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PREFACE

This summary book is published annually to pro-
vide information on research supported by the
Department of Energy’s Division of Chemical
Sciences, which is one of five Divisions of the Office
of Basic Energy Sciences in the Office of Energy
Research.

These summaries provide the scientific and techni-
cal public, as well as the legislative and executive
branches of the Government, information, either
generally or in some depth, about the Chemical
Sciences program. Areas of research supported are
indicated in the section headings, the “Selected
Topics of General Interest” list, and the summaries
themselves. Energy technologies that may be ad-
vanced by use of the basic knowledge generated in
this program are included in the “Selected Topics of
General Interest” list and are often referenced in
the summaries.

Scientists interested in proposing research for sup-
port will find the publication useful for gauging the
scope of the present basic research program and its
relationship to their interests. Proposals that ex-
pand this scope may also be considered or directed
to more appropriate offices. The primary goal of the
research summarized here is to add significantly to
the knowledge base on which existing and future
efficient and safe energy technologies can evolve. As
a result, scientific excellence is a major criterion ap-
plied in the selection of research supported by the
Division of Chemical Sciences, but another im-
portant consideration is emphasis on science that

is advancing in ways that will produce new infor-
mation related to energy.

The program takes place in several different kinds
of performing organizations. About one-third of the
projects are at DOE laboratories and the rest
mostly at universities, with a small number of proj-
ects at industrial laboratories. In DOE laboratories,
much of the research utilizes special unique facili-
ties which, in some instances, are national user fa-
cilities. These are described in a separate section of
this publication.

Another section of this publication includes sum-
maries of projects funded during FY 1991 by
the Small Business Innovation Research (SBIR)
Program Office in response to technical topics sub-
mitted by the Division of Chemical Sciences to the
annual SBIR Solicitation.

Questions about the details of an individual project
may be directed to the investigators involved or the
persons in charge at DOE laboratories (who are
identified at appropriate places in this publication).
Other questions about the program may be directed
to the undersigned.

Robert S. Marianelli, Director
Division of Chemical Sciences
Office of Basic Energy Sciences
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PROGRAM SUMMARIES

Each Branch of the Division of Chemical Sciences is
divided into programs that cover various disci-
plines. The following summaries describe these
programs. The staff members responsible for each
program are indicated on page viii.

Fundamental Interactions Branch
(KC-03-01)

Photochemical and Radiation Sciences
(KC-03-01-01)

The Photochemical and Radiation Sciences program
consists of research on the interactions of radiation
with matter. Emphasis is placed on fundamental
research in solar photochemical energy conversion,
whereby fuels or energy may be produced by visible
light excitation of small molecules or solids. The
photochemistry research includes organic and inor-
ganic photocatalysis in homogeneous and heteroge-
neous media, electron transfer rates and mecha-
nisms, photosynthesis, and photoelectrochemistry.
The radiation chemistry research is concerned with
the chemical effects produced by absorption of en-
ergy from ionizing radiation. A small part of the
program is devoted to research in hot atom chem-
istry, i.e., the study of the effects of nuclear decay
and the consequent release of energy on chemical
reactions.

Chemical Physics (KC-03-01-02)

The Chemical Physics program supports research
in a diverse set of disciplines with a goal of provid-
ing basic knowledge in areas related to the nation’s
energy needs. A significant portion of the program
is in the many-faceted area of chemical kinetics, in-
cluding energy transfer, chemical dynamics involv-
ing state-selected chemistry, unimolecular and bi-
molecular reaction kinetics, as well as the reactions
of clusters. Research efforts in molecular structure,
spectroscopy, and theoretical chemistry are also
well represented in this program. In addition, there
is a growing effort in surface dynamics.

Special emphasis is placed on basic research related
to combustion; spectroscopy, theory, and the kinet-
ics of elementary combustion reactions are of
special interest. A major user-oriented facility, the

Combustion Research Facility (CRF) at Sandia
Laboratories/Livermore is supported by this pro-
gram. This laboratory offers the use of advanced
instrumentation to interested combustion scientists
from universities, industry, and national
laboratories.

Atomic Physics (KC-03-01-03)

The Atomic Physics program supports experimental
and theoretical efforts associated with the study of
atom and atomic ion structures, energy levels and
lifetimes of quantum states, and of transport and
exchange processes characterizing transfer of en-
ergy and momentum. These studies strive to obtain
the most accurate and complete fundamental
knowledge of the properties and interactions of
photons, electrons, atoms, and ions. Continued em-
phasis of this research is on the understanding of
relatively high energy atomic physics that involves
atoms stripped of all or almost all electrons and of
atoms and ions in which electrons are promoted to
upper energy levels. The study of processes that
lead to the production of coherent radiation and of
how its statistical properties are manifest in atomic
physics also constitutes part of this program.

Facility Operations (KC-03-01-04)

DOE operates large scientific facilities for the bene-
fit of the scientific community. Major user facilities
permit forefront research to be conducted in areas
important to DOE by scientists from industry and
universities in addition to DOE contractors/
grantees. Operating support for these expensive,
unique facilities that are open to all qualified re-
searchers is provided by DOE. Many of the facilities
are user oriented. The four operated by Chemical
Sciences are: the Combustion Research Facility
(CRF) at Sandia/Livermore, the High Flux Isotope
Reactor (HFIR) at Oak Ridge National Laboratory,
the Stanford Synchrotron Radiation Laboratory
(SSRL) at Stanford, and, shared with the Materials
Sciences Division, the National Synchrotron Light
Source (NSLS) at Brookhaven. They represent re-
search resources for the general scientific commu-
nity, and qualified scientists not associated with the
host laboratory are encouraged to make use of
them. However, any activity that can be carried out
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PROGRAM SUMMARIES

at commercially available laboratories is not appro-
priate for these DOE-supported facilities. The pro-
cess by which an off-site scientist can use a facility
is discussed in each summary.

In addition, another facility at Oak Ridge is oper-
ated as a service to the scientific community: the
Radiochemical Engineering Development Center
(REDC).

Other facilities described in the “Special Facilities”
section are also available for use through collabora-
tion with staff scientists. The names of individuals
to contact for further information and technical
data on available instrumentation at each facility
are described.

Processes and Techniques Branch
(KC-03-02)

Chemical Energy (KC-03-02-01)

This program includes basic chemistry research re-
lated to chemical transformations or conversions
which are fundamental to new or existing concepts
of energy production and storage. Of particular in-
terest are those research activities with the objec-
tives of understanding the chemical aspects of
(1) catalysis, both heterogeneous and homogeneous;
(2) the chemistry of fossil resources, particularly
coal, including characterization and transforma-
tion; (3) the conversion of biomass and related cellu-
losic wastes; and (4) the chemistry of precursors to
advanced materials. The disciplines of organic,
organometallic, inorganic, physical, thermo-, and
electrochemistry are central to these programs. The
emphasis is on understanding the fundamental
chemical principles underlying the new and devel-
oping technologies and on innovative chemical re-
search with potential for new energy concepts.

Separations and Analysis (KC-03-02-02)

The separations part of the program supports basic
research directed toward improving our under-
standing of methods for separating mixtures of
gases, liquids, solids, and their component
molecules, cations, and anions. The program covers
a broad spectrum of separations concepts, including
membrane processes, extraction at both standard
and supercritical conditions, adsorption, chro-
matography, photodissociation, complexation, etc.
The research involves elucidating fundamental
chemical phenomena for improved or new separa-
tions rather than developing specific processes.

The analysis part of the program supports research
on phenomena basic to analytical methods, the goal
being to improve sensitivity, reliability, and/or pro-
ductivity of analytical determinations. Chemical
and physical principles which can lead to entirely
new methods of analysis are investigated, although
this program does not support instrument develop-
ment. Research progress is reported quickly in the
open literature so that those interested in instru-
ment development can build on work supported
herein. The program is aimed at obtaining a thor-
ough understanding of the basic chemistry of ana-
lytical techniques so that their utility can be im-
proved, rather than solving specific problems in
analysis.

Heavy Element Chemistry (KC-03-02-03)

The Heavy Element Chemistry program focuses
on a study of the chemical and certain physical
properties of the actinide elements, principally the
transuranium elements, because of the importance
of these elements to DOE’s nuclear technology
programs and to an understanding of the basic
science in general. A variety of investigations are
pursued, including (1) organometallic chemistry,
(2) the chemistry of excited spectroscopic states,
(3) thermochemistry of actinide elements and

" compounds, (4) the chemistry of actinides in near-

neutral aqueous solutions and the reactions of
aqueous actinide ions with various complexing
agents, (5) the development of preparative methods
for actinide metals and compounds, and
(6) characterization of actinides under pressure.
This research is performed principally at the na-
tional laboratories because of facilities required for
handling radioactivity.

Chemical Engineering Sciences
(KC-03-02-04)

This program addresses energy-related aspects of
chemically related engineering topics, including
thermodynamics, turbulence related to combustion,
and physical and chemical rate processes.
Particular attention is given to experimental and
theoretical aspects of phase equilibria, especially of
mixtures, including supercritical phenomena, and
to the physics of gas phase turbulence. Also
included are fundamental studies of thermophysical
and thermochemical properties. Emphasis is given
to improving and/or developing the scientific base
for engineering generalizations and their unifying
theories.
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LABORATORY ADMINISTRATION

Listed below, by laboratory and department or
division, are persons who are in charge of the
Division of Chemical Sciences projects at DOE
laboratories. These individuals are laboratory,
department, or division administrators who can
provide information about specific programs or
refer inquiries to appropriate individuals.

AMES LABORATORY
Iowa State University
Ames, IA 50011

Chemical Sciences—Fundamental
Interactions

A. DePristo

Phone: Commercial (515) 294-9924

Chemical Sciences—Processes and
Techniques

J. H. Espenson

Phone: Commercial (515) 294-5730

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, 1L 60439

Chemical Technology Division
M. J. Steindler
Phone: Commercial (708) 972-4314 or
FTS 972-4314

Chemistry Division
L. M. Stock
Phone: Commercial (708) 972-3570 or
FTS 972-3570

Physies Division
H. G. Berry
Phone: Commercial (708) 972-4039 or
FTS 972-4039

BROOKHAVEN NATIONAL LABORATORY
Upton, Long Island, NY 11973

Applied Science Department
L. Petrakis
Phone: Commercial (516) 282-3037 or
FTS 666-3037

Chemistry Department
N. Sutin
Phone: Commercial (516) 282-4301 or
FTS 666-4301

National Synchrotron Light Source
D. McWhan
Phone: Commercial (516) 282-4966 or
FTS 666-4966

IDAHO NATIONAL ENGINEERING
LABORATORY

EG&G Idaho, Inc., P. O. Box 1625
Idaho Falls, ID 83415

Chemical Sciences Group
C. A. Allen
Phone: Commercial (208) 526-0250 or
FTS 583-0250

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, CA 94720

Applied Sciences Division
E. J. Cairns
Phone: Commercial (415) 486-5028 or
FTS 451-5028

Chemical Biodynamics Division
S.-H. Kim
Phone: Commercial (415) 486-4355 or
FTS 451-4355

Chemical Sciences Division
N. Phillips
Phone: Commercial (415) 486-6382 or
FTS 451-6382

Nuclear Science Division
T. J. M. Symons
Phone: Commercial (415) 486-5670 or
FTS 451-5670

Research in Chemical Sciences
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LABORATORY ADMINISTRATION

LAWRENCE LIVERMORE NATIONAL
LABORATORY

University of California

P.O. Box 808

Livermore, CA 94550

R. N. Schock
Phone: Commercial (415) 422-6189 or
FTS 532-6189

LOS ALAMOS NATIONAL LABORATORY
University of California

P.O. Box 1663

Los Alamos, NM 87545

A. Hartford
Phone: Commercial (505) 667-8680 or
FTS 843-8680

NOTRE DAME RADIATION LABORATORY
University of Notre Dame
Notre Dame, IN 46556

R. H. Schuler
Phone: Commercial (219) 239-7502

OAK RIDGE NATIONAL LABORATORY
P.O. Box 2008
Oak Ridge, TN 37831

Analytical Chemistry Division
W. D. Shults
Phone: Commercial (615) 574-4881 or
FTS 624-4881

Chemical Technology Division
R. K. Genung
Phone: Coramercial (615) 574-6275 or
FTS 624-6275

Chemistry Division
M. L. Poutsma
Phone: Commercial (615) 574-5028 or
FTS 624-5028

Physics Division
S. Datz
Phone: Commercial (615) 574-4984 or
FT$ 624-4984

PACIFIC NORTHWEST LABORATORY
P.O. Box 999
Richland, WA 99352

Chemical Sciences Department
B. R. Stults
Phone: Commercial (509) 375-2687

Molecular Sciences Research Center
M. Knotek
Phone: Commerecial (509) 375-2272

SANDIA NATIONAL LABORATORIES,
ALBUQUERQUE

P.O. Box 5800

Albuquerque, NM 87185

F. L. Vook
Phone: Commercial (505) 844-9304 or
FTS 844-9304

SANDIA NATIONAL LABORATORIES,
LIVERMORE
Livermore, CA 94551

Combustion Research Facility
dJ. S. Binkley
Phone: Commercial (415) 294-2174 or
FTS 234-2174

SOLAR ENERGY RESEARCH INSTITUTE
1617 Cole Boulevard
Golder, CO 80401

Fuels and Chemicals Research and
Engineering Division
A. J. Nozik
Phone: Commercial (303) 231-1953 or
FTS 327-1953

S. R. Bull
Phone: Commercial (303) 231-1200 or
FTS 327-1200
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NATIONAL LABORATORIES

Photochemical and Radiation
Sciences

Ames Laboratory
Iowa State University
Ames, JA 50011

Fundamental Interactions Pro- $600,000

gram

1. Electrochemical and Optical Studies of
Model Photosynthetic Systems
Cotton, T.M.
Comm. 515-294-9887

The objective of this research is the preparation of model
systems that have the photoinduced electron-transfer
characteristics of the photosynthetic reaction center. A
wide spectrum of systems is being investigated, ranging
from model systems based completely on synthetic
molecules or analogs of natural molecules, to systems in
which most, or all, of the elements have been derived from
natural sources. Excluded are those constructions that are
solely reconstitutions of functional in vivoe parts produced
by biochemical separations. The fundamental mode of at-
tack is the use of monolayers and multilayers to produce
the systems of interest. Three approaches are being fol-
lowed: preparation of spread monolayers at the air/water
interface, self-assembly adsorption techniques, and forma-
tion of multilayer systems by the Langmuir-Blodgett film
transfer method. The principal instrumental techniques
used for characterization include electrochemistry, laser
Raman spectroscopy, and scanning tunneling microscopy.
Additional information is obtained by optical absorption
and linear dichroic spectroscopy of the monolayer sys-
tems. (2.0 FTE]

2. Photoinduced Electron-Transfer Reac-
tions in Protein Matrices
Kostic, N.M.
Comm. 515-294-7715

This research focuses on two rate-determining factors in
photoinduced electron-transfer reactions: the pathway for
the transfer from the electron donor to the acceptor, and
the thermodynamic driving force. The donors are ferrocy-
tochrome ¢ (in the ground electronic state) and zinc
cytochrome ¢ (in the triplet excited state), while the accep-
tor is cuprisplastocyanin. These proteins are studied
because the redox-active metal ions in them are fully
characterized, fixed in three dimensions, and replaceable
with various nonbiological metals. The proteins are asso-
ciated flexibly by electrostatic forces, and both rigidly and
flexibly by covalent crosslinks. The rates of electron trans-
fer within the complexes have been determined by laser
flash kinetic spectroscopy. The experiments are designed
to show whether ground-state electron-transfer reactions
require rearrangement of the donor and the acceptor into

an optimal configuration. Comparisons of kinetics of the
excited-state reactions in precursor and encounter donor—
acceptor complexes with those of the corresponding
ground-state reactions have elucidated the role of transfer
pathway and the thermodynamic driving force on the
electron-transfer rate. The rate has been shown to depend
on the transfer pathway more when the driving force is
low than when it is high. Even though the donor and the
acceptor are highly charged, their association has been
found to depend on hydrophobic as well as electrostatic in-
teractions. [2.0 FTE)

3. Laser Spectroscopy and Electronic Energy
Transfer of Light Conversion Systems
Small, G.J.

Comm. 515-294-3859

The primary photoconversion processes of photosynthesis
are investigated in order to understand the structure—
function relationships that result in the near unit
quantum yield and high solar energy conversion efficiency
of photosynthetic units. Determination of these relation-
ships is viewed as important to the development of
biomimetic solar energy conversion technologies which
generate electricity or fuels. The primary photoconversion
processes are optical excitation (energy) transfer and elec-
tron transport processes in antenna (light harvesting) and
reaction center complexes. Laser-based optical frequency
domain spectroscopies (e.g., spectral hole burning), devel-
oped in this laboratory for biological applications, are used
to provide a high resolution window on the primary pro-
cesses and the electronic structure of the photocatalytic
chlorophyll states that drive them. These spectroscopies
also yield important information on the interaction
between excited chlorophyll states and the protein envi-
ronment, an interaction that enters into theories of
transport dynamics. Photosynthetic units from both pur-
ple bacteria and green plants are studied. Data obtained
continue to provide fresh insights into energy transfer and
electron transport and are used to test existing theoretical
models and to develop new models. [2.2 FTE]

4. Ultrafast Spectroscopy and Reaction Dy-
namics
Struve, W.S.
Comm. 515-294-4276

Ultrafast fluorescence and pump-probe spectroscopies are
used to characterize electron excitation transport in natu-
rally occuring and artificial photosynthetic systems.
Recent attention has focused on (1) pump-probe studies of
energy transfer in linear bacteriochlorophyll (BChl) ¢
aggregates from the green bacterium Chloroflexus
auranticus, (2) polarized time-resolved fluorescence spec-
troscopy of oriented gels of C-phycocyanin trimers from
blue-green algae, and (3) the temperature dependence of
single excitation hops in the chlorophyll a antenna of pho-
tosystem I. The first of these projects is motivated by the
fact that these BChl ¢ aggregates are spectroscopically
identical to BChl ¢ oligomers that form spontaneously in
solution; this “self-aggregating” property may thus lend
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PHOTOCHEMICAL AND RADIATION SCIENCES
Ames Laboratory

itself to facile construction of artificial antennae. The sec-
ond project addresses a ubiquitous problem: fluorescence
profiles emitted by simple antennae are frequently com-
plicated by the presence of many lifetime components that
are difficult to assign to specific energy transfer steps. The
use of symmetry and partial orientation of the protein
samples in compressed gels promises to yield far more in-
cisive interpretations of such experiments. [2.2 FTE]

Argonne National Laboratory
Argonne, IL 60439

Chemistry Division $5,100,000

5.  Electron Transfer and Energy Conversion
Miller, J.R.; Meisel, D.
Comm. 708-972-3481; FTS 972-3481

The project explores fundamental questions of
electron-transfer reactions and redox catalysis. Special ex-
perimental tools enable measurements of how rates of
electron transfer between molecules depend on distance,
energy, polarity, and angular orientation. These measure-
ments are unusual in their ability to investigate the effect
of each of these critical variables without interference
from the others and in a quantitative way that enables
fundamental examination and development of theory, as
exemplified in the recent striking success of theory in pre-
dicting temperature dependence. Redox catalysis by small
semiconductor particles received fundamental support
from knowledge of the electron and surface properties of
the particles. Careful measurements of particle sizes,
their absorption and emission spectra, and the dynamics
of charge transfer in these particles allow insights into
present, rudimentary theories, which relate size to
bandgap. Stability and reactivity are partially controllable
by chemical modification of the particle surface. Chem-
istry of d- and f-transition elements is investigated with
emphasis on electron-transfer reactions and formation of
colloids by these elements. [5.9 FTE]

6. Characterization of Photosynthetic Com-
ponents
Norris, J.R.; Bowman, M.K.; Tiede, D.M.
Comm. 708-972-3544; FTS 972-3544

The project objective is to develop systems for use in stud-
ies of solar energy conversion. In order to understand and
to develop highly efficient forms of artificial solar energy
conversion, the basic physical and chemical features of the
individual compounds, solvents, matrices, and light-
harvesting antennae are required. The focus of these
studies is threefold: (1) the transfer of excitation energy
prior to charge separation, (2) the properties of isolated
molecules relevant to electron transfer, and (3) the inter-
actions responsible for noncovalent binding. Normal and
isotopically altered chemicals or special assemblies are
provided to enhance the utility of the spectroscopies used
in the study of photoinduced charge separation. A unique
facility is operated for large-scale culture and isotopic la-
beling of algae and photosynthetic bacteria. [1.2 FTE]

7. Photosynthesis Research
Norris, J.R.; Tang, J.; Thurnauer, M.; Bow-
man, M.K.; Tiede, D.M.; Wasielewski, M.R.
Comm. 708-972-3544; FTS 972-3544

This project has two main objectives. The first objective is
to uncover the basic principles of the chemistry and
physics involved in the primary photoinduced charge sep-
aration that occurs in photosynthetic bacteria and green
organisms. Three areas are emphasized. (1) The mecha-
nism of charge separation as produced by photoinduced
electron transfer in natural photosynthesis is probed at
the molecular level. (2) Theoretical models for electron
transfer are proposed to explain and complement the ex-
perimental work. (3) Advanced instrumentation and
computer techniques are explored to help establish the
mechanisms involved in natural and artificial photosyn-
thesis. The information gained in these studies is used to
obtain the second objective, the design and preparation of
molecules and molecular assemblages that will convert
light energy into useful chemical energy in the laboratory.
The systems being studied, mainly by optical and
magnetic resonance spectroscopies, include natural,
isotopically substituted and chemically manipulated pho-
toactive assemblies, solutions, and compounds. [4.7 FTE]}

8. Reactive Intermediates in Condensed
Phases: Radiation and Photochemistry
Trifunac, A.D.; Jonah, C.D.; Sauer, M.C., Jr.;
Bartels, D.M.; Werst, D.W.; Lin, Y.

