathways 
for conformational changes.  Mixed quartic/quadratic oscillators 
from the cyclobutane and cyclopentene families were first studied 
in our laboratory starting in the 1960s.  Other labs also applied 
microwave techniques to investigate these types of potential energy 
surfaces (PESs).  Additional data were provided by vapor-phase 
Raman spectroscopy in the 1970s, and since the 1980s we have 
utilized laser induced fluorescence (LIF) of jet-cooled molecules 
and ultraviolet (UV) absorption spectroscopy to investigate 
electronic excited singlet states of molecules such as cyclic ketones 
[S1(n, π*) states] and aromatic cyclic and bicyclic molecules [S1(π, 
π*) states].  More recently, cavity ringdown spectroscopy (CRDS) 
has been used to study the T1(n, π*) triplet states of some cyclic 
enols.  The focus of these investigations has been to determine the 
one- or two-dimensional PESs for the out-of-plane motions in order 
to understand the energetics of the conformational changes as well 
as the structures in both ground and excited electronic states.   A 
substantial number of computer programs for calculating 
coordinate dependent  kinetic energy functions and the energy 
levels for different types of PESs have been written.  Some of the 
work during the last forty years of the last millennium have been 
described in a feature article [J. Phys. Chem. A, 104, 7715 (2000).] 
In this presentation the theoretical and experimental aspects of 
these types of investigations will be discussed, somewhat from a 
historical perspective.  We have been especially interested in 
molecules which show unusual bonding properties such as the 
anomeric effect for 1,3-dioxole (a cyclopentene ring where oxygen 
atoms have replaced the CH2 groups adjacent to the olefinic carbon 
atoms), where the presence of the 1,3 oxygen configuration results 
in a barrier to planarity.  Similarly, 1,3-benzodioxole shows the 
anomeric effect although in the electronic ground state it is 
suppressed by interactions between the oxygen atoms and the 
benzene ring, resulting in a reduced barrier.  In the S1(π, π*) 
excited state, however, the anomeric effect is less suppressed and 
the barrier to planarity increases. Recent work with LIF, UV, IR, 
and Raman spectroscopies has involved bicyclic molecules in the 
indan and tetralin families, stilbenes with their internal rotations 
and photoisomerizations, and ketones.  The CRDS results for the 
enol 2-cyclopentenone, which is planar in its S0 and S1(n, π*) 
states, are particularly interesting showing that the molecule has a 
barrier to planarity due to the flipped spin in the T1(n, π*) state. 
This work has been carried out by more than four dozen able 
graduate students, post-docs, and visiting professors who deserve 
all the credit.  Financial support has been provided by the National 
Science Foundation, Robert A. Welch Foundation, and the Texas 
Advanced Research Program. 
 



ABSTRACTS 

97 

(125) The Future of Process Analytics and Control 
Technologies - The Role of Data Fusion 

Elaine Martin1, Gary Montague1; 1University of Newcastle 
Processes in which pharmaceuticals are produced via fermentation 
are particularly susceptible to large variability and reduced 
productivity due to natural variation and limited monitoring and 
control options. The latest monitoring methods offer the potential 
to understand causes of variation, improve productivity and as a 
result maintain the competitive edge. Unfortunately the 
fermentation environment is not conducive to the implementation 
of instrumentation. This paper will show how signals from spectral 
instruments can be enhanced by other process measurements, to 
provide on-line measurements of critical broth concentrations of 
components traditionally only available from infrequent off-line 
analysis. The construction of a robust calibration model for the 
individual instruments is the first step in the implementation. The 
traditional strategy is either to use multivariate techniques such as 
projection to latent structures (PLS) or wavelength selection 
through genetic algorithms. An alternative approach is reported in 
this paper where a search strategy identifies a limited number of 
spectral windows (SWS) that are most descriptive of the 
concentrations of interest. The benefits of using the window 
selection approach is that problems associated with over-fitting the 
calibration model construction data are minimised. This is 
particularly important in a development environment where the 
number of batches is limited. The random nature of the 
initialisation and search strategy of the SWS algorithm results in a 
range of calibration models. Multiple calibration models are 
‘bagged’ to provide improved accuracy and robustness compared to 
the traditional methods of spectral data interpretation. It is 
demonstrated that bagging provides an improved prediction 
capability compared to selecting the single ‘best’ performing model 
based upon data from the building phase. The improvement in 
accuracy of measurement from SWS and bagging is significant but 
errors in the determination of the concentration of some compounds 
remained excessive. To overcome significant offsets, a model 
relating the calibration residuals to on-line process measurements 
(e.g. off-gas concentrations, temperature, pH) was constructed 
using PLS. The model was then used to correct the spectral 
calibration prediction to result in improved determination of broth 
concentrations. The fermentation monitoring methodology is 
demonstrated by application to an industrial antibiotic production 
process both at the laboratory and pilot plant scales. Corrected 
predictions of product concentration and broth nutrient levels 
demonstrate that combining multiple information sources is 
advantageous from the measurement perspective. 
 

(126) Analysis of LC-MS and LC-DAD data 
Willem Windig1, Mark Bayliss2; 1Eigenvector Research; 

2Advanced Chemistry Development, Inc. 
The CODA (component detection analysis) and COMPARELCMS 
approaches are successful in extracting the significant chemical 
information from complex LC-MS data. A recent development was 
an approach to extract differences in a series of highly related 
samples analyzed by LC-DAD. For further development of these 
techniques challenges are baseline contributions in the data. This 
presentation will  show examples of the analysis of complex 
samples in an industrial environment and new developments for the 
analysis for LC data. 
 

(127) Chemometrics and Chromatography:  Extracting 
Information from Large Volumes of Multivariate Data 

Karisa Pierce1, Rachel Mohler1, Jamin Hoggard1, Robert Synovec1; 
1University of Washington 

Chemometric techniques and recently developed software are 
demonstrated to extract useful information from large volumes of  

multivariate data obtained using gas chromatography (GC), for 
samples ranging from simple mixtures to very complex.  For first 
order analysis, principal component analysis (PCA) is combined 
with high-speed retention time alignment and analysis of variance 
feature selection (ANOVA) in order to objectively classify large 
GC data sets of unknown gasoline samples.  For second order 
analysis, GC x GC-TOFMS separations of organic extract 
metabolites are utilized as two-dimensional images of the 
chromatographic plane and submitted to PCA for successful sample 
classification. In this method, the mass spectral information is only 
temporarily ignored until the highly PCA-loaded metabolites are 
identified using the mass spectra. Those components are then 
quantified for objective metabolic profiling of the differences 
between samples.  For these second order separations, a 
comprehensive two-dimensional retention time alignment tool was 
developed for restoring trilinearity to large data sets of shifted two-
dimensional chromatograms prior to chemometric analysis.  For 
third order data and analysis, GC x GC-TOFMS analysis of 
complex samples yields highly complex chromatograms where 
component peaks may overlap.  Parallel factor analysis 
(PARAFAC) of a sub-region of the GC x GC-TOFMS data cube is 
shown to readily deconvolute overlapped peaks of interest 
providing pure component profiles on the first chromatographic 
dimension and the second chromatographic dimension, as well as a 
pure component mass spectrum for each overlapped analyte of 
interest. A graphical user interface for objectively using PARAFAC 
was developed that automates the selection of factors for sub-
regions in a GC x GC-TOFMS data cube.  Stand-alone software 
was also developed that mines the entire GC x GC-TOFMS data 
cube in order to locate and quantify analytes of interest in very 
complex samples.  This software has the capability to objectively 
deconvolute any overlapped analytes of interest using the 
PARAFAC tool. 

 
(128) Using Pre-Whitening Techniques for Process Model 

Stabilization 
Jeremy M. Shaver1, Barry M. Wise1, Tatiana G. Levitskaia2, 

Serguei I Sinkov2; 1Eigenvector Research, Inc. 
Generalized Least Squares Deweighting (GLSW) has been 
previously shown to be an effective and simple-to-use calibration 
transfer method. Given two sets of data which should otherwise be 
the same - the same samples measured on two different instruments 
for example - GLSW calculates the systematic differences and 
develops a filter for these differences. The method uses a single 
parameter to adjust the extent of deweighting. Although in some 
cases net analyte signal can be reduced incidentally by the filter, 
the simplicity and generality of the method makes it attractive as a 
method to filter out undesired systematic variance (pre-whitening). 
A related approach can be used as a regression model 
preprocessing step to remove variance unrelated to the y-block 
response. Significant spectral or other x-block interferences can be 
removed, stabilizing the regression model. This paper will show a 
modified version of GLSW which keys the filter content on the y-
block. It will discuss the use of this approach on a couple of 
industrial examples including the considerations of model 
precision, outlier detection, and long-term accuracy. Comparisons 
to related preprocessing approaches will also be made. 
 

(129) On the Multivariate Curve Resolution Problem for GC-
SAW Analysis of Vapor Mixtures 

Barry M. Wise1, Neal B. Gallagher1, Jay W. Grate2; 1Eigenvector 
Research, Inc.; 2Pacific Northwest National Laboratory 

Multivariate curve resolution can be used to extract estimates of 
concentration profiles and pure component sensor responses from a 
proposed GC column coupled with a polymer coated Surface 
Acoustic Wave (SAW) detector. This talks shows that the Linear  
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Solvation Energy Relationship (LSER) formulation, which governs 
the behavior of both the GC column and SAW detector, can be 
used to remove the multiplicative ambiguity in the curve resolution 
problem. A modification of the constrained alternating least squares 
algorithm, used to extract pure component response estimates, is 
also proposed. 
 

(130) Femtosecond Coherent Four-Wave Mixing 
Spectroscopies And Applications 

Wolfgang Kiefer1; 1Institut fuer Physikalische Chemie der 
Universität 

In this lecture the following femtosecond coherent four-wave-
mixing spectroscopies are discussed: Femtosecond time-resolved 
coherent anti-Stokes Raman spectroscopy (fs-CARS), femtosecond 
time-resolved population grating spectroscopy, and femtosecond 
pump/probe-CARS. Some very recent results where the concepts of 
STIRAP (Stimulated Raman Adiabatic Passage) have been 
incorporated in the CARS process will be presented as well. These 
techniques are applied in order to prepare and monitor coherent 
states of different samples. The time evolution prepared by such 
methods gives information on the dynamics of molecular 
vibrations. In first examples the electronic ground state vibrational 
dynamics of a diatomic molecule in the gaseous state, of various 
single crystals as well as of biologically relevant porphyrin 
molecules in solution are studied with transient CARS 
spectroscopy. With the same technique we show how single 
molecular vibrations in the electronic ground state can be 
coherently controlled. By applying femtosecond time-resolved 
population grating spectroscopy and by placing the CARS process 
in a pump-probe scheme we studied internal conversion processes 
in β-carotene. Of particular interest is to directly monitor the energy 
flow into specific vibrational modes of the β-carotene molecule 
from the S1 excited into the S0 electronic ground state. Results of 
this mode-selective pump/probe CARS experiment will be 
reported. Acknowledgements: This work has been performed in our 
femtosecond laboratory  by: D. Akimov, A. Materny, J. Popp, S. 
Schlücker, T. Siebert, and M. Schmitt. Collaboration with V. 
Engel, A.S. Grabtchikov, V.A. Orlovich, A. Zewail, and A.S. 
Zheltikov is highly acknowledged as well. 
 
(131) Deep Layer Probing in Powders – Temporal and Spatial 

Approaches Compared 
P. Matousek1, M.D. Morris2, N. Everall3, I.P. Clark1, M. Towrie1, 

E.R.C. Draper4, A.E. Goodship4, W.F. Finney2, A.W. Parker1; 
1Rutherford Appleton Laboratory; 2University of Michigan; 3ICI 

PLC, Wilton Research Centre; 4Royal Veterinary College 
A number of analytical applications in turbid media would benefit 
from the provision of an effective chemically specific method for 
non-invasive interrogation of deep subsurface layers. Examples 
include the examination of pharmaceutical drugs through their 
coatings, chemicals through diffusely scattering bottles, the 
interrogation of food products, living tissue, polymers, catalysts, 
coating technology or dermatology applications. Recently, we 
demonstrated how Raman spectroscopy could be used to identify 
such subsurface materials. Two proof-of-principle experiments 
were carried out by recovering the Raman spectra of sublayers of 
trans-stilbene powder without contamination from the spectra of an 
1 mm overlay of 20 micro-m diameter polymethyl methacrylate 
microspheres. The probed depth was well in excess of that 
accessible with conventional confocal Raman microscopy. The 
first, temporal approach relies on launching an ultrashort (1 ps) 
laser pulse (400 nm) into sample and detecting delayed Raman 
signal in backscattering geometry using a 4 ps optical Kerr gate. As 
Raman photons born at different depths exhibit different time 
delays at the sample surface it is possible to separate the layer 
components by appropriately adjusting gate time delay. The gate  

can also partially reject fluorescence emission. The second, 
substantially simpler, yet effective method, that uses cw lasers (514 
nm) but lacks fluorescence rejection capability, is based on 
separating the Raman signals of individual layers in the spatial 
domain, Spatially Offset Raman Spectroscopy (SORS). The 
technique is based on collecting a range of Raman spectra from 
sample surface regions that are laterally displaced by different 
amounts from the laser incidence point. The spectra obtained in this 
way exhibit a variation in relative intensities of the surface and sub-
surface components (in our case by more than an order of 
magnitude). Further separation of the two layer components is 
possible using multivariate data analysis approaches. 
 

(132) Raman Photon Migration in the Biomedical Sciences 
Michael D. Morris, Matthew Schulmerich, William F. Finney; 

1University of Michigan 
Photon migration (multiple scattering) complicates recovery of 
Raman spectra from human and animal tissue specimens, because 
most are highly structured and contain many phase boundaries. 
Scattering rather than absorption dominates the attenuation of light 
as it propagates through tissue and ultimately limits depth 
resolution and recovery of spectra from subsurface components. 
We will discuss several new approaches to this problem. These 
include the use of picosecond time-resolved spectroscopy and fiber 
optic array spectroscopy with advanced chemometric recovery of 
spectra. We will illustrate the implementations of these 
measurement principles using transcutaneous measurements of 
spectra of musculoskeletal tissue from wild-type and transgenic 
mice. 
 

(133) In vivo tissue characterization by Raman spectroscopy 
Gerwin Puppels1,2; 1River Diagnostics BV; 2Center for Optical 

Diagnostics & Therapy 
Raman spectra of biological tissue can be used for tissue 
classification, e.g. in medical diagnosis, and for characterization of 
tissue in terms of molecular composition. Being a non-destructive 
technique, which does not require any sample preparation or the 
use of labels, dyes or other contrast enhancing agents, Raman 
spectroscopy is superbly suited for in vivo application. This holds 
true especially because the sensitivity of instrumentation has 
increased to the point that high quality spectra can be obtained 
within seconds or less, using moderate NIR-laser power. The 
presentation will highlight recent developments in in vivo skin 
characterization by confocal Raman microspectroscopy at River 
Diagnostics, enabling detailed information to be obtained about 
molecular concentration profiles in the skin and about penetration 
and effects of topically applied compounds. Developments in fiber 
optic Raman spectroscopy at the Center for Optical Diagnosis & 
Therapy of the Erasmus-university Medical Center, will also be 
discussed.  
 

(134) Application of Raman Spectroscopy toward 
Understanding the Relationship between a Compound's 
Chemical Structure and its Chemical, Physical and/or 

Biological Properties 
Don Pivonka; 1AstraZeneca Pharmaceuticals 

Understanding the relationship between a molecule’s chemical 
structure and its physical, chemical and/or biological properties is a 
critical component of research in many facets of the chemical 
industry ranging from specialty chemicals to polymers, agro-
chemicals, pharmaceuticals, and etc. Ultimately, it is the specific 
properties of a molecule, which render the molecule its value. 
Within the pharmaceutical industry, understanding of the impact of 
structure on ligand/receptor binding mechanisms and kinetics is a 
primary hurdle in the search for new and better pharmaceutical 
compounds. Virtually every pharmaceutical company commits  
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extensive resources to the computer modeling of ligand/receptor 
geometries and to the theoretical understanding of structure/activity 
relationships (SAR) in the binding process.  In contrast to 
calculated molecular parameters used in computational approaches, 
the vibrational spectrum of a molecule provides researchers with a 
“true” 3-D molecular descriptor as a starting point in the evolution 
of SAR understanding. In this paper, Raman spectroscopy will be 
used on several fronts in an effort to unravel the SAR component of 
drug discovery. First, Raman spectroscopy has been developed as a 
tool for identification of the molecular subcomponents within a 
candidate compound series, which play an active role in binding 
kinetics. Second, Raman spectroscopy can be used to uncover 
electronic trends, within both pendant functional groups and the 
backbone scaffold, that foster the binding process.  Finally, Raman 
spectroscopy can be used to determine the relative geometric-
electrostatic efficiencies of structurally related analog series within 
the ligand/receptor binding process. 
 

(135) Optical-Trapping Confocal Raman Microscopy for the 
Analysis of Individual Particles in Liquids 

Joel Harris, Christopher Fox, Travis Bridges, Grant Myers, Daniel 
Cherney; 1University of Utah 

Many chemical materials and processes depend on suspensions of 
fine particles in water, for chemical processing and delivery of 
organic materials while avoiding volatile organic solvents.  
Polymer colloids are used in time-released drug delivery and 
biological particles (cells, vesicles, viruses) are critical structures 
for biological function.  To understand these structures, there is a 
need for methods that can determine the chemistry of micron and 
sub-micron particles and report variability in composition on a 
single-particle basis.  Optical trapping methods combined with 
confocal Raman microscopy are well suited to the challenge of 
single-particle chemical analysis.  Sub-micron sized particles can 
be trapped with modest optical powers and observed for hours, 
which allows changes in chemical structure to be followed over 
time.  We have investigated sensitivity and spatial selectivity of 
optical-trapping confocal-Raman microscopy for the analysis of 
sub-micron particles.  Applications to monitoring solid-phase 
synthesis, molecular diffusion in micron-sized polymer particles, 
the structure of phospholipid bilayers in lipid vesicles, and the 
accumulation of target molecules into individual vesicles will be 
presented. 
 

(136) Carbon Nanotube Fluorescence:  A Powerful Tool for 
Research and Analysis 

R. Bruce Weisman1; 1Rice University 
The recent discovery of band-gap fluorescence from single-walled 
carbon nanotubes (SWNT) has opened many new opportunities in 
basic and applied research.  Bulk SWNT samples contain nanotube 
species with a variety of diameters and chiral angles.  Each such 
structure has a distinct electronic structure and a corresponding set 
of optical transition frequencies.  It has been discovered that optical 
excitation of disaggregated semiconducting nanotubes leads to 
near-infrared fluorescence from band-gap transitions.  A 
spectrofluorimetric study will be described revealing electronic 
absorption and emission transitions for more than thirty different 
structural species of semiconducting nanotubes.  Careful data 
analysis allowed each optical transition to be assigned to a specific 
SWNT structure.  The results form a precise and valuable 
experimental foundation for testing theoretical models of nanotube 
electronic structure and excitations.  In addition, they provide the 
basis of a powerful new analytical method for determining the 
compositions of mixed SWNT samples.  Customized apparatus and 
software have been developed specifically for the automated 
fluorimetric analysis of SWNT in bulk suspensions.  This turn-key 
instrument, which is currently in commercial production, allows  

detailed characterization of nanotube samples in seconds without 
user intervention.  Automated fluorimetric analysis should prove an 
essential tool for optimizing production methods, assuring quality 
control in commercial production, guiding efforts to sort nanotubes 
by type, and characterizing samples used in a wide range of 
research projects.  Finally, results will be presented demonstrating 
that near-infrared fluorescence microscopy offers a versatile 
method for observing and studying individual nanotubes. 
 

(137) Selectively Eliminate Metallic Carbon Nanotubes in 
Nanotube Network 

Jie Liu1, Lei An1; 1Duke University 
The use of simple solution chemistry to selective remove metallic 
nanotubes in a nanotube thin film is discussed. Semiconducting-
only single-walled carbon nanotube (SWNT) network field effect 
transistors (FETs) can fabricated by reacting SWNTs  with 
diazonium slats in aqueous solution.  We have shown that the 
concentration of diazonium reagents used is crucial for selectively 
eliminating metallic SWNTs and keeping semiconducting ones 
intact. Excessive amount of diazonium reagents can 
indiscriminately react with both metallic and semiconducting 
SWNTs and thus degrade the performance of the FET devices. This 
new technique will facilitate the process of fabrication of high 
performance SWNT-based electronic devices. 
 

(138) Using Designed Peptides for Carbon Nanotube 
Purification, Separation and Noncovalent Functionalization 

Gregg Dieckmann; 1University of Texas at Dallas 
To fully realize the potential utility of carbon nanotubes, strategies 
for the effective solubilization, separation and organization of these 
materials must be devised.  In this presentation the use of designed 
amphiphilic peptides to achieve these goals will be described, with 
a focus placed on the peptide design, as well as the characterization 
of the resulting peptide/nanotube composites.  Results from circular 
dichroism, Raman, SEM and TEM studies will be discussed which 
demonstrate that designed amphiphilic peptides are effective at 
solubilizing carbon nanotubes in aqueous solution, debundling the 
nanotubes, and organizing them into different macromolecular 
architectures depending on solution conditions.  The ability to 
control nanotube organization by utilizing the self-assembly 
properties of the peptides provides a facile and versatile method for 
the manipulation of carbon nanotubes for future applications. 
 

(139) Optical Limiting Behaviors Of Bundled and Individual 
Single-Walled Carbon Nanotubes 

Wei Zhao1, Chulho Song1, Ming Zheng2; 1University of Arkansas; 
2E. I. du Pont de Nemours and Company 

There is interest in optical limiting properties of single-walled 
carbon nanotubes (SWNTs) for sensor protection and laser safety 
goggles. We have measured the optical limiting responses of water-
soluble SWNTs of different forms (bundled and individual) and 
types (Tube@Rice and HiPco) in aqueous solution. We have 
observed that the bundled SWNTs show better optical limiting 
performance than individual SWNTs. The mechanisms will be 
discussed in this talk. 
 

(140) Making It Count 
Richard N.  Zare1, Bo  Huang1, Hongkai Wu1; 1Department of 

Chemistry, Stanford University 
Recently, we have designed a novel single molecule detection 
device so that high detection efficiency can be achieved in a 
channel with micrometer-scale dimensions.  As a proof of 
principle, we have examined samples of streptavidin that have been 
labeled with one or more Alexa Fluor dye molecules and separated 
by electrophoresis on a chip. We have also built on a chip a means 
for capturing a single cell, lysing it, and derivatizing its chemical  
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contents. The results we have obtained encourage us to believe that 
this molecule counting device can achieve absolute quantification 
of proteins that exist at copy numbers as low as one molecule per 
cell. 
 

(141) Investigating in vivo Physiological Processes with 
Microfluidic Devices and Biological Cells 

Dana Spence, Teresa D'Amico, Paul Root, Luiza Genes; 1Wayne 
State University 

It is well established that nitric oxide is produced in endothelial 
cells and, when released, plays a role in many physiological events.  
Here, we will demonstrate the ability to combine cell culturing 
techniques with lab on a chip technology to learn more about the in 
vivo processes that govern nitric oxide production.  Specifically, 
using a cell immobilization technique developed in our labs, we 
have been able to create a chip-based endothelium.  When these 
cells are loaded with DAF-2, a membrane-permeable fluorescent 
probe for nitric oxide, it is possible to discern that nitric oxide 
stimulated by shear stress (flow) versus that stimulated by 
adenosine triphosphate (ATP), a known stimulus for nitric oxide in 
the microcirculation.  The ability to detect nitric oxide production 
using fluorescence is an improvement over our previous methods of 
detection endothelium-derived nitric oxide using amperometry, 
namely because the concentration of ATP required to induce nitric 
oxide production is now at physiologically relevant concentrations 
of ATP.  Moreover, with this system, it may be possible to combine 
actual erythrocytes (which are known to release ATP) with the 
endothelium to create a true microcirculation mimic. This 
biomimetic microcirculation can be employed for drug discovery 
and elucidating the possible role of erythrocytes in various disease 
states, in particular diabetes.  Thus, this talk will also describe how 
microfluidics may potentially play a role deciphering the genesis of 
diabetic complications. 
 

(142) Manipulating, Immobilizing, and Sampling from Cells 
On-Chip using Integrated Microvalves 

R. Scott Martin1, Michelle W. Li1, Matthew K. Hulvey1, Laura C. 
Mecker1, Alexander K. Price1; 1Saint Louis University 

The use of microchip technology to perform on-chip cell culture is 
a rapidly emerging area.  To gain a better understanding of disease 
onset, it is desirable to develop a microchip device that can direct 
and immobilize cells to a specific portion of the chip while also 
enabling analysis of chemicals released from the cells.  For 
example, the exact mechanisms for the onset of Parkinson’s disease 
are unknown but it is thought that inflammation of microglia, 
which leads to nitric oxide production, may play a role in neuronal 
degeneration.  Therefore, to investigate the mechanisms of 
neuronal degeneration and the exact role nitric oxide plays, it is 
highly desirable to develop a device that combines a model of 
dopaminergic cells (such as PC 12 cells) and an analysis system to 
monitor the cell’s exocytotic activity.  In this talk, we will describe 
the use of poly(dimethylsiloxane) (PDMS) –based microvalves to 
control both the on-chip culture of cells and the coupling of a cell 
reactor to an analysis system (such as capillary electrophoresis).  In 
one study, we will describe the use of capillary electrophoresis with 
amperometric detection to monitor the release of dopamine and 
norepinephrine from an immobilized PC 12 cell reactor.  The 
ability to couple the PC 12 cell reactor to an analysis system with 
minimal dead volume on a planar substrate leads to a true micro-
total analysis system that can be used to study the role of nitric 
oxide in the onset of Parkinson’s disease.  In a second study, we are 
using microvalves to direct the on-chip culture of endothelial cells 
in a three-dimensional fluidic device to create an in vitro blood-
brain barrier mimic.  The use of these valves to trap and immobilize 
endothelial cells as well as to isolate the cells from microelectrodes 
used to measure ATP-derived nitric oxide will be discussed. Both  

studies demonstrate the advantages of using microchips and 
PDMS-based valving techniques to develop a system that can 
integrate cell immobilization, cell stimulation, manipulation of 
chemicals released from the cells, and analysis of the chemicals. 
 
(143) A Microfluidic System for Capillary Electrophoresis/ESI-

MS of Intact Proteins 
Aaron Timperman, Kathleen  Kelly, Brent Reshke, Scott  Miller, 

James Lenke, Trust Razunguzwa; 1West Virginia University 
A long-term goal for our research group is the development of a 
comprehensive microfluidic system for proteomic analysis.  
Towards this goal we are developing a microfluidic capillary 
electrophoresis/ESI-MS system with on-chip sample enrichment.  
On-chip concentration of proteins and peptides is achieved by 
interfacing nanocapillary membranes (NCM) with microfluidic 
channels.  Concentration factors in excess of 300-fold have been 
achieved for small ~1 nm diameter ions in front of membranes with 
10 nm diameter capillaries.  The mechanisms of this electrokinetic 
concentration process are being investigated.  Currently, we are 
using glass microfluidic channels modified with polyethylene 
glycol terminated self-assembled monolayers (SAMS).  The PEG 
SAMS are effective in preventing protein adsorption on the glass 
microfluidic device, and concomitantly reduce the electroosmotic 
flow (EOF). The electroosmotic flow on PEG coated channels is 
reduced by 90% compared to the native glass surface and the 
separation efficiencies achieved with these coatings are comparable 
to other commercially available permanent coatings. Because the 
coatings reduce the EOF the microfluidic chip ESI-MS interface 
that is tailored for low EOF separations has been developed.  The 
interface utilizes rapid voltage switching and a laser 
micromachined hydrodynamic flow restrictor (HDR).  The rapid 
voltage switching between two electrodes is used to provide the 
ESI voltage and prevent migration of the analytes to these 
electrodes.  A hydrodynamic flow restrictor (HDR) allows for 
hydrodynamic introduction of a make-up solution while preventing 
the electrokinetic flow in the separation channel from being 
overpowered.  A make-up solution is used to change the solution 
composition prior to introducing the sample into the MS and to 
stabilize the flow.  The interface therefore provides stable spray, 
compatibility with low EOF and is capable of changing solution 
composition. 
 
(144) Surface-Enhanced Raman Spectroscopy: Interpretational 

Challenges in Analytical Applications 
Paul Jagodzinski1; 1Colorado School of Mines 

Surface-enhanced Raman (SER) spectroscopy has become an 
analytical tool of substantial utility. Correctly interpreting the 
signals being monitored is fundamental to this application; however 
this is not always straightforward. Enhancement factors of specific 
vibrational modes, selection rules (and break down thereof), 
surface characteristics, adsorbate orientation, and a myriad of other 
factors contribute to confusing and sometimes misinterpreted 
signals.  For instance, depending on the surface chosen, one may 
find that SER spectroscopy is a viable tool for monitoring trace 
amounts of  4-cyanopyridine or has no utility in this application. In 
actual fact the situation with 4-cyanopyridine is significantly more 
complicated. This presentation will highlight examples from our 
work that illustrate the difficulties that can arise in attempting to 
use SER spectroscopy in routine analytical applications. 
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(145) NCNCS as a Poster-Molecule for the Power of Quantum 
Monodromy as a Concept for Understanding the Internal 

Dynamics of Quasilinear Molecular Systems 
Manfred Winnewisser1, Brenda P. Winnewisser1; 1Ohio State 

University 
Quantum monodromy is concerned with the organization of 
quantum mechanical energy levels and their nontrivial dislocation 
close to the top of potential energy barriers, for example, in two-
dimensional potential wells. The observed patterns of vibrational 
and rotational energy levels are a consequence of robust properties 
of the topology of the potential function and thus can be studied via 
corresponding classical dynamics for molecular systems such as 
NCNCS.  The lecture will be concerned with: a) How we looked at 
quasilinear molecules in the past. b) What a mathematician noticed 
about "champagne bottle" potentials. c) What a spectroscopist 
learned from a mathematician about how to look at molecules and 
their generic eigenvalue distributions in a champagne bottle 
potential. d) How we can use the topological perspective granted by 
quantum monodromy as an aid in assigning complex spectra of 
quasilinear molecules. e) How we might redefine the term 
"quasilinear" in view of this perspective. 
 
(146) Collision-Induced Absorption in Atmospheric Molecules 

Walter Laffertt1; 1NIST 
The spectroscopy group at NIST has had NASA funding to study 
collision-induced absorption (CIA) for over a decade. When two 
molecules collide or nearly collide a small transition moment is 
generated.  Therefore the spectra of homonuclear molecules such as 
N2 and O2 and the gerade vibrations of CO2  become weakly 
allowed. The absorbance of a pure gas is proportional to the square 
of the gas density. Laboratory studies require long path lengths and 
high pressures.  The resulting bands have P-Q- and R-branches but, 
since the collision time is short, the individual transitions are very 
broad, and the branches are not resolved resulting in continuum 
absorbance.  These bands are weak at atmospheric pressure; 
however, with 60 to 100 kilometer paths through the atmosphere 
they produce significant absorbance and contribute to the solar 
energy transfer.  We have studied the CIA in the fundamental 
bands of both O2 and N2 over the temperature range -70o to 90o C 
and pressures of 3 to 10 atmospheres with optical path lengths of 
up to 115 m.  Band profiles and integrated band intensities have 
been derived for the fundamental bands of both molecules.  In 
addition, the weak doubly-forbidden O2 band near 7900 cm-1, 
whose rot-vibration structure has been analyzed previously, has a 
weak underlying continuum for which we have determined the 
band intensity.  Perhaps, the most important and least understood of 
the atmospheric continua is that of water vapor where the 
absorbance is proportional to the square of the water pressure.  We 
have examined the H2O continuum in the range 830 – 1100 cm-1. 
Predictions from the current empirical models are in moderately 
good agreement at the lower temperatures, but large disagreements 
are observed at the elevated temperatures 
 
(147) The Roles of Kinematics vs. Potential Energy Surfaces in 

Molecular Rotational Energy Transfer 
Charles Parmenter1, Samuel Clegg2, Mariana Duca3; 1Indiana 
University; 2Los Alamos National Laboratory; 3University of 

Bucharest 
Electronic fluorescence studies of crossed beam inelastic scattering 
of glyoxal (CHOCHO) give a uniquely detailed view of rotational 
state changes from interactions with rare gas targets.  With each 
rare gas and with H2 and D2, the competition among dozens of 
state-to-state channels from a given initial rotational state is 
characterized for various kinematic conditions.  While the 
intermolecular potential energy surfaces (PES) must be key in 
establishing the absolute magnitude of the cross sections, the  

collision kinematics play the dominate role in fixing the 
competition among channels.  In this aspect of the rotational energy 
transfer, the PES is only a minor player.  The competition can be 
correlated quantitatively with the collision momentum without 
regard for the target species. The two related kinematic factors 
relative velocity and collision energy do not provide correlations 
that are species-independent.  Clearly the linear collision 
momentum available for conversion to rotational angular 
momentum is the parameter most fundamental to the channel 
competition.  The angular momentum model developed by A. J. 
McCaffery and colleagues to describe the conversion provides a 
successful account of these rotational transfers. 
 
(148) On the Vibrational Spectra and Structural Parameters of 

CH3NCS, SiH3NCS and GeH3NCS 
James Durig, Chao Zheng; 1University of Missouri-Kansas City 

The infrared spectra (3500 to 400 cm-1) of CH3NCS in gas, xenon 
solution (-60 to -100 C) and solid phases have been recorded. The 
effect of nearly free internal rotation of the methyl group is 
observed on the CH3 antisymmetric stretch and antisymmetric 
deformation bands which indicate that the barrier to internal 
rotation is significantly lower than the value of 106 ± 17 cm-1 
previously obtained from microwave splitting measurements. The 
band centers for the near-degenerate vibrations of CH3NCS have 
been determined from the low-temperature spectra in liquid xenon 
and their values are significantly lower than the values in the gas. 
Ab initio calculations by the Møller-Plesset perturbation method to 
the second order MP2(full) and density functional theory 
calculations by the B3LYP method utilizing the 6-31G(d), 6-
311+G(d,p) and 6-311+G(2d,2p) basis sets have been carried out 
for all three molecules. From these calculations, force constants, 
vibrational frequencies, infrared intensities, Raman activities, 
depolarization ratios and structural parameters have been 
determined and compared to the experimental quantities. By 
combining previously reported rotational constants for all three 
molecules with the ab initio MP2(full)/6-311+G(d,p) predicted 
parameters, adjusted r0 parameters have been obtained. The 
determined heavy atom distances differ significantly from the 
parameters previously reported for these molecules from earlier 
electron diffraction and microwave studies.  Additional 
spectroscopic data have been obtained for CH3CH2NCS, 
(CH3)2CHNCS, CH2CHCH2NCS and c-C3H5CH2NCS and the 
effect of the large amplitude CNCS bends will be presented and 
discussed. 
 

(149) Fine Structure Effects in Interesting Small Molecules 
from Rotational Spectroscopy Supplemented with Quantum 

Chemical Calculations 
Norman C. Craig; 1Oberlin College 

Standard methods for finding bond parameters of molecules give 
doubtful results for differences smaller than about 0.01 Å. Yet, 
such differences are of interest in evaluating electronic effects in 
molecules.  For example, do the bond lengths in butadiene reflect 
adjustments caused by pi-electron delocalization?  Do the 
differences in bond parameters correlate with the lower electronic 
energy of cis-1,2-difluoroethylene in comparison with its trans-
isomer? Until recently good structures for small molecules were 
based on the isotope substitution procedure known as the 
Kraitchman method. These structures are approximately ground 
state structures, which are contaminated with the effects of zero 
point vibrations and the assumption that isotopic substitution does 
not alter bond parameters.  With the advent of good quality 
quantum chemical (QC) calculations, it is now possible to use QC 
calculations to bridge the gap between equilibrium rotational 
constants and ground state rotational constants obtained from the 
analysis of rotational transitions in microwave spectra and  
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rotational structure in high-resolution infrared spectra.  The infrared 
method is needed for nonpolar molecules.  To the resulting 
equilibrium rotational constants, equilibrium structures can be fit.  
These equilibrium structures are not only useful in evaluating fine 
electronic effects on molecular structures but are also directly 
useful in evaluating QC calculations of structural parameters.  
These developments will be reviewed, and some results from our 
laboratory reported.  
 

(150) Non-destructive Chemical Mapping of Pharmaceutical 
Tablets Using Terahertz Pulsed Imaging 

Daavid Newnham1, Philip Taday1, Yao-Chun Shen1, Colin Baker1; 
1TeraView Limited 

Terahertz pulsed imaging (TPI) is a newly-developed technique 
which utilizes the terahertz region of the electromagnetic spectrum 
(1.3 – 130 cm-1).  In this frequency range many chemicals show 
characteristic spectral fingerprints and many packaging and coating 
materials are semi-transparent. The combination of these unique 
features makes TPI an ideal tool for non-destructively mapping the 
three-dimensional (3D) distribution of chemicals in a 
pharmaceutical tablet. In a TPI measurement, the terahertz 
waveform for each pixel was recorded as a function of optical time 
delay.  Applying a Fourier transform to the measured terahertz 
waveform yields terahertz spectral data for each pixel.  This gives 
in total a four-dimensional data set including vertical and horizontal 
spatial dimensions, the time (depth) dimension, and the spectral 
frequency dimension.  In this paper we will demonstrate the 
capability of TPI for non-destructive mapping of the structural and 
compositional properties of pharmaceutical tablets, including (1) 
inspecting subsurface structure, (2) quantifying tablet coating 
thickness, (3) analyzing interface quality, and (4) 3D chemical 
mapping of the spatial distribution of active pharmaceutical 
ingredients in a tablet.  
 

 (151) The Application of Near Infra-Red Imaging to 
Pharmaceutical Development and Troubleshooting:  What 

Does Your Tablet Really Look Like? 
Caroline Rodger1, Vicki Loades1, Mike Claybourn1; 1AstraZeneca 

Near Infra-Red (NIR) spectroscopy is heavily used within the 
pharmaceutical industry to identify raw materials and monitor 
processes.  The overtone and combination bands of C-H, N-H and 
O-H observed in the NIR region provide highly specific molecular 
information for compound identification.  NIR imaging is a 
combination of vibrational spectroscopy and digital imaging.  NIR 
imaging permits the collection of thousands of NIR spectra 
systematically from small regions within a specified sample area.  
These NIR spectra are combined to constructs a chemical 
‘photograph’ of that area which allows identification of material 
properties such as component distribution, agglomeration, particle 
size, uniformity of content etc. Pharmaceutical tablets contain 
many different components in order to achieve specific mechanical 
and performance properties.   NIR imaging is used to assess how 
the components interact and form the dose in-situ.  NIR imaging 
permits large tablets areas to be probed quickly and non-
destructively.  Furthermore NIR images can be used to compare 
different formulations and processing to assess how these 
parameters influence product quality and performance including 
dissolution, homogeneity, purity etc. This paper discusses how NIR 
imaging can be used to assess pharmaceuticals and characterise the 
physical and chemical tablet composition.  Sampling issues, 
measurement parameters and data processing will also be 
discussed.  Examples will be given of NIR images from different 
formulations and processing.  The information available from these 
images will be discussed and related to the constraints of the 
measurement and other independently measured parameters such as 
dissolution and potency.  Trouble shooting examples will also be  

discussed in order to highlight the diversity of this powerful 
technology. 
 

(152) Development and Characterization of a Fiber Optic 
Surface Enhanced Raman Scattering (SERS) Nano-Imaging 

Probe 
Brian Cullum1, Mikella Hankus1, Gregory Gibson1; 1Univ. of MD 

Baltimore County 
A novel class of fiber optic nano-imaging probes for the chemical 
imaging of samples using surface enhanced Raman scattering 
(SERS) has been developed.  These SERS nano-imaging probes 
consist of coherent fiber optic imaging bundles that have been 
tapered with a micropipette puller, to produce fiber arrays with 
individual elements having nanometer diameters (i.e.100-800 nm) 
on one end and approximately 4 micron diameters on the other end.  
By varying the parameters of the pulling process, control over the 
diameter of the tapered fiber elements is achieved, thereby 
providing direct control over the resolution of the probe and 
allowing dynamic non-scanning, chemical images of samples to be 
obtained with nanometer scale spatial resolution.  In addition, 
changing the fiber element diameters also provides these fiber 
probes with inherent magnification and short pass filtering abilities 
that will also be discussed in this talk. Fabrication of a SERS active 
surface on these probes is accomplished by etching these tapered 
fiber optic probes in hydrofluoric acid, to produce the desired 
roughness and support spacing for SERS, followed by the 
deposition of silver onto the surrounding fiber element claddings.  
This results in a highly ordered silver island substrate with surface 
enhancement variability of approximately 2% across the imaging 
surface. Characterization and optimization of these SERS nano-
imaging bundles was performed using various chemicals as test 
analytes. This talk will discuss the development and 
characterization of these fiber optic SERS nano-imaging probes, 
their multi-layer metal films as well as their application to the 
monitoring of cellular environments. 
 
(153) Mapping of Cellular Metabolic and Molecular Structure 
Changes During Tumor Progression by FT-IR Spectrometry 

and Imaging 
Cyril Petibois1,2, Michel Moenner3,4, Sandra Rochas1,2, Andreas 

Bikfalvi3,4, Gérard Déléris1,2; 1CNRS UMR 5084, CNAB; 
2Université Victor Segalen Bordeaux 2; 3INSERM EMI 0113; 

4Université Bordeaux 1 
Tumor progression is associated to aerobic-anaerobic metabolism 
imbalance, oxidative stress, and acidosis. However, depending on 
the tissue undergoing carcinogenesis, effects of these parameters on 
cells vary a lot. Indeed, no universal marker may provide valuable 
information on tumor progression. We analyzed two tumor cell 
lines known to exhibit different pattern of changes during 
carcinogenesis: pulmonary carcinoma (A549-7, poorly angiogenic) 
and glioma (U87, highly angiogenic). Cells were submitted to 
different glucose deprivation levels (0 to 3.2 g/l) and/or hypoxia 
(3% O2) for 24 hours. FT-IR spectrometry was used to analyze 
cells and a novel curve-fitting application allowed quantification of 
ATP, glucose, lactic-acid, urea, and amino-acids concentrations. 
Secondary structure of proteins and fatty acyl chain peroxidation 
levels were also determined. Cells metabolism was analyzed from 
FT-IR spectra of initial and resulting culture media. Finally, packed 
tumor cells were deposited on the chorioallantoid membrane 
(CAM-essay) of chicken eggs. CAM with tumors were removed 
after 3 to 7 days and analyzed by FT-IR imaging and treated as for 
cell FT-IR spectra. A549 cells were found to produce lower lactic-
acid amounts than U87 for culture media glucose concentrations 
(CMGC) < 0.6 g/L, which was related to lower glucose decreases 
within cells and culture media. By contrast, A549 cells used higher 
amounts of amino-acids than U87 cells for CMGC < 0.4 g/L.  
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However, for CMGC < 1 g/L, fatty acyl chains of U87 cells 
presented higher peroxidation level (assessed by increased 
ν=(CH)/νas(CH3) ratio and decreased νas(CH2)/νas(CH3) ratios). 
Secondary structure of U87 exhibited the most important changes 
for CMGC < 0.6 g/L. CAM-essays allowed to determine the 
differences in glioma and lung carcinoma pattern of changes after 
xenogratf, notably for metabolic, angiogenic, and molecular 
structure parameters. Quantitative determination of metabolic 
parameters and cell dehydration could be achieved from tissue 
sections and intra-tumor changes where found correlated to data 
obtained from cellular models. FT-IR technology is now a useful 
tool to understand the metabolic and molecular structure changes 
during tumor progression at the cellular level. The possible role of 
this technology for the clinical area will also be discussed, notably 
regarding necessary developments of the currently available FT-IR 
systems. 
 
(154) Application of Hyperspectral Imaging to Food Materials 
Carrie Lendon1, Douglas Elmore1, Sean Smith1, Allen Muroski1, 

Brian Anderson1; 1Cargill 
Food materials are often complex mixtures that include proteins, 
carbohydrates, lipids and water.  Since these types of samples are 
usually heterogeneous, the ability to resolve the distribution of and 
interactions between these ingredients is crucial in elucidating 
structure-function relationships.   For this reason, hyperspectral 
imaging is well suited for probing food systems.  We have applied 
FT-IR and Raman hyperspectral imaging to a variety of food 
materials to spatially resolve changes in chemical and physical 
structure.  Acquiring data on relevant timescales yield an additional 
dimension of information where active changes can be monitored.  
When a sample is thermally or environmentally regulated, the 
corresponding set of dynamic images can reveal structural changes 
associated with cooking, shelf life, and other types of food 
processing routines.  Specifically, we have had considerable 
success monitoring protein secondary structure changes during the 
cooking of meat products.  The spatial specificity has led us beyond 
information relative to the bulk protein to where individual changes 
in the secondary structure of the major meat proteins can be 
isolated and analyzed independently.  Due to the complexity, 
fragility, and dynamic nature of these systems, challenges arise in 
the key area of sample preparation.  Strategies for minimizing 
artifacts from sample preparation will be addressed.  Successful 
experiments not only require the acquisition of high quality data, 
but also a streamlined approach to data reduction.  Several 
strategies will be discussed. 
 

(155) Fundamentals and Applications of Secondary Ion Mass 
Spectroscopy (SIMS) for Near Surface Analysis 

Philip Merrill1; 1Evans Northeast, Evans Analytical Group 
Secondary Ion Mass Spectroscopy  (SIMS) is an analytical 
technique utilized to characterize the surface and near surface 
region of solid materials.  SIMS can detect impurities at atom 
densities less than one part per million atomic (ppma) for almost all 
elements, and 10 ppba for some elements.  The technique uses a 
beam of energetic primary ions to sputter the sample surface, 
producing ionized secondary particles that are detected using a 
mass spectrometer.  The primary sputtering beams utilized are 
typically O2+ for the detection of electropositive species, and Cs+ 
for electronegative species. Depth profiles result from the 
continuous sputtering and simultaneous data acquisition as a crater 
is formed in the sample surface.  Surface atoms are removed (and 
detected) as a result of the collision cascade caused by the 
implantation of the primary species.  SIMS detects the positive and 
negative secondary ions according to mass.  These profiles, upon 
quantification, show the concentration of elemental species as a 
function of depth in the near surface region. Major advantages of  

SIMS include: high sensitivity and ability to detect all elements. 
The disadvantages of SIMS include: mass interferences, variability 
in elemental ion yields and the need for numerous secondary 
standards for quantification. SIMS is a powerful characterization 
tool with great sensitivity, full quantification, and application to 
most solids.  Microelectronics has been the field of highest 
utilization for SIMS because the samples are nominally flat, and the 
species of interest are often at such a low atom density that they are 
detectable only by SIMS because of its great sensitivity.  Other 
application areas include metallurgy, geology, organics and 
biology. This presentation will explore the fundamentals, 
capabilities and limitations of the SIMS technique and provide 
examples of typical applications.  
 
(156) Near Surface Depth Profile Analysis by Glow Discharge 

Spectrometry 
Kim Marshall, Charles Maul, Dianne Goodman; 1LECO 

Corporation 
Glow Discharge Optical Emission Spectrometry (GD OES) has 
become an important tool in the arsenal of the analytical 
spectroscopists.  While glow discharge can be used for bulk 
analysis, it is a particularly well suited for compositional depth 
profiling of layer and coated materials.  In recent years it has 
become apparent that GD-OES can be utilized for the analysis of 
surface layers of only a few nanometers in thickness.  The precision 
and apparent accuracy with which these ultra-thin layers can be 
determined is quite impressive, particularly considering the speed 
of the GD-OES analysis.  A complete analysis of these thin-layer 
coatings by traditional techniques like Auger Electron 
Spectroscopy, Secondary Ion Mass Spectrometry or X-ray 
Photoelectron Spectroscopy typically requires 10's of minutes or 
even hours. The long sample turnover times encountered with these 
techniques can be attributed to the necessary pump-down times and 
the relatively slow sputter rates utilized with these methodologies.  
By contrast glow discharge spectrometry is capable of much shorter 
analysis times on similar materials. Sample-to-sample cycle times 
will be less than a minute, and the actual analysis time may well be 
only a few seconds.  For this reason the cost of each analysis by 
GD OES is greatly reduced. This makes glow discharge 
spectrometry particularly well suited as a pre filter for the slower, 
expensive, and yet more accepted traditional techniques. For these 
reasons, glow discharge is a good complementary technique.  When 
used as a pre-filter, many more analyses can be run by GD-OES 
than could previously be completed by any of the traditional 
techniques. Furthermore, only those samples that require more 
attention need to be analyzed by one of these classical approaches.  
Cost can be greatly reduced by using GD-OES in this way.  Indeed 
the analyst's time will be focused on the “problem” samples as 
he/or she turns to one of the classical techniques.  Not only does 
this reduce cost but it also allow for a more thorough and error-free 
analysis of the “problem.”  The work presented here will 
demonstrate these concepts. 
 

(157) Near-Surface analysis with glow Discharge Optical 
Emission Spectroscopy 

Arne Bengtson1; 1Corrosion & Metals Research Institute, Sweden 
Glow Discharge Optical Emission Spectrometry (GD-OES) is one 
of the most widely used analytical techniques for direct solids 
analysis, both for surface and bulk applications. In general terms, 
GD-OES is characterised by ease of operation, extensive 
simultaneous multi-elemental capability and high sample 
throughput. In addition, the sensitivity is very high for most 
elements, allowing determination of trace amounts down to the 10 
ppm range also in very thin surface layers. The most common 
application areas include elemental depth profiling of various 
coating systems and other surface layers ranging from a few nm to  
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100 µm thickness. The development of effective and user-friendly 
methods for accurate quantification has been of great importance 
for the application of depth profile analysis to real-world industrial 
products. Another highly important development in recent years 
has been the introduction of RF powered glow discharge sources, 
which has extended the capability of GDS to several applications 
involving non-conducting materials.  A modern GD-OES 
instrument consists of a glow discharge source with advanced 
technology for plasma control, and a multi-channel optical 
spectrometer with electronics for fast data acquisition. The 
sputtering rate is high by comparison with any other technique for 
depth profiling, typically in the range 10 – 100 nm/s. The principles 
of operation of GD-OES systems will be described.   Quantification 
of depth profiles in GD-OES is based on the concept of emission 
yields (EY), i.e. the integrated signal intensity/unit sputtered mass. 
This is a matrix-independent quantity characteristic of each spectral 
line for a given instrument. Calibration for EY’s is effected by 
measuring bulk reference materials, hence there is in principle no 
need for certified coated samples for calibration. The sputtered 
depth is determined from the sum of the sputtered mass of all 
elements. A description of the matrix-independent quantification 
procedure will be given. Recent development, taking into account 
certain artefacts resulting from the presence of organic material on 
the samples will be described and discussed.  GD-OES has been 
shown to be very effective and useful for a large number of near-
surface analytical problems. Several examples of applications will 
be presented, including oxide passivation layers, ultra-thin metallic 
and PVD coatings, and minute surface contamination. 
 

 (158) Quantitative Proteomic Analysis of Cellular Signaling 
Networks 

Forest White1, Yi Zhang1, Alejandro Wolf-Yadlin1, Neil Kumar1, 
Sampsa Hautaniemi1, Douglas Lauffenburger1; 1MIT 

Signal transduction mediated by protein phosphorylation regulates 
many cellular biological processes. Aberrations in protein 
phosphorylation due to kinase (or phosphatase) mutation or 
overexpression leads to dysregulation of cellular signaling and has 
been associated with a variety of pathologies, including cancer, 
autoimmune, and metabolic disorders.  Identification of the 
signaling pathways involved in these pathological disorders should 
enable a better understanding of the genesis and progression of the 
disease state, potentially providing targets for more effective 
therapeutic intervention.  Toward the goal of analyzing largely 
uncharacterized signaling pathways at the molecular level, several 
methodologies have been developed to map protein 
phosphorylation sites on a large scale.  As expected, global 
identification of protein phosphorylation is a challenging 
undertaking; in addition to the large dynamic range and complexity 
of the phosphoproteome, protein phosphorylation is a dynamic 
process, and thus the phosphoproteome is constantly shifting with 
minimal alterations in cell state.  In part due to the large dynamic 
range of the phosphoproteome and the low levels of many signal-
transduction associated proteins it has been difficult to extend 
global phosphoproteomics to the analysis and interpretation of 
signal transduction cascades.  In order to effectively monitor 
protein phosphorylation events governing signaling cascades, it is 
necessary to take a more targeted approach.  To this end, we have 
developed a methodology enabling the simultaneous quantification 
of tyrosine phosphorylation of specific residues on dozens of key 
proteins in a time-resolved manner.  In our initial implementation, 
we have applied this technology to the analysis of cellular signaling 
pathways initiated by epidermal growth factor (EGF) stimulation of 
the epidermal growth factor receptor (EGFR), identifying and 
quantifying the time-course phosphorylation profiles (0, 5, 10 and 
30 minutes) of over 110 tyrosine phosphorylation sites on 77  

proteins.  Application of bioinformatic tools such as hierarchical 
clustering and self-organizing maps has resulted in identification of 
several cohorts of tyrosine residues exhibiting self-similar temporal 
phosphorylation profiles, operationally defining dynamic modules 
in the EGFR signaling network.  Moreover, the presence of novel 
proteins and associated tyrosine phosphorylation sites within these 
modules indicates additional components of this network and 
potentially localizes the topological action of these proteins. 
 

(159) Enabling Mass Spectrometry for Post-translational 
Modification Proteomics 

Joseph Zaia, Alicia Hitchcock, Joy Miller, Jennifer  Seymour, 
Catherine Costello; 1Boston University 

As the field of proteomics matures, the importance of glycosylation 
in protein function is becoming appreciated.  Glycans serve as 
energy intermediates, signaling molecules, and structural 
components. Every animal cell is coated with glycoproteins, 
proteoglycans, and glycolipids.  Adherent cells sit in an 
extracellular matrix of highly ordered glycoconjugates, 
carbohydrates, and proteins.   Thus, many cell-cell and cell-protein 
interactions are mediated through contacts with glycans. Mass 
spectrometric approaches for glycan analysis differ from those used 
for proteins. Glycan biosynthesis occurs through 
glycosyltransferase enzymes, the activities of which are controlled 
by substrate availability and nucleotide sugar transport.  The fact 
that this process is not template-driven results in the formation of a 
mixture of glycan structures (glycoforms) on a given protein or 
lipid site.  Glycans may therefore be viewed as a set of variants on 
core structures.  The implications for the use of tandem MS for 
glycomics and post-translational modification proteomics are three-
fold:  (1) glycan structures cannot be predicted from the genetic 
database, (2) the structures of expressed glycoforms change with 
the cellular growth environment and (3) glycan ions at a given mass 
reflect mixtures of isomeric glycoforms. This presentation 
describes an LC/MS/MS platform for comparative glycomics.  
Mixtures of unknown glycans were compared with reference 
samples using differential isotopic labeling and on-line LC-tandem 
mass spectrometry.  The abundances of the tandem mass 
spectrometric product ions were used to determine percentages for 
different isomeric glycoform mixtures.  An example concerning the 
determination of chondroitin/dermatan sulfate isomeric glycoforms 
will be shown.  All samples were partially depolymerized using a 
chondroitinase enzyme.  The product mixture was reductively 
aminated using 2-anthranilic acid.  Reference samples were 
modified using  d0-2-anthranilic acid and unknowns using d4-2-
anthranilic acid.  Reference and unknown samples were mixed and 
separated using high-performance size exclusion chromatography 
with on-line negative ion electrospray mass spectrometric detection 
using an ion trap.  Automated tandem mass spectra were acquired 
on the eluting ions, selecting the light and heavy forms together and 
subjecting them to fragmentation.  The product ion abundances 
were used to calculate glycoform mixture percentages for the 
unknown CS oligosaccharides. A similar tandem mass 
spectrometric approach may be used for the analysis of N-linked 
glycans. 
 
(160) Targeted Proteomic Techniques for Discovery and Post-

Translational Modifications Using a Hybrid-Triple Quadrupole 
Linear Ion Trap Mass Spectrometer 

David Cox1, Christie Hunter1, Nick Morrice2; 1Applied Biosystems 
/ MDS SCIEX; 2University of Dundee, Scotland 

Often times, when approaching a proteomics experiment, 
significant information is available about the sample to enable 
specific biological questions to be asked. The direct combination of 
triple quadrupole and ion trapping capabilities, in a hybrid triple 
quadrupole - linear ion trap mass spectrometer, presents new  
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opportunities for hypothesis-driven discovery and quantitation of 
proteins and post-translational modifications. Utilizing the specific 
triple quadrupole scan modes such as precursor ion scanning or 
multiple reaction monitoring (MRM), targeted experiments can be 
designed to obtain more relevant information from a sample. In 
addition, various chemical tags utilizing stable isotope coding have 
been employed to enable different types of quantitative 
experiments. To measure the relative changes in protein 
phosphorylation between the active and inactive forms of MAP 
kinase-activated protein kinase 1, an N-terminal peptide labeling 
chemistry (iTRAQ™ reagents) and a precursor ion (-79) detection 
strategy were combined. 12 phosphorylation sites were identified 
and changes in the key sites of phosphorylation involved in kinase 
activation were characterized.  The activity of the muscle specific 
transcription factor family: Myocyte Enhancer Factor 2 (MEF2), is 
tightly controlled by phosphorylation. This modification is 
responsible for either an increase in transcriptional activity or a 
decrease, depending on the specific site of phosphorylation. 
Although mass spectrometry based methods such as precursor ion 
and neutral loss scans are extremely useful for identifying unknown 
phosphopeptides from a complex mixture, they do not take 
advantage of any prior knowledge about the protein being 
investigated. In this case, a significant amount of information was 
available for designing a targeted experiment. This included: the 
primary sequence, type of phosphorylation (Serine/Threonine), and 
predicted phosphorylation consensus sites. This information was 
used to predict precursor and fragment ion m/z values for an MRM 
based discovery experiment. By using these highly selective MRM 
experiments to trigger dependant product ion scans, we were able 
to identify low levels of phosphorylation of MEF2, and other 
proteins. In summary, a compbination of triple quadrupole and 
linear ion trap scans, hypothesis driven experiments, and iTRAQ™ 
chemistry was employed to identify and quantitate several 
phosphorylation sites, from proteins involved in mammalian cell 
signalling. 
 

(161) Proteomic Approaches to Type II Diabetes 
Lance Wells1, Jae-Min Lim1, Dan Sherling1; 1University of Georgia 
Taking advantage of several of the recent advancements in mass 
spectrometry, we demonstrate the mapping and quantifying of O-
glycosylation.  We have previously developed and demonstrated 
the use of a beta-elimination/Michael addition with dithiothreitol 
(BEMAD) strategy for mapping sites of O-linked beta-N-
acetylglucosamine (O-GlcNAc) modification on nuclear and 
cytosolic proteins.  This approach allows for the replacement of the 
labile O-linked sugar with a “DTT tag” that can be used for 
enrichment and as a signature for the site of modification upon 
collison-induced dissociation (CID) fragmentation sequencing of 
the peptide by tandem mass spectrometry.  Here we show the 
evolution of the BEMAD methodology into a comparative 
proteomic tool for mapping and quantifying sites of O-
glycosylation as well as proteins with as little as 100 attomoles of 
peptide.  We show that the BEMAD approach serves as a simple, 
inexpensive alternative to the ICAT (isotope-coded affinity tag) 
methodology for relative quantification of proteins by the use of 
D6-DTT and the susceptibility of alkylated cysteines, by 
carboxyamidomethylation with iodoacetamide, to beta-elimination.  
We demonstrate that BEMAD can be used for mapping O-
glycosylation sites besides that of O-GlcNAc. As well, we prove 
that relative changes in O-glycosylation can be quantified using 
D0- and D6-DTT.   Further, we show the usefulness of neutral-loss 
experiments in a linear ion-trap mass spectrometer to map sites of 
O-glycosylation.  Also, we illustrate the usefulness of electron-
capture dissociation (ECD) fragmentation in a Fourier transform-
linear ion trap (LTQ-FT, Finnigan) for mapping sites of O-
glycosylation.  The power of combining these approaches is  

exemplified by mapping multiple sites of O-glycosylation from 
biologically-derived, in vivo modified proteins.  Furthermore, we 
demonstrate the usefulness of these techniques for defining changes 
in the secreted proteome of adipocytes upon the induction of 
insulin resistance by elevating O-GlcNAc levels. 
 

(162) Top Down Characterization of Histone H3 by FTMS 
Eric Thomas, James Pesavento, Michael Boyne, Craig Mizzen, 

Neil Kelleher; 1University of Illinois 
The field of histone proteomics has taken flight, in large part, due 
to increasing evidence of the regulatory roles played by these 
proteins and the postulation of the existence of a histone code.  
Such a code would relay epigenetic readouts, dictating cellular 
characteristics based on combinations of modifications.   The 
number of possible histone forms generated through modification is 
quite high, as histones are known to be among the most highly 
modified proteins.   H3 is particularly susceptible to modification, 
as at least 12 residues are known to be modified.  Histone 
modifications have largely been discovered through the use of 
modification-specific antibodies; however, antibodies are not well-
suited for characterizing combinations of modifications.  More 
recently, Bottom Up Mass Spectrometry, in which histones are 
proteolyzed prior to examination, has been used.  This approach 
provides greater insight than antibody-based experiments, but still 
fails to detail the regulation exhibited by the entire network of 
modifiable residues of the intact protein.  Currently, the method 
providing the opportunity for the most intricate characterization of 
histone modification is Top Down Mass Spectrometry.  This 
approach has previously been used in our lab to examine histone 
H4, and is currently being used to characterize all four core 
histones. Top Down Mass Spectrometry has been used to profile 
the bulk modification states of the intact histone variants H3.1 and 
H3.3 from asynchronous and colchicine-treated HeLa.  A broad 
distribution of species differing by 14 daltons is observed, with the 
apex of the of H3.3 profile being shifted by ~+28 daltons, and less 
than 3% unmodified or monomethylated protein is apparent for 
either isoform. For H3.1, species of up to +168 daltons were 
observed, and fragmentation of all species by Electron Capture 
Dissociation (ECD) reveals no modification of the N-terminus, 
~5% methylation of K4, and ~50% of dimethylation of K9.  
Multiplexed ECD and acid-urea chromatography also shows K14 
and K23 to be major sites of acetylation.  Initial profiles of samples 
from mitotically-arrested cells reveal ~60% of H3.1 to be 
monophosphorylated, while ~10% is diphosphorylated.  ECD of all 
forms indicates a ~50% phosphorylation occupancy at both S10 
and S28.  The data presented herein lay the groundwork for more 
precise characterization of H3 collected from a variety of biological 
samples. 
 

(163) 80 Da Protein Modification: Not Always Phosphate! 
Katalin F. Medzihradszky1; 1UCSF 

Proteomics has become synonymous with high throughput MS and 
MS/MS analyses of protein digests followed by automated database 
searches.  Not only proteins are identified this way but the presence 
of a wide variety of post-translational modifications is predicted by 
computers without human intervention/verification. An 80 Da mass 
increase of any peptide is almost always attributed to 
phosphorylation. However, this mass increment may also represent 
sulfation. Four amino acids: Cys, Ser, Thr and Tyr have been 
identified featuring this modification. Here we present the 
chromatographic, MS and MS/MS behavior of such sulfopeptides, 
present methods for their unambiguous identification as well as for 
the determination of the site(s) of modification. Financial support 
was provided by NIH NCRR Grant, RR 01614(also SIG grants RR 
12961, RR 15804). 
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(164) Determination of the Effect of Cooking on Heme Fe 
James Harnly1, Charmonte Watkins1, Edith Blackwell1, Andrea 

Docking2, Raymond Glahn2; 1USDA, ARS, Food Compositin Lab; 
2USDA, ARS, Plant Soil and Nutrition Lab 

Atomic absorption spectrometry (AAS).  The results were validated 
and the presence of Fe as heme Fe was verified using HPLC.  It is 
well established that heme Fe is absorbed by a different and more 
efficient mechanism than non-heme (or inorganic) Fe.  Current 
wisdom is that myoglobin and hemoglobin travel intact to the small 
intestine where proteases chew up the globin protein, freeing the 
heme Fe (ferroprotoporphyrin IX) to be taken into the endothelial 
cells through the process of endocytosis.  We have shown that it is 
unlikely that the globins reach the small intestine intact.  Using size 
exclusion LC with DAD and AAS detectors, we are unable to 
detect intact myoglobin after cooking at 140 oF or higher.  We are 
now investigating the degree of break down of heme Fe by 
cooking.  Samples of pure hemoglobin, myoglobin, and meat were 
cooked at temperatures between 70 and 180 oF.  Heme Fe was 
extracted with acidified acetone and quantified by AAS and reverse 
phase LC-DAD.  The molecular signal arising from the porphyrin 
molecule decreased by less than 10% at the highest cooking 
temperatures.  The Fe associated with the porphyrin decreased by 
40% at 180 oF.  These results suggest that the characterization of 
heme Fe in meats is a complex process requiring chromatographic 
separation and atomic signal detection. 
 

 (165) Mercury Speciation in Environmental and Biological 
Samples:  Comparison Of HPLC-ICP-MS And GC-ICP-MS 

Techniques 
Martin Nash1, Bill Spence1, Simon Nelms1, Shona McSheehy2; 

1Thermo Electron Corporation; 2LCABIE, University of Pau 
Sensitive, multi-element analytical techniques such as Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS) are now utilised 
widely for routine determinations of total element concentrations in 
samples of various origins and serve to provide an invaluable tool 
for monitoring environmental pollutants.  However, stand-alone, 
total element data is often insufficient for the determination of an 
elements mobility, bioavailability and subsequent toxicity to biota. 
Two elegant approaches to enable highly selective on-line 
elemental speciation analysis can be achieved readily by coupling 
chromatographic techniques such as High Performance Liquid 
Chromatography (HPLC) and Gas Chromatography (GC) with 
sensitive element specific ICP-MS detection.  These hyphenated 
techniques can offer unprecedented levels of sensitivity and 
potential for determinations of inorganic, organo-metallic and bio-
molecules in liquid samples, often with minimal requirements for 
sample preparation. This presentation will discuss applications with 
Thermo Electron’s commercially available HPLC-ICP-MS and 
GC-ICP-MS instrument packages for analysis of inorganic and 
organic mercury species in selected environmental, biomedical and 
food sample matrices.  Topics to be covered will include the unique 
hardware and software features of the analytical instrumentation, 
figures of merits for individual methodologies and the suitability of 
HPLC and GC separation methodologies in the context of their 
application to routine speciation methods. 
 

(166) Determination of Trace Element Species in Food and 
Drink Without Liquid Chromatography or Plasma Source 

Mass Spectrometry 
Julian Tyson1; 1UMass Amherst 

There is a continued need to devise improved procedures to 
measure the composition of foods and beverages with regard to the 
various forms in which elements of interest occur.  Currently, the 
most popular strategy appears to be, after appropriate 
extraction/solubilization of the target analytes, the use of high 
performance liquid chromatography with element specific  

detection, notably inductively coupled plasma (ICP) source mass 
spectrometry.  There are a number of issues with this combination. 
For example, the range of mobile phases is restricted to those 
acceptable by this particular type of ionization system.  Another 
problem is that the chromatographic separation inherently creates a 
dilution.  If a 10 µL sample injection give rise to a series of peaks 
of basewidth about 60 s at a flow rate of 1.0 mL per minute, then 
the dilution at the peak maximum is about 50-times, for 
symmetrical triangular shaped peaks.   Researchers in my group 
have been investigating alternative strategies.  For the 
determination of four arsenic species, the analytes are separated 
and preconcentrated on a combination of anion and cation 
exchange resins.  Following elution, the species are measured by 
hydride generation (HG) atomic absorption spectrometry.   For the 
determination of mercury and methylmercury, we have exploited 
the difference in reactivity of these species with tetrahydridoborate 
and tetrachlorostannate immobilized on anion-exchangers.   By 
combining with solubilization procedures that either convert all 
species to mercuric ions or preserve the methylmercury cation, we 
have devised a variety of approaches to the determination of these 
compounds in fish products.  We continue to advocate for the 
determination of S- and Se-containing amino acids by 
derivatization with ethyl chloroformate for gas chromatography 
with microwave induced plasma atomic emission detection, an 
approach which we have used for the determination of these 
species in dietary supplements.  Hydride generation provides a 
means to distinguish between the oxidation states of selenium, and 
on this basis, we are devising speciation strategies for this element 
in animal forage (canola) based on HG with ICP optical emission 
spectrometry. 
 
(167) Relationship Between the Bioaccessibility and Solid Phase 

Distribution of Arsenic in Soils 
Mark Cave1, Joanna Wragg1; 1British Geological Survey 

The largest area of concern for human exposure to arsenic 
contaminated land is the oral/ingestion pathway followed by the 
dermal and respiratory exposure routes.  Whether the arsenic in 
these contaminated soils poses a human health risk depends on the 
potential of the arsenic to leave the soil and enter the bloodstream.  
The recent UK Environment Agency guideline concentration for 
this element in domestic garden soil, 20 mg kg-1, is significantly 
exceeded in many parts of England, either naturally or as the result 
of metalliferous mining or other industrial processes.  Whether 
these soils pose a human health risk depends on the potential of the 
arsenic to leave the soil and enter the bloodstream.  In this study, an 
in-vitro Physiologically Based Extraction Test (PBET), which 
mimics the conditions inside the human stomach, has been used to 
measure the bioaccessibility of arsenic in soils from Jurassic 
Ironstones outcropping over parts of eastern England and soil 
reference materials.  These results, in combination with, the total 
element compositions of the soils, a novel sequential extraction 
methodology called Chemometric Identification of Substrates and 
Element Distributions (CISED), identify the physico-chemical 
hosts of the arsenic in the soil.  At all of the sampling sites, 
statistical analysis of the total element composition of the soils and 
the data from the sequential extracts has shown that iron-dominated 
soil components (e.g. hematite) were the most important hosts for 
the non-bioaccessible arsenic but that the bioaccessible fraction as 
derived from other sources within the soils. 
 

(168) The Search for Selenium Volatiles in Plants: Merging 
Atomic and Molecular Mass Spectrometry with Mathematics 

Joseph Caruso1, Juris Meija1; 1University of Cincinnati 
Volatilization of selenium is a subject of interest, in part because of 
the biological detoxification potential for Se accumulating plants. 
Recent developments in selenium speciation for systems of  
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biological importance also have increased the interest in exploring 
the chemistry of selenium-containing metabolites. Currently there 
are many reports on the identity and occurrence of two major 
selenium volatiles - dimethylselenide and dimethyldiselenide 
(phyto)volatilized from various plants such as Brassica juncea. In 
this talk we present some of these data plus newer data on minor 
selenium-containing biovolatiles. We will show that the use of 
selenium volatiles may be indicative of the metabolic pathways for 
the Se-accumulator plant Brassica juncea. Complementary use of 
atomic and molecular mass spectrometry and informatics is 
presented to aid in blind-search for yet unreported trace level Se-
containing metabolites as will be demonstrated in this presentation. 
 

(169) FT-Raman:The Life Cycle of an Analytical Technique 
Bruce Chase1; 1CCAS DuPonet Experimental Station 

The re-discovery of FT-Raman in 1985 (first mention 1964 Chantry 
et. al.) clearly demonstrated the possibility of minimizing or even 
eliminating the deleterious effects of impurity fluorescence in 
Raman spectroscopy.  The paper by Hirschfeld and Chase in 1986 
stimulated interest in the various FT-IR manufacturers at the time, 
and the introduction of commercially available instrumentation 
followed very quickly.  The next decade saw improvements in 
lasers, filters, and detectors resulting in one to two orders of 
magnitude improvement in sensitivity and ease of use.  By the 
middle of the 1990’s FT-Raman was becoming an accepted tool in 
vibrational spectroscopy in both academic and industrial 
laboratories.  In parallel with these developments, dispersive 
Raman instrumentation utilizing CCD detectors, high quality 
filters, single monochromators, and a variety of red and near 
infrared lasers was also making tremendous strides.  In retrospect, 
it seems that potentially the greatest benefit from the development 
of FT-Raman spectroscopy may well have been the demonstration 
of the power of red and near infrared excitation, which catalyzed 
the rapid development of the dispersive systems.  Today we are 
fortunate to have both approaches.  The CCD based systems have 
wonderful sensitivity, while the FT-Raman instruments still offer 
the best likelihood of avoiding fluorescence interference.  These 
two instrumentation paths have combined to propel Raman 
spectroscopy from a little used academic research tool, to a routine 
measurement with applications ranging from structural 
characterization to process monitoring. 
 

(170) Single-Molecule Probing of Functional Receptors 
Mary Wirth; 1University of Arizona 

Our research group is working toward the design of separations of 
functional membrane proteins and probing the binding of 
endogeneous ligands and drugs to these receptors by single-
molecule fluorescence spectroscopy. We are investigating these 
receptors in both supported lipid bilayers and living cells.  The 
outcome of this research will be membrane protein arrays for drug 
discovery. 
 

(171) Metabolomics and Spectroscopy. (One Spectroscopist's 
"Exhaust", Is Another’s Bionomic Engine) 

Brian Buckley, Ill Yang, Nancy Fiedler, CS Yang; Rutgers 
University 

At a previous FACSS meeting*, metabonomics was characterized 
as “the exhaust of the nomics engine”.  As the most direct 
measurement of a change to the biological system being studied, 
metabolite profiling provides much more information than simple 
engine residues from a metabolic cycle.  Metabolomics is one of 
the newest opportunities to study what are the most important 
predictors of disease, susceptibility or exposure.  Metabolites that 
change when the individual or population undergoes a change of 
state (healthy to disease, unexposed to exposed) are potential 
biomarkers of that change.  For a biomarker to be useful it  

generally has to be found in measurable quantities in a sample that 
is readily obtainable. Most biomarkers are found in biological 
samples of limited quantity making the preparation and assay more 
difficult.  The sample preparation, analysis and data interpretation 
of these samples are the key to obtaining useful data from often 
very limited samples masses.  Sample preparation protocols must 
address a large mass range of analytes, in multiple biological 
matrices, including blood, urine and tissue.  Preservation is often 
very difficult and has to be addressed to insure that a possible 
biomarker is not really a degradation product of an unpreserved 
analyte in the matrix. Which instrument to use, NMR or mass 
spectrometry becomes another consideration and must be based on 
which is likely to produce the most relevant data.  Finally the 
multivariate data analysis method used to segregate data groups has 
to be chosen based on which method will produce data that 
represesnt the differences in the profile and not just because it was 
trained that way.  This presentation will provide a general overview 
of how metabolomics is performed.  Specific examples from 
animal studies on tea metabolites and human exposures to H2S will 
be used to illustrate all of the steps necessary to identify new 
potential biomarkers from a global profile. * David Koppenaal 
from Metallomics session of FACSS 04. 
 

(172) A Novel Protease Assay Method 
William Volcheck1, Xinzhan Peng1, Jiyan Chen1, Xinshe Xu1, 

Garrick Little1, Chuck Prescott1, Daniel Draney1; 1LI-COR 
Biosciences 

An excellent, homogenous, near-IR protease assay based on new 
technology has been developed by using a peptide substrate 
conjugated with our novel near-IR donor-quencher dyes. The novel 
non-fluorescent near-IR acceptor, QC1, has extremely good 
spectral overlap with the near-IR donor to ensure the efficient 
quenching of donor’s fluorescence.  Using HIV-1 protease as a 
model, this assay shows a 35-fold signal increase after proteolytic 
cleavage. Furthermore, this assay has an excellent Z’-factor of 0.85, 
no interference by visible fluorescence background, and a wide 
range of DMSO tolerance.  The IC50 of a known HIV-1 protease 
inhibitor, the Pepstatin A, has been measured in this assay and the 
result is well correlated with the value reported in the literature.  
This assay is a sensitive, robust assay for high-throughput 
screening (HTS) and readily adapted to other therapeutically 
significant protease targets.  
 

(173) Metabolomics for Fetal Health Classification 
Kristin Power1, 2, Lucy Botros1,2, Dan  Tisi1,3, Scott Rosendahl1,2, 

Kristine  Koski1,3, David Burns1,2; 1McGill University; 2Department 
of Chemistry; 3School of Dietetics and Human Nutrition 

Current tests using human amniotic fluid (AF) are highly specific 
and many have large errors associated with them. Looking at 
general relationships between the constituents of the AF matrix and 
fetal health may create a more efficient way to identify problems 
during gestation. Analysis of 304 samples of AF using Nuclear 
Magnetic Resonance (NMR) was used to correlate the spectral 
properties to the clinical status of the fetus. Spectra from a 500MHz 
1H NMR were acquired and showed well defined resonances of 
various metabolites including glucose, citrate, lactate, alanine, 
acetate, and glycine. To determine if levels of these and other 
metabolites in AF were linked to the resulting development of the 
fetus, samples were sorted according to birth weight or divided into 
three groups according to their fetal birth weight category. 
Subsequent data was then analyzed using Multivariate Curve 
Resolution (MCR) and multi-linear regression to determine 
correlations of spectral regions with fetal development. Results 
show that distinct spectral features contributed to the linear 
correlation between increased birth weight and were identified to 
be within glucose chemical shift ranges. Likewise, quantitative  
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analysis of lactate and glucose showed concentration increases in 
pregnancies in which gestational diabetes mellitus was present. 
These findings were consistent with current models of fetal 
development.  In the future, approaches based on the metabolomic 
information in NMR may lead to better diagnosing and monitoring 
of prenatal health for earlier intervention. 
 

(174) Arsenic Binding Study of Cysteine and the DNA Repair 
Proteins PARP and P53. 

Anthony McKnight-Whitford1, Zhongwen Wang1, X.Chris Le1; 
1University of Alberta 

Arsenic has been established as a human carcinogen, but its 
mechanisms of carcinogenicity are not well established. It is widely 
accepted that arsenic has a high affinity for thiols, thus one possible 
mechanism of carcinogenicity involves the binding of arsenic to 
cysteine residues of DNA repair proteins, which could affect the 
ability of the repair proteins to function properly. Interactions 
between the trivalent arsenic species inorganic arsenic (As(III)), 
monomethylarsonous acid (MMA(III)) and phenylarsine oxide 
(PAO(III)) and both the amino acid cysteine and the DNA repair 
proteins p53(10 cysteine residues) and PARP(14 cysteine residues) 
were studied in vitro using high performance liquid 
chromatography with inductively coupled plasma mass 
spectrometry (HPLC-ICPMS) and electrospray mass spectrometry 
(ESI-MS) techniques. Free cysteine was shown to bind to all three 
trivalent species with the affinity PAO(III)>MMA(III)>As(III), and 
binding constants were determined. P53 was found to bind 
MMA(III) and PAO(III), while PARP bound only to PAO(III). 
 

(175) Development of a Liposomal Bioluminescent Flow 
Injection ImmunoAnalytical System for Biotin 

Ja-an Annie Ho1, Ming-Ray Huang1; 1National Chi-Nan University 
A flow injection liposome immunoanalytical (FILIA) system was 
developed using biotin as the model analyte and liposomal aequorin 
as the label. Aequorin is a photoprotein isolated from luminescent 
jellyfish (notably Aequorea victoria) and other marine organisms 
that emits visible light in the presence of a trace of Ca2+. Because 
of this characteristic, the aequorin complex has been used as an 
intracellular Ca2+ indicator. In this study, a bioluminescent label 
was designed by encapsulating aequorin inside the cavity of the 
liposome, whose outer surface was sensitized with the analyte of 
interest. The analyte-tagged liposomal aequorin was employed in 
the development of a heterogeneous bioluminescence immunoassay 
for the model analyte biotin. The proposed immunoassay was based 
on the competition between the model biotin and aequorin-
encapsulating, biotin-tagged liposomes for a limited number of 
anti-biotin antibody-binding sites. The anti-biotin antibodies were 
immobilized via protein A in a capillary immunoreactor column, 
and 30% MeOH was used for the regeneration of antibody-binding 
sites after each measurement, which allowed the immunoreactor to 
be used for up to 50 sequential sample injections without any loss 
of reactivity. The calibration curve for biotin in Tris-buffered saline 
(TBS) solution had a linear range of 1x10-11 ~ 1x10-3 M. The 
detection limit of the assay was 50 pg (equivalent to 200 ìl injection 
of 1x10-9 M). This study demonstrates the procedures for the 
encapsulation of the photoprotein aequorin into the liposome, 
which can be used as a sensitive label in bioluminescence 
immunoassays for biotin or in other applications. 
 

(176) Flow Injection Enzymatic Analysis for Glycerol and 
Triacylglycerides 

Li-chen Wu1, Chien-Ming Cheng1; 1National Chi-Nan University 
A Flow-Injection Enzymatic Analytical System was developed for 
glycerol and triacylglycerides determination based on enzymatic 
reactions in a capillary column followed by the electrochemical 
detection. The hydrogen peroxide produced from the enzyme  

reaction is monitored by a platinum based electrochemical probe. 
Different immobilization strategies were studied onto a silica 
support, the best and the most effective configuration found in this 
study for the measurement of glycerol and triacylglycerides in this 
system is the tandem connection of lipase column and co-
immobilized glycerokinase (GK) and glycerol-3-phosphate oxidase 
(GPO) in a silica-fused capillary column. Lipase helps the 
breakdown of triglycerides to yield free fatty acids and glycerol, 
while glycerol kinase catalyzes the adenosine-5-triphosphate 
dependent phosphorylation of glycerol to yield a-glycerol 
phosphate, which can subsequently be oxidized by glycerol-3-
phosphate oxidase and produce hydrogen peroxide. Response 
surface methodology (RSM) was applied to optimize this newly-
developed system for glycerol. Experiment settings were designed 
by centered composite design (CCD) to investigate the combined 
effects of pH, flow rate, temp and ATP concentration on collected 
signals. The fitted model, as per RSM, showed that the most 
optimum condition of the system is 2 mM of ATP in 0.1 M 
carbonate buffer (pH 11.3), flow rate of 0.18 mL/min, temp of 35 C 
with 20 microliter of sample injection and applied voltage of 0.650 
V. The proposed biosensor prepared using optimal concentration of 
lipase, GK and GPO exhibited a FIA peak response of 2.5 min and 
a detection limit of 5x10-5 M (S/N=3) with acceptable 
reproducibility. It also had a linear working range from 10-4 M to 
10-1 M for glycerol and 10-3 M to 10-2 M for triacylglycerides. 
Lifetime of the capillary enzyme reactor was up to 2 months by 
storage in the tris-buffered saline (TBS) at refrigerated temperature. 
The sample throughput was about 15 sample per hour. 
 

(177) Selection of Aptamers by SELEX: Addressing the PCR 
Issue. 

Michael Musheev1; 1York University 
Aptamers are DNA oligonucleotides capable of binding different 
classes of targets with high affinity and selectivity. They are 
particularly attractive as affinity probes in multiplexed quantitative 
analyses of proteins. Aptamers are typically selected from large 
libraries of random DNA sequences in a general approach termed 
systematic evolution of ligands by exponential enrichment 
(SELEX). SELEX involves repetitive rounds of two processes: (i) 
partitioning ofaptamers from non-aptamers by an affinity method 
and (ii) amplification of aptamers by the polymerase chain reaction 
(PCR). New partitioning methods, which are characterized by 
exceptionally high efficiency of partitioning, have been recently 
introduced. For the overall SELEX procedure to be efficient, the 
high efficiency of new partitioning methods has to be matched by 
high efficiency of PCR. We present the first detailed study of PCR 
amplification of random DNA libraries used in aptamer selection. 
With capillary electrophoresis as an analytical tool, we found 
fundamental differences between PCR amplification of 
homogeneous DNA templates and that of large libraries of random 
DNA sequences. Product formation for a homogeneous DNA 
template proceeds until primers are exhausted. For a random DNA 
library as a template, product accumulation stops when PCR primes 
are still in excess of the products. The products then rapidly convert 
to by-products and virtually disappear after only 5 additional cycles 
of PCR. The yield of the products decreases with the increasing 
length of DNA molecules in the library. We also studied the 
influence of the initial number of DNA molecules and the 
concentration of DNA polymerase on the formation of products and 
by-products. Our findings suggest that standard procedures of PCR 
amplification of homogeneous DNA samples cannot be transferred 
to PCR amplification of random DNA libraries: to ensure efficient 
SELEX, PCR has to be optimized for the amplification of random 
DNA libraries. 
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(178) Electrochemical Immunoassay Based on A Two-step Gold 
Nanoparticles Enlargement Process 

Hsuan-Jung Huang1, Hung-Hua Hsieh1; 1National Sun Yat-sen 
University 

An efficient and sensitive two-step procedure for enlargement of 
gold nanoparticles was developed and used for the electrochemical 
immunoassay of human immunoglobulin G (HIgG). By following 
the procedures for sandwich immunoassay, the gold nanoparticles 
conjugated goat anti-human immunoglobulin G (Au-GaHIgG) was 
allowed to incubate with the HIgG bound with GaHIgG 
immobilized in microtiter wells. The gold nanoparticles conjugated 
on theGaHIgG was initially enlarged by electroless deposition for 3 
min using a solution containing 8.7 x 10-4 M HAuCl4 and 0.20 M 
NH2OH.  They were further enlarged for 25 min by using another 
deposition solution containing 8.7 x 10-6 M HAuCl4 and 2.0 x 10-5 

M NH2OH. For quantifying the HIgG, residual concentration of 
NH2OH after the second deposition process was determined 
amperometrically with a FIA system. The concentration of residual 
NH2OH was found to be inversely proportional to the concentration 
of HIgG.  A calibration graph was built by plotting the oxidation 
current of NH2OH versus the concentration of HIgG.  A dynamic 
range of 0.001 to 0.1 ngmL-1 and an optimal detection limit of 0.29 
pgmL-1 were found for the immunoassay of HIgG using the two-
step enlargement process. 

 
(179) Estimating Measurement Uncertainty from Quality 

Control Data: Examples from Regulatory Analyses of 
Veterinary Drug Residues in Animal Tissue Matrices 

Leslie C. Dickson1, Richard W. Fedeniuk1, James D. MacNeil1; 
1Centre for Veterinary Drug Residues, CFIA 

Measurement Uncertainty (MU) is a parameter associated with the 
result of a measurement that characterises the dispersion of values 
that could reasonably be attributed to the measurand. ISO/IEC 
17025 requires that accredited laboratories use appropriate methods 
to estimate MU for the reported results of analytical procedures.  
MU is best estimated using data generated by appropriately 
designed studies, usually done as part of the method validation 
process.  For diagnostic methods already in use, it is often not 
practical or economical to do these studies. However, quality 
control (QC) data, in the form of results of analyses of incurred 
residue samples or analyst-fortified blanks containing known levels 
of residues, can be used to estimate MU. This approach is 
illustrated by using QC data generated during regulatory analyses 
for veterinary drug residues in animal tissues using selected 
methods employed by the Centre for Veterinary Drug Residues at 
the Canadian Food Inspection Agency  Saskatoon Laboratory. 
 

(180) Ion induced nucleation in solution 
George Agnes, Samuel Bakhoum, Neil Draper, Allen Haddrell; 

1Simon Fraser University 
Nucleation is the process of solute self-assembly to form nanometer 
size structures referred to as crystallites that are the bridge between 
the liquid and solid forms of compounds. This equilibrium process 
is the subject of much experimental and theoretical attention due to 
its importance in material and health sciences. It has been observed 
that in media having net charge, solute nucleation is promoted 
relative to the same solutes under similar conditions in media 
having low or no net charge.  The results of characterizing this 
phenomenon that has been termed ion-induced nucleation in 
solution will be presented.  Factors such as the nature of the solute, 
the viscosity of the medium, the volume, and the magnitude of the 
net charge are factors in this nucleation phenomenon that were the 
focus of our first experiments. 
 

(181) Light-Assisted Preparation of Pt-Znporphyrin Complex 
nanoparticles and their Application Electrochemical Detection 

Organohalides 
Wisitsri Wiyarat1, Sabahudin Hrapovic2, John  Loung2, Werasak 

Surareuagchai3, Mithran Somasundrum4; 1The Joint Graduate 
School of Energy and Environment; 2Biotechnology Research 

Institute, NRCC; 3School of Bioresources and Technology; 
4Biochemical Engineering and Pilot Plant 

Novel  Pt ¡VZn nanocomposites  has been prepared using 
Znporphyrin and Pt in the presence of light.such nanocomposites 
cosist Pt nanoparticles of average size of app. 7 nm and Zn 
porphyrin as confiremed by TEM and AFM. The glassy carbon is 
modified with Pt- Zn porphyrin  nanocomposite and  applied to the 
determination of organohalides  The Pt- Zn porphyrin shows 
catalytic acitivity for reduction of organohalides at ¡V1.0 V (vs 
Ag/AgCl). Two aliphatic and three aromatic organhalides were 
calibrated with a detection limit of 0.1 ƒÝM or 50- 200 ƒÝg/L or 
less depending on the organohalides. To the best of our knowledge 
the detection limit sensitive enough for regulatory requirements. 
The reproducibility of Pt-Zn porphyrin is 80 measurements 
continuously and the stability is about 1 month. 
 
(182) Nanostructured Catalyst on Carbon Fibers: Pushing the 

Limit 
Pubudu Peiris1, Mekki Bayachou1; 1Cleveland State University 

Carbon single-fiber microelectrodes and carbon paste electrodes 
modified with nano-structured transition metal catalyst were 
fabricated and characterized by scanning electron microscopy, field 
emission spectroscopy and Auger spectroscopy. The modified 
sensors were tested for the oxidation of nitric oxide in solution in 
the nanomolar to micromolar range at physiological pH. 
Modification of carbon paste-based sensor dramatically improved 
the analytical performance of the electrode for nitric oxide 
detection, with about ten-fold increase in sensitivity (85-100 
pA/1nM) versus the non-modified sensor. The modified paste 
exhibits a detection limit as low as 100 pM, with a linear range 
extending to ~10 mM range. Likewise, carbon fiber modified with 
nano-structured catalyst had a five-fold increase in sensitivity, 
namely 1pA/1nM, with a lower detection limit of about 500 pM, 
compared to a bare carbon fiber. The performance of these 
improved NO sensors is being exploited to quantify chemically and 
electrochemically-driven NO-biosynthesis on NOS oxygenase 
modified electrodes. 
 
(183) pH Metric Study of Complexe Formation of Some Alkali 
and Alkaline Earth Metal with Two Dicarboxylic Acid Ligands 

Rostam Shabani1, Abdolkarim Abbaspour2, Hashem Sharghi3 
The stability constants of two dicarboxylic acid ligands (1,7-Bis 
(2¢-benzoic acid)-1,4,7-trioxaheptane (L1) and 1,10-Bis(2¢-
benzoic acid)-1,4,7,10-tetraoxadecane(L2) ) with Na+, K+, Ca2+ 
and Mg2+ in ethanol – water solvent mixtures were determined. 
The ratio of ligand / metal in these complexes is 1/1, and the 
stability constants of K+ with L1 and L2 are higher than Na+ and 
the stability constants of Ca2+ with L1 and L2 are higher than 
Mg2+ complexes. These studies also showed that the stability 
constants of Na+ and K+ complexes with L1 and L2 increases by 
an increase in the mole fraction of ethanol in the solvent mixtures. 
Refernces: 1. Shargi, H. ;Eshghi, H. Tetrahedron, 1995, 51, 913. 2. 
Shargi, H.; Massah, A. R. ; Eshghi, H.; Niknam, Kh. J. Org. Chem. 
1998, 63, 1455. 3. Martell, A. E. ; Motekaitis, R. J. Determination 
and Use of Stability Constants, VCH Publishers, Inc; New York, 
1992, P. 43. 4. Safavi, A.; Gholivand, M. B. Talanta, 1992, 39, 
325-327. 5. A.Abbaspour ; M.A.Kamyabi, J.Chem.Eng.Data. 2001, 
46, 623. 6. A. Abbaspour, M.A. Kamyabi, A. Khalafi-Nezhad, 
M.N. Soltani Rad, J. Chem. Eng. Data 2003, 48,911. 
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(184) Phytoremediation of Arsenic and Lead at Barber 
Orchard, NC 

David Butcher1, Patrick Baldwin1, Alisha Pendergrass1, James 
Bolick1; 1Western Carolina University 

Barber Orchard is a housing development in Haywood County, NC 
that has been declared a Superfund Site by the U.S. EPA because of 
elevated levels of arsenic, lead, and organochlorine compounds.  
Although the U.S. EPA removed the top foot of soil from 28 
residential properties, many of the undeveloped lots still contain 
high concentration levels of arsenic.  Phytoremediation, which 
involves the use of green plants to collect pollutants from soil, 
offers advantages compared to traditional methods of soil 
remediation, including low cost and widespread public acceptance.  
A commercially available brake fern (Pteris vittata) was evaluated 
to determine its suitability for phytoextraction of arsenic at Barber 
Orchard. Greenhouse studies were performed in which mature ferns 
were planted in contaminated soil and allowed to grow for several 
months before shoots were harvested. The uptake of various forms 
of arsenic were evaluated by the use of a hydroponics system to 
which various arsenic species were added.  This presentation will 
provide an overview of the on-going phytoremediation projects at 
Barber Orchard. 
 

(185) EPA Method 1631: One Experience in Certification 
David Pfeil1; 1Teledyne Leeman Labs 

The Clean Water Act of 1987 mandated that individual states must 
adopt specific criteria for all toxic pollutants expected to interfere  
with designated uses of a water body and implement water quality-
based control strategies to ensure water quality is attained. The 
national toxics rule has established new water quality criteria for 
numerous pollutants including mercury. The mercury criteria itself 
has been reduced to as low as 1.3 parts per trillion. The EPA 
method approved for determining mercury at this concentration is 
Method 1631. Some states have already developed certification 
requirements and procedures which laboratories interested in 
performing low level mercury determinations employing method 
1631 must fulfill prior to reporting results by this method. This 
presentation looks at common difficulties encountered and practical 
solutions proposed by independent laboratories. 
 

(186) Diffusion Badges as a Long-term, Low-level Method of 
Air Monitoring 

Kimberly P. Williams1,2, Susan L. Rose-Pehrsson2, David A. 
Kidwell2; 1Nova Research, Inc; 2Naval Research Laboratory 

Passive diffusion badges are being tested as a long-term, low-level 
method of analyte- specific air monitoring onboard US Navy 
nuclear submarines.  Continuous atmosphere monitoring for 
potentially hazardous compounds is necessary for the protection of 
personnel living and working in enclosed environments.  Passive 
badge monitors, however, have only been validated for a typical 8-
hour occupational exposure.  Long-term sampling efficiency was 
evaluated for a 28-day period by comparing the response of the 
passive badge to an active tube sampling method.  Formaldehyde, 
nitrogen dioxide, monoethanolamine, ozone, acrolein and VOCs 
are among the various compounds of interest.  As the badges are 
analyte-specific, a different chemistry was encountered with each 
compound.  For each compound, the chemistry of the badge 
matched the chemistry of the active tube. Simultaneous exposure of 
badges and tubes occurred within a test chamber designed to 
provide a homogeneous gas sample.  The exposure reflected a 
concentration level relevant to US Navy 90-day submarine-specific 
limits.  Samples were analyzed by their respective OSHA or 
NIOSH analytical methods, which include the use of HPLC, GC, 
GC/MS, and UV spectroscopy.  Preliminary studies showed that 
passive badges continue to accumulate the analyte for the entire 
duration of exposure; however, there was a consistent trend of  

change in badge sampling rate over time at the lower levels of 
interest.  This was likely the result of the changing concentration 
gradient in the solid sampling media of the passive badge over the 
duration of the analyte exposure period.  It is expected that 
accumulation may vary with each analyte in a way that is 
predictable, as the response characteristics of each analyte are 
established.   With the relationships of accumulation known, 
passive diffusion badges should provide a long-term, quantitative, 
air monitoring method. 
 
(187) An Alternative Method for Monoethanolamine Detection 

in Air 
Kimberly P. Williams1,2, David A. Kidwell2, Susan L. Rose-
Pehrsson2; 1Nova Research, Inc; 2Naval Research Laboratory 

Monoethanolamine (MEA) is used to remove CO2 from air within 
inhabitable closed space environments and for natural gas 
upgrading.  Exposure to MEA can result in hair loss and skin 
toxicity with symptoms ranging from skin irritation to ulceration, 
making it an important compound to monitor.  The US Navy 
submarine-specific limit for MEA in air is 0.5 PPM and lower 
limits are being considered.  An independent method of MEA 
analysis was needed to verify sample results obtained by applying 
the OSHA PV2111 analytical method, which uses 1-naphthyl 
isothiocyanate to derivatize MEA and utilizes HPLC to analyze the 
derivative.  Alternate existing methods did not provide appropriate 
detection ranges or satisfactory chromatographic techniques.  
Quicker analyses, as well as improved chromatography, were 
defining elements in the development of this independent method.  
These characteristics were achieved by derivatizing MEA with 
valeric anhydride and using GC/MS, with chemical ionization, to 
analyze the MEA derivative.  Air samples were collected on silica 
gel and extracted with 25% dimethylformamide in acetonitrile 
solvent solution.  Analyses of samples required minimal extraction 
time and exhibited a short chromatographic retention time for the 
derivative.  The detection range was 0.5 – 50 µg/mL, or 1 – 100 ng 
per injection, and showed potential for even lower detection with 
sample preconcentration.  The simplicity and efficiency of this 
method would be valuable for field analysis while the wide 
detection range makes this method suitable for quantification of 
monoethanolamine at many levels of air contamination. 
 

(188) NMR and DRIFT Analysis of Forest Litter Chemistry 
and Its Changes During Decomposition Over Eight Years in 

Canadian Forests. 
Jason Nault1, Caroline Preston1, Tony  Trofymow1, CIDET 

working group1; 1Pacific Forestry Centre, Canadian Forest Service 
Decomposition of forest floor litter is an important part of the 
carbon budget for the forest. Characterization of chemical changes 
in forest soils have traditionally been performed using “wet” 
chemical methods such as proximate analysis (PA), where the litter 
chemistry is defined in broad categories such as extractives, 
cellulose, “lignin”, etc. To better understand the process of 
decomposition we examined changes in the chemistry of 10 
different plant species litter exposed outdoors over an eight-year 
period at one site of the Canadian Intersite Decomposition 
Experiment (CIDET). Diffuse reflectance Fourier transform 
infrared spectroscopy (DRIFT) and carbon-13 nuclear magnetic 
resonance (NMR) spectroscopy, as well as the traditional PA 
methods were used. The changes identified by DRIFT and NMR 
point to a variety of decomposition pathways and suggest that the 
traditional hypothesis of lignin accumulation is too simple and may 
be ignoring important components.  The increasing ratio of 
alkyl/O-alkyl C, which has been used as an indicator of 
decomposition, was not found consistently. The proportion of O-
alkyl C (carbohydrate) decreases, but remains a large component, 
and both tannins and cutin may be more important than lignin to  
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account for the increasing recalcitrance that does not seem to be 
accounted for by changes in overall organic composition. 
 

(189) Aerosol Chemical Composition in Dependency of Local 
Meteorology in Chicago, Illinois 

Martina Schmeling1, Tinamarie Fosco1, Xiaoling Ang1, David 
Bolos1; 1Loyola University Chicago 

Atmospheric aerosols have been collected at the Loyola University 
Chicago Air Station (LUCAS) for subsequent analysis of 
elemental, ionic and organic species. The station is located in close 
proximity to Lake Michigan and thus exposed to different air 
currents ranging from clean air coming from Lake Michigan to 
polluted air originating from the highly industrialized southern part 
of Chicago. Basic weather parameter and reactive trace gas mixing 
ratios of nitrogen oxides and ozone have been monitored in parallel 
to the aerosol collections to determine boundary layer conditions. 
Chemical analysis comprised of total reflection X-ray fluorescence 
spectrometry (TXRF) for elemental species, ion chromatography 
(IC) for inorganic anions and cations as well as small organic acids 
and liquid chromatography coupled with mass spectrometry 
(LC/MS) for organic species. The predominant species were 
calcium, iron, zinc, and sulfur as elements, nitrate, sulfate and 
oxalate as ions as well as phthalic and phenylbutyric acid as 
organic species. Based on meteorological parameter, reactive trace 
gas mixing ratios and aerosol chemical composition three different 
cases could be distinguished, clean air, moderately polluted and 
polluted air. Cluster analysis has been applied in order to verify the 
findings and highlight the correlations of the data obtained. 
Possible reaction pathways for the formation of selected species 
will be discussed as well as the influence of the lake breeze on 
aerosol chemical composition. 
 

(190) Is There A Difference In Life Expectancy Between 
Overweight Men and Women? 

Gus Miller; 1Edinboro University of Pennsylvania 
There has been considerable recent research concerning the 
noticeable increase in the weight of both men and women by 
physicians and surgeons in the last deccade.  Their major concern is 
that those who are overweight will suffer from diseases associaed 
with this problem such as cardiovascular diseases, lack of mobility 
and other diseases associated with excessive weight. A question to 
be answered is whether or not the overweight condition results in 
differences in death rates between men and women. It apears that 
there are very few overweight men wo live as long as overweight 
women.  For  example, one can observe that very few oveweight 
men live to be eighty years old and very few overweight  women 
live to be over ninety years.  Most of the men who live to be eighty 
years old are either of average weight or  slightly underweight.  
Many women who are either average weight or underweight live to 
be in their nineties and beyond. Many men who are not overweight 
and do no smoke live to be in their nineties.  Women nonsmokes 
who are not overweight  live to be in their nineties and some in the 
hundred category. Thus, there is a need to find out what the 
differences in mortality are for men and women who are 
overweight. In order to obtain these detaits it is necessary to 
compare the life expectancies of men and women with respect to 
their weight categories. The data from the Erie County Sstudy on 
smoking and Health was used for this analysis.  
 

(191) New ICP-MS Developments Meet the Challenges of 
Routine Analysis of Complex Environmental Samples. 

Robert Henry1, Phil Shaw1, Bill Spence1, Simon Nelms1; 1Thermo 
Electron 

Accurate and precise analysis of metals in environmental samples 
is required to meet current and future legislated levels of both trace 
and matrix elements. Traditionally the complete analysis of  

environmental samples has required the use of more than one 
analytical technique to meet the levels of accuracy and precision 
required for environmental monitoring. ICP-MS methods have 
been developed to use a single technique to meet those 
requirements. However until recently the hardware was not 
considered robust enough to routinely deliver high quality data at 
high speed for the wide range of elements and concentrations 
needed. New developments in the plasma-mass spectrometer 
interface and ion lenses together with enhanced software control 
will be presented to demonstrate that ICP-MS can now be 
integrated into a routine environmental laboratory as well as 
meeting the needs of cutting-edge environmental research projects.  
 

(192) Comparison of Infrared, Raman and Fluorescence 
Methods for the Identification of Environmental Particles 
William A. Ivancic1, Busolo Wa  Wabuyele1, Johnway Gao1, 

Timothy B. Hutson1, Russell H.  Barnes1; 1Battelle 
Exploratory studies have been performed on 4 different pollens to 
compare the use of infrared reflectance, micro-Raman, and 
fluorescence spectroscopy either separately or in optimum 
combinations for identification of pollen.  Special multivariate 
methods are described for identification and classification of 
pollens.  Consideration is given to selection of appropriate 
excitation wavelengths to balance fluorescence interference with 
Raman intensities and signal-to-noise ratios for optimum 
identification of pollens. 
 

