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PREFACE

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

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

Scientists interested in proposing research for support
will find the publication useful for gauging the scope of
the present basic research program and its relation-
ship to their interests. Proposals that expand this
scope may also be considered or directed to more
appropriate offices. The primary goal of the research
summarized here is to add significantly to the knowl-
edge base on which existing and future efficient and
safe energy technologies can éevolve. As a result, sci-
entific excellence is a major criterion applied in the
selection of research supported by the Division of
Chemical Sciences, but another important consider-
ation is emphasis on science that is advancing in ways
that will produce new information related to energy.

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

Another section of this publication includes summaries
of projects funded during FY 1994 by the Small Busi-
ness Innovation Research (SBIR) Program Office in
response to technical topics submitted by the Division
of Chemical Sciences to the annual SBIR Solicitation
and the annual Small Business Technology Transfer
Solicitation.

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

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

Research in Chemical Sciences  Vii
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PROGRAM SUMMARIES

'Each Branch‘of the Division of Chemicdl:Sciences is
divided into:programsithat cover various.disciplines.
The following summaries describe ‘these programs.
The staff members responsible for.each program are
‘indicated on page viii. The :Division hasthe responsi-
bility for seeing that ‘the research programs and
facilities it.supports-are:operated in a safe manner
with due regard for the health-of participants and-the

protection of the environment. The staff who do-this

for the Division -and the Office :of Basic Energy
Sciences are in'the'Division of Chemical Sciences and
-the ‘Materials "Sciences Division. The ‘Chemical
‘Sciences Environment ‘Safety and Headlth (ES&H)
‘staff are also indicated on page wviii.

Fundamental Interactions Branch
(KC-08-01)

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

The Photochemical and Radiation Sciences program
consists of research on the interactions of radiation
with matter. Emphasis is placed on exploration of
fundamerntal photochemical processes aimed at-the
capture -and - conversion of solar energy. The solar
‘photochemistry research encompasses organic and
inorganic photochemistry, electron and energy trans-
fer in homogeneous and heterogeneous media,
photocatalysis, and ‘photoelectrochemistry. The
photosynthetic reaction.center is-studied as a model
for design of efficient photoinduced charge separation
in biomimetic/photocatalytic assemblies. The radia-
tion chemistry research is:concerned with the chemi-
cal effects produced by absorption:of energy:from
ionizing radiation. Electron pulse radiolysis tech-
niques provide information on the nature of transient

‘intermediates, kinetics, and mechanisms of chemical

‘reactions in the condensed phase.

Chemical Physics (KC-03-01-02)

The Chemical Physics program-supports research on
fundamental molecular processes related to the mis-
sion of the Department in the areas of combustion,
-catalysis, and environmental restoration. Specific
areas of emphasis include gas phase chemical reac-
tion theory, experimental dynamics and spectros-
copy, -thermodynamics ‘of ‘reaction intermediates,
chemical kinetics. and reaction mechanisms at high

temperatures in the gas phaseand at surfaces, com-
‘bustion diagnostics, and chemical dynamics and ki-
netics at surfaces and with metal and semiconductor
clusters.

A major user-oriented facility, the Combustion Re-
search Facility at Sandia National Laboratories,
‘California, is supported by this program. This facility
offers the use of advanced instrumentation and com-
putation to interested combustion scientists from
industry, universities, and national laboratories.

Atomic Physics -‘(KCaO3-01-03)

The Atomic Physics program-supports experimental
.and theoretical studies of atom and atomiic-ion struc-
tures, energy'levels and lifetimes of quantum states,
and of transport and exchange processes associated
with energy and momentum transfer. These studies
-seek to obtain the most accurate and complete funda-
mental knowledge of the properties and.interactions
of phatons, electrons, atoms, .and ions. Relatively
thigh energy atomic physics research involving atoms
.stripped of all or almost all electrons and of atoms and
ionsin which electrons are promoted to upper energy
.levels provide basic information to assist thermo-
nuclear energy development. The study of processes
that lead to the production of coherent radiation and
‘its statistical manifestations in atomic physics are
in¢luded in this program to assist development of
other less well characterized energy technologies.
‘Research on the manipulation of atoms with coherent
photon fields, on the behavior of plasmas generated
.by intense laser beams, and on.the physics of low-
‘temperature plasmas.rélevant to materials process-
'ing is-also supported.

‘Fadility Operations (KC-03-01-04)

‘DOE operates large scientific facilities for the benefit

-of the-scientific community. Major user facilities
. permit foréfront research to be conducted in.areas

important:to DOE by scientists from-industry and
universifies in addition to DOE contractors/grantees.

