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PREFACE

This summary book is published annually to providsignificantly to the knowledge base in which
information on research supported by the Departmerkisting and future energy technologies can evolve
of Energy's Division of Chemical Sciences, which igfficiently and safely. Scientific excellence is a
one of four Divisions of the Office of Basic Energymajor criterion applied in the selection of research
Sciences in the Office of Energy Research. supported by the Division of Chemical Sciences.
Another important consideration is advancing
These summaries provide the scientific and technicatience that will produce new information related
public, as well as the legislative and executivéo energy use and its environmental impacts.
branches of the Government, information, either
generally or in some depth, about the Chemicalhe program takes place in several different kinds of
Sciences program. Areas of research supported amganizations. About one-third of the projects are at
indicated in the Disciplines Indes (page 173) and iDOE laboratories and the rest mostly at universities,
the summaries themselves. Energy technologies thaith a small number of projects at industrial
may be advanced by use of the basic knowleddaboratories. In DOE laboratories, much of the
generated in this program are included in theesearch utilizes special unique facilities which, in
Technologies Indes (page 177) and are oftesome instances, are national user facilities. These are
referenced in the summaries. described in a special section of this publication.

Scientists interested in proposing research faQuestions about the detail of an individual project
support will find the publication useful for gaugingmay be directed to the investigators involved or the
the scope of the present basic research program gmekrsons in charge at DOE laboratories (who are
its relationship to their interests. Proposals thatentified at appropriate places in this publication).
expand this scope may also be considered @ther questions about the program may be directed
directed to more appropriate offices. The primaryo the appropriate program manager, team leader or
goal of the research summarized here is to adtie Division Director.

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

The objective of this program is to expand, througimature of transient intermediates, kinetics, and
support of basic research, knowledge of various areagechanisms of chemical reactions in the condensed
of chemistry, physics and chemical engineering witiphase.

a goal of contributing to new or improved processes

for developing and using domestic energy resourcé&dhemical Physics

in an efficient and environmentally sound mannefKC-03-01-02)

Each team of the Division of Chemical Sciences,

Fundamental Interactions and Molecular ProcesseBhe Chemical Physics program supports research on
is divided into programs that cover the variougundamental molecular processes related to the
disciplines. Disciplinary areas where research imission of the Department in the areas of com-
supported include atomic, molecular, and opticabustion, catalysis, and environmental restoration.
physics; physical, inorganic, and organic chemistrySpecific areas of emphasis include gas phase
chemical energy, chemical physics; photochemistryghemical reaction theory, experimental dynamics and
radiation chemistry; analytical chemistry; separationspectroscopy, thermodynamics of reaction inter-
science; heavy element chemistry; chemicaimediates, chemical kinetics and reaction mechanisms
engineering sciences; and advanced battery researahhigh temperatures in the gas phase and at surfaces,
However, traditional disciplinary boundaries shouldcombustion diagnostics, and chemical dynamics and
not be considered barriers, and multi-disciplinarkinetics at surfaces and with metal and
efforts are encouraged. In addition, the prograrsemiconductor clusters.

supports several major scientific user facilities. The

following summaries describe the programs. A major user-oriented facility, the Combustion
Research Facility at Sandia National Laboratories,
Fundamental Interactions Team California, is supported by this program. This facility
(KC-03-01) offers the use of advanced instrumentation and
computation to interested combustion scientists from
Photochemical and Radiation Sciences industry, universities, and national laboratories.

(KC-03-01-01)

