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PREFACE

The purpose of this booklet is to help those interested in research supported
by the Department of Energy’s Division of Chemical Sciences, which is ome

of six Divisions of the Office of Basic Energy Sclences in the Office of
Energy Research.

Chemists, physicists, chemical engineers and others who are considering the
possibility of proposing research for support by this Division will find
the booklet useful for gauging the scope of the program in basic research,
and the relationship of their interests to the overall program. These
summaries are intended to provide a rapid means for becoming acquainted
with the Chemical Sciences program to members of the scientific and techno-
logical public and interested persons in the Legislative and Executive
Branches of the Government. Areas of research supported by the Division
are to be seen in the section headings, the index and the summaries them-
selves. Energy technologies which may be advanced by use of the basic
knowledge discovered in this program can be seen in the index and again

(by reference) in the summaries.

The research program summarized 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 Chemical Sciences. Another important
consideration is the emphasizing of chemical, physical and chemical engineer-
ing subdisciplines which are advancing in ways which produce new information
related to energy, needed energy data, or new ideas. Another consideration
concerns the varying levels of knowledge needed by the different developing
energy technologies.

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 university and industrial researchers necessarily divide their time
among duties involving this research, other research, or teaching responsi-
bilities. Thus, about 70% of the funding goes to Federal laboratories, 25%
goes to the academic sector, and the remainder is at industrial and not-for-
profit laboratories.



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 booklet). Other questions about the
program may be directed to the undersigned.

| ALAR

Elliot S. Pierce, Director
Division of Chemical Sciences
Of fice of Basic Energy Sclences
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Each Branch of the Division of Chemical Sciences is divided into programs
which cover various disciplines. The following 1s a description of each of
those programs. The staff members responsible for each program are indicated
on page iii.

FUNDAMENTAL INTERACTIONS BRANCH (0l1- )

Photochemical and Radiation Sciences (01-01)

This program consists of research into the interactions of radiation with
matter in all forms, but particularly with gases and liquids. A large part
deals with the effects of ionizing radiation and fast electrons. The
photochemical research is largely devoted to studies with visible radiation
aimed at the capture and conversion of solar energy. This encompasses such
fields as artificial photosynthesis, photoinduced electron transfer reactions
in homo- and heterogeneous media, photoelectrochemistry, photocatalysis,

and the molecular storage of energy. A small part of the program is devoted
to research in hot atom chemistry, 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, spectroscopy and related studies will be
centered at the National Synchrotron Light Source at Brookhaven National
Laboratory.

Chemical Physics (01-02)

Disciplines covered by this program include chemical dynamics, energy
transfer, molecular structure and spectroscopy, theoretical quantum chemistry,
and statistical mechanics.

Special emphasis is placed on basic research related to combustion; advanced
diagnostic methods, spectroscopy, theory and the kinetics of elementary
combustion reactions are of speclal 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 ad-
vanced instrumentation to interested combustion scientists from universities,
industry and national laboratories.

Atomic Physics (01-03)

The Atomic Physics Program supports basic research on phenomena concerning
atoms and their ions, Support is provided for experimental and theoretical
studies of atom and ion structures, energy levels and energy state lifetimes,
and of transport and exchange processes characterized by the rate at which
transfer of energy, momentum or matter occurs. These studies strive to attain
the best and most complete knowledge of the properties and interactions of
photons, electrons, atoms, ions and simple molecules.
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Recent emphasis of this research has been on the understanding of relatively
high energy atomic physics that involves (1) ions stripped of all or most

of their electrons, and (2) atoms and ions whose electrons are promoted in
energy up to and including the energy continuum.

PROCESSES AND TECHNIQUES BRANCH (02- )

Chemical Energy (02-01)

This program includes basic chemistry research related to chemical transfor-
mations or conversions which are fundamental to new or existing concepts of
energy production and storage. Of particular interest are those research
activities with the objectives of understanding the chemical aspects of (1)
catalysis, both heterogeneous and homogeneous, (2) the characterization and
transformation of fossil resources — particularly coal, (3) the conversion
of biomass and related cellulosic wastes and (4) hydrogen production and
storage. The disciplines of organic, bio-, inorganic, physical, thermo- and
electrochemistry, including the more chemically oriented chemical engineering,
are central to this program. The emphasis i1s on understanding the chemical
principles underlying the new and developing technologies and on innovative
chemical research with potential for new energy concepts.

Separations (02-02)

This program is directed at improving our basic understanding of methods for
separating mixtures of gases, liquids, solids and their component molecules,
cations, anions, and isotopes. A substantial part of the program involves
research aimed at discovering the relationship between the structure of or-
ganic extractant molecules and their selectivity for cations, anions and their

complexes-as used in solvent extraction. The isotope separation program
emphasizes isotoplc properties and isotope effects and is quite basic.

Analysis (02-03)

The analytical program is aimed at supporting research on analytical tech-
niques where a better understanding of basics would enable other investigators
to improve the sensitivity, reliability, ease of operation and/or lower the
costs of analytical determinations. Entirely new analytical techniques are
also investigated but this program is not an instrument development program.
New techniques are quickly reported in the literature so that those interested
in instrument development can build-on work supported by this program. The
program covers optical spectroscopy, mass spectroscopy, photoacoustic spec—
troscopy, particle spectroscopy, laser spectroscopy, activation analysis, and
many other areas of analytical chemistry. In other words, this program is not
geared to using existing techniques to unravel the composition of materials nor
to develop techniques to analyze particular species, but is aimed at obtaining
a thorough understanding of all of the various aspects of chemical analysis so
that others may use this understanding to improve the uses of analysis.



Chemical Engineering Sciences (02-04)

This program addresses the more scientific and energy-related aspects of such
engineering topics as fluid and particle dynamics, mass transport, thermodynamics
and physical and chemical rate processes. Particular attention is given to tur-
bulence research related to combustion; experimental and theoretical thermo-
chemical and thermophysical properties, especially on mixtures, and phase
equilibria, including supercritical extraction phenomena; research on gas-solid
reaction modeling; and transport through porous media. Emphasis is given to
improving and/or developing the scientific base for engineering generalizations
and their unifying theories.
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The following is a list of "persons in charge" of Chemical Sciences projects
at DOE laboratories. These individuals are department/division, or laboratory
administrators who can provide information about specific programs or refer
inquiries to appropriate individuals.

AMES LABORATORY
Iowa State University
Ames, Iowa 50011

Chemical Sciences - Fundamental Interactions
H. J. Svec — Phone: (FTS) 865-6487 or (515) 294-6487

Chemical Sciences - Processes and Techniques
J. H. Espenson - Phone: (FTS) 865-5730 or (515) 294-5730

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois 60439

Chemistry Division
P. R. Fields - Phone: (FTS) 972-3570 or (312) 972-3570
Je Unik - Phone: (FTS) 972-3571 or (312) 972-3571

Chemical Engineering Division
F. A. Cafasso - Phone: (FTS) 972-4542 or (312) 972-4542

Physics Division
J. P. Schiffer - Phone: (FTS) 972-4066 or (312) 972-4066
D. S. Gemmell - Phone: (FTS) 972-4053 or (312) 972-4053

BARTLESVILLE ENERGY TECHNOLOGY CENTER
P. 0. Box 1398
Bartlesville, Oklahoma 74003

We Do Good - Phone: (FTS) 735-4210 or (918) 336-2400, Ext. 210
BROOKHAVEN NATIONAL LABORATORY
Upton, Long Island, New York 11973

Chemistry Department
J+ Hudis - Phone: (FTS) .666-4301 or (516) 282-4301

Department of Energy and Environment

B. Manowitz - Phone: (FTS) 666-3037 or (516) 282-3037
D. H. Gurinsky - Phone: (FTS) 666-3504 or (516) 282-3504
D. J. Metz - Phone: (FTS) 666-3054 or (516) 282-3054

Physics Department .
A. Schwarzschild - Phone: (FTS) 666-4015 or (516) 282-4015
K. W. Jones - Phone: (FTS) 666-4581 or (516) 282~4581

IDAHO NATIONAL ENGINEERING LABORATORY
Idaho Falls, Idaho 83401

EG&G Idaho, Inc. P. O. Box 1625
R. L. Heath - Phone: (FTS) 583~4447 or (208) 526-4447
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Exxon Nuclear Idaho Co., Inc. P. 0. Box 2800
W. A. Emel - Phone: (FTS) 583-3037 or (208) 526-3037

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, California 94720

Chemical Biodynamics Division
G. C . Pimentel — Phone: (FTS) 451-4355 or (415) 486-4355

Energy and Environment Division
E. J. Cairns - Phone: (FTS) 451-5001 or (415) 486-5001

Materials and Molecular Research Division
A. W. Searcy - Phone: (FTS) 451-6062 or (415) 486-6062

The National Resource for Computation in Chemistry
W. A. Lester, Jr. - Phone: (FTS) 451-6722 or (415) 486-6722

LAWRENCE LIVERMORE NATIONAL LABORATORY
University of California

P. 0. Box 808

Livermore, California 94550

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

LOS ALAMOS NATIONAL LABORATORY
University of California

P. 0. Box 1663

Los Alamos, New Mexico 87545

CMB DIVISION
M. G. Bowman - Phone: (FTS) 843-6014 or (505) 667-6014

CNC Division
R. R. Ryan - Phone: (FTS) 843-6045 or (505) 667-6045

P Division
T. F. Stratton, Acting — Phone: (FTS) 843-1675 or (505) 667-1675

Q Division
W. E. Keller - Phone: (FTS) 843-4838 or (505) 667-4838

MOUND LABORATORY
P. 0. Box 32
Miamisburg, Ohio 45342

Nuclear Operations Department
R. E. Vallee - Phone: (FTS) 774-3318 or (513) 865-3318
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NOTRE DAME RADIATION LABORATORY
University of Notre Dame
Notre Dame, Indiana 46556

R. H. Schuler - Phone: (FTS) 332-7308 or (219) 283-7502

OAK RIDGE NATIONAL LABORATORY
P. 0. Box X
Oak Ridge, Tennessee 37830

Analytical Chemistry Division

W. D. Shults - Phone: (FTS) 624-4881 or (615) 574-4881

Chemical Technology Division

D. E. Ferguson — Phone: (FTS) 624-6148 or (615) 574-6148

Chemistry Division

0. L. Keller - Phone: (FTS) 624-4987 or (615) 574-4987

Physics Division
P. H. Stelson - Phone: (FTS) 624~4773 or (615)

PACIFIC NORTHWEST LABORATORY
P. 0. Box 999
Richland, Washington 99352

Chemical Technology Department
R. E., Nightingale — Phone: (FTS) 444-7511 Ext.
P. C. Walkup - Phone: (FTS) 444-7511 Ext.

Physical Sciences Department
J. M. Nielsen - Phone: (FTS) 444-3530 or (509)
N. E. Ballou - Phone: (FTS) 444-3061 or (509)

PITTSBURGH ENERGY TECHNOLOGY CENTER
P. 0. Box 10904
Pittsburgh, Pennsylvanla 15236

Chemical and Instrumental Analysis Division

574-4773

946-2597 or (509) 946-2597
946-2432 or (509) 946-2432

942-3530
942-3061

H. L. Retcofsky — Phone: (FTS) 723-5786 or (412) 675-5786

SANDIA NATIONAL LABORATORIES/ALBUQUERQUE
P. 0. Box 5800
Albugerque, New Mexico 87115

Laser Research and Development Department
J. B. Gerardo — Phone: (FTS) 844-3871 or (505)

844-3871

Radiation and Surface Physics Research Department

R. L. Schwoebel - Phone: (FTS) 844-4309 or (505) 844-4309
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SANDIA NATIONAL LABORATORIES/LIVERMORE
Livermore, California 94550

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

SOLAR ENERGY RESEARCH INSTITUTE
1617 Cole Boulevard
Golden, Colorado 80401

A. J. Nozik - Phone: (FTS) 327-1953 or (303) 231-1953
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Laboratory Project Data

All the summaries of projects funded by a particular Chemical Sciences
program (e.g., chemical physics) in a particular Laboratory's division or
department are in a contiguous sequence in this book. Total dollars for
each such sequence are given at its beginning.

There are two numbers above each summary, other than its entry number.

The number immediately to the right of the project title indicates the
scientific person years devoted to the project. The other number is the
four digit code which identifies the Chemical Sciences program which funds
the project, as defined previously.
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Photochemical and Radiation Sciences

Ames Laboratory Total $255,000
Iowa State University
Ames, Iowa 50011

1. PHOTOPHYSICS, PHOTOCHEMISTRY AND ) 3.0 01-01
SPECTROSCOPY
G. J. Small

This program has as its general goal an understanding of mechanisms by which
vibronically excited states of organic molecules and solids are created by
linear and nonlinear interactions with photons, and the subsequent excited
state relaxation processes, both photophysical and photochemical. Specific
current problems include: the structure of and photoisomerization processes
in amorphous solids and their probing with hole burning and fluorescence line
narrowing spectroscopy; the role of mixed exciton-photon states (polaritons)
in light absorption and their generation in crystals; utilization of jet
cooled excitation and fluorescence spectroscopy for the study of charge-
transfer states and vibrational relaxation in isolated molecules; electronic
energy transport in ordered and disordered solids and; the application of
coherent Raman spectroscopies to the problem of vibrational relaxation in
molecular glasses.

2. PICOSECOND SPECTROSCOPY AND REACTION 3.0 01-01
DYNAMICS
W. S. Struve

This program emphasizes applications of picosecond lasers to studies of
photochemical mechanisms and time-resclved photocurrents in electrochemical
cells. Gas-phase and solution-phase photodissociation of aryl iodides is
probed by picosecond-resolved fluorescence and transient absorption experi-
ments, and contrasted with the known relaxation dynamics of the aryl sub-
strate. Similar studies are directed to charge transfer photochemistry of
organic carbanions in solution. Solvent effects on the competition between
predissociation and vibrational relaxation in halogen diatoms are monitored
using fluorescence spectra and profiles under tunable picosecond pumping.
This research is oriented toward an improved understanding of excited state
processes pertinent to solar photochemistry.



Photochemical and Radiation Sciences

Chemistry Division Total $3,300,000
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

3. RADIATION CHEMISTRY OF LIQUIDS, 4.0 01-01
SOLUTIONS AND ORGANIC COMPOUNDS
G. Closs, C. Jonah, J. Miller,
M. Sauer, S. Gordon, A. Trifunac,
K. Schmidt

This research has two goals, to understand the mechanisms of energy deposi-
tion in polar and nonpolar liquids and to use the reactive species formed by
primary events as reagents and probes to study problems of fundamental in-
terest. The structure and reactivity of primary species formed in organic
solvents give information about these unusual chemical species. Solvation
and reaction rates of solvated electrons are useful probes to energy deposi-
tion in polar media. The species created by radiation are probes for study-
ing electron transfer, redox processes, free radicals and excited states in
both polar and nonpolar media. Organic radicals such as tropilium ions and
cyclopropenyl radicals are being studied to understand their structure and
aromaticity. The redox chemistry and hydrolysis mechanisms of actinides are
being studied to understand the role of f electron structure and the chemical
processes which occur in nuclear waste management. Yields of radicals using
high LET particles are being studied. The basic tools being used are the ANL
picosecond electron linac and 3 MeV Van de Graaff.

4. PREPARATION OF ORGANISMS AND 2.0 01-01
BIOLOGICAL MATERIALS OF UNUSUAL
ISOTOPIC COMPOSITION
.H. Crespi, J. J. Katz, J. Norris

This program has as its objective the production of photosynthetic and other
organisms substituted with biologically important stable isotopes such as 2H,
13C, 15§ and 25Mg. A large number of green algae, blue-green algae, bacteria,
yeasts and molds 1is routinely available in unnatural isotopic composition in-
volving single or multiple substitution. Isotopically altered materials are
necessary to the full application of electron spin echo spectroscopy, elec-
tron spin resonance and nuclear magnetic resonance spectroscopy, small-angle
neutron scattering analysis, and resonance Raman spectroscopy to problems

in photosynthesis. 1Isotopically altered green and blue-green algae, photo-
synthetic bacteria and Halobacterium halobium are cultured on a large scale
for the support of photosynthesis studies. 1In addition, effort is directed
toward the efficient preparation of large amounts of chlorophyll and its
derivatives for use in biomimetic studies. A research effort is centered
about the structure and function of bacteriorhodopsin, the light-driven,
proton pumping membrane protein of the Halobium species of bacteria.




Chemistry Division, ANL, continued

5. GAS PHASE RADIATION CHEMISTRY RELEVANT 3.0 01-01
TO COMBUSTION AND ATMOSPHERIC REACTIONS
S. Gordon, M. Sauer, C. Jonah,
W. Mulac

The goals of this research are to measure and understand the fundamental pa-
rameters relevant to the reactions of reactive species involved in atmospheric
and combustion chemistry. The experimental work includes the determination
of the rate constants of reactions involving OH, HO; and O. Absorption spec-
trophotometry in conjunction with pulse radiolysis is used to follow reactant
or product concentrations as a function of time. Extension of the temperature
range to at least 1000 K is underway because of the importance of the higher
temperature domain to combustion chemistry. An advantage of the pulse-
radiolysis technique is that reactions can be examined at higher pressures
than is convenient using other techniques, thereby facilitating determination
of third-body effects.

