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PREFACE

The purpose of this publication is to inform those interested
in research supported by the Department of Energy’s Division
of Chemical Sciences, which is one of six Divisions of the
Office of Basic Energy Sciences in the Office of Energy
Research. This publication includes projects supported by
both the Chemical Sciences budget and that portion of the
Nuclear Sciences budget which is administered by the Divi-
sion of Chemical Sciences.

These summaries provide to members of the scientific and
technical public and interested persons in the legislative and
executive branches of the Government a means for becoming
acquainted, either generally or in some depth, with the
Chemical Sciences program. Areas of research supported by
the Division are to be seen in the section headings, the listing
of “Selected Topics of General Interest,” and the summaries
themselves. Energy technologies that can be advanced by use
of the basic knowledge generated in this program are pro-
vided in the “Selected Topics™ list and also (by reference) in
the summaries.

Chemists, physicists, chemical engineers, and others who are
considering the possibility of proposing research for support
by this Division will find the publication useful for gauging
the scope of the present program in basic research and the
relationship of their interests to the overall program. Pro-

posals that expand this scope will also be considered or
directed to more appropriate offices. The research summar-
ized here is intended to add significantly to the knowledge
base on which successful energy technologies can grow. For
this purpose, scientific excellence is a major criterion applied
in the selection of research supported by the Division of
Chemical Sciences. Another important consideration is the
emphasizing of chemical, physical, and chemical engineering
subdisciplines which are advancing in ways that produce new
information related to energy, needed energy data, or new
ideas,

The program is distributed among several different kinds of
performing organizations. About half the projects take place
at DOE laboratories, and half take place at universities and
industrial laboratories. In DOE laboratories, most of the
researchers are fully engaged in this work, while most univer-
sity and industrial researchers necessarily divide their time
among duties involving this research, other research, teaching
responsibilities, etc.

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.

Elliot S. Pierce, Director
Division of Chemical Sciences
Office of Basic Energy Sciences
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Each Branch of the Division of Chemical Sciences is
divided into programs which cover various disciplines.
The following summaries describe these programs. The
staff members responsible for each program are indi-
cated on page ii.

Fundamental Interactions Branch (KC-03-01- )
Photochemical and Radiation Sciences (KC-03-01-01)

The Photochemical and Radiation Sciences program
consists of research into the interactions of radiation
with matter in all forms but particularly with gases
and liquids. The photochemical research is devoted
largely to studies with visible radiation aimed at the
capture and conversion of solar energy. This encom-
passes such fields as artificial photosynthesis, photoin-
duced electron transfer reactions in homogeneous and
heterogeneous media, photoelectrochemistry, and pho-
tocatalysis. The radiation chemistry research is con-
cerned with the chemical effects produced by absorp-
tion of energy from ionizing radiation. A small part of
the program is devoted to research in hot atom cheinis-
try, i.e., the study of the effects of nuclear decay and
the consequent release of energy on chemical reactions.
A new and growing program of photochemistry, spec-
troscopy, and related studies is centered at the
National Synchrotron Light Source at Brookhaven
National Laboratory.

Chemical Physics (KC-03-61-02)

The Chemical Physics program supports research in a
diverse set of disciplines with a goal of providing basic
knowledge in areas related in the nation’s energy needs.
A significant portion of the program is in the many-
faceted area of chemical kinetics, including energy
transfer, chemical dynamics involving state-selected
chemistry, unimolecular and bimolecular research
kinetics, as well as the reactions of clusters. Research
efforts in molecular structure, spectroscopy, and
theoretical chemistry are also well represented in this
program.

Special emphasis is placed on basic research related to
combustion; advanced diagnostic methods, spectros-
copy, theory, and the kinetics of elementary combus-
tion reactions are of special interest. A major user-
oriented facility, the Combustion Research Facility
(CRF) at Sandia Laboratories/Livermore is supported
by this program. This laboratory offers 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 ion structures, energy levels and lifetimes of
quantum states, and of transport and exchange
processes characterizing transfer of energy, momentum,
and matter. These studies strive to obtain the best and
most complete fundamental knowledge of the proper-
ties and interactions of photons, electrons, atoms, ions,
and simple molecules. Continued emphasis of this
research has been on the understanding of relatively
high energy atomic physics that involves atoms stripped
of all or most all electrons and of atoms and ions in
which electrons are located at upper energy levels. The
study of processes that lead to the production of
coherent radiation and of the statistical properties of
this radiation as they modify elementary atomic phy-
sics processes also constitute part of this program.

Processes and Techniques Branch (KC-03-02- )
Chemical Energy (KC-03-02-01)

This program includes basic chemistry research related
to chemical transformations or conversions which are
fundamental to new or existing concepts of energy pro-
duction and storage. Of particular interest are those
research activities with the objectives of understanding
the chemical aspects of (1) catalysis, both heterogene-
ous and homogeneous, (2) the chemistry of fossil
resources, particularly coal, including characterization
and transformation, and (3) the conversion of biomass
and related cellulosic wastes. The disciplines of
organic, bio-, inorganic, physical, thermo-, and electro-
chemistry are central to this program. The emphasis is
on understanding the chemical principles underlying
the new and developing technologies and on innovative
chemical research with potential for new energy con-
cepts.

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

The separations part of the program is directed toward
improving our basic understanding of methods for
separating mixtures of gases, liquids, solids, and their
component molecules, cations, anions, and isotopes.
The program covers a broad spectrum of separations
concepts, including membrane processes, extraction at
both standard and supercritical conditions, adsorption,
chromatography, photodissociation, complexation, etc.
The program is technique oriented rather than species
oriented; i.e., the research involves elucidating funda-
mental chemical phenomena for improved separations
rather than developing specific processes for the
separation of a particular species from particular
matrices. The isotope separation program emphasizes
isotopic properties and isotope effects and is basic in
nature.

The analysis part of the program is aimed at support-
ing research on analytical techniques where a better
understanding of basic chemical phenomena may facili-
tate improvements in sensitivity, reliability, and ease of



operation and/or lower the costs of analytical determi-
nations. Entirely new analytical techniques are also
investigated, although this program does not support
instrument development. New techniques are quickly
reported in the literature so that those interested in
instrument development can build on work supported
herein. The program is not geared to using existing
techniques to unravel the composition of samples nor to
developing techniques to- analyze particular chemical
species or sample types. Rather, it is aimed at obtain-
ing a thorough understanding of the basic chemistry of
an analytical technique so that others may use this
understanding to improve its utility.

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

This program addresses the more specific and energy-
related aspects of chemically related engineering topics,
including thermodynamics and physical and chemical
rate, processes. Particular attention is given to tur-
bulence research related to combustion, experimental
and theoretical thermochemical and thermophysical
properties, and phase equilibria, especially of mixtures,
including supercritical phenomena. Emphasis is given
to improving and/or developing the scientific base for
engineering generalizations and their unifying theories.

Isotope Preparations (KC-01-02)

The Isotope Preparations program is dedicated to the
production of research quantities of isotopically
enriched research materials by way of the Electromag-
netic Isotope Separations (Calutron) facility, the High
Flux Isotope Reactor (HFIR), and the Transplutonium
Processing Plant (TRU). These facilities are described
on gggesw-@an&:@ of this book. These research

. -—viiatetials are made available to an international user

qq‘lﬁ

{ community from a sales inventory, by loan from a

Research Materials Collection, and by cost-free alloca-
tion from the DOE Research Materials/Trans-
plutonium Program Committee.
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Heavy Element Chemistry (KC-01-02-03)

The Heavy Element Chemistry program focuses on a
study of the chemical and certain physical properties of
the actinide elements, principally the transuranium ele-
ments, because of the importance of these elements to
DOE’s nuclear 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 actinides in complex oxides
and binary halides, (4) the chemistry of actinides in
near-neutral aqueous solutions and the reactions of
aqueous actinides ions with various complexing agents,
(5) the development of preparative methods for
actinide metals and compounds, and (6) the measure-
ment of crystal structures, melting points, magnetic
susceptibilities and the behavior of actinide metals
under pressure. This research is performed principally
at the National Laboratories because of facilities
required for handling radioactivity.

Chemical Sciences Division

Stanford Synchrotron Radiation Laboratory (KC-01-03)

Support for the operation of the Stanford Synchrotron
Radiation Laboratory (SSRL) is provided through this
category. Access to this facility is possible by the sub-
mission of individual proposals directly to SSRL and
successful outcome through a peer review process con-
ducted by SSRL’s program committee, a representative
group selected by users of the facility. The rescarch
carried out by the users represents a broad field of dis-
ciplines not confined to those supported by the other
categories listed above. As a consequence, most of the
research projects using SSRL are funded by other
DOE offices, other agencies and private sources.
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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 Sci-
ences 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
Towa State University
Ames, IA 50011

Chemical Sciences—Fundamental Interactions

David K. Hoffman

Phone: Commercial (515) 294-2113 or FTS 865-2113
Chemical Sciences—Processes and Techniques

J. H. Espenson

Phone: Commercial (515) 294-5730 or FTS 865-5730

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

Chemical Technology Division

Martin J. Steindler

Phone: Commercial (312) 972-4542 or FTS 972-4542
Chemistry Division

E. P. Steinberg

Phone: Commercial (312) 972-3570 or FTS 972-3570
Physics Division

W. J. Childs

Phone: Commercial (312) 972-4042 or FTS 972-4042

BROOKHAVEN NATIONAL LABORATORY
Upton, Long Island, NY 11973

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

A. N. Goland

Phone: Commercial (516) 282-3819 or FTS 666-3819
Chemistry Department

A. P. Wolf

Phone: Commercial (516) 282-4301 or FTS 666-4301

R. E. Weston

Phone: Commercial (516) 282-4373 or FTS 666-4373
National Synchrotron Light Source

M. L. Knotek

Phone: Commercial (516) 282-4966 or FTS 666-4966

IDAHO NATIONAL ENGINEERING LABORATORY
Idaho Falls, ID 83401

EG & G Idaho, Inc., P.O. Box 1625
C. W. Frank
Phone: Commercial (208) 526-1292 or FTS 583-1292

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, CA 94720

Applied Sciences Division

E. J. Cairns

Phone: Commercial (415) 486-5001 or FTS 451-5001
Chemical Biodynamics Division

G. C. Pimentel

Phone: Commercial (415) 486-4355 or FTS 451-4355
Materials and Molecular Research Division

Norman Phillips

Phone: Commercial (415) 486-6062 or FTS 451-6062

LAWRENCE LIVERMORE NATIONAL LABORATORY
University of California

P.O. Box 808

Livermore, CA 94550

C. F. Bender
Phone: Commercial (415) 422-6340 or FTS 532-6340

LOS ALAMOS NATIONAL LABORATORY
University of California

P.O. Box 1663

Los Alamos, NM 87545

G. H. Kwei
Phone: Commercial (505) 667-5893 or FTS 843-5893

MONSANTO RESEARCH CORPORATION-MOUND
P.O. Box 32
Miamisburg, OH 45342

Nuclear Operations Department
R. E. Vallee
Phone: Commercial (513) 865-3318 or FTS 774-3318

NATIONAL INSTITUTE FOR PETROLEUM AND
ENERGY RESEARCH

P.O. Box 2128

Bartlesville, OK 74005

D. Sutterfield
Phone: Commercial (918) 337-4251 or FTS 745-4251

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

R. H. Schuler
Phone: Commercial (219) 239-7502 or FTS 333-8222

R. W. Fessenden
Phone: Commercial (219) 239-5354 or FTS 333-8221

L. K. Patterson
Phone: Commercial (219) 239-5403 or FTS 333-8220



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

Analytical Chemistry Division

W. D. Shults

Phone: Commercial (615) 574-4881 or FTS 624-4881
Chemical Technolsgy Division

R. G. Wymer

Phone: Commercial (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 FTS 624-4984

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

Chemical Technolegy Department
Tom Chikalla 23
Phone: Commercial (509) 375-2597
J. H. Nielson
Phone: Commercial (509) 375-6922

N. E. Ballou
Phone: Commercial (509) 376-3061

R. E. Schirmer
Phone: Commercial (509) 376-5247

- P. C. Walkup
Phone: Commercial (509) 375-2432

PITTSBURGH ENERGY TECHNOLOGY CENTER
P.O. Box 10904
Pittsburgh, PA 15236

Chemical and Instrumental Analysis Division
H. L. Retcofsky
Phone: Commercial (412) 675-5786 or FTS 723-5786
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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 94550

Combustion Sciences Directorate
D. L. Hartley
Phone: Commercial (415) 422-2747 or FTS 532-2747

P. L. Mattern
Phone: Commercial (415) 422-2520 or FTS 532-2520

SOLAR ENERGY RESEARCH INSTITUTE
1617 Cole Boulevard
Golden, CO 80401

A. J. Nozik
Phone: Commercial (303) 231-1953 or FTS 327-1953

C. S. Smith
Phone: Commercial (303) 231-7180 or FTS 327-7180

STANFORD SYNCHROTRON RADIATION LABORATORY
P. O. Box 4349 Bin 69
Stanford, CA 94305

A. Bienenstock
Phone: Commercial (415) 854-3300 or FTS 461-9300

NS Rk
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SUMMARIES OF FY 1985
RESEARCH IN THE CHEMICAL SCIENCES

NATIONAL LABORATORIES

Photochemical and Radiation Sciences

Ames Laboratory
Ames, Iowa 50011

Fundamental Interactions Program $290,000

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

This project centers on (1) the structural organization and inter-
molecular interactions of pigments in artificial and naturally
occurring photosynthetic aggregates and (2) the use of efficient
electronic energy transport in biomimetic chromophoric poly-
mers in solar energy conversion. A variety of laser spectrosco-
pies are used (e.g., optical hole burning, fluorescence line
narrowing, picosecond spectroscopy). Very facile nonphoto-
chemical hole burning has recently been observed for both chio-
rophyll a and b monomers in polystyrene polymer films. It will
now be possible to employ hole burning to study (in a very
precise way) the intermolecular interactions that dictate dimer
formation of photosynthetic pigments. Such formation is impor-
tant for the photosynthetic apparatus, Ultimately, hole burning
will be used as a diagnostic tool for studying dimers in actual
reaction centers. In addition, nonlinear laser spectroscopies are
used to study coherent unidirectional energy transfer and the
vibrational structure of molecular solids. The approach is
unique and will reveal (for the first time) the mechanism associ-
ated with the final step in donor to acceptor (trap) electronic
energy transfer. [3.0 FTE]

2.  Picosecond Spectroscopy and Reaction Dynamics
W.S. Struve

Picosecond fluorescence spectroscopy is used to study excited
state decay processes of dye molecules adsorbed on semiconduc-
tors and insulators. Since an accurate theory has not yet been
developed for excitation transport and trapping in two dimen-
sions (i.e., on surfaces), we have been obtaining detailed fluores-
cence profiles for well-characterized dye and excitation trap
coverages on fused quartz to assess the limitations of the present
theory. We have also examined fluorescence decays of dyes
adsorbed on semiconductors, and have found that dye-to-
surface mode nonradiative decay is an extremely fast process on

TiOz and ZnO. The importance of this decay mode has been
recognized earlier for dyes on metals, but it appears that its rate
is similarly fast on semiconductors. We have shown that dye-to-
surface mode nonradiative decay is the dominant decay mode
for dyes on TiO; at dye-surface separations between ~ 100 and
500 A. An extrapolation of the theoretical separation-dependent
decay rate constant (which fits our data) shows that this decay
process is a subpicosecond process for separations < 2 A. Thus,
it is a likely origin of low photocurrent yields in liquid junction
cells. [2.5 FTE}

Argonne National Laboratory
Argonne, Illinois 60439

Chemistry Division $4,360,000

3. Preparation of Organisms, Photosynthetic
Pigments, and Biological Materials of Unusual
Isotopic Composition
H.L. Crespi, J.J. Katz, J.R. Norris,

M. Wasielewski

The project objective is the production of photosynthetic micro-
organisms substituted with biologically important stable
isotopes. The major effort is in the production of fully
deuterated organisms, but the Argonne National Laboratory
Chemistry Division is able to grow organisms in which non-
magnetic 12C is replaced by magnetic 13C, 14N by !N, 160 by
170 or 180, and Mg by 2*Mg. Large quantities of green algae,
blue-green algae, and photosynthetic bacteria are routinely
available in unnatural isotopic composition involving either
single or multiple substitution. These organisms (and the
compounds obtainable from them) have important applications
in magnetic resonance spectroscopies, small-angle neutron scat-
tering, and resonance Raman spectroscopy. Typical areas of
interest are applications in the study of chlorophyll, photosyn-
thesis, biomimetic photochemistry, and bacterial photosynthetic
reaction centers. Of particular importance is the ability to
provide material for the growth of single crystals containing
unusual isotopes. Genetically engineered bacteria are also
cultured to give good yields of the protein of interest. [1.0 FTE]
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4. Gas-Phase Radiation Chemistry and
Photochemistry
C.D. Jonah, D.B. Bartels, A D. Trifunac,
D.B. McDonald, M.C. Sauer, Jr.

