Basic Energy Sciences

Funding Profile by Subprogram

(dollars in thousands)

FY 2003 FY 2004 FY 2004
Comparable Original FY 2004 Comparable FY 2005
Appropriation | Appropriation | Adjustments | Appropriation Request
Basic Energy Sciences
Research
Materials Sciences and
Engineering .......ccccccvviieeennnn 533,552 575,711 -3,355° 572,356 603,228
Chemical Sciences,
Geosciences, and Energy
Biosciences .......cccccevviiieeeinnne 211,898 220,914 -1,332° 219,582 228,422
Subtotal, Research...................... 745,450 796,625 -4,687 791,938 831,650
Construction .......ccccceeeeevicenennen. 256,491 219,950 -1,297% 218,653 231,880
Subtotal, Basic Energy Sciences. 1,001,941 1,016,575 -5,984% 1,010,591 1,063,530
Use of Prior Year Balances ...... 0 -2,291 0 -2,291 0
Total, Basic Energy Sciences ...... 1,001,941°% 1,014,284 -5,984% 1,008,300 1,063,530

Public Law Authorizations:
Public Law 95-91, “Department of Energy Organization Act, 1977
Public Law 103-62, “Government Performance and Results Act of 1993”

Mission

The mission of the Basic Energy Sciences (BES) program — a multipurpose, scientific research effort —
isto foster and support fundamental research to expand the scientific foundations for new and improved
energy technologies and for understanding and mitigating the environmental impacts of energy use. The
portfolio supports work in the natural sciences. emphasizing fundamental research in materials sciences,
chemistry, geosciences, and aspects of biosciences.

% Excludes a rescission of $5,984,276 in accordance with the Consolidated Appropriations Act, 2004, as
reported in conference report H. Rpt. 108-401 dated November 25, 2003.

® Excludes $437,000 transferred to Security Operations in FY 2004 for waste management activities at the
New Brunswick Laboratory.

° Excludes $16,584,000 which was transferred to the SBIR program and $995,000 which was transferred to
the STTR program.

¢ Excludes $6,654,740 for a rescission in accordance with the Consolidated Appropriations Resolution,
FY 2003.

¢ Includes $2,806,481 for the Emergency Wartime Supplemental Appropriations for FY 2003.
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Benefits

BES delivers the knowledge needed to support the President’s National Energy Plan for improving the
quality of lifefor all Americans. In addition, BES works cooperatively with other agencies and the
programs of the National Nuclear Security Administration to discover knowledge and develop tools to
strengthen national security and combat terrorism. As part of its mission, the BES program plans,
constructs, and operates major scientific user facilitiesto serve researchers at universities, nationa
laboratories, and industrial 1aboratories.

Basic research supported by the BES program touches virtually every aspect of energy resources,
production, conversion, efficiency, and waste mitigation. Research in materials sciences and engineering
leads to the development of materials that improve the efficiency, economy, environmental acceptability,
and safety of energy generation, conversion, transmission, and use. For example, research on toughened
ceramics will result in improved high-speed cutting tools, engine turbines, and a host of other
applications requiring lightweight, high-temperature materials. Research in chemistry leads to the
development of advances such as efficient combustion systems with reduced emissions of pollutants;
new solar photo conversion processes; improved catalysts for the production of fuels and chemicals; and
better separations and analytical methods for applications in energy processes, environmental
remediation, and waste management. Research in geosciences contributes to the solution of problemsin
multiple DOE mission areas, including reactive fluid flow studies to understand contaminant
remediation and seismic imaging for reservoir definition. Finally, research in the molecular and
biochemical nature of plant growth aids the development of renewable biomass resources. History has
taught us that seeking answers to fundamental questions resultsin adiverse array of practical
applications as well as some remarkabl e revol utionary advances.

Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
BES program supports the following goals:

Science Strategic Goal

General Goal 5, World-class Scientific Research Capacity: Provide world-class scientific research
capacity needed to ensure the success of Department missions in national and energy security, to
advance the frontiers of knowledge in physical sciences and areas of biological, medical, environmental,
and computational sciences, and to provide world-class research facilities for the Nation’'s science
enterprise.

The BES program has one program goal which contributes to General Goal 5 in the “goal cascade”:

Program Goal 5.22.00.00: Advance the Basic Science for Energy Independence — Provide the scientific
knowledge and tools to achieve energy independence, securing U.S. leadership and essentia
breakthroughs in basic energy sciences.

Contribution to Program Goal 5.22.00.00 (Advance the Basic Science for Energy I ndependence)

Within the Basic Energy Sciences program, the Materials Science and Engineering subprogram and the
Chemical Sciences, Geosciences, and Energy Biosciences subprogram contribute to Program Goal
5.22.00.00 by producing seminal advances in the core disciplines of the basic energy sciences—
materials sciences and engineering, chemistry, geosciences, and energy biosciences. These subprograms
build leading research programs that provide world-class, peer-reviewed research results cognizant of

Science/Basic Energy Sciences Page 272 FY 2005 Congressional Budget



both DOE mission needs and new scientific opportunities. Scientific discoveries at the frontiers of these
disciplines impact energy resources, production, conversion, efficiency, and the mitigation of the adverse
impacts of energy production and use: discoveries that will accelerate progress toward energy
independence, economic growth, and a sustainable environment.

A key strategic emphasis of these subprograms s to lead the nanoscal e science revolution, delivering the
foundations and discoveries for a future built around controlled chemical processes and materials
designed one atom at atime. Focus areas necessary to achieve this goal involve the development of
advanced tools and instruments for x-ray, neutron, and electron diffraction, scattering, and imaging and
for other advanced probes of matter for exploration and discovery in materials sciences and engineering;
chemistry; earth, environmental, and geosciences; and plant and biosciences. The following indicators
establish specific long-term (10 year) goalsin scientific advancement that the BES program is
committed to and that progress can be measured against.

= Design, model, fabricate, characterize, analyze, assemble, and use a variety of new materials and
structures, including metals, alloys, ceramics, polymers, biomaterials and more — particularly at the
nanoscale — for energy-related applications.

= Understand, model, and control chemical reactivity and energy transfer processes in the gas phase, in
solutions, at interfaces, and on surfaces for energy-related applications, employing lessons from
inorganic and biological systems.

= Develop new concepts and improve existing methods for solar energy conversion and for other
energy Sources.

= Conceive, design, fabricate, and use new instruments to characterize and ultimately control
materials, especialy instruments for x-ray, neutron, and electron beam scattering and for use with
magnetic and electric fields.

The Materials Science and Engineering subprogram also contributes to Program Goal 5.22.00.00 by
managing BES facility operations and construction to the highest standards of overall performance,
using merit evaluation with independent peer review. The synchrotron radiation light sources, neutron
scattering facilities, and el ectron-beam microcharacterization centers reveal the atomic details of metals
and alloys; glasses and ceramics; semiconductors and superconductors; polymers and biomaterials;
proteins and enzymes; catalysts, sieves, and filters; and materials under extremes of temperature,
pressure, strain, and stress. Researchers are now able to make new materials and study their atomic
formation as it happens using these new probes. Once the province of specialists, mostly physicists,
these facilities are now used by thousands of researchers annually from al disciplines. The Materials
Science and Engineering subprogram is also establishing five Nanoscale Science Research Centers that
will change the way materials research is done by providing the ability to fabricate complex structures
using chemical, biological, and other synthesis techniques; characterize them; assemble them; and
integrate them into devices— and do it all in one place. The Chemical Sciences, Geosciences, and
Energy Biosciences subprogram contributes to this goal by managing the Combustion Research Facility
at Sandia National Laboratoriesin Livermore, California, an internationally recognized facility for the
study of combustion science and technol ogy.

Science/Basic Energy Sciences Page 273 FY 2005 Congressional Budget



Annual Performance Results and Tar gets

FY 2000 Results ‘ FY 2001 Results ‘ FY 2002 Results FY 2003 Results FY 2004 Targets FY 2005 Targets

Program Goal 5.22.00.00 Advance the Basic Science for Energy Indpendence

Materials Sciences and Engineering

Chemical Sciences, Geosciences, and Energy Biosciences

Science/Basic Energy Sciences

Improve Spatial Resolution:
Demonstrate first
measurement of spatial
resolutions for imaging in the
hard x-ray region of <115 nm
and in the soft x-ray region
of <19 nm, and spatial
information limit for an
electron microscope of

0.08 nm.

Improve temporal resolution:
Demonstrate first
measurement of x-ray pulses
that are <200 femtoseconds
in duration and have an
intensity of >5,000 photons
per pulse.

As a part of the Scientific
Discovery through Advanced
Computing (SciDAC)
program, perform a three-
dimensional combustion
reacting flow simulation
involving more than 44
reacting species and
500,000 grid points.

Improve Spatial Resolution:
Demonstrate first
measurement of spatial
resolutions for imaging in the
hard x-ray region of <100 nm
and in the soft x-ray region
of <18 nm, and spatial
information limit for an
electron microscope of

0.08 nm.

Improve temporal resolution:
Demonstrate first
measurement of x-ray pulses
that are <100 femtoseconds
in duration and have an
intensity of >100 million
photons per pulse (>10°
photons/pulse).

As a part of the SciDAC
program, perform a three-
dimensional combustion
reacting flow simulation
involving more than 44
reacting species and 7 billion
grid points.
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FY 2000 Results

FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Targets

FY 2005 Targets

Materials Sciences and Engineering

Scientific user facilities were
maintained and operated to
achieve an average at least
90 percent of the total
scheduled operating time.
[Met Goal]

Construction

Cost and timetables were
maintained within 10 percent
of the baselines given in the
construction project data
sheets for all construction
projects ongoing during the
year. [Met Goal]

Scientific user facilities were
maintained and operated to
achieve an average at least
90 percent of the total
scheduled operating time.
[Met Goal]

Cost and timetables were
maintained within 10 percent
of the baselines given in the
construction project data
sheets for all construction
projects ongoing during the
year. [Met Goal]

Science/Basic Energy Sciences

Scientific user facilities were
maintained and operated to
achieve an average at least
90 percent of the total
scheduled operating time.
[Met Goal]

Cost and timetables were
maintained within 10 percent
of the baselines given in the
construction project data
sheets for all construction
projects ongoing during the
year. [Met Goal]

Scientific user facilities were
maintained and operated to
achieve an average at least
90 percent of the total
scheduled operating time.
[Met Goal]

Cost and timetables were
maintained within 10 percent
of the baselines given in the
construction project data
sheets for all construction
projects ongoing during the
year. [Met Goal]

Maintain and operate the
scientific user facilities to
achieve an average at least
90 percent of the total
scheduled operating time.

Meet the cost and timetables
within 10 percent of the
baselines given in the
construction project data
sheets for all ongoing
construction projects.

Maintain and operate the
scientific user facilities to
achieve an average at least
90 percent of the total
scheduled operating time.

Meet the cost and timetables
within 10 percent of the
baselines given in the
construction project data
sheets for all ongoing
construction projects.
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Means and Strategies

The Basic Energy Sciences program will use various means and strategies to achieve its program goals.
However, various external factors may impact the ability to achieve these goals.

The BES program will support fundamental, innovative, peer-reviewed research to create new
knowledge in areas important to the BES mission, i.e., in materials sciences and engineering, chemical
sciences, geosciences, and biosciences. BES also plays a critical role in constructing and operating a
wide array of scientific user facilities for the Nation's researchers. All research projects undergo regular
peer review and merit evaluation based on procedures set down in 10 CFR 605 for the extramural grant
program, and under a similar process for the laboratory programs and scientific user facilities. All new
projects are selected through peer review and merit evaluation.

External factorsin addition to budgetary constraints that affect the level of performance include

(1) changing mission needs as described by the DOE and SC mission statements and strategic plans;

(2) scientific opportunities as determined, in part, by proposal pressure and scientific workshops; (3) the
results of external program reviews and international benchmarking activities of entire fields or sub-
fields, such as those performed by the National Academy of Sciences (NAS); (4) unanticipated failures
in critical components of scientific user facilities or major research programs; and (5) strategic and
programmatic decisions made by non-DOE funded domestic research activities and by major
international research centers.

The BES program in fundamental scienceis closely coordinated with the activities of other federal
agencies (e.g., National Science Foundation, National Aeronautics and Space Administration, U.S.
Department of Agriculture, Department of Interior, and National Institute of Health). BES aso promotes
the transfer of the results of its basic research to contribute to DOE missions in areas of energy
efficiency, renewable energy resources, improved use of fossil fuels, reduced environmental impacts of
energy production and use, national security, and future energy sources.

Validation and Verification

Progress against established plans is evaluated by periodic internal and external performance reviews.
These reviews provide an opportunity to verify and validate performance. Monthly, quarterly,
semiannual, and annual reviews consistent with specific program management plans are held to ensure
technical progress, cost and schedule adherence, and responsiveness to program requirements.

Program Assessment Rating Tool (PART) Assessment

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means through which programs can assess
their activities differently than through traditional reviews. The Basic Energy Sciences (BES) program
has incorporated feedback from OMB into the FY 2005 Budget Request and has taken, or will take, the
necessary steps to continue to improve performance.

In the PART review, OMB gave the Basic Energy Sciences (BES) program avery high score of 93%
overall which correspondsto arating of “Effective.” OMB found the program to be strategically driven
and well managed. Outside expert panels have validated the program’ s merit-based review processes
ensuring that research supported is relevant and of very high quality. The assessment found that BES has
developed alimited number of adequate performance measures. However, OMB noted concerns
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regarding the collection and reporting of performance data. To address these concerns, BES will work
with its Advisory Committee to develop research milestones for the long-term performance goals, will
include the long term research goals in grant solicitations, will work to improve performance reporting
by grantees and contractors, and will work with the CFO to improve BES sections of the Department’s
performance documents. BES role in providing scientific research facilitiesis strongly supported by the
Administration. OMB noted concerns regarding underutilization and poor performance reporting at
some BES facilities. Funding is provided in FY 2005 to operate the program’s main major scientific user
facilities at maximum capacity. BES will continue to improve performance reporting and centralize
management and planning of operations at its user facilities.

Funding by General and Program Goal

(dollars in thousands
FY 2003 FY 2004 FY 2005 $ Change | % Change

Basic Energy Sciences
General Goal 5, World-Class
Scientific Research Capacity

Program Goal 5.22.00.00 Advance
the Basic Science for Energy
Independence

Materials Sciences and
ENgineering .....ccccceeeeveecvvieeneeee e, 533,552 572,356 603,228 +30,872 +5.4%

Chemical Sciences, Geosciences
and Energy Biosciences ................... 211,898 219,582 228,422 +8,840 +4.0%

CONSLrUCHON ....eeeviiiieeiiiieeeeiee e 256,491 218,653 231,880 +13,227 +6.0%

Total, Program Goal 5.22.00.00
Advance the Basic Science for
Energy Independence......................... 1,001,941 1,010,591 1,063,530 +52,939 +5.2%

Use of Prior Year Balances............... 0 -2,291 0 +2,291 +100.0%
Total, Basic Energy Sciences ............. 1,001,941 1,008,300 1,063,530 +55,230 +5.5%

Overview

BES and its predecessor organizations have supported a program of fundamental research focused on
critical mission needs of the Nation for over five decades. The federal program that became BES began with
aresearch effort initiated to help defend our Nation during World War 11. The diversified program was
organized into the Division of Research with the establishment of the Atomic Energy Commission in 1946
and was later renamed Basic Energy Sciences as it continued to evolve through legislation included in the
Atomic Energy Act of 1954, the Energy Reorganization Act of 1974, the Department of Energy
Organization Act of 1977, and the Energy Policy Act of 1992.

Today, the BES program is one of the Nation's largest sponsors of research in the natural sciences: it is
uniquely responsible for supporting fundamental research in materials sciences, chemistry, geosciences,
and aspects of biosciences impacting energy resources, production, conversion, and efficiency, and the
mitigation of the adverse impacts of energy production and use. In FY 2003, the program funded
research in more than 143 academic institutions located in 47 states and in 13 Department of Energy

Science/Basic Energy Sciences Page 277 FY 2005 Congressional Budget



(DOE) laboratories located in 9 states. BES supports a large extramural research program, with
approximately 35% of the program’s research activities sited at academic institutions.

The BES program also supports world-class scientific user facilities, providing outstanding capabilities
for imaging and characterizing materials of all kinds from metals, aloys, and ceramicsto fragile
biological samples. The BES synchrotron radiation light sources, the neutron scattering facilities, and
the electron beam characterization centers represent the largest and best collection of such facilities
supported by a single organization in the world. Annually, 8,000 researchers from universities, national
laboratories, and industrial laboratories perform experiments at these facilities. Spurred by results of past
investments and by innovations in accelerator concepts, the BES program continues its pioneering role
in the development of new generations of scientific research instruments and facilities.

The 2001 National Energy Policy noted that the U.S. economy grew by 126% since 1973, but energy
use increased by only 30%. Approximately one-half to two-thirds of the savings resulted from
technological improvements in products and services that allow consumers to enjoy more energy
services without commensurate increases in energy demand. At the heart of these improvementsis
fundamental research. During this 30-year period, the basic research supported by the BES program has
touched virtually every aspect of energy resources, production, conversion, efficiency, and waste
mitigation. The basic knowledge derived from fundamental research has resulted in avast array of
advances, including:

= high-energy and high-power lithium and lithium ion batteries and thin-film rechargeable
microbatteries;

= thermoacoustic refrigeration devices that cool without moving parts and without the use of freons,
= compound semiconductors, leading to the world's highest efficiency photovoltaic solar cells;

= catalystsfor the production of new polymers (annually, a multibillion dollar industry) and for a host
of other products and energy-efficient processes,

= high-strength, lightweight magnets for sensors and for small motors used in power steering and other
vehicle functions;

= strong, ductile alloys for use in high-temperature applications;

= nonbrittle ceramics for use in hammers, high-speed cutting tools, engine turbines, and other
applications requiring lightweight and/or high-temperature materials,

= new steels, improved aluminum alloys, magnet materials, and other alloys;

= polymer materials for rechargeable batteries, car bumpers, food wrappings, flat-panel displays, wear-
resistant plastic parts, and polymer-coated particlesin lubricating oils;

= processes for extraction of radioactive and hazardous metal ions from solutions for nuclear fuel
purification/reprocessing and for cleanup of radioactive wastes; and

= ahost of new instruments, e.g. instruments based on high-temperature superconductors that can
sense the minute magnetic fields that emanate from the human brain and heart.