Operating support for these expensive, unique facili-

ties that are open to all qualified researchers is
provided by .DOE. Many of the facilities are user
oriented..The four operated by Chemical Sciences are
the following: the Combustion Research Facility (CRF)
at Sandia, Livermore, the High Flux Isotope Reactor
(HFIR) at Oak Ridge National Laboratory, the

Research in Chemical Sciences  iX



PROGRAM SUMMARIES

Stanford Synchrotron Radiation Laboratory (SSRL)
at Stanford, and, shared with the Materials Sciences
Division, the National Synchrotron Light Source
(NSLS) at Brookhaven. They represent research
resources for the general scientific community, and
qualified scientists not associated with the host labo-
ratory are encouraged to make use of them. However,
any activity that can be carried out at commercially

available laboratories is not appropriate for these

DOE-supported facilities. The process by which an
off-site scientist can use a facility is discussed in each
summary.

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

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

Processes and Techniques Branch
(KC-03-02)

Chemical Energy (KC-03-02-01)

This program includes basic chemistry research re-
lated to chemical transformations or conversions which
are fundamental to new or existing concepts of energy
production and storage. Of particular interest are
those research activities with the objectives of under-
standing the chemical aspects of (1) catalysis, both
heterogeneous and homogeneous; (2) the chemistry
of fossil resources, particularly coal, including char-
acterization and transformation; (3) the conversion
of biomass and related cellulosic wastes; and (4) the
chemistry of precursors to advanced materials. The
_disciplines of organic, organometallic, inorganic, physi-
cal,thermo-, and electrochemistry are central to these
programs. The emphasis is on understanding the
fundamental chemical principles underlying the new
and developing technologies and on innovative chemi-
cal research with potential for new energy concepts.

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

The separations part of the program supports basic
. research directed toward improving our understanding
of methods for separating mixtures of gases, liquids,
solids, and their component molecules, cations, and
anions. The program covers a broad spectrum
of separations concepts, including membrane pro-
cesses, extraction under both standard and
supercritical conditions, adsorption, chromatography,

photodissociation, complexation, etc. The research
involves elucidating fundamental chemical phenom-
ena for improved or new separations rather than
developing specific processes.

The analysis part of the program supports research
on phenomena basic to analytical methods, the goal
being to improve sensitivity, reliability, and/or pro-
ductivity of analytical determinations. Chemical and
physical principles which can lead to entirely new
methods of analysis are investigated, although this
program does not support instrument development.
Research progress is reported quickly in the open -
literature so that those interested in instrument de-
velopment can build on work supported herein. The
program is aimed at obtaining a thorough under-
standing of the basic chemistry of analytical tech-
niques so that their utility can be improved, rather
than solving specific problems in analysis.

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

The Heavy Element Chemistry program focuses on a
study of the chemical and certain physical properties
of the actinide elements, principally the transura-
nium elements, because of the importance of these
elements to DOE’s nuclear technology programs and
to an understanding of the basic science in general.
A variety of investigations are pursued, including
(1) organometallic chemistry, (2) the chemistry of ex-
cited spectroscopic states, (3) thermochemistry of ac-
tinide elements and compounds, (4) the chemistry of
actinides in near-neutral aqueous solutions and the
reactions of aqueous actinide ions with various

‘complexing agents, (5) the development of prepara-

tive methods for actinide metals and compounds, and
(6) characterization of actinides in the solid state
under pressure. This research is performed princi-
pally at the national laboratories because of facilities
required for handling radioactivity.

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

This program addresses energy aspects of chemically
related engineering topics, including thermo-
dynamics, turbulence related to combustion, and
physical and chemical rate processes. Particular
attention is given to experimental and theoretical
aspects of phase equilibria, especially of mixtures,
including supercritical phenomena, and to the phys-
ics of gas phase turbulence. Also included are funda-
mental studies of thermophysical and thermochemi-
cal properties. Emphasis is given to improving and/ -
or developing the scientific base for engineering gen-
eralizations and their unifying theories.

X Research in Chemical Sciences



PROGRAM SUMMARIES

Advanced Battery Technology
(KC-03-02-04)

The Advanced Battery Technology Research and
Development program supports research to develop
new generic battery.technology focused on the non-
automotive consumer market with emphasis on im-
provements in battery size, weight, life, and recharge
¢ycles. Areas of research include materials develop-
ment and characterization, battery component devel-
opment and interactions, characterization methodolo-
gies, and systems development and modeling. Although
both primary and secondary battery systems are con-
sidered, the greatest emphasis is placed on recharge-
able (i.e., secondary) battery systems. The program
covers a broad spectrum of research including investi-
gations of lithium cells, metal hydrides, bifunctional

air electrodes, fundamental studies of composite elec-
trode structures, failure and degradation of active
electrode materials, and thin-film electrodes, electro-
lytes, and interfaces. Characterization and method-
ologies include problems of electrode morphology, zinc
corrosion, separator/electrolyte stability, stable mi-
croelectrodes, and the transport properties of elec-
trode and electrolyte materials and surface films.
Investigations in computational chemistry, modeling,
and simulations, including property predictions, phe-
nomenological studies of reactions and interactions at
critical interfaces, film formation, phase change ef-
fects on electrodes and characterization of crystalline
and amorphous materials are also of interest.