This project measures rate constants for simple free radical
reactions, of great importance in atmospheric and combustion
chemistry. The pulse radiolysis technique makes it possible to
measure the kinetics at pressures of 1 atm and above and over
the temperature range of 50 to 1000°C, a range no other single
experimental technique can easily span. The reaction rates of
OH and OD radicals with CO and simple radicals are under
investigation as well as the rate of production of hydrogen atoms
from the reaction OH + CO. In addition to the practical impor-
tance of these reactions to combustion, the data serve as an
excellent test for reaction theories because of the rigorous
restrictions provided by the wide temperature range and the use
of two hydrogen isotopes. [3.5 FTE]

5. Chlorophyll and Photosynthesis Research
J.J. Katz, J.C. Hindman

The principal objective of this research is to acquire sufficient
knowledge about chlorophyll function in natural photosynthesis
to ultimately make possible the replication of the natural
primary light conversion event outside the living cell. Current
focus is on: (1) laser photochemistry and photophysics of chloro-
phyll and chlorophyll model systems; (2) new methods for the
synthesis of chlorophyll and bacteriochlorophyll model systems;
(3) characterization of a new chlorophyll from a recently discov-
ered photosynthetic bacterium, Heliobacterium chlorum; (4)
applications of 252Cf plasma desorption mass spectroscopy and
high performance liquid chromatography to chlorophyil
compounds and model systems; (5) structural studies by small
angle neutron scattering of chlorophyll aggregates and natural
photoreaction centers; and (6) re-examination of enhancement
in oxygen evolution in green plants. [3.8 FTE]

6.  Electron Transfer and Energy Conversion and::
Storage
J.R. Miller, D. Meisel, K.H. Schmidt,
M.C. Thurnauer

This project aims at (1) the fundamental understanding of elec-
tron transfer between molecules held apart at fixed distances
and (2) the study of chemical mechanisms involved in the
conversion and storage of light energy. Electron transfer rates
are measured by pulse radiolysis of solids or compounds
containing two functional groups separated by rigid molecular
spacers to determine the effects of distance, energy, and molec-
ular structure. The work on energy conversion and storage
utilizes various microenvironments (1) to enhance charge sepa-
ration and thus the efficiency of photoelectron transfer and (2)
to increase the yield of photo-redox products while minimizing
the rates of back reactions. Particular attention is given to
mechanistic studies of catalytic water-splitting in colloidal
systems and in microenvironments such as micelles, polyelectro-
lytes, and membranes. [7.6 FTE}

7. Physicochemical Investigation of Photosynthesis
J.R. Norris, M. Wasielewski, M. Bowman

The project objective is to elucidate the molecular mechanisms
whereby light energy is converted into chemical charge separa-
tion. Natural photoreaction centers are investigated in detail so
that efficient model systems can be constructed. Emphasis is on
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determining the structural arrangement during the natural
photosynthetic charge separation process for duplication in arti-
fical photosynthesis. Time-domain spectroscopy is used to
measure distances, orientations, and dynamics within the
molecular components that participate in the transfer of elec-
trons. Electron transfer events that occur in the range of a few
picoseconds and longer are probed by optical and magnetic tech-
niques. Magnetic methods and theory are developed specifically
to characterize picosecond charge separation in chemical
systems. Charge separation in single crystals of the reaction
centers of several photosynthetic bacteria is investigated by
magnetic and optical spectroscopy as well as x-ray and neutron
diffraction. [4.8 FTE]

8.  Radiation Chemistry and Photochemistry in
Condensed Phases
A.D. Trifunac, C.D. Jonah, M.C. Sauer, Jr.,
D.B. Bartels, D.B. McDonald

The project objective is the study of chemical and physical
processes following ionization (or photoionization) in both polar
and nonpolar liquids. This is relevant to understand breakdown
in dielectric liquids and to understand charge separation, recom-
bination, and transfer phenomena, which are the basis of chem-
ical and biological processes of energy storage and use. Various
methods of radiation chemistry and photochemistry are used to
provide details of the nature and dynamics of the early transient
species and their chemical fates. This includes the study of elec-
trons and positive ions, radical ions and excited states, and the
subsequent fragmentation of the excited species into radicals
and molecular species. Photochemistry and spin dynamics in
radicals and radical ions are being examined to provide better
understanding of reaction mechanism. Pulse radiolysis is used
to study redox reactions of actinides and lanthanides. Essential
tools used in this project are the Argonne high-current picose-
cond electron linac, the pulsed Van de Graaff accelerator, and
innovative, time-resolved, magnetic resonance and laser tech-
niques, which are being developed and applied to these prob-
lems. [15.6 FTE]

9.  Artificial Photosynthesis
M. Wasielewski, J.R. Norris

The goal of artificial photosynthesis research is the development
of molecular systems in the laboratory that not only mimic but
improve upon natural photosynthetic energy conversion. This
work focuses on several interrelated facets of this problem.
First, a molecular design project involves the synthesis of molec-
ular models of the natural energy conversion system. These
models, through their mimicry of features of natural photosyn-
thesis, aid in the structural and mechanistic understanding of
the natural process. Second, the photophysics and photochem-
istry of these systems are studied with emphasis on light-
induced electron transfer reactions. Advanced spectroscopic
techniques such as picosecond spectroscopy and time-domain
magnetic resonance are used to study these ultrafast processes.
Third, the primary photosynthetic processes themselves are
being investigated with a view toward integrating the informa-
tion obtained from the laboratory systems with new knowledge

- of natural photosynthesis. [3.2 FTE]
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Brookhaven National Laboratory
Upton, Long Island, New York 11973
Applied Science Department $1,155,000

10.  Porphyrin Chemistry
J. Fajer

This project focuses on (1) the function of chlorophylls in the
photosynthetic transduction of light intc chemical energy, (2)
the catalytic role of porphyrins in bioenergetic enzymic reac-
tions, and (3) the application of these reactions to synthetic
multi-electron photocatalysts for the fixation of carbon and
nitrogen and the decomposition of water. Work in synthetic,
structural, physical, and theoretical chemistry includes: (1)
storage of oxidizing equivalents in photosystem II and the
nature of primary electron donors in green plants; (2) conver-
sion of carbon dioxide to methane by corphins; (3) six-electron
reduction of nitrite to ammonia mediated by isobacterio-
chlorins; (4) light harvesting in photosynthetic bacteria; (5)
theoretical and experimental modeling of environmental effects
on the properties of porphyrins, chlorophylls, and their radicals;
(6) x-ray diffraction of chlorin, chlorophyll, and isobacterio-
chlorin derivatives as models of in vivo architecture; and (7)
picosecond electron transfers in reaction centers and in cova-
lently-linked porphyrins modeled on the mechanisms postulated
for photosynthetic organisms. [7.9 FTE]

11.  Electrochemistry and Photoelectrochemistry
S. Feldberg, T. Skotheim

The project objective is the understanding of a variety of elec-
trochemical and photoelectrochemical phenomena. Theoretical
studies comprise (1) analysis of square-wave and sine-wave
perturbations in semi-finite diffusion; (2) analysis of the effect
of picosecond irradiations of semiconductor systems (elucida-
tion of factors affecting bulk and surface electron-hole recombi-
nation); (3) analysis of an unusual electro-catalytic system; and
(4) simulation of the rotating ring disc electrode. Experimental
studies include (1) investigations of photoelectro-chemical cells
using junctions between polypyrrole-coated semiconductors and
poly-(ethylene oxide) doped with KI/I, a solvent-free solid
polymer electrolyte; (2) investigations of the use of doped poly-
(ethylene oxide) in electrochemical cells compatible with the
ultra high vacuum required by spectroscopic techniques (e.g.,
ESCA, SEXAFS, and NEXAFS,); (3) investigation of the
spectroelectrochemistry of polypyrrole to elucidate the mecha-
nism of electrochemical switching; and (4) characterization of
(oxidized) polypyrrole stabilized with a sulfonated metalloph-
thalocyanine counterion. [3.5 FTE]

12.  Chemical Properties and Reactions of Mono- and
Dinuclear Ferrocene Derivatives
M. Hillman

This project investigates the preparation and properties of
metallocenes and related compounds expected to have applica-
tion in the energy program, especially toward the splitting of
water. For the oxidation of water, ferrocene derivatives with
potentials high enough to oxidize water under neutral or slightly
acid conditions are required. Preparation of compounds with
these properties are underway. For the reduction of water, the
mechanics of the generation of hydrogen from [1.1]
ferrocenophanes with strong acids are studied. Rates for
hydrogen formation have been determined for three ferroceno-
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phanes. These results indicate that the orientation of the protons
on the iron atoms is a significant condition for the reaction. An
understanding of this reaction will enable further modifications
of the ferrocenophane so that hydrogen may be obtainable from
weak acids, perhaps even water. [3.5 FTE]
Chemistry Department $2,725,000
13. Radiation Chemistry
B.H.J. Bielski, R.A. Holroyd, H.A. Schwarz

This project uses pulse radiolysis and photolysis to study the
behavior of transient chemical species. Principal areas of inves-
tigation are: (1) properties and reactions of eiectrons in dielec-
tric fluids; (2) photoionization in dielectric fluids; {3) formation
and reactions of transition metal ion complexes in unusual
oxidation states; (4) the nature of transition metal ion-
hydroperoxyl radical complexes; and (5) other reactions of the
hydroperoxyl radical. An understanding of electrons in dielec-
tric fluids is of prime importance in explaining the basic
processes of radiation chemistry, in the development of new
detectors for high energy physics and EXAFS measurements,
and in controlling dielectric breakdown in transformers. The
studies of transition metal complexes and hydroperoxyl radical
reactions are important in developing and understanding certain
homogeneous catalysis systems and methods of chemical
storage of solar energy. [8.7 FTE]

14. Photochemical Energy Conversion and Solution
Kinetics
N. Sutin, C. Creutz, T.L. Netzel,
B.S. Brunschwig

Because they strongly absorb visible light and readily undergo
electron-transfer reactions, transition metal complexes are
excellent mediators of outer-sphere, light-induced redox reac-
tions, many of which affect net storage of the light energy. In
addition, because of their ability to promote the formation or
activation of small molecules, transition metal complexes can
provide homogeneous catalytic routes for the therma! and
photochemical formation of Ha or activation of CO;. This
project encompasses fundamental studies of the reactions of
excited-state and ground-state complexes. Since efficient ligh:
conversion and storage require the diversion of a significant
fraction of the electronically excited molecules into usefui reac-
tions, which must be driven in competition with rapid physical
deactivation processes (luminescence and radiationless decay)
and chemical back-reactions, a major objective is the quantita-
tive study and control of these physical and chemical deactiva-
tion processes. The lifetimes of excited states and the rates of
electron-transfer reactions of excited-state and ground-state
complexes are being determined and modeled. Because the
overall efficiency of the conversion sequence is determined by
the nature and rate of the subsequent chemical steps, mecha-
nistic studies of the reaction of transition metal ions in high and
low oxidation states are also being conducted. [11.1 FTE]

15. Energy Transfer in Chemical Kinetics
R.E. Weston, J. M. Preses

The distribution of reactant energy among translational, rota-
tional, vibrational, and electronic degrees of freedom is a major
factor in determining chemical reaction rates. Conversely, the
energy distribution in reaction products provides a sensitive
probe of the reaction dynamics. Collisional energy transfer
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plays an important role in the reaction mechanism as a process
by which energetic species are produced or removed. This
project studies the transfer of translational, vibrational, or elec-
tronic energy. Atoms or molecules are produced in excited states
by a pulse of ultraviolet, visible, or infrared radiation. The time-
dependent disappearance of these excited species is monitored
by the detection of radiation, either from the parent species or
from molecules that have been excited by collisional energy
transfer. This project also supports both in-house research and
assistance to outside users at the Dynamic Spectroscopy Beam-
line on the vacuum ultraviolet ring of the National Synchrotron
Light Source. [5.8 FTE]

16. Chkemical Dynamics of Stable and Transient
Species in the Gas Phase and on Surfaces
A.P. Wolf, R.A. Ferrieri

The overall goal of this project is to further our understanding
of the chemical dynamics for reactions that are important to
energy production processes. Immediate focus is to evaluate the
mechanistic and kinetic aspects of state-selective reactions of
excited carbon, nitrogen, and oxygen atoms with stable mole-
cules in the gas-phase using moderated nuclear recoil (hot
atom) and accelerated ion techniques. Similar aspects of the
chemistry of other important intermediates (e.g., NHx, NOy,
and CN) will also be investigated. We will investigate the
kinetic aspects of surface catalyzed reactions using short-lived
positron emitting radionuclides as transient probes that enable
rapid kinetic measurements to be made with ultra-sensitive
surface detection. Of importance is understanding of the state-
selectivity that controls specific chain-growth mechanisms
during hydrocarbon synthesis from C; and C; adsorbates. We
also evaluate the kinetics and energetics for alkyne aromatiza-
tion and alkene polymerization processes on supported chro-
mium oxide catalysts. Studies are proposed to investigate the
kinetics for oxygenate and non-oxygenate hydrocarbon
synthesis through CO reduction on supported group VIII metals
using ''CO and 15CO as transient probes. [4.8 FTE]

National Synchrotron Light Source
Department

$5,350,000

17. National Synchrotron Light Source Operations
and Development ’
M. Barton

The project objective is to support operations and development
of the National Synchrotron Light Source (NSLS). Operations
cover: (1) operation and maintenance of the two NSLS electron
storage rings and its associated injector combination of linear
accelerator-booster synchrotron; (2) operation and maintenance
of the photon beam lines of the vacuum ultraviolet and x-ray
storage rings; and (3) the technical support of experimental
users. Development of the NSLS encompasses the further
improvement of the storage rings by means of new developments
in high resolution photon optics, state-of-the-art monochroma-
tors, x-ray mirror systems, detectors, and so forth. The NSLS
storage rings will provide extremely bright photon sources,
several orders of magnitude more intense in the vacuum ultravi-
olet and x-ray regions than conventional sources. An extensive
research and development program is necessary to optimize
performance characteristics and to develop new beam line
instrumentation that will permit users to take advantage of the
unique research capabilities to be offered by this important new
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facility. This research and development effort also provides
information that will support the construction of the beam lines
and devices to be funded under the Phase II construction
project. [53.8 FTE]

Lawrence Berkeley Laboratory
Berkeley, California 94720
Chemical Biodynamics Division $1,030,000

18. Artificial Photosynthesis
M. Calvin, J.W. Otvos

The project aims to devise a synthetic system for storing the
energy of visible light to accomplish a photoinduced electron
transfer across a phase boundary, mimicking natural chloro-
plasts in the process of photosynthesis. Our approaches involve
the use of various kinds of phase boundary in stabilizing the
primary products of photosensitized electron transfer reactions
and thus preventing their back reaction. Ultimately, the energy
stored in these products will be channeled by appropriate cata-
lysts into the decomposition of water into hydrogen and oxygen,
or the reduction of CO2 to functionalized organic products.
Phase boundary studies include: (1) lipid bilayer walls of
phospholipid vesicles (used to keep the initial photoproducts
separate), (2) surfaces of colloidal silica and various polyelec-
trolytes, and (3) surfaces of functionalized colloids. The surface
potential of polyelectrolytes and polymeric colloids can be used
to retard back-reactions of the primary products of electron
transfer. They may also have advantages over colloidal silica by
virtue of their adjustable charge density and useful pH range.
Finally, we are studying the catalysts that will be necessary on
both sides of the electron transfer assembly. We focus on
porphyrin complexes of manganese, which can exist in several
oxidation states and may therefore be useful in catalyzing the
conversion of the primary oxidized photoproduct to oxygen. [6.0
FTE]

19. Picosecond Photochemistry
J.H. Clark

Proton-transfer and electron-transfer reactions of electronically
excited molecules form the basis for virtually all existing and
proposed methods for the photochemical fixation of solar
energy. We use the techniques of picosecond laser spectroscopy
to directly monitor (in real time) the dynamics of these ultrafast
processes. Such studies provide insight into the details of the
mechanism and kinetics of these reactions at the molecular
level. This work has shown that the naphthols, substituted naph-
thols, and substituted phenols provide prototypical systems in
which the dynamics of excited-state proton-transfer are exqui-
sitely sensitive to subtle chemical changes. The effects of solvent
environment, intermolecular and intramolecular hydrogen
bonding, molecular conformation, and reactant geometry are
being studied to quantify their role in excited-state proton-
transfer processes. Picosecond time-resolved resonance Raman
spectroscopy and time-resolved emission spectroscopy are
conducted on a number of electronically excited organometallic
complexes to establish the changes in geometrical and electronic
structures that occur upon photoexcitation. Picosecond dynamic
photoselection spectroscopy has been developed and is being
used to probe the symmetries of the excited electronic states of
large molecules in solution. Picosecond time-resolved emission
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plays an important role in the reaction mechanism as a process
by which energetic species are produced or removed. This
project studies the transfer of translational, vibrational, or elec-
tronic energy. Atoms or molecules are produced in excited states
by a pulse of ultraviolet, visible, or infrared radiation. The time-
dependent disappearance of these excited species is monitored
by the detection of radiation, either from the parent species or
from molecules that have been excited by collisional energy
transfer. This project also supports both in-house research and
assistance to outside users at the Dynamic Spectroscopy Beam-
line on the vacuum ultraviolet ring of the National Synchrotron
Light Source. [5.8 FTE]

16. Chemical Dynamics of Stable and Transient
Species in the Gas Phase and on Surfaces
A.P. Wolf, R A. Ferrieri

The overall goal of this project is to further our understanding
of the chemical dynamics for reactions that are important to
energy production processes. Immediate focus is to evaluate the
mechanistic and kinetic aspects of state-selective reactions of
excited carbon, nitrogen, and oxygen atoms with stable mole-
cules in the gas-phase using moderated nuclear recoil (hot
atom) and accelerated ion techniques. Similar aspects of the
chemistry of other important intermediates (¢.g., NHx, NOx,
and CN) will also be investigated. We will investigate the
kinetic aspects of surface catalyzed reactions using short-lived
positron emitting radionuclides as transient probes that enable
rapid kinetic measurements to be made with ultra-sensitive
surface detection. Of importance is understanding of the state-
selectivity that controls specific chain-growth mechanisms
during hydrocarbon synthesis from C; and C; adsorbates. We
also evaluate the kinetics and energetics for alkyne aromatiza-
tion and alkene polymerization processes on supported chro-
mium oxide catalysts. Studies are proposed to investigate the
kinetics for oxygenate and non-oxygenate hydrocarbon
synthesis through CO reduction on supported group VIII metals
using ''CO and !3CO as transient probes. [4.8 FTE]