These advances came by exploiting the results of basic research that sought answers to the most
fundamental questionsin materials sciences, chemistry, and the other disciplines supported by BES.

The future holds even greater promise, largely because of our new atom-by-atom understanding of
matter and the subsequent unprecedented ability to design and construct new materials with properties
that are not found in nature. This understanding comes in large measure from synchrotron x-ray and
neutron scattering sources, electron microscopes, and other atomic probes as well asterascale
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computers. The BES program has played a major role in enabling the nanoscale revolution. This impact
results from a deliberate philosophy of identifying seminal challenges and establishing both facilities
and coordinated programs that transcend what individuals alone can do. The program in nanoscale
science, including the formation of Nanoscale Science Research Centers, continues that philosophy.

The new millennium will take us deep into this world of complex nanostructures. Here, smple
structures interact to create new phenomena, and large complicated structures can be designed atom by
atom for desired characteristics. We will design new tiny objects "from scratch” that have unprecedented
optical, mechanical, electrical, or chemical properties that address the needs of human society.

How We Wor k

To ensure that the most scientifically promising research is supported, the BES program engagesin
long-range planning and prioritization; regular external, independent review of the supported research to
ensure quality and relevance; and evaluation of program performance through establishment and
subsequent measurement against goals and objectives. These activities rely heavily on input from
external sources including workshops and meetings of the scientific community, advice from the
federally chartered Basic Energy Sciences Advisory Committee (BESAC), Interagency Working Groups,
and reports from other groups such as the National Academy of Sciences. To accomplish its mission, the
BES program supports research in both universities and DOE laboratories; plans, constructs, and
operates world-class scientific user facilities; and maintains a strong infrastructure to support research in
areas of core competencies. Some of the details of how we work are given in the sections bel ow.

Advisory and Consultative Activities

Charges are provided to BESAC by the Director of the Office of Science. During the past few years,
BESAC has provided advice on new directions in nanoscal e science and complex systems; on the
operation of the major scientific user facilities; on the need for new, “next-generation” facilities for
X-ray, neutron, and electron-beam scattering; on performance measurement; on the quality of the BES
program management and its consequent impacts on the program portfolio; on new directionsin
research relating to specific aspects of fundamental science such as catalysis, biomolecular materials,
and computational modeling at the nanoscale; on the fundamental research challenges posed by the
Department’s energy missions; and on a 20-year roadmap for BES facilities. Of particular note isthe
BESAC report Basic Research Needs to Assure a Secure Energy Future, which describes 10 themes and
37 specific research directions for increased emphasis. This report will help the program map its
research activities for many years to come.

Information and reports for all of the above mentioned advisory and consultative activities are available
on the BESAC website at: http://www.sc.doe.gov/production/bessBESAC/BESAC.htm. Other studies
are commissioned as needed using the National Academy of Science’s National Research Council and
other independent groups.
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Facility Reviews

Facilities are reviewed using (1) external, independent review committees operating according to the
procedures established for peer review of BES laboratory programs and facilities
(http://www.science.doe.gov/bes/|abreview.html) and (2) specially empanelled subcommittees of
BESAC. During the past eight years, BESA C subcommittees have reviewed the synchrotron radiation
light sources, the neutron scattering facilities, and the el ectron-beam microcharacterization facilities.
The reports of these reviews are available on the BES website

(http://www.science.doe.gov/bes/'BESA C/reports.html). Regardless of whether areview isby an
independent committee charged by a BES program manager or by a BESAC subcommittee charged by
the Director of the Office of Science, the review has standard elements. Important aspects of the reviews
include assessments of the quality of research performed at the facility; the reliability and availability of
the facility; user access policies and procedures; user satisfaction; facility staffing levels; R&D activities
to advance the facility; management of the facility; and long-range goals of the facility. These reviews
have identified both best practices and substantive issues, including those associated with mature
facilities. For example, the reviews clearly highlighted the change that occurred as the light sources
transitioned from amode in which they served primarily expert users to one in which they served very
large numbers of inexperienced usersin awide variety of disciplines. The light sources experienced a
guadrupling of the number of usersin the decade of the 1990s. This success and its consequent growing
pains were delineated by our reviews. The outcomes of these reviews helped develop new models of
operation for existing light sources and neutron scattering facilities as well as the new Spallation
Neutron Source now under construction. Facilities that are in design or construction are reviewed
according to procedures set down in DOE Order 413.3 Program and Project Management for Capital
Assets and in the Office of Science Independent Review Handbook (http://www.science.doe.gov/SC-
80/sc-81/docs.ntmI#DOE). In general, once a project has entered the construction phase (e.g., the
Spallation Neutron Source or the Nanoscal e Science Research Centers), it is reviewed with external,
independent committees approximately biannually. These Office of Science construction project reviews
enlist expertsin the technical scope of the facility under construction and its costing, scheduling, and
construction management.

Program Reviews

All research projects supported by the BES program undergo regular peer review and merit evaluation
based on procedures set down in 10 CFR Part 605 for the extramural grant program and in an analogous
process for the laboratory programs (http://www.science.doe.gov/bes/|abreview.html). These peer review
and merit evaluation procedures are described within documents found at
http://www.science.doe.gov/bes/peerreview.html. These evaluations assess:

(1) Scientific and/or technical merit or the educational benefits of the project;

(2) Appropriateness of the proposed method or approach;

(3) Competency of personnel and adequacy of proposed resources;

(4) Reasonableness and appropriateness of the proposed budget; and

(5) Other appropriate factors, established and set forth by SC in a notice of availability or ina
specific solicitation.

In addition, on arotating schedule, BESAC reviews the major elements of the BES program using
Committees of Visitors (COVs). COVs are charged with assessing (1) the efficacy and quality of the
processes used to solicit, review, recommend, monitor, and document proposal actions and (2) the
quality of the resulting portfolio, specifically the breadth and depth of portfolio elements and the
national and international standing of the elements. The first reviews assessed the chemistry activities
(FY 2002) and the material s sciences and engineering activities (FY 2003). In FY 2004, the activities
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associated with the management of the scientific user facilities will be assessed. The cycle will begin
again in FY 2005, so that al elements of the BES program will be reviewed once every three years.

Planning and Priority Setting

Because the BES program supports research covering awide range of scientific disciplinesaswell asa
large number of major scientific user facilities, planning is an ongoing activity. Many long-range
planning exercises for elements of the BES program are performed under the auspices of BESAC.
Prioritization within each of these program elements is achieved via such studies. Prioritization across
the entirety of the BES program is more complex than that for a homogeneous program where asingle
planning exercise resultsin a prioritization.

Inputs to our prioritization include overall scientific opportunity, projected investment opportunity, DOE
mission need, and Administration and Departmental priorities. During the past few years, these
considerations have led to: increased investments in science at the nanoscal e to take advantage of the
remarkable knowledge gained from atomic-scale understanding of materials; increased investments for
operations of the major user facilitiesin recognition of the quadrupling of usersin the past decade and to
reap the rewards of the capital investmentsin the facilities themselves; increased investments for
instrumentation at the facilities so that the quality of the instruments will match the world-class quality
of the facilities; and increases for targeted program areas for which both scientific opportunity and
mission need are high (e.g., catalysis) or for which BES represents the sole U.S. steward of thefield
(e.g., heavy-element chemistry). Construction of new user facilities such as the Spallation Neutron
Source or upgrades to existing facilities such as the High Flux I sotope Reactor or the Stanford
Synchrotron Radiation Laboratory follow from input from BESAC and National Academy of Sciences
studies and from broad, national strategies that include the input from multiple federal agencies.

The FY 2005 budget request continues priorities established in the past few years. Construction of the
Spallation Neutron Sources continues in accord with the established baseline. A significant investment
in the area of nanoscale science includes construction funding for four Nanoscal e Science Research
Centers at Oak Ridge National Laboratory, Lawrence Berkeley National Laboratory, the combination of
Sandia National Laboratories and Los Alamos National Laboratory, and Brookhaven National
Laboratory. Finally, continued support for aMajor I1tem of Equipment (MIE) is requested for the fifth
and final Nanoscale Science Research Center at Argonne National Laboratory. That Center isbeing built
in partnership with the State of Illinois, which is providing $36,000,000 in FY 2003 and FY 2004 for the
construction of the building. BES funding will provide clean rooms, instrumentation, and ultimately
operations support for the Center. Project Engineering Design funding is aso provided for the Linac
Coherent Light Source, a4™ generation light source that will provide orders of magnitude higher
intensities of x-ray light than do current synchrotron radiation light sources. The LCLS will be afacility
for groundbreaking research in the physical and life sciences owing to its femtosecond pul ses of
extremely high peak brightness x-ray beams.

How We Spend Our Budget

The BES program has three major program elements: research, facility operations, and construction and
laboratory infrastructure support. Approximately 35% of the research funding goes to support work in
universities with most of the remainder going to support work in DOE laboratories. The facility
operations budget has grown relative to the research budget over the past decade, reflecting the
commissioning of new and upgraded facilities as well as the increased importance of these facilitiesin
enabling the research of thousands of researchers across the Nation. Project Engineering Design,
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construction, and long-lead procurement remain significant budget components in FY 2005, including
the Spallation Neutron Source, Nanoscale Science Research Centers, and the Linac Coherent Light
Source.

Basic Energy Sciences Budget Allocation
FY 2005

3% University Research

16%

Infrastructure
23%

Laboratory Research
28%

Facility Operations
30%

Research

The BES program is one of the Nation’s largest supporters of fundamental research in materials
sciences, chemistry, geosciences, and aspects of biosciences. Research is supported in both DOE
laboratories and universities. While peer review of all research ensures outstanding quality and
relevance, each of the two research sectors has unique characteristics and strengths.

National Laboratory Research: Research sited at DOE |aboratories often takes advantage of the premier
scientific user facilities for x-ray, neutron, and electron beam scattering at the laboratories as well as
other specialized facilities, such as hot cells, which are not typically found at universities. Mission
critical research isaso sited at DOE |aboratories when it is outside of the mainstream of research
supported at universities, e.g., heavy-element chemistry or combustion chemistry. Research sited at
DOE laboratoriesis very often collocated with and sometimes cofunded with research activities of the
DOE technology offices, providing a synergism not available in universities. Finally, research that
requires strong interdisciplinary interactions, large teams of closely collaborating researchers, or alarge
technical support staff is also well suited to DOE |aboratories.

University Research: Universities provide access to the Nation’s largest scientific talent pool and to the
next-generation of scientists. Development of the workforce through the support of faculty, graduate
students working toward a doctoral degree, and postdoctoral associates developing their research and
management skillsisahigh priority. The R& D workforce developed under this program provides new
scientific talent in areas of fundamental research. Furthermore, engaging faculty and students in the
work of the BES program devel ops a broad appreciation for the basic research needs associated with the
program.
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Significant Program Shifts

In FY 2005, Project Engineering Design (PED) and construction will proceed on four Nanoscale Science
Research Centers (NSRCs) and funding will be continued for aMajor Item of Equipment for the fifth
NSRC. NSRCs are user facilities for the synthesis, processing, fabrication, and analysis of materials at
the nanoscale. They are designed to enable the nanoscal e revolution by collocating multiple research
disciplines, multiple techniques, and awide variety of state-of-the-art instrumentation in asingle
building. The NSRCs are designed to promote rapid advances in the various areas of nanoscale science
and technol ogy.

Aswas described in the recent National Research Council report Small Wonders, Endless Frontiers— A
Review of the National Nanotechnology Initiative, new processes that couple top-down and bottom-up
assembly techniques “will allow the fabrication of highly integrated two- and three-dimensional devices
and structures to form diverse molecular and nanoscale components. They would alow many of the new
and promising nanostructures, such as carbon nanotubes, organic molecular electronic components, and
guantum dots, to be rapidly assembled into more complex circuitry to form useful logic and memory
devices. Such new devices would have computational performance characteristics and data storage
capacities many orders of magnitude higher than present devices and would come in even smaller
packages. Nanomaterials and their performance properties will also continue to improve. Thus, even
better and cheaper nanopowders, nanoparticles, and nanocomposites should be available for more
widespread applications. Another important application for future nanomaterials will be as highly
selective and efficient catalysts for chemical and energy conversion processes. Thiswill be important
economically not only for energy and chemical production but also for conservation and environmental
applications. Thus, nanomaterial-based catalysis may play an important role in photoconversion devices,
fuel cell devices, bioconversion (energy) and bioprocessing (food and agriculture) systems, and waste
and pollution control systems.”

NSRCswill be sited adjacent to or near an existing BES synchrotron or neutron scattering facility to
enable rapid characterization of newly fabricated materials. Contained within NSRCs will be clean
rooms; chemistry, physics, and biology laboratories for nanofabrication; and one-of-a-kind signature
instruments and other instruments, e.g., nanowriters and various research-grade probe microscopies, not
generaly available outside of major user facilities. NSRCs will serve the Nation’s researchers broadly
and, as with the existing BES facilities, access to NSRCs will be through submission of proposals that
will be reviewed by mechanisms established by the facilities themselves.

NSRCs were conceived in FY 1999 within the context of the NSTC Interagency Working Group on
Nanoscal e Science, Engineering, and Technology as part of the DOE contribution to the National
Nanotechnology Initiative. Planning for the NSRCs has included substantial participation by the
research community through a series of widely advertised and heavily attended workshops attracting a
total of about 2,000 researchers.

Science/Basic Energy Sciences Page 283 FY 2005 Congressional Budget



The following table summarizes the BES investments in research at the nanoscale.

Nanoscale Science Research Funding

| TEC TPC | FY 2003 | FY 2004 FY 2005
Research
Materials Sciences and Engineering...........cccccuvvevieeiiiiieiennninnninns 65,018 74,355 66,995
Chemical Sciences, Geosciences, and Biosciences....................... 26,726 28,190 28,360
Capital Equipment
Major Item of Equipment -- ANL, Center for Nanoscale Materials...... 0 10,000 12,000
Nanoscale Science Research Centers
PED — All SItES...uuiiiiiiciiiiie ettt s et s 11,850 2,982 2,012
Construction
BNL, Center for Functional
Nanomaterials..............cccuvee... 79,700 81,000 0 0 18,465
LBNL, Molecular Foundry.......... 83,700 85,000 0 34,794 32,085
ORNL, Center for Nanophase
Materials Sciences................... 63,882 64,882 23,701 19,882 17,811
SNL/A and LANL, Center for
Integrated Nanotechnologies..... 73,800 75,800 4,444 29,674 30,897
Total BES Nanoscale Science Funding.........cccccvvvvvevieeeeeeiicccinnnen, 131,739 199,877 208,625

In FY 2005, $29,183,000 is requested for activities to realize the potential of a hydrogen economy. The
research program is based on the BES workshop report Basic Research Needs for the Hydrogen
Economy that can be found at http://www.er.doe.gov/production/bes/hydrogen.pdf. The report highlights
the enormous gap between our present capabilities for hydrogen production, storage, and use and those
required for a competitive hydrogen economy. “To be economically competitive with the present fossil
fuel economy, the cost of fuel cells must be lowered by afactor of ten or more and the cost of producing
hydrogen must be lowered by a factor of four. Moreover, the performance and reliability of hydrogen
technology for transportation and other uses must be improved dramatically. Simple incremental
advances in the present state of the art cannot bridge this gap. The only hope of narrowing the gap
significantly is a comprehensive, long-range program of innovative, high-risk/high-payoff basic research
that isintimately coupled to and coordinated with applied programs. The objective of such a program
must not be evolutionary advances but revolutionary breakthroughs in understanding and in controlling
the chemical and physical interactions of hydrogen with materials.” Detailed findings and research
directions identified by the three panels are presented in the report. The areas targeted for increased
funding, include: low-cost and efficient solar energy production of hydrogen, nanoscale catalyst design,
biological, biomimetic, and bio-inspired materials and processes, complex hydride materials for
hydrogen storage, nanostructured and other novel hydrogen storage materials, theory, modeling, and
simulation of materials and molecular processes, low-cost, highly active, durable cathodes for low-
temperature fuel cells, membranes and separations processes for hydrogen production and fuel cells,
and analytical and measurement technologies. The new work is by its nature multidisciplinary and
touches virtually al of the BES research activities. The work will be coordinated by ateam of program
managers and will have annual contractors meetings to promote cohesion and rapid information
exchange. This activity will be a part of the President’s Hydrogen Initiative and will be coordinated with
the DOE technology programs and with other Federal agencies through the Office of Science and
Technology Policy’s Hydrogen R& D Task Force.
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http://www.er.doe.gov/production/bes/hydrogen.pdf

President’s Hydrogen Initiative

FY 2003 FY 2004 FY 2005
Materials Sciences and
Engineering Research................... 3,025 3,063 14,761
Chemical Sciences,
Geosciences, and Biosciences..... 4,615 4,674 14,422
Total Hydrogen Initiative................. 7,640 7,737 29,183

Scientific Discovery through Advanced Computing

The Scientific Discovery through Advanced Computing (SciDAC) programis a set of coordinated
investments across all Office of Science mission areas with the goal of achieving breakthrough scientific
advances via computer simulation that were impossible using theoretical or |aboratory studies alone. The
power of computers and networks is increasing exponentially. Advances in high-end computing

technol ogy, together with innovative algorithms and software, are being exploited as intrinsic tools for
scientific discovery. SciDAC has also pioneered an effective new model of multidisciplinary
collaboration among discipline-specific scientists, computer scientists, computational scientists, and
mathematicians. The product of this collaborative approach is a new generation of scientific simulation
codes that can productively exploit terascale computing and networking resources. The programis
bringing computation and simulation to parity with experiment and theory in the scientific research
enterprise as demonstrated by major advances in climate modeling and prediction, plasma physics,
particle physics, accelerator design, astrophysics, chemically reacting flows, and computational
nanoscience.