6. CHLOROPHYLL AND PHOTOSYNTHESIS 5.0 01-01
RESEARCH
J. J. Katz, J. C. Hindman

Physical and chemical studies of laboratory model systems and of photosyn-
thesis in vivo are in progress to clarify chlorophyll function in the primary
light conversion events of photosynthesis. Laser photochemistry techniques
are being used (a) to establish the excited state properties of chlorophyll;
(b) to examine the effect of excitation frequency on in vivo fluorescence;
and (c) to study energy transfer in model systems containing defined chloro-
phyll species. The primary objective in these studies is an assignment of the
fluorescence emissions of photosynthetic organisms in terms of specific
chlorophyll species. Model systems (especially for bacteriochlorophyll) for
more complete photoreaction centers and for antenna chlorophyll are being
prepared by (a) self-assembly and (b) chemical syntheses involving allomeri-
zation reactions. Plasma desorption mass spectroscopy and the nmr spectros-
copy of immobilized chlorophyll systems are being developed to characterize
the stoichiometry and structures of chlorophyll model systems of interest.




Chemistry Division, ANL, continued

7. ELECTRON TRANSFER PROCESSES STUDIED BY 4.6 01-01
RADIATION CHEMISTRY AND PHOTOCHEMISTRY
J. Miller, G. Closs, D. Meisel,
C. Jonah

This program studies basic principles for photochemical energy conversion and
storage. These include electron transfer by excited states of molecules,
suppression of back reactions of energy-rich intermediates, and redox catal-
ysis to convert these reactive intermediates into useful fuels. Pulse radi-
olysis, laser flash photolysis, fluorescence spectroscopy, dynamic nuclear
spin polarization and single-photon counting are being used to measure:

(1) distances possible for an initial charge separation step; (2) control of
long-distance electron transfer rates by the nature of the molecules between
the donor and acceptor; (3) enhancement of charge separation efficiency by
increasing charge density in functionalized polymers; (4) efficiencies of
collodial metal catalysts for hydrogen production from water, including their
comparison to bulk electrodes; and (5) structures of short-lived ion pairs in
solution. Fundamental understanding from these studies will enable synthesis
by design of efficient molecular charge separation machines, and effective
redox catalysts for capture of light energy as usable fuels.

8.  PHOTOSYNTHESIS STUDIES: REACTION CENTER 4.4 01-01
STRUCTURES, FUNCTIONS AND MECHANISMS
J. Norris, G. Closs, L. Shipman,
M. Wasielewski, M. Thurnauer,
M. Bowman

The fundamental goal of this program is the development of artificial photo-
synthesis through the better understanding of the natural photosynthetic unit.
The work emphasizes the investigation of structural features of photosynthesis
related to the mechanisms of photoinduced electron transfer reactions that
occur in the picosecond to nanosecond time domain. Structure and mechanisms
are probed by a variety of means, including theory, optical spectroscopy,
unnatural iostope biology, and especially magnetic resonance. Specific areas
that are under investigation include the following: (a) determination of
accurate distances between members of the electron transport chain; (b) mea-
surement of relative angles of orientation between various components;

(c) identification of new long- and short-lived photoactive intermediates,
particularly in green plants; (d) establishment of the kinetics of electron
transfer in the initial chemical steps of photosynthesis; and (e) develop-
ment of new theoretical insight to energy transduction and the structure of
the photosynthetic machinery.



Chemistry Division, ANL, continued

9. RADIATION AND PHOTOCHEMISTRY STUDIED 4.2 01-01

BY MAGNETIC RESONANCE
A. D. Trifunac, G. Closs

Magnetic resonance methods are being developed and applied to the study of
fast chemical processes in radiation and photochemistry. Several methods in-
volving electron paramagnetic and nuclear magnetic resonance of liquids and
solids are being utilized to detect and study transients in pulse radiolysis
and laser photolysis. Studies now in progress include quantitative study of
kinetics, electron spin relaxation, and electron and nuclear spin polarization
of transient radicals and their reaction products. These studies are aimed at
providing better understanding of the interaction between the reactive radi-
cals in solution and in exploring the possibilities of influencing their chem-
istry by application of magnetic fields. Excited states produced in pulse
radiolysis and by laser-induced photoionization are being studied by optically
detected electron paramagnetic resonance. These processes involving charge
separation and recombination are of fundamental importance in any scheme of
energy storage. A new solid state NMR spectrometer will be used to study
pulse radiation damage in polymers.

10. ARTIFICIAL PHOTOSYNTHESIS 2.2 01-01
M. Wasielewski

Artificial photosynthesis research is directed toward the laborabory duplica-
tion of natural photosynthetic solar energy conversion. Synthetic photoreac-—
tion centers are being prepared as models of their natural counterparts.
These models include novel monomeric chlorophyll enol electron donors and
complex donor-acceptor systems. The latter models place chlorophyll electron
donors in fixed geometries relative to both pheophytin and quinone electron
acceptors. Time-resolved optical absorption and emission spectra of the
models are being examined for evidence of light-induced charge separation.
The radical ions of the various oxidized donors and reduced acceptors are
being prepared electrochemically and characterized by their optical and mag-
netic resonance properties. Experiments utilizing the model systems in a
prototype biomimetic device, a synthetic leaf, are being pursued. These
studies involve using thin films of photoreaction center models to photo-
catalyze chemical reactions that are energy intensive.
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11. RADIATION CHEMISTRY 5.3 01-01
B. H. J. Bielski, R. W. Dodson,
R. A. Holroyd, H. A. Schwarz

This program uses radiolysis and photolysis, emphasizing pulse methods, to
study the behavior and reactions of transient chemical species (lomns,
electrons, free radicals, and excited states of molecules). Principal
areas of investigation are: properties and reactions of electrons in
dielectric fluids, reactions of superoxide radicals and singlet oxygen in
biological systems, reactive metal ion Intermediates in redox reactions,
and electron transfer reactions in photosynthesis. The aims of the
program are to provide the basic knowledge needed for the understanding and
control of chemical reactions involving transient species, many of which
are components of energy production processes (direct solar conversion,

combustion, etc.) or are harmful consequences of these same processes
(corrosion, environmental pollution, etc).

12. SELECTIVE LASER-INDUCED CHEMISTRY 2.5 01-01
D. M. Brenner

The research program in laser photochemistry and spectroscopy currently in-
volves experiments related to the phenomenon of infrared multiphoton ab-
sorption and subsequent chemistry. The objective of these experiments is
to reveal the dynamics of absorption by probing the internal energy distri-
bution of vibrationally-excited molecules prior to reaction. These measure-
ements involve energy transfer, spectroscopy, product analysis and opto-
acoustic studies. This wide range of experiments permits an investigation
of the exceedingly complex nature of IR multiphoton-induced chemistry from
several different perspectives. A knowledge of the partitioning of excess
energy in photodissociation reactions 1s fundamental to an understanding of
chemical dynamics and energy storage. In particular, some photolytic
reactions involve, in part, the conversion of light into vibrationally
excited products. The details of this energy transformation are being
examined in the laboratory with several techniques including laser—induced
fluorescence, photoionization, and infrared chemiluminescence.



Chemistry Department, BNL, continued

13. PHOTOCHEMICAL ENERGY CONVERSION 6.2 01-01
C. Creutz, N. Sutin

This program involves photochemical investigations of transition metal com-
plexes and, in particular, the electron-transfer properties of charge-
transfer excited states. Particular attention is being paid to systems
capable of effecting the decomposition of water into hydrogen or other use-
ful chemicals and oxygen. Efficient light conversion and storage require
the diversion of a significant fraction of the electronically excited mole-
cules into "useful reactions” which must be driven in competition with
rapid physical deactivation processes (luminescence and radiationless
decay) and chemical "back- reactions”. A major objective of this program
is the quantitative study of these physical and chemical deactivation pro-
cesses; the lifetimes and other physical properties of excited states are
being measured and the rates of electron—-transfer reactions of transition
metal complexes are being determined. An additional direction of the
program involves investigations of useful thermal reactions of transition
metal ions in very high and very low oxidation states.

14. PICOSECOND SPECTROSCOPY 2.5 01-01
T. L. Netzel

Photochemistry can be divided into two classifications: wunimolecular
primary processes usually occurring on a sub-nanosecond time scale, and dark
reactions which may be multi-molecular and occur on a longer time scale.
This research program is designed to investigate the ultrafast unimolecular
processes in complex molecular structures such as cofacial diporphyrins,
covalently linked two- and three-membered chlorophyll aggregates, and
inorganic compounds with two metal nuclei. The major experimental technique
is picosecond absorption spectroscopy and the scientific focus is on
understanding light-driven electron transfer processes. This theme is
present in each of the study areas: diporphyrin and polychlorophyll
molecules as well as polynuclear metal complexes. However, these processes
must be viewed in the context of a broad understanding of early excited
state photophysics. This is especially true for transition metal complexes.
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15. CHEMISTRY RESEARCH AT THE NSLS
M. D. Newton, Coordinator
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In this program, the aim is to advance a number of areas of chemical
research by utilization of photon beams from the National Synchrotron Light
Source (NSLS), which is to begin first operations at Brookhaven in the
summer of 1981. NSLS will provide high intensity, pulsed, polarized photon
beams ranging in energy from the ultraviolet to the x-ray region. Crucial
to the research is the quality of the experimental facilities to be
available, and members of the Chemistry Department have been active in’
designing and building some of the lines that they and colleagues elsewhere
will use. Problems to be pursued at the NSLS are in many cases outgrowths
of on-going Departmental work and include gas phase photoionization and
chemical kinetics studies, fluorescence lifetime and photoconductivity
measurements, photoelectron spectroscopy, and x-ray diffraction.
Experiments are also being planned on the EXAFS and x-ray fluorescence
facilities which will be available at the NSLS.

16. ENERGY TRANSFER IN CHEMICAL KINETICS 4.0 01-01
R. E. Weston

The energy distribution in products of chemical reactions provides a sensi-
tive probe of the reaction mechanism. Collisional energy transfer from ex-
cited atoms or molecules perturbs the energy distribution and plays an im-
portant role in the reaction mechanism. In this program the transfer of
both electronic and vibrational energy is being studied. In both cases
atoms or molecules are produced in specific excited states by a pulse of
ultraviolet, visible, or infrared radiation. The excited species can
transfer energy to another molecule by collision, or can spontaneously lose
energy by emission of radiation. The competition between these two pro-—
cesses leads to a decrease in observed fluorescence lifetime, which can be
related to a cross section for energy transfer. In addition, laser—-induced
reactions——unimolecular reactions, bimolecular reactions, and photo-
dissociation of vibrationally excited molecules--are being investigated.
The laser energy absorption process, energy flow within excited molecules,
and energy transfer from excited species are studied.



Chemistry Department, BNL, continued

17. CHEMISTRY OF ENERGETIC ATOMS: BASIC 4.7 01-01
RESEARCH AND APPLICATIONS
A. P. Wolf, R. M. Lambrecht

This program 1s devoted to the study of the chemistry of atomic and mole-
cular species which are either in energy-rich states or are of exception-
ally high chemical reactivity. These may be neutral or charged reactants
in ground or electronically excited states, reactants with high kinetic
energies, or specles which react with high efficiency. Included are
reactive intermediates produced by nuclear processes, reactions of C, N, O,
and halogen atoms, and studies of atom—atom and atom—molecule reactions in
an energy range inaccessible by conventional methods. Atomic species are
also produced in known electronic states and with a known temperature by
use of a microwave discharge. New methods of generation will include the
use of synchrotron "light” to produce high concentrations of molecular ions
in reactive media and the development of a new type of ion accelerator to
produce intense beams of singly-charged atoms and low molecular weight
species. Spectroscopic and chemical techniques are used to identify
reactants and products and to determine rates of gas phase reactions.



10

Photochemical and Radiation Sciences

Department of Energy and Environment Total $910,000
Brookhaven National Laboratory
Upton, New York 11973

18. PORPHYRIN CHEMISTRY 6.7 01-01
J. Fajer

This program addresses 1) the role of porphyrin derivatives in the photosyn-
thetic conversion of light into chemical energy, 2) the catalytic function of
porphyrins in bioenergetic reactions, and 3) applications of these reactions
to biomimetic solar energy transduction and to photocatalysis for the fixation
of carbon and nitrogen. The work encompasses-synthetic, structural, physical
and theoretical chemistry, and presently includes the identification of the
primary electron acceptors in photosystems I and II of green plants; electron-
electron double resonance to estimate distances between acceptors; theoretical
modelling of ligand effects, substituent orientation and hydrogen bonding in-
duced by neighboring molecules on the properties of chlorophyll radicals;
x-ray studies of structural and stereochemical changes in porphyrins caused

by the gain or loss of electrons; synthetic models of porphyrin-mediated bio-
catalytic generation of ammonia (isobacteriochlorins); and picosecond electron
transfer in cofacial diporphyrin analogs of the molecular arrays currently
believed to effect the primary photoacts in photosynthesis.

19. INVESTIGATION OF CHEMICAL PROPERTIES 2.4 01-01
AND REACTIONS OF MONO- AND DINUCLEAR
FERROCENE DERIVATIVES
M. Hillman

This program is an investigation of the preparation and properties of unusual
metallocenes and related compounds that are expected to have application in
the energy program, especially towards the splitting of water. Particularly,
for the oxidation of water a bridged ferrocene derivative is being prepared
that can be attached to a silicon electrode. The oxidized state of the com-~
pound has a potential high enough to oxidize water and is stable under the
conditions required. For the reduction of water, a bridged bisfulvalenedi-
iron derivative is being prepared. This compound has tilted Cp rings and is
expected to be protonated more easily than the parent non-bridged derivative
and therefore to release hydrogen at a lower pH.
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20. KINETICS AND MECHANISMS OF CHEMICAL 3.1 01-01
PROCESSES RELATED TO THE DEVELOPMENT
AND USE OF ENERGY
J. W. Sutherland

This research is directed toward understanding: (a) the modifying influence
of surface environment on the basic photophysical and photochemical properties
of selected molecules adsorbed on high surface area solids; and, (b) the pho-
tochemistry of hydrazine. The investigation into the photochemistry of pyrene
adsorbed on porous glass continues; short-lived absorbing species, prompt and
delayed fluorescence properties and absorption and excitation spectra are be-
ing studied as functions of surface coverage, light intensity and the presence
of known electron scavengers and excited state quenchers. Preliminary studies
with hydrocarbon sorbates having different physical properties (e.g., ioniza-
tion potential, electron affinity and acid strength) have begun. The photol-
ysis of solutions of hydrazine in acetonitrile is being investigated. The
effects of concentration, temperature and flash intensity on the yields and

on the kinetics of the transient species formed on flash photolysis are being
examined. These data, together with analyses of the permanent products formed,
are being used to describe mechanisms for the photoreactions of hydrazine.
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21. ARTIFICIAL PHOTOSYNTHESIS 4.5 01-01
M. Calvin, J. W. Otvos

This research is directed toward devising synthetic systems to accomplish the
transfer of photoelectrons across phase boundaries, the way natural chloro-
plasts convert quanta into chemical energy. One system consists of lipid
vesicles with EDTA inside, surfactant ruthenium complex in the bilayer wall,
and methylviologen outside. Ionophores to facilitate ion movement through
the membrane (e.g., valinomycin) give the control of the electric field
across the membrane. Twelve-fold enhancements in quantum yield have been ob-
tained. Water—in-o0il microemulsions are also under study. Still another
system is provided by 40 & diameter colloidal Si0y particles. With zinc tetra-
pyridyl porphyrin as a multiply charged photosensitizer, neutral propylviolo-
gen sulfonate as electron acceptor, and triethanolamine as donor, quantum
yield can be studied as a function of factors that change the surface charge:
PH and ionic strength. Ten-fold increases in quantum yield due to the SiO
particles have been demonstrated. Flow dialysis and flash photolysis experi-
ments are in progress to determine colloid binding properties and reaction
kinetics.

22. PHOTON CONVERSION 2.0 01-01
G. C. Pimentel, J. Clark

This research is directed toward the study of the chemistry of electronically
excited molecules and the design of systems that facilitate gchemical storage
of photon energy. On the picosecond time scale, proton transfer kinetics for
the intramolecular H-bond of electronically excited l-naphthol-2-sulfonate
have been measured. This work will be extended to appropriately substituted
naphthols. Other picosecond studies are beginning on excited state electron
transfer between aromatic hydrocarbons and amines in solvents of different
polarity. Apparatus is being assembled for dye laser excitation of endother-
mic chemical reactions in cryogenic solids. Reaction paths and competing
processes will be followed through in situ infrared identification of pro-
ducts, measurements of quantum yields, and chemiluminescence of electron-
ically excited products. Mercury-photosensitized reactions furnish good test
systems since mercury atoms can be selectively excited either to singlet or
triplet states, which display different excimer chemistry. Construction of
apparatus for 10 nanosecond infrared spectroscopy has begun.