National Synchrotron Light Source
Department

$5,350,000

17. National Synchrotron Light Source Operations
and Development
M. Barton

The project objective is to support operations and development
of the National Synchrotron Light Source (NSLS). Operations
cover: (1) operation and maintenance of the two NSLS electron
storage rings and its associated injector combination of linear
accelerator-booster synchrotron; (2) operation and maintenance
of the photon beam lines of the vacuum ultraviolet and x-ray
storage rings; and (3) the technical support of experimental
users. Development of the NSLS encompasses the further
improvement of the storage rings by means of new developments
in high resolution photon optics, state-of-the-art monochroma-
tors, x-ray mirror systems, detectors, and so forth. The NSLS
storage rings will provide extremely bright photon sources,
several orders of magnitude more intense in the vacuum ultravi-
olet and x-ray regions than conventional sources. An extensive
research and development program is necessary to optimize
performance characteristics and to develop new beam line
instrumentation that will permit users to take advantage of the
unique research capabilities to be offered by this important new
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facility. This research and development effort also provides
information that will support the construction of the beam lines
and devices to be funded under the Phase II construction
project. [53.8 FTE]

Lawrence Berkeley Laboratory
Berkeley, California 94720
Chemical Biodyramics Division $1,030,600

18. Artificial Photosynthesis
M. Calvin, JW. Otvos

The project aims to devise a synthetic system for storing the
energy of visible light to accomplish a photoinduced electron
transfer across a phase boundary, mimicking natural chloro-
plasts in the process of photosynthesis. Our approaches involve
the use of various kinds of phase boundary in stabilizing the
primary products of photosensitized electron transfer reactions
and thus preventing their back reaction. Ultimately, the energy
stored in these products will be channeled by appropriate cata-
lysts into the decomposition of water into hydrogen and oxygen,
or the reduction of CO2 to functionalized organic products.
Phase boundary studies include: (1) lipid bilayer walls of
phospholipid vesicles (used to keep the initial photoproducts
separate), (2) surfaces of colloidal silica and various polyelec-
trolytes, and (3) surfaces of functionalized colloids. The surface
potential of polyelectrolytes and polymeric colloids can be used
to retard back-reactions of the primary products of electron
transfer. They may also have advantages over colloidal silica by
virtue of their adjustable charge density and useful pH range.
Finally, we are studying the catalysts that will be necessary on
both sides of the electron transfer assembly. We focus on
porphyrin complexes of manganese, which can exist in several
oxidation states and may therefore be useful in catalyzing the
conversion of the primary oxidized photoproduct to oxygen. [6.0
FTE]

19. Picosecond Photochemistry
J.H. Clark

Proton-transfer and electron-transfer reactions of electronically
excited molecules form the basis for virtually all existing and
proposed methods for the photochemical fixation of solar
energy. We use the techniques of picosecond laser spectroscopy
to directly monitor (in real time) the dynamics of these ultrafast
processes. Such studies provide insight into the details of the
mechanism and kinetics of these reactions at the molecular
level. This work has shown that the naphthols, substituted naph-
thols, and substituted phenols provide prototypical systems in
which the dynamics of excited-state proton-transfer are exqui-
sitely sensitive to subtle chemical changes. The effects of solvent
environment, intermolecular and intramolecular hydrogen
bonding, molecular conformation, and reactant geometry are
being studied to quantify their role in excited-state proton-
transfer processes. Picosecond time-resolved resonance Raman
spectroscopy and. time-resolved emission spectroscopy are
conducted on a number of electronically excited organometallic
complexes to establish the changes in geometrical and electronic
structures that occur upon photoexcitation. Picosecond dynamic
photoselection spectroscopy has been developed and is being
used to probe the symmetries of the excited electronic states of
large molecules in solution. Picosecond time-resolved emission
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ethanes, ethylenes and polyenes, polyenes containing heteroa-
toms, carbonyl and thiocarbony! compounds, aromatic hydro-
carbons, heterocycles, and polymers containing carbonyl
groups. While programmatic emphasis is on quantitative mech-
anistic detail of photoreactions, the results are relevant (1) to
understanding factors that contro! energy conversion, storage,
and wastage in light transduction and (2) to understand the
possibilities for enhancing degradation or stabilization of poly-
meric and photochromic systems. Reverse electron transfer in
photogenerated singlet ion pairs of cyanoaromatics is found to
follow an inverse relationship with the exothermicity associated
with this process and, in specific substrates (donors), leads to
facile homolysis of carbon-carbon bonds. [7.1 FTE]

26. Photochemical and Photoelectrochemical
Processes for Light-Energy Conversion
T.W. Ebbesen, P.V. Kamat

Photocatalytic transformations in solution, homogeneous and
heterogeneous, are investigated in order to develop and improve
the performance of photoelectrochemical systems useful in
conversion and storage of solar erergy. Pulse radiolysis
measurements, laser photolysis, and computer simulation
methods are used to elucidate the dynamics of H2 and O3 evolu-
tion in photochemical conversion systems. Several contributing
kinetic components of coupled reactions in solution are isolated
for study of single reaction components and then extrapolated
to the dynamics of coupled systems. Examples involve Hz and
platinum catalyst interactions and redox chemistry of viologens,
which were found to influence the Hz production under irradia-
tion. Photoelectrochemical studies will aid the development of
modified electrode surfaces with photosensitive materials and
characterization of their photophysical, photochemical, and
electroanalytical properties. Electrodes modified with a thin
film of poly(p-phenylene sulfide) or a dye-incorporated clay
film have exhibited excellent photoelectrochemical behavior.
Time-resolved photoelectrochemical experiments are performed
with the aid of nanosecond laser spectroscopy, spectroelectro-
chemistry, and cyclic voltammetry. Such studies are essential in
elucidating mechanistic features and kinetic details of interfa-
cial processes. [4.8 FTE]

27. Inorganic Photochemical Processes
G. Ferraudi

The project will elucidate the photochemical properties of coor-
dination complexes. Studies include (1) the sequential two-
photon photochemistry of coordination complexes, (2) the effect
of intense magnetic fields on photochemical reactions, and (3)
the photophysical and photochemical transformations of
complexes with macrocyclic ligands. The sequential biphotonic
excitation technique is being used to probe the time and energy
relationships between long-lived excited states or long-lived
reaction intermediates. Correlations between the results of
time-resolved experiments and quantum yields provide unique
insight into photochemical reactions that cannot be induced
with monophotonic excitation. Magnetic field-induced pertur-
bations of orbitally degenerate excited states are being used to
investigate electron and energy transfer reactions (i.e., those
processes involving excimers or exciplexes). Photophysical and
photochemical studies are being conducted on silicon complexes
with macrocyclic ligands (phthalocyanines and more simple
macrocycles) as well as with coordination complexes bound to
polymers. Such compounds exhibit either direct or sensitized
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phoiochemical redox reactivity for excitation in the visible
region of the spectrum and are candidates for use in solar energy
conversion. {7.5 FTE}

28. Microwave Studies of Radiation-Produced Radi-
cals
R.W. Fessenden

The project uses electron spin resonance (ESR) spectroscopy to
study radical structures, reaction mechanisms, reaction kinetics,
and electron spin interactions. Radicals are produced by in situ
radiolysis. Their ESR spectra provide definitive information on
geometric and electronic structure. Time-resolved ESR experi-
ments with pulsed radiation provide information on rates of
radical reactions and the strengths of electron spin interactions
that lead to bonding. Recent measurements on cyclohexadienyl
radicals and related systems containing !3C show that some
aspects of the electronic structure are not yet understood; this
problem will be attacked on experimental and theoretical levels.
Microwave dielectric absorption methods are used to determine
the degree of charge separation in photochemical intermediates
to explain changes in reaction mechanism with solvent polarity.
A number of excited complexes (exciplexes) are found to have
smaller dipole moments than previously believed. Implications
of this finding are being investigated. Microwave absorption
methods are also used to measure the yield, properties, and
kinetics of charge carriers photoinjected into semiconductor
particles. This method provides information not otherwise avail-
able on systems of importance to solar energy conversion. [8.1
FTE]

29. Spectroscopy of Reaction Intermediates
J.L. Hardwick

This project uses modern techniques of molecular electronic
spectroscopy to determine basic chemical and physical proper-
ties that affect the chemical reactivity of important molecules
in combustion, photochemistry, and radiation chemistry in the
gas phase. The observed spectra yield information essential for
accurate monitoring and identification of some of the highly
reactive species found in flames and electric discharges as well
as aiding in the predictions of their reactivity based on energetic
and symmetry considerations. It has been demonstrated for the
first time that an examination of molecular selection rules using
high resolution electronic spectroscopy provides a definitive test
for ergodic behavior in small molecules. Such behavior is a
crucial hypothesis of some of the most commonly used models
of chemical reactivity (those based on RRKM theory) but has
heretofore only been inferred from the degree of success of those
theories. This result marks the first direct observation of the
wholesale deterioration of quantum mechanical selection rules
due to the onset of quantum chaos. [2.0 FTE]

30. Spectroscopy of Core-Excited Molecules
R.G. Hayes

Photons in the 200 to 500 eV region from the ultraviolet storage
ring at the National Synchrotron Light Source (NSLS) are
being used to selectively excite the Is electrons in molecules
containing several first-row atoms, such as formamide
(HCONH?). We observe the photochemical processes that
follow the excitation (especially the ionic products of fragmen-
tation). The objective of the work is to determine the depen-
dence of the photochemical processes on the site of core-electron
excitation of the molecule and on the nature of the excitation
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(direct ionization vs. excitation to a resonant state). In the past
year, apparatus for the experiment has been designed and
constructed. Ancillary studies on the calculation of valence
Auger spectra by using the MS-Xa technique to obtain the two-
hole part of the Auger final-state energy have been completed.
We are able to calculate well the valence Auger spectra of
several first-row diatomic molecules (N2, CO, NO, O3, F,, HF)
and to understand the effects of hole-hole correlation in CF3,
ClO4!, and CIO3l. We have also studied the resonant photo-
emission of the valence region of MnF; at NSLS and have been
able to interpret it as showing the dependence of photoemission
resonance on covalency. [0.9 FTE]

31. Statistical Theories of Reacting Systems
J.J. Kozak

We will conduct a theoretical study of reaction-diffusion
processes in compartmentalized systems to determine and quan-
tify the factors affecting the efficiency of chemical-dynamic
processes related to energy storage and transfer in such systems.
Our approach, which is based on the theory of finite Markov
processes, allows the efficiency of reaction between a diffusing
coreactant and a target molecule to be studied as a function of
the size of the reaction space, its dimensionality, and symmetry.
We consider situations where there exists a potential of the form
v(r) = r¥3, centered at the active site, and explore the interplay
between this longer-range biasing potential and other short-
range (nonspecific) chemical or cage effects in modulating the
efficiency of the process. One may assess how different configu-
rations of reaction centers on surfaces (and their relative dispo-
sition), as well as imperfections in such surfaces (terraces, kinks,
ledges), can alter the turnover number for bimolecular
processes. Systems having internal structure (organized molec-
ular assemblies such as monolayers, micelles, and vesicles) are
also considered. These studies will clarify experiments in which
organizates may be applied in photochemical processes to affect
the storage of solar ¢nergy. [6.4 FTE]

32. Track Effects in Radiation Chemistry
A. Mozumder, J.A. LaVerne, R.H. Schuler

The project focus is on energy deposition by low-energy elec-
trons and its statistical variation. Such studies determine (1) the
size of microscopic regions of chemical reactions for high energy
electrons and (2) the geometry of heavy particle tracks.
Recently we developed a technique that (for the first time)
provides the range distribution calculation using the oscillator
strengths of molecules. These studies establish that: (1) the rela-
tive variation is mainly determined by electron energy; (2) the
distribution is very wide; and (3) typical mean ranges of a 1000
eV electron are 6.1, 7.1, and 8.4 ug/cm2 for H20, H3, and O3.
Such information is not available elsewhere in the literature. We
have also determined the time dependence of electron energy
during thermalization. Parallel experimental studies with heavy
ions find that: (1) the HO; yield in water radiolysis decreases
rapidly with particle energy, and (2) in benzene radiolysis the
differential H> yield decreases with particle energy while the
total yield approaches the fast electron value even though the
energy transfer remains high. These findings necessitate recon-
sideration of track structure in terms of core energy density
rather than the traditional energy partition between the core
and delta electrons. |3.1 FTE]

PHOTOCHEMICAL AND RADIATION SCIENCES
NOTRE DAME RADIATION LABORATORY

33. Influence of Ordered Molecular Assemblies on
Chemical Processes
L.X. Patterson

The behavior of photo- and radiation-induced transients is
investigated in a variety of hetrogeneous systems: monolayers,
micelles, and liquid crystals, each of which exhibits different
facets of molecular organization. The objective is to elucidate
the ways in which molecular assemblies (for which the systems
mentioned are elementary models) may be used to excercise
control over reaction rates and mechanisms. At present, spread
monolayers receive the greatest attention as they provide the
means for controlling the degree of organization within the
system and for monitoring associated thermodynamic parame-
ters. Factors governing J-aggregate formation in cyanine dyes
(e.g., coaggregate, surface pressure, temperature) have been
evaluated by means of fluorescence spectroscopy. These studies
are being extended to reflectance measurements. Energy
transfer in monomeric and J-aggregate systems has been char-
acterized. A continuing time-resolved study with pyrene-labeled
probes in lipid monolayers has provided information on the
orientation of the pyrene in the layer, and a simple technique
for monitoring diffusion of the probe under various conditions.
[9.5 FTE]

34. Radiation Chemistry Data Center
A.B. Ross, W.P. Helman, G. Hug, I. Carmichael

The Radiation Chemistry Data Center compiles and evaluates
data from the scientific literature on radiation chemistry and
quantitative photochemistry and publishes bibliographies, data
compilations, and critical reviews. Emphasis is on kinetic and
spectroscopic data for transients in solution, the effects of
ionizing radiation on chemical systems, and photochemical and
photophysical processes in solution. The Center builds up biblio-
graphic and numeric data bases; the Bibliographic Data Base
(RCDCbib) provides retrospective searches, available from the
Center or through the on-line network DOE/RECON. The
Biweekly List of Papers on Radiation Chemistry and Photo-
chemistry, the printed version of RCDCbib, provides current-
awareness service to subscribers. Triplet-triplet absorption spec-
tral data for organic molecules have been compiled and evalu-
ated. Rate constants for transient radicals in aqueous solution
are compiled and evaluated in collaboration with scientists from
other laboratories. Outside collaborators are also involved in
compilation and evaluation of rate constants for quenching of
excited states of metal complexes in solution, and one-electron
reduction potentials for radicals in aqueous solution. Numeric
data bases are associated with a registry file for chemical species
represented in the data files. Automated selection, tabulation,
and correlation of the data files with the bibliographic and
chemical registry files aids the compilation, evaluation, and
publication process. [4.0 FTE]

35. Radiation Induced Chemical Reactions
R.H. Schuler, G.N.R. Tripathi, L.K. Patterson

A wide variety of chemical reactions induced by the absorption
of ionizing radiation are being examined using the Laboratory’s
broad base of highly developed chemical and instrumental
methods (absorption spectrephotometric, conductivity, ESR,
laser Raman, and chromatographic methods) for examining
intermediates in time-resolved studies and for analysis of ulti-
mate products. Currently, considerable emphasis is being given
to time-resolved resonance Raman experiments that permit
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both structural and kinetic studies on short-lived free radicals.
Recent Raman studies have made it possible to determine the
dissociation energy of Cl2-7, Br2-", and I>.” radical in aqueous
solution. The vibration structures of prototype chemical systems
such as phenoxyl and anilino radicals and the semiquinone
radical anions are also being examined. Improvements in dosim-
etry and time resclution at the LINAC facility allow comple-
mentary absorption spectroscopic and conductometric pulse
radiolytic studies to be carried out at nanosecond times. Studies
are also being carried out at very high pulse intensities to
examine the products of second-order reactions between
phenoxyl radicals using a Febetron as a radiation source. [18.5
FTE]

Solar Energy Research Institute
Golden, Colorado 80401

Solar Fuels and Chemicals Research
Division

$675,000

36. Photophysics and Photochemistry of Porphyrins
and Model Systems for Artificial Photosynthesis
J.S. Connolly

This project is concerned with fundamental studies of energy-
and electron-transfer processes of excited states in a variety of
porphyrin-related systems. The focus is on detailed photophy-
sical properties of porphyrins and on light-induced electron
transfer in synthetic models of photoreaction centers. The goal
is to contribute to an improved understanding of the molecular
properties required for efficient light-induced electron transfer
in artificial photosynthesis. Laser flash photolysis, fluorescence,
and spectroscopic studies are being carried out on covalently
linked porphyrin-quinones and on their unlinked constituents to
sort out the effects of photophysical properties, redox potentials,
molecular geometry (distance and orientation), temperature,
and solvent properties on the kinetics and mechanisms of light-
induced electron transfer and subsequent charge stabilization.
[0.9 FTE]

37. Modified Semiconductor Electrodes for Solar
Energy Utilization
A.J. Frank

This research program addresses the fundamental problems of
the photoinstability of n-type semiconductors, the high overpo-
tential associated with the water splitting reaction, the low
quantum yields from recombination of electron-hole pairs at the
electrode-electrolyte interface, and the energetics and dynamics
of charge transfer through conductive polymer films on elec-
trode surfaces. Interfacial chemistry, energetics, and surface
dynamics are established by photoelectrochemical measure-
ments, end-product analyses, and surface characterization
studies. Information obtained from the physicochemical investi-
gations provides guidance for chemically modifying the semi-
conductor surface to improve photostability and kinetics of
desirable redox reactions. The utility of coating the semicon-
ductor surface with electrically conductive polymers in combi-
nation with catalytic dispersions of several transition metals is
demonstrated for the visible light-induced water-cleavage reac-
tion. Further development and study of conductive polymers
and catalytic surface structures involving coordination metal
complexes are in progress. The degree of stability and catalytic
activity produced is remarkable and provides encouragement

SUMMARIES OF FY 1985 RESEARCH / 8

for the potential application of catalytic conductive polymer
films to practical photoelectrochemical devices for solar energy
conversion. [1.0 FTE]