Atomic, Molecular, and Optical Physics
The Photochemical and Radiation Sciences progra(dC-03-01-03)
consists of research on the interactions of radiation
with matter. Emphasis is placed on exploration of he Atomic, Molecular, and Optical Physics program
fundamental photochemical processes aimed at tkepports experimental and theoretical studies
capture and conversion of solar energy. The solaelevant to energy technologies. These include
photochemistry research encompasses organic astidies of atoms and atomic ion structures, energy
inorganic photochemistry, electron and energyevels and lifetimes of quantum states, and of
transfer in homogeneous and heterogeneous medignsport and exchange processes associated with
photocatalysis, and photoelectrochemistry. Thenergy and momentum transfer. These studies seek
photosynthetic reaction center is studied as a model obtain the most accurate and complete
for design of efficient photoinduced chargefundamental knowledge of the properties and
separation in biomimetic/photocatalytic assembliesnteractions of photons, electrons, atoms, and ions.
The radiation chemistry research is concerned witRelatively high energy atomic physics research
the chemical effects produced by absorption ohvolving atoms stripped of all or almost all electrons
energy from ionizing radiation. Electron pulseand of atoms and ions in which electrons are
radiolysis techniques provide information on thepromoted to upper energy levels provide basic
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information to assist fusion energy development. Th¥olecular Processes Team (KC-03-02)
study of processes that lead to the production of
coherent radiation and its statistical manifestations i@hemical Energy
atomic physics are included. Research on th@C-03-02-01)
manipulation of atoms with coherent photon fields,
on the behavior of plasmas generated by intense lagdne Chemical Energy program includes basic
beams, and on the physics of low-temperature plasmesemistry research related to chemical
relevant to materials processing is also supported. transformations or conversions which are
fundamental to new or existing concepts of energy
Facility Operations production and storage. Of particular interest are
(KC-03-01-04) those research activities with the objectives of
understanding the chemical aspects of (1) catalysis,
DOE operates large scientific facilities for the benefiboth heterogeneous and homogeneous; (2) the
of the scientific community. Major user facilities chemistry of fossil resources, particularly coal,
permit forefront research to be conducted in areascluding characterization and transformation; (3) the
important to DOE by scientists from industry andconversion of biomass and related cellulosic wastes;
universities in addition to DOE contractors/granteesand (4) the chemistry of precursors to advanced
Operating support for these expensive, unigumaterials. The disciplines of organic, organometallic,
facilities that are open to all qualified researchers imorganic, physical, thermo- and electrochemistry are
provided by DOE. Many of the facilities are usercentral to these programs. The emphasis is on
oriented. The five operated by the Chemical Sciencesmderstanding the fundamental chemical principles
Division are the following: the Combustion Researclunderlying the new and developing technologies and
Facility (CRF) at Sandia, Livermore; the High Fluxon innovative chemical research with potential for
Isotope Reactor (HFIR) and the Radiochemicahew energy concepts.
Engineering Development Center (REDC) at Oak
Ridge National Laboratory; the Stanford Synchrotrorseparations and Analysis
Radiation Laboratory (SSRL); and, shared with théKC-03-02-02)
Material Sciences Division, the National Synchrotron
Light Source (NSLS) at Brookhaven NationalThe separations part of the program supports basic
Laboratory. They represent research resources fogsearch focused on obtaining an improved
the general scientific community, and qualifiedunderstanding of the molecular basis for physical and
scientists not associated with the host laboratory aokemical separations. The research seeks to elucidate
encouraged to make use of them. However, arfundamental chemical phenomena which have broad
activity that can be carried out at commerciallymplications for separation science rather than to
available laboratories is not appropriate for thesdevelop specific processes. The analysis part of the
DOE-supported facilities. The process by which aprogram supports research on understanding
off-site scientist can use a facility is discussed in eagfhenomena underpinning analytical methods to
summary. Other facilities described in the “Speciaprovide the basis for improving sensitivity, reliability,
Facilities in the Chemical Sciences Division” sectiorand/or productivity of analytical determinations.
are also available for use through collaboration witlhnvestigation of chemical and physical principles
staff scientists. The names of individuals to contasthich can lead to entirely new methods or which
for further information and technical data onelucidate the fundamentals of current separations or
available instrumentation at each facility areanalytical techniques are encouraged. This program
described. does not support instrument or process development.
Research progress is reported quickly in the open
literature so that those interested in specific
applications can build on work supported herein.
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Heavy Element Chemistry systems and their interactions with emphasis on
(KC-03-02-03) improvements in battery size, weight, life, and
recharge cycles. Although both primary and
The Heavy Element Chemistry program focuses ogecondary battery systems are considered, the
furthering the molecular level understanding of thgreatest emphasis is placed on rechargeable (i.e.,
chemistry of actinides and their fission products. Thisecondary) battery systems. The program covers a
understanding provides a basis for the developmehtoad spectrum of research including fundamental
of new technologies for the production, use, safstudies of composite electrode structures, failure and
handling, storage, and disposal of nuclear materialdegradation of active electrode materials, and thin
The program also serves to train scientists who cdiim electrodes, electrolytes, and interfaces.
address these important activities and theiProblems of electrode morphology, corrosion,
environmental consequences with a broaelectrolyte stability, and the transport properties of
understanding of the underlying chemistry. Areas o¢lectrode and electrolyte materials and surface films
interest include but are not limited to: (1) aqueousare also addressed. Investigations in computational
and non-aqueous coordination chemistry, (2) solutiomodeling and simulation of the underlying
and solid-state speciation and reactivity, (3xhemistry; including reactions, structure-function
measurement of chemical and physical propertieproperties, interactions at critical interfaces, film
(4) synthesis of actinide-containing materials, (5jormation, phase change effects on electrodes, and
chemical properties of the heaviest transactinidelectrochemical characterization of crystalline and
elements, and (6) advanced theoretical methods famorphous materials are also of interest.
the prediction of electronic and molecular structure
and reactivity. Collaboration with the national
laboratories is encouraged because of the special
facilities required for handling radioactive materials.

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
physics of gas phase turbulence. Also included are
fundamental studies of thermophysical and
thermochemical properties. Emphasis is given to
improving and/or developing the scientific base for
engineering generalizations and their unifying
theories.