13

Photochemical and Radiation Sciences

Materials and Molecular Research Division Total $370,000
Lawrence Berkeley Laboratory

University of Calfiornia

Berkeley, California 94720

23. PHOTOCHEMISTRY OF MATERIALS IN THE 3.8 01-01

STRATOSPHERE
H. S. Johnston

With primary emphasis on stratospheric ozone, this project studies atmo-
spheric photochemistry through laboratory measurements, by interpretation of
atmospheric observations made by others, and with theoretical models. Photo-
chemical reactions are initiated by laser flash photolysis; the concentra-
tions of atomic or free-radical species, such as Cl, 0, HO, and NO are fol-
lowed by resonance fluorescence; and the concentration of the nitrate free
radical NO; is followed by laser absorption. Rate constants are determined
for reactions of Cl with CINO, CINO,, and HNOj3, and the product yield of NOj
is found for reactions such as HO + HNO3;. An improved method is being devel-
oped for the production of peroxy-nitric acid, and its photochemical re-
actions are being studied. As atmospheric scientists report measurements of
stratospheric species, such as N,0, HCl, CH,, H,0, NO,, Cl, HOO, and O, these
results are interpreted in terms of their contribution to the instantaneous
global ozone balance.

24, PHOTON-ASSISTED SURFACE REACTIONS, 1.0 01-01
MATERIALS AND MECHANISMS
G. A. Somorjai

The photon-assisted dissociation of water vapor and gaseous carbon dioxide, and
subsequent catalyzed surface reactions of these molecules are studied. Tran-
sition metal oxide (SrTiO3, Fe304) surfaces are utilized to obtain Hp, CO,
CH4, 02, and other small molecules by photochemical means. The reactions are
carried out on well characterized crystal surfaces. The surface reaction
mechanisms and the nature of the surface reaction intermediates are studied by
electron spectroscopies (XPS, UPS, HREELS) and the reaction is monitored by
gas chromatography and mass spectroscopy.
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25. THEORETICAL STUDIES ON REACTING SYSTEMS 5.3 01-01
D. M. Chipman, W. M. Huo, J. J. Kozak

Quantum and statistical mechanics methods are being developed to interpret
phenomena in radiation chemistry and photochemistry, especially those
involved in chemical-dynamic processes related to energy storage and trans-
fer. New quantum mechanical approaches are being used to provide informa-
tion on electronic and molecular structure, potential energy surfaces,
reaction mechanisms, electron-solvent interactions and spin density distri-
butions in free radicals. Quantum dynamical aspects of the interaction of
radiation with matter, and specifically the temporal decay of excited states
of two- and three-level atomic and molecular systems, are being studied using
new analytical techniques developed in this laboratory for solving the time-
dependent Schrodinger equation. A comprehensive theory of photo- and
radiation- induced redox reactions in organized molecular assemblies is
being developed. These latter studies have considerable relevance to our
understanding of experiments in which organizates may be applied in photo-
chemical processes to effect the storage of solar energy.

26. ORGANIC PHOTOCHEMICAL PROCESSES 4.8 01-01
P. K. Das, M. V. George, T. Kilp

Photochemical processes in organic systems are being examined to provide
information on the role of iIntermediates including radicals, biradicals and
triplet states, on energy transfer mechanisms and on the resultant overall
photochemistry. Currently emphasis is on the use of laser flash photolysis
techniques to study both intermolecular and intramolecular energy migration.
Studies include examination of intermolecular energy transfer between quasi-
isoenergetic triplets, intramolecular transfer in molecules containing two
chromophores, energy hopping along a polymeric chain, and energy trapping
in copolymers containing several types of chromophores. These studies on
energy migration in polymers are particularly relevant to photosynthesis
and to possibilities for enhancing the properties of polymers toward photo-
degradation or photostabilization. Other studies in progress are directed
toward understanding photochemical processes involving bi-radicals, partic-
ularly those produced from aromatic ketones and toward the reactions of
photolytically produced oxygen centered radicals.



15

Notre Dame Radiation Laboratory, continued

27. INORGANIC PHOTOCHEMICAL STUDIES 4.5 01-01
G. J. Ferraudi

The photochemical properties of transition metal ion complexes with macro-
cyclic ligands are being investigated. The nature of the metal center, the
effect of ligand structure, and the overlap of the T system with the elec-
tronic density of the metal ion are being examined using different members of
a given family of macrocycles. The dependence variations of the photo-
chemical response on the electronic configuration of the complex are being
investigated to evaluate the Importance of different contributions in various
regions of the spectrum. Reference pulse radiolytic experiments are also
being carried out to provide spectroscopic and reaction rate information on
redox intermediates. Many macrocyclic complexes of metal ions undergo photo-
chemically produced electron transfer with light in the visible region of the
spectrum and so have potential applications for initiating processes with
solar radiation. Copper complexes are being particularly examined since they
absorb visible light and photosensitization by the metal center has been
shown to result in chemical changes in the macrocyclic ligand.

28. MICROWAVE STUDIES ON RADIATION 3.2 01-01
CHEMICALLY PRODUCED INTERMEDIATES
R. W. Fessenden

!

Time-resolved ESR experiments are being carried out to provide information
on the reaction kinetics of specific radicals and on spin population
dynamics of radiation produced radicals. Both pulsed microwave and pulse
radiolysis methods are used. The latter provide quantitative data for tests
of the current theories of chemically induced dynamic electron polarization
(CIDEP). More conventional steady-state ESR experiments are used to study
electron distributions in radicals, radical formation mechanisms and to
examine electronvgxchange and protonation equilibria. These latter experi-
ments form part of an integrated approach using a number of techniques to
give detailed data on the mechanisms of radiation chemical reactions. Micro-
wave conductivity is also being used to study electron attachment processes
in gases at pressures of one atmosphere and above in order to determine the
importance of Van der Waal's complexes in these reactions and to examine
ionization phenomena in dielectric liquids.
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29. TIME RESOLVED STUDIES OF PHOTOLYTIC 3.2 01-01

REACTIONS
R. W. Fessenden

Time resolved microwave absorption methods are applied to characterize the
charge distribution in intermediates produced by laser excitation. Partic-
ular attention is being given to measuring the degree of charge separation
in various radicals, excited states (triplets) and exciplexes. Parallel
optical absorption experiments are being carried out to provide more
complete descriptions of the photolytic processes involved. Optical
absorption methods are also being used to examine direct oxidation by photo-

ionization for comparison with the intermediates produced by secondary
oxidation with OH and SOz. Double pulse experiments are used to character-

ize the absorption bands of intermediates and to better understand their
energy levels. These investigations are complimented by steady state and
time resolved ESR studies of photolytically produced radicals.

30. THEORETICAL ASPECTS OF RADIATION 3.0 01-01
CHEMISTRY
K. Funabashi, W. H. Hamill,
A. Mozumder

Attention is being focused on cross sections for capture of thermal
electrons, problems associated with electron thermalization especially with
respect to determinations of thermalization times and distances, dielectric
relaxation in polar liquids, influence of field dependent transport co-
efficients on escape probabilities, examination of the random-walk model for
electron scavenging, theoretical studies of the optical absorption of sol-
vated and trapped electrons, studies of the mechanisms for localization of
energy in irradiated polyatomic systems and on the nature and properties of
reactions at early times particularly as they apply to track effects.
Contributions of secondary electrons in the reactions within heavy particle
tracks are being examined. Conclusions from these studies are important both
to radiation chemistry and to other areas where ions are important such as
reactions of ions in the atmosphere and electrical properties of insulators.
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31. SPECTROSCOPY OF REACTION INTERMEDTATES 3.9 01-01
J. Hardwick, J. J. Bentley, Jr.,
Y. Inel, G.N.R. Tripathi, D. Winicur

Spectroscopic studies of reactive species produced in radiolysis, photolysis
and combustion processes are being carried out to identify those species,
determine their molecular structures, probe their excited vibrational and
electronic states, determine the inter- and intramolecular pathways through
which excess energy is redistributed and to examine their reaction kinetics.
High resolution absorption and emission spectroscopic methods together with
laser excited fluorescence are used to determine rotational, vibrational and
electronic energies of radicals and other intermediates present in flames.
Gas phase kinetic processes involving combustion intermediates such as CH40-
are followed spectroscopically. Radicals are also being studied in both the
l1iquid and solid phase by resonance Raman techniques. Photoacoustic tech-
niques are used to examine the collision~induced absorption of forbidden
vibrational modes to provide information on the transient dipole moments and
molecular distortions which result from molecular collisions.

32. ELECTRON TRANSFER REACTIONS 6.0 01-01
P. Neta, H. Levanon

Pulse radiolysis techniques are being used to characterize the kinetic
properties of short lived transient species involved in electron transfer

or redox mechanisms. Approaches developed in this laboratory provide
methods for examining electron transfer equilibria and allow the determin-
ation of one-electron oxidation or reduction potentials for various types

of organic radicals. Details of the oxidation and reduction of organic
molecules by both organic and inorganic radicals are being examined. Addi-
tionally, time resolved studies are used to determine the reactivities of the
intermediates following radiation initiated cleavage of both organic com-
pounds and inorganic ions. Special attention is given to electron transfer
reactions involving porphyrins and similarly large molecules and also to
intramolecular electron transfer within organic radicals and metal complexes.
The ultimate aim of these various studies is to expand our understanding of
reaction intermediates so as to be able to predict their role in both
radiation and conventional chemical systems.
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33. INFLUENCE OF ORDERED MOLECULAR 3.8 01-01
ASSEMBLIES ON CHEMICAL PROCESSES
L. K. Patterson

Basic information governing relationships between the organization of hydro-
phobically structured surfactant assemblies and the influence these assem-
blies have on the kinetics of bulk phase, interfacial and surface processes
is being developed. Unique properties include non-homogenous distribution of
reactants, surface orientation and surface charge effects, changes in chem-
istry resulting from reduction in dimensionality of the reactant phase, and
compartmentalization of the reaction into microregions with well defined
boundaries. The possibility for kinetic control over photochemical pro-
cesses has significant implications in the design of systems appropriate to
the chemical storage of energy. Work is being increasingly focussed on be-
havior in spread monolayers where greater control may be exerted over the
character of the assembly and where very little attention has previously been
paid because of experimental limitations. Techniques applied in these
studies include chemical measurements, time resolved absorption spectroscopy
and both steady state and time-resolved fluorescence spectroscopy.

34. RADIATION CHEMISTRY DATA CENTER 1.0 01-01
A. B. Ross, W. P. Helman, G. Hug,
I. Carmichael

The Radiation Chemistry Data Center (RCDC) carries out a continuous survey
of the literature of radiation chemistry and photochemistry, critically
examines and compiles experimental data on intermediates produced by light
and ionizing radiation and provides to the scientific community a variety of
information services from its data bank. The Biweekly List of Papers on
Radiation Chemistry and Photochemistry is issued regularly to interested
subscribers. Critically reviewed and evaluated data on reaction intermedi-
ates prepared by the Center are of general importance to proper considera-
tions of both the basic scientific and technological application of chemical
processes, particularly those involved in radiation chemical and photo-
chemical (solar energy) programs.
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35. RADIATION INDUCED REACTIONS 6.8 01-01
R. H. Schuler, E. Janata,
L. K. Patterson, G.N.R. Tripathi

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 spectrophotometric,
conductivity, ESR, laser Raman and chromatographic methods) for examining
both intermediates in time resolved studies and for analysis of ultimate
products. Attention is, to a large extent, focussed on competition between
recombination processes that occur within the radiation produced track and
scavenging by added solutes. Interpretation of the data is enhanced by
improvements in dosimetry and time resolution at the LINAC facility which
allow optical and conductometric pulse radiolytic studies to be carried out
at nsec times. Studies are also being carried out at the Notre Dame Heavy
Ion Facility to examine track effects in radiation chemical reactions in-
duced by low Z ions having LET's of 1-100 ev/Angstrom. These track studies
are complemented by studies at very high intensities using a Febetron as a
radiation source.

36. ENERGY TRANSFER IN ATOMIC AND MOLECULAR 2.0 01-01
SYSTEMS
D. H. Winicur

Molecular beam methods are being used to examine the mechanisms, cross
sections and intermediate species involved in energy transfer in elementary
processes. Interactions between metastable, excited rare-gas atom and

various small molecules such COy, Hy0, (CH3),0, Hp, and F, are determined
from measurements of differential scattering cross sections using crossed-

molecular beams. The results from these experiments provide detailed infor-
mation on the nature of the interactions during the molecular collision, in-
dicate the states present immediately after the initial energy transfer and
allow a determination of the potential-energy curves for the interacting
species and of translational-to-rotational and translational-to-vibrational
energy exchange. Understanding of energy transfer mechanisms is of particu-
lar importance to the development of chemical lasers and it is planned to
extend these studies to a wide variety of energy transformations of interest
to radiation, photo-, laser and atmospheric chemistry.
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37. PHOTOPHYSICS AND PHOTOCHEMISTRY OF CHLOR- 1.0 01-01
OPHYLLS, PORPHYRINS AND MODEL SYSTEMS
FOR ARTIFICIAL PHOTOSYNTHESIS
J. S. Connolly

This research addresses the area of sensitized solar photochemistry in its
broadest sense. Thus it is concerned with spectroscopic and photophysical
studies of energy transfer as well as reversible and irreversible electron-
transfer reactions of excited states in a variety of organic and organometal-
lic systems. The experimental focus is on the properties of natural photosen-
sitizers (chlorophylls, porphyrins) with additional emphasis on model systems
for artificial photosynthesis. The goal is to contribute to an improved
understanding of the fundamental molecular properties required for efficient
light-induced electron transfer in photosynthesis and photocatalysis, broadly
defined. A systematic study has been initiated on the influences of molecular
environment and structure on.the excited-state properties of chlorophylls,
pheophytins and some other porphyrin-related molecules. In the model systems
area, laser flash photolysis experiments are being carried out on covalently
linked donor-acceptor complexes to study the kinetics and mechanisms of light-
induced electron transfer.

38. BASIC PHOTOELECTROCHEMISTRY RESEARCH 2.5 01-01
A. J. Nozik, J. A. Turner, A. J. Frank

Research is being conducted on new mechanisms of photoinduced charge transfer
across semiconductor-electrolyte interfaces and on the behavior of semiconduc-
tor photoelectrodes that are modified with surface layers of conducting or-
ganic polymers. Hot carrier effects, involving the injection of photogenerat-
ed charge carriers into the electrolyte before they fully thermalize in the
semiconductor, are being studied both theoretically and experimentally. The
theoretical work involves calculations of the kinetics of hot carrier injec-
tion and the thermodynamical consequences for maximum conversion efficiency.
Experimental work involves probing for hot carrier injection by looking for
chemical effects that could only arise from hot carriers, such as supra-
band-edge reactions and collision excitation of luminescent molecules.

Organic conducting polymers on semiconductor electrodes are being studied

with respect to their influence on charge transfer kinetics and the related
photo-stability properties of the semiconductor electrode,
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39, STATISTICAL MECHANICS OF GASEOUS SYSTEMS 2.0 01-02
D. K. Hoffman

This work has two basic aspects. One is the development of mathematical
models which predict the spatial correlation of events which occur sequen-
tially and irreversibly at sites on a lattice. In practical application the
"lattice'" is the regular array of (bulk or surface) sites of a solid at which
"events'" such as irreversible adsorption of atomic or molecular species,
corrosion, radistion damage, or structural transformations can occur. The
aim is to show how the energetic or geometric features of the system deter-
mine the spatial distributions of such events. These distributions in turn
affect bulk properties of the system. A second aspect of the work is to
understand transport and relaxation processes in polyatomic gases. In some
cases, e.g., those involving gas phase energy transfer, the processes them-
selves are important. In other cases they provide a macroscopic probe of the
collision dynamics. Current emphasis concerns collision models and approxi-
mation schemes from which transport and relaxation cross sections which sen-
sitively depend on inelastic collisions can be calculated with accuracy.