Research in Chemical Sciences  Xi






LABORATORY ADMINISTRATION

Listed below, by laboratory and department or divi-
sion, are. persons who are or will be in charge of the

Division of Chemical Sciences projects at. DOE,

laboratories. These individuals are laboratory, de-
partment, or division administrators who can pro-

vide information about specific programs or refer -

inquiries to appropriate individuals.

AMES LABORATORY. !
" Iowa State University
Ames, 1A 50011

Chemical Sciences—Fundamental
Interactions

A. DePristo

Phone: (515) 294-9924

Chemical Sciences—Processes and
Techniques

J. H. Espenson

Phone: (515) 294-5730

Science and Technology
R. B. Thompson
Phone: (515) 294-9649

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

Chemical Technology Division
J. E. Battles -
Phone: (708) 252-4383

Chemistry Division
L. M. Stock =~~~
Phone: (708) 252 3‘%70

)Physics Division.
L. Young -
Phone: (708) 252—4039 :

BROOKHAVEN NATI()NAL LABORATORY
. Upton, Long Island, NY 11973 ‘

Department of Applied Science
d. Davenport
Phone: (516) 282-3037

Chemistry Department
N. Sutin
Phone: (516) 282-4301

National Synchrotron Light Source
D. Mc¢Whan
Phone: (516) 282-4966,

IDAHO NATIONAL ENGINEERING
LABORATORY
Idaho Falls, ID 83415

C. A Allen
Phone: (208) 526-0250

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, CA 94720

Chemical Biodynamics Division
S.-H. Kim
Phone: (510) 486-4355

Chemical Sciences Division
C. Harris
Phone;: (510) 486-6382

Energy and Environment Division
E. J. Cairng
Phone; (510) 486:5028

Nuclear Science Division
T.dJ. M. Symons
Phone; (510) 486-5670

LABORATORY
University of California

P.0. Box 808 : "

Livermore, CA 94550

C. Gatrouis
Phone: (510) 423-2851

Research in Chemical Sciences
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LABORATORY ADMINISTRATION

LOS ALAMOS NATIONAL LABORATORY
University of California

P.O. Box 1663

Los Alamos, NM 87545

A. Gancarzl
Phone: (505) 667-8680

NATIONAL RENEWABLE ENERGY
LABORATORY

1617 Cole Boulevard

Golden, CO 80401

Basic Sciences Division
S. Deb
Phone: (303) 231-1105

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

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

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

Chemical Technology D1V1swn
E. McNuse
Phone: (615) 574-6275

Chemical and Analytical Sciences Division

M. L. Poutsma
Phone: (615) 574-5028 -

Physics Division
S. Datz .
Phone: (615) 574-4984

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

Chemical Sciences Department
W. W. Laity
Phone: (509) 375-2780

D. W. Koppenaal
Phone: (509} 376-0368

Molecular Sciences Research Center .
T. Dunning
Phone: (509) 375-6863

B. R. Stults
Phone: (509) 375-2687

SANDIA NATIONAL LABORATORIES,
NEW MEXICO

P.O. Box 5800

Albuquerque, NM 87185

G. Samara )
Phone: (505) 844-6653

SANDIA NATIONAL LABORATORIES,
CALIFORNIA

P.O. Box 969

Livermore, CA 94551

Combusfion Research Facility
G. A. Fisk
Phone: (510) 294-3376
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NATIONAL LABORATORIES

Photochemical and Radiation
Sciences

)

Ames Laboratory

Iowa State University
~Ames, IA 50011

Fundamental Interactions $679,000

Program

1. Raman Spectroscopy of Model
Photosynthetic Systems
Cotton, T.M. .

515-294-9887

The objective of this project is to prepare model photosyn-
thetic systems that exhibit rapid and efficient electron
transfer behavior. Monolayers and multilayers composed
of donor (chlorophylls and porphyrins) and acceptors (vio-
logens and quinones) species are prepared on various
types of substrates by self-assembly and Langmuir-
Blodgett techniques. This approach can be used to control
the spacing between species within a multilayer assembly.
The effect of orientation on electron transfer kinetics can
be probed using spread monolayer films at an aqueous in-
terface. Such information is important because vectorial
charge separation in reaction centers isolated from photo-
synthetic membranes depends upon highly ordered
structures. Following characterization of the monolayers,
these are transferred to solid supports and their electro-
chemical and photochemical properties are investigated
by voltammetric methods. A highly sensitive technique,
surface enhanced Raman spectroscopy, is used to charac-
terize the structural aspects of the model systems and to

monitor the electron transfer process as well. For this pur- .