The SciDAC program in BES consists of two major activities: characterizing chemically reacting flows
as exemplified by combustion and achieving scalability in the first-principles cal culation of molecular
properties, including chemical reaction rates. In the characterization of chemically reacting flows, the
scientific problem is one of multiple scales from molecular where the physical descriptions are discrete
in nature to laboratory scale where the physical descriptions are continuous. The method of choice for
the complete characterization of combustion at all scalesis direct numerical ssimulation. In the past year,
a collaboration involving Sandia National Laboratories and four universities successfully implemented a
fully parallel implementation of direct numerical simulation that incorporated a widely used program for
solving the species profiles for combustion systems involving dozens of species and hundreds of
reactions. In achieving scalability in the first-principles calculation of molecular properties, progress has
been made on several fronts, but perhaps the most encouraging is work in dealing with the problem of
electron correlation, a problem responsible for the poor scaling of quantum chemistry codes. A novel
method for incorporating correlation directly into quantum mechanical descriptions of atoms and
molecules is now being incorporated into a massively parallel code.
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Scientific Facilities Utilization

The BES program request supports the scientific user facilities. Research communities that have
benefited from these facilities include materials sciences, condensed matter physics, chemical sciences,
earth and geosciences, environmental sciences, structural biology, superconductor technology, medical
research, and industrial technology development. The level of operations will be equal to that in

FY 2004. More detailed descriptions of the specific facilities and their funding are given in the
subprogram narratives and in the sections entitled Site Description and Major User Facilities.

Two tablesfollow: The first shows the hours of operation and numbers of users for the major scientific
user facilities — the synchrotron radiation sources and the neutron scattering facilities. The second shows
cost and schedule variance. Note: Cost Variance is the difference between the value of the physical
work performed and the actual cost expended. A negative result is unfavorable and indicates the
potential for a cost overrun. Schedule variance is the difference between the value of the physical work
performed and the value of the work planned. A negative result is unfavorable and indicates that the
project is behind schedule. Variance data are shown as percents. They are shown against the project’s
performance measurement baseline that includes cost and schedule contingency and are as of the end of
each fiscal year. All projects have met or are on schedule to meet all Level 0 and Level 1 Milestones,
which are shown in the table.
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Synchrotron Light Source and Neutron Scattering Facility Operations

‘ FY 2001
Actual®
All Facilities
Maximum HOUIS........ccoceeveeeiiiiiiieee e 36,800
Scheduled HOUrS .........ovvvvvivviviiiiiniiiiinns 27,563
Unscheduled Downtime ......................... 4%
Number of Users ..........cccccc, 6,982
Advanced Light Source
Maximum HOUrS .........ccccvvvveveee e, 5,700
Scheduled HOUIS ..........ooovcvvieiieieeeeis 5,468
Unscheduled Downtime ........................ 4%
Number of USErS .......ccoeeveeeviiieiiiiieeeeeeees 1,163
Advanced Photon Source
Maximum Hours ................cc, 5,700
Scheduled HOUIS ..........cooccviivieeeeeninns 5,000
Unscheduled Downtime ..............ccc.veeee. 4%
Number of USers ........ccccvvvveveeeviiiciinnen, 1,989
National Synchrotron Light Source
Maximum HOUIS ........cceeeeeeeiiiiiiiieeeeeeeees 5,700
Scheduled HOUrs .........oovvvvvvvvvviiiiiiiiiinns 5,556
Unscheduled Downtime ........................ 0%
Number of Users ..........cccco 2,523
Stanford Synchrotron Radiation
Laboratory
Maximum HOUIS .........cccccveeeeeeeeiciinee, 5,300
Scheduled HOUIS .........coooviviieiiieeceeis 4,781
Unscheduled Downtime .............ccccuvveee. 5%
Number of Users .........cccco 907

FY 2002
Actual”

36,800
31,215
4%
7,603

5,700
5,236

7%
1,385

5,700
4,856

3%
2,299

5,700
5,818

3%
2,413

5,300
4,706

5%
1,023

FY 2003 FY 2004 ‘ FY 2005
Actual* Estimate Estimate

36,800 36,800 36,800
31,400 31,350 35,450
9% <10% <10%
8,218 8,280 8,530
5,700 5,700 5,700
5,530 5,700 5,700
5% <10% <10%
1,662 1,500 1,600
5,700 5,700 5,700
4912 5,700 5,700
3% <10% <10%
2,767 2,400 2,500
5,700 5,700 5,700
5,570 5,700 5,700
6% <10% <10%
2,206 2,500 2,500
5,300 5,300 5,300
2,841 2,000 5,000
3% <10% <10%
867 1,000 1,000

* Scheduled hours for FY 2001, FY 2002, and FY 2003 show actual number of hours delivered to users.
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FY 2001 FY 2002 FY 2003 FY 2004 FY 2005
Actual’ Actual Actual* Estimate Estimate
High Flux Isotope Reactor
Maximum HOUIS ......ccoovvvvieieieeeeeee e 6,100 6,100 6,100 6,100 6,100
Scheduled HOUIS ........covvevveiiiiiieeeeeis 8 4,111 5,256 5,000 6,100
Unscheduled Downtime ............cceeeeeee... 0% 3% 20% <10% <10%
Number of USErS........ccceeveeeviiiiiiiieeieeenees 38 76 218 400 400
Intense Pulsed Neutron Source
Maximum HOUIS .........ceeeveeeiiiiiiiieeeeeeeees 4,700 4,700 4,700 4,700 4,700
Scheduled HOUIS ......coovviviieiieieeeeeeeeee, 3,868 4,308 4,274 4,250 4,250
Unscheduled Downtime .........cccceeeeeeeees 0% 0% 7% <10% <10%
Number of USEers ......cooevvvveeviiiiiiieieeennn, 240 243 229 280 280
Manuel Lujan, Jr. Neutron Scattering
Center
Maximum HOUIS .........eeeeveeieiiieiiieeeeeeeees 3,600 3,600 3,600 3,600 3,600
Scheduled HOUIS ......cooviveiiiiiiieieeeeeee, 2,882 2,180 3,017 3,000 3,000
Unscheduled Downtime ..........ccceeeeeeeneee 18% 12% 21% <10% <10%
Number of USErS .......ccoeevveeviiiviiieeieeenees 122 164 269 200 250
Cost and Schedule Variance
FY 2001 FY 2002 FY 2003 FY 2004 FY 2005
Actual Actual Actual Estimate Estimate
Spallation Neutron Source
Cost VarianCe.........cooevvvvvveeeeeeeereennne, +0.4% -0.3% +0.5%
Schedule Variance .........cccoooeevveenee. -6.7% -1.8% -1.4%
Major (Levels 0 and 1) Milestones None Linac Design Front End None Instrument
Completed or Committed to Completed Beam Systems
Available to Design
Linac Complete
Target Linac Beam
Design Available to
Complete Ring
Linac Tunnel
Beneficial
Occupancy
Ring Tunnel
Beneficial
Occupancy

* Scheduled hours for FY 2001, FY 2002, and FY 2003 show actual number of hours delivered to users.
FY 2005 Congressional Budget
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FY 2001 FY 2002 FY 2003 FY 2004 FY 2005

Actual Actual Actual Estimate Estimate
Linac Coherent Light Source (SLAC)
Cost Variance.........cccceeeeeeeeeee. N/A N/A N/A
Schedule Variance ..........cccoccvvveeenn. N/A N/A N/A
Major (Levels 0 and 1) Milestones Approved None Approved Approve
Completed or Committed to Critical Critical Critical
Decision 0 — Decision 1 — Decision 2b —
Mission Need Preliminary  Performance
Baseline Baseline
Range
Approved
Critical
Decision 2a —
Long-Lead
Procurement
Budget
Center for Nanophase Materials
Sciences (ORNL)
Cost Variance .........cccceeevvvveeennnneenn, N/A N/A 0%
Schedule Variance .........ccccccoveuveeen. N/A N/A 0%
Major (Levels 0 and 1) Milestones Approved Approved Approved Approve
Completed or Committed to Critical Critical Critical Critical
Decision 0 — Decision 1 — Decision 3— Decision 4a —
Mission Need Preliminary  Start of Initial Start of
Baseline Construction Operations
Range
Approved
Critical
Decision 2 —
Performance
Baseline
Center for Integrated Nanotechnologies
(SNL/LANL)
Cost Variance N/A N/A -0.4%
Schedule Variance N/A N/A -2.9%
Major (Levels 0 and 1) Milestones Approved Approved Approved Approve None
Completed or Committed to Critical Critical Critical Critical

Decision 0 — Decision 1 — Decision 2 — Decision 3a —
Mission Need Preliminary  Performance Start Utility
Baseline Baseline Construction
Range
Approve
Critical
Decision 3b —
Start of Full
Construction
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The Molecular Foundry (LBNL)

Cost Variance
Schedule Variance

Major (Levels 0 and 1) Milestones
Completed or Committed to

Center for Nanoscale Materials (ANL)

Cost Variance
Schedule Variance

Major (Levels 0 and 1) Milestones
Completed or Committed to

Center for Functional Nanomaterials
(BNL)

Cost Variance
Schedule Variance

Major (Levels 0 and 1) Milestones
Completed or Committed to

SSRL SPEARS Upgrade

Cost Variance
Schedule Variance

Major (Levels 0 and 1) Milestones
Completed or Committed to

Science/Basic Energy Sciences

FY 2001 FY 2002 FY 2003 FY 2004 FY 2005
Actual Actual Actual Estimate Estimate
N/A N/A +1.0%
N/A N/A +1.4%
Approved Approved Approved Approve None
Critical Critical Critical Critical
Decision 0 — Decision 1 — Decision 2 — Decision 3 —
Mission Need Preliminary  Performance Start
Baseline Baseline Construction
Range
N/A N/A N/A
N/A N/A N/A
Approved Approve None
Critical Critical
Decision 0 — Decision 2 —
Mission Need Performance
Baseline
Approved
Critical Approve
Decision 1 — Critical
Preliminary  Decision 3 —
Baseline Start
Range Construction
N/A N/A N/A
N/A N/A N/A
Approved Approved Approve Approve
Critical Critical Critical Critical
Decision 0 — Decision 1 — Decision 2 — Decision 3 —
Mission Need Preliminary  Performance Start
Baseline Baseline Construction
Range
+0.3% +2.0% 0%
-7.8% -1.6% 0%
Approved Completed  Approved Complete None
Preliminary RF System  Final Safety Accelerator
Safety Production = Assessment Readiness
Assessment Document Review
Document
Completed Completed  Start
Magnet Vacuum Commission-
Production  System ing
Production
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FY 2001 FY 2002 FY 2003 FY 2004 FY 2005

Actual Actual Actual Estimate Estimate
Completed  Approve
Raft Critical

Assemblies Decision 4 —
Start
Operations

Completed

Major

Installation

Construction and I nfrastr ucture

Spallation Neutron Source (SNS) Project

The purpose of the SNS Project is to provide a next-generation short-pul se spallation neutron source for
neutron scattering. The SNS will be used by researchers from academia, national and federal labs, and
industry for basic and applied research and for technology development in the fields of condensed
matter physics, materials sciences, magnetic materials, polymers and complex fluids, chemistry, biology,
earth sciences, and engineering. When completed in 2006, the SNS will be significantly more powerful
(by about afactor of 10) than the best spallation neutron source now in existence—1SIS at the
Rutherford Laboratory in England. The facility will be used by 1,000-2,000 scientists and engineers
annually. Interest in the scientific community in the SNSisincreasing.

Neutron scattering will play arolein all forms of materials research and design, including the
development of smaller and faster electronic devices; lightweight alloys, plastics, and polymers for
transportation and other applications;, magnetic materials for more efficient motors and for improved
magnetic storage capacity; and new drugs for medical care. The high neutron flux (i.e., high neutron
intensity) from the SNS will enable broad classes of experiments that cannot be done with today's low-
flux sources. For example, high flux enables studies of small samples, complex molecules and
structures, time-dependent phenomena, and very weak interactions.

FY 2005 budget authority is requested to continue R& D, procurement, and installation of equipment for
instrument systems. The extraction dump, high-energy beam transport, and accumulator ring will be
commissioned; and installation and testing for the ring-target beam transport system will be performed.
Preparation for the ring-target beam transport system accelerator readiness review will begin.
Installation and testing will be completed and preparation for the accel erator readiness review will start
for target systems. Conventional facilities construction will be completed. Procurement, installation, and
testing will continue for integrated control systems.

The estimated Total Project Cost remains constant at $1,411,700,000, and the construction schedule
continues to call for project completion by mid-2006. Additional information on the SNS Project is
provided in the SNS construction project data sheet, project number 99-E-334.

Linac Coherent Light Source (LCLS) Project

The purpose of the Linac Coherent Light Source (LCLS) Project isto provide laser-like radiation in the

x-ray region of the spectrum that is 10 billion times greater in peak power and peak brightness than any

existing coherent x-ray light source. This advance in brightnessis similar to that of a synchrotron over a
1960’s laboratory x-ray tube. Synchrotrons have revolutionized science across disciplines ranging from

atomic physicsto structural biology. Advances from the LCL S are expected to be equally dramatic. The
LCLS Project will provide the world’s first demonstration of an x-ray free-electron-laser (FEL) in the
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1.5 - 15 A range. The characteristics of the light from the LCL S will open new realms of scientific
applicationsin the chemical, material, and biological sciencesincluding fundamental studies of the
interaction of intense x-ray pulses with simple atomic systems, structural studies on single nanoscale
particles and biomolecules, ultrafast dynamicsin chemistry and solid-state physics, studies of nanoscale
structure and dynamics in condensed matter, and use of the LCL Sto create plasmas.

The LCLS project leverages capital investmentsin the existing SLAC linac as well as technologies
developed for linear colliders and for the production of intense electron beams with radio-frequency
photocathode guns. The SLAC linac will provide high-current, low-emittance 5-15 GeV electron
bunches at a 120 Hz repetition rate. When traveling through a newly constructed long undulator, the
electron bunches will lead to self-amplification of the emitted x-ray radiation, constituting the x-ray
FEL. The availability of the SLAC linac for the LCLS Project creates a unique opportunity (worldwide)
for demonstration and use of x-ray FEL radiation.

The preliminary Total Estimated Cost (TEC) isin the range of $220,000,000 to $260,000,000. FY 2005
Project Engineering Design (PED) funding of $20,075,000 is requested for Title | and Title |1 design
work and $4,000,000 is requested for research and development. Additional information onthe LCLS
Project is provided in the LCLS PED data sheet, project number 03-SC-002.

In addition, FY 2005 Long-lead Procurement (LLP) funding of $30,000,000 is requested for selected
components of the gun laser, the electron injector, and the linac system. Additional information on the
LLPisprovided in the LCLS construction datasheet, project number 05-R-320.

Nanoscal e Science Research Centers (NSRCs)

Funds are requested for Project Engineering Design (PED) and construction of NSRCs located at Oak
Ridge National Laboratory, at Lawrence Berkeley National Laboratory, at Sandia National

L aboratories/Los Alamos National Laboratory, and at Brookhaven National Laboratory. Funds are also
requested to continue the Mgjor Item of Equipment for an NSRC at Argonne National Laboratory.
Additional information on the NSRCs s provided in the Construction Project data sheets, project
numbers 03-R-312, 03-R-313, 04-R-313, and 05-R-321; in the Project Engineering Design (PED) data
sheet, project number 02-SC-002; and in the Materials Sciences and Engineering subprogram.

Stanford Synchrotron Radiation Laboratory (SSRL) Upgrade

Over the period FY 1999 - FY 2003, the SPEAR3 upgrade was undertaken at SSRL to provide major
improvementsto all existing experimental stations served by this synchrotron radiation light source. The
upgrade increased injection energy from 2.3 GeV to 3 GeV to improve the energy spectrum available to
users, decreased beam emittance by afactor of 7 to increase beam brightness; increased operating
current from 100 mA to 200 mA to increase beam intensity; and maintained long beam life time (>25
hr). The increased photon flux will greatly improve performance in avariety of applicationsincluding
powder and thin film diffraction, topographic studies, surface microcontamination studies, x-ray
tomographic analysis, x-ray absorption studies, and protein crystallography. The magnets and associated
vacuum chambers of the existing SPEAR storage ring were replaced in order to implement the revised
lattice system. All components are housed within the existing buildings. The TEC was $29,000,000;
DOE and NIH equally funded the upgrade with atotal Federal cost of $58,000,000. NIH provided
$14,000,000 in FY 1999, $14,000,000 in FY 2000, and $1,000,000 in FY 2001.