(193) UV Radiation Information System for Environmental 
Education 

Masahinko Kan1, Megumi Yamashita1, Takashi Kasai1, Yasuhiko 
Hatakeyama1, Shinji Komatsu1, Kenta Kataoka1; 1Hokkaido 

University of Education Sapporo 
The measurement and display system of UV radiation was 
constructed for the environmental education.  The system was also 
measuring and displaying the solar radiation, temperature, humidity 
and wind speed.  The data acquired were processed and edited 
automatically for the graphical view, so that people easily 
understand the current environmental condition.  The softwares 
used for the data processing were obtained from the Internet and 
the modification of this system was easy, so that many people 
could construct the similar system.  The information obtained with 
this system was also reached through the Internet.  The system was 
used for the environmental education in wide varieties of classes, 
from kindergarten through university. 
 

(194) Respirable Aerosols in Sudbury – a Seasonal Study 
Pamela Koski1,2, Graeme Spiers1,2; 1Laurentian University; 

2MIRARCO 
Potentially toxic metals and metalloids are frequently emitted into 
the atmosphere with exhaust gas streams during high temperature 
industrial processes. These elements, commonly associated with 
fine particulate matter, are of growing concern because of potential 
impact on both ecosystem and human health. Particulate matter is 
suspected to be a major contributor to many health problems such 
as respiratory complications, as fine particulate matter has the 
potential to penetrate deep into the lungs. This poster will focus on 
the application of sampling methods and analytical instrumentation 
utilized to acquire data describing the concentration and 
mineralogy of selected elements of nutritional and toxicological 
importance, in selected aerodynamic particle size fractions, of 
aerosols collected within the Sudbury industrial and smelter 
footprint. Airborne dusts in seven particle size ranges were 
collected along a 150 km SW-NE gradient, with a sampler 
maximum density within the smelter region of Sudbury, Ontario, 
using a series of high volume samplers equipped with cascade 
impactors over a 12 month period. Quantification of the total  
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concentration of selected metals and metalloids in the various 
particle size ranges, obtained using an energy dispersive miniprobe 
microanalyser (EMMA), will be presented. Detailed data on 
morphology and individual particle qualitative chemistry obtained 
by SEM-EDS will be highlighted. This research initiative is 
important as provides the first detailed seasonal examination of the 
chemistry, morphology and mineralogy of regional aerosols from 
sites both within the industrial impact zone of the regional mining 
industry, as well as long-range transport input to the regional load. 
 

(195) Quantification of Metals in Pristine and Contaminated 
Waters of the Canadian Shield 

Troy Maki1,2, Graeme Spiers1,2; 1Laurentian University; 
2MIRARCO 

Inductively coupled plasma mass spectrometry (ICP-MS) is 
increasingly becoming the instrument of choice for the analysis of 
various environmental samples such as pristine waters which 
require both high sensitivity and rapid multi-element analysis.  This 
poster will describe the application of the new Varian ICP-MS in 
the analysis of both pristine and contaminated waters from the 
Canadian Shield region in northeastern Ontario.  This instrument 
employs a new interface design which replaces traditional physical 
barrier designs with an ion mirror to eliminate unwanted neutral 
species and photons.  The ion mirror is composed of a hollow 
metallic ring which generates an electrostatic field used to “deflect” 
and focus the ion beam through an angle of 90  towards the 
quadrupole mass analyzer. The photons and neutral species to pass 
directly through the ring, and thus do not enter the analyzer region 
of the instrument, resulting in lower background noise.  Analytical 
characteristics of instrumental performance such as signal stability 
over time, oxide production, and instrumental efficiency in the 
minimization or elimination of potential isobaric interferences will 
be reported for operations in both normal and high sensitivity 
modes.  Results obtained for the analysis of elements such as As, 
Ba, Cd, Co, Cr, Cu, Mn, Ni, Pb, Sb, Se, Th, U, V and Zn, in 
regional waters will be provided. 
 

(196) Lakes Are Not Uniform – A Trace Metal Study 
Alan Lock1,3, Tobias  Roth1,4, Troy Maki1,2, Francois Prevost1, 
Graeme Spiers1,2; 1MIRARCO; 2Laurentian University; 3Trent 

University; 4Universität Karlsruhe 
Common water quality assessment practice is to obtain samples 
from the middle of small lakes (less than 400 ha), or from the 
middle of each major embayment for larger lakes, on the 
assumption this represents whole lake water quality. Ramsey Lake, 
located in the urban centre of the City of Greater Sudbury, Ontario 
at latitude 46o29’N and longitude 80o57’W covering nearly 800 ha 
has been sampled at a high resolution to elucidate potential trace 
metal concentration variability in water bodies. The high resolution 
sampling method required slow traversing of the lake with an 
underwater towed vehicle (UTV) suspended from the vessel 
constantly pumping water to the surface. Samples taken from the 
pumped water every 2 minutes, equaling an approximate traversed 
distance of 150m, were split into total and dissolved by filtering a 
portion of each sample with a 0.45µm filter producing a total of 
3000 samples. Samples were acidified with trace metal nitric acid 
and analyzed for a variety of environmentally and toxicologically 
important trace metals. Differential global positioning was used to 
track vessel location. A depth sensor on the UTV identified the 
sampling position within the water column. This poster will report 
on the nickel and arsenic results obtained from the survey, with all 
analytical data being completed using a Varian ICP-MS. Arc-GIS 
spatial analysis of the data set illustrates lake water quality is not 
uniform. Areas near shorelines, inflow streams, below the 
thermocline and above previously unidentified ground water vent 
sites have elevated and unique trace metal concentrations compared  

to common mid-lake sampling locations. Nickel and arsenic 
concentrations ranged between 11 to 118 ppb and from below 
detection limit to 12 ppb, respectively. The lowest concentrations 
are identified in the well-mixed, oxygenated mid-lake areas and 
highest measured values immediately above sub-oxic vent sites. 
Trace metal in-lake storage calculations may be greatly under 
estimated if whole lake concentrations are assumed to be uniform 
and equal to mid-lake values. 
 

(197) Safety Evaluation of PCBs in Food 
Eunju Lee, Hee-Yun Kim, So-Young Chung, You-Sub  Sho, Yoon-

Dong Lee, Jung-Hyuk  Suh, Seong-Soo Park, Woo-Jeong Choi, 
Hyo-Jung Park, Je-Yong Woo; Korea Food & Drug Administration 
This study has monitored the content of polychlorinated 
biphenyls(PCBs, 62 congener) in 120 samples in food: 70 samples 
of fishes (hair tail, mackerel, pacific saury, tuna, sea bream, dried 
anchovy, silver conger eel, spanish mackerel, conger eel, salmon, 
yellow croaker, flat fish, grouper, harvest fish), 14 of shell fishes 
(hard shelled mussel, short-neck calm), 5 of crustacea (crab), 5 of 
eggs (egg), 11 of milk products (butter, cheese), 14 of meats (pork, 
imported pork, beef, imported beef), 5 poultry (chicken). The 
samples were extracted by soxhlet in n-
hexane:dichloromethane(1:3), removed lipid by acid silica 
treatment, purified on the silica gel column chromatography, and 
then analyzed by GC/MSD(SIM mode) using congener specific 
method. The levels of total PCBs were : [mim¢¦max(mean), fresh 
basis, Unit § /§¸] ; nd¢¦0.1103(0.0162) for fishes, 
0.0077¢¦0.0206(0.0148) for cracure, nd¢¦0.0104(0.0031) for sell 
fishes, 0.0031¢¦0.0055(0.0041) for eggs, 0.0023¢¦0.0110(0.0059) 
for milk products, 0.0017¢¦0.0095(0.0057) for meats, 
0.0084¢¦0.0110(0.0096) for poultry. respectively. The detected 
sample levels are lower than the tolerance daily 
intake(5§/§¸¡¤bw/day) recommended by the Japan and well below 
the allowable tolerances of U.S.A, Japan and regulation of EC for 
PCBs in foods. 
 

(198) Arsenic and Selenium in Soils and Sediments – Method 
Development 

Dana Willson1,2, Lindsay Robertson1,2, Graeme Spiers1,2; 
1MIRARCO; 2Laurentian University 

The development and validation of analytical methods for the 
quantification and speciation of arsenic and selenium in 
contaminated soils and sediments in smelter impacted landscapes 
of North East Ontario is a crucial phase in the developing and 
understanding of the physical, chemical and mineralogical controls 
on the potential bioavailability of these potentially toxic elements 
in the food chain. An AFS-230a automated dual channel instrument 
manufactured by Beijing Titan Instruments Company was used for 
this study. In this instrument the gaseous hydrogen-hydride mixture 
produced in the gas-liquid separator is introduced through the 
central injector of a concentric quartz micro-torch, with a toroidal 
argon carrier flow in the outer tube, to a furnace combustion and 
atomization region. The hydrogen combustion is initiated by a 
resistance heated loop (~250C) which provides a stable ignition for 
the small argon-hydrogen-entrained air flame. Using hollow 
cathode lamp excitation sources, the instrument may, under 
appropriate conditions, provide simultaneous quantification of two 
elements forming hydrides under identical chemical conditions 
with fluorescence detection. This poster will highlight the 
applicability of this instrument for the quantification of both total 
As and Se in soils, as well as provide preliminary information for 
the development of methods for the speciation of these elements 
using ‘operationally defined’ chemical extraction techniques. Data 
on method reproducibility and accuracy will be highlighted by 
application of the techniques to new ‘in-house’ developed reference  
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materials, as well as to certified reference materials for total 
recovery data. 
 

(199) Bioaccessibilityof Metals in Sudbury Soils 
Joinal Abedin2, Wijdan Mailk1,2, Graeme  Spiers1,2; 1Laurentian 

University; 2MIRARCO 
Abstract Not available. 
 

(200) Determination of Depleted Uranium in Environmental 
Samples using Thermal Ionization Mass Spectrometry 

Sarata Kumar Sahoo1, Kunio Shiraishi1, Shino Takeda1, Zora S 
Zunic2; 1RCERM, NIRS, Chiba, Japan; 2Vinca Inst Nucl Science 

The military use of depleted uranium (DU) initiated the need for an 
efficient and reliable method to detect and quantify DU 
contamination in environmental samples. A chemical and mass 
spectrometric procedure for uranium isotopic analysis using a 
thermal ionization mass spectrometer (TIMS) equipped with a wide 
aperture retardation potential energy filter has been developed and 
applied to determination of 238U, 236U, 235U and 234U isotopes 
in south Serbian soil samples. Soil samples were digested using a 
microwave digestor. The concentration of uranium in soil samples 
has been determined by inductively coupled plasma mass 
spectrometry. The isotope ratios were measured for two certified 
reference materials using a VG Sector 54-30 TIMS in dynamic 
mode with Faraday cup and Daly ion-counting system. Precision of 
the 235U/238U ratio was achieved by a correction factor of 0.22% 
amu as a function of ion beam intensity with a sample load of 250 
ng of U. The resulting reproducibility for standards and soil 
samples are better than 0.2% at two standard deviations. Based on 
the uranium content and 235U/238U atom ratio in south Serbia soil 
samples, it will help to assess the influence of DU added to the 
surface environment. Detection of 236U in soil samples due to DU 
contamination can be useful as a marker for anthropogenic uranium 
in the environment. 
 

(201) Structural Characterization of Chemically Reduced 
Humic Acid 

Daniel G. Beach1, Stephen J. Duffy1; 1Mount Allison 
The technique of thermal degradation solid-phase microextraction, 
gas chromatography mass spectrometry (TD/SPME/GC/MS) has 
been found to be able to differentiate between humic substances 
found in soils from different environments. In an effort to better 
understand the differences in the structural components observed, 
chemically reduced humic acid (HA) was analylzed using the novel 
technique of TD/SPME/GC/MS. In our study, three methods of 
reduction were used, i) reduction by Zn metal, ii) reduction by Al 
metal and iii) NaBH4 reduction. Humic acid in solution was treated 
with reducing agents to varying degrees, dried samples and 
analyzed using TD/SPME/GC/MS. The results of the analysis 
showed a trend of increasing amount of larger aliphatic molecules 
and a simultaneous deceasing amount of the smaller aromatic 
molecules as compared to the untreated material, which correlated 
with the amount of reduction applied. Result from the study will be 
presented and discussed.  
 

(202) Trace Metal Preconcentration of Water Samples Using 
Paramagnetic Microspheres for On-Column Sample Storage 

and Detection. 
Zackarias Papachristou1, Eric Salin2, Cameron D. Skinner1; 

1Concordia University; 2McGill University 
The composition of waters changes drastically with natural events, 
such as rainfall, as well as unnatural events, such as manufacturing 
cycles and spills. The environment that we live in has become an 
increasing area of concern as industrialization continues and 
awareness improves as to the effects of various chemical and 
biological species on human health.  The presence of some metals  

may affect enzyme operation or have direct neurological 
implications (e.g. Pb, Hg). It is therefore crucial to detect changes 
in the level of these metals at the trace level. For large-scale and 
on-site monitoring, new approaches to analytical testing are 
needed. An example would be multiple-site testing near an active 
agricultural or industrial complex. This research presents the 
development of a new method for preconcentrating trace metals 
from a water sample and accumulating multiple samples onto a 
storage column. Trace metals are sequestered from a water sample 
on-site, using EDTA-functionalized paramagnetic microspheres. 
The microspheres are then stored onto a novel storage column for 
further analysis on-column, without elution, by Direct Powder 
Introduction Plasma Atomic Emission Spectroscopy (DPI-ICP-
AES). The paramagnetic microspheres were used to extract 
mercury, lead and a variety of other metals from artificial samples 
and were then stored on a storage column. Storing multiple samples 
on a single column was achieved permitting the time-varying 
concentration of the analytes to be monitored. Quantification of 
trace-metals at the low ppm level was accomplished by directly 
analyzing the storage column with DPI-ICP-AES. 
 

(203) Micro-Orifice Uniform Deposit Impactor (MOUDI) for 
the Characterization of Metal Distribution in Size-Fractionated 

Urban Air Particle Samples 
Nouri Hassan1, Pat Rasmussen1, Renaud Vincent1, Josee Guenette1, 

DJ MacIntyre1; 1Health Canada, Inhalation Toxicology 
The study is designed to test the hypothesis that element 
concentrations in airborne particulate matter decrease as 
aerodynamic particle size increases. Teflon filters (47 mm) are 
loaded with urban dust using a micro-orifice uniform deposit 
impactor (MOUDI). The MOUDI operates at a flow rate of 30 
LPM and consists of ten impaction stages. The urban air particle 
samples used in this study (EHC control) were obtained from 
ambient air which enters the filtration system of the Environmental 
Health Centre (EHC) at Tunney’s Pasture in Ottawa.  The collected 
particles were sieved through a 100-µm mesh nytex monofilament 
filter and were then resuspended into the MOUDI system which 
separated the particles into 10 size fractions ranging from 0.057 µm 
to 9.9 µm (aerodynamic diameter). The fractionated subsamples 
were extracted using high pressure microwave-assisted HNO3 –
H2O2 digestion followed by ICP-MS determination of total element 
concentrations. The ICP-MS was operated with a dynamic reaction 
cell using NH3 as the reaction gas for Fe, Se, Cr and V; and 
standard mode for the other elements. Preliminary results show that 
the highest concentrations of Fe, Cd, Ni, As, Al, Cu, Zn, V, Se, Cr 
and Pb occur in the 1.0 µm fraction.  
 

(204) The Effect of Heterogeneous Reactions on the 
Inflammation Potential of Ambient Particles 

Allen Haddrell1, Edward Lau1, Michael  Ndukauba Eleghasim1, 
Alice Kardjaputri1, George Agnes1, Stephen van Eeden2; 1Simon 

Fraser University; 2James C Hogg iCAPTURE Centre 
Inhalation exposure to ambient particles within the troposphere 
(PM10) causes inflammation, ranging from local (in lung tissue) to 
systemic.  Extended periods of elevated inflammation leads to 
tissue damage, which in turn leads to the progression of such 
diseases as emphysema, chronic obstruction pulmonary disease 
(COPD), asthma, and arteriosclerosis.  Epidemiological studies 
indicate that the chemical composition of PM10 may play a role in 
their overall toxicity.  To address this issue, we have developed an 
apparatus and methodology to generate PM10 mimics that can be 
delivered onto lung cells in vitro in a way that mimics the cell-
particle interaction observed in vivo.  A series of particle types 
have been generated, and biological responses by lung cells 
incubated with these particles has been quantitated.  The 
composition of the particles generated in this study has included up  
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to 18 different compounds that have been identified on ambient 
particles. The proinflammatory potential of abundant particle types 
is being determined from these experiments, and the results are 
being tabulated as a function of chemical composition to identify 
the most toxic particle type and the possibility of synergy. 
 

(205) The Canadian Total Diet Study 
Robert Dabeka1, Xu-Liang Cao1; 1Health Canada 

The Canadian Total Diet Study is the mechanism by which the 
average dietary intakes of chemicals by different age sex groups is 
estimated.  The intakes are compared with international “safe” 
intakes to judge the safety of the diet. In the study, foods are 
purchased at the retail level from 4 supermarkets in one city once a 
year.  They are processed as for consumption.  The processed foods 
are combined into 140 different food composites, e.g., carrots, 
baked potato, soya infant formula, and roast beef.  Each composite 
is homogenized and analysed for various toxic and nutritional 
chemicals.  The concentration of the chemical in each composite is 
multiplied by the intake of the composite for each age/sex group.  
The sum over all composites yields an estimate of the dietary intake 
of the chemical. Data will be presented on the dietary intake of 
pesticides, trace elements, and persistent organic pollutants by 
Canadians. 
 

(206) Probing Self-Assembling Nano-spheroids with 
Fluorescent Reporter Molecules 

Daniel B. Bassil1, Sheryl A. Tucker1, Scott J. Dalgarno1, Gareth 
W.V. Cave1, Jerry L. Atwood1, John F.  Kauffman1; 1University of 

Missouri- Columbia 
C-alkyl-pyrogallol[4]arenes have been shown to self-assemble into 
nano-spheroids comprised of six macrocyclic cup-shaped building 
blocks. They are formed through noncovalent hydrogen bonds and 
are capable of enclosing over 1300 Å3 of molecular space. In 
addition, these nano-capsules were demonstrated to relay spatial 
and conformational information between neighboring containers. 
Through encapsulation, the supramolecular nano-cavities are 
designed for selective binding, separation and sensing of smaller 
molecules and ions, molecular transport and delivery, stabilization 
of reactive intermediates, and catalysis. Spectroscopic probe 
techniques provide realistic views of macromolecular media in 
fluid solution. They are especially powerful when used in 
combination and enable one to develop a more comprehensive and 
accurate picture. For this purpose, fluorescent guests, such as 
pyrene butyric acid (PBA) and 1-(9-anthryl)-3-(4-dimethylaniline) 
propane (ADMA), were employed. Following excitation of the 
anthryl moiety (367 nm), ADMA undergoes intramolecular charge 
transfer with N,N-dimethylaniline (DMA) moiety, to form an 
exciplex. On the other hand, PBA forms an exciplex with DMA via 
intermolecular charge transfer (Excitation at 342 nm). In polar 
solvents (e.g. acetonitrile) exciplex emission is known to be 
quenched, which, through experimental design, allowed the 
location of the guest molecules to be ascertained. When populated 
nano-spheroids were dissolved in various solvents, these 
fluorescent reporter molecules relayed information regarding the 
ordered inner phase and unique chemical environment. For 
example, PBA was shown to be encapsulated in the nano-
spheroids, internally separated by acetonitrile solvent molecules, 
and interact with the walls of the capsule in solution. A single 
crystal X-ray crystallographic study complemented this solution 
phase spectroscopic data.  
 

(207) Developing a Spectroscopic Method to Determine the 
Efficacy of a Novel Photodynamic Therapy Modality in 

Treating Equine Squamous Cell Carcinoma 
Sheryl Tucker1, Jena Whetstine1, Elizabeth Morgan1, Elizabeth 
Giuliano1, Philip Johnson1; 1University of Missouri, Columbia 

Squamous cell carcinoma (SCC) is the most common tumor of the 
horse eye and ocular adnexa. It is locally invasive, may 
metastasize, and frequently results in blindness. A variety of 
treatment modalities for equine SCC have been reported with 
variable success. Presently, there is no satisfactory treatment for 
this vision-threatening neoplasm. Local photodynamic therapy 
(PDT) represents a novel delivery method and treatment modality 
for equine periocular SCC with favorable preliminary clinical 
results. However, retention time and tissue dissipation rate of 
photosensitizer after local injection into the tumor bed are currently 
unknown. A spectroscopic method for determining the 
concentration of Photofrin® (porfimer sodium), a widely used 
medical photosensitizer, in equine periocular skin is described. 
Tissue samples are quite heterogeneous; therefore, initial studies 
examined state, concentration, and coloration variations. Periocular 
equine skin was collected from recently deceased horses using 4, 6, 
and 8 mm punch biopsies. Initial samples were prepared by 
dissolving fresh skin samples in Solvable® tissue solubilizer, 
containing ~ 1 µg/mL of Photofrin® (reconstituted in either 5% 
dextrose/water (D5W) or medical grade DMSO), and heating 
overnight (≥ 12 hours at 50-550C). Same-size skin samples were 
also immediately frozen in liquid nitrogen, stored at -800C, and 
processed identically to fresh tissue samples. UV/Vis absorption 
and steady-state fluorescence spectra of were obtained. Spectral 
comparison showed no statistically significant differences between 
fresh and frozen tissues, between 4, 6 and 8 mm sample sizes, or 
between gray- and bay-pigmented horses. Given these results, 
samples were collected, frozen in liquid nitrogen, processed, and 
analyzed as above. Using the fluorescence signal from a series of 
Photofrin®-tissue standards, a calibration plot was generated to 
determine drug concentration after subcutaneous injection. 
Photofrin®, dissolved in DMSO, was injected subcutaneously in a 
cadaver horses and punch biopsy samples were taken and analyzed 
for post injection signal. Unlike other detection techniques, 
experimental results were not affected by native equine skin 
fluorescence. Results concerning the dissipation and uptake rate of 
Photofrin® following subcutaneous injection in deceased and 
living animals are presented.  
 

(208) Multivariate 3-way data analysis of Luminescence 
Spectra for Plant Identification within Free Ranging Herbivore 

Diets 
Gary Rayson1, Safwan Obeidat1, Cheryl Pezzotti1, Ed Fredrickson2, 

Rick Estell2, Dean Anderson2; 1New Mexico State University; 
2USDA-ARS, Jornda Experimental Range 

The issue of identifying specific plant species in the diets of free 
ranging herbivores is of much interest in the local and global 
rangeland communities. Although absorbance-based techniques 
such as near-infrared reflectance spectroscopy have been 
successfully used to determine the botanical composition of animal 
feed, the utility of such two-dimensional response curves is often 
limited to the availability of training samples that closely match the 
animals’ diets. The multi-dimensionality inherent to luminescence 
measurements provides a means of addressing those limitations 
through the application of three-way data analysis.  Specifically, 
excitation-emission spectra were obtained from extract solutions of 
both diet and fecal samples resulting from controlled feed studies 
using goats. A description is given to the advantages of combining 
several chemometrics tools (e.g., Parallel Factor Analysis 
(PARAFAC) and multi-way principal component analysis) and the 
principal benefits associated with each strategy for the elucidation  
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of diet composition. Also a general overview of the principal 
achievements and limitations of the techniques used within the 
presented methodology is depicted.  It is illustrated how three-way 
principal components analysis as the appropriate generalization of 
conventional principal component analysis may serve as a powerful 
method for classification of specific plant species in diets of free 
ranging herbivores using the excitation-emission matrices from 
fluorescence spectroscopy from different species. The factors found 
appear to correspond to the causal influences manipulated in the 
experiment, revealing their patterns of influence in all three ways of 
the data. Several generalizations of the parallel factor analysis 
model are currently under development, including ones that 
combine parallel factors with Tucker-like factor 'interactions'. In 
the research, necessary and sufficient conditions for global and 
local solutions to plant identification are being derived. The results 
of these investigations will be presented and the implications of the 
application of these data analysis tools for the identification of 
specific noxious weeds within the diets of free-ranging cattle will 
be discussed. 
 
(209) Cyclodextrin and Fluorphore Supermolecular Assemblies 
Carrie A. Buckley1, Frank V. Bright1, Alexander N. Cartwright1; 

1University at Buffalo 
Cyclodextrins, cyclic polysaccharides, have been used in drug 
delivery, analytical separations and chemical sensors due the 
selective inclusion of smaller guest molecules.  The properties of 
the guest molecules can be chosen to promote linear 
supermolecular assemblies, such as rotaxanes and pseudorotaxanes, 
where a string of linear guest molecules are threaded through 
several cyclodextrin cavities.  By using fluorophores as guests one 
can make assemblies and probe them by using spectroscopic 
techniques.  Pseudorotaxanes of β-cyclodextrin (β-CD) and 1,6-
diphenyl-1,3,5-hexatriene (DPH) with lengths of up to 30 β-CD 
units have been reported in the literature. In this presentation, we 
summarize our work β-CD and DPH pseudorotaxanes.  Results 
from concentration-dependent steady-state fluorescence anisotropy 
and time-resolved fluorescence spectroscopy will be discussed. 

 
(210) Fluorescence lifetime Enhancement of Organic 

Chromophores 
Florencio Hernandez1, Shenjiang Yu1, Marisol Garcia1, Andres 

Campiglia1; 1University of Central Florida 
Nanoscience is having an impact in biophotonics and medicine 
through radiative decay engineering of organic dye molecules in 
the close vicinity of conducting metal surfaces or covalently 
attached to them. So far it has been demonstrated that the 
fluorescence intensity can be enhanced orders of magnitude when 
organic dyes are near metal nanoparticles as a result to some extent, 
to the increase of the radiative decay rate of the fluorophore by the 
metal surface. However, there is no experimental evidence of 
fluorescence lifetime enhancement of dyes close to the metal 
surfaces.  New approaches to decrease the radiative decay rate of 
fluorophores favoring non-radiative relaxation processes such as 
intersystem crossing are in great demand for some specific 
biomedical and photonic applications. The spontaneous rate of 
emission of organic dyes near metal nanoparticles is determined 
among others by the molecular dipole orientation with respect to 
the particle surface. Theoretical calculations of the transition rate 
for two polarizations of an oscillator atom outside a perfectly 
conducting sphere of radius r 
 

(212) A Fluorescence Based Assay for Determining the 
Intracellular Redox Status of Glutathione in Erythrocytes 

without a Prior Separation Step. 
Paul  Root1, Madushi Raththagala1, Wasanthi Subasinghe1, Dana 

Spence1; 1Wayne State Univerisity 
The reduced form of glutathione (GSH) is the most abundant non-
enzymatic anti-oxidant found in erythrocytes.  The homeostatic 
level of GSH in red blood cells (RBCs) is maintained by 
glutathione reductase which converts oxidized glutathione (GSSG) 
to GSH.  Various studies have associated alterations in intracellular 
GSH levels with diseases such as HIV, diabetes, and numerous 
types of cancers.  Several methods have been employed to measure 
GSH in various cell types including absorbance, fluorescence, and 
amperometric based assays.  However, fluorescence based assays 
in erythrocytes have required the removal of the cellular 
constituents, particularly hemoglobin, prior to the quantification of 
GSH. Here, we combine the standard addition method with a 
modification to the excitation parameters of monochlorobimane (a 
fluorescent probe for GSH), to overcome the complex matrix of 
erythrocytes.  This technique enables the continuous monitoring of 
changes in GSH:GSSG without any cell lysis or preparation beyond 
separation of RBCs from the whole blood. 
 
(213) Surface Immobilized Antibody-Antigen Binding Affinity 

Studies by Single Molecule Fluorescence Imaging. 
Jamshid Temirov1, Andrew Bradbury1, James Werner1; 1Los 

Alamos National Laboratory 
In this work we report Single Molecule (SM) microscopy studies of 
binding events between individual antibodies immobilized on a 
solid substrate and fluorescently labeled antigens.  The binding of 
fluorescently labeled antigens to their antibodies and subsequent 
dissociation of these antibody-antigen pairs are imaged using Total 
Internal Reflection (TIR) microscopy configuration. Fluorescence 
intensity of the individual antibody locations on the surface is 
monitored and used to calculate binding affinities (dissociation rate 
constants). Such experimental approach allows measurements of 
multiple binding events experienced by a single monoclonal 
antibody, providing the distribution of affinities sampled by the 
same antibody.  Immobilization of antibodies on a surface provides 
several advantages, including the possibility of observing the same 
antibody for a long period of time (hours), because the antibody 
itself is not fluorescently labeled.  This key advantage also 
overcomes the problem of fluorophore bleaching, which often is a 
limiting factor of the most SM fluorescence experiments.  In 
addition, information about the conformational changes (memory) 
is extracted from the binding history of individual antibodies.  
Finally, the influence of immobilization upon the binding 
characteristics of the antibodies is analyzed. These results are of 
importance for a variety of techniques (Immunoassays, microarray 
techniques, etc.), where targets are linked to surface immobilized 
antibodies.  
 

(214) A Strategy for Three-Dimensional Tracking of Single 
Fluorophores 

Guillaume A. Lessard1, James H. Werner1, Peter M. Goodwin1; 
1Los Alamos National Laboratory 

A major trend of recent years in biophysical research has been a 
move towards single-molecule observations. However, these 
observations are often made in non-physiological conditions. A 
tracking instrument to follows a single molecule's three-
dimensional path inside a living cell would be a major step 
forward. We propose an instrument to extend the state of the art in 
single-molecule tracking technology, allowing extended 
observations of single fluorophores and the correlation of their 
conformational dynamics with their trajectory. Our instrument 
extends a confocal microscope configuration with a small array of  
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single-photon avalanche photodiodes, arranged to detect axial and 
lateral displacements of the molecule. During a given timeslice, 
emitted photons will be detected by one or more SPADs, allowing 
an estimate of the fluorophore's offset relative to the detection 
volume. Once the position has been estimated, the diffusion 
medium is repositioned to cancel the offset.  Computations show 
that this approach should be capable of tracking a protein-sized 
object diffusing at intracellular speeds for average times of 
approximately 1.5 seconds; this should be long enough to observe a 
significant number of fluorophores from capture to photobleaching. 
We will present computational results that demonstrate the 
feasibility of our approach, as well as initial experimental results. 
 

(215) Quantum Dot Blinking Characterized by Two-photon 
Excitation Fluorescence Correlation Spectroscopy 

Romey Heuff1, Jody Swift1, David Cramb1; 1University of Calgary 
The intermittent fluorescence emission (aka blinking) of 
immobilized nano-crystalline semiconductor particles (or quantum 
dots, QD) has been observed on many time scales and is notably 
different from the triplet-induced dark states observed for most 
organic fluorophors.  Although extensively measured for dots 
immobilized on various surfaces, quantum dot blinking has yet to 
be parameterized for dots in solution. In addition, the mechanism 
for the blinking phenomenon is not yet fully understood. We report 
observations of laser intensity dependent blinking behavior 
manifest in the two-photon excitation fluorescence autocorrelation 
decay curves for mobile dots. We introduce a semi-empirical 
blinking-modified auto-correlation equation to model the data.  The 
blinking equation is based on the standard diffusion-based 
autocorrelation function multiplied by a fractional contribution 
from a blinking correlation function developed by Verberk and 
Orrit* . Excellent agreement between this model and the data 
provides a means for characterizing quantum dot solutions and 
shows a connection between the blinking phenomena and two-
photon excitation rates. Finally, we demonstrate that the blinking 
can be suppressed both by lowering the excitation rate and by 
altering the solution conditions. *Verberk, R.; Orrit, M. J. Chem. 
Phys. 2003, 119, 2214-2222. 
 
(216) Cosmic Spike Removal Using Combination of Difference 

Spectrum, Median Filter and The Upper Bound Spectrum 
Method 

Dongmao Zhang, Yong  Xie; 1The Bindley Bioscience Center 
Raman difference spectroscopy is a powerful technique to reveal 
spectral variation introduced by physical/chemical stimulants.  
However, for many biological applications such as protein-ligand 
binding experiment, the Raman features in the difference spectrum 
in general are weak in comparison with that in the original Raman 
spectrum because of (a) low Raman cross-section of the ligand (b) 
small structural modification of the protein.  In order to reliably 
identify the spectral features in the difference spectra, the Raman 
spectra used for deriving the difference spectrum have to be of high 
signal to noise ratio, which often necessitate long integration time.  
It is found in our practice, however, that spectra with long 
integration time can contain spike artifacts which are both difficult 
to identify and confusing in the resulting difference spectrum.  In 
this talk, we will first demonstrate a new cosmic spike removal 
algorithm which is an advantageous combination of the difference 
spectrum, median filter and the upper bound spectrum method, and 
then using a protein-ligand binding experiment to demonstrate a 
strategy for obtaining a high quality difference spectrum. 
 

(217) Studying Protein Ligand Binding using Raman 
Spectroscopy 

Dongmao Zhang, Yong Xie, Dor Ben-Amotz; 1Purdue University; 
2Purdue University; 3Purdue University 

Comparing Fourier transformed Infrared spectroscopic techniques, 
Raman spectroscopy offers several advantages including higher 
information content and much less significant spectral interference 
from the solvent.  However, Raman application for studying of 
protein-ligand binding is limited only to resonance Raman 
spectroscopy or to studying proteins of high concentrations (> 1 
mM) due to its poor quantitative sensitivity. Recently, we have 
demonstrated that high quality Raman spectra may be obtained 
from less than ~pmol protein derived from 1 ƒÝM concentration by 
using the drop coating deposition Raman method and the spectRIM 
Raman substrate.  In this talk, we will demonstrate for the first time 
that how the non-resonance Raman spectroscopy can be used to 
detection of protein-ligand binding of proteins of concentration 
below ~1 mM. The advantage using Raman detection method will 
be discussed in comparison of the x-ray crystallographic and 
fluorescence based method. 
 
(218) Automated Algorithm Development for Raman Spectral 

Searching 
Steven Choquette1, Anthony Kearsely1, Danielle Dickinson2, Brian 

Eckenrode2; 1NIST; 2FBI Academy, CTFSRU 
Field-deployable Raman instruments typically rely on the use of 
vendor-supplied Raman libraries for the identification of 
compounds.  Comparing results between systems or within the 
same instrument under field conditions requires considerable 
expertise and experience on the part of the user.  Last year, the 
initial results of a new search algorithm applied to Raman spectral 
library searching was presented.  This NIST algorithm was 
developed and adapted from a method employed with Mass 
spectral library searches (1).  Essentially the algorithm is able to 
compare spectra between two databases independent of data point 
spacing, resolution, and operator intervention.  Raman spectra of 
powder samples were acquired upon two field-portable systems of 
differing spectral coverage and resolution.  The spectrometers were 
used as initially provided.  Spectra obtained using system 1 were 
complied into a “reference” library that was searched using spectra 
from system 1 (replicate spectra) and system 2.  Utilizing 
traditional library search routines, less than 38% of the replicate 
spectra were correctly identified.  Utilizing the new algorithm, 
greater than 92 % of the replicate spectra were correctly identified.  
Approximately 62 % of the system 2 spectra were correctly 
identified when searched against the reference library.  Upon re-
examination of the data a number of issues were identified.  The 
most difficult to overcome for either algorithm (commercial or 
NIST) was the 5 cm-1 bias between systems with one system 
displaying a nonlinear (cubic) calibration bias.  Results will be 
presented on an updated algorithm and new Raman spectral data in 
which the x-axis calibration (shift reagents), y-axis calibration 
(SRM 2241), and resolution of each system will have been 
characterized.  This will be contrasted with a new approach in 
which the reference library is acquired with a high resolution 
dispersive system and transferred to the field spectrometer by a 
convolution technique that factors both axes and resolution into the 
system transfer function.  It is likely that applications of field 
instruments will employ NIST, vendor, and custom libraries and 
therefore will require instrument independent search routines for 
successful utilization in the field by non-specialists. Wallace, 
Kearsley, and Guttman, Anal Chem 76(9), 2446-2452, 2004.  
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(219) High-Pressure Raman Spectroscopy of Solid Inorganic 
Phosphate Materials 

Martin Baril1, Hassane Assaaoudi1, Ian S. Butler1; 1McGill 
University 

Pressure-driven structural transformations can be readily induced in 
solids with the aid of diamond-anvil cells and such events can be 
monitored by various spectroscopic methods. In this work, the 
effects of high external pressures on the Raman spectra of various 
inorganic phosphate materials have been investigated for pressures 
approaching 50 kbar. The diamond-anvil cell microspectroscopy 
approach will be described in detail with particular reference to its 
application to the KMHP2O7 2H2O [M = Co(II), Zn(II), Mn(II), 
Mg(II)] salts. Only the Co(II) salt shows any clear evidence of a 
pressure-induced transformation, possibly the onset of 
amorphization. Crystallographic data reveal that the Co(II) is quite 
densely packed and, most probably, this is the reason why this 
particular material is the most pressure sensitive. 
 
(220) Effectively Dealing with the Unique Issues of Quantitative 

Raman Spectroscopy 
Bruce McIntosh1, Hue Phan1; 1Hamilton Sundstrand Sensor 

Systems 
A spectroscopist coming to quantitative Raman from an FTIR 
background is in for a shock.  The essentially invariant X and Y-
axes that make quantitative IR and NIR relatively straightforward 
are not available. The X-axis varies with the temperature of the 
spectrograph and the frequency of the laser. The Y-axis varies with 
the camera spectrometer and probe response functions as well as 
the scattering nature of the samples themselves. The paper will 
discuss the nature and sources of these characteristic forms of 
spectral variation. We will then provide examples of techniques in 
instrument design and calibration as well as mathematical 
techniques for processing the obtained spectra that provide 
reproducible results. Our experience indicates that the use of these 
techniques can provide same kind of long-term reliable results 
essential for process monitoring and control as are seen with FTIR. 
 
 (221) Raman Spectroscopy-Based Metabolomics: Evaluation of 

Sample Preparation and Optical Accessories to Improve 
Detection of Urinary Metabolites 

Daniel Cherney1, Timothy Collette1; 1US Environ. Prot. Agency 
The field of metabolomics involves measuring changes in 
concentrations of endogenous metabolites in tissues and biofluids 
of organisms in response to exposure to a potentially toxic 
chemical.  We have evaluated methods for measuring the Raman 
spectra of small-molecular weight metabolites in urine for 
metabolomic application.  A list of 20 of the most concentrated 
urinary metabolites was compiled and a suite of synthetic mixtures 
and individual-component solutions were prepared with these 
metabolites using physiologically relevant concentrations.  Spectra 
from the mixtures were then compared with real urine samples.  
For urine samples, it was necessary to reduce fluorescence from the 
non-target molecules, which lowers the S/N ratio of Raman bands 
from the target metabolites.  A variety of techniques were explored, 
including charcoal filtration, ultrafiltration cells and photobleaching 
.  Approaches using two different excitation wavelengths (532 and 
785nm), and a cuvette and a Raman waveguide (liquid-core optical 
fiber) were compared.  Lastly, the concentrations of the individual 
synthetic metabolites were used to determine the concentration of 
those components in human urine samples via successive 
subtraction and also with the use of PLS.  Thus far, the green 
wavelength (532 nm) with a waveguide and sample ultrafiltration 
have shown the most promise for quantification of metabolites.  
Subtraction of the individual component spectra shows that 
constructively interfering peaks may be individually quantified for 
some of the most concentrated samples. 

(222) Raman Spectroscopy of Ocular Tissue as a Probe for 
Articular Cartilage Collagen Damage 

Karen Dehring1,4, Abigail  Smukler2,4, Blake Roessler2,4, Michael 
Morris3,4; 1Department of Biomedical Engineering; 2Department of 

Internal Medicine; 3Department of Chemistry; 4University of 
Michigan 

In this study, we examine Raman spectroscopy of ocular tissue as a 
candidate for non-invasive diagnosis of genetic propensity to 
collagen disorders. As a proof-of-principle, we show that it is 
possible to identify collagen deformation in eye tissue due to long-
term normal use or genetic alterations to the collagen chain. 
However, in vitro Raman experiments use long integration times 
(~10 minutes) and relatively high laser power (~100 mW at 785 
nm). These conditions are sub-optimal for clinical diagnostic 
applications of Raman spectroscopy. We explore experimental 
parameters that would allow in-vivo assessment of collagen 
disorders via Raman spectroscopy of ocular tissue. The Del1 (+/-) 
transgenic mouse is a well characterized animal model for early 
osteoarthritis due to deletion of 150 base pairs in the collagen gene, 
resulting in a truncated type II collagen chain. The eye and articular 
cartilage collagen is primarily type II collagen, and this shorter 
chain is expressed in the both tissues of Del I (+/-) mice. Bands in 
the amide III envelope (1220-1280 cm-1) are sensitive to the 
secondary structure of type II collagen. Detection of collagen 
deformation in articular cartilage and eye tissue are based on the 
amide III bands in spectra taken from normal (wt) and transgenic 
(tg) mice. Changes in Raman peak area ratios (1235 cm–1 :1265 cm-

1) have provided reliable and consistent spectroscopic markers for 
diagnosis of cartilage dysfunction. By using band ratios in the 
amide III envelope, Raman spectroscopy was able to identify 
articular cartilage damage 6 months before conventional 
histological methods. Raman analysis of ocular tissue from Del1 
(+/-) mice reveals the transgene affects the secondary structure of 
eye collagen in a similar manner to articular cartilage. There is an 
increased collagen fiber disorder in the Del1 mouse eyes, with 
preliminary data indicating the ocular collagen of Del1 mice 
undergoes damage similar to 20 months of normal “wear and tear”.  
 

(223) Application of Principal Component Analysis in Raman 
Spectroscopy: Analysis of Functionalized Multiwall Carbon 

Nanotubes 
Roberto Sato-Berrú1, Elena Basiuk (Golovataya-Dzhymbeeva)1, 

Jose Saniger-Blesa1; 1Universidad Nacional Autonoma de Mexico 
Principal component analysis (PCA) was applied to the Raman 
spectra of standard and functionalized multi-walled carbon 
nanotubes. The nanotubes were functionalized with 1,4-butane 
dithiol, 1,6-hexane dithiol and 1,8-octane dithiol. The ratio of 
intensities of the 1338 and 1570 cm-1 peaks, D and G bands 
respectively, and the changes in the functionalized nanotube 
spectrum with respect to the standard nanotube spectrum were 
studied. For the studied system, PCA determined the differences 
between standard and functionalized nanotubes. The current study 
demonstrated the advantages that can be gained by combining PCA 
with Raman spectroscopy for monitoring functionalized nanotubes. 
 

(224) Chemical and Structural Characterization Of Co-Se 
Catalysts for Hydrogen Fuel Cell Applications 

Mark Yu Chao Teo1, Phil Wong1, Li Zhu1, Darija Susac1, Dan 
Bizzotto1, Keith Mitchell1, Robert Parsons1, Stephen Campbell2; 

1University of British Columbia; 2Ballard Power Systems Inc. 
Co-Se materials are being investigated as potential catalysts for 
proton exchange membrane (PEM) fuel cells.  This study uses 
scanning Auger microscopy (SAM) and Raman spectroscopy to 
characterize Co-Se thin films prepared by sputter deposition.  
Auger depth profiling showed uniform compositions through the 
sample, although contamination is inevitably present at the surface.   
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Analysis of the Se LMM and Co LMM Auger electron spectra 
indicates evidence for the presence of direct Co-Se bonding, but 
Raman spectra measured with the HeNe laser suggest that the Co-
Se species is in a Se-rich environment.  Raman spectra from a 
region of the sample that had been overexposed with an Ar ion 
laser show compositional variations across the surface, with some 
regions containing the [Co-Se]-O species as well as oxidized 
cobalt.  These observations were used to help clarify some previous 
interpretations in the literature. 
 

(225) Effect of High-Pressure on the Micro-Raman Spectra of 
Ultramarine Blue 

Mirela M Barsan1, Denis F. R. Gilson1, Ian S. Butler1; 1McGill 
University, Chemistry Department 

Ultramarine blue, the synthetic form of the mineral pigment lapis 
lazuli, has a sodium aluminosilicate structure consisting of 
tetrahedral arrangement of AlO4 and SiO4 units in sodalite cage 
containing sodium ions and S3- and S2- anionic groups. The 
sulphur-based ions exhibit resonance Raman spectra (514 nm 
irradiation) and we have examined the effect of high external 
pressure (using a Diamond Anvil Cell) on the overtone progression 
of the ní1 fundamental and ní1 + í3 combination bands of the S3- 
ion and the ní1’ vibration of S2-. The pressure dependences of the 
harmonic frequencies and the anharmonicity constants have been 
obtained. Pressure induced phase transitions have been claimed for 
sodalite itself but plots of the vibrational frequencies up to 50 kbar 
were linear, indicating the absence of any phase transition in 
ultramarine blue over this pressure range. 
 

 (226) High-Pressure Photoacoustic and Raman study of 
polycrystalline BaTiO3 

Elsi  Mejía-Uriarte1, Roberto Sato-Berrú2, Margarita  Navarrete3, 
Mayo Villagran-Muniz4, José Manuel Hernández1, Héctor 

Murrieta1; 1Instituto de Física-UNAM; 2Lab de Materiales y 
sensores CCADET-UNAM; 3Instituto de Ingeniería-UNAM; 4Lab. 

de fotofísica, CCADET-UNAM 
High-pressure photoacoustic and Raman studies of polycrystalline 
BaTiO3 has been carried out in a diamond anvil cell (DAC) since 
room pressure to 6.8 GPa at room temperature. The pressure-
dependent photoacoustic (PA) measurements were generated by 
short laser pulses (Nd:YAG 532 nm at 10 Hz) focused on a small 
area of the diamond front face; the PA signal generated by the 
elements inside the cell chamber was detected by piezoelectric 
sensor attached in other diamond face. The Raman spectra were 
recorded in a backscattering geometry using a Renishaw Micro-
Raman spectrometer equipped with a high-power semiconductor 
diode laser (wavelength 830 nm). In order to prepare the pressure 
cell, a T301 steel gasket 200 µm thick with a 200 µm hole diameter 
was used. The hole was loaded with a BaTiO3 and ruby chip 
sample, for in-situ pressure measurements and 4:1 methanol-
ethanol mixture as a pressure transmitting medium. The pressure 
applied was measured based on the shifts in frequency of the ruby 
R1 and R2 fluorescence lines. Pressure was applied by simply 
turning the screws, which presses the diamond anvils together. The 
structural phase transformation from tetragonal to cubic is 
recognized in a profile generated by sequence values of the 
temporal peak positions acquired from sequential measurements of 
PA signal obtained for each pressure applied. One discontinuity in 
the temporal shift of the first peak from the PA signals was 
observed and this allowed the detection of the structural phase 
transition (PT) from tetragonal to cubic at (2 ± 0.2) GPa. These 
results were corroborate by Raman spectroscopy where the range 
obtained for the PT was of (2 – 2.8) 0.1 GPa. The Raman spectra 
the high-pressure cubic phase show great disorder and the PA 
signals present a raise in its relative velocity. The results are 
agreement  with the literature reported. 

(227) Low Resolution Raman Spectroscopy in Instrumental 
Analysis Laboratory 

Alexander Nazarenko1; 1SUNY College at Buffalo 
Low cost Raman instrument was introduced in a forensic-oriented 
instrumental analysis laboratory course. Several variants of Raman 
Spectroscopy experiment were tested: (1) Identification of an 
individual compound (solid or liquid sample). (2) Semi-quantitative 
analysis of a two-three component mixture. (3) Quantitative 
analysis of a multicomponent solution. The peculiarities of data 
analysis and peak fitting are to be discussed. The laboratory setup 
was tested with forensic chemistry students at SUNY College at 
Buffalo in 2004 and 2005. 
 

(228) Raman Spectral Interpretation 
Michael Boruta1, Eugene Karpushkin1; 1Advanced Chemistry 

Development, Inc. 
With the continued growth of Raman spectroscopy usage and 
applications, the need for databases and interpretation tools grows 
with it.  As with infrared, the interpretation of Raman spectra can 
be a difficult task.  With Raman spectra interpretation is often more 
difficult because there are fewer resources available to the 
spectroscopists. Traditionally, interpretation of spectra relies on 
experience, text books, reference spectra and any prior knowledge 
of the chemistry of the sample.  Software tools that can assist the 
spectroscopists in the verification, interpretation or classification of 
these spectra can be an invaluable and cost-effective asset, both in 
terms of efficiency and accuracy. This poster will briefly look at 
the resources available today to the Raman spectroscopists and 
examine some recent progress in software assisted structure 
verification and spectral interpretation.  We will describe the use of 
software combined with a knowledgebase of spectra-structure 
correlations to aid in the verification of suspected materials and the 
interpretation of unknown materials.  The organization of the 
knowledgebase along with some limitations of the knowledgebase 
and several examples to explore the knowledgebase will be 
discussed. 
 

(229) Development of Apatite Standards for Spectroscopic 
Analysis of Bone 

Mary Tecklenburg1, Ayorinde Awonusi1, ShaRhonda Dennis1; 
1Central Michigan University 

Bone is a complex material that combines an apatitic mineral phase 
connected by collagen fiber matrix.  Molecular structure is a key to 
understanding bone changes in response to age, stress and disease. 
Raman spectroscopy has been established as a method to examine 
the molecular changes in early mineralization of bone tissue and as 
a response to bone stress.  The primary mineral in bone is calcium 
phosphate in an arrangement similar to the hydroxyapatite mineral 
[Ca10(PO4)6(OH)2] but with many ion substitutions, particularly 
carbonate substitution for phosphate and very little hydroxide, 
which may be replaced by water.  Carbonate content has been 
correlated with bone crystallinity, a factor that increases in 
osteoporotic bone. So calibrating the bone carbonate content by 
Raman spectra is desired. Carbonate is clearly identifiable in the IR 
spectrum by the v3 band which appears at 1400 – 1480 cm-1.  But 
in Raman spectra an isolated peak due to carbonate is not clearly 
visible.  The symmetric v1 band, which should have the highest 
Raman intensity, is expected at about 1086 cm-1, very near the 
phosphate v3 band.  The phosphate peak at 1076 cm-1 does shift 
down by 4 cm-1 and grow in intensity as the carbonate content of 
apatite increases. The source of the changes is unclear in the 
literature.  Some assign it to phosphate peak shifts in response to 
adjustments in the lattice caused by carbonate, while others assign 
it directly to carbonate v1.  In this paper we demonstrate that the 
carbonate v1 peak does overlap the phosphate v3 band and cause 
the changes observed there.  In addition, the carbonate v2 band is  
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assigned to a very weak pair of peaks at 715 and 690 cm-1 observed 
in samples with 4 – 8 wt % carbonate.   
 

(230) Metal Ion Binding by a Bicyclic Diamide: Deep UV 
Raman Spectroscopic Characterization 

Victor Shashilov1, Vladimir Ermolenkov1, Igor Lednev1; 
1Department of Chemistry, University at Albany, SUNY 

Deep UV resonance Raman spectroscopy was used for 
characterizing ligand-metal ion complexes.  The obtained results 
demonstrated a strong detection sensitivity and intrinsic selectivity 
of the resonance Raman spectroscopic signature of a bicyclic 
diamide, a novel chelating agent for lanthanides and actinides.  
Molecular modeling, which included structure optimization and 
calculation of Raman frequencies, allowed for assigning all strong 
Raman bands of the bicyclic diamide as well as predicting the band 
shifts due to complex formation with metal ions.  A comparative 
analysis of Raman spectra and the results of molecular modeling 
allowed for elucidating the structure of complexes in solution. 
 

(231) The Use of Raman Spectroscopy to Characterize 
Mechanisms and Kinetics of Hydrogenation Reactions 

Mark Kemper1, Ian Lewis1, Bonnie Avery2, Venkata Tumuluri2, 
Mitchell Avery2, Anjaneyulu Sheri2, Seoung Choi2; 1Kaiser Optical 

Systems, Inc.; 2University of Mississippi 
Hydrogenation reactions are quite ubiquitous in the pharmaceutical 
and specialty chemical industries. For any process, it is 
advantageous to characterize the chemistry to better understand the 
kinetics and the mechanism of the reaction. It is also useful to have 
an analytical tool to detect reaction endpoint to ensure completion 
and optimize equipment utilization for in-process analysis. In the 
present work, Raman was used to characterize the mechanism and 
kinetics of two different reactions. Three model systems were 
investigated. Five different catalysts were used and the resulting 
differences in kinetics and mechanisms were evaluated. The three 
model systems ranged in complexity from simple to complex 
molecules. The work presented is consistent with the goals of the 
pharmaceutical PAT initiative. 
 

(232) Application of Deep UV Raman Spectroscopy for 
Structural Characterization of Protein at all Stages of 

Fibrillation 
Ming Xu1, Vladimir Ermolenkov1, Laura Fredriksen1, Igor 

Lednev1; 1Department of Chemistry, University at Albany, SUNY 
Deep ultraviolet resonance Raman spectroscopy was demonstrated 
to be a powerful tool for structural characterization of protein at all 
stages of fibril formation.  The evolution of the protein secondary 
structure as well as the local environment of phenylalanine, a new 
natural deep ultraviolet Raman marker, was documented for the 
fibrillation of lysozyme.  Concentration-independent irreversible 
helix melting was quantitatively characterized as the first step of 
the fibrillation.  The native lysozyme composed initially of 32% 
helix transforms monoexponentially to an unfolded intermediate 
with 6% helix with a characteristic time of 29 h.  The local 
environment of phenylalanine residues changes concomitantly with 
the secondary structure transformation.  The phenylalanine residues 
in lysozyme fibrils are accessible to solvent in contrast to those in 
the native protein. 
 
(233) The Use of Support Vector Machines in the Classification 
of the Gastrointestinal (GI) Tract Tissues Measured by Raman 

Spectroscopy 
Effendi  Widjaja1, Wei Zheng2, Colin Sheppard2, Zhiwei Huang2; 

1Institute of Chemical and Engineering Sciences; 2Dept of 
Bioengineering, NUS, Singapore 

In recent years, optical spectroscopy technique, such as Raman has 
shown its capability to detect the low molecular changes of  

biological tissue during the progression of disease. As the 
consequence, with the ease of its use, Raman spectroscopy can 
certainly be employed as a significant tool for the classification of 
normal and cancer GI tissues. However, the success of 
classification does not only depend on instrumentation, but it also 
relies on robust spectral processing algorithm. Multivariate 
statistical technique has become one of the reliable tools to process 
such data, since it covers the full spectral information. In current 
work, a recent developed pattern recognition technique namely 
support vector machines is applied to classify 817 Raman spectra 
measured from normal, benign, grade I and grade II cancerous GI 
tissues. Three types of classifier, which are linear, polynomial, and 
radial basis function are employed and compared. In addition, the 
support vector machines analysis results are also compared with the 
linear discriminant analysis results. 
 

(234) Quantitative Analysis of Drug Mixtures Using Raman 
Spectroscopy and Chemometrics 

Kathryn Noonan1, Kimberley Frederick1; 1College of the Holy 
Cross 

Raman Spectroscopy is beneficial to forensic science because it can 
be utilized to quickly and non-invasively obtain data about illicit 
drug mixtures.  It has been shown to provide great information for 
qualitative and quantitative analysis of simple mixtures but as the 
mixtures become more complex it is extremely difficult to extract 
meaningful information. We have been working to devise an 
unsupervised processing method which could be used in field 
analyses.  The preprocessing methods involves a fluorescence 
subtraction algorithm that successfully subtracts out the 
fluorescence without attenuating the Raman peaks. In order to 
extract quantitative information, spectral stripping has been used to 
obtain results from a three component mixture with 5% RSD.  This 
method fails when it is not possible to identify at least one unique 
peak for each compound.  Current efforts are focusing on principal 
components regression. 
 

(235) Unusually Strong Overtones and Combination Bands in 
Deep-UV Resonance Raman Spectroscopy 

Freek Ariese1, Evtim V. Efremov1, Cees Gooijer1; 1Laser Centre 
Vrije Universiteit Amsterdam 

A frequency-doubled argon laser (229, 244 and 257 nm) was used 
to record deep-UV resonance Raman spectra (UV-RRS) of liquid 
solutions in a flow system, over a spectral range from 500 to 5000 
cm-1. With 244 nm excitation, RRS spectra of pyrene and pyrene 
derivatives showed several strong vibrations in the 500-1700 cm-1 
range, but at higher wavenumbers also a few weak overtones and 
combination bands were observed. Unexpectedly, excitation at 229 
nm resulted in very strong overtone bands and combination bands, 
with intensities comparable with the fundamental vibrations. Also 
second overtones (showing practically no anharmonicity) and 
strong triple combinations were observed. This phenomenon 
appears to be related to the excess energy applied during excitation: 
244 nm is close to the purely electronic S0 – S4 transition, whereas 
229 nm corresponds to a strong vibronic band of the same 
electronic transition. Similar patterns were observed when applying 
different excitation energies to other compounds with aromatic 
moieties or conjugated double bonds: anthracene, adenosine 
monophosphate and abietic acid. These findings are interesting 
both from an analytical and a theoretical point of view. Overtones 
of low-frequency vibrations can be distinguished from fundamental 
vibrations in the same wavenumber range by varying the excitation 
wavelength. Closely spaced Raman peaks are more easily resolved 
in the overtone range, and also vibrations obscured by solvent 
peaks or by the filter transmission function can be observed. As far 
as we know, such strong overtone bands have not yet been reported 
in the literature expect for very small molecules such as  
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methyliodide. We will attempt to give a qualitative explanation for 
these observations. 
 

(236) Application of 19F Detected PFG-Inverse NMR 
Technique 

Suzuki Toshio1, Yamamoto Kiyoshi1; 1Asahi Glass Co., LTD 
Novel perfluorinated monomers have been developed for the use in 
the fields, such as polymer electrolyte fuel cell and optical 
materials.  NMR spectroscopy is one of the most powerful 
techniques to confirm the novel products, and to identify the 
impurities. 19F NMR spectroscopy is especially important to 
determine the structure of fluorinated materials, because of the high 
sensitivity and wide range of chemical shifts.  On the other hand, 
the signal assignment is easier for 13C NMR spectra by applying 
2D NMR techniques.  But, the detection of long-range coupling 
correlation is much difficult for 13C-19F two-dimensional 
correlation spectroscopy, because of low sensitivity due to the low 
natural absorbance of 13C. We have investigated a 19F detected 
PFG-Inverse NMR method to determine the structure of fluorinated 
organic compounds, which show AB-type signals in the 19F NMR 
spectra.  This method is useful to assign 19F NMR spectra, because 
the sensitivity is much higher for 19F detection than 13C detection 
from the difference in the natural abundance and gyromagnetic 
ratio.  Therefore, the long-range coupling correlation might be 
detected for the low concentration sample by 19F detected inverse 
NMR experiments. We have also tried to remove the pseudo 
correlation signals in Inverse 2D NMR spectra. And, we have 
confirmed the effect of the composite 180  pulses, in addition that  
the pseudo correlation signals are less for the Inverse 2D NMR 
spectra with the phase cycling than those without phase cycling.  
As a result, the reduction of the pseudo correlation was achieved by 
improving the perfectness of the 180  pulse using composite pulse 
and the sequence with phase cycling.  This fact implies that the 
pseudo correlation is due to the imperfectness of 180  pulse.  Since 
the chemical shift range is wide for 19F NMR spectroscopy, it 
might be difficult for 180  pulse to cover the frequency range for 
measurements, that is difficult to remove the pseudo correlation 
signals completely.It is concluded that 19F detected PFG-Inverse 
NMR technique can help the signal assignment of 19F and 13C 
NMR spectra and the determination of the intricate structure for 
fluorinated compounds.  
 
(237) Palladium Determination by Photoacoustic Spectroscopic 

Method 
Maria  Toral1, Céar Soto2, Renato Saavedra2, Jorge Yañéz2, Alfredo 

Cruz Orea3; 1Universidad de Chile; 2Universidad de Concepción; 
3IPN Mexico DF 

We present a novel and simple method for determination of Pd(II) 
using Photoacoustic Spectrometry (PAS). The method is based on 
the Pd(II)- 2,6-TADAP complex formation, which absorption 
spectral band in range of 600 -750 nm for photoacoustic 
measurement is used. The 3-[2´-thiazolylaze]-2,6-diaminopyridine 
(2,6-TADAP) ligand was previously retained on solid phase 
consisting in a cationic resin  DOWEX 50W X4 20/50. The 
formation of Pd(II)-2,6-TADAP complex occurs on the coated 
solid phase. The solid sample consists in the Pd(II)-2,6-TADAP-
DOWEX coated on cationic resin. These samples were enclosed in 
a aluminium photoacoustic (PA) cell. The “home-built” 
spectrometer consists in a chopper and monochromator placed at 
the output of a 250 W QTH lamp to obtain modulated light at a 
given wavelength. The samples were illuminated within visible 
range output (400-750 nm). The produced PA signal was detected 
by a commercial electret microphone and processed by using a 
preamplifier and a lock-in amplifier. All the spectra were recorded 
at room temperature at 22 Hz chopping frequency. The PA spectra 
were recorded and normalized by the PA signal from carbon black  

reference sample. Normalized PA spectra of Pd(II)-2,6 TADAP 
shows characteristic bands. One is due to the 2,6-TADAP ligand 
close to 530 nm and the other represents the Pd(II)-2,6-TADAP 
content in the range of 625-645 nm. For quantification of Pd(II) a 
linear external standard calibration ranging from  0.05 up to  1.0 
mg L-1 was performed by using the relative height of the bands. 
Non linear calibration up to 2.0 mg L-1 was possible, extending the 
quantification range. The limit of detection of the overall procedure 
was 0.05 mg L-1, using 15 mL of sample and 0.2 g of resin. 
Detection limits obtained for Pd using PAS are two and three times 
lower than UV-VIS-spectrometry and atomic absorption 
spectrometry respectively. The method is being applied for 
quantification of Pd in solid phase catalyzers and preliminary 
speciation of  Pd on zeolites based catalyzers.  
 

(238) Characterization of Emulsion Polymerization of 
Poly(butylacrylate) by Gas Chromatography, ATR-FTIR, and 

Iodimetry 
Drew Manica1, Allyson Charbonnet1, Manish Paradkar1, KS 

Raghunandana1, K Raghunathan1, A. D. Rosa1, Nancy Jestel1, C. 
Seetharaman1, Sanjeev Naik1, Albin Berzinis1; 1GE Advanced 

Materials 
The development of new polymeric materials introduces numerous 
analytical challenges. The model system in this study is a 2-step 
polymerization process that produces a cross-linked 
poly(butylacrylate) particle, which is then grafted with other 
monomers to yield an impact modifier for thermoplastic materials.  
The analytical challenges associated with this process are the need 
to monitor the extent of reaction, the amount of unreacted monomer 
remaining in the matrix, and the level of unsaturation of the 
polymer.  Excess free monomer remaining in the material may 
react in downstream processes, affecting product performance, or 
produce undesirable environmental effects.  Likewise, an 
inadequate degree of unsaturation may decrease impact 
performance or processibility.  Due to the unique nature of such 
polymers – which may include a mixture of cross linked and non-
cross linked polymers as well as some unreacted monomer and 
oligomer – several analytical methods are required to facilitate the 
development of new products. This presentation demonstrates the 
development and application of several orthogonal analytical 
techniques – gas chromatography (GC), attenuated total reflectance 
fourier transform infrared spectroscopy (ATR-FTIR), iodometric 
titration, and nuclear magnetic resonance (NMR) – to characterize 
the emulsion polymerization and grafting of poly(butylacrylate) 
rubber.  A gas chromatographic method was developed to evaluate 
all unreacted monomers and cross linker, while ATR-FTIR 
chemometric models were developed to measure the extent of 
monomer incorporation and unsaturation.  Iodimetry and NMR 
were used as calibration/validation techniques during method 
development.  The combination of these techniques provides 
essential insights into the basic reaction dynamics of 
polymerization processes. 
 
(239) Application of the XPS Method for Studing of the HTSC 

Based on Copper in Super-Conducting State. 
Yekaterina Naymushina1, Vyacheslav Kukuyev2, Irina Shabanova3; 

1Udmurt State University; 2Voronezh State University; 3Physical-
Technical Institute 

Compound metal-oxide systems have a number of unique physical-
chemical properties including high-temperature superconductivity. 
For understanding this phenomenon, the systematical study of their 
electron structure and the transition in the superconducting state 
with the use of modern experimental methods of analysis is 
necessary. One of the most powerful direct methods for 
investigating the electron structure of a substance is photoelectron 
spectroscopy. The Electron Spectroscopy Laboratory of the Udmurt  
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State University together with the Physical-Technical Institute of 
the Ural Branch of the Russian Academy of Sciences developed 
and built the first Russian x-ray electron magnetic spectrometers 
with the automated control system, which are not inferior to the 
best foreign electrostatic spectrometers in their main parameters 
(the instrumental resolution is 0.1 eV, the transmission is 0.1 %). 
The advantage of the electron magnetic spectrometer over 
electrostatic spectrometers is in its constructive separation of the 
energy-analyzer from the vacuum chamber, which permits to 
variously effect a sample in vacuum during the process of spectrum 
taking; i.e., cooling a sample or mechanical cleaning of the sample 
surface from contaminations do not influence the spectrometer 
resolution. The purpose of the work was to use the XPS method for 
studying the chemical structure of the high-temperature 
superconductors based on copper in super-conducting state. To 
study a cooled flat sample, a special adapter for the x-ray tube was 
made, which permitted to cool the sample in vacuum to the liquid 
nitrogen temperature and simultaneously to conduct the effective 
mechanical cleaning of the sample surface from contaminations 
and to record the spectrum. The systematic study of the electron 
structure of the grain-oriented thin films and the bulk 
polycrystalline samples of the Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O 
systems in the superconducting and non-superconducting states 
resulted in finding the parameters of the x-ray electron spectra of 
the HTSC compounds susceptible to the system transition in the 
superconducting state. 
 

(240) The XPS Study of the Processes of the Formation of the 
Carbon Metal-Containing Nano-Structures 

Irina Shabanova1, Lyudmila Makarova2, Vladimir Kodolov3; 
1Physical-Technical Institute of the Ural Branch of; 2The Institute 

of Surface Physics, State; 3Scientific and education center of chemi 
The unique x-ray electronic magnetic spectrometers were used for 
the investigation of metal-carbon nano-tubes prepared by means of 
the original technique under the conditions of low temperatures 
 
(241) Determination of Contaminants in Rare Earth Materials 

by Prompt Gamma Activation Analysis (PGAA) 
Dale L. Perry1, Gerald A. English1, Richard B. Firestone1, Gabor L. 

Molnar2, Zsolt Revay2; 1Lawrence Berkeley National laboratory; 
2Institute of Isotopes, Budapest, Hungary 

Prompt gamma activation analysis (PGAA) has been used to detect 
and quantify impurities in the analyses of rare earth (RE) oxides. 
Both the rare earth metals and their compounds are useful for an 
extremely wide variety of applications in chemistry and materials 
science, including applications that are dependent on both the 
metals’ chemical and physical properties and their ability to form 
compounds and complexes.  Their uses include hydrogen storage 
(“hydrogen sponges”), alloys, electronics, glass, ceramic pigments, 
and special alloys.   The analytical results are discussed with 
respect to the importance of having a thorough identification and 
understanding of contaminant elements in these compounds 
regarding the function of the materials in their various applications. 
Also, the importance of using PGAA to analyze materials in 
support of other physico-chemical studies of the materials is 
discussed, including the study of extremely low concentrations of 
ions – such as the rare earth ions themselves – in bulk material 
matrices.  This work was supported by the U.S. Department of 
Energy under Contract Number DE-AC03-76SF00098.  The 
authors wish to dedicate this paper to our late colleague and co-
author, Gabor Molnar, whose scientific leadership in this field is 
missed. 
 

(242) Use Of Prompt Gamma Activation Analysis (PGAA) for 
the Analyses of Metal Oxyanion Materials 

Dale L. Perry1, Gerald A. English1, Richard B. Firestone1, Gabor L. 
Molnar2, Zsolt Revay2; 1Lawrence Berkeley National Laboratory; 

2Institute for Isotopes, Budapest 
Prompt gamma activation analysis (PGAA) has been used to 
analyze metal ion oxyanion materials that have multiple 
applications, including medicine, materials, catalysts, and 
electronics. Both the parent elements and their compounds are 
useful for an extremely wide variety of applications in chemistry 
and materials science, including applications that are dependent on 
the elements’ magnetic, electronic, and physical properties as well 
as their ability to form compounds and complexes.  The 
significance for the need for accurate, highly sensitive analyses for 
the materials is discussed in the context of quality control of end 
products containing the parent element in each material.  The 
materials have been discussed with respect to their elemental 
composition and the possible experimental chemical characteristics 
of the materials that can dictate the various elemental contaminants 
in the parent matrix. This work was supported by the U. S. 
Department of Energy under Contract Number DE-AC03-
76SF00098.  The authors wish to dedicate this paper to our late 
colleague and co-author, Gabor Molnar, whose scientific leadership 
in this field is missed. 
 
(243) Fluid Behavior of Hyperpolarized 129Xe Emerging from 

a Capillary Tube 
Tatsuya Asanuma1, Takashi Hiraga1, Mineyuki Hattori1; 1Nat. Inst. 

of Adv. Indust. Sci. and Tech. (AIST) 
NMR with hyperpolarized (HP) 129Xe has found widespread 
applications in material science and medicine. However, it still 
remains a challenge to establish a delivery-storage system which 
transports highly concentrated HP 129Xe spins to samples. In this 
study, fluid behavior of the HP 129Xe emerging from a capillary 
tube was quantitatively investigated under continuous flow 
conditions. Two silica tubes with the inside diameters of 0.25 and 
0.53 mm, respectively, N025 and N053, were used as delivery 
paths without any pre-treatments. As a result, it was found that the 
HP 129Xe spin passing through N053 in a laminar flow was little 
influenced by the surface relaxation due to the dipolar interaction 
between the HP 129Xe nuclei and the neighboring OH groups on 
the tube wall. The signal of HP 129Xe could be successfully 
detected, even after traveling a long distance under conditions 
where the spatial order of spin positions was lost. At a constant 
tube length, the density of laser-polarized 129Xe spin decreases 
with increasing a flow rate, whose order of magnitude is different 
depending on inside diameters of delivery tubes. The minute effect 
of the restricted motion near the tube boundaries on the signal loss 
may be detected by the HP xenon's extreme sensitivity to its local 
magnetic environment. Moreover, storage process of HP 129Xe in 
a detection cell was monitored as a function of flow time. The HP 
129Xe gas emerging from N025 reached the equilibrium in spin 
density earlier than that for N053. The degree of fluctuation in the 
atmosphere is probably smaller for N025 than N053, which reflects 
the difference of Xe conductance. This is the initial NMR study of 
HP 129Xe emerging from a capillary tube, which gives some 
insights to the specific flow behavior of 129Xe. The innovative 
aspect of this study allows the utilization of Xe gas with a higher 
concentration of HP 129Xe. 
 
(244) Nanowires and Thin Films of Semiconducting Transition 

Metal Oxides Formed by Electrochemical Deposition 
Indee Dela Kumarihamy1, Maria Hepel1; 1SUNY Potsdam 

The supported nanoparticle assemblies and thin films of transition 
metal oxides show interesting photochemical, electrocatalytic and 
electrochromic properties.  The nanostructured TiO2, WO3, and  
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MoO3 film electrodes have been used as very efficient photoanode 
catalysts for photoelectrochemical degradation of organic 
pollutants (e.g., textile azo dyes).  These semiconducting materials 
can be reduced by cathodization through the intercalation 
mechanism, leading to a pronounced electrochromism in the case 
of WO3 and MoO3 films.  The nanoparticles of these transition 
metal oxides were formed by controlled electrodeposition.  The 
size and morphology of nanoparticles were monitored using 
Atomic Force Microscopy (AFM).  In the nucleation and growth 
stage, controlled potentiostatically, random monodispersed 
nanoparticles can be formed. A linear aggregation of nanoparticles 
with the formation of nanowires  was observed on atomically 
smooth surfaces (HOPG) on steps and in nanogrooves. The 
intercalation studies have shown that the ambipolar diffusion 
coefficient in semiconductor matrix for proton and injected electron 
varies with the applied electrode potential. The mechanism of this 
effect will be discussed. 
 
(245) Towards a Spectroelectrochemical Sensors for Analysis of 

PAHs 
Tina Battaglia; 1University of Cincinnati 

Polyaromatic hydrocarbons (PAHs) are  major pollutanst at 
Superfund sites and are of high concern because f their toxic, 
carcinogenic and mutagenic properties. Sites need to be surveyed 
with respct to pollutant type, distribution and possible seepage into 
nearby water supplies. Traditional methods of analysis involve 
collection of samples that are transported back to laboratories for 
analysis using conventional methods which are time consuming 
and expensive. Chemical sensors are extremely useful for for rapid 
measurents of specific compounds in both laboratory and field 
settings. Adequate sensors for PAHs are not currently available, 
however, the development of highly effective  
spectroelectrochemical sensors should be possible since PAHs 
fluoresece and are electroctive which are both very sensitive 
detection techniques with low limits of detection. The goal of this 
research is to develop and apply a chemical sensor with high 
specificity and sensitivity needed for the rapid detection of PAHs in 
complex soil and groudwater samples such as those found at 
Superfund sites. The first specific aim is to develop the sensor. This 
includes development of suitable film materials, such as sol-gel 
processed composites, styrene-vinyl pyridine co-polymers and 
polyurethanes, for preconcentarion of PAHs onto the sensor 
surface, studying the photophysical and electrochemical propoerties 
of PAHs in the new film materials for incorporation into sensor 
design and making the sensor portable for use in the simulated 
Superfund site. The second aim is to characterize the performace of 
the sensors and demonstrate their utility in problems associates 
with Superfund research. Procedures will be developed for using 
the sensors to determine PAHs in soil and aqueous samples. 
 

(246) Detection of FITC-cortisol via Molecular Lighthouses. 
Matt Petkus; 1Arizona State University 

Hormones are important bioactive compounds in blood and tissue 
that vary in concentration in response to stress and certain disease 
states.  Establishing the changes in physiological hormone 
concentrations over time can lead to more effective diagnoses and 
perhaps a better understanding of the evolution of stress and 
disease. To monitor concentration over time, the sampling must be 
rapid and non-invasive; specimens like saliva that require little 
effort to collect and are relatively less invasive are preferred.  
However, more sensitive immunoassay techniques are needed 
when compared to blood analysis since free hormone concentration 
in saliva is only a small fraction of the concentration in circulating 
blood.  In this work, magnetic field-induced structures of 
paramagnetic particles are used as a solid substrate to demonstrate 
improved detection limits for separation-free assay of cortisol.  

Once formed, the structures are subjected to a rotating magnetic 
field and this leads to two important features. First is the ability to 
utilize frequency and phase filtering (lock-in amplification) for the 
signal generated from surface bound labeled species. Second is the 
improved mass transport of the antigen to the surface of the rotating 
structures. These two unique capabilities result in a quantifiable 
signal at a relatively low target antigen concentration. We have 
demonstrated this method with the detection of fluorescein 
isothiocyanate-labeled cortisol at a concentration of 300 pM. 
 

(247) Sol-Gel-Based Fiber Optic Sensors for Distributed 
Sensing 

Peter Geissinger1, Veronica Rigo1; 1University of Wisconsin-
Milwaukee 

In this work organically modified sol-gel glasses containing 
encapsulated proteins were studied as materials for the 
development of fiber-optic biosensors.  Sol-gel glasses were 
synthesized under mild conditions and deposited onto the surface of 
unclad multimode optical fibers using a multi-layer coating 
technique.  The porosity of these materials, their chemical stability, 
and their non-toxic nature, as well as the fact that the protein retains 
its functionality in these glasses make these systems promising 
candidates for the remote monitoring of aqueous environments 
ranging from potable water distribution systems to lakes and rivers 
for the presence of pollutants.   We present data on the optical 
properties of such protein-doped sol-gel fiber coatings. Since a 
single fiber can support many such sensor regions, we discuss 
strategies for the removal of stretches of cladding along a fiber and 
for the high-spatial resolution readout of such sensor arrays. 
 

(248) High-Density, Multi-Parameter Optical Fiber Sensor 
Arrays 

Peter Geissinger1, Paul Henning1, Robert Olsson2; 1University of 
Wisconsin-Milwaukee; 2Milwaukee School of Engineering 

The entire length of an optical fiber can be employed to support a 
large number of diverse sensor regions, allowing for distributed 
sensing of many parameters over a large area.  These sensor 
regions can be interrogated spatially resolved using laser pulses 
propagating in the fiber core. On a single fiber supporting many 
sensor regions, adjacent sensor regions must have a minimum 
separation of the order of several meters to allow for spatially 
resolved readout.  We report on an array of 100 optical fiber 
sensors contained in a square with a length of 6 centimeters 
employing only two optical fibers. Potentially, each element of 
such an array could consist of specific chemical sensors, some of 
which may be used for referencing.  We present data using 
fluorescein and rhodamine 6G as sensor molecules. 
 
(249) Gold Nanorods: A Novel Approach to Improving Limits 
of Detection for Mercury Determination in Aqueous Samples 
Eloy Hernandez1, Matt Rex1, Andres Campiglia1; 1University of 

Central Florida 
Mercury (Hg) is a known environmental pollutant routinely 
released from power plants burning fossil fuels. Once released into 
air, Hg eventually settles into water or onto land where it is washed 
into water. Because human exposure to high Hg levels can harm 
people of all ages, it is important to monitor Hg levels in the 
aquatic ecosystem. Several methods exist to monitor concentration 
levels of Hg in water samples.  Established techniques provide 
limits of detection (LOD) at the parts-per-billion level. Their 
excellent performance, however, is achieved at the expenses of 
elaborated and time-consuming sample preparation and pre-
concentration procedures. As a tentative means of reducing analysis 
time and cost, on-site sensing approaches capable to provide real-
time Hg determination have been actively pursued within the 
analytical community. These include optical test strips, remote  
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electrochemical sensors, ion-selective electrodes, fluorescence 
based sensor membranes, and piezoelectric quartz crystals. All 
these approaches provide low detection limits and fast response 
times but still lack the procedural simplicity for on-site analysis. 
Our approach takes advantage of the strong affinity between gold 
(Au) and Hg at the nanosacle level. Hg is determined by 
monitoring wavelength changes on absorption spectra of Au 
nanorods.  Analytical figures of merit demonstrate a linear 
relationship between absorption wavelength shift and Hg 
concentration in aqueous samples. The LOD is reported at the 
parts-per-trillion level, i.e. three orders of magnitude better than 
LOD values currently reported in the literature. Interference studies 
show that the presence of concomitants typically found in tap water 
does not affect the performance of the Hg sensor. Potential 
applications of this promising approach for both monitoring and Hg 
remediation are discussed. 
 

(250) Analysis of Fluidic Behavior and Reaction Dynamics in 
Microreactors by Simple Visualization Procedures 

Hirofumi Kawazumi1, Shota Matsubara1, Naoki Yokoyama1; 
1Kinki University, Kyushu 

Miniaturized reactors, microreactors, have been attracted interest 
owing to the advantages of reduction of reagent consumption, 
portability and disposability.  Furthermore, in terms of reaction rate 
and yield better performances in some reactions have been  
demonstrated in microchannels of a few hundred micrometer 
dimensions.  We should take into account the characteristic fluidic 
behavior such as laminar flow in the microchannel to control the 
reactions and design the reactors.  Therefore, the on-line analysis 
for visualized data of material distributions in the fluids provides a 
versatile approach to reveal the mechanism.  Laminar flow 
behavior has been quantified by using simple visualization 
procedures which were an image analysis of flows of color pen ink 
solutions and an acid-base reaction with a phenolphthalein 
indicator in microreactors made of PMMA and glass.  These 
visualizations could present the velocity distribution of vertical and 
transverse flows and the molecular diffusion.  The ratio of the 
velocity order were 1 : 400 : 20, respectively.  Responsive changes 
of the vertical flow distribution that is meniscus were also observed 
resulting from differences of the polarity between the microchannel 
surfaces and the solutions.  The progress of an enzyme hydrolysis 
and an organic condensation reaction was also visualized by using 
the absorption of the products.  In the enzyme reaction, the product 
amount inclined toward the enzyme flow side because of the 
difference of the diffusion rates of the enzyme and the substrate.  In 
the condensation reaction, a non-straightforward progress along the 
flow was observed.  Such nonuniform distributions of the reaction 
occurrence led to an apparent enhancement of the reaction 
efficiency in the rate and yield. 
 
(251) Liposome Sensors as a way of Improving Protein Analysis 

in Capillary Electrophoresis 
Andres Campiglia1, Matt Rex1, Alejandro  Solis1, Manas Haldar1, 

Sanku Mallik1; 1University of Central Florida 
Development of analytical assays capable to recognize specific 
proteins in complex biological matrixes remains an analytical 
challenge. Recent trends provide high sensitivity by using 
fluorescent dyes optically active in the near-infrared, a wavelength 
region with relatively lower spectral interference from biological 
matrixes.  Another sensitive approach is based on the luminescence 
of lanthanide ions, particularly Eu3+ and Tb3+. Their long-lived 
luminescence is a good match to time-resolved techniques, which 
discriminate against short-lived background fluorescence and 
scattered excitation light. Our approach incorporates lanthanide 
ions into polymerized liposomes that offer a lipophilic platform for 
protein interaction with the lanthanide ion. [1, 2] While the  

specificity of our approach relies on the capability of the 
polymerized liposome to recognize the target protein, the 
expectation from the lanthanide ion is to report qualitative and 
quantitative information on the interacting protein. This report 
discusses the first application of liposome sensors to the analysis of 
proteins in capillary electrophoresis. Multidimensional data formats 
are investigated as a way of enhancing protein separation and 
detection in capillary electrophoresis. Wavelength time matrices 
are collected from liposome sensors with the aid of a dark field 
microscope, a tunable dye laser, a spectrograph and an intensified 
charged-couple device (ICCD). [1] M. Santos, B. C. Roy, C. H. 
Goicoechea, S. Mallik and A. D. Campiglia, Journal of the 
American Chemical Society 126 (34): 10738-10745, 2004.  [2] C. 
H. Goicoechea, B. C. Roy, M. Santos, S. Mallik and A. D. 
Campiglia, Analytical Biochemistry 336 (1): 64-74, 2005. 
 

(252) DNA Functionalised Nanoparticles as Novel Biosensors 
Duncan Graham1, David  Thompson1, Karen  Faulds1, Ewen 

Smith1; 1University of Strathclyde 
Modern bioanalysis requires new reagents that are capable of 
detecting specific biomolecules in an ultrasensitive and highly 
selective manner.  This study aims to demonstrate how we have 
used silver nanoparticles functionalised with specific DNA 
sequences as nanoparticle sensors.  In this approach silver 
nanoparticles have been functionalised with a mixture of thiolated 
oligonucleotides and specific surface seeking dyes.  The thiolated 
oligonucleotide adheres to the silver nanoparticles via the silver 
sulphur bond and the dyes are then spaced in between the 
oligonucleotides to cover the rest of the silver surface.  The reason 
that this system has been chosen is that the technique of choice for 
detection is surface enhanced resonance Raman scattering, SERRS. 
Silver nanoparticles are very effective in terms of enhancement and 
ease of handling. The silver nanoparticles on their own i.e. as a 
monodispersed suspension do give some surface enhancement 
however, for optimal surface enhancement these nanoparticles need 
to be aggregated into discrete clusters.  This effectively turns on the 
surface enhancement.  Thus, we have produced DNA 
functionalised nanoparticles containing dyes on the surface that are 
stable in normal hybridisation conditions. Under these conditions 
there were no SERRS obtained.  However, when the 
complementary DNA sequence was added, the silver nanoparticles 
recognised this and reassembled into an aggregated form which 
turned on the SERRS effect and gave rise to signal corresponding 
to the dye on the surface of the nanoparticle.  If a nonsense control 
and a sequence containing one base mismatch were used the effect 
was not turned on.  This is the first time that this has been observed 
in terms of nanoparticles and SERRS and the sensitivity and 
multiplexing with different dyes will be discussed.  These 
nanosensors offer excellent opportunities for development of new 
approaches to bioanalysis in challenging environments such as 
living cells. 
 

(253) Thermographic Detection of DNA Microarrays 
Marta Cerruti1, Marc Sauthier1, Dage Liu1, Daniel Feldheim1, 

Stefan Franzen1; 1Department of Chemistry, NCSU 
DNA microarrays are used as biological sensors in gene expression 
studies. Arrays vary in size, but as many as 30,000 known single 
strand DNA (ss-DNA) fragments can be immobilized on a substrate 
at specific locations for hybridization of target ss-DNA probes with 
the complementary sequences. The hybridized DNA strands are 
then detected, and, from their position on the array, it is possible to 
know their sequence. This way, the expression levels of particular 
genes in an entire genome can be characterized with a single 
experiment.  We present here a new thermographic method, based 
on the detection of the heat that is evolved by gold nanoparticles 
attached to the target DNA strands, when they are irradiated by  
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laser light at the appropriate frequency. Single strand DNA probes 
are bound to a substrate, which can be made of different materials. 
We explored nylon substrates as well as infrared-reflecting 
materials such as ITO (indium tin oxide). We also tested two 
different ways of attaching the gold nanoparticles to the target 
DNA: (i) gold nanoparticles coated with streptavidin are bound to 
biotin-labelled target ss-DNA, exploiting the strong 
biotin/streptavidin interaction; (ii) thiol-modified target DNA 
strands are attached directly to the gold nanoparticles. After 
hybridization, the microarray is rinsed, so that the unbound target 
DNA strands are washed away. Laser irradiation at 532 nm is then 
used to illuminate the chip. This wavelength is not far off-
resonance with the surface plasmon resonance absorption of the 
gold nanoparticles bound to the DNA. The absorption of laser light 
by the nanoparticles causes local heating. Changing either the laser 
power or the nanoparticle size can modulate the amount of heating. 
The microarray is monitored with an IR camera while the laser 
strikes the slide. The ‘hot spots’ related to the presence of 
nanoparticles (and, consequently, of target DNA strands) are then 
easily detected. The lowest detection limit that was achieved on 
controlled gold nanoparticle spots turned out to be less than 1 
fm/cm2. 
 

(254) Sensors Based on Resonance Energy Transfer Using a 
Metal Binding Indicator 

Brianna White1, James Holcombe1; 1University of Texas at Austin 
Metals are a persistent problem in the environment because they 
cannot be degraded or decomposed like many organic 
contaminants.  Because of this, interest in the development of 
robust, sensitive and reusable sensors as metal indicators has been 
generated.  This research explores the novel use of short chain 
poly-peptides along with the technique of resonance energy transfer 
in the construction of a fluorescent-based chemical-free sensor. In 
resonance energy transfer (RET), energy is transferred from a 
donor chromophore to an acceptor chromophore, causing the 
fluorescence of the donor to decrease and the fluorescence of the 
acceptor to increase.  The efficiency of RET is strongly dependent 
on the acceptor-donor distance.  Metal complexation by peptides is 
well documented, and the complexation can alter the tertiary 
structure.  This tertiary structure change caused by metal binding 
changes the acceptor-donor distance of the fluorophores located on 
each end of the peptide. Thus, as a consequence of metal 
complexation, the fluorescent intensity of both the donor and 
acceptor will change.  In this poster, solution studies of an aspartic 
acid peptide chain with dansyl chloride and tryptophan as the RET 
pair will be discussed.  Solid-phase spectrofluorimetric studies of 
the immobilized peptide as well as studies done on the peptide in 
solution will be presented.  
 

(255) Development of Novel Gas Sensors Based on Long-
Wavelength Vertical-Cavity Surface-Emitting Lasers 

Alexandre Lytkine1, John Tulip1, Wolfgang Jäeger2; 1University of 
Alberta, ECE; 2University of Alberta, Chem Centre 

Compact, reliable and accurate gas sensors with fast instrumental 
response for several compounds are required for environmental and 
industrial gas monitoring. We have evaluated the suitability of 
long-wavelength vertical-cavity surface-emitting lasers (VCSELs) 
for the development of portable gas sensors. The VCSELs were 
manufactured by VERTILAS (Germany) with the use of novel 
buried tunnel junction (BTJ) technology which enables the 
production of lasers in the 1.3 - 2 um spectral range with low 
threshold currents (~ 0.5 mA ) and single-mode output up to 1.7 
mW. We have implemented the methods of both direct absorption 
and wavelength-modulation spectroscopy with fully digital signal 
processing and studied the noise properties, tuning parameters, 
power and frequency stability of BTJ-VCSELs operating at 1577,  

1512 and 1654 nm. A single-pass absorption cell supplied with 
Brewster windows was used in the experiments. A LabVIEW-
based computer code was developed for multi-species gas analysis 
in time domain with averaging of 102 – 103 single-scan absorption 
spectra. A digital lock-in amplifier (National Instruments) was used 
in wavelength-modulation approach. The widest continuous tuning 
interval of 9.61 nm (38.62 cm-1) was obtained for the 1577-nm 
laser by changing both the heat sink temperature and injection 
current in the ranges of 0-500C and 1.6-6.5 mA respectively. The 
current tuning rates were found to be directly proportional to the 
injection current with proportionality coefficients of 0.42 and 0.55 
cm-1/mA2 at 0 and 500C respectively. The spectral resolution of  
~0.01 cm-1 was demonstrated with the CO2 P(16) and CO P(4) 
absorption lines (the 3-rd overtone) merged at atmospheric pressure 
and resolved at reduced pressures. Two strong absorption lines of 
ammonia were recorded near 1512 and 1514 nm, and interference 
between ammonia and water vapour was analysed to choose the 
line most suitable for open path detection of ammonia with the 
1512-nm laser. Minimum detectable absorbances of ~ 10-4 and 10-
5 were reached with direct absorption and wavelength-modulation 
techniques respectively. Measurements strategies and the 
architecture of compact BTJ-VCSEL-based gas sensors for open 
path detection of CO, CO2, H2S, NH3 and CH4 will be discussed. 

 
(256) Direct Detection and Identification of Bioweapons Nucleic 

Acids Based on Cationic Polymers 
Sébastien Dubus1, Jean-François Gravel1, Boris Le Drogoff2, 

Teodor Veres2, Denis Boudreau1; 1COPL and Dept. Chemistry, 
Laval U.; 2Industrial Mat. Inst., NRC 

Current detection technologies of biothreat agent nucleic acids rely 
on prior amplification, a time-consuming critical step sensitive to 
inhibitors present in the sample, and prone to false positive results, 
due to cross contamination of reagents or laboratory infrastructures.  
A revolution in the field will occur when low-cost portable devices 
capable of real-time detection and identification of nucleic acids 
without prior amplification will become available. This 
contribution will present results from our development of such a 
sensitive, rapid, and compact technology.  Our approach is based 
on the rapid and selective capture and preconcentration of the 
targets nucleic acids on probe-functionalized magnetic microbeads 
followed by real-time optical detection using a cationic polymer 
acting as an optical transducer of the probe-target hybridization 
event. This technique allows the detection of minute amounts of 
biothreat-specific DNA material in less than one hour and without 
any chemical reaction.  This novel and simple technology should 
therefore enable on-site, rapid detection and identification of 
potential bioweapons for first responders and public health 
providers, and provide better capabilities for medical triage 
procedures. 
 

(257) Investigation of an Intrinsic Photonic Amplification 
Mechanism used for the Ultrasensitive and Sequence-Specific 

Detection of DNA Material 
Kim Doré1, Hoang-Anh Ho2, Mario Leclerc2, Denis Boudreau1; 

1COPL and Dept. Chemistry, Laval U.; 2CERSIM and Dept. 
Chemistry, Laval University 

The interest for simple yet robust tools for the rapid detection of 
genetic or infectious diseases, via the transduction of hybridization 
of specific sequences of their genome, has grown tremendously in 
recent years. In particular, rapid detection is essential in order to 
accurately diagnose pathogenic diseases at the first stages of an 
infection. All biosensors developed up to now need either chemical 
modification of the analyte, complex instrumentation, or both. We 
present herein recent results on the development of a simple, 
ultrasensitive and sequence-specific DNA sensor based on simple 
electrostatic interactions between a cationic polymeric optical  
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transducer and a fluorescently tagged negatively-charged nucleic 
acid probe. The intrinsic photonic amplification mechanism is 
based on a fluorescence energy transfer between the polymeric 
transducer and the fluorophore attached to the DNA probe, within 
aggregates formed of several thousand polymer-DNA complexes. 
We will show how this amplification mechanism can easily detect 
as little as 20 double-strand DNA copies in 3 mL in the presence of 
the entire human genome, in only 5 minutes and without the need 
for prior amplification of the target. Furthermore, we will show 
how the use of this sensor in pure water at 65 C allows to 
distinguish a single nucleotide polymorphism at similar 
concentration levels. Finally, we will present results from the 
investigation of this amplification mechanism by aggregate size 
determination and phase-resolved fluorescence. 
 
(258) Interferometric Sensor for Monitoring Our Environment 
Daniel Campbell, David  Gottfried, Jie Xu, Janet Cobb-Sullivan; 

1Georgia Tech Research Institute 
The Georgia Tech Research Institute has developed an 
interferometric optical sensor capable of detecting a wide variety of 
chemical and biological species.  The sensor is fast, highly 
sensitive and provides a direct measurement with no additional 
steps or consumable reagents.  Many of the sensor’s components 
are inexpensive and off-the-shelf including a laser diode light 
source and CCD detector.  At the heart of the device is a planar 
optical waveguide interferometer that has evanescent fields 
sensitive to index of refraction changes in the volume immediately 
above (up to 5000 Å) the surface.  Placing a chemically sensitive 
film within this region provides the basis for the sensor response.  
To measure this response, a reference beam, adjacent to the sensing 
beam, is optically combined with the sensing beam creating an 
interference pattern of alternating dark and light fringes that is 
imaged on a detector.  When a chemical or biological interaction 
occurs in the sensing arm the interference pattern shifts producing a 
sinusoidal output that is converted to total phase change using a 
Fourier transform algorithm.  Currently the integrated optic 
waveguide platform consists of up to eight interferometers or 
sensors on a 1x2-cm glass substrate.  A different sensing film can 
be deposited on each channel allowing for multiple analyte sensing 
or for cancellation of interferents. Chemistries have been developed 
for a wide variety of chemical and biological species including 
aromatic and chlorinated solvents, ammonia, chemical warfare 
simulants to biologicals such as proteins, salmonella, 
campylobacter, ricin and Anthrax. Limits of detection range from 
the low ppb for the small molecules to 1000 cfu/ml for the whole 
organisms.  Software along with calibration indicates what and how 
much of the chemical or biological is present.  The sensor can be 
adapted to a wide variety of applications to monitor chemical and 
biological analytes in either air or liquid environments.  
 

(259) Validating a Chemometric System 
James Duckworth1, Scot Ellis1, Garry Ritter1; 1Thermo Electron 

Corp. 
Due to their numerous benefits over other analytical methods, 
vibrational spectroscopy and chemometric methods are 
increasingly being used for routine analyses.  Advances in robust 
instruments, calibration transfer, reliable computers and software 
capabilities have lowered the barriers to wider implementation.  A 
good part of this growth is coming from applications in regulated 
industries and business functions such as manufacturing QA for 
pharmaceuticals.  Chemometric algorithms and software are a key 
component to the success of these applications, and are part of the 
overall system that must be validated in order to meet regulatory 
requirements.  However, much of the software available for these 
applications operates as a “black box” leaving users with the task of 
either trusting the output, or performing time consuming and  

expensive tests to validate the system.  This talk will examine a 
fully traceable design-to-delivery approach developed for 
validating a commercial chemometrics software package.  It will 
cover algorithm selection, development of internal and external 
validation checks, standard methods and data sets, as well as 
accuracy and reproducibility checks. 
 

(260) Applying Self-Modeling Mixture Analysis to Simplify 
Vibrational Interpretations 

Michel Hachey1, Michael Boruta1; 1Advanced Chemisitry 
Development, Inc. 

With the rising popularity of in-situ real time reaction monitoring 
equipment, it is becoming more common for analysts to make 
vibrational interpretations of mixtures. While analysts will usually 
do everything in their power to avoid the infrared spectral 
interpretation of mixtures, it is not practical in this instance to 
depend on sample purification or chromatographic separations.  
And while spectral subtraction approaches are a quick and simple, 
they require prior knowledge of the interfering components which 
can be missing for novel reactions. In absence of such knowledge, 
deconvolution and second derivatives are often used as a last resort 
to help overcome the overlap band problem. However, these latter 
approaches don’t really help correlate spectral features to specific 
components. In this talk, we will discuss how multivariate mixture 
analysis can be applied to simplify vibrational interpretation of 
mixtures by extracting pure component spectral profiles from 
evolving mixtures. 
 

(261) The Implications of the Nyquist Criterion on Optimal 
Data Spacing in Processing NIR Spectra 

David Honigs1; 1Perten Instruments 
The Nyquist criterion applies to many different data recording and 
playback devices including spectrometers.  Briefly and simply 
stated, the Nyquist criterion states that to be reconstructed properly 
a signal must be sampled at at least twice the frequency of that 
signal. NIR grating spectrometers have frequently over-sampled the 
spectrum.  However, newly designed and released commercial 
instruments have taken this level of over-sampling to new 
extremes. In this presentation the effects of over-sampling of the 
spectrum on typical eigenvector / eigenvalue types of calibration 
approaches will be demonstrated.  In the end, no matter how many 
data points represent the spectrum it all comes down to getting the 
20 or fewer basis vectors that span the space correct. 
 
(262) Impact of Signal-to-Noise Ratio on Limits of Detection of 

Multivariate Calibrations 
David Hopkins1, Bertrand Lanher2; 1Applied Chemometrics; 

2Aspectrics 
Calibrations produced using Partial Least Squares Regression 
(PLS) are often used with the expectation that they remove the 
noise from the spectra.  However, little regard is paid to the 
regression coefficient (B) vector. Robust calibrations may be 
produced when the wavelength range is optimized by eliminating 
regions where the spectra are particularly noisy and contribute little 
effective information to the B vector.  The choice between various 
candidate regressions is facilitated by evaluating the root sum of 
the squares of the coefficients (RSSC).  The noise in the spectra has 
a significant impact on the SECV of the calibration set, SEP of the 
test set, and the limit of detection of the calibrations.  Using data 
produced on a new, low noise instrument employing encoded 
photometric MIR measurements (EP-IR), and scans from 2500 to 
5000 nm of solutions made with high analytical accuracy, we can 
demonstrate the ability to achieve low limits of detection with 
spectra of low absorbance noise and excellent wavelength 
accuracy. 
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(263) Quantitative Analysis in Near-Infrared Chemical 
Imaging 

Frederick Koehler1, E. Neil  Lewis1, Linda Kidder1; 1Spectral 
Dimensions 

Infrared chemical imaging integrates infrared optics, a means of 
wavelength selection such as a liquid crystal tunable filter, and an 
infrared focal plane array detector to characterize samples in the 
spectral and spatial dimensions simultaneously.  One of the most 
important goals in the analysis of chemical image data is the 
production of a quantitative chemical map which describes the 
spatial distribution and relative concentration of chemical species 
of interest in the chemical image data set.  This represents a critical 
data reduction step converting large amounts of raw data into 
useful, easily interpreted analytical information in the form of a 
picture. Chemical imaging data sets represent a challenging new 
area for quantitative analysis applications due to the vast numbers 
of samples and spectral channels in each data set.  A variety of 
approaches have been described to compute quantitative results 
with the exceedingly large data sets produced by chemical imaging 
experiments.  Several methods including the use of classification 
methods to generate a relative abundance determination and the 
application of multivariate image regression will be described in 
the work to be presented in the quantitative analysis of Near-
Infrared reflectance chemical image data. 

 
(264) Process Analytical Technology Applications of 

Chemometrics in Pharmaceutical Manufacturing 
Larry McDermott, Edita  Botonjic, Richard Crocombe, Bob Jenner; 

1Axsun Technologies 
The FDA'S Process Analytical Technologies initiative has resulted 
in the increased application of chemometric based analyzers, 
particularly Near Infrared systems in the pharmaceutical 
development and production fields. For many applications in the 
pharmaceutical manufacturing industry the application of 
chemometrics presents unique challenges and differences from 
applications in traditional areas such as agriculture, food and 
hydrocarbon processing.  The diversity of products produced in 
batch production mode minimizes the opportunity to collect a 
diverse calibration set over time, sometimes creating a challenge 
for model development.  Two unique applications include product 
drying in mixed solvent systems and solids blending.  Some clever 
applications of qualitative and quantitative chemometric modeling 
have been applied to solve these real-world modeling challenges 
and will be discussed and demonstrated. We will also discuss the 
transfer of data from full range FTNIR laboratory systems to a 
novel MEMS based process analyzer. 
 

(265) The Use of a Large-Spot Probe for Accurate 
Quantification of a Degradant in an Intact Tablet by Raman 

Spectroscopy 
Mark Kemper1, Ian Lewis1; 1Kaiser Optical Systems, Inc. 

The objective of this work was to investigate the viability of 
quantitative Raman measurements for pharmaceutical tablets using 
a laser spot size significantly larger than conventional Raman 
instruments. Use a larger spot size should improve the quantitative 
capability of Raman measurements because it interrogates a larger 
portion of the sample. It also enables better sampling 
reproducibility and decreases the chance of sample destruction 
through overheating. The major practical advantage realized is the 
potential to quantify rather low levels of materials. This capability 
has often eluded non-destructive spectroscopic techniques such 
NIR spectroscopy. Use of a larger laser spot has proven successful 
for the quantification of various analytes for three different sets of 
tablets. In one case, a degradant ranging from 0.02% to 1.3% of the 
tablet weight was successfully quantified. In a second case, the 
levels of magnesium stearate, a common tablet excipients was  

successfully quantified in a range from 0 – 7% (w/w) in a set of 
ibuprofen tablets. In another set of tablets, a polymorphic form of 
the active was quantified at levels ranging from 0 – 5% of the tablet 
weight. The limit of quantification in these cases appeared to range 
between about 0.05% and 0.5% depending on the Raman cross-
section of the analyte. This technology has the potential to be used 
for at-line monitoring of product quality attributes during 
pharmaceutical manufacturing. The information that could be 
provided with process measurements fits well with goals outlined 
in the FDA PAT initiative. 
 

(266) Practical Applications of Raman Spectroscopy for 
Process Analysis 

Brian J Marquardt1, Dave Veltkamp1; 1CPAC, University of 
Washington 

The intent of this presentation is to introduce, describe and 
demonstrate the applicability of Raman spectroscopy for process 
analysis.  The technique will be demonstrated for the measurement 
of both solid (powders, pastes, slurries, etc.) and liquid samples 
with emphasis on online measurements in a process environment.  
Raman spectroscopy is fast becoming a useful process analysis tool 
in industry.  This is mainly due to its fundamental advantages over 
more mature analytical spectroscopy techniques such as UV-Vis, 
mid-IR and NIR.  A few of these advantages are that it requires 
little or no sample preparation, it can be carried out in the presence 
of water with minimal interference and the relationship between 
Raman peak intensity and analyte concentration is linear and easily 
calibrated.  Raman however does have some sensitivity limitations 
and issues with fluorescence background signals that must be 
understood and addressed before implementing the technology.  
The challenges to implementing Raman spectroscopy are due 
primarily to understanding and effectively implementing optical 
sampling and data treatment routines rather than with the lasers and 
instrumentation which have been problematic in the past.  These 
issues remain as the major hurdles to the effective application of 
Raman spectroscopy to process analysis.  To address these issues, a 
novel Raman probe and data pretreatment algorithms for online 
process analysis will be described.  These tools have been proven 
effective for a variety of process applications that include dry 
powder-powder mixing efficiency, solvent drying analysis, 
molecular weight determination, polymer characterization, reaction 
monitoring and many others. In this presentation I will demonstrate 
the analytical performance and applicability of Raman as a process 
analytical tool and present case study data and models to emphasize 
the need for effective optical sampling and data pretreatment for 
performing quantitative analysis with Raman. 
 

