





Bruce Chase (L), receives the Williams-Wright Award from Rod
McDowell at the Pittsburgh Conference in Atlanta.

infrared (NIR) has been working on Level Zero and Level
One performance tests for NIR instruments and has sub-
mitted a number of new definitions for E-131. A new task
group on fiber optics has just been formed.

Subcommittee E13.06 on Molecular Luminescence has
set up a variety of task groups including those concerned
with excitation-emission matrices, synchronous lumi-
nescence spectroscopy, corrected spectra, fluorescence
practices, fluorescence polarization, and infrared emis-
sion. Three documents were reviewed and balloted with
revision: E-388, Test Method for Spectral Bandwidth
and Wavelength Accuracy of Fluorescence Spectrome-
ters; E-578, Test Method for Linearity of Fluorescence
Measuring Systems; and E-579, Test Methods for Min-
imum Detectable Fluorescence of Quinine Sulfate and
Cyclo-hexane.

Subcommittee E13.08 on Raman has been working on
a document to describe the general methods of Raman
spectroscopy. This subcommittee has a very difficult job
keeping up with this rapidly changing field.

There are many people who have worked hard to gen-
erate high-quality, up-to-date documents on molecular
spectroscopy. Although there are too many to name here,
we would all like to acknowledge Gloria Collins, our
ASTM staff manager, who takes care of all the red tape
for us. Working on an ASTM committee is, for the most
part, fun and informative. The next meetings will be held
in conjunction with the FACSS meeting in Chicago in
the fall. Come join us-——you need not be a member of
ASTM to attend the meetings.

RACHAEL BARBOUR

INFRARED SPECTROSCOPY AND
DIOXIN ANALYSES

In the August 1988 Coblentz Society Newsletter, Tim
Collette described two uses of infrared spectroscopy at
the Environmental Research Laboratory (ERL) of the
United States Environmental Protection Agency (EPA,
or, simply, “the Agency”) in Athens, GA. Additional ap-
plications of infrared spectroscopy are being made within
the Agency, and I would like to describe herein two of
these areas with which I have been intimately involved.
Along with a description of these research projects, I will

also try to provide an acronymic tour of the “nether
regions” of environmental science.

During the summer of 1986, I was fortunate enough
to be one of five or six people selected by the national
EPA Office of Exploratory Research (OER) as an EPA
Distinguished Visiting Scientist. (Oddly enough—or,
perhaps, not so “oddly” in my case—the word “distin-
guished” was dropped from the title of this program the
year after my selection, giving me occasion to reflect on
cause and effect.) The research I proposed to carry out
under the Distinguished Visiting Scientist Program
(DVSP) involved the use of two different gas chromato-
graphic/Fourier transform infrared (GC/FT-IR spec-
trometric interfaces for conducting analyses (both
qualitative and quantitative) of the polychlorinated di-
benzo-p-dioxins (PCDDs) and their relatives, the poly-
chlorinated dibenzofurans (PCDFs).

The two GC/FT-IR interfaces employed in this study
are the Cryolect, or matrix isolation (MI), interface and
the lightpipe interface. The matrix isolation GC/FT-IR
instrument used in this research was that housed in the
EPA’s Region VII Laboratory, or Environmental Ser-
vices Division (ENSV), in Kansas City, KS. This instru-
ment, used in collaboration with Dr. Billy Fairless, di-
rector of the ENSV Division, and Harry Kimball, its
principal operator, uses the Cryolect MI interface to cou-
ple a Hewlett-Packard Model 5890 GC to a Mattson
Instruments Sirius 100 FT-IR spectrometer. Even though
this particular instrument has been commercially sup-
planted by a more recent, dedicated version, the EPA
Cryolect still remains virtually a “state-of-the-art” unit.