Comm. 708-972-3483; FTS 972-3483

This project studies short-lived species whose transforma-
tions and dynamics define the chemistry of ionization and
photoionization. The observed diversity of consequences of
ionizing radiation found in chemical and biological sys-
tems can be understood by considering fundamental
processes involving charge transport, proton transfer, and
excited states. The detailed study of short-lived species
such as radical cations and electrons provides paradigms
for understanding a wide range of fundamental issues of
chemical reactivity and is relevant to many technologi-
cally important chemical processes. The role of the solvent
in modulating the reactivity of such highly reactive
species is exemplified by studies of electrons and ions in
condensed phase. Molecular segregation is achieved in
low-temperature matrices, or “micro-reactors” such as zeo- -
lites, allowing detailed studies of condensed phase
reactivity of radical cations. This research is conducted us-
ing specialized state-of-the-art techniques that include a
picosecond linac, femtosecond laser and time-domain mag-
netic resonance, and optical detection methods. [8.2 FTE]

9. Artificial Photosynthesis
Wasielewski, M.R.
Comm. 708-972-3538; FTS 972-3538

The purpose of artificial photosynthesis research is to de-
sign and prepare molecules that will convert light energy
into useful chemical energy in the laboratory. The pri-
mary photochemistry of natural photosynthesis serves as
a model for highly-efficient conversion of light energy into
chemical energy. Natural photosynthetic charge separa-
tion may be improved by producing a more rugged
molecular system that can function as a good photocata-
lyst in harsher chemical environments than those
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encountered with proteins. The initial events of photosyn-
thesis consist of a sequence of picosecond electron transfer
reactions between donor and acceptors that are positioned
at critical distances and orientations relative to one an-
other within a large protein. Thus, donor-acceptor
molecules that maintain well-defined structural relation-
ships between the various donors and acceptors are
synthesized and studied. Molecules containing two or
more covalently linked electron donors and acceptors are
being developed to efficiently convert light energy into
stored chemical energy. The photophysics and photochem-
istry of these molecules are examined with primary
emphasis on ultrafast light-induced electron-transfer re-
actions and high-yield energy storage. [3.9 FTE]

Brookhaven National Laboratory
Upton, Long Island, NY 11973

Department of Applied Science $1,000,000
10. Porphyrin Chemistry
Fajer, J.; Barkigia, KM.; Renner, M.W.;
Thompson, M.A.
Comm. 516-282-4521; FTS 666-4521

Porphyrin derivatives mediate a wide spectrum of bioen-
ergetic reactions ranging from light-harvesting and
energy conversion in photosynthesis to multielectron
transfers in reactions as diverse as nitrogen assimilation,
regiospecific syntheses, and conversion of carbon dioxide
to methane. This project seeks to define the electronic con-
figurations that control these multifaceted mechanisms by
a combination of experimental, structural, and theoretical
approaches that considers the cumulative effects of
macrocycle, substituents, metal, ligands, conformations,
aggregation, and environment (protein or solvent) in
fine-tuning the photophysics, photochemistry, and
electron-transfer properties of porphyrins. The work
encompasses photochemistry, spectroelectrochemistry,
magnetic resonance (ESR, ENDOR, NMR), X-ray diffrac-
tion, and synchrotron radiation techniques that are closely
supported by several theoretical methods (extended
Hiickel, INDO, and molecular dynamics). The goals of the
work are to identify and characterize the transients and
mechanisms in these photosynthetic and biocatalytic
reactions, and to provide specific guidelines for the devel-
opment of synthetic photocatalytic systems. [5.8 FTE]

11. Electrochemistry and Photoelectrochem-
istry
Feldberg, S.W.; Smalley, J.F.
Comm. 516-282-4480; FTS 666-4480

The project comprises experimental and theoretical
studies of electrochemical and photoelectrochemical phe-
nomena. The major experimental effort focuses on studies
of fast interfacial rate processes associated with electron
transfer, ion transfer, and surface reconstruction or reor-
ganization. A laser-induced-temperature-jump technique
developed in an earlier phase of this work is one of the
tools being used to characterize processes that can occur
in the microsecond and submicrosecond time domain. Re-
sults in this previously inaccessible time domain will help
to elucidate the mechanisms of these heterogeneous phe-
nomena. Computer simulation of electrochemical and

photoelectrochemical problems is a continuing contribu-
tion of this project. A new approach to computer
simulation has been developed that greatly enhances the
power of the commonly used explicit-finite-difference
methodology without compromising its simplicity and flex-
ibility. Some applications include simulations of the cyclic
voltametric behavior of a variety of electrochemical
mechanisms, of diffusion—migration effects at ultramicro-
electrodes, and of photoresponses of semiconductor
electrodes. [2.5 FTE]

Chemistry Department $3,010,000

12. Thermal and Photoinduced Reactions in
Solution
Creutz, C.; Newton, M.; Seltzer, S.; Sutin, N.;
Brunschwig, B.S.; Fujita, E.;
Comm. 516-282-4359; FTS 666-4359

This program addresses three areas fundamental to the
efficient capture and storage of light energy: (1) excited-
state formation, chemistry, and photophysics; (2) energy
transduction by electron-transfer reactions; and (3)
energy storage through chemical transformations. Theo-
retical and experimental efforts are elucidating the factors
controlling electron-transfer rates and excited-state life-
times; the roles of electronic configuration, separation
distance, nuclear configuration and free-energy changes,
and solvent dynamics are being investigated through
studies of transition-metal complexes. The long-term stor-
age of solar energy as fuels or valuable chemicals requires
efficient coupling of light-absorption and chemical
transformation processes. Mechanistic studies of the pho-
toinduced and thermal olefin cis—trans isomerization
address the nature of this coupling in the purple mem-
brane proton pump, a solar energy converter which
operates through photocatalyzed and protein-catalyzed
cis—trans isomerization of its bound retinal. Chemical and
mechanistic studies of transition-metal centers in high
and low oxidation states are being conducted because such
centers can couple photoinduced electron-transfer pro-
cesses to the bond-forming reactions required in the
photodecomposition of water or the photoreduction of car-
bon dioxide to useful chemicals. [13.6 FTE]

13. Radiation Chemistry
Schwarz, H.A.; Bielski, B.H.J.; Holroyd, R.A.;
Cabelli, D.E.; Wishart, J.F.
Comm. 516-282-4330; FTS 666-4330

This program uses pulse radiolysis and photolysis to
study the behavior of transient chemical species. Principal
areas of investigation are: (1) properties and reactions of
electrons in dielectric fluids; (2) photoionization in dielec-
tric fluids; (3) formation and reactions of transition-metal
complexes in unusual oxidation states; (4) intramolecular
electron-transfer rates; and (5) the nature, thermodynam-
ics, and reactions of radicals produced in aqueous
solutions. The studies of electrons in dielectric fluids are
of prime importance in understanding the basic processes
of radiation chemistry, in the development of new detec-
tors for high-energy physics, and in controlling dielectric
breakdown in transformers. The studies of transition-
metal complexes are important in developing and
understanding certain homogeneous catalysis systems
and methods of chemical storage of solar energy. [7.7 FTE]
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14. Hot Atom Chemistry
Wolf, A.P.; Ferrieri, R.A.
Comm. 516-282-4397; FTS 666-4397

The intent of this program is to investigate the unusual
chemical reactions that can be promoted through the
interaction of translationally and, in some instances, elec-
tronically excited atoms with substrate molecules. The
primary concern is how excess kinetic energy affects the
fundamental chemistry of these species. A secondary con-
cern is whether hot atoms can be used as a source for
generating unusual and sometimes unique reaction inter-
mediates for chemical studies. Studies of this nature can
aid in the understanding of the complex chemistry in-
volved, not only in numerous photochemical processes,
but in discharge-induced plasmas, and in high-
temperature combustion as well. Recently, a new
sputtering atom source was developed for generating hot
oxygen atoms. The present system enables both transient
species and stable end products to be monitored in the gas
phase using mass spectrometry. This provides a broad
range of information that can be related not only to the
primary chemical interactions between the atoms and
substrate molecules, but to the chemical fate of the reac-
tion intermediates as well. Nucleogenic methods are also
implemented within the program to investigate atom-—
molecule reactions of a different nature. Active areas of
research include studies into the effect of kinetic energy
on the quenching mechanisms for electronically excited
nitrogen atoms, the stereochemical consequences of hot
homolytic halogen atom substitution reactions, and the
mechanisms of carbon atom reactions. [0.7 FTE]

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Chemical Biodynamics Division $425,000
15. Artificial Photosynthesis

Calvin, M.; Otvos, J.W.

Comm. 415-486-4321; FTS 451-4321

The project objective is to devise a synthetic system for
storing the energy of visible light. The approach involves
basic photochemical research in areas that will improve
understanding of the relevant parts of such a storage sys-
tem. First, there is a photoinduced electron-transfer
process across a phase boundary, mimicking the natural
photosynthetic process, followed by a stabilization of the
initial electron-transfer products. These products are then
catalytically converted to hydrogen and oxygen, the re-
sults of water photolysis, or to reduced organic compounds
and oxygen if carbon dioxide is used as the substrate. For
such an energy storage system to succeed, advancement
must be made in two areas. (1) The quantum yield of the
initial photochemical reaction must be improved. One
method of improvement is to compartmentalize the oxi-
dized and reduced products of the initial photoreaction in
order to prevent back-reaction. Studies use flash photoly-
sis to determine which reactions are limiting the
achievable quantum yield. (2) Soluble catalysts must be
found for the final conversion of the intermediate products
on both sides of the electron-transfer assembly. For the
oxidation side, the most attractive catalysts being studied
are complexes or oligomers of transition metal elements,

which can exist in several oxidation states and might,
therefore, be useful in the multielectron oxidation of wa-
ter to oxygen. [2.6 FTE]

16. Chemistry with Near-Infrared Photons
Frei, H.
Comm. 415-486-4325; FTS 451-4325

Extension of the wavelength response of photochemical
reactions of interest in solar photochemistry into the near-
infrared spectral range is very important for substantial
improvement of the use of the sun’s energy for chemical
purposes. The search for chemical reactions that can be
initiated with these long wavelength quanta is the main
goal of this work. Focus is on reactions that may serve as
models, or suggest new concepts for chemical storage of
near-infrared photons, their conversion into electrical en-
ergy, and use in photocatalysis and chemical synthesis.
Controlled atom transfer reactions are explored in inert,
cryogenic matrices by excitation of reactant pairs with red
and near infrared light. Reaction paths are mapped by
trapping of short-lived transients and elucidation of their
structure by FT-infrared spectroscopy. Most recent exam-
ples are stereocontrolled photooxidation of alkenes and
alkynes by red light excited nitrogen dioxide. These stud-
ies form the basis of controlled chemical synthesis with
long wavelength solar light in a room-temperature matrix.
Sensitive, time-resolved emission and absorption spec-
troscopy is used for the study of redox chemistry in
aqueous solution. Most recent examples are reduction of
singlet delta Oz at a p-type Si electrode, and direct obser-
vation of the rise of one electron oxidation intermediate
upon photooxidation of iodide at dye-sensitized TiO;. The
latter furnishes new insight into elementary reaction
steps of halide oxidation at the semiconductor—solution in-
terface. [2.1 FTE]

Chemical Sciences Division $160,000

17. Photochemistry of Materials in the Strato-
sphere
Johnston, H.S.
Comm. 415-642-3674

This research is concerned with global change in the
atmosphere, including photochemical modeling and exper-
imental gas-phase photochemistry. In collaboration with
Lawrence Livermore National Laboratory, theoretical
studies are made of atmospheric transport, radiation bal-
ance, and photochemistry. Molecules of atmospheric
interest are photolyzed, and the energies of the photofrag-
mentation products are measured in molecular beams.
[3.2 FTE]
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Notre Dame Radiation Laboratory
University of Notre Dame
Notre Dame, IN 46556

Radiation Laboratory $3,100,000
18. Organic Photochemical Processes
Chateauneuf, J.E.; Hug, G.L.
Comm. 219-239-5458

Detailed mechanistic investigations of the interaction of
light with organic materials, including photochemically
induced organic reactions, are being performed using
time-resolved spectroscopies. Photolytically generated re-
action intermediates and electronically excited states are
directly monitored by absorption and fluorescent tech-
niques. The absolute kinetics and energetics obtained
allow for mechanistic interpretation of such photochem-
ical processes as photoinduced electron transfer,
multiphoton ionization, photolytic bond cleavage, and
photoinduced molecular rearrangements. Primary pho-
tolytic processes including geminate interactions of
radical ions, solvated electron reactions, and protonation
reactions are being probed by picosecond flash photolysis.
Also, the detailed mechanisms of dissipation and storage
of light energy by photogenerated organic intermediates
are under investigation. Excited states of fluorescent radi-
cals are being used to study spin-statistic restrictions on
energy-transfer processes in solution. Electron and energy
transfer in reduced dimensions are also being investigated
to determine whether efficiency of reaction can be
enhanced in strong local fields of polyelectrolytes. Addi-
tionally, a multifaceted investigation of molecular
interactions in supercritical fluids (SCF) has been under-
taken. Both time-resolved and steady-state techniques are
being used to probe the molecular dynamics of SCF solu-
tions and to evaluate possible reactivity enhancements in
photochemically induced reactions. [4.2 FTE]

19. Quantum Mechanical Studies of
Radiation-Produced Intermediates
Chipman, D.M.; Carmichael, 1.C.; Bentley, oJ.
Comm. 219-239-5562

Chemical properties of transient species, such as free
radicals and molecules in excited states, are being charac-
terized by modern methods of ab initio electronic
structure theory to facilitate the interpretation of experi-
mental studies of early processes following radiclysis or
photolysis of various media. Contributions to spin densi-
ties from effects caused by spin polarization, electron
correlation, and vibrational averaging are being evaluated
to determine their relative importance in the observed
magnetic hyperfine coupling constants for a variety of free
radicals. The computational methods for this determina-
tion now have quantitative predictive power for simple
inorganic and alkyl radicals and are being further devel-
oped and tested for application to larger conjugated
systems. The geometries, energies, and vibrational fre-
quencies of nitroso—alkane compounds are computed to
elucidate experimental analysis of reactions occurring in
spin-trap systems. Vibrational frequencies and intensities,
measured by resonance Raman spectroscopy of transient
free radicals, are being interpreted by calculation of the
relevant ground-state force fields and excited-state geome-
try changes. This provides an explanation of the dramatic
alterations in intensity patterns experimentally found at

different excitation wavelengths for various benzo-
semiquinone and phenoxyl radicals. Methods are being
developed to compute autoionization lifetimes and branch-
ing ratios of highly excited electronic states when multiple
decay channels are available. [2.6 FTE]

20. Inorganic Photochemical Processes
Ferraudi, G.J.
Comm. 219-239-7676

The photochemical reactivity of coordination complexes,
in electronic states that are not populated directly from
the ground state, is investigated by using time-resolved
sequential biphotonic excitations. In order to ob-
tain comparisons between photoreactions initiated via
monophotonic and sequential biphotonic irradiations as
well as to characterize the excited states connected with
such processes, these studies are carried out as a function
of photon energy. Emphasis is placed on chemical systems
with potential application to the photoreduction of CO; as
a source of compounds (e.g., methanol, formaldehyde)
which may function as fuels and/or important raw materi-
als. Flash-induced time-resolved magnetic circular
dichroism (TRMCD) spectra of long-lived excited states
are determined to characterize upper electronic states
usually associated with the photoreactivity in sequential
biphotonic irradiations. TRMCD spectra of radicals and
coordination complexes in unusual oxidation states is also
utilized in the interpretation of corresponding electronic
spectra. In addition, dynamic effects of magnetic fields on
the luminescence and photochemical reactions of coordina-
tion complexes are investigated at intensities up to 90,000
Gauss. Magnetodynamic effects on the rates of redox reac-
tions between carbon-centered radicals and coordination
complexes are investigated and compared with those
effects on the rates of inner-sphere and outer-sphere elec-
tron transfers between coordination complexes. (5.4 FTE]

21. Microwave Studies of Radiation-Produced
Radicals
Fessenden, R.W.; Madden, K.P.
Comm. 219-239-5354

The structures and reactivities of free radicals and excited
states formed by radiolysis and photolysis are being stud-
ied by electron resonance (EPR), optical methods, and
microwave absorption to determine the molecular and
environmental factors controlling reaction rates and path-
ways. Definitive electronic and geometrical structures,
including acid-base properties, come from EPR spectra
and allow correlation with reactivity patterns. Rates of
radical reactions are determined from EPR experiments
using laser photolysis and pulse radiolysis. Electron spin
polarization (CIDEP) defines electronic interactions and
spin multiplicity during radical reactions. Considerable
effort is currently given to measurements of the rates of
spin trapping using a variety of radicals and spin traps.
These data show a marked variation in trapping rate con-
stants with radical nucleophilicity. Further work on
structure-reactivity relationships will facilitate the design
of better spin traps. The time dependence of microwave di-
electric absorption by photochemical intermediates maps
charge distributions to help explain variations in reaction
mechanisms in solvents of varying polarity. Rates of rapid
internal charge rearrangements in excited states are de-
termined from the dispersive microwave signal. The
yields, localizations, and decay kinetics of photoinduced
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charge carriers in semiconductor particles and films are
also measured by microwave absorption. {10.9 FTE]

22, Photochemical and Photoelectrochemical
Processes for Energy Conversion
Kamat, P.V.
Comm. 219-239-5411