pose, the monolayer and multilayer systems are prepared
on metal substrates. The use of a number of different
types of donor molecules has shown that the metal plays
an important role in the photochemical response of the
system. Enhanced photochemistry occurs on metal sub-
strates which exhibit optical absorption (surface plasmon
resonances) in the visible region of the electromagnetic
spectrum. The possibility for using plasmon resonances to
enhance further the photochemical efficiency in model
systems is under investigation. [1.75 FTE]

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

515-294-3859

Electronic energy and electron transfer processes in pho-
tosynthetic protein complexes are investigated in order to
understand the structure-dynamics relationships that
lead to the high solar energy conversion efficiency of pho-
tosynthesis. Particular attention is paid to characterizing
the excited electronic states of the photocatalytic chloro-
phylls and other cofactors that are bound to the protein,

understanding the manner in which low frequency protein
vibrations mediate the transport of energy or charge, and
the determination of the effect of the inherent glass-like
structural disorder of proteins on the kinetics of trans-
port. To this end, high resolution laser-based frequency
domain spectroscopies (e.g., spectral hole burning) devel-
oped in this laboratory are applied. Currently, spectral
hole burning is the most powerful method for the study of
the above problems and has provided the first qualitative
data on electron-vibration (protein) coupling and the
glass-like disorder of proteins. These data are used to test
existing theoretical models and to develop new ones. Be-
cause the understanding of energy/electron transport and
solar energy conversion in the photosynthetic unit is of
very considerable complexity, new experimental ap-
proaches are developed. Recently, a high pressure/
variable temperature apparatus has been interfaced with
the laser-spectroscopic system. [2.25 FTE]

3. Ultrafast Spectroscopy and Energy
Transfer
Struve, W.S.
515-294-4276

Time resolved fluorescence and pump-probe spectro;
scopies, on the ultrafast femtosecond time scale, are used
to characterize electronic energy transport, vibrational
cooling, and charge separation in photosynthetic systems.
These investigations encompass both naturally occurring
and artificial photosynthetic systems. Recent attention
has focused on femtosecond energy transfer and coherence
decay in green photosynthetic bacteria. In addition, an-
tenna kinetics and vibrational coherences in chlorosomes
from the green bacterium Chloroflexus aurantiacus have
been studied. The bacterial chlorophyll ¢ aggregates in
these antennae are a potential model for efficient self-
assembly of artificial antennae. Current issues include the
extent of real-time exciton coherence in strongly coupled
antennae and the extent which vibration thermalization of
pigments in proteins contributes to femtosecond transient.
An in-depth femtosecond analysis of vibrational cooling
and dielectric relaxation of bacterial chlorophyll a in polar
solvents has also been concluded recently. New studies
are investigating energy transfer in monolayer and multi-
layer antenna systems in two-dimensional surfaces. An
ongoing effort involves the formation and characterization
of monolayer recognition template systems. [2.90 FTE]

Argonne National Laboratory
Argonne, IL 60439 ’

Chemistry Division $4,947,000

4. Electron Transfer and Energy Conversion
Miller, J.R.; Meisel, D.
708-252-3481

This program performs fundamental research on long-
distance electron transfer reactions and redox catalysis in
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.PHOTOCHEMICAL ‘AND" RADIATION ‘SCIENCES ~
:Argonne National ‘Laboratory .

'the ‘¢ondensed phase Election ‘trasnfer ‘rates ‘are ‘con-
‘trolled by ‘the nature and ‘spatial orientation ‘of molecular
‘material between the electron donor and atteptor -groups.
Experimental measurements-and ab initio theory are used
‘to establish the role of ‘the intervening structural ‘ele-
‘ménts. ‘Electron pulse radiolysis provides a techmque to
examine this question as well as the effects of°enhergy, po-
larity, ion pairing, and ‘temperature on the rate of the
process. Energetics of electron- transfer at the surface of
‘small semiconductor particles are ‘altered by the sizes of
the partlcles in the 10-100-A range. Chemical alteration of
their surfaces'has marked-effects on charge recombination
processes of photoexcited particles. New research is under
way on the photophysiés . and -electron ~ transfer ‘of
molecules that are attached to surfaces or tethered in
novel ways. [6.2 FTE] ’ :