The program also supports fundamental research in
electrochemistry related to advanced batteries for
areas critical to understanding the underlying
limitations in the performance of non-automotive
electrochemical energy storage systems. Areas of
research include anode, cathode, and electrolyte
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LABORATORY ADMINISTRATION

Listed below, by laboratory and department oBROOKHAVEN NATIONAL LABORATORY
division, are persons who are or will be in charge oP.O. Box 5000

the Division of Chemical Sciences projects at DORJpton, NY 11973-5000

laboratories. These individuals are laboratory,

department, or division administrators who can
provide information about specific programs or refer

inquiries to appropriate individuals.

AMES LABORATORY
lowa State University
Ames lowa 50011

Chemical Sciences - Fundamental
Interactions

E. S. Yeung

Phone: (515)294-8062

E-mail: yeung@ameslab.gov

Chemical Sciences - Molecular Processes
J. H. Espenson
Phone: (515)294-5730
E-mail: espenson@ameslab.gov

Science and Technology
R. B. Thompson
Phone: (515)294-9649
E-mail: thompsonrb@ameslab.gov

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

Chemical Technology Division
J. J. Laidler
Phone: (630)252-4479
E-mail: laidler@cmt.anl.gov

Chemistry Division
M. C. Thurnauer
Phone: (630)252-3570
E-mail: thurnauer@anlchm.chm.anl.gov

Physics Division
L. Young
Phone: (630)252-8878
E-mail: young@anlphy.phy.anl.gov

Department of Applied Science
J. Davenport
Phone: (516)344-3789
E-mail: davenpol@bnl.gov

Chemistry Department
C. Creutz
Phone: (516)344-4301
E-mail: chmchair@bnl.gov

National Synchrotron Light Source
M. Hart
Phone: (516)344-4966
E-mail: mhart@bnl.gov

IDAHO NATIONAL ENGINEERING AND
ENVIRONMENTAL LABORATORY
Lockheed Matrtin Idaho Technologies Co.
P.O. Box 1625

Idaho Falls, ID 83415-2208

Chemical and Materials Processes
Department

D. L. Miller

Phone: (208)526-9052

E-mail: bsh@inel.gov

LAWRENCE BERKELEY NATIONAL
LABORATORY

University of California

Berkeley, CA 94720

Physical Biosciences
Graham R. Fleming
Phone: (510)643-2735
E-mail: GRFleming@Ibl.gov

Chemical Sciences Division
N. M. Edelstein (Acting)
Phone: (510)486-5624
E-mail: nmedelstein@Ibl.gov
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Energy and Environment Division
D. F. Grether
Phone: (510)486-6283
E-mail: DFGrether@Ibl.gov

Nuclear Science Division
L. S. Schroeder
Phone: (510)486-7890
E-mail: LSSchroeder@lbl.gov

LAWRENCE LIVERMORE NATIONAL
LABORATORY

University of California

P.O. Box 808

Livermore, CA 94550

Physics and Space Technology Directorate
D. H. Schneider
Phone: (510)423-5940
E-mail: schneider2@IInl.gov

LOS ALAMOS NATIONAL LABORATORY
University of California

P.O. Box 1663

Los Alamos, NM 87545

Energy Technology Programs Office
C. J. Burns
Phone: (505)667-3880
E-mail: cjb@lanl.gov

NATIONAL RENEWABLE ENERGY
LABORATORY

1617 Cole Boulevard

Golden, CO 80401

Basic Sciences Division
S. Deb
Phone: (303)384-6405
E-mail: debs@tcplink.nrel.gov

NOTRE DAME RADIATION LABORATORY
University of Notre Dame
Notre Dame, IN 46556
James L. Merz, Interim Director
Phone: (219)631-6291
E-mail: gradsch.1@nd.edu

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

Chemical Technology Division
L. E. McNeese
Phone: (423)574-7456
E-mail: zem@ornl.gov

Chemical and Analytical Sciences Division
M. L. Poutsma
Phone: (423)574-5028
E-mail: poutsmaml@ornl.gov

Physics Division
S. Datz
Phone: (423)574-4984
E-mail: datzs@ornl.gov

PACIFIC NORTHWEST NATIONAL
LABORATORY

P.O. Box 999

Richland, WA 99352

Environmental and Energy Sciences Division
B. R. Stults
Phone: (509)375-2687
E-mail: ray.stults@pnl.gov

Environment and Molecular Sciences
Laboratory

T. Fryberger (Acting)

Phone: (509)376-6688

E-mail: t fryberger@pnl.gov

SANDIA NATIONAL LABORATORIES, NEW
MEXICO

P.O. Box 5800

Albuquerque, NM 87185

Nanostructures and Advanced Materials
Research Department

G. Samara

Phone: (505)844-6653

E-mail: gasamar@sandia.gov

SANDIA NATIONAL LABORATORIES,
CALIFORNIA

P.O. Box 969

Livermore, CA 94551

Combustion Research Facility
W. J. McLean
Phone: (510)294-2687
E-mail: wimclea@sandia.gov