40. ATOMIC MOLECULAR AND FREE RADICALS 2.0 01-02
CROSSED BEAM KINETICS
C. Y. Ng

This program emphasizes obtaining accurate thermochemical data needed to
characterize elementary chemical reactions related to combustion. By com-
bining the molecular beam method and photoionization mass spectrometry, novel
experimental approaches are being developed, which make it possible to iso-
late and study pertinent reactants and products. Ongoing projects include
high resolution photoionization studies of simple molecules such as S0),

H»S, NO,, CoHp, CoHy, and CgHg. The high Rydberg state and ion-molecule
reactions of these molecules are being investigated by photoionization of the
neutral van der Waals dimers and clusters of these molecules formed in a
supersonic jet.
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41. MOLECULAR BONDING THEORY 3.0 01-02
K. Ruedenberg, S. T. Elbert

This project concerns determinations of molecular properties and of energy
changes during chemical reactions through quantum chemical calculations of
electronic structures. Its aim is prediction of reaction and activation en-
ergies for elusive intermediates and transition states which are needed in
energy-related research but difficult or impossible to obtain experimentally.
It includes studies of oxidation-reduction and exchange reactions involving
carbon, nitrogen, oxygen and hydrogen to elucidate reactions occurring during
combustion, in the atmosphere, and during hydrogenations. The method of Full
Optimized Reaction Space (FORS) for an unrestricted description of electronic
rearrangements along chemical reaction paths has been developed. The FORS
model predicts reactive energy changes and their implications for reaction
mechanisms within chemical accuracy. Analysis of the FORS model is underway
to develop quantitative interpretative concepts which aid intuitive reason-
ing, consistent with ab-initio calculations, so as to anticipate the conse-
quences of reactive changes with minimal computation.

42. ION CHEMISTRY - MASS SPECTROSCOPY 2.0 01-02
H. J. Svec, G. D. Flesch

This program emphasizes studies of the production of gaseous ions and neutral
products resulting when molecules interact with energetic electrons. The
development of a double ended, dual ionization chamber mass spectrometer
facilitates this work. Studies of the tetramethyl derivatives of Si, Ge, Sn,
and Pb and N,, 0, and mixtures thereof have elucidated excited states of the
neutral species far above their ionization energies. These excited states
have lifetimes 310-6 s. Autoionization, autoionization/dissociation,
molecule/molecule interactions, and dissociation to neutral products have
been observed. A new ion and excited state chemistry, unavailable via opti-
cal spectroscopy is now tractable. For example, the onset energy needed to
produce NO as a result of interactions between excited N2 and 02 has been
determined. Studies of mixtures of 07 and hydrocarbons have implications in
combustion processes.
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43. HIGH-RESOLUTION SPECTROSCOPY 3.0 01-02
H. M. Crosswhite, F. S. Tomkins,
K. T. Lu

Optical spectroscopy is being used to examine the fundamental electronic
properties of matter at the atomic level, using large grating spectrographs
augmented by No- and YAG-driven tunable dye lasers and large superconducting
magnets, for studies ranging from diamagnetic behavior of atomic energy
levels to the nature of photoionizing resonances, and to dynamic phenomena
such as transition rates and collisional line-broadening. Four-wave mixing
phenomena in nonlinear optical media such as Mg, Be, Hg and Zn vapors are
used for the generation of tunable coherent vacuum ultraviolet radiation for
use in extending the studies to higher energies in the photoionizing region
and for studies of nonlinear phenomena in their own right. Mercury vapor
appears to be particularly useful as a nonlinear medium because of the low
operating temperatures required and its high efficiency. An important part
of this program is devoted to developing the tunable coherent vacuum ultra-
violet radiation for high-resolution investigations of high-energy-level
phenomena in atomic and molecular vapors and plasmas.

44, THEORETICAL CHEMISTRY 4.3 01-02
T. H. Dunning, Jr., G. P. Das,
L. B, Harding, A. F. Wagner

The theoretical chemistry program emphasizes studies of reactions of impor-
tance in combustion as well as studies of the chemistry of metal atom
clusters. The combustion chemistry activity is focused on the theoretical
characterization of the chemical reactions of small free radical species,
with an emphasis on reactions of importance in the oxidation of hydrogen and
simple hydrocarbon fuels (methane, acetylene, ethylene and formaldehyde).
The objectives are to develop a qualitative understanding of these reactions
in order to predict mechanisms and approximate rate constants and to develop
quantitative methods that allow computation of detailed rate constants.
Metal cluster chemistry research is focused on the theoretical characteriza-
tion of the structure, properties and reactions of clusters of metal atoms,
in particular of species relevant to a fundamental understanding of catalysis.
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45.  CHEMISTRY OF THE MilD PROCESS 0.4 01-02
J. C. Hindman

The objectives of the project are (1) to determine what chemical processes
are involved in controlling the conductivity of a seeded (K) coal-fired open-
cycle MHD generator, (2) to determine whether or not kinetic processes are
important, and (3) to devise methods for maximizing the ionization (conduc-
tivity) of the plasma. Laser spectroscopic methods are being used as non-
intrusive probes for these studies.

46. MOLECULAR BEAM AND METAL CLUSTER L.t 01-02
CHEMISTRY RESEARCH
S. Wexler, E. K. Parks,
T. H. Dunning, Jr.

In a program designed to study the mechanisms and dynamics of heterogeneous
catalysis on the molecular level, beams of catalytically active naked metal
atom clusters are generated and their physical and chemical properties are
characterized by in-flight molecular beam techniques. Beams of Ni, Ag, Cu, Al
and Fe clusters with 2 to v 20 atoms are or will be produced by a novel high
ttmperature source and gas flow quench system. Electronic and spectral prop-
erties are determined by pulsed-laser multiphoton ionization spectroscopy,
laser-induced fluorescence, collisional ionization and matrix isolation spec-
troscopy. The experimental results are correlated with ab initio theoretical
calculations. 1In a second program, investigation, by a crossed-molecular
beam method, of ion-pair formation from dissociation of molecules by colli-
sion with hyperthermal atoms and molecules is being continued. From these
studies are derived the factors which are important in the transfer of trans-
lational energy to internal energy. This transfer regulates the breakage and
formation of chemical bonds in bimolecular collisions.
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47. NEUTRON SCATTERING AND MOLECULAR 5.5 01-02
STRUCTURE AND DYNAMICS
L. M. Corliss, J. M. Hastings,
T. F. Koetzle, A. Kvick,
R. K. McMullan, R. Thomas

X-ray and neutron scattering methods are used to solve significant problems
in molecular structure, magnetism, phase transformations, and the dynamical
properties of solids. The structural program emphasizes structures where
hydrogen atoms are important, structures containing magnetic ions, and
disordered or partially-ordered structures, since in these areas neutron
diffraction, alone, or in combination with x-ray diffraction, has unique
advantages. Systems studied include organometallic substances, transition-
metal hydrides and hydride coordination compounds, ionic conductors,
ferroelectrics, magnetic crystals, and organic crystals. Studies combining
x-ray and neutron diffraction are also undertaken to examine molecular
charge-density distributions. Inelastic neutron scattering is used to study
atomic motion in solids. In magnetic systems one can obtain the spatial
distribution of magnetization and the behavior of spontaneous fluctuations,
both essential to understanding magnetic phase diagrams, their associated
first- and second-order transitions, and multicritical points.

48, THEORETICAL CHEMISTRY 4.5 01-02
S. Ehrenson, J. T. Muckerman,
M. D. Newton

The goals of this program are to apply theoretical methods to the study

of energy flow in chemical reactions and to the elucidation of molecular
interactions involved in the storage and interconversion of energy
including phenomena associated with charged species (i.e., solvation and
charge-transfer processes). The methods principally used are ab initio and
semiempirical calculations of the energies and structures of molecules in
specific electronic states, and classical and semiclassical treatments of
the nuclear motion in kinetic processes involving these systems. Specific
chemical problems of interest are: ab initio models for aqueous
charge-transfer processes, hydrogen bonding in hydroxylic systems; the
electronic structure of transition metal clusters and their chemisorptive
interaction with organic molecules; the nature of chemical bonding in
silicates, dielectric effects of solvents surrounding cavities of various
shapes; dynamics and energetics of elementary combustion reactions; and
dynamics of reactions involving excited states of atoms and molecules.
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49. TON-MOLECULE REACTIONS 5.5 01-02
L. Friedman, R. Beuhler

High molecular weight mass spectrometric techniques are used to investigate
nucleation processes responsible for the formation of cluster ions and
neutral microclusters. Immediate goals are the development of cluster-ion
sources and their exploitation as a basic research tool. Present
capability of mass analysis of molecular species with m/e values up to
approximately 200,000 is being expanded to higher m/e values using high
voltage ion post acceleration and of time of flight mass analytical
techniques. Ion source facilities capable of generation of plasmas from
gases cooled to temperatures as low as 10 K will be used to study cluster
ion generation from inert gases and diatomic molecular species. The
generation of cluster ions from hydrogen isotopes is considered a major
task objective because of the potential role these cluster—ions may have .in
the study of controlled thermonuclear reactions. Energy transfer processes
of cluster ions in gas phase collision processes and on impact with solid
surfaces will be investigated.

50. MOLECULAR BEAM STUDIES OF CHEMICAL 1.6 01-02
DYNAMICS USING SHORT-LIVED RADIO-
ACTIVITY AND SYNCHROTRON LIGHT
J. R. Grover and M. White

A user-oriented windowless experimental facility for gas phase studies is
being designed and buillt for interfacing with the NSLS. The planned BNL use
of this facility features a nozzle molecular beam apparatus in which strongly
cooled molecules, radicals, and clusters are studied by mass spectrometry and
electron spectrometry, utilizing the tunable vacuum ultraviolet radiation for
photo-ionization. Long-term prospects include a unique crossed beam capa-
bility for measuring angle-differential cross sections, plus detailed energy
disposal patterns, for elementary reactions involving four or more atoms and
multiple reaction pathways. In additlion a crossed molecular beam technique
having one of the reagent beams labeled with a short-lived (< 1071 sec) radio-
active isotope is being used to measure absolute differential cross sections
for reactive scattering. The basic goal of this work is to provide definitive
experimental determinations of reactive potential hypersurfaces, to test and
calibrate semiempirical theories now under development.
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51. HIGH FLUX BEAM REACTOR OPERATIONS —— 01-02
G. C. Kinne

Several research programs at Brookhaven are centered at the High Flux Beam
Reactor (HFBR), which was specifically designed for neutron beam research.
It provides thermal neutron beams which are as free as possible of contami-
nation by vy rays and high energy neutrons. There are a total of nine ports
(numbered H-1 through H-9) from which neutron beams can be extracted. In
addition, there are seven vertical thimbles (numbered V-10 through V-16)
which provide a variety of neutron energy spectra for sample irradiations.
At its original power level of 40 megawatts, the HFBR provides a total flux
of 1.6 x 1015 neutrons/cmz-sec (peak thermal flux 7 x 1014'neutrons/cm2—sec).
A construction project to raise the power level to 60 megawatts has been
completed, and as soon as DOE safety review 1s completed and operating
approval received, the power level will be increased to 60 megawatts. This
will result in a 507 increase in these fluxes, making the HFBR at least
equal to the best in the world in these categories.
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52. ELECTROCHEMISTRY 2.6 01-02
S. Feldberg

Research in this program has been carried out in three major areas. 1. Studies
of electron transport and ion transport across bilayer lipid membranes (blm):
Metallochlorins have been found to facilitate electron transport across blm.
Mg-etiochlorin (MgC) is particularly effective when coupled with ferri-/ferro-
cyanide in the aqueous phases. About 75% of the charge transport is due to
electron transport. Preliminary studies using Zn-octaethylchlorin (ZnC) in-
dicate that it is a less effective electron transporting agent than MgC and
simultaneously transports hydroxide ion. 2. Studies of the reactions of the

excited states of Mg-octaethylporphyrin (P): Experimental analysis of the
reactions of the triplet (T) of P characterizes a number of triplet reactions-

T to give 2P, excited singlet and delayed fluorescence, or ions Pt and P”.

3. Theoretical studies of the effects of light pulses on semiconductor elec-
trodes: A model for the analysis of the relaxation of photopotentials of
semiconductor electrodes following pulsed light excitation is being developed
to describe a variety of experimental observations. This is a collaborative
effort with S. Gottesfeld, University of Israel.

53. KINETICS AND MECHANISMS OF ALTERNATIVE 3.5 01-02
FUELS COMBUSTION
R. Bruce Klemm

The objectives of this task are to investigate the detailed chemical kinetic
and mechanistic factors involved in gas phase combustion and pollutant forma-
tion processes. Emphasis is placed on alternative fuels that comprise a wide
range of fuel types, including methyl and ethyl alcohol, hydrocarbon syn-
fuels, and hydrogen. The complementary techniques of discharge flow and
flash photolysis are used to determine specific rates for combustion related,
elementary atom-molecule reactions. Combined, these methods provide a wide
temperature span, “300-1100K, over which direct kinetic studies of combustion
initiation reactions and oxidation reactions of combustion intermediates are
made. High temperature, absolute rate data for these reactions (e.g., O-
atom/alkanes and O-atom/CHyOH) are important for the further development of
kinetic theories as well as for modelling combustion systems. 1In addition, a
photo-ionization mass spectrometer experiment that utilizes the National
Synchrotron Light Source is being developed jointly between the Department of
Energy and Environment and the Chemistry Department.
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54. UNIMOLECULAR KINETICS 1.3 01-02
N. Brown

Combustion chemistry consists of complex, multi-step chain mechanisms invol-~
ving reactive radicals which are present in small concentrations. The com-
plexity of the mechanisms, the inherent difficulties of working in high tem-
- perature environments, and the large number of species involved with the
oxidation of any fuel make the study of combustion chemistry quite difficult.
Our current research was initiated in FY 79 is concerned with the application
of theoretical chemical kinetics to study high temperature kinetics important
in combustion processes. Emphasis has been placed upon characterizing intra-
molecular energy transfer in molecules. This is important in describing high
pressure limit and fall-off regime unimolecular reactions. Rate coefficients
of triatomic molecules important in combustion processes are determined using
statistical adiabatic theories. Intramolecular energy transfer leading to
dissociation is being studied dynamically for the molecule HO; utilizing a
realistic potential energy surface. In addition, we have initiated a dynami-

cal study of the reaction: H2 + OH + H20 + H which is of major importance in
water formation in hydrogen and hydrocarbon oxidation schemes.
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55. ENERGY TRANSFER AND STRUCTURAL STUDIES OF 4.4 01-02
MOLECULES ON SURFACES
C. B. Harris

The purpose of this research program is to develop spectroscopic techniques
for investigating the electronic and molecular structure of molecules adsorbed
on catalytic metal surfaces. Using these techniques, a variety of problems
are being studied including (a) investigating the changes induced in the mole-
cular and electronic structure of aromatic hydrocarbons upon physi- and chemi-
sorption to catalytic metal surfaces, (b) the study of ring cracking reactions
of aromatic hydrocarbons on nickel surfaces, (¢) the study of the vibrational
structure of molecules adsorbed on metal surfaces via Laser Raman Scattering,
and finally (d) the study of the dynamics of energy transfer from adsorbed
molecules to metal surfaces as a function of their interaction with the metal
surface as well as distance away from the surface.

56. CROSSED MOLECULAR BEAMS 6.3 01-02

Y. T. Lee

The primary goal of this research is the elucidation of the dynamics of ele-
mentary molecular processes and the energetics of highly reactive free
radicals, weakly bound complexes, and ions. Mechanistic and dynamical infor-
mation about chemical reactions is obtained from angular and velocity distri-
butions of products from the single collision reactive event. Oxygen atom
reactions with hydrocarbons are being studied to identify primary products and
final energy partitioning. Reactive scattering resonances are being sought in
collisions of neutral species, F + Hp, D2, and in ion molecule reactions,

H2+ + Dy. Many experiments are coupling lasers with molecular beams. Laser
excitation of the reactant beam is being used to investigate reactions of
electronically excited atoms and molecules. The dynamics of photodissociation
of polyatomic molecules, including the weakly bound Van der Waals complexes,
are being determined in studies of single and multiple photon processes.
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57. CHEMICAL DYNAMICS STUDIES 1.0 01-02
B. H. Mahan and Y. T. Lee

Derivation of fundamental and practical information about chemical dynamics
from the study of collision processes which involve ions, molecules, and pho-
tons in the gas phase. Methods of predicting the rates of chemical reactions,
energy transfer processes, collisional dissociations, collisional ionizations
and charge transfer processes, using as primary information the electronic
energy states of the reactants, products, and intermediates. Prediction of
the kinetic behavior of complex systems; reactive and nonreactive scattering
by hydrogen of a number of ions that appear prominently as contaminants in
hydrogen plasmas. Rapid and economical estimation of the energy distributions
of the products of some classes of reactions. A unique apparatus designed to
obtain the electronic spectra of mass identified gaseous ions by laser

induced fluorescence has been constructed and operated successfully.