Ultrafast electronic processes following the bandgap exci-
tation of colloidal semiconductor are characterized by
time-resolved absorption and emission measurements to
elucidate kinetics of electron and hole transfer, as well as
factors that control charge-transfer efficiency. Efforts are
being made to determine the role of surface modifiers (e.g.,
thio compounds) in controlling the size of semiconductor
colloids in the quantum-size regime and in improving
the selectivity and efficiency of photoelectrochemical
processes. The effects of optical excitation intensity, wave-
length, and temperature on the photophysical and
photochemical behavior of quantized semiconductor col-
loids (e.g., metal oxides and metal sulfides) and coupled
semiconductor colloids (e.g., TiOs—-CdS, ZnO-ZnS, and
ZnO-ZnS-CdS) are investigated with picosecond and
nanosecond laser flash photolysis. The kinetic and mecha-
nistic details of the charge-injection process as well as the
recombination of cation radicals with injected charge are
investigated in a variety of semiconductor colloid (e.g.,
TiO;, ZnO) and dye systems. The behavior of excited
states and photochemical transients in opaque particulate
systems is characterized with front face emission and dif-
fuse reflectance spectroscopy. These studies are directed
toward improving the efficiency of photoinitiated redox
events in organized molecular assemblies. [2.2 FTE}

23. Track Effects in Radiation Chemistry
LaVerne, J.A.; Mozumder, A.; Pimblott, S.;
Schuler, R.H.

Comm. 219-239-5563

Experimental and theoretical methods are used to probe
the radiation chemical effects of the track structure
produced by ionizing radiation. Experimental studies cur-
rently concentrate on the heavy-ion radiolysis of liquid
hydrocarbons. In these studies the dependences of product
yields and luminescence on particle charge, energy, and
linear energy transfer (LET) are compared with those
found in fast electron radiolysis. Measurements using a
wide variety of particles with energies up to 15 MeV/
nucleon and which exhibit LETs of 10 to 4000 eV/nm are
being carried out at the heavy-ion accelerators of the
Notre Dame Nuclear Structure Laboratory as well as the
Argonne Tandem/LINAC Accelerator Systems (ATLAS) fa-
cility of Argonne National Laboratory. Theoretical models
based on experimentally determined inelastic and ioniza-
tion cross sections are being developed in order to
estimate the distributions of ionization, excitation, and
primary species in both fast-electron and heavy-ion
tracks. These theoretical models use stochastic and deter-
ministic approaches to examine the various competitions
within tracks in alkanes, aqueous solutions, and aromatic
crystals. Experimental and theoretical methods are also
employed to study luminescence quenching in liquefied
rare gases irradiated with heavy ions and electrons. [6.2
FTE]

24. Influence of Ordered Molecular Assem-
blies on Photochemical Processes
Patterson, L.K.

Comm. 219-239-5403

The chemistry of excited states and free radicals in orga-
nized molecular systems is investigated to determine the
effects of reduced dimensionality, molecular orientation,
and interfacial parameters on reaction mechanisms. De-
termination of the means by which molecular organization
may be used to exercise kinetic control over reactions of
interest is a principal goal of this work. Particular atten-
tion is given to processes related to solar energy storage.
While micelles, vesicles, and Langmuir-Blodgett films are
utilized in these studies, efforts are focused on chemistry
in spread lipid monolayers at the gas-—water interface.
With these systems it is possible to both monitor and alter
the degree of molecular organization with a high level of
control. Time-resolved and steady-state fluorescence are
used to measure energy transfer, self quenching, diffu-
sion, monolayer permeability, and interfacial polarity as
functions of layer organization. Steady-state photochemi-
cal reaction products from reactions at the water surface
are analyzed by high-performance liquid chromatography
(HPLC) techniques. Auxiliary tools, such as surface
conductivity, are used to characterize lipid headgroup be-
havior in the interfacial region. While not practical in
monolayers, flash photolysis and pulse radiolysis mea-
surements can be carried out in micellar systems to
characterize effects of the microenvironment on behavior
of triplet excited states and of lipid radicals. [5.4 FTE]

25. Radiation Chemistry Data Center
Ross, A.B.; Helman, W.P.; Hug, G.L.;
Carmichael, 1.C.

Comm. 219-239-6528

Kinetic, spectroscopic, and thermodynamic data for pro-
cesses in solution involving reactive intermediates,
including free radicals and excited states, are being evalu-
ated and collected into databases. Photophysical
properties of excited singlet and triplet states of organic
and inorganic molecules in condensed phase are being
compiled, including kinetic data for first-order decay and
bimolecular quenching reactions. The broad range of prop-
erties includes quantum yields, energy levels, absorption
spectral parameters, and lifetimes. A current compilation
project covers quantum yields for the photosensitized pro-
duction of singlet molecular oxygen. A database on
free-radical kinetics for transient radicals, produced in the
radiolysis or photolysis of fluid solutions, has been assem-
bled and additional data are being added. Scientists from
other laboratories collaborate in the compilation and eval-
uation of these data. The evaluated data are disseminated
in published tables and by electronic means. The Radia-
tion Chemistry Data Center (RCDC) provides on-line
access to numeric databases covering (1) rate constants
for about 6900 reactions involving inorganic radicals in
aqueous solution, (2) triplet—triplet absorption spectral
data for over 1100 organic molecules in condensed phases,
and (3) the RCDC Bibliographic Database (RCDcbib).
RCDcbib contains over 117,000 references and is used
to produce the current-awareness publication, “The
Biweekly List of Papers on Radiation Chemistry and Pho-
tochemistry.” [4.7 FTE]
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26. Radiation-Induced Chemical Reactions
Schuler, R.H.; Tripathi, G.N.R.; Patter-
son, L.K.
Comm. 219-239-7502

The behavior of radicals produced by oxidation, reduction,
and electron-transfer reactions in aqueous systems is be-
ing studied by time-resolved absorption and resonance
Raman methods. Recent experiments have largely focused
on prototype organic sulfur-containing radicals produced
radiolytically from thioaromatics and on simple inorganic
radicals such as Op -~. Raman studies, which are unique
to this laboratory, provide structural information on a va-
riety of important reaction intermediates and allow the
reaction kinetics of these intermediates to be examined
where spectral overlap obscures kinetic spectrophoto-
metric experiments. Combined pulse-radiolysis and
flash-photolysis methods are used to examine photochemi-
cal properties of short-lived intermediates produced
radiolytically. Information on product distribution ob-
tained by chromatographic methods is integrated with
that from time-resolved studies of the intermediates to
give a detailed picture of the attack of OH radicals on aro-
matic systems. Scavenger methods are being developed to
provide data on the lifetime distribution of primary radiol-
ysis products in electron tracks, with the aim of using
these methods to examine the competitive processes in the
tracks of heavy particles. Product studies with high-
intensity pulses also provide important information on the
competition between second-order reactions of radicals
and electron-transfer processes. [9.0 FTE]

Solar Energy Research Institute
Golden, CO 80401

Fuels and Chemicals Research $1,245,000

and Engineering Division

27. Photophysics and Photochemistry of
Porphyrin Systems and Photosystem II Re-

action Centers
Connolly, J.S.; Seibert, M.
Comm. 303-231-1873; FTS 327-1873

This project focuses on fundamental aspects of light-
induced electron transfer in molecular systems leading to
the design and assembly of a synthetic photoreaction
center. To date, the work has concentrated on electron-
transfer interactions in porphyrin-containing molecular
assemblies. Current investigations are concerned with
tightly linked porphyrin—quinone molecules in which
strong electronic coupling between the donor and acceptor
moieties is highly sensitive to small changes in the dielec-
tric properties of the host matrix. Local environments are
probed in various media, including liquid mixtures, vesi-
cles, and polymers. Studies are being carried out on the
temperature dependence of charge-transfer interactions
by steady-state measurements of the emission spectra,
picosecond measurements of the kinetics and, where pos-
sible, time-resolved optoacoustic measurements of the
energetics. The goal is to understand the specific proper-
ties of protein membranes that facilitate electron transfer
in vivo and to stabilize the resulting redox products. Elec-
tron transfer and primary charge separation functions are
also under investigation in isolated antenna and photosys-
tem II reaction center complexes. [2.4 FTE]

28. Surface-Modified Semiconductor Elec-
trodes for Solar Photochemical Energy
Conversion
Frank, A.J.

Comm. 303-231-1962; FTS 327-1962

The photoelectrochemical properties and charge-
generation mechanism of conductive polymers, the
optical and electrical characteristics of the polymer—
semiconductor junction, and chemically derivatized
semiconductor particles are being investigated. The
charge carriers and band structure that evolve upon dop-
ing of electrochemically grown poly(3-methylthiophene)
(PMeT) films were extensively characterized as a function
of their preparation conditions by optical absorption, in-
frared, and electron spin resonance measurements.
Current-voltage, capacitance-voltage, optical absorption,
and electron beam-induced conductivity (EBIC) measure-
ments were utilized to elucidate the thermodynamic and
kinetic factors limiting the conversion efficiency of the
junction formed between undoped p-PMet and n-CdS.
Fundamental processes controlling the photoelectrochemi-
cal behavior and the photostability of PMeT are also
under investigation. Work continues on the study of the
first example of a molecular water-reduction catalyst for
chemically derivatizing TiO; colloids and powder suspen-
sions. The catalyst, which is formed in situ by direct
optical excitation of TiOz in the presence of [Pt(bpy)s]**,
exhibits considerably higher activity for Hy evolution than
elemental platinum on TiO; particles. [2.8 FTE]

29. Quantization Effects in Photoelectrochem-
istry
Nozik, A.J.; Turner, J A.
Comm. 303-231-1953; FTS 327-1953

Fundamental aspects of quantization effects in multiple
quantum wells, single quantum wells, superlattices, and
quantum particles (in the form of colloids) are being inves-
tigated in the context of photoelectrochemical problems
and issues. Time-resolved hot photoluminescence experi-
ments in the femtosecond and picosecond regime have
resolved an important controversy by unequivocally show-
ing that the rate of hot electron cooling in quantum wells
is much greater than in bulk semiconductors at high pho-
tocarrier densities. Studies of the temperature dependence
of photocurrent action spectra and I-V data show that
electron tunneling dominates electron transfer from quan-
tum well electrodes with 20 A barriers, while thermionic
emission is controlling in quantum wells with thicker bar-
riers. Advances have been made in synthesizing neat,
quantized particles of important semiconductors, such as
GaAs, which has not been produced previously without in-
terfering moities. Measurements of the rates of electron
transfer vis-a-vis electron relaxation are being measured
for both quantum films and quantum particles. Novel ap-
plications of quantized structures to basic problems in
photoelectrochemistry are also being pursued. {6.9 FTE)
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Ames Laboratory
Iowa State University
Ames, 1A 50011

Fundamental Interactions Pro- $705,000

gram

30. Chemical Theory
DePristo, A.E.
Comm. 515-294-9924

The general focus of this research is the theoretical
description of the structure and dynamics of chemically re-
active systems in terms of their fundamental atomic and
electronic constituents. Research is designed to describe,
calculate, predict, and understand properties of such un-
usual chemical systems as metal and semiconductor
clusters. The goal is to determine the structure and energy
of various clusters, and to investigate the relationship be-
tween these properties and the reactivity of clusters with
different gas-phase molecules. First principle, ab initio
and semiempirical quantum mechanical electronic struc-
ture techniques are utilized along with classical dynamics.
Another effort involves analysis of the kinetics and
nonequilibrium structure associated with irreversible or
far-from-equilibrium adsorption and catalytic reaction
processes on solid surfaces. The goal is to understand the
interplay between kinetics and structure. [2.0 FTE]

31. Molecular Beam Photoionization and
Photodissociation Studies of Molecules,
Clusters, and Radicals
Ng, CY.

Comm. 515-294-4225

The project objectives are (1) to provide accurate thermo-
chemical data for molecules, clusters, radicals, and
molecular ions and (2) to study the mechanisms and dy-
namics of elementary chemical processes relevant to
combustion chemistry. A new photoion—photoelectron co-
incidence (PIPECO) technique has been developed that
makes possible the measurement of the photoelectron
spectrum (PES) of minor species with concentrations less
than 1% of a gaseous mixture. The PIPECO method is
ideal for measuring the PES of radicals because radicals
are usually generated by discharge, reaction, or pyrolysis
in mixtures with their precursors. A project to systemati-
cally measure the PIPECO spectra of radicals related to
combustion is currently under way. A supersonically
cooled laser photodissociation radical beam source has
been developed. This source will allow accurate ionization
energy measurements of polyatomic radicals. Another
area of interest involves the study of the excimer laser
photofragmentation dynamics and energetics of a series of
sulfur-containing compounds and their clusters. In addi-
tion to information about the internal energy distributions
of photofragments, these experiments will provide reliable
estimates of the C-S and S-S bond energies of these com-
pounds. [3.75 FTE]

32. Molecular Bonding Theory
Ruedenberg, K.
Comm. 515-294-5253

Fundamental nonempirical quantum mechanical theory is
used to determine properties of molecules and chemical
reactions. Since the unifying concept for the understand-
ing of molecular structure and dynamics is the molecular
energy surface, a major objective is the global mapping of
such surfaces by accurate ab initio calculations as func-
tions of the atomic positions, and the determination of
those critical surface features that determine directions
and rates of chemical reactions. The resulting predictions
of reaction paths, transition states, reaction energies, acti-
vation energies, and unstable intermediates provide
information that, in most cases, is inaccessible by nonthe-
oretical means. In this context, methods for calculating
many-electron molecular wave functions are developed
that include the correlations between electronic motions
required for yielding the pertinent relative energy
changes with sufficient accuracy. Because most distinctive
energy surface modulations, such as minima, saddles, val-
leys, bifurcations, and surface crossings, cannot be simply
rationalized, rigorous explanations in terms of electronic
rearrangements are needed. Consistent general methods
are therefore developed for an in-depth analysis of abd ini-
tio electronic wave functions, leading to relations between
energetic interactions and electronic rearrangements.
Oxidation-reduction reactions, exchange reactions, and
isomerizations relevant to combustion, hydrogenation, or
atmospheric problems are investigated. Currently, global
potential energy surfaces are being established for the Oy
molecule. [2.25 FTE]

Argonne National Laboratory
Argonne, IL 60439

Chemistry Division $3,913,000
33. Photoionization-Photoelectron Research
Berkowitz, J.
Comm. 708-972-4086; FTS 972-4086

The vacuum ultraviolet photoionization of atoms, free rad-
icals, and small molecules is studied at high photon
resolution. The transient species are prepared in situ by
pyrolysis, electrical discharge, chemical reaction, or laser
photolysis. The ongoing studies of atoms are revealing sys-
tematic behavior in the breadth and shape of autoionizing
lines, which can be rationalized with a simple theory even
though it is inherently a complex, many-body phenome-
non. With molecules, a persistent ionization below the
known ionization threshold has been examined, and at-
tributed to rotational autoionization in several molecules.
The characteristics of this process (e.g., dependence on
electric field, dipole moment) are being studied. The
free-radical studies are currently providing accurate ther-
mochemical information on important intermediates in
combustion reactions, such as CoHjs, C:Hs, CH30, CH,OH,
and the previously undetected COOH. An important con-
tribution to combustion studies was the determination of
DH¢® (CoH) and D, (HCC-~H). Studies are in progress on
the Si;H, system. Unlike their carbon analogs, Si;Hy and
SioH, previously had not been observed. Preliminary data
indicate that the bonding in silicon hydrides is drastically
different from the isovalent carbon hydrides, e.g., the
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ground state structure of SigH is cyclic (doubled bridged),
unlike the triple bonded CoHs. These studies will provide
thermochemical information on the Si;H, species and
their cations, essential for modeling the kinetics of silane
plasmas used in thin-film technology. Conventional He
and threshold photoelectron spectroscopy are used to mea-
sure the spectroscopic properties of atomic and molecular
ions. Another apparatus is used to study directly the spec-
troscopy and dynamics of molecular—ion decomposition by
analyzing the fragments ensuing from ultraviolet laser
irradiation of selected molecular ions. One recent applica-
tion of this device is to distinguish clearly between
isomeric molecular ions. [4.0 FTE]

34. Metal Cluster Chemistry Research
Riley, S.J.; Parks, E.K.; Jellinek, J.; Knickel-
bein, M.B.
Comm. 708-972-6793; FTS 972-6793

The chemical and physical properties of isolated
transition-metal clusters are studied. Clusters of from two
to several hundred atoms are generated by pulsed lasers
and detected by laser-ionization mass spectrometry.
Metals studied include iron, cobalt, nickel, nicbium, alu-
minum, chromium, vanadium, rhodium, titanium, copper,
and platinum. Chemical properties are studied in a
unique continuous gas-flow-tube reactor. The dependence
of cluster reactivity on size is determined and shows cor-
relation to other chemical and physical properties.
Adsorbate uptake patterns are measured and give infor-
mation about cluster structure, changes in structure with
cluster size, and the nature of adsorbate binding sites. Ad-
sorbate binding energies are measured and are compared
to those of the bulk metal. Mechanisms for adsorbate de-
composition on cluster surfaces are characterized. In
another apparatus, cluster physical properties such as
ionization potentials, electron affinities, and photo-
physical processes are probed. These experimentally
determined cluster properties are correlated with theoret-
ical calculations. Additional theoretical effort is aimed at
developing tools for studying cluster dynamics and chemi-
cal reactions on cluster surfaces. Ultimately, these studies
will provide a better understanding of surface chemistry
and heterogeneous catalysis. [8.2 FTE]

35. Chemical Dynamics in the Gas Phase
Wagner, A.; Davis, M.; Harding, L.; Harri-
son, R; Shepard, R.; Liu, K.; MacDonald, R.;
Michael, J.; Hessler, J.; Gray, S.
Comm. 708-972-3597; FTS 972-3597

The project mission is to characterize by advanced theo-
retical and experimental techniques the inelastic and
reactive properties of small molecules and radicals in the
gas phase, with an emphasis on those species of impor-
tance in combustion chemistry. The theoretical effort
applies advanced electronic structure methods to the cal-
culations of spectroscopic force fields, reaction paths, and
entire potential energy surfaces. These results are then
used in statistical, trajectory, or advanced quantum dy-
namics calculations to obtain cross sections and rate
constants for comparison to experiment. Because these
applications are so computer intensive, substantial effort
1s devoted to a project to develop portable chemistry codes
optimized for cost-effect parallel computing architectures.
The experimental effort involves: (1) radical-molecule rate

constant measurements in shock tubes at low tempera-
tures (flash- or laser-photolysis-resonance-absorption)} or
high temperatures (laser-flash absorption) and (2) state-
resolved cross section measurements of radical-molecule
scattering with crossed, pulsed molecular beams and laser
spectroscopic detection. A new project directed at the mea-
surement, in a flow tube, of the state-resolved product
distribution for radical-radical reactions is in the con-
struction phase. [17.1 FTE}

Brookhaven National Laboratory
Upton, Long Island, NY 11973

Department of Applied Science $580,000

36. Combustion Kinetics and Reaction Path-
ways
Klemm, R.B.; Sutherland, J.W.
Comm. 516-282-4022; FTS 666-4022

This project is focused on the fundamental chemistry of
combustion. The overall objectives are to determine rate
constants for elementary reactions and to elucidate the
pathways of multichannel reactions. A multitechnique ap-
proach that features three independent experiments
provides unique capabilities in performing reliable kinetic
measurements over an exceptionally wide range in tem-
perature, 300 to 2500 K. Some recent kinetic studies
include: O + Hz0 (1050 to 2030 K), O + C2Hg (400 to 1400
K), H + CH, (900 to 1700 K), and CH4 + Ar (thermal de-
composition of methane, 1700 to 2150 K). A discharge
flow-photoionization mass spectrometer (DF-PIMS) exper-
iment 1s used to identify primary products from
multichannel reactions, to determine photoionization
spectra for reactants and products, and to measure ioniza-
tion potentials of free radicals. The DF-PIMS apparatus
was designed to be operated on the U-11 beamline at the
National Synchrotron Light Source (NSLS) and thus take
advantage of tunable vacuum ultraviolet light to improve
detection sensitivity and selectivity in monitoring free
radicals. A recent result from the DF-PIMS studies is the
determination of the branching ratio for the two CHs-
forming channels of the O + C3Hg reaction. Also, the
dissociative ionization of vinoxy radical, to form CH3" and
CO, was confirmed by direct observation. [4.7 FTE]

Chemistry Department $2,835,000
37. Energy Transfer Studies in Cluster Im-
pacts
Friedman, L.; Friedlander, G.; Beuhler, R.J.
Comm. 516-282-4325; FTS 666-4325