(267) Applicability of Raman Spectroscopy for Detection and 
Identification of Illicit Materials in Complex Solid Mixtures 

Marc N. Leger1, Alan G. Ryder1, Michael G. Madden2; 1Dept. of 
Chemistry/NCBES, NUI-Galway; 2Dept. Information Technology, 

NUI-Galway 
The detection and identification of illicit materials in complex 
mixtures is of considerable interest to law enforcement agencies.  
Raman spectroscopy is fast becoming a tool of choice for these 
types of forensic analysis, as it allows non-destructive analysis of 
complex solid and liquid mixtures.  This work describes the 
development of a database of Raman spectra of solid and liquid 
compounds collected with a 785 nm laser, with an emphasis on 
compounds of interest for detection of hazardous and illicit 
materials.  Issues of data preprocessing (baseline correction), data 
compression (using wavelet transforms) and database searching 
strategies will be discussed in this work.  In particular, rapid 
detection and identification of various target analytes will be shown 
in this work.  Possibilities of quantification of the target analytes  
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using chemometrics or machine learning techniques will also be 
explored. 
 

(268) Probing Molecular Reactions with a Handheld Raman 
Spectrometer 

Keith Carron1, Rick Cox1; 1DeltaNu, LLC 
Small footprint, portable Raman spectrometers have been defining 
their niche in the last 5 years.  Wireless communications, 
miniaturization of lasers and detectors have assisted in the design 
of hand-held Raman devices.   We will discuss the utility of using 
hand-held Raman spectrometers for Inorganic and Organic reaction 
monitoring.  For example, microwave assisted reactions are very 
popular today.  Raman is an ideal candidate for probing microwave 
assisted reactions.  These reactions are rapid, and occur under small 
volume conditions in quartz tubes.  However, the spectrometer 
must be engineered to fit in a constricted space.  We will provide 
examples of how this embedded Raman spectrometer has been used 
to pinpoint the end point of Suzuki, Heck, and various other 
organic reactions.  Secondly, we will demonstrate the utility of 
using Raman spectroscopy for Inorganic reaction monitoring.  In 
this example, a handheld Raman spectrometer is inserted into a 
controlled atmosphere glove box (“dry box”).  The spectrometer is 
purged, and passed through the airlock of the glove box.  This 
handheld Raman spectrometer communicates wirelessly through 
the glove box, and a trigger mechanism allows the operator to 
manipulate and scan the sample with cumbersome dry box gloves. 

 
(269) Novel Instrumentation for Infrared and Raman 

Spectroscopy for the High Throughput Research in New 
Polymers and Materials 

Anne Leugers1, Tzu-Chi Kuo1, David Neithamer1, Jack Hetzner1, 
Michael Johnson1, Chris  Tucker1; 1The Dow Chemical Company 

Infrared and Raman spectroscopy are powerful, tools for the 
characterization of many materials and have been used extensively 
in the development of new pharmaceuticals.  Discovering or 
developing new polymers, formulations, coatings and many types 
of materials presents different challenges.  Unlike the situation for 
drug discovery, very few commercial instruments developed for 
HT-characterization are amenable to the discovery of new 
polymers and chemical formulations.  The requirements for 
aggressive solvents and high temperatures usually prevent the use 
of many of the tools which have been so successful for 
pharmaceutical research.  Moreover, polymers can be quite 
heterogeneous and generally are tested on the 100’s of milligram to 
10 gram scale in order to obtain truly representative measurements.  
With the emergence of reaction tools for high throughput library 
generation of new materials, new characterization methods are 
being developed that hold considerable promise in speeding the 
process to identify attractive new polymers, new chemistries, and 
new formulations for chemical companies.  This combination of 
synthesis tools and characterization tools allows the development 
of HT-workflows which enable the generation and testing of a large 
number of compounds. One of the major difficulties lies in 
establishing general technologies for rapid and reliable screening of 
libraries.  This paper describes the developments and applications 
of new high throughput instrumentation and arrays to handle the 
unique challenges in HTR of polymers and chemicals. 
 

(270) Rugged Raman Handheld for Chemical Identification 
Kevin Knopp1, Masud Azimi1, Christopher Brown1, Peili Chen1, 

Chih-Cheng Lu1, Christopher Pinzone1, Gregory Vander Rhodes1, 
Peidong Wang1, Leyun Zhu1, Daryoosh Vakhshoori1; 1Ahura 

Corporation 
The rapid identification of potentially hazardous materials such as 
improvised explosive devices, chemical warfare agents, toxic 
industrial chemicals, and white-powders is becoming increasingly  

critical for modern soldiers as well as civilian first responders. 
Currently deployed identification systems are man-portable (>20 
lbs) at-best, and most require actually sampling or handling of the 
material of interest.  Many of these tools are far from the 
ruggedness needed in the field. To address this need, we have 
developed technology for realizing ultra compact optical 
spectroscopy systems which are extremely robust and reliable. We 
have used this technology to construct a handheld chemical 
identifier based in Raman spectroscopy. Raman spectroscopy has 
been validated as a useful tool for rapid identification of chemicals, 
explosives, and narcotics [1] while allowing “line-of-sight’ 
interrogation in air or through clear packaging or containers. 
Unidentified substances can be analyzed directly in glass vials & 
plastic bags; greatly reducing risk to response personnel. Our 
handheld chemical identification system brings together advances 
in ultra compact laser packaging and thin-film filters with state-of-
the-art microfabrication, and chemometric algorithm techniques.  
This culminates in a high spectral performance system with 
unprecedented reliability and accuracy in an extremely compact 
and rugged enclosure. Our handheld Raman system provides a 
spectral resolution of 7-10 cm-1, a range of 250–3000 cm-1, and a 
785 nm source with >350 mW and a linewidth of <2 cm-1 over an 
operating temperature range of -20C to +40C.  The handheld 
weighs <4 lbs, is designed to be waterproof, and passes MIL-STD-
810F tests for mechanical shock, transit drop, mechanical vibration, 
high temperature storage (+60C), low temperature storage (-30C), 
low temperature operation, high temperature operation, thermal 
shock, humidity, immersion, and blowing dust.  Details on this 
achievement will be presented.  [1] BA Eckenrode, et al, Foren. 
Sci. Comm. 3(4), (2001); SD Harvey, et al, Foren. Sci. Int. 125, 12-
21 (2002); D Moore, Rev. Scientific Instruments 75, (8), (2004).  
 

(271) Plasmonics Nanoprobes: New Tools for Molecular 
Diagnostics, Imaging and Therapy 

Tuan Vo-Dinh1; 1Oak Ridge National Laboratory 
Plasmonics refers to the research area of enhanced electromagnetic 
properties of metallic nanostructures. The term plasmonics is 
derived from “plasmons”, which are the quanta associated with 
longitudinal waves propagating in matter through the collective 
motion of large numbers of electrons. Incident light irradiating 
these surfaces excites conduction electrons in the metal, and 
induces excitation of surface plasmons leading to enormous 
electromagnetic enhancement for ultrasensitive detection of 
spectral signatures: surface-enhanced Raman scattering (SERS) and 
surface-enhanced fluorescence (SEF). We describe the 
development of a surface-enhanced Raman scattering (SERS) 
methods for medical application, including (1) biomedical imaging, 
(2) cancer gene detection using plasmonic nanoprobes, and (3) 
nanophototherapy. The technology uses DNA gene probes based on 
SERS labels for gene detection (e.g., “molecular sentinels”).  The 
detection method uses nanostructured metallic substrates as SERS-
active platforms (silver/gold nanoparticles and nanoshells).  The 
surface-enhanced Raman gene (SERGen) probes can be used to 
detect DNA targets via hybridization to DNA sequences 
complementary to these probes.  The probes do not require the use 
of radioactive labels and have great potential to provide both 
sensitivity and selectivity.  The usefulness of the SERGen approach 
and its applications in cancer gene diagnostics (e.g. BRCA1 breast 
cancer gene, and BAX gene) is discussed. The plasmonics 
nanoprobe system could offer a unique combination of 
performance capabilities and analytical features of merit. 
Furthermore, the probes offer the excellent specificity inherent in 
Raman spectroscopy, especially when compared to other sensitive 
spectroscopic techniques such as fluorescence.  Potentially, dozens 
to hundreds of different plasmonics probes could be constructed 
and used to simultaneously probe several DNA sequences of  
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interest (label multiplexing), thus decreasing the time and cost for 
gene detection, DNA mapping and ultra-high throughput screening. 
 
(272) UV Raman Probing of the Reaction Coordinate in Protein 

Folding and in the Volume Phase Transition of N-
Isopropylacrylamide Nanogel Particles 
Sanford Asher; 1University of Pittsburgh 

We developed a powerful method to follow the evolution of 
secondary structure in the amide peptide bonds of peptides and 
proteins.  UV Raman excitation into these ~200 nm electronic 
transitions results in the enhancement of the amide vibrations of the 
peptide backbone. In our most recent studies we reassigned the 
amide III region and found a particular band (the amide III3 band) 
which reports selectively on the Ramachandran ¥× angle and the 
state of peptide bond hydrogen bonding.  We demonstrate that this 
band is Raman scattered independently by each peptide bond with 
insignificant coupling between peptide bonds.  We also show that 
isotope editing of a peptide bond (by replacing the C¥á-H with 
C¥á-D allows us to determine the frequency of an individual 
peptide bond within a peptide or protein which gives us its ¥× 
angle.  Consideration of the Boltzmann equilibria allows us to 
determine the ¥× angle energy landscape which connects secondary 
structure conformations.  The ¥× angle coordinate is the most 
important reaction coordinate required to enable the understanding 
of the mechanism(s) of protein folding.  We used these new 
spectral correlations to examine the mechanism of the volume 
phase transition in nanoparticles of poly-N-isopropylacrylamide 
that undergoes a thermally driven volume phase transition from a 
swollen state at ~10 ºC to a collapsed state at ~40 ºC.  This volume 
phase transition is analogous to the cold denaturation phenomenon 
of proteins. 
 

(273) Raman Studies of Electron-Phonon Coupling in Single-
Walled Carbon Nanotubes 

Stephen Doorn1, Satishkumar Chikkannanavar1, Andy Shreve1, 
Erik Haroz1, Serguei Goupalov1; 1Los Alamos National Laboratory 
Significant chirality effects on nanotube Raman intensities have 
recently been observed.  We present resonance Raman excitation 
data that demonstrates a strong chirality dependence in radial 
breathing mode (RBM) intensities. For excitation in the second van 
Hove region, intensities for (n-m)mod 3 = 2 chiralities are 
significantly more intense than for (n-m)mod 3 = 1.  This 
dependence is found to reverse on going to first van Hove 
excitation.  First vs. second van Hove intensities are presented and 
discussed for a number of different chiralities.  This behavior is 
found to arise due to differences in the electron-phonon coupling 
elements dependent on the different (n,m) branches and adds to the 
growing body of optical phenomena that display these types of 
chirality effects. We perform an analysis of RBM overtone 
intensities to quantify the coupling elements. These results will be 
discussed in terms of their consequences for other nanotube optical 
phenomena, sample characterization, and chirality assignment. 
 
(274) Environmental effects on the optical transition energies in 

single wall carbon nanotubes 
Anna Swan1, Yan Yin1, Stephen Cronin, Andrew Walsh1, Bennett 

Goldberg1, Rodrigo Carpaz3, Catalin Spataru4, Paul Tagney4, 
Marvin  Cohen4, Steven Louie4; 1Boston University; 2Harvard 

University; 3Universidade Federal do Rio de Janeiro; 4University of 
California, Berkeley 

We have studied optical resonance energies of single wall carbon 
nanotubes suspended in air using resonant Raman scattering. 
Individual SWNTs are grown across trenches etched in quartz 
substrates to eliminate effects of interaction with the substrate, 
surfactant molecules or other nanotubes.  Comparisons of our 
results with results from nanotubes in a surfactant solution show  

that tubes in solution are blue-shifted 70-90 meV compared to 
nanotubes in air. We ascribe this shift to the increased dielectric 
constant in solution. The blue-shift demonstrates that the exciton 
binding energy is more strongly screened by the surrounding 
dielectric than the bandgap renormalization energy. We have also 
studied the temperature dependence from -160C to 300 C of the 
optical transition energies of suspended nanotubes.  As the 
temperature is increased the optical resonance is observed to shift 
down in energy for all measured tubes, by as much as 50 meV.  We 
find that the dominant contribution to the change in energy comes 
from the temperature dependent electron-phonon coupling and that 
the thermal lattice expansion can be ignored. 
 
(275) Ultrasensitive Molecular Sensing Based on Optical Fibers 

and SERS Using Novel Gold Metal Nanoparticle Aggregates 
Jin Zhang1, Adam Schwartzberg1, Tanmy Oshiro1, Yi Zhang1, 

Claire Gu1; 1Univ. of California Santa Cruz 
A unique gold nanoparticle aggregate (GNA) system has been 
shown to be an excellent substrate for surface-enhanced Raman 
scattering (SERS) applications.  Rhodamine 6G (R6G), a common 
molecule used for testing SERS activity on silver but generally 
difficult to detect on gold substrates, has been found to readily bind 
to the GNA and exhibit strong SERS activity due to the unique 
surface chemistry afforded by sulfur species on the surface.  This 
GNA system has yielded a large SERS enhancement of 107-109 in 
bulk solution for R6G, on par with or greater than any previously 
reported gold SERS substrate.  SERS activity has also been 
successfully demonstrated for several biological molecules 
including adenine, L-cysteine, L-lysine, and L-histidine for the first 
time on a gold SERS substrate, showing the potential of this GNA 
as a convenient and powerful SERS substrate for biomolecular 
detection.  In addition, SERS spectrum of R6G on single 
aggregates has been measured.  The special surface properties of 
the GNA, in conjunction with strong near IR absorption, make it 
useful for SERS analysis of a wide variety of molecules, including 
antibody proteins and other cancer biomarkers such as LPA. We 
have demonstrated detectability of a few hundred molecules with 
R6G on single GNA. The technique has the potential of detecting 
single molecules. In addition, this GNA system can be conveniently 
coupled with optical fiber to develop a compact, inexpensive, 
ultrasensitive, and molecule-specific sensor.  Fiber SERS sensors 
show great potential for in vivo and in vitro detection, however, 
current probes based on end polished fibers suffer from small 
signal due to their small active region. To overcome this, we 
demonstrate a D-shaped fiber configuration to increase the 
detection area.  Several orders of magnitude increase in surface 
area leads to substantially more detectable Raman scattered 
photons than those in end tip configurations.  The SERS sensor 
based on D-shaped fibers has been demonstrated, for the first time, 
with excellent results using R6G.  It is potentially possible to 
combine multiple fibers for molecular imaging or simultaneous 
multiple detection of chemical and biological samples. 
 

(276) Low Temperature, Photoluminescence and 
Photoluminescence Excitation Studies of Individual Carbon 

Nanotubes 
Han Htoon; 1Los Alamos National Laboratory 

Semiconducting, single-walled carbon nanotubes are nanoscale, 
near-infrared light emitters that have great potential for a wide 
variety of optoelectronic applications.  A detail understanding of 
fundamental photophysics of nanotubes is essential to fully exploit 
this potential. To address the nature of fundamental 
photoexcitations in nanotubes, we perform for the first time low-
temperature, photoluminescence (PL) and PL excitation (PLE) 
studies at the single-nanotube level. In our PL spectra, we observed 
two types of features. Some of the nanotubes show sharp (sub-meV  
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to a few meV linewidths), symmetric spectral lines that can be 
attributed to on-dimensional (1D) excitons.  On the other hand, we 
also detect broad (> 6meV linewidths), asymmetric peaks that show 
strong thermal broadening on their high-energy sides. The spectral 
shape as well as the unusual temperature dependence of these peaks 
can be explained in terms of the Fermi-edge-singularity effect that 
arises from many-body interactions of photoexcited carriers with 
pre-existing population of carriers introduced into nanotubes at the 
preparation stage (unintentional doping). Our PLE spectra, in 
addition to features due to a direct excitation to the second 
electronic transition, exhibit a number of strong phonon-assisted 
transitions involving the excitation of one or more phonon modes 
together with the first electronic state. Surprisingly, the phonon 
replicas are as intense as the zero-phonon transition associated with 
the second electronic state. In contrast to a small width of emission 
lines, most of the PLE features are characterized by tens of meV 
linewidths indicating significant lifetime broadening induced by 
inelastic electron-phonon scattering. All of these observations 
suggest that strong electron-phonon coupling gives rise to a 
significantly more complex structure of nanotube absorption 
spectra than it is assumed in a simple picture of optical transitions 
dominated by singularities in the 1D energy spectrum. 
 
 (277) How Raman Instrument and Experiment Artifacts Affect 

PLS-Model Performance 
Gerwin  Puppels1, Rolf  Wolthuis1, Tom Bakker Schut1; 1Erasmus-

university Medical Center Rotterdam 
PLS is a well known technique for determination of concentrations 
of specific compounds of interest in a matrix of unknowns. It is 
often applied to extract concentration information from Raman 
spectra. It is generally known that good quality spectra are 
desirable and that the data set used to create the PLS-model should 
adequately represent the type of samples to which it will be 
applied. However, are these the factors that limit the performance 
of a PLS-model? As part of a study aimed at quantitative 
determination of the concentration of blood constituents, we have 
investigated how experimental and instrumental artifacts can affect 
the performance of PLS-models. This was done by means of 
simulations and experiments, which will be discussed in the 
presentation, and which showed that these artifacts, even if they are 
(very) small, can have a significant effect on the root mean square 
error of prediction (RMSEP) and therefore deserve a great deal of 
attention. 
 
(278) Future Possibilities in Urological Diagnosis of Malignancy 

Using Raman Spectroscopy 
Nicholas Stone1, Consuelo Hart Preito1, Matthjis Grimbergen3, 

Jeremy Uff1, Pavel Matousek2, Alastair Ritchie1; 1Gloucestershire 
Royal Hospital; 2Rutherford Appleton Laboratory; 3University 

Medical Centre Utrecht 
One in three people in the UK will be struck down by cancer in 
their lifetime. As the mean age of the population increases; due to 
improvements in diet and medical treatments for the traditional 
killers such as cardio-vascular disease; the number of people 
affected will increase. Most cancers need not be killers if they can 
be exposed at an early stage to the wide range of improving 
treatments. The primary requirement for successful treatment of 
any malignancy is early detection. Two of the most significant 
cancers are found in the bladders and prostate. This paper will 
outline recent advances in Raman spectroscopy to enhance the 
understanding of the disease processes within these organs and to 
potentially enhance the detection and diagnosis of early lesions. An 
attempt to provide information on the origins of the complex 
Raman spectra will be made. 
 

(279) Raman Spectroscopy of Oral Bacteria 
Andrew Berger1, Qingyuan Zhu1, Robert Quivey1; 1University of 

Rochester 
In the field of oral microbiology, researchers study the growth of 
oral bacteria under various conditions to learn about competitive 
mechanisms between species.  Such experiments require the ability 
to identify and quantify bacteria in, for example, plaque samples.  
We have conducted a series of experiments testing Raman 
spectroscopy as an alternative to traditional agar-based methods of 
analyzing bacteria.  As has been reported for other bacterial 
ensembles, we find that key oral bacteria can be classified reliably 
on the basis of their Raman spectra.  Specific Raman peaks are 
shown to provide good discrimination without reliance upon 
multivariate data reduction.  The classifications appear robust 
against growth phase and subspecies variations.  Also, we 
demonstrate that relative bacterial concentrations in 3-species 
mixtures can be determined via the spectroscopic approach, again 
with a direct peak-based interpretation.  The relative accuracy of 5-
7% would be sufficient, in clinical plaque specimens, for 
identifying samples with high levels of caries-inducing bacteria. 
 

(280) Multi-Modal Approaches to optical Disease Diagnosis 
Anita Mahadevan-Jansen1, Chad Lieber2, David Dickensheets3, 
Steve Gebhart1, Reid Thompson1, Wei-Chiang Lin4; 1Vanderbilt 

University; 2University of California, Davis; 3Montana State 
University; 4Florida International University 

In the last 2 decades of evaluating the potential of optical methods 
for disease diagnosis, many investigators have recognized the 
limitation of any one modality alone in achieving complete disease 
detection. As a result, more and more researchers have begun to 
investigate the use of multiple optical modalities to yield an 
effective instrument for rapid, in vivo, minimally invasive 
diagnosis of disease by combining complementary features of key 
modalities. In our lab, we have combined state-of-the art point-
sensing and imaging capabilities with powerful molecular 
spectroscopic techniques to diagnose early physiological and 
molecular markers of cancer. Here we present two examples of 
such research. By combining confocal imaging with confocal 
Raman microscopy, we obtain morphologic images with specific 
biochemical information from suspicious locations for the 
diagnosis of skin lesions in vivo. By combining fluorescence and 
diffuse reflectance spectroscopy, we obtain tumor demarcation in 
brain tumor resection, where the diffuse reflectance allows us to 
account for the bloody nature of the operating field. Thus by proper 
selection of modalities specific to a given applications, it is possible 
to enhance performance of optical methods in a clinical setting.   
 

(281) Raman Microscopy Probes Structure and Function of 
Musculoskeletal Tissues 

Michael D. Morris, Victoria Popescu, William F.Finney; 
1University of Michigan 

We will discuss recent progress in study of structure/function 
relations in musculoskeletal tissues. We have developed techniques 
for following bone tissue mineralization in vitro over an extended 
period. Studies of the development of the osteogenic front of 
murine calvarial tissue reveals presence of unstable precursor 
phases to the apatitic lattice of bone mineral. Bone tissue is a 
structural material that responds to normal physiological and 
traumatic mechanical loading at every level of architecture from 
chemical structure to whole bone. Much is known about the 
structure and response at the levels of ultrastructure and above, but 
there is less information available about response at the chemical 
structure level. Using Raman microscopy we will show how the 
tissue responds to normal and traumatic load and how it fails under 
load. For these studies we have developed a miniaturized dynamic 
mechanical tester designed for operation on the stage of a Raman  
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microprobe and constructed with provision for maintaining tissue 
hydration and pretreatments that minimize autofluorescence under 
green laser illumination. We will also discuss extensions of the 
Raman-based techniques to cartilage, a related tissue that provides 
different experimental challenges. 
 
(282) Combining OCT and polarized Raman Spectroscopy for 

Detection of Early Dental Decay. 
Lin-P'ing Choo-Smith1,2, Alex Ko1, Mark Hewko1, Cecilia Dong2, 

Blaine Cleghorn3, Michael Sowa1; 1NRC Institute for 
Biodiagnostics; 2University of Manitoba; 3Dalhousie University 

To restore or not to restore. This is the clinical question facing 
dentists when dental carious lesions are discovered. Dental caries 
(i.e. dental decay) arise from destruction via demineralization of the 
tooth’s surface by acid-forming bacteria found in dental plaques. 
The early carious lesion appears as a white spot and is difficult to 
detect with current clinical techniques. For the most part, these 
early lesions confined to the dental enamel can be remineralized 
without the need for surgical restorative procedures such as drilling 
and filling. By using a multi-modal approach combining optical 
coherence tomography (OCT) and Raman spectroscopy, early 
carious lesions were examined. The OCT images demonstrate 
increased light back-scattered intensity and deeper penetration of 
the OCT signal at sites of early lesions compared to sound enamel. 
Polarized Raman spectroscopy of unsectioned teeth indicates that 
the intensity of the phosphate (PO4

3-) ν1 symmetric vibration of 
hydroxyapatite (~961 cm-1) is reduced when comparing cross-
polarized with parallel-polarized Raman measurements. The peak  
intensity reduction is more prominent in sound enamel compared to 
carious enamel with the depolarization ratio offering a means to 
rapidly distinguish sound from early carious sites. The combination 
of the morphological detail obtained from OCT and the 
biochemical and molecular structural information gained from 
polarized Raman spectroscopy suggest that this multi-modal 
method has potential to offer dentists with a new tool for detection 
and monitoring of early dental carious sites. 
 

(283) Remote Access Instrumentation for Undergraduate 
Research 

Fred Lytle1, Gabriela Weaver1, Debora Steffen1, Phillip Wyss1, 
Marguerite Kelly1, John Campbell1; 1Purdue University 

The Center for Authentic Science Practice in Education (CASPiE) 
is a consortium of schools introducing a research experience into 
undergraduate course laboratories.  As part of this effort a 
measurement laboratory has been created with research-quality 
instrumentation mated with autosamplers to facilitate high sample 
throughput.  All instrumentation will also be capable of remote 
access so that experienced students will be able to collect their own 
data outside normal laboratory hours.  For remote data processing 
we are using Citrix MetaFrame Presentation Server software to 
broker simultaneous users.  We are also making each instrument 
computer a Citrix server to enable remote operation while 
preventing student access to the computer desktop. This lecture will 
focus on procedures used for authentication, authorization and 
scheduling. 
 
(284) Dynamics and Reactivity of Surface-Bound Spectroscopic 

Probes 
Gary Blanchard1, Monika Dominska1; 1Michigan State University 

We have synthesized and characterized a family of self-assembled 
monolayers containing pyrene derivatives on gold and indium-
doped tin oxide (ITO) substrates.  The covalently bound pyrene 
functionalities serve as either spectroscopic or electrochemical 
probes of their immediate environment, and we explore their 
electrochemical response.  When these compounds are the only 
constituents bound to the interfaces, the molecules enjoy significant  

structural freedom.  The addition of aliphatic adsorbates to the 
interfaces serves to place the pyrene derivatives in a more restricted 
environment.  Cyclic voltammetry shows that the organization of a 
monolayer with pyrene derivatives, and the position of terminal 
pyrene ring within such monolayer, depend sensitively on the 
length of the pyrene tether and the presence or absence of aliphatic 
interfacial species, as well as the identity of the substrate.  We 
compare our electrochemical results to spectroscopic data for the 
same probes bound to silica.  The chromophores are sensitive to the 
identity of the solvent overlayer, with the solvent playing a 
significant role in the organization of the surface-bound 
monolayers.  We discuss our findings in the context of the known 
polarity-dependence of the pyrene emission spectrum and find that 
the motional freedom of the chromophores varies with both the 
monolayer composition and the identity of the solvent overlayer.  
Our data point to the importance of neighbor-neighbor interactions 
within the monolayer structures in mediating the motional freedom 
of the tethered pyrene chromophores. 
 
(285) Recent Advances in Measuring Molecular Structure and 

Adsorption at Liquid Surfaces with Vibrational Sum 
Frequency Spectroscopy 

Geraldine Richmond; 1University of Oregon 
Some of the most important chemical, physical and biological 
processes in our everyday lives occur at liquid surfaces. Making 
advances in our understanding of these processes requires a 
fundamental knowledge of the inherent molecular structure and 
bonding of these surfaces and how these properties are altered by 
the presence of adsorbates.  Similarly, knowing the molecular 
bonding and orientation of adsorbates at these surfaces and how the 
composition of the liquid phase enhances or diminishes this 
adsorption is equally desirable.  In the studies to be presented in 
this symposium I will describe our most recent results in which we 
explore the structure and bonding that occurs at aqueous interfaces 
and the bonding and orientation of various ionic and molecular 
adsorbates at these surfaces.  Our studies involve a combination of 
experimental techniques including VSFS, IR and Raman 
spectroscopy and surface tension, and molecular dynamic 
simulations 
 
(286) A Meaningful Protocol for Testing the Silanol Activity of 

HPLC Columns 
Brian Bidlingmeyer1, Nona Martonoe1; 1Agilent Technologies, Inc 
A great deal of debate evolves around the testing of residual silanol 
activity in reversed-phase silica-based HPLC columns.  Many 
testing protocols exist but, unfortunately, there is no universally 
agreed-upon, accepted testing procedure. Because of this, several 
additional issues cloud the understanding and interpretation of the 
results from the multitude of tests. First, each report views a limited 
number of compounds and second, chromatographic effects appear 
to be dependent upon the probe molecule.  All of this contributes to 
a situation where a true comparison of all reversed-phase columns 
is virtually impossible (1).An evaluation of various column-testing 
protocols in our laboratory suggests an overlooked variable that 
needs to be investigated in order to make testing more meaningful.  
We initially observed this when using the test and test mixture 
available from the National Institute of Standards and Technology 
(NIST).  From this initial investigation, it became clear that one 
could make a particular column look good or bad depending upon 
the value of the variable chosen.  From this work, a variation of the 
testing protocol was evaluated which resulted in having a broader 
view of the column’s performance.  While it is not professed that 
the protocol proposed in this presentation is “the best,” it will serve 
to illustrate how one could make testing more meaningful for an 
individual application and for different laboratories. 1) J. 
Narwrocki,  J. Chromatogr. A, 779 (1997) 29. 
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(287) Imaging Microheterogeneous Polarities and Adsorption 
Sites in Porous Silica with Confocal Fluorescence Microscopy 

M. Lei  Geng1, Zhenming Zhong1, Mark Lowry1, Reygan Freeney1, 
Chet Duda1; 1University of Iowa 

Mesoporous materials widely used in chemical seprations and 
catalysis are by nature microheterogeneous. Their structural 
inhomogeneity can greatly impact their function. In 
chromatography, two factors that degrade separation performance 
are peak tailing and band broadening. It is known that adsorption 
events are responsible for peak tailing, although futher information 
is needed on the nature of the adsorption sites. Microscopic origins 
of band broadening are still unclear and difficult to observe 
experimentally. Confocal fluorescence microscopy, with its 
remarkable sensitivity and spatial resolution, is an excellent source 
of information on the spatial distribution of physicochemical 
properties in these materials. In this talk, we will discuss 
quantitative confocal imaging of porous silica modified with C18. 
The polarity in silica particles is probed with ratiometric imaging  
on the ensemble level and shows a fairly homogeneous Gaussian 
distribution within each particle, but a high degree of heterogeneity 
from particle to particle. This microheterogeneous polarity of the 
silica could be partially responsible for band broadening in 
chromatography. Single molecule imaging and fluorescence 
correlation spectroscopy reveal an omnipresence of adsorption sites 
throughout the silica particle, with a wide range of desorption times 
spanning from milliseconds to seconds. Interestingly, the 
adsorption sites display very diverse polarities. The high polarity 
sites are consistent with exposed silanol groups on unmodified bare 
silica. The lowest polarity observed is consistent with a 
hydrocarbon microenvironment, indicating possibility of solute 
adsorption to the hydrocarbon chains. 
 

(288) Quantitative Analysis of Interfacial Populations at the 
Single-Molecule Level 

Joel Harris1, Joshua Wayment1, Peder Brakke; 1University of Utah 
The accurate determination of populations of molecules at 
liquid/solid interfaces is a challenging measurement problem in 
chemical analysis.  Quantitative information on interfacial 
molecular populations is needed to understand and control a variety 
of processes including adsorption, chromatographic separations, 
heterogeneous catalysis, and reactions with surface-bound ligands.  
As the sensitivity of fluorescence measurements has reached the 
single-molecule level, the quantitative analysis of interfacial 
populations no longer relies on standardizing the signal amplitude 
but can be based on counting discrete molecular events at a surface.  
While single-molecule imaging has produced spectacular results in 
terms of characterizing small populations of molecules, results are 
not usually interpreted on a quantitative basis due to the significant 
challenge of preparing standard samples having known surface 
molecular concentrations.  To address this challenge, two 
approaches to generating controlled surface concentrations of 
molecules are described in this work.  First, quantitative deposition 
of molecules at small fractional monolayer coverage onto surfaces 
is accomplished by withdrawing a substrate from a solution of 
known concentration.  Withdrawal of a substrate from a solution 
leaves a thin film of the solution on the surface, the thickness of 
which can be predicted from theory.  Using this technique, 
quantitative deposition of dye molecules onto a glass substrate is 
achieved at very low surface concentrations, and these small 
surface populations can be counted by single-molecule 
fluorescence microscopy.  While this approach is suitable for 
generating controlled surface populations, the deposited molecules 
are not bound to the surface and not suitable for studying reactions 
at liquid/solid interfaces.  For these studies, a second approach to 
producing controlled concentrations of immobilized ligands was 
developed by incorporation of a small concentration of reactive  

silane molecules into a much larger population of diluent silanes, 
followed by cross linking of the mixed film to produce reactive 
sites spaced by um distances.  Small haptens were bound to these 
sites and used for imaging binding and unbinding events by labeled 
antibodies to specific ligands on the surface.  Binding isotherms 
and equilibrium constants can be determined without 
standardization of the fluorescence response.  Rate constants for 
unbinding and binding can be determined directly from histograms 
of on-off times in the fluorescence image.  The experiment is 
massively parallel where hundreds of reactive sites undergo many 
reactions in a single observation. 
 

(289) Projection Methods and PAT 
Theodora Kourti1; 1McMAster Univerity 

The paper discusses the important role that multivariate statistical 
projection methods may play in the FDA initiative on Process 
Analytical Technology (PAT).  The last 15 years several industries 
(food, manufacturing, petrochemical, polymer) adopted these 
methods and managed to achieve (and exceed) the goals described 
by PAT.  The methods were used to analyze large data bases 
collected in industry on process and quality data.  They have been 
successfully utilized for process analysis, understanding, 
troubleshooting, multivariate statistical process control (MSPC) 
and fault detection and isolation. With MSPC one can monitor the 
wellness of the process and product, by looking simultaneously at 
hundred of variables collected in real time.  By doing this one 
ensures not only acceptable end product quality at the completion 
of the process as defined by the FDA, but at the same time 
continuously monitors the wellness of the process itself.  MSPC 
will detect events such as thermocouple and analyzer failures, pipe 
plugging and other unforeseen disturbances that may not affect the 
quality of the next two or three runs (and therefore not will not be 
detected early by monitoring product quality only) but may have 
catastrophic effects if action is not taken. The challenges that 
practitioners will face when implementing PAT and multivariate 
analysis concepts in the Pharmaceutical Industry will be discussed 
in detail. 
 

(290) Characteristics of Validatable PAT Applications 
Paul Gemperline1; 1East Carolina University 

Validation of process analytical technologies (PAT) is an important 
issue that must be dealt with in the highly regulated pharmaceutical 
industry.  Often, inexperienced practitioners in this field find the 
utilization of chemometrics confusing and view it as a method that 
can be easily manipulated to produce favorable results by 
unscrupulous operators.  Nothing could be further from the truth.  
In this paper, a holistic view of validation is espoused rather than 
focusing on the “chemometric” aspects of PAT methods.  This 
holistic view of validation requires 1) signals or measurements 
relevant to the property of interest, 2) a reproducible means of 
sample presentation, 3) a well maintained, validated instrument 
system, 4) representative training data, 5) appropriate methods of 
data pretreatment, 6) appropriate mathematical models with 
safeguards against over-fitting, and 7) a representative suite of test 
or validation data that demonstrates each of the above 6 
characteristics are present.  A detailed presentation of each of these 
items will be presented in this paper. 
 

(291) Chemometrics Problems in Applying Partial Least 
Squares Regression to Drug Development and Strategies for 

Building Valid and Robust Models 
Husheng Yang; 1AstraZeneca Pharmaceuticals 

Chemometrics is a competitive tool for solving many problems 
found in pharmaceutical development because of the multivariate 
nature of the problems. However, a good data set in drug 
development is often difficult to obtain due to the high cost of  
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development batch manufacturing and the limited supply of active 
pharmaceutical ingredients.  The limitation in the size of the data 
set combined with its unique structure can provide a serious 
challenge to chemometrics applications. Partial Least Square 
regression or Projection to Latent Structures (PLS) is one of the 
most commonly used multivariate calibration methods and has 
been implemented in almost every chemometrics software package.  
PLS is usually the primary choice for many calibration problems 
and building a PLS calibration with the assistance of a good 
software package is generally a straightforward procedure.  
However, if precautions are not taken when using PLS misleading 
results could be easily obtained.  For example, we have seen a 
situation where the PLS model has passed all the validations of the 
software but the prediction made by the model was far too 
optimistic.  In this work we created several synthetic data sets 
based on our analysis on several drug development applications 
where PLS failed to give satisfactory results.  The synthetic data 
sets were then used to build various PLS models to find out the 
reasons why the models failed and the results of the study were 
used as guidelines for building valid and robust models for drug 
development. 
 

(292) ICP-MS:  Status and Future 
R. S. Houk1, J. W. Ferguson1, C. Gross1, M. D. Porter1, S.  Lorge1; 

1Ames Laboratory USDOE 
The general status of ICP-MS will be addressed. The results of new 
experiments in the following areas will be presented: Identification  
of polyatomic ions from accurate mass measurements, isotopic 
substitution, and theoretical calculation of their fundamental 
properties. Further deduction of the origins of such ions from 
measurement of the gas kinetic temperature corresponding to their 
abundance. Depth-resolved quantitative elemental analysis by 
controlled dissolution techniques. Improving blanks by 
electrochemically-modulated liquid chromatography.  
 

(293) Ion-Molecule Reactions to Overcome Spectral Overlaps 
in ICP-MS 

John Olesik1, Deanna Jones1, Brandon Henderson1; 1The Ohio 
State University 

Spectral overlaps remain as a practical limitation for ICP-MS.  
While elements other than In have at least one isotope that does not 
suffer from a potential overlap with another elemental ion, 
molecular ions, most of which are produced in the plasma, are a 
common source of spectral overlaps. Ion-molecule reactions can 
provide a highly efficient, selective means of “chemical resolution” 
to overcome spectral overlaps in ICP-MS, complementary to use of 
high mass spectral resolution.  The basic concepts for effective use 
of ion-molecule reactions to: (1) remove the spectral overlap ion or 
(2) produce a new analyte containing molecular ion will be 
reviewed.  Ion-molecule reaction chemistry of some commonly 
used reaction gases with elemental ions throughout the periodic 
table will be discussed.  Reactions with molecular ions and doubly 
charged ions will also be considered.  The effectiveness of a 
quadrupole reaction cell to prevent undesired reactions from 
occurring by rejecting reactant ions from the cell will be assessed.   
Considerations for choosing a reaction gas including relative 
reaction kinetics and the decrease in analyte ion signal due to 
reaction and scattering will be discussed.  Examples of the use of 
ion-molecule reactions, compared to use of high mass spectral 
resolution, with solution sample introduction and laser ablation will 
be described. 
 

(294) Plasma Spectrochemistry and Environmental Chemistry: 
New Frontiers 

Olivier F.X. Donard1, David Amouroux1, Eva Krupp1, Mathilde 
Monperrus1, Emmanuel Tessier1; 1CNRS UMR 5034 

The recent development of hyphenated techniques with ICP/MS 
(using both GC and HPLC) has allowed the implementation of 
metrology using speciated isotopic dilution. Accurate and precise 
quantitation of some metal species can now be done routinely 
including correction for species transformation during the 
analytical process. Further, it is now possible to perform ultra low 
multiple spikes of labelled species in environmental samples to add 
a kinetic view of processes actually taking place in the 
environment. This kinetic represent an additional dimension 
following total inorganic quantitation and the later introduction of 
speciation analysis.  Further, the recent introduction of isotopic 
fractionation at the molecular level may present also a new route, 
not only useful to improve our kinetics understanding but of 
potential  relevance to identify specific chemical or biochemical 
reactions. We will present the developments performed in different 
experimental set-up dealing with species of Hg, Sn and I using 
different type of ICP/MS detectors and discuss some of the 
limitation of this new technique which looks promising to improve 
our understanding of traces metal species in the environment. 
 

(295) Proteomics of Prostate and Ovarian Tumor Cells Using 
Multidimensional Liquid Separations and Mass Mapping 

David Lubman1, Yi Zhu1, Hye-yeung Kim1, Yanfei Wang1, Rong 
Wu1, Kathleen Cho1, Manoj Pal1, Arun Sreekumar1, Arul 

Chinnaiyan1; 1The University of Michigan 
The protein expression of prostate and ovarian tumor cells are 
studied to search for potential markers of cancer. Fresh frozen 
tumor cells are obtained and prepared for study by the pathology 
groups at the University of Michigan Medical Center. The tumors 
are lysed and separated using a two-dimensional liquid separation, 
which is capable of separating out nearly 3000 protein bands. This 
method involves separation based upon pI in the first dimension 
using chromatofocusing and by hydrophobicity in the second 
dimension using nonporous silica(NPS) RP-HPLC. The liquid 
eluent from the second dimension is then split and 1/3 is directed to 
an electrospray time-of-flight mass spectrometer (ESI-TOF MS) for 
mass analysis, while the remaining 2/3 is collected by a fraction 
collector for MALDI-TOF MS analysis. The result is a mass map 
as a function of pI analogous to 2-D gel electrophoresis. The ESI-
TOF MS provides an accurate MW value, which can be used with 
MALDI-TOF MS peptide mapping and MS/MS for accurate 
identification of proteins in these human cancer cells. In addition, 
the MW value provides a means to determine whether a protein is 
modified including the presence of truncations, deletions, sequence 
changes and splice variants. Using this method large numbers of 
tumor samples can be mapped and each type of cancer can be 
classified according to its protein profile. In addition, marker 
proteins have been identified which can be associated with different 
grades and stages of cancer progression. The method provides a 
means for pathologists to identify the grade of the tumor, i.e. 
whether it is more benign or malignant, and consequently 
determine a specific treatment for that tumor. 
 

(296) MS-Based Peptide Chip Technology For Rapid And 
Absolute Quantitation Of Expression And Modification Level 

For Cancer-Related Proteins 
Christoph Borchers1; 1University of North Carolina at Chapel Hill 

Protein chips permit analysis of the expression of numerous 
targeted proteins within a single experiment, mainly via antibody-
based microarrays. Despite recent improvements, their applications 
are still limited for a variety of reasons, including various technical 
challenges in fabricating the antibody chips and the very low  
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specificity achieved by current detection methods. We have 
developed a novel approach for relative and/or absolute 
quantitation of protein expression and modification using MS-
based technologies that circumvent many of the problems 
previously associated with protein chips. In contrast to 
conventional approaches, this method utilizes antibodies 
immobilized on beads for the capture of target peptides, instead of 
proteins. This chip-technology is being used for diagnosis and 
prognosis of breast and prostate cancer valuable for individualized 
medicine. In our approach, anti-peptide antibodies are immobilized 
on affinity beads and these antibody beads are arranged in a 
microarray format on a MALDI target plate permitting the direct 
MS analysis of all affinity-bound peptides after addition of matrix 
solution. Prior to binding, a synthetic, isotopically-labeled epitope 
peptide is added as an internal standard thereby allowing detection, 
identification, and quantitation of targeted proteins. We have 
shown in several proof-of-principle experiments on model peptides 
that this technique is capable of i) detecting peptides bound to a 
single antibody bead, ii) detecting peptides at low (fmol) levels, iii) 
specifically detecting target peptides in complex mixtures over a 
wide dynamic range (>100,000), iv) producing tandem MS data of 
suitable quality for protein identification via database searching or 
de novo sequencing, v) quantitating peptides affinity-bound to 
antibody beads, and vi) is compatible with a microarray format for 
high-throughput analysis. Therefore, this method offers an 
improved approach to protein chip technology that should prove 
useful for diagnostics. Currently we are developing protein chips 
for absolute quantification of proteins involved in breast cancer 
(e.g., p53 and EGFR) and prostate cancer (e.g., PSA). We have 
tested some of the antibodies using purified proteins, and are 
applying this chip to determine the absolute expression and  
modification levels of these proteins in cancer cell lines and biopsy 
tissues. 
 

(297) Examining Protein Factories Using Bathroom Scales 
Patrick Limbach, Daisy-Malloy Hamburg, Mahmud Hossain, 

Soheil Pourshahian; 1University of Cincinnati 
Our group has been developing mass spectrometry-based 
approaches for the characterization of ribonucleoprotein complexes 
(RNPs) such as the ribosome.  Historically, MS-based approaches 
have been used to complement structural information obtained by 
methods such as X-ray crystallography and NMR.  Here, we 
present results from our research aimed at developing MS-based 
approaches to obtain information relating to the dynamic 
configuration of RNPs with a particular emphasis on characterizing 
intermolecular interactions and reactivity.  Analysis of ribosomal 
protein is critically dependent on optimal sample preparation.  
Several methods that are compatible with MALDI-TOF MS have 
been introduced to improve the quality of mass spectra obtained 
from ribosomal proteins.  Limited proteolysis of ribosomal subunits 
and intact ribosomes can be used to define the topography of these 
complexes as well as elucidate intermolecular and inter-subunit 
interactions necessary for stability and organization.  To further 
clarify intermolecular interactions, we are using cross-linkers to 
probe the structural assembly of the ribosome.  MALDI TOF-MS 
analysis of the cross-linked mixture allows for the rapid 
determination of proteins that are solvent accessible within the 
ribosome.  Additionally, we are focusing on identifying the 
influence of antibiotics on the post-translational and post-
transcriptional processing of the ribosome. 
 

(298) Proteome Prefractionation by Solution Isoelectric 
Focusing and Ion Exchange Chromatography 

Alan Doucette1, John Tran1; 1Dalhousie University 
To date, 2D gel electrophoresis represents the best method for 
separation of intact proteins.  However, problems associated with  

the coupling of gel-based separations with mass spectrometry for 
protein identification have prompted alternative separation 
strategies.  Most strategies focus on the separation of peptides (i.e. 
post digestion).  It would be desirable to achieve efficient intact 
protein separation. In our group, we are developing a 
multidimensional separation platform for intact proteins.  The first 
stage of separation is based on protein charge, and the second will 
be based on hydrophobicity (through reversed phase 
chromatography).  The first dimension of separation could be 
accomplished through ion exchange chromatography (IEX, or 
through solution-phased isoelectric focusing (IEF).  In this 
presentation, we evaluate the compatibility of solution isoelectric 
focusing, and compare the separation capacity with ion exchange 
chromatography.  The compatibility of these methods towards MS 
analysis, in terms the salts and ampholytes added to assist in 
separation with IEX and IEF respectively, is also demonstrated.   
 

(299) Quantitation of Small Molecules by MALDI-Triple 
Quadrupole Mass Spectrometry 

Lekha Sleno1, Dietrich Volmer1; 1National Research Council-IMB 
Matrix-assisted laser desorption/ionisation mass spectrometry is 
rapidly becoming a very important technique for the high-
throughput analysis of small molecules. The quantitative nature of 
MALDI depends on several factors, including choice of internal 
standard, sampling rate and averaging of data. A system combining 
a prototype high-repetition rate (1 kHz) laser with a triple 
quadrupole mass analyser allows quantitative measurements with 
MALDI using multiple reaction monitoring. A full scan MALDI 
spectrum in the low mass range has very high background signals 
derived from the organic matrix, often complicating the analysis of 
unknown samples or using single ion monitoring for quantitation of 
small molecules. Results will be shown comparing different 
organic matrices for the quantitation of small molecules, as well as 
the role of laser energy and pulse rate on the ablated areas as well 
as ion signals. Light microscope and scanning electron microscope 
images allowed the examination of the ablated area of the MALDI 
spots. An initial study showed the feasibility for the quantitation of 
marine toxins in complex phytoplankton samples. Our results for 
the determination of spirolide toxin concentrations with a MALDI 
assay correlated well with an established electrospray assay. These 
studies showed very promising results for the quantitative nature of 
MALDI for small molecules. A comparison of results between 
electrospray and MALDI methods for the quantitation of 
pharmaceutical drugs in plasma showed the importance of clean-up 
in MALDI experiments. Without prior chromatographic separation, 
all species are ionized simultaneously, thus ion suppression can 
become a problem for these types of samples. 
 

(300) Liquid Phase Sample Preparation for the MALDI 
TOFMS Analysis 

Kevin Owens1; 1Drexel University 
This presentation will describe details of the matrix-assisted laser 
desorption ionization (MALDI) sample preparation process. Choice 
of the appropriate matrix, whether it is a single compound or 
complex mixture, is critical to the success of a MALDI analysis. 
The chosen matrix must fulfill a number of roles, particularly that 
of analyte dispersant, analyte desorber and finally ionization 
reagent. Preparation of the analyte and matrix in liquid solution is 
seen as a means of increasing the homogeneity of the overall 
mixture. Finally, removal of the solvent to (hopefully) yield a 
homogeneous solid solution is viewed as means of obtaining (of 
course, for those materials that can be put into solution) a 
successful MALDI sample preparation. 
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(301) Exploring and Resolving Mono- and Multilayer Images: 
The Use of Spectral and Spatial Information. 

Anna de Juan1, Tom Hancewicz2, Marcel Maeder3, Romà Tauler4, 
Ludovic Duponchel5; 1Universitat de Barcelona; 2Unilever 

Research & Development; 3The University of Newcastle; 4IQAA-
CSIC, Barcelona; 5 Universite des Sciences et Technologies de 

Lille 
Spectroscopic images provide information about the location and 
distribution of the constituents in the area of the sample in the case 
of surface images and in the volume in the case of multilayer 
images. Any information about the distribution of components is 
contained in the spectra and the location of the pixels and, thus, 
image analysis methods should take advantage of both kinds of 
information. While the global analysis of the complete image is the 
ultimate goal, it can be advantageous to investigate small, locally 
restricted subsections of the data set. The local chemometric 
scanning of an image with algorithms such as Fixed Size Image 
Window Evolving Factor Analysis (FSIW-EFA) will provide a 
very clear idea of the local composition complexity, defining the 
degree of overlap of the constituents along the surface or the depth 
of a multilayer image (the local rank) and giving, as additional 
benefits, the possibility to detect and locate minor constituents that 
could be overlooked with global exams. Exploration, based on 
methods mentioned above, supports the ultimate global image 
resolution. Multivariate resolution methods are efficient in 
extracting the pure spectra and distribution maps of the image 
constituents from the raw mixed measurement. The quality of the 
final results obtained depends significantly on the information that 
is included in the resolution process in the form of constraints. 
Apart from classical non-negativity conditions in both spectral and 
spatial directions, the use of equality constraints can significantly 
improve image resolution. Spectral equality constraints may be the 
way to introduce pure spectra of some of the constituents of an 
image, if known. In the spatial direction, equality constraints 
should be under the form of setting the absence of particular 
constituents in certain pixels of the image. For this purpose, the 
combination of the information gathered after exploring the image 
in both the spectral and spatial direction is essential. The 
explanation of the image-tailored exploration and resolution 
methods will be illustrated with real examples of pharmaceutical 
and industrial origin. A. de Juan, R. Dyson, C. Marcolli, M. Rault, 
R. Tauler and M. Maeder. TrAC, 23 (2004) 71-79. A. de Juan, M. 
Maeder, T. Hancewicz and R. Tauler. Chemom. Intell. Lab. Sys. 
(2005) (in press). 
 

(302) Shapelet Decomposition as an Image Analysis Tool for 
Clinical Skin Measurement 

Thomas Hancewicz1, Jesse Weissman1, Dane Drutis1, Peter 
Kaplan1; 1Unilever R&D 

Clinical evaluation of skin health is an important field of study in 
medical dermatology. Skin damage from sun, wind, and chemical 
exposure is a serious problem that increasingly leads to higher 
incidence of various types of skin disease. The evaluation of skin 
conditions that are predictors of long-term skin damage (mottled 
hyper-pigmentation, epidermal thickness, evenness of color, lines, 
pore size, wrinkles) are important in the treatment and evaluation of 
efficacy of treatment. The medical community relies heavily on 
manual evaluation by dermatologists and expert evaluators who 
physically look at and grade subjects on the extent of these 
conditions. This is tedious and time consuming, particularly in a 
clinical evaluation setting where hundreds or thousands of subjects 
must be graded individually at various times and treatment points. 
This talk will focus on our efforts to automate this process using 
clinical photography and automated image analysis methodology 
that unitize a relatively new image analysis method called shapelet 
analysis. The talk will detail the theory of shapelet analysis and an  

overview of the progress we have made in simplifying the clinical 
evaluation process for quantification of various skin features. 
Application to grayscale and RGB images will be discussed. 
 

(303) Beauty of the Walsh Hadamard Transform 
Chris Brown; 1University of Rhode Island 

Spectroscopists are very familiar with the Fourier transform due to 
its extensive use in instrumental methods such as FTIR and NMR.  
The Fourier transform has also been used in data processing to 
smooth spectra and spectral images.  Spectroscopists are also 
familiar with the Hadamard transform, which is used in conjunction 
with Hadamard masks for multiplex measurements of optical 
spectra.  The Fourier transform method involves fitting spectra or 
interferograms with a mathematical series of sin and/or cos 
functions.  The Hadamard transform replaces the trigonometric 
functions with +1s and 0s (for example, the Hadamard masks are 
opened for +1s and closed for 0s).  Some 80 years ago, Walsh came 
up with a simple change to the Hadamard transform, which 
replaces zeros with -1s.  At first glance, this seems like a rather 
trivial change to the transform. However, this simple change leads 
to the real beauty of the Walsh-Hadamard (WH) transform. Like 
the Fourier transform, it is easier to work with data sets in which 
the number of data points is 2 to some power.  In the simplest case, 
for absorbances at two wavelengths, the WH transform would be 
represented by a matrix having two rows and two columns.  The 
first row would have two +1s and the second row a +1 and -1.  A 
WH transform for 4 data points can be easily obtained from the 2x2 
matrix by appending the same 2x2 matrix to the right and to the 
bottom of the original 2x2 matrix, while the fourth quadrant on the 
lower right is filled in with the negative of the 2x2 matrix.  An 8x8 
transform is obtained from four 4x4 matrices in the same way. The 
real beauty of the WH transform is first of all the ease at which it 
can be constructed.  In addition, each row (and each column) is 
orthogonal to all other rows (or columns).  Once, any WH 
transform is constructed, the matrix can be made symmetrical about 
the diagonal by shifting rows.  This is great for one-dimensional 
data such as a spectrum, but it also applies equally as well to 
spectral image data.  For a spectrum consisting of 4 data points, the 
WH matrix is 4x4.  For two-dimensional spectral image data, the 
4x4 WH matrix is augmented into a 4x4x4 tensor.  Thus, there are 
four 4x4 matrices, but these four are just as easy to generate as the 
original 4x4 from a 2x2 matrix.  Finally, the last beautiful quality 
of the transform is that the inverse transform is exactly the same as 
the forward transform with the addition that the result is divided by 
the length of a row in the transform (4 for a 4x4 transform or 16 for 
a two-dimensional 4x4 transform). The methods to generating WH 
transforms for processing image data will be presented in detail.  
The transforms will be applied the infrared image data and both the 
advantages and disadvantages will be discussed. 
 

(304) Applying Multivariate Curve Resolution Analysis 
Techniques to 3D Hyperspectral Biological Images 

Howland Jones1, David Haaland1, Michael Sinclair1, Jerilyn  
Timlin1; 1Sandia National Labs 

Multivariate Curve Resolution (MCR) is a powerful technique for 
hyperspectral image analysis since it has the ability to extract pure-
component spectra from the images and provide relative 
quantitative determinations of each component for each pixel in the 
image.  Thus, MCR can provide quantitative analysis of the image 
data without the need for standards, and it can discover all the 
emitting species present in an image, even those about which we 
have no a priori information.  The performance of MCR on a 
hyperspectral imaging dataset can vary depending on the amount of 
spectral or spatial overlap contained within this dataset.  The MCR 
algorithm performs best when the data are orthogonal in either the 
spectral or spatial domain.  However, this condition is often not met  
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in experimental datasets; for example, data generated from the 
auto-fluorescence of biological samples on our 3D confocal 
hyperspectral fluorescence imaging system.   These data are usually 
overlapped in both domains and therefore the MCR solutions will 
have a greater range of rotational ambiguity.  In this presentation, I 
will discuss the use of data preprocessing techniques to select the 
image pixel spectra to include in the MCR analysis in order to 
improve the orthogonality of the spectra used in the analysis.  The 
goal is to have the MCR result converge to the most appropriate 
solution when random numbers are used to initiate the MCR 
process.  The knowledge obtained from these preprocessing 
techniques may ultimately lead to new iterative MCR analysis 
techniques which are less sensitive to initial starting points for 
datasets with high degrees of spectral and spatial overlap. *Sandia 
is a multi-program laboratory operated by Sandia Corporation, a 
Lockheed Martin Company, for the United States Department of 
Energy under Contract DE-ACO4-94AL85000.  This work was 
funded in part by the US Dep't of Energy's Genomics: GTL 
program (www.doegenomestolife.org) under project, "Carbon 
Sequestration in Synechococcus Sp.: From Molecular Machines to 
Hierarchical Modeling," (www.genomes-to-life.org). 
 
(305) Application of Clustering Methods to Qualitative Analysis 

in Near-Infrared Chemical Imaging 
Frederick Koehler1, Ken Haber1, Eunah Lee1, Linda  Kidder1, E. 

Neil Lewis1; 1Spectral Dimensions 
The principle goal of infrared chemical imaging is the 
determination of the spatial distribution of chemical species of 
interest.  Analysis methods to achieve this range from the 
examination of images at single wavelengths to multivariate 
chemometric modeling.  These can include unsupervised methods 
such as principal components analysis and supervised approaches 
like partial least squares modeling.  Clustering algorithms represent 
an unsupervised qualitative analysis approach to performing this 
vital data reduction step by partitioning the data in related classes.  
When applied to chemical imaging data, this classification step 
produces a membership map. Recent work has demonstrated 
dramatic improvements in clustering results obtained through the k-
harmonic means algorithm over other center-based clustering 
approaches such as traditional k-means or fuzzy c-means.  The 
introduction of a 'boosting' function which provides more weight 
for outlying samples provides insensitivity to starting point, which 
remains a key shortcoming for other K-means based clustering 
methods.  In the work to be presented, K-harmonic means 
clustering is applied in the qualitative analysis of infrared chemical 
image data and its performance compared and contrasted against 
fuzzy c-means and traditional k-means clustering approaches, as 
well as other common clustering approaches such as expectation 
maximization and support vector machines. 
 

(306) Fiber-Optic-Linked Ultraviolet Resonance Raman 
Spectroscopy for Nucleic Acid and Protein Studies 

Michael Blades1, Georg Schulze1, Curtis Hughesman1, Yee Chee 
Bong1, Charles Haynes1, Robin Turner1, Lindsay Eltis1, Andrew  

Jirasek2, Geoff Horsman1, Fred Vaillancourt3; 1University of 
British Columbia; 2University of Victoria; 3Harvard Medical 

School 
We have developed specialized fiber-optic probes for ultraviolet 
resonance Raman spectroscopy (UVRRS) that offer several 
advantages over conventional excitation/collection methods used 
for UVRRS. For novel biophysical applications of UVRRS, these 
probes have been tailored for studies involving biopolymers, and 
small biomolecules, under both native (e.g. aqueous media at 
physiological pH) and non-native (e.g. anoxic conditions) solution 
environments. FO-probes can exploit a favorable excitation 
radiation distribution within the sample that allows the use of  

higher laser power levels which, in turn, can yield higher SNR for a 
given experiment without increasing the risk of analyte photo-
damage. As an example of the utility of using FO-UVRRS, this talk 
will discuss their application in the study of proteins and nucleic 
acids. For the latter, we will show that resonance Raman spectra 
can be used for the direct analysis of structural differences between 
hybridized and un-hybridized DNA probes to measure the degree 
of duplex formation. We have developed signal processing and 
analytical methods that amplify small changes in specific regions of 
the Raman spectrum of DNA that exhibit sensitivity to interstrand 
H-bonding, backbone flexibility, hypochromicity due to base-
stacking in duplex structures, and solvation effects. Preliminary 
results suggest that it may be possible to determine the fraction of 
duplex probes within a single register on a DNA microarray from 
100% down to 10% (or possibly less) with a precision of 2%. Also, 
the talk will highlight the utility of UVRRS in enzymology using 
specific examples which explore the role of non-heme-Fe in 
enzyme-substrate interaction studies of dioxygenases, enzymes that 
are involved in the biodegradation of aromatic molecules in the 
environment. 
 

(307) Raman Spectroscopy Inside Molecular Electronic 
Junctions 

Richard McCreery1, Aletha  Nowak1, Uma Vishwanathan1; 1Ohio 
State University 

High sensitivity Raman spectroscopy was used to probe molecular 
electronic junctions with molecular layers in the range of 15-45 Å.  
Nitroazobenzene (NAB) molecules were covalently bonded to 
graphitic carbon substrates as a mono- or multilayer, and a thin 
layer of metal or metal oxide was deposited on the top surface of 
the monolayer.  A line-focused CCD Raman spectrometer 
permitted acquisition of spectra through the thin metal layer while 
the junction was biased in a range of ± 3 V.  NAB is resonance 
enhanced at 515 nm when it is bonded to carbon, resulting in well 
defined Raman spectra of monolayers.  When the carbon was 
biased between -1.5 and +3 V, the NAB could be cycled between 
an oxidized and reduced form, reproducibly and repetitively.  For a 
bias negative of -1.5, spectral changes in NAB were partially 
irreversible, and corresponded to reduction of the nitro group.   The 
results provide the first structural information about molecular 
junctions, and the first instance of structural changes under bias.  
Spectroscopic monitoring of working junctions should provide 
valuable insight into how molecular junctions function as electronic 
circuit components. 
 

(308) Tissue Biomechanics Through the Lens of Industrial 
Polymer Physical Chemistry 

Michael D. Morris; 1University of Michigan 
The mechanical properties of polymeric materials have been 
studied intensively by industrial scientists and their academic 
counterparts. The theoretical framework  developed by these 
scientists and many of their technologies and experimental 
protocols have been adapted for study of biomaterials, especially 
the structural tissues of the musculoskeletal system. 
Musculoskeletal tissues are structural materials and it is important 
to understand why these materials are mechanically competent and 
how and why they fail, whether by extreme loading, or by defects 
in their composition caused by genetic abnormalities, disease or 
accumulated mechanical damage. Raman microscopy is an 
important tool for investigating these and related problems in 
biomechanics. As an imaging contrast principle Raman microscopy 
can reveal local composition and structure in a tissue and the 
chemical changes associated with tissue failure under load. When 
used in conjunction with standard dynamic mechanical tests, 
Raman spectroscopy shows how biopolymers and the components 
of composite tissue respond to normal and traumatic loading. We  
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will illustrate the principles and correspondences using bone tissue 
and cartilage from wild type and transgenic mice and with selected 
applications to human tissue as well. 
 

(309) Super-Resolution, In-situ Microscopies for 
Characterization of Nanostructured Organic Materials. 

Stephan Stranick1; 1NIST, Gaitherburg, MD 
Progress in our understanding of organic, nanostructured materials 
is hampered by the absence of tools that can provide non-
destructive, real-time, 3-D imaging with relevant spatial resolution.  
Our strategy for developing such tools involves coupling high 
spatial resolution microscopy techniques with the chemical 
specificity of vibrational spectroscopy.  The coupling of apertured 
probe near-field microscopy with Raman and infrared spectroscopy 
is one approach to this goal.  Techniques designed to maximize the 
attainable spatial resolution in the far-field can also be exploited.  A 
method known as phase aperturing employs the same technology 
used in the lithographic technique of phase-shift masking to 
selectively alter the phase of the light passing through certain areas 
of the focal plane of an imaging system to improve resolution and 
depth of focus.  In a second approach, the use of infrared 
transparent, high refractive index solid immersion lenses, coupled 
with a tunable infrared laser, allows for infrared spectroscopic 
imaging with near diffraction-limited spatial resolution.  In this 
talk, these spectroscopic microscopy techniques will be described, 
along with measurements of chemically heterogeneous organic 
films demonstrating the capabilities of these novel instruments.  
Particular emphasis will be placed on identifying and assessing the 
relative importance of the various mechanisms that yield contrast in 
high spatial resolution chemical imaging. 
 

(310) Process Raman Spectroscopy for Composition Control 
Batch Polymerization 

Troy Francisco1, Scott Yembrick2, Kenneth Leffew3; 1DuPont 
Measurement Systems Technology; 2DuPont Process Control 

Group; 3DuPont Central Research & Development 
Optimization of batch polymerizations generally requires the ability 
to quantify the amount of monomers in solution and report the 
results on a time scale fast enough to allow the process control 
system to effect changes in feed rates.  Near-infrared laser Raman 
spectroscopy has matured to the point that it is now possible to 
develop real-time process analytical methods suitable for these 
types of chemical operations.  This approach has distinct 
advantages over infrared methods because of the enhanced 
sensitivity to symmetric molecular vibrations and the opportunity 
to use non-contact imaging optics instead of a wetted probe.  In the 
work described here, complex mixtures of monomers containing 
distinguishing functional groups are monitored in order to provide 
analytical data for closed-loop control of the reactor composition 
during a batch polymerization.  The final product is found to be 
more compositionally uniform than the product from an open-loop 
polymerization.  The effects on product performance will be shown 
in order to support the need for this type of analytical feedback into 
the process control model.  Additional data will be presented that 
highlight the batch-to-batch repeatability possible using this type of 
control scheme. 
 

(311) Guided Wave Instrumentation for Raman Spectroscopy 
Michael Pelletier; 1Jet Propulsion Laboratory 

The sensitivity of Raman spectrometry can be enhanced by reusing 
laser photons whose frequency is not shifted by its interaction with 
the sample.  The sensitivity can be further enhanced for transparent 
samples by superimposing the Raman intensity from different 
sample regions into the same location and solid angle on the 
spectrograph entrance slit.  Several different experimental 
approaches have utilized these ideas to realize Raman sensitivity  

enhancement factors as great as a few thousand.  One promising 
approach for aqueous solutions is to illuminate the sample inside a 
narrow-bore Teflon capillary.  Total internal reflection at the 
interface between the Teflon and the aqueous solution confines 
both the laser excitation and the Raman emission from the sample.  
Raman sensitivity enhancements as high as several hundred have 
been reported using these capillary cells, but much greater 
enhancements are theoretically possible.  Other limitations of 
Raman instruments using current narrow-bore Teflon capillary cells 
include the limited photon flux that can be accurately measured by 
traditional Raman instruments and loss of analyte by partitioning 
into the nanoporous Teflon structure.  I will discuss alternate 
capillary and instrument approaches that achieve performance 
improvements by addressing these limitations. 
 

(312) High-Efficiency Generation of Multiple Excitons by a 
Single Photon in Semiconductor Nanocrystals 

Victor Klimov1; 1Los Alamos National Laboratory 
The efficiency with which photons are converted into charge 
carriers determines the ultimate efficiencies of various photo-
induced physical and chemical processes including photo-
generation of electricity, solar fuels, optically pumped lasing, 
generation of nonlinear-optical responses, etc. Normally it is 
assumed that the absorption of a single light quantum (a photon) by 
a semiconductor produces a single electron-hole pair (an exciton), 
meaning that the quantum efficiency (QE) in generating charge 
carries is 100%. However, as we demonstrated recently [Phys. Rev. 
Lett. 92, 186601 (2004)], quantum-confined semiconductor 
nanocrystals of PbSe can produce two or even three excitons (QE > 
200%) in response to a single absorbed photon via the process 
known as carrier multiplication (CM). To address the issues of 
generality of CM and the mechanism for this phenomenon, we 
perform a comparative study of CM in nanocrystals of PbSe and 
CdSe that are characterized by a significant difference in both 
electronic structures and carrier relaxation behaviors. Despite these 
differences, both compositions show comparable CM efficiencies 
(defined in terms of the slope of the QE dependence on photon 
energy above the CM threshold), which is indicative of the 
generality of this phenomenon to quantum-confined, semiconductor 
nanoparticles. We demonstrate that CdSe nanocrystals show a 
lower activation threshold for CM than PbSe nanocrystals (~2.5 vs. 
~2.9 energy gaps), which can be explained using simple carrier 
effective-mass arguments. Furthermore, we observe a monotonic 
increase in QE with increasing excess energy above the CM 
threshold up to ~700% in PbSe nanocrystals  and ~150% in CdSe 
nanocrystals; and we expect that these values can be increased 
further by using still higher photon energies and/or by decreasing 
the energy gap. High exciton multiplicity produced by a single light 
quantum can find numerous applications in physics and chemistry 
ranging from high-efficiency photovoltaics and single-photon 
oxidation of water molecules (water splitting) to low-threshold 
lasing and generation of entangled photon pairs. 
 

(313) Molecular Spring Assemblies of Nanoparticles and 
Nanowires 

Nicholas Kotov1, Jaebeom  Le1, Alexander Govorov2; 1University 
of Michigan; 2Ohio University 

The development of micro- and nanofluidics devices demands in-
situ measurements of many parameters in the stream of liquids. 
Local gradients of solvent concentration, temperature, pH and other 
parameters have tremendous importance for the development of 
lab-on-a-chip applications and similar analytical tools.  The same 
problem also appears in biomedical fields that require evaluation of 
local concentrations and other parameters for intricate geometries 
of 3D cell scaffolds, which affect the development of cells residing 
on the scaffolds.  Both tasks are difficult to accomplish using  
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traditional sensor deployment schemes, which often require 
substrate and wires. In this project, we address these problems by 
designing a nanoscale sensing device from different types of 
nanoparticles and nanowires connected by molecular springs made 
from flexible PEG oligomers. A library of assemblies of 
nanoparticles and nanowires was created using PEG tethers.  The 
polymeric linkers afford continuous and dynamic change of 
conformations in such structures leading to the variations of the 
distance between the nanoscale colloids reversibly changes 
depending on conditions or analyte concentration and can be 
evaluated by fluorescence measurements.  Plasmon-exciton 
interactions result in tremendous enhancement of luminescence and 
for some systems in characteristic wavelength shift depending on 
the analyte concentration. Understanding plasmon-exciton 
interactions will contribute to the photonics and nanoscale optics 
and create a knowledge base for other technologies such as lasing 
in nanomaterials, energy conversion, and nanoscale electronics 
 

(314) Fluorescence Resonance Energy Transfer in Quantum 
Dots 

P. Gregory Van Patten1, Martin E. Kordesch1, Dengguo Wu1; 1Ohio 
University 

Fluorescence resonance energy transfer (FRET) is a powerful 
spectroscopic tool for optical detection of chemical species and for 
measurement of distances on the nanoscale. FRET has already been 
used widely in conjunction with common molecular fluorophores; 
however, the exceptional luminescent properties of quantum dots 
suggest that these fluorophores may be well-suited for rapid and 
efficient FRET processes. FRET rates and efficiencies have been 
estimated from Förster theory and from preliminary spectroscopic 
measurements. Our results indicate that FRET between an ideal 
quantum dot pair may occur over a much longer distance than is 
typical for molecular chromophores.  The implications of these 
results for applications such as optical sensing and laser 
development will be discussed along with the factors that limit 
FRET in real quantum dot systems. 
 

(315) Near-Field Scanning Photocurrent Microscopy of 
Nanowire Photodetectors 

Lincoln Lauhon, Yi Gu, Eun Soo Kwak, Jessica Lensch, Jon Allen, 
Teri Odom; 1Northwestern University 

One-dimensional nanomaterials such as semiconductor nanowires 
(NWs) are being considered for a variety of device technologies, 
including nanoscale photodetectors (PDs) The mechanisms of 
carrier photogeneration in nanoscale PDs have been addressed in a 
number of studies, but the charge transport and collection 
mechanisms have received comparatively little attention and are 
not well understood.  In this regard, photoconductivity 
measurements with uniform illumination (spot size larger than the 
device) may be insufficient to establish the operational principles of 
NW devices because (1) the internal electric fields may be highly 
non-uniform, and (2) similarities between conventional and NW 
device characteristics may be fortuitous.  To understand the global 
response and the ultimate potential of NW PDs, an understanding 
of the photoresponse on a smaller length-scale is desirable. We 
have developed a new technique, near-field scanning photocurrent 
microscopy (NSPM), to explore the local photoresponse of 
semiconductor NW devices.  A near-field scanning optical 
microscope (NSOM) was used to image the photocurrent induced 
by local illumination (excitation spot size less than device size) 
along the length of a metal-semiconductor-metal (MSM) PD based 
on a single CdS NW. Under uniform monochromatic illumination, 
the MSM PDs exhibited photocurrents ~105 larger than the dark 
current (< 2 pA). Under local illumination, the response of the 
devices was limited to regions near the M-S contact.  Analysis of 
the spatial variation and bias dependence of the local photocurrent  

allowed the mechanisms of photocarrier transport and collection to 
be identified. The NSPM technique we describe can be readily 
extended to other NW-based devices with similar geometries, and 
provide insight into the operation principles of these devices. 
NSPM therefore has the potential to significantly advance the 
understanding and development of NW device technology. 
 

(316) Probing Local Organization in Biomimetic Bilayer 
Systems 

Gary Blanchard1, Kelly Greenough1, Monique Koan1; 1Michigan 
State University 

We are interested in understanding the structural heterogeneity of 
lipid bilayer and hybrid bilayer structures.  A key issue in this field 
is the detection and characterization of phase-segregated regions in 
multi-component bilayer systems.  Such structures in plasma 
membranes are termed “lipid rafts” and proof of their existence has 
proven to be elusive.  We report in this paper on the 
characterization of unilamellar vesicles comprised of one or more 
constituents.  We are interested in understanding the dynamical 
properties of these systems, and on determining the viscoelastic 
properties of the phase-segregated regions within multi-component 
vesicles.  Our time-domain fluorescence anisotropy data on 
chromophores imbedded in specific regions within the vesicle walls 
points to the physical differences between domains that are rich in 
cholesterol and those dominated by lipids. 
 
(317) Detection of Biomolecule Adsorption to Patterned Ligand 

Arrays using Chirality as a Label-Free Probe 
John Conboy1, Matthew  Kriech1, Trang Nguyen1; 1University of 

Utah 
The intrinsic chiral structure of biological molecules can be used, in 
principle, to detect their association to surfaces opening new 
possibilities in bioanalytical and biophysical chemistry, such as 
label-free detection for use in protein microarrays. We have 
developed an innovative approach for the detection of surface-
confined chiral molecules using the nonlinear spectroscopy of 
chiral second harmonic generation (C-SHG). C-SHG has been used 
to investigate the molecular adsorption of two enantiomers, (R)- 
and (S)-(+)-1,1’-bi-2-naphthol, to a planar supported lipid bilayer. 
Melittin, a hemolytic peptide isolated from bee venom, has been 
used as a model system to measure protein adsorption to a surface 
using the intrinsic chirality of the peptide as a probe. The detection 
of antibody adsorption to patterned ligand arrays will also be 
presented. The use of C-SHG in combination with coherent 
nonlinear optical imaging methods for the spatial detection of chiral 
molecules on a surface and the possible application for label-free 
detection in array-based assays will also be discussed. 
 

(318) Strategies for the Design and Readout of Ultrahigh 
Density Immunodiagnostic Platforms 

Marc Porter1, Hye-Young Park1, Jeremy Driskell1, Karen Kwarta1, 
Betsy Yakes1, Jill Uhlenkamp1, Rachel Millen1, Nikola Pekas1, 

John Nordling1, Robert Lipert1; 1Iowa State University 
The drive for early disease detection, the growing threat of 
bioterrorism, and a vast range of challenges more generally in 
biotechnology has markedly amplified the demand for 
ultrasensitive, high-speed diagnostic tests. This presentation 
describes efforts to develop platforms and readout methodologies 
that potentially address demands in this arena through a coupling of 
nanometric labeling with surface enhanced Raman spectroscopic, 
and micromagnetic concentration concepts, and scanning probe 
microscopic readout concepts.  Strategies will be described for both 
the fabrication and read-out of chip-scale platforms that can be 
used with each novel readout modality.  Examples will focus on the 
use of protein arrays as platforms targeted for immunoassays in 
early disease diagnosis and the rapid, ultralow level detection of  
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cancer markers and viral pathogens.  Each example will also 
discuss challenges related to sensitivity and nonspecific adsorption 
and to fluid manipulation at micrometer length scales. 
 

(319) Studies of Calcium Oxalate Precipitation at Lipid Raft 
Monolayers 

Daniel Talham, Isa Benitez; 1University of Florida 
Calcium oxalate and calcium phosphate are the principal crystalline 
materials found in urinary stones.  The inorganic crystals are 
always mixed with an organic matrix composed of carbohydrates, 
lipids and proteinaceous materials that account for about 2% of the 
total mass, although a much larger percentage of the total volume.  
To better understand the process of stone formation, it is important 
to study the interactions between the organic and crystalline 
components.  We have studied calcium oxalate precipitation at an 
interface provided by phospholipid Langmuir monolayers that 
serve as models for the phospholipid domains within membranes.  
The Langmuir monolayers effectively catalyze the precipitation of 
calcium oxalate monohydrate (COM) and the identity of the 
monolayer has a strong influence on the rate of crystal formation.  
The present study investigates the role of phase boundaries in COM 
precipitation at phase separated Langmuir monolayers.  Brewster 
angle microscopy is used to monitor COM growth at single 
component monolayers in LC/LE phase equilibrium as well as at 
phase separated binary mixtures.  COM is observed to form 
preferentially at phase boundaries at which the molecular 
components are in dynamic equilibrium between phases.  Recent 
interest in lipid rafts draws attention to the fact that phase separated 
heterogeneities are indeed present in cellular media.  Experiments 
were also performed at more complex monolayers derived from 
lipid raft compositions.  Crystals are observed to form at the phase 
boundaries between the liquid ordered (LO) rafts and the expanded 
phase. 
 

(320) Studies of Metals in Living Systems using X-ray 
Absorption Spectroscopy 

Graham George1, Christian Doonan1, Satya Singh1, Ingrid 
Pickering1, Ruth Hoffmeyer1, Limei Zhang1, Charles Young2, 

Juergen Gailer3; 1University of Saskatchewan 
One of the major strengths of X-ray absorption spectroscopy (XAS) 
is its ability to probe chemical form in any sample without any 
chemical pre-treatment. The low concentrations of metals and 
metalloids in biological tissues have mean that in the past XAS has 
been difficult to apply to these samples. Recent developments in 
synchrotron beamline and detector technology mean that XAS of 
intact biological samples is now achievable. XAS can reveal the 
molecular details of metals within living systems, how they interact 
with one another, how they confer beneficial properties, and how 
they act as poisons. Examples will be given of metals fulfilling 
roles that are essential for life, such as in metalloproteins, and of 
toxic metals and their antidotes. 
 

(321) Chemical Analysis at High Spatial Resolution using 
Scanning Transmission X-ray Microscopy 

Adam Hitchcock; 1McMaster University 
Synchrotron based scanning transmission x-ray microscopy 
(STXM) provides high performance analytical capabilities - 
quantitative chemical mapping of soft matter (including fully 
solvated materials) at a spatial resolution as fine as 30 nm. This talk 
will describe the  interferometrically controlled STXM at beamline 
532 at the Advanced Light Source (Berkeley, CA) and illustrate its 
capabilities using recent results on nano-structured polymers, bio-
materials and environmental systems. 
 

(322) New Insights into Iron Chemistry in Mitochondrial Iron 
Overload Disorders using X-ray Absorption Spectroscopy 

Helen Nichol1, Bogdan Popescu1, Heather Myers1, Akela Hanson1; 
1University of Saskatchewan 

Metals accumulate in the aging brain and in common 
neurodegenerative diseases like Alzheimer’s disease and 
Parkinson’s cisease.  X-ray absorption spectroscopy has not been of 
great value in speciating iron in the human brain because abundant 
ferritin iron tends to overwhelm other chemical forms.  We have 
overcome this limitation in two ways.  The first is to use animal 
models that lack cytosolic ferritin with yeast and Drosophila being 
particularly useful model organisms.  We have characterized the 
chemical form of brain iron in normal and mutant flies that lack 
mitochondrial pantothenate kinase (PANK).  PANK deficiency 
results in brain iron overload and neurodegeneration in both 
humans and flies. The second way we reduced interference from 
ferritin iron was to examine isolated cellular organelles. 
Mitochondria were isolated from normal cell cultures and cultures 
from patients suffering from a mitochondrial iron overload disorder 
called Friedreich’s ataxia. XAS at the iron K-edge shows chemical 
differences between pathological mitochondrial iron and normal 
mitochondrial iron. 
 

 (323) Characterization of Sediments and Other Materials 
Using Synchrotron Radiation 

K. W. Jones1, H. Feng2, E. A. Stern3; 1Brookhaven National 
Laboratory; 2Montclair State University; 3U.S. Environmental 

Protection Agency 
Properties of sediments and soils are important for many questions 
related to the environment and energy sources.  In the environment, 
sediments found in rivers and estuaries may accumulate toxic 
materials of anthropogenic origin that can harm both the aquatic 
environment and human health.  Soils and ground water can also be 
affected by leaks of the materials from storage tanks or other 
sources.  Methane hydrates, a possible new energy source, are 
found in both oceanic sediments and terrestrial soils.  Analytical 
techniques based on the use of synchrotron x-ray sources are an 
important approach to measuring many important properties of 
these and sediments and soils as well as characterizing the 
contaminant compounds. Our investigations used micro beams for 
x-ray fluorescence, computed microtomography, Fourier transform 
infrared spectroscopy, x-ray absorption microscopy at several 
different synchrotron facilities.  Investigations included work on 
New York/New Jersey Harbor sediments, soils related to effects 
caused by caustic solutions leaking from the Hanford storage tanks, 
and oceanic sediments related to methane hydrate recovery.  The 
relevance of these experiments to work going on at the field scale 
will be discussed. *Work supported by the U. S. Department of 
Energy under Contract No. DE-AC02-98CH10886 and through 
Interagency Agreement No. DW89941761-01 between the U. S. 
Environmental Protection Agency Region 2 and the U. S. 
Department of Energy. 
 

(324) XAFS Analysis of Some Metals in Particulate Matter 
Marc Lamoureux1, Nicholas Warner1; 1Department of Chemistry, 

Saint Mary's University 
The chemical speciation of Cu, Pb, Mn in airborne particulate 
matter was investigated in samples collected in the proximity of 
either a copper smelter (Rouyn-Noranda, Qc) or steel making plant. 
Synchrotron x-ray absorption fine structure (XAFS) spectroscopy 
was used to determine the chemical speciation of target metals in 
particulate matter of various particle sizes.  Airborne particulate 
matter was collected either using a pair of high volume samplers 
(for Pb and Cu0 equipped with 5-stage cascade impactors 
(aerodynamic diameter cutoff at 7.2, 3.0, 1.5, 0.95, and 0.49 µm) or 
using a PM 10 sampler (for Mn).  The XAFS results showed that  
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CuSO4 and CuO were the dominant species and their relative 
proportion depended on whether the sample was collected upwind 
or downwind from the mine smelter stack.  XAFS results showed 
that at the 0.49 µm particle size, copper is mostly found as CuSO4 
with a small contribution from CuO.  The abundance of CuSO4 at 
0.49 µm is greater in particulate matter collected downwind from 
the smelter stack.  Results also showed that PbSO4 was the most 
abundant species whereas PbO was a minor species.  Preliminary 
Mn XAFS analysis showed the presence of Mn2O3 and Mn3O4 in 
particulate matter collected near a steel plant. These findings will 
contribute to perfect existing ecological risk assessment protocol by 
providing new information about the chemical nature of airborne 
metals species. 
 

 (325) Implementation of Process Analytical Technologies 
(PAT) in Pharmaceutical Manufacturing 

Chi-Shi Chen1, Joep Timmerman1, Steve Hammond1; 1Pfizer, Inc. 
The FDA has a proactive Process Analytical Technologies 
initiative. New innovative PAT instrumental systems have been 
introduced specifically targeted for pharmaceuticals.  Pfizer have 
taken leadership roles to advance the technology by coordinating 
with instrumentation companies for newly designed instrumental 
solutions.  Active leadership roles have been taken within industry  
conferences and within working group forums to produce guidance 
documents.  And very importantly, Pfizer leadership has 
established a close working relationship with regulatory bodies for 
PAT acceptance. How extensive are Process Analytical 
Technology based applications?  For manufacturing organizations, 
PAT systems now provide analytical solutions ranging from 
origination in supply chain to manufacturing operations and final 
product.  Identification and qualification of raw materials, 
packaging components, and solvents can be quickly identified 
using Near Infrared (NIR) techniques.  Probes can be used with 
spectral instruments to monitor reactions endpoints, crystallization, 
and drying processes.  UV/Visible spectroscopy can be used for 
monitoring of rinsate from process vessels.  Solvent recovery can 
be monitored with spectral instruments or by on-line gas 
chromatography.  Particle size and shape data for powders and 
blends can be rapidly obtained using the Pharma Vvision based 
systems with improvements over traditional particle size 
determinations.  Formulation blending can be monitored with 
blender mounted, battery powered NIR instrunents equipped with 
wireless communications.  Active pharmaceutical ingredient (API) 
concentration in tablets can be rapidly determined by NIR at-line 
and soon integrated on-line.  And there are many other examples.  
In this presentation a range of examples of Process Analytical 
Technologies as applied to pharmaceutical industry will be 
discussed. 
 
(326) Near Infrared Spectroscopic Monitoring & Control of an 

Industrial Polyaryl Ether Polymer Isolation Process 
Nancy L. Jestel1, Gary Bates1, Ken Krozel1, Michael 

Dobrowolsky1; 1GE Advanced Materials 
The implementation of online near infrared spectroscopy (NIR) to 
monitor and control an industrial polyaryl ether polymer isolation 
process will be discussed. This installation was motivated by a 
desire to improve the commercial process’ stability and 
productivity, the consistency of the isolated polymer’s particle size 
distribution, and plant capacity. In this process, the polymer resin is 
isolated from a mixture of a hydroxyl-containing hydrocarbon 
(toluene or xylenol), an alcohol, and water. The composition of this 
mixture affects final product quality parameters, such as particle 
size distribution. The isolation process occurs in several stages and 
the solution from each stage is recycled back into a previous stage. 
Prior to the NIR installation, the isolation process was controlled 
with typical engineering approaches, such as flow meters, tank  

levels, and residence time calculations, and adjusted based on 
laboratory gas chromatography (GC) results on manually-collected 
samples from several points in the process. The selection of NIR 
over alternative techniques will be discussed. Designed 
experiments (DOEs) were used throughout the project to evaluate 
options and guide implementation decisions. In particular, DOEs 
were used to address the impact of two complicating factors: 
variable solution opacity and fluctuating solution temperature. 
Depending on the actual isolation conditions, the solution to be 
measured can contain enough suspended resin powder to make it 
opaque. This complicated the selection of the sample interface, 
such as transmission, reflection, or transflectance, and instrument, 
specifically the choice between single and microbundle fibers. 
Those choices affected critical installation decisions. Additionally, 
the temperature at each point differs and can fluctuate. Since the 
solution components all have hydroxyl groups, the temperature 
affects hydrogen bonding strength, and thus can alter the spectra 
substantially even at constant concentration. The development of 
robust calibration models for this situation will be presented. 
Several snapshots of actual process readings before and after 
implementation will be discussed. 
 

(327) NIR Monitoring of Streptococcus pneumoniae 
Fermentations 

Maxine Klass-Hoffman1, William Kull1, Jason Lotvin1; 1Wyeth 
The success of off-line near infrared (NIR) spectroscopy in 
predicting nutrient and product concentrations during a rapamycin 
fermentation process led to application of the technology to 
Streptococcus pneumoniae polysaccharide fermentations. 
Traditional test methods such as HPLC were used to build Partial 
Least Squares (PLS) calibration models with the FOSS Vision 
software package using spectra collected at-line. For research 
purposes, optical density & polysaccharide production were 
tracked. The At-line transmission data compared favorably to first 
order data. Real time sampling with a probe in bioreactors was the 
second challenge undertaken. The collection of data at 10 min. 
intervals from a FOSS NIRSystems XDS Process Analyzer 
(Interactance Immersion probe) provided a profile of growth and 
highlighted different growth patterns under different conditions. 
This instantaneous picture of growth that includes trend charts, data 
reports and spectral images without the fuss of pulling samples 
provides multiple benefits. Initially, the cost/time savings are not 
apparent, however, when the calibration modeling is complete, NIR 
real time sampling & testing for the desired analytes substantially 
reduces man-hours, related chemical costs & equipment 
maintenance. 
 

(328) NIR Spectrometric Method for Wet Process Control in 
Silicon Wafer Processing 

John  Hellgeth1, Ken  Ward1, Timur  Ivannikov1, Gabriel  Boenzli1, 
John  Coates2; 1Hewlett-Packard Company; 2Coates Consulting 

In recent years, monitoring of chemical reactions and process 
streams has become more important in the semiconductor industry 
to improve yields and reduce chemical wastes.  Wet processing of 
silicon wafers involves the use of aggressive chemistries in 
aqueous/organic media for cleaning, etching, and photoresist 
removal.  In this presentation, the development of a NIR 
spectrometric method for monitoring components within a 
photoresist stripping bath is discussed.  Solutions of amine/water 
with varying concentrations of water were effective in residual 
photoresist removal.  However, onset of etching and the formation 
of precipitates occur if there is an imbalance in the water content.   
An NIR spectrometric method for the monitoring of water and 
inhibitor content has been developed. This approach yields several 
benefits over conventional analytical methods for water content, 
such as Karl Fisher titrations.  Instrumental aspects for  
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implementation of the NIR method for real-time, on-line 
monitoring are presented. 
 
(329) Process Chemistry Evaluations with NIR: Concentration 

of Water in Nitric Acid Streams 
Jessica Jarman1, Randy Bishop2, Mark DeLong1, Roy Odle1; 1GE 

Advanced Materials; 2GlaxoSmithKline 
Although Fourier transform infrared spectroscopy (FTIR) has long 
been recognized as a powerful identification and quantification tool 
in the middle infrared region, near infrared spectroscopy (NIR) is 
only slowly gaining ground for industrial applications of the same 
nature.  NIR spectra often contain broadly shaped bands which 
have fundamental group significance but can be much more 
difficult to interpret than traditional mid-IR.  With the aid of 
chemometric data treatment, however, NIR emerges as yet another 
powerful spectroscopic tool with several distinct advantages.  The 
lack of water sensitivity combined with simple sample 
preparations, a relatively small footprint on the benchtop, and the 
introduction of FT-NIR technology are all strong advantages for 
NIR method development. In addition, user-friendliness at the 
QA/QC level is dramatically increased. In an effort to utilize these 
characteristics and develop an optimum measurement for water in 
concentrated nitric acid streams, NIR and chemometrics have been 
combined to yield an accurate, QA-friendly measurement system 
for the determination of water in concentrated nitric acid.  Method 
development, optimization, and validation will be presented along 
with data concerning long-term instrument and method stability. 
 

(330) FT-NIR Chemometrics Modeling Applications in 
Petroleum Refining Industry 

Qasem AL-Sharari1, Qasem Sharari, Qasem Sharari, Qasem 
Sharari, Qasem Sharari, Qasem Sharari, Qasem Sharari, Qasem 
Sharari, Qasem Sharari, Qasem Sharari; 1Saudi Aramco / Ras 

Tanura Refinery Laboratrory 
Fourier Transformation- Near InfraRed (FT-NIR) plays an 
important role in the physical and chemical properties 
determination of hydrocarbons since it’s fast, inexpensive, and has 
high reproducibility. With the help of chemometrics modeling, Ras 
Tanura Laboratory successfully determines multi chemical and 
physical properties of a wide range of products. This includes 
naphtha, kerosene, diesel, gasoline, and reformate. The accuracy of 
this technique is within the ASTM reproducibility limits and in 
some cases it’s superior to the ASTM performance. Research 
Octane Number (RON) is a typical example of the accuracy of this 
technique which is 0.2 RON compared to 0.6 in the ASTM. The 
previous mentioned advantages promoted the utilization of FT-NIR 
both online and laboratory analyzer in refineries. This presentation 
will cover the developments of Fourier Transform- Near InferaRed 
(FT-NIR) from the earlier stages of comparing two spectra to 
current applications of qualitative and quantitative with the help of 
chemometrics modeling. Furthermore, it will present Ras Tanura 
Refinery Laboratory success in utilization of FT-NIR and show 
some examples of analysis performance. Finally, we will share with 
you the wide range of applications in refining industry in the future. 
Six months samples were collected from various streams during 
verity of operation seniors and used for modeling to predict their 
physical and chemical properties. Typical properties are, RON, 
D86 distillation points, density, RVP, PIONA…etc.  
 
(331) Determination of Precise Isotope Ratios of Selenium using 

Multicollector ICP/MS 
Holger Hintelmann1, Nagmeddin Elwaer1; 1Trent University 

Biogeochemical processes in aquatic ecosystems can lead to 
fractionation of Se isotopes. Given the relatively large difference in 
masses between its isotopes and numerous potential microbial 
redox transformation reactions, the extent of Se isotope  

fractionation is significant. Therefore, the resulting Se isotope 
fingerprints aid in our understanding of selenium’s biogeochemical 
behaviors and my be used to trace the sources of Se in 
contaminated regions. For the longest time, precise ratios of 
Selenium isotopes were measured by TIMS or gas source mass 
spectrometry, both which are not particularly well suited for Se 
determinations. Recently, the advent of multicollector ICP-MS has 
created new opportunities for measuring precise isotope ratios of 
this challenging element. The determination of selenium isotope 
ratios is further complicated by the multitude of isobaric and 
molecular interferences in the mass range m/z = 74 - 82. To obtain 
precise and accurate ratios, special emphasis was paid on the 
sample introduction system. This presentation compares the 
application of conventional nebulization (with and without 
subsequent desolvation) with hydride generation using a 
conventional and a new Multimode Sample Introduction System 
(MSIS) for rapid and precise measurements of selenium stable 
isotope ratios. Operation characteristics for each system will be 
demonstrated and system performance will be compared based on 
sensitivity, short/long term precision and accuracy of the isotope 
ratio measurement. To obtain not only precise but also accurate 
data, careful correction of the Ar2 background was necessary. 
Overall, the MSIS hydride generation technique provided better 
sensitivity and precision for Se isotope ratios measurements 
compared to the other systems tested. 
 

(332) Biological Fractionation of Cu, Zn and Cd in Biological 
Systems 

Douglas  Evans1, David Lasenby1; 1Trent University 
Recent advances in the development of multi-collector ICP-MS 
have created the possibility of measuring biological fractionation of 
heavy elements.  In particular, trace metals such as Cu, Zn and Cd 
that are stored in tissues and follow several metabolic pathways 
may exhibit significant fractionation.  Thus far, however, there are 
virtually no data with which to examine this hypothesis.  Multi-
collector ICP-MS offers several advantages for isotope ratio 
measurements of biologically important trace elements, including 
liquid sample introduction, relatively short analysis time and the 
ability to work with elements that have high ionization potentials. 
We will present data from a recent study of Mysis relicta, an 
aquatic invertebrate in which we have measured isotope ratios of 
Cu, Zn and Cd.  Mysid juveniles feed on phytoplankton while 
adults feed on zooplankton.  The different food sources could 
potentially alter isotope ratios, as has been found for lighter 
elements. Our data indicate that there is a significant change in 
isotope ratios between juvenile and adult animals.  The major 
difficulty in making valid isotope ratio measurements using ICP-
MS is the elimination of matrix interferences while preventing any 
fractionation of the elements of interest.  We will present an outline 
of the separation scheme used for this work, as well as some QA 
data.  As well we will discuss potential problems unique to isotope 
ratio measurements in biological tissues.    
 

(333) Isotope Ratio Precision with Transient Sample 
Introduction using ICP-oa-TOFMS 

Scott Willie1, Zoltán Mester1, Ralph Sturgeon1; 1National Research 
Council Canada 

An assessment of inductively coupled plasma orthogonal 
acceleration time-of-flight mass spectrometry (ICP-oa-TOF-MS) 
for measurement of isotope ratios arising from steady-state and 
transient signal detection will be presented. An HPLC pump and 
autosampler were used to introduce microliter volumes of analyte 
solution into a carrier flow to generate precise and repeatable 
transient signals. Analog and pseudo-pulse counting data 
processing modes will be discussed.  This presentation will briefly 
review the operational principles of TOF-MS, their analytical  
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characteristics and recent applications which highlight their 
intrinsic advantages and limitations. 
 

(334) Precise Isotope Ratio Measurement in Natural Samples 
using ICP-MS--Fact or Fiction? 

Kurt Kyser1, Don Chipley1; 1Queen's University 
Measuring accurate and precise isotopic compositions using ICP-
MS requires strict protocols, especially for natural samples with 
complex matrices.  Single collector systems have low detection 
limits and are accurate if interferences are removed, although 
precision is degraded because of relatively rapid changes that occur 
in the characteristics of the plasma.  Multi-collector systems with 
high mass resolutions can improve accuracy and precision of 
isotope ratios measurements in complex samples, but detection 
limits are much higher, typically 2-3 orders of magnitude higher 
relative to single collector systems.  Moreover, accurate ratios from 
MC-ICP-MS require that low-mass elements such as Li, Si, Mg and 
S are separated from their natural matrix.  Strategies for 
interference corrections on many elements such as Rb on Sr cannot 
be done using assumed mass fractionation effects.  Although ICP-
MS can be used for determining isotope ratios in complex 
materials, there are caveats that must be realized.  Data will be 
presented to illustrate these caveats. 
 

(335) New Developments in Plasma Source Time-Of-Flight 
Mass Spectrometry for Elemental Analysis of Fast Transient 

Signals 
Nicolas H. Bings1, Sebastian Schmidt-Lehr1; 1University of 

Hamburg, Germany 
In the field of multielemental analysis inductively coupled plasma 
mass spectrometry (ICP-MS) has demonstrated excellent analytical 
utility and found use in a wide range of applications. But most of 
the commercially available mass spectrometers have predominantly 
been constructed around scan-based, quadruple or double-sector 
mass filters, which show some disadvantages compared to time-of-
flight (TOF) mass analyzers. In such systems the measurements are 
performed sequentially, only one mass at a time, which results in a 
loss of precision and/or sensitivity with an increasing number of 
isotopes monitored. Since time-of-flight mass spectrometers 
(TOFMS) are operated in a truly simultaneous fashion, they 
provide several important advantages over conventional ICP-MS 
detection systems. TOFMS not only permits the measurement of 
almost all elements and isotopes in a transient sample pulse but also 
enables a great number of complete atomic mass spectra to be 
recorded each second. Typical instruments can collect tens of 
thousands of such spectra each second and the software enables 
hundreds of summed spectra to be displayed within the same time 
frame. This high spectral-generation rate makes TOFMS ideally 
suited for the measurement of very short transient signals and even 
chromatographic peaks that exhibit tailing can be recorded with 
high fidelity. Furthermore, because each complete mass spectrum is 
derived from the same brief (nano-second level) pulse of ions, high 
precision can be achieved by using either isotope-ratioing or 
internal standardization techniques. As a result the compromise 
between mass coverage and sensitivity and precision inherent to 
scanned systems does not apply to the TOFMS. In this 
presentation, the analytical performance of a novel orthogonal ICP-
TOFMS system will be presented and the corresponding figures of 
merit, such as detection limits, mass resolution and precision will 
be compared to other TOF- and quadrupole-based systems. 
Advantages and disadvantages of the new system will be explored, 
and future developments in ICP-TOFMS will be outlined. 
 

(336) Investigation of Natural Mercury (Hg) Isotope 
Fractionation in the Murray Brook Mine Watershed (New-

Brunswick, Canada). 
Delphine Foucher1, Holger Hintelmann1, Tom Al2, Kerry 

MacQuarrie2; 1Trent University; 2University of New-Brunswick 
The Murray Brook Gossan deposit in northern New-Brunswick 
(Canada) has been mined for gold between 1989 and 1992. The 
tailings derived from the mine are located at the head of Gossan 
Creek, a first order stream in the Upsalquitch River watershed and 
acts as a point source of mercury for the surface and groundwater 
flow systems. Water samples have been collected and analyzed for 
isotopic Hg signature using a multi-collector inductively coupled 
plasma mass spectrometer (MC-ICP-MS). Three different types of 
water have been analyzed: (1) leachates from mine tailings, (2) 
ground water, and (3) surface water collected at 14 control points 
down gradient from the groundwater discharge area. The ratios 
202Hg/198Hg, 202Hg/199Hg, 202Hg/200Hg and 202Hg/201Hg, 
all expressed as d-values (per mil deviations relative to NIST-
1641d standard solution) increased from –0.409‰ to +0.603‰ (± 
0.1‰, 1SD), resulting in a fractionation of 1.012‰ over a distance 
of 3000 meters starting from the ground water discharge area. With 
distance from the source, water samples became progressively 
enriched with heavy isotopes of mercury. At the same time, the 
concentration of total mercury steadily decreased (from 31.1 down 
to 0.2 ng Hg/L). The mine tailing leachates and the ground water 
samples showed similar isotopic signatures (d = -0.339 ± 0.076‰, 
n=12), independent of their total mercury content (5.7 – 151.1 ng 
Hg/L). No significant differences were observed between 
groundwater and surface water collected near the discharge area (d 
= -0.409 ± 0.032‰). While groundwater samples showed identical 
mercury isotope signatures, the Hg isotope ratios in the stream 
appeared to be shaped mainly by a natural process. We suggest that 
volatilization of Hg to the atmosphere preferentially removed 
lighter Hg isotopes and the remaining water became enriched with 
heavy isotopes. It has been suggested that evasion is a major 
pathway of Hg removal from the creek. This study demonstrated 
the capability of isotope ratio measurements to 1) trace Hg source 
contamination in the environment and 2) to identify natural 
fractionation processes. 
 

(337) Linear Quadrupole Ion Traps with Added Octopole 
Fields 

Don Douglas1, Anthony Michaud2, Aaron  Frank3, Chuanfan Ding4, 
XianZhen Zhao1, Annie Moradian1; 1University of British 

Columbia; 2Arizona State University; 3Battelle Memorial Institute; 
4Fudan University 

Three-dimensional ion traps benefit from geometries that distort the 
electric field. The distortions are described mathematically by the 
addition of higher multipoles to the electric potential. Similar 
distortions might be expected to improve the performance of linear 
quadrupole traps. We are investigating linear quadrupole traps with 
added octopole fields of 2-4%, constructed by using different 
diameters for the x and y rod pairs. Ions are injected into the trap, 
stored, isolated, excited for MS/MS, and ions are then mass 
analyzed in a time-of-flight mass analyzer. Frequency shifts 
between the x and y motions are observed. In some cases 
asymmetric excitation profiles and jumps in oscillation amplitude 
with changes in excitation frequency of less than 1Hx are seen. 
MS/MS efficiencies are compound dependent, but when an 
octopole field is added, can be substantially greater (x5) than with a 
conventional rod set, particularly at pressures of 1.4x10-4 torr or 
less. Experimental observations generally agree with theoretical 
predictions for motion in a modified effective potential. Previous 
work has unexpectedly shown that it is possible mass analyze ions 
with these rod sets, despite the relatively large octopole component. 
For mass analysis of positive ions, the positive DC output of the  



ABSTRACTS 

142 

quadrupole power supply must be connected to the smaller of the 
rod pairs. We are now investigating mass analysis by axial ejection 
of trapped ions. Dipole excitation gives ions increased energy and 
amplitudes of oscillation. The fringing field at the end of the rod set 
mixes the x, y and z motions and ions can overcome an exit 
potential barrier and be ejected from the rod set. Preliminary results 
show a mass resolution of ca. 2000 at m/z 609. Nearly 100% of the 
trapped ions can be ejected. This contrasts to a conventional rod set 
where about 20% of the ions can be ejected. 
 