58. THEORY OF ATOMIC AND MOLECULAR COLLISION 2.1 01-02
PROCESSES
W. H. Miller

This research is primarily involved with the development of theoretical
methods and models for describing atomic and molecular collision processes.
The overall goal is to understand the dynamics of chemical phenomena at a
molecular level and may thus be described as '"molecular level chemical kine-
tics." Specific topics of interest include the theory of ineleastic and re-
active scattering, collision processes involving electronically excited atoms
or molecules, collisional ionization phenomena, statistical theories of chemi-
cal 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 semi-
classical mechanics that allows one to combine classical mechanics and quantum
mechanics in a correct and useful manner. Certain research topics are more
amenable to a completely quantum mechanical approach, and these sorts of
theoretical techniques are also used.
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59. SELECTIVE PHOTOCHEMISTRY 2.8 01-02
C. B. Moore

The emphasis of this research has been on the study of high vibrational over-
tone excitation to understand coupling among modes at high internal energies,
and on the exploration of vibrational photochemistry following excitation.
High overtone excitation is best described as vibrational excitation of a
single stretching oscillator, a local mode. Through the spectra of

alkanes and alkenes, guidelines are developed to assign the spectra of more
complicated molecules of photochemical interest. Spectra of halomethanes in-
vestiage in detail the coupling of the C-H stretching vibrations to the other
molecular motions. Measurements of unimolecular photochemistry following
selective overtone excitation are in progress in both gas and liquid phases.
Time-resolved dye laser absorption spectroscopy is used to measure combustion-
related reactions of HCO. Studies of vibrational relaxation of molecules in
cryogenic matrices measure the strength of host-guest interactions in order to
determine the feasibility of selective reactions at low temperatures.

60. PHYSICAL CHEMISTRY WITH EMPHASIS ON 2.5 01-02
THERMODYNAMIC PROPERTIES
K. S§. Pitzer

One important set of objectives includes the development of a quantum chem-
istry for heavy atoms where relativistic effects are important and the pre-
diction of numerous properties of molecules containing such heavy atoms.

The major relativistic effects, which arise for electrons near the nucleus,
are incorporated into effective potentials which then reflect these indirect
effects on the valence electrons and their capacity to form chemical bonds.
Calculations for TL; show major differences between the relativistic results
and nonrelativistic estimates. Results are also available for T22+, T4H, and
other molecules. Another area of research concerns the statistical thermo-
dynamics of ionic systems including aqueous electrolytes over wide ranges of
temperature and pressure as well as plasmas. Emphasis is given to conditions
of practical application including those for synthetic fuels and for geother-
mal energy. Equations have been developed which successfully predict the
properties of mixed electrolytes (brines). This work is being extended to
wider ranges of temperature and pressure.
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61. POTENTIAL ENERGY SURFACES FOR CHEMICAL
REACTIONS
H. F. Schaefer

This research program has two goals, related yet distinct. The first goal is
the development of new theoretical and/or computational methods for the
description of electrons' behavior in molecules. Specifically, the single
outstanding problem in the field is the correlation problems, that of formu-
lating models for going beyond the single-particle or Hartree-Fock approxima-
tion. The second goal of this research is to apply these theoretical methods
to significant problems of broad chemical interest. Currently, two areas of
dominant interest are: (a) model theoretical studies of organometallic com-
pounds, chemisorption, metal clusters and catalysis, and (b) the potential
energy surfaces which govern gas-phase chemical reactions. Research in the
former area is aimed at a truly molecular understanding of catalysis, a sub-
ject critical to future energy requirements, but sometimes approached by brute
force trial and error methods. In the latter area, the present research tends
toward molecules potentially important in the development of high powered
laser systems.

62. PHOTOELECTRON SPECTROSCOPY 8.5 01-02
D. A. Shirley

Electron spectroscopy: electronic structure of matter, as determined by
photoelectron spectroscopy and related techniques, The electronic structure
of gas-phase species, including high-temperature species, as determined by
the use of pulsed synchrotron radiation, including absorption, fluorescence,
and time-of-flight photoelectron spectroscopy. Photoelectron angular dis-
tributions and correlation-state studles. Electronilc structure of solids
from angle-resolved, variable-energy photoemission. Atomic and electronic
structure of surface-adsorbate systems. Photoelectron spectroscopy of Van
der Waals' molecules and other exotic species. Exploration and development
of new experimental methods based on synchrotron radiation in the energy
range 10-4000 eV, such as photoelectron diffraction and surface EXAFS.
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63. MOLECULAR BEAM SPECTROSCOPY 3.0 01-02
J. S. Winn

This research program derives fundamental spectroscopic information on molecu-
lar states of importance to several practical techniques. A molecular beam
electric resonance spectrometer is being used to generate HF and DF in high
vibrational states and to measure the dipole moment and other spectroscopic
constants in these states. Similar data on other molecules and radicals of
importance to combustion processes will be sought. Various visible and UV
spectroscopies are being used to study metal carbonyl digsociation mechanisms,
thin film formation from such dissociations, and the chemical reactivity of
such films. The dissociation of Fe(CO)5 to Fe + 5C0 has been characterized
under VUV photolysis, electron bombardment, metastable rare gas collisional
dissociation, and multiphoton photolysis conditions.
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64. NATIONAL RESOURCE FOR COMPUTATION IN 8.0 01~02
CHEMISTRY
W. A. Lester, Jr.

The principal goal of the NRCC is to advance the utilization of computer
hardware and software in the chemical sciences. Programs of research,soft-
ware development, service and education are established in several chemical
subdiciplines, including chemical kinetics, crystallography, macromolecular
science, physical organic chemistry, quantum chemistry, and statistical
mechanics. The focus of effort is: 1) to foster new directions in chemical
computation through in-house research and workshops on timely topics;

2) provide generally useable computer programs through the software library
and distribution system; 3) encourage efforts at software standardization
and portability through workshops, publications and cooperative code
development projects; and 4) provide information on new developments in
computational hardware and software through benchmarking projects, symposia
and NRCC publications.
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65. MOLECULAR RESEARCH WITH ELECTRON 2.0 01-02

SPECTROSCOPY
T. A. Carlson, M. 0. Krause

The basic process of ionization and the attendant information on the elec-
tronic structure of molecules and atoms is under investigation by means of
angle-resolved photoelectron spectroscopy (ARPES). These studies are car-
ried out as a function of photon energy by use of synchrotron radiation.
Results are obtained on partial cross sections, angular parameters, auto-
ionization, shape resonances and electron correlation. Theoretical calcu-
lations are underway to allow the experimental data to be a test of the
fundamental understanding of the photoionization process, and to provide the
best and most comprehensive basis for evaluating molecular orbital theory.
In addition to the ARPES of valence orbitals, experiments on core shells
near their ionization thresholds are underway that hold promise for an excit-
ing method for studying chemical bonding.

66. THEORETICAL CHEMISTRY 1.0 01-02
0. H. Crawford

This program contributes to a fundamental understanding of atomic and molec-—
ular dynamics through the development of appropriate quantum and classical
theories. The interaction of high-energy ions with crystalline solids is
being studied in connection with accelerator-based experiments at ORNL. The
high-velocity limiting form of the stopping power has been derived. Our
result supersedes the Bethe-Bloch formula, which is shown to be incorrect
for anisotropic media (e.g., graphite). A method for predicting channeled
stopping power has been found that agrees closely with experiment. These
values are needed for the extraction of depth profiles of crystal dopants
from ion scattering data. In another area, a theoretical investigation of
surface-enhanced Raman scattering is under way, and experiments are being
designed to test this theory and to explore the potential usefulness of

this effect for the detection and characterization of species adsorbed at
liquid-solid and gas-solid interfaces.
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67. ATOMIC AND MOLECULAR COLLISION 3.0 01-02
DYNAMICS
S. Datz, B. K. Annis, H. F. Krause

Basic mechanisms and consequences of atomic and molecular collisions in the
gas phase and condensed media are being studied over a broad range in energy.
In the thermal and epithermal regions, molecular beam methods are used to
study chemical reactions, electron detachment from negative ions, and inter-
molecular energy transfer. Interest here centers on reactions involved in
combustion. At higher (MeV) energies using particle accelerators, correlated
collisions in single crystals lead to channeling phenomena. Coherent effects
such as resonant excitation permit measurement of crystal fields and provide
a form of spectroscopy to study the detailed states of swift ions as they
penetrate matter. Coherence in the motion of swift positrons and electrons
can give rise to a relatively narrow band radiation in the x-ray region.

The radiation frequency is a function of velocity and gives a measure of

the crystal potential, and if sufficient intensity is obtained may provide a
tunable, highly directional source of x-rays.

68.  PHOTOCHEMICAL, PYROLYTIC AND 1.8 01-02
REACTIVE INTERMEDIATES BY ELECTRON
SPIN RESONANCE
Ralph Livingston, Henry Zeldes

Short lived chemical free radicals at steady state concentration are being
studied by electron spin resonance with the formation of the radicals
achieved by pyrolysis of fluids. The pressurized fluid is heated as it
slowly flows through the active region of the spectrometer. Temperatures to
700°C and pressures to 3000 psi are used. Primary attention is given to aro-
matic compounds that serve as structural models for features found in coal
and in aromatic fuels. Well resolved hyperfine structure is often observed
which leads to positive identification of the radicals. Chemical and physi-
cal properties of the radicals are measured including concentrations, rates
of dynamic processes, and equilibria. Chemical products after pyrolysis are
collected and assayed, and the results are correlated with the observed radi-
cal in order to obtain mechanistic information and kinetic constants. Cur-
rently under study are toluene and bibenzyl with hydrogen. Short lived
radicals are also studied at high temperatures through the use of thermally
sensitive initiators and at lower temperatures with photolytic initiation.
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Sandia National Laboratories/Livermore
Livermore, California 94550

69. FLAME CHEMISTRY - MODELING AND 6.0 01-02
EXPERIMENT
R. Cattolica, J. Miller, R. Mitchell,
W. McLean, D. Stephenson

This research is aimed at providing detailed analyses of flame structure
using laser probes to measure radical and major species concentrations.
Finite rate chemistry models are compared with experimental results.
Emphasis during the past year has been on radical chemistry, primarily OH
and NH,. Laser absorption and laser fluorescence have been used to measure
OH profiles in flat flames and in surface-catalyzed combustion. Laser
absorption has been used to measure NH, concentration and temperature in low

pressure NH3/0, premixed flames. The modeling work has emphasized the
details of NH3; reduction of NO and has suggested the NNH+OH product channel
as important. The modeling effort includes the successful completion of a

recirculating flow, finite-rate chemistry model of enclosed diffusion flames.

70. TURBULENT REACTING FLOW RESEARCH 4.0 01-02
R. Dibble, G. Rambach, D. Hardesty

This research is directed toward an understanding of turbulent reacting
flows based on application of laser diagnostic systems in the Sandia Turbu-
lent Diffusion Flame Facility. Laser Doppler velocimetry has been used to
measure axial and radial velocity components, from which mean values, tur-
bulence intensities, turbulent kinetic energy, and higher moments were com-
puted. Laser Rayleigh scattering was used to produce a time series of tem-
perature data from which the probability density function was determined.
This in turn allowed the mean temperature, its variance and higher moments
to be computed for several positions in the flame. The Rayleigh and Doppler
systems were combined to produce the first simultaneous measurement of
velocity and temperature, therefore allowing construction of their cross

correlations.
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71.  CRF DIAGNOSTICS RESEARCH - NONLINEAR 3.5 01-02
PROCESSES
R. Farrow, L. Rahn, P. Mattern

In support of Combustion Research Facility programs, this research effort
pursues the application of nonlinear optical processes for combustion
diagnostics. Coherent Anti-Stokes Raman Scattering (CARS) has been improved
to allow crossed-beam, phase-matched, background-rejection geometries with
newly developed schemes for self-normalization such that CARS works
accurately in dirty flames. Inverse Raman Scattering (IRS) has been used

to provide time-averaged, space-resolved, ultra-high resolution studies of

N, and CO in premixed flames. Our CARS work led to the discovery of a new
form of Stark effect which has been incorporated into an infra-red absorption
system to provide point resolution in space.

3y

72. SO0T CHEMISTRY ' 4.0 01-02
W. Flower, R. Schmieder, R. Perry,
M. Gusinow

This research is aimed at understanding the roles of chemical precursors in
soot formation. Hydrocarbon-air reactions are studied in flat flames, in
flow reactors, and in combustion bombs where special diagnostics provide unique
information. Laser photolysis is used on a slow-flow reactor to produce CH
radicals, and a flash photolysis system is used to probe the radical-hydro-
carbon chemistry. The role of superexcited acetylene in soot formation is
studied using XUV photo-dissociation to produce CH* and C3¥. Light scattering
techniques are used in a flame and in the bomb to observe soot formation, to
measure particle diameter and number density, and to relate that information
to a variety of experimental conditions. The origin of chemi-ionization in
hydrocarbon flames and the role ions play in precursor chemistry is being
studied spectroscopically, with an emphasis on C2H+.
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Combustion Sciences Department, Sandia-L, continued

73. CRF DIAGNOSTICS RESEARCH - ADVANCED 3.0 01-02
METHODS
J. Goldsmith, M. Koszykowski,
F. Tully

This research provides the supporting analyses for the CRF diagnostic
projects and investigates new methods of measuring important parameters in
combustion studies. The former includes studying the effect of collisions
on line widths and intensities for Raman scattering. The consequences of
laser-energy deposition in chemical systems is being evaluated. This
includes investigating new laser sources for kinetics studies, such as
schemes for probing the electronic structure of atoms and molecules, and
evaluation of a number of other processes (saturated absorption, 2-photon
absorption, opto-galvanic effect, resonant ionization, etc.) for detection
of trace species. Recently, two more new schemes for providing spatially-
resolved absorption have been demonstrated: first, saturated absorption
spectroscopy was used to detect <10 ppb of atomic sodium in a flame, with a
resolution of <1 mm; second, the optical Stark effect was used to provide
resolved (electronic) absorption of atomic sodium in the same flame.

74.  CRF CENTRAL LASER SYSTEMS 3.5 01-02
C. Layne, C. Miller, E. Jones
J. Brannon

This project provides continued development of the two existing CRF central
lasers and research in support of future major lasers. The tunable dye

laser, Diana, and the YAG/Glass laser, Orion, have been installed and are
operational. Beam delivery and control throughout the laboratory has been
demonstrated. Research for system improvement includes investigating phase-
conjugation techniques to allow higher repetition of Orion, frequency doubling
Orion and Diana to obtain radiation from 240 to 370 nm, mode-Tocking Diana

to obtain subnanosecond pulses, and Q-switching Orion to obtain 100 nanosecond
pulses. Methods of improving dye lifetime for Orion are also being studied.
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Combustion Sciences Department, Sandia-L, continued

75.  CRF OPERATIONS AND VISITING SCIENTIST 11.0 01-02
SUPPORT
J. Marion, C. Wright, L. Parker,
M. Libkind

This task supports all phases of operating the Combustion Research Facility.
This includes operation of the two central facility lasers, operation and
maintenance of the CRF VAX computer and networked minicomputers, operation

of the computer terminals to the Sandia central CRAY, staffing of the user's
shop and chemistry lab, and maintenance of the laboratory safety and control
system. This task also provides support for visiting scientists and transfer
of technology from the CRF to users. Visitor support includes technician

and engineering staff dedicated to the visitor's project, computer time,
shop, purchases, etc., used directed by visitors or in support of them.
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Atomic Physics

Physics Division Total $1,569,000
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

76. PHOTOIONIZATION-PHOTOELECTRON RESEARCH 3.6 01-03
J. Berkowitz

The goal is to understand the electronic structures of atoms and molecules,
and their ions, by observing the interaction of vacuum ultraviolet radiation
with various species and interpreting the dynamical results of this
interaction. This past year has seen a significant extension’of our
knowledge concerning the photoionization of open-shell atoms by obtaining
the photoelectron spectrum of atomic tellurium and the wavelength-dependent
relative photoionization cross sections of atomic iodine and tellurium. The
irreducible tensor angular momentum coupling scheme introduced earlier to
explain the atomic halogen branching ratios also rationalizes the atomic
tellurium results. The wavelength-dependent measurements exhibit many
resonances. These have been assigned, and provide an invaluable test for ab
initio theories of photoionization of open—shell atoms. Molecular ion
structures have been examined by several approaches, including Franck-Condon
factor analysis of photoelectron spectra, ionic model calculations and
photodissociative ionization. Using the latter technique on NH,OH, we
deduce that HNO' is more stable than NOH' by ~0.65 eV.

77. BEAM-FOIL RESEARCH AND COLLISION 5.6 01-03
DYNAMICS OF HEAVY IONS
H. G. Berry

The work in atomic structure using fast~ion beams is aimed principally at
improving our understanding of relativictic and quantum—electrodynamic
effects in heavy ions. Systems with only a few (1—4) electrons are being
studied to test precise ab initio 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 molecular and atomic ions in solids.
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Physics Division, ANL, continued

78. THEORETICAL ATOMIC PHYSICS . - 01-03
K. T. Cheng

The work in theoretical studies. of atomic structure is aimed mainly at improv-
ing our understanding of relativity and many-electron correlation effect in
atomic processes. A multiconfiguration Dirac-Fock technique is used to study
discrete excitations between bound states of atoms and stripped ions. These
spectroscopic data are useful not only in interpreting observed spectra, but
also in plasma studies associated with astrophysics and with controlled fusion
research., Important advances have been made in the theoretical understanding
of low-energy atomic photoionization in rare gas atoms using the relativistic
random-phase approximation (RRPA). The validity and limitation of this
technique will be further examined. Generalization of this technique to
include multiconfiguration ground states, and eventually to open-shell systems
is in progress. A powerful ab initio method in studying autoionization
resonances and high Rydberg states is achieved by combining the RRPA with the
multichannel quantum-defect theory. This method is applied to the study of
window resonances in rare gases and Rydberg series in the Ne sequence.