The impacts of accelerated cluster ions on solid surfaces
generate transient, highly compressed assemblies of ener-
getic atoms. These assemblies are unique in that very
large amounts of energy are concentrated in the motion of
the atoms rather than in excitation of the electrons, so
that cooling processes are slower than in systems heated
by lasers, electron beams, or high-velocity ion beams. The
direct deposition of energy into the motion of target atoms
produces a nonrandom directional distribution of transla-
tional energy in the target atoms. As a consequence, a
very small fraction of the target atoms may acquire suffi-
cient translational and/or vibrational energy to drive
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nuclear fusion reactions. A study of the effects of cluster
impacts on solid surfaces in economical, laboratory-scale
experiments can illuminate mechanisms of the ablative
processes normally relied upon to compress and heat plas-
mas in inertially confined fusion. In addition, the direct
application of cluster beams in place of heavy-ion beams
to heat inertially confined plasmas can be investigated.
Most of the proposed experimental work will build on the
foundation already established in studies of fusion reac-
tions induced by singly charged accelerated cluster ions.
New studies will focus on the exploitation of multicharged
ions to extend the range of velocities and sizes of the pro-
Jectiles used to initiate cluster-impact phenomena. The
major objectives of this project are to study the properties
of condensed matter under extreme conditions of pressure
and energy density, and to evaluate the potential of clus-
ter impacts for use in the economical development of
fusion energy. [3.1 FTE]

38. Gas-Phase Molecular Dynamics
Weston, R.E.; Muckerman, J.T.; Sears, T.J.;
Preses, J.; Hall, G.E.
Comm. 516-282-4373; FTS 666-4373

Research in this project explores the energetics and
dynamics of molecular collision phenomena and the micro-
scopic factors affecting the structure and dynamics of
short-lived intermediates in gas-phase chemical reactiors.
Both experimental and theoretical techniques are directed
toward the study of the spectra of small free radicals, and
of state-to-state dynamics of gas-phase collision, energy-
transfer, and photodissociation phenomena. The objective
is a fundamental understanding of transient species and
chemical processes, especially those related to combus-
tion. Experimental tools include diode laser absorption;
pulsed excitation using infrared, visible or ultraviolet
lasers or ultraviolet synchrotron radiation; laser-induced
fluorescence and stimulated emission pumping; time-
resolved Fourier transform infrared detection of excited
species; and time-resolved fluorescence studies. These are
augmented by theoretical studies in which quasi-classical,
semiclassical, and quantal methods, particularly those
combining classical and quantal wavepacket descriptions
for different degrees of freedom, are developed and ap-
plied to prototypical chemical systems. Since the merging
of the scientific programs previously on beam lines USA
and U1l at the National Synchrotron Light Source, this
program provides assistance to some of the outside users
of beam line U11. [10.0 FTE]

39. Gas-Phase Photoionization of Molecules
and Molecular Complexes
White, M.; Grover, J.R.; DiMauro, L.
Comm. 516-282-4345; FTS 666-4345

The general aim of this program is the experimental char-
acterization of optically prepared excited and ionic states
of molecules and molecular complexes and their nonradia-
tive decay dynamics. Intense synchrotron and laser
radiation sources are used to induce excited neutral or
ionic state processes such as dissociation, dissociative re-
arrangement, and autoionization, the products of which
are probed by a variety of photoionization-based tech-
niques. Particular emphasis is placed on elucidating the
decay dynamics of neutral or ionic molecular species with
high internal energy content. For isolated molecules,

these studies focus on state-resolved measurements of dis-
sociation dynamics in the vacuum ultraviolet (VUV) and
rotationally resolved photoionization studies using novel
threshold photoelectron techniques. Parallel investiga-
tions of weak molecular complexes are aimed at obtaining
mechanistic and dynamical information on dissociative
rearrangement processes of molecular intermediates pro-
duced by photoionization. Time-resolved fluorescence
studies are aimed at probing the structure and dynamics
of “cold” chemically transient species. Studies of the ef-
fects of high-intensity laser fields on simple, isolated
systems are also under investigation with the ultimate
goal of controlling modified collision dynamics for physical
and chemical processes. [4.0 FTE]

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Applied Science Division $175,000

40. Combustion Chemistry
Brown, N.dJ.
Comm. 415-486-4241; FTS 451-4241

Combustion processes are governed by chemical kinetics,
energy transfer, transport, fluid mechanics, and the com-
plex interactions among these. In all chemical changes,
the pathways for energy movement and the competition
among the pathways determine reaction rates, product
yields, and product state energy distributions. Under-
standing the fundamental chemical processes offers the
possibility of optimizing combustion processes. Recent
research has been concerned with the application of func-
tional sensitivity analysis to determine the relationship
between dynamic observables and the potential energy
surface structure. This provides an understanding of how
different regions of the potential play a part in controlling
the dynamics, and thereby influence the eventual outcome
of calculated observables. Functional sensitivity analysis
has been applied to classical dynamics studies of energy
transfer and to quantum mechanical studies of reactive
scattering. Functional sensitivity analysis can be used to
identify regions of configuration space of highest sensitiv-
ity so that quantum chemists calculate a high density of
ab initio points in those regions, and the full sensitivities
can be used in guiding the improvement of the potential
surface to obtain better agreement between theory and ex-
periment. A second portion of the effort is concerned with
modeling combustion chemistry with particular emphasis
on the use of parametric sensitivity analysis. [1.0 FTE]

Chemical Sciences Division $2,560,000
41. Energy Transfer and Structural Studies of
Molecules on Surfaces
Harris, C.B.
Comm. 415-642-2814

The goal of this research is to study the dynamics of ex-
cited electronic states on surfaces, at interfaces, and in
condensed phases and to develop new laser techniques for
studying these dynamics. The research program is both
theoretical and experimental in character, and includes
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nonlinear optical and ultrafast laser techniques in addi-
tion to a variety of standard surface science tools for
characterizing surfaces and adsorbate—surface interac-
tions. Recent work has centered on the development of
new techniques for studying the dynamics of electrons at
interfaces on femtosecond time scales, carrier diffusion in
semiconductors, and photodissociation of transition metal
carbonyls in solution. The results of this program have a
direct bearing on high-speed technological devices and
materials, and on other problems of general interest such
as the dynamics of electrical transmission in conductors
on ultrafast time scales and the optical properties of thin
films. [2.0 FTE]

42. Chemical Dynamics
Lee, Y.T.; Lester, W.A.; Miller, W.H.;
Moore, C.B.; Kung, A.H.; Neumark, D.
Comm. 415-486-6154; FTS 451-6154

The objectives of this program are to develop the basic
knowledge and understanding of the mechanisms and dy-
namics of elementary chemical reactions that have major
impact on combustion and advanced energy production
technologies. Recent emphasis has been to determine the
structure and chemical behavior of free radicals, unusual
transient species, clusters and cluster ions, and highly ex-
cited polyatomic molecules, and to provide microscopic
details of primary photodissociation and bimolecular pro-
cesses. These objectives are achieved with a strongly
coupled experimental and theoretical-computational ap-
proach using cutting-edge methodologies. Dynamical
studies use advanced molecular beams and photofragmen-
tation spectroscopy. Kinetics studies employ infrared (ir)
laser flash kinetic spectroscopy and high-resolution
ultraviolet—vacuum ultraviolet (UV-VUV) laser spec-
troscopy. New theoretical methods and models are
developed both to provide insight into chemical reactivity
and the dynamics of reactive processes and also to allow
one to carry out forefront calculations to guide and model
variations of these experimental studies. Advanced tools
such as an infrared free-electron laser and synchrotron
light source instrumentation are being developed for the
next generation experiments which require the settings of
a major facility. [17.8 FTE]

43. Physical Chemistry with Emphasis on
Thermodynamic Properties
Piizer, K.S.
Comm. 415-642-3472; FTS 451-5456

The purpose of this project is the discovery and develop-
ment of methods of calculation of thermodynamic and
related properties of important chemical systems by use of
quantum and statistical mechanics together with experi-
mental measurements for key systems. Particular
attention will be directed to the development of theoreti-
cally guided equations of state for mixed fluids with
components of widely different molecular type and unlim-
ited number. The inclusion of ionic components introduces
special problems because the alternating charge and long-
range nature of ionic forces require a separate theoretical
treatment. A recent contribution was the set of precision
near-critical measurements on a liquid salt, polar solvent
system that provided for the first time the critical expo-
nent 8 of an ionic system. The critical exponents for ionic
fluids are a matter of current controversy theoretically.
Other recent contributions have related to the properties

at very high temperature and pressure of aqueous NaCl
and KCl. Systems dominated by these salts but containing
additional components are of both geological and indus-
trial importance. In connection with research in this area,
there is liaison and/or collaboration with other Depart-
ment of Energy (DOE) or United States Geological Survey
(USGS) groups as appropriate. [1.5 FTE]

44. Chemical Physics at High Photon Ener-
gles
Shirley, D.A.
Comm. 415-486-7633; FTS 451-7633

This project is focused on the future utilization of the Ad-
vanced Light Source, now under construction at the
Lawrence Berkeley Laboratory, for research in chemical
physics. Two major goals are (1) the performance of path-
breaking research based on high-brightness vacuum
ultraviolet radiation and (2) the training of chemistry
Ph.D. students in synchrotron radiation science. Research
projects are identified to emphasize those priority re-
search areas that are amenable to study with vacuum
ultraviolet radiation: chemical reactivity, chemical cataly-
sis, and matter under extreme conditions. Effects are
emphasized that can be refined and extended with the ad-
vent of third-generation light sources (e.g., angular
distribution effects in threshold and near-edge photoexci-
tation phenomena, very fast processes, and processes
requiring very high intensity and energy resolution). Elec-
tron correlations in atoms and molecules are studied,
especially in the adiabatic (low-energy) limit, where the
electronic structure of the continuum is important.
Molecular-beam angle-resolved time-of-flight spectroscopy
is performed, using supersonic beams. Surface structures
are also studied using photoelectron diffraction in the
variable energy mode, and observing angle-resolved pho-
toemission extended fine structure (ARPEFS). In fact,
development and extension of the ARPEFS method, which
is complementary to surface extended X-ray absorption
fine structure (EXAFS) and other surface structural tools,
is a major activity of this project. {9.25 FTE]

Lawrence Livermore National Labora-
tory
University of California

Livermore, CA 94550

Division of Computational $40,000

Physics

45. Chemical Kinetics Modeling
Westbrook, C.K.
Comm. 415-422-4108; FTS 532-4108

This project consists of computer modeling of chemical ki-
netics of combustion of hydrocarbon and other fuels. Of
particular interest are fuels that are used in practical en-
ergy conversion systems, including internal combustion
engines, burners, and gas turbines. Current topics of at-
tention in this program address the roles played by fuel
molecular structure and size in determining combustion
properties such as oxidation rate, pollutant emissions,
and relative ignition rates. Isomers of pentane, hexane,
and heptane are being used to determine the importance
of bond locations and strengths on knocking tendency and
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octane number in internal combustion engines. This
project is also investigating the manner in which oxy-
genated hydrocarbon species influence ignition of other
hydrocarbons, with particular attention to known anti-
knock compounds such as methyl-tert-butyl ether
(MTBE). Modeling is being extended to chlorinated hydro-
carbons, including many species identified as contributors
to toxic and hazardous industrial wastes. In all cases,
model calculations are used to determine those reactions
whose rates and products have particularly strong influ-
ences on the overall rates of combustion and which
require further attention. [0.3 FTE]

Pacific Northwest Laboratory
Richland, WA 99352

Molecular Science Research $3,000,000

Center

46. Chemical Structure and Dynamics
Colson, S.D.
Comm. 509-375-6882

The Chemical Structure and Dynamics program responds
to the need for a fundamental molecular level understand-
ing of chemistry at environmental interfaces. The
research is built around the established relationship be-
tween structure and function (reaction dynamics) that is
the underpinning of molecular science. The structural
studies are key to the direct comparison with theory. Real
time dynamics measurements of atomic/molecular mo-
tions during chemical reactions provide for a molecular
level description of reaction dynamics. One program ele-
ment relies upon the synthesis and characterization of
microscopic models of condensed phase chemistry. Atomic
and molecular clusters are a form of matter whose
properties lie outside the realm of general chemical exper-
imental science. They not only provide a quantitative
basis for comparison with theory but are the source of a
microscopic understanding of the condensed phase. An-
other initiative brings a combination of state-of-the-art
lasers and atomic resolution surface mapping tools (i.e.,
scanning tunneling microscopy (STM})) to the study of in-
terfacial chemistry. The combination of lasers and surface
mapping tools allows direct observation of reactions on re-
alistic chemical surfaces. The cluster and surface science
initiatives illustrate two elements of a broad program in-
cluding structure and dynamics studies of molecules in
isolation, condensed in microstructures, in solution, and
on extended surfaces. [9.6 FTE]

47. Molecular Theory and Modeling
Dunning, T.H., Jr.
Comm. 509-375-6863

The molecular theory and modeling project is designed to
provide a molecular-level understanding of molecular pro-
cesses in the atmospheric, terrestrial, and subsurface
environments. This knowledge is critical to the develop-
ment of reliable models of contaminant transport and
transformation in the air, groundwater, and soil. To
achieve this goal, the project is focused on theoretical and
computational studies of molecular processes in isolation
(gas phase) and in liquids, on surfaces, and at interfaces
(condensed phases). The research objectives of the project

are (1) application of ab initio techniques to study elemen-
tary molecules processes important in the environment;
(2) extension of ab initio techniques to treat molecular
systems of environmental importance; (3) modeling molec-
ular processes in the multispecies, multiphase systems
prevalent in the environment; and (4) development of
accurate modeling techniques for describing complex cnvi-
ronmental molecular systems. Specific areas of current
research interest include: the reactions of sulfurous
species in the atmosphere; the solvation of ions, reaction
of hydroxyl anion, and dynamics of twist-induced charge
transfer processes in solution, and the modeling of
substrate-mineral surface interactions in soils. [6.9 FTE]

Sandia National Laboratories, Liver-

more
Livermore, CA 94551-0969

Combustion Research Facility $2,400,000

48. Combustion Research Facility (CRF) Di-
agnostics Research: Coherent Raman
Processes
Lucht, R.P.; Farrow, R.L.; Rahn, L.A.
Comm. 415-294-3089; FT'S 234-3089

This project develops coherent Raman diagnostic tech-
niques in support of Combustion Research Facility (CRF)
programs. Detailed studies are made of processes affect-
ing coherent anti-Stokes Raman spectroscopy (CARS), a
leading technique for time-resolved measurements of tem-
perature and major species concentrations. Processes
studied recently include collisional broadening, Doppler
broadening and narrowing, collisional reorientation of ro-
tational alignment, saturation, and elastic vibrational
dephasing. In particular, a new theory, based on speed-
dependent collisional shifts, has been developed to account
for asymmetric inhomogeneous line shapes observed in
hydrogen. A high-resolution CARS system is used to ex-
amine saturation of Doppler-broadened line shapes, to
perform pump-probe experiments for measuring inelastic
rotational state-to-state transfer rates directly in nitrogen
and hydrogen, and to measure high-temperature
linewidths in high-pressure lamps. The modification of
CARS spectra at high pressure caused by collisional nar-
rowing is quantified in detail using high-resolution CARS
and high-resolution inverse Raman spectroscopy, so that
measurements in high-pressure environments (e.g., inter-
nal combustion engines) can provide more accurate
results. Inverse Raman spectroscopy is also used to de-
velop a high-resolution database of spectral parameters
for important combustion species such as nitrogen, carbon
monoxide, hydrogen, and water vapor. A computer code
for analyzing CARS spectra and for determining tempera-
tures and concentrations is maintained and upgraded to
incorporate advancements in spectral models. This project
is supported with facility operations funds. [5.0 FTE]
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49. Combustion Research Facility (CRF) Di-
agnostics Research: Advanced Methods
Lucht, R.P.; Goldsmith, J.E.;

Koszykowski, M.L.; Rakestraw, D.J.; Tre-
bino, F.P.
Comm. 415-294-3089; FTS 234-3089

This project supports the development and theoretical in-
terpretation of new, nonlinear, laser-based techniques for
detecting trace species and for studying resonant wave-
mixing processes in combustion environments in support
of Combustion Research Facility (CRF) projects. Abso-
lutely calibrated prefiles of hydrogen atoms in hydrogen/
oxygen and hydrocarbon flames have been obtained.
Photochemical effects as a source of interference in mea-
surements of hydrogen and oxygen atoms in flames have
been identified. Stimulated emission following multipho-
ton excitation of flame radicals is currently under
investigation. Temperature measurements and imaging of
OH, CH, and NO have been achieved using a promising
new combustion diagnostic, degenerate four-wave mixing.
Rapid progress has been made in the development of ul-
trafast pulse (on the order of 50 femtoseconds) optical
techniques for the study of chemical dynamics processes.
In the area of theoretical studies, resonant wave-mixing
spectra are calculated using both perturbative and non-
perturbative solution of the fundamental density matrix
equations. Three-level models have been developed and
calculations performed to understand the many processes
affecting transient femtosecond excite-probe experiments,
including saturated absorption, free-induction decay,
coherent artifacts (transient gratings), perturbed free-
induction decay, photon echo, accumulated photon echo,
orientational relaxation, and probe-beam saturation. A
model has been developed to determine ultrafast laser
pulse widths, self-phase modulation, and chirp from mea-
surements based on induced thermal gratings. Such
measurement techniques are more robust than second-
harmonic generation or autocorrelation techniques. This
project is supported with facility operation funds. [4.0
FTE]

50. Flame Chemistry: Modeling and Experi-
ments
Miller, J.A.; Kee, R.J.; Durant, J.L.; Fisk, G.A.
Comm. 415-294-2759; FTS 234-2759

The goal of this research is to determine the predominant
chemical reactions that transform reactants to products in
flames. Much of the work focuses on pollutants. A recent,
exhaustive study of nitrogen’s combustion chemistry has
led to a kinetic model that predicts quantitatively the for-
mation and destruction of nitrogenous pollutants under a
wide variety of conditions. Current emphasis is on the
chemistry of carbon-containing species in rich oxygen/
acetylene flames, particularly the reactions that form soot
precursors. Recent experiments and modeling have led to
improved understanding of the growth of higher hydrocar-
bons and the formation of aromatic rings. Low-pressure
flame experiments use laser diagnostics to yield tempera-
ture and the concentration profiles of radicals such as OH,
CH, and H. Mass-spectrometric techniques give concen-
trations of stable species in the flames. A crucial element
of the work is extensive modeling using computer pro-
grams that include transport phenomena and chemical
kinetics. The recently extended model now predicts the
major features of lean to lightly sooting acetylene/oxygen

flames. In addition to studying laminar flames, this re-
search is developing computational techniques for treating
turbulent combustion. Present research is developing a
chemical kinetics model for turbulent jet flames. (4.0 FTE]

51. Turbulent Reacting Flow Research
Schefer, RW.; Sweeney, D.W.; Barlow, R.S.;
Paul, P.H.; Chen, J.-Y.; Chen, J.H.

Comm. 415-294-3138; FTS 234-3138

This research is directed toward an increased understand-
ing of the coupling and competition between the chemical
kinetic and mixing processes in turbulent reacting flows.
This research project features close coupling between the-
ory and experiment. The turbulent jet flame experiment is
the simplest configuration of nonpremixed reactants that
retains the fundamental ingredients of chemical reaction
and turbulence. By adjusting velocities or by changing
reactants, an important range of chemical kinetic and mix-
ing rates can be explored. The mixing rates and chemical
kinetic rates are quantified by using simultaneous multi-
species laser Raman scattering and OH laser-induced
fluorescence from which major species concentrations,
temperature, and OH concentration are obtained on each
laser pulse. The OH radical concentration is an excellent
measure of the degree of chemical nonequilibrium in the
flow. Ensembles of these measurements are directly com-
pared with predicted ensembles of data from Monte Carlo
numerical modeling of this flow. The Monte Carlo calcula-
tions of probability density functions are performed using
the Sandia CRAY X-MP supercomputer. A major focus of
the numerical efforts is the incorporation of reduced
chemical kinetic schemes in turbulent flame codes. Chem-
ical kinetic and mixing interactions in the more
complicated flow configuration of the bluff-body flame are
also being explored. Quantitative images of fuel concen-
tration and fuel zone structure have been obtained from
simultanecus, two-dimensional imaging of CH and
methane. These images have allowed a critical compari-
son of the predictions of two different models of
combustion: the flamelet and dissipative-eddy models.
The experimental data are predicted more accurately by
the dissipative-eddy model. OH imaging measurements in
these flows have recently been performed as well as simul-
taneous CH, methane, and OH imaging measurements.
The imaging data are being used to guide the develop-
ment of a large-eddy simulation model of the recirculating
bluff-body flow. Direct numerical simulation techniques to
model turbulent jet and bluff-body flows, both nonreacting
and reacting, are also being investigated. [5.0 FTE]

52. Chemical Kinetics and Dynamics
Tully, F.P.; Durant, J.L.; Chandler, D.W.;
Miller, J.A.; Rohlfing, E.A.; Hayden, C.C.;
Fisk, G.A.