As originally proposed, the lightpipe instrument to be
used in this research was a Digilab FTS-20B GC/FT-IR
system, incorporating optimized lightpipe optics. How-
ever, this instrument—used in cooperation with Dr. Don-
ald Gurka of the Quality Assurance and Methods De-
velopment Division (QAD) of the Environmental
Monitoring Systems Laboratory (EMSL) of EPA in Las
Vegas, Nevada—was superseded by a more sensitive in-
strument, even before the lightpipe portion of my project
got underway. This newer instrument is the Hewlett-
Packard Model 5965 infrared detector (IRD) attached
to an HP Model 5890 GC. This instrument also has a

Bruce Chase also receives flak gear from an admirer, to wear during
his Williams-Wright Award address.
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Williams-Wright Award Symposium at the Pittsburgh Conference in
Atlanta featured (top row left to right) Bill Fateley (Speaker, Kansas
State University), Vic Kalasinsky (Symposium Chairman, Mississippi
State University), Peter Griffiths (Speaker, University of California,
Riverside), (bottom row left to right) John Rabolt (Speaker, IBM Al-
maden Research Center), Bruce Chase (Awardee, E.I. du Pont Exper-
imental Station), and Ira Levin (Speaker, National Institute of Health).

Hewlett-Packard Model 5970 mass selective detector
(MSD) installed in a serial fashion after the IRD, so
simultaneous GC/FT-IR and GC/MS (or GC/FT-IR/MS)
analyses can be performed. This instrument has been
used to analyze a number of priority pollutants, and has
provided the highest lightpipe GC/FT-IR sensitivities
attained to date.

The MI procedure effectively eliminates the GC “sol-
vent” and results in reflection-absorption infrared spec-
tra of the analytes, obtainable at very low quantities of
sample. For example, we have obtained excellent GC/
MI/FT-IR spectra of 1,2,3,4-tetrachloro-dibenzo-p-diox-
in (1,2,3,4-TCDD) at approximately 150 picograms of
compound injected.

On the other hand, the lightpipe—an internally gold-
plated flow cell—does not accomplish a solvent elimi-
nation, but, instead, records infrared spectra of the GC
effluents “on-the-fly,” as they pass through the lightpipe.
(The “solvent,” in this case helium only, is IR transpar-
ent.) With the use of the HP IRD lightpipe system de-
scribed above, detection limits in the low nanogram range
have been obtained for strongly IR absorbing pollutants.

The GC/MI/FT-IR technique typically yields lower
identification limits than does the lightpipe GC/FT-IR
interface. It does so at a price, however. GC/MI/FT-IR
spectra are not recorded in real time, whereas lightpipe
spectra are. Furthermore, the MI method is more ex-
pensive and more complex than the lightpipe technique,
and the MI method appears to require special MI in-
frared spectral libraries in a number of cases in order to
produce good library searches. However, both the MI
and the lightpipe GC/FT-IR interfaces have their own
applicabilities in the environmental sector, and both have
been employed successfully in environmental analyses.

At this juncture, the question Why should infrared
spectroscopy be used at all in environmental analyses?
probably needs to be addressed, especially since the
Agency uses GC/MS techniques as the primary methods
of analyzing environmental samples. Modern GC/MS
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systems are capable of extremely high sensitivities, ap-
proaching femtogram levels of detection, with picogram
detections being done routinely. However, mass spectral
methods are not always isomer specific, whereas infrared
spectra are usually easily capable of distinguishing be-
tween nonoptical isomers. Thus the principal advantage
of employing an infrared spectral-based method is its
inherent selectivity. Isomer specificity can be attained
unequivocally with the use of IR. For dioxin analyses in
particular, infrared spectroscopy is especially useful, since
the toxicities (and, hence, environmental risks) associ-
ated with these compounds are very isomer-specific.
Among the 22 tetrachlorodibenzo-p-dioxin (TCDD) iso-
mers, for example, the toxicities range over six orders of
magnitude! Therefore, any technique used for dioxin
analyses must be capable of discriminating between the
various dioxin isomers and congeners (members of the
PCDD family of compounds, of which there are 75; and
there are 135 PCDF congeners as well).