38. Basic Photoelectrochemistry Research
A.J. Nozik, J.A. Turner

Basic research in photoelectrochemistry is being conducted in:
(1) hot carrier effects, (2) superlattices and multiple quantum
well photoelectrodes, and (3) colloidal and particulate semicon-
ductors. Hot electron injection into aqueous electrolyte has been
demostrated for p-InP electrodes; the kinetics for H2 evolution
are improved, but they are not as good as that produced by cata-
lytic metals on the surface. Hot hole injection from photoexcited
dyes adsorbed on n-GaP surfaces was demonstrated; a model for
this process was developed and fitted to the data. Large quanti-
zation effects were found for the first time in photoelectro-
chemical systems using GaAs/GaAs|xPx superlattice elec-
trodes. The photocurrent spectra showed discrete peaks that
fitted very well to the theoretical energy-level structure of the
GaAs quantum wells. Photoelectron transfer from the discrete
levels into the electrolyte is a hot carrier process that could
produce high conversion efficiencies as theoretically predicted.
Quantization effects in small CdS semiconductor colloids were
found for particles < 50 A. These colloids were studied for the
first time by stopped-flow spectrometry, which permitted deter-
mination of the kinetics of particle growth and evolution of size
quantization effects. [3.6 FTE]

Chemical Physics

Ames Laboratory
Ames, lowa 50011

Fundamental Interactions Program $660,000

39. Statistical Mechanics of Non-Equilibrium
Systems
D.K. Hoffman

Statistical mechanics is used to develop a kinetic theory of
polyatomic gases in which transport, relaxation, and reactive
processes are of interest. Classical and quantum mechanical
scattering theory is used in the development of collision models
to describe energy transfer and reaction between molecules with
internal structure. The dynamics and statistics of distributions
of molecules adsorbed on surfaces under nonequilibrium condi-
tions is analyzed via master equations. Such a theory is impor-
tant for the appropriate interpretation of surface spectroscopic
data associated with these processes. This project includes an
investigation of the effect of surface coverage on the nature of
binding sites, an exploration of interactions between adsorbed
surface species, a study of surface migration and cluster forma-
tion, and adsorbate effects on the catalytic properties of
surfaces. These models for irreversible lattice processes are also
applied to other (non-surface) systems. [1.95 FTE]

40. Atomic, Molecular, and Free Radicals: Crossed
Beam Kinetics
C.Y. Ng

This project involves the study of the mechanisms and dynamics
of fundamental processes that are relevant to combustion and
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plasma chemistry. Different experimental approaches
combining the merits of the molecular beam method, photoion-
ization and time-of-flight mass spectrometry, and laser spec-
troscopy are being developed in order to measure reaction cross
sections of elementary chemical reactions at well-defined colli-
sion energies and internal states of the reactants and to identify
the kinetic and internal energy distributions of the products.
Research includes (1) high-resolution photoionization studies of
hydrocarbon clusters and high-temperature vapors, (2) state-
selected and state-to-state ion-molecule reactions (emphasizing
charge exchange and proton transfer reactions), (3) vibrational
relaxation of simple molecular ions, (4) laser photofragmenta-
tion spectroscopy of polyatomic molecules, and (5)
neutral-neutral interactions by the crossed molecular beam
method. [3.43 FTE]

41. Molecular Bonding Theory
K. Ruedenberg

Properties of molecules such as geometric shapes, the behavior
in electrical and magnetic fields, optical spectra, and in partic-
ular the energy changes that occur during chemical reactions
are determined through quantum mechanical ab initio
calculations of their electronic structures. Energy hypersurfaces
that determine the course, directions, and rates of chemical
reactions are mapped out as functions of atomic displacements,
and their general features are elucidated. Reaction energies,
activation energies, transition states, and elusive intermediates
are predicted. The electronic rearrangements that occur along
reaction paths and their energetic and kinetic implications are
analyzed. Fundamental and computational advances are made
in many-electron quantum mechanics (including electron corre-
lation) to establish practical methods for predicting reaction
mechanisms with an accuracy that is useful to experimental
chemists. Quantitative implementations are developed for inter-
pretative chemical concepts by determining rigorous contribu-
tions to interatomic interactions to provide a reliable basis for
the intuitive anticipation of ab initio predictions. These methods
are used to study oxidation-reduction reactions, exchange reac-
tions, and isomerizations involving carbon, nitrogen, oxygen,
hydrogen, and fluorine atoms. Of particular interest are reac-
tions occurring in combustion, in the atmosphere, and during
hydrogenations. [2.76 FTE]

42. Ion Chemistry: Mass Spectroscopy
H.J. Svec, G.D. Flesch

This research involves the ion chemistry of inorganic, organo-
metallic, and organic compounds, and ions and complementary
neutral fragments produced by electron bombardment. The
latter leads directly into the chemistry of highly excited mole-
cules and free radicals. The results bear directly on the origin
of aromatic heterocyclic hydrocarbons produced in the combus-
tion of natural gas, oil, wood, and coal under fuel-rich condi-
tions. [1.45 FTE]

CHEMICAL PHYSICS
ARGONNE NATIONAL LABORATORY

Argonne National Laboratory
Argonne, [llinois 60439

Chemistry Division $1,896,000

43. Theoretical and Computational Chemistry
T.H. Dunning, Jr., R.A. Bair, M.J. Davis,
L.B. Harding, R.L. Shepard

This project concentrates on theoretical studies of the energetics
and kinetics of chemical reactions emphasizing reactions of
importance in the oxidation of hydrogen and simple hydro-
carbon fuels. The main focus of the project is on calculation of
accurate molecular interaction potentials, study of the chemical
dynamics on the computed (or other realistic) potential energy
surfaces, and characterization of the molecular species
(including ephemeral species) involved. Goals include the devel-
opment of a qualitative understanding of the fundamental laws
governing chemical change and the development of quantitative
techniques for calculating the energetics and dynamics of these
elementary chemical processes. There is also a continuing effort
devoted to developing the computational methodology needed
to accurately predict the kinetics of chemical reactions. [7.5
FTE]

44. High-Resolution Spectroscopy and Intramolec-
ular Dynamics
J.P. Hessler, F.S. Tomkins

The project objectives are to use high-resolution laser tech-
niques that generate vacuum ultraviolet light (1) to elucidate
the complex dynamical processes needed to describe the
behavior of excited polyatomic molecules and (2) to study
unimolecular chemical reactions that proceed via two decay
channels. At present, one of these channels must involve the
production of atomic hydrogen. To monitor dynamical
processes, we excite specific predissociative and/or Rydberg
states of polyatomic systems cooled by supersonic expansion
techniques and monitor the evolution of the polyatomic system.
Unimolecular chemical reactions that evolve hydrogen will be
studied in an ultra-high-purity shock tube. Rates of reactions
and the absolute branching ratios of competing reactive chan-
nels will be measured using our laser techniques to perform
time-resolved absorption measurements of the concentration of
atomic hydrogen. [1.9 FTE]

45. Molecular Beam and Metal Cluster Chemistry
Research
S.J. Riley, E.K. Parks, K. Liu

The study of heterogeneous catalysis on a molecular level is
pursued. Beams of catalytically active naked metal (nickel,
chromium, vanadium, silver, copper, aluminum, iron) atom
clusters containing 2 to 200 atoms are generated by pulsed
lasers, and their physical and chemical properties are character-
ized by laser based, in-flight diagnostic techniques. Spectral and
electronic properties are determined and experimental results
are correlated with theoretical calculations. Mechanisms, ener-
getics, and kinetics of cluster chemical reactions and of adsorp-
tion and catalytic processes on cluster surfaces are determined
by the flow tube technique. The transient products are identified
by laser ionization mass spectrometry. [5.6 FTE]
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46. Kinetics and Mechanisms of Alternative Fuels

Combustion
R.B. Klemm, J.V. Michael, JW. Sutherland

The aims of this project are (1) to measure absolute rate
constants for elementary combustion-related reactions over a
wide temperature range and (2) to investigate mechanistic
factors involved in gas phase combustion and pollutant forma-
tion processes. Emphasis is on alternative fuels that comprise a
range of fuel types, including alcchols and hydrocarbon
synfuels. In pursuing the goals of this project, a facility has been
developed that features a variety of experimental techniques
including: (1) flash photolysis-resonance fluorescence (FP-RF);
(2) discharge flow-resonance fluorescence (DF-RF); (3) flash
photolysis-shock tube (FP-ST);, and (4) discharge flow-
photoionization mass spectrometry (DF-PIMS). The FP-RF
and DF-RF methods are used in determining specific rates of
elementary atom-molecule and radical-molecule reactions over
a wide temperature span, ~200 to 1100 X. The recently devel-
oped FP-ST apparatus extends the high temperature capabili-
ties for direct rate measurements by a significant extent. With
this device, kinetic studies are performed over a temperature
range from ~800 to 2000 K; and thus these measurements
overlap the temperature range of the other, more conventional
techniques used in this project. The DF-PIMS method is used
in an effort to make direct observations of reactants and prod-
ucts for elementary reactions to investigate the relevant reaction
mechanisms. This DF-PIMS experiment uses the National
Synchrotron Light Source. [6.0 FTE]
Chemistry Department $2,750,000
47. Theoretical Chemistry
S. Ehrenson, J.T. Muckerman, M.D. Newton

The project objectives are to apply theoretical methods (1) to
the study of energy flow in chemical reactions and (2) to the
elucidation of molecular interactions involved in the storage and
interconversion of energy in the gas phase and in condensed
phases (including phenomena associated with charged species).
Methods include (1) ab initio and semiempirical calculations of
the energies and structures of molecules in specific electronic
states and (2) classical and semiclassical treatments of the
nuclear motion in kinetic processes involving these systems,
Many of the techniques currently being developed and applied
in this project play an important role in analyzing and inter-
preting experimental data obtained at the National Synchrotron
Light Source (NSLS), the High Flux Beam Reactor (HFBR),
and in other experimental programs in the Department. [6.0
FTE}

48. ITon-Molecule Reactions with Applications to
Fusion Energy Systems
L. Friedman, R.]. Beuhler

A high molecular weight mass spectrometric facility has been
developed that is capable of mass analysis and sensitive detec-
tion of singly charged ions with masses up to ~200,000. Ion
source techniques have been developed for the generation of a
wide variety of cluster ions with mass distributiens by free jet
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expansion of weakly ionized plasmas. These techniques are
being used to investigate energy transfer in the impacts of
cluster ions on solid surfaces. Electron microscopy is being used
to study morphology of craters and holes generated in thin
target films by evaporation or sputtering processes that provide
a channel of target cooling competitive with thermal conduc-
tion. The major goal of this project is to investigate the proper-
ties of the transient hot atom assemblies generated by cluster ion
impacts. Practical applications of these impacts are also of
interest and include their use to produce very small holes, to
remove very thin layers of surface, and to alter the chemical
architecture of the bombarded surface. In addition, cluster
impacts provide a means of investigating a variety of high
temperature desorption phenomena. [6.7 FTE]

49. Gas-Phase Photoionization and Photoelectron
Spectroscopy of Molecules and Clusters
J.R. Grover, M. White

The first objective of this project is to understand how molecules
initially approach each other on the way to a reactive collision.
Such understanding is necessary if accurate predictions of reac-
tion rates are to be made. Measurements of the enthalpy of
binding of van der Waals complexes and clusters of the reactive
molecules are being made using the tunable, monochromatic
radiation from the gas phase beamline on the vacuum ultraviolet
storage ring at the National Synchrotron Light Source. A
subsidiary goal is to obtain previously unknown heats of forma-
tion for free radicals and molecular fragments that appear as
reaction products or energetic reaction intermediates. The
second objective is to explore and characterize the photoexcita-
tion and subsequent ionization processes of resonantly excited
molecules. A general photoelectron spectroscopy study of the
ionization dynamics of neutral molecular ground and excited
states using both synchrotron and laser radiation is underway.
From the observed electronic and vibrational state distributions
of the product ions, it is possible to investigate in detail the
dynamics of the interaction between the anisotropic field of the
molecular ion core and photoelectron. [4.4 FTE}

50. Structure and Bonding of Solids and Molecules
on Their Surfaces
J. Hrbek, T.K. Sham

The main project objective is to improve the understanding of
(1) the electronic interactions between surfaces and adsorbates
and (2) the interactions among atoms in condensed matter,
emphasizing technologicily important materials. Identification
of molecular structure of surface intermediates, active sites on
surfaces, and the effect of promoters and poisons on surface
selectivity and activity will make it possible to understand and
control the chemistry of surfaces. These studies are being
carried out through photoelectron spectroscopy, thermal desor-
ption, electron diffraction, vibrational spectroscopy, and the
development and application of synchrotron radiation spectros-
copics (e.g., photoelectron and x-ray absorption, XANES, and
EXAFS). Results of these studies are directly related to kinetic
and mechanistic aspects of chemical reactivity and catalysis.
[3.4 FTE]

51. Chemical Crystallography

T.F. Koetzle, A. Kvick, R K. McMulian

Neutron and x-ray diffraction methods are used to solve signifi-
cant problems in crystal and molecular structure. Emphasis is
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placed on structures where hydrogen and other light atoms are
important and on disordered or partially-ordered structures,
since in these areas neutron diffraction, alone or in combination
with x-ray diffraction, has unique advantages for determining
molecular structure and investigating chemical bonding. In
addition, access to the chemical crystallography beamline at the
‘National Synchrotron Light Source will open up new areas for
x-ray diffraction studies. Examples of systems investigated
under the crystallography project include organometallic
compounds, transition-metal hydrides, zeolites, fast-ion conduc-
tors, and dielectric materials. [4.8 FTE]

52. Spectroscopy and Structure of Short-Lived
Chemical Intermediates
T. Sears

Studies of the structure and reactivity of molecular fragments
are important to the understanding of gas phase chemical reac-
tion pathways and rates. Infrared laser techniques are applied
to the study of these species, which are usually unstable and are
present only in trace quantities in reaction mixtures. Analysis
of the spectra will lead to details of molecular structure, intra-
and inter-molecular potential functions, and estimates of the
concentrations of reaction intermediates involved in the course
of reactions important in combustion and in semiconductor
technology. [1.5 FTE]

Lawrence Berkeley Laboratory
Berkeley, California 94720

Applied Science Division $135,000

53. Unimolecular Kinetics and Ignition Chemistry
N.J. Brown .

Combustion chemistry consists of complex chain mechanisms
involving radical species. The inherent difficulties encountered
in high temperature environments and the large number of
species involved in hydrocarbon oxidation make the study of
combustion chemistry difficult. One activity of the current
research focuses on applying theoretical chemical kinetics to
study high temperature kinetics important in combustion.
Emphasis is on investigating the dynamics of reactions using
classical trajectories. Unimolecular and bimolecular reactions
are investigated with realistic potential energy surfaces. Special
emphasis is on elucidating the role of molecular angular
momentum of intramolecular and intermolecular energy
transfer processes. Rate coefficients for reactions important in
combustion are also determined with statistical theories.
Further activity concerns investigating the ignition chemistry of
hydrocarbon-air mixtures. Identification of the principal
elementary reaction steps that occur during ignition of
hydrocarbon-air mixtures and determination of the corre-
sponding rate coefficients are required to achieve an under-
standing of this phenomenon. Ignition will be investigated in a
constant volume and steady-state system. Time-resolved evolu-
tion and decay of radical species will be monitored with a molec-
ular beam mass spectrometer and by other spectroscopic
methods. [1.0 FTE]
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Materiais and Molecular Research
Division

$2,394,0600

cuies on Surfaces
C.B. Harris

The goal of this research is (1) to study the mechanisms respon-
sible for transfer of energy from the excited states of molecules
to metal surfaces and (2) to develop new laser techniques for
probing molecule-surface interactions. The research is both
theoretical and experimental, and includes non-linear optical
and picosecond laser techniques in addition to a variety of stan-
dard surface science tools for characterizing molecule-surface
interactions. Recent work has centered on the development of
picosecond infrared lasers, the elucidation of the mechanism of
surfaced enhanced photochemistry, and the breakdown of clas-
sical dielectric response theory for explaining energy transfer
from molecules to noble metal surfaces. The latter studies have
resulted in a classification scheme in which molecular excited
states that produce intraband electronic excitations transfer
energy to electrons localized near the metal surface, while those
excited states that can access direct interband excitations
transfer energy to electrons throughout the bulk of the metal.
Results have a direct bearing on high speed technological
devices and materials and on other problems of general interest
(e.g., the dynamics of surface photoemission and the optical
properties of thin films). [2.2 FTE]

54. Energy Tranj[er and Structural Siudies of Mole-

55. Crossed Molecular Beams
Y.T. Lee

The major focus of this research project is to elucidate detailed
dynamics of simple elementary reactions that are theoretically
important and (using the molecular beams method) to unravel
the mechanism of complex chemical reactions or photochemica!
processes that play an important role in many macroscopic
processes. Molecular beams of reactants are used to study indi-
vidual encounters between molecules or to monitor photodisso-
ciation events in a collision-free environment. Most of the infor-
mation is derived from measurement of the product fragment
energy and angular distributions using a unigue molecular beam
apparatus designed for these purposes. Recent activities aii
centered on the following areas: (1) the direct probing of transi-
tion states of the F + H reaction through the experimental
observation of quantum mechanical resonance phenomens; (2)
the mechanisms of elementary chemical reactions invoiving
oxygen atoms with unsaturated hydrocarbons; (3) the dynamics
of chemical reactions of electrochemically excited atoms; (4)
the primary photochemical processes of polyatomic molecuies,
radicals, and ions; (5) intramolecular energy transfer of chemi-
cally activated and locally excited molecules using overtone
excitation processes; and (6) the interaction potential of open
shell atoms with rare gas atoms. [10.0 FTE]