5. Preparation and Photophysical

‘ Characterization of Photosyrithetic
‘Components
:Norris, J.R.
708-252-3544

The’ purpose of thlS work is to prowde the. necessary com-
pounds, reagents, and components for unraveling the
‘chémical machinery of natural and artificial. photosynthe-
sis. This work provides stable, nonabundant, ‘iSotopically
labeled ‘materials that are fully characterized in their
physical and chemical properties. For example, fully
deuterated reaction center proteins and fully deuterated
chlorophylls and bacteriochlorophylls are biosynthesized,
purified, and characterized by optical and magnetic reso-
nance spectroscopies, mass spectrometry, and neutron
diffraction. These fully deuterated materials are needed in
order to track the chemical events of natural and artificial
‘photosynthesis by state-of:the-art spectroscopic tech-
niques. Also, fully deuterated material, including the
-reaction center protein, is necessary to probe’the micro-
scopic structure of the photosyrithetic "‘machinery with
neutron scattering and diffraction. Finally, other fully
characterized, isotopically labeled material containing
carbon-13 and/or nitrogen-15 are available as required for
‘magnetic resonance spectroscopies, and are invaluable an-
alytical tools for probing the components, structure, and
mechanisms of charge separation as performed by natural
and artificial photosynthetic systems. [0.6 FTE]

6. Photosynthesis Research
Norris, J.R.; Thurnauer, M.; Tiede, D.M.;
Tang, J.; Chen, L.X.
708-252-3544

This research is dévoted to advancing the understanding
of natural photosynthesis for application in artificial pho-
tosynthesis. This work explores the detailed mechanics of
how an electron is pumped by light activation from the
“primary donor (bacteriochlorophyll special pair) to the pri-
mary acceptor - (bacteriopheophytin). Why this natural
‘chemistry appears to require 10 times less work by the
surrounding medium than in artificial photosynthesis is
explored by femtosecond optical spectroscopy in geneti-
cally modified bacterial reaction centers. Another major
goal of this work is to establish the characteristics of the
quinone photochemistry that result in long-lived charge
separation. During the quinone activity, pairs of free
radicals are created that can be probed by unique state-of-
the-art time domain magnetic resonance techniques.

Isotopically labeled material is ‘reqiired ‘for ‘these Thag-
netic resonance expenments Fmally, a substantial

‘theoretical component is ‘devoted to both the primary

charge separation events-and to the state-of:the-art elec-
tron paramagnetic resonance characterxzatmn -of ‘charge
separation across'a membrane barrier. [5.3 FTE]

7. Reactive Interinediates in the Condensed
Phase: Radiation -and Photochemistry
Trifunac, A.D.; Sauer, M.C., Jr.; Bartels, D.M.;
Werst, D.W.; Jonah -C.D.

708-252-3483

Chemical transformations resulting from the interaction
of ionizing radiation with condensed matter are examined.
The goal is to provide a -total description -of chemical
processes and reactive intermediates involved in “high-
energy” chemistry and thus ‘develop a state-of-the-art
molecular ‘mechanism of ‘many processes that have
widespread technological importance. This wide-ranging

-and comprehensive research effort itilizes specialized

techniques and instruments (picosecond electron linear
accelerator, ultrafast intense UVilasers, and time:domain
optical and magnetic resonance methods)-to discover and
examine short-lived species.:Studiés of transient interme-
didtes such as radical cations and electrons.provide a basis
for the understanding of chemical reactivity of reactive

‘species that are-important for describing molecular trans-

formations océurring in chemical and biological uses of
radiation. Several novel species and processes have been
observed and characterized for the first' time. A significant
part of this research examines-the role of solvent asthe
modulator of chemical reactivity of electrons and ions.
Novel low-temperature matrix methods have been devel-
oped using zeolite “microreactors” to allow detection of
very elusive radical ions and to devélop strategies-for con-

‘trol of ion-mediated chemical transformations. [8.:9 FTE]

8. Artificial Photosynthesis
Wasielewski, M.R.
- 708-252-3538

The principal goal of the artificial photosynthesis project
is to design, prepare, and study the fundamental proper-
ties of molecular systems that will efficiently convert light
energy into useful chemical energy. The picosecond, high
quantum yield photochemical charge separation that oc-
curs in natural photosynthesis serves as a conceptual
model for the systems studied in this project. Artificial
photosynthetic charge separation systems are designed to
yield photocatalysts that will perform well in practical
chemical environments. New supramolecular systems
that consist of covalently linked arrays of electron donors
and acceptors have been synthesized. These systems uti-
lize visible light to separate charge with 80% efficiency
and separation lifetimes that exceed 1 millisecond. The
organic electron donors and acceptors within these super-
molecules maintain well-defined structural, solvation, and
electronic relationships among themselves. Current
research focuses on issues that are fundamental to opti-
mizing charge separation and storage efficiencies in the
solid state. This includes the interplay betwéen the prop-
erties of the organized donor-acceptor array and the
molecular organization of the surrounding medium. Ultra-
fast laser spectroscopy is used to probe the molecular
interactions that occur in these ordered systems. (2.8 FTE]
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Pacitic Northwest Laboratory