Additionally, since the Centers for Disease Control in
Atlanta have established an “action limit” for 2,3,7,8-
TCDD in soil of one part-per-billion, acceptable dioxin
analytical methods must be capable of meeting or ex-
ceeding this detection limit. GC/MS has been able to
attain this requisite sensitivity for some time, and now,
I am happy to report, so can GC/FT-IR methods.

Another advantage afforded by IR spectroscopy is the
potential ability to quantitate analytes via direct absor-
bance information from an individual spectrum. This has
yet to be realized on a routine basis for GC/FT-IR, but
if it can be, it could possibly eliminate the need for costly
internal standards or time-consuming calibration stud-
ies. Nonetheless, even if direct absorbance readings prove
unreliable, internal standards and calibration studies can
be (and have been) implemented with both lightpipe and
matrix isolation GC/FT-IR.

A final advantage of IR spectroscopy in environmental
analyses is, as Tim Collette discussed in the August 1988
Coblentz Society Newsletter, the large amount of easily
interpretable information present in an infrared spec-
trum. Functional group information deduced from IR
spectra can be used qualitatively to identify nontarget
compounds, or this information alone may suffice for

Henry Buijs (L) of Bomem, Inc. presents the Bomem-Michelson Award
to Richard Saykally (R) of the University of California at Berkeley.



assessing the environmental risks associated with an un-
known compound.

Consequently, we have attempted to utilize these ad-
vantages of infrared spectroscopy to develop GC/FT-IR
methods for the determination of halogenated dibenzo-
p-dioxins and dibenzofurans in environmental samples.
In particular, we have explored four categories of dioxin
and furan compounds. These include (1) the laterally
chlorinated dioxins and furans, (2) the octachlorinated
species, (3) the 2,3,7,8-tetrabrominated compounds, and
(4) the carbon-13 labeled 2,3,7,8-TCDD molecule. Since
the use of the lightpipe GC/FT-IR method is currently
underway, I will discuss primarily the results of our GC/
MI/FT-IR work on these compounds.

The laterally chlorinated dioxins and furans are those
compounds which have four of their chlorine atoms in
the lateral positions (i.e., the 2, 3, 7, and 8 positions).
There are 6 laterally chlorinated dioxins and 9 laterally
chlorinated furans in this set, and these 15 compounds
are the most toxic of the 210 possible PCDDs and PCDFs.
Thus, these compounds are the chlorinated dioxins and
furans of primary environmental concern and should
therefore be the principal targets of a highly sensitive,
isomer-specific analytical technique. We have recorded
GC/MI/FT-IR spectra of these 15 compounds, and have
submitted this work for publication to Applied Spec-
troscopy.

Although the octachlorinated dioxin and furan mole-
cules do indeed have four chlorine atoms in the lateral
positions, they are not officially members of the laterally
chlorinated species, because their toxicities, originally,
at least, appeared to be too low for inclusion in this group.
However, the apparently low toxicity of octachlorodi-
benzo-p-dioxin (OCDD) has recently been the subject of
re-investigation. Furthermore, it has been found that the
distribution of PCDDs in the environment is usually
heavily skewed toward the octachlorinated species, so
the environmental concern over OCDD has recently in-
creased. Additionally, it has been found recently that
polybrominated dioxins (PBDDs) and furans (PBDFs)
may be widespread in the environment, owing to com-
bustion of brominated fire retardants and polybromi-
nated biphenyls (PBBs). Of the 210 possible PBDDs and
PBDFs, the 2,3,7,8-tetrabrominated species have the
highest toxicities. Therefore, we have recorded GC/MI/
FT-IR spectra of the octachlorinated and 2,3,7,8-tetra-
brominated dioxin and furan molecules, and this study
has been recently published in Spectroscopy.