BES provides funding for general plant projects (GPP) and general plant equipment (GPE) for Argonne
National Laboratory, Ames Laboratory, and Oak Ridge National Laboratory.
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Wor kfor ce Development

The BES program supports devel opment of the R& D workforce through support of undergraduate
researchers, graduate students working toward a doctoral degree, and postdoctoral associates developing
their research and management skills. In addition, the BES scientific user facilities provide outstanding
hands-on research experience to many young scientists. Thousands of students and post-doctoral
investigators are among the 8,000 researchers who conduct experiments at BES-supported facilities each
year. The work that these young investigators perform at BES facilities is supported by awide variety of
sponsors including BES, other Departmental research programs, other federal agencies, and private
institutions. The R& D workforce developed under this program provides new scientific talent in areas of
fundamental research and also provides talent for awide variety of technical and industrial areas that
require the problem solving abilities, computing skills, and technical skills developed through an
education and experience in fundamental research.

# University Grants ........cccccceceeeneee,
Average Size ($ thousands/yr) ........
# Permanent Ph.D.S .......cccceevieene
# POStAOCS ...vvviieecvreee e,
# Grad Students.........ccoceverceeinneenn,

Science/Basic Energy Sciences

FY 2004 FY 2005

FY 2001 FY 2002 FY 2003 Enacted Request
1,094 1,071 1,100 1,200 1,270
134 140 145 145 150
3,780 3,650 3,800 3,970 4,050
1,090 1,050 1,100 1,150 1,200
1,780 1,700 1,750 1,800 1,900
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Materials Sciences and Engineering

Funding Schedule by Activity

(dollars in thousands)

FY 2003 FY 2004 FY 2005 $ Change | % Change

Materials Sciences and Engineering

Materials Sciences and Engineering

RESEArCh .....oeviieeee e 252,539 263,929 275,543 +11,614 +4.4%

Facilities Operations..........cccccceveeeeeiiiennee. 281,013 294,517 312,854 +18,337 +6.2%

SBIR/STTR ...oiiiiie e, 0 13,910 14,831 +921 +6.6%

Total, Materials Sciences and Engineering... 533,552 572,356 603,228 +30,872 +5.4%
Description

This subprogram extends the frontiers of materials sciences and engineering to expand the scientific
foundations for the development of materials that improve the efficiency, economy, environmental
acceptability, and safety in energy generation, conversion, transmission, and use. The subprogram also
plans, constructs, and operates the major x-ray scattering and neutron scattering scientific user facilities.

Benefits

Ultimately the research leads to the development of materials that improve the efficiency, economy,
environmental acceptability, and safety in energy generation, conversion, transmission, and use. For
example, the fuel economy in automobilesis directly proportional to the weight of the automobile, and
fundamental research on strength of materials has led to stronger, lighter materials, which directly
affects fuel economy. The efficiency of a combustion engineis limited by the temperature and strength
of materials, and fundamental research on alloys and ceramics has led to the development of materials
that retain their strength at high temperatures. Research in semiconductor physics has led to substantial
increases in the efficiency of photovoltaic materials for solar energy conversion. Fundamental research
in condensed matter physics and ceramics has underpinned the development of practical high-
temperature superconducting wires for more efficient transmission of electric power.

Supporting I nformation

The subprogram supports basic research to understand the atomistic basis of materials properties and
behavior and how to make materials perform better at acceptable cost through new methods of synthesis
and processing. Basic research is supported in magnetic materials, semiconductors, superconductors,
metals, ceramics, alloys, polymers, metallic glasses, ceramic matrix composites, catalytic materials,
surface science, corrosion, neutron and x-ray scattering, chemical and physical properties, welding and
joining, non-destructive evaluation, € ectron beam microcharacterization, nanotechnology and
microsystems, fluid dynamics and heat transfer in materials, nonlinear systems, and new
instrumentation.
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This subprogram is a premier sponsor of condensed matter and materials physicsin the U.S,, isthe
primary supporter of the BES user facilities, and is responsible for the construction of the Spallation
Neutron Source, the five Nanoscale Science Research Centers, and the Linac Coherent Light Source.

Selected FY 2003 Research Accomplishments

Towards an Exciton Condensate — A New Form of Matter. A Bose-Einstein condensate, aform of
matter heretofore observed only in atoms chilled to less than amillionth of a degree above absolute
zero, may now have been observed at temperatures in excess of one Kelvin in excitons, the bound
pairs of electrons and holes that enable semiconductors to function as el ectronic devices.
Researchers have observed excitons in a macroscopically ordered electronic state, indicating the
formation of a condensate. The observations were made by shining laser light on specially designed
nano-sized structures called quantum wells, which were grown at the interface between two
semiconductors — gallium arsenide and aluminum gallium arsenide. These quantum wells allow
electrons and electron holes (spaces in the crystal that are positively charged) to move freely through
the two dimensions parallel to the quantum well plane, but not through the perpendicular dimension.
Under photoluminescence, the macroscopically ordered exciton state appeared against a black
background as a bright ring that had been fragmented into a chain of circular spots extending out to
one millimeter in circumference. Just as the Nobel prize-winning creation of Bose-Einstein
condensate atoms offered scientists a new look into the hidden world of quantum mechanics, so, too,
will the creation of Bose-Einstein condensate excitons provide scientists with new possibilities for
observing and manipul ating quantum mechanical properties. The observation also holds potential for
ultrafast digital logic elements and quantum computing devices.

Magnetic Nanocomposites. The Next Little Thing. Magnetic materials are indispensable to a modern
industrial society; however, it isno longer possible to squeeze significantly better performance out of
today’s most advanced magnets. A new approach isto create a composite material of two magnetic
materials combined on the nanoscal e to create a material with better performance than either taken
separately. The boundary between the two magnetic materials is exceedingly important. Studies of
bilayers of magnetically-hard and magnetically-soft magnetic materials have revealed that diffusion
between the two materials aters the interface between them, resulting in improved magnetic
properties. Theoretical modeling confirms that interfacial modification can enhance interlayer
magnetic coupling. The results reveal the potential of careful interfacial control for improving
magnets through manipulation of the material at the nanoscale.

Tuning the Properties of Materials at the Nanoscale. As the size of silicon electronic devices shrinks
toward the nanometer scale, the properties of the nanometer-thick silicon thin film in the devices
depart from those of the bulk form of silicon. Nanostressors will be able to tune the properties of
such thin films. For example, germanium islands grown on silicon act as nanostressors to shape the
silicon film. The induced bending of the silicon film modifies the local electronic and optical
properties of silicon. This ability to “tune” the properties of solid thin filmsis expected to become
more prominent as semiconductor devices shrink to ever smaller scales.

New Nanoscal e Sructures Form where Grain Boundaries Meet Surfaces. A newly discovered
nanoscale “ defect” may be connected to unusual behavior of metal catalysts and thin films, which
are critical to the chemical and electronic industries. A distinct channel with aVV-shaped cross section
has been observed along the intersection of a grain boundary with an external surface. Atomic-

resol ution observations of gold surfaces in combination with atomic-scale simulations show that this
channel has a different crystal structure than the remainder of the material. One implication is that
when the grains become sufficiently small, these channel regions may dominate the surface and
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result in very different reactivity and catalytic activity than expected based on the bulk structure.
These channel defects may also pin grain boundaries, slowing or preventing their motion and
affecting the processing of thin films for microelectronics. Furthermore, the channels can be thought
of as naturally occurring nanoscale wires along the surface of a material, whose arrangement could
be controlled by appropriate processing.

= Imaging Single, Individual Molecules. By using atightly focused beam of electrons lessthan a
nanometer in diameter and by reconstructing images from the electron scattering data, the exact
atomic positionsin an individual carbon nanotube have been determined. Images of high resolution
and high contrast can be obtained as has been shown by solving the structure of asingle, double-
walled carbon nanotube — avery complicated problem involving one tube nested in another. The
technique has the potential to allow imaging of atomic arrangements in individua non-periodic
structures such as biological macromolecul es.

= Nanofluids Improve Heat Transfer. Suspensions of nanoscale metal particles or carbon nanotubesin
fluids exhibit unusual enhancements in thermal conductivity. Picosecond measurements using laser
techniques have been used to make the first quantitative measurements of heat transfer at the
solid/fluid interface. Very large improvements for thermal conductivity are expected based on simple
theory for carbon-nanotubes, but are not observed. The picosecond data shows that the thermal
coupling between the nanotube and the surrounding matrix is weak, greatly impeding heat transfer in
the carbon-nanotube composite. The results also indicate that the thermal conductance at the
particle/fluid interface is highly sensitive to both structure and chemistry.

= Slicon: FromInformation Age to an Efficient Light Emitter? Silicon is the bedrock on which the
information age is built, but it is anotoriously poor light emitter. The holy grail of silicon technology
isto make silicon an efficient light emitter so that digital information can be converted to light for
the ultimate transmission speed across optical fiber networks. New cal culations have shown that a
novel impurity superlattice structure of thin-layer oxide could do precisely that by altering silicon
electronic charge characteristics to couple directly to light. This breakthrough opens the door so that
the light-emitting efficiency of silicon could be drastically enhanced. This discovery will
dramatically impact the microelectronics industry by significantly reducing the cost and complexity
associated with the integration of optoelectronics into silicon-chip products.

= Synchrotron Light Sources Help Reveal Secrets of Welding. Welding isa critical metal joining
technology used worldwide in the energy, automotive, aerospace, construction, and chemicals
industries. Rapid cooling during welding induces numerous phase changes in the metal. Theories
have been developed to describe this, but they have never been verified experimentally. Time-
resolved x-ray diffraction using synchrotron radiation has now been used for the first time to monitor
in-situ phase evolution of a multi-component steel weld during melting and subsequent
solidification. The results show that equilibrium theories applied to rapid cooling conditions are not
valid for steel welds containing fast diffusing (carbon) and slow diffusing (aluminum) atoms. This
new ability to observe the competition of multi-component phases at the microstructural level will
make it possible to design stronger and tougher welds, chemically tailored for optimum
performance.

= Ultrathin, Laminar Films for Instantaneous Computer Boot-up. A new technique has been devel oped
to deposit metal atoms onto thin oxide layers. This technique will help next-generation computers
boot up instantly by making entire memories immediately available for use. The method anchors
ultrathin metallic cobalt layers on sapphire by using a surface chemical reaction that overcomes an
island formation problem that has long plagued researchers. The new, inexpensive trick to prevent
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island formation is as simple as exposing thin oxide films to water vapor before depositing the metal
layer. The thin metal layer achieves crystallinity after the deposition of only afew atomic layers.
This process should be applicable to a wide range of metals on metal oxides.

= Novel Synthesis of Shape-Controlled Nanostructures. Fabricating shape-controlled nanostructures
such as nanowires and nanodots plays a central role in nanoscal e science and technology. A novel
el ectrodeposition process has been devel oped to self-assemble an array of nanostructures on flat
surfaces. The new technique is based on the application of an electric field to ions on graphite
substrates immersed in an aqueous solution. A large variety of voltage-controlled nanostructures
have been grown such as cubes, pyramids, pentagons, hexagons, nanowires and snowflakesin
superconductors and ferromagnets as well as in emerging application systems such as catalytic silver
and hydrogen-sensing palladium. These unique nanostructures provide a new theater to explore
shape effects on quantum confinement and present new opportunities for nanoel ectronic
applications.

= Biomolecular Route to Photovoltaic and Semiconductor Nanocrystals. Biology exhibits a
remarkable ability to control the nanostructures of materials, such as the exquisitely shaped
microscopic shells of diatoms and radiolarians, with a precision that far exceeds the capability of
present human engineering. Now, the biomolecular mechanism that directs the nanofabrication of
silicain living organisms has been harnessed to direct the synthesis of photovoltaic and
semiconductor nanocrystals of such materials as titanium dioxide, gallium oxide, and zinc oxide --
materials that biology has never used in structures before. Proteins from a marine sponge — and their
counterparts produced from cloned, recombinant DNA — were used to catalyze and structurally direct
the growth of the inorganic semiconductors at low temperature and under mild conditions, in marked
contrast to the need for elevated temperatures and caustic chemicals presently required by
conventional manufacturing methods. The nanocrystallites of gallium oxide formed in this process
show a preferential alignment directed by the underlying proteins, revealing atemplate-like
structure-directing activity of the biomolecules. Furthermore, the proteins working at low
temperature produce and stabilize crystal forms of gallium oxide and titanium dioxide normally seen
only at very high temperatures. Such biomolecular routes may lead to new, environmentally benign
routes to semiconductor and photovoltaic materials with improved control over both nanostructure
and performance, as well as improved interfaces between optoel ectronic devices and living systems.

= Thelmpact of a Sngle Atom. Never before has it been possible to identify single atoms within bulk
materials and determine the influence of a single atom on its surroundings. Isolated atoms can
significantly modify the physical properties of many of the technologically most relevant and
scientifically interesting materials. While it has long been known that in semiconductors, for
example, the presence of a single dopant atom among 1019 host elements drastically modifies the
macroscopic properties, the possibility of identifying, localizing, and even measuring the electronic
properties of single atoms becomes of fundamental importance in the nanotechnology era. We now
have that capability. The aberration-corrected scanning transmission electron microscope allows not
only the imaging of individual atomsinside a crystal, but their chemical identification. This
remarkable improvement in sensitivity reaches the quantum limit of information, the ability to probe
the electronic environment of a single atom.

= Molecular Cages under Pressure. Theisolation, removal, and entombment of radioactive waste are
challenging scientific problems. Structural data from high-pressure x-ray powder diffraction has
demonstrated that cage-like zeolites can potentially separate toxic waste from the environment.
Using reversible superhydration -- the selective absorption of excess water under pressure into fully
hydrated zeolites — the immobilization of commonly occurring radioisotopes such as 90Sr, 137Cs
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and 60Co via a “trap-door mechanism” may be realized. By exchanging ions at high pressures, the
holes of the zeolites will expand due to the excess water entering the zeolite cages. After pressure
rel ease these holes contract again, essentially closing the trap door and sealing the waste inside the
zeolite for good.

= Biocompatible Lasersfor Ultrasensitive Detection. A highly sensitive quantum optics device using a
biocompatible semiconductor laser microcavity has been devised that can analyze and characterize
spore simulants. This device is based on recent advances in the surface chemistry of semiconductors
and the concept of quantum sgqueezing of light emitted through a spore flowing at high speed in the
laser’s microcavity. Thislight squeezing enables even tiny sporesto generate avery large signal
which, when analyzed, yields critical biological information including the spore’s protein coat
morphology, shape, intracellular granularity, protein density, and uniformity. This field-deployable
biolaser should be able to identify different types of spores (for example, anthrax) within alarge
population of harmless spores rapidly and effectively.

= Electrocatalyst Design for Fuel Cells. Electrocatalytic fuel cells at ambient temperature require
materials with high catalytic activity and high tolerance to poisons such as carbon monoxide and
sulfur. The use of aloys presents inherent limitations including a random distribution of the
constituent elements and their propensity to segregate. The use of ordered intermetallics provides
stable ordered phases. Based on studies of model systems, it is predicted that the ordered
intermetallic bismuth-platinum (BiPt) should exhibit high catalytic activity and greatly reduced
poisoning from carbon monoxide. These predictions, based on electronic and geometric effects,
respectively, were borne out by experiments. BiPt catalyzes the oxidation of formic acid andisa
better material than pure platinum in some ways; moreover, it exhibits catalytic currents about 30
times those on platinum and is virtually immune to carbon monoxide poisoning. Although the focus
has been on anode materials, this new design paradigm has clear implications in the design of
cathodes as well asreformer catalysts and could usher anew erain fuel cell R&D.

Selected FY 2003 Facility Accomplishments
= TheAdvanced Light Source (ALS)

e Record Low Vertical Emittance Demonstrated. The emittance is a key parameter that describes
the circulating particle beam in a storage ring. Accelerator scientists have reduced the ALS
vertical emittance to 5 picometer-radians during accelerator physics experiments. Thisisthe
lowest emittance value ever realized in any storage ring. While this emittance is a factor of 20
lower than the value normally used in ALS operation for users, it will be especialy important for
future spectroscopy studies in which the highest possible resolution isimportant.

o Femtosecond R& D Program Launched. The study of ultrafast dynamical processes on the time
scale of fundamental processes, such as amolecular vibration, is one of the most active areas of
modern science. An ALS R&D program was initiated that aims to produce ultrafast x-ray pulses
by means of atechnigue known as electron-beam slicing. To generate x-rays from soft to hard x-
ray energies with the maximum intensity, the first narrow-gap in-vacuum undulator will be
installed in the ALS.

e Beamline Devoted to Sudy of Soft X-Ray Coherent Science. Exploitation of the coherence of
undulator light has not kept pace with that of other properties, such as brightness. To address this
issue at the AL'S, a branchline dedicated to coherence has been added to an existing undulator
beamline that will produce microwatts of tunable coherent soft x rays. This new capability will
allow usersto carry out awide range of experiments in both scattering and fundamental optics.
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¢ Next-Generation Detector for Synchrotron Radiation Developed. The brightness of third-
generation synchrotron radiation sources often generates huge signal rates that overwhelm the
capabilities of existing detector systems. Often, the detector saturation problem both prevents the
fullest utilization of the synchrotron light and limits the realization of certain new types of
experiments. To overcome this bottleneck, the ALS has devel oped and successfully tested a high
speed (more than 1 GHz), next-generation detector based on high-energy physics technology.

= TheAdvanced Photon Source (APS)

e ABUll'sEye for Sorage Ring Beam Orbit Sability. Stable x-ray beams are critical for all users of
x-ray facilities, particularly those users who microfocus x-rays onto small samples. X-ray beam-
position monitors developed for the APS insertion device beamlines are providing beam stability
that is now equivalent to firing a stream of bullets through the bull’s eye of atarget from several
miles away.