Xiv Research in Chemical Sciences



NATIONAL LABORATORIES

. .. primary photochemical event of charge separation which occurs in
PhOtOChem|CaI and Rad|at|0n the reaction center. Advanced frequency- and time-domain
SCienceS spectroscopies are essential for understanding these processes. This
program uses laser-spectral hole burning spectroscopies. To
understand excitation energy transfer and charge separation, several
key issues are being addressed. They are: the nature of excited

Ames Laboratory electronic states of coupled chlorophylls bound to protein; the effects

lowa State University of the protein on the electronic structure of chlorophylls; the effects

Ames. |IA. 50011 of structural disorder of proteins on excitation energy transfer and
1) 1)

charge separation; and characterization of protein and chlorophyll
vibrational motions which mediate excitation energy transfer and
charge separation. These problems are investigated using a unique
facility which combines hole burning with high pressure (10,000 atm)
and electric fields. The responses of biological systems to external
perturbations such as pressure provide insights on the mechanistic
aspects of their transport properties. Theoretical efforts are directed
towards understanding how photosynthetic systems carry out efficient
excitation energy transfer and charge separation in the presence of
structural disorder.

The objective of this project is to study heterogeneous electron transfer

between different molecular assemblies at metal surfaces with tf& Ultrafast Spectroscopy and Energy Transfer

ultimate goal to prepare model photosynthetic systems. Monolayers  Struve, W.S.; Savikhin, S. $220,000

and multilayers composed of donor acceptor species are fabricated 515-294-4276

by self-assembly and Langmuir-Blodgett techniques. The 515-294-1699 (FAX)

distinguishing feature of this project is the use of metal substratesasa  wstruve@ameslab.gov

means of enhancing different optical phenomena as well a'I§emtosecond laser spectroscopy is applied to studies of ultrafast

photoinduced electron transfer. Such enhancement occurs due tP ) L e
e Fctronlc energy transfer and charge separation in natural and artificial

excitation of the plasmon. resonances on spec.| ally prgpared metéhotosynthe‘[ic systems. The goal is a full understanding of the primary
surfaces or metal nanopatrticles. The photoreduction of nitrite has been

. ) L . processes and structure-function relationships in natural systems, in
studied at roughened silver electrodes and a significant increase in

iald is observed. as compared to smooth silver. Recently. a complet cirder to facilitate design of biomimetic systems. Recent experiments
y ' P ) Y. Piele¥ve dealt with energy transfers in light-harvesting antennas from

new concept was developed based on the coupling of the plasmgnrple photosynthetic bacteria, bacteriochlorophyll-protein complexes

resonances of individual metal particles in highly organized two-rom the green bacteriurGhlorobium tepidumand oligomeric

dimensional arrays. The coupling produces nonradiative energy transter , . . .
. RN - . . acteriochlorophyll antennae in light-harvesting chlorosomes from
between particles resulting in highly efficient light collection. Such

. . een bacteria. The sequence of level-to-level energy transfers was
substrates (termed Colloidal Metal Films) were successfully prepare%[ q 9y

. ) . . ) . recently mapped in the structurally well characterized Fenna-
using surface chemistry to immobilize small silver and gold particle .
. . atthews-Olson (FMO) antenna complex from green photosynthetic
on glass surfaces. Strong coupling between particles was observed to , . . . . .
o . . : ~bacteria—a major milestone in the study of structure-function
give rise to a blue shift in the plasmon resonance (exciton-like behavior

. o ) Slationships in strongly coupled antennas. The kinetics of energy
These systems will be employed as artificial antenna and will be coupl rgansfers within the B808-866 antenna of the green bacterium

t(.) d.lf.ferent mc_ndel_photosynthetlc systems in order to INCTE€aSThloroflexus aurantiacusvas recently determined; this complex
significantly their efficiency. shows surprising parallels with the much-studied B800-850 antennas
of purple bacteria, which are not otherwise closely relate@fto
aurantiacus Planned experiments include kinetic studies of genetically
altered FMO complexes (e.g., with systematic deletions of
bacteriochlorophyll pigments), in order to identify the roles of specific
pigments in the level relaxation scheme of this prototypical antenna.

Fundamental Interactions Program

1. Raman Spectroscopy of Model Photosynthetic
Systems
Cotton, T.M.; Chumanov, G. $120,000
515-294-9887
515-294-0105 (FAX)
tmcotton@ameslab.gov

2. Photosynthetic Light Harvesting and Charge Separation
Small, G.J.; Jankowiak, R.; Hayes, J.M. $200,000
515-294-3859
515-294-1699 (FAX)
gsmall@ameslab.gov

The major goal is a detailed physicochemical understanding of the
efficient solar energy conversion processes of plants and
photosynthetic organisms. Focus is on the two most important
processes: ultrafast (picosecond or faster) excitation energy transfer
within the antenna network of protein-chlorophyll complexes and the
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Argonne National Laborato ry in small colloidal particles, were found to exit the particles and appear
Argonne’ IL, 60439 in the surrounding solution. The latter studies interface closely with

more applied efforts aimed toward understanding and stabilization of
Chemistry Division nuclear waste in storage tanks.

