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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

vii



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

viii



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.

Xiv



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.
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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.
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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.
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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.
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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.
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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.
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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, s