Finally, we have recorded the GC/MI/FT-IR spectrum
of ¥C,,-2,3,7,8-TCDD. This compound is used as an in-
ternal standard in GC/MS dioxin analyses, since it ob-
viously co-elutes from the GC with the native, or unla-
beled, 2,3,7,8-TCDD, but has different m/z values. The
infrared spectrum of this isotopically labeled substance,
while resembling that of the unlabeled compound, is suf-
ficiently shifted in frequency from the IR spectrum of
the native TCDD to allow it to be spectrally subtracted
from a spectrum of a mixture of the two molecules. Thus
it may be possible to use the same environmental sample
extract for both GC/MI/FT-IR and GC/MS dioxin anal-
yses.

In all the cases cited above, GC/MI/FT-IR spectros-
copy has proven to be a highly sensitive and isomer-

The Bomem-Michelson Award Symposium at the Pittsburgh Confer-
ence in Atlanta featured (top row left to right) Henry Buijs (Award
presentation, Bomem, Inc.), Rich Saykally (Awardee, University of
California at Berkeley), Bill Harris (Symposium Chairman, National
Science Foundation), (front row left to right) Henry Blount (Speaker,
National Science Foundation), Bill Klemperer (Speaker, Harvard Uni-
versity) and Ken Evenson (Speaker, National Institute of Standards
and Technology).

specific technique capable of being employed in dioxin
analyses of environmental samples. The matrix-isolated
IR spectra of the four laterally chlorinated HxCDF iso-
mers, or the 22 TCDD isomers, have unequivocally been
demonstrated to be unique and distinguishable from each
other. In addition, the minimum identifiable quantities
of these halogenated dioxins and furans approach 100
picograms for the lighter species (containing four or five
chlorines) to 1000 picograms for the heavier species. Thus
GC/MI/FT-IR spectroscopy can be expected to be more
routinely employed in the future for dioxin analyses, and
lightpipe GC/FT-IR may also be employed in this regard,
although its sensitivity at present may hinder its appli-
cation for very low-level analyses.

Besides the application of GC/MI/FT-IR spectroscopy
to dioxin analyses, a number of other environmental ap-
plications of this technique are also in development. We
have reported the use of this method in a pesticide study,
and in determining organics (like the trihalomethanes)
in water samples. In addition, the GC/MI/FT-IR tech-
nique is currently being developed for use in the analyses
of polychlorinated biphenyls (PCBs, of which there are
209 congeners), and for air sampling and soil gas analyses.

In conclusion, I would like to speculate briefly on fu-
ture directions of IR spectroscopy in environmental anal-
yses. It is clear that the combined technique of GC/FT-
IR/MS, with the large amount of information it can
provide about an unknown compound, is a wave of the
future. However, recent improvements in GC/FT-IR
couplings, like the direct deposition (or “matrixless iso-
lation”) interface (to be marketed by Bio-Rad as the
Tracer), or the dual-beam lightpipe GC/FT-IR system
(to be marketed by Mattson Instruments), will keep
stand-alone GC/IR spectroscopy (without MS) near the
forefront of environmental analyses for some time to
come. The direct deposition (or cryotrapping) interface
eliminates many of the disadvantages associated with
the matrix isolation interface, and the optical nulling
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Kathy Kalasinsky (L) presents a “Coblentz Society Jacket” to Rod
McDowell (R) as he concludes his last Board Meeting as President.

capability of the dual-beam lightpipe GC/FT-IR inter-
face should help improve sensitivities for “on-the-fly”
analyses. Expect to hear much more about these instru-
ments in the future.

If further information on these topics is desired, please
do not hesitate to write me. I would also like, at this
point, to acknowledge support of the research described
herein by EPA’s Distinguished Visiting Scientists Pro-
gram (as administered by the Office of Exploratory Re-
search under Cooperative Agreement CR-81362102) and
to acknowledge the contributions of my co-workers—
Drs. Billy Fairless and Don Gurka and Mr. Harry Kim-
ball.