79. HIGH-RESOLUTION LASER-rf SPECTROSCOPY 3.6 01-03
WITH ATOMIC AND MOLECULAR BEAMS
W. J. Childs, L. S. Goodman

In this program cw laser fluorescence spectroscopy and laser-rf double-
resonance techniques are used for the high-resolution study of atomic and
molecular beams. In the past year, the emphasis has been on the systematic
study of the spin-rotation and hyperfine interactions in ground and excited
electronic states of alkaline-earth monohalide radicals. Even though these
molecules are the direct analog of alkali atoms (their molecular properties
result from a single outer electron), their hyperfine structure is not yet
understood even qualitatively and they are being intensively studied in a
number of laboratories around the world. The extremely high resolution of
the molecular-beam, laser-rf, double-resonance technique is now making it
possible to collect previously unobtainable types of data that will, with
more sophisticated calculations, lead to an understanding of these small
molecules. Construction of a low energy (v500 eV) source for similar studies
of atomic and .eventually molecular ions is underway.
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80. DISSOCIATION AND OTHER INTERACTIONS OF 6.4 01-03
ENERGETIC MOLECULAR IONS IN SOLID AND
GASEQUS TARGETS
D. S. Gemmell, E. P. Kanter

Argonne's 4-MV Dynamitron accelerator is used to study the interactions of
fast (MeV) molecular ions with matter. A unique feature of the apparatus is
the exceptionally high resolution (0.005° and 300 eV) in angle and energy
obtained in measuring dissociation fragments. The apparatus also permits the
coincident detection of up to three dissociation fragments. The work has two
main objectives: (a) a general study of the interactions of fast charged
particles with matter, but with emphasis on those aspects that take advantage
of the unique features inherent in employing molecular-ion bedms (e.g., the
feature that 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) and (b) a study of the structures of the molecular ions
that constitute the incident beams. Precise measurements on the energies and
angles of the breakup fragments produced when fast molecular ions dissociate
in foils and gases show promise of providing new information on the
structures of the molecular ions themselves.

81. INTERACTION OF ENERGETIC PARTICLES 0.4 01-03
WITH SOLIDS
M. S. Kaminsky

It is the main goal of these studies to determine how well-characterized
surface regions of lattices with (1) a defined low degree of lattice damage
and low gas content, or with (2) a high degree of lattice damage and a high
gas content caused by trapping of the incident ions (e.g., Ht, pt, 4He+) will
affect the basic mechanisms of such fundamental atomic processes as ion/atom
reflection, secondary ion and electron emission, atom/molecule release by
sputtering, and the energy loss mechanisms (electronic and nuclear) and charge
states of particles penetrating through a lattice and escaping from it.
Information of this type is practically nonexistent for light-ion bombardment
of solids. However, such information is of significant importance for (a) a
better understanding of atomic collision processes, (b) for an analysis of
older data which showed in some instances a significant scatter and may have
been influenced by lattice damage and incident-ion trapping, and (¢) for such
practical applications as fusion plasma impurity control and accelerator
technology.
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82.  MOSSBAUER EFFECT RESEARCH 0.4 01-03
G. J. Perlow

The effort during the last year has been mainly the study of gamma-ray quantum
beats and their applications. Quantum beats are an individual photon effect,
in which the photon amplitude is modulated at a radio frequency. This is
obtained by filtering frequency-modulated quanta through a resonant medium.
The frequency modulation is produced by vibrating a Mdssbauer source piezo-
electrically. The amplitude modulation is detected as a periodic alteration
in the counting rate. Its harmonic composition is extremely sensitive to the
energy difference between the gamma-ray energy and that of the resonance in
the medium. This is the basis for application of quantum beats. Work is
being done on the theory of the process and on improvements to the technique.
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Atomic Physics

Physics Department Total $185,000
Brookhaven National Laboratory
Upton, New York 11973

83. ATOMIC PHYSICS RESEARCH 2.9 01-03
K. W. Jones and B. M. Johnson

Heavy ion beams from the Brookhaven Tandem Van de Graaff Facility are used
for experiments in beam-foil spectroscopy and x-ray production. The beam-
foil experiments concentrate on measurements of spectra and lifetimes of
resonance transitions in the region from 5-50 nm for elements such as Ti,
Fe, and Mo which are important in laboratory and astrophysical plasmas,
Mechanisms for producing x rays in heavy ion-atom collisions-:are inferred
from measurements of total x-ray production cross sections and the impact-
parameter and charge-state dependence of the cross sections. Apparatus for
measurement of excitation and ilonization cross sections in a crossed electron-
heavy ion beam experiment is under construction. Experiments to extend work
to the excitation and ionization of atoms and ions by photons from the
National Synchrotron Light Source (NSLS), are being designed.
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Atomic Physics

Materials and Molecular Research Division Total $450,000
Lawrence Berkeley Laboratory

University of Califormnia

Berkeley, California 94720

84. ATOMIC PHYSICS 6.3 01-03
R. Marrus

The primary concern of this project is the atomic physics of highly-stripped
heavy ions. Spectroscopic measurements in the VUV and X-ray regions are de-
signed to test theories of relativisitic effects and quantum electrodynamic
effects and to provide data useful in the study of laboratory and astrophysi-
cal plasmas. Scattering measurements are concerned with electron capture and
loss to continuum states. These measurements will test a theory based on the
second Born approximation to explain a strong asymmetry in the cusp observed
when the electron velocity and the ion velocity are equal. An ion trapping
technique is belng applied to measurements of charge-capture cross-sections
of highly-ionized, low energy (<20 ev) ions. Measurements in this regime of
high ionization state and low energy have heretofore not been possible with
existing techniques. 1In a separate experiment, measurement of the parity-
violating electron-nuclear interaction in atomic thallium is being pursued us-
ing ultraviolet lasers.
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P Division Total $85,000
Los Alamos National Laboratory

University of California

P. 0. Box 1663

Los Alamos, New Mexico 87545

85. RADIATION FROM A HIGH TEMPERATURE PLASMA 1.0 01-03
SEEDED WITH KIGH«Z ELEMENTS

L. A. Jones

The goal of this experiment is to study the atomic physics and photon flux
transport which occurs in a hot, dense plasma. This study requires the de-
velopment of a hot dense plasma source, and diagnostic techniques to in-
vestigate this source. In this experiment a large axial current is passed
through a hollow cylindrical jet of gas, causing it to collapse due to its
self magnetic field. The large kinetic energy of collapse is converted to
thermal energy when the plasma reaches the axis. The resulting pinched
plasma will reach unusually high densities and temperatures, This plasma,
which is surrounded by vacuum, can be seeded with high-Z elements, providing
a unique spectroscopic source. Diagnostics currently being developed in-
clude 1) x-ray spectroscopy which will yield information of the electron
temperature, and 2) infrared measurements to provide optical depth infor-
mation and to study anomalous emission at the plasma frequency resulting
from nonlinear wave-wave and wave-particle interactions,
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Oak Ridge National Laboratory

P. 0. Box X

Oak Ridge, Tennessee 37830

86. THEORETICAL ATOMIC PHYSICS 1.0 01-03
R. L. Becker

Theoretical models and detailed calculations are made for atomic collision
and radiation processes and for atomic structure properties. Specific topics
are chosen primarily for their importance to the fusion energy program and to
accelerator-based -experimental research, and with regard for opportunities to
advance the fundamental theory. This year calculations are being made on the
following subjects: 1) dielectronic recombination (in support of the new
ORNL merged beam experiment), 2) electron inelastic scattering followed by
autoionization (being measured at ORNL with crossed beams), 3) intensity dis-
tributions of x-ray satellites produced by collisions with multiply charged
ions, 4) the coupled-channels treatment of ion-atom collisions, 5) the
classical trajectory Monte Carlo model of ion-Rydberg atom collisions, 6) the
Bloch equations for multidegenerate two- and three-level masers, and 7)
quantal and classical treatments of infrared multiphoton dissociation of
triatomic molecules.

87. MERGED ELECTRON HEAVY ION BEAMS 1.2 01-03
P. D. Miller, W. B. Dress,
P. F. Dittner and S. Datz

The apparatus for the study of resonant electron capture by heavy ions has
been installed and tested. Several experiments to observe di-electronic
recombination (DER) in 0°*, C17*, and Si** were carried out. To date, no
electron capture above background (non-resonant charge pick-up from back-
ground gas) has been seen. The reasons for this lack of signal are currently
being investigated. Among the possibilities are 1) actual cross sections of
DER are much smaller than current estimates; 2) the overlap between the
electron and ion beams is much smaller than expected; or, 3) the energy
spread of the electrons is much larger than would be expected under
Brillouin-flow conditions.
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88. ACCELERATOR ATOMIC PHYSICS 4.1 01-03
P. D. Miller and C. D. Moak

The objective of this task is to achieve a detailed understanding of the in-
teractions of high-energy, multiply-charged, heavy ions with gas, solid, and
electron targets. The primary facility used is the EN-tandem accelerator
which is operated under the task 'EN-Tandem Operations''. Examples of subjects
which have received particular attention during the past year are: 1) Resonant
coherent excitation of one- and two-electron ions in planar channels; 2) Radi-
ative electron capture and stopping power in chamnels; 3) Multiple electron
loss cross sections of heavy ions in collisions with several atomic and molec-
ular gas targets; 4) Coincidence studies of electron capture and loss to
continuum states of projectiles; 5) Lifetime and photodetachment cross sec-
tions of He™ ions; and 6) Measurement of M-shell jonization cross sections and
projectile K-, target M-shell vacancy sharing. New efforts are being started

to study ion-ion charge exchange at keV energies and ion-atom charge exchange
at very low energies.

89. EN TANDEM OPERATIONS 1.8 01-03
P. D. Miller and G. F. Wells

This facility is operated for atomic physics research investigating
channeling, solid state material damage, electron ejection and capture from
ion-atom collisions, and collisional phenomena with merged beams. Ion source
development to increase the variety of heavy ions available also continues.
Experimental programs using the Elbek magnetic spectrograph installed in

FY 1981 are being developed for FY 1982. An ongoing study of changes in
stress of materials under simulated radiation damage conditions is under
development with the Metals and Ceramics Division.
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90. (OOLLISIONS OF LOW ENERGY MULTICHARGED 1.0 01-03

IONS
R. A. Phaneuf and D. H. Crandall

Experimental studies of collision cross sections for multicharged ions are
carried out at the lowest attainable energies. Emphasis is currently on elec-
tron capture from atomic hydrogen and on direct comparison of measured cross
sections with theoretical results for energies below 1 keV/amu where the pro-
cess is not amenable to simple characterization. A merged ion-atom beams ap-
proach for studies down to 1-eV relative energy is being developed which will
employ a controlled energy neutral hydrogen beam merged with multicharged ions
from the ORNL-PIG source. In addition, measurements with low velocity ions
produced by a pulsed (0, laser incident on a solid are pursued with an atomic
hydrogen oven gas target. The laser ion source experiments are currently pro-
ducing cross sections for highly stripped ions (carbon ions up to C®*) in the
energy range 10 to 500 eV/amu and providing direct tests of detailed coupled
state calculations. Low energy electron capture with multicharged ions is im-
portant in magnetic fusion plasmas, astrophysics, ion source, and any recom-
bining plasma. Present results are finding immediate application in these
areas as well as in improving basic understanding of this fundamental process.
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Atomic Physics

Laser Research and Development Department Total $130,000
Sandia Laboratories/Albuquerque

P. 0. Box 5800

Albuquerque, New Mexico 87115

91. MHD ATOMIC PROCESSES 1.5 01-03
A. Wayne Johnson and J. P. Hohimer

This research is directed toward the formation of a potassium
atomic data base for theoretical calculations and diagnostic
applications for MHD channel plasmas. The present experimental
work is directed towards the measurement of the Stark broadening
and shift parameters for a number of potassium transitions in
the 4p-ns and 4p-nd series. A potassium-seeded wall-stabilized
argon arc source is being used as an electron reservoir for
these studies. The Stark broadened lineshapes are measured in
absorption with a narrowband tunable dye laser. Previous meas-
urements of the argon collisional broadening and shift param-
eters along with accurate temperature measurements in the arc
source will be used to account for collisional and Doppler
broadening in the lineshapes. In this manner, the dependence of
the Stark parameters on the electron density is determined.
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Ames Laboratory Total $645,000
Iowa State University
Ames, Iowa 50011

92. ORGANOMETALLIC COMPLEXES IN HOMOGENEOUS 2.6 02-01
CATALYSIS
R. J. Angelici

Transition metal carbene complexes are implicated in several homogeneously
catalyzed reactions, including the Fischer-Tropsch reaction. This program
includes developing methods of synthesizing carbene complexes and exploring
their reactivities, A simple method of preparing cyclic carbene complexes
involves the reaction of metal carbonyls with 2-bromoethanol .or
2-bromoethylamine. A series of CpFe(CO)z[carbene]+ complexes, where the
carbene ligand includes PhSe™, PhS™, PhO~, MeS™, and MeO™ groups, are prepared
by other routes, Their reactivities span a broad range and suggest
mechanisms for the interconversion of carbene and carbon monoxide ligands.

93. CHEMICAL KINETICS AND REACTIVITY OF 5.0 02-01
TRANSITION METAL COMPLEXES
J. H. Espenson

Organometallic complexes and metal alkyls such as (H20)5Cr—R2+, R-Co (dmgH) 5L,
and R-Rh(dmgH),L are under active investigation. The research concerns the
characterization of the reactions which occur, and their kinetics and
mechanisms. The major effort centers on reactions in which the metal-carbon
bond is formed or broken, or in which rearrangements or transformation of
the organic group, R, occur. Novel displacement processes at the metal or
at the carbon by attacking free radicals are among reactions being
investigated using techniques such as stopped-flow kinetics and flash
photolysis. Included in this work are studies of organometallics which may
represent classes of compounds thought to be important in Fischer-Tropsch
reactions. Considerable effort has been devoted to the study of a-
hydroxyalkyl, M-CH,0H and M-C(R,R')OH, particularly the ease of further
reaction as a function of the nature of M and of external reagents.
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94. NUCLEAR MAGNETIC RESONANCE (NMR) STUDIES 4.8 02-01
OF COALS AND CATALYSTS
B. C. Gerstein

Solid-state NMR techniques are used to estimate average structural composi-
tions of the carbon skeletons in whole coals and coal-derived solids such. as
asphaltenes. Our work has employed heteronuclear 1g-13¢ dipolar dephasing
experiments to determine quaternary/tertiary ratios of both aromatic and
aliphatic 13c.  Such information is used, along with X~ray diffraction data,
to estimate the average number of polynuclear condensed rings, as well as
the numbers and kinds of aliphatic side chains attached to these rings.
Magnetic resonance techniques are alggo being applied to the characterization
of other solid materials, including 2931 in zeolitic catalysts and in
amorphous silicon-hydrogen alloys (a-Si-H) used in photoconversion devices,

3¢d in cadmium-doped zeolites, and “H in YbH; g, by strong homonuclear
decoupling to understand materials problems relating to hydrogen embrittle-
ment.

95. PROPERTIES OF RARE EARTH ELECTROLYTES 0.1 02-01
F. H. Spedding

Work is being carried out on aqueous solutions of rare earth salts, with
the goal of understanding the structure of the solutions and the degree

of hydration of the metal ion. Toward these ends, several aspects are
being investigated: (1) isopiestic data to determine activity coefficients
for aqueous rare earth nitrates; (2) liquid X-ray diffraction studies of
dilute rare earth chloride solutions; (3) Raman spectra of rare earth
chloride solutions; and (4) Raman spectra of solids, especially low~
frequency excitations in solids such as HoF3.
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96. HIGH-TEMPERATURE GAS-PHASE PYROLYSIS 2.0 02-01
OF ORGANIC COMPOUNDS
W. S. Trahanovsky

This research is directed toward an understanding of the fundamental thermal
reactions of coal and coal-derived products. The general approach is to
identify and to characterize these reactions by studying the pyrolysis of
model compounds using primarily the Flash Vacuum Pyrolysis technique. Be-
cause hydroaromatic units are thought to be important structural features of
coal and coal-derived products, tetralin, the simplest hydroaromatic com-
pound, and substituted tetralins are being used as model compounds. Most of
the experimental work consists of separating and identifying the pyrolysis
products obtained from these compounds. From tetralin, the major products
are benzocyclobutene, styrene, indene, 1,2-dihydronaphthalene, and naphtha-
lene. Information about the formation of the various products is obtained
by studying the effect of substituents. For example, substituent effects
suggest that the formation of benzocyclobutene from tetralin involves the
concerted loss of ethylene.