(338) Mass Spectrometry of Individual Sub-10 nm Diameter 
Particles and Molecules 

Murray Johnston1, Shenyi Wang1; 1University of Delaware 
A Nanoparticle Mass Spectrometer (NAMS) has been developed 
for analysis of individual airborne particles below 10 nm in 
diameter.  In the current version, particles are charged with a 
radioactive neutralizer and sampled through a modified 
aerodynamic inlet.  Once inside the mass spectrometer, particles are 
focused and translationally cooled in a quadrupole ion lens and 
then captured in a quadrupole ion trap.  The trapped particles are 
irradiated with a high energy (100 J/cm2) laser pulse.  The laser 
pulse creates a plasma that disintegrates the particle, quantitatively 
converting it into positively charged atomic ions.  These ions are 
characterized by time-of-flight mass analysis to give the elemental 
composition of the particle. Using this setup, we have acquired 
mass spectra of test particles consisting of inorganic salts (sodium 
chloride with and without ammonium acetate; ammonium sulfate), 
sucrose, and single bovine serum albumin molecules.  In each case, 
the relative signal intensities of the atomic ions produced by the 
plasma give a quantitative measure of the particle composition.  
Under standard operating conditions, singly charged particles 
between 7 and 10 nm in diameter are trapped.  These conditions 
will be modified in the future to trap and analyze other size ranges.  
The detection efficiency, defined as the fraction of particles 
entering the inlet that are trapped, ablated and detected, is about 10-

6.  Studies of new particle formation using this instrument are 
underway and will be reported in this presentation.  
 
(339) The use of FAIMS as a Problem Solving Tool in LC-MS 

Method Development 
Randy Purves1, Garnet McRae1, James Kapron1; 1Ionalytics 

The complex nature of biological samples means interferences are 
commonplace when developing bioanalytical LC-MS methods.  In 
addition to problems arising from interferences, other challenges 
may arise such as poor ion fragmentation and in-source 
fragmentation.  Solutions to these problems are commonly found 
by varying chromatographic and sample preparation conditions, but 
this process can be very time consuming and may not give the 
desired results.  An alternative approach involves implementing 
high-field asymmetric waveform ion mobility spectrometry 
(FAIMS) during LC-MS method development. The FAIMS 
technique is complimentary to both LC and MS, offering a fast, 
simple approach for method development challenges. This 
presentation will include a brief overview of FAIMS operation 
describing this orthogonal dimension of separation compared with 
LC and MS.  The emphasis of this talk will be the solution to real-
world problems in which FAIMS has proved critical.  For example, 
selectivity improvements will be described in which FAIMS was 
used to solve issues such as in-source fragmentation, separation of 
diastereomers, and removal of endogenous interferences. In 
addition, examples of background reduction and increased 
throughput as method improvements will also be presented. 
 

(340) Nanoliter-Volume Sample Preparation for Biological 
Mass Spectrometry Using Capillary Electrophoresis 

Ken Yeung1; 1University of Western Ontario 
A major challenge in proteome analysis by mass spectrometry 
(MS) is the detection of the low abundant and/or poorly ionized 
components.  Current methods focus on the isolation of these 
components through preferential sorption, however this approach 
suffers from non-quantitative sample recovery and thus is not 
applicable to ultra trace analysis. The development of novel (non-
sorptive) sample purification and preconcentration techniques using 
capillary electrophoresis (CE) is described.  To fractionate peptides 
based of their isoelectric points (pI), an applied voltage is used to 
electro-migrate peptides into a capillary.  The electroosmotic flow 
(EOF) is suppressed by modification with a surfactant, hence either 
the cationic or the anionic peptides were introduced depending in 
the voltage polarity.  By controlling the pH, selective loading of 
peptides can be performed to isolate trace components from a 
mixture.  This technique has been applied to the selectivity 
sampling of phosphopeptide to significantly enhance the sensitivity 
and sequence coverage.In term of sample enrichment, our research 
team has developed the first successful protein preconcentration at 
a solution junction.  It is based on the isoelectric trapping of 
proteins within a capillary using a discontinuous buffer system of 
different pH. In this system, the pH is higher than the protein’s pI 
on one side of the junction and lower on the other side.  The use of 
this liquid junction eliminates the problem of sample loss during 
recovery.  Protein loading is performed continuously during the 
focusing, and extreme concentration up to 2,000 times was 
obtained as low as 0.1 µg/mL myoglobin.  The final volume of the 
concentrated sample band is estimated to be only a few nanoliters, 
which is ideal for ultra sensitive MS analysis. 
 

(341) MALDI Mass Spectrometry for Microdevice Readout 
Kermit Murray; 1Louisiana State University 

We are developing several methods for microdevice readout based 
on MALDI mass spectrometry:  on-line microfluidic chip MALDI, 
gel-chip IR LDI, and transmission geometry biochip readout. The 
first approach uses on-line MALDI in conjunction with 
microfluidic chips. This on-line interface is based on a rotating ball 
inlet, which transfers the output of the microfluidic chip into the 
vacuum of a time-of-flight (TOF) mass spectrometer. The chip 
effluent is deposited directly onto the rotating ball that has been 
coated with a narrow stripe of matrix using a separate capillary and 
the sample deposited on the ball is rotated past the gasket and into 
the high vacuum region for ionization. In the second approach, the 
sample processing is done on the chip, which is later loaded into 
the mass spectrometer for off-line processing. The capillary gel 
chips are fabricated from PMMA wafers using a high-speed 
micromilling machine. The 200 µm width by 50 µm in depth 
channels are filled with gel and covered with a flexible 
polydimethylsiloxane (PDMS) cover during SDS-capillary gel 
electrophoresis. The PDMS cover is removed with the gel and 
affixed to a specially constructed sample target for analysis. A 3 
µm wavelength infrared laser is used for ionization by laser 
desorption without the addition of matrix. In the third approach, a 
transmission geometry MALDI mass spectrometer is used for 
readout of bioactive patterned MALDI targets. In transmission 
mode, the laser irradiates the side of the target opposite the sample 
deposit. The laser is focused onto the target using a microscope 
lens objective, creating a much smaller spot than with a 
conventional front-side illumination. Transparent targets are 
biochemically derivatized in patterned areas and used to selectively 
capture components from mixtures of biomolecules. Readout is 
accomplished by high spatial resolution transmission geometry 
MALDI. Results from the above MALDI microanalysis systems  
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will be presented and the outlook for off and on-line microanalysis 
will be discussed. 
 

(342) LC-MALDI MS: New Interface and Applications 
Liang Li1, Bryce Young1; 1University of Alberta 

Recent advances in MALDI tandem MS instrumentation have 
made MALDI MS/MS a powerful tool for generating high-quality 
fragment ion spectra of peptides which can be used for peptide 
sequencing and database search for protein identification.  
However, combining LC with MALDI without the degradation of 
analytical performance of both LC and MALDI has been a 
challenge.  In this presentation, an impact-driven droplet deposition 
(IDD) interface will be described.  This interface is designed to 
combine capillary column LC with MALDI.  The flow rate used in 
the LC experiment is less than 2 ul/min.  The analytical 
performance of this interface will be discussed.  For our research in 
proteomics applications ranging from serum proteome profiling to 
quantitative proteome analysis of tissue samples, several different 
types of mass spectrometers are being used for MALDI MS and 
MS/MS.  These include Qq-TOF, TOF/TOF, and FT-ICR MS.  In 
this work, comparison of proteome analysis results from various 
LC-MALDI technical platforms will also be presented. 
 

(343) Laser Ablation: Atoms to Aerosols 
Rick Russo1; 1Lawrence Berkeley National Laboratory 

Laser ablation has its roots in the early 60’s with the invention of 
the laser, but only recently have applications become prevalent. 
The change in paradigm is a result of the advances in fundamental  
science, lasers, analytical instrumentation, and computer data 
processing. Once considered a complicated technology, laser 
ablation now seems simpler than competing approaches for 
numerous applications; simply hit any sample with a laser beam 
and produce atoms and aerosols. Severe limitations for analytical 
spectroscopy like fractionation and matrix matching can be 
mitigated by proper choice of operating parameters. However, 
optimum ablation parameters are defined by the application. This 
presentation will provide an overview of the advances that have 
changed the landscape for laser ablation; specifically a look at the 
fundamental issues related to the laser material interaction for 
providing atoms and aerosols for applications including LIBS ICP-
MS, nanotechnology, and pulsed laser deposition. 
 

(344) Amazing Vibrational Spectroscopy 
Hiro-o Hamaguchi1; 1University of Tokyo 

Time- and space-resolved vibrational spectroscopy, Raman and 
Infrared, covers the time range of femtosecond to kilosecond and 
the spatial range of nanometer to meter. It can measure molecular 
systems starting from a molecule itself to living cells and human 
organs, to provide molecular-level structural information in the 
form of the well-known vibrational spectra. In this lecture, I will 
discuss 1) Picosecond CARS study of photoexcited 
diphenylacetylene; it is not an acetylene in the first excited singlet 
state, 2) Infrared electroabsorption spectroscopy of N-
methyacetoamide association in solution; a head-to-tail structure 
has been proved, 3) Raman observation of ultraslow conversion 
dynamics of rotational isomers in the domain structures in ionic 
liquids; ionic liquids are not genuine liquids but are nano-structured 
fluids 4) Time- and space-resolved Raman spectroscopy of the 
growing and dying processes of living yeast cells; “the Raman 
spectroscopic signature of life” has been found, to show the 
amazing power of vibrational spectroscopy. 
 

(345) Techniques for Increasing Productivity in ICP 
Spectrometry 

Jerry Dulude1; 1Glass Expansion, Inc., Pocasset, MA 
The analytical cycle for an ICP spectrometer is broken down to its 
five stages, as follows: - Filling the sample line - Equilibration of 
the sample in the plasma - Measuring the analytes - Removing the 
sample from the sample line - Rinsing the sample introduction 
system. These steps are examined to determine how best to 
minimize the length of each.  The prudent choice of sample 
introduction components can minimize dead volume and result in 
faster washout times.  The effects of sample capillary tubing, 
nebulizer and spray chamber design are examined.  The choice of 
instrument configuration including optical design is compared with 
respect to the effect on analytical speed.  Various software 
approaches to minimizing the required rinse times are described 
and critiqued.  One such approach simply speeds the pump during 
rinse and sample delivery but requires a longer plasma equilibration 
step.  Another more rigorous approach calculates the need for a 
rinse step based on the measured analyte concentrations and even 
analyzes the rinse solution if necessary to determine when the rinse 
step is adequate.  A third approach uses predictive timing to move 
the autosampler arm to the next sample before the current sample is 
finished quantitation.  Finally, a hardware/firmware approach is 
examined.  A stand-alone switching valve with a built-in timer is 
used to eliminate the need for a separate rinse step without 
degrading analytical performance. 
 

(346) Multiline-based Internal Standardization in ICP-AES 
Albert Brennsteiner1, Agnes Cosnier2, Yves Danthez2, Cendrine 

Dubuisson2, Emmanuel Fretel2, Olivier Rogerieux2, Geoff Tyler2, 
Sébastien Vélasquez2; 1HORIBA Jobin Yvon Inc; 2HORIBA Jobin 

Yvon SAS 
Traditionally, determination of an element in ICP-AES is 
performed using a single analytical line. This can be easily 
understood with PMT-based dispersive systems: there is only a 
single channel per element with a conventional polychromator, 
while using several lines per element would be time consuming 
with a sequential monochromator. The introduction of multichannel 
detection in the 1990s should allow the ICP user to conduct 
multiline analysis. However, most users are still making use of a 
single line per element. Besides the efficient use of the information 
emitted by the ICP, there are, however, two major reasons to use 
several lines, at least with sensitive line-rich elements: i)  validation 
of line selection with verification of unexpected spectral and non-
spectral interferences ; and ii) selection of an internal standard to 
compensate for inadequate accuracy. As a whole multiline analysis 
enhances the reliability of the measurements. 
 

(347) A Comparative Analytical Study of the Gypsum–
Anhydrite Transformation Kinetics in Hot Acidic Manganese 

Solution 
Helen Farrah1, Geoffrey Lawrance1, Wanless Erica1; 1The 

University of Newcastle 
Transformation of calcium sulfate dihydrate (gypsum) into 
anhydrous calcium sulfate (anhydrite) proceeds slowly in a 
manganese sulfate / sulfuric acid medium (36 g Mn+2/kg of solution 
and 36 g H2SO4/kg of solution) at 95 ºC, conditions pertinent to 
some industrial processes. This transformation proceeds without 
any apparent intermediate species. The kinetics of the 
transformation have been probed by following the change in mole 
fraction of gypsum and/or anhydrite versus time in both solution 
(dissolved [Ca], by ICP-AES) and solid state (XRD and TGA)1. 
The kinetics fit an autocatalytic process2, with a very small initial 
[product]o (typically ~10-4 mole fraction, consistent with a high 
purity gypsum starting material) and a rate constant k ~ 0.12 hr-1 at 
95 ºC. Variations in the observed half-life for tranformation found  
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between the solid state (~65 hrs) and the solution (~77 hrs) 
measurements are indicative of a nucleation-controlled process3. 
This is in keeping with the acknowledged slow crystallization of 
anhydrite4 and is consistent with a dissolution-crystallisation 
mechanism5. In addition the transformation has been studied in the 
presence of anhydrite seed, higher manganese sulfate 
concentrations, γ-MnO2 and carbon. For example, anhydrite seed 
added at the commencement of the reaction diminishes the 
induction period and accelerates the transformation2, as expected 
for an autocatalytic process.  References.  1. Farrah, H.E., 
Lawrance, G.A. & Wanless, E.J., Hydrometallurgy, (2004), 75(1-
4), 91-98.  2. Eanes, E.D. & Posner, A.S., Trans.  New York Acad. 
Sci. (1965), 28(2), 223-241.  3. Davey, R. J., Cardew, P. T., 
McEwan, D. & Sadler, D. E., Journal of Crystal Growth, (1986), 
79, 648-653.  4. Cruft, E. F. & Chao, P., Symp. Salt, (1970), 1, 109-
18.  5. Cardew, P.T. & Davey, R.J., Proc. Royal Soc. London, 
Series A: Mathematical, Physical and Engineering Sciences, 
(1985), 398, 415-428. 
 

(348) Observation of Modulated Plasma in Three-Electrode 
Hollow Cathode Glow Discharge Lamp with Fast Fourier 

Transfer Spectrum Analyzer 
Kenji Kodama1, Kazuaki Wagatsuma1; 1Laboratory for Analytical 

Sciences 
Glow discharge optical emission spectrometry (GD-OES) is an 
important analytical method for the direct analysis of solid samples. 
The high signal-to-background ratio and the stability of discharge 
have made the glow discharge plasma one of the suitable excitation 
source for microanalysis. In this study, we report on a new 
analytical method in GD-OES to intend to improve the detection 
limit further.A modulated hollow cathode glow discharge lamp is 
developed so that the sputtering process can be separated from the 
excitation plasma. The lamp consists of three electrodes (anode, 
intermediate electrode, and cathode), and two individual power 
supply devices are employed. One device supplies the pulsed 
voltage between the intermediate electrode and the anode. This 
pulsed discharge generates the hollow cathode plasma in the 
intermediate electrode. Another supplies a bias voltage between the 
cathode (sample) electrode and the intermediate electrode. This 
bias voltage controls the number of sample atoms sputtered from 
the cathode surface. Emission intensities from the sputtered 
materials strongly depend upon the variation in the bias voltage, 
while those from the plasma gas hardly change. This effect can lead 
to selective detection of the emission lines from the overall 
emission signals with a modulation technique. To detect the 
specific emission line from the overall signals, we used a Fast 
Fourier Transfer (FFT) spectrum analyzer. The power spectrum 
could be obtained in separation of the sample signal from the 
overall background. 
 

(349) Detention of Fluorine by a New Micro Plasma Source 
Hidekazu Miyahara1, Goro Ohba1, Jungsun Ahn1, Kyu-Sun 
Chung2, Eiki Hotta1, Akitoshi Okino1; 1Tokyo Institute of 

Technology; 2Hanyang University 
A new micro plasma source is developed for elemental analysis.  
Inductively coupled plasma (ICP) is generally used as an ionization 
or excitation source for element analysis.  However, it is sustained 
with high power and volumes of plasma gas flow.  It spends more 
than RF power of 1 kW and needs gas flow of around 15 L/min.  In 
addition, large amount of sample solutions, more than 1 mL/min, 
are required.  In this study, to reduce these consumptions a new 
micro plasma source is designed and tested. The new plasma source 
is a kind of micro hollow cathode configuration.  In this device, 
stable plasmas are able to generate at the plasma gas flow rate of 
around 10 mL/min and the electric power of just several W.  
Electrodes are consists of molybdenum (Mo) and an glass insulator  

with 900 µm thickness is inserted between the electrodes.  
Diameter of discharge hole is 200 to 400 mm.  In the case of argon 
gas, the minimum power to generate stable plasma is 5W.  Its 
volumetric power density is 6.3 x 105 W/cm3.  This value is more 
than thousand times larger than general ICP of 2.5 x 102 W/cm3. In 
this study, emission from fluorine are measured.  Emission lines at 
623.965, 634.851, 641.365 and 685.603 nm are used for atomic 
emission spectrometry.  The results of spectroscopic measurements 
will be presented. 
 
(350) Development of Lab-on-a-Chip Techniques for Elemental 

Analysis: Atoms in Bubbles 
John Molloy1, James Holcombe1; 1The University of Texas 

Various means of molecular detection exist for Lab-on-a-Chip 
technologies, but viable, size compatible elemental analysis 
schemes are currently absent.  One of the largest obstacles to 
overcome is the development of a specialized atomization source.  
Work in the literature has shown the atomic absorption detection of 
Ag, Cu, and Pd in solution is possible at room temperature.[1]  This 
could be an optimal atomization source for use in a Lab-on-a-Chip 
technique due to its ability to handle aqueous samples without the 
need for a thermal atomization source.  However, while this 
previous report was unique and extremely interesting, it is not easy 
to reproduce or explain.  Therefore, an investigation of the 
fundamental mechanisms that might govern such a system was 
undertaken to understand the signal development and to devise a 
stable reproducible protocol for its analytical use. One way that gas 
phase atoms could exist at room temperature in solution is if the 
atoms were trapped in very small bubbles.  Supporting this is the 
fact that the atomic line widths published in the previous work were 
consistent with calculated line widths for atoms in micrometer 
sized bubbles.  Bubbles could be created using NaBH4 reductant 
which evolves hydrogen gas, as well as relying on a procedure 
which creates bubbles from the mixing of ethanol and water.  Using 
these mechanisms to create small bubbles, an atomic signal for Pd 
was detected in solution.  While detection was initially limited to 
Pd solutions which were 20 ppm or higher, improvement of signal 
intensity has been achieved through the addition of surfactants, 
such as DDAB, which have been shown in the literature to improve 
generation efficiency for Cd cold vapor.  Additionally, other critical 
parameters, such as reaction cell design and reducing agent strength 
will be discussed.  Experiments and simulations of atom transport 
between solution and the gaseous microenvironment of the bubbles 
are also keys to understanding this interesting phenomenon. 1. 
Panichev, N. and R.E. Sturgeon, Analytical Chemistry, 1998. 
70(9): p. 1670-1676. 
 
(351) The Determination of Mercury in Seafood; a Comparison 

of Cold Vapor Atomic Absorption and Fluorescence 
Techniques 

David Pfeil1, Bruce MacAllister1; 1Teledyne Leeman Labs 
Mercury is a well known pollutant in the environment. Its affects 
on humans, and mammals in general, are also well understood and 
documented. One of the primary sources of mercury for humans is 
through the consumption of fish. Mercury present in fish is 
predominately in the form of methyl mercury, a form that is readily 
absorbed by man. Several varieties of marine fish such as tuna, 
sword fish, and shark often are contaminated with mercury in 
excess of 1 ppm, the maximum level allowed by the U.S. FDA. 
Currently, any consumption of these fish as high risk groups; i.e., 
pregnant woman is currently discouraged. High mercury 
concentrations found in fresh water fish have resulted in 2000 
water bodies in the U.S.A. with posted advisories restricting the 
consumption of indigent fish. Because of bio-accumulation the 
concentration of mercury in certain types of fish can exceed 
100,000 fold concentration of mercury in the local water.  
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Unfortunately, the larger and older fish that are the preferred catch 
in sports fishing often have the highest mercury concentration. This 
presentation will look at the determination of mercury in a variety 
of fish. Data will be presented using both cold vapor fluorescence 
and absorption techniques. Commonly employed digestion 
procedures for each technique vary slightly and will be discussed as 
well. 
 

(352) Use of Spectral Subtractions to Find New Wavelengths 
for ICP-OES 

Peter Brown, Ph.D.1, Manuel Almeida, Ph.D.1; 1Teledyne Leeman 
Labs 

Having access to the complete ICP spectrum and having the ability 
to manipulate that spectrum can prove extremely useful when 
looking for alternate wavelengths to use for analysis. This talk will 
describe two applications where spectral manipulations (overlays, 
additions, subtractions) have been used to identify "new" 
wavelengths for iodine and cesium. In the case of iodine, an 
alternate wavelength was needed to circumvent problems with a 
spectral interferent. In the case of cesium, an alternate wavelength 
was needed to improve on the detection limit achievable with what 
had been thought of as the "preferred wavelength". In the later case, 
a 600 fold improvement was realized by changing to the new 
wavelength. 
 

(353) A New High Performance Cost Effective ICP Array 
Detector ICP - OES: The Teledyne Leeman Labs Prism 

Peter Brown, Ph.D.1, Manuel Almeida, Ph.D.1, David Pfeil1; 
1Teledyne Leeman Labs 

This presentation will describe a new high performance Echelle 
ICP with array detection. The instrument, called the Prism, is fully 
automated and designed to take some of the complexity out of 
operating a modern array-detector based ICP without sacrificing 
those aspects which are critical to analytical performance. The 
system incorporates a high resolution, long focal length 
spectrometer that provides exceptional resolution and very low 
stray light levels. This presentation will provide an overview of 
both the design and analytical performance of the new Prism ICP. 
 
(354) Method Development Strategies Utilizing Axially Viewed 

ICP-OES when Samples Consist of Complex Matrices 
Doug Shrader1, Christine Rivera1; 1Varian, Inc 

The ICP-OES technique is appealing for the broad linear dynamic 
range, good detection limits and multiple wavelength selection 
capabilities.  However, there are some sample matrices that 
produce complicated structured backgrounds.  These backgrounds 
can lead to erroneous results.  This paper will review correction 
techniques when these structured matrices are present.  Topics of 
discussions will include sample introduction setup, method 
parameter optimization, background correction and standard 
additions.  The matrices represented are potassium hydroxide, ethyl 
lactate, kerosene, high aluminum concentrations, high cerium 
concentrations and high silicon concentrations. 
 

(355) Application of Fast Sequential AA to Complex Sample 
Matrices 

Doug  Shrader1, Christine Rivera1, Anna Tisinger1; 1Varian, Inc. 
For over 40 years, flame atomic absorption has provided analysts 
with a cost effective method of determining metal concentrations in 
diverse sample matrices.  The introduction of graphite furnace AA 
allowed low ppb levels to be measured accurately.  Automation of 
both flame and furnace AA has eliminated many tedious steps once 
part of solution preparation and analysis.  AA is definitely a mature 
analytical technique. However, recent hardware and software 
design changes have led to improved productivity and performance 
in both flame and furnace AA.  Fast Sequential flame AA achieves  

the productivity and speed of sequential ICP by measuring all 
elements in each sample before moving on to the next one.  The use 
of Internal Standards can improve long-term precision and 
accuracy of analysis.  The SIPS Sample Introduction Pump System 
can eliminate most manual standard and sample dilutions while 
extending the analytical working range. Various complex sample 
matrix sets have been analyzed by flame AA utilizing the enhanced 
capabilities described above.  Among the sample sets analyzed for 
various metals were plating baths, petroleum and agricultural 
samples.  Results obtained will be discussed including analysis 
parameters and time, QC, precision and accuracy. 
 

(356) Metals Determinations with High Accuracy and 
Traceable Uncertainty 

T.M. Rettberg1, S. Evans Norris1, J. MacIntosh1; 1VHG Labs 
Routine analysis of metals has largely moved from traditional 
methods, such as gravimetry and titrimetry, to instrumental 
techniques often involving optical or mass spectrometric systems.   
While many sources of error remain as they have always existed, 
e.g. weighing, mixing, etc., new ones have been introduced and 
these include spectroscopic and instrumentation/electronic factors.  
Many analyses require measurement accuracy and precision greater 
than those needed by simple process control or environmental 
regulations.   As such, laboratory protocols and instrument methods 
are required to meet these challenges reliably and in an 
environment not demanding unrealistic controls over analyst or 
spectrometer. A series of articles by Salit, Turk, et. Al1-3 at NIST 
(Gaithersburg, MD) have defined the sources of measurement error 
in spectrometric techniques, such as ICP- OES, and presented an 
approach to achieve higher levels of accuracy with reduced 
uncertainty.  Moreover, the experimentally determined uncertainty 
is well characterized and traceable to the Primary Reference 
Material used.   The Salit and Turk methodology can be 
implemented for the certification of commercial spectrometric 
calibration standards as well as for the analysis of other single and 
multi-element mixed samples and/or pure materials. The 
implementation and use of this method in a commercial situation 
will be emphasized and experiences with respect to long term 
trends will be discussed.   The method and many of its general 
concepts can be advantageously used in the analytical analysis 
community.   Other critical aspects of standards preparation and 
certification will also be highlighted. 1. M.L. Salit, G.C. Turk, A.P. 
Lindstrom, T.A. Butler, C.M. Beck III, B.Norman; Anal.Chem. 
2001, 73, p. 4821. 2. M.L. Salit, G.C. Turk; Anal.Chem. 1998, 70, 
p. 3184 3. M.L. Salit, R.D. Vocke, Jr., W.R Kelly; Anal.Chem. 
2000, 72, p. 3504. 
 

(357) A Comparative Study of International Soil Digestion 
Techniques Prior to ICP-OES Analysis 

Gaston Mercier1, Ranjan Roy2; 1Agriculture Canada; 2SCP Science 
Throughout the world different strategies exist for contaminated 
soil digestion prior to ICP-OES analysis. Two of these well 
documented methods are the United States of America's 
Environmental Protection Agency’s (US-EPA) Method 3050B and 
the European Norm EN 13346.The objective of this study was to 
compare the EPA 3050B1 soil digestion technique to the EN 13346 
2 soil digestion technique. In both cases, the samples were digested 
in a 48 position Graphite Digestion System (Fig. 3) equipped with a 
built in temperature controller and an external PFA coated probe 
(DigiPROBE) to measure and accurately control the block directly 
from the sample. 
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(358) Chelation of Urinary Cadmium with Ammonium 
Pyrrolidine Dithio-Carbamate Prior to Determination by 

Tungsten-Coil ICP-AES 
Amanda Davis1, Bridget Alligood1, Clifton  Calloway2, Bradley 

Jones1; 1Wake Forest University; 2Winthrop University 
Urine samples have been acid digested prior to chelation with 
ammonium pyrrolidine dithio-carbamate (APDC) and extraction 
with methyl iso-butyl ketone (MIBK) for the determination of Cd.  
A tungsten coil, extracted from a simple 150 W slide projector 
bulb, is used as an electrothermal vaporizer for sample introduction 
into an inductively coupled plasma.  The acid digested and 
extracted samples containing an internal standard (Bi) are placed 
directly on a coil.   A simple heating program is used to dry and 
then atomize the sample.  As the vapor stream enters the plasma, 
atomic emission spectra are collected using a high resolution 
monochromator and a charge coupled device detector.  The Bi 
emission line at 227.658 nm is monitored simultaneously with the 
Cd line at 228.802 nm.  Urine samples collected from patients of 
chronic illness are analyzed using the APDC/MIBK extraction 
method with the internal standard.  The average amount of Cd 
found by tungsten coil ICP was 0.61 ppb Cd with an average 
standard deviation of the signal to be 0.002.   The limit of detection 
for the method is below 0.04 ng/mL and the percent recovery is 
greater than 98 %. 
 
(359) A General Method Used to Determine the Concentration 

of Seven Elements in Three Different Vehicles Used for 
Parental Compounds 

Brent Busse; 1Bristol Myers Squibb 
A General Stopper Extractable Method Used to Determine the 
Concentration of Seven Elements (Al, Br, Ca, Mg, Si, Ti, Zn) in 
Three Different Vehicles Used For Parenteral Compounds (Citrate 
pH 3 Buffer, Phosphate pH 8 Buffer, and 50% Ethanol/50% 
Cremaphor) Utilizing Inductively Coupled Plasma-Atomic 
Emission Spectroscopy (ICP-AES) Elemental analysis of 
pharmaceutical compounds has always been of interest for a variety 
of reasons, including regulatory compliance and quality.  The 
analysis of the compound itself is an important factor but another is 
the packaging and the interaction of the two during the shelf life of 
the product.  For this reason, an ongoing investigation has been 
initiated into the reaction between various drug products and the 
corresponding packaging.  Rubber stoppers that are used with 
parenteral solutions are a possible source of metal contamination in 
the packaging of parenterals.  For this reason, studies were initiated 
in various vehicles with stoppers from multiple manufacturers to 
determine the extent of leaching of metals such as aluminum, 
bromine, calcium, magnesium, silicon, titanium, and zinc into the 
drug product during its normal shelf life.  The poster being 
presented exemplifies a general method developed for three 
common vehicles (citrate pH 3 buffer, phosphate pH 8 buffer, and 
50% ethanol/ 50 % Cremophor vehicle) utilizing inductively 
coupled plasma-atomic emission spectroscopy (ICP-AES). 
 

(360) Determination of Carbohydrates and Organic Acids in 
Foods by HPLC-ICP-AES 

José L. Todoli1, Eduardo Paredes1, Salvador Maestre1, Soledad 
Prats1; 1University of Alicante 

Determination of carbohydrates and organic acids in foods is a very 
important subject. Some properties of aliments as well as their 
preservation depend on the presence of these compounds in the 
particular food. Determination of them includes a first stage of 
separation by employing chromatographic techniques such as 
HPLC and a subsequent detection. The most commonly used 
detectors are ultraviolet (UV), refractive index (RI), fluorescence 
and pulsed amperometric detectors. The most important problem of 
UV and RI detectors is the low sensitivity. Fluorescence detector  

supplies higher sensitivities but a previous derivatisation stage must 
be applied that requires the consumption of time and reactives. 
With regard to pulsed amperometric detector, it is more sensitive 
than the other detectors. The main problem of this detector is that 
electrochemical reaction products can be retained on the working 
electrode. Recently, two works have been published to determine 
organic acids [1]  and carbohydrates  [2] by coupling an HPLC 
with an ICP-MS and ICP-AES system, respectively. Results 
obtained in the analysis of carbohydrates by means of HPLC-ICP-
AES were not too satisfactory. On the other hand, determination of 
organic acids by HPLC-ICP-MS required a derivatisation stage. In 
the present work, an ICP-AES detector coupled to the HPLC 
system will be employed as a carbon detector by measuring the 
carbon emission line at 193.093 nm. In this way, organic acids and 
carbohydrates could be detected by measuring at this emission line 
after separation in the HPLC column. The separation conditions 
and the interface design will be optimised in order to improve 
resolution and to lower the limits of detection (LODs). To get this, 
several sample introduction systems will be evaluated (i.e. HEN 
and PFA nebulizers coupled a cinnabar spray chamber and 
ultrasonic nebulizer coupled to three different spray chambers). 
Results will be compared with those obtained by employing 
conventional detection systems (i.e. UV and RI detectors). [1]  
Andrew J. Cartwright; Phil Jones; Jean-Claude Wolff and  E. 
Hywel Evans; J. Anal. At. Spectrom., 2005, 20, 75-80. [2]  Heather 
L. Peters; Keith E. Levine and Bradley T. Jones; Anal. Chem., 
2001, 73, 453-457. 
 

(361) Determination of  Dissolved Organic Carbon and 
Inorganic Carbon in Water Samples Through Inductively 

Coupled Plasma Atomic Emission Spectrometry 
José L. Todolí1, Angel Bejarano1, Salvador Maestre1; 1University 

of Alicante 
In the field of water analysis, organic pollution can be expressed 
through total carbon concentration (TC). TC is the sum of inorganic 
carbon (IC) and total organic carbon (TOC). Inorganic carbon (IC), 
also known as total inorganic carbon (TIC), which corresponds to 
the sum of dissolved carbon dioxide, bicarbonate and carbonate. 
TOC is defined as the amount of carbon covalently bonded as 
organic compounds. TOC is the sum of the dissolved organic 
carbon (DOC), non dissolved organic carbon (NDOC) and volatile 
organic carbon (VOC). In general terms, the TOC corresponds to 
the DOC because NDOC and VOC are usually negligible. Usually, 
the measurement of different carbon fractions present in water is 
carried out by transforming them in CO2 which, in turn, is 
quantified by means of a IR detector. In the present work an ICP-
AES system is proposed as a new way for carbon detection by 
employing the carbon emission line at 193.093 nm. The 
determination of DOC was performed by employing a conventional 
sample introduction system (i.e. concentric pneumatic nebulizer 
and spray chamber). Previously the sample was acidified by the 
addition of HCl and sparged with argon (five minutes) in order to 
release IC. To avoid problems associated to matrix effects, the 
standard additions method was used. On the other hand, a small 
glass reactor coupled to the torch was used to determine IC. A 
given volume of sample was pumped into the reactor. This sample 
was purged with an argon stream to release volatile carbon. Then, 
the sample was acidified with HCl and the IC was converted into 
CO2. The sample was sparged again with argon and CO2 was 
driven by the argon stream to the torch. Results show that a good 
linear correlation can be obtained for DOC measurements in both 
radial and axial observation modes. LOD obtained by these 
observation modes were 0.14 and 0.05 ppm of carbon, respectively. 
To determine IC a calibration curve was constructed by the 
measurement of several standards of bicarbonate with 
concentrations from 0.1 to 450 ppm. A good linear correlation was  
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obtained between 10 and 250 ppm of bicarbonate. To validate the 
method, several samples were analyzed with this method and 
compared with a reference method (volumetric titration). Results 
obtained with both methods did not show significant differences. 
 

(362) Effect of the Sheathing Gas on the Performance of a 
Torch Integrated Sample Introduction System in ICP-AES 
José L. Todolí1, Cristina Lagomarsino3, Marco Grotti3, Jean M. 
Mermet2; 1University of Alicante; 2Université Claude Bernard; 

3University of Genova 
Some time ago we developed a new liquid sample introduction 
system for ICP techniques based on the use of a micronebulizer and 
a single pass chamber. The chamber can be placed either inside or 
outside the torch. This device has been called Torch Integrated 
Sample Introduction System (TISIS) [1]. A similar system was 
developed by Prange and coworkers for coupling capillary 
electrophoresis or liquid chromatography with ICP-MS [2]. The 
TISIS operating principle is as follows: The nebulizer provides an 
aerosol at low liquid flow rates. Because the liquid to gas volume 
ratio is very low, virtually the totality of the solvent evaporates 
before leaving the chamber. This and the fact that a low inner 
volume chamber can be used have several advantages: (i) the 
sensitivities increase because the analyte transport efficiency is 
high; (ii) the plasma thermal characteristics are not deteriorated 
provided that the solvent is mainly introduced as a vapour; (iii) 
matrix effects caused inside the chamber are mitigated, because the 
transport efficiency approaches to 100% irrespectively of the 
matrix composition; (iv) the memory effects are mitigated. In the 
present work, the TISIS has been equipped with a gas sheathing 
inlet to enhance the aerosol transport to the plasma. The basic idea 
was to decrease the nebulizer gas flow rate in order to reduce the 
droplets inertia and, hence, the impact losses, while keeping 
constant the total flow of gas delivered to the plasma. This was 
achieved by using a make up gas stream. The dimensions of the 
spray chamber play an important role on the effect of the 
introduction of this gas stream. In the present paper, results 
corresponding to the characterization of the aerosols leaving the 
TISIS chamber and ICP-AES signal will be shown. [1] J.L. Todolí, 
J.M. Mermet, J. Anal. At. Spectrom., 17 (2002) 345-351. [2] D. 
Schaumloffel, A. Prange, Fresenius J. Anal. Chem., 364 (1999) 
452-456. 
 
(363) Direct Analysis of Minor and Trace Elements in Ceramic 

Powders by Spark Ablation Inductively Coupled Plasma 
Optical Emission Spectrometry 

Nicolas H. Bings1, Arne F. Kiera1, Sebastian Schmidt-Lehr1, Jose 
A.C. Broekaert1; 1University of Hamburg, Germany 

Physical and chemical properties of advanced ceramic materials 
e.g. SiC depend not only on their structure but also on trace 
elemental impurities. Due to the fact that the dissolution of such 
materials is often difficult and time-consuming, a direct sample 
introduction procedure was developed using spark ablation coupled 
to CCD-ICP-OES (SA-ICP-OES). For SA, the insulating SiC-
powders had to be homogeneously mixed and pressed with copper 
powder, resulting in an electrically conducting pellet, used as the 
counter-electrode. Standard addition to the SiC-powder using liquid 
standards, followed by a drying and homogenisation step, was 
chosen as calibration method, while Yttrium was used as internal 
standard. In order to investigate and to minimize elemental 
fractionation during sample volatilization, the instrumental 
conditions of the SA-unit were subject to thorough optimization. 
Therefore, carrier gas flow rate, ablation time, spark energy for 
both pre- and main spark were optimized with respect to best 
signal-to-noise ratio, minimum background signal. As a measure 
for elemental fractionation, the elemental composition and 
homogeneity of the solidified melt was compared with such of the  

original pellet using scanning electron microscopy images. A 
thorough optimization of the sample preparation procedure was 
performed. For method validation the data were compared with 
results obtained by TXRF analysis of dried SiC slurries and AAS 
analysis subsequent to high-pressure acidic dissolution of the SiC 
powders. 
 

(364) Quantitation of Drug Impurities by HPLC with UV 
Detection: Errors Due to Variable Wavelength Detection and to 

Mobile Phase Gradients 
David Salvat1, Jeffrey Poliak1; 1Pfizer, Inc. 

HPLC with UV detection offers a highly selective and sensitive 
means of quantifying drug-related impurities present in drug 
substances and in drug products. In many cases, an external 
standard of each impurity is not available, and this necessitates the 
quantitation of impurities against the major drug peak. In order to 
account for a difference in absorptivity between the drug and the 
impurity, a response factor is determined during method 
development and then applied during validation and routine 
analysis. Experimental variables which affect the response factor 
will introduce error into this approach for quantifying impurities. 
Elemental line-source detectors have largely given way to the more 
convenient deuterium-source variable wavelength detectors and 
photodiode array detectors. The trade-off for this convenience is 
the possible introduction of error in quantitation when the drug and 
the impurity have different UV spectra. This error would result 
from the effects which the detection bandwidth and the uncertainty 
in the wavelength setting have on relative absorbance. These 
detector variables could be eliminated if line-source detectors once 
again achieve a widespread acceptance in the pharmaceutical 
industry. Another potential source of error is the changing mobile 
phase composition along a gradient. The analyst sometimes 
encounters a wavelength shift in the UV spectrum, significantly 
impacting accuracy. In other cases, the gradient has minimal impact 
on UV spectra. This source of error is independent of the type of 
detector, and is most significant when detection is performed at a 
wavelength other than at the absorption maximum. In order to 
ensure accurate results, it is necessary to establish a response factor 
even when the drug and the impurity have identical 
chromophores.All of the above variables were explored during the 
development of methods for several pharmaceutical applications. 
The magnitude of their effects on accuracy and precision depended 
on the particular circumstances pertaining to the degree of mobile 
phase change and the UV spectral similarity. In spite of the 
difficulty in fully evaluating these sources of error in a fast-paced 
laboratory environment, it is important to recognize them in order 
to ensure data integrity. 
 
(365) The Isolation, Extraction and Identification of Chemical 

Markers in a Complex Plant Based Medicine for Treating 
Endometriosis by LC-MS-MS 

Shalona Anuj1, Cheang  Khoo1, Alan  Bensoussan1; 1University of 
Western Sydney 

Work has commenced on the extraction, isolation and identification 
of chemical biomarkers in a thirteen herbs formulation for the 
treatment of endometriosis. Multiple constituents are responsible 
for any herb's therapeutic effects and the separation and 
identification of multiple compounds is a significant challenge. 
This work leads the way into providing a method of analysis, which 
not only allows for QA/QC of the medicinal herbal formula but 
also provides identity confirmation of selected constituents on 
which medicinal claims are being made through the use of the ESI-
LC-MS-MS. The tableted formula is extracted by sonication of 0.1 
g of the powdered tablets in MeOH (2x 25mL)for 30 min each. The 
combined filtrate is reduced to dryness and made up in 10 mL of 
MeOH and centrifuge filtered. The sample is then acidified with  
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100 uL of glacial HoAC and partitioned with hexane (3 x 10 mL). 
The hexane extracts are combined and reduced to dryness before 
being made up in MeOH for injection. Analysis is on the Varian 
1200 LC-MS-MS, using ESI. 
 

(366) Sample Preparation and Measurement Optimisation in 
Terahertz Pulsed Spectroscopy 

David A. Newnham3, J. Axel Zeitler1,2,3, Philip F. Taday3, Clare J. 
Strachan1, Michael Pepper2,3, Keith C. Gordon4, Thomas Rades1; 
1School of Pharmacy, University of Otago, NZ; 2Cavendish Lab, 

University of Cambridge; 3TeraView Limited; 4Department of 
Chemistry, U of Otago 

Terahertz pulsed spectroscopy (TPS) is a novel spectroscopic 
technique that can be used to characterize crystalline materials. It 
has proved to be very sensitive in detecting subtle differences in the 
crystalline structure of the investigated materials and can be used to 
readily distinguish between polymorphic forms. In this work we 
describe what steps that need special attention when preparing 
samples and carrying out measurements in order to record high 
quality transmission spectra. We report the interrelationship of 
sample thickness and instrument resolution on etaloning 
oscillations in the transmission spectra from multiple surface 
reflections and give optimal parameters to prevent these artefacts. 
Furthermore the strong impact of the choice of apodization function 
during the Fourier transformation from the time-domain waveform 
to the frequency spectrum could be demonstrated, visualised and 
explained. It has proved beneficial to use apodization functions of 
the Blackman-Harris or Norton-Beer type rather than to perform a 
plain boxcar apodization. The minimum aperture for transmission 
measurements was evaluated and was found to be 3 mm. 
Furthermore the linearity of the dynamic range has been 
characterised between 2 and 70 cm-1. 
 

(367) A Screening Method for Flavonoids and Phenolic Acids 
James Harnly1, Longze Linn1; 1U.S. Department of Agriculture 

A screening method has been developed for preliminary 
identification of phenolic compounds (flavonoid aglycones, 
glycosylated flavonoids, and phenolic acids) as the first in the 
process of conclusively identifying and quantifying these 
compounds in a wide variety of plant materials.  The screening 
method incorporates an extraction step, separation by reverse phase 
liquid chromatography, and collection of the ultraviolet/visible 
absorption spectra and mass spectra for each peak.  A compromise 
extraction step, using 10 mL of aqueous methanol (60:40, v:v), 200 
mg of powdered sample, and sonication for 30 min, was developed 
based on the response of the 7 major flavonoid aglycones and 
glycosylated flavonoids in oregano.  Separation was performed 
using a C18 reverse phase column (3.9 id x 150 mm).  Tandem 
diode array and Mass spectrometric detection provided the UV/Vis 
absorption spectra and positive and negative ion spectra at 
fragmentation energies of 70 and 250 V.  The screening method 
allows identification of the aglycone and glycosylated flavonoids 
and phenolic acids.  Appropriate standard materials allow 
conclusive identification at this step.  For most peaks, however, 
conclusive identification will require considerable more work with 
MS-MS, NMR, alternative columns, and possibly preparation of 
purified standards from other plant materials.  From 1 to 10 major 
phenolic peaks have been identified in individual plant material for 
more than 100 different plants. 
 
(368) Identification, and Classification/Sourcing of Counterfeit 
Anti-Malarial Tablets Using Near Infra-Red Chemical Imaging 

Jean-Claude Wolff1, John Warrack1, Joe Schoppelrei2; 
1GlaxoSmithKline; 2Spectral Dimensions 

Near Infra-Red Chemical Imaging (NIR/CI) is a recently 
introduced and rapidly developing technology, which provides a 

fast spectroscopical analytical method capable of delivering spatial, 
chemical, structural and functional information simultaneously. 
Specimen preparation is not normally necessary, and rapid 
collection of data, combined with powerful chemometrics software, 
allows efficient and simple collection of information from bulk 
samples. Full NIR spectra are collected for every pixel in an 
imaged area. Principal component analysis (PCA) of spectra can be 
used blind, to identify differences (or similarities) between objects 
in the field of view, even though the reasons for such differences 
may not initially be understood. NIR radiation is able to penetrate 
some way into a sample, so that whilst it is not a true surface 
analytical technique, it becomes possible to analyse, for example, 
the cores of coated tablets, rough surfaces, and even tablets within 
unopened blister packs. These possibilities offer exciting prospects 
for non-destructive analysis and classification of rare, or even 
unique, samples of counterfeit products. In this work, a set of 20 
counterfeit and 10 genuine anti-malarial tablets were analysed by 
NIR/CI. The tablets were easily classified into 3 classes based on 
the active pharmaceutical ingredient (API) present. Indeed, the 
counterfeit tablets contained 2 different substitute active 
pharmaceutical ingredients. Within a class, more subtle differences 
(e.g. different degrees of hydration, differences in excipients) were 
determined, which may help in the identification of the original 
sources of the tablets. 
 

(369) On the Application of Fluorescence Spectroscopy for 
Investigations of the Prodrug Potential 

Christian Banekovich1, Barbara Matuszczak1; 1Institute of 
Pharmacy, University of Innsbruck 

Nonsteroidal anti-inflammatory drugs (NSAIDs) which act via 
inhibition of cyclooxygenases (COX) are widely used therapeutics, 
primarily for the treatment of pain and inflammation. Long-term 
users suffer from a high incidence of gastrointestinal irritation and 
the development of ulcers. The gastric toxicity results from direct 
irritation on the gastric epithelium as an effect of the free 
carboxylic acid function and via the inhibition of the formation of 
protective prostaglandins. Recently, we have developed a series of 
novel potential NSAID prodrugs with a masked carboxylic acid 
function which should exhibit lower side-effects. The term 
'prodrug' refers to a pharmacologically inactive compound which 
will be converted to the appropriate active drug enzymatically 
and/or non-enzymatically. It should be noted that in addition to the 
drug-spacer linkage the novel potential prodrugs also contain other 
cleavable functions. However, only the liberation of the active drug 
is important for the prodrug potential. Different NSAIDs (e.g. 
dexibuprofen, ketoprofen) were linked over various spacers to 
2',3',4',5'-tetraacetylriboflavin. Whereas the carrier 2',3',4',5'-
tetraacetylriboflavin is featured by its fluorescence properties, most 
of the derivates do not exhibit or exhibit rather low fluorescence. In 
order to investigate the hydrolytic cleavage (i.e. chemical stability, 
behaviour in presence of enzymes) of the potential prodrugs two 
different techniques were employed. The first technique involves 
separation of the cleavage products using hplc with fluorescence 
and/or UV detection. However, the second technique is 
characterised by direct measurement of the incubation mixture 
using different fluorescence spectroscopic modes (i.e. 3-D scan, 
wavelength scan and time scan). Whereas the intact prodrugs show 
(nearly) no fluorescence, fluorescence could be determined after 
incubation in the presence of enzymes which results in the split-off 
of the drug. Moreover, the 3-D scan mode was used to differentiate 
whether the spacer is linked to 2',3',4',5'-tetraacetylriboflavin or 
not. The use of fluorescence measurements as an analytical tool for 
the study of the prodrug potential of our compounds will be 
presented. 
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(370) Microparticle Characterization 
Richard Duerst1, Lara Sciaraffa1, Patrick Wurm1, Andrew Vogt1, 

Joseph Neilly1; 1Abbott Laboratories 
Abbott Laboratories has established a new Physical and Analytical 
Characterization Department (PAC) which has as one of its 
missions, the analysis of extraneous matter (EMs) in 
pharmaceutical materials and diagnostic test components.  The 
primary techniques employed by the group which focuses on EMs 
are light microscopy, scanning electron microscopy, energy 
dispersive X-ray analysis, X-ray photoelectron spectroscopy, and 
infrared microscopy.  An environmental SEM (ESEM) is also 
available for examining the EMs as received.  Additional resources 
as well as various separation methods are available if further 
characterization is necessary.  Interesting examples of the types of 
EMs analyzed by the group will be presented. 
 

(371) A Comparison of Spectroscopic Techniques for the 
Analysis of Protein Adsorption on Contact Lenses 

Eric J. Bukowski1, John A. Monti1, Shannon M. Richard1; 
1Shimadzu Scientific Instruments 

Studying the biocompatibility of man-made materials is a 
multibillion dollar endeavor for both the US government and 
private industry.  Contact lenses are one of the most widely 
recognized biocompatible products.  In fact, more than 25 million 
people in the United States wear contact lenses.  Scientific and 
medical interest has moved beyond a mere means for vision 
correction to include their use as both a bandage and an ophthalmic 
drug delivery medium.  Recent attempts have been made to develop 
contact lenses that are capable of non-invasively measuring glucose 
levels in the tear fluid of diabetic patients.  At a fundamental level 
the ‘build-up’ or absorption of proteins on the surface of the lenses 
ultimately determines how long they are biocompatible.  This 
presentation will summarize our efforts to compare the utility of 
spectroscopic techniques for the analysis of lysozyme absorption 
on contact lenses. 
 
(372) Isothermal Solid-Vapour-Solid Polymorphic Conversion 
Process of Carbamazepine Characterized by Terahertz Pulsed 

Spectroscopy 
David A. Newnham3, J. Axel  Zeitler1,2,3, Philip F. Taday3, Michael 

Pepper2,3, Keith C.  Gordon4, Thomas  Rades1; 1School of 
Pharmacy, University of Otago, NZ; 2Cavendish Lab, University of 
Cambridge; 3TeraView Limited, Cambridge, UK; 4Department of 

Chemistry, U of Otago, NZ 
Terahertz pulsed spectroscopy (TPS) is a novel rapid and versatile 
technology to characterize solid state materials and especially its 
crystalline properties. This trait is of special interest for analysing 
polymorphic compounds. Even though these compounds are 
composed of the same chemical structure, they exhibit different 
crystalline structure. Here we report the conversion of 
carbamazepine (5H-dibenz[b,f]azepine-5-carboxamide) form III (P-
monoclinic) to form I (triclinic) at isothermal conditions at 433 K 
just below the melting point of form III. Both of these forms have 
unique spectral features between 2 and 130 cm-1. As the conversion 
progresses all spectral features of form III disappear and the peaks 
of form I appear. It can be observed that the rates of the 
disappearance of form III and the formation of form I are different. 
Furthermore sublimation is observed during the process. Form III 
spectral features decrease much faster than the peaks of form I 
build up. This gives further evidence to a suggested solid-vapour-
solid mechanism behind this process. 
 

(373) TeraHertz Pulse Imaging for the Non-Destructive 
Analysis of Pharmaceutical Coatings. 
Linda Jayes1, Fiona Clarke1; 1Pfizer Ltd 

THz radiation is the most recently explored area of the 
electromagnetic spectrum, due to developments in ultra-fast pulsed 
lasers and semi-conductors enabling measurements of the ‘far-
infrared’.  This presentation will discuss advantages of this new 
technique to pharmaceutical analysis. Pfizer have developed a 
system which when applied to pharmaceutical applications has the 
potential to determine the thickness of coated tablets and 
interrogate the interface between layers e.g. controlled release 
formulations. The instrument has been developed with a THz 
spectrometer as a light source (Ti:Sapphire laser) and also a robotic 
arm which places the sample in front of the fibre-optic delivered 
light.  Prior to THz analysis, a visible scan is performed to identify 
the sample surface.  A THz image is collected as the sample is 
moved in a circular motion. The data is collected from each point 
~250µm in diameter.  When the THz pulse interacts with the 
sample surface a high percentage of the radiation is reflected, but 
some radiation continues into the sample.  When this meets a 
refractive index (RI) change (typically a new boundary) the light is 
again reflected back to the detector. The time taken for the pulse to 
return to the detector is measured and with refractive index of the 
material can be translated into a depth measurement.  The 
instrument is capable of resolving ~40µm thick layers to 
approximately 1mm depth, depending on the material.  The lower 
limit of layer resolution is at the moment under debate, as using 
mathematical decomposition approaches it has been able to resolve 
layers of ~8µm.  This presentation will specifically look at the 
initial work performed correlating coating thickness values 
obtained with optical images of cross-sectioned samples.  Along 
with examination of layer quality images (consistenty of RI across 
surface) which have been utilised to increase understanding of the 
coating process of some products.   
 

(374) Detection of Chirality in Solid-State Samples using 
Fourier Transform Vibrational Circular Dichroism 

Rosina A. Lombardi1, Xiaolin Cao1, Laurence A. Nafie1,2; 
1Syracuse University; 2BioTools, Inc. 

FT-IR VCD is a powerful tool for the identification and 
characterization of biologically important chiral molecules.  Most 
applications to date are for solutions or liquid phase samples, while 
less work has been done with solids due to the difficulties they 
present in terms of theoretical interpretation.  Additional problems 
include spectral artifacts that may be introduced due to insufficient 
reduction in particle size or non-uniform distribution.  Methods for 
the preparation of solid-phase samples include mulls and KBr 
pellets, which have become somewhat routine, and a newly 
developed spray method, which allows for the deposition of finely 
divided particles to create a thin film.  Successful, artifact-free 
spectra have been obtained and reproduced for a variety of solid 
phase samples using each of the three methods of preparation.  It 
has been determined that, in many cases, VCD intensities are larger 
for solids than for liquid or solution state samples.  This effect may 
be attributed, in part, to reduction of spectral overlap due to the fact 
that molecules are probably locked into a single conformational 
state when in crystalline form. The greatest enhancement thus far 
has been achieved in the employment of the spray method which 
has produced signal intensities that are, in some cases, two orders 
of magnitude greater than those obtained by the other two methods.  
This suggests the development of a macro-crystalline structure that 
contributes significantly to the chiral signature. 
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(375) Determination of Absolute Configuration of Molecules of 
Pharmaceutical Interest by VCD Spectroscopy 

Laurence A. Nafie1,2, Teresa B. Freedman1, Xiaolin Cao1, Rina K. 
Dukor2; 1Syracuse University; 2BioTools, Inc. 

Vibrational circular dichroism (VCD) can be used to address a 
variety of stereochemical problems in the pharmaceutical industry.  
The most unique of these is the determination of the absolute 
configuration of chiral molecules from liquid or solutions samples.  
Like X-ray crystallography, the determination of absolute 
configuration using VCD does not depend on any previous 
determination of absolute configuration or any rules correlating 
VCD bands to centers of chirality.  But unlike X-ray 
crystallography, the determination of absolute configuration does 
not require a perfect single crystal, a requirement that often inhibits 
the use of X-ray crystallography.  The VCD method involves 
comparison of experimentally determined IR and VCD spectra of 
solution-state samples of a chiral molecule to the corresponding ab 
initio calculated IR and VCD spectra.  Since the absolute 
configuration of the molecule used for the calculated VCD 
spectrum is known, and because mirror-image pairs of chiral 
molecules give oppositely signed VCD spectra, determination of 
the absolute configuration of the unknown sample is 
straightforward and unambiguous once the correct conformation, or 
conformations, of the molecule are determined theoretically.  As 
with all optical spectroscopies, conformational states can be 
resolved by VCD that inter-convert on the picosecond time-scale or 
slower, and thus VCD spectra of molecules with multiple-solution-
state conformations can be simulated accurately.  In this 
presentation, the use of VCD to determine absolute configuration 
and solution state conformations of a variety of molecules of 
pharmaceutical relevance will be presented. 
 

(376) Spectroscopic Studies of Protein Formulations: 
Avoidance of Excipient Interference Using Vibrational 

Circular Dichroism 
Rina K. Dukor2, Xiaolin Cao1, John Carpenter3, Rosario LoBrutto4, 

Jane Pepper4, Tiansheng Li5, Laurence A.  Nafie1,2; 1Syracuse 
University; 2BioTools, Inc.; 3University of Colorado Health 

Sciences; 4Novartis Pharmaceuticals Corp.; 5Amgen 
Vibrational spectroscopy is a powerful in-situ probe of the 
conformational states of proteins.  Of particular interest to the 
development and manufacture of protein pharmaceuticals is the 
stability and secondary structure of therapeutic proteins in the 
presence of excipients in a variety of physical states, with or 
without various kinds of denaturing stresses.  Fourier transform 
infrared (FT-IR) spectroscopy, due in part to its flexibility in 
sampling methods, has proven very effective in monitoring protein 
secondary structure, both in aqueous solutions and lyophilized 
solids, in the presence of excipients and various forms of 
denaturing agents.  The use of FT-IR spectroscopy as such a probe 
is now widespread throughout the biopharmaceutical industry.  
More recently, vibrational circular dichroism (VCD), the difference 
in IR absorption for left versus right circularly polarized radiation, 
has been recognized as an even more sensitive probe of protein 
secondary structure than its parent IR absorption spectrum.  In 
addition, it has been found that VCD is effective in discriminating 
between proteins and excipients in monitoring protein stability and 
changes in secondary structure.  In particular, glycine, a common 
excipient, possesses a strong absorption near the amide I band of 
proteins in the IR, but shows no signature in the corresponding 
VCD since glycine is an achiral molecule.  This and other examples 
of the power of VCD to assist with protein structural studies will be 
examined for a variety proteins, excipients and denaturing 
influences. 
 

(377) Testing Tablets for Hardness by NIR 
Molly Cole1, Chun Cai1; 1Sanofi-Aventis Pharmaceuticals 

NIR method has been developed to predict the tablet hardness.  The 
development of the hardness model involves multiple linear 
regression of selected segments of spectrum.  When a tablet is 
measured by NIR, the NIR spectrum contains chemical information 
that is reflected in the peaks, as well as physical information that is 
reflected in spectral base line shift and tilt.  The univariate 
approach to model hardness using the overall spectral slope does 
not generate a good model because NIR spectrum usually has more 
chemical information (i.e., peaks) than physical.  However, some 
ranges of spectrum are less sensitive to chemical concentration 
variation and by using these ranges, it is possible to build an 
accurate hardness model.  A spectrum is cut into thousands of 
different segments with varying positions and lengths, and the 
slope for each segment is calculated.  Then the slopes of different 
segments are combined to correlate the hardness attributes by using 
multiple linear regression.  Repeatedly random selection of 
selection and local optimization can be used to select a suitable 
model.  The experimental design, the model and the result will be 
presented. 
 

(378) Quantitation of API Impurities at the ppm Level by 
LC/MS/MS 

Henry Yorzinski1, Andrew Blanchard1, Eugene Kadar1, Gregg 
Kelly1, Charles Palmer1, Tyrone Shire1, Zhongli Zhang1; 1Pfizer 

Global R&D 
There is a strong demand for increasingly lower detection limits for 
impurities in HPLC assays of active pharmaceutical ingredients 
(APIs).  A reversed phase LC/MS/MS purity assay was developed 
that is capable of accurately quantifying two potential impurities at 
the 1 ppm level.  Unlike a typical HPLC/UV system, external 
standard quantitation may not be used due to the possibility of 
significant variations in response factors for analytes from injection 
to injection.  Therefore this assay required the use of both an 
internal standard and standard addition to insure method precision 
and accurate quantitation for each analyte.  Validation of this assay 
however, was impeded by a number of factors including low 
solubility of the API, stability of the API in solution, sample 
degradation catalyzed by certain HPLC vials, and limited quantities 
of purified API.  Obstacles were overcome by limiting the amount 
of sample needed for the assay, controlling sample degradation by 
cooling the auto-injector tray and use of deactivated glass HPLC 
vials, working in a small but well defined linear range and keeping 
run time to a minimum. This poster will examine method 
development, internal standard selection and validation process for 
this assay and how numerous obstacles were overcome.  
 

(379) Applications of FTIR in the Paper Industry 
Ascencion Koenig, Chuck Lohrke; 1International Paper Co. 

The FT-IR lab is a major contributor in supporting International 
Paper Company’s pulp and paper business.  Examples of the 
company’s products and research and development activities will 
be given to illustrate the types of samples and problems that we 
address using FT-IR and other analytical instruments.  Specifically, 
analytical approaches to competitive product analyses, quality 
assurance, and manufacturing support will be discussed. 
 
(380) Application of Photoacoustic Fourier Transform Infrared 
Spectroscopy to Paper Coatings for Coat Weight Measurement 

Francis Acholla1, James Brown1, Ravi Mukkamala1; 1Rohm and 
Haas Company 

Herein, we report the use of Photoacoustic Fourier Transform 
Infrared (PA-FTIR) spectroscopy as an alternative tool for coat 
weight determination of a paper coating. We have taken advantage 
of the ability of PA-FTIR spectroscopic technique in accurately  
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detecting various organic components of a paper coating, and 
utilized it for obtaining quantitative coat weight information. When 
paper samples are coated with formulations that are significantly 
rich in organic pigments and binders, and at relatively low coat 
weights, we found that accurate determination of coat weights by 
conventional methods such as gravimetric methods including 
oxygen ash were less than satisfactory, especially when the base 
stock is LWC or ULWC. And, in such cases, PA-FTIR proved to 
be a simple, non-destructive and reliable method for coat-weight 
determination. Thus, we have applied PA-FTIR technique to LWC 
sheets coated with formulations having 50-100 parts of organic 
pigments and latexes, and our results show that the intensity of 
poly(styrene) stretching band in the infrared region can provide an 
accurate measurement of the concentration of organic pigment and 
latexes of the coating which, in turn,  can be easily translated to 
reliable coat weight information. Keywords: PAS-FTIR; 
photoacoustic; FTIR; paper; hollow sphere pigments; coat weights; 
paper coatings 
 

(381) Amyloid Peptide Aggregation Studies by Circular 
Dichroism and IR Spectroscopies in Solution, Langmuir and 

Langmuir-Blodgett Films 
Roger M. Leblanc1, Jhony Orbulescu1, Changqing Li1, David 

Naistat1; 1University of Miami, Department of Chemistry 
Alzheimer’s disease (AD) is the very common disease encountered 
in elderly people. AD is linked to the amyloid plaques which 
consist of dense aggregation of peptides from prion protein, called 
amyloid β-peptide or Aβ. In recent years, research was conducted 
to explain the aggregation mechanism. Due to the insolubility of 
the Aâ, it has been difficult to study the fibrils behavior from AD 
brain, therefore de novo synthesized amyloid peptide fragments are 
under study. Our objective was to investigate the aggregation of 
different fragments of the Aβ(1-42) peptide, namely Aβ(31-35) and 
Aβ(25-35), but also the most abundant amyloid peptide fragments 
Aβ(1-40) and Aβ(1-42). By choosing synthetic peptides 
homologous to the full length Aβ(1-42) we expect peptide 
aggregate formation in vitro. For peptide fragments with 10 or 
more aminoacids, Circular Dichroism (CD) spectroscopy was using 
for the determination helical or β-sheet structures in solution. We 
investigated the factors that can have an effect on the aggregation, 
i.e. pH, temperature and solvent effect. The IR techniques used 
were specular single reflection variable angle IR for samples 
deposited on hydrophilic and hydrophobic substrates, and also a 
Bio-ATR unit that allows the determination of the IR bands in 
solution using the ATR principle. The reason for having both 
hydrophilic and hydrophobic slides is to investigate if the surface 
hydrophilicity is influencing the aggregation. The use of the Bio-
ATR unit is justified by the fact that the aggregates are formed in 
solution, as reported in literature. Parallel experiments were 
performed using amyloid peptide breakers, namely Aβ(16-20) and 
Congo Red, compound that was reported that might break the 
aggregation process. In Langmuir films we found that indeed the 
use of Congo red in the water subphase lead to a decrease of the IR 
band specific to the amyloid â-sheet at 1630-1632 cm-1 by 60% 
measured by p-polarized Infrared Reflection Absorption 
Spectroscopy (IRRAS). Langmuir-Blodgett films deposited from 
the air-water interface, analyzed with the single reflection specular 
variable angle IR showed linearity of the IR band intensity with the 
number of layers deposited which confirms the hypothesis that 
aggregation is a process that occurs in solution. 
 

(382) Multivariate Analysis of =CH2 and –CH3 Vibrational 
Modes in the Solid/Liquid Paraffin Phase Transition 

Frederick Haibach1, A Zin Oo2; 1Confluent Sciences Consulting, 
Inc.; 2Mt. Holyoke College 

The solid/liquid transition of paraffins has been intensively studied 
since the mid-20th century as a simplified model of polyethylene.  
Studies of paraffins are also important in the understanding of the 
flow characteristics of waxes and the viscosity of diesel fuels and 
petroleum-based lubricants at low temperatures or high pressures.  
The molecular behavior of pure paraffins are complex due to 
folding of hydrocarbon chains within the crystal lamellae as well as 
changes in the space between crystal lamellae.  Infrared studies 
have focused primarily on interpretation of the relatively weak 
vibrational modes between 1500 and 500 cm-1.  The emphasis on 
bending and twisting modes of the hydrocarbon backbone has led 
to a bias towards late-stage melting phenomena. The far more 
intense absorptions of the =CH2 and –CH3 stretching modes also 
contain information about the disorder in paraffin crystals resulting 
from composition and temperature changes.  Commonly 
encountered are mixtures of paraffins that melt below room 
temperature.  Experimentally, this provides complications.  Simple 
models of binary mixtures that melt just above room temperature 
are much more easily approached.  The –CH3 bands probe the 
earliest changes in the transition from solid to melt.  As 
temperature increases and the solid phase becomes more 
disordered, the information from the vibrational modes become 
mixed.  The challenges associated with studying heavily 
overlapped vibrational bands and crystal (Davydov) splitting will 
be overcome using multivariate methods and thermodynamic 
models. 
 

(383) Absolute Stereochemistry Determination within the 
Pharmaceutical Industry - Where Single Crystal X-ray 
Diffraction Fails, Can Vibrational Circular Dichroism 

Spectroscopy Succeed? 
Helen Turner1, Mike Claybourn2, Ron Roberts2, Christopher 

Frampton3, Andrea Russell1; 1University of Southampton; 2Astra 
Zeneca; 3Pharmorphix 

Chirality plays a major role within the pharmaceutical industry, 
with more than one third of all drugs marketed being sold in a 
single enantiomeric form.  The FDA requires that the absolute 
stereochemistry be accurately proven for regulatory submission, 
which also allows comparison of the functionality, activity and 
safety of different enantiomers of the active pharmaceutical 
ingredient.  The current preferred method of choice for accurate 
determination is single crystal X-ray diffraction, XRD, which has a 
very well established methodology, but good quality crystals are a 
prerequisite and are not always possible to obtain.  Vibrational 
circular dichroism, VCD, spectroscopy offers an alternative route 
to accurate absolute stereochemistry determination.  In this growing 
field, absolute stereochemistry determinations can be carried out on 
both liquids and solutions, avoiding crystal growth problems.  This 
technique operates in the infrared region of the spectrum and is 
based on the differential interaction of enantiomers with left- and 
right-handed circularly polarised light. Examples of absolute 
stereochemistry will be presented, with comparison between XRD 
and VCD methodologies.  We will look at Ibuprofen (C13O2H18), 
Captopril (C9S1O3N1H15) and Atenolol (C14O3N2H22), which are all 
chiral pharmaceuticals available on the market today.  These three 
examples each represent different levels of complexity and 
illustrate the wide range of problems associated with both the 
techniques.  With XRD problems with crystal quality and light 
atoms are encountered, with VCD increasing complexity of the 
quantum mechanical calculations for prediction of VCD is seen and 
sampling issues are encountered. 
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(384) Study of the Conformation and Aggregation of the 
Recombinant Spider Silk Protein MaSp1 By FTIR, CD and 

VCD Spectroscopies 
Thierry Lefevre1, Jean-Francois Rioux1, Marie-Eve Rousseau1, 

Thierry Buffeteau2, Michel Pezolet1; 1Laval university; 2University 
of Bordeaux 

Spider dragline silk combines high tensile strength with exceptional 
breaking toughness. Since molecular biology now allows the 
production of recombinant silk proteins in large quantity, a detailed 
knowledge of the process of fiber formation is needed to produce 
“artificial silk” for industrial and medical applications. The dragline 
silk proteins are synthetized in the major ampullate gland and form 
a highly concentrated aqueous solution. It is then channeled 
through a tapering duct where fiber formation occurs. The spinning 
process is viewed as a conversion of soluble proteins into an 
insoluble fiber at room temperature and involves several 
phenomena including orientation, aggregation and dehydration. To 
understand this process, the native structure of the recombinant 
protein MaSp1 of the dragline silk from the spider Nephila 
clavipes, its aggregation properties and its behavior during 
dehydration have been studied using different spectroscopic 
techniques.First, the structure of native MaSp1 has been 
investigated at room temperature using FTIR, UV-CD and VCD 
spectroscopies. The data suggest that the polypeptide adopts a 
similar proportion of random coils and alpha-helices with a low 
contribution of unordered segments. The use of multiple techniques 
provides a better picture of the native structure of MaSp1. Second, 
the heat-induced aggregation propensity of MaSp1 has been 
analyzed by FTIR. The kinetics of aggregation, monitored by 
measuring area of bands assigned to beta-sheets, shows that 
aggregation of MaSp1 is a two-step process and is nucleation-
dependent. Due to the high sensitivity of FTIR spectroscopy to 
protein aggregation, the nucleation step has been detected directly 
for the first time. Finally, the dehydration of MaSp1 solutions have 
been studied using ATR-FTIR spectroscopy. It is found that 
dehydration of a pure protein aqueous solution at room temperature 
occurs without any specific change of the conformation, whereas 
aggregation is observed in the presence of a plasticizer, leading to 
the formation of a self-supported film. Thus, aggregation of MaSp1 
due to dehydration occurs only when a plasticizer is present. The 
process of fiber formation is discussed in the light of the present 
results. 
 

(385) Amyloid Fibril Structures of Three Fragments of b2-
Microglobulin Elucidated by Vibrational Spectroscopy 

Hirotsugu Hiramatsu1, Yuji Goto2, Teizo Kitagawa1; 1Okazaki 
Institute for Integrative Bioscience; 2Osaka University 

Structures of amyloid fibrils of three fragment peptides (#21-29, 
#21-31, #20-41) of b2-microglobulin have been examined in this 
study.  IR absorption spectroscopy combined with isotope labeling 
of the peptide samples and linear dichroism measurement, and 
Raman spectroscopy have been adopted.  From these experiments, 
secondary structure contents, location on sequence, and stacking 
direction of b-sheet have been determined for each fibril.  In 
addition, existence of disulfide bond has been shown from Raman 
spectrum, which shows that peptide forms a dimer by the disulfide 
bridge to build the fibril structure.  The disulfide bridge stretching 
frequency 
 
(386) Vibrational Circular Dichroism in Anisotropic Thin Solid 

Films. 
François Lagugné-Labarthet1, Thierry Buffeteau1, Claude 

Sourisseau1; 1LPCM-UMR 5803/CNRS, Université Bordeaux, 
Talence 

In this study, the measurement of the true vibrational circular 
dichroism (VCD) spectrum is considered from an experimental and  

theoretical approach for any general anisotropic thin solid sample 
exhibiting linear as well as circular birefringence (LB, CB) and 
dichroism (LD, CD) properties. For this purpose, we have made use 
of a simple model alpha-helix polypeptide, namely the poly(benzyl-
L-glutamate) or PBLG, reference sample possessing a well known 
VCD spectrum and giving rise to slightly oriented films by 
deposition onto a solid substrate. VCD and VLD spectra for various 
sample orientations in its film plane were recorded using an optical 
setup based on the polarization modulation technique. All the 
corresponding general relations of the expected intensities in these 
experiments and the properly designed related calibration 
measurements were established using the Stokes-Mueller 
formalism; in addition, the residual birefringence of the optical 
setup and the transmittance anisotropy of the detector were 
estimated.  From a comparative study of the results obtained in 
solution and in the solid state, we then propose a simple new 
experimental procedure to extract the true VCD spectrum of an 
oriented PBLG thin film: its consists in calculating the half-sum of 
two spectra recorded at theta and at theta+/- 90  sample 
orientations. Moreover, the complete linear and circular 
birefringence and dichroism properties of the ordered PBLG thin 
film are estimated in the amide I and amide II vibrational regions. 
This allows us to establish for any sample orientation various 
theoretical simulations of the VCD spectra which nicely agree with 
the observed experimental results; this confirms that the 
measurement of LD and LB is in this case a prerequisite to simulate 
the true VCD spectrum of a partly oriented anisotropic sample This 
validates our combined experimental and theoretical approach and 
opens the route to promising future vibrational CD studies on other 
macroscopic anisotropic thin film samples. 
 

(387) The Coblentz Society Infrared Spectral Collection – A 
Resource Renewed 

John Hellgeth1, Michael  Boruta2; 1The Coblentz Society; 
2ACD/Lab, Inc. 

Comprised over 9500 spectra and offered selectively in a set of five 
books, The Coblentz Society Infrared Spectra Collection was 
recently updated to a digitized and computer searchable format. 
Although there are some advantages to paging through a book of 
infrared spectra, use of this digitized spectral database with search 
software has definite and significant advantages.  Search algorithms 
coupled with an appropriately structured database permits rapid 
examination of a large and diverse spectral data set and increases 
the utility of this database. Further, the ability to conduct searches 
based on queries such as chemical structure, name, or spectral peak 
table affords additional specificity in search results. This paper 
presents an overview of the development of the Coblentz Society 
Infrared Spectral Collection from a paper-based atlas of spectra into 
a modern digital database available for today’s computers. 
 

(388) Advanced Software for Bringing Microscopy to 
Spectroscopists and Spectroscopy to Microscopists 

Kenneth Fredeen1, John Seelenbinder1, Christian Tobler1; 1Smiths 
Detection 

One of the challenges of performing mid-infrared 
microspectroscopy is that the software used to operate the 
microspectrometer, analyze data, and create reports is often heavily 
weighted toward the spectroscopy side of the system.  This may 
limit the utility of the system for some analyses where more 
rigorous light microscopy is required.   In addition, it may also 
make the system difficult to use for non-spectroscopists. An 
advanced software package for a mid-infrared microspectrometer 
system is described in this presentation.  The design is unique in 
that a single software package can be used to collect and analyze IR 
spectra, perform microscopy functions such as image calibration 
and measurement, co-archive spectra and images, and generate  
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reports.  Other advanced microscopy features include video zoom, 
image filtering, simultaneous display of multiple images, and post-
collection color and intensity balancing.  In addition, the approach 
to the design is to make the features and functionality easily 
accessible and intuitive so that microscopists can do spectroscopy 
and spectroscopists and do microscopy with minimal training. 
 

(389) Mid-Infrared Instrument Control and Data Analysis 
Software Tailored for Organic Chemistry Tasks 

Kenneth Fredeen1, John Corbett1, Andrew Bajorinas1, Eric 
Zuidema1; 1Smiths Detection 

Instrument control and data analysis software for most analytical 
instruments is designed using an instrument-centric model, as 
opposed to an application-centric one.  This approach is 
advantageous when the operator is an expert in the technology and 
where the instrument may need to be used for several types of 
applications.  Taking a different approach, this presentation 
describes the design of the instrument control, data analysis, and 
reporting software for a mid-infrared analysis system that has been 
designed specifically for supporting organic chemistry related 
tasks.  Since this system has been designed for use by non-
spectroscopy experts for some very specific tasks, the design 
approach de-emphasizes the instrument and focuses on the 
information that is critical to the user’s task.  Examples of some of 
the features that aid in turning spectral data into useful information 
for the chemist include molecular structure analysis, automated 
spectral interpretation, and chemical structure validation.  User 
tasks for which the software has been customized include reaction 
monitoring, solid form screening, and chemical identification.  
Examples demonstrating use of the software in the pharmaceutical 
industry are included in the presentation. 

 
(390) Advances in Compound Verification and Unknown 
Identification Through Consolidated Analysis Involving 

Multiple Spectral Techniques 
Kevin  Scully, Marie Scandone, Deborah Kernan, Greogory Banik; 

1Bio-Rad Laboratories 
In the many applications within the field of spectral analysis, 
including compound verification and unknown identification, 
scientists typically employ spectral search software and spectral 
reference databases. Using these tools, a score or hit quality index 
(HQI) is calculated to describe the correlation between the 
spectrum of the compound being examined and the spectra of 
known compounds in reference databases. This paper describes a 
new system for multi-technique spectral searching that searches 
data from all techniques at the same time and consolidates all the 
information available to yield consolidated hit lists and results. This 
approach permits the optimization of chemical similarity based on 
two or more analytical techniques to maximize the chemical 
knowledge obtained on the unknown or other compound being 
analyzed. By combining more spectral information at the same 
time, this method offers accuracy and efficiency beyond traditional 
systems that handle only one technique at a time. 
 
(391) Step-Scan Time-Resolved Spectroscopy of Solar-Energy-

Transducing Proteins from Oceanic Bacteria 
Mark Braiman, YaoWu Xiao; 1Syracuse University Chemistry 

Department 
Microsecond time-resolved FTIR spectroscopy of proteorhodopsin, 
a retinal-protein complex found in oceanic bacteria, reveals that its 
mechanism of light-induced proton release on the 100-microsecond 
time scale is similar to that of bacteriorhodopsin, involving the 
intermediates known as L and M at pH 9. 
 

(392) Transforming Infrared Spectroscopy in the 21st Century 
Using Focal Plane Arrays: Real Time Studies of Dynamics in 

Thin Films 
John Rabolt1, Julia Liu1, Christian Pellerin2, Bruce Chase3; 

1University of Delaware; 2University of Delaware; 3University of 
Montreal; 4DuPont Central Research and Development 

A no-moving parts planar array infrared spectrograph (PA-IR) 
currently capable of obtaining spectral “fingerprints” in the  4000-
900 cm-1 region in sub 100 microsec time domain has been 
designed and constructed.  It has been  miniaturized, specialized 
and optimized for a number of applications including: oxide 
coatings on silicon, organic coatings on glass, deformation and 
orientation in films, on-line process monitoring and gas phase 
detection of chemical agents, to name a few.  Examples will be 
given to illustrate its “real time” and spatial imaging capabilities in 
the study of thin films depostied on glass.  The inherent ruggedness 
and portability of the PA-IR make it an ideal instrument for “in the 
field” applications. 
 

(393) Electro-rheo-optical Study of Liquid Crystals and 
Polymers Using Planar Array Infrared Spectroscopy 

Christopher Snively1, John Rabolt1; 1University of Delaware 
Planar array infrared (PA-IR) spectroscopy came about from the 
integration of a focal plane array detector into an infrared 
spectrograph. This approach has the advantages of being able to 
acquire spectra with sub-millisecond temporal resolution, is 
capable of performing simultaneous background correction, and 
employs robust, no-moving-parts instrumentation. Previous studies 
have shown that PA-IR spectroscopy is capable of acquiring 
spectral information from solid polymers perturbed by a sinusoidal 
strain, with a total experimental time orders of magnitude less than 
conventional approaches. Here, we extend this methodology to the 
study of polymers and liquid crystals under the influence of time 
varying electric fields, shear strains, and a combination of both. 
The replacement of electric field perturbation with mechanical 
perturbation removes some assumptions made in the study of liquid 
crystals, and allows a more accurate description of the influence of 
surface forces to be made. Additionally, the simultaneous 
application of electrical and mechanical perturbations to liquid 
crystals allows for a more complete study of the interaction 
between the surface and bulk forces within these systems. The 
addition of a spectroscopic technique to the in-situ study of 
polymeric systems undergoing shear deformation allows the origins 
of non-Newtonian behavior to be probed. Specific examples that 
demonstrate the usefulness of these spectroscopic approaches to 
materials characterization will be presented. 
 

(394) Synthesis and Spectroscopic Characterization of Novel 
Pt(II) Complexes Containing Sulfoxide and Pyrazine Ligands 

Julien R.L. Priqueler1,2, Ian S. Butler1, Fernande D. Rochon2; 
1McGill University; 2UQAM 

Six ionic, Pt(II) pyrazine (pz) complexes, cis-[Pt(R2SO)2(pz)2]2+ 
have been synthesized and characterized by IR, Raman and 
multinuclear (1H, 13C and 195Pt)  NMR spectroscopy, where 
R2SO = dimethylsulfoxide (DMSO), diethylsulfoxide (DEtSO), 
tetramethylenesulfoxide (TMSO), di-n-propylsulfoxide (DPrSO), 
di-n-butylsulfoxide (DBuSO) and dibenzylsulfoxide (DBzSO. 
Since these complexes are water-soluble, they can be considered as 
potentially good alternative species to cisplatin, which is still the 
most widely used anticancer agent in chemotherapy, despite its 
known deleterious side effects. The more sterically hindered 
sulfoxide ligand, diphenylsulfoxide (DPhSO), has been used to 
prepared the trans-[Pt(DPhSO)2(pz)2]2+. Infrared spectroscopy 
suggests that the binding of the sulfoxide ligands in these 
complexes is through the S atom. In addition, a series of 
Pt(R2SO)(pz)X2 (X = Cl, I) has been prepared and characterized  
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by IR, Raman and NMR spectroscopy, where R2SO = DMSO, 
DEtSO, TMSO, DPrSO, DBuSO, DBzSO and DPhSO. The 195Pt 
NMR signals of the dichloro species are observed between -3042 
and -3121 ppm, while for the diiodo analogues, the signals appear 
between -4400 and -4450 ppm. The 33 Hz 3J(195Pt-1H) coupling 
constant for Pt(DMSO)(pz)Cl2 suggests a trans geometry. No 
J(195Pt-13C) coupling was detected. The crystal structures of cis-
Pt(DPrSO)(pz)Cl2 (I) and trans-Pt(TMSO)(pz)Cl2 (II) have been 
determined by X-ray diffraction. The pyrazine-bridged Pt(II) 
complexes, (Pt(TMSO)Cl2)(u-pz)(Pt(R2SO)Cl2), have been 
prepared from (II), and the compounds were characterized by IR, 
Raman and multinuclear NMR spectroscopy. Finally, a mixed-
geometry dimmer, (cis-Pt(DPrSO)Cl2)(u-pz)(trans-Pt(DPrSO)Cl2), 
has been prepared from (I) and characterized by NMR (1H, 13C 
and 195Pt) and IR spectroscopy. Its crystal structure confirmed the 
expected cis/trans geometry. The spectroscopic properties of all 
these new mixed-ligand complexes will be described. 
 

(395) Laser Ultrasonic Technology and its Applications in 
Measuring Surface Defect of Metal 

Gang Li1, Guoping  Zhang1; 1Central China Normal University 
As a new branch of ultrasonics, laser-induced ultrasonics is 
developed quickly, and has wide applications in many areas 
recently, for its advantages such as non-contract operation, non-
destructive testing, broad bandwidth, high time resolution, high 
space resolution, no shape limits on samples, etc. Firstly, the 
principles of the laser-induced ultrasonic generation, e.g., the 
thermoelastic excitation theory and the ablation excitation theory, 
were introduced. This paper also described the laser-induced 
ultrasonic detection by means of the confocal Fabry-Perot 
interferometer (CFPI). And then its applications in detecting 
surface defects of metal were introduced in detail. Based on the 
principles of the laser-induced ultrasonic generation and detection , 
the structure of the laser ultrasonic detection system was presented. 
The system’s applications of locating the surfaces defects of the 
aluminium sheet were described. The experimental results were in 
good accordance with the theoretical predictions, which showed 
that laser ultrasonic technique is practical, reliable and effective. 
Future prospects for such technology were pointed out finally. 
 
(396) Spectroscopic Properties of Er3+ (Dy3+): La3Ga5SiO14 

Single Crystals 
Duorong Yuan1, Xuzhong Shi1, Zengmei Wang1, Shiyi Guo1; 1 

State Key Lab.of Crystal Material 
In this paper, Er3+:La3Ga5SiO14 and Dy3+:La3Ga5SiO14 single 
crystals were grown by using the Czochralski method.  The crystals 
structure still belongs to space group P321. The segregation 
coefficients of the two crystals were measured by X-ray 
fluorescence analysis. For 1mol% doping level in the melt, the 
distribution coefficient of Er3+ ion was determined to be 
0.1172wt% and the distribution coefficient of Dy3+ ion was 
determined up to be 0.432wt%. The absorption spectra and 
fluorescence spectra of the Er3+: La3Ga5SiO14 and Dy3+: 
La3Ga5SiO14 were measured and analyzed. For Dy3+ ion; there are 
four emission transitions occurring at 479, 576, 662 and 754nm. 
Furthermore, the yellow emission transition at 576nm (4F9/2¡ú 
6H13/2) is more intense than the others. For Er3+ ion, there are 
emissions at the wavelength 510-570nm of green light. Among the 
peaks, the 550nm (4S3/2¡ú 4I15/2) peak is the most intense one. 
The Er3+: La3Ga5SiO14 and Dy3+: La3Ga5SiO14 crystals promise to 
be new laser hosts for yellow and green laser light.  
 

(397) Photionization and Photodissociation of Polyaromatic 
Hydrocarbons using 355 nm Radiation 

Juan Carlos Poveda Jaramillo1, Ignacio Alvarez1, Carmen 
Cisneros1; 1UNAM 

We present the results of the photoionization and photodissociation 
of poliaromatic hydrocarbons (PAH´s) using laser radiation of 355 
nm in the energy range from 0 to 30 mJ. The laser beam interacts 
with molecular jet in a perpendicular geometry; the produced ions 
were extracted, accelerated and analyzed using a Time of Flight 
(TOF) analyzer with a channeltron detector. With this method eight 
different polyaromatic molecular structures were studied: 
Naphtalene, C10H8, Pyrene, C16H10, Chrysene, C18H12, Anthracene, 
C14H10, Phenanthrene, C14H10, Fluorene, C13H10, Fluoranthene, 
C16H10, and Coronene, C24H12. First each sample was introduced 
using argon as a carrier gas then the samples were introduced 
without argon, in order to observe the effect of the carrier gas. 
These effect was analyzed by measuring the of total and single ion 
currents. It was observed that the ion currents depend upon using or 
not the carrier, being higher without gas. This effect was 
interpreted as if the PHA formed van der Waals complexes, X:::Ar. 
It was also studied the effect photon density on the ion formation. 
Different products to those observed with conventional ionization 
techniques: electron impact (EI), field ionization (FI), chemical 
ionization (CI). The new products observed were: CH+, CH2+, 
CH3+ and CH4+, and the double charged ions: C3+2, C3H+2, 
C4H5+2, C4H9+2, C5H4+2, and C7H10+2. 
 
(398) Analytical Potential of Phosphorescence Line Narrowing 

Spectroscopy 
Andres Campiglia1, Shenjiang Yu1; 1University of Central Florida 

The main limitation of room-temperature luminescence techniques 
toward the selectivity of analysis is the broad nature of excitation 
and emission spectra.  Several strategies exist to improve their 
specificity, including reducing the sample temperature to enhance 
vibronic spectral resolution, collection of multidimensional data 
formats, and time-resolved spectroscopy (lifetime measurements). 
Temperature effects are specially pronounced in the so-called high-
resolution techniques, namely Fluorescence Line Narrowing (FLN) 
spectroscopy and Shpol’skii spectroscopy (SS). These techniques 
have long been recognized for their capability to provide direct 
determination of structural isomers in highly complex matrixes. [1, 
2] SS refers to a dilute solution of a guest molecule (analyte) in a 
solvent host (usually an n-alkane) where the solvent freezes to 77K 
or below into an ordered polycrystalline matrix. Matrix isolation of 
guest molecules reduces fluorescence inhomogeneous band 
broadening and produces vibrationally resolved spectra with sharp 
line widths. The same is not true for phosphorescence spectra. 
Analyte excitation under FLN conditions, i.e. within the S1 ← S0 
transition, produces in-homogeneously broadened spectra in 
Shpol’skii matrixes. These studies demonstrate the feasibility to 
eliminate inhomogeneous broadening under phosphorescence line 
narrowing (PLN) conditions, i.e. analyte excitation within the T1 ← 
S0 transition envelope. We combine Solid-Liquid Extraction (SLE) 
with PLN spectroscopy for screening polycyclic aromatic 
compounds in aqueous samples. Octadecyl silica membranes are 
used with the dual purpose of sample pre-concentration and solid 
substrate for spectroscopic measurements.  PLN spectra are directly 
recorded from the membrane with the aid of a cryogenic fiber optic 
probe, a pulsed tunable dye laser excitation source, a spectrograph 
and an intensified charged-coupled device (ICCD). SLE associated 
to time discrimination of fluorescence background and Raman 
scattering from the frozen matrix provides limits of detection at the 
parts-per-billion level. Qualitative analysis is based on wavelength 
time matrices, a unique format for compound identification based 
on spectral and lifetime data. The selectivity of this approach is 
demonstrated with the unambiguous determination of target  
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compounds in heavily contaminated samples.  Other applications of 
PLN are discussed as well. [1] S. J. Yu and A. D. Campiglia, 
Applied Spectroscopy 58 (12): 1385-1393, 2004. [2] S. J. Yu and 
A. D. Campiglia, Analytical Chemistry 77 (5): 1440-1447, 2005. 
 

(399) On the Nature of Water between 130 K and 
Crystallization as Probed by Single-Molecule Spectroscopy 

Tonu Reinot1, Nhan C. Dang1, Ryszard Jankowiak2; 1Department 
of Chemistry, Iowa State University; 2Ames Laboratory, USDOE 

It has been recently proposed that the glass transition temperature 
(Tg) for water is 165 K, and not, as previously thought, 136 K [V. 
Velikov et al. Science, 294, 2335 (2001)]. Unfortunately, the Tg of 
water is difficult to measure due to formation of metastable cubic 
ice (Ic) at T = 154 K. To address the nature of water in the 130-152 
K temperature range, a confocal microscopy approach is used to 
study whether single-probe molecules (i.e. rhodamine 700) 
embedded in hyperquenched water rotate in the above temperature 
range.  If Tg is 136 K and the liquid above this temperature is 
fragile, rotation of the dye molecules should be observed above 136 
K. However, single-molecule spectroscopy using confocal 
microscopy did not reveal any rotation of single-probe molecules 
above 136 K, thus eliminating “ultraviscous fragile liquid” as a 
possible description of water between 136 K and crystallization. 
This finding is in agreement with recent dielectric studies [A. 
Minoguchi et al. Phys. Rev. Letters 93, 215703-1 (2004)] and 
suggests that the substance above 136 K is not a liquid at all; 
however, the possibility that it is an “ultraviscous strong liquid” 
cannot be excluded. 
 

(400) Nonlinear Optical Ellipsometry 
Ryan Plocinik1, Garth Simpson1; 1Purdue University 

An ellipsometric approach for interpreting polarization information 
in surface second harmonic generation (SHG) was developed.  
Compared with traditional intensity-based approaches, nonlinear 
optical ellipsometry (NOE) is experimentally simpler, yields 
greater information content, and is mathematically straightforward.  
The polarization-dependence of the SHG light yields the fully 
complex valued chi(2) nonlinear susceptibility tensor elements.  
The chi(2) tensor elements can then be related back to the structure 
of molecules at the silica/aqueous solution interface.  In one 
application, nonlinear optical null ellipsometry (NONE) has 
allowed detection of the adsorption of bovine serum albumin 
(BSA) at the silica/aqueous solution interface in real time and 
without requiring the use of labeled protein.  Labeled protein 
studies with NONE have also provided a pathway to measure the 
real and imaginary interfacial refractive indices, allowing for the 
development of a new interfacial optical model. 
 

(401) Terahertz Time Domain Spectroscopy of Aqueous 
Solutions of Ethylene Glycol 

Seiji Kojima1, Kazushiro Fukushima2, Ryoichi Fukasawa2; 
1University of Tsukuba; 2Tochigi Nikon Corporation 

The transmission far-infrared spectra of aqueous solutions of 
ethylene glycol were studied by the terahertz time-domain 
spectroscopy (THz-TDS) [1].  The femtosecond pump pulses with 
the wavelength of 780 nm were generated by a mode-locked Ti:  
sapphire laser (Mai Tai) with a repetition rate of 80 MHz.  The 
pump pulses were focused by an object lens onto the biased gap of 
the photoconductive antenna made by a low-temperature grown 
GaAs.  The emitted THz radiation was collimated into a parallel 
beam with a diameter of 50mm and passed through a liquid cell 
with a thickness of 100 ƒÝm made by silica glass.  The transmitted 
signals from a sample were focused onto a detector of a GaAs 
photoconductive antenna. The received signals were gated using 
incident pulses. The waveform of transmitted EM pulses was 
determined by changing a delay time. The real and imaginary parts  

of complex dielectric constants were determined from the 
amplitude and phase of transmission spectra in the frequency range 
between 0.5 THz and 2.5 THz [2]. The complex dielectric spectra 
of aqueous solutions of ethylene glycol clearly show the existence 
of relaxation processes at room temperature. The concentration 
dependence of these relaxation processes was studied and discussed 
in relation with the associated clusters consist of water and ethylene 
glycol molecules. References 1. S. Kojima, N. Tsumura, M. Wada 
Takeda, and S. Nishizawa, Analytical Science 17, i681 (2002).  2. 
S. Kojima, S. Nishizawa and M. Wada Takeda, J. Mol. Struc. 651-
653, 285 (2003). 
 

(402) Prediction of Nonlinear Optical Properties of Proteins: 
Vibrations 

Andrew Moad1, Garth Simpson1; 1Purdue University 
As the number of nonlinear optical measurements being made 
grows and expands into the biological realm so does the need for 
better interpretation of complex samples.  A method is developed to 
predict the nonlinear optical vibrational properties of entire 
proteins.  Local vibrational modes of the residues that make up the 
backbone in proteins can be modeled by a single monomer N-
methyl acetamide (NMA), in the weak coupling limit.  By 
predicting the nonlinear optical properties of NMA and mapping 
them onto each segment in the chain, the coherent sum of all 
segments yields the predicted response for an entire protein.  The 
same procedure also applies to polymers. 
 
(403) From Laboratory to Industrial Process Monitoring, The 

Development of Cavity Ringdown Spectroscopy. 
Norman Wright1, Sze Tan1, Serguei Koulikov1, Alex Kachanov1, 

Chris Rella1; 1Picarro, Inc. 
Cavity ringdown spectroscopy (CRDS) has demonstrated 
tremendous potential with its unique combination of selectivity, 
sensitivity and speed of analysis in addressing the detection of trace 
chemical species.  Until recently CRDS has been a technology 
primarily restricted to a laboratory environment.  However, many 
applications have been identified in industries as diverse as 
semiconductor manufacturing, medical diagnostics, environmental 
monitoring and petrochemical processing.  Recent advances in 
CRDS instrument design, driven by the demand of these 
applications, has resulted in a robust and versatile spectroscopic 
engine.  This paper will detail the key innovations that have 
resulted in simplified and improved components that form the basis 
of a reliable and flexible instrument. CRDS offers advantages over 
traditional absorption spectroscopies in the following areas; 
spectral stability, in which CRDS is a shot-noise limited technique; 
sensitivity, resulting from an extremely long effective pathlength; 
chemical specificity, as a result of spectral resolution orders of 
magnitude higher than FT-IR.  In addition, CRDS provides an 
absolute absorption measurement based on measuring the ringdown 
time.  Thus, once the instrument is calibrated, no additional 
calibration is needed, making CRDS inherently easier to operate 
and maintain.  Speed of analysis is continually improving with 
advances in the system control electronics and streamlined 
detection schemes.  The sum total of these performance features 
defines a powerful spectroscopic analytical technique. This paper 
will describe the innovations and capabilities that have provided 
cavity ringdown spectroscopy with a new level of flexibility and 
ruggedness.  Several of the applications that are being developed 
will be used to highlight the performance of the instrument in its 
current configuration and provide a window toward future 
development. 
 



ABSTRACTS 

156 

(404) Applications Challenges: Trace Gas Analysis by Cavity 
Ring-down Spectroscopy from Industrial to Environmental 

Monitoring 
Norman Wright1, Edward Wahl1, Boris Kharlamov1, Bruce 

Richman1; 1Picarro, Inc. 
As the need for increasingly sensitive and selective trace gas 
detection has arisen, new spectroscopic technologies have emerged 
to overcome the limitations of traditional techniques.  Cavity 
Ringdown Spectroscopy (CRDS) provides a powerful solution, 
combining world-class performance, high reliability and ease of 
operation.  Unlike traditional methods for trace gas detection that 
are primarily based on either chemical reactions (electrochemical 
detection), physical separation (gas chromatography) or ionization 
properties (mass spectrometry), CRDS is an optical technique 
whose sensitivity, speed, robustness and portability have the 
capability to revolutionize trace gas detection. Cavity ring-down 
spectroscopy is an absorption spectroscopic method that replaces a 
multi-pass cell with a stable optical resonator, called the ring-down 
cavity.  The high finesse and long effective pathlength of the 
cavity, combined with the high spectral resolution of the laser, 
result in extremely high chemical selectivity and sensitivity.  
Because of this, a particular target species can be accurately 
identified within a complex sample matrix.  This paper will present 
specific applications to demonstrate the capabilities of this 
technology. In the first example, from semiconductor 
photolithography, controlling the ambient level of ammonia is 
critical to protecting the imaging properties of chemically amplified 
photoresists.  CRDS can provide the sensitivity and selectivity 
needed to flag any increase in the ammonia levels before it can 
negatively impact resist performance.  A second example addresses 
the needs of the internal combustion industry.  With continually 
tightening regulations in diesel exhaust emissions on the horizon, 
new methods of monitoring species in the exhaust stream are 
needed at both the engine test site and during the design of 
emission control systems.  One species that is challenging to 
measure, yet obvious when present and crucial to emission system 
development is hydrogen sulfide.  CRDS provides both the 
selectivity to accurately identify hydrogen sulfide from a 
background matrix of highly IR absorbing species, as well as the 
speed needed for dynamic test conditions.   These applications will 
be detailed as examples of the evolving problem solving capability 
of cavity ringdown spectroscopy. 
 
(406) Cavity Ring-Down Spectroscopy in a Liquid-Only Cavity 

for Improved Absorbance Detection Sensitivity in HPLC 
Freek Ariese1, Lineke Van der Sneppen1, Arjan Wiskerke1, Cees 

Gooijer1, Wim Ubachs1; 1Laser Centre Vrije Universiteit 
Amsterdam 

A liquid-only cavity flow cell was designed to improve absorbance 
detection limits in liquid chromatography using cavity ring-down 
spectroscopy (CRDS). In this miniaturized cavity there is an optical 
path length of only 2 mm between the mirrors (reflectivity = 99.996 
%), which at the same time form the walls of the flow cell. Short 
laser pulses are injected into this cavity; after each pulse the decay 
rate of the light leaking from the cavity is determined. Typical ring-
down times are 65 - 75 ns for the eluent blank, which corresponds 
to ca. 8000 roundtrips. Shortening of the ring-down times indicates 
that an additional absorbing species is present in the flow cell. The 
performance of the CRDS setup compares favorably to 
conventional absorbance detection: the baseline noise is determined 
to be 2.7 · 10-6 A.U. using averaging over 1 second. The 
concentration detection limits are between 15 and 20 nM (injected 
concentrations) for dye compounds with a molar extinction 
coefficient of 10000-14000 M-1cm-1 at the laser wavelength of 532 
nm. Compared to a typical conventional absorbance detector fitted 
in series, the concentration detection limit is lowered by a factor of  

30. Advantages and disadvantages over conventional absorbance 
detectors and alternative CRDS approaches will be discussed. 
 
(407) Detection of Explosive by Laser Photofragmentation and 

Chemiluminescence 
Pamela P. Monterola1, Ronald Whiddon1, Benjamin  Smith1, 

Nicolo Omenetto1, James Winefordner1; 1University of Florida 
This study investigates the feasibility of laser photofragmentation-
luminol chemiluminescence detection for low concentrations of 
nitro containing explosives; specifically Pentaerthritranitrate 
(C(CH2ONO2)4 or PETN. A solution of PETN crystallized on a 
0.78 mm2 area of quartz window was photofragmented by a 
focused beam of a 193 nm ArF laser. NO and NO2 fragments were 
produced, and the NO2 was detected by its chemiluminescence 
reaction with aerosolized luminol solution. A thermoelectrically 
cooled PMT, suitable for low light measurement, was used to 
measure the chemiluminescence signal. An oxidation step of NO to 
NO2 was implemented to significantly improve instrumental 
sensitivity. A column of CrO3 adsorbed onto glass beads was used 
to catalyze the conversion of NO to NO2. To achieve maximum 
analytical performance, the pertinent processes of each step were 
studied and optimized. Photofragmentation efficiency was 
influenced by physical parameters such as laser fluence and pulse 
duration. NO oxidation  was dependent on physical parameters 
such as relative humidit and temperature while luminol-NO2 
reaction depends on chemical parameters such as pH and 
concentration of the luminol solution. Limit of detection and 
dynamic range for this detection, as optimized for PETN, are 
included.  
 

(408) Development of Precise Chelatometric Titrations with 
Molecular Spectroscopy 

Toshihiro Suzuki1, Akiharu Hioki1; 1NMIJ/AIST 
Introduction: In the field of standard material development, there is 
demand for a primary method of measurement, which is based on 
calculations relying on applicable physical and chemical laws, and 
whose results are directly related to the International System of 
Units. Though titrimetry has a potential to be a primary method, it 
is important to detect an accurate equivalence point with low 
uncertainty. The equivalence point of a chelatometric titration was 
determined by analyzing a titration curve with a theoretical 
equation, in which equilibrium among metal ions, metal chelates, 
and indicator were taken into account. While absorbances at a 
single wavelength during a titration are observed with usual 
photometric titrators, an absorption spectrum (e.g., 200 nm - 800 
nm) can be observed with a spectrophotometric titrator. Therefore, 
it is possible to determine a much more precise equivalence point 
by analyzing the three-dimensional titration data. In the present 
study, this method was applied to compare some kinds of metal 
standard solutions. Experiment: An aliquot of a standard solution 
(Zn, Pb, Cd, Y or Sc) was weighed into a beaker and then water, a 
buffer solution (acetic acid or hexamethylenetetramine) and 0.01% 
solution of purified xylenol orange were added. After the pH of the 
mixed solution was adjusted with a diluted nitric acid or a sodium 
hydroxide solution, the solution was titrated with 0.01 mol dm-3 
ethylenediaminetetraacetic acid (EDTA) by a spectrophotometric 
titrator.Results and discussion: In these titration systems, it was 
assumed that a metal ion (M) and the indicator (A) form both 1:1 
(MA) and 2:1 (M2A) complexes. A three-dimensional titration data 
was analyzed by fitting of the theoretical equation which was led 
from an equilibrium among a metal ion, the indicator and EDTA. 
The equation with optimized parameters successfully explained the 
three-dimensional titration data. By this method, an accurate 
equivalence point was determined with stability constants and a 
molar absorption spectrum of MA in each titration system. In  
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addition, comparability among the metal standard solutions which 
were prepared from pure metals (Zn, Pb and Cd) was confirmed. 
 