4. Time-Domain Molecular Structure Determination in 6. Hierarchical Photosynthetic Systems for Photochemical

Photoinduced Electron Transfer Processes Ezergy Conh‘;leésio_lf_‘_ o DAL $699.000
Chen, L.X.; Thurnauer, M.C.; $70,0000perating T umiu-eé g iede, D.M.; ,
Wasielewski, M.R. $200,00CEquipment ang, J.; Rajh, T.

708-252-9289 (FAX) -252- (FAX)

Ichen@anichm.chm.anl.gov thurnauer@anlchm.chm.anl.gov

The objective of this research is to correlate the molecular structures-gp'S program investigates mechanisms of coupling ultrafast

reaction intermediates in photoinduced electron transfer processes mﬁ%ﬂom'”duced charge separation 1o the production of chemical and

reaction mechanisms using time-domain X-ray absorption spectrosco&lleCtrOChem'Cal products. Natural photosynthesis is being studied as

(TDXAS). The structures of photochemical reaction intermediates arg" example of a photochemical system in which ultrafast photophysical
important in determining the factors that control reactions, such as ghgocesses are nearly optimally linked to chemical energy conversion.

vibrational modes that are strongly coupled with electron transfer, th-léhe natural systems have a hierarchical design, consisting of discrete

energy barriers of the reaction, and the potential surfaces of th_Cé1emlcal subsystems that break up photosynthesis into a sequence of

intermediates. The TDXAS experiments are to be conducted at tﬁﬂd'v'dual photochemical and chemical reaction steps. This program

Advanced Photon Source in a new TDXAS facility currently underexamines how linkages between different photosynthetic subsystems

construction. This experimental facility will implement “pump-probe” are achieved and delivers strategies for the design of novel, hierarchal

X-ray absorption spectroscopy (XAS) to monitor structural changesa.‘rt'f'c'al systems for enhanced photochemical energy conversion. The

The XAS spectra of a particular intermediate state of electron donoP—'OIOQ’Ical systems under investigation include the bacterial

acceptor molecules will be collected at an optimal delay time after th%hOtOSynthetIC reaction center protein, and the photosystems | and Il

laser pulse that initiates the reaction. The structural information obtainé(ruom algae and plants. Surface-modified, semiconductor colloid

from TDXAS experiments combined with dynamics information from photocatalysts are being synthesized and investigated as models of
other spectroscopic techniques will enhance our understanding 8¥nthetlc hierarchical photochemical systems. Time-resolved EPR

photoinduced electron transfer and will create new research opportuniti{eosmsgd and CW) and. heutron gnd X-ray diffraction expe.rlmen.tal
in solar energy conversion and storage techniques and theoretical modeling are being developed to investigate

structure and photochemical activity in hierarchical photochemical
systems. Notable contributions from this program have been the
resolution of structures and sequences of electron transfer events in
natural photosynthesis, and, following from this, the design and synthesis
of surface-modified semiconductor colloids that exhibit photoinduced
sequential electron transfer steps leading to charge separation.

5. Electron Transfer and Energy Conversion
Miller, J.R.; Meisel, D.; Curtiss, L.A. $1,066,000
708-252-3481
708-252-7068 (FAX)
jrmiller@anichm.chm.anl.gov

This project seeks knowledge related to photochemical conversion @f  Stable Isotope Labeling of Photosynthetic Materials and
solar energy and safe disposal of nuclear waste materials. Four  Structural Analysis

scientific areas are the focus of the program: the mechanisms of  Tiede, D.M. $65,000
electron transfer reactions, the nature and reactions of excited radical  630-252-3539
ions, the reactions of NQadicals, and the effects of interfaces on 630-252-9289 (FAX)

these reactions. Each area is studied by combinations of three tiede@anlchm.chm.anl.gov
techniques: electron pulse radiolysis, ab initio computation, and laser

photoexcitation. Intramolecular electron transfer rates are measur(-er(gl"S project produces photosynthetic materials enriched with

which enable separate evaluation of the distance dependence rbqr;nat:rftil, sr:ablg 'S(I)tOpeSI that offcferunlqule oppo:tumltles f;)r strtif]tutrg :
electronic couplings and solvent reorganization energies, coupled gg'd photochemical analyses of complex natural and synthetic

. . . . . hotochemical systems using magnetic resonance and neutron
examination of computed electronic couplings as functions of distanc®! y 9 9