97. STUDY OF SOLID-GAS REACTIONS WHICH IN- 1.7 02-01

VOLVE STRUCTURAL CHANGES IN THE SOLID
D. L. Ulrichson and A. H. Pulsifer

The objective of this work is to understand and describe the behavior of solid-
gas reactions which have so0lid products with much larger volume than the solid
reactant. The increased volume of the solid product closes diffusion paths
for the gaseous reactant and stops the reaction at less than total conversion.
The reaction of sulfur dioxide with calcium oxide (used for removal of sulfur
dioxide from boiler flue gas) is an example in which only about thirty per-
cent of the calcium oxide reacts before solid expansion halts the reaction.
Previous models have concentrated on the effect of the reduced porosity which
results from product expansion. Data from this project indicates that dif-
fusion of reactant through the solid product layer is as important as pore re-
duction. Inconsistencies in published results for some solid-gas reactions
can be explained by inclusion of this term. Further work is aimed at under-
standing the effect of solid expansion so that it can be predicted for new
reactions.
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Chemical Engineering Division Total $340,000
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

98. FLUID CATALYSIS 3.8 02-01
J. W. Rathke, H. M. Feder, M. J. Chen

This research attempts to determine the mechanisms whereby organotransition
metal complexes may catalyze the reactions of small molecules (e.g., CO) to
form specific desired products. These reactions are studied by a combination
of high pressure kinetic, tracer, spectroscopic, thermochemical, and theoreti-
cal methods. One example is the hydrogenation of carbon monoxide to form
methanol, ethylene glycol, and other materials. We have proposed a consistent
mechanism for this reaction based on solid experimental evidence and theoreti-
cal calculations. Currently undergoing intensive scrutiny is a novel soluble
catalyst system discovered in our laboratory; it promotes the reaction of me-
thanol with synthesis gas to form ethanol. This catalytic system operates by
an unusual, selective and thus advantageous pathway. A detailed kinetic

study and examination of the effects of modifying the catalyst complex are in
progress. A further offshoot of this study is the discovery of the apparently
pervasive ability of formate anion to donate hydride ion to transition metal
carbonyl complexes. This reaction is being studied for its potential ability
to make use of water as a hydrogen source in catalytic hydrogenation systems.
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Chemistry Division Total $730,000
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

99. INORGANIC CHEMISTRY 3.4 02-01
E. H. Appelman, L. J. Basile,
J. G. Malm, L. Stein

This research concerns the chemistry of reactive fluorine compounds and
powerful inorganic oxidants derived from them. Studies involve both the syn-
thesis and characterization of novel compounds and their application to other
areas of chemistry. Further studies of the chemistry of the recently syn-
thesized fluoroxysulfate ion, S0,F”, show that its reactions in aqueous solu~
tion can be effectively catalyzed by Agt, thereby broadening its potential as
an aqueous oxidant. The SO4F_ ion also has been found to have promise as an
oxidant for use in analyzing the structure of coal, as it appears to destroy
the aromatic components of the coal macromolecule. Studies are underway of
reactions of this reagent with organic compounds that are models for species
present in coal. ESR studies are in progress to confirm the participation of
free radicals in the reaction of SO4F~ with aromatic compounds. A new means
of "fixing" elemental xenon by its reaction with F, over SbFg at room temper-
ature has been discovered and is being elucidated. A new project is underway
to determine the jionization of strong acids in anhydrous HF.

100. THE CHEMICAL NATURE OF COALS AND 3.3 02-01
COAL PRODUCTS
R. E. Winans, R. Hayatsu

The goal of this program is to identify the structural units in coals as a
function of their rank and maceral constituents. The approach is to degrade
the coals, typically via oxidation, to compounds which can be analyzed by
mass spectrometry and microwave emission spectroscopy. A systematic study of
separated macerals has begun with emphasis on direct mass spectrometric anal-
ysis and oxidative degradation to elucidate structural parameters. An im-
portant discovery is the pervasiveness of aliphatics in coals containing a
diversity of macerals. Synthetic coal-like macromolecules have been produced
and characterized. These studies have yielded information concerning the
transformation of biological precursors to coal and the role of mineral
matter in that transformation. A direct method for determining oxygen on
small quantities of coals and macerals is being developed using microwave
plasma spectroscopy. All the information obtained on coals, maceral concen-
trates and oil shale kerogens is being correlated to obtain the structure-
activity relationships needed to develop new coal conversion processes.

-
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101. THERMODYNAMIC CHARACTERIZATION OF 3.0 02-01
CONDENSED-RING COMPOUNDS
William D. Good

Research continues on the synthesis, purification and measurement of thermody-
namic properties for polynuclear aromatic hydrocarbons and their hydrogenation
products and for similar compounds having nitrogen in their ring structures.
These compounds are important in the processing of coal, o0il shale and heavy
petroleum to produce liquid fuels and chemical feedstocks. Thermodynamic
measurements have been completed on 1,2,3,4,5,6,7,8-octahydroanthracene, iso-
quinoline and tolylphenylmethane. Computation of chemical thermodynamic func-
tions 1s in progress. Measurements are in progress on 1,1'-dimethylbiphenyl,
and several compounds are purified and ready for measurements. Gibbs energies
of formation derived from these studies facilitate understanding of hydro-
cracking and denitrogenation. The data obtained also form the base for future
correlations based on molecular structures. The comprehensive experimental
program involves enthalpy of combustion, low-temperature adiabatic calorimetry
(third-law entropy determinations), PVT relations including vapor pressure,
Raman and infrared spectroscopy and molecular statistical mechanics.
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102. ORGANOMETALLICS IN HOMOGENEOUS 2.0 02-01
CATALYSIS
M. A. Andrews

This program concerns the study of transition metal organometallic
chemistry and its relationships to homogeneous catalysis. Catalytlc oxida-
tions via the transition metal nitro-nitrosyl redox couple is the primary
area of investigation and a new approach to industrially important
catalytic oxidations has been demonstrated in which olefins and isonitriles
are catalytically oxidized to ketones and isocyanates, respectively by
Pd(CH3CN)9CINOy and Ni(PBuj)y(NO3)y. Future work will be directed at
understanding the mechanisms of these reactions and modifying the catalysts
to achieve selective, efficlent epoxidation of olefins. Spectroscopic
studies of organometallic complexes using inelastic neutron scattering are
also included in this program. Preliminary work with a prototype molecule,
CH3Mn(CO) 5, has demonstrated the potential of this tool for studying the
structure and dynamics of homogeneous and heterogeneous catalysts. A study
of the "anomalous collinearity effect” in EXAFS spectra of organometallics

is also underway.

103. STRUCTURE AND BONDING IN METAL-HYDROGEN 2.2 02-01
SYSTEMS
T. F. Koetzle, M. L. Perlman,
T. K. Sham

This effort 1s directed at improving knowledge about the electronic
interactions among atoms in metals, alloys, and in other species such as
cluster complexes and hydrides. Several experimental techniques are being
employed: photoelectron spectroscopy; neutron and x-ray diffraction
methods; Mossbauer spectroscopy; and extended x-ray absorption fine
structure (EXAFS), an application of synchrotron radiation to determination
of distances between an atom of a specifiable element and its neighbors.
Data from the spectroscopilc measurements are analyzed by theory in terms of
valence and conduction band electronic configurations of the materials, and
the development of this theoretical analysis is itself one of the
objectives of the work. Among the aims of the diffraction studies are to
investigate cluster compounds as models for the bonding of hydrogen atoms
and small molecules to metals and metal surfaces and to relate structural
results to thermodynamic properties of metal hydrides.
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104. MECHANISMS OF PHOTO-, ENZYME-, AND 1.7 02-01
CHEMICALLY CATALYZED CIS-TRANS
ISOMERIZATION
S. Seltzer

Cis—trans isomerization can be brought about by the appliction of heat,
light or by catalysts. Because the physical and chemical properties of the
two isomers differ, relaxation of a nonthermodynamic mixture of isomers
(achieved by irradiation) to the thermodynamic mixture can result in the
release of thermal or electrical energy. This cis-trans energy producing
effect is utilized in biological processes such as the light-driven proton
pump of Halobacteria and vision in animals. The proton pump can be
utilized in a photogalvanic cell. This program includes studies of
mechanisms of enzymically and chemically catalyzed and photosensitized
cis-trans isomerizations and their application to the mechanisms of the
proton pump.



61

Chemical Energy

Department of Energy and Environment Total $700,000
Brookhaven National Laboratory
Upton, New York 11973

105. HIGH TEMPERATURE CHEMISTRY 2.6 02-01
James J. Egan

This is a study of the thermodynamic and transport properties of inorganic
substances at high temperatures and attempts to explain the results in terms
of appropriate atomic models. The.substances include solid and liquid com-
pound semiconductors, solid electrolytes, and molten salts. Electrochemical
techniques are used to investigate the effect of composition on the concen-
tration, mobility, and diffusion of electrons and electron holes in these
substances. Cells employing solid electrolytes at high temperatures as well
as molten salt electrolytes prove especially useful for characterizing these
systems. High temperature calorimetry is being used to study liquid semi-
conductors 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 ex-
amined by special techniques. Solid compound semiconductors of potential use
as solar cells are studied by high temperature electrochemical techniques.

106. CHEMISTRY AND PHYSICS OF COAL UTILIZATION 0.5 02-01
T. Gangwer

The broad scope of the program is to contribute to the understanding of hydro-
genation/dehydrogenation chemistry relevant to fuel conversion. The research
is developing basic kinetic data and reaction pathway mechanisms for model
organic systems. Kinetic studies of the tetralin, 9,10-dihydroanthracene and
related hydroaromatic molecules are yielding mechanistic insight into these
hydrogen donating systems. The rate constants for these systems are being
studied as a function of temperature and heterogeneous surface. The hydrogen
transfer from these donor solvent systems to model organic compounds is being
investigated to determine the mechanisms that give rise to the observed
products. Both the gas and liquid phase investigations are probing the in-
fluence of inert (e.g., Ny, Ar, Ne) and reactive (e.g., Hp, D7) gases on the
kinetic and equilibrium behavior. The polycyclic aromatic and hydroaromatic
systems are studied at temperatures from where they first begin to show hy-
drogenation and/or dehydrogenation reactivity (~300°C) to temperatures just
below where they begin to undergo pyrolysis (n450°0C).
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107. METAL HYDRIDES 3.0 02-01
J. J. Reilly

This program is concerned with the thermodynamic and structural properties of
metal-hydrogen systems, particularly those involving intermetallic compounds.
The presence of two (or more) metal components in an ordered lattice can re-
sult in anomalous behavior as compared to elemental metal-hydrogen systems.

Of particular interest has been the apparent deviation from ideal behavior of

certain intermetallic-hydrogen systems. It has been established that these

dev1?tions are due to a variety of factors, i.e., surface segregation effects,
lattice strain and non-stoichiometry. The influence of sample history upon

surface segregation effects of hydride-forming alloys is being investigated.
In the case of FeTi it was shown that the surface composition can vary as a
function of oxygen content and heat treatment. The change of alloy magnetic
properties as a function of hydrogen content is also of interest. 1In this
connection magnetic susceptability measurements have shown that the differ-
ence in thermodynamic behavior of the two allotropic forms of TaV2 is due to
electronic rather than structural effects.

108. CATALYSIS 1.0 02-01
R. Sapienza

This study is currently exploring the importance of metal formates.in carbon
oxide chemistry. A new water-gas shift reaction pathway involving formate
complexes, similar to that described for industrial heterogeneous catalysts,
was found to be operative for Group 6 metal carbonyls. This has provided
greater mechanistic understanding of the metal oxide catalysis of carbon
monoxide and the relation between certain homogeneous and heterogeneous cata-
lysts. Other studies have shown that metal formates may be key intermediates
defining the catalytic link between carbon monoxide/water and synthesis gas
chemistry. The path of formate decomposition and reduction relates methanol
synthesis, water-gas shift chemistry, and Kolbel-Englehardt reactions. This
connection suggests a different mechanism than has previously been proposed
for carbon monoxide/water chemistry. The influence of various metals on the
hydrogenation of zinc and iron formates demonstrates the importance of corre-
lating metal-oxygen bond strengths to product distributionms, a major task of
this project.
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109. BIOCONVERSION OF CELLULOSE - 2.0 02-01
C. R. Wilke and H. W. Blanch

This project investigates primarily the enzymatic hydrolysis of biomass to
hexose and pentose sugars. Basic information on the kinetics and mechanism

of enzymatic hydrolysis is to be obtained. This information can then be used
to develop low-cost processing schemes for sugar production. High productivity
fermentations to convert these sugars to ethanol or other chemical feedstocks
are being developed. Fundamental studies on yeast metabolism in high cell
density cultures will be obtained. This will be combined with basic studies

on ethanol separation from the fermentation broth, using novel, low-energy
solvent extraction schemes.
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110. HIGH ENERGY OXIDIZERS AND DELOCALIZED- 2.6 02-01
ELECTRON SOLIDS
N. Bartlett

The oxidative intercalation of graphite or boron nitride can generate durable
and conductive (better than aluminum) salts. The chemical, stoichiometric
and structural requirements for the best conductors need to be determined.
Some have potential application as anodes in the electrochemical generation
of strong oxidizers. The close chemical and structural relationship of some
graphite salts to their protonated relatives such as Cyy° .(SO3F )3 and Cyy
SO03F -2 HSO3F, raises the possibility of their facile interconversion by re-
dox and proton transfer and their possible exploitation in cyclic energy
storage. Some of the new, fluorine-rich graphite salts promise to have oxi-
dizing potentials close to that of fluorine, yet these materials remain con-
ducting in the ab plane. Oxidatively and reductively robust solid electro-
lytes are being sought with present emphasis on proton conductors and fluo-
ride-ion conductors. The latter are needed in studies of the extent of the
reversibility of the redox processes in the graphite salts but would have
practical value in other electrochemical cells.

111. TRANSITION METAL CATALYZED CONVERSION OF 1.8 02-01
CO, NO, Hp AND ORGANIC MOLECULES TO FUELS
AND PETROCHEMICALS
R. G. Bergman

The goal of this project is to improve our understanding, at the fundamental
level, of the primary reaction steps involved in metal-induced transforma-
tions of small molecules (e.g., CO, Hp, and olefins) into larger organic
molecules. One of the most important functions of H2 in large-scale cataly-
tic processes (e.g., hydroformylation, the Fischer-Tropsch reaction) is the
cleavage of the final organic product from the metal center in the catalyst.
For this reason, current attention is focused on reactions in which Hjp
cleaves metal-carbon bonds. Cases have been found in which processes involwv-
ing two metal centers, rather than just one, are important. These processes
operate by first forming a metal hydride; the hydride then reacts with the
metal alkyl to give the final products. A more recent study of the hydrogen-
olysis of a three-metal cluster complex yielded the surprising result of NMR
emission, or chemically induced dynamic nuclear polarization. This finding
strongly implicates the intervention of organic free radicals as intermedi-
ates in these hydrogenolysis reactions.
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112. FORMATION OF OXYACIDS OF SULFUR FROM 809 1.0 02-01
R. E. Connick

The basic chemistry of sulfur dioxide and species formed from it are being
investigated. The results are pertinent to the removal of sulfur dioxide
from stack gases of power plants and to the behavior of sulfur dioxide in at-
mospheric pollution. Attention is being focused on the reactions of 50,,
HSO3 and 8032' with various oxidizing and reducing agents and the dispropor-
tion reactions of these sulfur species. One particular reaction--the oxida-
tion by oxygen-~is being studied in detail because of its overriding impor-
tance in the practical chemistry of SOp. The reaction is known to be a chain
reaction in aqueous solution, both thermally and photochemically, but the
chain carriers and mechanism are unknown. An important aspect is the pro-
nounced effect of a wide variety of substances in either initiating or ter-
minating the chain reaction and thus altering the rate drastically.

113. CHEMISTRY ANR MORPHOLOGY OF COAL _ 1.5 02-01
LIQUEFACTION
H. Heinemann

This project has six tasks all of which are active. Accomplishments in fis-~
cal 1981 include: (1) New methods for the electron microscope studies of coal
allow identification and show distribution of ash particles. Large amounts
of very small particles provide much surface area for potential catalytic re-
actions. (2) Potassium deposited on graphite surfaces promotes the steam-
carbon reaction at the very low temperature of 250°C. The potassium grad-
ually migrates into the bulk. (3) A novel organo-cobalt compound which
mediates reversible cleavage of vinyl-hydrogen bond is under investigation.
(4) Thermal decomposition of tetralin gives different products (less hydrogen)
than surface catalysed decomposition. (5) Cobalt-molybdena-alumina catalysts
are rapidly deactivated by metal deposition which plugs small as well as
large pores. The metals deposited on the surface may have a catalytic acti-
vity of their own.