Although the research described in this article has been
funded by the U.S. Environmental Protection Agency,
this manuscript has not been subjected to Agency review
and therefore does not necessarily reflect the views of
the Agency, and no official endorsement should be in-
ferred. Mention of trade names or commercial products
does not constitute endorsement or recommendation for
use by the Agency.

CHARLES J. WURREY
Department of Chemistry
University of Missouri-Kansas City

AUDIO VISUALS FOR ANALYSIS AND TRAINING

Four infrared audiovisual programs, reviewed and en-
dorsed by the Coblentz Society, are available for labo-
ratory training. ]

The first, IR-101, Principles of Infrared Quantitative
Analysis, describes a systematic approach to performing
quantitative analysis in solution and discusses factors
affecting precision and accuracy. IR-102 Techniques of
Solid Sample Handling for Infrared Spectroscopy, writ-
ten by Howard J. Sloane, covers solutions, powder sus-
pensions, smears, mulls, and pellets.

IR-103, Principles of Internal Reflectance Spectros-
copy, written by Paul A. Wilks, Jr., examines this popular
infrared sampling technique for polymers, coatings, op-
tically opaque materials, and on-stream liquid analysis.
The origin of internal reflectance spectra is clearly ex-
plained, and critical parameters are reviewed.
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The fourth audiovisual package in the line, IR-104,
Computerized, Infrared Spectroscopy: FT-IR and Dis-
persive, written by Tomas Hirschfeld and John P. Coates,
presents an overview of the capabilities of a computer-
ized spectrometer of either the dispersive or FT-IR type.

The four programs, produced by SAVANT Audiovisu-
als, Inc. are available in slide/audio-tape or video (Y2”
VHS, Beta or %" U-Matic) formats.

SAVANT also markets a slide/audio-tape program on
Interpretation of Infrared Spectra, written by J. H. van
der Maas and E. T. G. Lutz. It consists of 8 lessons in
122 slides and 4 tapes, 10 course books, answer book,
and correlation table. This program gives a complete
course in interpretation of IR spectra.

For more information and a free catalog, contact SA-
VANT, P.O. Box 3670, Fullerton, CA 92634, Ph: (800)
472-8268 or (714)870-7880.

OUR SPECTRAL DATA PROGRAM

Coblentz Spectra in Digital Format are now available.
The first set is one thousand spectra. The data files were
created from spectra selected from our evaluated refer-
ence data, which were carefully digitized through NIST
(National Institute of Science and Technology), formerly
NBS. All of the spectra have been re-evaluated after
digitization for detection and correction of errors.

Formats available include JCAMPDX for compressed
storage. Software for display, manipulation, and search
is also available. For details about the packages available,
or to describe your particular needs, call Clara Craver,
at (314)962-6704, or write to the Coblentz Society, P.O.
Box 9952, Kirkwood, MO 63122.

New Collections and Additions to the files are under-
way. This is a membership program to enable you to
obtain answers to more of your unknown IR spectra by
sharing reference data. Your help is needed to ensure
that we produce a useful and comprehensive spectral
library for all kinds of laboratories. You do not need to
accept responsibility for evaluating the data. Simply pro-
vide clearly identified reference spectra, and the evalu-
ation and editing will be done for you. Contributors usu-
ally find that feedback on their spectra justifies the small
amount of time required in order to submit them to the
Society.

Help by starting a storage file now on your instrument
for copying reference spectra for the Society. Conversion
to JCAMPDX is helpful, but not necessary. Remember
that big data bases are built one spectrum at a time.
Your one special spectrum may be just what someone
else needs! Clara Craver is handling this program for the
Society. See address above.

COBLENTZ STUDENT AWARDS, 1989

The Coblentz Society is pleased to announce its Stu-
dent Awards for 1989. These awards are presented yearly
to outstanding students of molecular spectroscopy and
consist of a copy of the Deskbook of Infrared Spectra
and a year’s membership in the Society. The awardees
for 1989 are listed below. (Graduate and undergraduate
students indicated by G and U, respectively.)