Comm. 415-294-2316; FTS 234-2316

The goal of this research is to understand in detail the
fundamental chemical processes that occur in combustion.
Typical kinetics experiments use the laser-photolysis/
laser-induced fluorescence technique to follow the course
of reactions between, for example, OH and alcohols or
between NH and oxidants. Recent experiments have dis-
covered a catalytic mechanism for the dehydration of
alcohols. A versatile flow-tube kinetics apparatus having
both laser and mass-spectrometric diagnostics has been

Research in Chemical Sciences 13



CHEMICAL PHYSICS
Sandia National Laboratories, Livermore

completed. Recent theoretical studies have treated reac-
tions such as those between H and NHj3;, H and HNCO,
and F with CH30H using quantum-chemical and
statistical-theoretical methods. Studies of dynamics
emphasize collecting quantum-state-resolved data for ele-
mentary chemical processes. Photofragment-imaging
studies of methyl-halide photodissociation and H + HI re-
action have clarified the dynamics of these processes and
the partitioning of excess energy. Recently initiated inves-
tigations of processes that occur on femtosecond time
scales are providing insight about how energy moves
throughout molecules. Studies of carbonaceous clusters
produced by laser vaporization are a focus of research
aimed at determining how soot precursors form during
combustion. Theoretical and experimental investigations
of C3 clusters show that this species exhibits complicated
dynamics on a potential-energy surface that has an un-
usually flat bend and strong stretch/bend interaction. [5.0
FTE]

Atomic Physics

Argonne National Laboratory
Argonne, IL 60439

Physics Division $1,532,000
53. Atomic Physics at ATLAS

Dunford, R.W.; Berry, H.G.

Comm. 708-972-4052; FTS 972-4052

In this project, the physics of highly charged ions is stud-
ied using the Argonne Tandem/LINAC Accelerator System
(ATLAS) heavy-ion accelerator. The electron cyclotron res-
onance (ECR) ion source, which is part of the uranium
upgrade of ATLAS is also used in these studies. The ECR
ion source is on a high-voltage platform which allows the
use of ion beams with energies up to 300 keV times the
extracted ion charge state. Atomic physics research at AT-
LAS includes studies of atomic structure and ion-atom
collisions. The atomic structure work aims at precision
tests of quanturn electrodynamics and relativistic quan-
tum theory. The program features ultraviolet (uv) and
X-ray spectroscopy and measurements of the lifetimes for
forbidden decays in few-electron systems. The work on
ion—atom collisicns aims at understanding the dynamics
of these collisioris and has applications in fusion energy
research, plasma physics, and astrophysics. A polarized
sodium target is being used at the ECR ion source to
study polarization transfer in ion-atom collisions. An-
other program is a high-resolution study of dielectronic
recombination (DR) by channeled ions. The uranium up-
grade of ATLAS makes possible the study of collisions
between two very heavy nuclei at energies near the
Coulomb barrier. [4.5 FTE]

54. Interactions of Fast Atomic and Molecu-
lar Ions with Solid and Gaseous Targets
Kanter, E.P.

Comm. 708-972-4050; FTS 972-4050

Argonne National Laboratory’s 4.5-MV Dynamitron accel-
erator is used to study the interactions of fast (MeV)
atomic and molecular ions with matter. A unique feature

of the apparatus is the exceptionally high resolution
(~.005° and ~200 psec) in angle and time-of-flight ob-
tained in detecting particles emerging from the target.
Unique multiparticle imaging detector systems have been
developed which allow detection of multiparticle events
consisting of up to 12 particles and yielding three-
dimensional views of the particle trajectories. The work
includes a general study of the interactions of fast charged
particles with matter, emphasizing those aspects that
take advantage of the unique features inherent in employ-
ing molecular-ion beams (e.g., the feature that each
molecular ion forms a tight cluster of atomic ions that re-
main correlated in space and time as it penetrates the
target). These techniques allow the direct determination
of the geometrical structures of the individual molecular
ions entering the target. These measurements have pro-
vided the first direct measurements of not only the spatial
probability densities of the nuclei, but also their correla-
tions in several small polyatomic molecules. Recent
studies have probed the structure of H;O*. [3.7 FTE]

55. Fast Ion-Beam/Laser Studies of Atomic
and Molecular Structure
Young, L.
Comm. 708-972-8878; FTS 972-8878

This program is directed toward the detailed understand-
ing of atomic and molecular ion structure through
high-resolution laser and radio-frequency studies in accel-
erated beams. The atomic structure measurements
provide precision tests of quantum electrodynamics (QED)
and relativistic quantum mechanics in few-electron sys-
tems, as well as experimental guides to the abd initio
understanding of hyperfine structure in multielectron sys-
tems. The molecular structure measurements provide
tests of ab initio computation of wave functions and
molecular parameters of simple diatomic molecules for the
first row of the periodic table, in addition to radio-
frequency data of use to astronomers. A program to make
precision oscillator-strength measurements (0.1%) on a
few test case atomic species has been initiated. Finally,
collaborative efforts are continuing with the medium-
energy physics and weak interactions groups in the
Argonne Physics Division to develop laser-driven polar-
ized sources of hydrogen and techniques for trapping and
polarizing gas-phase radioactive atoms. [2.5 FTE]

Brookhaven National Laboratory
Upton, Long Island, NY 11973

Department of Applied Science $225,000
56. Atomic Physics Research

Johnson, B.M.

Comm. 516-345-4552; FTS 666-4552

Photoionization and related processes are studied using
synchrotron radiation, gas-phase targets, ion beams, and
ion traps. Most of the work utilizes the X-26 beamline at
the National Synchrotron Light Source (NSLS). Noble-gas
targets allow for the study of isolated, closed-shell atoms.
Ion-source systems are developed to extend measure-
ments to open-shell systems and to make systematic
studies along isoionic, isoelectronic, isonuclear, and
isoionic sequences. Very cold, multiply ionized atoms are
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produced at energies of less than 100 meV through inner-
shell photoionization in ion traps. Rate coefficients for
charge exchange in symmetric and asymmetric interac-
tions are measured at collision energies much lower than
attainable by any other technique. Fluorescence radiation
and electron emission following the primary photoioniza-
tion event are monitored, and the final charge-state
distributions, after accounting for charge exchange in sub-
sequent ion—atom interactions, are measured. (2.3 FTE]

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Chemical Sciences Division $655,000

57. High-Energy Atomic Physics
Gould, H.A.
Comm. 415-486-7777; FTS 451-7777

The goals of this program are: to search for an electron
electric dipole moment (EDM), to understand atomic
collisions of relativistic ions, and to test quantum electro-
dynamics in a strong static Coulomb field. Recent results
include a new upper limit to the electron EDM of 1 x
1072% e cm, a factor of 7 improvement over all previous
measurements and the smallest upper limit for any parti-
cle. Finding an electron EDM would be proof of new
physics, not contained in the Standard Model, and would
be as significant a discovery as the results expected from
the Superconducting Super Collider. Present activities
include: (1) increasing the sensitivity of the EDM experi-
ment; (2) developing a new, nonchanneling technique for
measuring electron impact ionization cross sections of
highly stripped heavy ions; and (3) attempting to observe
a new relativistic atomic collisions process, the capture of
an electron by a (bare) ion, when the electron is produced
as part of an electron—positron pair by the motional
Coulomb fields of relativistic ion passing within atomic
distances of a target nuclei. [2.5 FTE]

58. Atomic Physics
Prior, M.H.
Comm. 415-486-7838; FTS 451-7838

The structure and interactions of atomic systems are
studied to provide the most detailed description of their
behavior, and to stimulate theoretical understanding of
the observed phenomena. The approach to this work em-
phasizes research topics that are best addressed with
unique tools and expertise available at Lawrence Berkeley
Laboratory (LBL). Currently the program exploits the
ability of state-of-the-art electron cyclotron resonance
(ECR) ion sources at LBL to produce intense, highly
charged beams for the conduct of low-energy ion—atom col-
lision studies. Current emphasis is upon multiple electron
transfer phenomena and Auger electron spectroscopy. The
program benefits substantially from collaborative efforts
with colleagues from outside LBL. [1.2 FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831-6377

Physics Division $1,505,000
59. Theoretical Atomic Physics at Oak Ridge
National Laboratory (ORNL)
Bottcher, C.
Comm. 615-574-4580; FTS 624-4580

The computational and mathematical techniques of mod-
ern theoretical physics are applied to interactions between
atoms, ions, electrons, and photons over a wide range of
energies, from a few electron volts to ultrarelativistic en-
ergies. Emphasis is on processes involving highly charged
ions of interest in fusion plasmas, X-ray lasers, and
accelerator-based atomic collision experiments. The tech-
niques used include numerical lattice solutions of the
time-dependent Schroedinger and Hartree—Fock equations
by basis-spline collocation methods, coupled channel cal-
culations, Monte Carlo evaluation of Feynman diagrams,
and Born expansion and distorted wave techniques. A ma-
jor new thrust is to convert several large codes to run on a
massively parallel computer, with a view to performing
realistic simulations of atomic and molecular processes in
plasma and surface environments. Applications have been
made to processes at nonrelativistic energies such as
capture and ionization, in ion-atom collisions, and multi-
photon ionization by intense laser beams. Recent studies
include secondary electron spectra in proton-hydrogen
and bare carbon-neon collisions at intermediate energies,
and laser multiphoton ionization by circularly polarized
light. Successful interpretations have been provided for
recent experiments on cusp electrons and post-collision ef-
fects in ion—-atom collisions. The program on relativistic
collision physics is focused on phenomena important in ac-
celerator and detector design (e.g., pair production with
capture and free pair backgrounds in heavy-ion colliders).
Detailed comparisons are made of perturbative and non-
perturbative treatments of pair production. [1.0 FTE]

60. Accelerator Atomic Physics
Datz, S.; Dittner, P.F.; Krause, H.F.; Vane, C.R.
Comm. 615-574-4984; FTS 624-4984

The project objective is to achieve a detailed understand-
ing of the interactions of high-energy, multiply charged
ions with gas and solid targets, and with electrons. The
facilities used for this research are the EN Tandem Accel-
erator and the beamlines on the Holifield Heavy Ion
Research Facility (HHIRF). Experiments are being con-
ducted to test whether the electrons contained in a crystal
channel can be quantitatively treated as an almost free
dense electron gas target. Using the HHIRF 25-MV tan-
dem, beams of H-like, He-like, and Li-like calcium and
titanium are produced and channeled at energies starting
below, and proceeding through resonances for dielectronic
excitation. The resulting X rays, from the decay of the di-
electronically excited state, are measured in coincidence
with ions that have captured an electron as a function of
the ion energy. Since the cross sections are delta functions
at the resonance energy, the energy width of the excitation
function should reflect the Compton profile of the electrons
in the channel. Radiative electron capture in crystal chan-
nels is being studied as a function of the ion energy loss
and use of crystal models to determine impact parameter
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dependent cross sections. At the European Center for Nu-
clear Radiation (CERN), 200 GeV/nucleon sulfur beams
are being used to study lepton pair production cross sec-
tions as a function of angle, lepton energy, and target Z.
The double excitation of helium by fast, bare ions is being
measured as a function of the charge of the projectile. The
variation of the cross section of different doubly excited
states as a function of the projectile charge distinguishes
the different excitation mechanisms. [4.6 FTE]

61. EN Tandem Operations
Dittner, P.F.
Comm. 615-574-4789; FTS 624-4789

The EN-Tandem Van de Graaff is operated for atomic
physics research. A wide variety of light ions and multiply
charged heavy ions are furnished by the EN Tandem at
MeV energies for the accelerator atomic physics group,
and for outside users from other divisions of Oak Ridge
National Laboratory (ORNL), universities, and industry.
Terminal voltages up to 6.5 MV are routinely available,
and ion sources are sufficiently versatile to provide beams
of all ions from protons through fluorine, silicon through
chlorine, as well as beams of many heavier ions including
nickel, iodine, gold, and uranium. A VAX-11/750/CAMAC-
based data acquisition system, the Elbek magnetic
spectrograph with position sensitive detectors, a high-
resolution electron spectrometer, Si(Li) detectors, and a
curved crystal spectrometer are available to users. Recent
major beam usage has included inelasticity and impact
parameter dependence studies of charge-correlated multi-
ple ionization of neon and argon by carbon ions, double
excitation of helium by fast bare ions, convoy electron
studies, electron—electron interactions in transfer and ex-
citation, angular distribution of Auger electrons following
the collision of highly charged ions with a helium target
gas, and the channeling of oxygen ions through thin crys-
tals. [1.3 FTE]

62. Collisions of Low-Energy Multiply
Charged Ions
Phaneuf, R.A.; Meyer, F.W.; Havener, C.C.
Comm. 615-574-4707; FTS 624-4707

Experimental studies of interactions of multicharged ions
with neutral atoms are carried out at the lowest attain-
able kinetic energies, where the electronic potential
energy of the reactants becomes an appreciable fraction of
the available interaction energy and inelastic collision
cross sections depend strongly on the potential-energy
curves of the interacting system. Quantitative study of
such processes yields important information about quasi-
molecular structure and collision dynamics. Emphasis is
currently on merged-beam measurements of absolute
electron-capture cross sections and direct comparison of
results with developing theoretical models at energies in
the range from 0.1 to 1000 eV/amu, where the process is
poorly characterized. Recent results for electron capture
by multicharged oxygen ions from hydrogen atoms using
an improved apparatus confirm the predicted increase in
the cross sections at the lowest energies caused by capture
into the 3 or 4p levels. Solid surfaces also provide a conve-
nient reservoir of electrons for the study of atomic
interactions, and exploratory experimental studies of the
neutralization of multiply charged ions in grazing
ion-surface interactions are in progress. The current em-
phasis is on characterizing the energy and angular

distributions of ejected electrons in order to better under-
stand neutralization mechanisms. [1.0 FTE]

Sandia National Laboratories, Albu-

querque
Albuquerque, NM 87185

Division of Lasers and Plasma $130,000

Processing Sciences

63. Atomic Processes in Reactive Plasmas
Greenberg, K.E.; Hargis, P.J.; Gerardo, J.B.
Comm. 505-844-1243; FTS 846-1243

The goal of this project is to gain an understanding of the
fundamental electron/molecule and chemical mechanisms
occurring in low-temperature glow discharges. These
types of plasmas are commonly used to process materials,
e.g., chemical vapor deposition of thin films and reactive
ion etching. Various experimental methods including
Raman spectroscopy, laser-induced fluorescence, optogal-
vanic spectroscopy, infrared absorption spectroscopy, and
microwave interferometry are used to determine neutral
and charged particle densities throughout the plasma. Op-
tical and optical-microwave techniques are used to
measure Stark shifts of atomic and/or molecular energy
levels to determine electric field strengths in the sheath
regions (and the bulk) of the plasma. Numerical simula-
tions are also an important element of the research. These
simulations, based on Boltzmann and hybrid Boltzmann-
fluid codes, will be used to determine the electron-energy
distribution function and to help understand the complex
chemical mechanisms in these systems. Comparisons
between experiment and simulation are the key to unrav-
eling the physics and chemistry of these plasmas. [1.0
FTE)

Chemical Energy

Ames Laboratory
Iowa State University
Ames, 1A 50011

Processes and Techniques Pro- $1,241,000

gram

64. Organometallic Complexes in Homoge-
neous Catalysis
Angelici, R.J.
Comm. 515-294-2603

The goal of this project is to understand how organosulfur
compounds in petroleum feedstocks are desulfurized upon
reaction with hydrogen gas over heterogeneous transition
metal catalysts. This large-scale hydrodesulfurization
(HDS) process involves initial adsorption of the organosul-
fur compounds at a metal site on the catalyst surface,
followed by reactions that result in cleavage of the
carbon-sulfur bonds to give H2S and hydrocarbons. Since
thiophenes are the most difficult compounds to desulfur-
ize, current efforts focus on studies of thiophene binding

16 Research in Chemical Sciences



CHEMICAL ENERGY
Ames Laboratory

and reactions that might occur on catalyst active sites. It
has been established that thiophene is able to coordinate
to metal centers in a remarkable number of ways: (1) via
the sulfur, (2) via two or four carbon atoms, or (3) via all
five atoms of the ring. Each mode of coordination activates
the thiophene to react in different ways. Coordination via
either the four carbons or the entire thiophene ring leads
upon reaction with hydrogen sources to the cleavage of
both carbon—sulfur bonds and the complete desulfur-
ization of thiophene. Two fundamentally different
mechanisms for the HDS of thiophene have been proposed
based on these studies. [2.0 FTE]

65. Chemical Kinetics and Reactivity of Tran-
sition Metal Complexes
Espenson, J.H.
Comm. 515-294-5730

The general goal of this project is to understand the homo-
geneous chemistry that underlies catalytic processes
including synthetic fuels formation. Efforts are directed at
reactions in homogeneous solution in which metal-carbon
bonds are made and broken. One reaction of fundamental
interest is the bond homolysis process LaM-R — L,M +
R, and its reverse, radical capture or colligation. The ki-
netics of thermally induced homolysis reactions are being
examined for complexes of chromium, nickel, and cobalt;
metal-carbon dissociation energies can be derived from
such determinations. Very rapid colligation rates are
being determined by means of laser flash photolysis ex-
periments. Other reactions of metal alkyl complexes in
which the metal-carbon bond is cleaved are also being
studied, including bond hydrolysis and electrophilic reac-
tions. Another aspect of this work concerns the kinetics
and mechanisms of reactions in which alkyl radicals react
with transition metal complexes. These include other col-
ligation reactions, as well as reactions in which the free
radical is oxidized or reduced by a transition metal. Reac-
tions of R- with O, are also being studied. Electron
transfer reactions of excited-state comglexes are also un-
der investigation for Cr(polypyridyl)s®* and Cr(cyclam)
(NH3),**. [4.2 FTE]

66. Multiple Pulse NMR Studies: Catalysis
and the Chemical Constitution of Coal
Gerstein, B.C.

Comm. 515-294-3375

Transient techniques in NMR of solids are used to probe
the physics and chemistry of materials involved in hetero-
geneous catalysis, fossil fuels, and materials science.
Examples include: (1) the use of multiple quantum spin
counting of strongly dipolar coupled clusters of protons to
determine stoichiometries of hydrocarbon fragments
adsorbed on supported bimetallic catalysts used for re-
forming; (2) the use of NMR of quadrupolar nuclei such as
s and %*Cu to characterize the chemical states of cata-
lysts such as zeolites and alkali metal-doped copper
oxides, and the use of NMR of *'V and 'O to characterize
possible active sites for C; hydrocarbon oxidation in
vanadium—phosphorus—oxide catalysts; (3) the use of dipo-
lar oscillation NMR to determine internuclear distances
in unstable organic molecules trapped in frozen matrices
at 80 K; and (4) the use of variable-angle spinning to nar-
row the central transition of quadrupolar nuclei such as
70 in active catalysts. [2.9 FTE]