56. Molecular Interactions
W.A. Lester, Jr.

The project objective is to extend fundamental knowledge of the
interactions and dynamics that govern energy transfer, reactive,
and photodissociative molecular processes. The approach
combzues the use of potential energy surfaces constructed using
rigorous non-empirical methods (ab initio Hartree-Fock, multi-
configuration Hartree-Fock, and configuration interaction)
with quantum, semi-, and quasi-classical approaches te nuclear
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dynamics. Current efforts focus on (1) single-photon photodis-
sociation of C3N> using ab initio MCHF potential energy
surfaces and a recently developed adiabatic treatment of
photodissociation dynamics; (2) extension of the adiabatic
photodissociation development to bimolecular chemical reac-
tions; (3) determination of cross sections for rotational and
vibrational energy transfer by atom impact for electronically
excited molecules (He-Hz, HD(B'Zy1)); and (4) the applica-
tion of Monte Carlo methods to the computation of potential
energy surfaces, properties of individual molecules, and collision
cross sections. [3.9 FTE)

57. Theory of Atomic and Molecular Collision
Processes
W.H. Miller

This research is primarily involved with the development of
theoretical methods and models for describing atomic and
molecular collision processes. Specific topics of interest include
the theory of inelastic and reactive scattering, collision processes
involving electronically excited atoms or molecules, collisional
ionization phenomena, statistical theories of chemical reactions,
scattering of atoms and molecules from surfaces, and the inter-
actions of molecular systems with high power laser radiation.
Much of this research is involved with the development and
application of a general semiclassical mechanics that allows one
to combine classical mechanics and quantum mechanics in a
correct and useful manner. This has been extremely successful
in providing an understanding of the various quantum effects
that are seen in molecular phenomena, and it also often provides
simpler computational methods for carrying out quantitative
calculations. Certain research topics are more amenable to a
completely quantum mechanical approach, and these sorts of
theoretical techniques are also used. The ability to understand,
and thus to model and to predict, chemical kinetics phenomena
in the gas phase has widespread practical importance in a
number of different areas. Among these are atmospheric chem-
istry and physics, interactions of molecules with strong laser
fields, and energy transfer and chemical reactions in flames and
combustion. [2.9 FTE]

58. Selective Photochemistry
C.B. Moore

The fundamental goals of this project are to understand the
photophysics of selective excitation of molecules, the dynamics
of energy transfer and specificity loss, and the chemical reac-
tions of excited states. The nature of the energy states of mole-
cules as a function of excitation energy and of molecular size
and structure determines the intramolecular flow of energy. The
spectra of vibrationally excited molecules are studied by laser-
based methods in order to determine the strength of coupling of
one vibrational mode to another and to elucidate the rates and
sequences of energy flow among all modes of an excited mole-
cule. Unimolecular reaction rates are measured. An under-
standing of the competition between energy transfer and unimo-
lecular reaction as a function of excitation energy, molecular
size, and chemical constitution is sought. The mechanism and
selectivity of bimolecular reaction processes is often revealed by
the dependence of reaction rates on quantum state, isotopic
substitution, and temperature. Many photochemical and
combustion processes involve the formation of short-lived reac-
tion intermediates or collision complexes. Laser flash kinetic
spectroscopy is used to identify transient species and measure
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their reaction rates. The results are useful in the modeling of
combustion processes and of photochemical reactions such as
CH bond activation by organometallic photoproducts. 2.8
FTE]

59. Physical Chemistry with Emphasis on Thermody-
namic Properties
K.S. Pitzer

The project objective is the discovery and development of
methods of calculation of thermodynamic and related properties
of important chemical systems by use of quantum and statistical
mechanics together with experimental measurements for key
systems. Primary empbhasis will be on ionized systems, electro-
lyte solutions, and plasmas. Systems comprising fused salts
mixed in any proportion with water are being studied experi-
mentally and with semiempirical theory. Recently the critical
points for pure NaCl and KC] were predicted from a combina-
tion of rigorous statistical thermodynamics (for the vapor) and
an extrapolation of the empirical equations (for the liquids).
With guidance from corresponding states theory, a fused
salt-polar liquid system was discovered with a critical point at
140°C where detailed laboratory study is feasible. Earlier
advances yielded improved equations for electrolyte solutions,
which are now being applied to a wide variety of systems of
industrial or geological interest (including geothermal brines).
Recent efforts also included relativistic quantum mechanical
methods for calculating energies, bond distances, and other
properties of the ground and excited states of molecules
containing very heavy atoms where the conventional nonrela-
tivistic methods are inadequate. Such results are important in
evaluating possible laser systems and for models of catalytic
entities including heavy atoms (e.g., platinum). [2.2 FTE]

60. Spectroscopy and Structures of Reactive Interme-
diates
R.J. Saykally

The principal objective of this project is to study spectra, struc-
tures, and properties of elusive reaction intermediates that are
of importance in combustion processes. Present emphasis is on
the development of three powerful new spectroscopic techniques
for detecting very low concentrations of such reactive intermedi-
ates. A far-infrared laser magnetic resonance (LMR) spectrom-
eter employing selective ultraviolet photolytic generation of the
reactive species is presently being tested; optimization of the
experimental parameters for study of the hydroxyl radical has
been accomplished. Extension of this approach for the study of
important carbene species (HCOH, HCCN, CH2>) is in prog-
ress. A totally new laser spectroscopy experiment has been
developed. Molecular beam laser electronic resonance, in which
ultra cold (10 to 50 K) reactive molecules are generated in
supersonic beam inside the cavity of a far-infrared laser and
rotational transitions are tuned into resonance with the laser
with a large dc electric field, compliments the capabilities of
LMR for the study of reaction intermediates. The system is
being tested on stable molecules (CH3F, PH3) and will be
extended to prototype reactive intermediates (OH, CH, CH>)
in the near future. The first measurement of the dipole moment
of methylene (CH3) is anticipated. [3.2 FTE]
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61. Potential Energy Surfaces for Chemical Reac-
tions
H.F. Schaefer, IIT

This research project has two goals, related yet distinct. The
first goal is the development of new theoretical and /or computa-
tional methods for describing what electrons do in molecules.
The single outstanding problem in the field is the correlation
problem, that of formulating models for going beyond the
single-particle or Hartree-Fock approximation. The second goal
is to apply these theoretical methods to significant problems of
broad chemical interest: (1) model theoretical studies of chemi-
sorption, metal clusters, and organometallic species; and (2)
potential energy surfaces that govern gas-phase chemical reac-
tions. Research in the former area is ultimately aimed at a truly
molecular understanding of catalysis, a subject pertinent to
future energy requirements, but sometimes approached by trial
and error methods. In the latter area, research sometimes tends
toward molecules potentially important in combustion or atmo-
spheric chemistry and the development of high power laser
systems. Theoretical chemistry has become a significant source
not only of broad generalities, but also of specific predictions
concerning molecular systems that may be very important, but
inaccessible to experiment. [4.8 FTE]

62. Photoelectron Spectroscopy
D.A. Shirley

The major project objective is to conduct exploratory research
on the interaction of vacuum ultraviolet and soft x-ray radiation
with matter, emphasizing synchrotron radiation and photoelec-
tron spectroscopy. The project also supports the national
programs through innovation and development of new experi-
mental methods based on synchrotron radiation in the energy
range 10 to 4000 eV, and through the training of doctoral candi-
dates in the use of synchrotron radiation. The reaction of radia-
tion in this energy range with matter yields (as one reaction
product) an unbound electron in a highly-excited final state.
The further interaction of this electron with the other reaction
product(s) can provide unique and definitive information about
both reactants and products. Focus is on (1) understanding of
electron correlation in atoms and small molecules, including the
characterization of continuum resonances and correlation satel-
lites and (2) characterization of the atomic and electronic struc-
ture of surfaces. This includes both structural studies by photo-
electron diffraction (ARPEFS) and electronic structure deter-
minations on and near the surface. Related supportive research
includes photoelectron spectroscopy in molecular beams and
high-resolution electron energy loss spectroscopy on surfaces.
[10.5 FTE]

Lawrence Livermore National Laboratory
Livermore, California 94550
Division of Chemical Engineering $40,000

63. Chemical Kinetics Modeling
C.K. Westbrook

This project focuses on computer modeling of chemical kinetics
of combustion in laboratory and practical systems. Particular
emphasis is placed on hydrocarbon fuels that are widely used in
present combustion devices. Construction and validation of
comprehensive reaction mechanisms for these fuels will identify

CHEMICAL PHYSICS
SANDIA MATIONAL LABORATORIES

those elementary reactions on which the computed results are
most dependent and, therefore, merit the closest attention from
experimental and theoretical research. Experimental data from
shock tubes, plug flow reactors, stirred reactors, laminar flames,
and detonations are used to test and validate the reaction mech-
anisms. Fuels to be examined include n-pentane, n-octane, iso-
octane, ethanol, and propionaldehyde. Once the reaction mech-
anisms have been validated thoroughly, they are used to
examine the role of chemical kinetics in practical combustion
systems. Past applications have considered heat transfer and
unburned hydrocarbon emissions from automobile engines,
kinetic inhibition of flames and detonations, and the influence
of pressure on combustion rates. Applications in progress
include the kinetics of engine knock in internal combustion
engines, kinetics of cool flames and muitistage ignition, and the
influence of pressure on combustion rates. Applications in prog-
ress include the kinetics of engine knock in internal combustion
engines, kinetics of cool flames and multistage ignition, and the
influence of fuel molecular structure on various combustion
parameters. [0.3 FTE]

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

Chemistry Division $385,000

64. Molecular Research with Electron Spectroscopy
T.A. Carlson, M.O. Krause

The project studies the photoelectron dynamics of molecules
and metal vapors using angle-resolved photoelectron spectros-
copy and synchrotron radiation. Phenomena receiving partic-
ular attention include: (1) the Cooper minimum, (2) shape reso-
nances, (3) autoionization, (4) correlation satellites, and (5)
interchannel coupling. Systematic studies are being pursued on
halogen acids, freons, nitrous oxide, and various metal vapors
including silver, gallium, lead, and some 3d transition metal
elements. Supportive calculations using the multiple scattering
Xa method are being performed and correlated with observed
cross sections and angular distribution parameters. Improved
computer handling of the experiment has allowed the introduc-
tion of constant-ionic-state techniques. Besides providing funda-
mental information in atomic and molecular science, the project
supplies data and ideas for studying molecules adsorbed on
surfaces, clarification for solid state properties in metals, and an
understanding of clusters. [2.5 FTE]

Sandia National Laboratories
Livermore, California 94550

Combustion Research Facility $5,475,000

65. Flame Dynamics Research
R. Cattolica, W. Flower, S. Johnston

The purpose of this research is to investigate the spatial and
temporal interactions between chemical species, temperature,
and fluid motion as they occur in flames. Included are the
dynamics of carbonaceous particulates in sooting flames and the
ignition, free propagation, and quenching of transient gas-phase
flames. An important aspect includes the development and
application to flames of advanced optical diagnostics such as
time-resolved, planar, laser-induced fluorescence, and diffusion



CHEMICAL PHYSICS
SANDIA NATIONAL LABORATORIES

broadening spectroscopy. Fluorescence imaging has been used
to study the chemical structure of a laminar flame interacting
with a vortex ring. The time-dependent generation and evolu-
tion of the OH molecule during the interaction was observed.
Comparison of these results with the modeling predictions
generated using the vortex dynamics computational method has
been made. Soot size and number density, and the effect of
increasing pressure on these quantities, have been determined
in a laminar diffusion flame. Local soot formation rates have
been determined in laminar diffusion flames using laser-
velocimetry flow-field measurements and light-scattering
measurements of soot concentration. Species thought to be
responsible for soot particle surface growth have been detected
using coherent anti-Stokes Raman spectroscopy. [3.0 FTE]

66. Turbulent Reacting Flow Research
R. Dibble, R. Schefer, S. Johnston

This research is directed toward an increased understanding of
the coupling between the chemical kinetic and turbulent trans-
port processes occurring in chemically reacting flows. The long-
term goal is to use this understanding to improve predictive
capabilities for turbulent combustion. A new laboratory incor-
porating a vertical flame tunnel (and making use of the
Combustion Research Facility dye laser) is fully operational.
Multi-species Raman concentration and temperature measure-
ments, combined with simultaneous velocity determinations,
have been compared with model predictions to estimate the
influence of chemical nonequilbrium on mean turbulent flame
quantities. Cne- and two-dimensional imaging of major and
minor species is producing new insight into mechanisms of local
flamelet burning and extinction. A chemically reacting turbu-
lent flow cooperative group comprised of participants from
private industry, universities, and Sandia National Laboratories
has been formed and meets on a regular basis. [3.0 FTE]

67. Combustion Research Facility (CRF) Operations
and Visiting Scientist Support
G. Drummond, D. Benthusen

This project sustains Combustion Research Facility (CRF)
operations and visitor support. Central to operations are: (1)
provision and operation of the CRF central lasers; (2) operation
and maintenance of CRF VAX computers, associated minicom-
puters, and a terminal network system; (3) staffing of shop and
analytical laboratories; and (4) maintenance of the safety and
control system. Equal emphasis is given to a visitor support
program dedicated to transfer of technology (developed at the
CRF) to interested industry and universities. Transfer takes
place (1) through short courses in specialized areas, workshops
on relevant topics, and combustion-related symposia and tech-
nical meetings and (2) by providing support to visiting scientists
(including technical, scientific, and engineering staff dedicated
to the visitor project, administrative assistance, computer time,
and shop work). [13.0 FTE]

68. Combustion Research Facility (CRF) Diagnostics
Research: Coherent Raman Processes
R.L. Farrow, R.P. Lucht, R.E. Palmer

This project aims at developing coherent Raman diagnostic
techniques in support of CRF programs. Detailed studies are
made of the significance of several factors for experiments using
CARS, a leading technique for time-resolved measurements of
temperature and major species concentrations. These factors
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include laser photon statistics, Stark effects, laser lineshape
convolutions, in situ normalization, and interferences between
resonant Raman and nonresonant background contributions.
The first CARS measurements of flame-generated acetylene,
an important soot precursor, have been made, resulting in the
determination of spectral constants for hot bands unavailable
from room temperature data. The modification of CARS
spectra at high pressure due to collisional narrowing is being
quantified in detail using high-resolution CARS and high-
resolution inverse Raman spectroscopy, so that measurements
in high-pressure environments (e.g., internal combustion
engines) can provide more accurate results. Inverse Raman
spectroscopy is also being used to develop a high-resolution data
base of spectral parameters for important combustion species
such as nitrogen, carbon monoxide, hydrogen, and water vapor.
[3.0 FTE]

69. Flame Chemistry: Modeling and Experiments
G.A. Fisk, J.A. Miller, R.J. Kee, L.R. Thorne,
D.W. Chandler

The principal objective of this research is development of
comprehensive models for the chemical processes that govern
flames. Emphasis is on production and destruction of poliutants
in flames. New numerical techniques have been implemented to
provide fast and accurate methods for solving the one- and two-
dimensional laminar flame equations (including sensitivity
analyses), thereby facilitating comparisons with a wide range of
experimental results. Laboratory studies emphasize the use of
advanced laser probes for measurements of radical and stable
species concentration profiles in flames. Other techniques,
including molecular beam-mass spectrometry and Fourier
transform infrared spectroscopy, are also employed. During the
past year, a new CW laser source was developed as a near-
ultraviolet diagnostic and used to obtain laser-induced fluores-
cence (LIF) spectra of CH and CN in a series of low pressure
flame experiments. The effect of a molecular-beam-mass-
spectrometer sampling probe on the structure of a flat Hz, Oz,
Ar, HCN flame was determined quantitatively using LIF to
map CN rotational distributions near the probe. Analysis and
modeling of the structure and extinction limit of counterflow
diffusion flames identified the mechanism of stretch-induced
extinction and the role of oxygen breakthrough. [4.0 FTE]

70. Chemical Kinetics and Dynamics
G.A. Fisk, F.P. Tully, R.A. Perry,
D.W. Chandler, C. Melius, J.A. Miller

This research is directed at understanding fundamental chem-
ical processes of importance in combustion. Laser photolysis is
used to produce radicals in slow-flow reactors, and the kinetics
and mechanisms of ensuing radical-molecule reactions are
followed by chemiluminescence and laser induced fluorescence.
Laser photoexcitation is used to produce energetic and reactive
molecules whose subsequent chemistry (relaxation and reac-
tion) is followed in time via state specific detection of products.
Theoretical methods are also used to analyze pathways of
combustion reactions. BAC-MP4 (bond additivity corrected-
fourth order Moller-Plesset perturbation theory) calculations
are used to determine the properties of stationary points (stable
molecules and saddle points or transition states) on the potential
energy surfaces of critical reactions. Statistical methods are
used to predict rate coefficients and branching ratios from this
potential surface information. In addition, the influence of
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inter- and intra-molecular energy transfer on unimolecular
reactions is studied using dynamical methods. [4.0 FTE]

71. Combustion Research Facility (CRF) Diagnostics
Research: Advanced Methods
J.E. Goldsmith, M.L. Koszykowski, A. Lau,
F.P. Tully, R.E. Palmer

This project supports three broad areas of diagnostic research:
(1) development of new multiphoton nonlinear techniques for
detecting trace species in combustion environments; (2)
advanced methods for kinetics studies; and (3) theoretical
studies in support of CRF projects. In the first area, a new tech-
nique called two-step saturated fluorescence has been used to
detect atomic hydrogen in flames (in point measurements and
in two-dimensional images) without the complicating edge
effects of other saturation-spectroscopy techniques. An exhaus-
tive experimental comparison has been made of the many
multiphoton fluorescence and optogalvanic techniques that can
be used to detect atomic hydrogen and oxygen in flames. In the
second area, an intracavity-doubled ring dye laser has been used
to greatly improve the sensitivity of hydroxyl radical fluores-
cence probes. Multiphoton nonlinear techniques have been used
to develop a hydrogen atom probe for use in kinetics studies. In
the third area, collisional narrowing is being modeled both by
extensive semiclassical trajectory calculations and by simple
scaling theories based on fits to experimental data. Analytic
theories have been developed to explain saturation and Stark
effects seen in multiphoton nonlinear fluorescence experiments
on atomic hydrogen. [3.0 FTE]