¢ New Information from APS Could Lead to Improved Data Sorage. A surface twisted magnetic
state predicted 15 years ago has, for the first time, been confirmed using a new experimental
technique at the BES-funded X-ray Operation and Research sector 4 at the APS. Twisted
magnetic states of materials have important ramifications for applicationsin the devel opment of
improved magnetic memory.

e EPICSCollaboration Helps APS and the World. EPICS (Experimental Physics and Industrial
Control System) software developed at two DOE national laboratoriesis being used worldwide
to control complex mechanical systems, from accelerators that reveal the nature of subatomic
particles, to observatory telescopes that view distant galaxies, to industrial control processes such
as semiconductor wafer manufacturing.

e Optics Capabilities at the APS Enable New Dynamical Sudies of Liquids and Solids. Inelastic x-
ray scattering (I1XS) is a synchrotron x-ray tool that opens new vistas for the study of high-
temperature materials. The x-ray optics capabilities of the APS have reached alevel that makes
possi ble implementation of an 1XS spectrometer with exceptional resolving power.

e ABreath of Fresh Air for Insect Physiology. A technique that couples phase-enhanced x-ray
imaging to the intensity of APS x-ray beams has revealed a previously unknown insect breathing
mechanism. Further development of this technique could have important implications for human
health care and afford the potential for awide variety of other materials-related applications,
including detecting and studying cracks, voids, and other boundaries inside optically opague
structures; studying fluid flow in rocks and soils for oil exploration and recovery; and
characterizing advanced materials, such as ceramics and fiber composites.

= The National Synchrotron Light Source (NSLS)

e High Gain Harmonic Generation (HGHG) FEL Reaches Saturation in Ultraviolet. The NSLSis
pioneering the development of laser seeded Free Electron Lasers (FEL). The HGHG FEL makes
uses of aTi-Sapphire seed laser to produce fully coherent 266 nm light. This marks the first
HGHG FEL to successfully reach saturation in the ultraviolet regime and thereby obtaining sub-
picosecond pulses with energy in excess of 100 microjoules.

e New Powder and Sngle Crystal Diffraction Beamline Completed. A new bending magnet
beamline, X6B, has been completed. The beamline was constructed to meet the increasing
demand of nanoscience users for powder and single crystal x-ray diffraction. The beamline
consists of a Si(111) monochromator, tunable from 5 keV to 20 keV, and a double focusing
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mirror. The beamline is designed to perform (@) time-resolved powder diffraction, (b) combined
x-ray spectroscopy and x-ray diffraction, (c) single crystal diffraction, and (d) measurement of
electron density of excited states.

Superconducting Wiggler Beamline Upgraded. The X 17 superconducting wiggler beamline isthe
only high-energy x-ray insertion device at the NSLS. It serves alarge and very productive earth
science and high-pressure user community. In FY 2003, two new experimental hutches were
constructed so that a materials science instrument, alarge volume press instrument, and a
diamond anvil cell instrument will each have a dedicated experimental hutch. All three programs
will be able to operate simultaneously, thus significantly increasing the amount of beam time
available to these user communities.

Low-Energy X-Ray Beamline Upgraded. The low-energy x-ray region isimportant because it
coversthe K absorption edgesof Si, S, P, Cl, and L edges of 4d transition metals. X-ray
spectroscopy and x-ray resonant scattering in this energy range are valuable tools in catalysis,
environmental science, magnetism, and bio-materials. A new monochromator was designed and
installed in FY 2003 to improve the cooling of the monochromator crystalsin X19A beamline.
The new design has led to better energy and intensity stability of the beamline.

=  The Stanford Synchrotron Radiation Laboratory (SSRL)

First Beam from the Sub-Picosecond Pulse Source (SPPS) is Achieved. Ultrafast pulses of x-rays
are key tools for probing the electronic and structural changes in materials during fast chemical
reactions and phase changes. To this end, the SPPS was installed in the SLAC Final Focus Test
Beam Facility, which generates pulses of 8-10 keV x-rayswith 10" photons/pulse at a pulse rate
of 10 pulses per second. The peak brightness of these x-ray pulses exceeds that of any existing x-
ray source. The SPPSis planned to operate 3-4 months per year through 2005, when it will be
displaced by the construction of the Linac Coherent Light Source, a much more intense source of
short x-ray pulses.

SSRL’'s Final Run with SPEAR2 Ends on a Perfect Note. SSRL’s most recent experimental run
prior to the decommissioning of SPEAR2 ended very successfully with SPEAR delivery of
scheduled beam time to users at the 100% mark during the last week of operations. Even though
the FY 2003 run was shortened by about 4 months due to the beginning of the SPEARS
installation, atotal of 813 users came to SSRL during the run to conduct experiments on 32
stations. The up time average for the entire FY 2003 run was 96.8%.

SPEARS Installation Program Proceeding on Schedule. The SPEARS Installation Program
began on schedule on March 31, 2003. The Installation Program involves three phases:
demolition of SPEAR2, modification of the facilities to meet SPEAR3 needs, and finally the
actual installation of SPEARS technical systems and components. Each phase is a complex
procedure that is planned in great detail with overall completion by the end of October 2003.

New Experimental Sation Developed on BL11. A new experimental station that will be used for
both materials scattering and macromolecular crystallography has been commissioned on BL11.
This new station will help relieve the significant over subscription on BL7-2 for users
performing x-ray structural studies of thin films as well as provide for single- or multi-

wavel ength anomalous dispersion (SAD and MAD) experiments to be carried out at the Se edge
for macromolecular crystallography applications.
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= The Intense Pulsed Neutron Source (IPNS)

Upgrades of IPNS Instruments Continue. IPNS continues to make major instrument upgrades
and source improvements to maintain world class science capabilitiesfor U.S. users: 1) an
upgrade project for a powder diffractometer, GPPD, has been completed putting the instrument
on a par with the fastest powder instruments in the world; 2) installation of a guide on QENS, a
guasi-elastic spectrometer boosted flux on sample by afactor of five; 3) redesigning the
moderator/reflector assembly resulted in a gain of 60% neutrons-on-sample for small angle
scattering applications.

Outstanding Operations at IPNS Continues. For the sixth consecutive year, the IPNS has
exceeded its goal of offering at least 95% reliable operations, achieving afigure of 97% in

FY 2002. Thisreliability assures users that experiments can be performed as planned and offers
additional evidence that pulsed neutron sources can be run in areliable manner.

IPNS Hosts the National Neutron and X-Ray Scattering School. During the two-week period of
August 10-24, 2003, Argonne National Laboratory again hosted the National School on Neutron
and X-Ray Scattering. The school continues to attract outstanding graduate students and post-
doctoral appointees with 143 applications for the 60 positions available in 2003.

= The Manue Lujan Jr. Neutron Scattering Center at the Los Alamos Neutron Science Center
(LANSCE)

First Results with the 11-T Magnet at Lujan Center. The newly commissioned 11-T
superconducting magnet provided Lujan Center users with the first results of an intensity image
(reflection) of neutron data collected from an antiferromagnetic material on the new Asterix
instrument. Significantly, the mass of material contributing to the reflection is only about 100
micrograms. Moreover, exceedingly good thermal stability was achieved during the
measurements.

Upgraded NPDF Produces 300 Data Sets. The Neutron Powder Diffractometer (NPDF) opened
its shutter for the first time and produced over 300 experimental data sets during the run cycle.
Promising results obtained during the run cycle not only put NPDF at the cutting edge of local-
structure determination but also served as a devel opment platform for anew structure-analysis
tool based on pair-distribution functions in disordered and nanostructured materials.

Upgrades to SPEAR Improve Reflectivity Measurements. Upgrades to SPEAR have simplified
the operation of the instrument and provided more precise and reproducible reflectivity
measurements. SPEAR is atime-of-flight neutron spectrometer ideally suited to study thin
organic and inorganic layersin avariety of environments. A recent experiment on SPEAR
provided fundamental information about the stability of model biomembranes in the presence of
large electric fields.

Upgrades to LQD Enables More Sophisticated Small-Angle Scattering Experiments. Small-angle
scattering has been improved at the Lujan Center to keep apace with the significantly increased
cold-neutron flux available to LQD (Low-Q Diffractometer), which has been increased by
approximately afactor of five. These upgrades will allow more measurements, higher-quality
data, and the ability to perform more sophisticated experiments.
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The High Flux Isotope Reactor (HFIR)

e \World-Class Triple-Axis Spectrometers Installed at HFIR. These spectrometers, designated HB-
1, HB-1A, and HB-3, are exceeding performance goals and are equal to the highest intensity
instruments of their kind in the world. The installation of three additional world-class
instruments is under way at the HB-2 shielding tunnel, which was completed in March 2003. The
first of the new instruments should be available in early fall 2003 with the other two to follow by
the end of 2003.

e Construction of the Small Angle Neutron Scattering (SANS) Guide Hall Completed. The high bay
guide hall will house the new 40m and 35m SANS instruments and supporting lab space. It will
provide aresearch environment away from the reactor building that will be used by numerous
facility usersfor physical and biological material studies.

Detailed Justification

(dollars in thousands)

FY 2003 FY 2004 FY 2005
Materials Sciences and Engineering Research.... 252,539 263,929 275,543
» Sructureand Composition of Materials......... 28,915 32,954 32,183

This activity supports basic research on atomic-scale structure, composition, and bonding and on
their relationship to the behavior and performance of materials, predictive theory and modeling,
and new materials systems. This activity also supports four el ectron beam microcharacterization
user centers: the Center for Microanalysis of Materials a the University of Illinois, the Electron
Microscopy Center for Materials Research at Argonne National Laboratory, the National Center
for Electron Microscopy at Lawrence Berkeley National Laboratory, and the Shared Research
Equipment Program at Oak Ridge National Laboratory. These centers contain a variety of highly
specialized instruments to characterize |ocalized atomic positions and configurations, chemical
gradients, bonding forces, etc.

The properties of materials used in all areas of energy technology depend upon their structure.
Performance improvements for environmentally acceptable energy generation, transmission,
storage, and conversion technologies likewise depend upon the structural characteristics of
advanced materials. This dependence occurs because the spatial and chemical inhomogeneitiesin
materials (e.g., dislocations, grain boundaries, magnetic domain walls, and precipitates) determine
and control critical behaviors such as fracture toughness, ease of fabrication by deformation
processing, charge transport and storage capacity, superconducting parameters, magnetic behavior,
and corrosion susceptibility.

In FY 2005, major activitieswill continue on advanced instruments with capabilities to
characterize and interpret atomic configurations and packing arrangements at the nanoscale with
improved resolution and accuracy, including the ability to determine composition, bonding, and
physical properties of materials. One aspect of thiswill be research towards an optimal platform
for Transmission Electron Aberration-corrected Microscopy. This effort isintended to dramatically
extend electron scattering capabilities for three-dimensional tomography, local spectroscopy, and
in-situ sample manipulation and processing. An additional $975,000 is provided for novel

Science/Basic Energy Sciences/
Materials Sciences and Engineering Page 303 FY 2005 Congressional Budget



(dollarsin thousands)
FY 2003 FY 2004 FY 2005

analytical technologies to access hydrogen storage materials. State-of-the-art el ectron microscopy
and spectroscopy approaches will be used to monitor atomic-level processesin such materials.
Observing these processes under realistic experimental conditionsis required to determine basic
mechanisms of hydrogen storage and rel ease.

Capital equipment is provided for items such as hew electron microscopes and improvements to
existing instruments.

The overall decrease for structure and composition of materialsis attributable to an increase for
research related to hydrogen economy ($+975,000) offset by a decrease in capital equipment for
€lectron microscopy activities ($-1,746,000).

= Mechanical Behavior and Radiation Effects... 13,323 13,600 13,600

This activity supports basic research to understand the deformation, embrittlement, fracture and
radiation damage of materials. Concerns include the behavior of materials under repeated or cyclic
stress, high rates of stress application as in impact loading, and over arange of temperatures
corresponding to the stress and temperature conditions in present and anticipated future energy
conversion systems. The objective isto achieve an atomic level understanding of the relationship
between mechanical behavior and defects in materials, including defect formation, growth,
migration, and propagation. This research aims to build on this atomic level understanding in order
to develop predictive models for the design of materials having superior mechanical behavior,
with some emphasis on very high temperatures. The focus of basic research in radiation effectsis
to achieve an atomic-level fundamental understanding of mechanisms of radiation damage and
how to design radiation-tolerant materials. Concerns include radiation induced embrittlement and
radiation assisted stress-corrosion cracking. Other issues include achieving an atomic level
understanding of amorphization mechanisms (transition from crystalline to a non-crystalline
phase) and the modification of surface behavior by technigues such as ion implantation.

This program contributes to DOE missions in the areas of fossil energy, fusion energy, nuclear
energy, transportation systems, industrial technologies, defense programs, radioactive waste
storage, energy efficiency, and environment management. This research helps understand |oad-
bearing capability, failure and fatigue resistance, fracture toughness and impact resistance, high-
temperature strength and dimensional stability, ductility or deformability of materialsthat is
critical to their ease of fabrication, and radiation effects including understanding and modeling of
radiation damage and surface modification using ion implantation. This activity relates to energy
production and conversion through the need for failure resistant materials that perform reliably in
the hostile and demanding environments of energy production and use. This program contributes
to understanding of mechanical properties of materials and aspects of nuclear technologies ranging
from radioactive waste storage to extending the lifetime of nuclear facilities.

In FY 2005, major activities will include continued development of experimental techniques and
methods for the characterization of mechanical behavior including mechanical behavior of matter
with nanoscale dimensions, the development of a universal model for mechanical behavior that
includes all length scales from atomic through nanoscale to bulk dimensions, and the continued
advancement of computer simulations for modeling mechanical behavior and radiation induced
degradation.
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(dollarsin thousands)
FY 2003 FY 2004 FY 2005

Capital equipment is provided for items such asin-situ high-temperature furnaces, and
characterization instrumentation.

= Physical Behavior of Materials.........cccccceeuenneee 20,262 20,500 22,450

This activity supports basic research at the atomic and molecular level to understand, predict, and
control physical behavior of materials by developing models for the response of materialsto
environmental stimuli such as temperature, electromagnetic field, chemical environment, and
proximity of surfaces or interfaces. Included within the activity are research in aqueous, galvanic,
and high-temperature gaseous corrosion and their prevention; photovoltaics and photovoltaic
junctions and interfaces for solar energy conversion; the relationship of crystal defectsto the
superconducting properties for high-temperature superconductors; phase equilibria and kinetics of
reactions in materials in hostile environments, such asin the very high temperatures encountered
in energy conversion processes; and diffusion and transport of ions in ceramic electrolytes for
improved performance in batteries and fuel cells.

Research underpins the mission of DOE by developing the basic science necessary for improving
the reliability of materials in mechanical and electrical applications and for improving the
generation and storage of energy. With increased demands being placed on materialsin real-world
environments (extreme temperatures, strong magnetic fields, hostile chemical environments, etc.),
understanding how their behavior is linked to their surroundings and treatment history is critical.

In FY 2005, major activities will continue fundamental studies of corrosion resistance and surface
degradation; semiconductor performance based on organic and inorganic materials; high-
temperature superconductors; and the interactions, and transport of defectsin crystalline matter.
An additional $1,950,000 is provided for basic research on the storage of hydrogen using a broad
class of complex hydrides. The emphasis will be on understanding the fundamental factors
governing bond strength, kinetics, absorption and desorption behavior, and degradation with
hydrogen uptake/release cycles. Thisinformation will be used to modify the performance of
known hydrogen storage materials and to identify new classes of materials. Research on efficient
solar energy production of hydrogen using organic photovoltaics with quantum-size organic
semiconductors also will be performed. Systematic experimental approaches coupled with theory,
modeling, and simulation will be applied to both research areas.

Capital equipment is provided for items such as spectroscopic instruments, instruments for
electronic and magnetic property measurement, and analytical instruments for chemical and
electrochemical analysis.

= Synthesisand Processing Science ...........c........ 11,839 12,000 12,975

This activity supports basic research to understand and develop innovative ways to make materials
with desired structure, properties, or behavior. Examples of activitiesin synthesis and processing
include the growth of single crystals of controlled orientation, purity, and perfection; the formation
of thin films of controlled structure and orientation by various techniques,; atomic and molecular
self assembly to create and explore new materials, nanostructured materials including those that
mimic the structure of natural materials; the preparation and control of powder or particulate
matter for consolidation into bulk form by many alternative processes; sol-gel processes, the
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(dollarsin thousands)
FY 2003 FY 2004 FY 2005

welding and joining of materials including dissimilar materials or materials with substantial
differencesin their coefficients of thermal expansion; plasma, laser, and charged particle beam
surface modification and materials synthesis, and myriad issues in process science. This activity
also includes development of in-situ measurement techniques and capabilities to quantitatively
determine variations in the energetics and kinetics of growth and formation processes on atomic or
nanometer length scales.

The activity includes the operation of the Materials Preparation Center at the Ames Laboratory,
which devel ops innovative and superior processes for materials preparation and provides small
quantities of research-grade, controlled-purity materials and crystals that are not otherwise
available to academic, governmental, and industrial research communities to be used for research
pUrpoSES.

These activities underpin many of the DOE technology programs, and appropriate linkages have
been established in the areas of light-weight, metallic aloys; structural ceramics; high-temperature
superconductors; and industrial materials, such as intermetallic aloys.

In FY 2005, mgjor activities will include continued support for research on nanoscale synthesis
and processing. This activity will address the significant experimental and theoretical challenges
in understanding what is occurring so that the benefits of nanoscal e phenomena can be realized in
larger scale components. The properties of materials change dramatically asthe grain sizein
materials approaches the nanometer scale. At conventional grain sizes, again in strength of a
material typically resultsin alossin both ductility and fracture toughness resulting in a brittle
material. However, by using nanocomposites and understanding deformation physics, it should be
possible to make materials that are strong, tough (resistant to impact fracture), and ductile. There
Is aso great need for nanoparticles of uniform size, composition, and surface stability because
experiments have shown that fracture toughness may undergo a profound increase as the grain size
falls below 10 to 50 nm in high-temperature structural ceramics. These materials might be used in
advanced fud efficient engines, turbines, and machine cutting tools. An additional $975,000 is
provided for research on the design, synthesis, and processing of nanomaterials for the storage and
release of hydrogen. By changing the structure of a given chemical compound at the nano-level,
materials with different behavior are obtained which can be optimized for hydrogen storage
behavior.