67. Fundamental Investigations of Supported
Metal Catalysts
King, T.S.
Comm. 515-294-9479

Most of the effort of this project is focused on elucidating
the details of the fundamental catalytic phenomena made
uniquely possible by highly dispersed, small metal parti-
cles. The general approach taken is to systematically vary
catalyst composition, characterize in detail the surface of
the resulting material, probe the chemisorption behavior
of various molecules, and correlate this information with
catalytic performance. The intent of this work is to probe
the synergistic effects of adding a second element; the sec-
ond element is either another metal to form a bimetallic
or a catalyst poison or promoter. Specifically, the following
phenomena are probed: (1) the role of ensemble size and
electronic effects induced by addition of the second metal
in a bimetallic system; (2) the influence of additives on
metal crystallite morphology and the resulting modifica-
tion of catalytic behavior; (3) the mechanism of promotion
and poisoning; and (4) the nature of small hydrocarbon
(and other) molecules chemisorbing and subsequently re-
acting on small metal and bimetallic particles. This work
uses solid-state NMR (of 'H, ¥C, %Cu, and other nuclei)
in combination with various traditional catalytic experi-
ments and model reaction studies. [1.9 FTE]

68. Spectroscopic and Kinetic Characteriza-
tion of Metal Oxide and Sulfide Catalysts
Schrader, G.L.

Comm. 515-294-0519

In this research, a fundamental understanding is being
developed of metal oxide and sulfide catalysts, including
the mechanisms of catalytic reactions, the structure and
composition of catalysts, and the properties of surfaces.
Metal oxides and sulfides are used extensively by industry
for selective oxidation and hydrodesulfurization. Specific
applications include paraffin oxidation and the hydropro-
cessing of organic sulfur compounds found in coal-derived
liquids and petroleum. A complement of experimental
approaches is used in this research involving kinetic mea-
surements and comprehensive catalyst characterization.
In situ spectroscopic techniques, such as laser Raman,
Fourier transform infrared, and NMR spectroscopies are
emphasized since they can be used to examine functioning
catalysts at elevated temperatures and pressures. The
goal of this research program is to provide fundamental
relationships between catalyst structure, composition, and
surface properties and the activity and selectivity of metal
oxides and sulfides. [2.2 FTE]

69. High-Temperature Gas-Phase Pyrolysis of
Organic Compounds
Trahanovsky, W.S.
Comm. 515-294-2886

The goal of this research is to understand in detail fun-
damental thermal reactions of organic compounds,
especially those related to the pyrolysis of coal and coal-
derived liquids. Work focuses on reactive molecules that
are products of primary thermal reactions. The approach
includes (1) developing new methods to prepare these
molecules, (2) developing new spectroscopic techniques to
characterize them, and (3) studying their reactions to
characterize their chemistry. Reactions being studied
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include their self reactions (oligomerization and polymer-
ization), reaction with other species, and reactions in
which they are transient intermediates. The work
involves extensive use of flash vacuum pyrolysis, a conve-
nient and effective technique for the study of the primary
thermal reactions of organic compounds. Studies have
concentrated on quinodimethanes, a large class of reactive
molecules. A major objective of this work is to obtain a
thorough understanding of the factors that affect the re-
activity of ortho-quinodimethanes. Specific reactive
molecules being studied include ortho-quinodimethanes
derived from benzene, naphthalene, phenanthrene, furan,
thiophene, and pyridine. A flow nuclear magnetic reso-
nance (NMR) technique has been developed which allowed
the 'H NMR spectra of several very reactive ortho-
quinodimethanes to be obtained for the first time. Other
special techniques required to obtain the NMR spectra of
reactive molecules are under development. In addition to
studies involving model compounds, some studies involve
the pyrolysis of coal itself. The objective of these studies is
to identify by low-temperature 'H and *C NMR spec-
troscopy the reactive molecules or types of reactive
molecules produced by the pyrolysis of coal. [2.0 FTE]

Argonne National Laboratory
Argonne, IL 60439

Chemical Technology Division $600,000

70. Fluid Catalysis
Rathke, J W.; Chen, M.J.; Klingler, R.dJ.
Comm. 708-972-4549; FTS 972-4549

This project uses an array of in situ high-pressure kinetic
and spectroscopic techniques to determine reaction mech-
anisms and to explore new catalytic chemistry. Current
research exploits the unique properties of supercritical
fluids to uncover effects of extremely high diffusion rates
on the catalytic reactions of gases, and to potentially alle-
viate gas-liquid mixing and catalyst-recovery problems
typical of many homogeneous catalytic processes. Using in
situ high-pressure **Co, *C, and '"H NMR spectroscopies
to determine steady-state and equilibrium concentrations
of species present in the cobalt carbonyl catalyzed hydro-
formylation of propylene (Oxo catalysis) in supercritical
carbon dioxide, improved yields of linear to branched
products were demonstrated, and key features of the reac-
tion mechanism were quantified. Carbon-hydrogen bond
activation processes are also being explored to develop
catalytic routes for the polymerization of small
organometallic precursor molecules to yield preceramic
polymers. Recently, a soluble electrophilic zirconium com-
plex was found to efficiently catalyze the oligomerization
of Al;Meg. The organometallic chemistry of reactive met-
allophthalocyanine radicals with the aim of achieving
solution-phase stereoselective functionalization of hydro-
carbons is also under investigation. In research relevant
to the activation of CHy, the first organic soluble hydride,
methyl, and metal-metal bonded phthalocyanine com-
plexes were prepared. [3.1 FTE}

Chemistry Division $1,950,000
71. Chemical Constitution of a Low-Volatile
Bituminous Coal
Stock, L.M.
Comm. 708-972-3570; FTS 972-3570

Chemical and spectroscopic methods are being used to es-
tablish the constitution of Pocahontas No. 3 coal (Argonne
Premium Coal Sample Program 5). This higher ranking
coal was selected for study to investigate the general pro-
posal that such highly aromatic coals have a lower degree
of polymerization and, generally speaking, a simpler
structure than low ranking subbituminous coals or lig-
nites. Samarium(Il) iodide was used for the removal of
unpaired electron spin density from this coal. The CP and
Bloch decay methods have been assessed for quantitative
reliability, and tetrakis(trimethylsilyl)silane was used as
a quantitative standard for *C nuclear magnetic reso-
nance (NMR) spectroscopy. The results indicate that 90%
of the carbon atoms are visible and their distribution
among aliphatic and aromatic carbon atoms has been de-
termined. These data are coupled with information on the
Ru(VIII) oxidation products to elaborate the aliphatic car-
bon atom distribution. The new magnetic resonance data
indicate biaryl linkages and imply that there are four to
five rings per aromatic molecule. Base catalyzed reactions
and base catalyzed C-alkylation are very promising for de-
polymerization and solubilization, respectively. [0.7 FTE|

72. Premium Coal Sample Program
Vorres, K.S.
Comm. 708-972-7374; FTS 972-7374

Eight U.S. coals have been collected, processed, and pack-
aged to preserve the original properties of the pristine
coals as much as possible. Over 530 orders have been
filled of more than 14,000 ampoules. The material in the
ampoules will meet the demand for another one to two
years for the sample with the smallest inventory, and the
reserves will continue to meet the current demand level
for several decades. The gas atmosphere is monitored to
establish sample stability. A users’ handbook has been
updated to include the most current bibliographic infor-
mation, and a literature summary is being prepared by a
group of experts. A symposium on “Research with
Argonne Premium Coal Samples” was organized in con-
junction with the fall 1990 American Chemical Society
meeting. |0.5 FTE]

73. Characterization and Reactivity of Coals
and Coal Macerals
Winans, R.E.; Hayatsu, R.; Dyrkacz, G.R.;
Botto, R.E.; Carrado, K.A.; McBeth, R.L.; Mel-
nicoff, P.E.; Bloomquist, C.A.A.
Comm. 708-972-7479; FTS 972-7479

The objective of this project is to obtain fundamental in-
formation on the chemical and physical structures of the
Argonne premium coals and their maceral constituents to
facilitate prediction of their thermal, chemical, and biolog-
ical reactivity. Novel methods for the separation of coal
macerals are being developed to provide ultrahigh-
resolution partitioning of submaceral groups and to
advance large-scale separation techniques. Argonne Pre-
mium Coal Samples and their separated macerals are
subjected to selective modification and solubilization, and
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to liquefaction (with Amoco Oil) to provide samples for a
large array of characterization studies. Featured analyti-
cal approaches include true solid-state NMR imaging,
laser desorption mass spectrometry, tandem mass spec-
trometry, and synchrotron X-ray absorption spectroscopy.
Synthetic layered molecules with catalytic potential for
large, coal-derived molecules are being designed, pre-
pared, and characterized. Data about the premium coals
are being assimilated into statistically accurate coal struc-
tures. This information is vital in the development of
advanced processes for the utilization of fossil fuels. [9.0

FTE]

Brookhaven National Laboratory
Upton, Long Island, NY 11973

Department of Applied Science $700,000
74. High-Temperature Chemistry

Egan, J.J.

Comm. 516-282-4488; FT'S 666-4488

This project addresses the thermodynamic, transport, and
electronic properties of alloy and metal-molten-salt sys-
tems at high temperatures. Alloys are studied in both the
liquid and solid state with emphasis on systems that form
liquid and solid compound semiconductors. Both electro-
chemical and calorimetric measurements are being used
to explore and characterize these systems. Galvanic cells
using solid CaFy electrolytes are used to examine alloy
systems and molten salts. Results yield metal activities,
diffusion coefficients, ranges of homogeneity, as well as
concentration and mobility of electrons and electron holes
in alloy systems. In molten salts, the thermodynamic
properties and conductivities are obtained. A high-
temperature twin Calvet-type calorimeter is also operated
to study ionic alloys. The electronic component of conduc-
tivity of molten salts is being examined by special
polarization techniques, because this property is so impor-
tant in determining the efficiency of electrolysis in the
production of metals and the self-discharge of molten-salt
batteries. Results of this work are explained in terms of
atomic models. [3.2 FTE]

75. Metal Hydrides
Reilly, J.J.; Johnson, J.R.
Comm. 516-282-4502; FTS 666-4502

Knowledge of the behavior and properties of hydrogen/
metal systems is essential for the successful implementa-
tion of many energy-related processes and applications.
The prime concern of this program is to increase that
store of knowledge through the determination of the ther-
modynamic, kinetic, and structural parameters of metallic
hydrogen systems. A particular goal is to relate all
pertinent data and hypotheses to develop a predictive ca-
pability regarding the behavior of a given system. This
capability permits the synthesis of compounds having op-
timum properties for particular applications. Current
topics of interest are reaction kinetics, properties of metal
hydride suspensions, the preparation and characteriza-
tion of a new class of hydrogen bronzes prepared from
complex oxides, and the catalytic properties of metal hy-
drides. The major experimental tools and/or techniques
are equilibrium pressure/temperature/composition mea-
surements, X-ray diffraction, Fourier transform infrared

spectrometer (FT-IR) measurements, and the use of a
high-pressure apparatus to study the kinetic behavior of
metal hydride suspensions. {3.1 FTE]

Chemistry Department $1,532,000
76. Structure and Reactivity in Catalysis and
Advanced Materials
Koetzle, T.F.; McMullan, R.K.; Andrews, M.;
Bullock, R.M.; Hrbek, J.
Comm. 516-282-4384; FTS 666-4384

Research efforts under this project are concerned with
fundamental aspects of chemical catalysis, both homoge-
neous and heterogeneous, augmented by investigations of
selected advanced materials. Many of the studies make
use of the special facilities at Brookhaven National Labo-
ratory (BNL), the National Synchrotron Light Source
(NSLS) and the High Flux Beam Reactor (HFBR), often in
collaboration with scientists from other institutions.
Transition metal hydride complexes, ubiquitous key inter-
mediates in homogeneous catalysis, constitute one
primary focal point for the experimental work. Accurate
structural data for these compounds, uniquely provided by
neutron diffraction studies at the HFBR, are correlated
with reaction mechanism investigations to elucidate an
understanding of important metal hydride reactivity pat-
terns. A particular emphasis concerns the factors that
determine the rate and mode of M-H bond cleavage, e.g.,
homolytic (M- + H-) or heterolytic (M~ + H* or M* + H™).
These findings in turn support research, both at BNL and
elsewhere, seeking ways to apply homogeneous catalysis
to energy conversion and conservation. For example, the
interactions of metal complexes with carbohydrates are
being explored in order to develop a body of knowledge
suitable for evaluating possible new chemical approaches
to biomass conversion. Heterogeneous catalysis studies
correlate structural investigations at the NSLS of adsor-
bates on metal surfaces, with corresponding catalytic
reactions examined by traditional high-vacuum surface
science and infrared spectroscopy techniques. A major ob-
jective of this work is the understanding of the molecular
basis for the effects of catalyst promoters and poisons.
Collaborative structural studies of advanced materials,
utilizing both the HFBR and the NSLS, investigate high-
T. superconductors, fast-ion conductors, and gas clathrate
hydrates. Results of these studies provide a foundation for
both understanding and improving the special character-
istics of these materials. [9.8 FTE]

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Applied Science Division $100,000

77. Organometallic Models of the HDN
Reaction: Bonding and Selective Hydro-
genation of Heteroaromatic Nitrogen
Compounds
Fish, R H.

Comm. 415-486-4850; FTS 451-4850

Mono- and polynuclear heteroaromatic nitrogen com-
pounds, an important class of model coal compounds, are
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the focus of fundamental studies with homogeneous
organorhodium and ruthenium metal complexes. Since
this class of model coal compounds is directly involved in
the hydrodenitrogenation (HDN) process, it is important
that these fundamental studies include the mode of bond-
ing of the nitrogen compounds to the metal centers, i.e.,
N- versus 7-bonding, and the utilization of organorhodium
and ruthenium complexes as catalyst precursors for the
regioselective nitrogen heterocyclic ring hydrogena-
tion reaction, the first step in the HDN process
of nitrogen atom removal. Recently reported re-
sults with a (7°-pentamethyleyclopentadienyl)rhodium
dication complex, [Cp"Rh(CH3CN);]**, and sev-
eral heteroaromatic nitrogen compounds, such as
2-methylpyridine (N); 2,4-dimethylpyridine (N); 2,4,6-
trimethylpyridine (7); quinoline (N); isoquinoline (N);
1,2,3,4-tetrahydroquinoline (r); 2-methylquinoline (N), N-
methylindole (7); N-methylpyrrole (7); acridine (N);
phenathridine (N); 5,6- and 7,8-benzoquinolines (N)
clearly indicated that N- versus w-bonding to the metal
center depends on the structure of the nitrogen ligand and
the availability of lone pair electrons on the nitrogen
atom. It was found that Cp*Rh complexes with the specific
formula [Cp Rh(r!, N-ligand)CH3CN);1** were catalyst
precursors in the regioselective hydrogenation of the
nitrogen ring and this result clearly defines the role of ini-
tial N-bonding to the rhodium center and two replaceable
CH:CN ligands as critical for selective nitrogen ring re-
duction to occur. Further studies helped define relative
rates as a function of ligand structure and nitrogen
ligands that inhibited and enhanced the initial
rate of nitrogen ring reduction. The mechanism of
this selective hydrogenation was also studied with
deuterium gas experiments and a high-pressure nu-
clear magf,‘netic resonance spectroscopy technique using
[Cp*Rh(y;', N-quinoline)(CH3CN);1** and {Cp’Rh(!, N-2-
methylpyridineXCHsCN);1** as the catalyst precursors
which provided information on reversible hyrogenation of
the 1,2-N=C double bond and stereoselectivity in the
reduction of the other C=C double bonds as well as inter-
mediate hydride formation. Similar bonding studies with
())*-cyclopentadienylruthenium cation (CpRu*) and(;®-
pentamethylcyclopentadienyl)ruthenium cation (Cp"Ru*)
with a number of the heteroaromatic nitrogen ligands re-
vealed that N- and =-bonding to the metal center for these
ligands also depends on steric and electronic effects, but
that these organorhodium complexes were not efficient
catalysts for the selective hydrogenation reaction. {1.5

FTE]

Chemical Sciences Division $1,070,000
78. High-Energy Oxidizers and Delocalized-
Electron Solids
Bartlett, N.
Comm. 415-642-7259

The aim of this project is the synthesis and characteriza-
tion of new materials that may have utility in efficient
storage or usage of energy. The novel materials include
two-dimensional networks of light w-bonding atoms
(boron, carbon, and nitrogen) with structures akin to
graphite. Of these the more metallic have possible appli-
cations as electrode materials for high-energy-density
batteries, and those that are semiconducting could be use-
ful in converting light to electrical energy. Good ionic
conductors are also being sought, with emphasis on

lithium-ion and fluoride-ion conductors, since batteries
based on lithium and fluorine would be unsurpassed in
their energy-density features. In addition, novel
oxidation-state fluorides are being synthesized and struc-
turally characterized to provide a comprehensive basis for
better theoretical models, which should bring an improved
capability to predict physical and chemical behavior. Pre-
viously unknown or little studied high-oxidation-state
species constitute a large part of this effort. Such species
are also investigated for their efficiency and specificity as
chemical reagents. [2.0 FTE]

79. Catalytic Hydrogenation of Carbon
Monoxide
Bell, A.T.
Comm. 415-486-7095; FTS 451-7095

The purpose of this program is to develop an understand-
ing of the fundamental processes involved in catalytic
conversion of carbon monoxide and hydrogen to gaseous
and liquid fuels. Attention is focused on defining the fac-
tors that limit catalyst activity, selectivity, and resistance
to poisoning, and the relationship between catalyst
composition/structure and performance. To meet these ob-
jectives, a variety of surface diagnostic techniques are
used to characterize supported and unsupported catalysts
before, during, and after reaction. The information thus
obtained is combined with detailed studies of reaction ki-
netics to elucidate reaction mechanisms and the influence
of modifications in catalyst composition and/or structure
on the elementary reactions involved in carbon monoxide
hydrogenation. {3.2 FTE]

80. Transition Metal Catalyzed Conversion of
CO, NO, H;, and Organic Molecules to Fu-
els and Petrochemicals
Bergman, R.G.