Energy and Environment $179,000

Division

42. Combustion Chemistry.
Brown, N.dJ.
415-486-4241

Combustion ;processes are ;governed by chemical kinetics,
energy transfer, ‘transport, fluid mechanics, and ‘the com-
plex interactions .among these. In all :chemical :changes,
‘the pathways for energy movemerit ‘and ‘the competition
among the pathways determine reaction rates, product
yields, and product -state energy -distributions. ‘Under-
standing the fundamental -:chemical processes -offers ithe
possibility of -optimizing .comibustion -processes. Recent
research has been concerned with the application of func-
tional sensitivity ‘andlysis to .explore ‘the relationships
between dynamic observables and ‘the potential energy
surface structure. Functional -sensitivity -analysis ‘has
"been applied to classical dynamics studiesof energy trans-
fer and to -quantum mechanical studies :of reactive
:scattering. New applications -of the methodology will
‘involve analyzing experimental/theory - comparisons to as-
sess ‘specifically where a particular experimental result
can be used to eliminate :potential ‘inaccuracies. The for-
"malism will ‘also be-used in conjunction ‘with a surface
fitting ‘exercise to assure that a-high density of ab initio
points is computed in regions that most influence the dy-
‘namics. New emphasis will be-placed on using functional
" sensitivity analysis.to.provide a detailed map of the:im-
portantiregions of the potential energy surface that most
strongly influence the calculation of the thermal rate coef-
‘ficient. A second portion.of .the effort ‘is- concerned with
modeling combustion-chernistry with.particular emphasis
on treating problems that require parallel computing for a
tractable solution. [1.0 FTE] .

Lawrence Livermore National
Laboratory

University of Cahfornla

Livermore, CA 94550

‘Division of Applied Physics '$39,000
43. Chemical Kznetlcs Modelmg

Westbrook, C.K.

415-422-4108

This project emphasizes numerical modeling of chemical
kinetics of combustion. Combustion modeling applications
in both practical combustion systems and in controlled
‘laboratory experiments are included. Elementary reaction
rate parameters are combined :into mechanisms which
then describe the overall reaction of the fuels being stud-
ied. Detailed sensitivity - analyses are used to identify
those reaction rates and product species distributions to
-which the results are most sensitive and therefore war-
rant the greatest attention from other- experimental and
theoretical. research- programs.-Experimental data from a
variety of environments are combiried together to validate
“the reaction mechanisms, including results’from laminar
flames, shock tubes, flow 'systems, detonations, and even
internal combustion engines. Fuels to be-studied next in-
clude chlorinated hydrocarbons characteristic of toxic

wastes, -aromatic hydrocarbon species, and smaller oxy-
genated hydrocarbons. [0.3 FTE]

Pacific Northwest Laboratory

Richland, WA 99352

Molecular Science Research $4,850,000

‘Center

44. Chemical Structure and Dynamics
‘Colson, S.D.
509-375-6882

This program will achieve a molecular level understand-
ing of .chemical reaction .dynamics .at condensed phase

‘interfaces. The.methods used for these studies include (1)

the synthesis . of .unique surfaces and interfaces through

-controlled deposition-of atoms, molecules,.and clusters; (2)

the-synthesis of atomic'and:molecular clusters designed.to
mimic the structures of surface -sites and of solvated
species in solution .and at interfaces:(the structures and
reaction dynamics-of these clusters .will .provide unique

.insight into. condensed-phase chemistry:and.can aid in de-

veloping -and validating ab ‘initio .theories); .(3) ‘laser
methods.for the study. of molecules in.clusters, in-solution,
and . at interfaces with.sufficient time ;resolution :to .mea-
sure chemical processes in:real time;.(4) atomic-resolution
surface mapping and. analysis methods combined with re-

.active and nonreactive molecular scattering. and diffusion

studies, for chemical characterization of-surfaces and in-
terfaces; and (5) direct excitation of -surfaces, interfaces,
clusters, and molecules with électrons -and photons to

.model -chemical processes .inherent in radioactive mixed
-waste storage (radiolysis) and in the energetic destructlon

of wastes. [10.8 FTE]

-45. Molecular Theory and Modeéling

Dunning, T:H., Jr.;:Garrett, B.C.
.509-375-6863

‘The molecular theory. and: modeling project is designed to
‘increase -understanding- of molecular- processes.important

in environmental chemistry. The project integrates -ab.ini-
tio studies: of:fundamental molecular processes-in-model