(409) Simultaneaous Determination of Iron and Cobalt by 
Preconcentration on a Silica-Cyclophosphazene Composite 
Miguel  Barbosa1, M. Inés Toral1, Carlos Díaz1; 1University of 

Chile 
The cyclophosphazene (N3P3(N(CH3)(CH2)2CN)6), when 
encapsulated inside a silica matrix (SiO2) using the sol-gel method, 
has previously been shown to be an excellent retainer of metallic 
complexes using TPTZ (2, 4, 6-tripryridyl-1, 3, 5-triazine)  as 
chromogenic agent[1].  This new solid phase is capable of retaining 
various metallic cationic complexes making it possible to evaluate 
their analytical signal directly by spectrophotometry or derivative 
spectrophotometry.  In this work, we continue our analytical studies 
using the encapsulated ciclophosphazene (composite) to develop a 
simultaneous determination of iron and cobalt at µg/L levels. The 
classical absorption spectra of [Fe(TPTZ)2]2+ and [Co(TPTZ)2]2+ 
retained on the composite (SiO2)n{P3N3[N(CH3)(CH2)2CN]6} 
presents well defined bands which overlap in the same visible 
region permitting the use of  derivative spectrophotometric 
techniques in order to evaluate the analytes in the matrix.  The first 
to fourth order derivatives were individually evaluated from each of 
the analytes´ absorption spectra.  The results showed that the 
second order derivatives present zones for the determination of 
both analytes.  A zero crossing at 570 nm is observed for the 
[Fe(TPTZ)2]2+ complex retained in the solid phase.  The 
absorption signal at this wavelength when both analytes are 
present, will only depend on the [Co(TPTZ)2]2+ retained by the 
solid phase.  On the other hand it is possible to observe a zero 
crossing for [Co(TPTZ)2]2+ at 565 nm.  These zero crossings were 
maintained even when the analytes´ concentration was augmented. 
Therefore, the second derivative was selected for this simultaneous 
determination. A smoothing factor of 40 was selected in order to 
reduce background noise from the spectra.  This is necessary 
because when the order of the derivative is increased, the noise in 
the derived spectra becomes predominant.  A scale factor of 105 
was selected in order to facilitate the readings of the spectra.  
Calibration curves for the second derivative spectra of Fe(TPTZ)2 
and Co(TPTZ)2 gave way to the following equations: DU = 0,0047 
CFe (mg/L) – 0,0274  (R = 0,9978) and DU = 0,0033 CCo (mg/L) - 
0,0188 (R = 0,9991) respectively. After evaluating the spectra we 
calculated detection limits for iron and cobalt of 1.9 and 3.1 (µg/L), 
quantification limits of 6.4 and 10.3 µg/L) and determination 
ranges of 6.4 – 80 and 10.3 – 360 (µg/L) respectively with relative 
standard deviations of 3.8 and 4.1.  The method was validated 
using High Purity Standards certified water samples (CRM-MFD) 
where 99.4 % of iron was recovered from a concentration 
59.65(µg/L).  The developed method presents similar determination 
ranges for both metals which represent an advantage in comparison 
with other methods where triazine-like ligands are used as well as 
other preconcentration methods. Bibliography [1] M. Barbosa, C. 
Diaz, M. I. Toral, J. Retuert,Y. Martinez; J. Mat Chem, 2005, 15, 
1360 – 1368. Acknowledgements:FONDECYT Projects (1020692 
and 1030515),The German Academic Exchange Service (DAAD) 
and Mecesup Project 116. 
 

(410) Spectrophotometric Determination of Iron (III) After 
Extraction of Its Ternary Complex  into Microcrystalline 

Naphtalene. 
Mohammad Reza Baezzat1, Zahra Shirinzadeh1; 1Firoozabad Azad 

University 
Iron (III) is Quantitatively retained on 4,5- Dihidroxy Benzene-1,3- 
disulfonic acid disodium salt solution, in the presence of 
cethytrimethylammoniumbromide (CATB) from aqueous solutions 
of various samples. After filtration, each solid mass consisting of  

the iron (III) complex and naphthalene was dissolved with 5ml of 
dimethyformamide and the metal ion was determined by 
spectrophtometric. Beer,s law is obeyed in the concentration range 
0.02-10 ppm of iron (III) in 5ml-dimethylformamide solution. The 
interference of a large number of cations and anions has been 
studied and the optimized conditions developed were utilized for 
the trace determination of iron (III) in various standard samples. 
 

(411) Chemiluminescence Outside the Visible Region: Near-
Ultraviolet and Near-Infrared Light Emanating from Chemical 

Reactions in Aqueous Solution 
Paul Francis1, Neil Barnett1, Trevor Smith2, Paul Spizzirri2; 

1Deakin University; 2University of Melbourne 
Chemiluminescence – the emission of light from chemical 
reactions – is a valuable method of detection for chemical analysis 
[1]. Most liquid-phase chemiluminescence reagents were 
discovered by fortuitous visual observation of the emitted light [1] 
and, therefore, knowledge of chemiluminescence outside the visible 
region is limited to a very small number of reactions. As early as 
1939, Audubert described some liquid-phase chemical reactions 
that emit near-ultraviolet light [2], but in stark contrast to the 
reactions that emit visible light, there have been no reported 
attempts to exploit this phenomenon for analytical applications. 
Furthermore, chemical reactions that emit in the near-infrared are 
essentially limited to the production of singlet oxygen [3], energy 
transfer from visible chemiluminescence systems to near-infrared 
fluorophores [4] and various gas-phase reactions [1]. We have 
found that the reaction of some simple nitrogenous compounds 
with sodium hypobromite in aqueous alkaline solution evokes an 
emission of light in the near-ultraviolet and/or near-infrared 
regions. Even with unoptimised instrumentation, the near-infrared 
emission intensity for the chemiluminescent oxidation of 
ammonium with hypobromite was far more intense than that 
observed in the visible region using the same chemistry, 
highlighting the huge potential of chemiluminescence outside the 
visible region for ultra-trace detection of a wide range of analytes. 
1. A.M. Garcia-Campana and W.R.G. Baeyens (Eds.) 
Chemiluminescence in Analytical Chemistry, Marcel Dekker, New 
York (2001) 621 pp. 2. R. Audubert, Trans. Faraday Soc., 35 
(1939) 197-204. 3. B.Z. Shakhashiri and L.G. Williams, J. Chem. 
Educ., 53 (1976) 358-361. 4. K. Kimoto, R. Gohda, K. Murayama, 
T. Santa, T. Fukushima, H. Homma and K. Imai, Biomed. 
Chromatogr., 10 (1996) 189-190. 
 

(412) Preconcentration of Iron and Cobalt as Complexes on 
Octadecyl- Functionalized Silica Gel (C-18) in Surfactant 

Presence 
M.Inés Toral1, Alejandra Fuenzalida1, Alfredo Cortes1; 1Faculty of 

Science, University of Chile 
In this work it was possible to preconcentrate iron and cobalt using 
octadecyl- functionalized silica gel (C-18), as solid phase, using the 
following ligands: 3-(2-pyridyl)-5,6-bis (4-sulfophenyl)-1,2,4-
triazine, disodium salt (ferrospectral ó PDTS); 5-phenyl-3-(4-
phenyl-2-pyridyl)-1,2,4-triazine (ferrospectron II ó PDT II); 3-(2 
pyridyl)-5,6-diphenyl-1,2,4-triazine (ferrospectron ó PDT); in the 
presence of an anionic surfactant like sodium dodecylsulfate (SDS) 
or  a cationic surfactant  like trimethyl ammonium bromide (BTA) 
depending on which ligand is used.  Surfactant molecules orient 
themselves at C-18 in such a way that its possible to retain species 
with opposite charge by electrostatic attraction.  The 
preconcentration technique was not successful for PDTS when 
larger concentrations of surfactant where used. In this case the 
formation of an ionic-pair between surfactant and ligand, which 
consequence is the complexes is not formed. The preconcentration 
can happen in a partial way only using a low concentration of 
surfactant.  The complexes distributions in solid and liquid phase  
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are in the same quantity, so the ligand PDTS is not useful for 
analytic studies.  In the iron and cobalt complexes formed using 
PDT II and PDT as ligand the interaction between the surfactant 
and ligand are predominant. This behavior was predictable because 
the ligand has not charge, and the electrostatic interaction between 
the surfactant and ligand.  The optima variables, 0.5 mL of SDS 
(0,1 mol/L), 2 mL of PDT (1x10-4 mol/L) and stirr during 20 min, 
were found.   It is possible to extract Co (II) quantitatively from the 
solution and the Fe (II) is distributed, 75% on solid phase and the 
25% on the liquid phase.  As the spectra of both complexes retained 
on solid phase are overlapped,  the use of first derivative 
spectrophotometry permits the cobalt  determination by the method 
of zero crossing at 556,6 nm and iron can be detected using the 
second derivative at 619 nm, because in this point Co does not 
absorb.  For the cobalt determination, the detection and 
quantification limits, 2.6 g/L and a limit of quantification of 8.8 g/L 
were found, respectively. The repeatability, for cobalt 
determination was in all case minor to 1.1%. A recovery, between 
98 y 101 % in synthetic samples, were found.  
Acknowledgements:(FONDECYT), project N  1020692. 
 
(413) Determination of Copper (Ii) in Presence of Silver (I) on 

DEAE Sephadex A25 With 5-(4-Sulphophenylazo)-8-
Aminoquinoline 

M. Inés Toral1, Libby Morales1, M. José Alvarez1; 1University of 
Chile 

This work presents the development of a new analytic method in 
batch, for the ultra trace copper determination.  The method 
contemplates the use DEAE Sephadex A25 anionic resin, where the 
5-(4-sulphophenylazo)-8-aminoquinoline (SPA) is previously 
retained.  The copper from an aqueous solution, form complex and 
is retained in one step on solid phase. The SPA ligand, forms 
complex with silver in aqueous solution, however, its sensibility is 
very low in the solid phase.  This way, it is possible the copper 
determination at ultra trace levels in silver presence, when the 
derivative spectrophotometry is used. Between all the proven solid 
phases, the DEAE Sephadex A25 resin was the only one that 
presented better results to be used as solid phase; also, the bands 
are reproducible and well defined.  When the resin was selected, 
the different variables were optimized, among them the SPA 
retention, this ligand is soluble in aqueous solution and it can be  
retained strongly in the anionic resin. Based on the obtained results 
in the retention of different ligand concentrations, a concentration 
of 2.3x10-6 mol/L was selected.   The pH studies, show that the 
formation of Cu (II)-SPA complex is only carried out in the solid 
phase to high pH values, a pH = 9 value was selected, obtained 
with  NH3/NH4+ buffer. A selection study of the mass of solid 
phase was carried out, allowed establishing that 60 mg favors the 
sensibility.  In relation to the agitation time, the study showed that 
the metal is quickly retained in the solid phase; in consequence 20 
minutes of agitation time was selected.  The complex absorption 
spectrum was obtained against a reagent blank; this measure was 
carried out directly in the solid phase, without other previous steps.  
Although, the complex with silver is not significantly formed in the 
solid phase, equally, complex interference exists in an area of the 
spectrum.  However, by using the first order derivative 
spectrophotometry, and with a 623 nm wavelength, it is possible 
the copper determination, without silver interference. The detection 
and quantification limits were 22 ng/L and 70 ng/L, respectively, 
under such conditions; the method becomes to be highly selective.  
Acknowledgements: The authors thank the financing from this 
investigation to the project FONDECYT N  1020692, to 
CONICYT for Ph.D scholarship and CONICYT AT-4040211 from 
support to realization of doctoral thesis.  
 

(414) Synthesis and Characterization of Esters and Thiol Esters 
of Isonicotinic Acid 

Eugenio Sánchez-Arreola1, Jocelyn Juarez-Badillo1, Javier Garces-
Eisele1, Thomas Scior2; 1Universidad de las Américas, Puebla; 

2Ben. Universidad Autonoma de Puebla 
One of the hypotheses on the activation of the isoniazide (INH) is 
the oxidation catalyzed by KatG enzyme to obtain isonicotinic acid 
after crossing the internal membrane by passive diffusion in 
Mycobacterium tuberculosis. Due to pH intracellular and to pKa of 
the INA, this is ionized almost completely, and then is accumulated 
inside the cell. Later take place of nicotinic acid in the synthesis of 
the NADH, being isoNAD and thus inactivating to the InhA 
enzyme. In order to prove the previous hypothesis, esters and thiol 
esters of isonicotic acid were synthesized to verify their 
antimicrobial effects in wild type strains of Mycobacterium 
tuberculosis. The esters were prepared by esterification of 
isonicotinc acid with an alcohol (1-butanol, 1-hexanol and 1-
octanol) in the presence of an acid catalyst (Fischer esterification) 
and the thiol esters were prepared by convert isonicotinic acid to 
isonicotinic chloride with thionyl chloride under N2 atmosphere 
and treated with the correspondent thiol (ethanethiol, 1-butanethiol, 
1-hexanethiol and octanethiol). The compounds were characterized 
by spectroscopic methods, 1H and 13C NMR, UV and IR, and 
confirmed by mass spectrometry. 
 

(415) ATR-FTIR and Confocal Raman Microscopy Studies of 
Biofilms 

Truis Smith-Palmer1, Judith  Pink1, Lisa  Hill1, Zachary Kerr1, 
David Pink1; 1St Francis Xavier University 

Bacterial biofilms are present on most moist surfaces. Their 
presence in water supply pipes, teeth and medical implants can 
have negative consequences for the population involved. Therefore 
it is important that we understand their growth, structure, and 
responses to various stimuli.  While they have been investigated 
extensively by optical microsopy and destructive analytical 
methods, ATR-FTIR studies have allowed us to follow the  overall  
chemical changes that occur while  monitoring their growth over 
several days.  We are also interested in  correlating optical images 
with chemical signatures to map out the spatial distribution of cells 
and matrix components within these communities. A flow cell has 
been constructed to allow visualization of biofilm growth in real 
time using Raman microscopy.  

 
(416) Characterization of a Hazardous Eyeliner (Kohl) by 

Confocal Raman Microscopy 
Karim Jallad1, Hartmut Hedderich2; 1American University of 

Sharjah; 2Purdue University 
A new method of analyzing Kohl, a cosmetic eyeliner, using 
confocal Raman microscopy is reported.  This technique offers an 
important alternative to conventional spectroscopic techniques that 
provide elemental/atomic composition.  Raman spectra of three 
Kohl samples have been measured between 150 and 3000 cm-1 at 
room temperature.  The main component of two Kohl samples was 
found to be Lead (II) Sulfide (PbS). Kohl is used as a traditional 
cosmetic and remedy in the Middle East, Far East, and Northern 
Africa.  Since Kohl products contain very high concentrations of 
Lead, they constitute a risk for public health, particularly for 
children. 
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(417) Raman Spectroscopy as a Real-Time Probe for Normal 
Cardiomyocyte Function 

Obianuju Inya-Agha1, Tony Davies1, Godfrey  Smith1, Jon 
Cooper1; 1University of Glasgow 

Normal Raman spectroscopy has been used to probe cardiomyocyte 
function in real time. Raman spectra of single ventricular myocytes 
isolated from adult rabbit heart were acquired and examined under 
two distinct conditions:  (i) comparison of quiescent and 
electrically stimulated cardiomyocytes;  (ii) Comparison of 
prolonged quiescent culture; Spectra from electrically stimulated 
and quiescent cells reveal changes in the amide I band during the 
contraction phase. Spectra taken from cells subjected to prolonged 
quiescence display increases in á-helical protein content indicated 
by the elevations in intensity of the amide I band over the duration 
of the experiment. These changes correlate with a pronounced 
decrease in t-tubule density indicating that marked changes in 
myocyte structure occur during culture. Considered together, these 
results suggest that there are changes to the 3D structure of 
macromolecules contained within cardiomyocytes during 
electrically induced contraction, as well as during prolonged 
quiescence. Thus Raman spectroscopy has the capacity to reveal 
rapid and long-term intracellular changes in cardiac myocytes. 
 
(418) Raman Spectroscopic Imaging of Chemical Composition 

Changes of Bone Fractures 
Tso-Ching Chen1, Barbara McCreadie1, Michael Morris1; 

1University of Michigan 
Study of the underlying physical and chemical changes causing and 
accompanying fracture is complicated by the difficulty of 
distinguishing between local composition abnormalities that 
weaken tissue and allow fracture propagation and 
physical/chemical effects that are caused by tissue failure. We 
investigate the use of induced fracture in both healthy murine tibial 
tissue and TSP2 knockout murine tibial tissue to resolve some of 
the cause/effect uncertainties. Mice are sacrificed at known times 
after controlled fracture. Using Raman imaging we investigate the 
tissue at the fracture boundary and at distances up to a few mm 
away. Changes in composition parameters, mineral/matrix ratio and 
carbonate/phosphate ratio, are used to demonstrate whether tissue 
composition changes near the boundary are a result of the trauma. 
We will present the Raman images of tissue from specimens and 
will discuss chemical changes that can be inferred from these 
images. 
 

(419) Subsurface Raman Spectroscopy of Highly Scattering 
Systems using a Non-Confocal Fiber Optic Array Probe. 

Application to Transcutaneous Tissue Spectroscopy 
Matthew V. Schulmerich1, Willam F. Finney1, Richard Fredricks1, 

Michael D. Morris1; 1University of Michigan 
We report the use of a fiber optic probe with a uniformly 
illuminated array of 50 fibers (Kaiser Optical Systems Phat probe) 
to obtain Raman spectra and partially resolved spatial distribution 
of components located below the surface of a material or tissue that 
scatters the incident light. Because the system employs widefield 
(non-confocal) optics, the probe collects spectra from above and 
below the range of best focus. We have validated collection of 
subsurface spectra using model systems consisting of two or three 
layers of translucent polymers (polyethylene, Teflon, Delrin) and 
have investigated the depth through which spectral and spatial 
information can be recovered using well-established multivariate 
methods.  Despite multiple scattering, subsurface information is 
available even in a model system consisting of uniform layers. The 
reason is that collection efficiency is asymmetric with respect to the 
field of view except for the fiber located at the center of an array. 
Because multiple scattering (photon migration) proceeds with 
radial symmetry from each point of light injection, asymmetric  

collection allows depth resolution. Using mouse models and 
recovering the spectra of bone tissue, we have shown that 
transcutaneous spectroscopy is feasible with this probe. We discuss 
the relationships between field of view and depth of penetration. 
 

(420) New Developments in Raman Microsampling 
Mark Wall1; 1Thermo Electron Corporation 

Micro capillary tubes have long been a convenient manner for 
handling and sampling small samples. We report here 
improvements in the handling and measurement of ever smaller 
quantities of solids contained in micro capillary tubes. Specifically, 
we will present a new automated approach to the vibrational 
characterization of solid samples contained in capillary tubes 
employing confocal Raman microscopy.  The instrumentation and 
software will be discussed in terms its ease of use, reproducibility 
and flexibility. 
 

(421) Raman Spectral Imaging - A Nondestructive, High 
Resolution Analysis Technique for Materials Characterization 

Olaf Hollricher1, Ute Schmidt1, Fernando Vargas1, Matthias Kress1, 
Klaus Weishaupt1; 1WITec GmbH 

Raman spectroscopy has become widely used for the chemical 
characterization of materials. By comparing the position and 
intensity of Raman lines, qualitative and quantitative information 
about the composition of materials can be achieved.  However, in 
most spectroscopy setups spatial resolution is very poor because the 
exciting laser spot diameter is on the order of 100 µm. Optical 
microscopy, on the other hand, is capable of providing spatial 
resolution down to 200 nm using visible light excitation. In a 
Confocal Microscope, the light from the sample is detected through 
a pinhole placed in the back focal plane of the microscope. This 
setup detects only light from the focal plane, while out of focus 
light is strongly rejected, thus providing depth resolution and a 
strongly reduced background signal. Images are recorded point by 
point and line by line by scanning the sample through the excitation 
focus. With this technique, the specimen can be analyzed in 
segments along the optical axis. By combining Raman 
Spectroscopy, a chemical analysis technique, with high resolution 
microscopy such as Confocal Microscopy, the user is able to 
analyze chemical information with high spatial resolution. With the 
Confocal Raman Microscope, it is possible to obtain Raman spectra 
from extremely small sample volumes (down to 0.02 µm3) and to 
collect high resolution Raman images. In the Raman spectral 
imaging mode, a complete Raman spectrum is acquired at every 
image pixel and the images are extracted by analyzing spectral 
features (sum, peak position, peak width, etc.). As a Raman spectral 
image consists of several thousand pixels (spectra), the integration 
time per spectrum must be as short as possible. Therefore, special 
care has been taken to optimize the optical throughput and 
sensitivity of the setup. Raman spectral imaging applied to cell 
biology can reveal the distribution of complex chemical 
compounds such as proteins and lipids in cells without specific 
labeling. By analyzing characteristic peaks of the spectra, the 
components of the cell can be distinguished with a resolution of 
approximately 270 nm. The nucleus of the cell consists mainly of 
amino-acids, the mitochondriae are composed of phosphorilated 
proteins, and the endoplasmatic reticulum is responsible for the 
protein biosynthesis. Variations in the C-H stretching bands at 2800 
– 3000/cm, the protein characteristic bands at 1450/cm and 
1660/cm, and in the characteristic bands for lipids at 1070/cm, 
1300/cm and 1440/cm can be observed while imaging and allow 
the identification of the various components in the cell. In addition 
to the identification of different chemical components within a 
material, slight changes in the crystallographic structure which lead 
to stress in materials can also be detected with Raman 
spectroscopy. The stress field around a Vickers indent in a silicon  
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wafer was analyzed using the relative shift of the 520/cm Si Raman 
line. The stress field extends more than 5 µm from the center of the 
Vickers indent and mirrors the geometry of the Vickers pyramid. 
The tensile strain appears at the edges of the pyramid, while the 
compressive strain appears at the flat sides. 
 

(422) Improved Temporal Resolution in Dynamic Raman 
Spectroscopy of Bone Deformation 

Andrew Callender1, William Finney1, Kurtulus Golcuk1, Gurgit 
Mandair1, Michael Morris1; 1University of Michigan 

The mechanical properties of bone and other musculo-skeletal 
tissues are critical to their function.  Bone is a composite material 
consisting of mineral crystallites and a protein-rich matrix 
(predominantly collagen).  The bulk mechanical properties are not 
fully explained by the bulk composition.  Rather, it is necessary to 
investigate at the molecular structural level how both the mineral 
and collagen matrix respond to mechanical loading and how they 
interact.  Raman microscopy is a well-established tool for study of 
biological specimens, and especially for the study of protein 
secondary structure.  Raman spectroscopy is also widely used to 
study the effects of mechanical loading on the properties of 
polymers, ceramics and other industrial materials.  Because these 
applications have been extensively explored and because Raman 
spectroscopy provides micron spatial resolution and is applicable to 
fully hydrated tissue, it is well-positioned for study of bone tissue 
biomechanics. We have previously shown that a dynamic 
mechanical testing system can be adapted for study of musculo-
skeletal tissues by NIR laser (785 nm) Raman microscopy.  
However, the temporal resolution of the system was limited, 
because the relatively weak Raman signal required long 
observation times.  In this paper we describe a system that allows 
study of loading effects on bone tissue at conventional 
biomechanical loading rates, approximately 1 Hz.  This data 
collection rate is fast enough to follow the visco-elastic behavior of 
bone tissue loaded in compression or tension.  More rapid data 
collection is enabled by three important modifications to the 
system. A green (532 nm) laser is used instead of a NIR laser. The 
change increases scattering efficiency 5X and allows data 
collection near the detector peak quantum efficiency, yielding 
another 2X increase in signal. This change is enabled by pre-
bleaching the specimen with an LED array to reduce the 
fluorescence background to a manageable level. Finally, the 
conventional CCD detector is replaced by an electron-multiplied 
CCD (EMCCD) that allows high rate data collection with lower 
noise and without the resolution loss characteristic of intensified 
CCDs. We will describe this system in detail and present the latest 
results of its application to study of the biomechanical properties of 
bone from wild type and genetically modified mice. 
 

(423) Quantitative Assessment of Raman Molecular Chemical 
Imaging Performance using a Standard Reference Material 

Patrick J. Treado1, Matthew P. Nelson1, Amy J. Drauch1, Oksana 
Klueva1; 1ChemImage Corporation 

Raman molecular chemical imaging combines molecular 
spectroscopy and digital imaging, and is becoming a widely used 
analysis method for generating molecular-specific image contrast 
on complex, multicomponent materials.  As Raman imaging 
matures, there is a developing need for cost-effective standard 
reference materials (SRMs) suitable for objective assessment of 
Raman imaging sensor performance.  In this presentation, 
requirements for candidate SRMs will be considered.  In addition, 
experimental results from a limited set of SRMs will be discussed.  
Comparisons between experimental and theoretical performance 
will also be made. 
 

(424) Multivariate Curve Resolution: Quality Assessment of 
Results 

Roma Tauler1; 1IIQAB-CSIC 
Multivariate Curve Resolution has been shown to be a powerful 
tool to describe multicomponent mixture systems through a bilinear 
model of pure component contributions. During the last years, our 
research group has been developing new algorithms and tools for 
multivariate curve resolution and validating its application in 
different fields (1,2,3). There are three aspects which should be 
considered when quality and reliability of MCR results are 
assessed. First of all, the identification of the sought (true) solution. 
In general, MCR solutions are not unique and a set of feasible 
solutions built by linear combination of the resolved profiles fits 
equally well the experimental data and fulfils the constraints of the 
system (rotational and scale/intensity ambiguities). The ambiguity 
associated with the resolved profiles can be evaluated through the 
calculation of the feasible band boundaries associated with that 
particular MCR solution (4). The second aspect is the estimation of 
the error in MCR resolved profiles due to propagation of the 
experimental error in the data. This error can be estimated by using 
resampling methods. A third aspect to consider is the 
appropriateness of constraint implementation during Alternating 
Least Squares optimization algorithm procedures. A new method to 
check optimal fulfilment of constraints in a least squares sense is 
being developed and preliminary results will be given. 1. R.Tauler, 
A.Smilde and B.R.Kowalski. Journal of Chemometrics, 1995, 9, 
31-58. 2.  A.de Juan and R.Tauler, Analytica Chimica Acta, 2003, 
500,195-210. 3. J. Jaumot, R. Gargallo, A.de Juan and R.Tauler, 
Chemometrics and Intelligent Laboratory Systems, 2005, 76(1) 
101-110. 4.  R.Tauler, Journal of Chemometrics, 2001, 15, 627-
646. 5. J.Jaumot, R.Gargallo and R.Tauler, J. of Chemometrics, 
2004, 18, 327–340. 
 

(425) Self-Modeling Mixture Analysis by Pure Variable 
Methods 

Willem Windig1, Neal Callagher1, Michael Boruta2, Michel  
Hachey2, Andrey  Andrey3; 1Eigenvector Research; 2Advanced 

Chemistry Development, Inc.; 3Consultant 
Self-modeling mixture analysis approaches such as SIMPLISMA 
evolve continuously. A recent development is self-modeling image 
analysis. For spectral data, such as resulting from FTIR 
spectroscopy, the baseline is often a challenging problem. The use 
of 2nd derivative data has shown to be useful. However, when there 
is a severe baseline problem, a baseline correction prior to the 
calculation of 2nd derivative spectra is often desirable. A problem 
with baseline corrections applied to individual spectra is that the 
rank of the data set increases. This talk will discuss some baseline 
approaches that minimize the rank increase. Next, several practical 
examples of applications of self-modeling mixture analysis of 
complicated data sets will be given. 
 

(426) MCR Analysis of 3D Hyperspectral Confocal Images 
From Photosynthetic Prokaryotes 

David Haaland1, Howland Jones1, Jerilyn Timlin1, Michael 
Sinclair1, Sawsan Hamad2, Willem Vermaas2; 1Sandia National 

Laboratories; 2Arizona State University 
We have recently developed a 3D hyperspectral confocal 
fluorescence microscope, which we have used to obtain images 
from live Synechocystis cells.  Synechocystis is a cyanobacterium, 
a class of organisms that is photosynthetic and responsible for a 
large fraction of carbon sequestration from the atmosphere.  In 
these experiments, cells from wild type and from mutants lacking a 
photosystem or a step in chlorophyll biosynthesis were imaged in 
order to better understand the relative concentrations and spatial 
distribution of photosynthetic pigments in these bacteria.  We have 
applied multivariate curve resolution (MCR) to the quantitative  
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analysis of the hyperspectral images.  However, in order to 
successfully extract pure emission spectra and relative 
concentrations with a minimum of mixing between the spectral 
components, careful attention to proper weighting of the data was 
required.  Since the noise in the spectra is dominated by Poisson 
distributed noise, we could weight the data by the inverse of the 
spectral intensity (i.e., the inverse of the variance in the spectral 
data).  Full weighting of every step in the constrained alternating 
least squares MCR algorithm could not be applied to the data since 
the computational burden would be too great for these extremely 
large data sets.  Neither could we use our standard approximate 
weighting scheme using mean spectral intensities and mean image 
intensities applied to the entire image data since the approximate 
weighting method fails to yield accurate pure spectral components 
in this case.  This presentation will examine several approaches to 
the weighting of the data to extract pure-component emission 
spectra with minimal mixing of components using both 
experimental and synthetic hyperspectral image data of 
Synechocystis cells. *Sandia is a multi-program laboratory 
operated by Sandia Corporation, a Lockheed Martin Company, for 
the United States Department of Energy under Contract DE-ACO4-
94AL85000.  This work was funded in part by the US Dep't of 
Energy's Genomics: GTL program (www.doegenomestolife.org) 
under project, “Carbon Sequestration in Synechococcus Sp.: From 
Molecular Machines to Hierarchical Modeling,” (www.genomes-
to-life.org). 
 

(427) Incorporating Additional Constraints in the Iterated 
Constrained Endmembers (ICE) Algorithm for Finding 

Endmembers in Hyperspectral Images 
Aloke Phatak1, Mark Berman1; 1CSIRO Mathematical & 

Information Sciences 
The Iterated Constrained Endmembers (ICE) algorithm is a fast, 
flexible, and robust method for identifying pure spectra 
(endmembers) in a hyperspectral image containing predominantly 
mixed spectra.  ICE was initially developed for airborne 
hyperspectral data, but with some modifications, we have 
successfully unmixed hyperspectral images from a broader range of 
domains, including pharmaceutical and biomedical images. ICE is 
based on fitting a simplex in a subspace of the high-dimensional 
spectral data, where the vertices of the simplex define the 
endmembers.  In contrast to some existing procedures, however, 
ICE represents a compromise between goodness-of-fit and the size 
of the simplex. Consequently, it is more robust than similar 
methods, and does not necessarily require pure pixels to be present 
in an image. When the maximum proportion of some of the 
endmembers is relatively low, however, additional information is 
required to unmix the image successfully.  We will show that 
where such information is available, it is possible to extend ICE to 
incorporate additional constraints such as known endmembers, 
nonnegativity of the spectra, or other partial information.  Such 
information can be incorporated simultaneously with the simplex 
fitting, and hence this extension of ICE retains the robustness and 
speed of the original. In addition to illustrating ICE on 
pharmaceutical and biomedical hyperspectral images, we will 
discuss some practical issues that must be addressed before ICE 
and similar methods can be used in contexts where fully, or nearly 
fully, automated methods are required: image preprocessing, 
removal of baseline drifts, goodness-of-fit measures, and the 
automated determination of the number of endmembers. 
 

(428) Rapid Multivariate Curve Resolution Applied to Rapid 
Process Monitoring with HPLC/Raman Data 

Karl Booksh1, Brian Dable1 and 2, Brian Marquardt2; 1Arizona State 
University; 2University of Washington 

A novel approach to multivariate curve resolution (MCR) for rapid 
resolution applied to low-resolution chromatographic data from 
complex mixtures collected using a liquid-core Raman waveguide 
detector will be presented.  Pure spectra with individual 
chromatographic profiles are extracted from HPLC-Raman 
chromatograms.  In order to accurately and quickly extract the pure 
components, the data must be resolved by a series of smaller 
analyses and then recombined to form whole chromatograms.  
Discrete segments of individual resolved chemical and spectral 
features are combined based on correlation coefficients calculated 
across segments of the chromatogram.  The method described here 
differs from traditional MCR by applying a series of small local 
models where the rank of each limited data segment can be more 
readily determined.  The piecewise method also is much faster than 
a traditional MCR analysis of the full data set by requiring fewer 
iterations in an alternating least squares optimization.  The resulting 
estimated spectral profiles are highly correlated to pure analyte 
spectra making this an excellent method for rapid qualitative 
analysis for the identification of chemical species separated via 
low-resolution chromatography. 
 

(429) Multivariate Curve Resolution Applied to Infrared 
Reflectance Measurements of Soil Contaminated with Organic 

Analyte 
Jeremy Shaver1, Thomas Blake2, Paul Gassman2, Neal Gallagher1, 
Willem Windig1; 1Eigenvector Research, Inc.; 2Pacific Northwest 

National Laboratory 
Multivariate curve resolution (MCR) is a powerful technique for 
extracting chemical information from measured spectra on complex 
mixtures. The difficulty with applying MCR with soil reflectance 
measurements is that light scattering artifacts can contribute much 
more variance to the measurements than the analyte(s) of interest. 
Two methods were integrated into a MCR decomposition to 
account for light scattering effects. Firstly, an extended mixture 
model using pure analyte spectra augmented with scattering 
‘spectra’ was used for the measured spectra. And secondly, second 
derivative preprocessed spectra, which have higher selectivity than 
the unprocessed spectra, were included in a second block as a part 
of the decomposition. The conventional alternating least squares 
(ALS) algorithm was modified to simultaneously decompose the 
measured and second derivative spectra in a two-block 
decomposition. Equality constraints were also included to 
incorporate information about sampling conditions. The result was 
an MCR decomposition that provided interpretable spectra from 
soil reflectance measurements. 
 
(430) Practical Confocal Raman Microscopy Part A: Problems 

and Artefacts 
Neil Everall; 1ICI PLC 

This presentation reviews the main problems that are encountered 
when using Confocal Raman Microscopy to depth-profile thick 
transparent samples. Refraction at the sample-air interface greatly 
distorts the laser focal volume, making it difficult to determine 
exactly which region of a sample is being analysed. Furthermore, 
contributions from "out of focus" regions along the depth axis can 
be very significant, leading to further degradation of the obtained 
depth resolution. This presentation illustrates these effects using 
depth-profiling results obtained from simple multilayered polymer 
samples, and shows how very misleading conclusions can be 
reached if these effects are ignored 1,2. 1 N Everall, Spectroscopy 
19(10), 22-28 (2004) 2 N Everall, Spectroscopy 19(11), 16-25 
(2004). 



ABSTRACTS 

162 

(431) Practical Confocal Raman Microscopy Part B: Improving 
the Depth Resolution 
Neil Everall; 1ICI PLC 

The previous presentation described the effects that make it 
difficult to convert an observed confocal Raman depth-intensity 
profile into a true representation of a sample's structure.  We now 
turn to discuss methods that can be used to either model the effect 
and thereby correct an acquired depth-profile curve, or to minimise 
the optical aberrations such that the distortions to the experimental 
profile are minimised1,2. The key factor is to avoid use of the 
standard metallurgical objectives that are shipped with most 
commercial Raman microscopes, and instead use an optic that is 
corrected for focusing through a thick overlayer, such as an oil-
immersion or cover-slip corrected objective. We also show how a 
confocal Raman microscope is not very suitable for resolving 
spectra of thin (few micron) coatings on thick substrates, and 
demonstrate how total internal reflection (TIR) Raman 
spectroscopy has much better surface specificity 1 N Everall, 
Spectroscopy 19(10), 22-28 (2004) 2 N Everall, Spectroscopy 
19(11), 16-25 (2004). 
 

(432) Quantitative Orientation Measurements of Proteins in 
Single Silk Filaments by Polarized Raman Microscopy 

Michel Pezolet1, Thierry Lefevre1, Marie-Eve Rousseau1, Lilyane 
Beaulieu1, Joanie Paradis1; 1Laval University 

Spider silk is among nature’s most highly engineered structural 
materials, achieving, in some case, combinations of strength and 
toughness that could not be reproduced by artificial means. Raman 
microspectrososcopy is a very powerful technique to investigate the 
secondary structure and orientation of proteins of native silk fibers. 
The main advantage of this technique is that the laser beam can be 
focused down to about 1 micron in diameter in the sample therefore 
allowing the in-situ recording of high quality spectra of single silk 
filaments. In the present study, we have used polarized Raman 
microspectroscopy to establish structure-property relationships in 
different silk monofilaments of both spiders and silkworms. To 
obtain more quantitative information on the orientation of both the 
protein backbone and side chains, the order parameters   and  of the 
orientation distribution function have been determined for the first 
time from intensity ratios of polarized Raman spectra. The results 
obtained clearly show that the carbonyl groups are highly oriented 
perpendicular to the fiber axis and that the beta-sheets are oriented 
parallel to the fiber axis. Moreover, the information entropy theory 
reveals that most probable distribution of orientation is nearly 
Gaussian. Since quantitation of the secondary structure contents 
cannot be directly estimated from the spectra of an oriented sample, 
a method has been developed to calculate from polarized spectra 
obtained by Raman microspectroscopy a spectrum that is 
independent of the orientation for protein-based systems. Curve  
fitting of the spectra has also been used to optimize the calculation 
of the orientation order parameters and secondary structure 
contents. These advances in Raman microspectroscopy have been 
used to learn more about the self-assembling of the silk proteins 
using regenerated fibers prepared from the fibroin solution 
extracted form the silk gland of the silkworm Samia cynthia ricini. 
The results obtained show that a strain-induced conformational 
transition from ?-helical to beta-sheet structure occurs during the 
deformation. 
 

(433) Confocal Raman Microscopy for Cosmetic Applications 
Christophe Hadjur; 1L'Oreal Research 

One of the major fields of investigation of L’ORÉAL Research is 
to improve the understanding of the chemical composition and 
structure of skin and hair. To enable a better design of cosmetic 
products, a thorough understanding of the mechanism and the 
nature of the interactions of cosmetic ingredients with these  

substrates is necessary. Raman is a key analytical technique in 
cosmetics and dermatology, as it enables a non destructive and non 
invasive molecular characterization of the different substrates (skin, 
hair, nail) before and after treatment with cosmetic products. In the 
confocal mode, Raman spectroscopy has the additional advantage 
of providing 3D information as it enables in depth measurements. 
The 3D information is crucial to improve our understanding of the 
skin and hair by in-situ analysis of the chemical composition of 
water, lipids, proteins, sulphur, and amino-acids. The fantastic 
advantage of this technique is the possibility to carry out 
experiments under in vitro as well as in vivo conditions. Following 
the development of a new in vivo confocal Raman probe by 
HORIBA Jobin Yvon, L’ORÉAL Research has carried out in close 
collaboration with HORIBA Jobin Yvon experiments on human 
skin under in vivo conditions. This study has demonstrated the 
relevance of this instrument for the in vivo investigation of skin. 
The Raman probe provides the high spatial resolution required to 
study the different layers of the skin and to detect variations in the 
structure of skin between different anatomical sites and volunteers. 
The confocal Raman probe also enables the determination of in 
vivo water concentration from the surface to several microns below 
the skin surface to assess its barrier properties and water-holding 
capacity. The monitoring of applied cosmetic products, such as 
moisturizing cream, is also possible allowing a better understanding 
of their interaction with skin components and the determination of 
their penetration in the skin layers as a function of depth and as a 
function of time.  The aim of this speech is to present an 
iconography, based upon confocal Raman microspectroscopy, of 
various fields of investigation involved cosmetic research and 
routinely used by us to access cosmetic treatments. 
 

(434) Micro-Raman Study of Phonon Confinement Effects in 
Silicon Nanowires 

Peter Eklund1, H. Gutierrez1, K. Adu1; 1Pennsylvania State 
University 

Systematic microRaman studies of long crystalline Si Nanowires 
reveal for the first time a clear phonon confinement effect, i.e., an 
asymmetrical broadening of the 520 cm-1 Raman band increasing 
with decreasing nanowire diameter. We find that the Raman line 
asymmetry increases dramatically with decreasing mean wire 
diameter, in good agreement with a “Gaussian Confinement” model 
first reported by Richter et al.[1].  Wire ensembles with reasonably 
narrow diameter distributions and covering the range of mean 
diameter 4 
 

(435) Polarized Micro-Raman Measurements in 
Mesostructured Azopolymer Films 

Francois  Lagugne-Labarthet1, Claude Sourisseau1, Jean-Luc 
Bruneel1; 1LPCM-UMR5803, Universite Bordeaux 1, France 

A diffraction grating with a large diffraction efficiency (25% on the 
first order) was holographically inscribed on an azobenzene 
containing photosensitive polymer thin film. The surface 
topography was investigated by atomic force microscopy revealing 
a regular structure with a surface relief amplitude of about 400 nm 
and a periodicity of 1.4 micron. Under an intense DC electric field 
(3kV), such a mesostructure exhibits stable diffraction properties 
and is also active in the nonlinear optical regime showing a very 
efficient generation of second harmonic. The nonlinear optical 
properties are due to the induction of a polar orientation in the 
azobenzene chromophores, consistent with a bulk non-
centrosymmetric organization of the material. The molecular 
organization within this ÷(2) nonlinear grating was characterized 
using spatially resolved Raman confocal microscopy and near-field 
scanning optical microscopy (NSOM) coupled with second order 
nonlinear optical measurements. Linear (Raman) and nonlinear 
(second harmonic generation or SHG) polarized microscopic  
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measurements revealed the molecular orientations in various 
regions of the sinusoidal relief surface. The most probable 
distribution functions  of the chromophore orientations were 
carefully derived using the two first even parity Legendre 
polynomials,  and  (Raman), in conjunction with the two odd order 
parameters  and  (SHG). These distribution functions show that the 
poling treatment was quite efficient and also emphasize the 
importance of determining both couples of the order parameters in 
such a surface modulated optical element. In particular, new 
information is provided about the formation mechanism of the 
additional surface modulations of half periodicity that are revealed 
by the SHG-NSOM data. These measurements are complementary 
of the polarized far-field Raman scattering measurements and, the 
determination of the full set of order parameters shows a significant 
impact on the shape of the finaldistribution functions. 
 

(436) Redox-Based Biosensing using Carbon Nanotubes 
Bruce Diner1, Salah Boussaad1, Bibiana Onoa1, Janine Fan1, Frank 

Pellicone1; 1E. I. du Pont de Nemours & Co. 
Carbon nanotubes are redox active with the reduction potential 
dependent on the nanotube diameter. Two-micron gap carbon 
nanotube-based filed-effect transistors were constructed and the 
metallic nanotubes burned out such that the ON-OFF ratio reached 
10^3-10^4. The Isd vs Vg curves recorded at different ambient 
redox potentials show an increase in the ON-current at a given gate 
voltage and a shift of the turn-on potential to more positive gate 
voltages as the redox potential increases. The sensitivity to the 
redox potential can be used for biosensing by coupling a binding 
event to the attachment of a redox enzyme to the substrate 
containing the carbon nanotube device. We show here that the 
copper enzyme laccase can be used in such an application for the 
detection of DNA hybridization. Successful hybridization results in 
the anchoring of the laccase to the chip surface. Addition of the 
redox-active substrate ABTS (2,2’-azino-di-(3-ethylbenzthiazoline-
sulfonate)  results in a displacement of the Isd vs Vg curve of the 
nanotube device, the rate of which depends on the amount of 
laccase bound to the surface and therefore to the number of DNA 
strands bound. 
 

(437) Chemical Detection Using Single-Walled Carbon 
Nanotubes 

Eric Snow1, Keith Perkins1, Eric Houser1; 1Naval Research 
Laboratory 

Single-walled carbon nanotubes (SWNTs) are unique structures 
that are composed entirely of surface atoms yet exhibit ballistic 
electron transport.  This near-perfect transport makes them an ideal 
candidate for electronic applications while their virtually infinite 
surface-to-volume ratio offers extraordinary sensitivity for sensor 
applications.  However, the inability to precisely assemble SWNTs 
into devices has inhibited their commercial implementation.  Until 
this obstacle is overcome, SWNT-based devices and sensors will 
remain in the realm of impressive laboratory curiosities without 
real-world applications. At NRL we have developed an alternative 
approach to SWNT electronic and sensor applications that 
circumvents the assembly problem by using a random network of 
SWNTs [1].  Such network devices display the averaged properties 
of many randomly distributed SWNTs and can be processed into 
devices of arbitrary size using conventional fabrication technology.  
In this presentation we report on our effort to develop chemical 
sensors composed of SWNT networks. Initial work at Stanford 
University [2] established that the electrical resistance of SWNTs is 
sensitive to molecular analytes that undergo a charge transfer upon 
adsorption.  However, serious drawbacks of such sensors are that 
they possess a large component of 1/f noise and that many of the 
analytes that produce a significant charge transfer also possess a 
long desorption time such that the sensors operate more like a  

dosimeter than as a real-time sensor. At NRL we have discovered a 
new transduction process, surface enhanced capacitance, which 
eliminates the shortcomings mentioned above.  This surface 
capacitance detects the electric-field-induced polarization of 
molecular adsorbates [3].  This transduction mechanism is fast, 
sensitive, completely reversible, and responds to a much broader 
class of chemical vapors that range from highly volatile gases to 
low-volatility solids such as explosives.  We provide chemical 
specificity and large additional gain by applying chemoselective 
coatings to the SWNTs.  These coated SWNT capacitors 
outperform commercial sorption-based chemical sensors in both 
speed and sensitivity.  1. E.S. Snow, J.P. Novak, D. Park and P.M. 
Campbell, Appl. Phys. Lett. 82, 2145 (2003). 2. J. Kong, et al., 
Science 87, 622 (2000). 3. E.S. Snow, et al., Science (in press). 
 

(438) Combined Nanotube FET/Microfludic Devices as 
Chemical and Biological Sensors 

Jie Liu1, Qiang  Fu1; 1Duke University 
A straightforward method to fabricate carbon nanotube thin film 
devices inside microfludic channel was developed. We utilized the 
laminar flow inside the microchannel not only to fabricate the 
device but also to control the width and position of the liquid flow 
that contains target molecules to study the sending mechanism of 
the nanotube device. We found that those devices behaved as p-
type semiconductor devices and were very sensitive to charged 
molecules within the flow in the microchannel. We identified that 
the molecule interactions with SWNTs contributed to the sensing  
rather than the interaction with the metal electrode or 
nanotube/electrode junction. Such integration of SWNTs and 
microfluidic devices could be used to build chemical and biological 
sensors for micro analysis system and develop deep understanding 
of the sensing mechanism of the devices 
 

(439) Biosensing and Biomaterial Patterning Using 
Functionalized Carbon Nanotube 

Xiaowu Tang, Hongjie Dai; 1Stanford University 
Novel nanomaterials for bioassay applications represent a rapidly 
progressing field of nanotechnology and nanobiotechnology.  Here, 
we report our findings on bio-molecule / single-walled carbon 
nanotube (SWNT) interface and the advancements in developing 
chemical schemes to synthesize SWNT bio-complexes that 
preserve both bio-molecule functionality and nanotube intactness.  
Bioassays based on functionalized SWNT aqueous suspension and 
SWNT electronic devices have shown great potential.  SWNT-FET 
based electrochemical DNA sensor, SWNT thin film guided bio-
material patterning, and SWNT/Quantum Dot conjugate as a multi-
label nanoprobe have been demonstrated recently. 
 
(440) In Vivo Biomedical Spectroscopy: The Challenge of Early 

Gastrointestinal Cancer Detection 
Brian C. Wilson1; 1Ontario Cancer Institute and University of 

Toronto 
Detection of early cancer and pre-cancer in the gastrointestinal tract 
(esophagus, colon, stomach) is critical to successful treatment. At 
present, standard white-light endoscopic imaging, while it is useful 
to guide biopsies, is far from optimal in terms of sensitivity and 
specificity. There is, therefore, great interest in the potential of new 
optical imaging and spectroscopic techniques to improve the 
diagnostic accuracy, either as stand-alone methods or, more often, 
as an adjuvant to standard endoscopy. These new optical 
techniques include: -fluorescence point spectroscopy or imaging, 
based either the fluorescence of either naturally-occurring 
molecules (autofluorescence) or of administered fluorophores: the 
latter include photodynamic sensitizers as well as antibodies or 
other tumor-seeking targeting agents conjugated to organic dyes or, 
more recently,  quantum dots. -near-infrared Raman spectroscopy  
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that detects subtle changes in the vibrational states of biomolecules, 
-elastic scattering spectroscopy that is sensitive to changes in the 
cell nuclear size distribution which may be altered with disease, 
and -optical coherence tomogphrapy, which images either the 
microstructure of tissues and/or the microvascular blood flow 
(using Doppler methods). Each of these techniques will be 
discussed in terms of the underlying science, the clinical 
instrumentation, the spectral analysis methods that have been 
applied, and the pre-clinical (cellular and animal model) studies 
and clinical trials that have been reported or are in progress. The 
advantages and limitations of each will be identified and the 
options for future developments, either as single or as combined 
techniques will be considered. This example of early GI cancer 
detection serves in many ways as a paradigm for in vivo clinical 
biospectroscopy, and many of the challenges that have been or 
remain to be overcome for this application are also relevant to the 
wider field of optical spectroscopy for medical diagnostics. 
 

(441) Clinical Application of Near Infrared Spectroscopy in 
Burn injury Assessment 

Lorenzo Leonardi1, Michael Sowa1, Michelle Levasseur1, Jeri 
Payette1, Bernie Schattka1, Karen Cross2, Joel Fish2, Manuel 

Gomez2; 1National Research Council of Canada; 2Ross Tilley Burn 
Centre 

Accurate assessment of the burn shortly after the injury would 
allow for early decisions on whether to perform surgery or wait and 
allow the wound to heal.  Typically the burn specialist makes a 
visual diagnosis based on the surface appearance of the wound. 
However, even experienced clinicians have difficulty in making an 
accurate and early determination of the burn. Furthermore, burn 
wounds evolve constantly during hospitalization, and assessments 
are frequently made by different observers with different biases.  
The final diagnosis and subsequent treatment is largely based on 
the visual appearance of the wound, which is subjective and largely 
influenced by the experience of the doctor who examines the 
injury. In a pre-clinical animal study we have shown that near 
infrared spectroscopy can differentiate between burns of varying 
severity. Based on the results from the animal study, prototype near 
infrared devices were constructed for the assessment of burn 
injuries in a clinical setting. A pilot clinical study was used to 
evaluate the devices to determine i) whether the NIR devices could 
be incorporated into the routine monitoring of burn patients with 
ease ii) whether the devices were capable of distinguishing between 
cases that are clear-cut clinically and iii) whether the devices had 
the capacity to identify wounds which will heal from those 
requiring surgery. Patients with burns admitted to the regional burn 
centre or the hospital burn clinic were evaluated using near infrared 
spectroscopy. These results are compared with the clinical standard 
of visual observation and/or histology. Burns involve damage to the 
dermis in varying amounts, altering the dermal blood supply and 
skin hemodynamics. NIRS successfully distinguished between the 
burn types and the devices were easily incorporated into a busy 
burn unit setting. The results suggested that near infrared 
spectroscopy might provide a new tool for an objective clinical 
assessment of burn injuries. 
 

(442) Small Animal Fluorescent Time-Domain Imaging 
Laura McIntosh1, Pascal Gallant1, Guobin Ma1; 1ART Advanced 

Research Technologies Inc 
As small animal optical imaging becomes more and more common, 
fluorescence excitation and detection schemes are becoming more 
and more advanced, with the aim of imaging very early signs of 
disease. Fluorescence lifetime imaging is widely used to study 
biological systems at the molecular and cellular levels. The 
combination of in vivo fluorescence lifetime with fluorescence 
intensity measurements using a time-resolved imaging strategy  

provides diagnostic information relating to the biologically relevant 
functional status of diseases. Novel instrumentation will be 
presented which allows precise collection of in vivo time-resolved 
fluorescent signal. Results will show the dependence of detection 
and quantification on mua, mus’ and wavelength in phantoms 
simulating mouse tissues. Concentrations in the nanomolar range 
can be detected for depths up to 10mm. Fluorescence lifetimes 
between 0.5 and 3.0ns can be measured with separation of 0.2ns. In 
vivo results show sensitive detection and the fluorescence lifetime 
conjugate at the tumor sites, showing the spatial distribution of the 
lifetime related to its environment. Additionally, fitting the time-
resolved signal decay allows separation of 2 compounds based on 
their fluorescence lifetime with similar excitation/emission spectra, 
leading the way for multiplexing based on lifetime information. 
This time-resolved imaging strategy enhances the specificity and 
sensitivity of fluorescence detection by complementing intensity-
only imaging. 
 
(443) Polarization Spectroscopy and Imaging of Pre-Cancer in 

the Oral Cavity 
Konstantin Sokolov1, Linda Nieman2, Dizem Arifler3, Adel K. El-
Naggar1, Ann Gillenwater1; 1University of Texas MD Anderson 

Cancer Center; 2Sandia National Laboratories; 3University of Texas 
at Austin 

Approximately 30,000 patients are diagnosed with oral cancer 
annually in the United States, and approximately 8,000 deaths each 
year are attributable to this disease [1]. Despite advances in therapy 
for oral cancer, survival rates have not significantly increased.  
Early detection of neoplastic changes may be our best method to 
improve patient quality of life and survival.  Optical technologies 
hold great promise for non-invasive detection and monitoring of 
pre-cancers [2-6]. Recently, we and others have shown that 
approaches based on polarized reflectance spectroscopy and 
imaging are particularly attractive because they can provide 
detailed diagnostically useful morphologic information about 
epithelial tissue [8-14].  We designed and evaluated fiber optical 
probe that combines the advantages of the polarized reflectance 
spectroscopy and angled collection geometry to selectively probe 
scattering at various depths within epithelium and the underlying 
stroma [15].  Recently, we completed a pilot clinical trial of 
polarized reflectance spectroscopy in a group of 30 patients at the 
Head and Neck Center, the University of Texas M.D. Anderson 
Cancer Center.  In this study 1-2 oral cavity sites suspicious for 
cancerous lesions and one normal site were measured in each 
patient. During optical measurements in vivo we acquired the 
wavelength dependence of light scattered with polarization parallel 
and perpendicular relative to the illumination.  This information 
can be used to develop diagnostic algorithms which are based on 
parameters which are extracted directly from the spectra, e.g. total 
intensity of the parallel and perpendicular components, and 
physical parameters obtained from inverse analytical models, e.g. 
nuclear diameters and size distribution.  We found that the ratio of 
the total intensity of the parallel (III) and the perpendicular (I^) 
components, (III/I^); depolarization ratio spectra, (III - I^)/(III + 
I^); and nuclear diameters (d) are the most promising parameters in 
separation between diagnostic categories of normal, mild dysplasia, 
and severe dysplasia which were used in our study. We also 
implemented Monte Carlo simulations to assess the sensitivity of 
the (III/I^) ratio to the early pre-cancerous changes in squamous 
epithelium. The theoretical predictions showed a nice increase in 
this ratio with progression of dysplasia which correlates very well 
with our in vivo measurements. We used the results of in vivo 
clinical trials of polarized reflectance spectroscopy to develop an 
imaging instrument based on the principles of polarized 
illumination and detection. We evaluated the instrument in tissue 
phantoms with scattering characteristics of normal and abnormal  
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human epithelium and in a normal volunteer. In these experiments 
we addressed three major issues associated with reflectance 
imaging of curved surfaces such as oral cavity: Fresnel reflection or 
glare and the effects of angle and intensity variations on imaging 
data. Our results demonstrate that polarized reflectance 
spectroscopy and imaging can enable non-invasive real-time 
detection and monitoring of morphological and architectural 
changes in epithelium and underlying connective tissue associated 
with carcinogenesis. This technology will provide clinicians with 
real time in vivo analysis of tissue pathology that can be extended 
to many organ sites. 
 

(444) In Vivo Approaches for Quantification of 
Biospectroscopy 

David Burns1; 1McGill University 
Methods which integrate statistical calibration with optical time of 
flight information will be presented for Near Infrared 
Biospectroscopy. In particular, comparisons of statistical methods 
with model based techniques will be reviewed for a variety of in 
vivo biological samples. Application will focus on quantification of 
respiration in living systems.  Using the development of picosecond 
resolution sources and detectors, both time resolved and phase 
resolved measurements are shown to provide means to discriminate 
between photons which have taken the shortest path toward the 
detector, and those which have taken longer, more random paths.  
By fractal analysis of the photon time-of-flight distribution, the 
light path between the source and detector may be more clearly 
defined and the effects of scattering on the measurement may be 
reduced. By using differences in the time dependent signal, 
reasonable estimations of constituent concentrations may be made.   
Methods which show how to combine the information from the  
time-gating detection with multi-wavelength calibrations for 
quantification will be shown. These highbred methods provide 
powerful new tools for tissue quantification which are useful for 
both research and clinical measurements of metabolism. 
 

(445) Increasing Contrast and Multiplexing for Small Animal 
Fluorescence Imaging using Spectral Imaging 

James Mansfield1; 1CRi 
Non-invasive in-vivo imaging of small animals is a rapidly growing 
field, with new technologies and techniques being constantly 
developed. Because of the high cost of MR- and CT-based systems, 
a great deal of effort has gone into developing optical imaging 
methods. Both bioluminescence and fluorescence imaging systems 
have been available on the market for some time. In-vivo 
fluorescence imaging has not done nearly as well as 
bioluminescence imaging despite having several potential 
advantages such as the ability to multiplex fluorophores, the lack of 
a need for a timed injection, and the potential to use injected 
labeled antibodies. The ability to image and quantitate fluorescently 
labeled tumors and other fluorescently labeled markers in-vivo has 
generally been limited by the autofluorescence of the tissue. The 
presence of any autofluorescence reduces the sensitivity of 
detection and accuracy of quantitation of the labeled tumor. 
Autofluorescence limits the usefulness of conventional in-vivo 
fluorescence imaging; expensive cameras do not help, since they 
simply capture the autofluorescence more efficiently. One solution 
to this problem is to use a multispectral imaging methodology to 
spectrally characterize and computationally eliminate 
autofluorescence, revealing otherwise invisible labeled targets, 
which now appear bright against a near-black background. This 
dramatic improvement in signal-to-noise can increase sensitivity by 
orders of magnitude, allowing much smaller targets to be detected. 
The application of multispectral imaging methods to several small 
animal tumor models will be shown. Recently developed automated  

methods for determining the spectral signatures of the fluorophores 
greatly simplify the application of this technology. 
 

(446) Focal Plane Array Detectors in Infrared Spectroscopy 
Bruce Chase1, John  Rabolt2, Christian Pellerin3, Isabelle Pelletier2, 

Julia Liu2, Chris Snively2; 1DuPont; 2University of Delaware; 
3University of Montreal 

In 1985, Tomas Hirschfeld spoke on the possible displacement of 
FT-IR by tunable IR lasers.  We are still waiting for that story to 
unfold, but the development of infrared focal plane array detectors 
opened up the area of dispersive infrared measurements once again.  
Hiro-o Hamaguchi recognized the benefits of returning to single 
channel dispersive measurements in the infrared for ultra-fast time 
resolved studies.  This approach has now been extended to multi-
channel measurements and the sensitivity, speed and flexibility of 
Planar Array  Infrared  (PA-IR) instrumentation has been clearly 
demonstrated.  High S/N spectra can be obtained in milliseconds.  
When the full vertical dimension of the detector is utilized, true 
double beam measurements are possible, along with simultaneous 
parallel and perpendicular polarized measurements.  Appropriate 
gating of the detector permits modulated studies such as dynamic 
measurements on stretched polymer films.  These experiments, as 
well as potential limitations of the approach will be reviewed. 
 
(447) Potential of Vibrational Spectroscopy on Protein Science 

Hirotsugu Hiramatsu1; 1Okazaki Institute for Integrative Bioscience 
Generally, comprehensive knowledge on object drives us to further 
interests.  Protein structure is one of the most important items on 
protein science, therefore, the importance of experimental 
technique based on spectroscopy and/or physical chemistry has 
been getting larger in this field.  Vibrational spectroscopy has been 
utilized for this purpose whose advantage appears on facility of 
sample preparation, variety of supplemental techniques, etc.  On IR 
absorption spectroscopy, relationship has been established between 
secondary structure of protein and peak position of the C=O 
stretching band of peptide main chain, with which the structure and 
its transformation has been discussed for a long time.  Recently, 
one-residue resolution has been attained due to both experimental 
and theoretical achievements on 13C isotope substitution.  
Combination with other procedures also brings indispensable 
knowledge.  Therefore, today it is possible to discuss protein 
structure in detail with IR spectroscopy owing to these devices.   Its 
application to amyloid fibril is described. It brings secondary 
structure distribution on primary sequence.  Consideration of the 
similarity and dissimilarity of the secondary structure distribution 
between on the fibril and the protein native structure gives a hint to 
understand fibrilization reaction. 
 

(448) Terahertz Spectroscopy, Imaging and Applications 
Edwin J. Heilweil1, Matthew C. Beard1, Craig M. Brown1, 4, 

Mathew B.  Campbell2, Merrick DeWitt2, William T. Lotshaw3, 
Okan Esenturk1, Timothy M. Korter1, Ari A. Evans1, Rad Balu4; 
1Optical Technology Div., Physics Lab, NIST; 2SPARTA, Inc.; 

3Naval Research Lab; 4Cept. of Chemistry, U. Md. 
Terahertz (THz) absorption spectra for substituted liquid 
benzenes,[1] solid-phase biotin, amino acids, short peptides,[2] 
sugars and other biomaterials at 4, 77 and 295 K will be presented 
after a brief methodology overview.   A high degree of spectral and 
structural information exists for these complex systems in the 0.5-
20 THz (15 to 666 cm-1) range.  The spectral density and 
uniqueness of absorption features for each system suggests that 
crystalline, enantiomeric and sequence-dependent structural 
information can be extracted from THz spectra using quantum 
mechanical solid-state modelling.  Gas phase and solid-state ab 
initio density functional theory has been used to calculate low 
frequency modes and model neutron and infrared absorption  
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spectra of samples such as glycine, cysteine, serine, metal-
carbonyls, azobenzene, glucose, galactose and lactose.  Our latest 
calculations will be compared to experimental spectral results.We 
are also investigating methods for extracting transient THz spectral 
dynamics.  Large absorption cross-section differences at excitation 
wavelengths (UV-VIS) vs. the THz probe (>3 orders of magnitude) 
makes pump-probe measurements extremely challenging.  Systems 
under study include the trans->cis isomerization of azobenzene, its 
derivatives in solution and as solids.  THz imaging may become a 
choice method for materials research, security and medical 
diagnostics.  We are attempting to advance multi-channel hyper-
spectral methods for imaging large area samples (e.g., 
semiconductor wafers) to rapidly assess impurity inhomogeneities 
or crystal imperfections.  Examples of sample-scanning and CCD 
up-conversion methods will be presented and new optical 
approaches and requirements for wide-area detection discussed. [1]  
M.C. Beard, W.T. Lotshaw, T. Korter, E.J. Heilweil, D. 
McMorrow, J. Phys. Chem. A., 108(43), 9348-9360 (2004). [2]  M. 
Kutteruf, C. Brown, L. Iwaki, M. Campbell, T.A. Korter and E.J. 
Heilweil, Chem. Phys. Lett., 375, 337-343 (2003). 
 

(449) Analytical Characterization of Silicones and Silicon-
Containing Materials 

Ronda Grosse1, Herbert Brothers, Jr.1, Huiping Chen1, Michael 
Gaul1, Jeffrey Kelly1, Ronald Tecklenburg, Jr.1; 1Dow Corning 

Corporation 
Silicones are used in a wide variety of markets.  These industries 
include automotive, personal care, pulp and paper, electronics, 
textiles, and construction.  Due to their broad application, 
characterization of silicones and silicon-containing materials is 
important for understanding and optimizing product performance.  
Additionally, monitoring trace contamination and how it affects 
cure, reaction catalysis and processing is of interest.  The use of 
various spectroscopy and chromatography techniques for 
measuring silicone content and characterizing organo-silicon 
materials will be discussed.  Applications of advanced mass 
spectrometry methods will be highlighted.  As the global leader in 
silicon-based technology, Dow Corning Corporation has developed 
novel methodology for identification and quantitation of silicon 
materials.  Representative analytical data will be reviewed. 
 

(450) Nanosecond Time-Resolved IR Studies of Carbonyl 
Nitrenes 

John P. Toscano1; 1Johns Hopkins University 
In recent years we have made extensive use of a nanosecond 
dispersive time-resolved infrared (TRIR) spectrometer, originally 
developed by Hamaguchi and co-workers, in the study of organic 
reactive intermediates.  This presentation will focus on our TRIR 
studies of carbonyl nitrenes including benzoylnitrene, 
thiobenzoylnitrene, acetylnitrene, formylnitrene, and t-
butyloxycarbonylnitrene.  These nitrenes have been 
photochemically generated from both azide and sulfilimine-based 
precursors.  TRIR data have provided interesting insight into the 
ground spin state (singlet or triplet) as well as the rearrangement 
chemistry and bimolecular reactivity of these nitrenes. 
 
(451) The Direct Detection of an Aryl Azide Excited State: An 

Ultrafast Study of the Photochemistry of Para and Ortho-
Biphenyl Azide 

Terry L. Gustafson1, Gotard Burdzinski1, Matthew S. Platz1; 1The 
Ohio State University 

Photolysis of aryl diazo compounds and azides produces carbenes 
and nitrenes, respectively, which have received extensive study by 
nanosecond (ns) time resolved spectroscopy, including in our lab ns 
infrared absorption experiments first begun in the Hamaguchi 
laboratory.  We report here the first observation of aryl azide  

excited singlet states and the formation of the related singlet 
nitrenes.  Ultrafast UV/Vis broadband transient absorption spectra 
of para and ortho-biphenyl azide in acetonitrile produces azide 
excited states that have broad absorption bands centered at 480 nm.  
The para-biphenyl azide excited singlet state has a lifetime of ~100 
fs.  The excited state lifetime of the ortho azide isomer is ~450 fs.  
Decay of the azide excited states is accompanied by the formation 
of the corresponding known singlet nitrenes (para,  λmax = 350 nm, 
ortho,  λmax = 400 nm).  Singlet para-biphenylnitrene is created with 
excess energy and undergoes vibrational cooling with a time 
constant of ~11 ps to form the long (~9 ns) lived relaxed singlet 
nitrene.  Singlet ortho-biphenylnitrene decays with a lifetime of 
~16 ps in acetonitrile at ambient temperature. 
 
(452) Long Range Intense Femtosecond Laser Propagation and 

Sensing in the Atmosphere 
S.L. Chin1, S.A. Hosseini1, W. Liu1, Q. Luo1, F. Théberge1, J.-F. 

Gravel1,2, D. Boudreau1,2, N. Akozbek3, A. Becker4, V.P. 
Kandidov5; 1COPL & Dept. Physics, Phys. Eng. & Optics, Laval U; 

2COPL & Dept. Chemistry, Laval U; 3Timedomain Corp.; 4Max 
Planck Inst. for the Physics of Comp 

It is possible to project a very intense femtosecond Ti-sapphire 
laser pulse (at around 800 nm) into the atmosphere for up to more 
than 10 km. The pulse self-focuses into a streak of hot spots which 
we call filament; at the end of the filament, the pulse self-
transforms into a very broadband laser pulse (supercontinuum) 
through self-phase-modulation. This includes the efficient 
generation of the third harmonic UV pulse which interacts 
constantly through cross-phase-modulation with the pump pulse at 
the self-foci. The band width spans from 250 nm in the UV to more 
than 5 microns in the I.R. Such a white light laser pulse has been 
applied to measure humidity, oxygen and ozone content in air as 
well as biological agent sensing by the Teramobile group in 
Europe. The strong intensity inside the filament fragments 
molecules emitting fingerprint nonlinear fluorescence. Laboratory 
work shows that the back-scattered fluorescence of nitrogen in air 
is enhanced by amplified spontaneous emission (ASE). It is 
expected that other molecules will also exhibit such a gain 
phenomenon. Nonlinear spectra of some halocarbons and 
hydrocarbons will be presented. Their potential application to long 
range measurement will be discussed. 

 
(453) CEIS (Combined Ion Electron Spectroscopy) 

Bernd Witzel1, Patrick Kaminski1,2, Rolf Wiehle2, Wolfgang 
Kamke2, Hanspeter Helm2; 1Dept. Physics, Phys. Eng. & Optics, 

Laval U.; 2Dept. Molec. & Opt. Phys. 
Electrons and ions produced in Xenon photoionization processes 
driven by an 800-nm, 100-fs laser pulse are detected 
simultaneously (CEIS[1]). The energy and angular resolved 
electron spectra allow the identification of the excited electronic 
states involved in the ionization process and they permit a detailed 
characterization of the ionization process. Xe2+ ions are detected at 
the same laser intensity as electrons from a non-resonant 9-photon 
ionization process of Xe. Similar to optical tunneling ionization, 
this process delivers low energy electrons needed for the formation 
of Xe2+ by a backscattering process. Concurrent measurements of 
both ions and electrons allow us to identify novel aspects of the 
rescattering process. In addition we used this method to study the 
wavelength dependence of xenon non-sequential double ionization 
in the range of 1150 and 1560 nm. A significant variation of the 
Xe2+/Xe+ ratio is observed indicating the multiphoton character of 
an intermediate state of the ionization process at strong IR pulse 
laser fields[2].  We want to extent this technique in order to study 
dissociation and coulomb explosions mechanism of molecules in 
strong laser fields. Possibilities and limits of this technique will be  
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discussed. [1] R. Wiehle and B. Witzel , Phys Rev. Lett 89 (2002), 
223002. [2] P. Kaminski et al., submitted to Phys Rev. Lett. 
 

(454) Progress in Analytical Cavity Ringdown Spectroscopy 
George Miller1, Yunjing  Li1, Megan Walker1; 1University of Tulsa 
As cavity ringdown spectroscopy has become a mature absorption 
technique, applications have increased.  New applications include 
the development of environmental and medical monitors using 
elemental, molecular and isotopic measurements.  This paper 
presents recent progress and results in these areas. 
 

(455) Chiral Effects in Nonlinear Optics 
Garth Simpson; 1Purdue University 

Frequency doubling (second harmonic generation, SHG) and 
frequency mixing (sum frequency generation, SFG) are remarkably 
sensitive probes of interfacial structure. The application of these 
techniques in studies of biological systems and interfaces is 
particularly exciting, given their high sensitivity to chirality.  
Whereas absorbance measurements yield circular dichroic (CD) 
ratios of a few fractions of a percent, these same molecular systems 
can easily produce CD ratios approaching 100% in thin films.  In 
order for these emerging techniques to successfully undergo the 
transformation from academic curiosities to practical instrumental 
tools for biological characterization, experimental and theoretical 
advances are required.  Novel ellipsometric approaches for 
polarization analysis have been developed to yield greater 
information content with simpler instrumentation. As a 
complement to these experimental studies, new and relatively 
simple theories have been proposed for interpreting the 
relationships between the detected signals and the 
molecular/macromolecular structures at the interfaces. Applications 
of these combined experimental and theoretical techniques include 
the demonstration of label-free methods for real-time biosensing, 
chiral-specific detection and analysis from as few as ~1 million 
molecules, and the quantification of changes in protein secondary 
structure from polarization analysis. 
 

(456) Electric Fields at Protein Active Sites as Determined by 
Hole-Burning Stark Spectroscopy 

Peter Geissinger1, Michael DuPrey1, Isaac Schwabacher1, Jörg 
Woehl1, Barry Prince2; 1University of Wisconsin-Milwaukee; 

2University of Canterbury, New Zealand 
In condensed matter the electric fields that originate from the 
charge distributions of the individual molecules combine to form an 
internal molecular electric field.  Such molecular electric fields 
may play crucial roles for the functions of biological systems.  We 
are investigating methods for the quantitative experimental 
determination of the magnitude of these internal molecular fields.  
By monitoring the external electric field induced changes of 
spectral holes burnt into the inhomogeneously broadened 
absorption bands of specific probe molecules, information about 
the internal electric field that is present at the probe molecule sites 
can be extracted.  For the determination of the internal fields in 
molecular resolution, the numerical diagonalization of the 
Hamiltonian of the detector molecule is required.  Using data 
obtained in the protein myoglobin, we demonstrate how the number 
of electronic states, the choice of local field factor, and the energies 
of several excited states of the probe molecule affect the resulting 
internal electric fields.  Furthermore, by carrying out the 
diagonalization by successively adding more electronic states based 
on their energy in order to determine the convergence behavior of 
the internal-field magnitudes.  We show that a different sequence of 
adding states improves the convergence behavior of the internal 
fields. 
 

(457) Selenium: From Toxicant to Mercury Antagonist 
Joseph Caruso1; 1Univeristy of Cincinnati 

Recent advances in ICP-MS instrumentation that have produced 
lower detection limits, greater spectral resolution and markedly 
enhanced capabilities to probe elements, impossible a decade ago. 
As reliable and robust high resolution and collision/reaction cell 
ICP-MS instruments have emerged, the power of ICP-MS has been 
enhanced for numerous metals/metalloids and important non-
metals. Along with these ICP-MS advances comes the synergism 
when combined with molecular mass spectrometry. Selenium is a 
fascinating element exhibiting toxicant, cancer chemopreventive 
and Hg antagonist properties depending on its concentration, 
chemical form and the genetic disposition of the plant or organism. 
This talk will focus on these developments, illustrations of these 
three aspects of Se. utilizing multiple chromatographic methods 
interfaced to different mass spectrometries to speciate from small 
Se to large Se molecules. Regarding Se as toxicant, molecular level 
studies in involving wild type plants, singly genetically modified, 
or doubly genetically modified for environmental remediation will 
be discussed. Cancer chemoprevention is suspected to manifest 
itself when methyl-Se-cysteine is produced through a plant’s 
metabolic process and physical plus molecular observations of 
selenium’s possible effect as a mercury detoxicant will be 
highlighted. 
 

(458) Speciation Analysis of Arsenic Metabolites and Their 
Protein Complexes 

X. Chris Le1, Meiling Lu1, Zhongwen Wang1, Xiufen Lu1, Hailin 
Wang1, Huiming Yan1, Anthony McKnight-Whitford1, William R. 

Cullen2, Lora L.  Arnold3, Samuel M. Cohen3; 1University of 
Alberta; 2University of British Columbia; 3University of Nebraska 

Medical Center 
Arsenic is one of the most important environmental agents in 
causing chronic human disease. A wide variety of adverse health 
effects, including skin, bladder and lung cancers, and 
cardiovascular and neurological effects, have been attributed to 
chronic exposure to high levels of arsenic. The mechanism(s) of 
action by which arsenic causes various adverse health effects is not 
clear, although arsenic metabolism and arsenic binding to proteins 
are believed to play important roles in arsenic toxicity. The 
objectives of this study were to determine arsenic species in 
biological matrices and to examine how various arsenic species 
interact with functional proteins, such as hemoglobin, thioredoxin, 
and the p53 protein. We have developed three techniques to 
facilitate this study. Ion exchange and ion pairing chromatographic 
separation with inductively coupled plasma mass spectrometry 
(ICPMS) and hydride generation atomic fluorescence detection 
enabled the speciation of inorganic arsenicals and their metabolites. 
Gel-filtration chromatography with ICPMS analysis of reaction 
mixtures between arsenicals and the proteins demonstrated the 
formation of protein adducts. Further characterization by nano-
electrospray mass spectrometry confirmed the binding of arsenic 
species to the cysteine residues in the protein. We have shown 
stoichiometric binding of arsenite, monomethylarsonous acid 
[MMA(III)], and dimethylarsinous acid [DMA(III)] to the cysteine 
groups of the proteins. We have further revealed a higher binding 
affinity of rat hemoglobin (Hb) than human Hb for the same arsenic 
species. We found that 15–30-fold more arsenic was bound to the 
Hb of rat red blood cells than of human red blood cells. Rats fed 
with an arsenic-supplemented diet showed that arsenic in the red 
blood cells of the rats was predominantly found in the protein-
bound form. These results suggest that the stronger binding affinity 
of these arsenic species to rat Hb is responsible for the 
accumulation of arsenic in rat blood, providing a chemical basis for 
the arsenic retention in the blood. The techniques can be applied to  
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studies of arsenic interactions with other proteins, such as DNA-
repair enzymes. 
 

(459) Application of the Retention Analysis Method for the 
Separation of Mercury Compounds 

Juergen Gailer Gailer1, Andrew Percy1; 1University of Calgary 
Mercuric mercury and methylmercury are the most abundant 
molecular forms of mercury in the environment. In view of the 
striking differences in their mammalian toxicity, the molecular 
form of mercury in environmental samples must be determined. 
This can be accomplished by the LC separation of these mercury 
compounds using mercury-specific detection, such as flame atomic 
absorption spectrometry (FAAS). We have systematically 
investigated the retention behavior of mercuric nitrate, mercuric 
chloride and methylmercuric hydroxide using size exclusion 
chromatography (Sephadex G-15) and aqueous citrate buffers 
containing glutathione (GSH). The on-column formation of (GS)X-
mercury complexes (X = 1-2) allowed us to separate mercuric 
mercury from methylmercury ("retention analysis method"). The 
influence of various physico-chemical parameters (e.g. pH, 
temperature etc.) on the separation of the investigated mercury 
compounds will be presented and the molecular basis of the 
underlying separation mechanism will be discussed. 
 

(460) A New GC/CVAFS Characterization Method of 
Methylmercury in Food 

Serge DRAGNA1, Thierry GUERIN1; 1AFSSA 
Mercury is an environmentally and toxicologically important 
element and is one of the most widely studied heavy metals due to 
its toxic character at trace level [1,2] and the possibility  of suffer 
alkylation reactions in the environment. It is well known that 
organomercuric compounds are more toxic than inorganic forms 
[3,4,5] because of their higher solubility in lipids, which causes 
bioconcentration in the food chain. As a consequence 
methylmercury is the major source of mercury intake, especially in 
areas where fish and other seafood are the main components of the 
diet. Methylmercury constitutes more than 60% of the total 
mercury in fish due to high absorption and low elimination 
mechanisms[5,6]. A number of methods have been described for 
mercury speciation from environmental and food samples mainly 
based on the classic and cumbersome Westöö technique [7,8]. 
These approaches are mainly based on the use of hyphenated 
techniques, coupling capillary gas chromatography with more 
selective atomic detectors, such as GC-AED [6], GC-ICP/MS [9] 
and GC-AFS [6]. One important point is to perform simple, robust, 
sensitive and reliable methods for mercury speciation in routine 
analysis, especially for mercury monitorization in food and 
seafood. In this work the use of a GC-PYRO-AFS system for 
mercury speciation in seafood samples has been studied with this 
purpose, with special emphasis on sample treatment. The method 
has been validated with reference materials and successfully 
applied to the analysis of seafood samples. [1] M. Horvat, in: L. 
Ebdon, L. Pitts, R. Cornelis, H. Crews, O.F.X. Donard, Ph. 
Quevauviller (Eds.), Trace Element Speciation for Environment, 
Food and Health, The Royal Society of Chemistry, Cambridge, 
2001, p. 134. [2] R. Muñoz-Olivas, C. Cámara, in: L. Ebdon, L. 
Pitts, R. Cornelis, H. Crews, O.F.X. Donard, Ph. Quevauviller 
(Eds.), Trace Element Speciation for Environment, Food and 
Health, The Royal Society of Chemistry, Cambridge, 2001, p. 343. 
[3] S. Rapsomanikis, in: R.M. Harrison, S. Rapsomanikis (Eds.), 
Environmental Analysis Using Chromatography Interfaced with 
Atomic Spectroscopy, Ellis Horwood, Chichester, 1989, p. 299. [4] 
C. Gebersmann, M. Heisterkamp, F. Adams, J.A.C. Broekaert, 
Anal. Chim. Acta 350 (1997) 273. [5] S.N. Willie, D.C. Grégoire, 
R.R. Sturgeon, Analyst 122 (1997) 751. [ 6] L. Ebdon, M.E. 
Foulkes, S. Le Roux, R. Muñoz-Olivas, Analyst 127 (2002) 1108.  

[7] G. Westöö, Acta Chem. Scand. 20 (1967) 1790. [8] G. Westöö, 
Acta Chem. Scand. 22 (1968) 2277. [9] H.E.L. Armstrong, W.T. 
Corns, P.B. Stockwell, G. O’Connor, L. Ebdon, E.H. Evans, Anal. 
Chim. Acta 390 (1999) 245. 
 

(461) Determination of Chromium in Solids and Liquids by 
Ion-Chromatography coupled to Laser-Enhanced Ionization 

Spectrometry in the Nitrous Oxide/Acetylene Flame 
Isabelle Poulin1, Annick Dio-Fortier1, Denis Boudreau1; 1COPL 

and Department of Chemistry, Université Laval 
Laser-enhanced ionization (LEI) is a very powerful trace analysis 
technique based on the selective laser excitation of atoms which are 
then collisionally ionized and collected by an immersed electrode. 
LEI exhibits very good sensitivity and spectral selectivity, as well 
as detection limits in the ppt (pg/mL) range for many elements.  
However, detection limits for refractory elements (REs) such as 
chromium are degraded by their inefficient atomization in the air-
acetylene flame usually used as the atom reservoir, mainly due to 
the relatively low temperature of the latter. We have chosen to 
study the nitrous oxide/acetylene (N2O/C2H2) flame as an alternate 
atom reservoir for LEI.  Because of its higher combustion 
temperature and reducing environment, this flame provides better 
atomization properties for the determination of refractory species 
by LEI.  Analytical performances are excellent, however, in the 
case of real sample analysis, the presence of easily ionizable 
elements in the matrix, interferes with the signal collection.  We 
will present recent results in the coupling of ion chromatography in 
order to separate the sample components with laser-enhanced 
ionization for the determination of chromium in real samples.  
Detection is done with a very sensitive novel two-step excitation 
scheme in the visible range. 
 

(462) Ambient Particle Characterization by Mass 
Spectrometry:  From Single Particle Analysis to Proteomics 

Murray Johnston1; 1University of Delaware 
Many studies have linked airborne particles to adverse health and 
environmental effects.  The chemical composition of any individual 
particle will vary according to its source and subsequent 
transformations in the atmosphere. Chemical composition 
measurements provide a means to identify particle sources, to 
assess their impact on human health and the environment, and to 
implement effective control strategies to reduce air pollution.  Our 
group has used a variety of on-line and off-line methods in mass 
spectrometry to characterize inorganic, organic and biological 
components in particulate matter.  On-line analysis is performed 
with instruments designed and built in our laboratory, while off-
line analysis is performed with standard, commercial 
instrumentation.  The advantages and limitations of these methods 
for chemical composition measurements, examples of information 
gained from each, and the significance of these measurements in 
the context of human health and/or particle formation and growth 
processes will be discussed. 
 

(463) Identification of Plasma Protein Markers Relevant to 
Ozone Exposure-Induced Changes in Rats using MALDI-TOF-

MS 
Susantha Mohottalage1, Karthikeyan Subramanian1, Erica Blais1, 

Patrick Goegan1, Josee Guenette1, Renaud Vincent1, Prem 
Kumarathasan1; 1ITAB Section, HECS Branch, Health Canada 

There are several reports on the adverse health outcomes caused by 
the reactive gaseous air pollutant, ozone.  Proteomics approach has 
the potential to understand the mechanisms underlying ozone 
exposure effects. The advantage of using proteins and peptides as 
markers is that they play a crucial role in key regulatory pathways 
that determine the physiological status of an organism.  MALDI-
TOF-MS is a key tool for rapid reliable investigation of protein  
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profiles in biological fluids.  In order to understand ozone effects, 
we have exposed Fisher 344 rats either to clean air or to 0.8 ppm 
ozone by inhalation for 4 h.  Plasma samples were obtained  
immediately after exposure.  Diluted plasma samples were clarified 
through molecular weight cut-off filters (10kDa, 30 kDa), 
centrifuged,and filtrates were either used directly or were cleaned 
up using Vivapure C-18 spin catridges prior to anlyses by Autoflex 
MALDI-TOF-MS, in a linear mode.  Alpha-cyano-4-
hydroxycinamic acid in 50% ACN:0.1%TFA was used as the 
matrix.  Mass spectral information, with the aid of ClinPro Tools 
software were rapidly scanned for potential biomarker 
proteins/peptides in plasma.  Reproducibility in sample spotting on 
AnchorChip target plate and inter-animal variability including 
analytical variance were 
 

(464) Differential Analysis of HPLC-Fluorescence 
Chromatograms from Plasma for Detection of Peptide 

Biomarkers of Exposure to Ambient Air Pollutants 
Subramanian Karthikeyan1, Devi Ganesh1, Susantha Mohottalage1, 

Prem Kumarathasan1, James D Krapo2, Renaud Vincent1; 1SEP, 
Health Canada; 2NJMRC 

The purpose of this work is to validate a computational approach 
for the discovery of biomarkers of inhaled environmental 
contaminant exposure and health effects. Plasma samples from 
Fischer rats were collected immediately and 24 hours after 
exposure for 4 hours to clean air, Ottawa urban particles, or ozone, 
with and without prior administration of a superoxide dismutase 
mimetic (SODm) to block oxidative stress. Plasma peptides were 
separated by HPLC with native fluorescence detection.  We have 
developed a software to correct distortions of chromatograms 
associated with the deterioration of column performance and 
variations in the mobile phase composition. An average 
chromatogram was generated for each treatment group (n = 4-6 
animals), and differential chromatograms were then computed to 
identify changes in peaks attributable to treatment effects.  
Intensities of the selected peaks were then computed for each 
animal and the changes were analyzed by 3-way ANOVA with 
exposure (air, EHC, O3), drug (nil, SODm) and recovery (0h, 24h 
post) as factors.  Validation of this approach consisted of correction  
of stochastic shifts in peaks of standard peptides/proteins 
(endothelin-1, ET-2, ET-3, bigEt-1, bigEt-2, bigEt-3, angiotensin 
II, insulin) spiked in rat plasma and detected by auto-fluorescence, 
followed by confirmation of standard peak identity by MALDI-
TOF-MS mass finger printing.  We have identified a number of 
distinct candidate biomarkers that displayed pollutant-, SODm-, or 
time-dependent responses.  The levels of a number of peptides were 
significantly higher (p<0.05) at 24h after exposure to clean air or 
pollutants.  Such changes might be due to stress of exposure in the 
nose-only inhalation chambers.  Nevertheless, several peptides 
showed statistically significant (p<0.05) pollutant-dependent and 
SODm-dependent responses. One peptide displayed a significant 
exposure-drug factor interaction, indicating abrogation of the 
pollutant effect by treatment with the SODm.  Recovery and the 
identification of the peptides of interest by MALDI-TOF mass 
finger printing should provide a number of candidate biomarkers 
for application in toxicological and health studies, and perhaps 
provide key insight into mechanistic pathways involved in pollutant 
mediated health effects. 
 

(465) Development of an Apparatus for Quantitative Dose-
Response Studies to Measure Inflammation Potential Induced 

as a Function of Ambient Particle Type 
George Agnes1, Allen Haddrell1, Stephan van Eeden2; 1Simon 

Fraser University; 2University of British Columbia 
A developing area of interest regarding the relationship between the 
adverse health effects associated with particles suspended in the  

troposphere is the understanding of how particle chemical 
composition influences different biological outcomes.  Described is 
the development and application of an apparatus and methodology 
wherein a known number of particles of tropospherically relevant 
chemical composition can be designed and levitated in an ac trap 
followed by their controlled deposition directly from the ac trap 
onto air-liquid interface cultured lung cells.  This deposition 
process mimics particle-cell interaction as it occurs in vivo, and as 
such it affords the capability to query the inflammation potential as 
a function of particle composition where the particles can be 
designed to be comprised of multiple compounds.  Moreover, the 
levitation technology has provided us with an unexpected 
experimental tool.  We have performed preliminary studies of ion-
induced nucleation, in solution, and we have demonstrated its 
utility to generate particles of ammonium nitrate, which is 
otherwise difficult to nucleation by other laboratory methods.  
Lastly we are incorporating standard as well as non-standard 
proteomic methodologies into our procedures to measure multiple 
downstream biological responses from lung cells dosed with 
particles.  For instance, the  technology affords quantitation of 
differential protein expression at sites local and distal to the 
location of particle deposition.  The latter is being used to study 
intercellular signalling by pro-inflammatory cytokines in air-liquid 
interface cell cultures. 
 

(466) Identification of the Components of Tropospheric 
Particulate Matter Responsible for Particulate Matter Toxicity, 

as Demonstrated With Particulate Matter Mimics 
Allen Haddrell1, George Agnes1, Stephen van Eeden2; 1Simon 
Fraser University; 2James C Hogg iCAPTURE Centre, UBC 

Epidemiology studies have associated particulate matter 
concentration in the troposphere (PM10) with increased incidence 
of respiratory and cardiovascular disease. These adverse health 
effects are a result of local and systemic inflammation resulting 
from inhalation exposure to elevated concentrations of PM10.  The 
components of PM10 responsible for causing these effects are not 
known.  To address this issue, an apparatus and methodology 
capable of generating particles whose composition and size are 
known has been developed.  The composition of these particles are 
designed to mimic that of particles suspended in the troposphere.  
The particles are then deposited onto lung cells, in vitro.  The 
downstream biological response of cells dosed with such particles 
is being learned using fluorescent antibody labelling and soft 
ionization mass spectrometry.  Our initial application of this 
technology was to create particles of elemental carbon with and 
without lipopolysaccharide (LPS) to learn how LPS factors into 
lung cell inflammation.  LPS is a molecule presented on the cell 
wall of Gram negative bacteria, and in addition to LPS being 
present on ambient particles in the troposphere, LPS is also present 
on tobacco leaves and in mainstream cigarette smoke.  Individually, 
elemental carbon particles or soluble LPS alone induce no 
differential expression of a membrane protein (intercellular 
adhesion molecule (ICAM)-1) known to be expressed by injured 
cells (human lung cells: A549).  However, when these two 
components are combined onto individual particles, significant pro-
inflammatory response, as measured by an increased level of 
ICAM-1 expression, was measured.  This technology is now being 
applied to address the hypothesis that the varied biological 
responses of lung cells in response to exposure to ambient particles 
are dependent on the composition of the particles. 
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(467) A Flexible Multinearity Constraint in the Resolution of 
Complex Multiway Data 

Roma Tauler1, Anna de Juan2; 1IIQAB-CSIC; 2University of 
Barcelona 

Multivariate Curve Resolution (MCR) has been shown to be a 
powerful tool for multiway data analysis (1,2,3). Although the 
initial and basic assumption of MCR methods is the fulfilment of a 
bilinear model for two-way data sets (data matrices), these methods 
can be easily adapted to the analysis of multiway data fulfilling 
more structured multilinear models. Implementation and extension 
of multilinear models in MCR methods can be easily achieved 
algorithmically. Thus, the multilinear structure can be introduced as 
an additional constraint in the alternating least squares algorithm 
that can be optionally applied to each particular component in the 
data set. The algorithm traditionally used for this purpose in MCR-
ALS methods (4) will be revised, paying special attention to the 
flexible implementation of the multilinear constraint that allows the 
analysis of experimental data sets fulfilling only partially the strong 
structure demands assumed in the common implementations of 
multilinear models in multiway data analysis. Two additional issues 
will be addressed in this presentation: a)  the link between the 
mathematical structure and the chemical meaning of the diverse 
multilinear models and b) the proposal and discussion of new ways 
to compare results obtained by methods based on bilinear and 
multilinear models. 1. R.Tauler, A.Smilde and B.R.Kowalski. 
Journal of Chemometrics, 1995, 9, 31-58. 2. A. de Juan  and 
R.Tauler, Journal of Chemometrics, 2001, 15, 749-771. 3. 
J.Jaumot, R.Gargallo, A. de Juan and R. Tauler. Chemometrics and 
Intelligent Laboratory Systems, 2005, 76(1) 101-110. 4. R.Tauler, 
I.Marqués and E.Casassas. Journal of Chemometrics, 1998; 12, 55-
75. 
 

(468) Multidimensional UV Resonance Raman Spectroscopy: 
Improving Resolution of the Highly Overlapped Amide and 

Aromatic Modes of Peptides and Proteins 
Renee JiJi1, Janina Kneipp1, Thomas Spiro1; 1Princeton University 

UV resonance Raman (UVRR) spectroscopy is highly sensitive to 
protein conformation changes.  Relative proportions of gross 
secondary structural elements are typically discerned from a 
combination of the amide I, II, III and CαH bending band 
frequencies and their intensities.  Individually, random coil, α-helix 
and beta-sheet secondary structural elements have distinct UVRR 
signatures.  However, the amide modes, themselves, are complex 
and contain numerous highly overlapped components.  Overlapping 
aromatic modes complicate the UVRR spectrum further.  
Consequently, this high degree of spectral overlap of the amide and 
aromatic modes can be problematic for protein conformational 
studies.   The question then is “can chemometrics help to alleviate 
this type of spectral congestion?”  The challenges and prospects of 
using multidimensional UVRR data, derived from multiple 
excitation wavelengths, in combination with multiway methods 
will be presented. 
 
(469) Accelerated Analyses of Multi-Way Data Utilizing Multi-

Dimensional Wavelet Transforms 
Frank Vogt1, Jeff Cramer1, Karl Booksh1; 1Arizona State 

University 
Hyphenated measurement techniques and hyperspectral imaging 
are innovative and powerful approaches for chemical sensing 
which have been combined with chemometric methods for data 
evaluation. However, acquiring humongous, high-dimensional data 
sets in three or more dimensions imposes two challenges: (1) 
Continuously collected data, which must be stored, e.g. for 
documentation purposes, demand for large amounts of data storage 
space; tens of megabytes or more per data set are common. (2) 
Often data evaluation takes much longer than data acquisition; in  

such cases the time resolution of the sensor is reduced 
considerably. It is anticipated that increasing computational 
resources alone will not be sufficient to keep step with 
improvements in multi-dimensional sensor resolution. In this study, 
multi-dimensional wavelet transforms are used for compression of 
multi-way data cubes prior to chemometric data evaluation and/or 
data storage. The basic idea is to wavelet transform the data into a 
representation allowing for efficient discrimination of relevant and 
irrelevant information. Unlike conventional unfolding of data 
cubes, multi-dimensional wavelet transforms do not destroy the 
original data structure and thus enable optimum compression. After 
considerably reducing the data cube size chemometric data 
evaluation is performed on this compressed data set. Inverse 
wavelet transforms convert the final results into the original domain 
of measurement data. Additional computation expense for wavelet 
transforms scales linearly in the data set size and enables reduction 
of e.g. PCA computations in third order (*). Similarly, tremendous 
computation efforts are greatly reduced for tedious iteration 
algorithms like PARAFAC as only relevant information needs to be 
processed. Furthermore, data storage of compressed data cubes 
allows for significant reduction of data storage requirements. By 
means of experimental 3- and 4-dimensional data cubes it is 
demonstrated that additional computation expense for 3D/4D 
wavelet transforms is largely overcompensated by reduced 
calculations necessitated by smaller data cubes. In the presented 
examples, computation times could be decreased by one order of 
magnitude; storage space could be reduced to 
 
(470) Accelerated Three-Way Parallel Factor Analysis Utilizing 

Wavelet Transforms 
Jeff Cramer1, Frank Vogt2, Karl Booksh1; 1Arizona State 

University; 2University of Tenessee 
The acquisition, processing, and storage of multiway data sets 
requires a considerable amount of data storage space and analysis 
time, which is highly undesirable in continuous online applications. 
To compensate for these issues, data compression by means of 
wavelet transforms is proposed. Because wavelet transforms are 
linear and preserve underlying linear factors, chemometric results 
obtained in the wavelet domain from a compressed cube can be 
inversely transformed in order to derive approximated models in 
the original measurement domain. Parallel factor analysis was 
applied to compressed three-dimensional data cubes. Two synthetic 
and two experimental excitation-emission matrix fluorescence data 
sets were analyzed with respect to compression ratio, acceleration 
gain and model quality. It is shown that the wavelet chosen for the 
compression is an important factor with respect to the overall 
quality of the spectral results, while the amount of actual 
compression specified remains the overriding factor in determining 
the concentration prediction error of the model as well as 
acceleration gains and size reductions. 
 

(471) Maximum Likelihood Methods for Three-Way Analysis 
in Chemistry 

Lorenzo Vega-Montoto1, Peter D. Wentzell1; 1Dahousie University 
Analytical instrumentation that produces multivariate data is now 
commonplace in chemical laboratories. Such data includes first-
order tensors (e.g. a spectrum), second-order tensors (e.g. 
chromatography with multichannel detection), and third- and 
higher order tensors (e.g. fluorescence excitation-emission-lifetime 
measurements). From a data analysis perspective, the "cubes" of 
data that form third-order tensors, or three-way data, offer unique 
advantages not observed for lower order measurements. In 
particular, data that exhibit a trilinear structure can be decomposed 
in such a way that unique underlying factors are extracted, without 
the rotational ambiguity that exists when bilinear data are used. 
Common data analysis tools employed to carry out this type of  
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decomposition include the well-known Parallel Factor Analysis 
(PARAFAC) and Direct Trilinear Decomposition (DTLD) 
algorithms. The application of these tools to trilinear data has 
tremendous potential to extract fundamental information such as 
spectra, concentration profiles, rate constants, and equilibrium 
constants from complex mixtures with little or no prior 
information. However, this potential is mitigated by the fact that 
these methods do not optimally accommodate the complex error 
structures commonly found in three-way data. In this presentation, 
the development and application of Maximum Likelihood Parallel 
Factor Analysis (MLPARAFAC) is presented. This approach is 
designed to incorporate prior measurement error information, 
including information about heteroscedascity and correlation of 
errors, into the decomposition procedure. Although MLPARAFAC 
is an extension of maximum likelihood methods for two-way data, 
the application to three-way data greatly expands the types of error 
interactions that can be observed, the size of matrices produced, 
and complexity of the algorithms involved. The principles behind 
the generalized MLPARAFAC algorithm, as well as several 
simplifications based on different measurement error structures and 
pre-compression of the data, are described. These algorithms are 
applied to simulated data and three fluorescence data sets to 
demonstrate their statistical validity, computational efficiency and 
estimation accuracy.  Further implementation of MLPARAFAC in 
conjunction with the Direct Exponential Curve Resolution 
Algorithm (DECRA) is also examined using simulated data and 
spectral data from two widely studied reaction systems. 
 
(472) Thermal Transformation of Bundled Carbon Nanotubes 

into Graphitic Ribbons 
Peter Eklund1, H. Gutierrez1, U. Kim1; 1Pennsylvania State 

University 
The morphological evolution of purified bundled single-walled 
carbon nanotubes (SWNTs) heat treated in a dynamic vacuum from 
T = 200-2200  C was investigated by transmission electron 
microscopy, vibrational spectroscopies (Raman,IR) and UV-Vis-
NIR.  The SWNT materials studied were derived from two distinct 
synthesis routes: electric arc discharge (ARC) and high-pressure 
disproportionation of CO (HiPCO) (a CVD process).   These 
materials were chosen for a comparative study because the initial 
tube diameter distribution within the SWNT bundles in these two 
materials, and also how efficiently the tubes pack within a bundle, 
are very different for ARC and HiPCO SWNTs.  As a result of 
these differences, the samples evolve with increasing high 
temperature along very different pathways.  For ARC material, the 
first structural transformation was observed at ~ 1400  C, and is a  
“diameter doubling” or coalescence of SWNTs.  This is followed 
by a transformation of bundled coalesced tubes to multiwalled 
tubes (MWNTs) at ~ 1600-1700  C.  Finally, at the highest 
temperatures, graphitic nanoribbons (GNRs) are observed to form 
in ARC material in increasing larger numbers. These carbon 
nanofilaments (GNRs) are observed for the first time.  They appear 
to have the structure of a flattened (collapsed) MWNT.  The 
HiPCO material also undergoes coalescence, but then evolves at 
higher temperatures into a more disorganized and defect-laden 
MWNT system.  GNRs were not observed to form in HiPCO 
material.  All of these structural transformations have been studied 
with high resolution TEM, and with the various optical 
spectroscopies listed above.  These probes allow us to put together 
a reasonably clear physical picture of the thermal evolution of this 
fascinating nanoscale filamentary material. 
 

(473) Rapid Raman Microspectscopy and Imaging: The Role of 
the Electron-Multiplied CCD (EMCCD) 

Mayank Tripathi2, William F. Finney1, Michael D. Morris1, Tso-
Ching Chen1, Kurtulus Golcuck1; 1University of Michigan; 2Andor 

Technology 
We demonstrate a 10X increase in speed of acquisition of Raman 
microprobe spectra and Raman hyperspectral images with use of an 
EMCCD in place of a conventional CCD. The EMCCD is a back-
thinned device which uses a series of avalanche gain stages in place 
of conventional semiconductor amplifiers to amplify the signals 
from the serial register of the CCD itself. The camera operates at 3 
MHz and enables more rapid data collection than is possible with 
the previous generation of CCD detectors. We show that the system 
can be used with green (532 nm) laser excitation and also with deep 
red (785 nm) excitation. Depending on the Raman cross section of 
the material examined and on the laser power and wavelength, the 
time for acquisition of a line of 400 Raman spectra is as little as 1 
sec if no binning is used, or 25 millisec if full vertical binning is 
used. We will demonstrate the use of this system with a variety of 
synthetic materials and animal tissue specimens, including 
musculoskeletal tissues. Both families of Raman spectra and 
images in which contrast is generated from spectral intensities will 
be presented. 
 

(474) Effect of Sampling Size on the Quantitation of 
Polymorphs and their Distribution on the Surface of Tablets by 

Raman Spectroscopy 
Michael Koenigbauer1; 1AstraZeneca 

Drug substance polymorphs have a different solid-state structure 
that can affect the bioavailability, dissolution, and stability of the 
solid oral dosage forms in which they are incorporated .  Thus, the 
ability to quickly and accurately quantitate the polymorphic content 
of the drug product is an important, interesting and challenging 
analytical problem which can be an important aspect in drug 
development.  Since polymorphism can have on significant impact 
on the physical properties of a drug substance, it has received an 
increasing amount of scrutiny from regulatory agencies.  Some of 
the more commonly used techniques capable of detecting different 
drug polymorphs include: crystallography, spectroscopy, 
microscopy, and thermal methods.  The quantitative determination 
of the degree of polymorphism in the drug substance prior to its 
introduction into a solid dosage form can be relatively 
straightforward.  The identification and quantitation of the 
polymorphs in the drug product is often more difficult.  Raman 
spectroscopy is becoming increasingly utilized to evaluate the 
solid-state forms present in drug products. In the present study, the 
hydrochloride salt of the compound of interest has two 
characterized polymorphic forms, polymorphs A and B.  
Polymorph B has a melting point of about 20 C lower than 
polymorph A and is the more thermodynamically stable polymorph 
at room temperature.  Tablets were manufactured containing 
various ratios of polymorphs A and B and were analyzed by both 
FT-Raman spectroscopy (1 mm spot size) and dispersive Raman 
spectroscopy (3 mm spot size).  The results from each technique 
were evaluated by partial least squares (PLS) regression to 
quantitate the amount of polymorph A present in the tablets.  The 
effect of sampling size (large vs. small spot) on the PLS fits 
obtained will be compared and discussed as well as the results 
obtained from various PLS preprocessing filters.  In addition, a 
Falcon II Molecular Chemical Imaging System was used to 
determine the distribution of the excipients and polymorphs A and 
B over the tablet’s surface.  It was found that even relatively well-
mixed tablet blends produced tablets with a significant amount of 
inhomogeneity.  
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(475) UVRR Spectroscopy of Biopharmaceuticals 
Zai-Qing Wen1, Cynthia Li1, Linda Narhi1; 1Amgen Inc. 