Comm. 415-642-2156

The goal of this project is the development of new chemi-
cal reactions in which transition metals interact with
organic materials, and the understanding of how these re-
actions work and can be applied to the development of
new potentially useful chemical transformations. Several
years ago a major discovery on this project was that of the
first alkane/transition metal C-H oxidative addition reac-
tions (C~H activation). Two of the most significant recent
discoveries in the project are that liquified xenon and
krypton can be used as inert solvents for C-H activation,
and that weak metal-alkane and metal-xenon (krypton)
complexes intervene as intermediates in these reactions.
Current work is directed toward utilizing these results (1)
to activate a range of new substrates, such as solids and
gases that are difficult to liquefy (e.g., methane); (2) to
develop methods for determining the structure and inves-
tigating the reactivity of the transient alkane and noble
gas complex intermediates involved in C-H insertion
processes; (3) to understand the thermodynamics and ki-
netics of C-H activation; (4) to extend the process to O~H,
N-H, and C-F activation; and (5) to develop better meth-
ods for using C-H activation to convert alkanes into
functionalized organic compounds. [4.5 FTE]
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81. Formation of Oxyacids of Sulfur from SO,
Connick, R.E.
Comm. 415-642-4981; FTS 458-4981

Stimulus for the research is the existence of acid rain.
Coal-burning power plants produce sulfur dioxide, which
is oxidized in air to form sulfuric acid, the principal com-
ponent of acid rain. In most commercial flue-gas
desulfurization processes the sulfur dioxide is absorbed in
an aqueous solution of low acidity where it may be oxi-
dized by O2. Control of the rate of this latter reaction is of
major importance to these processes. While recent
research has been concentrated on this reaction, investi-
gation of the fundamental chemistry of species formed
from sulfur dioxide and reactions of these species remains
the primary goal. The oxidation-reduction chemistry of
sulfur should be studied, particularly reactions between
two oxidation states of the element (e.g., reactions involv-
ing HSO3~, HyS, Sg, and the polythionates). A secondary
and not closely related goal is to determine the factors
controlling the rate of substitution reactions in the first
coordination sphere of metal ions in solution. Computer
modeling has been extended to three dimensions, and con-
figurations of activated complexes have been determined.
The usual concept of a transition state with reflection co-
efficient near unity is quite inadequate. (1.0 FTE]

82. Potentially Catalytic and Conducting

Polyorganometallics
Vollhardt, K.P.C.
Comm. 415-642-0286

This project involves the synthesis and evaluation of new,
multimetallic molecules, designed to exhibit novel chemi-
cal behavior, particularly (1) the catalysis of organic
transformations of synthetic and industrial importance
and (2) potential conductivity. It centers on the develop-
ment and execution of synthetic methodology aimed at
allowing access to sequences of extended strong =-ligands
to multiple transition metals. Although new work has as
its target a variety of novel organic systems, most investi-
gations so far have focused on the exploitation of a new,
iterative strategy that allows the continued elaboration of
linked cyclopentadienyl chains and their complexation
with control of the resulting oligometallic sequence. A
number of unknown transition-metal arrays have become
available in which the metallic centers adopt “unnatural”
linear and angular configurations. These structures give
rise to unprecedented reactivity when exposed to small
molecules, pointing toward applications in catalysis. They
also provide ideal models with which to probe the elemen-
tary steps of multimetallic ligand and electron transfer.
The discovery of exciting preliminary chemistry of these
systems includes thermally and photochemically induced
intramolecular transfer of organic fragments. Current ef-
forts concentrate on exploring the reactivity patterns of
the structures and expanding the range of available lig-
and chains. [2.6 FTE)

Los Alamos National Laboratory
University of California
Los Alamos, NM 87545

Isotope and Nuclear Chemistry $380,000

Division

83. Transition Metal Mediated Reactions of
S0,

Kubas, G.J.; Burns, C.J.
Comm. 505-667-5846; FTS 843-5846

This research has focused on the basic chemistry of en-
vironmentally and energy-related small molecules,
primarily SO; and H;, mediated by transition metal com-
plexes. A fundamental understanding of the cleavage of
S=0 and H-H bonds will allow insights into new methods
of chemical conversion. Initial SO, binding followed by a
wide variety of reactivity has been found to occur at both
metal and ligand sites of organometallic complexes. Cp’sV
(Cp’ = CsMes) and SO, formed Cp'aV(n?-S0;) and then
inserted a second SO to give an unusual oxygen-bound
chelating dithionite, Cp’2V(;2=8,04). Significantly, SO»
has been found to undergo oxygen transfer reactions on
several organometallic complexes in which SO, is effec-
tively disproportionated to sulfur and SQOj. Sulfide-ligand
based activation occurred on Cp’2Moa(;—S)2(;i~S2) and
Cp’2Cral=8)—n*=Se)(u—n"-S2) to generate Sg and thio-
sulfate complexes such as Cp’aMa(1~So)(;i—S}—SSO3)
which trap the SOj. Crystallography showed that SO, un-
derwent bifunctional Lewis acid-base activation, initially
coordinating via sulfur to the ;—n'-S; ligand of the Cr
complex and in turn having its oxygens coordinated by
“lattice” SOs molecules. The latter presumably then trans-
fer oxygen to the sulfide-bound SO; to give SO3. The SSO3
ligand in Cp'aMoa(S2)(S)SS0;3) can be reduced with Hs to
regenerate the starting complex, thus giving a catalytic
cycle for SO, reduction to Sg and H,0. This discovery of
side-on bonding of H; molecules to metals represents the
first stable sigma-bond complex and serves as a prototype
for other such activations, e.g., C-H in hydrocarbons.
Studies of these complexes are providing an extremely de-
tailed picture of bond rupture on a metal center. The first
chromium~dihydrogen complex, Cr(CO)3(PCys)2(H;), has
recently been isolated as a solid which completely dissoci-
ates Hz on dissolution to give Cr(CO)3(PR3);. The latter
has an agostic C~H interaction isostructural with the W
analogue. Activation of O-H bonds in H2O on the same
complexes that bind H; is also being investigated and the
structure of W(CO)3(P—i—Pr3),(H20) shows the longest M—
O bond, 2.32 A, of any organometallic aquo complex. {1.4
FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831-6268

Chemical Technology Division $566,000
84. Kinetics of Enzyme-Catalyzed Processes
Greenbaum, E.; Woodward, J.
Comm. 615-574-6835; FTS 624-6835

A novel photophysical phenomenon was observed in
isolated spinach chloroplasts that were metallized by pre-
cipitating colloidal platinum onto the surfaces of the
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thylakoid membranes. A two-point irradiation and detec-
tion system was constructed in which a helium-neon laser
was used to irradiate the platinized chloroplasts at vary-
ing perpendicular distances from a single linear platinum
electrode in pressure contact with the platinized chloro-
plasts. No external voltage bias was applied to the system.
The key objective of the experiment was to measure the
relative photoconductivity of the chloroplast-metal
composite matrix. Unlike conventional photosynthetic
electrochemical cells where irradiated chloroplasts are in
close proximity to an electrode or linked to the electrode
by an electrode-active mediator, in the present
experiments the flow of photocurrent was through the bio-
composite material. A sustained steady-state vectorial
flow of current in the plane of the entrapped composite
from the point of laser irradiation to the wire electrode
was measured. The absolute value of the measured pho-
tocurrent and the maximum perpendicular distance
between the point of irradiation and the linear electrode
for which sustained current could be measured depended
critically on the experimental procedure used to prepare
the platinized chloroplasts. The effect of guanidine hy-
drochloride on the hydrolytic activity and tryptophan
fluorescence of the major cellulase component, cellobiohy-
drolase I, has also been studied. [4.0 FTE]|

Chemistry Division $2,729,000

85. Organic Chemistry and the Chemistry of
Fossil Fuels
Buchanan, A.C.; Britt, P.F.; Hagaman, E.W.
Comm. 615-576-2168; FTS 626-2168

The objective is to conduct fundamental investigations
that provide new insights into the chemical structure and
reactivity of coal. Model systems are being developed to
explore the impact of restricted diffusion on reaction
mechanisms relevant to the thermal reactivity of coal.
Current research focuses on: (1) thermolysis path-
ways for surface-attached phenethyl phenyl ether
[~PhCH:CH;OPh] as a model for ether bridges prevalent
in low-rank coals and lignites; (2) thermolysis of surface-
diattached 1,3-diphenylpropane [~Ph(CH,);Phx] and
1,4-diphenylbutane |~Ph(CH;);Ph=~] as models for cross-
linked structures in the macromolecular network of coal;
and (3) the role of solid-state interactions in acid-
catalyzed cracking of ~Ph(CH,);Ph with aluminosilicates
in dispersed solids. Solid-state nuclear magnetic reso-
nance (NMR) techniques such as double cross polarization
{DCP) and rotational echo double resonance (REDOR) are
being developed for studies of the structure of chemically
modified coals. Research focused on 'H-'"F-'*C DCP/
MAS '»C-NMR when coupled with selective chemical
derivatization of coal with fluorine, reveals localized struc-
ture information on carbon centers in the vicinity (ca. 4 A)
of fluorine atoms. The chemistries of several selective
fluorinating agents, such as N-fluoro-N-alkyl-p—
toluenesulfonamides, are being developed for application
to coal. Derived information will contribute to the base of
scientific knowledge necessary for the development of
novel concepts for the conversion of coal to chemicals or
fuels in an economically viable, environmentally accept-
able manner. [4.6 FTE]

86. Basic Aqueous Chemistry to High Temper-
atures and Pressures
Mesmer, R.E.; Holmes, H.F.; Palmer, D.A.; Si-
monson, J.M.; Ho, P.C.
Comm. 615-574-4958; FT'S 624-4958

The aim of this program is to establish basic principles
governing chemical and thermodynamic behavior of
aqueous solutions of broad classes of solutes at high tem-
peratures and pressures. Advancement in experimental
methods and the development of new models for exploring
and representing behavior over wide extremes of condi-
tions are important parts of this program. A range of
diverse but complementary techniques are employed to
obtain precise data to and beyond the critical conditions of
water and its solutions. Chemical processes under present
study are ionization-ion association, complexation, hydrol-
ysis, solubilities, volatilities, and oxidation reduction.
Thermodynamic quantities of interest are excess proper-
ties and ion-interaction parameters, molar volumes, and
reaction thermodynamics. Principal methods in use are:
flow calorimetry, isopiestic methods, electrochemical cells,
electrical conductivity, densimetry, liquid-vapor parti-
tioning, and Raman spectroscopy. New results are leading
to models for describing variations with temperature,
pressure, and composition for both standard state and ex-
cess thermodynamic quantities. A new initiative is being
explored to represent solution properties using molecular
dynamics simulations. Results for this program have ma-
jor impact in basic solution chemistry, basic hydrothermal
geochemistry, steam generation technology, utilization of
geothermal resources, nuclear waste disposal, and envi-
ronmental transport of metals. The approaches and
techniques developed here for species identification and
the study of reaction equilibria have broad applicability in
the waste management and environmental restoration ac-
tivities of the Department of Energy. (4.1 FTE]

87. Heterogeneous Catalysis Related to En-
ergy Systems
Querbury, S.H.; Huntley, D.R.; Mullins, D.R.;
Krause, M.O.
Comm. 615-574-5040; FTS 624-5040

Surface structure and reactivity are determined on single
crystal metals, with particular emphasis on model hy-
drodesulfurization and bimetallic systems. Adsorption
and reactions of methanethiol, benzenethiol, hydrogen
sulfide, mercaptoethanol, thiophene, and tetrahydrothio-
phene have been studied on Ni(110), Ru(0001), and
W(001). Reaction products are monitored by temperature
programmed desorption techniques, while the identity
and orientation of molecular species on the surface are de-
termined as a function of coverage and temperature using
spectroscopic methods including near edge X-ray absorp-
tion fine structure, high resolution electron energy loss,
and X-ray and ultraviolet photoelectron spectroscopies.
Recently, attention has been focused on reactions of poly-
functional adsorbates and between coadsorbed species on
Ni(110). Angle dependent ion scattering has been used to
determine the structure and growth of metal overlayers
including Cu/Ru(0001), Ni and Cu on W, Sn on Pt(111)
and Ni(111), and the surface structures of metal alloys
(NiAl and Pt3Sn). A recent initiative is to study the reac-
tions of organosulfur molecules with the Ni/W system.
Also, atomic spectroscopy and dynamics of excitation and

22 Research in Chemical Sciences



SEPARATIONS AND ANALYSIS
Ames Laboratory

relaxation of free atomic species are examined using syn-
chrotron radiation. Open shell atoms such as O, Mg, Cd,
Be, Ga, and the halogens are of particular interest. [4.0
FTE]

88. Photolytic Transformations of Hazardous
Organics in Multiphase Media
Zingg, S.P.; Sigman, M.E.; Pagni, R.M.
Comm. 615-576-7325; FTS 626-7325

This program investigates the photochemistry of aromatic
hydrocarbons (ArH) and polynuclear aromatic hydrocar-
bons (PAHs) both in heterogeneous and aqueous media by
product analysis and in situ spectroscopic techniques. The
photochemistry of anthracene adsorbed on silica in het-
erogeneous organic slurries is being explored. In the
presence of oxygen, anthracene undergoes rapid photode-
composition, while in the absence of oxygen very little
photoreaction is observed. This behavior stands in stark
contrast to the photoreactivity of anthracene in homoge-
neous organic solutions. The photochemistry of ArHs and
PAHs in aqueous media, though of significant environ-
mental concern, has not been well studied. The photolysis
of anthracene in water has also been examined, and the
product distribution varies significantly as a function of
the oxygen concentration. In oxygen-deficient aqueous so-
lution, the formation of an unreported product from the
primary photodecomposition pathway of anthracene has
been observed. The formation of this new product is con-
sistent with the involvement of a previously postulated
cation radical pathway in the aqueous photooxidation of
PAHs. These studies will be of value in enhancing the ba-
sic understanding of photochemical processes occurring at
interfaces and under environmentally relevant conditions.
[2.4 FTE]

Pacific Northwest Laboratory
Richland, WA 99352

Chemical Sciences Department $655,000
89. Free-Radical Chemistry of Coal
Franz, J A.; Alnajjar, M.S.; Autrey, S.T.; Line-
han, J.C.
Comm. 509-375-2967

The objective of this project is to determine kinetics and
mechanisms of key radical and radical ionic pathways im-
portant to thermal degradation of coal. Efforts include
determination of bond strengths of C-H, S-H, and C-S
bonds; absolute rates of organic free-radical rearrange-
ments; and rate expressions for atom transfer reactions
involving radicals and radical ions. Methods include
nanosecond kinetic laser flash photolysis, kinetic electron
paramagnetic resonance spectroscopy, and laser photoa-
coustic calorimetry. Homolytic cleavage of carbon—sulfur
and carbon-selenium bonds in reactions with carbon,
phosphorus, and metal-centered radicals are under inves-
tigation. Ab initio quantum chemical calculations at
various levels of electron correlation are being investi-
gated to examine excited state and open shell potential
surfaces of organosulfur intermediates and radical rear-
rangements. A theoretical and experimental study of the
radical hydrogen transfer mechanism for the cleavage of
aryl-alkyl bonds is under way. Solid-state NMR methods
for the characterization of organosulfur structure in coal

using "N and '"°Pt detection are under development. (3.7
FTE]

Solar Energy Research Institute
Golden, CO 80401

Fuels and Chemicals Research $400,000

and Engineering Division

90. Basic Research in Synthesis and Catalysis
DuBois, D.L.; Curtis, C.J.
Comm. 303-231-7371; FTS 327-7371

The project objective is the synthesis of new catalysts for
the electrochemical reduction of CO; and CO to methanol.
A new class of CO; reduction catalysts has been discov-
ered that is based on palladium triphosphine complexes.
These complexes catalyze the electrochemical reduction of
COy to CO. Kinetic and mechanistic studies of this reac-
tion have been completed. This information is currently
being used to design more stable and more selective cata-
lysts. Efforts are also under way to prepare other CO;
reduction catalysts. Similar studies are in progress to
develop homogeneous catalysts for the electrochemical re-
duction of CO. In this effort two important steps have
been demonstrated. First, the reaction of late transition
metal hydrides with electrophilic carbonyl complexes to
produce metal formyl complexes has been demonstrated
and shown to have some generality. Second, it has been
demonstrated that some of these hydrides can be gener-
ated by electrochemical reduction. Current efforts are
directed at developing a catalytic cycle based on this
chemistry and understanding these fundamental reac-
tions. [2.6 FTE]

Separations and Analysis

Ames Laboratory
Iowa State University
Ames, 1A 50011

Processes and Techniques Pro- $1,103,000
gram
91. Analytical Separations and Chemical
Analysis
Fritz, J.S.

Comm. 515-294-5987

The project objective is to devise practical, innovative
methods for separation and chemical analysis. Chromato-
graphic separation and speciation of anions and metal
cations are accomplished by ion chromatography and by
complexation (of metal ions), followed by liquid chromato-
graphic separation. New resins and complexing reagents
are synthesized as part of this research. Resins with hy-
drophilic chemical substituents are highly effective for use
in solid-phase extraction. Chelating reagents and resins
are prepared and used for isolation of selected metal ions
from aqueous samples. These new materials will be useful
in attacking the waste cleanup problems of the 1990s.
New liquid-chromatographic and gas-chromatographic
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methods are being developed for the important problem of
determining small amounts of water in chemicals and
other materials. [2.1 FTE)

92. Analytical Spectroscopy
Houk, R.S.; D’Silva, A.P.
Comm. 515-294-9317

The project objective is the development of new tech-
niques for ultratrace analysis. Excitation sources for
atomic spectroscopy, such as inductively coupled plasmas
(ICPs), inert gas afterglows, and laser-produced
microplasmas, are studied by both optical and mass spec-
troscopy. Typical studies include characterization of the
noise behavior of ICPs, investigation of the extraction pro-
cess and interferences in ICP mass spectrometry, and
elucidation of energy transfer processes in ICPs and after-
glows. These atomic excitation sources are coupled with
chromatographic separations to provide element-selective
detection for elemental speciation. New methods for ion
trapping and time-of-flight mass spectrometry are also in-
vestigated. [4.21 FTE]

93. Chemical Analysis at Liquid-Solid Inter-

faces
Porter, M.D.
Comm. 515-294-6433

This project examines new approaches for the construc-
tion and characterization of monomolecular films at
liquid—solid interfaces. Efforts focus on (1) developing
atomic-scale descriptions of the two-dimensional arrange-
ment of spontaneously adsorbed monolayer films formed
from n-alkanethiols at gold and silver surfaces, (2) prob-
ing solvent-monolayer interactions of n-alkanethiol
monolayers with aqueous and various nonaqueous sol-
vents with in situ Fourier transform infrared reflection
spectroscopy, and (3) examining the fabrication for molec-
ular recognition monolayers with organosulfur derivatized
cyclodextrin monolayers. The atomic-scale arrangements
are probed by both scanning tunneling and atomic force
microscopy. The molecular level descriptions are derived
primarily from infrared reflection spectroscopy, optical el-
lipsometry, electrochemistry, and contact angle studies
that relate the composition and molecular arrangement
(spatial orientation and packing density) of the organic
surface structures with the crystallinity and roughness of
the substrate. The molecular recognition effort also exam-
ines the incorporation of size selective channels in long
alkyl chain monolayers. [2.2 FTE]

94. Lasers in Analytical Chemistry
Yeung, E.S.
Comm. 515-294-8062

The central theme of this project is the identification,
evaluation, and application of analytical concepts based
on the most recent developments in spectroscopy, particu-
larly laser technology. Solutions to a large number of
chemical problems, especially those in environmental,
clinical, and energy-related areas, are currently limited by
available analytical methodology. Attempts will be made
to remove limitations by developing new techniques for
measurements, by providing novel instrumentation, and
by gaining an in-depth understanding of the fundamental
physical and chemical principles behind the measure-
ments. Specific studies include (1) spatial and temporal
spectroscopic probes to study laser vaporization and laser

desorption processes, so that quantitation can become
more reliable; (2) electro-rotation and magneto-rotation
techniques for selective measurements in solutions; (3) de-
tectors for liquid chromatography and for thin-layer
chromatography that are more sensitive and more reli-
able; and (4) laser-initiated gas-phase reactions relevant
to vapor deposition and etching schemes for material pro-
cessing. [4.1 FTE]

Argonne National Laboratory
Argonne, IL 60439

Chemistry Division $1,274,000
95. Separations Science Related to Nuclear
and Hydrometallurgical Technology
Horwitz, E.P.
Comm. 708-972-3653; FTS 972-3653

The primary objectives of this project are: (1) to design,
synthesize, and characterize new classes of aqueous-
soluble complexing agents for metal ion separation. These
new complexants are designed to form water-soluble, sta-
ble complexes with tri-, tetra-, and hexavalent metal ions
in highly acidic media and to decompose under mild
thermal and/or oxidizing conditions to form less environ-
mentally noxious species; (2) to study extractant—diluent
interactions with the objective of improving the solubility
of highly polar extractants in hydrocarbons and under-
standing the basic similarities and differences in bulk
phase extraction and extraction chromatography; and (3)
to develop improved methods for synthesizing new and ex-
isting organophosphorus extractants and particularly
extractants containing steric hindrance, by studying the
pathways for converting one or more phosphorus—oxygen
bonds into phosphorus—carbon or phosphorus-hydrogen
bonds. All three objectives are directed toward applica-
tions in (1) nuclear technology, such as actinide
separations, waste processing, and by-product recovery
from nuclear waste and (2) hydrometallurgical processing
and groundwater decontamination. [3.7 FTE]