72. Combustion Research Facility (CRF) Central
Laser Systems
R.L. Schmitt, R.L. Farrow, L.A. Rahn,
R.E. Palmer

This project includes the continued development of existing
CREF central lasers and research in support of future major laser
systems. The tunable dye laser (DIANA) is being used by
Sandia staff and visiting scientists for single-shot temperature,
density, and species concentration measurements and two-
dimensional imaging of turbulent nonpremixed flames. A multi-
purpose laser systern (Sirius) consists of a frequency-doubled
Nd:YAG laser and several dye laser options including a broad-
band dye laser and a pulse-amplified ring dye laser. When the
Nd:YAG laser is operated in single-axial mode in combination
with the ring dye laser, the spectral resclution for CARS and
other nonlinear spectroscopy experiments (performed in any of
the CRF laboratories via the beam distribution system) is as
small as a few thousandths of a wavenumber. Sirius is used
frequently for CAR'S measurements in flames with large lumi-
nous backgrounds (¢.g., heavily sooting flames or flames laden
with coal particles). A third central laser (Dyeblaster) consists
of a frequency-doubled Nd:YAG laser and is used routinely to
pump dye lasers in user laboratories throughout the CRF.
Present laser research in support of advanced central lasers
includes diode-laser injection locking of Nd:YAG lasers for
stable single-axial-mode operation, and studies of advanced dye
laser design. [3.0 FTE]
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Atomic Physics

Argonne National Laboratory
Argonne, Illinois 60439

Physics Division $1,988,000

73.  Photoionization Mass Spectrometry, Photoelec-

tron Spectroscopy, and Photodissociation
J. Berkowitz

Fundamental processes in the photoionization of atoms and
small molecules are studied in the vacuum ultraviolet at high
photon resolution. For molecules, alternative decomposition
modes are investigated to provide important thermochemical
values, structural, and dynamical information. Photoelectron
spectroscopy is focused on the more difficult high-temperature
vapor species and reveals their detailed electronic structure. A
recently completed apparatus enables us to study directly the
spectroscopy and dynamics of molecular-ion decomposition by
analyzing the decomposition products from interaction of ultra-
violet-laser radiation with selected molecular ions. [3.9 FTE}

74. Atomic Spectroscopy with Fast Beams at Argonne
National Laboratory (ANL)
H.G. Berry, L. Young

Atomic structure studies using fast-ion beams are aimed princi-
pally at improving understanding of relativistic and quantum-
electronic effects in heavy ions. Systems with only a few (1 to
4) electrons are studied to test precise ab initio calculations;
many-electron systems are studied to test more general relativ-
istic calculations (e.g., relativistic Hartree-Fock). In atomic
collision studies, the alignment and orientation production of
excited states in fast ion-solid interactions are analyzed. Total
excitation probabilities are also measured and studied in terms
of secondary-electron production and molecular coherence
effects. Optical techniques are used to study the dynamics of
fast and atomic ions in solids and at surfaces. Resonant laser
excitation of fast ions is being used to study (in detail) relativ-
istic fine structures and hyperfine structures of both positive and
negative ions of low nuclear charge. Research includes use of
lasers .operating in the ultraviolet. [4.4 FTE]

75. Theoretical Atomic Physics
K. T. Cheng

This project is directed toward a detailed understanding of the
role of relativity and electron correlation in atomic processes.
Emphasis is on photoexcitation and photoionization to gain
important insight into the dynamics of many-electron interac-
tion in atoms and ions. Current efforts include the systematic
study of the ground-state hyperfine structures of rare-earth
elements using a technique based on the multiconfiguration
Dirac-Fock method. The same technique is used to study the
fine and hyperfine structures of the Li" ion, which are very sensi-
tive to Breit interaction and electron correlation effects. Studies
also involve the changes in the correlation effect along an
isoelectronic sequence as reflected in the profiles of the autoion-
ization resonances. The purpose of this study is to gain better
understanding of the dynamics of Rydberg series interactions.
[1.1 FTE]
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76. High-Resolution Laser-RF Spectroscopy with
Atomic and Molecular Beams
W.J. Childs, L.S. Goodman

This project is directed toward a detailed understanding of the
structure of atoms and small molecules. In the recent past the
spin-rotation and hyperfine interactions of alkaline-earth mono-
halide radicals have been systematically studied and their
dependence on vibrational, rotational, and isotopic effects eluci-
dated. The experimental methods have now been extended to
make possible measurement of the electric-dipole moments of
such radicals. A similar project aimed at a systematic under-
standing of the hyperfine interaction throughout the 4f-shell of
the rare-earth atoms is progressing coricurrently. A new appa-
ratus for analogous studies of atomic and molecular ions using
collinear laser and radiofrequency spectroscopy is under devel-
opment. [3.1 FTE]

77. Interactions of Fast Atomic and Molecular Ions
with Solid and Gaseous Targets
E.P. Kanter, Z. Vager, D.S. Gemmell

Argonne National Laboratory’s 4.5-MV Dynamitron acceler-
ator is used to study the interactions of fast (MeV) atomic and
molecular ions with matter. A unique feature is the exception-
ally high resolution (~0.005° and ~300 eV) in angle and
energy obtained in detecting particles emerging from the target.
The accelerator currently permits the coincident detection of up
to three molecular dissociation fragments with conventional
discrete particle detectors. A new multiparticle imaging
detector system is currently under development to allow detec-
tion of multiparticle events consisting of up to eight particles.
The main objective is a general study of the interactions of fast
charged particles with matter, emphasizing those aspects that
take advantage of the unique features inherent in employing
molecular-ion beams (i.e., each molecular ion incident upon a
solid target forms a tight cluster of atomic ions that remain
correlated in space and time as they penetrate the target). Addi-
tionally, these techniques allow direct determination of the
geometrical structures of molecular ions entering the target.
[4.9 FTE]

Brookhaven National Laboratory
Upton, Long Island, New York 11973
Applied Science Department $262,000

78. Atomic Physics Research
K.W. Jones, B.M. Johnson

This project uses synchrotron radiation produced by the
Brookhaven National Synchrotron Light Source (NSLS) and
heavy-ion beams from the Brookhaven Tandem Accel-Decel
Laboratory (TADL). A large, dedicated atomic physics station
on a beam line at the NSLS x-ray ring will be used for experi-
ments with white or monochromatic x-rays. The first experi-
ments will be performed with the white beam investigating the
production of multiply-charged trapped ions by sequential phot-
oionization. These ions will have very low kinetic energies and
will be used for spectroscopic studies or precision collision
measurements. Further research will develop instrumentation
for crossed photon-ion beam experiments. Work has begun with
the use of standard ion sources; the long term aim is to add elec-
tron beam ion sources and heavy-ion storage rings to increase
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capability for study of highly ionized atoms. Ion beams from
TADL are used to study various aspects of ion-atom and
ion-electron collisions. Energies for negative ions cover the
range from about one to nine MeV. Beams of almost fully
stripped elements up to iron can be produced with energies from
several to several hundred MeV when the tandems are operated
in the accel-decel and three-stage configurations. A lesser
degree of ionization is obtained for heavier elements. Charge
transfer and equilibrium charge states in ion-gas collisions are
studied with negative ions, and with positive ions produced by
the tandem accel-decel method. Inner-shell vacancy processes
are also studied with these beams. [3.0 FTE]

Lawrence Berkeley Laboratory
Berkeley, California 94720

Materials and Molecular Research
Division

$245,000

79. Atomic Physics at Lawrence Berkeley Laboratory
(LBL)
R. Marrus

This project concerns experimental study of collisions and spec-
troscopy in simple atomic systems. Emphasis is on those
processes pertinent to controlled thermonuclear reaction devices
and processes important to fundamental physical laws: (1) elec-
tron capture by low-energy multicharged ions; (2) x-ray spec-
troscopy of helium-like, lithium-like, and beryllium-like ions of
high Z; (3) parity violation in heavy atoms predicted by unified
theories of weak and electromagnetic interactions; (4) charge
capture and loss by fast multicharged atoms in solid and gas
targets; and (5) study of quantum electrodynamic effects and
relativistic effects in hydrogenic and helium-like uranium.
These studies are made possible by use of (1) the SuperHILAC
and Bevalac that produce a range of heavy ion beams at energies
greater than any other facility in the world and (2) narrow band,
high-power ultraviolet lasers developed within the group for
studying parity violation in atomic systems. [3.3 FTE]

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37831
Physics Division $1,256,000
80. Theoretical Atomic Physics at Oak Ridge

National Laboratory (ORNL)
R.L. Becker, C. Bottcher

Theoretical predictions, interpretations of experimental results,
and detailed calculations are made for atomic collision, radia-
tion, and structure phenomena. Emphasis is placed on reactions
of highly stripped ions with atoms, particularly those reactions
of importance in fusion energy devices and those studied in
atomic high-energy accelerator physics laboratories. Atomic
excitation, ionization, and electron transfer (capture) are
treated. Recent activities include calculations of multiple K-,
L-, and M-shell vacancy production by ions (being detected in
x-ray satellites at the Oak Ridge National Laboratory Holifield
heavy ion accelerator), subshell vacancy production including
the effects of vacancy rearrangement processes, electron
capture and ionization in the nearly symmetric system F +9 4+
Ne at both low and high impact speeds, electron ejection and
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positron production in collisions of very heavy ions with very
heavy atoms, and collisions of ions with atoms containing a
highly excited (Rydberg) electron. New theoretical approaches
include the one-and-a-half center version of coupled-channels
theory, the unification of shakeoff theory with collision theory,
and the use of finite elements in the numerical integration of
time-dependent quantal equations. Computer programs for
solution of the time-dependent many-electron Hartree-Fock
and one-electron Dirac equations have been developed in the
last year. [1.0 FTE]

81. Accelerator Atomic Physics
S. Datz, P.F. Dittner, P.D. Miller

The project objective is to achieve a detailed understanding of
the interactions of high-energy, multiply charged, heavy ions
with gas, solid, and electron targets. The primary facility used
is the EN-tandem accelerator. Ion-ion collisions at low energies
are also being investigated, and several experimental programs
are continuing on the Holifield accelerators. Subjects receiving
particular attention during the past year are: (1) cross-section
measurements of dielectronic recombination of several lithium-
like, boron-like, and sodium-like ions using a merged multiply
charged ion beam concentric with an electron beam; (2) depen-
dence of dielectronic recombination on stripping fields for Ct3
and B*2 (3) transverse correlation effects on ion channeling
trajectories; (4) production of polarized highly stripped ions by
electron capture in ferromagnetic crystal channels; (5) mecha-
nisms for transfer ionization; (6) continuing study of positron
and electron channeling radiation; and (7) resonant coherent
excitation of one electron ions. Results in these areas impinge
directly on fusion research, solar corona studies, and material
sciences, as well as improving fundamental understanding of
ion-atom, ion-solid, ion-ion, and ion-electron interactions. [5.2
FTE]

82. EN Tandem Operations
P.D. Miller, P.L. Pepmiller

The EN-tandem Van de Graaff is operated for atomic physics
research. Terminal voltages up to 6.0 MV are routinely
achieved, and ions of all elements from Z = 1 through 9 and
many heavier ions are available for users. The user group
includes members of the physics division, other divisions of Oak
Ridge National Laboratory, faculty and students from various
universities, and representatives from industry. During 1984
and 1985, a new VAX-750/CAMAC-based data acquisition
system is being installed. All hardware and software are
purchased, and installation will be completed by summer of
1985. The major beam usage during 1983 was for the merged
electron heavy ion beams experiments, two electron correlated
transfer studies, convoy electron studies, trapping of low energy
highly charged ions, and channeling experiments. Approxi-
mately 40% of the available beam time was allotted to university
users. [1.3 FTE]

83. Collisions of Low-Energy Multiply Charged Ions
R A. Phaneuf, F.W. Meyer

This experimental project is aimed at improving our under-
standing of inelastic collision processes involving multiply
charged ions at the lowest attainable collision energies. The
current emphasis is on measurement of total cross sections for
electron capture by highly stripped ions from hydrogen atoms
at energies below 1 keV/amu. Toward this end, two different
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experimental approaches are being pursued. The recently-
implemented ORNL-ECR ion source is utilized as a source of
low-energy, highly stripped ions, which are directed through a
calibrated thermal-dissociation atomic hydrogen gas target.
Total electron-capture cross sections have been measured
recently for bare and hydrogen-like ions of carbon, nitrogen,
oxygen, fluorine, and neon at energies as low as 200 eV /amu,
and provide data for testing coupled-state theoretical calcula-
tions and predicted ionic charge scalings at low energies. An jon-
atom merged-beams apparatus is also in final stages of develop-
ment and testing. This will permit an extension of the study of
such collisions to center-of-mass energies in the eV /amu range,
where theoretical predictions of increasing cross sections with
decreasing energy remain untested. [1.4 FTE]

Sandia National Laboratories
Albuquerque, New Mexico 87185

Laser and Physical Chemistry
Department-1124

$155,000

84. Atomic Processes
A. Owyoung, A.V. Smith

This project focuses on the study of high-order nonlinear optical
interactions in atomic and molecular systems; the objective is to
uncover an efficient method for the generation of fully tunable
coherent vacuum ultraviolet radiation. Present investigations
concentrate on two-frequency summing processes in atomic
vapors whereby third harmonic generation at one frequency is
enhanced by a second laser source, which effectively couples the
process into a four photon resonance with the atomic system.
We will continue to explore phenomena involving such optically
induced structure in the continuum between states, extended out
to the ionization continuum. These subsequent studies will
extend the accessible vacuum ultraviolet tuning range and
provide for the exploration of more complex interactions
expected to occur when resonant ionization becomes a signifi-
cant consideration. This project will provide a new and poten-
tially very useful means for vacuum ultraviolet generation and
will contribute significantly to our understanding of the complex
interactions of optical radiation with atomic and molecular
systems. {1.5 FTE]

Chemical Energy

Ames Laboratory
Ames, lowa 50011

Processes and Techniques Program $962,000

85. Organometallic Complexes in Homogeneous
Catalysis
R.J. Angelici

Although sulfur is removed commercially from thiophenes in
crude petroleum by hydrodesulfurization (HDS) over sulfided
metal catalysts, the mechanistic details of this process are not
understood. The purpose of this project is to develop some
understanding of the reactivity of thiophene coordinated to
transition metals as might occur on the catalyst surface. It has
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been found that the w-complexed thiophene in
(n-C4H4S)Mn(CO)3 % is highly activated to react with metal
hydride complexes such as HFe(CO)4 and HW(CO)s". Reac-
tion with acids leads to the formation of 2,3-dihydrothiophene,
a possible intermediate in the HDS process. Reactivity studies
of 2,3-dihydrothiophene to determine how sulfur is removed
from this molecule are also in progress. These studies are
offering new mechanistic pathways by which the HDS process
might occur. [2.7 FTE]

86. Chemical Kinetics and Reactivity of Transition
Metal Complexes
J.H. Espenson

The primary objective is to provide fundamental data on chem-
ical reactivity bearing on chemical reactions involved in homo-
geneous catalysis, synthetic fuels, the Fischer-Tropsch process,
and the control of acid rain. The principal approach is based on
the study of chemical kinetics and of reaction mechanisms using
a wide variety of experimental techniques applied to reactions
occurring from micro-seconds to days or longer. The reactions
under investigation include spontaneous and induced decompo-
sition, heterolytic and homolytic metal-carbon bond cleavage
(and the associated bond-dissociation energies), radical-induced
electron transfer, free radical displacement, alkyl transfer, and
insertion into metal-metal and metal-carbon bonds. The chem-
ical entities under study include organometallic derivatives of
cobalt, chromium, nickel, and rhodium; dinuclear complexes of
platinum, nitrogen oxides, and oxoacids; sulfur dioxide; and
molecular elements (e.g., Sg and P4). [4.9 FTE]

87. Nuclear Magnetic Resonance (NMR) Studies of
Coals, Catalysts, and Amorphous Semi-
Conductors
B.C. Gerstein

Nuclear spin dynamics are used to probe the physics and chem-
istry of materials involved in heterogeneous catalysis, coals and
coal products, and materials science. Examples include
precursor pitches used in electrodes for aluminum production,
zeolitic catalysts used in conversion of methanol to ethylene,
bimetallic catalysts, heavy metal halide cluster compounds, and
amorphous semiconductors used in photoconversion. [4.0 FTE]

88. Spectroscopic and Kinetic Characterization of
Metal Oxide and Sulfide Catalysts
G.L. Schrader

The goal of this research is to develop a fundamental under-
standing of the solid-state and surface chemistry of heteroge-
neous catalysts and the mechanisms of catalytic reactions.
Metal oxide and sulfide catalysts used industrially to produce
synthetic fuels or to hydrotreat coal-derived liquids are being
investigated. Catalysts for energy-efficient routes to chemicals
are also included in this research. Spectroscopic techniques such
as laser Raman spectroscopy and Fourier transform infrared
spectroscopy are being developed for use in the characterization
of catalysts and adsorbed species. In situ experiments are being
performed involving functioning catalysts; simultaneous spec-
troscopic and kinetic measurements can be performed at the
temperatures and pressures typical of industrial operating
conditions. These techniques provide a direct method for
relating catalyst structure and composition to activity and selec-
tivity. Kinetic studies are being performed in this research using
pulsed and steady-state fixed bed reactors. [1.9 FTE]
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89. High-Temperature Gas-Phase Pyrolysis of
Organic Compounds
W.S. Trahanovsky