1 Joint program funded by Chemical Sciences and the Office of Fossil Energy.
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114. SYNTHETIC AND PHYSICAL CHEMISTRY 0.6 02-01
W. L. Jolly

Atomic core electron binding energies of a wide variety of compounds are be-
ing determined by X-ray photoelectron spectroscopy. 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 bind-
ing energies of appropriate transition metal compounds, it is possible to
study the interaction of metal d electrons with various ligands, such as or-
ganic groups, carbonyl groups, and nitrosyl groups. One can identify and
distinguish various modes of ligand-metal bonding which have analogs in the
molecules chemisorbed on metal surfaces and in the intermediates of catalyzed
organic reactions. Of particular interest are studies of metal cluster com-
plexes, in which the ligand-metal interactions are very similar to those on
metal surfaces. The same technique is being used to study the bonding in
short-lived gaseous species, such as are formed in electric discharges and in
certain high temperature processes.

115. METAL CLUSTER - METAL SURFACE ANALOGY 1.0 02-01
E. L. Muetterties

The objective of these studies is the elucidation of the molecular details of
hydrocarbon metal surface chemistry. The results of these studies are then to
be compared with the related chemistry of molecular coordination compounds and
metal cluster species. The surface chemistry involves a study of simple
hydrocarbons like benzene, toluene and acetylene on nickel and platinum
surfaces as a function of surface crystallography and surface composition. The
benzene chemisorption state on nickel and platinum is sharply differentiated
from that of toluene on all surfaces. Benzene molecularly chemisorbs whereas
toluene dissociatively chemisorbs to give the chemisorbed benzyl radical.
This differentiation in surface chemistry particularly on atomically flat
surfaces has provided a basis for a selective introduction of deuterium into
the methyl groups of toluene by reaction of toluene and deuterium on flat
nickel surfaces. This hydrocarbon chemistry is now being extended to the
benzene precursors like cyclohexene and 1,3 and 1,4-cyclohexadiene.
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116. ELECTROCHEMICAL SYSTEMS 1.1 02-01
J. Newman

This program includes investigation of fluid flow and electrochemical trans-
port, measurement of transport properties in concentrated electrolytic solu-

tions, analysis of mass-transfer rates and current distribution, design of
practical electrochemical systems, and investigation of corrosion processes.
Coupled kinetic, mass transfer, and fluld flow phenomena are investigated in
semiconductor electrode systems, with emphasis on the optimization of con-
figurational and operating parameters of liquid-junction photovoltaic cells.

117. THE CATALYTIC HYDROGENATION OF CARBON 3.8 02-01
MONOXIDE
G. A. Somorjai and A. T. Bell

The purpose of this program is to develop an understanding of the fundamental
processes involved in the conversion of coal to liquid and gaseous fuels. A
major part of the work is devoted to the catalytic synthesis of hydrocarbons
and alcohols from carbon monoxide and hydrogen. The primary objectives of
this effort are to determine the factors which limit catalyst activity, selec-
tivity, resistance to poisoning, and the relationship between catalyst compo-
sition/structure and performance. A variety of surface diagnostic probes are
utilized on both single crystal and supported catalysts to obtain detailed

. chemical information. 1In a second effort, a study is being performed to
establish the reaction pathways involved in the liquefaction of coal cata-
lyzed by strong Lewis Acids. Investigations are conducted both with coal and
with model compounds containing representative organic structures present in
coal.
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118. OQRGANIC CHEMISTRY OF COAL CONVERSION 1.5 02-01
K. P. Vollhardt

The aims of current research are three-fold. First, the scope and limita-
tions of a polystyrene-supported cobalt catalyst which is active in the
Fischer-Tropsch reaction are being investigated. 1In particular, soluble ana-
logs are being synthesized which should be amenable to structural and mecha-
nistic study. Second, novel ways based on the utilization of organometallic
catalysts and reagents are being sought aimed at removing sulfur from coal
and coal-derived liquids. This involves the development of basic chemistry
of sulfur-containing ligands in the presence of transition metals. Third,
analogs of potential intermediates in the heterogeneously catalyzed Fischer-
Tropsch reaction are being synthesized and their chemistry studied. Current
efforts are directed at the understanding of the chemical behavior of carbyne
and carbene complexes.
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119. EFFECTS OF METAL SURFACES ON 1.8 02-01
KINETICS OF HYDRIDE FORMATION
R. M. Alire and S. A. Steward

i
The objective of this study is to elucidate the surface chemistry of
metals, alloys and especially intermetallic compounds that react
extensively with hydrogen. Previous indirect evidence has shown that the
condition of metal surfaces affects the reaction rate between hydrogen and
the bulk material. Several metal systems, e.g., FeTi, LaNig, that are
very reactive toward hydrogen are being examined with Auger electron
spectroscopy (AES), x-ray photoelectron spectroscopy (XPS), secondary ion
mass spectrometry (SIMS) and other modern surface techniques. Examination
of metal surfaces before, during, and after exposure to various atmospheres
should provide insight into the activation or passivation of these metal
systems to reaction with hydrogen. Methods of preventing or encouraging
such passivation can then be formulated. Surface segregation, reduction or

oxidation are examples of processes that will likely affect the initial
reactivity.
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120. THERMOCHEMICAL PRODUCTION OF 1.3 02-01
HYDROGEN FROM WATER
0. H. Xrikorian

Thermochemical cycles for hydrogen production from water are under study
with objectives to (1) find new cycles that are both scientifically and
economically viable, (2) improve known cycles by innovative chemical
approaches, and (3) advance the knowledge on mechanisms of reactions
associated wih thermochemical cycles. Work on a ZnSO, subcycle, which
bypasses many of the problems of HySO4-based cycles, is continuing with
a study of the kinetics and mechanism of ZnSO,; decomposition. The
decomposition process is complex and can be dramatically influenced by
particle size and heating rate. A study is also underway evaluating the
electrolysis behavior of water dissolved in fused salts at ~650 K. An
electrolyte based on partially neutralized H3PO,; shows particular
promise for this application. The approach includes diffusing atomic
hydrogen through a metallic membrane (Nb or Ta) at the cathode and allowing
it to react with liquid Li to form LiH. The LiH is then thermally
decomposed at ~1200 K to produce Hjp.
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121. SYNTHESIS OF THERMOCHEMICAL CYCLES 3.8 02-01
Melvin G. Bowman and Charles Hollabaugh

®

This research is directed to an understanding of the basic chemistry and
engineering principles required to synthesize efficient thermochemical cycles
for the production of hydrogen from water with primary heat sources such

as solar thermal, nuclear fission and fusion reactors. A general objective
is to establish the criteria and concepts required for evaluation of this new
technology. The program consists of the identification, testing and pre-
liminary development of candidate cycles. Cycles are identified by applying
thermochemical principles and then tested by studies of reaction rates and
reaction yields. Current studies include: 1) basic electrochemistry in the
formation of dilute H SO4 and H, from SO, and H, 0, 2) thermochemical and
hybrid electrochemicai cycles based on solid suifate decomposition, 3) mixed
metal sulfate-metal iodide cycles, and 4) low temperature reactions in cycles
based on oxide decompositions.
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122. LABILE SO, COMPLEXES 2.0 02-01
G. J. Kubas

The basic knowledge of sulfur dioxide chemistry is being expanded with the
goal of developing new methods for scavenging SO. from flue gases. A two-
fold approach is being taken: (1) synthesis and characterization of new
transition metal SO, complexes which may potentially be useful in direct
regenerative scavenging schemes, and (2) studies of the reactivity of SO,
coordinated to metal complexes in order to promote catalytic reactions of
SO0, with other abundant small molecules. A successful process could convert
both SO, and NOx into less harmful or useful by-products (e.g. hydrogen
reduction to sulfur, nitrogen, and water). Reactions of SO, with metal
cluster complexes and hydride complexes are being investigated in order to
develop homogeneous catalytic methods. ''Side-on'' bonding of SO, is very
much of interest since the sulfur-oxygen bonds are weakened and thereby
activated towards further possible reactions. Also, the terminal oxygen
displays considerable basicity and binding of Lewis acids to it are being
studied as another means towards activating SO..
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123. FUNDAMENTAL INVESTIGATIONS OF METAL 2.3 02-01
HYDRIDES
G. C. Abell, R. C. Bowman, Jr.,
and M. P. Guse

This program is directed toward the identification and evaluation of the atom-
istic properties which influence the characteristics of metal hydrides for
potential use as chemical energy storage materials. Experimental techniques,
such as NMR, cryogenic x-ray diffraction and thermal analysis, are being used
to determine: 1) roles of crystal structure, composition and phase
transformation in hydrogen storage and transport; 2) changes in electronic
structure with hydride formation; and 3) effects of metal alloy substitution
on hydride properties. Current studies involve hydrides formed from TiV
alloys, LaNi_, CaNi_, TiCr, and TiCu compounds. Modified quantum-mechanical
calculationsof eleCtronic properties of metal atom clusters containing
hydrogen are being performed, currently utilizing advanced density functional
theory. An alternative description of hydrogen in Group Vb metals, based on
localized electronic states, is also being pursued and is helping to explain
many of the anomalous properties of these metal hydrides.
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124. KINETICS OF ENZYME CATALYZED PROCESSES 2.3 02-01
E. Greenbaum, J. Woodward

Fundamental physico-chemical studies on the conversion of light energy into
chemical energy are being continued. We are studying the basic rate limiting
reactions of light energy conversion by the Chloroplast-Ferredoxin-Hydrogenase
(CFH) system. 1In particular, we have performed the first measurement of the
turnover kinetics of the CFH system. For this measurement we illuminated the
CFH system with saturating single-turnover flashes of light of variable repet-
itive frequency. This technique allows a direct and unambiguous measurement
of the turnover times of the photoreactions associated with hydrogen and oxy-
gen production. The results are most encouraging because they imply that the
intrinsic kinetic rate capability of the CFH system is such that it can keep
pace with the rate of incident solar quanta. In addition, glutaraldehyde-
treated chloroplasts, which have been shown to have higher storage stability
than their native counterparts, have been tested for their operational stabil-
ity in the in vitro Chloroplast-Ferredoxin-Hydrogenase system.
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125. AQUEOUS CHEMISTRY AND THERMODYNAMICS TO 5.1 02-01
ELEVATED TEMPERATURES AND PRESSURES
R. H. Busey, H. F. Holmes,
D. A. Palmer, W. L. Marshall,
F. H. Sweeton

In this program we apply physical-chemical techniques to the study of the
thermodynamics of processes in aqueous media at the temperatures and pres-
sures encountered in energy related technologies. In order to permit predic-
tions of chemical behavior in solution under new conditions of temperature
and pressure fundamental relationships are being derived. The specific ap-
proaches emphasized are: potentiometry, conductance, calorimetry, isopiestic
and phase equilibrium studies. New techniques are being developed and ap~-
plied to model systems to derive a data base on the thermodynamics of sol-
utes, and predictive capability on processes such as: ionization, associ-
tion, hydrolysis, solubility, salt effects and volatility of inorganic sol-
utes principally up to 300°C but in more limited circumstances to 800°C.
Efforts are being made in many divergent applications elsewhere to model com-
plex natural and practical processes in terms of equilibrium thermodynamic
data.

126. ORGANIC CHEMISTRY AND THE CHEMISTRY OF 7.2 02-01
FOSSIL FUELS
C. J. Collins, E. W. Hagaman,
L. ... Brown, M. L. Poutsma

The current themes of this project are: (1) determination of coal struc-
tures; (2) investigation of the Na-K method for cleaving carbon-carbon bonds
in coal and compounds modeling coal; and (3) elucidation of mechanisms for
thermolysis of model coal structures. Application of additional resolution-
enhancement techniques to CP-MAS 13C NMR has allowed the identification of
several specific kinds of carbon atoms both in the aromatic and aliphatic
regilons. This method has been illustrated by determining the action of NaK
on Illinois #6 coal followed by guenching with methyl-13C iodide. The mech-
anisms of cleavage of the sp3-sp C-C bond in bibenzyl and the sp3-sp2 Cc-C
bond in diphenylmethane were shown to be distinctly different. Thermolysis
studies have focused on CgHg(CHp),-CgHs and naphthols. For the former,
B~scission, free-radical chain reactions for n 2 3 lead to enhanced reactiv-
ity over that predicted only from C-C bond strengths; for the latter, a
coupled condensation-hydrogen transfer process which produces dinaphthofurans
(via binaphthols) and tetralones is being unraveled.
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127. STEAM GENERATOR CHEMISTRY 0.9 02-01
W. L. Marshall, F. H. Sweeton

The objective of this program is to conduct basic research addressing some of
the solution phase equilibrium and solution chemistry problems which limit
power plant efficiency and capacity, principally in the steam generating
stage. The specific problems can be grouped among the following: corrosion
of metals of construction and the transport and deposition of dissolved com-
ponents., The chemistry of the dissolved constituents, either intrinsic or
introduced as an additive, which leads to corrosion, deposition or distribu-~
tion to the gas phase in both nuclear and fossil fueled generators is the
concern of this program. Also, because the radiation fields caused by the
deposition on the primary side in nuclear plants complicate maintenance pro-
cedures and decontamination in acé¢ident situations, the chemistry of contami-
nation (and decontamination) processes will be included. The approach will
involve detailed thermodynamic studies on the constituents of interest in
solution, their equilibria with solids and also their distribution to the gas
phase.

128. HETEROGENEOUS CATALYSIS RELATED TO 3.4 02-01
ENERGY SYSTEMS
S. H. Overbury, P. A. Agron,
W. C. Waggener

The objective of this research is to investigate chemical bonding and
structure of model catalytic surfaces, and the relationship between these
properties and catalytic activity. Three complementary physical method-
ologies are being developed and applied to this end. The first employs
angle resolved photoelectron spectroscopy to elicit information on the bond-
ing and orientation of molecules adsorbed on metallic crystals. Emphasis
has been placed on the behavior of sulfur-containing organic compounds. The
second technique, angle resolved ion scattering spectroscopy, is used to de-
termine surface structure and atomic composition, and studies of oxygen
chemisorption and oxidation of metal surfaces are in progress. The third
method probes the tangential forces on a metal foil caused by surface adsorp-
tion through observation of macroscopic distortions. This highly original
method is used to study adsorbent-adsorbate forces (such as those induced by
adsorbing Hp on Ni) as a function of time and surface coverage.



77

Chemistry Division, ORNL, continued

129. INORGANIC CHEMISTRY OF HYDROGEN CYCLES 1.5 02-01
P. R. Robinson and C. E. Bamberger

The thrust of this project is the study of inorganic reactions, especially at
high temperatures, that can be associated with related reactions at or near
ambient temperature to form viable thermochemical cycles for splitting water.
Additionally, reactions are sought that can be used for splitting COp. The
reduced products, Hy, and CO, respectively, have a wide range of uses from
being nonpolluting fuels to being major reagents in the synthesis of very
important chemicals; e.g., ammonia, gasoline, methanol, etc. The results
obtained to date include the discovery of several new inorganic compounds and
many new reactions. The knowledge provided by the latter together with that
of established reactions has been systematized into a thermodynamic-based
model which is used for selecting reactions for the development of new cycles.
These reactions are then confirmed experimentally in order to obtain
additional information pertaining to kinetics, side reactions, etc.

130. MOLTEN SALT CATALYSTS FOR CLEAN 4.1 02-01
FUEL SYNTHESIS
G. P. Smith, A. S. Dworkin,
A. C. Buchanan, III

In this program, mechanisms are studied of molten salt catalyzed hydrogena-
tion, hydrocracking, and simultaneous polymerization reactions of organic
compounds .chosen to model certain aspects of the coal structure. The
important mechanisms governing the removal of organically bound sulfur and
nitrogen also form part of these studies. The catalytic melts chosen for
study are made up from haloaluminates or posttransition metal halides as
dominant constituents. Examples of the latter are antimony trichloride

and zinc chloride., The formation, stability and reactions of species
important in catalytic mechanisms, such as carbenium ions, radical cations,"
unstable or unusual oxidation states of metals and unusual metal coordina-
tions are studied. . Direct observations of these species in the melt are
made by NMR, ESR, optical spectroscopy and electrochemical methods. Reaction
products are also studied by quench and work up procedure.
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131. MECHANISMS OF HYDROGENATION OF COAL 2.0 02-01
J. A. Franz and D. M. Camaioni

The tasks of this program are (1) to determine the structural changes in coals
under conditions of flash hydroliquefaction in hydrogen donor media; (2) to
determine mechanisms of hydrogen transfer during hydroliquefaction of coals
and to determine sites to which hydrogen is transferred using deuterium and
other labeling techniques; (3) to determine the mechanisms of formation and
reactions of organic free radicals and other transient species and their roles
in coal dissolution. The overall objective of the program is to gain a basic
scientific understanding of the s