-systems-with:- modeling of the complex molecular systems

found in'the environment. Five research areas are empha-
sized: (1) structure and. properties of aqueous clusters and
the energetics and-dynamics- of molecular processes .in-
volving such- clusters; (2) structure of molecules and:the
energetics-and-dynamics of molecular- processes in. aque-

-ous solutions; (3) structure-and. energetics of ion-ligand

complexes (such.as crown ethers) and the dynamics. of

‘complex ‘formation . in. aqueous solutions; - (4) binding : 6f

molecules to-soil minerals and.the dynarmcs of molecular

.processes:at thelinterface of minerals and aqueous solu-

tions; and .(5) energetics and .dynamics of molecular
processes- occurring at the interface béetween amorphous

.materials, e.g.; glasses and aqueous solutions.-This knowl-
-edge will further ‘the development of new separations
-processes. for: the-treatment of wastes, the construction of

reliable models 6f contaminant transport and transforma-
tion in-soils-and groundwater, and the assessment of the
stability of long-term.waste storage forms. [8.3 FTE]
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Sandia National Laboratories, California

Sandia National Laboratories,

California
vLivermore, CA 94551

Combustion Research Facility $2,619,000
46. Turbulent Reacting Flow Research
Barlow, R.S.; Schefer R.W.; Paul, P.H.;
Chen, J H.; Najm Koszykowskt, M. L
510-294- 2688

This experimental and computational research project is
directed toward an increased understanding of the cou-
pling between chemical kinetics and turbulent mixing in
reacting flows. Current research efforts address funda-
mental issues, such as the effects of differential diffusion;
unsteady strain; and flame curvature; the influence of
heat release on the scalar dissipation field in nonpremixed
flames; the geometric properties of turbulent premixed
flames; and the role of turbulence-chemistry interactions
in the formation of pollutants. Quantitative techniques for
simultaneous imaging of multiple scalars are used to de-
termine the spatial structure of turbulent reaction zones.
The temporal evolution of flame structures is investigated
by obtaining two co-planar images of CH with a variable
time delay. The influence of turbulent mixing on thermo-
chemical states is determined by simultaneous point
measurements of NO, OH, the major species, tempera-
ture, and mixture fraction. These detailed multiscalar
data reveal instantaneous relationships among scalars
and constitute a unique basis for evaluation and refine-
ment of turbulent combustion models. Fundamental
aspects of reacting flows are also studied computationally
by direct numerical simulation (DNS), where all scales of
fluid motion are computed. A current focus is the inclusion
of realistic chemical kinetic mechanisms in the DNS cal-
culations. [6.0 FTE]

47. Chemical Dynamics and Kinetics
Chandler, D.W.; Miller, J.A.; Rohlfing, E.A.;
Hayden, C.C.; Durant J.L.; Taa(]es C A.
510-294-3132

The goal of this research is to understand the details of
fundamental chemical processes that occur in combustion.
Chemical kinetics experiments use approaches such as
laser-photolysis/laser-induced fluorescence, long-path IR
absorption, mass spectrometric and laser diagnosed
flow-reactor studies, and high-temperature shock-tube
measurements. Recent systems of interest have included
the reactive systems OH + CH; and NH; + NO and the
collisional quenching of electronically excited NO. These
experimental studies are aided by quantum chemical and
- statistical theoretical calculations. Experiments in chemi-
cal dynamics emphasize collecting data for elementary
processes and individual molecules resolved to a quantum-
state level. Techniques utilized include ion imaging of
unimolecular and bimolecular reactions, femtosecond
time-resolved approaches (transient absorption, photoelec-
tron spectroscopy, and stimulated Raman scattering), and
linear and nonlinear laser spectroscopies. Recent applica-
tions have included ion-imaging studies of the product
angular distributions from the H + Dg: reaction and the
speed and internal state distribution of the HI product
from the H + HI reaction. Femtosecond time-resolved ap-
plications include investigations of internal conversion,

vibrational energy redistribution, and dissociation. Recent
spectroscopic studies have emphasized the application
and development of two-color resonant four-wave mixing
and laser-induced grating techniques for molecular spec-
troscopy and photodissociation dynamics. [6.0 FTE]