Capital equipment includes controlled crystal growth apparatus, furnaces, lasers, chemical vapor
and molecular beam epitaxial processing equipment, plasma and ion sources, and deposition
equipment.

= Engineering Research .......ccccceeeivnievceiene 15,297 14,038 13,500

The performance, safety, and economics of fission, fusion, fossil, and transportation energy
conversion systems depend on a thorough understanding of heat transfer in regimes of complex,
multi-phase fluid flow and the ability to provide reliable early warning of impending catastrophic
fracture or other failure. This activity supports fundamental atomic or nanoscale studies of the
conduction of heat in terms of the interactions of phonons (or crystal lattice vibrations) with
crystalline defects and impurities and the transfer of mass and energy in turbulent flow in
geometrically constrained systems. FY 2005 activity will continue laser based generation and
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characterization of phononsin solids with application to needs in heat transfer, thermoelectric
energy conversion, and non-destructive early-warning of impending failure and remaining safe
lifetime predictive capabilities. This activity will also support fundamentals of granular systems
(which are utilized for powder and particular matter preparation and conveyance, in fluidized bed
reactors, and in certain heat transfer applications).

The decrease of funding for Engineering Research is attributable to a decreased emphasis on fluid
dynamics of multi-component systems ($-538,000).

= Neutron and X-ray Scattering .........cccoceeveeuenne 37,821 41,877 42,058

This activity supports basic research in condensed matter physics and materials physics using
neutron and x-ray scattering capabilities, primarily at major BES-supported user facilities.
Research seeks to achieve a fundamental understanding of the atomic, electronic, and magnetic
structures of materials as well as the relationship of these structures and excitations to the physical
properties of materials. The increasing complexity of such energy-relevant materials as
superconductors, semiconductors, and magnets requires ever more sophisticated neutron and x-ray
scattering techniques to extract useful knowledge and develop new theories for the behavior of
these materials. Both ordered and disordered materials are of interest as are strongly correlated
electron systems, surface and interface phenomena, and behavior under environmental variables
such as temperature, pressure, and magnetic field. X-ray and neutron, together with the electron
scattering probes supported under Structure and Composition of Materials, are the primary tools
for characterizing the atomic, electronic, and magnetic structures of materials.

In FY 2005, with an additional $2,437,000, research in the area of nanostructured and novel
hydrogen storage mediawill be performed using the structural and chemical information garnered
from x-ray and especially neutron scattering. Structural studies on carbon-based hydrogen storage
media-such as nanotubes, nanohorns, fullerenes, and nanoscale hydrides also will be performed to
reveal the site of hydrogen incorporation and the mechanisms of hydrogen storage.

Capital equipment is provided for items such as detectors, monochromators, mirrors, and beamline
instrumentation at al of the facilities.

The overall increase for Neutron and X-ray Scattering is attributable to an increase in Neutron and
X-ray Scattering Research for instrumentation related to hydrogen ecology ($+2,437,000) offset
by a decreased emphasis on core research ($-2,256,000).

= Experimental Condensed Matter Physics....... 37,205 40,500 42,449

This activity supports condensed matter physics with emphasisin the areas of electronic structure,
surfaces/interfaces, and new materials. Research includes measurements of the properties of
solids, liquids, glasses, surfaces, thin films, artificially structured materials, self-organized
structures, and nanoscale structures. This activity includes the design and synthesis of new
materials with new and improved properties. The materials examined include magnetic materials,
superconductors, semiconductors and photovoltaics, liquid metals and alloys, and complex fluids.
The development of new techniques and instruments including magnetic force microscopy,

Science/Basic Energy Sciences/
Materials Sciences and Engineering Page 307 FY 2005 Congressional Budget



(dollarsin thousands)
FY 2003 FY 2004 FY 2005

el ectron microscopic techniques, and innovative applications of laser spectroscopy is amajor
component of this activity. Measurements can be made under extreme conditions of temperature,
pressure, and magnetic field.

Thisresearch isaimed at afundamental understanding of the behavior of materials that underpin
DOE technologies. Research in superconductivity is coordinated with the technology programsin
Energy Efficiency and Renewable Energy (EE/RE). Research on magnetism and magnetic
materials focuses on hard magnet materials, such as those used for permanent magnets and in
motors. This activity provides direct research assistance to the technology programsin EE/RE
(photovoltaics, superconductivity, power sources, thermoacoustics, and thermoelectrics), and in
the National Nuclear Security Administration (NNSA) (photoemission, positron research,
electronic and optical materials, advanced laser crystals, and weapons-related materials). In
addition, it supports several DOE technologies and the strategically important information
technology and electronics industries through its results in the fields of semiconductor physics,
electronics, and spintronics research. The petroleum recovery efforts of Fossil Energy (FE) and the
clean-up efforts of Environmental Management (EM) programs are supported through research on
granular materials and on fluids.

In FY 2005, mgjor activities will include investigation of fundamental questions in condensed
matter physics at the nanoscale. Asthe size of a nanoscal e structure becomes less than the average
length for scattering of electrons or phonons, new modes of transport for electrical current and/or
heat may become possible. Also thermodynamic properties, including collective phenomena and
phase transitions such as ferromagnetism, ferroel ectricity, and superconductivity can change when
structures contain a smaller number of atoms. The potential impacts of understanding the physics
are very significant. For example, nanoscale structures provide a path toward the next generation
of powerful permanent magnets for more efficient electric motors, better thermoel ectric materials,
and materials for more efficient solar energy conversion. An additional $1,949,000 is provided for
the development of nanomaterials (structure and phase dimensions of 1-100 nanometer) for both
energy conversion and hydrogen energy storage, which exhibit size-dependent properties that are
not seen in macroscopic solid state materials. Examples include both carbon-based materials, such
as nanotubes, nanohorns, fullerenes, and non-carbon-based materials such as semiconductors.
Enhanced electrical, thermal, mechanical, optical, and chemical properties have shown that these
new materials could lead to dramatic improvements in the technologies relevant to fuel cells,
batteries, capacitors, nanoel ectronics, sensors, photovoltaics, thermal management, super-strong
lightweight materials, hydrogen storage, and electrical power transmission.

Capital equipment is provided for crystal growth equipment, scanning tunneling microscopes,
electron detectors for photoemission experiments, sample chambers, superconducting magnets and
computers.

= Condensed Matter Theory.......ccccevvvceveesnnnne 16,993 17,000 17,975

This activity supports basic research in theory, modeling, and simulations, and it complements the
experimental work. A current magjor thrust is in nanoscal e science where links between the
electronic, optical, mechanical, and magnetic properties of nanostructures and their size, shape,
topology, and composition are not well understood. For the simplest semiconductor systems,
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carbon nanotubes, and similar “elementary” systems, there has been considerable progress.
However, for more complex materials and hybrid structures, even the outlines of atheory remain
to be made. Computer simulations will play amajor role in understanding materials at the
nanometer scale and in the development “by design” of new nanoscale materials and devices. The
greatest challenges and opportunities are in the transition regions where nanoscal e phenomena are
just beginning to emerge from the macroscopic and microscal e regimes.

The Computational Materials Sciences Network supports cooperative research teams for studies
requiring numerous researchers with diverse expertise. Examples include fracture mechanics —
understanding ductile and brittle behavior; microstructural evolution in which microstructural
effects on the mechanics of materials; magnetic materials across all length scales; ceramics;
modeling oxidation processes at surfaces and interfaces; excited state el ectronic structure and
response functions; polymers at interfaces; and quantum transport in molecular and nanoscale
systems.

This activity also supports the Center for X-ray Optics at LBNL, the Center for Advanced
Materials at LBNL, and the Center for Synthesis and Processing of Advanced Materials, which
consists of collaborating projects at national laboratories, universities, and industry.

In FY 2005, this activity will provide support for theory, modeling, and large-scale computer
simulation to explore new nanoscal e phenomena and the nanoscal e regime. Support for the
Computational Materials Sciences Network will be continued with new topical areas as they
evolve. An additional $975,000 is provided to advance theoretical understanding of critical
processes and reactions in hydrogen systems, which will provide afundamental basisfor new
materials design.

Capital equipment will be provided for items such as computer workstations, beamline
instruments, ion implantation, and analytical instruments.

= Materials Chemistry.....ccoceveveevenceeseeieseenns 40,563 42,000 44,437

This activity supports basic research on the design, synthesis, characterization, and properties of
novel materials and structures. The portfolio emphasizes solid-state chemistry, surface chemistry,
and interfacial chemistry. It includes investigation of novel materials such as low-dimensional
solids, self-assembled monolayers, cluster and nanocrystal-based materials, conducting and

el ectroluminescent polymers, organic superconductors and magnets, complex fluids, hybrid
materials, biomolecular materials and solid-state neutron detectors. There is a continued interest in
the synthesis of new materials with nanoscale structural control and unique material properties that
originate at the nanoscale. Significant research opportunities also exist at the biology/materias
science interface. A wide variety of experimental techniques are employed to characterize these
materials including x-ray photoemission and other spectroscopies, scanning tunneling and atomic
force microscopies, nuclear magnetic resonance (NMR), and x-ray and neutron reflectometry. The
program also supports the development of new experimental techniques such as surface force
apparatus in combination with various spectroscopies.

The research in this activity underpins many energy-related technological areas such as batteries
and fuel cells, catalysis, friction and lubrication, membranes, sensors and electronics, and
materials aspects of environmental chemistry. The development of synthetic membranes using
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biological approaches may yield materials for advanced separations and energy storage.

In FY 2005, this activity will continue to explore multi-disciplinary approaches (with biology,
chemistry, physics and computational science playing major roles) to model, design and synthesize
new and novel materials. Also of interest is the development of new organic electronic materials
with novel magnetic, conducting, and optical properties; single crystal growth of advanced
materials that will lead to better characterization, and consequently, better understanding of their
properties; and polymer interfaces. An additional $2,437,000 is provided for research on hydrogen
production (by biomolecular materials), storage (in complex hydrides, nanocomposites,
nanotubes), and fuel cells (novel electrode and membrane materials and processes).

Capital equipment is provided for such items as advanced nuclear magnetic resonance and
magnetic resonance imaging instrumentation and novel atomic force microscopes.

= Experimental Program to Simulate
Competitive Research (EPSCOR)........c.cc.c...... 11,722 7,673 7,673

This activity supports basic research spanning the complete range of activities within the
Department in states that have historically received relatively less Federal research funding. The
EPSCoR states are Alabama, Alaska, Arkansas, Hawaii, Idaho, Kansas, Kentucky, Louisiana,
Maine, Mississippi, Montana, Nebraska, Nevada, New Mexico, North Dakota, Oklahoma, South
Carolina, South Dakota, Vermont, West Virginia, and Wyoming, and the Commonwealth of Puerto
Rico. The states of Delaware, Tennessee and Rhode Island, and the U.S. Virgin Islands may also
become eligible for the EPSCoR program in FY 2005. The work supported by the EPSCoR
program includes research in materials sciences, chemical sciences, biological and environmental
sciences, high energy and nuclear physics, fusion energy sciences, fossil energy sciences, and
energy efficiency and renewable energy sciences. The following table shows EPSCoR distribution
of funds by state.
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EPSCoR Distribution of Funds by Sate

(dollars in thousands)

FY 2003 FY 2004 Estimate FY 2005 Estimate

Alabama........ccoviiiii 946 815 510
AlASKA ... 0 0

ATKANSAS ... 205 140

HAWAI ... 0 0

1daN0 ... 100 0 102
KanSas.......ooooiiiiii 881 560 560
Kentucky ..o, 1,224 355 224
LOUISIANG ...t 287 0 198
MAINE ....eiiiiieeeese e 0 0 0
Y ESTETS T o] o 685 535 535
Montana.........ccccceveeiiiiii 580 515 375
Nebraska ........cccoovveiiieiii e 1,155 300

NEVAA ... 1,146 250

NEW MEXICO® .....verveeeeeeeeeeeeeereereseesneesenies 0 0

NOrth DaKota.........ceevrivieiiiiiiieeiiieee e 137 0 139
OKIahOM@A .....eeeiiiiiiic e 339 140 135
PUEIO RICO ...cciiiiiiiiiiiiec e 435 375 375
South Carolina.........cccocvvveeiiiiiicie e, 781 140 266
South DaKOta ........evvveiiiiieeiiiiieee e 0 0 0
VEIMONT ...t 1,064 857 709
West Virginia.........ccccvveeieeee e 1,405 360 201
WYOMING .o 130 0 130
Technical SUPPOIt......cceeeeiiiiiiiiieiee e, 222 100 110
Other .o 0 2,231° 3,104 °
TOtAl eeeiie 11,722 7,673 7,673

# Alaska became eligible for funding in FY 2001.
® Hawaii and New Mexico became eligible for funding in FY 2002.
¢ Uncommitted funds in FY 2004 and 2005 will be competed among all EPSCoR states.
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= Neutron Scattering Instrumentation at the
High Flux I sotope Reactor ...........cccccvevvvverennnnne 3,564 2,000 2,000

Capital equipment funds are provided for new and upgraded instrumentation, such as spectrometers,
diffractometers, and detectors.

= Linac Coherent Light Source (LCLY)............... 0 2,000 4,000

Research and development (R& D) funds are provided to support the physics design of several key

L CL S components:. the photocathode gun, the linac, the undulator, and the beam optics. These R&D
activitieswill be carried out at SLAC and other collaborating institutions in order to reduce the
technical risk and provide more confidence in the project’s cost and schedul e estimates prior to
establishing a project performance baseline.

= Nanoscale Science Research Centers................. 100 400 600

Funds are provided for three Nanoscience Research Centers to support pre-operational activities
leading up to the start of research operations. These Centers are the Center for Nanophase Materials
Sciences (CNMYS) located at ORNL, the Molecular Foundry located at LBNL, and the Center for
Integrated Nanotechnologies (CINT) located at Sandia National Laboratories and LosAlamos
National Laboratory.

= SPEAR3Upgrade.......cccocevenennenienneeneseeseeens 9,300 0 0

Over the period FY 1999 - FY 2003, the SPEARS upgrade (funded in both BES subprograms) was
undertaken at SSRL to provide major improvementsto all existing experimental stations served by
this synchrotron radiation light source. The upgrade increased injection energy from 2.3 GeV to 3
GeV to improve the energy spectrum available to users; decreased beam emittance by afactor of 7 to
Increase beam brightness; increased operating current from 100 mA to 200 mA to increase beam
intensity; and maintained long beam life time (>25 hr). The increased photon flux will greatly
improve performance in avariety of applicationsincluding powder and thin film diffraction,
topographic studies, surface microcontamination studies, x-ray tomographic analysis, x-ray
absorption studies, and protein crystallography. The magnets and associated vacuum chambers of the
existing SPEAR storage ring were replaced in order to implement the revised lattice system. All
components are housed within the existing buildings. The TEC was $29,000,000; DOE and NIH
equally funded the upgrade with atotal Federal cost of $58,000,000. NIH provided $14,000,000 in
FY 1999, $14,000,000 in FY 2000, and $1,000,000 in FY 2001. This MIE project was completed on
schedule and within budget. The SPEARS is now being commissioned.

= TheCenter for Nanoscale M aterials ................. 0 10,000 12,000

Funds are provided for amajor item of equipment with atotal estimated cost of $36,000,000 for
instrumentation, including clean rooms, for the Center for Nanoscale Materials at Argonne National
Laboratory. The instrumentation will be contained in anew building, which is being constructed by
the State of Illinois for the Center at a cost of $36,000,000 and which will be dedicated to the Center
operations. The building will be appended to the Advanced Photon Source. Included within the
Center’sinstrument suite will be an x-ray nanoprobe beamline at the Advanced Photon Source. This
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beamline will be the highest spatial resolution instrument of its kind in the world, which will permit
nondestructive examination of magnetic, electronic, and photonic materials important both for basic
science and as foundations for future nanotechnologies. The Center will build on ANL'’s recognized
strengths in magnetism, superconductivity, and novel materials with “spintronic” functionality.

= |nstrumentation for the Spallation Neutron
SOUICE ...ttt s neas 5,635 7,387 7,643

Funds are provided for amajor item of equipment with atotal estimated cost in the range
$50,000,000 to $75,000,000 for five instruments for the Spallation Neutron Source that will be
installed after the SNSline item project is completed in FY 2006. These instruments will
complement theinitial suite of five instruments that are being built as part of the SNS construction
project, which has capacity for 24 instruments. The instrument concepts for the MIE project were
competitively selected using a peer review process. The project will be managed by Oak Ridge
National Laboratory with participation by both Argonne and Brookhaven National Laboratories as
well as by the State University of New York at Stony Brook. The TEC range will be narrowed to a
cost and schedul e performance baseline following completion of Title | design and an Externa
Independent Review in FY 2004. It is anticipated that these five instruments will be installed at the
SNS on a phased schedule between FY 2007 — 2011.