Radical ions are studied which have excited states capable of driviﬁ&atte”ng techniques. A central problem for unraveling mechanisms

photochemistry, including photochemical energy storage. While th]:aor solar energy conversion lies in detecting photochemistry and

majority of radical ions have short-lived (<< 100 ps) excited sta,[estructure of individual components buried within larger molecular

lifetimes, the radical anion of benzoquinone was found to have a 6yrays: The isotopically labeled materials produced by this program
ns excited state lifetime due to a forbidden transition. Redox equilibriBrov';je ‘?n gleganr:, non-zertgrbatl}/egzo;l;/tlog to th'_s proble_rr;{ F;rlmlary
are being measured of nitrate radical dianion and results compargttpp asis Is on t € pro _uctlon 0 o170 euterlum_-c_snrlc ed aigae
with ab initio calculations of the corresponding electron affinity anGand photosynthetic bacteria. Deuteration greatly simplifies the electron

solvation energies. Charge carriers, generated by ionizing radiatidifi'amagnetic properties of free-radical intermediates produced by
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light-induced chemistry. Neutron scattering experiments also benefibhe efficient conversion of light energy into chemical energy. Avariety
from deuteration by amplifying the coherent neutron scattering signaif spectroscopic techniques, including femtosecond optical spectroscopy
from the labeled molecules and suppressing incoherent scatterirend time-resolved magnetic resonance, are being applied to these
These features are being exploited for the determination ofroblems. The focus of current research includes preparation of the
photochemistry and structure in natural photosynthesis using nefitst chemical systems that precisely mimic the electron transfer and
high-resolution, state-of-the-art pulsed and CW magnetic resonanspin dynamics that are exhibited only by natural photosynthetic energy
spectroscopies and neutron scattering techniques. In addition, tenversion proteins. This work yields important information regarding
photosynthetic materials are being used as sources for the isolationfmiw the structure of a chemical system can be optimized for efficient
fully deuterated chlorophylls, bacteriochlorophylls, chlorins, quinonesgnergy conversion. New rod-like charge separation molecules are being
carotenoids, and lipids. These compounds are used for th&udied in which light can be used to control the distance over which
reconstitution of selectively labeled natural photosynthetic assemblidke initial charge separation events occur. These molecules are being
and for the synthesis of artificial assemblies with selected isotopiased to develop nanostructures for use in energy conversion applications.
composition. This program is providing new materials for probingNew structures are being examined that test whether molecular arrays
the components, structure, and mechanisms of charge separatiomnaey act as conduits for long distance transport of photogenerated charges
performed by natural and artificial photosynthetic systems. to storage sites. Critical mechanistic issues of fundamental importance
regarding the role of the surrounding medium and donor-acceptor

8. Reactive Intermediates in the Condensed Phase: Radiationelectronic structure in controlling rates of charge separation and

and Photochemistry recombination are also being studied.

Trifunac, A.D.; Bartels, D.M.; $1,772,000

Jonah, C.D.; Shkrob, I.A.; Werst, D.W. .
630-252-3483 Brookhaven National Laboratory

630-252-4993 (FAX) Upton, NY, 11973

trifunac@anlchm.chm.anl.gov

Department of Applied Science
An understanding of reaction dynamics and overall chemistry of the P PP

short-lived species that are created when energetic radiation interaitg
with matter is important to many fields of chemical research and to
many uses of radiation. The knowledge developed in the course of
this research is applicable to diverse areas of technology, such as
polymer processing and treatment of hazardous wastes, and to
questions relating to long-term radioactive waste storage. Recent
studies include an examination of the role of solvation in controlling?orphyrins are nature’s choice catalysts. They mediate a remarkable
reactivity of charged species. Novel ultrafast studies of watespectrum of bioenergetic reactions ranging from photosynthetic solar
photoionization have provided new insights into the energetics ofnergy transduction to conversion of carbon dioxide into fuel. This
ionization. A new chemistry of excited ions is being examined; highlyprogram seeks to understand the common chemistry that controls these
excited aromatic radical cations accept electrons from the solvent imaultifaceted (photo)catalytic reactions and aims to develop synthetic
process termed hole injection. Solid state studies of ions providgystems that duplicate the efficiency and selectivity of biological
insights into the control of ion chemistry and have led to thesystems. Recent work has focused on structural control of the
development of new methods for the study of catalytic effects of acidiphotophysical and chemical properties of porphyrins, prompted by
zeolites. Reactions of hydrogen atoms in silica glasses, in noble gdse mounting evidence of conformational distortions and flexibility
fluids, and in aqueous solutions are being examined, providing insightdserved in crystallographic determinations of photosynthetic antenna,
into the radiolytic defect formation. These studies are being carriegbaction centers, and heme proteins. Results with synthetic porphyrins
out using unique real-time tools, including a picosecond lineademonstrate that simple molecular engineering can readily alter the
accelerator; a Van de Graaff accelerator; and femtosecond, picosecoad;hitecture of the porphyrins and, thereby, significantly modulate
and nanosecond UV lasers coupled to specialized detection equipmethieir physicochemical properties. Besides providing insights into the
consequences of nonplanar conformations in vivo, the synthetic work
9. Molecular Systems for Photochemical Energy Conversion has opened attractively simple avenues into entirely new classes of