UV resonance Raman spectroscopy has been developed into a 
powerful technique to probe molecular structure, dynamics and 
interactions (1-2).  It has been successfully employed to study a 
variety of molecules including polycyclic aromatics (3), catalysts 
(4), amino acid and nucleic acids (5), proteins, and DNA as well as 
virus assembles (5-8).    UVRR spectroscopy offers a number of 
characteristics that it has high sensitivity owing to the resonance 
enhancement effect, free of fluorescence interference in the deep 
UV region, and selectivity of exciting the specific chromophores of 
interest in a complex molecular system by using the laser line of 
choice.  However, UVRR has still remained as a research technique 
in academic institutions and has not been widely employed in 
analytical labs in industry, in general, and in the pharmaceutical 
industry, in particular.  In this paper, we demonstrate the potential 
of application of UVRR spectroscopy to protein pharmaceuticals 
and synthetic drug candidates using a high performance UVRR 
spectrometer that was custom built using commercially available 
optical parts.  The information from the UVRR spectra of protein 
therapeutics is rich and unique.  It is particularly suitable to probe 
the structure, local environment and interaction of the aromatic side 
chains in protein pharmaceuticals.  These UV chromophores can be 
utilized as internal probes to characterize protein structure, protein 
unfolding and folding, protein stability and interactions in product 
formulations.  UVRR can also be employed to probe the aromatic 
core structure of many synthetic drug molecules in solution.  
Examples of UVRR studies of recombinant protein therapeutics 
derived from E. Coli and glycoproteins derived from CHO cells 
will be presented. References: 1. S.A. Asher, Anal. Chem. 65, 59A-
66A, 1993. 2. S.A. Asher, Anal. Chem. 65, 201A-210A, 1993. 3. 
S.A. Asher, In The Handbook of Vibrational Spectroscopy, Vol. 1, 
557-571, Eds by J.M. Chalmers and P.R. Griffiths, John Wiley & 
Sons, New York, 2002. 4. C. Li, J. Catalysis 216, 203-212, 2003. 5. 
Z.Q. Wen and G.J. Thomas, Jr., Biopolymers, 45, 247-256, 1998. 
6. Z.Q. Wen and G.J. Thomas, Jr., Biochemistry, 39, 146-152, 
2000. 7. Z.Q. Wen, S. A. Stacy, P. Bondra, and G. J. Thomas, Jr., 
Biochemistry, 40, 449-458, 2001. 8. R. Tuma and G.J. Thomas, Jr., 
In The Handbook of Vibrational Spectroscopy, Vol. 1, 3519-3535, 
Eds by J.M. Chalmers and P.R. Griffiths, John Wiley & Sons, New 
York, 2002.  
 

(476) Preliminary Qualitative and Quantitative Raman 
Microspectroscopic Studies on Triterpenoids 

Marcia M.L. Yu1, Reinhard Jetter1, Michael W. Blades1, Robin 
F.B. Turner1; 1The University of British Columbia 

Confocal Raman microspectroscopy is used here to determine the 
spatial chemical composition of epicuticular wax layers and 
crystals on the leaves of the Prunus laurocerasus and the stems of  
the tree genus Macaranga (Euphorbiaceae).  Previous studies on the 
wax components of several plant species have been made typically 
using gas chromatography-mass spectrometry (GC-MS) and 
scanning electron microscopy (SEM).  Although these techniques 
offer important and useful information, they do not provide the 
spatial distribution of the different components.  The Raman 
microspectroscopy technique is initially evaluated for its 
application to qualitatively and quantitatively determine the 
different components in a mixture of triterpenoids.  Several binary 
triterpenoid mixtures are used to reproduce the epicuticular wax 
found on certain plant stems and leaves.  Visual inspection of the 
Raman spectra of the mixture clearly reveal the presence of certain 
triterpenoids. For quantitative analysis, different post-acquisitional 
data processing and data decomposition analysis of the Raman 
spectra are evaluated.  This procedure is applied to the analysis of 
real epicuticular wax on plant surfaces. 
 

(477) Raman Microscopy as a Probe of Retinal Tissue 
John J. McGarvey1,2, Jim W. Curry2.3, Rene J. Beattie1,2, Lindsay J. 

Barrett1,2, David Simpson3, Lucinda Campbell3, Robert Petters4; 
1School of Chemistry,Queen's University Belfast; 2Centre for 

Clinical Raman Microscopy; 3Dept of Ophthalmology, Queen's 
Univ; 4North Carolina State University 

The potential of Raman microscopy as a component-specific probe 
of the biochemical components of retinal tissue has been 
investigated. Raman scattering was employed at three excitation 
wavelengths, 785 nm, 633 nm and 514 nm, utilizing a LabRam 
HR800 Raman microscope, to characterise the spectra of the 
photoreceptor inner and outer segments and the outer nuclear layer 
of porcine retina. Excitation at 785 nm gave rise to Raman 
scattering dominated by the ground state Raman spectrum of the 
proteins present in the region analysed. At 633 nm excitation, a 
minor component was enhanced, which was assigned to 
cytochrome C in the photoreceptor inner segments. Using 514 nm 
excitation cytochrome C was significantly more enhanced with 
respect to 633nm excitation, while no obvious enhancement was 
detected using 785 nm. A significant nucleotide contribution was 
observed in the outer nuclear layer using all three wavelengths. In 
addition to the studies on normal porcine retina, comparative 
studies were also conducted on retina from a transgenic pig model 
which possesses the mutation responsible for Retinitis Pigmentosa 
(RP), a group of eye diseases which lead to progressive vision loss. 
Attention was focused on mapping the variation in Raman signal in 
the photoreceptor outer segment, the region where the pathology of 
the disease presents itself. Raman profiles were accumulated from 
the outer edge of the retina, at 3 micron resolution for both normal 
and a transgenic (model RP) pig retina. Principal  Component 
Analysis of the normal retina profile showed a clear variation in the 
Raman spectrum from the inner, newly forming rod and cone cells 
through the mature cells to the outer degenerating region.  For the 
transgenic RP model the Raman spectra displayed very little 
variation throughout the extent of the profile and the average 
spectra for the profiles showed significant differences.  In all, the 
studies demonstrate the potential of Raman microscopy as a 
component-specific retinal probe and ultimately as a possible probe 
of the progression of a specific retinal disease. 
 

(478) Large-Scale, Multiplex Electrical Detection of Proteins 
and Viruses by Ultrasensitive Nanowire Sensor Arrays 

Gengfeng Zheng1, Fernando Paltosky1, Charles M. Lieber1; 1Dept. 
of Chemistry & Chemical Biology, Harvard Univ 

Ultrasensitive, real time and simultaneous detection of 
biomolecules is critical in many areas such as disease diagnosis and 
drug screening. Here we report the large-scale, label-free, multiplex 
electrical detection of a variety of biomolecules by silicon nanowire 
field effect transistor (FET) arrays. Modified with microarrays of 
specific antibodies and receptors printed on the chip surface, those 
nanowire devices show discrete conductance changes 
characteristics of binding and unbinding in the presence of multiple 
target molecules introduced by a microfluidic channel, thus 
providing a powerful tool for parallel screening of libraries of 
analytes ranging from proteins to viruses. Arrays of both p-type and 
n-type silicon nanowire devices were fabricated to provide 
complementary electrical signals, and fluorescence labeling was 
used as an additional proof to verify the electrical signals. 
Specifically, three principal cancer marker proteins, prostate 
specific antigen (PSA), carcinoembryonic antigen (CEA) and 
mucin-1, were simultaneously detected in a same nanowire FET 
array with the lowest detectable protein concentration in the 
femtomolar range, offering a new means for cancer diagnosis. The 
binding and activity of telomerase was further demonstrated to 
show the capacity of combining both protein markers and nucleic 
acid assays within a single platform. Moreover, simultaneous  
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electrical measurements of single virus binding events of both 
influenza-A viruses and adenoviruses show that these nanowires 
can be used to detect a number of distinct viral threats with 
ultrahigh sensitivity and selectivity. Lastly, parallel detection of 
tens of toxins/proteins suggests the integration of nanowire sensor 
arrays could usher in a new era for disease diagnosis and treatment, 
drug discovery, and biosafety. 
 

(479) Reversible Doping for Nanotube Sensors and Electronic 
Applications 

Stephen Doorn1, Satishkumar Chikkannanavar1, Leif Brown1, 
Hsing-lin Wang1; 1Los Alamos National Laboratory 

Bandgap fluorescence from single-walled carbon nanotubes 
presents an opportunity for use of nanotubes for optically-based 
sensing.  Because emission wavelengths are in the near-infrared 
region, nanotube optical sensing may be a useful approach for in-
vivo applications as well.  Reversible energy and charge-transfer 
bleaching of optical transitions will be demonstrated as signal 
transduction methods for sensing applications.  Reversible doping 
through redox chemistry will also be demonstrated as an effective 
means of modulating nanotube conductivity properties. 
 

(480) Optical Enzymatic Detection of Glucose Based on 
Hydrogen Peroxide-Sensitive HiPco Carbon Nanotubes 
Wei Zhao1, Chulho Song1, Pehr Pehrsson2 ; 1Department of 

Chemistry, University of Arkansas; 2Chemistry Division, Naval 
Research Lab 

Single-walled carbon nanotubes (SWNTs) may serve as miniature 
optical biosensors for remote or in vitro and in vivo sensing 
because the near IR optical properties of SWNTs are very sensitive 
to surrounding environmental changes. Many enzyme-catalyzed 
reactions yield hydrogen peroxide (H2O2) as a product. Here we 
have observed that water-soluble (ws) SDS-encased HiPco SWNTs 
are optically sensitive to hydrogen peroxide in pH 6.0 buffer 
solutions through suppression of the near IR absorption band 
intensity at H2O2 concentrations as low as 0.2 ppm (6 µM). 
Interestingly, the suppressed spectral intensity of the nanotubes 
recovers by increasing the pH, by decomposing the H2O2 into H2O 
and O2 with the enzyme catalase, and by dialytically removing 
H2O2. Preliminary studies on the mechanisms suggest that H2O2 
withdraws electrons from the SWNT valence band by charge 
transfer, which suppresses the nanotube near IR spectral intensity. 
The findings suggest possible enzyme-assisted molecular 
recognition applications by selective optical detection of biological 
species whose enzyme-catalyzed products include hydrogen 
peroxide. As a first example, we have demonstrated that SDS-
encased SWNTs immobilized with glucose oxidase (GOx) can be 
used to optically detect glucose at concentrations as low as 250 
µM. The GOx-catalyzed reaction yields hydrogen peroxide and  
gluconic acid. Only H2O2 induces the SWNT spectral changes in 
pH 6.0 buffer solutions, but both H2O2 and gluconic acid do in 
unbuffered solutions. Our results suggest integrating nanotube-
based optical sensors for molecular recognition with recently 
developed nano light sources to create new approaches for 
nanoscale medical and clinical applications. 
 

(481) Silicon Nanowires for Chem/Bio Sensing 
Zhiyong  Li1, Moller Sven2, Xuema Li1, R. Stanley Williams1, 
Pavel Kornilovich2, Garry Hinch2, Ken Ward2, Qingqiao Wei2; 

1Hewlett-Packard Laboratories; 2Hewlett-Packard Company 
Semiconductor silicon nanowires (SiNW) which can be fabricated 
by advanced lithographic methods such as e-beam lithography 
(EBL) or nano imprinting lithography (NIL) have been 
demonstrated as highly sensitive structures for chemical and 
biological detection. The sensing response of the nanowires is 
monitored by the conductance change in the presence of chemical  

or biological species which acted equivalent as electrical gate to 
modulate the electronic conductance through the SiNWs. Based on 
this principle, reliable pH sensing was successfully achieved over 
the range of pH 4-10, and a resolution of 0.005 pH on the SiNW 
device fabricated on silicon-on-insulator (SOI) wafers. The device 
parameters such as doping level, oxide thickness, and SiNW 
dimensions were systematically studied based on pH sensing test to 
identify the optimal device structure for complex biological 
sensing. For biological sensing, we demonstrated both nonspecific 
binding between poly-L-lysine (PLL) and poly-L-glutamic acid 
(PLG) and specific binding for short DNA oligonucleotides. In 
particular, by chemically modifying the surface of SiNWs with 
single-stranded (ss) DNA or peptide nucleic acid (PNA) probe 
molecules, low concentration complementary ss-DNA target in 
solution can be detected. For a 12-mer oligonucleotide, tens of pM 
of target ss-DNA in solution was recognized when the 
complementary DNA oligonucleotide probe was attached to the 
SiNW with varying widths. The specific binding between 
complementary DNA strands was further confirmed with 
fluorescence measurement in control experiments. In order to gain 
a physical understanding of the change in conductance of the 
SiNWs with the attachment of the DNA targets and the probes, 
process and device simulations of the two-dimensional cross 
sections of the SiNWs were performed. The simulation result could 
be used to account for the width dependence of the SiNW response 
and provide understanding to improve the sensor performance. 
 

(482) Carbon Nanotube as Nanoprobes 
Liwei Chen1; 1Ohio University 

Carbon nanotubes are potentially ideal atomic force microscopy 
(AFM) probes due to their well-defined geometry, robust 
mechanical properties, and in the case of single-walled nanotubes 
(SWNTs), diameters approaching the size of small organic 
molecules. We have elucidated the fundamental factors 
determining image resolution in aqueous and ambient tapping 
mode AFM using well-characterized individual SWNT AFM 
probes with different diameters. A fine interplay among cantilever 
resonance frequency, quality factor, and tip-sample mechanical 
properties determines the cantilever dynamics. In the repulsive 
regime, the tip-induced broadening reaches the geometric limit; that 
is, the diameter of the SWNT tips. In attractive regime, the tip-
broadening effect is dominated by long-range attractive interactions 
and yields much larger AFM image dilation. These results clearly 
indicate that the repulsive regime is necessary for quantitative 
imaging and analysis. As an example of the applications, nanotube 
probes were utilized in high-resolution imaging to study the search 
mechanism of the DNA repair glycosylase hOgg1. The question is 
biologically crucial in DNA repair and ill suited for conventional 
structural method. Single molecule imaging of hOgg1-DNA 
complexes in air with carbon nanotube probes revealed drastic 
kinks at non-damaged DNA sites, which were previously believed 
to be induced by the protein only at damaged bases. These results 
suggest that hOGG1 causes substantial structural rearrangements in 
DNA while searching for damaged bases and a two-intermediate 
mechanism by which hOgg1 searches for damaged bases in the 
genome was proposed.  
 

(483) Microfluidic Biofuel Cells for Self-Powered Sensing 
Applications 

Shelley Minteer1, R. Scott Martin1, Anna Kinsella1, Christine M. 
Moore1; 1Saint Louis University 

Recent research has focused on microfluidic batteries and fuel 
cells, but the same microfluidic technology has not been thoroughly 
investigated for biofuel cells.  This research focuses on the 
development of stackable, microchip- based biofuel cells. 
Microchip-based biofuel cells are compact and lightweight, making  
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them viable portable power sources and self-powered sensors and 
lab-on-a-chip technology. In theory, they are also stackable, 
enabling multiple cells to be linked in series to increase power 
output. Microchip-based biofuel cells employ hydrodynamic flow 
of fuel through micron-sized channels containing microelectrodes. 
In this research, the enzyme pyrroloquinoline quinone (PQQ)-
dependent alcohol dehydrogenase (ADH) is used as the catalyst in 
the biofuel cell to convert chemical energy to electrical energy. The 
cell is powered by the addition of ethanol through a micron-sized 
flow channel containing a bioanode, which is fabricated by 
micromolding carbon inks. This microelectrode is modified with a 
membrane containing the immobilized enzyme.  We have 
successfully immobilized the enzyme on the electrode and 
electrochemical characterization has shown that the system is 
kinetically limited rather than transport limited. 
 

(484) Enzyme-free and Detector-free Detection of DNA Point 
Mutations 

Lin He1, Xinhui Lou1, Mark Eckert1; 1North Carolina State 
University 

We report here the use of polymer formation to amplify the 
presence of single nucleotide mutation in DNA.  In this method, 
DNA hybridization and ligation have led to the attachment of 
polymer initiators on a solid surface where specific DNA sequences 
are located.  These initiators have subsequently triggered the 
growth of polyhydroxyethylmethacrylate (PHEMA) at the end of 
immobilized DNA molecules in atom transfer radical 
polymerization that forms polymer brushes.  The formation of 
PHEMA has altered substrate opacity, rendering the corresponding 
spots readily distinguishable to the naked eye.  Multi-stage ATRP 
reaction to form branched polymers on the surface has drastically 
improved the visibility of DNA hybridization and has significantly 
shortened the detection time.  Investigations of polymerization 
kinetics and surface modification have also been conducted to 
further improve assay performance.  Direct detection of DNA 
single mismatches has been demonstrated with a sub-femtomole 
detection limit realized.  Our reported method has laid the 
groundwork for the future development of point-of-care clinical 
testing kits for single nucleotide polymorphism (SNP) screenings. 
 

(485) Development of Improved Proteome Analysis Strategies 
by Controlling the Gas-Phase Fragmentation of Peptide Ions 

during Tandem Mass Spectrometry 
Gavin E. Reid1, Kade D. Roberts1, Jennifer M. Froelich1, Mahasilu 
Amunugama1, James J. Sierakowski1; 1Michigan State University 

Tandem mass spectrometry methods applied to the sequence 
analysis of proteolytically derived peptides have become a major 
enabling technology for protein identification, characterization and 
quantitative analysis in the emerging field of proteomics. However,  
the success of these approaches is highly dependant on the ability 
to obtain sufficient structural information to (i) identify and 
characterize the amino acid sequence of the peptide by 
interpretation of the ‘sequence ions’ arising from dissociation of the 
peptide backbone, (ii) identify post-translationally modified 
peptides via the formation of characteristic side chain product ions 
or (iii) perform quantitative analysis by measurement of the relative 
abundances of characteristic isotopically encoded product ions. 
Thus, when the fragmentation pathways giving rise to the desired 
product ions of interest are not observed in high abundance, or not 
observed at all, significant limitations are placed on the 
applicability of these MS/MS methods for the identification, 
characterization and quantitative analysis of trace-abundance 
proteins present in complex mixtures. It is expected that a detailed 
understanding of the mechanisms and other factors controlling the 
gas-phase dissociation of peptide ions by MS/MS, and the 
development of chemical derivatization procedures to direct these  

fragmentation reactions toward analytically useful fragmentation 
pathways, should lead to improved capabilities for comprehensive 
proteome analysis.  Here, we describe recent efforts toward the 
development of a novel strategy to control the fragmentation 
reactions of peptide ions for selective protein identification, 
characterization and quantitative analysis, by 'fixed-charge' 
sulfonium ion derivatization of the side-chains of methionine 
containing peptides. CID-MS/MS of these sulfonium ion 
containing peptides results in the formation of a single 
characteristic product via exclusive loss of the derivatized side 
chain, allowing their sensitive and selective identification from 
complex mixtures for example, by neutral loss scan mode MS/MS 
methods in a triple quadrupole mass spectrometer. Identified ions 
may then be subjected to further structural analysis to enable their 
subsequent characterization by database search algorithms. This 
strategy has also been extended to the quantitative analysis of 
differential protein expression, by measurement of the relative 
abundances of neutral loss product ions formed by dissociation of 
'light' and 'heavy' isotopically encoded forms of the fixed-charge 
derivatives. 
 

(486) Nanoelectrode Architectures for Enhanced 
Electrogenerated Chemiluminescence Investigation of Cellular 

Function 
Donald Cannon1, William Ames1, Perry Motsegood1, Irma 

Nydegger1; 1University of Iowa 
Through technological advances, such as miniaturization, 
bioanalytical investigations continue to advance our understanding 
of dynamic cellular functions.  The analytical challenges arise in 
providing temporal analysis of short-lived species with sufficient 
sensitivity and spatial resolution to target cellular and subcellular 
processes.  Specifically, we are investigating the underlying 
physical phenomena of nanoelectrode systems for enhanced 
electrogenerated chemiluminescence (ECL) sensing in biological 
systems.  For instance, the high-frequency capability of 
nanoelectrodes permits faster oxidative / reductive cycling, thereby 
decreasing the area of light emission and ultimately increasing the 
spatial resolution for ECL probing.  In addition to using established 
nanoelectrode fabrication methods, we have developed a focused-
ion beam (FIB) milling protocol to form single nanowell 
architectures in insulating poly(methylmethacrylate) thin-film 
layers; thus exposing the underlying conductor substrate to form a 
nanowell electrode.  Fabrication of nanoelectrode arrays has also 
been developed.  With dimensional uniformity overcoming electric 
field non-uniformities, nanoelectrode arrays can operate with 
resolved radial diffusion to create ultrahigh current densities.  
While other nanoelectrode array fabrication methods have 
difficulties tailoring number and density, FIB milling allows 
individual electrode dimensions (with radii as small as 35 nm) and 
interelectrode distances (from micrometers to nanometers) to be 
precisely established. Controlling the number, size and density of 
the nanoelectrodes is a powerful means for optimizing the 
cooperative effects between adjacent electroactive areas.  
Nanoelectrode array characterization is accomplished through 
traditional electroanalytical monitoring techniques integrated with 
ultrasensitive optical microscopy, with additional insight provided 
through multiphysics modeling. These reproducible preparation 
methods for nanoelectrode structures of optimal number and 
density will extend electrochemical-based interrogations of cellular 
function. 
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(487) Microchip Surface Modification and Membrane-Based 
Sample Enrichment for Enhanced Bioanalysis in Polymeric 

Microdevices 
Adam Woolley1, Yi Li1, Tao Pan1, Ryan Kelly1; 1Brigham Young 

University 
The use of polymers to make microscale biochemical analysis 
devices is rapidly surpassing that of the initially developed silicon 
and glass platforms, largely because of fabrication considerations. 
However, chemical derivatization of microchip surfaces is more 
facile with silicon or glass, than polymeric microdevices. We have 
recently demonstrated a straightforward approach for covalently 
modifying poly(methyl methacrylate) microchip surfaces, making 
use of atom transfer radical polymerization (ATRP). [1] We report 
here the generalization of this ATRP approach to other polymer 
surfaces, including thermoset polyester. We have characterized 
ATRP-modified polymer surfaces and have carried out capillary 
electrophoresis (CE) separations in microchip systems made from 
these functionalized polymers. We are also taking advantage of 
phase-changing sacrificial materials [2] to make polymeric 
microdevices incorporating ion-permeable membranes that 
integrate analyte preconcentration with microchip CE. We have 
found that proteins can be concentrated over 1,000-fold prior to 
injection and separation in CE microsystems, enabling microchip 
analysis of dilute protein mixtures. These advances in surface 
modification and analyte preconcentration should facilitate the use 
of polymer microdevices in biological analyses. References: [1] 
Liu, J.; Pan, T.; Woolley, A.T.; Lee, M.L. Surface-Modified 
Poly(methyl methacrylate) Capillary Electrophoresis Microchips 
for Protein and Peptide Analysis. Anal. Chem. 76, 6948-6955 
(2004). [2] Kelly, R.T.; Pan, T.; Woolley, A.T. Phase-changing 
sacrificial materials for solvent bonding of high-performance 
polymeric capillary electrophoresis microchips. Anal. Chem. 77, in 
press (2005). 
 
(488) Time Study of Skin Surface Residues from Pre-Pubescent 

Children: Forensic Implications 
Diane Williams1, Justine Brucker-Serrano2; 1Federal Bureau of 

Investigation; 2Oak Ridge Institute of Science Education 
The latent fingerprints of pre-pubescent children are difficult to 
recover from crime scenes and this phenomenon has been attributed 
to chemical differences in the latent fingerprint deposits of adults 
and children.  In order to gain a better understanding of the skin 
surface residues present in latent fingerprints deposits, we have 
used a non-destructive analytical method to monitor changes in the 
skin surface residues over a period of more than one year.  By 
using infrared microspectroscopy, we were able to monitor the 
latent fingerprint deposits from both adults and children to gain a 
better understanding of the chemical changes that occur in the 
residues over time.  We will present the data we have obtained in 
the context of time, gender, and age to better understand how to 
successfully recover children's latent fingerprints. 
 

(489) The Effects of Temperature on Children’s Latent 
Fingerprint 

Corrie Brown1, Diane  Williams2; 1ORISE; 2FBI Laboratory 
Latent fingerprint residues from pre-pubescent children have been 
observed to disappear from crime scenes faster than those of adults.  
As a result, the traditional methods of collecting latent fingerprint 
residues from children have been less than successful.  Therefore, 
we have initiated a study to determine how environmental 
conditions, such as temperature, affect the chemistry of children’s 
skin surface residues.  Using non-destructive infrared 
microspectroscopy, the effects of temperature on children’s latent 
fingerprint residues over time were explored.  Our preliminary data, 
collected from thirty-one children, suggest that temperature has a  

significant effect on the composition of the latent fingerprint 
residues.  
 

(490) Classification and Quantification of a Pharmaceutical 
Analyte in Solid Mixtures with Raman Spectroscopy 

Marc N. Leger1, Marie-Louise O'Connell1, Alan G. Ryder1, Tom 
Howley2, Michael G. Madden2; 1Dept. of Chemistry/NCBES, NUI-

Galway; 2Dept. Information Technology, NUI-Galway 
Rapid and accurate quantitative analysis of illicit materials in 
complex mixtures is of widespread interest to law enforcement 
agencies.  Raman spectroscopy is fast becoming a tool of choice for 
these types of forensic analysis, as it allows non-destructive 
analysis of complex solid and liquid mixtures.  This work proposes 
the categorization and quantification of a target analyte, 
acetaminophen, within a wide range of cutting agents including 
various sugars, inorganic materials and food products.  Issues in 
spectral preprocessing, including rational baseline correction, are 
discussed.  A thorough comparison of chemometric methods (PCR, 
PLS) with machine learning methods (support vector machines, 
neural networks) are also given in this work. 
 

(491) Evaluation of a High Surface Area SPME Design for 
Human Scent Forensic Applications 

Elie Zussman1, Rex Stockham2, Brian Eckenrode3; 1The George 
Washington University; 2FBI, Explosives Unit; 3FBI, CTFSRU 

Law enforcement utilizes trained canines for the detection of 
controlled substances, ignitable liquids, and cadavers, as well as for 
tracking missing persons and criminal suspects.  Quick and 
accurate on-site sampling of volatiles in and around evidentiary 
items that prompted a canine alert could provide powerful 
corroboration of the alert and help validate canine human scent 
identifications in the courtroom.  A prototype man-portable 
instrument utilizing high surface area solid-phase microextraction 
(HSA-SPME) adaptive sampling technology, an RVM focusing 
preconcentrator, an RVM low thermal mass (LTM) gas 
chromatography (GC) column, and a VALCO micro pulsed 
discharge helium ionization detector (ƒÝPDHID) is being 
evaluated for its ability to trap, desorb, separate, and detect 
potential human scent components.  The unique HSA-SPME design 
can theoretically accommodate high volume air sampling (L/min) 
for trace level analyte collection in a short time period.  The high 
flow rate achieved by the HSA-SPME more closely replicates the 
method in which canines process scent; canines sample air at about 
3.6 L/min [1].  Therefore, HSA-SPME may provide a more 
accurate analysis of the canine limits of detection in comparison to 
laboratory instrument limits of detection.  The LTM GC provides a 
significant decrease in analysis time, cool down time, and power, 
and an increase in temperature ramping options [2]. The ƒÝPDHID 
detector is utilized because it is a small, lightweight universal 
detector with no additional gas requirements and low power 
requirements [3].The ƒÝPDHID will be characterized and 
compared to a flame ionization detector (FID) for its ability to 
detect fifteen human scent components. These compounds have a 
range of volatilities and molecular weights and include various 
functional groups. Comparative results from standard SPME phases 
and GC separation studies for the mix will also be presented. 
References [1] Settles GS, Kester DA. Aerodynamic Sampling for 
Landmine Trace Detection. SPIE Aerosense, Vol. 4394, Paper 108, 
April 2001. [2] Sloan KM, Mustacich RV, Eckenrode BA. 
Development and Evaluation of a Low Thermal Mass Gas 
Chromatograph for Rapid Forensic GC-MS Analyses. Field Anal. 
Chem. Technol. 2001; 5(6): 288-301. [3]  Mustacich R, Neushul A. 
Adaptive Sampling Technology Final Report. 2003, RVM 
Scientific, Inc.: Santa Barbara. 
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(492) Detection of Cocaine-N-Oxide and Other Cocaine 
Metabolites in Hair by Liquid Chromatography Mass 

Spectrometry 
Billy Acon1, Steve Lemon Jr.1, Heather Peters2, Charles Quenzer2, 

Mark Miller2; 1Oak Ridge Institute for Science and Education; 
2Federal Bureau of Investigation 

Cocaine exposure history can be indicated in hair for an extended 
time window compared to other body tissues or fluids. Due to 
possible external contamination of hair by cocaine, a method that 
extracts, detects, and quantifies cocaine metabolites in hair that are 
produced via enzymatic processes, such as cocaine-N-oxide, would 
be beneficial to forensic work. This approach would help 
distinguish between cocaine usage and cocaine exposure resulting 
from environmental insult.  The goal of this research is to develop 
an analytical method for the detection of cocaine metabolites of an 
enzymatic nature to ascertain their presence in the hair of cocaine 
users. 
 
(493) Capillary Electrophoresis with Fluorescence Detection for 

Abuse Drugs Analysis 
Ahmed Alnajjar1; 1King Faisal University 

A new method was developed and validated for the separation and 
analysis of multiple drugs of abuse in biological fluids using 
capillary electrophoresis (CE) with native fluorescence and laser-
induced fluorescence (LIF) detection. Using native fluorescence, a 
wide variety of drugs including phenethyl amines, benzyl 
piperazines, cocaine and opiates were analyzed by CE without any 
derivatization procedure and detected at an excitation wavelength 
of 245 nm with a cutoff emission filter of 320 nm, providing a 
rapid and simple analysis. The detection limits for the tested drugs 
were below 200 ng/ml. For a highly sensitive analysis, LIF 
detection was also examined using a two step pre-column 
derivatization procedure. In this case, drugs extracted from human 
urine were demethylated and then derivatized using a variety of 
sensitive fluorescent dyes, including FITC, DTAF, FSE, and NBD-
F. A series of experiments were performed to determine the best 
conditions for derivatization and the compatibility of the result 
compound with electrophoretic separation. The estimated 
instrumental detection limits of the derivatized drugs were below 1 
pg/ml, using LIF detection with excitation and emission 
wavelengths of 488 nm and 520 nm, respectively. This technique 
should be applicable to a wide variety of drugs including phenethyl 
amines, benzyl piperazines, cocaine, and opiates. An alternative 
technique for the derivatization of these compounds is the use of an 
isocyanate coupled Cy5 dye. This reaction is applicable to red 
diode lasers operating at 650 nm. 
 
(494) Reaction Monitoring by FTIR-Spectroscopy with a New 

Light-Fiber Coupled ATR-Probe 
Heinz W. Siesler1, Alexander Friebe1, Lukas Kuepper2; 

1Department of Physical Chemistry University of Duisburg-Essen 
The increasing demand for product quality improvement and 
production rationalization in the chemical industry has led to the 
gradual substitution of time-consuming or unspecific analytical 
procedures by faster and more specific on-line and in-line 
techniques. In this respect vibrational spectroscopy has emerged 
over the last decade as an extremely powerful tool for industrial 
quality and process control. Reaction monitoring by light-fiber 
coupled vibrational spectroscopy, however,  was so far primarily 
restricted to the near-infrared and Raman techniques and very few 
reports on mid-infrared investigations with light-fiber coupled 
probes are available. This communication reports first results 
obtained with a new diamond ATR-probe coupled by mid-infrared 
transparent light fibers to a FTIR spectrometer. The discussed 
isocyanate reaction has been monitored at different temperatures  

and the data have been evaluated in terms of the kinetics and the 
activation energy of the investigated reaction.   
 

(495) In-situ Raman and Infrared Spectroscopy: Emerging 
Tools in Small Molecule Process Development 
Tiffany Correll1, Lawrence Brice1; 1Amgen, Inc. 

In-line spectroscopic monitoring provides an avenue to gain 
valuable insight into a multitude of physical and chemical 
processes.  While the literature becomes ever more populated with 
examples of real-time monitoring, little effort has been focused on 
developing in-line assays to monitor standard classes of organic 
reactions.  Having a class-general knowledge base from which to 
develop specific real-time assays for standard transformations 
would prove invaluable in a process research setting, vastly 
increasing the potential to understand and optimize reactions in a 
very short timeframe. Since a few classes of reactions comprise a 
substantial portion of the common synthetic chemistry repertoire, 
applying in-line spectroscopic monitoring as a function of reaction 
type will allow a number of standard organic transformations to be 
well characterized and optimized.  This presentation will focus on 
in-line assays to monitor oxidation, alkylation, and/or 
hydrogenation chemistry, developed using in-situ dispersive Raman 
and/or Fourier Transform Infrared spectroscopy. Spectroscopic data 
will be correlated to non-real time quantitative chromatographic 
techniques to assess the accuracy and precision of using the in-line 
assay directly as a quantitative tool. If time permits, additional use 
of spectroscopic techniques in API process development will be 
discussed including polymorph characterization and quantitation by 
Raman spectroscopy and multivariate calibration methods. 
 

(496) In-situ FTIR Monitoring of API Manufacturing Unit 
Operations 

Kyle Leeman1, Paul  Ahlijanian1, Matt  Weekly1, Greg Withbroe1, 
John Tucker1, Sandeep  Kedia1, Robert  Mclaughlin1, Anne 

Serdakowski2, Jannette Novy3; 1Pfizer Inc.; 2University of Rhode 
Island; 3Rhode Island College 

In-situ FTIR has been widely used in recent years to evaluate 
complex processes. This technique has been used both at lab and 
production scale in determining reaction endpoints and proven 
particularly useful in probing hazardous and difficult to sample 
reaction mixtures. Many pharmaceutical processes involve unit 
operations requiring reaction completions, solvent displacements, 
and product crystallizations from mixed solvent matrixes. These 
manufacturing controls can be critical to achieving the desired 
product quality and/or yield from the process. In addition, once 
manufacturing is complete, the isolated active pharmaceutical must 
be dried until an acceptable level of solvent or water level is 
attained. In many cases off-line analysis for concentrations of 
reactants, products, solvents and/or water is difficult due to the 
presence of hazardous intermediates or solvents, poor sample 
stability, or difficulties in obtaining a homogeneous sample. 
Additionally, on-line analysis also offers the potential for real time 
process control and adjustment.  This talk illustrates that all phases 
of the process can be monitored quickly and accurately in “real 
time” with in-situ FTIR both in the laboratory and pilot plant 
environment.  By using unique IR bands for reagents, products, 
solvents and/or water; quantitative analysis is possible. As an added 
benefit the FTIR equipped with a new AgX fiber optic probe will 
improve robustness and repeatability of this instrumentation. 
Quantitative analysis could become a more routine test with easier 
transfer from the laboratory into production. 
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(497) The Value of Characterizing the Reaction Gas-phase in 
Pharmaceutical Process Development Experiments 

Mark LaPack1, Steven Doherty1, Amanda McDaniel1, Robert 
Roginski1, Jodi Czarnik1; 1Eli Lilly and Co. 

Measuring the time-varying composition of the liquid phase of a 
chemical reaction, either off-line or on-line, is a long-standing 
practice. The obvious benefits include gains in understanding, 
optimizing, and controlling the process. Much less common is the 
monitoring of the reaction gas phase, even though such practices 
produce a wealth of safety, material balance, and mechanistic 
information. In our laboratories, mass spectrometry has been very 
useful for characterizing process gases. Mass spectrometry is 
capable of detecting virtually any gas-phase substance without any 
sample preparation, can acquire data in an automated fashion at a 
rapid rate, and consumes very little of the headspace volume so that 
reactions can be studied at small scales. In this presentation, the 
basic methods for interfacing a mass spectrometer to a reactor will 
be presented as well as techniques for evaluating the data. Several 
examples will be presented illustrating the impact the information 
provides to the development of the commercial process. Finally, a 
brief discussion of our view of the future direction for this 
technology will be presented. 
 
(498) Investigation of Data Fusion Strategies for Spectroscopic 

Imaging through a Case Study 
Lin Zhang1, Mark Henson1, Salvador Garcia-Munoz1, S. Sekulic1; 

1Pfizer Global R&D 
Raman, FT-NIR and FT-IR imaging techniques are currently used 
for formulation analysis in pharmaceutical industry. These different 
spectroscopic techniques generate complementary spectral 
information. In some cases, a single vibrational imaging technique 
is sufficient to provide all the information needed. However, there 
are cases where more than one spectroscopic technique is necessary 
to fully characterize the sample. Thus, it is advantageous to 
combine imaging data sets collected on the same sample with 
different spectroscopic imaging techniques. A case study will be 
presented where a model tablet is prepared and measured with 
several different spectroscopic imaging techniques. Different data 
fusion strategies will be evaluated as to how to better take 
advantage of the synergy and fuse imaging data. 
 

(499) Environmental and Biological Applications of Capillary 
Electrophoresis-Inductively Coupled Plasma-Mass 

Spectometry 
Ramon Barnes1,2, John Danku1,2, Dula Amarasiriwardena3; 

1University Research Institute for Analytical Chem; 2University of 
Massachusetts; 3Hampshire College 

Soil-derived humic acids have the propensity to bind with trace 
metals by ion exchange reactions and ligand binding using oxygen-
, nitrogen-sulfur-containing functional groups present in the humic 
acids. They play a vital role in the uptake and transportation of 
nutrients and pollutants in the surface and subsurface soil and 
aquatic environments. However, trace elemental distribution 
information in humic acids is still limited partly because the 
analytical methods available today are simply not capable of 
identifying and quantifying all the individual species present in the 
fractions that make up the metal-humic complexes. In the present 
investigation we have developed a capillary electrophoresis-
inductively coupled plasma-mass spectrometry (CE-ICP-MS) 
method and have applied it to determine trace metals bound to soil 
humic acids that were successively extracted from north and south 
slope soils of Mt. Toby located in Western Massachusetts. 
Capillary electrophoresis is susceptible to artifacts and thus the 
stability of the species (metal-humate complex) in the separation 
buffer requires evaluation. Addition of zwitterionic modifier 
(tricine) to the separation buffer reduced humic acid-capillary wall  

interactions without increasing Joule heating. Flow field-flow 
fractionation (FlFFF) was employed to preconcentrate humic acids 
before introduction into the on-line CE-ICP-MS system for 
characterization (a necessary step to improve concentration 
detection limit of CE). Humic acids were concentrated by a factor 
of approximately 100, and reproducible ion electropherograms with 
well-resolved elemental peaks were obtained with FlFFF humic 
acid preconcentrated samples. As anticipated the humic acid 
fractions showed different metal-humate complexing properties; 
the extent of trace metals complexed to those fractions declined 
with diminishing oxygen-rich moieties in humic acid structure. A 
semi-quantitative computation analogous to the intensity ratio of 
oxygen to recalcitrant functional groups (O/R) demonstrated 
decreased presence of polar functional groups with successive 
extractions of soil-derived humic acids. 
 

(500) Interaction Between Blood Proteins and Anticancer 
Platinum Drugs 

Xing-Fang Li1, Rupasri Mandal1; 1University of Alberta 
Three platinum (Pt) drugs, cisplatin, carboplatin, and oxaliplatin, 
are currently used to treat cancer. While all three Pt-drugs cause 
DNA damage leading to cell death, the roles of drug-protein 
interactions in the drugs’ action and toxicity are not understood. 
We present here the development of a size exclusion liquid 
chromatography with inductively coupled plasma mass 
spectrometry (SE LC-ICPMS) technique and its application to the 
study of interactions between blood proteins and platinum drugs. 
Size exclusion LC separates the protein bound from the free Pt 
drugs and ICPMS detects both Pt and Fe after separate incubations 
of hemoglobin (Hb) and transferrin with cisplatin, carboplatin and 
oxaliplatin. The SE LC-ICPMS results demonstrated differences in 
the protein binding with the three Pt drugs. Interaction of Hb with 
the three Pt drugs resulted in the formation of Hb-Pt complexes and 
the release of a heme group. Following incubation of these Pt drugs 
with the whole blood of healthy volunteers, analysis of red blood 
cells confirmed the relative ability of these Pt drugs to bind to Hb: 
oxaliplatin>cisplatin>carboplatin. After 24 h incubation in the 
blood, oxaliplatin and cisplatin in red blood cells were detected as 
protein complexes only, indicating complete binding of oxaliplatin 
and cisplatin to Hb. In contrast, carboplatin in red blood cells was 
detected both as the free and as the protein-bound species. The 
binding of the Pt drugs to Hb was accompanied by the release of a 
heme group from Hb, which was monitored by size fractionation, 
chromatographic separation, and selective detection of both Pt- and 
iron (Fe)-containing molecular species. The released heme was 
further confirmed by size fractionation and nanospray mass 
spectrometry. Unlike Hb, binding of transferrin with these Pt drugs 
did not release the Fe that was bound to the protein. This technique 
was further used to analyze the blood samples of cancer patients 
undergoing platinum drug treatments and the results demonstrated 
inter-patient variations in drug-protein adduct formation. The 
potential association of the inter-patient variations with the 
treatment efficacy and toxicity warrant further study. 
 

(501) Complementary use of X-ray Absorption Spectroscopy 
and HPLC-ICPMS for Arsenic Speciation 

Iris Koch1, Paula Smith2, Kalam Mir2, Allison Rutter2, Ken 
Reimer1; 1Royal Military College of Canada; 2Queen's University 

One of the most commonly used methods for the determination of 
arsenic species in almost any environmental or biological matrix is 
high performance liquid chromatography (HPLC) coupled with 
ICP-MS. This method is very useful in obtaining low detection 
limits for the arsenic species, and HPLC is a flexible way of 
separating many different species under many conditions. 
However, the nature of the analysis requires that the sample be 
introduced as a liquid, and therefore to obtain speciation  
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information for solids, an extraction that may not dissolve all 
arsenic species present is needed. X-ray absorption spectroscopy 
(XAS), namely XANES and EXAFS, are techniques that are being 
used more frequently to examine the solid state arsenic species of 
biological and environmental matrices, since one of the key 
advantages of these techniques is the ability to conduct the analysis 
with no further sample preparation. However, detection limits are 
much higher and therefore trace amounts (proportionally) of 
arsenic species can often not be distinguished. Studies of plants 
with XANES and HPLC-ICPMS revealed that the sample 
preparation steps, specifically the initial harvesting and grinding, 
alter the arsenic species from the species that are present in the live 
unaltered plant. On the other hand, XANES did not identify 
methylated arsenic species that were identified by HPLC-ICPMS 
and HPLC-AAS. These results show the complementarities of the 
two techniques and the usefulness of identifying the limitations of 
any analytical technique. 
 

(502) Application of Species Specific Isotope Dilution to the 
Determination of Selenomethionine in Yeast by GC-ICP-MS 
Lu Yang1, Zoltán Mester1, Ralph Sturgeon1; 1National Research 

Council Canada 
Interest in the speciation of Se in foods and supplements has 
increased dramatically as a result of the numerous health benefits 
bestowed by Se.  Since common foods in some regions of the world 
have very low selenium content, consumption of Se enriched yeast 
supplements is popular.  Selenomethionine (SeMet) is generally the 
dominant Se species in such supplements and is less toxic than 
inorganic selenium, and possesses higher bioavailability.  SeMet 
determinations generally involve several analytical steps, including 
extraction, derivatization (where GC analysis is involved), 
separation and detection, each of which can contribute to the 
difficulty of analysis, degrading the accuracy and precision of the 
results.  In this presentation, a method is described for the accurate 
and precise determination of SeMet in yeast by species specific 
isotope dilution calibration with GC-ICP-MS.  The developed 
method was based on digestion of samples by refluxing for 16 
hours with 4 M methanesulfonic acid, derivatization of SeMet with 
cyanogen bromide and extraction into chloroform for determination 
by GC ICP-MS.  The presentation will cover several aspects of the 
procedure that were developed to achieve accurate results.   
 

(503) Multidimensional Chromatography, Coupled with 
Inductively Coupled Plasma Mass Spectrometry, for Speciation 

of Zinc Metalloproteins 
Shrimati A. Balram1, Lee Lee Chung1, Danielle Cleveland1, Clare  
Yannette1, Douglas Chin1, Michael Morrison1, Phuong Nguyen1, 
Heather Molyneux1, Hedley Freake2, Robert G. Michel1; 1U. of 

Connecticut, Chemistry; 2U. of Connecticut, Nutritional Sciences 
Zinc is an essential element that is critical for the development and 
function of all cells.  It is especially important for the immune 
system and the transmission of genetic information.  Some tissues 
appear to maintain overall zinc concentrations in the face of zinc 
deficiency, whereas others lose zinc.  Rat specimens supply 
adequate subjects for development of analytical techniques to study 
zinc homeostasis.  Rats were fed with zinc deficient and zinc 
sufficient diets, and tissue samples such as liver, heart, kidney, fat, 
and blood were collected for analysis.  Metallothionein (MT), 
which was purchased from a commercial source, was used as a 
model protein to develop a separation method on high performance 
liquid chromatography (HPLC) coupled to an inductively coupled 
plasma mass spectrometer (ICP-MS).  The separation obtained was 
comparable to literature results with the exception of the free metal 
peak.  Our data indicated a significant amount of free metal, which 
triggered a separate study on contamination issues.  Quantification 
studies of the total amount of zinc, and other metals such as  

cadmium and copper, were analyzed before and after introduction 
into the HPLC system. HPLC is able to resolve the two major 
isoforms of MT; however, other isoforms exists in MT with a total 
of seven identified.  The remaining five isoforms requires a higher 
resolution technique for efficient separation.  These isoforms are 
being separated using capillary electrophoresis, which provides a 
higher resolution than HPLC.  Two interface types are being 
evaluated to carry the eluant between the CE and the ICP-MS.  
Optimization of the instrumental set-up is in progress and the 
results are expected to provide complementary information to that 
of HPLC-ICPMS. Calibration of a size exclusion chromatography 
column is being done with pure proteins to locate the elution time 
of MT. The finalized analytical methods will be used to quantify 
the MT found in the various tissues, and subsequently to track 
changes in other metalloproteins as a function of variation in zinc 
diet. 
 

(504) Enabling Mass Spectrometric Techniques for Tissue 
Proteomics 

Liang Li; 1Department of Chemistry, University of Alberta 
Tissue proteomics links basic science to clinical applications.  It is 
an important technological platform for biomarker discovery, drug 
development, and biological function studies.  In this presentation, 
a brief overview of mass spectrometric techniques used to analyze 
tissue proteome will be presented.  Several new techniques and 
methods developed in my lab for protein extraction, digestion, and 
quantification will be described.  Applications of these methods for 
comprehensive proteome profiling of human heart tissues will be 
discussed. 
 

(505) A High-Throughput Platform for the Analysis of 
Biomarkers for Anti-Ischemic Drugs Based on LC-MALDI-

MRM Analysis 
Devanand Pinto1,2, Jacqueline  Mouris2, Steven  Locke1, Pollen 

Yeung2; 1National Research Council; 2Dalhousie University 
The growing interest in quantitative measurement of biomarkers is 
fueling the need for the development of reliable, high-throughput 
analytical techniques. This seminar will focus on two areas of 
research that we believe are crucial to the development of a high-
throughput platform for biomarker analysis. The first is the use of 
reductive amination as a facile method for the generation of 
multiple internal standards and the second is the use of LC-
MALDI-Multiple Reaction Monitoring (MRM) measurements for 
the high-throughput and high-sensitivity measurement of proteomic 
biomarkers. Reductive amination is a facile, quantitative method 
for the incorporation of internal standards for both relative and 
absolute quantitation. As such, this chemistry can be used for 
biomarker discovery and for subsequent generation of multiple 
internal standards for biomarker quantitation. Multiple internal 
standards should increase the statistical reliability of the 
measurements. A particular advantage of this chemistry is the 
prominence of the a1 fragment ion in tandem MS of labelled 
peptides. This fragment is the base peak for the vast majority of the 
peptides studied to date and provides a convenient method for 
generation of MRM transitions without the need for time-
consuming empirical measurements. Multiple biomarkers can then 
be measured using MALDI-MRM (with or without LC separations) 
using an orthogonal MALDI source coupled to a conventional 
triple quadrupole MS. We are applying this approach to the study 
of myocardial ischemia and stroke. While the pathogenesis of these 
cardiovascular and neurological disorders is not entirely clear, 
ischemic injury to specific regions in the heart and brain is a major 
contributing factor responsible for the sequelae of these chronic 
debilitating diseases. We hypothesize that ischemia and 
inflammation interacts in tandem which leads to ischemic heart 
disease, stroke, and other neurodegenerative disorders.  Our  
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approach is to identify and focus on measurement of specific 
ischemic and inflammatory biomarkers in animal models and, 
eventually, in patient population, using LC-MALDI-MRM 
techniques. 
 

(506) Shotgun Glycoproteomics 
Ron Orlando; 1CCRC, UGA 

The majority of proteins in eucaryotes contain post-translational  
modifications (PTMs).  For example, 60-70% of these proteins are 
glycosylated, and a similar number are phosphorylated.  Current 
proteomics techniques only identify protein expression level, and 
ignore PTMs despite their importance in numerous cellular 
functions.  This has led us to purse alternative approaches to 
provide information on PTM changes at the proteome level.  For 
example, lectins have a long history of usage in the separation and 
identification of glycoproteins and glycopeptides, which has led us 
to use lectin chromatography as the first step in a multidimensional 
LC approach for proteomics.  We have also investigated the ability 
of reverse phase, size exclusion, and ion exchange to enrich 
fractions for glycosylated peptides.  These glycopeptide pools are 
then deglycosylated enzymatically.  This will serve to further 
reduce the complexity of this mixture by eliminating glycan 
heterogeneity and enhances the MS signal.  The deglycosylated 
peptides are then subjected to RPLC-MS/MS to allow the 
identification of their parent proteins.  The use of N-linked 
glycopeptides has an advantage in that all of these glycopeptides 
must contain an NXT/S sequon, providing an additional sequence 
tag to further refine the protein identification step. These 
procedures will be used to identify glycoproteins whose abundance, 
extent of glycosylation, site of glycosylation and/or glycan 
structure change with the physiological condition.  This is 
information that is not readily obtainable with any of the current 
proteomic approaches. 
 

(507) Detection of Proteins in Biological Fluid Using Surface 
Plasmon Resonance 

Michael R Malone1, Megaret Barnhart1, Jean-Francois Masson1, 
Tina M Battaglia1, Karl S Booksh1; 1Arizona State University 

The in vitro detection of sub ng/mL levels of target proteins in 
biological fluid (cell lysate and wound fluid), using a fiber optic 
surface plasmon resonance (SPR) biosensor has been achieved.    A 
fiber optic dip probe was coated with a short chained thiol 
monolayer (MHA-NHS) then modified with antibodies for 
detection of specific target proteins, SMN, IL-1, IL-6, and TNF-
alpha. The biological markers IL-1, IL-6, and TNF-alpha have been 
linked to wound healing, and their real time detection in patient 
samples would lead to a better treatment of chronic wound healing.   
Low levels of full-length SMN protein are indicative of spinal 
muscular atrophy (SMA), the leading genetic cause of infant 
mortality.   While a number of compounds have recently been 
identified that can stimulate full-length survival motor neuron 
(SMN), one of the difficulties has been the lack of a highly 
reproducible and quantitative means to measure the levels of SMN 
protein.  The monitoring of biologically relevant levels of these 
markers in HEPES buffer saline (HBS) and cell culture media has 
been previously demonstrated using our sensor system. 
 
(508) Aptamers as analytical tools for determination of enzyme 

concentration in single cells 
Julia Jitkova1, Maxim Berezovski1, Sergey N. Krylov1; 1York 

University 
Farnesyltransferase (FTase) is a cytosolic enzyme that catalyze the 
first step in post-translational modifications (farnesyl group 
transfer) of a number of cellular proteins including Ras, lamin B, 
prelamin A and others. FTase has attracted attention for its role in 
the processing of Ras proteins whose oncogenic mutations have  

been found in 30% of human cancers, and inhibition of FTase 
shown to prevent tumor growth. In addition, recent findings suggest 
that FTase is a potential marker of tumourigenicity. Western 
blotting and transfer of radioactive farnesyl group are the 
techniques that are commonly used for determination of FTase 
level and activity in cells.      In this study we apply capillary 
electrophoresis (CE) with laser-induced fluorescence (LIF) 
detection for aptamer-based determination of FTase concentration 
in single cells.DNA aptamer to human FTase has been selected by 
recently introduced NECEEM method. The fluorescein-labelled 
aptamer has 36 bases and Kd=0.5 nM. And Triton X-114 does not 
interfere with binding of human recombinant FTase to aptamer. 
Four types of cells have been chosen for analysis. These are murine 
(NIH3T3 and B-16), monkey (COS-7) and human (MCF-7) ones. 
The level of FTase was determined by Western blotting, and its 
concentration was similar for all cells.  The cells were lysed with 
Triton X-114, mixed with FT aptamer and subjected to CE-LIF 
analysis after 10-min incubation. The patterns for all three types of 
cells were different. The specific peaks that can be ascribed to the 
aptamer binding to FTase were observed only for COS-7 and MCF-
7 cells. The absence of these peaks for mouse cells proves that the 
aptamer can distinguish FTase of different species. To confirm 
aptamer binding to endogenous FTase in cells, co-injection 
experiments have been done, and no additional peaks appeared. 
The total concentration of FTase in cell suspension has been 
calculated using the calibration curve for human recombinant 
FTase. Moreover, this method makes possible the determination of 
FTase concentration of in 5-cell suspension. Thus, the reported 
aptamer-based method of determination of FTase concentration by 
CE-LIF is quantitative, sensitive and fast. Also it opens the door for 
measurement of enzyme content in individual cells. 
 
(509) Analytical Instrumentation as a Science Driver: The Case 

of Mass Spectrometry 
R. Graham Cooks; 1Purdue University, West Lafayette 

The author believes that the next revolution in mass spectrometry 
will result in instruments that are much more accessible to more 
scientists interested in a wider range of problems. It is suggested 
that elements of this revolution will include (i) ambient 
environment sample handling (ii) micro mass spectrometers (iii) 
ambient pressure ion/molecule chemistry (iv) multiplexed mass 
spectrometers and (v) the use of mass spectrometry as a preparative 
method, especially for preparing biologically active biocompounds. 
These developments in instrumentation can be expected to 
constitute vigorous science drivers. 
 

(510) A General Method For The Determination of Trace and 
Heavy Metals By Inductively Coupled Plasma-Mass 

Spectrometry (ICP-MS) 
Shyla Mathew1; 1Bristol-Myers Squibb 

Heavy and trace metals analysis are used in the characterization of 
key intermediates and the final active pharmaceutical ingredients 
(API) because metals are often used as catalysts or as reagents in 
synthesis and may be present as contaminants in these materials. A 
general method has been developed for the determination of trace 
and heavy metals by Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS). This is the first time, at Bristol-Myers 
Squibb, that both trace and heavy metals analysis have been 
combined in a single method using ICP-MS. Currently, an ICP-
OES method is used to analyze trace metals.  The compendial 
methods used for the determination of heavy metals do not provide 
metal specific data, may exhibit poor recovery and may not detect 
all pertinent metals. The ICP-MS method presented here, 
combining both trace and heavy metals is more sensitive and 
comphrehensive and requires considerably less sample for analysis.  
This poster presents the aspects of the development and validation  
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of a general method to determine trace and heavy metals in a 
pharmaceutical compound by using the ICP-MS technology. 
 

(511) Investigating the Capabilities of Pulsed Glow Discharge 
Time-of-Flight Mass Spectrometry for the Qualitative Analysis 

of Chemical Warfare Agent Metabolites 
Megan DeJesus1, Jennifer Robertson-Honaker1, Fred L. King1; 

1West Virginia University 
A simple and quick detection method for use in the field to confirm 
exposure to chemical warfare agents (CWA) is a key issue for high-
risk situations.  Moser et. al. have successfully demonstrated the 
use of Solid Phase MicroExtraction (SPME) Gas Chromatography 
Mass Spectrometry (GC-MS) for the characterization of CWA 
metabolites.  Their analytical method involves the extraction of 
CWA metabolites from a urine sample via SPME, derivatization 
into more volatile compounds, and analysis by GC-MS in Electron 
Impact (EI) mode.  In an effort to reproduce Moser’s promising 
results, the capabilities of SPME and GC coupled with pulsed glow 
discharge time-of-flight mass spectrometry (GD-ToFMS) in the 
qualitative determination of CWA metabolites was explored.  
Sampling the glow discharge plasma at different times within the 
pulse cycle allows for acquisition of structural fragments or intact 
molecules through the use of a single ionization source.  To this 
end, a complete picture of the analyte can be obtained in one 
analysis.  The CWA metabolites, isopropyl methlyphosphonic acid 
(IMPA), pinacolyl methylphosphonic acid (PMPA), and ethyl 
methylphosphonic acid (EMPA), which originate respectively from 
sarin (GB), soman (GD), and VX, were studied and their mass 
spectra collected in the plateau and afterpeak time regimes of a 
pulsed glow discharge plasma.  This presentation will describe the 
optimization of parameters undertaken in order to uncover the 
feasibility of pulsed GD-ToFMS in the analysis of CWA 
metabolites. 
 

(512) Fundamental Studies of Particle Vaporization in an 
Argon ICP using Time Resolved Mass Spectrometry 

Noel Casey1, John Olesik2; 1The Ohio State University; 2The Ohio 
State University 

Recent research has indicated particles as small as 150 microns in 
diameter may not be vaporized in an ICP and may be an important 
source of elemental fractionation in LA-ICP-MS. Earlier work by 
our group using time resolved measurements of atoms and ions 
produced from individual droplets has provided previously 
unattainable insight into droplet desolvation and subsequent 
particle vaporization in the ICP.  Injection of monodisperse 
nanoparticles into a dry Ar ICP can provide analogous insight into 
the vaporization of particles produced by laser ablation. In order to 
study the vaporization process more directly, different ways to 
introduce dry monodisperse nanoparticles, 0.1, 0.3, 0.5, 1 microns 
in diameter, into an ICP have been developed. These include using: 
(a) a dry Ar ICP, (b) an Ar ICP with added water vapor, (c) an Ar 
ICP with added water vapor and aerosol, (d) as dilute slurry, and 
(e) as a digested solution. The particle sizes that are incompletely 
vaporized in the ICP are quite different for particles injected into a  
“wet” plasma (such as when slurry sample introduction is used) and 
into a “dry” plasma like that typically used for laser ablation-ICP-
MS. In conjunction with mass spectrometry, time-resolved 
measurements of the diffusion of ions from individual, 
monodisperse particles can be used to determine if the particles are 
completely vaporized in the plasma under “wet and “dry” plasma 
conditions.The information obtained from these experiments should 
directly determine the largest particle size that can be vaporized 
and converted into ions under both dry and wet ICP conditions. The 
implications of these results on the accuracy, precision and 
elemental fractionation in laser ablation ICP-MS will be  

discussed.The role of water in the vaporization process will also be 
considered.   
 

(513) Elemental Analysis of Amniotic Fluid Metabolomics 
Josiane P. Lafleur1, Margaret Antler1, Daniel K. Tisi1, Eric D. 

Salin1, Kristine G. Koski1, David H. Burns1; 1McGill University 
While the role of plasma and tissue micronutrients during 
pregnancy has been extensively studied, the possibility that 
amniotic fluid trace elements may be related to fetal growth and 
development has not been often explored. We collected the 
amniotic fluid of 90 women following routine amniocentesis for 
genetic testing during the 14th and 20th week of pregnancy. 
Analysis of 20 elements (Fe, Zn, Cu, Mn, Co, Cr, Se, Mo, Ca, Na, 
Mg, K, Ni, V, Si, As, Cd, Pb, B, Al) was performed by inductively 
coupled plasma mass spectrometry (ICP-MS). Ratios of the 
elements to each other were included in the data set to investigate 
the possibility that interactions between certain elements had an 
impact on pregnancy outcomes. The best combination of predictors 
was selected using multiple linear regression algorithms. Results 
showed specific elements were linked to fetal (Mn, K, Ni, B, Na) 
and maternal (Zn, Mg, Se, Co) health. Ethnicity affected which 
elements or ratios were being selected as best predictors. 
Understanding the mechanisms of the small subset of identified 
elements will be important in understanding the important role of 
trace elements in early human fetal development. This approach 
could play a role in clinical diagnosis of poor maternal and fetal 
outcomes. 
 

(514) Direct Analysis of Analyte Laden Chromatographic 
Material by Laser Ablation Inductively Coupled Plasma Mass 

Spectrometry 
Josiane P. Lafleur1, Cameron D. Skinner1, Eric D. Salin1; 1McGill 

University 
The analysis of complex environmental samples can sometimes be 
enhanced by the use of hybrid methods. Chromatographic 
techniques such as thin-layer chromatography (TLC) are routinely 
used for mixture separation, but they provide little information on 
the sample. On the other hand, Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) is widely used for the determination of 
trace amounts of metals, but it provides information only on the 
elemental composition of the sample. Since the toxicity of metals 
depends on their chemical form, it is of considerable importance to 
be able to distinguish species. Coupling chromatographic methods 
with mass spectrometry therefore greatly increases the information 
content available. Most coupling methods involve eluting the 
compound from the chromatographic plate or column for further 
analysis, or scraping the spots from the TLC plates with subsequent 
analysis of the extract. We will discuss the application of laser 
ablation (LA) to vaporize the compounds directly from the 
chromatographic plates for subsequent analysis by ICP-MS. 
 

(515) A New High Performance, High Throughput Glow 
Discharge Sector Field Mass Spectrometer for the Analysis of 

High Purity Metals 
Lothar Rottmann1, Joachim  Hinrichs1, Meike Hamester1; 1Thermo 

Electron 
Glow discharge mass spectrometry is established as the high-end 
tool for the solid analysis of high purity metals. However, there are 
several drawbacks of the technique mainly due the sector field 
analyzer currently used for this technology. Older generations of 
sector field analyzer suffer mainly from slow scan-speed, weak 
mass stability and complex GD sources which results in very low 
sample throughput and difficult operation. The presentation will 
introduce a new GD-MS instrument using a high throughput Glow 
Discharge source combined with a modern sector field mass 
spectrometer. Combination of magnetic and electric scan  
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techniques deliver duty cycles up to > 99% and mass stability could 
be proved with  < 25 ppm for > 1 week. The combination of a “fast 
flow” GD source for efficient sputtering with the high scan speed 
of the sector field provides a sample turnaround time of less than 
10 minutes. The presentation will describe the technical concept of 
the new spectrometer and demonstrate its abilities on different 
applications.  
 

(516) Non-Metal Detection Utilizing LC-ICP-MS With USN-
MD Sample Introduction 

Jon Carnahan1, John Carr1, Kaho Kwok1, Adam Dill1, Zhirui 
Wang1, Gregory Webster2; 1Northern Illinois University; 2Pfizer 

Global Research and Development 
Inductively coupled plasmas (ICP) provide a robust, structurally 
independent, ionization source that may be sampled and analyzed 
with a mass spectrometer (MS).  These instruments have provided 
excellent sensitivity metal and metalloid containing analytes.  
Sensitivity decreases when non-metals are analyzed largely due to 
the increased ionization energies of these elements.  Interferences 
present at an analytes particular mass to charge ratio may further 
degrade detection limits.  These interferences arise from both 
plasma gases and the sample matrix.  The combination of ultrasonic 
nebulization with membrane desolvation (USN-MD) has been 
shown to remove a high percentage of the solvent with minimal 
analyte loss.  The net result is often an increase in the analyte signal 
and a decrease in background interferences.  Phosphorus, sulfur, 
chlorine and fluorine containing analytes were quantified using this 
method and detection limits obtained were superior to standard 
quadrupole based ICP-MS instruments and rivaled those of high 
resolution MS approaches.  This sample introduction method also 
allows for the nebulization and desolvation of organic solvents 
without adverse affects to the plasma, allowing for the coupling of 
liquid chromatography (LC) to ICP-MS.  The separation of active 
pharmaceutical ingredients from their associated impurities by LC 
and detection by ICP-MS will be discussed as well as the effects of  
traditional chromatographic mobile phases and buffers.  
Additionally, the behaviors of various sample introduction methods 
utilizing a number of commercially other available nebulizers and 
desolvators will be presented.  
 

(517) Determination of Plutonium Isotopes in Soil and 
Sediment Samples using Microwave Digestion, On-Line 

Extraction Chromatography, Desolvating Nebulization and 
ICP-MS 

Vladimir N. Epov1, R. Douglas Evans1; 1Environmental & 
Resource Studies, Trent University 

Determination of plutonium isotopes in different environmental 
samples is important for different applications. From one side, 
rapid estimation of plutonium in environmental surfaces (soil, 
leaves, stems and grass) is required to assess exposure to this toxic 
element in the case of accidents. On the other hand, plutonium can 
be used as tracer to investigate fundamental issues in geochemical 
studies. In addition, the isotopic composition of Pu (240Pu/239Pu) 
is a useful fingerprint for identifying radioactive 
pollution.Currently, inductively coupled plasma mass spectrometry 
(ICP-MS) is a method of choice for the sensitive and accurate 
determination of long-lived plutonium isotopes in environmental 
samples at ultratrace levels. The determination of Pu by ICP-MS is 
hampered by both spectral and non-spectral interferences. Spectral 
interferences mostly depend on the level of uranium in the sample 
since they are caused by the occurrence of polyatomic molecules 
238U1H+ and 238U1H2+ in the plasma, that interfere with the 
239Pu+ and 240Pu+ isotopes, respectively. Non-spectral 
interferences, such as matrix effects are also problematic. 
Abundance sensitivity is another issue for the measurement of 
plutonium isotopes in the presence of high uranium concentration  

and particularly when analyzing samples using sector field ICP-MS 
instruments. All these problems are especially important when 
determining Pu in samples with complex matrices, such as soil and 
sediments (concentration of U in these samples achieves 2 ppm). In 
addition, the ultralow content of Pu in environment sometimes 
requires preconcentration. In the current work a new analytical 
protocol was developed for the measurement of Pu isotopes in soil 
and sediments. This method includes the following steps: 1) 
Microwave sample digestion. Different digestion protocols, such as 
total digestion with HF and leaching with different reagents, were 
tested for Pu recovery. 2) On-line ion exchange chromatography 
using flow injection system. The procedure was optimized to 
achieve maximum preconcentration of Pu and its separation from U 
using TEVA resin. 3) Desolvation nebulization with APEX. This 
allows additional reduction of uranium hydrides and improves Pu 
detection limit. 4) ICP-MS detection with a dynamic reaction cell 
(DRC). Carbon dioxide was used as the reaction gas to remove UH 
interferences. Also, determination of Pu in DRC mode improve 
sensitivity and detection limits. Pu isotopes were measured using 
the developed method in soil reference material (IAEA-375) and in 
sediment samples obtained from Siberia and Japan. 
 

(518) Strategies for the Direct Analysis of Organic Solvents in 
ICP-MS using Membrane Desolvation 

James Leach1; 13M Company Corporate Analytical 
Elemental analysis of organic samples by ICP-MS typically 
requires digestion in mineral acids.  These procedures can be time-
consuming and run the risk of contamination and loss of volatile 
elements.  Alternatively the organic samples can be directly 
aspirated, or if solid, can be dissolved in an appropriate organic 
solvent.  Aspiration of organic solvents is not without problems as 
well, related to deposition of carbon at the interface and 
corresponding signal drift, and degradation of the sampler and 
skimmer cones due to the introduction of oxygen into the plasma.  
This presentation will demonstrate strategies for the direct analysis 
of organic samples dissolved in volatile organic solvents, utilizing 
membrane desolvation.  Figures of merit including detection limits, 
linear orders of magnitude, and accuracy to standards for various 
solvents will be presented.  Optimized instrument parameters for 
various solvents will also be examined. 
 
(519) Determination of Mercury in Whole Blood by Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS). A Performance 

Evaluation 
Pierre Dumas1, Alain Leblanc1; 1Institut national de santé publique 

du Québec 
Determination of mercury represents one of the most frequent 
requests for toxicology laboratories. The use of  ICP-MS is 
increasingly popular and has emerged as an alternative technique to 
the traditional cold vapour atomic absorption method for mercury 
analysis. But can ICP-MS really produce reliable results? Recently 
developed, our ICP-MS whole blood mercury method has been 
thoroughly validated according to ISO 17025 criteria. Throughout 
the method development process, specific attention has been given 
to solving problems unique to mercury such as carryover or diluted 
specimens stability.The method performance will be presented in 
terms of productivity, sensitivity, linearity, reproducibility, 
recovery and accuracy based on external proficiency testing 
schemes. Method performance related to the different species of 
mercury will be also discussed . These parameters will be 
compared to those obtained with our cold vapour atomic absorption 
method which has been successfully used for the past 20 years. 
Other applicable features of ICP-MS , including simultaneous 
determination of other elements, mercury speciation capabilities 
and isotope dilution calibration will be discussed.This study 
demonstrates that mercury determination in whole blood by ICP- 
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MS can be highly reliable, yielding equivalent if not superior 
performance to the cold vapour atomic absorption technique. 
 

(520) Chemical Resolution of Isobars  in ICP-MS : 
Fundamental and Practical Aspects of Method Development 

Dmitry R. Bandura1, Vladimir I. Baranov1, Scott D. Tanner1; 
1PerkinElmerSCIEX 

Chemical resolution of isobaric interferences in ICP-MS is 
achieved through gas-phase ion-molecule reactions enabled in 
pressurized rf-multipoles. For many analytical challenges,  
developed methods exist that utilize charge-exchange, hydrogen- or 
oxygen-atom transfer.  New method development is facilitated by 
the ability to  predict   the outcome of candidate reactions, for 
which thermodynamic data are useful.  In most cases, exothermic 
reactions proceed at a relatively high rate. Highly endothermic 
reactions do not proceed under conditions provided in the 
pressurized quadrupole reaction cell. Exceptions are related to the 
ion translational and internal energies which depend on the cell and 
plasma operating parameters.  Correlation between the available 
kinetic data and the reactivities observed is generally good. We 
intend to overview our observations for reactions of selected atomic 
and polyatomic ions with oxygen and nitrous oxide, and compare 
these to kinetic data available in the literature. The potential for 
chemical resolution of particularly challenging isobaric atomic 
interferences will be discussed. Experimental data for gas-phase 
chemical resolution of some of the interfering cations of Ba/Ce/La, 
Re/Os, Lu/Hf, Kr/Br, Si/S, Sr/Zr, Sr/Rb, I/Xe/IH2, Cs/Ba, Pu/U, 
Pu/UH will be presented. 
 

(521) Coupling LC to a 90 Degree Ion Optics ICP-MS (LC-
ICP-MS) for Elemental Speciation 

Doug Shrader1, Christine Rivera1, Michael Leist1, Shane Elliott1; 
1Varian, Inc. 

Toxicity, mobility and bioavailability can vary greatly between the 
various forms of an element.  Thus, merely reporting the total 
concentrations can often be misleading.  Arsenic is one such 
example, with toxicity and mobility varying between the various 
forms.  The separation and detection of these species can therefore 
assist risk based toxicity assessments.When Liquid 
Chromatography (LC) is interfaced with Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS), elemental species elute one 
by one from the LC column directly to the ICP-MS where they are 
detected.  This allows for quantitative elemental speciation.  
System design, coupling considerations and software requirements 
will be discussed along with data showing sensitivity and detection 
capabilities of the high sensitivity 90 degree ion optics ICP-MS for 
elemental speciation studies. 
 

(522) Use of a New Hydride Generation Device to Measure 
Precise Selenium Isotope Ratios by MC-ICP/MS 

Holger Hintelmann1; 1Trent University 
In the past two decades there has been a significant increase in 
geochemical and medical research involving selenium (Se): this is 
related to the discovery that selenium is both an essential trace 
nutrient for humans and animals, and that it can also cause severe 
health problems. Therefore, it is essential that accurate, precise and 
robust validated methods for isotope ratio measurements of Se for 
environmental and clinical studies be established. During the past 
20 years, the choice of analytical instrumentation for accurate and 
precise measurements of isotope ratios has been restricted to 
thermal ionization mass spectrometry (TIMS). This technique 
allows accurate isotope ratio measurements, however, it is 
complicated by labour-intensive sample preparation, tedious 
sample handling protocols and inflexible analytical routines. Only 
recently, plasma-source double-focusing mass spectrometers 
equipped with magnetic sectors, collision-cell and multiple  

collectors were introduced to combine ICP-source advantages with 
simultaneous detection.A new hydride generation Multimode 
Sample Introduction System (MSIS) was explored for rapid and 
precise measurements of selenium stable isotope ratios in 
environmental samples. The system was modified in our laboratory 
in order to be coupled to the Finnigan Neptune MC-ICP-MS 
instrument. The aim of this work was focused on the optimisation 
of the operating parameters for the hydride generation and the 
evaluation of the MSIS performance for the determination of 
precise isotope ratio measurements of Se using both hydride and 
non-hydride modes. For data acquired under optimum operating 
conditions using the 88Sr/86Sr ratio for instrument mass bias 
correction, the estimated instrument short term precision calculated 
for 78Se/76Se, 78Se/77Se, and 78Se/82Se isotope ratios are 
34ppm, 25ppm and 15 ppm respectively. The data acquired using 1 
block of 400 cycles show that the MSIS hydride generation 
technique does reduce the matrix polyatomic interferences and 
provides a better short term precision of Se isotope ratios than the 
conventional cold vapour hydride generation and nebulizer spray-
chamber.  
 

(523) Polyatomic Ions; No Longer a Problem For Routine 
Multi-Element Analysis of Variable Matrix Samples, Using 

ICP-MS 
Christopher Scanlon1; 1Agilent Technologies 

The exclusive use of Helium Collision Mode across the full range 
of elements is investigated for ICP-MS.  This technique provides 
much better quantitation in complex matrix samples and is easier to 
use since it employs a single set of conditions for all analytes in all 
matrices without the need for correction equations.  If high 
throughput is required, the technique is fast since there is no need 
to switch between multiple gas modes.  Samples can be prepared 
using HCl or H2SO4 digest media, with no risk of matrix 
interferences.  Helium mode takes most of the guess work out of 
semiquantitative analysis which makes for a very fast and useful 
screening technique for environmental and clinical samples. 
 

(524) Trace Elemental Analysis of Wafer Surface by ICP-MS 
Hsiaoming Tan1, Scott Paladichuk1; 1 Jazz Semiconductor, Inc. 

Monitoring and controlling metallic impurities on wafer surface is 
important in semiconductor manufacturing process. The impurities 
at certain levels can change electrical characteristics thus resulting 
yield loss (1). Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) offers superior detecting power for analysis of metals at 
trace and ultra-trace levels (2, 3). Current studies focus on the 
application of ICP-MS coupled with Vapor Phase Decomposition 
(VPD) technique in analyzing metals contaminants on wafer 
surface. Fundamental parameters such as detection limits, 
precisions, and accuracy will be presented for various types of 
micro flow sample introduction devices including PFA nebulizer 
and Replaceable Capillary Concentric Nebulizer (4).  1)"Source of 
surface contamination affecting electrical characteristics of 
semiconductors”, G. J. Slusser and L. MacDowell, J. Vac. Sci. 
Technol. A, Vac. Surf. Films VOL. 5, NO. 4, 1649-51, 1984.  
2)“Inductively Coupled Plasma Mass Spectrometry”, Ed. A. 
Montaser, WILEY-VCH, New York, 964 Pages.  3)“Measurement 
of trace metallic contaminants on silicon wafer surfaces in native 
and dielectric silicon oxide by vapor phase decomposition flow 
injection inductively coupled plasma mass spectrometry”, J. 
Fucsko, S.S. Tan and M. K. Balazs, J. of Electrochemical Society, 
Vol. 140, No. 4 1993, P1105.  4) “Pneumatic Concentric Nebulizer 
with Adjustable and Replaceable Capillaries”. H. Tan, Mar. 23, 
1999, US Patent Number: 5,884,846. 
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(525) Ablation Ionomics:  Application of Laser Ablation 
Inductively Coupled Plasma Mass Spectrometry for Multi-

dimensional Ionomic Profiling 
Luke Gumaelius1, Brett Lahner1, David Salt1; 1Purdue University 

Ionomics (Lahner et al 2003) integrates measurements of total 
mineral ion and trace element composition (the "ionome") to the 
controlling genetic architecture responsible for ionome 
homeostasis. Laser ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS) combined with a range of sample 
ablation cells is facilitating multi-dimensional ionomic profiling. A 
large format sample ablation cell has increased throughput of single 
dimension ionomic fingerprints by allowing the integration of 
sample preparation with upstream liquid handling robotics. 
Furthermore, the larger cell is facilitating the orthogonal high-
throughput analysis of the metallo-proteome.  Incorporation of a 
cryo-ablation cell has made spatially resolved in-situ ionomic 
profiling of wet tissue possible. Spatial resolution of an in-situ 
ionome not only provides corroboration of single dimension 
analysis but indicates ion flux and putative localization of 
responsible proteins. 
 

(526) High-throughput Ionomics: Interrogating the Ionome 
with Robotics,Desolvation and LasersHigh-throughput 

Ionomics: Interrogating the Ionome with Robotics,Desolvation 
and Lasers 

Luke Gumaelius1, Brett Lahner1, David  Salt1; 1Purdue University 
Ionomics, the integrative study of total mineral ion and trace 
elementcomposition (the "ionome") of living organisms (Lahner et. 
al. 2003), is a new and developing field that is uncovering the 
genetic networks responsible for ionome homeostasis.  A major 
component of ionomic profiling is the utilization of ICP-MS to 
detect and quantify variations and fluxes within the ionome of a 
given organism.  Unfortunately, uncovering and characterizing 
these genetic networks is dependent on the comparative ionomic 
fingerprinting of thousands of samples.  Couple this with the fact 
that sample analysis with ICP-MS is not very amenable to high-
throughput hands free implementation due to sample requirements 
and low capacity autosamplers.  Through the integration of 
multiple off-the-shelf technologies we are now capable of 
quantitatively analyzing 2000+ samples.  For quantitative total ion 
analysis of small samples desolvation has proven to be key.  Not 
only has this technology dramatically increased instrument 
sensitivity but it has reduced prerequisite sample size and final 
volume.  The reduction in necessary sample volume and the 
availability of an autosampler capable of handling 2000+ samples 
has allowed much of our upstream sample preparation to become 
automated and formatted into 96 well polypropylene plates. Laser 
ablation ICP-MS is also proving to be a rapid and efficient way to 
qualitativelyprofile and map the ionomes from a diverse set of 
organisms.  The presentation will demonstrate the implementation 
of laser ablation for high throughput single dimension ionomic 
analysis of E. coli, Arabidopsis seeds, blood and milk.  Through 
sample mapping LA-ICP-MS is allowing us to focus quantitative 
liquid-based analysis into specific tissue regions of interest. 
 

(527) The Story in the Hair – Elements of Environmental and 
Nutritional Importance 

Firhan Malik1, Troy Maki1, Graeme Spiers1,2; 1Laurentian 
University; 2MIRARCO 

Hair analysis can be used to measure environmental exposure over 
a long-term period, or to study ailments like hypertension, heart 
disease, epilepsy and others.  This poster examines the metal 
content in hair and investigates some of the major factors that may 
affect the metal content in hair, and statistically investigate the 
relationships of the factors to each other and to hair trace metal 
content. This poster will document results from a study involving  

504 participants from Sudbury and the surrounding area who 
provided hair samples from the nape of the neck, and also 
completed questionnaires to provide information about health 
status, area of residence, nutrition, hair status, age and gender. Hair 
strands were digested in HNO 3 (c), with the metal content being 
quantified using the new Varian ICP-MS instrument. As well as 
providing information on instrumental performance, the poster will 
highlight a series of observations pertaining to the group studied. 
For example, trace metal content was generally found to be higher 
in females relative to males, with many of the differences being 
possibly linked to physiological processes. The concentration of 
Mg, Cr, and Cu varied with age, with Cr in hair also being 
correlated with prevalence of cancer, heart disease and 
hypertension (p 
 

(528) Trace Elements in Urine - a Timely Study 
Neil Graham1, Troy Maki1,2, Graeme Spiers1,2; 1Laurentian 

University; 2MIRARCO 
Inductively coupled plasma mass spectrometry (ICP-MS) is 
becoming the instrument of choice for analysis of samples where 
high sensitivity is required. In this poster the application of the new 
Varian ICP-MS, with an innovative interface for ion extraction 
from plasma, for the analysis of urine samples is described. The 
new interface within the Varian ICP-MS uses an electrostatic field 
to produce an ion parabolic mirror that allows only the ionic 
species entrance to the mass quadrupole region of the instrument.  
The hollow structure of the ion mirror allows neutral species, solid 
particles and photons to be removed from ion beam, which is 
"reflected" by an electrostatic field through an angle of 90  angle to 
the quadrupole region of the instrument. Analytical characteristics 
of the instrumental performance in normal sensitivity mode such as 
signal stability over time, oxide production, and potential for 
instrumental efficiency in minimization or elimination of some 
potential isobaric interferences in the complex carbon rich urine 
matrix will be documented. The research in this poster aim of this 
project was to develop a method of analysis to quantify trace metal 
levels in urine. The method was then applied for the analysis of 
samples from a range of individuals and from a time study for 
specific individuals.  Samples were diluted 10:1 with a 1% nitric 
acid solution (v/v) and analysed for elements of environmental and 
nutritional importance such as Ni, Co, Cu, As, Sb, Tl, Se and Pb. 
Data using reference materials will be presented to document 
method accuracy, with instrumental stability with such a complex 
matrix will also be illustrated. 
 

(529) A New Detection System for High Resolution ICP-MS 
Meike Hamester1, Julian Wills1, Lothar Rottmann1; 1Thermo 

Electron 
High resolution ICP-MS is widely used in various demanding 
application fields mainly due to it’s capability for interference-free 
multielement determinations in complex sample matrices, because 
of the potential to measure precise isotope and elemental ratios at 
lowest concentrations, and its suitability to be a detector for laser 
ablation experiments and for chromatographic couplings. 
Especially for laser ablation the linear dynamic range is of 
immense importance, since a wide range of elements and 
concentrations has to be analyzed in a single analysis and often in a 
single laser pulse. Typically sector field ICP-MS incorporates a 
discrete dynode detector with a linear dynamic range of 9 orders of 
magnitude. However, to analyze matrix elements and ultra-trace 
elements in one analysis, this dynamic range is not sufficient. A 
new developed detector system for the Finnigan ELEMENT2 
which is tailored for the tasks of geochemical, clinical and 
environmental applications: the new detector incorporates 3 modes 
of operation, which automatically switches the detection mode 
depending on ion signal. The new detection system consists of a  
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discrete dynode detector and a faraday detector and covers a linear 
dynamic range of 12 orders of magnitude, capable to analyze 
matrix and ultra-trace elements in one analysis. Due to a fast 
detection system, sample times down to 1 ms can be used. The 
presentation will describe the technical concept and its operation 
and demonstrate its capability for multielement analysis as well as 
coupling the sector field ICP-MS Finnigan ELEMENT2 with a 
laser ablation system.  
 

(530) Fast and Efficient Calibration Method for ICP 
Spectrometry Based on the use of Stirred Tanks 

Jose L. Todoli1, Eduardo Paredes1, Salvador Maestre1; 1University 
of Alicante 

A new continuous calibration method for the determination of 
several elements by ICP-AES and ICP-MS has been developed. 
This method is based on the use of a reservoir (i.e., stirred tank) 
continuously stirred by means of a magnetic bar. External 
calibration was performed as following: the reservoir contained 
initially a given volume of deionized water (Vp). A concentrated 
(c.a., 50 µg/g) multielement standard solution was continuously 
introduced into the tank at a controlled rate (Qe). Simultaneously, a 
fraction of the tank solution left the container at a given rate (Qs) 
and it was finally introduced into the ICP-AES system. In this way, 
concentration in the stirred tank raised with time. The value of the 
analyte concentration inside the tank at a given time could be 
obtained by applying a basic equation of the stirred tanks. The main 
problem of this method was the analyte dispersion in the 
conduction from the tank to the ICP-AES. This problem was 
overcome by working with moderate Vp values (i.e., 15 ml) and at 
Qs>Qe (i.e., Qe = 0.6-0.75 ml/min and Qs = 1-1.2 ml/min). 
Calibration lines with more than 40 standards were obtained in 5 - 
10 minutes. This method was compared with a conventional one in 
which seven standards were taken. Results showed that quality 
coefficients obtained with stirred tank calibration were lower than 
those given by the conventional method. Thus, better linearity can 
be obtained by means of the use of a stirred tank. Another 
advantage of this method is the possibility of applying procedures 
such as dynamic calibration and standard additions method easily 
and quickly thus shortening the analysis time.The method 
developed was used to analyze several synthetic and certified 
samples. Synthetic samples consisted of solutions of the element in 
several matrices: inorganic acid (i.e. nitric, hydrochloric and 
sulfuric acid), easily ionized elements (EIEs) (i.e., Ca and Na) and 
organic (i.e., ethanol, methanol and acetic acid) matrices. The 
analysis were performed by applying four different calibration 
methodologies (i.e., external calibration, internal calibration, 
standard additions and combination of internal standardization and 
standard additions) being the last one the method that provided the 
best results because standard additions corrected for matrix effects 
and internal standardization mitigated drift and noise problems. The  
element concentrations obtained were not significantly different 
from the actual and certified values and precision was at least as 
good as that obtained for a conventional method. 
 

(530b) Effect of Methanol and Sodium Dodecylsulfate on 
Radial Profiles of Ion Abundance in Inductively Coupled 

Plasma Mass Spectrometry 
Shulan Liu1, Diane Beauchemin1; 1Queen’s University 

The radial profiles of analytes spanning the mass range and with a 
wide range of first ionisation potentials, as well as some 
background ions, were investigated using inductively coupled 
plasma time-of-flight mass spectrometry (ICP-TOFMS).  In 
particular, three different matrices were considered to assess the 
effect of organic modifiers: 1) 1% HNO3, 2) 1% HNO3 with 2% 
methanol, 3) 1% HNO3 with 0.2% sodium dodecylsulfate (SDS).  
Although these concentrations of methanol and SDS induced the  

same sample transport increase (37%), as measured with a silica gel 
trap at the exit of the spray chamber, neither of them resulted in a 
37% increase in signal across the mass range.  In fact, the change in 
analyte signal as a function of m/z followed opposite trends in these 
two matrices.  With 0.2% SDS, suppression was observed at high 
m/z with an increasing enhancement as m/z decreased.  In contrast, 
little change or enhancement was seen at high m/z while 
suppression was evident at lower m/z (with the notable exception 
of As) with 2% methanol.  Although, the total carbon concentration 
was quite different in these two matrices, i.e. 0.8 M with 2% 
methanol and 0.08 M with 0.2% SDS, it cannot account for the 
completely different radial profiles that they produced.  Indeed, the 
same bell-shaped distributions of analyte ions were observed with 
0.2% SDS as in 1% HNO3 alone.  However, a bimodal distribution, 
with maxima on either side of the central axis, resulted in presence 
of 2% MeOH.  This distribution was found to be similar to that of 
several background ions (C+, CO+ and ArC+), which further 
substantiates the suggestion that ionisation then predominantly 
occurs through charge transfer with carbon-containing ions.  This 
bimodal distribution also suggests that a volatile organic solvent 
such as methanol quickly spreads into the surrounding area of the 
central channel upon sample introduction in the plasma. 
 

(531) Laser Ablation Inductively Coupled Plasma Mass 
Spectrometry for Human Hair Analysis 

Eric Salin1, Kevin Bemben1; 1McGill University 
Hair analysis has been shown to indicate human exposure to toxic 
metals.  The use of a solid sample introduction system avoids the 
sample digestion requirement associated with several other hair 
analysis techniques.  Sample digestion requires a minimum amount 
of hair, introduces the possibility of sample contamination and or 
analyte loss, and prevents one from performing high-resolution 
studies.  Laser ablation–inductively coupled plasma–mass 
spectrometry (LA-ICP-MS) can effectively characterize solid 
samples, specifically hair samples, while avoiding the 
complications associated with analysis techniques requiring sample 
digestion.  LA-ICP-MS is capable of simultaneous multi-element 
determination.  A meaningful analysis can be performed with only 
one strand of hair using LA-ICP-MS.  The ability to sample along 
the longitudinal axis of hair with micrometer resolution allows for 
the creation of a retrospective index of metal exposure with LA-
ICP-MS.  Still other advantages to the use of LA-ICP-MS as a 
technique for hair analysis include minimal sample preparation, and 
lower preparation blanks. We will present our work on the use of 
LA-ICP-MS (CETAC LSX-200 LA system coupled to a Perkin 
Elmer Elan 6000 ICP-MS) as a method for the fast, direct sampling 
of an individual strand of hair.  Optimization of the ICP-MS for 
solid sampling, the use of sulfur as an internal standard, spectral 
interferences associated with the solid sampling of hair, detection 
limit capabilities, depth profiling capabilities, and the removal of 
exogenous deposits from hair will be discussed. 
 

(532) Complete Research System Solution Offering for Laser 
Induced Breakdown Spectroscopy 

Marc Neglia1, 2; 1Princeton Instruments; 2Acton Research 
The growing popularity of LIBS for elemental analysis has brought 
with it a host of instrumental improvements.  The chief 
improvement among these is the resurgence of the echelle 
spectrograph.  The echelle spectrograph is ideally suited to 
elemental emission; it provides a broad spectral range with high 
resolution in a compact 2-D echellogram perfect for CCD 
detection. The PI-Acton LIBS system consists of a state-of-the-art 
CCD or ICCD camera from Princeton Instruments and a new 
Echelette Spectrograph from Acton Research. Other options 
available to complete the system include a LIBS sample chamber, 
which is easily adaptable to other applications, an ND:YAG pulsed  
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laser in a variety of different power options, and fiber optic 
coupling from the sample chamber into the entrance of the 
spectrograph. The spectrograph is highly flexible with user 
selectable dispersion to match the performance of the instrument to 
the application. The compact echelle is available with ideal spectral 
coverage (190 nm – 1100 nm) and picometer resolution. The PI-
MAX2 ICCD incorporates 5 MHz digitization and ultra-fast gating 
down to 500psec, so that the CCD frame rate can best match the 
typical repetition rate (1 – 10 Hz) of the Nd:YAG lasers. 
Wavelength calibration is accurate and easy-to-perform. Easy to 
use software is supplied to control the data acquisition and provide 
powerful data analysis features.  The design and performance of the 
system will be described as well as the details of available 
accessories and system options. 
 

(533) Quantitative Analysis by Laser Ablation ICPMS: 
Limitations from the Ion Source 

Bodo Hattendorf1, Zhongke Wang1, Detlef Guenther1; 1ETH 
Zuerich 

Difficulties in quantitative analysis using laser ablation inductively 
coupled plasma spectrometry have mostly been related to non-
stoichiometry sampling of the sample during ablation [1]. This 
“elemental fractionation” of ablated material is one important 
aspect of laser ablation in general. The impact of the ion source and 
interface to the mass spectrometer, however, has been investigated 
recently [2-4]. These investigations clearly indicate that the 
efficiency of ion generation is significantly depending on the 
analyte and the operating conditions of the ICPMS [5, 6]. For 
quantitative analysis it is thus not only necessary to achieve a 
stoichiometric ablation but also to ensure that the intensities 
measured by ICPMS are representative for the composition of the 
aerosol. Variations in particle size distribution of the aerosol 
generated by different laser ablation systems and carrier gases from 
different materials and the potential separation of different 
elements into different particle sizes needs to be compensated for 
by selecting appropriate operating conditions of the ICPMS. 
Vaporization of the particle depends on residence time in the ICP 
more than on RF-power. The carrier gas composition and flow rates 
are affecting the temperature in the central channel and also the 
diffusion of ions out of the zone sampled by the ICPMS 
interface.As a consequence the efficiency of ion extraction and 
focusing within the ion optics is also affected by the temperature 
and spatial distribution of ions in the ICP. References1. B. J. Fryer, 
et al., Can. Mineral., 1995, 33, 3032. M. Guillong, D. Günther, J. 
Anal. At. Spectrom., 2002, 17, 8313. D. B. Aeschliman, et al., J. 
Anal. At. Spectrom., 2003, 18, 10084. D. Figg et al., Appl. Surf. 
Sci., 1998, 127, 2875. I. Rodushkin, et al., J. Anal. At. Spectrom., 
2002, 17, 12236. Z. Wang, et al., presented at the Workshop on 
Laser Ablation ICP-MS, 2004 Sheffield, UK 

 
(534) Ion Distribution and Vaporization Efficiency in the ICP 

for Laser-generated Aerosols 
Zhongke Wang1, Bodo Hettendorf1, Detlef Guenther1; 1ETH Zürich 
When laser ablation is used for solid sampling the ion formation in 
the inductively coupled plasma mass spectrometer is significantly 
depending on the particle size of the laser-generated aerosol [1] and 
the operating conditions of the ICP-ion source [2, 3]. It is, however, 
not fully understood, which parameters finally affect the degree of 
atomization and ionization of the laser generated aerosol. The 
spatial distribution of analyte and background ions is a valuable 
tool to determine the influence of the individual processes that 
affect the formation of the analyte ions from an aerosol particle [4]: 
vaporization of the particle, dissociation or formation of molecular 
ions and ionization of the analyte atoms. Furthermore it can provide 
important information about the relative rates of diffusion inside 
the ICP and air entrainment from the environment. This study has  

investigated the dependence of the radial distribution of ions as a 
function of sampling depth for laser ablation sampling. In order to 
further investigate the role of the carrier gas composition in the 
ICP, ablation was carried out in argon or helium atmosphere. [1] 
M. Guillong and D. Guenther. J. Anal. At. Spectrom., 17 (2002), 
831 [2] Z. Wang, M. Ramseier, M. Guillong, B. Hattendorf and D, 
Guenther, ICP information newsletters, in press.[3] I. Rodushkin , 
M. D. Axelsson , D. Malinovsky and D. C. Baxter, J. Anal. At. 
Spectrom., 17, 1223 (2002). [4] A. E. Holliday and D. Beauchemin, 
Spectrochim. Acta part B, 59, 291, (2004). 
 

(535) Secondary Ion Mass Spectrometry Analysis of Laser 
Ablation Craters in NIST Glasses 

Jason Holt1, Greg Klunder1, Erik Nelson2; 1Forensic Science 
Center, LLNL; 2Mat'l Synth. & Nano-beam Precision Group 

A series of NIST standard reference material glasses (SRM 1873: 
K-458, K-489, K-963, and SRM 611) have been analyzed with 
laser ablation ion-storage time-of-of-flight mass spectrometry (LA-
IS-TOF-MS) and time-of-flight secondary ion time-of-flight mass 
spectrometry (TOF-SIMS).  Trace elements in the NIST 611 glass 
(~0.003-0.05 wt%), were readily detected, however, in the NIST K-
489 and K-963 glasses, the spectra are dominated by the matrix 
elements (Ba, Si), with few of the trace species detected, despite 
their much higher abundance (0.06-0.95 wt%).  Differences in 
matrices may play a role and will be discussed.  The ablation 
craters produced during analysis are in the range of 20-30 mm, 
using a Nd:YAG laser operating at 266 nm, a pulse width of 10 ns, 
and energies of order 10mJ.  Scanning electron microscopy 
revealed significant melting and splattering in the vicinity of these 
ablation craters.  These ablated samples were subsequently 
analyzed via TOF-SIMS to look for evidence of elemental 
fractionation effects produced as a result of melting or other 
ablation-related phenomena.  The K-458 glass exhibited a clear 
enhancement in Ba concentration near the ablation crater, while Si 
was clearly reduced (total ion count normalized).  The K-489 glass 
exhibited a similar enrichment/depletion of Ba/Si, as well as a 
depletion of Pb (present at a 1.32 wt% level).  The K-963 glass also 
showed the enrichment/depletion of Ba/Si, with the trace elements 
below the detection limit of the instrument (present at 0.06-0.95 
wt% level).  These elemental enrichment/depletion effects will be 
discussed in terms of the relative ionization efficiencies (by the ns 
Nd:YAG laser) and melting points of their corresponding oxides.  
Also, the effect of oxygen addition during the TOF-SIMS analysis 
on the relative ionization efficiencies of the observable elements 
will be discussed. 
 

(536) A New Large Format, Low Dispersion Laser Ablation 
Cell for the Analysis of Transient and Steady State Aerosol 

Signals 
Lawrence Neufeld1; 1New Wave Research Inc. 

Once a laser induced aerosol is generated it must be transported 
from the laser chamber to the ICP spectrometer. Though laser 
wavelength, fluence and pulse width determine the character of an 
aerosol generated by the coupling of photon energy to a sample 
surface; the dynamics associated with transporting the aerosol to an 
inductively coupled plasma will have a significant effect on all 
subsequent data. Sample chambers designed for laser ablation have 
traditionally had large, cylindrical volumes (20cc to 80cc).  The 
driving force behind these large volume designs is primarily based 
on the desire to fit many samples (and standards) in the cell at one 
time, enhancing analytical throughput. Under normal operating 
conditions the carrier gas flow through these cells range from 
0.5L/min. to 1.5L/min. per minute (8cc to 25cc per second).  For 
these conventional sample cells the time required for complete 
evacuation of an aerosol generated by a single laser pulse is > 6 
seconds.  Cell geometry and the method of carrier gas injection and  
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evacuation (e.g. injector and exit tube diameter, and number) affect 
the flow dynamics within the cell chamber, increasing or 
decreasing sample mixing within the cell and extending or 
contracting the time for complete aerosol evacuation.  We will 
describe a unique cell design capable of dramatically shortening the 
resonance time of the laser aerosol within the sample chamber.  
This is accomplished without reducing the lateral dimensions of the 
cell, enabling larger samples to benefit from rapid sample cell 
washout. Data will be presented describing the benefits of this new 
18.5-cm2 cell design. 
 

(537) Femtosecond Laser Ablation ICP-MS 
Jhanis Gonzalez1, Xianglei Mao1, Richard Russo1; 1Lawrence 

Berkeley National Laboratory 
Femtosecond laser ablation was studied for the analysis of a variety 
of solid samples by inductively coupled plasma mass spectrometry 
(ICP-MS). Femtosecond laser ablation improved accuracy, 
reproducibility and provide reduction on matrix dependence 
compared to nanosecond pulse laser ablation. 
 

(538) Quality Control of Al -alloy Cladding 
Sayed Waly1, Abd Elftah Helal1, Nagwa Zahran1, Mohamd Shaht1, 

Mohamd Ghoneim1, Yossry Aziz1; 1Atomic Energy Authority, 
Cairo, Egypt 

Al- alloy Cladding is essentially required in order to provide 
structural support for fuel in the heterogeneous reactors. Al- alloy 
material forming the outer, protective layer of a nuclear fuel 
element is used to transfer heat generated from the fuel to coolant, 
to prevent corrosion or erosion by the reactor coolant, to increase 
the strength of the material, and to contain fission products to 
prevent contamination of the coolant. Laser ablation sample 
introduction system in combination with an inductive coupled 
plasma mass spectrometer(ICP-MS) and inductive coupled plasma 
atomic emission spectroscopy(ICP-AES) are used for the 
investigation of trace elemental analysis of Al alloy and Al powder. 
1064nm infrared Q-switched Nd:YAG laser with frequency 
doubling (532nm,visibl) and quadrupling (266nm, ultraviolet) is 
used. Samples were analyzed for the determination of their 
elemental composition by three different methods: Laser ablation, 
microwave digestion and open digestion methods. Solid samples 
are ablated by an laser beam at 266 nm with an energy of 4mJ/shot 
at a repetition rate of 20 Hz. Samples are digested using HNO3 in a 
microwave system, open system and analyzed in a solution form by 
ICP-MS. The quantification of the analytical results is carried out 
using standard reference solution. 
 

(539) Hydrogen Analysis in Metals Using Laser-Induced Gas 
Plasma and Target Plasma at Helium Atmospheric Pressure 

Syahrun Nur abdul Madjid1, Koo Hendrik Kurniawan2, Tjung Jie  
Lie2, Kiichiro  Kagawa3; 1Department of Physics, Syiah Kuala 

University; 2Maju Makmur Mandiri Research Center; 3Department 
of Physics, Fukui University 

We report in this paper the results of an experimental study on 
hydrogen analysis of solid samples in high pressure helium ambient 
gas employing the basic scheme of laser induced breakdown 
spectroscopy (LIBS). It is shown that the metastable excited state 
of helium atom can be utilized to induce delayed excitation of the 
ablated hydrogen atoms and thereby avoiding the Stark broadening 
effect as well as overcoming the undesirable mismatch effect which 
are responsible for inefficient excitation respectively. It is further 
demonstrated that for sample of high boiling-point material such as 
zircaloy, successful hydrogen analysis can be achieved by a newly 
introduced double excitation technique employing single laser 
realized in a modified configuration of the conventional LIBS 
method. 
 

(540) “Real-time” On-Line Application with AOTF-NIR 
Analyzers 

Igor Nazarov; 1Brimrose Corporation 
We will discuss the use of a new generation of rugged and 
miniaturized AOTF-NIR Analyzer as cost-effective solutions for 
various Real-time On-line applications in Pharmaceutical and other 
industries. There is huge spectrum of using AOTF-NIR Analyzers 
for n non-destructive and contact/non-contact process application:  
Raw material ID, final Tablet inspection, Drying, Blending, 
Solvent recovery, Reaction monitoring, etc. We will present the 
family on NEW updated Miniature Analyzers such as portable 
mobile Analyzer, Miniature Process Analyzer with different 
sampling capability, Miniature Multiplexer. The NEW 21CFR Part 
11 compliant data management System will be shown and 
demonstrated as well. 
 

(541) Tissue Identification using a Miniature Near-Infrared 
Spectrometer 

Edita Botonjic1, Steven Fawcett1; 1Axsun Technologies 
Identifying the injuries, deformities, and diseases by non-invasive 
instrumental means has been a major innovation in medicine.  
Diagnostic and imaging medical devices have revolutionized 
diagnosis and surgery, providing more efficient way to identify 
injuries and diseased or damaged tissues. In this paper we will 
demonstrate identification of different animal tissues using a 
miniature near-infrared spectrometer. (1) Each tissue type has 
different amount of moisture and proteins, and by using this 
miniature spectrometer, a miniature fiber-optic probe and 
chemometrics, the ability to recognize tissues spectral differences is 
established.Five types of porcine ex-vivo abdominal tissues were 
dissected to centimeter-size samples and kept in a sealed container 
at refrigerated temperatures prior to the measurement cycle. The 
data was collected using an Axsun spectrometer with a 1550-1970 
nm spectral range. The spectral resolution was 5 nm, and typical 
measurement times were one second. Lipids and proteins have 
spectral features in the 1700 nm region, due to C-H and N-H 
overtones, and the water appear in the ~1930 nm combination band 
region.  The water content can vary significantly in the various 
tissue types, and can provide additional spectral information for use 
in type discrimination.Data screening and modeling was done using 
off-the-shelf chemometrics packages.  One model is developed for 
each class of tissue, and the interclass distances were used to report 
the calculated difference between the tissue types.  The interclass 
distance is a unitless number that quantifies the distance in 
multidimensional space of the sample to the centroid of the data 
that forms the calibration set.  A small number indicates that the 
sample is spectrally equivalent to the calibration set, and a larger 
number is a quantitative determination of the spectral differences 
between the data sets.This study was performed to validate the 
benefits of utilizing the 1550 – 1970 nm region for tissue type 
discrimination.  The lung tissues were found to be less 
homogeneous, and proved difficult to discriminate based solely on 
their spectral features. This is especially true in direct comparison 
to the aorta class. However, lung tissue is significantly different for 
the other classes (muscle, mucosa and liver) that that discrimination 
appears robust. The mucosa and muscle are also spectrally similar, 
and are the least likely candidates for discrimination by spectral 
comparison.1). R. A. Crocombe, D. C. Flanders and W. Atia, 
“Micro-optical instrumentation for process spectroscopy”, Proc. of 
SPIE, 5591, 11-25 (2004). 
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(542) Near-Infrared Spectroscopy as a Means of Determining 
Postmortem Interval of Skeletal Remains 

Jody Harvey1, Marianna Busch1, Kenneth Busch1, Susan Wallace1; 
1Baylor University 

Estimating time of death is a key component of any homicide 
investigation. Presently, the postmortem interval (PMI) can be 
determined with some confidence within the first 48 hours by 
biophysical markers (such as temperature). Forensic entomology is 
useful if insects have access to the remains. However, in rapidly 
changing climates such as Texas, excarnation can occur rapidly or 
very slowly, rendering entomology and other methods ineffective. 
This paper will report our efforts to develop a method for 
determining PMI on skeletal remains based on near-infrared (NIR) 
reflectance measurements obtained on skeletal samples.  Our work 
will report the results of both laboratory and field studies over 
postmortem intervals of up to 3 months and our efforts to develop 
multivariate regression models that can correlate PMI with NIR 
reflectance data obtained on bone samples.  Various ways of 
obtaining the reflectance data on bone samples will be described. 
 