JENNIFER E. ANDREWS, Department of Chemistry,
University of Georgia (Prof. James A. de Haseth), In-
terfacing of fiber optics with a mid-infrared FTS. (G)

ANDREW G. BATZELL, Department of Chemistry,
Philadelphia College of Textiles & Science (Prof. Gul-
tekin Celikiz). (U)

THOMAS BEAGUE, Chemistry Department, SUNY
College of Technology at Farmingdale (Prof. Yeshwant
K. Purandare). (U)

JOHN FRANKLIN BRANNON, Department of Physics
and Astronomy, University of Tennessee (Prof. Wil-
liam E. Blass), Infrared solar and stratospheric ab-
sorption spectroscopy. (G)

KIRK BROWN, Department of Chemistry, Oregon State
University (Prof. Joseph W. Nibler), High-resolution
rotational spectra of small molecules by Raman loss/
gain methods. (G)

GEORGE D. CALVERT, Department of Chemistry,
University of South Carolina (Prof. James R. Durig),
A pyrolysis GC/FT-IR technique for the study of
woody peats. (G)

C. MICHAEL CHEATHAM, Department of Chemistry,
Texas A&M University (Prof. Jaan Laane), Confor-
mations of molecules in excited electronic states using
fluorescence excitation spectroscopy. (G)

JULIE HUST, Department of Chemistry, Miami Uni-
versity (Prof. Jack E. Katon), Identification and op-
tical properties of synthetic fibers by infrared mi-
crospectroscopy. (U)

JANET A. KLING, Department of Chemistry, Towson
State University (Prof. Nordulf Debye), Infrared spec-
trum of HCI. (U)

SANG WON LEE, NYS College of Ceramics, Alfred Uni-
versity (Prof. Robert A. Condrate), Raman microprobe
studies of gas bubbles in glasses. (G)

SARAH JOY LEIBOWITZ, Department of Chemistry,
Texas A&M University (Prof. Jaan Laane), Far-IR
and Raman spectra and conformations of bicyclic ring
molecules containing cyclohexane rings. (G)

CHRISTOPHER A. MAINES, Department of Chemis-
try, University of California, Berkeley (Prof. Robert
G. Snyder), Low-frequency Raman spectra of chain
molecule assemblies. (G)

CHRISTOPHER J. MANNING, Department of Chem-
istry, Duke University (Prof. Richard A. Palmer),
Computer- and optoelectronic-controlled step-scan
FT-IR instrumentation. (G)

SUSAN MOLE, Department of Chemistry, University
of Toledo (Prof. Gordon A. Parker), Use of IR, NMR,
and GC in organic synthesis. (G)

M. GERMANA PATERLINI, Department of Chemis-
try, Syracuse University (Prof. Laurence A. Nafie),
VCD applied to small peptide structures and ana-
logues having intramolecular hydrogen bonds. (G)

KEVIN BERNARD RAY, Department of Chemistry,
Rose-Hulman Institute of Technology (Prof. Frank A.
Guthrie). (U)

TRACIE G. SHEEHAN, Department of Chemistry, Uni-
versity of South Carolina (Prof. Joann F. Sullivan),
Infrared and Raman spectra of imine compounds. (G)

SUNHO SONG, Department of Chemistry, University
of Pittsburgh (Prof. Sanford A. Asher), UV Resonance

Raman spectroscopy for protein structural studies.
(G)

WESLENE TANNER, Department of Chemistry, Uni-
versity of Pittsburgh (Prof. Robin L. Garrell), Ab initio
calculations to assign vibrational spectra of substi-
tuted aromatic molecules. (G)

DAVID G. TAYLOR III, Department of Chemistry, Uni-
versity of California, Berkeley (Prof. Herbert L.
Strauss), Raman spectra of H, dissolved in water. (G)

MOLLIE L. TEVRUCHT, Department of Chemistry,
University of California, Riverside (Prof. Peter R. Grif-
fiths), Diffuse reflection spectrometry of coal oxida-
tion. (G)