Porphyrin Chemistry

Fajer, J.; Barkigia, K.M.; Renner, M.W. $587,000
516-344-4521

516-344-3137 (FAX)

fajerj@bnl.gov

and Storage porphyrins with dramatically altered (photo)physical and chemical
Wasielewski, M.R.; Chen, L.X.; $843,000 properties. The facile introduction of multiple substituents on the
Gosztola, D.; Wiederrecht, G.P. periphery of porphyrins results in multiconformational landscapes that
708-252-3538 cause major changes in optical, redox, radical, and excited state
630-252-9289 (FAX) properties. For example, simple modifications of substituents can
wasielewski@anlchm.chm.anl.gov change excited state lifetimes by three orders of magnitude. These

. . . . r?sults establish the acute sensitivity of porphyrins to structural motifs
In this project, molecular systems consisting of organized arrays

_found in photosynthetic and heme proteins and, in addition,
energy and electron donor and acceptor molecules are synthesiz éj P y P

. . . h theti hyri lecularly tail
and studied with the goal of producing new, fundamental approaches(%mo.ns”at? t at synthetic pp rphymnns can be_mo ecularly tailored to
exhibit specific dark and excited state properties.
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11. Electrochemistry and Photoelectrochemistry are a major focus. New efforts focus on photochemical and
Feldberg, S.W.; Smalley, J.F. $307,000 mechanistic studies of organometallics in water.
516-344-4480
516-344-3137 (FAX)

feldberg@bnl.gov Lawrence Berkeley National Laboratory

University of California
The objective of this research is to provide new insights into thBerke|ey CA. 94720
mechanisms of electrochemical and photoelectrochemical phenomena. ! !

Electron-transfer is a key element of these phenomena. A nov . C ..
methodology has been developed, the laser-induced temperature-jusggn'lctl'lraI BIO|Ogy Division
method, which has provided a unique tool for the measurement of
fast interfacial electron transfer (time resolution approaching omjf?"
nanosecond). Recent experimental studies have focused on the
measurement of electron transfer rates between an electrode and a
tethered redox moiety. For the first time it has been shown that there 510'4.86'6059 (FAX)

are significant differences in the rate constants and the distance hmfrei@Ibl.gov

dependencies of the rate constants for saturated and unsaturated tethi#s objective of this project is to establish new concepts that allow
and that these differences are consistent with theoretical predictionfie use of long-wavelength visible and near-infrared light for the
Another facet of this program is theoretical analyses and computgynthesis of important chemicals and fuels. This is motivated by the
simulations of a broad range of electrochemical and photofact that the energy-rich part of the solar spectrum lies at long
electrochemical systems which may be generally described as electri@velengths. Over the past few years we have established a new

Chemistry with Near-Infrared Photons
Frei, H.M. $325,000
510-486-4325

transfer coupled with homogeneous chemical reactions. concept for highly selective partial oxidation of small alkanes, alkenes,
and aromatics by molecular oxygen to organic building blocks and
Chemistry Department industrial intermediates using visible light. Reactions are conducted
in room temperature zeolites without the need for solvent or sensitizer.
12. Thermal, Photo-, and Radiation-Induced Reactions The method exploits the high electrostatic fields in the vicinity of
in Condensed Media exchangeable alkali or alkaline-earth ions, and the high concentration
Sutin, N.; Creutz, C.; Holroyd, R.A.; $2,325,000 of collisional reactant pairs that can be formed inside the zeolite. Most
Newton, M.D.; Brunschwig, B.; Cabelli, D.; recent examples include the conversion of ethane to acetaldehyde,
Fujita, E.; Wishart, J.F.; Castner, E.W., Jr. and of propane to acetone without byproduct. The key role of
516-344-4358 photoinduced hydrocarbon-oxygen charge-transfer has been
516-344-5815 (FAX) established by rapid-scan FT-infrared spectroscopy of the reaction
sutin@bnl.gov and by optical spectroscopy of reactant mixtures loaded into translucent

. . - monolayers of large NaY crystals. Time-resolved step-scan FT-infrared
This program addresses issues fundamental to the efficient capture ) )
) ) . . . sdoectroscopy with 10 nanosecond resolution has been developed for
and storage of light energy: excited-state formation, chemistry, an L . ) : .
g ) . mechanistic studies. Nano and microsecond infrared spectra of excited
photophysics; energy transduction by electron-transfer reactions; and . . ] .
. . ) olecules and transient radicals in zeolites have been recorded for
energy storage through chemical transformations. Theoretical aq e first time
experimental efforts are elucidating the factors controlling excited- ’
state lifetimes and electron-transfer rates; the roles of electronic
configuration, donor/acceptor separation, bridging groups, nuclear-
configuration and free-energy changes; as well as the role of solveNMational Renewable Energy Laboratory
dynamics, which are being investigated through studies of tran5|t|0rGO|den’ CO’ 80401
metal complexes and other donor/acceptor systems. Electron pulse
radiolysis ano! flash photolysns _techmques a.re being used to gener.%(a‘enter for Basic Science
and characterize transient species important in solar energy conversion,
including the preparation and properties of transition-metal complexeﬁ
in unusual oxidation states and their ability to bind and activate small
molecules, and to determine bimolecular and intramolecular electron-
transfer rates. The properties and reactions of electrons and other
ions in dielectric fluids are being studied utilizing both X-ray and
high energy electron sources. The long-term storage of solar energy
as fuels or valuable chemicals requires efficient coupling of light
absorption and chemical transformation processes. Mechanistithe objective of this research is to establish a basic understanding
studies of systems which couple photoinduced electron-transfaf charge transport and interfacial phenomena governing the
processes to the bond-forming reactions required in th@erformance of dye-sensitized nanocrystalline semiconductor solar

photogeneration of hydrogen and the photoreduction of carbon dioxideells. The specific focus of the current work is on dye-sensitized nano-