96. Particle-Induced Desorption/lonization
Mass Spectrometry
Hunt, J.E.
Comm. 708-972-3517; FTS 972-3517

The particle-induced desorption mass spectrometry pro-
gram is focused on the study of processes that occur in the
emission of charged and neutral species as a result of par-
ticle and photon impact. Time-of-flight mass spectroscopy
is used to study the interaction of fast ion and laser beams
with organic surfaces. The goal of these studies is to eluci-
date the processes that occur, and thus provide new
knowledge relevant to a broad base of analytical desorp-
tion mass spectrometric techniques. A comprehensive
understanding of the interaction of fast particles with ma-
terials is sought since these interactions represent the
first and most fundamental step in the desorption process.
Areas of current interest include (1) MeV ion beam des-
orption of valine and (2) laser desorption and laser
photoionization studies. The first study has revealed in-
formation on the effect of ion beam energy on the kinetic
energy and emission angle of secondary ions. Complemen-
tary measurements on both ions and neutral molecules
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are made using laser desorption/postionization tech-
niques. {1.0 FTE]

Brookhaven National Laboratory
Upton, Long Island, NY 11973

Department of Applied Science $497,000

97. Analytical Techniques with Synchrotron
Radiation and Ion Beams
Jones, KW.; Gordon, B.M.
Comm. 516-282-4588; FTS 666-4588

The project uses X-ray and ion-beam microscopy methods
for study of catalysts, characterization of coal, and other
chemical systems. Experiments to improve the perfor-
mance of the synchrotron-based X-ray microscope are
aimed at achieving a spatial resolution of 1 ym with a
photon flux integrated over all energies of 10'° photons/(s-
wm?) or more. A number of different catalyst systems are
being investigated with the X-ray microscope including
polyolefins, fluid catalytic cracking (FCC) catalysts, and
hydrotreating catalysts. Applications to studies of porosity
and fluid flow in different systems, including catalysts,
are being initiated. These experiments demand the high-
est possible values of X-ray microscope resolution and
beam intensity. Ion beams are being used in complemen-
tary experiments to profile hydrogen and other light
elements in several types of catalysts. [2.7 FTE]

98. Microparticle Analysis by Laser Spec-
troscopy
Tang, I.N.; Fung, K.H.
Comm. 516-282-4517; FTS 666-4517

The project focuses on building a fundamental under-
standing and exploring new applications of novel
laser-based spectroscopic methods for chemical analysis of
microparticles. Suspensions of micron-sized particles are
abundant in nature, and in numerous energy-related pro-
cesses as well. In order to elucidate the formation
mechanisms and understand the subsequent chemical
transformation under a variety of reaction conditions, it is
imperative to develop analytical measurement techniques
for in situ monitoring of these suspended particles. Such a
task has always been a formidable one, since the mass of
an individual particle is only on the order of nanograms
and the composition is often complex. Current research
interests include (1) elucidation of the transient states
that result in Raman intensity enhancement by resonance
absorption, (2) systematic investigation of the Raman
scattering cross sections for ionic solids containing oxyan-
ions, using a microparticle levitation technique, and (3)
studies of other potentially important nonlinear optical
processes such as stimulated emission and multiphoton
absorption in droplets. Combined with state-of-the-art
instrumentation the research will lead to increased sensi-
tivity and better selectivity of spectroscopic methods for
microparticle analysis. [1.9 FTE]

Idaho National Engineering Labora-

tory
Idaho Falls, ID 83415-3527

$290,000

99. Negative Ionization Mass Spectrometry
Delmore, J.E.; Appelhans, A.D.; Dahl, D.A.
Comm. 208-526-2820; FTS 583-2820

Gas/solid negative ion formation processes are being stud-
ied to elucidate the ion formation/decomposition pathways.
Examples are the formation of sulfur hexafluoride anions
by electron capture and the subsequent decomposition
back to the neutral molecule, and the formation of hydride
ions when electrons impact on metal surfaces exposed to
hydrogen. Current activity is centered on the study of ce-
ramic ion sources that emit gas phase metal oxide anions
upon heating. A type of ceramic now being studied emits
substantial currents of the perrhenate anion at tempera-
tures of 900 to 1000°C. This is a new class of ion emitting
material developed by this program which holds much
promise for a variety of applications for probing surfaces
for analysis. These materials are being studied by a com-
bination of techniques including direct imaging of the ions
as emitted from the source, mass analyzing the ions dur-
ing operation, and post analyzing the bulk ion emitter to
determine the fundamental chemistry controlling the ion
formation process. To develop understanding of these pro-
cesses it is necessary to accurately model the motion of
ions in electric/magnetic fields. The ongoing development
of mathematical algorithms for the computer modeling of
ion optic systems has resulted in a widely used code which
is updated every few years. [1.0 FTE]

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Applied Science Division $210,000
100. Repetitively Pulsed Laser: Material Inter-
action
Russo, R.E.
Comm. 415-486-4258; FTS 451-4258

A comprehensive program is under way to study the mech-
anisms that describe the explosive removal of material
induced by high-power pulsed-laser irradiation. For chem-
ical separations and analysis, laser sampling can provide
direct solid analysis, simultaneous multielement analysis,
microanalysis, and spatial characterization. Acoustic mon-
itoring, optical probe beam deflection, and atomic emission
spectroscopy are studied to indicate distinct mechanisms
occurring during the interaction. Piezoelectrics are used
to study the propagation of acoustic waves induced in the
material by pulsed laser irradiation. Changes in the
acoustic response are studied to indicate the existence and
time dependence for mechanisms of heating, melting, va-
porization, and ablation. Optical probe beam deflection is
employed to monitor the region adjacent to the solid sur-
face to determine heating and cooling rates, the onset of
material removal, and the formation of a laser initiated
surface plasma. Atomic emission spectroscopy is used to
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monitor the composition and quantity of the laser-
sampled material. This material is transported to an
inductively coupled plasma (ICP) for excitation to emis-
sion. By drawing correlations between these acoustic,
deflection, and atomic emission data, fundamental mecha-
nisms describing the interaction of pulsed laser radiation
with solid material can be elucidated. [1.7 FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831-6365

Analytical Chemistry Division $1,881,000
101. R & D in Secondary Ion Mass Spectrome-
try
Christie, W.H.; Todd, P.J.; Rosseel, T.M.
Comm. 615-576-4839; FTS 626-4839

The objective of this research is to gain a better under-
standing of sputtering and secondary ionization as it
applies to secondary ionization mass spectrometry
(SIMS). Both inorganic and organic SIMS and application
to surface, depth, bulk, isotopic ratio, and imaging prob-
lems are of interest. The yield and chemistry of secondary
ions and sputtered neutrals are dominated by matrix ef-
fects, often in a complementary way. In the inorganic
work, changes in the behavior of secondary ions and sput-
tered neutrals are studied as source conditions are
changed. A current application area is the site-specific
chemical behavior and mass transport of inorganic pollu-
tants in soil, rock, and other environmental matrices. A
new Cameca IMS-4f jon microscope/microprobe is used to
study variations in metal and isotope content in mineral
grains of environmental importance. In organic SIMS,
compounds are fragmented or modified chemically upon
ion bombardment. Tandem mass spectrometry (MS/MS) is
used for organic imaging and surface analysis. This ap-
proach mitigates matrix effects in organic SIMS by its
ability to characterize ions by both m/z ratio and struc-
ture. This research is applicable to many current
technical problems in materials science, health science,
and environmental and waste technology. [2.2 FTE]

102. Mass Spectrometry R & D for Organic
Analyses
Glish, G.L.; McLuckey, S.A.; Van Berkel, G.oJ.;
Goeringer, D.E.
Comm. 615-574-2456; FTS 624-2456

The objective of this work is the development of new and
improved methods for the analysis of organic molecules
via mass spectrometry. One aspect of this involves the
study of gas-phase ion chemistry and physics. By better
understanding the fundamental processes involved in the
various aspects of mass spectrometry experiments, ana-
lytical methods can be developed based on a solid
framework of knowledge. Some of the processes of interest
are ionization, unimolecular and bimolecular reactions,
and ion activation. Several areas within the realm of ion-
ization are being studied. These include electrospray
ionization, glow discharge ionization, positron ionization,
and ionization by controlled ion/molecule reactions. In the
area of ion activation the fundamentals of collisional
activation at various energies and under different instru-
mental conditions, along with surface-induced dissociation
and photodissociation are of interest. The knowledge

gained from this work is used to improve the analytical
methods and techniques used in mass spectrometry. This
will help improve the methods for analyzing organic
molecules and the methods for studying the gas-phase ion
chemistry and physics of molecules. [2.6 FTE]

103. Advanced Spectroscopic Methods for
Chemical Analysis
Hulett, L.D.; Grant, B.C.; Dale, J.M.
Comm. 615-574-8955; FTS 624-8955

Studies have been done of the ionization of large
molecules by slow positrons supplied by the Oak Ridge
Electron Linear Accelerator (ORELA) facility. Positrons
were remoderated and injected with variable energy into
a Penning trap, where they were allowed to collide with
gas molecules. The ions produced were expelled from the
trap and their masses were determined with a specially
designed time-of-flight (TOF) spectrometer. As of this
date, three different energy-dependent mechanisms of
ionization molecules by positrons have been observed.
Mass spectra of ions produced by positrons have been
studied for over 20 different large molecules. The mass
spectrometer that was specially designed for this work
has a sensitivity much greater than that of the
conventional TOF instruments. It has advantages for con-
ventional mass spectrometry as well as for this work.
Future work will include positron interaction with solid
surfaces, studying stimulated desorption, and positron an-
nihilation at defect sites. Work accomplished in heavy ion
induced satellite emission (HIXSE) is reported. This re-
search involves personnel from Vanderbilt University and
State University of New York, Fredonia, as well as those
of Oak Ridge National Laboratory. [2.8 FTE]

104. Research Development and Demonstra-
tion of Advanced Chemical Measurement
Techniques
Ramsey, J. M.; Shaw, R.W.; Whitten, W.B.;
Young, J.P.

Comm. 615-574-5662; FTS 624-5662

The objective of this research program is to develop tech-
niques for spectrochemical analysis with enhanced
specificity and sensitivity. This project involves a number
of experimental efforts including work on new laser
sources, measurement schemes, and sampling tech-
niques. Applications of semiconductor diode lasers to
high-resolution optical spectroscopy are being studied. Ad-
vances in this area may find application in the area of
field-portable instrumentation using laser-based mea-
surement schemes. Resonance-enhanced multiphoton
ionization (REMPI) spectroscopy is employed in several
experiments for high-resolution, high-sensitivity measure-
ments. These experiments include resonance ionization
mass spectroscopy (RIMS) in magnetic sector instruments
and ion trap mass spectrometers. The RIMS experiments
are primarily directed toward isotope ratio measure-
ments. New techniques for ultrasensitive fluorescence
analysis of solutions are being studied. These techniques
are based on performing fluorescence spectroscopy on
microdroplets suspended in electrodynamic traps. Electro-
dynamic traps are also being used to study solid-phase
microparticles using a combination of optical and
mass spectroscopy. The measurement techniques being
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developed have broad application to such areas as envi-
ronmental monitoring, global environmental studies, and
biotechnology. [3.0 FTE]

105. Mass Spectrometric R & D for Inorganic

Analyses
Smith, D.H.; McMahon, J.M.; Van Berkel, G.J.
Comm. 615-574-2449; FTS 624-2449

The objective of this work is to advance the state of the art
in inorganic mass spectrometry. Improvements are sought
in both instrumentation and sample preparation method-
ology in order to gain enhanced precision, accuracy,
specificity, and sensitivity. Isotope dilution techniques are
used extensively. Improved methodology for determining
various difficult-to-measure elements is being developed.
For improved sensitivity and more accurate measure-
ments in survey analyses, new work is under way in
glow-discharge mass spectrometry. Its ability to deliver
quantitative results over a wide dynamic range is being
evaluated with respect to the effect of sample matrix. Its
ability to measure isotopic ratios is presently being evalu-
ated, and a radio frequency (rf) probe for analysis of
nonconducting samples is being developed in collaboration
with researchers at Clemson University. [2.3 FTE]

Chemical Technology Division $1,278,000
106. Chemical and Physical Principles in Mul-
tiphase Separations
Byers, C.H.; Basaran, O.A.; Scott, T.C.
Comm. 615-574-4653; FTS 624-4653

This project comprises several fundamental studies that
address the use of electromagnetic fields to enhance the
effectiveness of multiphase separation processes. The pri-
mary focus of the program is analysis of effects of electric
fields on droplets, with the resulting information to be
used for devising means to dramatically improve trans-
port rates in liquid-liquid systems. This thrust addresses
such issues as drop formation, stability, oscillation,
breakup, and coalescence in electric fields. A secondary fo-
cus is examining the use of high-intensity, high-gradient
(HIHG) magnetic fields in separations processes. This in-
vestigation involves the study of the interactions of
charged macromolecular entities in viscous media which
are under the influence of HIHG magnetic fields. A third,
more recent thrust is exploring the use of electric fields in
enhancing liquid-vapor operations. Some key issues here
are to develop a better understanding of (1) the effects of
external fields on bubbles in particular and polarizable
media in general and (2) the fluid dynamics of bubbly lig-
uids. [2.8 FTE]

107. Interactions of Solutes, Solvents, and Sur-
faces: Adsorption and Supercritical
Extraction
Cochran, H.D.; Byers, C.H.

Comm. 615-574-6821; FTS 624-6821

Fundamental theoretical and experimental studies are
aimed at understanding the striking properties of
supercritical solutions in terms of the underlying fluid mi-
crostructure and molecular interactions. These solutions
are important in novel separation technologies such as
supercritical extraction and supercritical fluid chromatog-
raphy. Molecular dynamics simulation studies have been

completed of supercritical water and of solutions in super-
critical waters, for the first time revealing the
hydrogen-bonding structures surrounding different solute
molecules in supercritical aqueous solution. After deriva-
tion of a new theoretical model to predict the effect of a
third component (e.g., an added cosolvent or a second so-
lute) on the solubility of a solute in a supercritical solvent,
work continues to test the usefulness of the new theory for
practical calculations. Direct measurement of the local
fluid microstructure surrounding a solute in a supercriti-
cal solvent is the goal of planned neutron scattering
experiments; the apparatus for this work has been de-
signed and fabricated and is undergoing testing in the
laboratory. The new technique developed for calculating
chemical potential in supercritical solutions from molecu-
lar distribution functions can soon be tested with the
expected results of new Monto Carlo molecular simula-
tions of supercritical solutions in the grand canonical
ensemble. [1.0 FTE]

108. Chemistry of Actinides and Fission Prod-
ucts
Toth, L.M.
Comm. 615-574-5021; FTS 624-5021

The primary purpose of this project is to explore the fun-
damental chemistry of the actinide elements and their
fission products. Emphasis is placed on the photochem-
istry, coordination chemistry, and separations chemistry
of these elements, especially as they relate to problems in
waste management, environmental control, and the nu-
clear fuel cycle. The chemistry of other elements is often
examined in parallel with that of the actinides and fission
products in order to develop a better understanding of the
periodic behavior of the elements. The current interests
are (1) low-temperature spectroscopy/photochemistry (in-
cluding matrix isolation methods to isolate and identify
reactive intermediates) and (2) neutron/X-ray small-angle
scattering experiments of hydrolytic polymers (to define
sizes and geometries of colloidal species and those factors
controlling their formation, reactivity, and ultimate size).
1.5 FTE]

Chemistry Division $882,000
109. Chemical and Structural Principles in
Solvent Extraction
Moyer, B.A.; Sachleben, R.A.; Burns, J.H.
Comm. 615-574-6718; FTS 624-6718

The general purpose of this task is to elucidate the basic
thermodynamic and structural principles governing
solvent-extraction and related separation techniques of
relevance to energy technologies. Major questions of in-
terest pertain to the cooperativity of extractant
functionalities in providing suitable coordination environ-
ments for metal cations. To provide insight into such
questions, model extractants are designed, synthesized,
and tested for separation efficacy. Extraction measure-
ments are interpreted by computer-aided equilibrium
analysis, X-ray structure determination of crystalline
model compounds, molecular mechanics, spectroscopy
(e.g., FTIR, NMR, UV/vis, and Raman), and other physical
measurements. An important thrust concerns the ques-
tion of how most or all of the functionalities needed for the
recognition and extraction of alkali metal cations may be
incorporated into one extractant molecule, as represented
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by the class of ionizable dibenzo-14-crown-4 lariat ethers.
Selectivity principles applicable to the separation of tran-
sition and alkaline earth metals are under investigation
for systems containing polydentate oxa and thia ligands
combined synergistically with organophilic sulfonic and
carboxylic acids. Through extensive modeling of extrac-
tions involving a representative sulfoxide extractant, new
insight into underlying equilibria is being gained. Host—
guest interactions are being probed in the analysis of the
hydration of crown ethers. [4.2 FTE]

Pacific Northwest Laboratory
Richland, WA 99352

Chemical Sciences Department $1,279,000
110. Analytical Mass Spectrometry Research
Baer, D.R.; Hubbard, C.W.; Styris, D.L.
Comm. 509-376-1907; FTS 444-1907

This project generates new knowledge important to the
field of mass spectrometry and develops techniques to im-
prove and expand the applications in this field. The
project presently consists of two parts: (1) research to elu-
cidate and predict the properties of new surface ionization
source materials and (2) research directed toward the fun-
damental understanding and development of new mass
spectrometric techniques. Research into the properties of
new surface ionization materials explores the effects of
surface impurities on work functions in order to model the
surface ionization efficiencies of new materials. The elec-
tronic behavior of composite rhenium surfaces containing
nickel and copper is being investigated by surface work
function measurements, Auger electron spectroscopy, and
ultraviolet photoelectron spectroscopy. Models developed
from these data will be used to predict behavior of other
couples which will then be fabricated and tested experi-
mentally. The research to provide understanding and
development of new mass spectrometric techniques ad-
dresses a broadly applicable mass spectrometry based on
using a single source for both thermal atomization and
electron impact ionization. [2.1 FTE]

111. Laser-Based Analytical Techniques
Miller, R.J.; Cannon, B.D.
Comm. 509-375-2968

The objective of this program is to provide new knowledge
necessary for development of improved analytical methods
that exploit advanced laser technologies. Analytical
methodologies affording high selectivity and extreme sen-
sitivity are needed for many energy technologies. The
proposed research will address spectroscopic characteriza-
tion of specific atomic, molecular, and ionic species, and
studies of underlying chemical and physical phenomena.
Electron attachment from Rydberg atoms is proposed as
an efficient, gentle source for negative ion mass spectro-
scopic analyses of complex environmental mixtures.
Studies will characterize Rydberg states of alkali metals
and their decay dynamics. Electron attachment cross
sections will be measured for prototype molecules as func-
tions of collision and electron binding energies. This new
knowledge will enable efficient preparation of negative
ions for analytical applications. Reactive intermediates
generated during high-energy processing of toxic organic
wastes will be studied. High-resolution laser spectroscopy

will characterize the structures and dynamics of radicals
and molecular ions produced within flames and plasmas.
This new knowledge will enable better diagnostics of the
chemistry of flames and plasmas and improved waste dis-
posal technologies. [1.2 FTE]

112. Fundamental Phase Partitioning in Su-
percritical Fluid Chromatography
Smith, R.D.; Yonker, C.R.; Fulton, J.L.
Comm. 509-376-0723; FTS 444-0723

The goal of this project is to obtain fundamental informa-
tion on the kinetic, thermodynamic, and molecular level
phenomena related to structure in supercritical fluid solu-
tions. Understanding these phenomena will lead to new
supercritical fluid separation and reaction processes, and
will suggest new approaches for improving existing pro-
cesses. The scope of these studies spans the range from (1)
simple bimolecular solute/solvent interactions to (2) more
complex multimolecular clustering and aggregation phe-
nomena, as well as (3) fluid/liquid interfacial phenomena.
In the most general sense, this project is exploring super-
critical fluid phenomena in order to bridge the gap
between the understanding of the gas and liquid states.
The approach entails use of spectroscopic techniques such
as FT-IR and Raman spectroscopy, small angle X-ray scat-
tering (SAXS), and dynamic fluorescence quenching
(DFQ). Concurren