(543) Investigating Analytical Techniques for Fermentation 
Process Monitoring – Off-Gas Analysis and Acoustic Emission 

Analysis 
Clare Hopper1, Alison Nordon1, Kirsty Laverty1, Lorraine Gibson1, 
David Littlejohn1, Paul Jeffkins2, Sarah Stimpson2, Alison Dann2, 
Mark Richardson2; 1University of Strathclyde; 2GlaxoSmithKline 

Improved monitoring and control of fermentation processes would 
facilitate reduced variability and increased productivity of such 
processes, thus being highly desirable within the bioprocess 
industry. Currently, critical and detailed information relating to the 
state of biological processes is typically measured off-line by 
taking manual samples from reaction vessels to laboratories. This is 
time-consuming and inadequate for on-line control purposes. A 
number of techniques have therefore been investigated for their 
potential application to the on-line monitoring of an antibiotic-
producing fermentation process, operated at GlaxoSmithKline 
(GSK). The advantages of the techniques proposed are that they 
can be applied non-invasively, thus causing minimal disruption to 
processes and posing no sterility risk. Off-gas from a fermentation 
process was analysed for volatile organic compound (VOC) 
content. Initially sorbent sampling and thermal desorption-gas 
chromatography-mass spectrometry (TD-GC-MS) was used for 
qualitative evaluation of VOC content from fermentation reactions. 
Repeated standard reactions and also perturbed reactions were 
studied to assess whether VOCs were indicative of the state of a 
process. Some compounds could be distinguished from background 
signals and were thought to be produced due to the process. Trend 
plots of the relative amounts of compounds produced during 
reactions were observed, and an indication that standard batches 
produced similar trends was gained. Furthermore, perturbed 
batches appeared to show different trends. Due to the unsuitability 
of this technique for quantitative analysis of VOCs during a 
fermentation reaction, the feasibility of using direct process mass 
spectrometry was evaluated.  The use of passive acoustic 
measurements for monitoring of the fermentation process was 
investigated.  Process parameters such as stir-rate and airflow rate 
were found to contribute to acoustic emission spectra. 
Investigations were made to assess whether any additional 
information relating to process events, such as viscosity change, 
could be obtained.  
 
(544) Near Infrared Analysis of Amniotic Fluid for Fetal Health 

Assessment using Particle Swarm Wavelet Selection 
Scott M. Rosendahl1, Kristin M. Power1, Daniel K. Tisi2, Kristine 
G. Koski2, David H. Burns1; 1McGill University, Department of 

Chemistry; 2McGill U., Dietetics and Human Nutrition 

Current methods for determining fetal health have large errors 
associated with them.  In order to develop a better technique of 
monitoring fetal health, it is necessary to have a better 
understanding of the amniotic fluid matrix.  Recently, it has been 
shown in animal models that the rate of production of uterine-
secreted and fetal-secreted proteins (e.g., uteroferrin, and fetal 
hemoglobin) during pregnancy profoundly affects pregnancy 
outcome [Vallet et al, J. Anim. Sci. 80:E115–E125, 2002].  Only a 
small amount of work has been done in humans. This study 
presents information from the Near Infrared (NIR) spectral region 
used to characterize the composition of human amniotic fluid.  The 
NIR region of the amniotic fluid spectrum contains a wealth of 
information about molecular constituents, such as hemoglobin and 
fatty acids.  From this information correlations with the weight at 
birth category of infants were made.  Particle Swarm (PS) Wavelet 
Selection was used to determine trends in the NIR spectra collected 
from a Varian-Cary 5000 and American Holographics AH-4240 
spectrophotometers of 50 human amniotic fluid samples.  Selection 
of the wavelength regions of the spectra which were correlated with 
fetal health outcomes was determined using a multi-linear 
regression of selected Haar wavelets. The optimal combination of 
wavelets was determined using a particle swarm optimization 
technique which mimicked the foraging-swarming behavior found 
in many social insects (ants, bees, termites, etc…).  The spectral 
regions selected correspond to vibrational overtones of glucose, 
water, and the R-OH functional group.  Using a multi-linear 
regression of selected wavelength regions of the NIR spectra, a 
robust calibration was developed for assessment of birth-weight 
category.  Errors were comparable to measurements made using 
conventional ultrasound techniques. 
 

(545) Ultrafast On-Line Applications of Near-Infrared 
Spectroscopy in the Pharmaceutical Industry 

Heinz W. Siesler1, Sven Borchert2, Heino Prinz2; 1University of 
Duisburg-Essen; 2Uhlmann VisioTec GmbH 

With the recent promotion of the PAT concept, near-infrared 
spectroscopy has evolved as one of the most powerful analytical 
tools to support the successful implementation of process control 
systems in industrial environments. For pharmaceutical quality and 
process control applications the measurement of heterogeneous 
materials such as suspensions or mechanically blended solid 
mixtures are a specific challenge which can be further complicated 
by the requirement of extremely fast scanning due to the sample 
transport or throughput speed. NIR spectroscopy is one of the few 
techniques which allows a fast (in the range of milliseconds) and 
non-destructive quantitative analysis of such materials.In the 
present communication the ultra-fast monitoring of the Insulin-
suspension cartridge-filling process and the 100% on-line control 
of the pharmaceutical tablet-compaction procedure by diode-array 
near-infrared spectroscopy will be discussed in some detail.    
 

(546) Multivariate Optical Element Predictive Ability in 
Response to NIR Spectral Resolution 

Luisa T.M. Profeta1, Michael L. Myrick1; 1University of South 
Carolina 

Previous Multivariate Optical Element (MOE) studies have shown 
that fabricated MOE resolution is 32 cm-1 at its best, based on 
physical thickness limitations for thin films. While MOE resolution 
restrictions exist, these previously have been negated using high 
resolution calibration data for the MOE blueprints. However, effect 
of using high versus low resolution calibration data for the 
calculation of MOE designs have yet to be shown. Our laboratory’s 
progress with studying the effects of Near-Infrared (NIR) 
calibration and validation data resolution on MOE design and 
functionality is presented.  In this poster, the question of whether or 
not low resolution calibration data can produce MOEs which have  
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accurate predictive ability for high resolution applications is tested 
on a binary system of Naphthalene and Pyrene. Validation results 
are analyzed using traditional chemometric methods (e.g., PCR) as 
well as Multivariate Optical Computing (MOC). A comparison of 
these prediction methods is presented, and future pharmaceutical 
applications are discussed. 
 

(547) Monitoring the Epimerization of 2,2-Dimethyl-1,3-
Dioxolane-4-Methanol Using Near-Infrared Vibrational 

Circular Dichroism Spectroscopy 
Laurence A. Nafie1,2, Changning Guo1, Rina K. Dukor2, Reha 

Shah3, John Mills3, Xiaolin Cao1, Teresa B. Freedman1; 1Syracuse 
University; 2BioTools Inc.; 3Johnson & Johnson Pharmaceutical 

Research 
Mid-infrared (mid-IR) and near-IR vibrational circular dichroism 
(VCD) spectroscopy can be used to determine simultaneously the 
mole fraction and percent enantiomeric excess(%EE) of multiple 
chiral species in solution as a function of time.  As a result VCD 
can be used to monitor the course of reactions involving chiral 
molecules.  As a simple example, the near-IR VCD has been 
applied to monitor the epimerization of (S)-(+)-2,2-dimethyl-1,3-
dioxolane-4-methanol (S-DDM).  The NIR-VCD spectra exhibit 
clear isolated VCD bands at the range of 5050-4700 cm-1 resulting 
from the O-H combination bands of S-DDM, which were found to 
decrease in intensity with increasing reaction time.  NIR-VCD 
spectra of 10 reference samples obtained were subjected to partial 
least-squares (PLS) regression and the results were used to build 
predictive models for EE determination.  The multivariate 
regression was carried out on three different sets of spectra, for the 
DDM epimerization reaction in three different solvents, 
methylcyclohexane, carbon tetrachloride and tetrahydrofuran.  The 
solvent effects in DDM epimerization are discussed.  The potential 
of NIR-VCD for stereo-specific reaction monitoring is highlighted. 
 

(548) Prediction of Monounsaturated, Polyunsaturated, and 
Saturated Fats by NIR and FT-NIR Spectroscopy in Processed 

Cereal Products 
Sandra E. Kays1, Laura L. Vines2, Philip, E. Koehler2; 1USDA, 

ARS; 2The University of Georgia 
U.S. nutrition labeling legislation requires the declaration of total 
and saturated fat content on a product’s nutrition label, while 
declaration of mono- and polyunsaturated fat is voluntary.  The 
accepted method for analysis of these components is extremely 
labor-intensive and time consuming. Previous work has shown that 
total fat in diverse processed cereal food products can be predicted 
accurately by near-infrared (NIR) reflectance spectroscopy; 
therefore, NIR reflectance spectroscopy was investigated as a rapid 
method for the analysis of saturated, polyunsaturated and 
monounsaturated fat. Fatty acid composition was determined in 
ground products by AOAC Method 996.01 and NIR spectra 
obtained using a dispersive NIR instrument (range 400-2498 nm) 
and a Fourier transform NIR instrument (range 1000-2500 nm). 
Individual chemometric models (n=72-73) for the prediction of 
saturated, polyunsaturated and monounsaturated fatty acids were 
developed for each instrument with multivariate analysis software. 
Using the dispersive instrument, the standard error of cross 
validation and multiple coefficient of determination for the 
prediction of saturated fat were 1.08 (range 0.1-14.7) % and 0.88, 
respectively; for polyunsaturated fat were 0.57 (range 0.2-22.0) % 
and 0.98, respectively; and for monounsaturated fat were 1.5 (0.1-
24.0) % and 0.94, respectively. All models were tested with an 
independent validation data set of processed cereal products (n=34-
36) and 90-100% of the validation samples were predicted within 
the accuracy required by U.S.A. nutrition labeling regulations for 
the lipid classes analyzed. Thus, near-infrared spectroscopy has  

excellent potential for prediction of lipid classes in processed cereal 
products. 
 

(549) Near Infrared Spectroscopy Application for 
Determination of Moisture Content in an Active 

Pharmaceutical Ingredient 
Jun Chen1, Amy Wang1, Hafez Abdel-Kader1; 1Sanofi-Aventis 

To develop a rapid and non-invasive method to determine moisture 
content in an active pharmaceutical ingredient (API) using near 
infrared (NIR) spectroscopy.  In this work, NIR diffuse reflectance 
spectroscopy with a fiber-optic probe was used to determine the 
moisture content in an API.  NIR spectra were collected in the 
range of 350 – 2500 nm through the bases of glass vials using a 
fiber optic probe.  Partial least-squares (PLS) regression was used 
to generate the moisture calibration model.  Reference values for 
the moisture content were measured using Karl-Fischer titration.  
The calibration and validation sets consisted of production as well 
as laboratory batches that were exposed to moisture chambers or 
drying oven to extend the concentration ranges beyond the natural 
production variation.  It was found that the spectral range of 1380 – 
1480 nm was the best range to use for the PLS calibration model.  
The PLS model developed with three latent variables gave standard 
errors of calibration (SEC) and prediction (SEP) of 0.40 % and 0.44 
%, respectively.  Four production batches independent of 
calibration sets were also used to validate the PLS calibration 
model, giving SEP values of 0.19 %.  NIR diffuse reflectance 
spectroscopy combined with fiber-optic probe allowed the moisture 
content in the API to be measured in less than one minute. 
Keywords: API; Diffuse reflectance; NIR; Moisture content; Partial 
least-squares regression 
 
(550) Spectroscopic Investigations of the Selective Sequestering 

Ability of Poly(amidoamine) Dendrimers 
Elizabeth Morgan1, Julie Rogers1, Sheryl Tucker1; 1University of 

Missouri~Columbia 
Dendrimers, a relatively new class of polymers, are monodisperse 
macromolecules with well-defined architectures. They are 
sometimes referred to as unimolecular micelles, and while the host-
guest properties of micelles have been studied extensively, few 
studies focus on the use of dendrimers as hosts. The host-guest 
chemistry of dendrimers is investigated using spectrofluorometric 
probe techniques. Commercially-available amine-terminated 
poly(amidoamine), PAMAM, dendrimers are the focus of this 
work. Several generations (sizes) of the PAMAM dendrimers are 
the hosts, and phenol blue and Nile red probes are the guests. 
Instrumental techniques include UV/Visible absorption and steady-
state and dynamic fluorescence spectroscopies. Association can 
occur in three distinct regions of the hosts: the surface, the 
branches, or the core cavities. The extent, nature, and location of 
association are affected by the chemical and physical properties of 
both host and guest, and this association is shown to be generation 
dependent. Phenol blue is sequestered at the core of higher-
generation dendrimers, while the larger, analogous Nile red is 
sequestered in the outermost regions.  In the case of homogeneous 
studies with phenol blue, once association has occurred, it is 
possible to remove excess dye from the associated dendrimer-dye 
complexes by extraction. By varying the dendrimer:dye ratio and/or 
experimental conditions, such as time and temperature, it is 
possible to quantitatively elucidate their uptake capacities. Similar 
studies with heterogeneous guests illuminate the extent and nature 
of encapsulation selectivity. 
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(551) Supercritical Fluid Extraction of Lanthanides for 
Analytical Radiochemistry 

Ismael Gonzalez1, Phill Goodall1; 1Nexia Solutions 
The essentials of radio-analytical chemistry do not lie in the final 
counting methodology but in sample preparation, and more 
precisely in separation science. Most radio-analytical procedures 
require the separation of the analytes into pure fractions suitable for 
counting. Radio-chemical analysis still makes use of classical 
inorganic chemistry to achieve these separations, and involves 
numerous steps, such as acid digestion, precipitation, filtration, or 
ion exchange. These procedures are time consuming and introduce 
the possibility of errors.The aim of this work is to apply modern 
separation science to radio-analytical chemistry, in order to 
substitute the classic procedures for faster and environmentally 
cleaner technologies.Supercritical fluid extraction (SFE) with CO2 
offers an alternative for efficient and selective pre-concentrations 
of analytes from a bulk matrix. The principal advantages of SFE 
are: - Applicability to both solid and liquid samples - Applicability 
to highly saline samples - Suitable for processing large volume 
samples. The required ability to extract metals into a non-polar 
phase (supercritical CO2) was introduced by the use of selective 
ligands, chosen on the basis of their affinity for the analytes of 
interest, e.g. d-block and f-block metals, to extract them from 
highly saline matrix, i.e. rejecting Ca, Mg and Na.In this work, the 
behaviour of 14 lanthanides in supercritical CO2 is presented. The 
extraction of the lanthanides from both solid and liquid samples 
was investigated. Ligands such as tributylphosphate and fluorinated 
β-diketones were shown to be effective in the extraction of 
transition metals from a variety of matrices.The extraction of 
lanthanides by supercritical CO2 has been proven effective, (over 
90% for every metal except La and Ce) from different types of 
matrices, solid and liquids. The possibility of using this technique 
to determine metals in environmental and/or biological samples is 
reported. Considerations were also given to the feasibility of 
extraction of Pm and Eu from effluent samples. 
 

(552) Selective Capture and Release of DNA using Capillary 
Affinity Gel Electrophoresis 

Andrew Chan1, Ulrich J. Krull1; 1University of Toronto at 
Mississauga 

Acrylamide modified oligonucleotide probes were incorporated 
into a linear polyacrylamide gel matrix inside a fused silica 
capillary for selective capture and pre-concentration of target DNA 
in a relatively complicated sample.  Electroosmotic flow was 
suppressed on the inner walls of the capillary through pre-treatment 
with a 0.1% PVP solution.  The gel has been shown to selectively 
capture fully complementary target in the presence of 5 base pair 
mismatch oligonucleotide sequences.  Captured target DNA was 
released by application of Joule heating, laser excitation induced 
thermal waves and the use of chaotropic salts.  The goal was to 
release the captured DNA into a microfluidics biosensor device for 
quantitative analysis.  Non-specific adsorption of the target material 
inside the gel matrix prevented complete recovery..  Efforts to 
optimize recovery included exploration of the degree of 
polymerization, target sequence length, running voltage, ionic 
strength, pH, temperature, type of running buffer, and use of 
blocking agents. 
 
(553) Fluorescence Detector for Capillary Electrophoresis using 

Violet Light Emitting Diode and Labeling Reagent 
Riichiro Nakajima1, Takayoshi Tanaka1, Keiichi Noda1, Yuki 
Matsui1, Takashi  Tamura1, Kazuhiko Tsukagoshi1; 1Doshisha 

University 
Laser-induced fluorescence (LIF) detection and derivatization of 
the analytes of interest with a fluorescent probe have been 
successfully used to improve the detection sensitivity in HPLC and  

capillary electrophoresis (CE).  The labeling technique may also 
been applied for improving the separation selectivity and 
efficiency.  Being excited with a violet diode laser (Nichia, 
NLHV500C; 410 nm, 5 mW), acidic alcoholic solution of 4-(2,2'-
bithienyl-5-yl)pyridine was found to fluoresce a blue-green color 
and to be stable to the light.  On the other hand, we have prepared 
several labeling reagents containing a 4-(2,2'-bithienyl-5-
yl)pyridine skeleton.  In the previous symposium, we reported that 
LIF detection system equipped with that violet laser diode and 
photon counting system for CE was of great value as a detection 
system, on the basis of the determination of twelve fatty amines 
labeled with 5'-[4-(1-methylpyridinio)]-2-(5,2'-bithienyl) 
carbaldehyde iodide (1) in the presence of sodium 
cyanotrihydroborate.In the present paper, a violet light emitting 
diode was used instead of an expensive violet laser diode:  
Fluorescence-detection device was constructed with a combination 
of a violet light emitting diode (OSSV531 405 nm, 22 mW/sr) and 
photon counting head (Hamamatsu, H7155), which were operated 
by home-made electric circuit.  The arrangement of several optical 
parts was modified for an increase in incident intensity and some 
experiments were carried out with a capillary arranged vertically.  
Twelve fatty amines (C3 – C10, C12, C14, C16, and C18) were used as 
a test sample, which were labeled with reagent 1 synthesized by our 
laboratory. The sample was prepared under two different 
conditions: In the presence of the reducing reagent, that is, under 
the previous conditions the amines were converted into secondary 
amine (method A) and in the absence of the reducing reagent into 
Schiff's base (method B).  In method A heating for 5 h was 
required, but in method B microwave irradiation for 3 min was 
used.  In both cases, labeled amines were completely separated in 
neutral migration solution (20 mM SDS/(MeOH–80 mM 
Na2HPO4–80 mM NaH2PO4 (70:6:24)).  Detection limits of the 
amines were 1 x 10-7 M – 3 x 10-7 M (S/N = 3) in method B. 
 
(554) Analysis of Gasoline Residues in Aqueous Environments 
using Solid Phase Microextraction – Gas Chromatography / 

Ion-Trap Mass Spectroscopy 
Don-Roger Parkinson; 1S.W.G.C., Memorial University 

Solid phase microextraction – gas chromatography / mass 
spectroscopy (SPME-GC/MS) was utilized to extract, separate, 
identify and follow gasoline fractions in reactions in aqueous 
solutions.  An analytical method was developed so as to establish 
effective and optimal separation parameters for a number of 
gasoline components.  Some of these include column selection, 
gasoline reaction and mixing times, extraction times, desorption 
times, column temperature profiles.A number of major components 
were unequivocally identified and many more of the minor 
components were analysed so that good initial guestimates could be 
made as to their structure.  The method development and 
subsequent analysis has resulted in a novel compilation of new 
compounds hitherto unidentified from gasoline.  In addition, 
reactions schemes with bleach, chlorine gas and hydrogen peroxide 
were set up and developed.  The resulting reaction products were 
analysed to initially follow chlorination and auto-oxidation 
reactions with some of the major gasoline components.  
Preliminary results found here have direct implications as to what 
may indeed happen in real environmental systems when 
chlorination and oxidation of gasoline laced solutions occur. 
 
(555) Quantification and Comparison of Methyl Benzoate and 
Ergosterol as Biomass Markers of Mold for Indoor Building 

Materials 
Don-Roger Parkinson1, Wyn Rools2; 1Memorial U., S.W.G.C., 

Chemistry; 2Memorial U. S.W.G.C., Biology 
Methyl benzoate and ergosterol have been investigated as 
metabolic biomarkers to determine and assess mold growth on  
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indoor building materials.  Gypsum board and ceiling tiles were 
used as examples of common indoor material surfaces.  Both real 
and spiked surrogate samples were analyzed.  Comparison of 
techniques were undertaken which included: a standard ergosterol 
saponification method workup and subsequent analyses by HPLC, 
an in-situ derivatization method with for ergosterol analysis 
followed by a direct SPME combined with GC/MS, and a rapid 
automated method for methyl benzoate using direct SPME 
combined with GC/MS.  Optimized extraction conditions were 
carried out manually and under automated conditions.  The amount 
of fungal biomass and the emitted concentration of methyl benzoate 
found was compared to the amount of ergosterol obtained from the 
same fungal species.  A possible relationship is given to relate 
concentrations of methyl benzoate to ergosterol. 
 

(556) Temperature Programming in the High-Performance 
Liquid Chromatographic Separation of 20 Polycyclic Aromatic 

Hydrocarbons in Soil, Sediment, and Sewage Sludge 
Audrey E. McGowin1, Gail L. Dean1, Pragathi V. Kadiri1; 1Wright 

State University 
High-temperature liquid chromatography (HTLC) takes advantage 
of the reduced viscosity of mobile phases at above ambient 
temperatures.  Greater diffusivity and increased mass transfer of 
analytes increase separation efficiency yet higher flow rates do not 
significantly decrease efficiency.  In reverse-phase liquid 
chromatography (RPLC), the effects of increasing temperature are 
complementary to mobile phase gradient effects permitting 
temperature programming as another dimension for optimization.  
Temperature programming in RPLC was applied to the separation 
of 20 polycyclic aromatic hydrocarbons (PAHs) including 
naphthalene, 1-methylnaphthalene, 2-methylnaphthalene, 
acenaphthene, acenaphthylene, fluorene, anthracene, phenanthrene, 
fluoranthene, pyrene, benz[a]anthracene, chrysene, perylene, 
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, 
benzo[e]pyrene, indeno[1,2,3-cd]pyrene, benzo[ghi]perylene, and 
dibenz[a,h]anthracene.  Individual PAH concentrations are often 
overestimated as a result of co-elution of geometric isomers and 
unknown PAHs and their derivatives that occur in real samples 
when analyzed by capillary GC or RPLC.  Modification of an 
HPLC included placement of the column in a GC oven, adding a 1-
m length of tubing in the oven as a pre-column mobile phase heater 
(to minimize axial and radial temperature gradients in the column), 
and placing a back-pressure regulator behind the detector to 
maintain the mobile phase in the liquid state.  A Supelcosil LC-
PAH 3-µm particle size, 3.0-mm I.D., 10-cm (ODS) column was 
compared with a Supelcosil LC-PAH 5-µm, 4.6-mm I.D., 15-cm 
(ODS) column.  The binary mobile phase consisted of acetonitrile 
and water.  Detection limits were in the part-per-billion (ppb) range 
using diode-array and/or fluorescence detection.  Column stability 
was adequate to temperatures up to 90  C.  Better resolution for all 
20 compounds was achieved using temperature programming than 
for solvent programming alone.  Separation of all 20 compounds 
was achieved in 40 min at 50% acetonitrile and a thermal gradient 
program of 40  C (5 min), 40-50 to 50  C at 5  C/min, 50  C (8 
min), 50-80  C at 1.7  C/min and 80  C (12 min), which was 
comparable to the traditional 50-100% acetonitrile in water method 
(USEPA Method 610).  Thermal and solvent gradients were 
combined to achieve maximum resolution with the minimum time 
and organic solvent.  The 20 PAHs in sediment, soil, and sewage 
sludge extracts were determined with the optimized method. 
 

(557) The Application of Mass Spectrometry in the Molecularly 
Imprinted Polymers 

Shuting Wei1, Facundo Fernandez1, Boris Mizaikoff1; 1Georgia 
Institute of Technology 

Estrogens are suspected of having adverse effects on the endocrine 
system in wildlife and humans. Recently, increasing concern is 
growing on the occurrence and environmental impact of 
endogenous estrogens such as 17beta-estradiol, 17alpha-estradiol, 
estriol and estrone, as well as the synthetic hormone 17alpha-
ethynylestradiol used in contraceptive formulations. Estrogens are 
normally present at low concentrations in the environment and 
usually an enrichment step is required for their quantification. 
Molecularly imprinted polymers (MIPs) can be used as selective 
solid-phase extraction (SPE) sorbents to improve the selectivity of 
the extraction process.   MIPs for 17beta-estradiol were prepared 
using methacrylic acid as functional monomer and divinylbenzene 
as cross-linker. The anti-17beta-estradiol polymer particles were 
used as a stationary phase in LC for the analysis of estrogens in 
river water achieving baseline separation of 17beta-estradiol from 
other estrogens. Furthermore, the anti-17beta-estradiol polymer 
was used as sorbent material to selectively extract estrogens 
directly from tap water and river water samples followed by LC- 
orthogonal time-of-flight mass spectrometric (TOF MS) analysis 
reaching a detection limit of 5 ng/l. When compared to a 
commercially available C-18 SPE cartridge, MIPs showed 
excellent selectivity and recoveries for the template molecule.     In 
order to rationally design MIPs with improved analytical 
performance it is crucial to understand the molecular mechanisms 
involved in the non-covalent binding interaction between template 
and functional monomer. A thorough description of the binding 
interaction can thus enhance the optimization of analytical 
separations. It has been shown that using soft ionization methods 
such as electrospray ionization (ESI), non-covalently bound 
complexes such as the one formed between template molecule and 
host monomer can be studied. For example, ESI allows to 
determine the template/monomer association ratio in model 
systems mimicking MIP functionalities. Furthermore, competition 
experiments with different guest functional monomers provide 
valuable information that guide the selection of a suitable monomer 
for MIP synthesis.  
 

(558) Enhancing Learning with GC-MS:  A Reaction 
Investigation in Organic Laboratory 

Salah Blaih1, James Durandetta1, Hani Blaih1; 1Kent State 
University Trumbull 

The techniques of gas chromatography, with its exceptional 
separation potential, and mass spectrometry, which provides 
structural determination, are ideally suited to be used in 
combination as a powerful analytical tool for both qualitative and 
quantitative investigation of various organic, biological, medicinal, 
and environmental compounds.GC-MS analysis was utilized for 
investigation of some organic reactions typically carried out in 
undergraduate student laboratory.  In a Friedel-Craft Alkylation 
experiment (in which benzene was reacted with t-butyl chloride), 
samples were isolated before and after the thiourea inclusion 
complex.  The GC-MS analysis provided proof that 1,4-di-t-
butylbenzene was the major component, but some 1,3-di-t-
butylbenzene and 1,3,5-tri-t-butylbenzene were present as well.In 
an aromatic nitration experiment, GC-MS analysis provided 
confirmation of the presence of two products:  methyl m-
nitrobenzoate (as a major product) and methyl o-nitrobenzoate.In a 
third experiment, involving the reduction of p-nitrotoluene to the 
amino compound, GC-MS analysis confirmed that the reduction 
was complete.  However, an unexpected minor compound, 
identified to be 4-amino-3-chlorotoluene, was also present, 
suggesting the possibility of the aromatic ring chlorination by the  
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reducing agent used. MS fragmentation pattern and the presence of 
M and M+2 (3:1) ions were indicative of the  formation of the 
chloro derivative. 
 
(560) Dielectrophoretic and Electrophoretic Based Separation 

and Concentration of Bioparticles 
Michele Pysher1, Mark Hayes1; 1Arizona State University 

Advancements in the analysis of biological and environmental 
fluids containing bioparticles is critically dependent on the 
development of novel separation techniques.  These fluids are 
incredibly complex, with individual components that exhibit a wide 
range of structural and chemical properties.  Furthermore, the push 
towards ultrasmall volume, high-speed analysis has necessitated 
innovative approaches in both design and application.  We have 
established a variety of properties, such as rigidity, polarisability, 
and charge coupling, which can be harnessed to differentiate 
various particles, and are exploiting the subtle effects of these 
properties to develop new electrophoretic and dielectrophoretic 
based techniques for the isolation, separation and concentration of 
biological particles.  We have successfully used these methods on 
various species of bacteria.  Mixtures of live and dead bacteria 
were separated, concentrated and differentiated from each other 
within our devices. 
 

(561) Rapid Screening Approach for Trace Metal Separation 
Xavier Poteau1, Philip Goodall1, Samuel Carradice1; 

1NexiaSolutions 
Most radio-analytical procedures revolve around the requirement to 
separate the analytes of interest from the sample matrix and prepare 
a suitably pure source for counting. Radio-analytical chemistry is 
almost unique in that these demanding separations remain rooted in 
the tradition of classical inorganic chemistry, i.e. using multiple co-
precipitation, filtration, digestion, evaporation and ion-exchange 
steps to achieve separation.The potential of ligand-enhanced 
microfiltration for the separation of trace metals, i.e. radionuclide 
analogues, has been evaluated. Presenting a number of benefits, 
including speed, convenience, waste reduction and 
simplicity.Those specific separations commonly require several 
stages and the development of these schemes is challenging. A 
screening approach based upon a matrix of 35 metals ions 
(including selected alkaline, alkaline earth, transition metals and 
lanthanides), 28 ligands and 2 pHs was used to develop leads for 
further investigation. Data reduction and identification of potential 
separation schemes was aided by custom software. Several leads 
for metal ions such as Cu, Ni and Pb were developed and applied to 
their determination in a variety of matrices, e.g. tap water, 
seawater, effluent water. The potential use of this technology and 
screening approach will be discussed for radio-analytical 
application, e.g. 63Ni, 210Pb. 
 

(562) Capillary Electrophoresis and MALDI-TOF Mass 
Spectrometry for Characterization of the Products of 

Enzymatic Deacetylation of Chitin and Chitosan 
Oligosaccharides 

Karen C. Waldron1, Marie-Eve Beaudon1, Abdessamade Bahtouki1, 
Isabelle Boucher2; 1University of Montreal, Department of 

Chemistry; 2ISM Biopolymer, Granby Quebec 
Chitin, poly beta-(1-to-4)-N-acetyl-D-glucosamine, is the insoluble 
substance comprising lobster and crab shells and is often a waste 
fisheries product. Heating chitin with concentrated NaOH removes  
some of the acetyl groups yielding a soluble derivative called 
chitosan, which is a skin-compatible gel with several important 
applications: delivering anti-oxidants and vitamins to the skin; 
drugs or vaccine delivery; tissue transplant engineering. However, 
the harsh chemical treatment of chitin yields non-specific cleavage 
of acetyl groups so we are using directed evolution to engineer a  

chitin deacetylase (CDA)-like enzyme to produce highly 
deacetylated chitosan. The goal is to be able to generate enzyme 
variants that create specific deacetylation patterns resulting in 
chitosan products with highly improved commercial value. 
Therefore, an assay that can differentiate between chitosan 
oligomers having the same chain length and degree of deacetylation 
but different composition is needed to verify enzyme action. 
Capillary electrophoresis (CE) has thus been used to develop a 
method for the separation of small chitin and chitosan oligomers to 
characterize the acetyl composition in chitosan products of enzyme 
treatment. Due to their lack of a useful chromophore, oligomers 
were derivatized with 8-aminopyrene-1,3,6-trisulfonic acid (APTS) 
for detection by laser induced fluorescence (LIF). Separation of ten 
APTS-derivatized oligomer standards (dimer to hexamer of chitin 
and of 100% deacetylated chitosan) was achieved in a pH 8.4 
borate buffer by CE-LIF. However, due to different extents of 
borate complexation between chitin versus chitosan oligomers 
having the same chain length, it was difficult to relate mobility to 
charge-to-mass ratio as a means to predict the migration time of 
partially deacetylated chitosan. Fractions collected by CE-LIF and 
submitted to MALDI-TOF MS showed that residual sodium borate 
from the separation buffer suppressed the APTS-oligosaccharide 
signal, even after sample clean-up with ion exchange resins. 
Optimization of the CE separation in morpholine, an MS-
compatible buffer, gave much cleaner APTS-oligomer fractions. 
However, hydrolysis of the APTS-sugar bond during 
desorption/ionization led to identification of only the underivatized 
oligosaccharide. Morpholine had poor reproducibility as a CE 
buffer, so histidine, which is also MS-compatible, is currently 
under investigation to optimize the off-line CE-MS method of 
unambiguously characterizing chitosan oligosaccharides produced 
from sample treated with CDA-like enzymes. 
 

(563) Supercritical Fluid Extraction of Acanthoside-D from 
Acanthopanax senticosus 

Kyung Ho Row1, Kwang Jin Lee1; 1Inha University 
Supercritical fluid extraction (SFE) with co-solvent scheme for the 
extraction of acanthoside-D from Acanthopanax senticosus, which 
is also called as Siberian Ginseng, a famous medical plant in Korea 
having not only a medical benefit for tonic, lumbago, neuralgia and 
palsy, but also an active operation of metabolism, was developed in 
this work.The feed samples were 120 g of Acanthopanax senticosus 
powder. Supercritical carbon dioxide was used as the extraction 
solvent at a flow rate of 20 L/min. Different pressure 20, 25, and 30 
MPa with the extraction temperature maintained at 333.15 K were 
investigated to see their effects on extraction results. Furthermore, 
water was chosen as the co-solvent in a range from 0.5 to 3.0 
mL/mg. The recovery of acanthoside-D was a little larger at higher 
pressure. Water additives could improve the recovery of 
acanthoside-D and a best recovery was obtained when the water 
content was 1.0 mL/mg. Determination of the extraction was 
performed on a chromatographic column (3.9„e300 mm, 15 ƒÝm, 
Lichrospher 100RP-18). The mobile phase was water-acetonitrile-
methanol (80:14:6 vol/vol). The flow rate of mobile phase was 1 
mL/min and UV wavelength was fixed at 210 nm. 
 
(564) Determination of Selected Neurotransmitter Metabolites 

using Monolithic Column Chromatography Coupled with 
Chemiluminescence Detection 

Jacqui Adcock1, Neil Barnett1, Jason Costin1, Paul Francis1, Simon 
Lewis1; 1Deakin University, Australia 

Abnormal production or release of hormonal or neuronal 
transmitters - serotonin, epinephrine, norepinephrine, dopamine - 
has been implicated in numerous conditions including 
neurochromaffin tumours, orthostatic hypotension and psychiatric 
disorders.  Therefore, the measurement of their metabolites - such s 
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5-hydroxyindole-3-acetic acid (5-HIAA), vanilmandelic acid 
(VMA; alpha,4-dihydroxy-3-methoxybenzene acetic acid), 4-
hydroxy-3-methoxyphenylglycol (MHPG), homovanillic acid 
(HVA; 4-hydroxy-3-methoxyphenylacetic acid) and 3,4-
dihydroxyphenylacetic acid (DOPAC) - may assist diagnosis and 
subsequent patient monitoring [1].Chemiluminescence (the 
emission of light as a result of a chemical reaction) is a useful 
analytical tool that often exhibits greater sensitivity and selectivity 
than other methods of detection [2].  We have found that the 
oxidation of these clinically important neurotransmitter urinary 
metabolites with acidic potassium permanganate in the presence of 
polyphosphates is accompanied by chemiluminescence of sufficient 
intensity for analytical application [3].Using flow-injection 
methodology with chemiluminescence detection, limits of dection 
for the metabolites were between 5 x 10-9 M and 4 x 10-8 M.  The 
chemiluminescent reaction was also used as a post-column 
detection system in the rapid determination of homovanillic acid 
and 5-hydroxyindole-3-acetic acid in human urine using monolithic 
column chromatography without the need for extraction 
procedures.  Monolithic column chromatography is ideally suited to 
rapid clinical screening based on chemiluminescence detection.  
Compared to conventional HPLC, it allows high flow rates to be 
applied at low pressure, without a significant decrease in efficiency 
[4].  In addition to the decrease in analysis time, the higher flow 
rates improve the compatibility between chromatographic 
separations and chemiluminescence detectors designed for flow-
analysis.[1]  T.G. Rosano and R.J. Whitley. In: Tietz Textbook or 
Clinical Chemistry, 3rd ed., C.A. Surtis and E.R. Ashwood (Eds.), 
W.B. Sanders, Philadelphia, 1999, pp. 1570-1600.[2]  A.M. Garcia-
Campana and W.R.G. Baeyens (Eds.) Chemiluminescence in 
Analytical Chemistry, Marcel Dekker, New York, 2001, 621 pp.[3]  
J.L. Adcock, N.W. Barnett, J.W. Costin, P.S. Francis and S.W. 
Lewis, Talanta (2005) In Press.[4]  P.S. Francis, J.L. Adcock, J.W. 
Costin and K.M. Agg, Anal. Biochem., 336 (2005) 141-143. 
 

(565) Determination of Phosalon in Soil by SPE/UV 
Madjid Soleimani; 1 Imam Khomeini Int. University 

AbstaractMonitoring the trace levels of pesticides in enviroment is 
important for human health protection and foods control.The 
pesticides persent in soil are at trace level.Several methods are  
available for their analysis.The best known is liquid-liquid 
extraction.Its advantage are simplicity and implementation 
easiness,but it requires time,large sample volumes and consumes a 
lot of solvent.Another more recent method is more and more used 
because it pollutes less:Solid-Phase Extarction (SPE).It offeres the 
advantages to consume much less solvent and to be 
automatisable.since 1970 the patenting date of this technique by 
Rohm & Haas,the SPE theoritical bases have been widely detailed 
in the literature,as well as many applications in different 
fields(enviroment,pharmacy,food,etc).In this paper,we present an 
applicaition of SPE/UV for the analysis of Phosalon-one of  the 
word-wide used organophosphorous pesticides- in soil.In this study 
a SPE procedure has been developped for the separation and 
preconcentration of Phosalon from soil. Experimental parameters 
such as selection of sample solvent,selection of SPE elution 
solvent,the pH and effect of salt addition were studied and  
optimized. Analytical parameters such as detection limits and 
recovery of percentage and respectively relative standard deviations 
were calculated for this results. 
 
(566) A Simple KCE Method for the Direct Measurement of the 

Bimolecular Rate Constant of Complex Formation (kon) 
Alexander Petrov1, Victor Okhonin1, Maxim Berezovski1, Sergey 

N. Krylov1; 1York University 
We propose a new method for the direct measurement of the 
bimolecular rate constant of complex formation (kon) and  

demonstrate its use for studying protein-DNA interaction. Non-
covalent protein-DNA complexes play an important role in gene 
expression, DNA replication, DNA integrity control and DNA 
damage repair. To understand the dynamics of these biological 
processes it is essential to know the kinetic parameters of the 
formation and dissociation of relevant complexes between the 
protein and DNA. The knowledge of these parameters is also 
required for the development and optimization of methods in 
analytical and molecular biology, based on protein-DNA 
interactions. The method presented is based on the concept of 
kinetic capillary electrophoresis – interaction of components in a 
capillary during electrophoresis under non-equilibrium conditions. 
Conceptually, solutions of reactants are injected sequentially into 
the capillary. The reactant with lower electrophoretic mobility is 
injected first. When the voltage is applied the faster moving 
reactant passes through the slower moving and results in complex 
formation. The complex then dissociates forming a tailing area 
since it is moving with intermediate mobility. Dissociation occurs 
due to the absence of the initial reactants in the complex migration 
region. The method requires simple analysis of the 
electropherogram by quantifying areas corresponding to reacted 
(complex and decay areas) and non-reacted DNA. It also requires 
the knowledge of protein and DNA mobilities to calculate kon from 
the formula provided. Derived math equations can be solved by 
commonly used math software such as Microsoft Excel. Only 
nanoliter volumes of reacting components are necessary for the 
experiments. Simplicity of calculations and experimental design as 
well as low reagent consumption makes this method unique. 
 

(567) Isolation and Characterization of Pre-Calcipotriene 
Larisa Kalashnikova1, Irina Vassillieva1, John Statler1; 1Connetics 

Corporation 
Isolation and Characterization of Pre-Calcipotriene.Vitamin D and 
many of its analogs exhibit a thermal equilibrium with their 
precursors when in solution.  Calcipotriene, a synthetic analog of 
vitamin D, is in equilibrium with its structural isomer, pre-
calcipotriene.  During the study of calcipotriene and the 
establishment of its equilibrium with pre-calcipotriene there was an 
apparent loss of total mass, as determined by HPLC, that could not 
be accounted for by known degradants.  Pre-vitamin D3 has been 
reported to exhibit a lower extinction coefficient (260 nm) than 
vitamin D3.  A similar phenomenon for calcipotriene could result 
in a lower chromatographic response for pre-calcipotriene.In order 
to characterize pre-calcipotriene UV-absorbing properties it was 
necessary to isolate a relatively pure sample.  However, since 
calcipotriene is the thermodynamically preferred form, isolation of 
pure pre-calcipotriene was anticipated to be challenging due to its 
fast conversion to calcipotriene. Pre-calcipotriene was generated by 
heating a calcipotriene solution to achieve an optimum yield of pre-
calcipotriene in the equilibrium.  Pre-calcipotriene was then 
purified by means of preparative reversed phase chromatography 
followed by collection of pre-calcipotriene isolate (low temperature 
was maintained throughout the process, collected material was 
stored at the freezer).  The purified pre-calcipotriene isolate was 
then lyophilized.  This isolate was evaluated to determine its purity 
and was characterized chromatographically.  The results of the  
experiment demonstrated that pre-calcipotriene has about one-third 
the chromatographic response (266 nm) as calcipotriene. This ratio 
is consistent over a broad concentration range.The difference in 
response between calcipotriene and its structural isomer, pre-
calcipotriene, accounted for all of the apparent loss of total mass in 
the early studies.  
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(570) The Use of Local Clays as Adsorbant for the 
Chromatographic Determination of the Saturates Content of 

Base Oils 
Kwame Ankoma Kwakye1; 1Tema Lube Oil Co Ltd, Ghana 

Lubricating oils are normally blended from base oils and chemical 
additives. The hydrocarbon components of the base oils can be 
categorized into Saturates, Aromatics and Polar fractions and 
knowledge of the amount of these fractions provide very useful 
information for the development of formulation of specific 
lubricants. Usually the fractionation of base oils is done through 
adsorption chromatography (1) or high pressure liquid 
chromatography (2) all of which employ various clay adsorbents. 
The quality of clay used for such application is specified by its 
Azobenzene Activity Value (AVV) which should lie between 30-
35 (1). In order to curtail the costly importation of clay adsorbent, it 
became necessary to search for a locally available clay type which 
could meet this AVV specification level. This Paper reports on the 
experiments done to evaluate several clay deposits obtained locally 
by the determination of the AVV of each. One hundred different 
types of clays from different locations were tested this way. Ten 
(10) varieties passed the test and were found to be suitable for this 
application and have been employed routinely for the fractionation 
of base oils to permit the quantification of the Saturate content of 
base oils which is a standard quality parameter that governs the 
purchase of the product. The critical factor in the clay's ability to 
meet the AAV specification was found to be the mesh size and the 
mineralogical composition of the clay. This study has helped us 
locate deposits of clay which are suitable for this analytical 
application and has substantially saved us foreign exchange which 
would otherwise have gone into the importation of this adsorbent. 
References: (1) Annual Book of ASTM Standards, Year 2000 
edition, Volume 05.01, D-1319 & D-2007 published by the 
American Society of Testing and Materials, 100 Barr Harbor Drive, 
West Conshohocken PA, USA (2) Standard Methods for Analysis 
& Testing Of Petroleum Products, Volume 2, IP 368, 1992 
published by the Institute of Petroleum, London. 
 

(571) Verification of the Potency of an Anti-Rust Additive for 
Lubricating Oils Obtained from a Plant 

Kwame Ankoma Kwakye1; 1Tema Lube Oil Co Ltd 
Local metal artisans especially blacksmiths here in our part of the 
world have been coating their wares with a concoction which is 
prepared from palm kernel oil and the bark, root or leaves of a  
particular local plant. This very old traditional practice which is 
proven to being able to arrest the rusting of their wares effectively. 
My investigations using infra red spectroscopy have revealed that 
the plant extracts contain a mixture of esters of alkyl-substituted 
succinc acids which disperses in the palm kernel oil acting as a 
liquid carrier to facilitate application by brushing. Admixtures of 
the plant extracts in the vegetable oil and in a mineral base oil were 
evaluated for their anti-rust and anti-corrosion effectiveness 
according to standard methods such as ASTM D 130 and D 665 
and appropriate comparisons made. This Paper will show the 
results of the investigations so far. 
 

(572) Direct Ultra Trace Analysis of Trimethylamine in 
Semiconductor Grade Hydrogen Peroxide with a New IC 

Technique 
Klaus Klemm, Alexander  Maschkow1, Anja Gruber1; 1Merck 

KGaA Darmstadt, Germany 
In the process control for manufacturing ultra pure chemicals for 
the semiconductor technology beside the metal impurities more and 
more ions are in the focus.In semiconductor grade hydrogen 
peroxide traces of trimethylamine play an important role and need 
to be monitored with very low detection limits.As a beta test site 
we have evaluated the new Dionex ICS 3000 ion chromatograph  

for its suitability to improve our process control.A complete 
procedure with validation data and instrument details will be 
presented 
 
(573) Application of Thiol-Nanosacavenger in the Measurement 

of Environmental Pollutants 
Nezar Hassan Khdary1, Alan G Howard2; 1Nezar Hassan Khdary; 

2Alan G. Howard 
A new approach has been taken to the extraction of analytes from 
solution that is based on the use of modified 250 nm in diametre 
that can be dispersed in a solution and then quantitatively recoverd 
by conventional filtration. By careful choice and control of particle 
size, particles can be designed that require no external agitation of 
the sample during the extraction, as the particles move naturally 
through the sample and do not settle during the extraction 
equilibration phase.Anew spray approach has been devised for the 
synthesis of  250 nm in diametre silica particles. The new method 
permits the control of the particle size distribution charactristics 
that are critical for their dispersion and recovery in extraction 
application.The thiol agent has been grafted onto the silica giving 
nanoscavengers with thiol, for the extraction of utr-trace of Hg(II) 
and As(III) from water. 
 

(574) Studies on the Determination Method of Beet Red in 
Foods 

Tal Soo Lee, Young Mi Jang, Ki Hyoung Hong, Sung Kwan Park, 
Yong Kwan Kwon, Sung Kug Park, Sun Young Chang; 1Korea 

Food & Drug Adminstration 
In this study, analysis of beet red in foods has been carried out by 
detection of betanine and isobetanine, the main color component of 
beet red as indicator compounds. The qualitative analysis technique 
consisted of clean-up of the colors with a C18 cartridge, separation 
of the colors by Cellulose TLC plate using acetone : 3-methyl-1-
butanol : water(7 : 7 : 6) as a solvent system. Also, the quantitative 
analysis was performed using X-terra RP at wavelength 538nm and 
0.1% phosphoric acid : methyl alcohol(90 : 10) as a solvent. The 
quantitative results of beet red were as follows : 
900.22~27,701.60ìg/g for 60 item in nutrient supplement food, 
21.95~713.40ìg/g for 30 item and N.D. for 18 item in candy, and 
155.85~505.37ìg/g for 12 item in ice cream, 43.5~64.75ìg/g for 18 
item and N.D. for 54 item in sauce, N.D. for 12 item in retort food. 
 

(575) Determination of Preservatives in Cosmetics and Food 
Samples 

Najma Memon1, M.Iqbal Bhanger1; 1Centre of Excellence in 
Analytical Chemistry 

An analytical procedure has been developed for the analysis of 
benzoic acid, P-hydroxybenzoic acid, methyl-, ethyl-, propyl-, 
isopropyl-, and butyl paraben by micellar liquid chromatography. 
The sample after dilution in n-propanol was injected on Lichrosorb 
ODS, 5µm (250 x 4.6 mm id) column and eluted with aqueous 2% 
Brij-35 adjusted to pH 3.0 with phosphoric acid: propanol (80: 20 
v/v) with a flow rate 1 ml min-1 and UV detection at 254 nm. 
Linear calibration curve was obtained simultaneously for each 
component within 50-500 µg ml-1 for benzoic acid and 5-150 µg 
ml-1 for rest of components and detection limits were within 25 – 
250 ng ml-1 corresponding to125- 1250 pg injection-1   (5 µL). The 
reproducibility in terms of average peak area and average retention 
time was obtained with coefficient of variation (CV) of 1.2 % and 
0.5%. The method was applied for the analyses of the components 
in cosmetics (shampoos, hand lotions, creams and bath foam) and 
food samples. 
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(577) Determination of Residual 1-(2-Hydroxyethyl) Piperazine 
in Pharmaceuticals 

Marie-Josée Rocheleau1, Josée Verreault1, Julie Bolduc1; 1Bristol-
Myers Squibb PRI 

1-(2-hydroxyethyl) piperazine (HEP) is a synthetic intermediate for 
a new drug entity currently under development at Bristol-Myers 
Squibb.  HEP may therefore be present as an impurity that needs to 
be monitored using a reliable analytical method.  Existing methods 
involving non-aqueous titration, gravimetric or colorimetric 
determinations are not suitable for low residual level determination.   
HEP is a polar compound having poor retention on a reverse phase 
LC column and has no chromophore for UV detection.  Therefore, 
HEP cannot be measured by HPLC with UV detection without 
forming a derivative with a UV absorbing compound. The goal of 
this investigation was to develop and validate a method for the 
determination of HEP at low residual levels in samples of 
pharmaceutical compounds.  A sensitive and selective capillary gas 
chromatography (GC) method was developed for the determination 
of residual HEP.  This method used a deactivated RTX-5 capillary 
column that allows direct GC analysis of amines, eliminating the 
need for derivatizing  basic compounds.  Unfortunately, this 
method was not sufficiently robust with unacceptable day-to-day 
reproducibility issues.  Ion Chromatography (IC) with suppressed 
conductivity was found to provide the required level of sensitivity 
and method robustness for the analysis of HEP at low residual 
levels.  Validation results including linearity, precision, accuracy, 
limits of detection and quantitation will be presented.  This IC 
method is not only applicable to the analysis of HEP, but can also 
be applied to other amines that are difficult to analyse by GC. 
 

(578) Selective Oxidation Of Ivermectin With Organo-
Hydroperoxides 

Andreas Abend1, Christopher Beasley1, Tsang-Lin Hwang1, Robert  
Reed1; 1Merck Research Laboratories 

Solutions of ivermectin were stressed in the presence of oxygen 
and radical initiators to study the formation of ivermectin related 
oxidative degradates.  The radical initiators used in this study 
included AIBN, Tween 80/ Mn3+, and Cu1+/ t-butyl 
hydroperoxide and the results are evaluated in the context of their 
predictability of oxidative degradates in formulated products.   
Three major degradation products bearing hydroperoxyl- groups at 
the 8a-position of ivermectin H2B1a were isolated, and their 
structures were determined by NMR, LC/MSn and UV-VIS 
spectroscopy. In solutions containing Tween 80/Mn3+ or Cu1+/ t-
butyl hydroperoxide, ivermectin H2B1a initially reacts to form 2  
epimers of 8a-H00-H2B1a. Prolonged room temperature incubation 
of these solutions leads to the formation of 8a-HO- H2B1a and 8a-
oxo-H2B1a, which is the most stable ivermectin oxidation product. 
Examination of ivermectin bulk stored in the presence of oxygen 
also revealed the presence of these four H2B1a-derived oxidation 
products. In the presence of AIBN and oxygen, H2B1a 
predominantly forms a di-hydroperoxide with both hydroperoxyl- 
groups attached to the 8a-carbon of the molecule. In addition, the 2 
epimers of 8a-H00-H2B1a are also observed. Wet-chemical 
experiments designed to further degrade the two 8a-HOO-
hydroperoxides and the di-hydroperoxide were carried out. The two 
8a-HOO-ivermectin epimers were transformed to 8a-HO-H2B1a in 
solutions containing (2-carboxyethyl)-phosphine. 8a-HO-H2B1a is 
the precursor of 8a-oxo-H2B1a, which can be produced directly 
from the 8a-HOO-H2B1a epimers in solutions containing Fe2+. 
The di-hydroperoxide also reacts with Fe2+, however the reaction 
mixture is more complex and contains several compounds that bear 
the 8a-oxo group in conjugation with the intact diene moiety. 
Similarly this compound forms two new degradates in (2-
carboxyethyl)-phosphine containing solutions that are consistent 
with an hydroxyl group at the 8a position.   

(579) Analysis of Surface Wipes for the Detection of 2,6-di-tert-
butyl-4-nitrophenol on Navy Submarines 

Christina DiGiulio1, Kevin Johnson2, Susan Rose-Pehrsson2; 
1NOVA Research, Inc; 2Naval Research Laboratory 

AbstractIn the past, US Navy submarines reported a yellowing of 
several different internal surfaces.  The yellow compound was 
identified as 2,6-di-tert-butyl-4-nitrophenol (DBNP).  A likely 
precursor to DBNP is 2,6-Di-tert-butylphenol (DBP), an 
antioxidant additive used in lubricating oils and hydraulic fluids.  
Under certain conditions in the enclosed space of submarines, it is 
believed that oil mist containing DBP is nitrated to DBNP and 
deposited on the surface. DBP use was subsequently discontinued 
on submarines.  In order to verify that DBNP is no longer present, a 
method was developed for sampling, detection, and quantitation of 
the compound, and is reported here.  First, DBNP was synthesized 
in the laboratory prior to the experiment. Plates were then painted 
with Navy primers and topcoats to simulate the submarine surface.  
DBNP stock solutions were dispersed onto the plates and allowed 
to dry.  An extraction method was designed to efficiently extract 
the DBNP off the surface.  The choice of solvents was limited to 
those that were suitable for use in enclosed spaces.  A swipe-
sampling method using isopropyl alcohol wipes was found to be 
both effective at removing the DBNP and acceptable for use in the 
submarine.  Several surface samples covering an area of 10 cm by 
10 cm were taken simulating the manner in which the sampling 
would be completed on an actual submarine.  DBNP was extracted 
from the wipes through a solvent extraction technique using 
methylene chloride.   The samples were analyzed using gas 
chromatography with mass selective detection. This analysis was 
able to detect DBNP at levels down to 2.5x10-4 g/L in methylene 
chloride.  DBNP Extraction efficiencies of 48% relative to matrix-
spiked sample wipes were observed, indicating roughly half of the 
DBNP present on the surface could be reliably extracted, giving a 
surface detection limit of 0.01 µg/cm2  DBNP. 
 

(580) A Rapid and Specific Analysis of Labile and Genotoxic 
Agaritine in Mouse Plasma using Liquid Chromatography-

Tandem Mass Spectrometry 
Kazunari Kondo1, Asako Watanabe1, Ikuro Abe2, Hideya Tanaka2, 
Hiroshi Akiyama1, Tamio Maitani1; 1National Institute of Health 

Sciences; 2University of Shizuoka 
A rapid and specific method was developed using liquid 
chromatography-tandem mass spectrometry (LC/MS/MS) for 
determination of labile and genotoxic agaritine in mouse plasma. 
Agaritine [beta-N-(gamma-L(+)glutamyl)-4-(hydroxymethyl) 
phenylhydrazine] is one of phenylhydrazine derivatives contained 
in mushroom and is suspected to be genotoxic. However, there has 
been no reliable analytical method to evaluate the toxicity and 
disposition of agaritine because of its instability and non-specificity 
for detection. Agaritine is very susceptible to oxidation in air and 
decomposed by acids, bases, and even trace metals in water. We 
have developed a simple and highly specific method for mushroom 
hydrazine agaritine (MW 267.1) in mouse plasma. Agaritine 
standard was synthesized according to the method of Datta S. and 
Hoesch L (Helvetica Chimica Acta 70, 1261 (1987)) and the purity 
was confirmed (>95%). We assigned the structure of synthetic 
agaritine by high resolution (HR)-fast atom bombardment (FAB) 
and 2-dimentional nuclear magnetic-resonance (NMR) 
analyses.After agaritine or agaritine-containing mushroom was 
orally administered to mice, blood was collected every 20 min, and 
plasma was prepared and then deproteinized with acetonitrile 
followed by methanol. The resulting plasma samples were 
dissolved in mobile phase (0.01% acetic acid:methanol=99:1) 
without further SPE cleanup. Two fragments (266/248 and 
266/122) in negative mode were monitored simultaneously. For 
determination, multiple-reaction-monitoring (MRM) was  
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performed with the characteristic fragmentation ion m/z 266 ¡ú 248 
for agaritine. The recovery of agaritine from mouse plasma was 
approximately 73¡}4.4 % (n = 11). This is the first report for the 
specific determination of unstable agaritine in mouse plasma. We 
have also showed that agaritine level in mouse blood reached 
maximum 20 minutes after agaritine administration to mice. After 
that, agaritine gradually decreased until 100 min, then desappeared 
from blood.    Without specific determination method, no evidence 
for agaritine metabolites has been investigated to date. To obtain 
the structural information for agaritine metabolites in agaritine-
administered mice, LC/MS(/MS) system coupled to photo diode 
array detector (DAD) was used. By comparison of the result from 
agaritine-administered mice with that from water-administered 
mice (control), one unknown metabolite of agaritine were found 
and the structural analyses are in progress.     Data will be presented 
in detail at the meeting. 
 

(581) Novel Surface Coatings For Antibody Attachment To 
Surface Plasmon Resonance Sensors 

Jean-Francois Masson1, Karl Booksh1; 1Arizona State University 
Different monolayers were attached to the gold surface of surface 
plasmon resonance (SPR) sensor to maximize the antibody loading, 
for the specific signal of an antigen, and minimize non-specific 
signal from full serum proteins. A three-fold improvement of the 
specific signal from myoglobin and a three-fold decrease of non-
specific signal from serum were observed using the N-
hydroxysuccinimide ester of 16-mercaptohexadecanoic acid (NHS-
MHA) compared to the currently commercially available 
carboxymethylated dextran. Polysaccharides, biocompatible 
polymers, and short chain thiols were attached to the gold surface. 
The covalent attachment of the layers was monitored using SPR 
and GATR-FTIR. Antibodies to human myoglobin were covalently 
attached to the sensor using EDC / NHS chemistry and detection of 
25 ng/mL myoglobin solution was monitored for the specific 
signal. Exposing the sensors with the layers to full bovine serum, 
protein concentration of 72 mg/mL, monitored non-specific signal. 
NHS-MHA was used to quantify proteins in full serum and cell 
culture media with limits of detection below 1 ng/mL. 
 

(582) Surface Plasmon Resonance of Metal Oxides 
Crissy Rhodes1, Scott Brewer1, Simon Lappi1, Marta Cerruti1, 

Stefan Franzen1; 1North Carolina State University 
Surface plasmon resonance (SPR) is a surface-sensitive optical 
technique used to characterize adsorbed biomolecules and to  
monitor biological binding events.  Under total internal reflection 
conditions, a sharp decrease in the intensity of the reflected light is 
observed at a specific resonant angle, which is dependent upon the 
refractive index of the substrate.  Typically, this substrate consists 
of a metallic thin film such as gold or silver onto which a self 
assembled monolayer or biological molecule is adsorbed with the 
resonant angle shift occurring in the visible spectral region.  In this 
abstract, we present evidence for the use of metal oxide thin films 
as alternative substrates for the SPR technique.  In these substrates, 
the resonant angle is an observable change in the reflectance of the 
metal oxides in the infrared spectral region as characterized by 
variable angle FTIR spectroscopy.  In our laboratory, we have 
previously examined successful couplings of single and double 
stranded DNA to an indium tin oxide substrate by techniques such 
as FTIR spectroscopy, XPS, chronocolumetry, and fluorescence. 
Here we present further work on indium tin oxide as well as a more 
recently developed metal oxide, aluminum doped zinc oxide.  
Using a custom designed flow cell, we examined the in-situ 
deposition of biomolecules upon the metal oxide surface using 
variable angle FTIR spectroscopy.  The adlayer formation results in 
a change in the refractive index of the substrate surface, thus 
shifting the frequency of the resonant plasmon angle.  In addition,  

the orientation of the monolayer formation was examined by near 
edge X-ray absorption fine structure spectroscopy (NEXAFS).  
These orientation data contributed to a viable model of the tilt angle 
of the specific adlayer upon the metal oxide surface.  Overall, this 
data contributed to a better understanding of novel metal oxide thin 
film surfaces and their application as an alternative to traditional 
SPR technique.  These metal oxide substrates have the proposed 
advantages of ease of surface modification and the possibility of 
custom film composition in which either surface area or surface 
response can be tailored to specific needs. 
 

(583) Designing colloidal nanostructures with optimal 
properties for surface-enhanced Raman Scattering 

Ramon A. Alvarez-Puebla1, Elena Arceo1, Ricardo F. Aroca1; 
1University of Windsor 

Surface-enhanced Raman Scattering (SERS) is a powerful 
analytical technique for ultrasensitive chemical or biochemical 
analysis. Since the first reported SERS on silver and gold colloidal 
solutions in 1979(1), metal colloids have become one of the most 
commonly used nanostructures for SERS.  Colloidal metal particles 
have served as a testing ground for the most thorough of theoretical 
modeling, as well as, with the achievement of the single molecule 
detection (SMD) (2,3), they have become central to single particle-
single molecule Raman spectroscopy. In practice, it is important to 
distinguish two types of SERS signals when using colloidal 
nanoparticles. SERS intensities as the result of an “average SERS” 
enhancement, i.e., the SERS spectrum obtained from an ensemble 
of colloidal particles and aggregates and characterized by a stable 
average spectrum with well defined frequency and bandwidth.  
SERS intensities obtained from a single particle or single aggregate 
of particles that encompasses a” hot spot”, which permit single 
molecule detection. The analytical applications of the average 
SERS are a mature field, and the work today is turning to the 
specifics of tuning the experimental condition for a given analyte. 
For example, enhancement factors (EF) reported for organic acids 
and alcohols, are not competitive with those achieved with thiols 
and amines. One of the reasons for this behavior is the difference in 
adsorption properties, that partly controlled by the surface charge 
of the colloidal metal particles. Recently, it was demonstrated that 
varying the pH, one can gain control of the surface charge of the 
colloidal suspensions.(4) Thereby, it is possible to maximize the EF 
of analytes in general, and of organic acids and alcohols, in 
particular. Silver and gold colloids used in SERS have surface 
charge (i.e. zeta potential, ZP varying between -60 mV at pH=10 
and 5mV at pH=2. In this communication we present new methods 
of synthesis of colloidal nanostructures with optimal optical 
properties for SERS, but with more positive zeta potential, up to 30 
mV. These values of ZP help the adsorption of the analytes onto the 
surface, and consequently giving rise to a sensible increase in the 
average EF for anions, organic acids and alcohols. The synthesis of 
silver and gold nanocolloids is carried out using amino acids as 
reducing agents.  Amino acids are also retained at the surface, 
stabilizing the colloids as predicted by the double diffuse layer 
theory.  SERS properties of these colloids are tested with different 
analytes at different conditions and results are compared with those 
obtained by using the commonly used Ag and Au sols.  [1]J. A. 
Creighton, C. G. Blatchford, M. G. Albretch: J. Chem. Soc., 
Faraday Transaction II, 75 (1979) 790-98. [2]S. Nie, S. R. Emory: 
Science (Washington, D. C.), 275 (1997) 1102-06. [3]K. Kneipp, 
Y. Wang, H. Kneip, L. T. Perelman, I. Itzkan, R. R. Dasari, M. 
Feld: Phys. Rev. Lett., 78 (1997) 1667-70. [4]R. A. Alvarez-
Puebla, E. Arceo, P. J. G. Goulet, J. J. Garrido, R. F. Aroca: Journal 
Physical Chemistry B, 109 (2005) 3787-92. 
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(584) Development and Characterization of Multilayer 
Enhanced SERS Immuno-Nanosensors 

Honggang LI1, Caitlin  Baum1, Brian Cullum1; 1Univ. of MD 
Baltimore County 

Nanosensors capable of monitoring the production, presence and 
transportation of proteins inside individual living cells could 
provide vital information about cellular signaling pathways as well 
as overall biological response of an organism. For instance, pre-
symptomatic detection of exposure to external toxins, such as 
biological warfare (BW) agents, can be achieved by monitoring the 
expression of immune response proteins like interleukin-II (IL-2) 
inside individual viable T-cells. This early detection of IL-2 and 
other proteins would allow for an earlier medical response to be 
taken, thus leading to significantly improved survival rates for 
exposed individuals. To this end, we have developed and optimized 
implantable label-free immuno-nanosensors for intracellular protein 
analyses. These nanosensors are constructed from 200-500 nm 
silica spheres, which are prepared via a modified Stöber method. 
The silica spheres are then coated with multiple layers of silver to 
obtain multilayer SERS enhancements, with enhancement factors 
greater than 106. Following silver coating, antibodies, used to 
provide protein selectivity, are bound to the silver surface via 
various crosslinkers. It was determined that the optimal silver 
surface coverage with crosslinkers was approximately 40%. In 
addition to optimizing crosslinker surface coverage, these 
nanosensors have also been optimized in terms of SERS 
enhancements, background signal interferences, and binding 
efficiency of different antibody crosslinking agents. After being 
exposed to the antigen of interest, SERS signals from these 
nanosensors, associated with either protein SERS enhancement 
and/or changes in the SERS spectrum of the antibodies resulting 
from conformational changes after antigen binding, are used to 
monitor the presence of the specific protein of interest. Results 
from initial studies of these nanosensors using human insulin as a 
model test compound will be discussed. In addition, this paper will 
also discuss the application of these nanosensors to real-time 
immune response monitoring. 
 

(585) Fiber Optic Chemical Sensing Surface Plasmon 
Resonance Spectroscopy 

Yoon-Chang Kim1, Soame Banerji1, Jean-Francois Masson1, Wei 
Peng1, Karl Booksh1; 1Arizona State University 

Fiber optic sensors based on surface plasmon resonance (SPR) for 
refractive index (RI) measurements of chemical samples with the 
RI greater than 0.2 RI below the waveguide RI are described. Most 
applications of SPR sensors are designed to function near the  
refractive index of water (1.3330 RI). With regard to gas species 
detection, the fiber optic SPR sensor must be modified for 
sensitivity to changes in refractive index near 1.0008 (i.e., RI of 
air). For that purpose, a practical SPR probe geometry has been 
applied to the ability to tune the SPR coupling wavelength/angle 
pair with silica-fiber based SPR probe. Also, accurate measurement 
of RIs is essential to efficient operation and control of broad range 
of engineering processes. Some of these processes are carried out 
with harsh environments, such as high temperature, high pressure, 
and chemical corrosion. These extreme physical conditions are 
proving a limiting factor in application of the conventional silica-
based optical sensors. Single-crystal sapphire is an ideal material 
for sensor applications where reliable performance is required in 
the extreme environment conditions. The Rl changes of aqueous 
solution (RI, ~1.333) can easily be monitored by silica-fiber (RI, 
1.4601 at 550 nm) based SPR sensor. However, the sapphire 
waveguide has a prohibitively high RI (1.7708 at 546 nm) for 
unmodified monitoring of the RI changes of aqueous solutions. The 
sapphire-fiber based SPR probe design presented here is also based 
upon the modification of the geometry of the probe tip. For  

manufacturing the sapphire-fiber based SPR probe, chromium and 
gold were deposited via conventional sputter coating onto the 
sapphire fiber, and then thermally annealed at 1200 ± 50 Cels. in 
vacuum using rapid thermal annealing (RTA). In this study, silica 
and sapphire-based fiber SPR sensors are shown to directly provide 
accurate and reliable sensitivity for low RI chemical samples. The 
benefits of this system are reduction of size and complexity of 
sensor system, as well as the possibility for remote and in-situ 
sensing. 
 
(586) Development of a Surface Enhanced Raman Spectroscopy 

Technique for the Identification of Biomarkers on Mars 
Michael Miller1, Narasi Sridhar1, Darrell Dunn1, Kendra Price1, 

Roberto Pabalan1, T.A. Abrajano2; 1Southwest Research Institute; 
2Rensselaer Polytechnic Institute 

One of the most important goals for the Mars missions is obtaining 
evidence of past or present life. In-situ analyses using a suite of on-
board instruments on a number of small, Scout missions to Mars 
are envisaged prior to more detailed sample return missions.  There 
is a keen interest in Raman spectroscopy as an in-situ analytical 
tool because of the possibility of obtaining molecular and 
mineralogical information. The main limitations of Raman 
spectroscopy are its inherently low intensity compared to the 
elastically scattered laser intensity and interference from 
fluorescence due to laser-induced electronic transitions. Analysis of 
biomarkers indicative of life on Mars will require higher sensitivity 
and signal to noise ratio than normal Raman spectroscopy can 
offer. Surface Enhanced Raman Spectroscopy (SERS) may be a 
useful technique for analyzing small concentrations of biomarkers 
in Mars soil or minerals. SERS requires extremely close proximity 
of the molecule to be analyzed to the metal particles that form the 
SERS substrate. Such close proximity is difficult to achieve for 
solid phase. An “inverted” SERS technique is demonstrated where 
SERS-sensitive metal nanoparticles are deposited on the material to 
be analyzed.We used Benzotriazole as a probe molecule and 
showed that the detection limit was less than 1 femtomole (10-15 
moles). The inverted SERS technique was effective in detecting 
small concentrations of organic molecules on naturally occurring 
minerals, such as quartz.  Chlorophyll, used as an analog of a 
biomarker molecule that could be present in small concentrations 
on Martian soil or subsurface, yielded Raman spectrum at 
concentrations as low as 78 femtomoles.  SERS is especially useful 
in this regard because the time exposure and laser power needed for 
analysis can be reduced. Such a technique was also effective in 
detecting small concentrations of a powdered mineral mixed with a 
large concentration of another mineral. Minerals, such as zeolites, 
where ion-exchange reactions occur between sodium and silver, 
also showed enhanced Raman scattering.Our effort to evaluate the 
application of inverted SERS on potential Mars biomarkers 
considers both the target biomolecules/residue, the decomposition 
products, and likely mineral substrates. These decomposition 
products are expected to result from the interaction of the original 
biomolecules with UV radiation and potent oxidants on the Martian 
surface. 
 

(587) Visualization of SERS-Active Particles on Linear-Flow 
Test Strips 

Peter J. Codella1, Michael C. Burrell1, Frank J. Mondello1, Rui 
Chen1, Andrew Pris1, Vincent Lee2, Partick Engel2, Scot 
Sutherland2; 1GE Global R&D; 2GE Homeland Security 

Various authors have proposed using SERS-based detection for 
identification of pathogens and other biological agents.  Most of 
these schemes employ a SERS active particle in much the same 
manor as current linear flow test strips use highly colored particles.  
The SERS-based method has been touted as having the ability to be 
multiplexed whereas the color-based can not.  To test this  
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methodology, particles were prepared as specified in the literature 
for some common bacteria.  Commercially available test strips 
were obtained and modified to use the SERS-active particles we 
prepared.  When placed on the test strips, the SERS-active particles 
behaved in much the same manor as the colored particles.  This 
investigation focuses on tracking the particle migration across the 
flow strip and identify areas of high concentration.  Such an 
analysis is possible through large-scale Raman mapping of the 
strip.  Information thusly obtained can then be used to adjust flow 
characteristics thereby  yielding a reproducible region of highest 
particle density. 
 

(588) Wavelength-Scanned Surface-Enhanced Raman 
Excitation Spectroscopy 

Matthew Young1, Adam McFarland1, Jon Dieringer1, Richard Van 
Duyne1; 1Northwestern University 

A detailed wavelength-scanned surface-enhanced Raman excitation 
spectroscopy (WS SERES) study of benzenethiol adsorbed on Ag 
nanoparticle arrays, fabricated by nanosphere lithography (NSL), is 
presented to ascertain the experimental conditions necessary for 
maximum surface-enhanced Raman scattering (SERS) 
enhancement.  These NSL-derived Ag nanoparticle array surfaces 
are both structurally well-characterized and extremely uniform in 
size.  The WS SERE spectra are correlated, both spatially and 
spectrally, with the corresponding localized surface plasmon 
resonance (LSPR) spectra of the nanoparticle arrays.  The SER 
spectra were measured in two excitation wavelength ranges:  (1) 
425-505 nm and (2) 610-800 nm, as well as with the 532-nm line 
from a solid state diode-pumped laser.  The WS SERE spectra have 
similar lineshapes to the LSPR spectra.  The maximum SERS 
enhancement factor is shown to occur for excitation wavelengths 
that are blue-shifted with respect to the LSPR ƒÜmax of adsorbate-
covered nanoparticle arrays.  Three vibrational modes of 
benzenethiol (1575, 1081, and 1009 cm-1) are studied 
simultaneously on one substrate and it is demonstrated that the 
smaller Raman shifted peak shows a maximum enhancement closer 
to the LSPR wavelength of maximum extinction than that of a 
larger Raman shifted peak.  This is in agreement with the 
predictions of the electromagnetic (EM) enhancement mechanism 
of SERS.  Enhancement factors of up to ~108 are achieved.  This 
work definitively shows that the SERS enhancement is maximized 
when the spectral location of the LSPR maximum extinction is 
located between the excitation laser wavelength and the wavelength 
of the Raman scattered photons.  This is an important step in 
informing the development of sensing modalities which utilize 
SERS. 

 
(589) Rapid Analysis of Drugs and Metabolites in Saliva 
Chetan Shende1, Frank  Inscore1, Paul  Maksymiuk1, Stuart 

Farquharson1; 1Real-Time Analyzers 
Rapid analysis of drugs is critical to monitoring new drugs being 
brought through clinical trials, controlling dosage of chemotherapy 
drugs, and determining drugs used in overdose.  Saliva analysis has 
long been considered an attractive alternative to blood plasma 
analysis for all of these applications.  However, current analysis 
methods involve extensive sample extraction followed by gas 
chromatography and mass spectrometry, and typically require 10-
20 cc per analysis.  In an effort to overcome this limitation we have 
been investigating metal-doped sol-gels to both separate drugs and 
their metabolites from saliva and generate surface-enhanced Raman 
spectra.  We have incorporated the sol-gel in a disposable lab-on-a-
chip format, and generally no more than a drop of sample is 
required.  The detailed molecular vibrational information allows 
chemical identification, while the increase in Raman scattering by 
four to six orders of magnitude allows detection of nanomolar  

concentrations.  Measurements of basic drugs, chemotherapy drugs, 
and drugs of abuse will be presented. 
 

(590) Detecting Hydrolysis Products of Chemical Agents in 
Water by Surface-Enhanced Raman Spectroscopy 

Frank Inscore1, Stuart Farquharson1; 1Real-Time Analyzers 
Countering terrorist attacks requires recognizing likely deployment 
scenarios and having the required technology to rapidly detect the 
deployment event.  In addition to the expected use of chemical 
agents released into the air, terrorists may also poison water 
supplies.  A system of integrated sensors with chemical specificity 
is needed to monitor the safety of drinking water in real-time.  In an 
effort to aid military personnel and the public at large, we have 
been investigating the ability of surface-enhanced Raman 
spectroscopy (SERS) to detect extremely low concentrations (e.g. 
part-per-billion) of chemical agents in water.  The SER active 
medium consists of silver or gold nanoparticles incorporated into a 
sol-gel matrix.  The choice of metal dopant and precursor alkoxide 
allows controlling analyte activity.  Here we present the use of 
these metal-doped sol-gels to selectively enhance the Raman signal 
of chemical agents and their hydrolysis products based on charge 
and polarity. 
 
(591) Identifying Surfaces Contaminated with Bacillus Spores 

using Surface-Enhanced Raman Spectroscopy 
Frank Inscore1, Alan Gift1, Paul Maksymiuk1, Jay Sperry1, Stuart 

Farquharson1; 1Real-Time Analyzers 
In the autumn of 2001, two sets of letters containing Bacillus 
anthracis spores passed through the United States Postal Service’s 
Trenton, NJ, Processing and Distribution Center.  The first set was 
destined for Florida and New York, while the second set was 
destined for Washington, DC.  As individuals were identified as 
having anthrax, and letters were identified as containing spores, the 
nation became increasingly anxious, not knowing the extent of this 
bioterrorism attack or the path that the letters had taken.  Once the 
extent of the attack was known, it was still unclear as to who was at 
risk.  Initially, individuals within the vicinity of where the letters 
was opened were tested.  But when postal workers at the 
Brentwood, DC, Processing and Distribution Center became 
infected, two fatally, more extensive analysis was required.  Thus 
began the arduous task of examining facilities and postal 
equipment.  According to the team at the National Naval Medical 
Center, who processed nearly 4000 samples, mostly from surfaces, 
current methods of culture growth and analysis were “extremely 
time-consuming and labor-intensive”.  In an effort to develop a 
fast, simple, reliable method of analyzing suspect surfaces, we have 
been developing surface-enhanced Raman spectral detection of 
dipicolinic acid extracted from spore samples.  Here we present 
complete analysis of fewer than 1000 spores in 2-3 minutes. 
 

(592) SERRS Polymer Beads 
W.Ewen Smith, Duncan Graham, Peter  Cormack, Ailie McCabe, 
R.Arun Prasath, Charlotte Eliasson, Aaron Hernandez-Santana, 

Edward Quinn; 1Strathclyde University 
SERRS polymer beads are highly sensitive and specific tags for use 
in analysis. The beads consist of a colloid/dye nucleus responsible 
for the generation of strong SERRS signals.  The key property of 
these beads is that they contain aggregated silver colloid at the core 
to provide additional sensitivity and a robust system which has 
many dye labels within the core of each bead. The SERRS 
functionality is protected from the environment by embedding the 
dye labelled colloid as an aggregate in the polymer core. These 
beads can be functionalised for use in biological assays by the 
addition of an outer polymer shell. The co-monomer used in the 
outer shell contains a functional group and enables attachment of 
oligonucleotide probes. The beads can then be used to recognise  
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specific target DNA sequences by hybridisation. The key 
advantages of these beads are the sensitivity provided by the 
aggregation state and the multiple labels and the specificity which 
permits different spectral signatures within a single assay for the 
detection of multiple targets. Specially designed dyes are used in 
the construction of these beads to enable coding, and an assay for 
DNA has been developed. 
 

(593) A Novel Screening Method for Enzyme Activity and 
Enantioselectivity Using SERRS 

Karen Faulds1, Lorna C. Stevenson1, Andrew Ingram1, Barry D. 
Moore1, Duncan Graham1; 1University of Strathclyde 

Measurement of enzyme activity and selectivity at in vivo 
concentrations is highly desirable in a range of fields including 
diagnostics, functional proteomics and directed evolution. Surface 
enhanced resonance Raman scattering (SERRS) is one of the most 
sensitive spectroscopic techniques for molecular detection. Here we 
demonstrate how a SERRS nanosensor can be used to detect the 
activity of a specific class of enzymes at ultra-low levels. The 
approach taken was to design 'masked' enzyme substrates that did 
not give a SERRS signal when added to silver nanoparticles. Silver 
nanoparticles provide excellent surface enhancement of Raman 
scattering and are easy to use. Benzotriazole based dyes have been 
developed as optimal labels for detection and analysis using 
SERRS as they adsorb strongly and irreversibly onto metal 
surfaces. Masked benzotriazole dyes were designed to prevent 
surface complexation, thus facilitating development of 
benzotriazole derivatives which can be cleaved via an enzyme-
catalysed reaction to release the SERRS active benzotriazole dye. 
This generated intense SERRS signals proportional to enzyme 
activity. The method was used to rapidly screen the relative 
activities and enantioselectivities of fourteen enzymes including 
examples of lipases, esterases and proteases. In the current format 
the sensitivity of the technique was sufficient to detect the activity 
and selectivity of at most 500 enzyme molecules.  Use of two 
different dyes to tag each enantiomer allowed simultaneous 
measurement of activity and enatioselectivity in one assay.  This 
indicates the potential for detection of multiple enzyme activities 
simultaneously and at levels found within single cells.  
 

(594) Extrinsic Raman Labels for Surface Enhanced Raman 
Scattering-Based Immunoassays 

Robert Lipert1, Hye-Young Park1, Jeremy Driskell1, Betsy Jean 
Yakes1, Jill Uhlenkamp1, Deepak Dibya1, Marc Porter1; 1Iowa State 

University 
We have been developing extrinsic Raman labels (ERLs) as part of 
a highly sensitive platform for immunodiagnostics.   ERLs consist 
of gold nanoparticles that are coated with reporter molecules and 
detection antibodies.  Used in a sandwich immunoassay, the 
reporter therefore identifies and quantifies the captured analyte 
through the recognition capability of the antibody-antigen 
interaction.  In this arrangement, the magnitude of the surface 
enhanced Raman scattering (SERS) signal is dependent upon a 
number of phenomena, including the scattering cross section of the 
reporter molecules, the composition of the nanoparticle, capture 
substrate and surrounding medium, nanoparticle size and shape, the 
substrate-nanoparticle separation distance, and excitation 
wavelength.  We present the results of optimization and 
characterization studies of the parameters affecting the magnitude 
of the assay response, focusing on the reporter molecule selection, 
methods for binding the reporters and antibodies to the 
nanoparticles, the size of the spherical nanoparticles and their 
distance from the metallic substrate.  UV-Vis reflection absorption 
spectroscopy, atomic force microscopy, and model calculations 
provide insight into the importance of the factors contributing to 
the SERS response. 

(595) Surface Plasmon Resonance and the Excluded Volume 
Effect 

Helen Hsieh1, Matthew Tingey1, Bruce Pitner1; 1BD Technologies 
In some biological systems, detection of high concentration is 
required for clinical relevance.  For example, clinical glucose levels 
for diabetes are in the millimolar concentration range.  Previously, 
we have published work (Hsieh et al., 2004) in which high 
concentration of glucose was detected with surface plasmon 
resonance and a genetically modified form of a glucose/galactose 
binding protein (GGBP).  The equilibrium binding constant 
reported for a modified GGBP was 0.5mM which is near the 
clinical range of interest.  Here, we describe the detection of 
glucose at clinical concentrations (2-20mM) using a GGBP 
mutation with an apparent equilibrium binding constant of 
approximately 9 mM.  One critical component of this work was the 
correct experimental design regarding the excluded volume effect.  
As the refractive index of the ligand solution is high at millimolar 
concentrations, the data must be corrected for the excluded volume 
effect.Hsieh et al. (2004) Biosensors and Bioelectronics 19:653. 
 

(596) Caves, Deserts, Roads, Churches, Factories…Current 
Scenarios for LIBS Technology 

Javier Laserna; 1University of Malaga 
Laser induced breakdown spectrometry (LIBS) is currently 
considered as one of the most active fields of analytical research 
and has emerged as a powerful alternative for the chemical analysis 
of a wide front of materials. While LIBS certainly has practical 
utility in many laboratory-based chemical measurements, the true 
potential of this technology becomes apparent when it is used for 
applications inaccessible to more conventional analytical 
techniques. In this talk, various approaches employed to measure 
the elemental composition of materials in the field using both man-
portable and vehicle-portable instruments will be presented. 
Strategies for addressing demanding measurements in the field will 
be discussed. The current situation concerning the in-situ 
determination of strontium in speleothems in karstic caves, standoff 
detection of explosive residues on vehicle surfaces, analysis of 
environmental lead in road sediments, and other challenging 
situations will be described. 
 

(597) Microchip Lasers for Single Particle Detection using 
Laser Induced Breakdown Spectroscopy 

Ben Smith1, Nicolo Omenetto1, Igor Gornushkin1, Kirby 
Ampohsah-Manager1, James Winefordner1; 1University of Florida 

A focused diode laser pumped microchip laser (50 µJ @ 1064 nm, 
500 ps, 2 kHz) will induce a plasma on particles passing through 
the focal volume during the laser pulse.  We have investigated the 
efficiency of this process on various types and sizes of particles and 
will report on the usefulness of this technique for the real time 
detection and identification of particles in air. 
 

(598) The Application of Laser Induced Breakdown 
Spectroscopy (LIBS) for the Analysis of Pharmaceutical 

Products and Intermediates 
Mark Mowery1, Robert Green1, Elizabeth Kwong1, John Higgins1, 

Julie Smith1, Robert Reed1; 1Merck & Co., Inc. 
Although laser induced breakdown spectroscopy (LIBS) is a widely 
known and applied spectroscopic technique, it has only recently 
found application in the pharmaceutical industry.  However, the 
analytical capabilities of LIBS are well suited to addressing 
common problems in pharmaceutical manufacturing and testing.  
Not only does LIBS provide the ability for rapid quantitation, 
spatial analysis is also possible because the laser is spatially 
controlled and penetrates deeper into the sample with each pulse.  
As a result, it is possible to perform depth profiling as well as 
measure coating thickness and uniformity across individual tablets.  
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LIBS is particularly attractive for in-process analyses because a 
large number of samples can be analyzed in a short timeframe and 
it is amenable to simultaneous multi-component analysis.  Results 
from the development of LIBS techniques for both in-process and 
finished product pharmaceutical analysis will be presented 
including active and excipient ingredient analyses, coating 
thickness investigations, and process scale-up support. 
 

(599) Implementing Real-Time Chemical Monitoring of Ore 
Beneficiation Processes with LIBS 

Daniel Michaud1, Jean-Guy Chartrand1, Guy Chevalier2; 1COREM; 
2Quebec-Cartier Mining Company 

Ore beneficiation is a multistep process – complex and sometimes 
empirical – leading to the production of a concentrated mineral 
material out of raw ore. In bringing the ore from low to high grade, 
a means of following the chemical composition at different steps of 
the process is needed. Most ore producers operate their own on-site 
laboratory. Typically, analyses are made on samples averaged over 
2 to 24 hours, and the delay to yield the results goes from 1 to 12 
hours. This means that the process operator responsible for 
maintaining the operations inside prescribed targets, relies on data 
which reflect the situation that prevailed at least 3 hours before, and 
in some cases has only 1 datum per day. In an effort to provide the 
operator with data more representative of the actual situation, the 
technique of Laser-Induced Breakdown Spectroscopy (LIBS) was 
investigated. This atomic emission spectroscopy method is capable 
of delivering spectra at a high rate of the order of 1 to 10 Hz; for 
bulk analyses though, statistical requirements call for spectra 
averaging which brings the measurement frequency in the range of 
1 datum per minute – a huge improvement nevertheless for the ore 
industry. Also, the capability of measuring light elements (for 
example silicon and carbon which most often occur in the gangue 
material as opposed to copper, gold, nickel or iron which constitute 
the ore valuables) is a true asset for LIBS. The potential for 
chemical monitoring of ore processes with LIBS will be outlined. A 
case study from method development, to on-site validation, to in-
plant implementation of an iron ore slurry on-line analyzer will be 
presented. Continuous monitoring of such components as silica, 
carbon, magnesium and calcium, which have to be controlled to 
specific concentrations in the final ore product, can be done with an 
absolute sensitivity on the order of +/– 0.1%. While this sensitivity 
is not as good as what the conventional lab can do, the fact that the 
results are quasi real-time makes for the LIBS instrument to be a 
powerful trend monitor. Hence, a timely and more precise control 
can be exerted upon the process and this, in turn, translates into 
substantial production savings. 

 
(600) Spectrochemical analysis of lead by a combination of 

Laser-Induced Breakdown Spectroscopy and Laser-Induced 
Fluorescence Spectroscopy 

Stéphane Laville1, Mohamad Sabsabi1, Louis St-Onge1, André 
Hamel1; 1IMI - NRC 

Laser-induced plasma spectroscopy (LIPS), also known as laser-
induced breakdown spectroscopy (LIBS), is a form of atomic 
emission spectroscopy (AES).  Over recent years, LIBS has 
become an important tool for real-time spectrochemical analysis of 
a wide variety of materials, with no need for sample preparation. 
The growing interest in LIBS, particularly in the last decade, has 
led to an increasing number of publications on its applications, both 
in the laboratory and in industry. The general conclusion to be 
drawn from the literature, and agreed among the scientific 
community, is that the sensitivity of the LIBS technique is poorer 
than for consolidated analytical techniques and its accuracy needs 
improvement. Furthermore, the detection limits of LIBS, which are 
element dependent but in the range of 10-1000 ppm, are not 
adequate for the analysis of trace elements.To enhance the LIBS  

sensitivity, several research groups have proposed and investigated 
different approaches such as the double-pulse mode, mixed-
wavelength, resonance-enhanced LIBS, LIBS coupled to Raman or 
mass spectrometry, or the combination of LIBS with laser-induced 
fluorescence spectroscopy (LIFS), also termed laser-excited atomic 
fluorescence spectroscopy (LEAFS). In LIBS/LIFS, a focused laser 
beam is used to ablate a sample and form a plasma plume, and after 
a delay, a second laser, which is tuned to a resonance wavelength 
of the analyte, excites the atoms in the ablation plume and the 
fluorescence signal is then detected.In this presentation, we will 
present the results obtained by applying the combination of 
LIBS/LIFS to the detection of lead in copper alloys in air at 
atmospheric pressure. The LIFS signal was studied as a function of 
important experimental parameters, and consequently the 
selectivity and sensitivity of the analysis will be discussed. 
 

(601) Near-field Raman Microscopy: Breakthrough in 
Chemical Imaging, Problems and Perspectives 

Alexei Sokolov; 1University of Akron 
While scanning probe microscopy (SPM) is extensively used to 
obtain topographical images at the nano-scale, efforts to achieve 
chemical characterization with comparable lateral resolution are 
under development. Apertureless near-field Raman spectroscopy, a 
combination of SPM and Raman spectroscopy, is a promising 
technique for nano-scale chemical imaging. It is based on 
enhancement of the Raman signal in the vicinity of a metal or 
metallized probe of the SPM (the so-called tip-enhanced Raman 
spectroscopy, TERS). We overview TERS results accumulated by 
various groups. TERS has been applied to analysis of different 
materials, including organic dyes, biological molecules, single 
walled carbon nanotubes and silicon, and achieved unprecedented 
for Raman spectroscopy resolution ~10-20 nm. Reproducible 
enhancement of the Raman signal of the order of 1,000 – 10,000 
has been achieved in various groups. This enhancement, however, 
is not sufficient for high contrast of the near-field to far-field 
signals. The latter appears as a background in apertureless near-
field Raman spectroscopy and currently presents the main obstacle 
in its broad applications. On the example of silicon, we emphasize 
that, by optimizing the polarization geometry, high contrast 
between the near-field and far-field signals can be achieved. That 
makes the technique attractive for various applications. Future of 
the near-field Raman spectroscopy and the main challenges are 
discussed at the end. 
 

(602) Raman, Infrared and Near Infrared Chemical Imaging: 
Which, When and Why? 

Neil Lewis1, Kenneth Haber1, Linda Kidder1, Frederick Koehler1, 
Eunah Lee1, Joseph Schoppelrei1; 1Spectral Dimensions, Inc. 

Chemical (spectroscopic)  imaging technologies including near-
infrared (NIR), mid-infrared (MIR), and Raman spectroscopy have 
all been employed to a greater or lesser extent in applications in 
biology, pharmaceuticals, food science and materials 
characterization. The technology is in the process of maturing into 
a routine analytical tool and a variety of instrumental approaches 
are employed to collect the data. Point mapping, line scanning and 
global imaging are all used in commercial imaging instruments. 
Whatever technique is used however, the resultant data contains 
both spatial and spectral information, and is usually referred to as a 
hypercube. For optimal results, the type of chemical imaging 
performed (NIR, MIR, Raman) and the class of instrumentation 
used (point, line, global) should be highly dependent on the sample 
type and the specific requirements of the problem being addressed. 
Numerous attributes and trade-offs are implicit in any one of these 
approaches, resulting in differences in speed, field of view (FOV), 
spatial resolution, image fidelity, chemical specificity, signal to 
noise, sample statistics, ease of use, sample preparation, sample  
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orientation and suitability for routine or process applications. We 
will describe these various approaches and attributes and compare 
and contrast them with reference to particular problems 
encountered in research and industrial environments.  
 

(603) Raman Confocal Imaging of Reaction-Diffusion Process 
in Micro Channels 

Laurent Servant1, Jean-Baptiste Salmon2, Armand Ajdari2, Patrick 
Tabeling2, David  Talaga1, Mathieu Joanicot3; 1LPCM; 2mmn-

ESPCI; 3LOF-RHODIA 
It has been recently shown that microfluidic systems can be used to 
investigate kinetics factors of chemical reactions, down to the 
millisecond range, suggesting that screening of non-equilibrium 
properties of chemical reactions is feasible. One limitation of this 
strategy is detection methods, which generally rely on fluorescence 
detection, and which cannot be applied to the majority of chemical 
reactions, since the products and the reactants do not usually 
display adapted fluorescence properties. IR spectroscopy has also 
been used to determine reaction times, but on a much slower scale. 
The objective of this paper is to develop an alternative method of 
analysis of chemical reaction within microfluidic devices, based on 
Raman spectroscopy. Confocal Raman imaging is an extremely 
powerful, non intrusive technique that yields the local 
concentrations of chemical species, by spanning a control confocal 
volume, a few micrometers in size, throughout the entire volume. 
By coupling Raman microspectroscopy and microfluidics, we were 
able to image the interdiffusion zone of two fluids, injected at 
constant flow rates in the two arms of a Y-shaped chip, ultimately 
mixing by molecular diffusion into the main channel (laminar 
flow). We also analysed with the same setup the chemical reaction 
H2O+D2O = 2HOD which correspond to a proton exchange 
reaction and we were able to quantify and image the local 
concentrations of the three species within the channel. In all cases, 
our data were compared to numerical solutions to the reaction-
diffusion-advection equations and quantitative information was 
obtained on the various processes probed. In a broader perspective, 
the use of analytical spectroscopic tools adapted for microfluidic 
devices (lab on a chip…) will be discussed. 
 
(604) Polarized Raman Spectroscopy of Early Dental Caries: A 

Comparison with OCT and Histology 
Lin-P'ing Choo-Smith1,2, Alex Ko1, Mark Hewko1, Cecilia Dong2, 

Blaine Cleghorn3, Michael Sowa1; 1NRC Institute for 
Biodiagnostics; 2University of Manitoba; 3Dalhousie University 

Dental decay (i.e. dental caries) is an infectious disease in which 
the tooth’s calcified tissues are destroyed/demineralized by acid-
forming bacteria found in dental plaques. The early carious lesion 
is observed clinically as a white spot and is difficult to detect 
and/or monitor with current methods available to dentists. Using a 
multi-modal approach involving optical coherence tomography 
(OCT) to obtain morphological detail and polarized Raman 
spectroscopy to obtain biochemical information, early dental caries 
were investigated. Clinical examinations conducted on extracted 
human teeth revealed early white spot lesions that were not visible 
on conventional radiographic images. Assessment of these regions 
by OCT demonstrated increased light back-scattered intensity and 
deeper penetration of the OCT signal as compared to sound enamel. 
Studies using polarized Raman microspectroscopy of intact teeth 
indicated that Raman spectra of tooth enamel is characterized by 
peaks predominantly arising from phosphate (PO4

3-) vibrations of 
hydroxyapatite. In particular, the symmetric ν1 PO4

3- vibration (961 
cm-1) in sound enamel spectra exhibited marked reduction in peak 
intensity when comparing cross-polarized with parallel-polarized 
Raman measurements. This is in contrast to spectra of early carious 
lesions which displayed minor reduction of this peak intensity. The 
depolarization ratio of the 961 cm-1 Raman peak intensity is  

consistently lower for sound enamel than for lesion sites and offers 
a means to rapidly distinguish sound from early carious sites. The 
results of OCT and Raman arise from changes in the structure 
and/or orientation of the enamel rod and crystal structure due to 
demineralization. These findings will be compared with Raman 
microspectroscopic mapping/imaging and histological examination 
of sectioned teeth. 
 

(605) New Advances in Raman Image Analysis 
Mark wall1, Frederico Izzia1, Steve Lowry1; 1Thermo Electron 

Corporation 
Confocal Raman microscopy provides important molecular 
information about the chemical composition of multicomponent 
solids.  These highly detailed images contain a wealth of 
information that can be extracted using post processing image 
analysis techniques.  We will report on new developments in post 
processing image analysis that allows valuable insight into the 
chemical composition, size and distribution of multicomponent 
solids. 
 

(606) Speed and Throughput Enhancements in Raman 
Chemical Imaging:  Fiber Array Spectral Translators (FAST) 
Matthew P. Nelson1, Patrick J. Treado1; 1ChemImage Corporation 

An emerging technology in the field of Raman chemical imaging is 
the use of fiber optic arrays.  We have termed this technology Fiber 
Array Spectral Translators (FAST) but it is also been previously 
described as Dimension Reduction Arrays.  FAST technology can 
acquire hundreds to thousands of full spectral range, spatially 
resolved Raman spectra simultaneously.  This is accomplished by 
focusing a Raman image onto a two dimensional array of optical 
fibers that are drawn into a one dimensional distal array with 
serpentine ordering.  The one dimensional fiber stack is coupled to 
an imaging spectrograph.  Software then extracts the 
spectral/spatial information that is embedded in a single CCD 
image frame.  Fiber array chemical imaging has been demonstrated 
in several applications including Raman chemical imaging analysis 
of microcomposites and biomaterials and time-resolved atomic 
emission chemical imaging of laser-induced plumes.The 
fundamental advantage of this method over competitive Raman 
chemical imaging methods is speed of analysis.  A complete 
chemical imaging data set can often be acquired in approximately 
the amount of time it takes to generate a single Raman spectrum 
from a given material.  Fusion of FAST-generated Raman images 
and high-spatial resolution images generated using other modalities 
can provide significant insight into the morphology and chemistry 
of materials.  Examples will be presented. 
 
(607) Instrumentation Factors and Sample Presentation Effects 

on Calibration Transfer and Direct  Prediction of Drug 
Content using Different Near Infrared Spectrometers 

Stephen Hoag1, Simin Hassannejad Tabasi1, Katherine Bakeev2, 
Raafat Fahmy3; 1University of Maryland; 2Foss NIRSystems; 3Food 

and Drug Administration 
Objective: To use multivariate calibration models as a tool to assess 
the effects of multiple or single tablet assays on the variability in 
Near Infrared (NIR) spectral data, and the transferability of the 
calibration models between different NIR spectrometers. Method: 
A series of 500mg theophylline tablets were formulated with drug 
content of 0, 10, 20, 30 and 40% w/w. These tablets were scanned 
using both a Foss Model 6500 RCA and Foss XDS RCA NIR 
spectrometer. After mathematical preprocessing (e.g. Second 
Derivative, Standard Normal Variation, Detrend, Savitzky-Golay, 
N-Point Smoothing and others), Multiple Linear Regression (MLR) 
and Partial Least Square (PLS) calibration models were generated 
to predict the drug content of intact tablets. Results: For the single 
tablet assay, MLR models developed from XDS system data are  
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superior for the prediction of low drug content batches over DS 
system (SEP of 0.29% vs. 0.87%). The type of spectrometer and 
assay become less significant as drug content increases. When 
comparing multiple tablets vs. single tablet assay, both MLR and 
PLS from XDS system exhibit better prediction for lower drug 
content (0.47% vs. 1.02%). However as drug content increases the 
PLS model from DS system provides smaller standard error of 
prediction (SEP). The type of reference standardization has no 
effect on PLS models; in contrast, the effect of reference 
standardization type on MLR model is concentration dependent. 
For calibration transfer, both PLS and MLR generated by DS 
system could be transferred to XDS system (1.27% and 2.23%). 
However, neither PLS nor MLR generated by XDS system were 
transferable to DS system (6.85% and 3.14%). For XDS systems, 
the type of standardization and the number of tablets scanned in a 
sample showed significantly different SEP values, but these 
differences were not practically significant  (0.91% vs. 0.91%, 
P<<0.001). Conclusion: NIR instrument differences and sample 
presentation can affect SEP but careful model development can 
minimize these differences substantially.  
 
(608) Classification of Fabrics by Near-Infrared Spectroscopy 
Christopher Davis1, Dennis Rabbe1, Marianna Busch1, Kenneth 

Busch1, Alton Hassell1, Judith Lusk1; 1Baylor University 
Traditional methods of chemical analysis of textile products 
containing natural/synthetic fibers and blends is time consuming, 
labor intensive, and frequently requires laboratory facilities capable 
of handling hazardous chemicals and solvents that, in turn, generate 
hazardous chemical waste.  While the use of near-infrared (NIR) 
spectroscopy, particularly diffuse reflectance measurements, is well 
known in the textile industry, and has been used extensively to 
characterize raw materials as well as finished textile products, 
published reports on the use of diffuse reflectance NIR 
measurements for textile classification appear to be sparse.  Indeed, 
a search of the literature using the phrase “classification of textiles 
with near-infrared spectroscopy” turned up only 7 papers.  With the 
recent passage of international free-trade laws that went into effect 
in January of this year, regulatory agencies have an urgent need for 
rapid methods of textile identification.  In this paper, we report our 
efforts to develop a NIR diffuse-reflectance spectral database that 
can be used to classify textile samples rapidly into different 
categories using supervised soft independent modeling of class 
analogies (SIMCA).  Various types of pretreatment of the spectral 
data will be discussed as well as a comparison between data 
acquisition as log (1/R) versus the Kubelka-Munk function. 
 

(609) In-Vivo, Noninvasive measurement of muscle pH using 
Near Infrared Spectroscopy 

Olusola Soyemi1, Michael  Shear1, Michelle Landry1, Dulce 
Anunciacion1, Babs Soller1; 1UMass Medical School 

Muscle pH is an important indicator of inadequate blood flow and 
available oxygen. Muscle pH can be used to triage and help treat 
trauma victims and indicate poor peripheral blood flow in diabetic 
patients. Muscle pH can also be used to indicate exercise intensity 
and fatigue. We have developed methods to non-invasively 
measure muscle pH using Near-Infrared Spectroscopy (NIRS) and 
Partial Least Squares (PLS) analysis. A PLS model correlating near 
infrared tissue spectra, acquired from healthy subjects during 
repetitive hand-grip exercise, to invasive tissue pH measurements, 
has been developed and validated. The prediction accuracy of the 
proposed near infrared method is affected by inter- and intra- 
subject variations, a mismatch in the response of the near infrared 
sensor (instantaneous) and the reference blood gas sensor (lagged) 
to step changes in tissue pH, and spectral measurement error. We 
have developed signal processing techniques to account for these 
mitigating factors, resulting in a pH measurement accuracy for the  

PLS model that has a relative standard deviation of less than 10%, 
small enough to be useful in a clinical setting.  
 