Interfacial Photochemical Processes: Dye-Sensitized
Nanocrystalline Semiconductor Electrodes

Frank, A.J. $283,000
303-384-6262

303-384-6150 (FAX)

afrank@nrel.gov
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crystalline TiQ electrodes. Major issues being addressed include thabsorption spectra. The spread in QD diameters is about 10%. The
underlying cause for the photovoltage and for the improveghotoluminescence of InP preparations showed highly efficient band-
performance resulting from chemically modifying the J&birface, — edge photoluminescence with the quantum yield of about 60% at 10
the mechanism and kinetics of charge recombination at the solid/redék after etching the particles with hydrogen fluoride. Global PL spectra
electrolyte interface, the position of the conduction-band edgshow a broad band which shifts to higher energy with decreasing QD
potential, and the effect of the nanoporous structure on the masie. Resonant photoluminescence and excitation spectra (PLE) show
transport of redox species in the solution phase. Detailed informaticgeveral transitions close to the band edge energy. The Stokes shifts,
on most of these phenomena is being obtained by using a nonstationatytained through fluorescence line narrowing and PLE experiments,
technique, which monitors the photovoltage response to the modulatiame size dependent and increase from 6 to 16 meV as the particle size
of light intensity. The theoretical framework for application of this decreases from 45 to 26 A. InP QD close packed films can be prepared
technique to dye-sensitized nanocrystalline semiconductor electrodesdth short range hexagonal packing. A close packed solid shows long-

is being developed. range energy transfer from smaller to larger particles. Photoinduced
electron transfer from InP QDs to Sg;GJiOZ, and ZnO has also been
15. Photoconversion Processes in Liquid Crystal Porphyrin observed.
Films and Other Molecular Semiconductors
Gregg, B.A. $213,000 17. Carrier Dynamics and Quantization Effects in
303-384-6635 Photoelectrochemistry
303-384-6655 (FAX) Nozik, A.J. $653,000
bgregg@nrel.nrel.gov 303-384-6603

303-384-6655 (FAX)

Fundamental aspects of photoconversion processes in molecular .
anozik@nrel.nrel.gov

semiconductors are being explored and compared to natural
photosynthetic systems. Recent measurements show that singldte kinetics of photoinduced electron transfer at semiconductor-
excitons are transferred further and faster in polycrystalline perylenéuid interfaces, for both macroscopic and size-quantized structures,
diimide films than in the photosynthetic light-harvesting systems. Thand for both minority and majority electron transfer processes, is being
results suggest that excitons may be delocalized over a numberiofvestigated both theoretically and experimentally. Three
molecules and that coherent energy transfer plays a role in excit@@miconductor-liquid redox systems have been analyzed theoretically
motion. The perylene diimide films are some of the best artificiausing new, rigorous ab initio calculations, which treat, for the first
light-harvesting systems yet discovered. Quenching of excitons vigme, the full electronic structure of the coupled semiconductor-
interfacial electron transfer, a key step in photocurrent generatiosplvent-redox system. Experimental studies of photoinduced minority
has been studied using a number of different quenching films. Stea@jectron transfer dynamics are being conducted in the nanosecond to
state and time-resolved luminescence measurements led to tfeemtosecond time scales using transient photoluminescence
postulate that the effective interfacial contact area between the perylesgectroscopy based on upconversion and time-correlated single photon
film and most quenchers was substantially less than the geometrigaunting. Experimental studies of majority electron transfer in the
contact area. Support for this postulate was recently achieved lark are being conducted using impedance spectroscopy and current-
nanoscale measurements using a near field scanning opticabltage characteristics under depletion conditions. The results for
microscope. Exciton dynamics and interfacial electron transfemajority and minority electron transfer kinetics are being compared
processes are currently being studied in highly ordered films of liquitb theory. Studies are also being made of the electron cooling and
crystalline perylene diimides. These studies will contribute to ouelectron transfer dynamics in InP quantum dots in the form of colloidal
understanding of natural photosynthesis and to the ultimateolutions, three-dimensional quantum dot superlattice arrays, and as
development of organic-based solar energy conversion systems. quantum dots sensitizers of nanostructured, Tiis.
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The photochemical and photophysical properties of quantum dot (QD)he time for electron injection from a Ru-based dye molecule Ru(4,4'-
structures are being investigated for solar photochemical conversiodicarboxy-2,2'-bipyridine(NCS),] adsorbed on nan