This research aims at understanding the fundamental thermal
reactions of organic compounds, especially those that could be
important in the pyrolysis of coal and coal-derived liquids.
Study includes (1) preparation of specific reactive molecules
thought to be intermediates in pyrolysis reactions and investiga-
tion of their spectroscopic and chemical characteristics and (2)
reactions thought to involve certain reactive molecules as inter-
mediates. Most pyrolyses are carried out using the flash vacuum
pyrolysis technique. Much of the work concentrates on (1)
pyrolysis reactions thought to involve quinodimethanes as inter-
mediates, (2) preparing and characterizing these and related
species, and (3) thermal reactions of these species and products
derived from them. Specific reactive molecules under study
include orthoquinodimethanes derived from benzenes, naphtha-
lenes, furans, and thiophenes. [2.2 FTE]

Argonne National Laboratory
Argonne, Illinois 60439

Chemical Technology Division $491,000

90. Fluid Catalysis
J.W. Rathke, M.J. Chen, R.J. Klingler,
J.J. Heiberger

This research will determine reaction mechanisms and the
exploration of new catalytic chemistry for converting small
molecules (e.g., CO, CO2, and Oz) to desired products.
Currently under investigation are the roles of soluble metal
oxides in promoting the formation of methanol from carbon
monoxide and water, and from carbon monoxide or carbon
dioxide and hydrogen. The mechanism for soluble oxide catal-
ysis of a new reaction converting carbon monoxide and meth-
anol to formaldehyde is also studied. In each case, the metal
oxide chemistry involves coordinated formate ion as a key inter-
mediate and is unusually general in that it often applies to
homogeneous, heterogeneous, main group, and transition metal
systems. An attempt is also made to advance the chemistry of
oxygen carriers for potential use in air separation and controlied
oxidation processes. The mechanisms of the reactions are inves-
tigated using high-pressure kinetic techniques in addition to
spectroscopic and theoretical (molecular orbital) methods. [4.7
FTE]

Chemistry Division $2,003,000

91. Inorganic Fluorine Chemistry
E.H. Appelman, L. Stein

This project has a twofold objective: (1) synthesis and charac-
terization of novel and aggressive oxidants and fluorinating
agents, elucidation of the mechanisms of their chemical reac-
tions, and development of applications of these compounds to
actinide research and other areas of chemistry; and (2) study of
the chemistry of radon. Activities include (1) studies of hypoflu-
orites and other fluorinating reagents in low-temperature matri-
ces, (2) preparation of new hypofluorites, (3) investigation of
the reactions of fluorine and reactive fluorine compounds with
aqueous solutions, and (4) use of reactive fluorinating agents as
specific reagents for the preparation of high oxidation states of
actinide elements and selectively fluorinated organic
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compounds. Work in the area of radon chemistry involves (1)
studies of the behavior of oxidized radon in a variety of solvents
and a search for new benchtop solvents for radon compounds,
(2) studies of the absorption of oxidized radon onto several
oxidation-resistant ion-exchange materials, (3) a search for
compounds of radon with oxygen and with halogens heavier
than fluorine, and (4) efforts to develop improved chemical
methods for the analysis of radon. [2.1 FTE]

92. Premium Coal Sample Program
K.S. Vorres

The objective of this program is to provide the U.S. basic coal
science research community with long-term supplies of a small
number of premium coal samples. The premium coal samples
produced and distributed by this program are to be as chemi-
cally and physically identical as possible, have well-
characterized chemical and physical properties, and must be
stable over long periods of time. Coals are to be mined, trans-
ported, processed into desired particle and sample sizes, and
packaged in environments that are as free of oxygen as possible
and that maintain the natural moisture content to ensure that
the coals are kept in as pristine and stable condition as possible.
These premium samples are to be distributed to researchers
upon request. It is anticipated that a computer data base will be
included in this program to provide researchers with easy access
to detailed information on sample availability, the physical and
chemical properties of the coals, and references to the results of
research obtained using these samples. [3.0 FTE]

93. Separation of Coal Macerals
R.E. Winans, G.R. Dyrkacz, C.A.A. Bloomquist

The project seeks to reduce the complexity of coal science by
developing new methods for separating and characterizing coal
macerals. The density gradient centrifugation technique devel-
oped in this study has provided pure maceral samples for funda-
mental coal research and samples for the explanation of coal
maceral characteristics, which could lead to improved separa-
tion methods. Focus is on investigating surface properties of
macerals using radiolabeling, proton NMR, and microcalori-
metry to provide improved separation methods. [3.4 FTE}

94. Characterization and Reactivity of Coals and
Coal Macerals
R.E. Winans, R. Hayatsu, R.E. Botto,
R.G. Scott, R M. McBeth

The major objective of this project is to identify important
organic structural components in coals and coal macerals and
to correlate this information with the chemical and thermal
reactivity of these materials. Coal macerals are being character-
ized by a combination of chemical and instrumental techniques.
Realistic coal models are being synthesized from presumed coal
precursors, which yields information on coal formation and its
structure. Techniques such as solid NMR, pyrolysis, and fast
bombardment mass spectrometry, along with selective chemical
reactions, are being used to study the macromolecules in coal
macerals. Information obtained in this study should ultimately
help develop more efficient and cleaner ways to use coal. [7.2
FTE]

CHEMICAL ENERGY
BROOKHAVEN NATIONAL LABORATORY

Brookhaven National Laboratory
Upton, Long Island, New York 11973
Applied Science Department $667,000

95. High Temperature Chemistry
J.J. Egan

This study of the thermodynamic and transport properties of
inorganic substances at high temperatures attempts to explain
the results in terms of appropriate atomic models. Substances
include solid and liquid compound semiconductors, solid elec-
trolytes, and molten saits. Electrochemical techniques are used
to investigate the effect of composition on the concentration,
mobility, and diffusion of electrons and electron holes in these
substances. Cells employing solid electrolytes at high tempera-
tures as well as molten salt electrolytes prove especially useful
for characterizing these systems. High temperature calorimetry
is being used to study liquid semiconductors and other liquid
alloy systems. Molten salts are studied since they are important
for the development of high energy-density batteries and fuel
cells. The electronic conductivity of these melts in particular is
examined by special techniques. Solid compound semiconduc-
tors of potential use as solar cells are studied by high tempera-
ture electrochemical techniques. [2.2 FTE)

96. Metal Hydrides
J.J. Reilly

This project focuses on determining the thermodynamic proper-
ties and structural parameters of metal alloy-hydrogen systems.
Specific goals are (1) to relate hydriding properties of metal
alloys to their structure and composition, (2) to determine
alloy-hydrogen phase diagrams, (3) to determine and system-
atize crystal structure, and (4) to relate all pertinent data and
observations to predict the behavior of a given alloy-hydrogen
system. Current topics of interest are the causes of the observed
deviations from ideal behavior of certain
intermetallic-hydrogen systems, surface and near surface prop-
erties of metal-hydrogen systems, structure of metal hydride
phases, the influence of defects upon system behavior, and reac-
tion kinetics of metal hydride suspensions. Major experimental
tools and /or techniques are x-ray and neutron diffraction, equi-
librium pressure temperature composition measurements, ion
beam analysis, and magnetic susceptibility measurements. [4.1
FTE]

Chemistry Department $205,000

97. Organometallics in Homogeneous Catalysis
M.A. Andrews, R M. Bullock

This project clarifies the role that soluble transition metal
complexes can have in the homogeneous catalytic activation of
organic or small molecule substrates. Potential long term goals
include the discovery of more efficient catalysts and the devel-
opment of new insights into the mechanisms of both homoge-
neously and heterogeneously catalyzed processes. A specific
example is the transition metal-catalyzed reaction of olefins
with H2 and CO to form aldehydes (the hydroformylation reac-
tion). Evidence for the importance of radical pathways in this
reaction will be sought by studying the reactions of a series of
metal hydrides of the type HM(CO), with suitably chosen
olefins. Another example is the reaction of metal hydrides with
metal alkynyl complexes to form either dimetalla alkenes or
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bridging vinylidene complexes. A series of metal hydrides of
known acidity will be investigated to test the relative importance
of proton and hydride transfer reactions in this system. [6.1
FTE]

98. Mechanisms of Photo-, Enzyme-, and Chemically
Catalyzed Cis-Trans Isomerization
S. Seltzer

Cis-trans isomerization can be brought about by the application
of heat or light, or by catalysts. Because the physical and chem-
ical properties of the two isomers differ, relaxation of a non-
equilibrium mixture of isomers (achieved by irradiation) to the
equilibrium mixture can result in the release of thermal or elec-
trical energy. This cis-trans energy-producing effect is utilized
in biological processes such as vision in animals and the light-
driven proton pump of Halobacteria, which can be used in a
photogalvanic cell. Studies at Brookhaven National Laboratory
are concerned with mechanisms of cis-trans isomerization cata-
lyzed by chemical reagents, by enzymes, and by light, and their
applications to the mechanism of the bacteriorhodopsin proton
pump. [1.5 FTE]

Lawrence Berkeley Laboratory
Berkeley, California 94720

Materials and Molecular Research
Division

$1,117,000

99. High Energy Oxidizers and Delocalized-Electron
Solids
N. Bartlett

The project objective is synthesis and characterization of new
materials that may have value in electrochemical applications.
The synthetic work examines models and theories that correlate
physical properties (e.g., electrical conductivity) with chemical
composition and structure. Present emphasis is on the study of
two-dimensional extended-atomic networks such as those
derived from graphite, layer-form boron nitride, and their rela-
tives. Electron oxidation of such materials (with accompanying
intercalation to form salts) generates durable and conductive
materials (some conducting better than aluminum). Chemical,
stoichiometric, and structural requirements for the best conduc-
tivity are being defined. The layered materials can often be
oxidized (and intercalated) electrochemically in a reversible
process. Some of these materials (e.g., CxF.15, 6 HF) may be
useful for high energy electrodes. Physical and chemical studies
are being applied to such materials to determine the structure
and bonding changes that accompany oxidation and reduction.
Salts that are either proton conductors or fluoride-ion conduc-
tors, and are resistant to oxidation but not metallic, are being
sought as solid electrolytes for use with metallic layer-material
salts. [4.0 FTE]

100. Catalytic Hydrogenation of Carbon Monoxide
A.T. Bell, G.A. Somorjai

The purpose of this project is to develop an understanding of the
fundamental processes involved in catalytic conversion of
carbon monoxide and hydrogen to gaseous and liquid fuels.
Focus is on defining the factors that limit catalyst activity, selec-
tivity, and resistance to poisoning, and the relationship between
catalyst composition/structure and performance. A variety of
surface diagnostic techniques (LEED, AES, XPS, EELS, IRS,
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TPD) are used to characterize supported and unsupported cata-
lysts before, during, and after reaction. The information thus
obtained is combined with detailed studies of reaction kinetics
to elucidate reaction mechanisms, and the influence of modifi-
cations in catalyst composition and/or structure on the elemen-
tary reactions involved in carbon monoxide hydrogenation. [6.5
FTE]

101. Transition Metal Catalyzed Conversion of CO,
NO, Hy, and Organic Molecules to Fuels and
Petrochemicals
R.G. Bergman

The main objective of this project is the discovery of new chem-
ical reactions between organic compounds and transition
metals, and the understanding of how these reactions work.
Particular attention is paid to transformations that involve the
most fundamental bonding changes (e.g., formation and
cleavage of bonds between carbon, hydrogen, nitrogen, and
oxygen), and that occur in important large-scale transforma-
tions of organic compounds, such as those employed in indus-
trial catalysis and stoichiometric organic synthesis. A recent
project discovery was that a certain class of iridium complexes
undergoes oxidative addition into the carbon-hydrogen bonds of
completely saturated hydrocarbons (alkanes). This is the first
example of this long sought carbon-hydrogen activation reac-
tion, and recent research aims at understanding its scope and
selectivity. Recently, methods for extending the iridium-based
alkane activation chemistry to appropriately substituted
rhodium complexes have been developed. Work is underway to
study the properties of these different metal systems, under-
standing and comparing the mechanisms of the reactions, and
developing methods for using this chemistry to convert alkanes
into more useful, functionalized organic molecules. [4.5 FTE]

102. Formation of Oxyacids of Sulfur from SO,
R.E. Connick

The research is aimed at understanding (1) the fundamental
chemistry of sulfur species formed from sulfur dioxide in
aqueous solution and (2) the chemical reactions of these species.
The chemistry of these systems is of particular importance in the
problems associated with atmospheric poliution by sulfur
dioxide and the resulting formation of acid rain. Research has
focused on the kinetics of the exchange of oxygen atoms
between bisulfite ion and water, using the nuclear magnetic
resonance of 70 to follow the reaction. Results indicate a rate
law consistent with exchange through formation of sulfur
dioxide. Future work will be directed to the kinetics and mecha-
nisms of oxidation-reduction reactions of sulfur(IV). A
secondary and not closely related goal is to determine the factors
controlling the rate of substitution reactions in the first coordi-
nation sphere of metal ions. Computer modeling of such systems
is underway and some results for a two-dimensional model have
been published. Work will be extended to three dimensions
using a more sophisticated model for water. Nuclear magnetic
resonance measurements of water exchange from partially
complexed metal ions are also being made using 70. [1.0 FTE]

103. Synthetic and Physical Chemistry
W.L. Jolly

The main objective of this project is to determine the nature of
the chemical bonding in transition-metal organometallic
complexes related to catalytic systems. The experimental tool
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is gas-phase x-ray photoelectron spectroscopy, which provides
atomic core electron binding energies. The binding energies give
information about the distribution of valence electron density
and the nature of the chemical bonding in the molecules. By
measuring the core binding energies of appropriate transition
metal compounds, it is possible to study the interaction of metal
d electrons with various ligands (e.g. organic groups, carbonyl
groups, and nitrosyl groups). One can identify and distinguish
various modes of ligand-metal bonding that have analogs in the
molecules chemisorbed on metal surfaces and in the intermedi-
ates of catalyzed organic reactions. Of particular interest are
studies of metal cluster complexes, in which the ligand-metal
interactions are very similar to those on metal surfaces. [1L1.5
FTE]

104. Surface Chemistry: Application of Coordination
Principles
N.E. Phillips

The project objective is to define the coordination chemistry of
transition metal surfaces on a comparative basis with that of
molecular metal complexes and molecular metal clusters.
Displacement reactions supplemented with diffraction and spec-
troscopic data will be used to elucidate structural, bonding, and
chemical features of the nickel and platinum metal surfaces
with chemisorbed molecules. Initial studies focused on the
chemisorption states of aromatic hydrocarbons, olefins, and
acetylenes on nickel and platinum surfaces. Catalytic reactions
of these molecules will be examined in an ultrahigh vacuum
chamber equipped with an isolation cell. These catalytic reac-
tions will be closely correlated with metal cluster research to
obtain a precise comparison between homogeneous and hetero-
geneous catalysis. Theoretical analysis, based on symmetry
matching of energetically available metal surface orbitals with
those of molecules and molecular fragments of hydrocarbons,
has been developed for a further comparison with structural
data. [1.8 FTE]

105. Organometallic Chemistry of Coal Conversion
K.P.C. Vollhardt

The project objective is to design and synthesize novel organo-
metallic compounds that will exhibit new properties as potential
catalysts in reactions to be used in conversion of coal to liquid
and gaseous fuels. The specific aim is to construct new mole-
cules that may activate organic chemicals to new reactions and
(by virtue of their unusual topology and /or electronic make-up)
be important new materials (e.g., photostorage devices, photo-
catalysts, conductors). Recent work has centered on the novel
and unusual chemistry of fulvalene dimetals, which has led to
the discovery of unprecedented binuclear chemistry of homo-
and heteronuclear transition metal derivatives. Several of these
compounds have shown novel and distinct chemistry of rele-
vance to catalysis, surface reactions, and photochemical storage
cycles. Work on fulvalene dimolybdenum, tungsten, and ruthe-
nium has uncovered new binuclear modes of hydrogen evolution
from dihydrides, carbon-carbon bond formation through biscar-
benes, and the occurrence of unprecedented mechanisms of
photosubstitution; and has led to the use of photochemically
activated complexes in thermal chemical processes, the observa-
tion of stepwise carbon monoxide reduction, and unusual
stereospecificity in degenerate rearrangements. [2.5 FTE]

CHEMICAL ENERGY
OAK RIDGE NATIONAL LABORATORY

Los Alamos National Laboratory
Los Alamos, New Mexico 87545
Isotope and Nuclear Chemistry Division $247,000

106. Labile SO; Complexes
G.J. Kubas, R.R. Ryan

Atmospheric pollution by sulfur dioxide and acid precipitation
have emerged as major environmental problems. Our research
aims at developing regenerative methods for scavenging SO
from waste gases either directly or by conversion into less
harmful species. Work includes: (1) synthesis and structural
characterization of new transition metal complexes of SO2 and
related species such as SO2H and S;04; and (2) studies of the
reactivity of SO; coordinated to metal complexes to promote
catalytic reactions of SO, with other abundant small molecules.
The first example of homogeneously catalyzed reduction of SO»
by hydrogen has been discovered, and products and reaction
mechanisms are being studied. Catalysts are organometallic
molybdenum sulfide complexes. The use of low cost heteroge-
neous molybdenum sulfide catalysts (e.g., those used in
hydrodesulfurization) is being investigated. Alternatives to
using hydrogen as the feedstock reductant are also being
explored. Reactions of SO; with transition metal hydride
complexes are being studied in order to identify intermediates
and mechanisms involved in hydrogen transfer to SO2. We have
discovered the first examples of insertion of SO; into
metal-hydride bonds to form novel SO2H complexes. This area
is being investigated further as a possible key step in hydrogena-
tion. [1.5 FTE]

Oak Ridge National Laboratory
Qak Ridge, Tennessee 37831
Chemical Technology Division $350,000

107. Kinetics of Enzyme Catalyzed Processes
E. Greenbaum, J. Woodward

This project focuses on the physicochemical mechanisms of arti-
ficial photosynthetic systems including (1) the reconstituted in
vitro system composed of isolated spinach chloroplasts, ferre-
doxin, and hydrogenase (CFH) and (2) the substituted systems
in which non-biological catalysts are electronically linked to
water splitting and chloroplast-reducing power. Research on the
fundamentals of stabilization and immobilization of cellulase is
also being performed. Colloidal platinum has been prepared and
precipitated  directly onto chloroplast photosynthetic
membranes. This system is capable of the simultaneous
photoevolution of hydrogen and oxygen. Aspects of this result
include: (1) this two-component system is among the simplest
yet devised for photosynthetically splitting water into molecular
hydrogen and oxygen; (2) it eliminates the need for an electron
relay (e.g., ferredoxin or methyl viologen) between the oxygen-
evolving chloroplasts and the hydrogen-evolving catalyst; and
(3) it demonstrates direct interaction of a nonbiological catalyst
on a biological membrane with preservation of functional elec-
tron transfer between the biological and nonbiological compo-
nents. In addition, we have shown that manganese divalent
cations stimulate the photoevolution of oxygen and hydrogen
evolution by the CFH system. Immobilization of cellulose onto
a support material with affinity for cellulase (e.g., concanavalin
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A-Sepharose) has been shown to be useful for enzyme recovery.