48. Combustion Research Facility (CRF)
Diagnostics Research: Nonlinear

Spectroscopic Processes
Farrow, R.L.; Rakestraw, D.J.
510-294-3259

This project involves the development, support, and ap-
plication of nonlinear spectroscopic diagnostics for
Combustion Research Facility programs. Emphasis is on
coherent anti-Stokes Raman spectroscopy (CARS) and
resonant four-wave mixing techniques for combustion
measurements. CARS is a relatively mature technique
that provides spatially and temporally precise measure-
ments of temperature and major species concentrations.
Degenerate four-wave mixing (DFWM) has recently
emerged as a coherent diagnostic roughly similar to CARS,
but offering greatly increased sensitivity. Current work is
focused on investigations of fundamental issues involved
in quantitative applications of DFWM. Topics include ex-
perimental studies of isolated DFWM line shapes and
intensities as influenced by collisional and Doppler broad-
ening, electronic quenching, thermal-grating generation,
and laser saturation effects. High-resolution pulsed laser
systems, in both the UV and infrared wavelength regions,
are used for detailed spectral studies. The experimental
results are compared to theoretical calculations, with an
important goal being the development of quantitative
models for routine data analysis. (Computer codes for ana-
lyzing CARS and DFWM spectra are being developed and
transferred to diagnostics and combustion researchers.)
Polyatomic molecules have been detected by exciting in-
frared transitions, an approach that should dramatically
widen the class of species detectable by DFWM. [3.0 FTE]

49. Flame Chemistry: Modelmg and
Experiments
Miller, J.A.; Kee, R.J.
510—294-2759

This research program represents an integrated effort to
understand the chemistry of combustion both qualita-
tively and quantitatively through the development of
predictive mathematical models. There are three aspects
of the program: (1) the mathematical modeling of flame
experiments and other macroscopic experiments where
chemistry is a critical factor, (2) the theoretical prediction
of rate coefficients and product distributions of critical ele-
mentary reactions using a combination of statistical and
dynamical methods in conjunction with ab initio potential
energy surfaces, and (3) low-pressure flame experiments
in which laser-induced fluorescense and mass spectrome-
try are the principal diagnostic tools. The focus of the
research is on combustion-generated pollutants (nitrogen
oxides, soot and its precursors, and other air toxics) and
on limit phenomena in combustion (ﬂammablhty limits,
extinction limits, etc.) [4.0 FTE}
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Lawrence Berkeley Laboratory

50. Combustion Research Facility (CRF)
Diagnostics Research: Novel Techniques
and Strategies

“Trebino, R.; Gray, J.A.; Paul, P.H.
510-294-2893

The research goals of this project include the conception
and development of novel laser-based diagnostic tech-
niques for Combustion Research Facility programs. New
techniques involving ultrafast phenomena, wave-mixing,
and thermo-acoustic scattering as well as new strategies
_in planar laser-induced fluorescence (PLIF) and resonant
multiphoton excitation are being actively pursued.
Frequency-resolved optical gating techniques provide full
characterization of single ultrashort laser pulses. These
new capabilities and recently'developed ultrashort-pulse
lasers are being exploited further to develop transient
absorption and time-domain resonant wave-mixing com-
bustion diagnostics for measurements of temperature,
pressure, and relative concentrations. Investigations of
thermo-acoustic scattering processes, exposed in degener-
ate four-wave-mixing research, are being pursued for
potential application as diagnostics of velocity, viscosity,
temperature, and concentration. Time-resolved PLIF for
quantitative two-dimensional measurements are limited
by low signal strengths and a strong sensitivity to quench-
ing processes. Studies of collisional energy transfer and
quenching processes are leading to predictive models of
quenching cross sections for molecules such as NO and
OH. Results from these and other fundamental studies,
combined with new laser or camera technologies, are pro-
viding new capabilities to combustion researchers. [3.0
FTE]

- Atomic 'Physics

Argonne National Laboratory
Argonne, IL 60439

Physics Division $1,455,000
51. Accelerator Based Atomic Physws
Berry, H.G.; Dunford, R.W.

708-252-4039

In this project, details of atomic and molecular are studied
" structure using several different heavy ion accelerators in
the Physics Division. The- ATLAS heavy-ion accelerator
provides an ion beam with low energy spread which
makes it an attractive facility for studying the atomic
physics of highly charged ions over the entire periodic ta-
ble. The program includes studies of ‘atomic structure as
well as ion-atom collisions. The atomic structure work
aims at precision tests of quantum electrodynamics, rela-
tivistic quantum theory, and the electroweak theory. The
experiments measure sub-nanosecond lifetimes and soft
X-ray wavelengths in 2- and 3-electron ions. The work on
ion-atom collisions aims at understanding the dynamics of
these collisions and has applications in fusion energy re-
search, plasma physics, and astrophysics. Another area of
investigation is the study -of collisions between two very
heavy nuclei (combined nuclear charge >173) at energies
near the Coulomb barrier . At BLASE, laser spectroscopy
with a low-energy (20 to 50 keV) ion beam is used to test

ab initio theory of hyperfine structures in heavy open-
shell ions. Lifetime measurements are used to provide
precise test