(610) Real-time Performance Verification (RTPV) in NIR 
Measurement Systems 

Chun Cai1; 1Sanofi Aventis 
When a chemometric model is used to predict results from a NIR 
spectrum, it is necessary to measure the prediction quality.  The 
predicted result is a reflection of the spectrum quality, which is 
affected by three factors: the instrument status, the way of 
measurement (i.e., sample properly presented) and the sample 
itself.  A NIR spectrum contains much information that can be used 
for diagnosis.  Both model independent information and model 
dependent information should be used.  Model independent 
information includes spectral energy, spectral noise and spectral 
distance to a standard spectrum, and these tests are performed 
before the spectrum is plugged into the model.  The model 
independent spectral quality test can assure the instrument is 
functioning and the sample is properly measured.  Model 
dependent information such as model residual analysis can further 
verify if a properly measured sample spectrum is within model or 
out-of-model (OOM).  Therefore, by performing the RTPV, the 
confidence is established for NIR measurement. 
 
(611) Nutritional Classification of Cereal Food Products using 

FT-Raman and Near-Infrared Spectroscopy 
Miryeong Sohn1, Sandra Kays1, David Himmelsbach1, Franklin 

Barton, II1; 1USDA-ARS 
Two spectroscopic methods of Fourier transform-Raman (FT-
Raman) spectroscopy and near-infrared (NIR) spectroscopy were 
investigated for nutritional classification of cereal foods. A total of 
120 ground cereal samples were used in this study and samples 
were classified based on their primary nutritional components: total 
dietary fiber, protein, sugar and fat. Spectral data were collected in 
the range of 200~3600 cm-1 for FT-Raman and in the range of 
1100~2498 nm for NIR instrument, respectively. Classification of 
the samples according to high and low content of each component 
was attempted using soft Independent modeling of class analogy 
(SIMCA) and PLS-based classification. For FT-Raman, the use of 
selected x-variables for each component produced better result than 
the use of entire region, and the best model was obtained from 
mean centered data with no additional preprocessing. For NIR, the 
selection of wavelength did not improve the result and the best 
model was obtained from mean centered data with additional 
preprocessing such as a multiplicative scatter correction and 
derivative. PLS based-classification performed better than SIMCA 
for all four components for both FT-Raman and NIR. FT/Raman 
and NIR spectroscopic techniques represent a rapid and reliable 
method by which to classify cereal foods based on their nutritional 
components. 
 

(612) Vial Clarity Increase Cause and Effect 
Robert Roller; 1ELi Lilly and Co. 

Exploring a clarity issue, with conventional analytical 
measurements, on a lypholized product created some issues over a 
period of years.  Those issues will be discussed and compared to 
the ease of near-infrared determinations for this property.  
Additionally some pitfalls of the near-iinfrared determinations will 
be discussed as well as how to adress them. 
 
(613) New Spectroscopic Methods for SPR Bioaffinity Sensing 
Alastair W Wark1, Hye Jin  Lee1, Robert M Corn1; 1University of 

Cailfornia-Irvine 
The ability to study bioaffinity interactions in a multiplexed, label-
free manner is becoming increasingly important in modern 
biological research. For a number of years, we have utilized the  
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surface-sensitive optical technique of surface plasmon resonance 
(SPR) imaging for the microarray detection of bioaffinity 
interactions. This talk will highlight recent efforts in our research 
group to improve the sensitivity and selectivity of current SPR 
based measurements. For example, a novel multilayer design that 
supports the generation of long-range surface plasmons (LRSPs) at 
the water-metal interface will be presented. LRSPR imaging is a 
version of SPR imaging except LRSPs possess higher electric field 
strengths and sharper angular resonance curves than conventional 
surface plasmons. Improvements can also be obtained through the 
use of Surface Plasmon Fluorescent Spectroscopy (SPFS) and 
Fourier-transform SPR (FTSPR) spectroscopy. In addition, the 
technique of enzymatically amplified SPR imaging utilizes both 
surface bioaffinity interactions and subsequent enzyme reactions to 
either enhance the specificity or amplify the sensitivity of the 
biosensor. 
 

(614) Interfacial Free Energy Gradients and Active 
Spatiotemporal Control of Molecular Recognition 

Paul Bohn1, Xuejun Wang1, Qian Wang1; 1Univ. of Illinois 
Spatially graded physical structures are of interest, because the 
strength of interaction, ?Gint, can be continuously varied in space, 
providing a useful alternative to the more common practice of 
temporally varying the interaction strength, as in gradient elution 
separation schemes.   We are working to build laterally anisotropic 
surfaces and thin films in which the interaction with the 
surrounding medium can be tuned as a function of position and 
time by applying a voltage,  and also to understand how these 
structures may be used to recognize and capture fluid-borne 
adsorbates/analytes. Specifically we are developing surfaces in 
which designed lateral variations in chemical properties, e.g. 
adsorption,  ligation, etc.  are established without changing the 
nominal composition of the surface.  Such surfaces are of interest, 
because laterally anisotropic surfaces can produce lateral displays 
in which a differential chemical interaction, like differences in 
ligand binding, can be imaged, and surfaces that vary in-plane can 
induce a laterally anisotropic response in the surrounding medium, 
such as directed motion.  These goals are being realized by 
coupling in-plane potential gradients to environmentally-responsive 
systems/structures (ERS) prepared from multi-component acrylate-
based polymers (hydrogels) and composite ERS structures in which  
the hydrogels are decorated with ligand-bearing metallic 
nanoparticles. 

 
(615) Surface Plasmon Resonance Analysis of Protein-

Carbohydrate Interactions 
Roger MacKenzie; 1National Research Council of Canada 

Biological events mediated by protein-carbohydrate interaction 
typically occur at cell surfaces and are multivalent in nature to 
compensate for their intrinsically weak affinities.  Surface plasmon 
resonance techniques provide unique capabilities in the study of 
these interactions, particularly in terms of monitoring the 
interactions under conditions that approximate their biological 
venue. Protein binding to glycoconjugates that are directly 
immobilized on or contained in membranes captured on sensor chip 
surfaces can be monitored in real time with relatively small 
amounts of material. Alternatively, the interaction of carbohydrates 
with immobilized protein can be analyzed. These different 
approaches will be demonstrated with data on the interaction of 
carbohydrates with antibodies and bacterial toxins. Data on the 
mapping by surface plasmon resonance of conformational epitopes 
on carbohydrates will also be presented. 
 

(616) Microfluidics and Surface Plasmon Resonance Imaging 
for Saliva-Based Medical Diagnostics. 

Tim Chinowsky; 1University of Washington 
A compact surface plasmon resonance imaging instrument 
designed forsaliva-based medical diagnostics is presented.  Sample 
handling apparatus,including sample pretreatment, in-line 
conditioning, and microfluidicimmunoassay is described.  Design 
of system optics and electronics andtheir optimization is presented.  
Instrument performance is illustratedwith sensing results from a 
variety of immunoassays. 
 

(617) System Optimization for Fourier Transform Surface 
Plasmon Resonance Measurements in the Near Infrared 

Spectral Region 
Stephen Lowry1, Koichi Nishikida1, Steve Weibel2, Voula 

Kodoyianni2; 1Thermo Electron Corp.; 2GWC Technologies Inc. 
The rapid scan speeds and wavelength precision of FTIR provide 
an excellent platform for performing Surface Plasmon Resonance 
measurements. In this presentation we will describe the integration 
and evaluation of a SPR accessory module designed to work with a 
commercial FTIR instrument in the near infrared spectral region 
(1000nm – 2000nm). While much of the SPR work has been 
performed in the visible region of the spectrum there are several 
advantages in using the near infrared spectral region for this 
application. By adjusting the angle with buffer or “background” 
solution in the cell, the initial position of the resonance band can be 
set to a specific NIR wavelength which may be optimal for a given 
experiment. We will describe some tests that were performed to 
determine the effects of scan speed (up to 20 Scans/sec) and 
instrument resolution on the detection limits in the SPR 
measurement. This will include a discussion of the differences 
observed between  co-adding spectra, slowing down the scan rate 
and smoothing the SPR response curve for improving sensitivity in 
experiments that do not require fast kinetic analysis.  We will 
compare the results of several methods for calculating the SPR 
response function including the Gram-Schmidt orthogonalization 
technique. We will report on the result of a binding study using 
streptavidin linked to the gold surface. The shift observed with the 
binding of  Biotin-T7 (MW 2400) was easily measured but a 
second test performed with Biotin (MW=244) solution produced a 
shift that was near the detection limits. While this FT-SPR 
configuration is based on a large laboratory instrument, the 
simplicity and precision of FT-NIR suggest that a miniaturized, low 
resolution system specifically designed for SPR might be very 
attractive for many sensor applications. 
 

(618) DNA Duplexation: SPR and SEIR views 
Roger Terrill1; 1San Jose State University 

Surface enhanced infrared spectroscopic studies in a reflection 
geometry (ATR-SEIR) and surfaceplasmon resonance (SPR) 
studies of DNA duplexation and other interfacial events illustrate 
the relativethe strengths and weaknesses of the more selective 
vibrational spectroscopic detection relative to thesimpler refractive 
index sensing method.  The importance and challenges of using 
Au-island films forIR-enhancement is discussed as well. 
 

(619) Overview of Homeland Security Advanced Research 
Projects Agency 

Jane Alexander; 1DHS 
The Homeland Security Advanced Research Projects Agency 
(HSARPA), a part of the US Department of Homeland Security, 
invests in programs that promote homeland security, accelerates the 
prototyping and deployment of homeland security technologies, 
and initiates programs that offer the potential for revolutionary 
advances that will reduce our vulnerabilities.   HSARPA performs 
these functions in part by awarding research contracts, grants,  
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cooperative agreements, or other transactions for prototypes to 
public or private entities, businesses, federally-funded research and 
development centers and universities.  Dr. Jane A. Alexander, the 
HSARPA Deputy Director, will present an overview of the 
organization, its functions, and the most common research 
solicitation procedures.  She will present information on its 
research priorities, key personnel, program management 
philosophy and practice, and describe procedures used to evaluate 
and fund meritorious proposals received in response to HSARPA’s 
public, competitive solicitations for research work. 
 

(620) Chemical and Explosives R&D Programs within the 
CBRNE Defense Office of the Homeland Security Advanced 

Research Projects Agency (HSARPA) 
Keith B. Ward1; 1DHS S&T, HSARPA 

The Chemical, Biological, Radiological, Nuclear, and Explosive 
(CBRNE) Countermeasures Defense Office is one of three Offices 
within the Homeland Security Advanced Research Projects 
Agency(HSARPA), a Division of the DHS S&T Directorate.  Full 
and open competitive solicitations are used to fund performers in 
the private sector to develop, in the short to mid-term, technologies 
that specifically address high priority requirements for homeland 
defense. Responsibilities for developing technologies to address 
pre-event requirements for Radiological and Nuclear attacks have 
recently been transferred to the new Domestic Nuclear Defense 
Organization (DNDO) within DHS.  Chemical countermeasures 
currently being developed include mobile laboratories capable of 
very high-throughput chemical analyses for rapid environmental 
assessment of danger zones in which first responders may be forced 
to work.  In addition, a new generation of high performance, low 
cost, handheld detectors for chemical warfare agents and toxic 
industrial chemicals, is being developed for use by first responders.  
Programs to develop chemical detectors suitable for “detect to 
warn” applications for building protection are underway.  The 
technically challenging task of detecting low vapor pressure 
chemicals, both toxic and explosive, has been the focus of recent 
solicitations.  Explosive detection technologies to counter dangers 
posed by vehicle borne improvised explosive devices, suicide 
bombers, and leave-behind bombs on rail systems are a major 
target of our programs. Related chemical and explosive 
countermeasures technologies for DHS internal customer use are 
also being developed within HSARPA’s Mission Support and 
Advanced Technology Offices. 

 
(621) Biological Countermeasures 

Michael P. McLoughlin1; 1DHS 
The DHS S&T Directorate is responsible for conducting research, 
development, test and evaluation of technologies required to enable 
the transition of homeland security capabilities to federal, state and 
local operational end users.  The Homeland Security Advanced 
Research Projects Agency’s (HSARPA) mission is to engage the 
private sector to conduct research and rapid prototyping activities 
to fill critical operational needs.  This talk will present an overview 
of HSARPA strategies to develop biological detection capabilities, 
an overview of current programs, and possible future areas of 
interest 
 

(622) Sandy Sensors: Lessons Learned from Fielded 
Instrumentation in Iraq 

D. Christian Hassell; 1AMTI 
Several types of sensors, detectors and analyzers were used in 
various scenarios in Iraq for weapons inspections and analysis of 
samples.  Some of these devices were ruggedized for their 
applications, while others were standard laboratory instruments that 
were housed in various degrees of sheltering.  Many lessons were 
learned, including issues related to operator proficiency, suitability  

of hardware, training, and actual operations.  These will be 
discussed, along with recommendations for future such 
deployments, as well as related issues for Homeland Security 
applications.. 
 

(623) Flow Injection Hydride Generation with ICP-OES 
Julian  Tyson1, Princess Hernandez1, Fumin Pan1, Dennis Yates2; 

1UMass Amherst; 2PerkinElmer Life and Analytical Sciences 
For the determination of the hydride-forming elements, chemical 
vapor generation has been extensively used for the introduction of 
these elements to plasma emission spectrometers in the continuous 
flow mode.  There have been several approaches to the creation of 
conditions that maximize the efficiency with which the hydride in 
generated, stripped from solution and transported to the plasma 
while minimizing the extent to which matrix components interfere.  
As the underlying chemistry is complicated and is governed by 
kinetic characteristics as well thermodynamic considerations, the 
approach to method development has been one of parametric 
optimization.  With the availability of a modern spectrometer that 
can deal with transient signals, flow injection (FI) methodology can 
be used.  While this brings advantages in terms of improved 
throughput and kinetic masking of interferences, it requires that 
dispersion in the sample introduction system be minimized.  By 
removing the spray chamber (and connecting the gas-liquid 
separator directly to the injector tube) a major source of dispersion 
is eliminated.  While considerable improvements in performance 
are obtained, especially if some preconcentration is integrated into 
the FI system, the instrument operation is restricted to the hydride-
element only mode.   The multimode sample introduction system 
(MSIS) devised by Brindle is one way of overcoming this 
limitation.  In the HG mode, there is an extremely short contact 
time between the reagent and analyte/matrix before stripping 
occurs compared with that for conventional FI.  This novel feature 
appears to have some interesting consequences: the sensitivities for 
As(V) and Sb(V) are identical to those for As(III) and Sb(III), and 
considerable enhancement by thiourea  (a masking agents added to 
prevent transition metal interferences) is observed.  These 
performance characteristics are quite different from what is 
typically observed for reactions in a FI manifold.  At present, we 
have not formulated a hypothesis to explain these interesting 
phenomena. 
 

(624) Towards the Characterisation of Selenoproteins in 
Human Serum Samples 

Cameron McLeod1, Sarah Stokes1, Josephine Bunch1, Renli Ma2, 
Erik  Larsen3; 1The University of Sheffield; 2Northumbria 

University; 3Institute of Food Nutrition 
Selenium has become a well-researched element in recent years, a 
surge of interest followed a pivotal study by Clark et al where 
selenium was thought to have anti-cancer properties. The aim of 
this research hopes to characterise selenoproteins present in human 
sera samples in terms of atomic and molecular signatures. To this 
end studies involvedthe supplementation of a volunteers diet with a 
selenenized yeast nutritional supplement. Blood sera samples pre 
and post supplementation were collected. The data obtained 
indicates an increase in specific selenium proteins during the study 
period. The methods utilised for this study are gel electrophoresis 
for the initial protein separation and FI-ICP-MS for 
detection/quantitation following WGE (Whole Gel Elution) of the 
proteins from the electrophoresis gels. To aid the identification of 
the selenoproteins MALDI and MS-MS were utilised. Ref: Clark L. 
C., Combs G.F. et al., J. Am. Med. Assoc., 1996, 276, 1957-1985. 
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(625) Photochemical Alkylation and Vapor Generation for 
Enhanced Sample Introduction Efficiency 

Ralph Sturgeon1, Zoltan Mester1, Xu-ming Guo1; 1INMS-NRC 
Vapor generation provides for, amongst other attributes, enhanced 
sample introduction efficiency for plasma sources.  Currently, a 
wide range of vapor generation techniques is available, with the 
most frequently used being hydride generation [1].  This approach 
relies on the reductive properties of tetrahydroborate in acidic 
media to hydridize a number of elements, including As, Se, Te, Sb, 
Bi, Ge, Sn, Pb, Cd and Hg.  A substantially larger number of 
elements is accessible through use of photochemical alkylation [2], 
based on the interaction of  metal ions in solution with free radicals 
generated by photolysis of concomitant low molecular weight 
acids.  These include Ni, Co, Cu, Fe, Ag, Au, Rh, Pd, Pt, I and S, in 
addition to those listed above.  In order to facilitate use of this 
technique, a novel reactive spray chamber has been constructed [3] 
from a commercial cyclonic unit that incorporates the photolysis 
cell and permits normal pneumatic nebulization to be implemented.  
This presentation will highlight some of the initial studies 
characterizing this new sample introduction technique. 1. R. 
Sturgeon and Z. Mester, Appl. Spectrosc. 56(8), 202A (2002). 2. 
X.-M. Guo, R.E. Sturgeon, Z. Mester and G.J. Gardner,   Anal. 
Chem., 76, 2401 (2004). 3. Patent US 60/635,447.   
 
(626) The Analytical Utility of Optimized Time Resolved ETV-

ICP(TOF)MS Data Collection 
James Holcombe, Gulay Ertas; 1Univerisity of Texas 

In addition to the often cited advantages of ETV sample 
introduction into an ICPMS, time resolved vaporization for 
purposes of overcoming isobaric interferences is often overlooked.  
This may be a result of the inability of most ETV systems to 
achieve temporal resolution needed to take advantage of this 
potential.  Use of slower heating rates and small diameter transport 
tubing permits significantly improved time resolution to resolve 
many elemental isobaric interferences, which could not be resolved 
using more “standard” heating rates and transport tubing diameters.  
When combined with a ICP(TOF)MS (GBC Optima 8000), full 
advantage can be taken of the wealth of information available from 
multiple mass monitoring without sacrificing duty cycle (viz., 
sensitivity).  The talk will also present Monte Carlo simulations to 
elucidate source of broadening and provide a pictorial view of the 
analyte distribution as it travels from ETV to ICP.  Examples of 
temporal resolution of the following isobars will be shown: Zn/Ni 
(m/z=64), Se/Ge (m/z=76), Cd/In (m/z=113), and  Cd/Sn  
(m/z=116) The respective mass resolution needed for these pairs 
are  44,000; 35,000; 332,000 and 38,000 , respectively. 
 
(627) Multiplexed ETV-ICP(TOF)MS:  Maximizing Elemental 

Analytical Data 
Thomas Kreschollek1, James Holcombe1; 1Univ. of Texas at Austin 
An often quoted shortcoming of electrothermal vaporization (ETV) 
as a means of sample introduction for ICP-MS is low sample 
throughput.  Typically, an ETV firing cycle is can 2-4 minutes (15-
30/hr), a multiplexed system can reduce the time to 30 s (120/h).  
Previously, a W filament was used as the vaporizer, but suffered 
from common shortcoming of metal vaporizers (e.g., high 
background for impurities, oxidation, acid attack, etc.).  By 
replacing the W filament with a carbon braid, most of the 
disadvantages of a metal vaporizer can be mitigated.  The carbon 
braid vaporizers have the add benefit of not requiring high current 
power supplies, or cooling water.  Coupling this system to 
ICP(TOF)MS will allow for unlimited mass analysis without the 
need to sacrifice duty cycle, as required of a scanning-type mass 
filter.  Results from current work will be presented, and compared 
to traditional ETV-ICPMS. 
 

(628) Kinetic Capillary Electrophoresis - the Concept 
Sergey Krylov1; 1York University 

We propose kinetic capillary electrophoresis (KCE) as a conceptual 
platform for kinetic homogeneous affinity methods. KCE is defined 
as CE separation of species, which interact under non-equilibrium 
conditions during electrophoresis. Depending on how the 
interaction is arranged, different KCE methods can be designed. 
Due to their kinetic homogeneous nature, all KCE methods are 
described by the same mathematics – the same system of partial 
differential equations with only initial and boundary conditions 
being different. For the same reason, KCE methods can serve a 
number of unique applications including finding kinetic and 
equilibrium parameters of non-covalent interactions and kinetic 
selection of binding ligands from combinatorial libraries. Here we 
demonstrate that the general concept of KCE and its mathematical 
model can be used to describe previously invented KCE methods 
[1-10] and design new KCE methods for a number of specific 
applications. The theory is supported by comprehensive 
experimental data.[1] M. Berezovski, A. Drabovich, S.M. Krylova, 
M. Musheev, V. Okhonin, A. Petrov, S.N. Krylov, J. Am. Chem. 
Soc. 127, 3165-3171 (2005)[2] S.M. Krylova, M. Musheev, R. 
Natiu, Y. Li, G. Lee, FEBS Lett. 579, 1371-1375 (2005) [3]M. 
Berezovski, S.N. Krylov, Anal. Chem. 77, 1526-1529 (2005)[4]M. 
Berezovski, S.N. Krylov, Anal. Chem. 76, 7114-7117 (2004) [5]V. 
Okhonin, M. Berezovski, S.N. Krylov, J. Am. Chem. Soc. 126, 
7166-7167 (2004)[6]V. Okhonin, S.M. Krylova, S.N. Krylov, Anal. 
Chem. 76, 1507-1512 (2004) [7]M. Berezovski, S.N. Krylov, J. 
Am. Chem. Soc. 125, 13451-13454 (2003)[8]S.N. Krylov, M. 
Berezovski, Analyst 128, 571-575 (2003)[9]M. Berezovski, R. 
Nutiu, Y. Li, S.N. Krylov, Anal. Chem. 75, 1382-1386 
(2003)[10]M. Berezovski, S.N. Krylov, J. Am. Chem. Soc. 124, 
13674-13675 (2002). 
 
(629) Advances in Microelectrophoretic Equilibrium Methods 

for Binding Studies 
Niels Heegaard1; 1Statens Serum Institut 

The virtues of free-solution high field-strength electrophoresis in 
capillaries are many: high efficiency and selectivity, minute sample 
consumption, fast analysis, applicability to small biomolecules, 
quantitative on-line read-out, and in many cases the option of 
choosing non-denaturing yet still highly efficient separation 
conditions. Thus, modifications of selectivity by introducing 
interacting ligands into the separations are possible, because 
interactions are preserved concurrently with the separation. 
Accordingly, on-line capillary electrophoretic studies of binding 
interactions - most often by simply adding a ligand to the 
electrophoresis buffer - have made it possible to characterize 
binding equilibria quantitatively and qualitatively even in cases that 
are difficult to study by any other method, i.e., binding involving 
(1) small molecules, (2) weak interactions, and (3) components in 
mixtures or molecules available in limited amounts. The coupling 
of affinity capillary electrophoresis with mass spectrometry 
increases the information content of the approach even further. This 
talk will review the background and advances in the field of affinity 
capillary electrophoresis and include examples from our own 
investigations into glycosaminoglycan-binding biomolecules, 
antigen-antibody interactions, and the structure-function 
relationship of different conformations of beta-2-microglobulin. 
While there are distinct challenges in the use of capillary 
electrophoresis in the analysis of proteins examples of how to 
overcome wall-adsorption problems will also be provided. Based 
on the present extent of usage, affinity studies by capillary 
electrophoresis will continue to be an important adjunct technique 
for the discovery and characterization of biologically important 
molecular interactions. 
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(630) Simple Migration Steps Result in Complex Analyte 
Behavior in Capillary Electrophoresis 

David Chen1, Ning Fang1; 1University of British Columbia 
The traditional average behavior based separation theory cannot be 
used to sufficiently describe the complex analyte migration 
processes observed by the fast advancing separation techniques 
developed in recent years.  The number of theoretical plate has 
become irrelevant and misleading because it is based on the 
assumption that the analyte band could only widen during the 
analyte migration.  Mass transfer equation, however, can be used to 
describe all migration processes, and is universally applicable for 
chromatography, electrophoresis, and any other field and/or 
equilibrium driven chemical separation systems.  It can also be 
used to describe drug delivery and biological communication 
processes, activation-inhibition in cell development, and chemical 
wave formations in biological systems.  Many puzzling phenomena 
observed in new separation systems are explained using a 
simulation program based on the simple mass transfer equation.  A 
properly developed instantaneous behavior based theory provides 
new directions for the future development of separation science. 
 
(631) Interdomain Collaboration in the Drug-Binding Activity 

and Folding of Tetracycline Repressor 
Alan Davidson1,2, Sean Reichheld1; 1Dept. of Biochemistry, 

University of Toronto; 2Dept. of Mol. and Med. Gen., U. Toronto 
Tetracycline Repressor (TetR) variants act as homodimers to 
regulate the expression of tetracycline resistance genes in gram-
negative bacteria. TetR consists of an N-terminal helix-turn-helix 
DNA binding domain and a C-terminal tetracycline binding domain 
(TBD). The binding of tetracycline in the core of TetR causes a 
conformational change that prevents TetR from binding a target 
operator sequence. We are using TetR as a model system to 
investigate the thermodynamic and conformational implications of 
protein-drug interaction. We have removed the helix-turn-helix 
motif and expressed and purified the tetracycline binding domain 
(TBD) as a 6-His fusion protein. Surprisingly, the TBD binds 
tetracycline ~500-fold less tightly than the full length TetR (as 
measured by a FRET-based assay) even though none of the 
residues contacting the drug have been removed. The decreased 
affinity is manifested primarily as a decrease in the on-rate of the 
reaction. We have discovered that this decrease in binding affinity 
is caused by the formation of a non-native structure in the first 
helix of the TBD in its unbound form. Mutants that increase the  
flexibility of the first helix of the TBD cause an up to 50 fold 
increase in drug binding affinity, whereas removal of the helix 
completely abolishes drug binding. The rate of in vitro degradation 
of this helical region by trypsin in the flexible mutants is reduced 
by 5 fold by binding tetracycline. Highly destabilizing substitutions 
in the core of the DNA binding domain, distant from the drug 
binding pockets in the full length protein, reduce drug binding 
affinity by up to 10 fold. The helical content of these mutants 
increases more than 25% upon drug binding. The binding of 
tetracycline to these mutants also significantly protects the DNA 
binding domain from proteolysis. These results demonstrate that 
collaboration between the N- and C-terminal domains of TetR is 
essential for maximal  stability and drug-binding affinity. 
 
(632) Using SPR to Measure Binding Kinetics Between Proteins 

and Small Molecules 
Giuseppe Papalia1; 1University of Utah 

Surface plasmon resonance biosensors can be used to monitor the 
interactions of molecules in real-time and without labeling.  This 
technology has revolutionized the study of protein function by 
providing detailed information about complex formation over an 
exceptionally wide range of kinetic and equilibrium constants.  
While numerous groups have been quick to question the reliability  

of surface-based measurements, experimental results demonstrate 
that if properly applied, biosensor technology can be used to extract 
accurate rate constants for binding interactions.  In addition to the 
analysis of protein-protein interactions, improvements in sensor 
technology are also making it possible to monitor the binding of 
exceptionally low molecular mass ligands.  The parameters from 
SPR are often in excellent agreement with those obtained by other 
techniques.  There is no doubt that biosensor technology will 
continue to contribute significantly to unraveling the roles proteins 
play in inter- and intracellular molecular networks. 
 

(633) The Expanding Mass Spectrometry Toolbox for 
Characterizing Proteins 

Joseph Loo1,2, Pinmanee Boontheung1, Shen Hu3, Prasanna 
Ramachandran1, Yongming Xie1, Yanan Yang1, Rachel Ogorzalek 
Loo2; 1UCLA Department of Chemistry and Biochemistry; 2UCLA 

School of Medicine; 3UCLA School of Dentistry 
The toolbox of methods and strategies for characterizing protein 
structure, function, and quantification is expanding at an ever 
increasing pace.  Mass spectrometry provides the means to detect 
proteins with high sensitivity, high resolution, and high accuracy.  
Coupled with separation and fractionation schemes to handle 
complex mixtures, mass spectrometry is the basis for measuring 
changes in relative protein expression profiles to elucidate key 
biochemical pathways and to identify potential markers of disease 
and prognosis.  This presentation will highlight many of the 
technologies employed for our research at UCLA.  It will include a 
summary of our efforts to improve the proteomics workflow by 
integrating microchip technology with MALDI mass spectrometry 
and by interfacing gel electrophoresis directly with MALDI-MS.  
Human saliva contains a large number of proteins and peptides that 
help maintain homeostasis in the oral cavity.  Global analysis of the 
human salivary proteome is important for understanding oral health 
and disease pathogenesis.  The proteomics toolbox for biofluid 
analysis includes two dimensional gel electrophoresis, 1D- and 2D-
LC-tandem mass spectrometry, affinity purification and depletion 
strategies, iTRAQ-based protein quantification, and means for 
“top-down” protein identification.  Prefractionation by solution 
isoelectric focusing, HPLC, or affinity capture (e.g., N-glycans) is 
used to identify lower abundance proteins.  From this systematic 
study of all salivary secretory components, posttranslational 
modifications, such as phosphorylation and glycosylation, and 
protein complexes will be elucidated to provide a description of 
their structure and function.  This will be the basis for applying the 
salivary proteome to identify protein markers that can be used not 
only to identify a disease, such as oral cancer, but also to indicate 
disease progression. 
 

(634) Breaking the Proteome Apart 
Daniel Figeys1,2, Thodoros Topaloglou3, Rob Ewing3, Peter Chiu3, 

Martin Ethier1,2, Yinglun Sheng1,2, Nathalie Major1,2, Jeffrey C. 
Smith1,2, Julian Vasilescu1,2, Jean-Philippe Lamber1,2; 1The Ottawa 
Institute of Systems Biology; 2University of Ottawa; 3Protana Inc. 

The dynamic range of current expression proteomic technologies is 
often insufficient for exhaustive study of the proteome or even to 
provide a depth of analysis sufficient to study key signalling 
proteins.  Thus, it is important to develop different approaches that 
will allow us to bypass the dynamic range issue and to zoom on 
subgroup of the proteome. In particular, we have developed 
methods to study protein interactions in human cells based on 
immunopurification coupled to mass spectrometry.  This approach 
allowed the mapping of thousands of novel protein interactions in 
human cells in key signalling pathways.  We will present some of 
the results derived from this study.  As well, we are developing 
methodologies to study changes in protein ubiquitination and DNA 
binding proteins by mass spectrometry.  These novel approaches  
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will allow us to study cell signalling by looking at the changes in 
protein that are directed to the degradation pathway as well as 
looking at changes in proteins that bind to DNA.  We will present 
preliminary results derived from these approaches.  
 

(635) Analysis of PARP and poly(ADP-ribose)  Interactors by 
Mass Spectrometry 

Guy G Poirier1, Aude Picard-Cloutier1, Michele Rouleau1, Marie-
Eve Bonicalzi1, Pierre Gagné1, Chantal Ethier1, Arnaud Droit1, 

Jean-Francois Haince1, Jean-Philippe Gagné1; 1Laval University 
CHUL Research Center 

Poly(ADP-ribose) polymerases (PARPs) catalyze the poly(ADP-
ribosyl)ation of protein substrates. Among this family of enzymes 
which may comprise up to 18 members, PARP-1 and PARP-2 are 
activated by DNA damage and are involved in DNA repair and 
apoptotic pathways. However, specific biochemical details about 
the nature of the involvement of PARPs in these pathways remain 
to be determined. PARP-1 is responsible for 90% of the poly(ADP-
ribosyl)ation occurring in response to DNA damage, modifying 
principally itself and histones. Poly(ADP-ribose) has a short half-
life, being degraded by a poly(ADP-ribose) glycohydrolase 
(PARG). Excessive DNA damage often results in apoptosis. PARP-
1 and poly(ADP-ribose) may be key triggers of the apoptotic 
pathway. Kinetics of early apoptotic events were monitored in 
HeLa cells treated with etoposide or staurosporine by 
immunofluorescence and western blot analysis of subcellular 
fractions. Protein partners of PARP-1 were then investigated in the 
early induction phase of apoptosis, at the onset of cytochrome c 
release but prior to PARP-1 cleavage by caspases 3 and 7. For each 
treatment, immunoprecipitations of endogenous PARP-1 were 
performed using PARP-1 specific antibodies. Following 
immunopurifications, proteins interacting with PARP-1 in controle 
versus apoptotic conditions were identified by mass spectrometry 
(MS/MS). Because etoposide induces DNA strand breaks, PARP-1 
will be poly(ADP-ribosyl)ated following this treatment. We are 
also characterizing the nature of protein-PARP-1 interactions, that 
is with PARP-1 itself or with poly(ADP-ribose). Using a similar 
proteomic approach, PARG interactors are also being characterized 
and results of this analysis will be discussed. This work is 
supported by CIHR, Genome Canada/Genome Quebec/Genome 
Prairies. GGP holds a Canada Research Chair in Proteomics. 
 

(636) Non-Canonical Amino Acids in the Yeast Proteome: 
Study of Seleno-Methionine Incorporation 

Zoltan  Mester1, Shona McSheehy1, Luc  Tessier2, John  Kelly2; 
1Institute for National Measurement Standards, NRC; 2Institute for 

Biological Sciences, NRC 
It is known that yeast grown in Cr, Zn and Se rich media is able to 
accumulate enormous quantities of these metallic / metalloid 
elements. This ability has led to its common use as a nutritional 
supplement. For Se, an essential trace element, present in a number 
of mammalian enzymes as selenocysteine (SeCys), 
supplementation might reduce cancer incidence, aid proper immune 
function and prevent deficiency syndromes2. The major species of 
Se in yeast is selenomethionine (SeMet). SeMet is formed from 
inorganic Se via a route similar to the sulfur metabolic pathway. It 
is commonly believed that the SeMet is then non-specifically 
incorporated into protein in the place of methionine (Met) due to 
the inability of the initiator codon (AUG) to distinguish between 
the two compounds, previously termed the ‘relaxed’ genetic code. 
However, there are only indirect evidences available to support this 
incorporation theory. This evidence relies on co-migration of 
radiolabeled 75Se incorporated in yeast with various protein 
fractions in gel electrophoresis. However, this type of experiment 
does not probe the nature of the association between proteins and 
SeMet.We provide definitive, mass spectrometry based evidence  

for the non-specific incorporation of selenomethionine in the yeast 
proteome involving the replacement of about 30% of all methionine 
with selenomethionine. 
 

(637) Mapping Protein Phosphorylation in Endometrial 
Carcinoma 

Adrian Taylor1, Leroi DeSouza1, K.W. Michael Siu1; 1CRMS, York 
University 

Cancer affecting the body of the uterus is the fourth most common 
cancer in North American women. Canadian cancer research 
organisations collectively estimate that for 2005 in Canada alone, 
there will be 3900 new cases and 710 deaths resulting from this 
carcinoma [1]. Endometrial carcinoma originates in the lining of 
the uterus and is the most common gynecologic malignancy. 
Protein phosphorylation in human cells is an important reversible 
process that is controlled by enzymes. Intracellular signaling is 
achieved through phosphorylation and dephosphorylation events, 
which is often involved in regulating protein expression. This in 
turn controls various processes like cell growth, division and 
signaling. De-regulation of protein phosphorylation therefore 
potentially results in cancer.We aim to isolate and characterise 
phosphorylated proteins from human endometrial clinical cancer 
samples. Phosphorylation site identification and evaluating 
phosphorylation events over time will aid in the understanding of 
the regulatory role of key phosphoproteins.Using mass 
spectrometry as the main analytical tool we aim to chemically 
demonstrate phosphorylation, the results of which will be 
presented. This will enable us to compare phosphoprofiles between 
both normal and cancerous cells. Any modified protein that differs 
from that found in the normal cell can be used as a potential 
biomarker, enabling both a rapid and accurate diagnosis of 
endometrial cancer. [1] Canadian Cancer Statistics 2005 – 
Compiled and produced by Canadian Cancer Society, National 
Cancer Institute of Canada, Statistics Canada, Provincial/Territorial 
Cancer Registries, Public Health Agency of Canada    
 
(638) Numerical Model for Laser Ablation and Laser-Induced 
Plasma Formation: Effect of Laser Parameters, Background 

Gas and Metal Target 
Annemie Bogaerts1, Zhaoyang  Chen1, Davide Bleiner1; 

1University of Antwerp, Department of Chemistry 
A comprehensive numerical model is developed for nanosecond 
(ns) laser ablation (LA) of metallic targets. The model describes the 
process of laser-induced target heating, by a heat conduction 
equation. Because of the high target surface temperature, target 
melting and vaporization take place. The evaporated material 
expands in a background gas at 1 atm. The interaction between 
vapor plume and background gas is taken into account. Moreover, 
because of the high plume temperature, plasma formation occurs. 
The plasma is assumed to be in local thermodynamic equilibrium 
(LTE) and treated with Saha equations, to calculate the ionization 
degree in the plasma. The plasma-laser interaction, by inverse 
Bremsstrahlung and photo-ionization, is also taken into account, 
resulting in a significant amount of laser absorption in the plasma. 
The model is applied to ns LA of several metallic targets, in various 
background gases (i.e., helium, neon, argon, krypton and nitrogen), 
and for a wide range of laser parameters, i.e., laser irradiance from 
1e8  till 1e10 W/cm2, pulse duration in the range of 1-30 ns, and 
wavelength varying from 1064 nm down to 266 nm. The effect of 
these parameters is investigated on typical calculation results, such 
as the target temperature, melt and evaporation characteristics, the 
plume expansion velocity, plume dimensions, plume (plasma) 
temperature and ionization degree, densities of neutrals, ions and 
electrons in the plume, as well as the laser absorption 
characteristics in the plume (plasma shielding). Comparison is 
made with experimental data from literature, whenever available.  
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In addition, experiments are performed for different background 
gases and target materials. In general, good agreement is reached 
between our model predictions and experimental results. Therefore, 
the model can be useful to predict trends in target and plume 
(plasma) characteristics, which are difficult to obtain 
experimentally. 
 
(639) Combination of Laser Capture Microdissection and Laser 

Ablation Inductively Coupled Plasma Mass Spectrometry for 
Local Analysis of Biological Samples. 

Robert Hutchinson1, Cameron McLeod1, Alan Cox1; 1University of 
Sheffield 

Laser ablation inductively coupled plasma mass spectrometry is 
under development as an alternative to autoradiography for 
establishing the spatial distribution of candidate metallodrugs and 
innate metals in microtomed sections of model species. In current 
work we are evaluating the possibility of undertaking spatially 
resolved measurements based on interrogation of laser capture 
microdissected material. LCM has the capability to transfer tissue 
spots (30-100µm) from a large sample (e.g. whole body sections) 
onto a single polycarbonate cap, thereby reducing sample load on 
the plasma (cf. 2D mapping) whilst retaining spatial information. 
Clearly, this has great scope for application. The presentation gives 
focus to aspects of method development, i.e. spot ablation versus 
single line rastering, and influence of experimental variables 
including tissue thickness, excised spot diameter, laser ablation 
beam diameter and laser power on signal response.Ref: R 
Hutchinson, A Cox, C McLeod, D Howlett, A Harper. Poster W69, 
European Winter Conference on Plasma Spectrochemistry 2005, 
Budapest. 
 

(640) Determination of Some Trace Metals in Particulate 
Matter using LA-ICP-MS 

Marc Lamoureux1, Janelle Samson1, Yuqing Tian1; 1Department of 
Chemistry, Saint Mary's University 

This papers report results obtained from the analysis of metal-
containing airborne particulate matter (APM) collected in the 
vicinity of a copper smelter (Horne Smelter, Rouyn-Noranda, 
Canada) using a pair of high volume samplers each equipped with a 
5-stage cascade impactor.  We have developed an in-house method 
for making matched matrix standards of particulate matter, which 
are then used to quantified particulate matter collected in field.  
This novel method allows particulate matter to be transferred onto 
the surface of a filter using a fluidized bed technique.  A protective 
coating was also developed to prevent particulate matter from being 
blown away from the surface by the laser ablation shock wave.  In 
general, the ICP-MS results show that there is more Pb, Ni, and Cd 
in APM from the downwind sampler than in APM from the upwind 
sampler, which suggests that emission sources other than 
background sources affected the composition of APM at the 
location of downwind sampler.  Lead isotope ratios (206Pb:207Pb 
and 208Pb:206Pb) were also determined using ICP-MS and results 
show that the lead isotope signature is significantly different 
between the two samplers.   For example, the range for the 
206Pb:207Pb ratio is 1.162-1.202 and 1.104-1.147 for the 
downwind and upwind samplers, respectively.  The impact of our 
findings on Ecological Risk Assessment (ERA) of metals can be 
summarized in the following way.  The ICP-MS results (total 
concentration and Pb ratios vs particle size) show that the metal-
containing APM obtained downwind from a Cu smelter have 
distinct chemical characteristics compared to those obtained 
upwind. 
 

(641) Chemical Analysis by Femtosecond Laser Ionization 
Mass Spectrometry 

Greg Klunder1, Jason Holt1; 1Lawrence Livermore National Lab 
Laser ablation has become a popular tool for analysis of solid 
materials without any sample preparation.  The laser interacts with 
the sample and produces an aerosol that consists of particles, 
clusters, atoms, and ions.  Although, many applications of laser 
ablation use a secondary ionization source, e.g. ICP, the ions 
generated by the laser interaction process can be analyzed directly.  
In our laboratory, we are performing laser ablation and ionization 
of solid materials inside an ion-storage time-of-flight mass 
spectrometer (ISTOFMS) for direct chemical analysis.  Both 
atomic and molecular ions generated during the ablation are stored 
in the trap and then ejected into the TOF for analysis.  Using a 
nanosecond Nd:YAG laser, sensitivities in the  picogram to 
femtogram range have been demonstrated with a single laser pulse 
for ablation and ionization.  Femtosecond lasers have demonstrated 
enhanced ionization which should results in improved sensitivity.  
In this study, we will compare results obtained with a ns laser with 
those from a fs ionization.  Target materials include NIST standard 
glasses, solutions extracted on resin beads, and metallic thin-films 
on silicon. The results of these studies will be presented and the 
areas of sensitivity, isotope ratios, accuracy and precision will also 
be addressed. 
 

(642) Next Generation Laser Ablation 
Rick Russo1, Jhanis Gonzalez1, Xianglei Mao, Chunyi Liu1, Sy-Bor 

Wen1, Greg  Klunder2, David Baldwin3; 1Lawrence Berkeley 
National Laboratory; 2Lawrence Livermore National Laboratory; 

3Ames Laboratory 
Laser ablation is an excellent technology for real-time direct solid 
sample chemical analysis.  The two dominant analytical 
measurement technologies, LIBS and ICP-MS, offer a range of 
performance metrics for numerous applications. Next generation 
capabilities need to provide smaller spatial scales for 
nanotechnology, improved sensitivity for detecting smaller 
quantities of mass, enhanced efficiency of converting sample into 
an appropriate form (atoms, ions, aerosols), minimization of matrix 
matching, and maybe even the ability to provide molecular 
analysis. This paper will address the current capabilities of laser 
ablation and propose directions for near and long term 
enhancements in performance capabilities. 
 

(643) Raman Scattering as a Process Tool for  Polymerization 
Reactions 

Bruce Chase1, Mike Grady1, William Simonsick1, Cherng Wang1; 
1DuPont 

In the last decade, Raman scattering measurements have played an 
increasing role in structural studies of polymeric materials. Raman 
spectra are sensitive to primary, secondary and tertiary structural 
effects, and the nature of a scattering experiment makes optical 
sampling of materials such as fibers straightforward.    An 
additional advantage of Raman scattering applies to the area of 
process measurements.  Using a back-scattering configuration, it is 
also easy to monitor reactions with Raman scattering, either on the 
laboratory scale, directly through conventional glassware, or on the 
process scale, directly through any sight glass in the piping for the 
reactor.  The dramatic increase in sensitivity of current Raman 
instrumentation allows high quality spectra to be obtained in 
minutes.  For most polymerization reactions, this time scale is well 
suited to the study of reaction kinetics.  The utility of Raman as a 
reaction monitor for polymerizations will be illustrated for both 
methacrylate and caprolactone ring opening polymerizations. 
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(644) Polymer Characterization using Planar Array Infrared 
Spectroscopy 

Christian Pellerin1, Isabelle Pelletier1, John F. Rabolt2, D. Bruce 
Chase3; 1University of Montreal; 2University of Delaware; 3DuPont 
Planar array infrared spectroscopy (PA-IR) combines a 
spectrograph with an infrared focal plane array detector to record 
multichannel spectra with a time resolution in the low millisecond 
range. In this presentation, we will illustrate how PA-IR 
spectroscopy can be used in the context of polymer 
characterization. We will first demonstrate that this technique can 
be coupled to dynamic mechanical analysis to perform dynamic 
infrared linear dichroism (DIRLD) with a much reduced 
measurement time as compared to step-scan Fourier transform IR 
spectroscopy. We will then briefly describe the potential of PA-IR 
spectroscopy for the time-resolved study of macroscopic polymer 
deformation. Finally, we will show how this technique can be used 
to acquire emission spectra from polymer samples, and explore the 
possibility of performing "transient" PA-IR spectroscopy. 
 

(645) Polorized Infrared Spectroscopy and Quantum 
Chemistry Calculation Studies of C-H - - - O Hydrogen 

Bondings and Lamella Structure in Biodegradable 
Polyhydroxybutyrate 

Yukihiro Ozaki1, Harumi Sato1, Jiri Dybal2, Tadahisa  Iwata3, Rumi 
Murakami1, Jianming Zhang1, Kohji Tashiro4, Isao Noda5, 
1Kwansei Gakuin University; 2Institute of Macromolecular 

Chemistry; 3RIKEN Institute; 4Toyota Technological Institute 
Polarized infrared (IR) spectra were measured for five kinds of film 
samples (Samples 1, 2, 3, 4, and 5) of ultra-high-molecular-weight 
poly(3-hydroxybutyrate) (UHMW-PHB) to investigate the structure 
and orientation of C-H---O=C hydrogen bondings in them.  The 
polarized spectra of samples 2, 3, 4 and 5, which are drawn 
samples, show significant dichroism.  Of note is that a band at 3436 
cm-1 due to the first overtone of the C=O stretching mode of a C- 
H---O=C hydrogen bonding and that at 3009 cm-1 arising from the 
CH3 asymmetric stretching mode of the same bonding show 
particularly large dichroism, revealing that the C=O and C-H 
groups are highly oriented.  The C=O stretching band becomes 
most intense when the polarization angle is 0 .  Therefore, it seems 
that the C=O group is nearly perpendicular to the elongation 
direction.  The angle between the C=O group and the elongation 
direction was calculated to be 75.8  from the dichroic ratio of the 
C=O band.  We also carried out the ab initio calculations for model 
compounds of PHB, CH3CH2CH(CH3)OCOCH2CH(CH3)OCH3 (I) 
and CH3CH(CH3)OCOCH2CH3 (II) at the density functional theory 
(DFT, B3LYP functional) and Møller-Plesset (MP2) levels of 
theory employing the Gaussian 98 program package.  The 
calculations for the model compound II showed that the stable 
dimer configuration forms an intermolecular hydrogen bonding, C-
H…O=C, and that the angle between the C-H and O=C groups is   
In the dimer calculated at the B3LYP/cc-pVDZ level the C-H bond 
is shortened by 0.002Å and the C=O bond is elongated by 0.005Å 
compared with the C-H and C=O bonds in the monomer, yielding a 
10 cm-1 blue-shift for the C-H stretching frequency and an about 20 
cm-1 red-shift for the C=O stretching frequency. 
 

(646) Vibrational Spectroscopic Studies of Polymeric 
Nanocomposites based on Layered Silicate Nanoclays and 

Carbon Nanotubes 
Vasilis Gregoriou1, Georgia Kandilioti1, Spiros Tzavalas1, Dionysis 

Mouzakis1, Stavros Bollas1; 1FORTH/ICEHT 
FT-IR and X-Ray Diffraction (XRD) spectroscopies were used to 
investigate the influence of the presence of nanoadditives on chain 
conformations, phase compositions, crystal-crystal transformations 
and crystallite sizes of polymeric matrix of sPP and HDPE 
nanocomposites upon mechanical and thermal treatments.  

Organically modified montmorillonite (o-MMT) and multi-walled 
carbon nanotubes were used as nanoadditives, while the polymer 
nanocomposites were prepared via either melt mixing or solution 
casting.In the case of sPP films, FT-IR revealed an increase in the 
helical conformation as the clay content increased.  FT-IR spectra 
of the sPP and sPP-nanocomposites recorded during the application 
of a gradual stretching of the samples showed that the addition of 
the clay hinders the chains from succeeding full transformation 
from helical to trans-planar conformation that was accomplished 
using pristine sPP.  Furthermore, when both pristine sPP and 
sPP/clay samples were released from stress, the sPP/nanoclays 
samples showed a higher tendency to return to the initial helical 
conformation.  Subjecting the samples just released from stress to 
heat, a retransformation of the trans-planar into the helical 
conformation was observed.  FT-IR spectra of HDPE clay 
nanocomposites revealed a transformation from the orthorhombic 
to both monoclinic and pseudo-hexagonal crystalline structures.  
During the relaxation of the stretched samples a reverse 
transformation back to the orthorhombic structure was also 
recorded.  In both cases the presence of the clay was found to 
hinder the transformations.  XRD measurements on both sPP and 
HDPE clay nanocomposites not only verified the findings 
regarding the polymer chain conformations but also provided 
evidence of intercalated and partially exfoliated nanocomposites for 
low concentrations of o-MMT.  In addition, it was observed that the 
application of mechanical stress favors the exfoliation even at 
higher concentrations of the nanoadditives.  In the case of the 
HDPE-nanotube samples, modification of the surface nanotubes is 
a prerequisite for the creation of nanostructures with improved 
properties.  Furthermore, the mechanical properties of the samples 
were examined by both tensile tests and dynamic mechanical 
analysis (DMA) techniques. 
 

(647) Infrared Spectroscopic Characterization of the 
Crystalline Structure of Polyamide-6 and Its Blend with 

Amorphous Polyamide 
Kenneth Cole1, Jean-Marc Lefebvre2, Olivia Persyn2, Valérie Miri2, 
Christophe Depecker2; 1National Research Council Canada (IMI); 

2Univ. Sci. Tech. de Lille 
The relationship between the mechanical performance of 
polyamide-6 and its microstructure has been widely studied, but is 
complicated by the presence of various molecular arrangements.  
These include the most stable crystalline phase (alpha), a relatively 
stable secondary crystalline phase (gamma), the truly amorphous 
phase, and an intermediate or “mesomorphous” phase (beta).  
Although infrared spectroscopy has proved to be a useful tool for 
characterizing the state of crystallinity, the spectra of the individual 
phases have not been fully defined in detail.  This presentation will 
describe our attempts to determine these spectra and to use them to 
quantify the composition with respect to crystalline structure.  This 
was done by analyzing a set of spectra of both isotropic and drawn 
films with various states of crystallinity, including some films 
based on blends of PA-6 with the amorphous polyamide PA6I.6T.  
Spectra were measured in both transmission and attenuated total 
reflection.  Spectral subtraction and factor analysis methods were 
used to isolate the individual spectra and to perform quantitative 
analysis.  The different approaches will be compared and discussed. 
 

(648) Study by Raman Microspectroscopy of the Effect of 
Mechanical Deformation on the Structure of Spider Dragline 

Silk Monofilaments 
Marie-Eve  Rousseau1, Thierry  Lefevre1, Michel Pezolet1; 

1Department of Chemistry, Laval University 
Silk is a fascinating semi-crystalline biomaterial. Among the seven 
types of silk produced by orb-weaving spiders, the dragline, that 
the spider uses to build the frame and radii of the web, is among  
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nature’s most highly engineered structural materials. It shows a 
combination of strength and toughness that could not be reproduced 
by artificial means.  Over the years, considerable efforts have been 
devoted to characterize the molecular order in this material and to 
establish structure/mechanical property relationships. Such 
knowledge is crucial in order to develop superior fibrous 
materials.Raman microspectroscopy was used to investigate silk 
monofilaments since it is a non-invasive technique that is sensitive 
to the structure of proteins. The microscope allows the in-situ 
recording of high quality spectra of single threads of diameters of 
less than 6 micrometers within one minute of acquisition time. 
Coupled with a fiber stretcher specially designed by Manning 
Applied Technologies Inc., it was possible to simultaneously record 
the polarized Raman spectra, the mechanical force, and the strain 
applied to a single fiber. Earlier Raman studies have focused on the 
microstructure characterization of silk spun at rates comparable 
with those used by the spider in web building. In the current study, 
physical variables including the spinning rate, relative humidity 
changes, and the effect of an applied post-spinning deformation 
have been investigated. From intensity ratios of polarized Raman 
spectra, the order parameters P2 and P4 and the most probable 
orientation distribution function have been determined to obtain 
more quantitative information on the orientation of the carbonyl 
groups that adopt the beta-sheet conformation. Our results reveal 
that at 20% RH, the beta-sheets orientation and mechanical 
properties are nearly independent of the reeling speed (0.5, 2, and 
10 cm/s) in unstretched samples. On the other hand, polarized 
spectra indicate that the protein backbone becomes more parallel to 
the fiber axis with increasing post-spinning strain. Finally, the 
results obtained show that the mechanical properties of the different 
silk fibers differ at high relative humidity (above 60% RH). 
Spectral evidences suggest the weakening of the backbone bonds as 
the strain increases. 

 
(649) Filtering Out Absorbing Interferences in Multivariate 

Optical Computing 
Michael Myrick1, Ryan Priore1; 1University of South Carolina 

Multivariate optical computing is the process of using a single 
specially-designed interference filter (called a multivariate optical 
element or MOE) to perform chemical analysis in a complicated 
mixture.  The design of MOEs is sensitive to the variance in the 
spectral data caused at each wavelength by interferences.  These 
filters can be used for measurements of absorption by analytes, in 
which case analytes are measured by the loss of transmitted optical 
power at the wavelengths at which they absorb.  Interferences also 
contribute by reducing the transmitted optical power, although with 
a spectral distribution that distinguishes them from the analytes of 
interest.  However, because the measurement is not of spectral 
intensity but of optical power, MOE design and production is more 
sensitive to interferences that contribute more strongly by their 
absorbance.  While in principal this can be accounted for, it is 
easier to account for interferences if their spectral contribution is 
reduced by reducing or eliminating light at wavelengths at which 
they absorb most strongly.  One simple way of accomplishing this 
is to pass light from the optical source through a filter including the 
interfering species, thus preferentially stripping the wavelengths of 
greatest interferent contribution.  The consequence of such simple 
filtering is to increase the speed of MOE design, increase the 
fraction of total designs that are viable, and simplify the designs of 
the optimal MOEs compared to the none-filtered case.  In this 
presentation, I will explain how the filtering is accomplished and 
compare results obtained with and without it, and the opposite case 
- analyte filtering - to demonstrate that prefiltering can be used to 
great effect to promote the generation of good MOE designs for 
practical applications. 
 

(650) NIR Instrumentation and Software for Real-Time Process 
Measurement 

Susan Bragg1, Joachim Mannhardt2; 1SpectrAlliance, Inc.; 2J&M 
Analytische Mess- und Regeltechnik 

An extended range NIR diode array instrument has been developed 
which is robust, low noise and high sensitivity for real-time process 
measurements.  The combination of advanced instrumentation and 
demonstrated real-time process software has produced a complete 
analytical package which finds use in the pharmaceutical 
manufacturing PAT arena, as well as in other industries.  The Nova 
NIR instrument utilizes a compact diode array instrument which 
spans the wavelength range of 110-2100 nm with a resolution of 4 
nm.  A variety of remote measuring heads are available for 
reflectance measurements.  The instrument incorporates an 
Ethernet connection to the controlling PC and therefore is readily 
used in remote and/or wireless applications.  Combined with the 
optional battery power, it readily installed on pharmaceutical 
blenders, for example.  The NovaPAC software provides real-time 
data acquisition and instrument control in a full featured package.  
The software features an easy to use interface, multiple levels of 
security and compliance with GAMP and 21 CFR part 11 
requirements.  The NovaPAC software also uses the NovaMath 
real-time mathematical analysis package.  NovaMath allows users 
to perform real-time mathematical preprocessing (such as 
derivatives or baseline correction) as well as chemometric analysis.  
NovaMath is also used for desk top analysis of data, providing a 
uniquely seamless interface between method development and real-
time use. 
 

(651) A Novel Near-Infrared Spectropolarimeter for 
Determination of Sucrose 

Carlos Calleja-Amador1, Dennis Rabbe1, Marianna Busch1, 
Kenneth Busch1; 1Baylor University 

Sugar, or sucrose, is conventionally determined by polarimetry 
with the Clerget method, which consists of observing the difference 
in optical rotation before and after inversion of the sucrose by 
hydrolysis to glucose and fructose.  In the conventional method, 
using the sodium wavelength at 589 nm, clarification is needed 
with many colored sugar samples like those from dark cane, 
sorghum, and beet products.  Clarification and decolorization are 
typically accomplished by addition of basic lead acetate.  Recently, 
because of concerns over the pollution problems associated with 
lead acetate, polarimetric measurements in the near infrared at 880 
nm are being used with cane juices after conventional filtration, 
because the measurement is not affected by the remaining yellow-
brown color.  This paper describes a novel near-infrared 
spectropolarimeter with no moving parts.  The principle of 
operation of the instrument will be discussed and the system 
performance will be evaluated for the determination of sucrose.  
Because the instrument simultaneously monitors a range of 
wavelengths, multivariate regression analysis of the data can be 
used to reduce the effects of interferences. 
 

(652) Robust Fourier Transform Spectrometers – An 
OxyMoron? 

Trent Ridder1, Benjamin Ver Steeg1, Brendan Falvey1, Bentley 
Laaksonen1; 1TruTouch Technologies, Inc. 

Vibrational sensitivity is often a concern in Fourier Transform 
Spectrometry (FTS) because moving parts are usually involved.  As 
a result, FT spectrometers are often viewed as impractical for some 
environments such those encountered in process control and 
agriculture.  In recent history, however, several advances have been 
made in terms of dealing with vibrational sensitivity.  In particular, 
the advent of the “Brault algorithm” in the early 1990’s gave rise to 
a new method for data sampling that simultaneously reduced 
instrument complexity and opened several new avenues for dealing  
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with environmental vibrations and their deleterious effects in FTS.  
While the Brault algorithm primarily deals with the digital 
sampling of the analog signals obtained from the photo-detectors, 
successful management of vibrational sensitivity requires the 
careful integration of multiple aspects of the spectrometer design 
including opto-mechanical design, analog electronics, and digital 
signal processing.  These design facets are inter-dependent and 
often exert significant influence on each other.  Consequently, 
application of the Brault algorithm has implications well beyond 
the analog to digital conversion step.In general, our vibrational 
management strategy has started with the development of 
interferometers with fixed, rather than flexible, performance 
characteristics (i.e. optical resolution, spectral range, scan rate, 
etc.), thereby greatly simplifying the opto-mechanical design of the 
interferometer and allowing improved control of the resulting 
vibrational modes.  Next, the design of the analog electronics from 
the detector to the analog-to-digital converter (detectors, detector 
signal pre-amplifiers, band-limiting filters, buffers, etc.) is such that 
signal to noise is maintained while minimizing any non-linear 
components in the frequency response of the cumulative analog 
circuit.  Finally, the digital signal processing stage is designed to 
filter out undesired frequency components and to compensate for 
any residual frequency response distortions induced by the analog 
electronics.  The purpose of this presentation is to discuss the 
general background of vibrations in interferometry and summarize 
some of our implementations for reducing vibrational errors in 
FTS. 
 

(653) Smaller Really can be Better: Spectral Sensing 
John Coates; 1Coates Consulting 

For the past two decades there have been numerous discussions 
about the role of spectroscopy in process analytical chemistry. The 
main issues have been the cost, the size and the intrusive nature of 
process analytical instrumentation. Many times the expense can 
outweigh the benefits with costs in the range of $50,000 to 
$200,000, when fully implemented, with an ongoing cost of 
operation for maintenance and calibration. Consequently, process 
analyzers are not used as widely as one would like, and when they 
are used, they are often installed at the end of the process. Results 
produced from such systems tend to be after the fact.Benefits can 
be gained from the reduction in the physical size and the costs of 
process instruments to aid their implementation, and to make it 
practical to provide analyses at multiple points throughout a 
process. In many cases it would be beneficial to reduce both size 
and cost by an order of magnitude or more (in some cases possibly 
under $100). The smaller size makes the system less intrusive and 
easier to install...at least that is the thinking.This paper provides a 
review of recent concepts that have become available to the world 
of spectroscopy within the past 3 or 4 years. It discusses the pros 
and cons of implementing the technologies, how the devices can be 
assembled to provide a fully functional spectral sensor, and the 
requirements for the implementation of such devices. This will 
include a discussion of the integration of the technologies with 
other reduced scale concepts, such as NeSSI for sample handling. 
 

(654) Near-Infrared Spectroscopy Using a Widely-Tunable 
Laser 

Richard Crocombe, Dale Flanders, Walid Atia; 1Axsun 
Technologies 

We have previously described micro-spectrometers employing 
semiconductor-based light sources, typically a superluminescent 
light-emitting diode [1] (SLED). A SLED is a ridge-waveguide 
light emitting diode (LED) pumped at high current levels so that 
stimulated emission occurs.  These are miniature semiconductor 
light sources, and are approximately 1,000-times brighter than a 
tungsten-halogen light bulb, which makes them well-suited for use  

in a miniature spectrometer. Because they are semiconductor 
devices, SLED sources are designed for a 25-year lifetime, so that 
no servicing is required. More importantly for process applications, 
that means that recalibrations are not required, as they are when a 
tungsten-halogen bulb is replaced on a conventional 
spectrometer.Although SLED sources were originally 
commercialized for use in telecommunications applications, around 
1550 nm, Axsun has developed sources that cover the range from 
1350 – 1970 nm. These are key regions in the near-infrared 
spectrum, spanning the first O-H and N-H overtones around 1450 – 
1500 nm, the first C-H overtone in the 1650 – 1750 nm region, and 
the water combination band around 1900 – 1950 nm. By combining 
semiconductor light sources with all the other miniature optical 
components that Axsun has developed, it is possible to make near-
infrared tunable lasers. Tunable lasers of this type have a power 
output approximately 106 greater than a tungsten-halogen light 
bulb, and are therefore attractive sources for spectroscopy, 
especially in highly ‘lossy’ applications, like diffuse reflectance of 
solids.  The performance of these spectrometers, and their 
applications, will be described.[1] R. A. Crocombe, D. C. Flanders 
and W. Atia, “Micro-optical instrumentation for process 
spectroscopy”, Proc. of SPIE, 5591, 11-25 (2004). 
 
(655) Nanosensors Based on Responsive Polymer Brushes and 
Gold Nanoparticle Enhanced Transmission Surface Plasmon 

Resonance Spectroscopy 
Eliza Hutter1, Iryna  Tokareva1, Minko Sergiy1, Janos Fendler1; 

1Clarkson University 
Gold nanoparticle enhanced Transmission Surface Plasmon 
Resonance (T-SPR) spectroscopy was employed for monitoring the 
pH change induced swelling (and shrinking) of a responsive 
polymer brush, poly(2-vinylpyridine), P2VP.  The absorption 
maximum of the T-SPR spectrum of gold nanoislands, in the 
presence of the P2VP-brush and gold nanoparticles, was found to 
shift by 50 nm between pH = 5.0 and pH = 2.0 (from 624 nm to 
574 nm) corresponding to a shrinking of the polymer brushes from  
24.0 nm to 8.1 nm, in a typical example.  Since a shift of 2 nm in 
the absorption maximum is readily observable, as small as 0.5 nm 
change in the swelling (or shrinking) of the polymer brushes is 
easily detectable by T-SPR spectroscopy.  This sensitivity is of the 
same level as that measurable by such more complex techniques (in 
terms of instruments and data processing) as ellipsometry, SPR or 
fluorescence labelling.  The pH induced shrinkage of the polymer 
brush was found to be completely reversible. 
 

(656) A Portable 24-channel Surface Plasmon Resonance 
Biosensing Instrument Based on Texas Instruments' Spreeta 

Chips 
Sinclair Yee1, Timothy Chinowski,1, Scott Soelberg1, Clement 

Furlong1; 1University of Washington 
The design and performance of a portable 24-channel surface 
plasmon resonance biosensing instrument is presented.  This 
lunchbox-size device contains 8 three-channel Texas Instruments' 
Spreeta chips, enabling 24 simultaneous bioassays to be performed 
on a <1 mL sample in less than 10 minutes.  In addition to the 
sensing components, all supporting systems are also included in the 
device, including fluidics, temperature control, data processing, and 
user interface.  Performance of the device is demonstrated with 
sensing data illustrating the use of the device for detection of 
proteins, microbes, and small molecules. 
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(657) Direct Detection of Glucose by Surface Plasmon 
Resonance with Immobilized Bacterial Glucose/Galactose-

Binding Protein 
J. Bruce Pitner1, Matthew L. Tingey1,2, Zachary A. Pfeiffer1,2, 
Douglas B. Sherman1, Terry J. Amiss1, Helen V. Hsieh1; 1BD 

Technologies; 2U. Wisconsin, Madison 
The monitoring and management of blood glucose levels is a 
critical component for maintaining the health of people with 
diabetes.  Traditionally, glucose monitoring has been based on 
indirect detection using electrochemistry and enzymes such as 
glucose oxidase or glucose dehydrogenase.  Our lab has developed 
an alternative approach for the direct detection of small molecules 
such as glucose with surface plasmon resonance (SPR) using 
immobilized binding proteins.  By site-specifically and covalently 
attaching to the SPR surface a receptor for glucose, the 
glucose/galactose-binding protein (GGBP) from E. coli, we were 
able to detect glucose binding and determine equilibrium binding 
constants. The site-specific coupling was accomplished by 
mutation of single amino acids on GGBP to cysteines and 
subsequent thiol-directed conjugation of these proteins.  The 
resulting SPR surfaces had glucose-specific binding properties 
consistent with known properties of GGBP.   Further modifications 
were introduced to weaken GGBP binding affinity to more closely 
match physiologically relevant blood glucose concentrations (2-25 
mM).   These studies suggest that biosensors for direct glucose 
detection based on SPR or similar refractive detection methods may 
have potential value as continuous glucose monitoring devices. 
 

(658) Surface Plasmon Resonance Detection on Conducing 
Metal Oxide Thin Films 

Crissy Rhodes1, Stefan Franzen1; 1NC State University 
Surface plasmon resonance (SPR) is widely used a method for 
detection of binding interactions of biomolecules. Under total 
internal reflection conditions, a sharp decrease in the intensity of 
the reflected light is observed at a specific resonant angle, which is 
dependent upon the refractive index of a solution in contact with a 
noble metal substrate.  Although the noble metals gold and silver 
have been the only metals used in such measurements, plasmon 
resonance is a general phenomenon observed in all conductors and 
even in semi-conductors.  The energy of the plasmon band depends 
on the square root of the charge carrier density of the conductor, n.  
For many metallic conductors with n of the order of 10^23 
electrons/cm^3 the plasmon band is very high in energy and is 
measured only in the ultraviolet region of the electromagnetic 
spectrum.  For doped semi-conductors with n of the order of 10^19 
electrons/cm^3 the plasmon band is observed in the far-infrared 
region.  Neither of these spectral regions is well-suited to sensing 
of the type of currently performed on gold substrates.  However, 
metal oxide thin films are degenerate semi-conductors and semi-
metals with charge carrier densities in the range 10^20 - 10^21 
electrons/cm^3.  These thin film materials can be used as SPR 
sensor elements.  The generality of the application of conducting 
metal oxide thin films as SPR sensors will be demonstrated.  The 
theoretical limitations and advantages of such materials as SPR 
sensors will be discussed. 
 
(659) Detection of Low Molecular Weight Analytes with High-

Resolution Differential Surface Plasmon Resonance Sensor 
Erica Forzani1, Kyle Foley1, Andrew Baumgardner2, Paul 

Westerhoff2, Nongjian Tao1; 1Dept. of Electrical Engineering & 
CSSER; 2Dept.ofCivil & Environmental Engineering 

We present a study of low molecular weight analytes using a high 
resolution differential (HRD) SPR sensor. The sensor detects the 
SPR resonance angle shifts of a sensing and a reference area with a 
quadrant cell photodetector. The sensing area is modified with 
molecular probes that recognize the target analytes while the  

reference area is coated with relative inert molecules to monitor 
non-specific adsorption as well as thermal drift and index of 
refraction changes of the sample solution. The SPR dip line is 
initially aligned near the center of the photodetector so that the 
reflected light falling onto the two cells of the photodetector for 
sensing (A,B) and reference (C,D) area is balanced. Upon the 
injection of the sample solution, the shifts in the resonance angles 
change the balance between the two cells for sensing and reference 
area which is monitored as a differential signal: (A-B/A+B) – (C-
D/C+D). This differential signal allows accurate quantification of 
analytes in real samples (drinking and groundwater). Analysis of 
arsenic and a nerve agent simulant is achieved with detection limits 
in the ppt-ppq range. 
 

(660) Imaging SPR for in-situ Study of Supported Lipid 
Membranes: Developing New Sensors for Membrane-Targeting 

Proteins 
Quan Cheng; 1Univ of California Riverside 

Membrane based biosensors have received considerable attention in 
recent years. One of the challenges in membrane sensors is to 
achieve a delicate balance between stability/insulation and lateral 
fluidity. The latter is crucial to mimicking cell-membrane based 
functions on synthetic surface. Although traditional methods such 
as black lipid membranes (BLM) are still in use, there is a trend of 
developing supported membranes on solid substrate for biosensing 
applications. In this seminar, we will report the fabrication of a 
patterned supported membrane on a gold surface for detection of 
membrane-targeting proteins, and its in-situ characterization with 
imaging surface plasmon resonance (iSPR). Imaging SPR improves 
on single spot interrogation of spectroscopic analysis, and provides 
vital information into the surface properties of the binding layer 
over a large area, allowing direct comparison of arrayed molecular 
interactions under identical conditions. We will discuss 
microcontact printing and photolithographic methods that have 
been used to generate patterned templates. The data of vesicle 
fusion onto hydrophilic and hydrophobic patterns monitored in real 
time SPR will be presented. The combined method of iSPR and 
fluorescence microscopy for analyzing properties of lipid 
membranes and kinetics of vesicle fusion will be discussed. 
 

(661) Detection of Biomolecules in Complex Media Using 
Surface Plasmon Resonance Sensors 

Jean-Francois Masson1, Michael Malone1, Margaret Barnhart1, Karl 
Booksh1; 1Arizona State University 

Detection of multiple biologically relevant molecules was 
accomplished at sub-ng/mL levels in highly fouling media using 
fiber-optic based surface plasmon resonance sensors. The detection 
of every biological molecule presented is performed in less than 10 
minutes. Myocardial infarction markers, myoglobin and cTnI, were 
quantified in full serum with limits of detection below 1 ng/mL. 
Biologically relevant levels are between 15-30 ng/mL and 1-5 
ng/mL for myoglobin and cTnI respectively. Cytokines involved in 
chronic wound healing, Interleukin 1, Interleukin 6, and tumor 
necrosis factor á, were detected at around 1 ng/mL in cell culture 
media. Preliminary results in monitoring these cytokines in cell 
cultures expressing the cytokines were obtained. The protein 
diagnostic of spinal muscular atrophy, survival motor neuron 
protein, was quantified. To obtain such results in complex media, 
the sensor’s stability to non-specific protein adsorption had to be 
optimized. A layer of the N-hydroxysuccinimide ester (NHS) of 
16-mercaptohexa-decanoic acid (MHA) is attached to the sensor. 
NHS is reacted to MHA prior to the attachment to the gold surface. 
This layer optimizes the antibody attachment to the sensor while 
minimizing the non-specific signal from serum proteins. NHS-
MHA was found optimal from multiple polymeric and self- 
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assembled monolayers investigated using the surface plasmon 
resonance sensors. 
 

(662) An Electronic Nose from Arrays of Polymer Composite 
Vapor Sensors 

Nathan Lewis; 1CalTech 
A method is described for generating a variety of chemically 
diverse, broadly responsive, low power vapor sensors.  A key to 
our ability to fabricate chemically diverse sensing elements is the 
preparation of processable, air stable films of electrically 
conducting organic polymers.  An array of such sensing elements 
produces a chemically reversible, diagnostic pattern of electrical 
resistance changes upon exposure to different odorants.  Such 
conducting polymer elements are simply prepared and are readily 
modified chemically to respond to a broad range of analytes.  In 
addition, these sensors yield a fairly rapid, low power, dc electrical 
signal in response to the vapor of interest, and their signals are 
readily integrated with software or hardware-based neural networks 
for purposes of analyte identification.   Principle component 
analysis has demonstrated that such sensors can identify and 
quantify different airborne organic solvents, and can yield 
information on the components of gas mixtures. 
 

(663) Characterization of Positive and Negative Ions 
Simultaneously through Measures of K and ∆K by a Tandem 

DMS-IMS2 
G.A. Eiceman1, H. Schmidt1, J.E. Rodriguez1, C.R. White1, E.G. 

Nazarov2, E.V. Krylov2, R.A. Miller2, M. Bowers2, D. Burchfield3, 
B. Niu3, E. Smith3, N. Leigh4; 1New Mexico State University; 

2Sionex Corporation; 3Hamilton Sundstrand; 4Univ of Missouri 
Ions may be evaluated for both differential mobility and mobility 
for enhanced resolution of a measurement.  A tandem analyzer 
combining differential mobility spectrometry (DMS) with ion 
mobility spectrometry (IMS) was configured in a T design where 
two mobility spectrometers sampled ions of both polarities in gas 
flow from the DMS analyzer.  The detectors for the IMS drift tubes 
were placed at 500V+ and 500V- to characterize negative and 
positive ions, respectively.  The ion shutters were micro-machined 
assemblies with coplanar inter-digitated conductors.  Shutter pulse 
widths of 100 microseconds provided peak widths of 200 
microsecond for the RIP.  Ion yield was estimated as 40% through 
the ninety degree path for ions from the gas flow to the drift tubes.  
Models for resolution and enhanced resolution illustrate that the 
method is not perfectly orthogonal in character and improvements 
in resolution may be between 5 to 10 fold. 
 

(664) A Rapid Isothermal Amplification Technology for the 
Identification of Biothreat Agents 

Jeffrey Van Ness1, David  Galas1; 1Keck Graduate Institute 
A new amplification technology (EXPARv1 and EXPARv2) has 
been developed and implemented for the specific and rapid 
detection of biothreat agents and pathogens. The technology is run 
under isothermal conditions and the amplification can be readout 
using real-time fluorescence or end-point measurements. The 
detection of very low copy number of agents is easily achieved 
where tens to hundreds of copies genomic material can be 
amplified in less than 10 minutes. Single molecule detection has 
been observed in dilution to extinction experiments. The 
technology is amenable to multiplexing where multiple agents can 
be detected in one solution simultaneously. The amplification 
reactions are highly sequence specific where single nucleotide 
mismatches severely inhibit or stop the amplification process. 
Reaction speed can be controlled and can be made extremely rapid. 
The reactions can be made completely homogeneous which aids 
with amplification product contamination issues. The isothermal 
amplification technology is also much more refractory to inhibition  

by clutter or interfering substances than the polymerase chain 
reaction (PCR). 
 

(665) Identification of Concealed Explosives via THz 
Absorption Spectroscopy Using Principal Component Analysis 
Glenn J. Bastiaans1, Jerald Cole1; 1Intelligent Optical Systems, Inc. 
Terahertz (THz) radiation imaging and sensing is one of the most 
promising technologies for the standoff detection of concealed 
threats.  Intelligent Optical Systems (IOS), in collaboration with the 
Center for Terahertz Research at Rensselaer Polytechnic Institute, 
has demonstrated the feasibility of detecting explosives underneath 
cloth and packaging materials via the reflection of THz radiation.  
Absorption spectra were obtained of explosive and non-explosive 
compounds with and without covering materials in the range of 0.5 
to 2.5 THz.  From analysis of the THz spectra, a small number of 
signature frequencies were chosen to reduce the dimensions of the 
spectral data.  On the basis of the reduced spectra, principal 
component analysis was used to classify the spectra as originating 
from explosive or non-explosive compounds, even in the presence 
of a covering material.  Applications to the standoff detection of 
concealed weapons and explosives for homeland security will be 
discussed. 
(666) Developing a Handheld Chemical Analyzer for Detecting 

TICs & CWAs Using a Solid-State Sensor Array 
Brent T. Marquis1, Gregory P. Harmer1, Chuncai Yang1; 1Sensor 

Research & Development Corp. 
Sensor Research and Development Corporation (SRD) is 
developing a small (<0.05ft3), lightweight (<2.5lbs), sensitive (< 
permissible exposure levels [PELs]), rapid (<1 minute), reliable 
(false positives [FP]< 1.0% & false negatives [FN] <0.1%) 
analyzer to detect, identify, and measure toxic industrial chemicals 
(TICs) and chemical warfare agents (CWAs) threats.  The principle 
challenge is to detect and identify the target analytes in the 
presence of interferents and under varying environmental 
conditions at the desired levels within the specified times and false 
alarm rates.  This challenge is being addressed by: 1) developing 
chemically specific semi-conducting metal oxide (SMO) and 
polymer-coated surface acoustic wave (P-SAW) sensor materials to 
create an array of orthogonal sensors which produce unique 
responses proportional to the chemical, electrical, and physical 
properties of the target analytes and 2) optimizing current advanced 
signal processing algorithms in coordination with the evolving 
sensor array’s response characteristics.  SRD is subjecting the 
sensor array to many gas testing scenarios including analyte, 
analyte/inteferents, and varying environmental conditions (relative 
humidity and temperature) to determine the limits of detection, 
response (detection & identification) times, and probability of false 
alarms (PFA).  The supporting signal processing and sensor array 
interpretation methods will also be discussed including “hit” 
detection and classification algorithms.   Sensor response data is 
presented for TICs including sulfur dioxide (SO2), hydrogen sulfide 
(H2S), arsine (AsH3), and nitric acid (HNO3), as well as CWAs 
including sarin (C4H10FO2P), soman (C7H16FO2P), mustard 
(C4H8Cl2S), dimethyl methylphosphonate (DMMP), phosgene 
(COCl2), and hydrogen cyanide (HCN).  Receiver operating 
characteristic (ROC) curves are used to compare the sensor array & 
algorithms’ ability to detect target analytes in air and different 
interferent backgrounds (i.e. Windex, Clorox, Gasoline, Fantastik 
Cleaner, Zep floor stripper, Vinegar, and toluene).  The ROC 
curves plot trends of PFA as a function of concentration.  These 
trends are generated for each target analyte in each interferent 
background to identify any possible detection limitations.   The 
results show that SRD’s solid-state sensor array is capable of 
detecting TICs and CWAs at the PELs within seconds with FP and 
FN rates of 1.4% and 0.2%, respectively.  The remaining steps to 
develop the handheld analyzer are discussed. 
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(667) Arsenic Speciation: An Evaluation  of their 
Determination by Various Techniques 

Ian Brindle1, Roger McLaughlin1, April Conn1, Angel Chung1; 
1Brock University 

Various techniques for the determination of arsenic species will be 
compared. The problems associated with the determination of both 
hydridable and non-hydridable species will be elaborated. The 
Multimode Sample Introduction System (MSIS) allows the 
determination of elements by hydride generation and by nrmal 
nebulization, utilization of the device, coupled to an Elan DRC 
instrument permits the quantitation of the (low concentration) 
hydridable species and the (hgher concentration non-hydridable 
species in a single HPLC run. We shall report the results of urine 
analysis using this technique, as well as characterized standard 
reference materials. 
 

(668) The Determination of Tin, Thallium, and Uranium in 
Soils, Sediments and Sludges by Microwave Digestion ICP-MS. 

Teresa Switzer1, Alla Kryukova1, Rusty  Moody1; 1Ontario 
Ministry of the Environment 

The determination of tin, thallium and uranium in solid 
environmental matrices such as soils, sediments and sludges are not 
currently under any provincial regulatory standards, and have not 
commonly been analyzed.  With the development of the Nutrient 
Management Act in the province of Ontario, there is increased 
interest in the analysis of Sn, Tl, and U in these matrices.  This 
paper will demonstrate the challenges encountered using 
microwave digestion followed by ICP-MS analysis for the 
determination of these elements in soil, sediment and sludge 
samples.  The EPA 3051 method was adapted using the Anton Paar 
Multiwave 3000 microwave.  An overview of the various 
adaptations of EPA methods will be discussed, as well as the 
differences found in the sample results using a nitric acid digestion 
versus an aqua regia digestion.  The analysis of the digested 
samples was done using the Varian UltraMass 700 ICP-MS, using 
internal standardization to account for sample introduction 
fluctuations.  ICP-MS is one of the most sensitive instrumental 
techniques available to the inorganic analytical chemist, and 
provided detection limits for all three matrices at the sub ppb 
level.One of the biggest challenges encountered in this work was 
the availability of appropriate quality control standards to validate 
the analytical method.  A discussion of the accuracy and precision 
of the developed method will be shown using recoveries of 
certified reference materials of the various matrices, as well as 
recoveries of spiked real-world samples.   
 
(669) Speciation of Anthropogenic Metals in Surficial Materials 

of the Sudbury Region 
Graeme Spiers1,2, Joinal Abedin1,2; 1Laurentian University; 

2MIRARCO 
With over a century of active extraction the metal mining and 
smelting industry in Sudbury has contributed to the severe heavy 
metal contamination of the terrestrial and aquatic environments in 
this area through deposition of aerosols containing metal-rich 
particulates. The main metallic contaminants Ni, Cu, Fe Mn, Zn, 
Pb, Cr, Cd and As in the Sudbury area are found in the surface 
organic-rich layers of regional soils. Previous research on regional 
soils has primarily focused on a determination of the level and 
extent of metal contamination. Although large-scale regional 
survey projects have provided data on total or acid-extractable 
metal concentrations within the Sudbury soils, there is, to date, no 
detailed information addressing the potential bioavailability of 
these metals to the food-webs of the ecosystems of Sudbury region.  
The current information on total concentration of metals/metalloids 
in soils, sediments and air particulate matter alone is insufficient to 
assess the environmental impact of soils and sediments as the  

ecotoxicity of metals greatly depends on their specific chemical 
form and mineralogical forms and the ways of binding. The 
speciation techniques followed in this study to examine the 
potential for bioavailability of metals were based on BCR method 
which provides operationally defined estimates of the potentially 
toxic elements in soils and sediments within the Sudbury region. 
The extracts from different steps of the sequential extraction 
procedure were analyzed by ICP-MS and the analytical data 
provided us essential information about how the metals are bound 
to different mineral phases and how these metals could be 
mobilized under changing environmental condition such as 
acidification, oxidation-reduction cycles in soil (drying-flooding), 
change in vegetation cover. The presentation will provide 
information on the application of specialized instrumentation 
(Questron ICP-AES and Varian ICP-MS) to the determination of 
the ‘operationally-defined speciation’ of toxicologically significant 
elements in the region. 
 

(670) SemiQuant+Collision Cell: Rapid Determination in 
Chemical Emergency 

Heidi Chen1, 2, Ewa Dabek-Zlotorzynska1; 1ETC, Environment 
Canada; 2HPFB, Health Canada 

Although ICP-MS has been used popularly for fast, multi-element 
determination, the determination of some elements still suffers 
from interferences derived from various sources, such as Argon 
plasma, solvent and matrices of samples, etc. Collision/reaction cell 
ICP-QMS proved to be a simple and effective alternative to 
minimize these problems.Many reaction/collision cell works 
reportedly used analyte-dependent operating conditions, which 
compromises the multi-element capability of ICP-MS, according to 
McCurdy and Woods (1), who reported a successful application of 
a single operating condition for multi-element analysis using He as 
cell gas.  In the situation of chemical emergency, rapid 
determination is demanded to provide as much information as 
possible on samples with unknown matrices.  Therefore, the 
analytical method should be not only analyte- or matrix-
independent, but also fast.  In this work, we demonstrate the 
application of semiquantitative analysis (or SemiQuant mode) in 
combination with collision cell ICP-MS for multi-element analysis.  
Both He and H2 mode were investigated.  In He mode, the 
instrument was tuned to minimize chloride-associated inferences, 
and this single  optimal operating condition was used for multi-
element determination of samples with synthetic matrices such as 
Cl- and C.  H2 mode was used to determine Se, and also for 
elements suffer from Ar-associated interferences, such as Fe and Cr 
(when C presents).  A single calibration standard with and without 
matrix-matching was used.  Elements that suffer from interferences 
in normal mode (no cell gas) have shown improved accuracy even 
at low ppb level, while the accuracy of most elements that do not 
suffer from interferences remains the same, indicating the potential 
of collision cell ICP-MS with SemiQuant mode to provide rapid 
and reasonably accurate determination in chemical emergency 
situation. The tuning procedure of the collision cell is simple, and 
the combination with SemiQuant mode requires minimum data re-
processing, making it attractive in routine laboratory analyses. 1.  
McCurdy E. and Woods, G.   2004   J. Anal. At. Spectrom   19: 
607-615. 
 

(671) Assessment of the Bioaccessibility of Elements in 
Airborne Particulate Matter using On-Line Leaching with 

ICPMS 
Diane Beauchemin1, Mingyan Chu1, Denis Bérubé2; 1Queen's 

University; 2Health Canada 
The purpose of this preliminary study was to check the feasibility 
of using a simple on-line leaching method to quickly assess the 
mobility of elements from airborne particulate matter.  Two  
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reagents were selected to represent extremes of pH that may be 
experienced in a city environment, without and with acid rain: 
doubly deionised water (DDW) and 1% HNO3. The filter with 
deposited particulate matter was simply rolled up and inserted 
longitudinally into a PTFE tube between two quartz wool plugs. 
Each reagent (DDW then 1% HNO3) was continuously pumped 
through the sample. A blank filter was also treated in the same 
manner. Both the reagents and the sample were maintained at 
human body temperature i.e. 37˚C during leaching.  Selected 
elements were monitored (including Zn and Pb, which are 
examples of nutritional and toxic elements).  Essentially none of 
the monitored elements leached out with DDW, which indicates 
that these elements are not physically adhering to the surface of the 
particulate matter nor are they in a water-soluble phase. In contrast, 
Most of the elements leached out as a sharp peak within about 3 
min. with 1% HNO3. Mass balance was checked following leaching 
by digesting the remaining material: the total Zn and Pb 
concentrations found were in good agreement with those from a 
total digestion of a similar sample. This very preliminary study 
demonstrated the feasibility of performing a quick on-line 
assessment of the mobility of elements in airborne particulate 
matter.  Since the proposed approach allows the determination 
directly on the filter, it will greatly facilitate both environmental 
studies and bio-accessibility studies.  Indeed, by eliminating the 
requirement to remove the powder particulate from the filter, not 
only can sample throughput be increased but potentially important 
sources of loss and/or contamination are eliminated. The simplicity 
of the proposed method is in contrast to sequential extraction 
procedures, which are complicated, tedious and time-consuming. 
Furthermore, the on-line leaching method provides real-time data, 
which is unavailable with batch sequential extraction methods, 
thereby allowing the distinction of different phases on which reside 
elements. 
 

(672) The Inductively Heated Electrothermal Vaporizer: A 
Sample Introduction Technique for Direct Mercury Analysis of 

Human Hair by ICP-MS 
Rebecca Lam1, Josiane Lafleur1, Laurie Chan2, Eric Salin1; 1McGill 

University, Chemistry; 2McGill University, Dietetics 
There is a general concern about mercury in the environment and 
analysis of hair can reveal mercury exposure in individuals. 
Conventional methods of hair analysis by plasma spectroscopy are 
lengthy, involving such steps as digestion of the solid sample to 
destroy its matrix and extraction of the species of interest before 
being introduced to the plasma by solution nebulization. These 
sample treatment steps are very susceptible to contamination by 
reagents, as well as analyte losses due to evaporation or incomplete 
reactions and extractions. Here we investigate a new technique of 
hair analysis using the inductively heated electrothermal vaporizer 
(IH-ETV). The IH-ETV is a solid sample introduction device that 
eliminates the need for sample treatment. This study examines the 
application of IH-ETV with an inductively coupled plasma mass 
spectrometer (ICP-MS) for rapid mercury analysis in single human 
hair strands as well as in powdered hair certified reference 
materials. We have obtained a detection limit of 0.04 ppm or 20 pg 
of Hg with a single 12 cm strand of hair. 
 

(673) Electrophoretic Analysis of Biological Molecules using 
Multiphoton Photochemistry 

Jason Shear, Matthew Plenert, Rex Nielson, Eric Ritschdorff, Gleb 
Solomentsev; 1University of Texas at Austin 

Although photochemistry can be a serious impediment to high-
sensitivity fluorescence assays, a growing number of researchers 
has recognized its potential as a tool for controllably modifying 
both molecules and materials. The Shear group has been 
investigating strategies to adapt multiphoton photoreactions for use  

with fast capillary separations and as a means to fabricate on-
column biosensors with precise, three-dimensional control. A 
variety of reaction mechanisms (e.g., photooxidation, 
photocleavage, photoablation) have been used to modify biological 
compounds and their electrophoretic environments with micron 
resolution and on microsecond timescales. Application of these 
methods to create more efficient on-the-fly bioreactors and to 
electrophoretically characterize transient reaction products will be 
presented. 
 

(674) High Speed CE as Tool for Analysis of Bioaffinity 
Robert Kennedy; 1University of Michigan 

Performing electrophoresis separations in capillaries allows much 
higher electric fields to be applied than in conventional gel 
electrophoresis, which in turn allows separations to be performed 
much more rapidly.  High resolution separations in < 1 s can be 
performed with fields of 3,000 V/cm and appropriate 
instrumentation.  Such fast separations allows the possibility of 
electrophoresis being used for chemical sensing, high-throughput 
analysis (as in drug screening), and for detection of short-lived 
species.   In this talk we will describe the use of fast electrophoresis 
to monitor the kinetics of biochemical reactions.  Three reactions 
are studied: G protein hydrolysis of GTP, cyclic-AMP formation by 
adenylyl cyclase, and binding of SH2 domains to peptides and 
proteins.  The first two reactions utilize fluorescent nucleotides as 
substrate and continuous monitoring of the reaction mixture stream 
by serial injections onto a fast CE system allows changes in 
substrate, complex, and product to be determined.  Michaelis-
Menton kinetics are measured.  The method allows activation of the 
proteins to be detected leading to the possibility of using the 
method as a drug screen.  In the latter case similar instrumentation 
is used to monitor on-off binding kinetics. 
 

(675) Further Advances in NECEEM-based Selection of 
Aptamers 

Maxim  Berezovski1, Sergey Krylov1; 1York University 
Aptamers are DNA (or RNA) ligands capable of binding different 
classes of targets with high affinity and selectivity. Often, they are 
called “artificial antibodies”. Aptamers have been typically selected 
from combinatorial libraries of DNA by heterogeneous methods, in 
which target-DNA complexes were separated from free DNA on 
the surface of a solid substrate. We have recently introduced 
homogeneous selection of aptamers by Non-Equilibrium Capillary 
Electrophoresis of Equilibrium Mixtures (NECEEM). This Kinetic 
Capillary Electrophoresis (KCE) method has a number of 
advantages over heterogeneous techniques. First, NECEEM-based 
selection has exceptionally high efficiency, which allows aptamer 
development with fewer rounds of selection. Second, NECEEM 
can be equally used for selecting aptamers and finding their binding 
parameters. Here we present further advances in NECEEM-based 
selection of aptamers. 
 

(676) Selection of Aptamers by Capillary Electrophoresis and 
Other Methods 

Yingfu Li; 1McMaster University 
Several protein molecules are being used as the targets to develop 
DNA aptamers by in vitro selection or SELEX. Some of the protein 
targets are subjected to both the selection method based on 
capillary electrophoresis and traditional methods such as affinity 
chromatography. The results from these studies will be discussed in 
this presentation. 
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(677) Selection of Smart Aptamers by Equilibrium Capillary 
Electrophoresis of Equilibrium Mixtures 

Andrei Drabovich1; 1York University 
We coin a term of “smart aptamers”, which describes aptamers 
with pre-defined binding parameters of their interaction with the 
target. Here, we introduce a method for selection of smart aptamers 
with pre-defined values of Kd: equilibrium capillary 
electrophoresis of equilibrium mixtures (ECEEM). Conceptually, a 
mixture of a target with a DNA (RNA) library is prepared and 
equilibrated. A plug of the equilibrium mixture is injected into a 
capillary pre-filled with a run buffer containing the target at the 
concentration identical to the target concentration in the 
equilibrium mixture. The components of the equilibrium mixture 
are separated by capillary electrophoresis while equilibrium is 
maintained between the target and aptamers. The unique feature of 
ECEEM is that aptamers with different Kd values migrate with 
different and predictable mobilities. Thus, collecting fractions with 
different mobilities results in smart aptamers with different and pre-
defined Kd values.  In this proof-of-principle work, we used CEEM 
to select smart aptamers for MutS protein. Three rounds of 
ECEEM-based selection were sufficient to obtain smart aptamers 
with Kd values approaching theoretically predicted ones. ECEEM 
is the first method for aptamer selection whose ability to generate 
smart aptamers has been experimentally proven. 
 

(678) Discovery of Disease Markers by the Glycomics 
Approach 

Carlito Lebrilla; 1University of California, Davis 
Oligosaccharides constitute a class of compounds that are 
important in a host of cellular process, most notably cellular 
recognition. Their structural elucidation is complicated by several 
factors including site- and micro-heterogeneity, the large number of 
stereocenters, and the presence of numerous isomeric units.  For 
this reason, they have been largely ignored in proteomic studies, 
despite that 50% of all proteins are believed to be glycosylated.  In 
addition, the nature of their biosynthesis means that differences 
between disease states yield more than changes in concentration but 
in the actual dramatic changes in structures.  For this reason, it may 
be easier to use oligosaccharides as markers for a number of 
disease. Despite difficulties in structural elucidation, new analytical 
methods have been recently developed for profiling with structural 
elucidation of oligosaccharides in a moderate throughput manner.  
The approach to glycomics research will be discussed and 
particularly methods that have been developed for profiling 
oligosaccharides.  This includes methods for separation using 
nanoflow liquid chromatography with graphitized carbon in fused 
silica columns or in microchip devices.  High resolution and mass 
accuracy instrument with tandem MS capabilities such as Fourier 
transform mass spectrometry and infrared multiphoton dissociation 
provide structural information.  Treatment of glycoproteins by non-
specific proteases identify sites of glycosylation and variations in 
glycosylation specific to individual sites. The application of these 
approaches for disease marker discovery will be discussed 
particularly in cancer.   
 

(679) Comparison of Methods for the Analysis of Endogenous 
Serum Peptides 

John Marshall1,2; 1Faculty of Engineering and Applied Science; 
2Ontario Cancer Biomarker Network 

There is a great desire to relate the patterns of endogenous peptides 
in blood to human disease and drug response.  To date there is a 
large controversy as to whether this goal is attainable.  The best 
practices for the preparation of blood fluids are not clear and 
relatively few of the peptides in blood have been identified by 
tandem mass spectrometry.  We have examined a number of 
sample preparation methods to extract endogenous peptides  

including C18 reversed phase, organic or ammonium sulphate 
precipitation, depletion by dye affinity, size exclusion and ultra 
filtration.  We measured the reproducibility of the peptides 
collected by C18 by MALDI-TOF.  Peptides that were apparently 
in the range of tens to hundreds of fempto Mol per spot were 
detected from the equivalent of 1 micro litre of serum by MALDI-
TOF.  We isolated and fragmented peptides from the sample 
preparations by LC-MS/MS using ESI-ion trap and MALDI-
TOF/TOF.  We observed endogenous serum peptides from 
abundant proteins such as alpha and beta fibrinogen, multiple forms 
of albumin, HS alpha glycoprotein, alpha-1-antitrypsin and others.  
However we also recorded apparently significant MS/MS spectra 
from TNF alpha- and angiotensin-related peptides, as well as 
peptides from collagens,  clotting factor and from other lower 
abundance blood proteins.    Putative phosphorylated peptides were 
also apparently observed.  While this is the first time that the 
identity of putative low abundance endogenous peptides have 
apparently been determined from blood fluids it raises a serious 
flaw in the concept of peptidomics by mass spectrometry:  Since 
the goal of peptidomics is to detect the set of discrete peptides that 
exist in blood there may be way no way to obtain a second 
confirmatory peptide for some of these parent proteins. This is 
especially concerning since (1) some known variable domain 
peptides were detected and (2) the immunoglobulins comprise a 
significant faction of serum proteins and (3) there are an estimated 
10 E10 variable domains that vastly outnumber all the entries in the 
genetic databases.  Highly accurate mass measurements plus 
MS/MS fragmentation spectra will likely be required to confirm 
identification of discrete low abundance endogenous peptides. 
 

(680) Identification of Differentially Expressed Proteins in 
Cerebral Stroke using Laser Capture Microdissection and 

ICAT-nanoLC-MS/MS 
John Kelly1, Momir Nesic1, Valade Philippe1, Preston Ed1, Chan 

Kenneth1, Smith Brandon1, Danica Stanimirovic1, Arsalan 
Haqqani1; 1NRC-Institute for Biological Sciences 

Isotope-coded affinity tagging (ICAT) coupled with nanoLC-
MS/MS is an emerging proteomics technique for the relative 
quantification of proteins.  ICAT-nanoLC-MS/MS requires 
considerably less starting material than that needed for gel-based 
methods, a big advantage when dealing with minute samples.  
Laser-capture microdissection (LCM) is a powerful technology for 
dissecting a selective population of cells and multicellular 
structures from tissue specimens.  Thus, LCM can generate 
homogenous specimens from heterogeneous tissue samples and 
improve the specificity and usefulness of the proteomics data 
generated.  We demonstrate the use of LCM in combination with 
ICAT-nanoLC-MS/MS for the analysis of a small number of blood 
microvessels dissected from brain tissues of rats that have 
undergone an eschemic stroke event.  Ischemic stroke is caused by 
a localized deprivation of blood supply to brain tissue.  Brain 
microvessels are lined by endothelial cells that display a tightly-
sealed blood-brain barrier (BBB) phenotype.  Ischemic stroke 
rapidly initiates a series of biochemical and molecular processes 
that disrupt the BBB leading to brain edema and inflammation.  
The exact molecular mechanisms that lead to BBB disruption, 
including changes in gene and protein profiles occurring in the 
microvessels are not known.  Approximately 1 µg of protein was 
extracted from 250-300 LCM-captured microvessels from both 
control and eschemic brain tissue.  The proteins were ICAT-labeled 
and analyzed by nanoLC-MS.  Software was developed in-house 
for the identification and normalization of ICAT peptide pairs.  
Differentially expressed peptide pairs (± 1.5 times expression 
differences between light and heavy tagged peptides) were then 
targeted for sequencing in a subsequent nanoLC-MS/MS analysis.  
We have identified expression changes for more than 50 proteins  
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that are consistent with the physiological and pathological changes 
observed after stroke.  Several of the protein expression changes 
have been validated by various biochemical means.  Moreover, 
several of the expression differences correlate well with those 
observed in an in-vitro stroke model we have being studying. 
 

(681) High-Throughput Analysis of Pharmaceutical Drugs 
using a High Repetition-Rate MALDI Triple Quadrupole 

Instrument 
Dietrich Volmer1, Lekha Sleno1; 1National Research Council/IMB 

Matrix-assisted laser desorption ionization (MALDI) mass 
spectrometry has recently seen an emergence in small molecule 
analysis. It has several advantages over established LC/MS assays. 
Most importantly, it can achieve a higher sample throughput. 
Furthermore, MALDI is not as susceptible to ion suppression from 
salts and buffers. For quantitative determination, there is a serious 
complication, however, caused by the organic matrix used for 
desorption and ionization of the analytes. Conventional MALDI is 
Likely to result in coincidental background ions, making the use of 
full scan or SIM techniques in the low m/z range very difficult. 
MS/MS scans using specific precursor ion/product ion 
combinations are therefore preferred. A MALDI triple quadrupole 
is the most appropriate instrument for quantitation of small 
molecules, as it allows quantitation in the MRM mode. Although 
the pulsed nature of the MALDI process does not seem to be an 
ideal match for a triple quadrupole, a high-frequency (1 kHz) laser 
was used in this study.This presentation highlights several 
fundamental as well as applied aspects of the quantitative MALDI 
analysis of small molecules using a prototype MALDI triple 
quadrupole instrument. Studies were conducted to investigate the 
physical aspects of high-throughput MALDI on this system using a 
set of structurally diverse pharmaceutical drugs. In addition to 
characterizing the ablation process, several examples for high-
throughput analyses of pharmaceutical drug molecules are shown, 
in comparison to results from electrospray LC/MS. Furthermore, 
the detrimental effects of ion suppression from biological materials 
are illustrated and solutions to reduce these effects are described. 
Finally, the influence of the internal standard on the quality of 
quantitative MALDI is presented. The latter topic is particularly 
important as one of the major problems in quantitative MALDI is 
the irreproducibility of the analytical signals. The proper choice of 
the internal standard is significantly more difficult than for other 
MS techniques as it must also compensate for crystallization 
irregularities and desorption effects.  
 

(682) Monitoring the Global Phosphoproteomic Dynamics of 
Retinoic Acid-Treated P19 Cells 

Jeffrey Smith1, Daniel Figeys1; 1University of Ottawa 
Our research proposes to investigate the proteomic changes that 
occur during cellular transformation using a P19 cell model.  P19 
cells are similar to primitive ectoderm[1]; they have a normal 
karyotype, replicate rapidly, and are easily transfectable.  P19 cells 
can be readily induced to differentiate to form germ layers.  For 
example, treatment of P19 cells with retinoic acid (RA) leads to 
predominantly neuron-like and glial-like cells[2].  Treatment of 
P19 with DMSO[3] or oxytocin[4] leads to cardiomyocyte cells.  
Reversible protein phosphorylation is a very important post-
translational modification (PTM) that switches the cellular 
function(s) of a protein on and off.  Recently, several studies have 
monitored protein phosphorylation within specific cell lines over 
time in response to different chemical stimuli [5, 6].  We have 
begun to profile the phosphoproteome of P19 cells using different 
phosphorylation enrichment strategies followed by LC/MS/MS 
analysis.  Initial experiments have elucidated a standardized 
phosphoproteomic profile of wild-type P19 cells to which the 
temporal changes of RA-induced differentiation will be compared.  

Our strategy involves obtaining post-RA-treated cellular 
phosphoproteomic profiles at 24 hour periods for a total of at least 
168 hours.  Time permitting we will also begin similar experiments 
to temporally monitor the phosphoproteomic profiles of DMSO and 
oxytocin-treated P19 cells .1.McBurney, M.W. and B.J. Rogers, 
Isolation of male embryonal carcinoma cells and their chromosome 
replication patterns. Dev Biol, 1982. 89(2): p. 503-8.2.Jones-
Villeneuve, E.M., et al., Retinoic acid induces embryonal 
carcinoma cells to differentiate into neurons and glial cells. J Cell 
Biol, 1982. 94(2): p. 253-62.3.McBurney, M.W., et al., Control of 
muscle and neuronal differentiation in a cultured embryonal 
carcinoma cell line. Nature, 1982. 299(5879): p. 165-7.4.Paquin, J., 
et al., Oxytocin induces differentiation of P19 embryonic stem cells 
to cardiomyocytes. Proc Natl Acad Sci U S A, 2002. 99(14): p. 
9550-5.5.Blagoev, B., et al., Temporal analysis of phosphotyrosine-
dependent signaling networks by quantitative proteomics. Nat 
Biotechnol, 2004. 22(9): p. 1139-45.6.Salomon, A.R., et al., 
Profiling of tyrosine phosphorylation pathways in human cells 
using mass spectrometry. Proc Natl Acad Sci U S A, 2003. 100(2): 
p. 443-8. 
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