[3.0 FTE]

Chemistry Division $2,302,000

108. Organic Chemistry and the Chemistry of Fossil
Fuels

A.C. Buchanan, B.M. Benjamin, L.L. Brown,
E.W. Hagaman, R.R. Chambers

The project objective is a better understanding of the chemical
structure and reactivity of coal by developing and applying
chemical and spectroscopic techniques to coal. Results will be
interpreted by parallel studies with appropriate model
compounds. Selective diagnostic reactions for structural
features in coal are being developed. Acid-catalyzed transal-
kylation is being applied to several coals of varying rank; the
results allow for quantitative comparison of aliphatic substitu-
ents and linking groups. The selective generation and derivatiza-
tion of coal carbanions based on differences in acidity of C-H
bonds is providing new quantitative information on the chemical
environment of benzylic C-H bonds in coal. Thermal reaction
mechanisms relevant tc the thermal decomposition of coal focus
on unraveling the modification of free radical reaction pathways
resulting from their immobilization on surfaces. Solid-state
CP/MAS-13C-NMR experiments are assessing the quantita-
tive aspects of the technique applied to coal and have led to the
development of a new internal standard method. NMR experi-
ments are also being performed to assess the feasibility of
applying double cross polarization methods to selectively modi-
fied coals. [7.8 FTE)

109. Basic Agueous Chemistry to High Temperatures
and Pressures
R.E. Mesmer, HF. Holmes, W.L. Marshall,
D.A. Palmer, J. M. Simonson

The aim of this project is to establish the basic principles that
determine the chemical and thermodynamic behavior of
aqueous solutions at high temperatures and pressures. The ther-
modynamic properties of single and mixed electrolytes and
nonelectrolytes (including water itself), the dynamics and equi-
libria involved in the interactions between electrolytes, between
dissolved solutes and water, and between solid or gas phases and
water are the essence of the chemistry studied within the frame-
work of this project. Progress is dependent on the parallel devel-
opment and adaptation of a range of diverse, but complemen-
tary, experimental techniques to provide precise data at near
critical and in some instances, supercritical conditions. New
efforts are focused on obtaining structural and detailed molec-
ular information by designing high temperature cells for Raman
spectroscopic and neutron scattering experiments in order to
broaden the scope of the project. The results of such studies are
applicable to steamn generation, fuel reprocessing, metal refin-
ing, and the disposal of waste, as well as to the extraction of heat
and materials from natural resources. These results also provide
the opportunity to test and develop new theories for the behavior
of solutions at high temperatures. {5.3 FTE]

110. Heterogeneous Catalysis Related to Energy
Systems
S.H. Overbury, D.R. Huntley

This project involves two related activities. In the first, the tech-
nique of low-energy ion scattering as a surface specific struc-
tural tool is being developed and applied to the study of clean
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and adsorbate covered surfaces of catalytic interest. Compar-
ison of the experimentally observed energy and angle dependen-
cies of the scattered ions with computer simulations allows for
quantitative descriptions of surface structure. The information
content from alkali metal ions (Lit, KT) exceeds that from
inert gas ions because of their lower neutralization probability.
These methods have been applied to study surface reconstruc-
tion of gold(110), bonding geometry and ordering of oxygen,
carbon, nitrogen, and sulfur overlayers on molybdenum(001)
and molybdenum(111), and surface structure of amorphous
FegoBzo ribbon. The second activity, now in the equipment
building stage, will examine surface adsorption on metal sulfide
surfaces in ultrahigh vacuum by electron energy loss spectros-
copy and by thermal desorption spectroscopy. A sample transfer
system will permit the sample to be moved to an adjoining high
pressure cell, which will be used for monitoring hydrodesulfur-
ization and hydrogenation reactions over a wide pressure range.
Measured reactivity and selectivity will be correlated with
changes in the surface modified by introducing structural
defects, bulk or surface impurities, or changes in stoichiometry.
[2.3 FTE]

111. Molten Salt Catalysts for Clean Fuel Synthesis
G.P. Smith, A.S. Dworkin, S.P. Zingg,
R.M. Pagni

This research investigates molten salts (1) as catalytic reaction
media for organic substrates and (2) as media for characterizing
reactive cationic intermediates. Molten salts currently under
study are those based on (1) SbCl; (a weak Lewis acid), (2)
GayCls and Ga;Brs (strong Lewis acids), and (3) AlxClg and
Al2Brg (Lewis superacids). In the molten state the trihalides of
antimony and gallium have a pronounced redox functionality.
Instrumental techniques used to study reactions as they occur
in the molten state include ESR, NMR, optical spectroscopy,
and electroanalytical and spectroelectrochemical procedures.
{3.3 FTE]

Pacific Northwest Laboratory
Richland, Washington 99352

Chemical Technology Department $528,000

112. Hydrogenation Mechanisms of Coal
J.A. Franz, M.S. Alnajjar, D.M. Camaioni

This project focuses on determining the energetics and mecha-
nisms of free radical reactions related to thermal dissolution of
coal in hydrogen donor media. Relative rates of radical rear-
rangements, atom transfer reactions, fragmentation reactions,
and charge transfer reactions are being determined; absolute
rates are determined by kinetic laserflash spectroscopy for key
atom transfer reactions. The cyclization of o-allylbenzyl radical
to 2-indanyimethyl radical, for example, is used as an intramo-
lecular free radical clock to compare atom transfer rates to
benzylic radicals, thereby determining the relative donor
strength of a wide variety of coal-related donors. Carbon-sulfur
bond-making and -breaking reactions and sulfur-centered
radical intermediates are being studied. [3.3 FTE]
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113. Thermochemical Conversion of Solid Wastes into
Liquid Fuels
D.A. Nelson, P.M. Molton, R.T. Hallen

The purpose of this project is to determine the reaction mecha-
nisms involved in bicmass liquefaction in aqueous media at
elevated temperatures. Due to the complexity and variability of
the composition of biomass, the liquefaction of individual
biomass components and model compounds is under study. Fast
heating and cooling during liquefaction has helped determine
the initially formed products. For instance, 3-methyl-2-
cyclopenten-1-one, a product from cellulosic materials, is
formed from 2,5-hexanedione via an aldol condensation. Several
cyclopentenone derivatives formed during cellulose liquefaction
are being independently synthesized from substituted 2,4-
hexanediones. Examination of these precursors will clarify the
route of their formation from deoxysaccharides. Several poten-
tial precursor deoxysaccharides, such as 1-hydroxy-2,5-
hexanedione, are also being prepared from S5-substituted-2-
furaldehyde. Initial results using steam-exploded lignin indicate
that the product distribution is similar with both aqueous pyrol-
ysis and alkaline liquefaction procedures. Several model lignin
compounds containing (-0-4-alkylarylether and diolether
groups were prepared. Model compounds containing guaiacolyl
substitution are also being prepared. The liquefaction of lignin
components will be examined to determine if phenol-quinone
tautomerization is the rate determining step. [1.8 FTE}

Pittsburgh Energy Technology Center
Pittsburgh, Pennsylvania 15236

Division of Coal Science $87,000

114. Vibrational Spectroscopic Studies of Coal
Conversion Catalysts
J.M. Stencel

Recent research has concentrated on understanding
nickel-molybdenum and nickel-tungsten interactions in
Ni-Mo/Al203 and Ni-W/Al203 catalysts. Raman spectros-
copy is the primary tool used to define molecular speciation for
catalysts in which molybdenum, tungsten, and nickel concentra-
tions have been varied systematically. Additional information
concerning the influence of nickel concentration and symmetry
of the metal oxide on the Ni-Mo and Ni-W interactions is
obtained by in situ experimentation and by adsorption of ligand-
forming and hydrogen-bonding molecules. Raman experimen-
tation is supplemented by data from other bulk and surface
sensitive techniques (e.g., x-ray diffraction, x-ray photoelectron
spectroscopy, and ion scattering spectrometry). Correlations of
structural and chemical factors associated with the promotional
effect of nickel are investigated. The study of oxide catalysts for
selective conversion of hydrocarbons and for selective Fischer-
Tropsch conversion of CO + H2 will also be initiated. [1.0
FTE]

CHEMICAL ENERGY
SANDIA NATIONAL LABORATORIES

Sandia National Laboratories
Albuquerque, New Mexico 87185

Condensed Matter Research Department- $268,000
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115. Reaction Kinetics Over Single Crystal Catalysts
D.W. Goodman

The goal of this research is to develop an understanding of
surface catalyzed reactions at the molecular level using the full
complement of modern surface analytical techniques. Of
primary importance are those reactions relating to the synthesis
of hydrocarbons from Hz and CO. The experimental work
includes the determination of reaction kinetics of hydrocarbon
formation and rearrangement over single crystal catalysts. The
work is carried out in a custom-built ultrahigh vacuum appa-
ratus allowing both kinetic measurements and surface analysis.
Recent studies have addressed the mechanism by which poisons
and promoters alter catalytic activity and selectivity as well as
the metal site requirements for catalytic activity. These
measurements have utilized careful dosing of impurity atoms,
either electronegative (e.g., sulfur), neutral (e.g., silver, copper),
or electropositive (e.g., potassium), onto a catalytically active
single crystal substrate (e.g., nickel, ruthenium, rhodium).
These studies have established a relationship between the elec-
tronic nature of the impurity atom and its ability to alter the
catalytic activity of the substrate for certain reactions. These
reactions include CO and CO2 methanation, oxidation alkane
hydrogenolysis, olefin hydrogenation, and alkane dehydrogena-
tion. [1.6 FTE]

Surface Chemistry and Analysis Division-
1823

$100,000

116. FTIR Catalyst Studies
D.M. Haaland

Fourier transform infrared spectroscopy (FT-IR) is being used
to study surface catalyzed reactions over supported metal cata-
lysts. In particular, the reaction of hydrogen and carbon
monoxide to form methane and higher hydrocarbons is of inter-
est. Infrared spectroscopy allows the reactant molecules on the
surface to be used as effective probes of the local environment
to determine modifier-adsorbate, adsorbate-adsorbate, and
metal-adsorbate interactions. Therefore, FT-IR can be used to
investigate the role of modifiers (promoters and poisons) on
both the adsorbed reactants and the kinetics of their reaction to
form methane and higher hydrocarbons. The presence or
absence of long-range interactions between modifiers and adsor-
bants will be determined. In addition, FT-IR coupled with
temperature programmed desorption and temperature
programmed reaction will be used to measure relative strengths
of adsorption, rates of reaction, and reaction products formed
on catalysts both with and without surface modifiers. [0.5 FTE]
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117. Mediated Electrochemical Reduction of CO:
D.L. DuBois

This research involves the synthesis and characterization of
metal phosphine complexes for evaluation as catalysts for. the
electrochemical reduction of CO2, and includes structural, spec-
troscopic, and electrochemical studies of the metal complexes.
The project objective is to elucidate factors important in
promoting (1) reversible two-electron redox processes and (2)
electrochemical reduction of COj. Incorporation of these
complexes into polymers is being studied for the purpose of
developing electrocatalytic modified electrodes. A number of
analytical techniques are being used to characterize these poly-
mers in both oxidized and reduced forms. These techniques
include cyclic voltammetry, infrared spectroscopy, UV-VIS
spectroscopy, and 3!P NMR spectroscopy. In situ
spectroelectrochemical studies of the modified electrodes are
possible in favorable cases. [0.5 FTE]

118. Basic Research in Synthesis and Catalysis
J.C. Smart, C.J. Curtis

This basic research project involves the synthesis, characteriza-
tion, and reaction studies of transition metal coordination
complexes and organometallic compounds for the photoconver-
sicn of N2, CO, CO3, H20, and related substrates to fuels and
chemicals. It includes structural, spectroscopic, and mechanistic
studies with the goal of understanding the interrelationship of
molecular geometry, electronic structure, and catalytic reac-
tivity in photochemical and photoelectrochemical transforma-
tions. Designed organometallic synthesis has yielded new bi-
and trimetallic complexes with bridging fulvalene, s- and
as-indacene, and trindene ligands of titanium, zirconium, tanta-
lum, molybdenum, and manganese. Reactions of CO with early
transition metal hydride complexes are being studied in an
effort to develop H2/CO catalysts. Spectroscopic and photo-
chemical studies of cobalt and nickel metallofulvalene and
metalloindacene complexes are contributing to an under-
standing of their electronic structures and the potential utility
of their low-lying excited states in photccatalysis. [1.5 FTE]

Separation and Analysis

Ames Laboratory
Ames, lowa 50011

Processes and Techniques Program $1,008,000

119. Analytical Spectroscopy
V.A. Fassel

This project entails systematic observation of spectroscopic
phenomena in order to derive new spectroscopic analytical
concepts that offer promise of solving singularly difficult analyt-
ical problems in the various fields of encrgy generation (e.g.,
conversion of coal to liquid and gaseous fuels, recovery of shale
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oil, solid state materials research, and environmental pollution
assessment). Emphasis is on: (1) novel applications of electrical
plasmas as vaporization-atomization-excitation-ionization
sources for analytical atomic emisssion, mass, and fluorescence
spectrocopy; (2) analytical applications of highly selective
energy transfer from energetic, long-lived species to trace level
organic or inorganic constituents leading to optical emission; (3)
use of processes developed in (2) to devise noble-gas afterglow,
GC or LC detectors for element specific, multielement specia-
tion at trace concentration levels; and (4) photoacoustic and
thermal wave imaging processes and their analytical applica-
tions. [4.7 FTE]

120. Analytical Separations and Chemical Analysis
J.S. Fritz

A major effort is underway 1o improve our new method of ion
chromatography, so that complex mixtures of inorganic anions
and cations can be separated and analyzed with the same
facility that is possible in organic chromatography. Research on
ion-exchange resins is designed to provide better resins for chro-
matography and to give a better understanding of the important
scientific problem of resin selectivity. New methods are being
developed for the selective concentration of various organic
compounds prior to chromatographic analysis. Improved statis-
tical theories of chromatography are being formulated to
correct some inadequacies of prevailing theories and thus
provide a better foundation for chromatography. [2.2 FTE]

121. Mass Spectroscopy in Chemical Analysis
R.S. Houk

The general objective of this research project is to develop, eval-
uate, and characterize ionization techniques with potential
value for analytical mass spectrometry (MS). Current efforts
concentrate on improving techniques for extracting and mass
analyzing ions from inductively coupled plasmas (ICPs). The
value of this ion source for elemental and isotopic analysis of
solutions on a rapid, direct basis is being demonstrated. Various
alternate techniques for introducing samples are being studied
with the ICP-MS device as an element-selective, isotopically-
sensitive detector. These sample introduction methods include
electrothermal furnaces or arc discharges for direct vaporiza-
tion of solids and liquid chromatographic separations for deter-
mining elemental speciation via isotopic tracing experiments.
Mass spectra of polar, nonvolatile organic compounds can be
obtained directly from aqueous solutions provided ICP condi-
tions are properly cooled. Temperatures, ion and electron densi-
ties, and energy transfer processes in ICP are being modeled and
studied experimentally. Ionization techniques for mass spectro-
metric analysis of solids are also being investigated. These tech-
niques include a laser probe for direct, absolute elemental anal-
ysis and a pulsed neutral atom beam for desorption and ioniza-
tion of nonvolatile organic molecules. [2.4 FTE]

122. Lasers in Analytical Chemistry
E.S. Yeung

This project will develop new analytical techniques relevant to
pollution monitoring, combustion diagnosis, and material evalu-
ation in energy production. New spectroscopic concepts and
instrumentation (particularly those involving lasers) are studied
so that analytical methods can gain in sensitivity, selectivity,
accuracy, and speed. Focus is on: (1) the development of the
laser microprobe for atomic spectroscopy on surfaces; (2) new
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optical detectors for liquid chromatography suitable for
complex organic samples; (3) nonlinear Raman methods and
two-photon methods applied to analytical problems; (4) photoa-
coustic and interferometric concepts for improved absorption
measurements, especially in flow systems; (5) high resolution
spectroscopy for stable isotope ratio determinations; and (6)
laser-induced chemiluminescence for specific gas analysis.
Investigations include the fundamental principles behind the
measurements, evaluation of the analytical potentials, and
demonstration of the analytical method in representative
samples. [6.0 FTE]

Argonne National Laboratory
Argonne, Illinois 60439

Chemistry Division $960,000

123. Separations Science Related to Nuclear and
Hydrometallurgical Technology
E.P. Horwitz, P.R. Danesi, H. Diamond,
D. Kalina, L. Kaplan

The project objectives are (1) development of new separation
processes and energy-efficient techniques applicable to nuclear
and hydrometallurgical technologies and (2) elucidation of the
basic chemistry involved. Major areas of investigation are: (1)
the synthesis and characterization of new extractants for metal
ion separation by liquid-liquid extraction (LLE) and supported
liquid membranes (SLM); (2) the basic physical chemistry of
supported liquid membranes, emphasizing various factors that
influence the permeability rates of metal ions; and (3) the evalu-
ation of the separation potential of 