PATRICK J. TREADO, Department of Chemistry, Uni-
versity of Michigan (Prof. Michael D. Morris), Had-
amard transform microscopy. (G)

CHING-MING TSENG, Department of Chemistry,
Georgetown University (Prof. Charles F. Hammer),
Cross-correlation of IR and C-13 NMR data bases for
computerized structure elucidation. (G)

DAIRENE UY, Institute of Chemistry, University of the
Philippines (Prof. Pilloo B. Sutaria), IR and fluores-
cence identification of organic groups in humic sub-
stances. (U)

SOCIETY ANNOUNCEMENTS

MEMBERSHIP. Anyone wishing to join the Society
may do so by sending $5.00 to Dr. James A. de Haseth,
Coblentz Society Membership Chairman, Department of
Chemistry, University of Georgia, Athens, GA 30607.

HONARARY MEMBERS. As mentioned in the Pres-
ident’s Message, the Society is awarding honorary mem-
berships in the Society to people who have made out-
standing contributions to the field of spectroscopy. Send
your nomination for 1990 to Dr. Kathy Kalasinsky, Co-
blentz Society President, Mississippi State Chemical
Laboratory, P.O. Box CR, Mississippi State, MS 39762
by September 1st.

BOARD MEMBERS. Two new board members are
elected by the Society each year. Please send nomina-
tions for the term 1990-1994 to Coblentz Society Pres-
ident, Dr. Kathy Kalasinsky (see address above) by Sep-
tember 1st.

BOARD MEETING. The Coblentz Society Board will
hold its semi-annual meeting the first week in October
at the FACSS conference in Boston. Any article of busi-
ness that you wish the Board members to consider needs
to be sent in writing to Coblentz Society President, Dr.
Kathy Kalasinsky (see address above) by September 1st
for inclusion on the agenda.

COBLENTZ SOCIETY BOARD AND OFFICERS

BOARD
Name Term Telephone
Expires

Dr. Matthew A. Harthcock 1990 (409)238-1190
Analytical Services B1218

Dow Chemical USA

Freeport, TX 77541

Dr. D. Warren Vidrine 1990 (408)255-1500

Measurex
1 Results Way
Cupertino, CA 95014

APPLIED SPECTROSCOPY 1115




Ms. Rachael L. Barbour

BP America Research

4400 Warrensville Center Road

Cleveland, OH 44128

Dr. Kathryn S. Kalasinsky

Mississippi State Chemical Lab

P.O. Box CR

Mississippi State, MS 39762

Dr. John F. Rabolt

IBM Almaden Research Center
K91/801

650 Harry Road

San Jose, CA 95120-6099

Dr. Hector Casal

Division of Chemistry
National Research Council
Ottawa, Ontario

K1A OR6, Canada

Dr. Geraldine L. Richmond
Department of Chemistry
University of Oregon
Eugene, OR 97403

Dr. Sanford A. Asher
Department of Chemistry
University of Pittsburgh
Pittsburgh, PA 15260
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1991

1991

1991

1992

1992

1993

1216)581-5562

(601)325-3324

(408)927-1613

(613)990-0945

(503)686-4635

(412)624-8570

Dr. Arlene A. Garrison 1993
Department of Chemistry

University of Tennessee
Knoxville, TN 37996-1600

President:

Secretary:

Treasurer:

Immediate

Past President:

OFFICERS

Dr. Kathryn S. Kalasinsky

Mississippi State Chemical
Lab

P.0. Box CR

Mississippi State, MS 39762

Dr. Robert W. Hannah

Perkin-Elmer Corporation

761 Main Avenue

Norwalk, CT 06859-0903

Dr. Bruce Chase

CR&D 328/121A
Experimental Station

E. I. du Pont
Wilmington, DE 19898
Dr. Robin S. McDowell
Mail Stop J567

Los Alamos National Lab
Los Alamos, NM 87545

(615)974-3145

(601)325-3324

(203)431-7797

(402)695-4434

(505)667-7071