Facilities Operations.........ccccecereeverienneeneseeseenns 281,013 294,517 312,854
= Operation of National User Facilities................ 281,013 294,517 312,854

The facilities included in Materials Sciences and Engineering are: Advanced Light Source,
Advanced Photon Source, National Synchrotron Light Source, Stanford Synchrotron Radiation
Laboratory, High Flux Isotope Reactor, Intense Pulsed Neutron Source, and Manuel Lujan, Jr.
Neutron Scattering Center. Research and development in support of the construction of the
Spallation Neutron Source is also included. The Combustion Research Facility isfunded in the
Chemical Sciences, Geosciences, and Energy Biosciences subprogram. The facility operations
budget request, presented in a consolidated manner later in this budget, includes operating funds,
capital equipment, and accelerator and reactor improvements (AlP) funding under $5,000,000. AIP
funding will support additions and modifications to accelerator and reactor facilities that are
supported in the Materials Sciences and Engineering subprogram. General plant project (GPP)
funding is also required for minor new construction, for other capital alterations and additions, and
for improvements to land, buildings, and utility systems. The total estimated cost of each GPP project
will not exceed $5,000,000. Capital equipment is needed at the facilities for items such as beam
monitors, interlock systems, vacuum systems, beamline front end components, monochromators, and
power supplies. A summary of the funding for the facilitiesincluded in the Materials Sciences and
Engineering subprogram is provided below.
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FY 2003 FY 2004 FY 2005
Facilities
(dollars in thousands)

FY 2003 FY 2004 FY 2005
Advanced Light Source............ccccvvveeeeeeeeniciinnnen, 42,844 43,205 42,200
Advanced Photon Source.........cccceeeeeeeevieevevnnnnnnn. 90,894 93,410 97,400
National Synchrotron Light Source...................... 36,950 38,325 38,400
Stanford Synchrotron Radiation Laboratory ........ 25,903 30,305 28,100
High Flux Isotope Reactor ..........ccccccovvveveeiciinnnnn. 36,838 37,805 39,832
Radiochemical Engineering Development
CNEET it 6,515 6,305 6,300
Intense Pulsed Neutron Source...............ooeueeeee. 16,714 16,655 17,222
Manuel Lujan, Jr. Neutron Scattering Center ...... 9,914 10,110 10,300
Spallation Neutron Source...........ccccceevvvveeennnnnnn. 14,441 18,397 33,100
Total, FacilitiesS .......ccoceeviiiieiiiie e 281,013 294,517 312,854

SBIR/STTR. .ottt 0 13,910 14,831

In FY 2003, $11,897,000 and $714,000 were transferred to the SBIR and STTR programs, respectively.
The FY 2004 and FY 2005 amounts shown are the estimated requirements for the continuation of the
SBIR and STTR programs.

Total, Materials Sciences and Engineering.............. 533,552 572,356 603,228

Explanation of Funding Changes

FY 2005 vs.
FY 2004
($000)

Materials Sciences and Engineering Research
= Overall decrease for structure and composition of materials research because of

increase for research related to the hydrogen economy ($975,000) and decrease

because of reduction in capital equipment for electron microscopy activities

(B-2,746,000) .....eoveiieierieeieeeeee et b ettt nae b nreene e =771
» Increase for physical behavior of materials research for research related to the

NYArogeN ECONOMY. .......ooiiicie ettt s sreenesaeesneenneas +1,950
» Increasein synthesis and processing science research for research related to the

NYArogeN ECONOMY. .......eeiicie ettt sreeresneesneenneas +975
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Decrease in engineering research because of decreasing emphasis on fluid
dynamics of MultiCoOMPONENT SYSIEMS. .....oceeiiriiieeie e

Overall increase in neutron and x-ray scattering research for instrumentation related
to hydrogen economy ($2,437,000). Research is decreased ($-2,256,000) to fund
the MIE for the ANL Center for Nanoscale Materials and the increase for
instrumentation for the Spallation Neutron SOUrCE. ...........cccoveeieeienieeseeie e

Increase in experimental condensed matter physics for research related to the
NYArogen ECONOMIY. .......coiuiiiiiie ettt e sne e

Increase in condensed matter theory for research related to the hydrogen economy.
Increase in materials chemistry for research related to the hydrogen economy........
Increase for research and development for the Linac Coherent Light Source. .........

Increase for other project costs per schedule associated with the Nanoscale Science
RESEAICN CENLENS. ...eiviceieie ettt e e e te e se e s aeetesneesreeeesneesneennens

Increase for MIE for the ANL Center for Nanoscale Materials. ........ccccoeeereeniennne
Increase for Instrumentation for the Spallation Neutron Source............cccccceveeveenee.

Total, Materials Sciences and Engineering Research ........cccocevveeeveeve e

Facilities Operations

Decrease for operations of the Advanced Light Source as aresult of aone-time
FY 2004 capital equipment increment for new components of the beamline for
nanoscience spectroscopy and diffraCtioN.. .........c.ceeeeerererenesee e

Increase for operations for the Advanced Photon Source. .........ccccceveevvececeesieeneene
Increase for operations of the National Synchrotron Light Source.............cccocveuneee.

Decrease for operations of the Stanford Synchrotron Radiation Laboratory as a
result of aone-time FY 2004 capital equipment increment for a new insertion
device for the nanomagnetism beamlineg...........ccccveviiceieece s

Increase for operations for the High-Flux 1sotope Reactor ...........ccocevvieiieeniennenne

Decrease for operations for the Radiochemical Engineering and Development
(0= 11 TR PRP

Increase for operations for the Intense Pulsed Neutron Source. .........ccccceveereeenene.
Increase for operations of the Manuel Lujan, Jr. Neutron Scattering Center. ...........

Increase in the Spallation Neutron Source Other Project Costs per FY 2004 project
datasheet for the OPEratioNS. .........c.ooeeieriireee e

Total, Materials Sciences and Engineering FacilitiesOperations...........ccccceeeeuee.
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FY 2005 vs.
FY 2004
($000)

-538

+181

+1,949

+975
+2,437
+2,000

+200
+2,000
+256

+11,614

-1,005
+3,990
+75

-2,205

+2,027

-5
+567
+190

+14,703

+18,337




FY 2005 vs.
FY 2004
($000)

SBIR/STTR

Increase in SBIR/STTR funding because of an increase in total operating expense

FUNDING ettt e et sb bbb e +921
Total Funding Change, Materials Sciencesand ENgineering ........ccccceeevvnevvncnnens +30,872
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Chemical Sciences, Geosciences, and Ener gy Biosciences

Funding Schedule by Activity

(dollars in thousands)

FY 2003 FY 2004 FY 2005 $ Change | % Change

Chemical Sciences, Geosciences, and
Energy Biosciences

Chemical Sciences, Geosciences, and

Energy Biosciences Research................. 205,963 208,221 216,743 +8,522 +4.1%
Facilities Operations ............ccccceeeveevveenns 5,935 5,967 6,169 +202 +3.4%
SBIR/ISTTR ...tviiiee et 0 5,394 5,510 +116 +2.2%
Total, Chemical Sciences, Geosciences, and
Energy Biosciences........ccocccceeeiviiiivinneennnn. 211,898 219,582 228,422 +8,840 +4.0%
Description

Support is provided in the broad chemical sciences for basic research in atomic, molecular and optical
science; chemical physics; photochemistry; radiation chemistry; physical chemistry; inorganic
chemistry; organic chemistry; analytical chemistry; separation science; heavy element chemistry;
geochemistry; geophysics; and physical biosciences.

Benefits

Ultimately, research in chemical sciences leads to the devel opment of such advances as efficient
combustion systems with reduced emissions of pollutants; new solar photoconversion processes;
improved catalysts for clean and efficient production of fuels and chemicals; and better separations and
analytical methods for applications in energy processes, environmental remediation, and waste
management. Research in geosciences contributes to the solution of problems in multiple DOE mission
areas, including reactive fluid flow studies to understand contaminant remediation; seismic imaging for
reservoir definition; and coupled hydrologic-thermal -mechanical-reactive transport modeling to predict
repository performance. Research in biosciences provides the foundation for new biological,
biomimetic, and bioinspired paths to solar energy conversion, fuels and chemical feedstock production,
chemical catalysis, and materials synthesis.

Supporting I nformation

This research seeks to understand chemical reactivity through studies of the interactions of atoms,
molecules, and ions with photons and electrons; the making and breaking of chemical bonds in the gas
phase, in solutions, at interfaces, and on surfaces; and energy transfer processes within and between
molecules. In geosciences, support is provided for minera-fluid interactions; rock, fluid, and fracture
physical properties; and new methods and techniques for geosciences imaging from the atomic scale to
the kilometer scale. In the area of biosciences, support is provided for molecular-level studies on solar
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energy capture through natural photosynthesis; the mechanisms and regulation of carbon fixation and
carbon energy storage; the synthesis, degradation, and molecular interconversions of complex
hydrocarbons and carbohydrates; and the study of novel biosystems and their potential for materials
synthesis, chemical catalysis, and materials synthesized at the nanoscale.

This subprogram provides support for chemistry equal to that of the National Science Foundation. Itis
the Nation’s sole support for heavy-element chemistry, and it is the Nation’'s primary support for
homogeneous and heterogeneous catalysis, photochemistry, radiation chemistry, separations and
analysis, and gas-phase chemical dynamics.

Selected FY 2003 Research Accomplishments

= Emergence fromthe Primordial Soup. Fifty years ago, Miller and Urey (Science, 1953) showed that
simple inorganic molecules presumed present in the early earth atmosphere could yield amino acids
after exposure to an electric discharge. Subsequent models of the chemical origin of life were
complicated by the requirement to explain the asymmetric (chiral) nature of DNA and its
components. Both of these elements are addressed in recent work using advanced mass
spectrometric tools to study amino acid aggregation and reaction products in the gas phase. The
simple amino acid serine is the commonly accepted product of formaldehyde and glycine, both
known to exist in interstellar space. Using sonic-spray ionization with mass spectrometric detection,
researchers have shown that certain especially stable clusters of serine are homochiral, that is,
exclusively one of the possible symmetries. Furthermore, in reactions of the cluster with other
important biological molecules, the asymmetry is passed on to the reaction products. These
observations rationalize amodel of prebiotic chemistry beginning with the assembly of homochiral
serine octamers. Following selection of a particular homochiral cluster by an unknown asymmetric
species, reactions with other biologically relevant molecules could pass on the asymmetry as further
chemical reaction led to the formation of chiral, self replicating, life forms.

= Designer Solvents. lonic liquids have already replaced volatile, polluting hydrocarbon solventsin
some industrial processes, and progress is being made in using ionic liquids for inherently safe
processing of nuclear fuel and radioactive waste. It isimportant to understand how chemical reaction
patterns are influenced by the unusual environment of ionic liquids. New studies have explored fast
reactionsin ionic liquids by pulse radiolysis and have shown that charged species, such as a bare
electron surrounded by solvent, move more slowly inionic liquids in comparison to neutral species,
just the opposite of what is seen in normal solvents. Also discovered was areactive and highly
mobile form of the electron that exists for only afew trillionths of a second in normal solvents but
persists thousands of times longer inionic liquids.

= Reactivity within Nanovessels. The elusive challenge of attaining chemical selectivity close to 100
percent for reactions in agueous solution may eventually be achieved by mimicking Nature's most
selective catalysts — enzymes. Researchers are attempting just that by synthesizing stable and semi-
rigid inorganic cage structures that are able to sequester organometallic catalystsin their interior. By
using the restrictive environment of the nanovessel cavity, they have shown reactant-selective
organic transformations. As a dramatic demonstration of reactant selectivity, they have shown that
these encapsulated complexes react with aldehydes with rates that depend on the size of the
molecule, unlike the same complexes in solution, which cannot discriminate among aldehydes of
different length.
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Fundamental Sudies of Water. It is difficult to identify a quantity more fundamental to chemistry
than the O—H bond dissociation energy of water. Itsimportance arises from its ubiquity, which
ranges from elementary reactions to those in complex environments such as flame chemistry or
atmosphere chemistry. A joint experimental/ theoretical study recently revised the value of this bond
dissociation energy by asmall amount. Although arelatively small change, the impact of this
correction isenormous. It will cause changes in the gas-phase acidity of water, several proton
affinities, all R-OH bond dissociation energies, reaction enthalpies of al OH reactions, and heats of
formation computed relative to H20 or OH bond dissociation energies.

Soring Energy in Dendrimer Trees. Dendrimers are nanoscal e molecul es constructed from branches
connected to a central core. If adendrimer is built with an electron acceptor in the core and electron
donors on the branches, the molecule can capture and temporarily store energy from light by moving
electrons from the branches to the core. Further chemistry can then be used to capture the energy
permanently beforeit is dissipated by electron transfer back to the branches. A dendrimeric system
has been designed that functions as an electron antenna, absorbing several photonsto create a core
with along lifetime. The stored energy can be lost if the electron returns to the “hole” it left behind.
However, for dendrimers with branches long enough to alow their tipsto touch, the holes are
trapped on pairs of molecules at the tips, and the charge-separated state lasts for along period of
time.

Coherent Surface Plasmons in Nanoscale Systems. One of the great promises of nanotechnology is
the localization of phenomena on the nanoscale. Theoreticians have recently described the nanoscale
analog of alaser in which coherent optical-frequency radiation fields are confined and amplified in
nanosystems. They show that quantum generation of surface plasmons for a nanoscal e v-shaped
metal or semiconductor pattern can lead to stimulated emission and gain for certain highly localized
plasmon modes. Such a device has been christened a SPASER, for Surface Plasmon Amplification
by Stimulated Emission of Radiation. If realized, the SPASER has enormous potential applications
in nanotechnol ogy, including optical detection and information processing.

Triple-Action Catalytic Polymerization. Catalysts that involve multiple functions working in concert
at the molecular level offer dramatic advantages over single-function catalysts by reducing
intermediate separation steps and achieving unusual reaction selectivity by controlling the
competitive interplay of catalytic sites and the various molecular species present in the solution.
Triple functions were synthesized on a complex catalytic compound that is active for ethylene
polymerization. The terfunctional catalyst produces branched polyethylene with regular structures
that cannot be obtained with asingle catalyst or a pair of catalysts working in tandem. The extent
and type of branching exhibited by the polymers, and therefore the chemical, mechanical, and
optical properties of those materials, can be controlled by adjusting the ratios of the different
functionalities.

Multidimensional Chemical Analysis of Attomole Sample. Modern applications of chemical analysis,
ranging from pollution studies to homeland security, increasingly require the ability to interrogate
extremely small sample sizes. These mass-limited situations might arise because the sampleis
incredibly expensive, unusually toxic (biothreat agents), or inherently difficult to obtain in large
guantities (intracellular signaling molecules). Conventional instrumentation is challenged, because
their requirement for large sample volumes |leads to extremely diluted samples. Researchers are
devel oping solutions to this conundrum by exploiting the special electrokinetic flow properties of
tiny cylindrical capillariesto create multilayer chemical instrumentation capable of addressing
samples as small as 1,000,000 molecules and below. Because the capillaries are less than 100
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nanometers in diameter, they can control fluid flow among layers of microchannels, thereby making
it possible to sequentialy link separate chemical manipulations. For example, scientists recently
demonstrated the use of a nanocapillary molecular gate to detect and capture a 100 attomole (10-16
moles) band from a chip-based el ectrophoretic separation, establishing a new low for preparative
chromatography of mass-limited samples.

= DNA Transport through a Sngle Carbon Nanotube. Carbon nanotubes have been proposed as useful
mediafor avariety of applications such as hydrogen storage, chemical separation, and ultrasensitive
sensors. A common research theme among these applications is the need to understand mass
transport through such nanoporous materials. In a dramatic demonstration of its separations
capability, a single, multiwalled carbon nanotube has been immobilized within an electrophoretic
membrane test chamber and the passage of single DNA molecules has been monitored by
fluorescence microscopy. Individual DNA molecules having a diameter smaller than the nanotube’'s
opening were observed to readily pass through, whereas larger DNA molecules exhibited behavior
consistent with trapping and hindered passage. Because of the simple structure of the nanotubes,
modeling can yield insight into the mass transport properties of its very small pores.

= Actinide Supramolecular Chemistry: Giant Rings for Heaviest Atoms. Supramolecular chemistry is
the controlled formation of large molecular aggregates from smaller subunits. The formation is
controlled in order to achieve or optimize specific chemical properties. Actinide ions, the largest
metal ions, have unique electron configurations and represent materials that can be extremely useful
or extremely dangerous. Supramolecular assemblies called helicates have been created where six
thorium ions are encapsulated in a“box” (cluster) that self-assembles from eight smaller assemblies,
that will now be investigated for their ability to remove toxic ions such as the actinides from the
body.

= Targeted Recognition of Actinide lons. Fundamental research on the selective complexation of
specific ions of radioactive elements with disk-like complexants has led to simple and sensitive
detection of these ions. Several classes of disk-like complexants create strong bonds between
actinide ions, all of which are radioactive, and nitrogen atoms in the cages. These bonds cause
transitionsin electronic and vibrational spectrathat result in visible color changes that occur only
when specific actinide ions, in particular ions of neptunium and plutonium, are present. These
colored complexes are important because of the changes they cause in electronic and vibrational
structure and because they represent opportunities for detection of potentially hazardous radioactive
ions that could be released into the environment — or to reassure first-line responders and the public
that such species have not been released.

= Life Cycle of a Water Molecule on an Electrode. Technological progress towards a future hydrogen
economy relies on understanding molecular-level phenomena governing conversion hydrogen
formation at the electrodes in electrolyzers and fuel cells. Ruthenium dioxide is unsurpassed at
enhancing catalytic activities in room-temperature fuel cell anodes, and it is avery promising
electrocatalyst. Using synchrotron x-ray studies, fascinating sequential rearrangements of surface
water molecul es were discovered, evolving from aloose hydrogen-bonded water layer, to a
hydroxide layer, and to a dense form of water, which exist on the ruthenium dioxide surface at
different applied potentials. These interfacial forms of water may be the intermediates long
suspected to be responsible for promoting oxidation of hydrogen and methanol in the fuel-cell
environment as well as promoting the oxygen-evolution reaction. These previously unavailable
molecular-level details of the energy-conversion processes provide scientific impetus for amore
rational design of high performance electrocatalysts. This first-of-its-kind study was possible
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because of the unprecedented level of sensitivity afforded by the high brilliance of today’s
synchrotron radiation light sources.

= |dentification and Sructural Determination of a Novel Protein Motif. The protein machinery within
abiological cell is manufactured viaacomplex assembly line that stretches from decoding DNA into
RNA and translates the message into a polypeptide chain. Subsequent assembly into larger
complexes and covalent linkage of the peptide chain with other carbohydrate or lipid components
may also occur to provide additional chemical reactivity or specificity. The photosynthetic
machinery that captures light energy and turnsit into chemical energy is assembled in just such a
fashion, with both large and small subunits of the carbon-fixing enzyme, Rubisco, undergoing
methylation on lysine residues. A novel protein motif called the SET domain that carries out the
methylation of Rubisco has been identified and its structure determined. The SET domain has been
found in many other enzymesin avariety of biological contexts ranging from enzyme substrate
recognition to scaffolding and stabilizing DNA. The common function of recognizing a molecular
structure for subsequent covalent modification may lead to a common code for deciphering
regulatory mechanisms of catalysis and molecular recognition.

= First measurement of how much energy is required to insert a single new protein into a chloroplast.
The presence of internal organelles within the plant cell poses numerous challenges for the
coordinated synthesis and trafficking of new proteins, which often must be synthesized in one part of
the cell and directed to another sub-cellular compartment. The latter process necessitates the
movement of the new protein across one or more membranes. Plant chloroplasts represent a unique
opportunity to study the energetics of a mixed transport system that incorporates the cellular
challenges of both eukaryotes and microbes. The energetic cost of this processis a fundamental
unanswered question in plant biology, since the majority of photosynthetic apparatus proteins are
continuously synthesized and imported into the chloroplast, then rapidly degraded. DOE/BES
support has led to the first measurement of how much energy is required to insert a single new
protein—an astonishingly high proton flux that is equivalent to the energy stored within 10,000 ATP
molecules! Thus approximately 3% of the total energy output of the chloroplast from photosynthesis
is devoted to maintaining the photosynthetic machinery. This knowledge provides the foundation for
future strategies for more efficient light-harvesting applications for renewable energy.

Selected FY 2003 Facility Accomplishments:
=  The Combustion Research Facility (CRF)

e New Capability Developed for Three-Dimensional Measurements in Turbulent Flames. Lasers
and digital camera systems for imaging of laser-induced fluorescence in two intersecting planes
were added to existing systems for line-imaging measurements of temperature and major species
in turbulent flames. The combination yields information on the magnitude and effects of three-
dimensional scalar dissipation, which isacentral quantity in combustion theory and modeling.

e Sation Established to Generate Periodically Poled Lithium Niobate (PPLN). A station has been
designed and built to pole lithium niobate at the CRF. PPLN is a quasi-phase-matched crystal
that is significantly more efficient and tunable than conventional crystals. Recent major advances
in nonlinear optical materials have opened up many new possibilities for chemical sensing. In
particular, the development of PPLN has sparked the advent of broadly tunable, compact, highly
efficient infrared laser sources. This technology could be applied to problems such as medical
monitoring or transient molecul e detection.
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e Picosecond Lasers Constructed. Continued progress in understanding combustion processes
relies on developing increasingly sophisticated laser diagnostics for detailed understanding of
collisional phenomena. To meet this need, CRF scientists have developed three new tunable,
short-pulse lasers optimized for pump-probe experiments. These sources are custom-built
distributed-feedback dye lasers with sufficient resolution for studying most intermolecular
collisiona processes.

¢ Time- and Frequency-Resolved Fluorescence Microscopy. Researchers at the CRF have
constructed a time- and frequency-resolved photon detection system with fluorescence
microscopy to simultaneously measure fluorescence lifetime and spectra. With such correlated
time and spectral information, scientists can characterize the fluorescence emission from a
microscopic sample in more detail than previously possible, thereby unraveling the uncertainties
associated with measuring the fluorescence lifetime and frequency separately.

Detailed Program Justification
(dollars in thousands)

FY 2003 FY 2004 FY 2005
Chemical Sciences, Geosciences, and Energy
BiosCieNCES RESEArCh .......vvvveeieieeeeeee e 205,963 208,221 216,743
= Atomic, Molecular, and Optical (AMO)
S o1 g o S 13,379 13,401 13,401

This activity supports theory and experiments to understand the properties of and interactions among
atoms, molecules, ions, electrons, and photons. Included among the research activities are studies to
determine the quantum mechanical description of such properties and interactions; interactions of
intense electromagnetic fields with atoms and molecules; development and application of novel x-ray
light sources; and ultracold collisions and quantum condensates.

The knowledge and techniques developed in this activity have wide applicability. Results of this
research provide new ways to use photons, electrons, and ions to probe matter in the gas and
condensed phases. This has enhanced our ability to understand materials of all kinds and enables the
full exploitation of the BES synchrotron light sources, electron beam micro-characterization centers,
and neutron scattering facilities. Furthermore, by studying energy transfer within isolated molecules,
AMO science provides the very foundation for understanding chemical reactivity, i.e., the process of
energy transfer between molecules and ultimately the making and breaking of chemical bonds.

The AMO Science activity is the sole supporter of synchrotron-based AMO science studiesin the
U.S., which includes ultrashort x-ray pulse generation and utilization at the ALS and APS. This
program is also the principal U.S. supporter of research in the properties and interactions of highly
charged atomic ions, which are of direct consequence to fusion plasmas.

In FY 2005, major activitieswill include the interactions of atoms and molecules with intense
electromagnetic fields that are produced by collisions with highly charged ions or short laser pulses,
the use of optical fieldsto control quantum mechanical processes; atomic and molecular interactions
at ultracold temperatures; and the creation and utilization of quantum condensates that provide strong
linkages between atomic and condensed matter physics at the nanoscale.
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(dollarsin thousands)

FY 2003 FY 2004 FY 2005

Capital equipment is provided for items including lasers and optical equipment, unique ion sources or
traps, position sensitive and solid-state detectors, and control and data processing electronics.

= Chemical PhysicsResearch ..........cccoccevveveceennn. 32,097 30,334 31,617

This activity supports experimental and theoretical investigations of gas phase chemistry and
chemistry at surfaces. Gas phase chemistry emphasi zes the dynamics and rates of chemical reactions
characteristic of combustion with the aim of developing theories and computational tools for use in
combustion models and experimental tools for validating these models. The study of chemistry at
well characterized surfaces and the reactions of metal and metal oxide clusters leads to the
development of theories on the molecular origins of surface mediated catalysis.

This activity also has oversight for the Combustion Research Facility (which is budgeted below in
Facilities Operations), a multi-investigator facility for the study of combustion science and
technology. In-house BES-supported efforts combine theory, modeling, and experiment including
diagnostic development, kinetics, and dynamics. Several innovative non-intrusive optical diagnostics
such as degenerate four-wave mixing, cavity ring-down spectroscopies, high-resolution optical
spectroscopy, and ion-imaging techniques have been devel oped to characterize gas phase processes.
Other activities at the Combustion Research Facility involve BES interactions with Fossil Energy,
Energy Efficiency and Renewable Energy, and industry.

This activity contributes significantly to DOE missions, since nearly 85 percent of the Nation’s
energy supply hasits origins in combustion and this situation is likely to persist for the foreseeable
future. The complexity of combustion -- the interaction of fluid dynamics with hundreds of chemical
reactions involving dozens of unstable chemical intermediates -- has provided an impressive
challenge to predictive modeling of combustion processes. Predicted and measured reaction rates will
be used in models for the design of new combustion devices with maximum energy efficiency and
minimum undesired environmental consequences.

The research in chemical dynamics at surfacesis aimed at devel oping predictive theories for surface
mediated chemistry such asis encountered in industrial catalysis or environmental processes. Surface
mediated catalysis reduces the energy demands of industrial chemical processes by bypassing energy
barriersto chemical reaction. Surface mediated catalysisis used to remove pollutants from
combustion emissions.

The SciDAC computational chemistry program addresses three fundamental research efforts:
chemically reacting flows, the chemistry of unstable species and large molecules; and actinide
chemistry. Each of these research effortsis carried out by ateam of related scientists working with
the appropriate Integrated Software Infrastructure Centers supported under SciDAC by the SC
Advanced Scientific Computing Research program.

In FY 2005 there will be increased emphasis on chemical physics of condensed phase and interfacial
chemistry, including the fundamental understanding of weak, non-covalent interactions and their
relationship to chemical and physical properties of macroscopic systems. A reduction of $667,000 in
chemical physics research funding will result in a decreased effort in the study of aspects of gas phase
chemistry. An additional $1,950,000 is provided for the following activities: the development of
guantum chemical and density functional theories for the predictive, molecular-level modeling of
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(dollarsin thousands)

FY 2003 FY 2004 FY 2005

catal ytic reaction mechanisms relevant to hydrogen production; use of first-principles dynamical
calculations to investigate the interaction of hydrogen with storage materials; development of new
analytical tools for probing natural hydrogen biocatalysts; and application of molecular modeling
capabilities for predictive development of biomimetic catalysts for hydrogen production.

Capital equipment is provided for such items as picosecond and femtosecond lasers, high-speed
detectors, spectrometers, and computational resources.

= Photochemistry and Radiation Research........... 24,853 28,502 29,477

This activity supports fundamental molecular level research on the capture and conversion of energy
in the condensed phase. Fundamental research in solar photochemical energy conversion supports
organic and inorganic photochemistry, photoinduced electron and energy transfer in the condensed
phase, photoel ectrochemistry, biophysical aspects of photosynthesis, and biomimetic assemblies for
artificial photosynthesis. Fundamental research in radiation chemistry supports chemical effects
produced by the absorption of energy from ionizing radiation. The radiation chemistry research
encompasses heavy ion radiolysis, models for track structure and radiation damage, characterization
of reactive intermediates, radiation yields, and radiation-induced chemistry at interfaces. Accelerator-
based electron pulse radiolysis methods are employed in studies of highly reactive transient
intermediates, and kinetics and mechanisms of chemical reactionsin the liquid phase and at
liquid/solid interfaces. This activity supports the Notre Dame Radiation Laboratory, a BES
collaborative research center, emphasizing research in radiation chemistry.

Solar photochemical energy conversion is along-range option for meeting future energy needs. An
alternative to semiconductor photovoltaic cells, the attraction of solar photochemical and

photoel ectrochemical conversion isthat fuels, chemicals and electricity may be produced with
minimal environmental pollution and with closed renewable energy cycles. Artificial photosynthesis
can be coupled to chemical reactions for generation of fuels such as hydrogen, methane, or complex
hydrocarbons found in gasoline. The fundamental concepts devised for highly efficient excited-state
charge separation in molecule-based biomimetic assemblies should also be applicable in the future
development of molecular optoel ectronic devices. A strong interface with EE solar conversion
programs exists at NREL, involving shared research, analytical and fabrication facilities, and
involving ajointly shared project on dye-sensitized solar cells.

Radiation chemistry research supports fundamental chemical effects produced by the absorption of
energy from ionizing radiation. This research isimportant for solving problems in environmental
waste management and remediation, nuclear energy production, and medical diagnosis and radiation
therapy. Fundamental studies on radiation-induced processes complement collocated Nuclear Energy
Research Initiative (NERI) and the Environmental Management Science Program (EM SP) projects.

This activity is the dominant supporter (85%) of solar photochemistry in the U.S,, and the sole
supporter of radiation chemistry.

In FY 2005, major activities will include research to expand our knowledge of the
semiconductor/liquid interface, colloidal semiconductors, and dye-sensitized solar cells;

Inorgani c/organic donor-acceptor molecular assemblies and photocatalytic cycles; photosynthetic
antennae and the reaction center; and radiolytic processes at interfaces, radiolytic intermediates in

supercritical fluids, and characterization of excited states by dual pulse radiolysis/photolysis
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experiments. An additional $975,000 is provided for synthesis and characterization of inexpensive,
nanostructured semiconductor materials for conversion of solar radiation to electricity and efficient
and direct photocatalytic splitting of water to produce hydrogen through discovery of improved
catalytic materials.

Capital equipment is provided for such items as pico- and femtosecond lasers, fast Fourier transform-
infrared and Raman spectrometers, and upgrades for electron paramagnetic resonance spectroscopy.

= Molecular M echanismsof Natural Solar
Energy CoNVErSioN ......cccceeeeveeneneenieesie e 11,797 12,133 13,108

This activity supports fundamental research to characterize the molecular mechanismsinvolved in
the conversion of solar energy to biomass, biofuels, bioproducts, and other renewable energy
resources. Research supported includes the characterization of the energy transfer processes
occurring during photosynthesis, the kinetic and catalytic mechanisms of enzymesinvolved in the
synthesis of methane, the biochemical mechanismsinvolved in the synthesis and degradation of
lignocellulosics, and the mechanisms of plant oil production. The approaches used include
biophysical, biochemical, and molecular genetic analyses. The goal isto enable the future
biotechnological exploitation of these processes and, also, to provide insights and strategies into the
design of non-biological processes. This activity also encourages fundamental research in the
biological sciences that interfaces with other traditional disciplinesin the physical sciences.

In FY 2005, an additional $975,000 is provided for fundamental research to improve the efficiency
and decrease the cost of solar hydrogen production. Exploiting and mimicking components of natural
hydrogen-producing systems will enable key improvements in efficiency and reduction in the cost of
solar hydrogen production. Capital equipment isincluded in this request.

= Metabolic Regulation of Energy Production ..... 18,665 19,195 18,695

This activity supports fundamental research in regulation of metabolic pathways and the integration
of multiple pathways that constitute cellular function. The potential to synthesize an almost limitless
variety of energy-rich organic compounds and polymers exists within the genetic diversity of plants
and microbes. Understanding and realizing this potential is founded upon characterizing the genetic
makeup of the organism and the regulation of these genes by physical and biological parameters. The
research goal isto develop a predictive and experimental context for the manipulation and direction
of metabolism to accumulate a desired product. Research supported includes the identification and
characterization of genes and gene families within the context of metabolic pathways and their
regulation by signaling pathways that can impact energy production; this includes understanding the
transduction of signals received from physical sources (e.g. light, temperature, and solid surfaces) at
the interface between the organism and its environment, as well as the transduction of signals
received from biological sources (e.g. developmental programs, symbiotic or syntrophic
relationships, and nutrient availability).

In FY 2005, studies will continue on Arabidopsis as amodel system for the study of other plant
systems with broader utility. Increased emphasis will be placed upon understanding interactions that
occur within the nanoscale range; this includes signal reception at biological surfaces and
membranes, catalytic and enzyme-substrate recognition, and how these molecules transfer within and
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between cellular components. This new activity constitutes the fundamental biological advances
needed to complement the chemical nanoscale catalysis activities. An emerging areawill be the
development of new imaging tools and methods to examine metabolic and signaling pathways and to
visualize cellular architecture, at both the physical-spatial and temporal scale.

= Catalysisand Chemical Transformation............ 33,854 34,453 36,402

This activity supports basic research to understand the chemical aspects of catalysis, both
heterogeneous and homogeneous; the chemistry of fossil resources; and the chemistry of the
molecules used to create advanced materials. This activity seeks to develop these principlesto enable
rational design of catalysts.

Catalytic transformations impact virtually all of the energy missions of the Department. Catalysts are
needed for all of the processes required to convert crude petroleum into a clean burning fuel. The
production of virtually every chemical-based consumer product requires catalysts. Catalysts are
crucial to energy conservation in creating new, less-energy-demanding routes for the production of
basic chemical feedstocks and value-added chemicals. Environmental impacts from catalytic science
can include minimizing unwanted products from production streams and transforming toxic
chemicals into benign ones, such as chloroflurocarbons into environmentally acceptable refrigerants.
Research supported by this program also provides the basis and impetus for creating a broad range of
new materials, such as mesoporous solids that can act as improved catalysts.

This activity isthe Nation’s major supporter of catalysis research, and it isthe only activity that treats
catalysis as adiscipline integrating all aspects of homogeneous and heterogeneous catalysis research.

In FY 2005, the activity will continue to address recommendations of the FY 2002 BESAC-
sponsored workshop that described new opportunities afforded by progress in the tools and concepts
of nanoscience. The availability of new tools for preparation, characterization, and analysis and the
merging of concepts drawn from homogeneous (single phase such as solution) catalysis,
heterogeneous (between phases such as gas-surface) catalysis, and biocatalysts provide the potential
to pioneer new approaches to catalysis design. An additional $1,949,000 is provided for fundamental
research into the nature of catalytic processes on designed nanoscale catalysts. New strategies for the
rational design of selective oxidation catalysts and catalysts for the production of hydrogen from
renewable feedstocks will be explored, and the control of self assembled nanoscale catalyst structures
will be studied. Innovative hybrid materials that integrate biomimetic approaches with advancesin
catalysis will be performed and the nature of biologically directed mineralization that results in
exquisite structural control will be studied. Basic research into the chemistry of inorganic, organic,
and inorganic/organic hybrid porous materials with poresin the 1-30 nm range will be undertaken,
nano-scal e self-assembly of these systems will be studied, and the integration of functional catalytic
properties into nanomaterials will be explored.

Capital equipment is provided for such items as ultrahigh vacuum equipment with various probes of
surface structure, Fourier-transform infrared instrumentation, and high-field, solid-state Nuclear
Magnetic Resonance (NMR) spectrometers.
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= Separationsand Analyses......cccoovevceveereeieseennnns 14,547 13,517 16,441

This activity supports fundamental research covering a broad spectrum of separation concepts,
including membrane processes, extraction under both standard and supercritical conditions,
adsorption, chromatography, photodissociation, and complexation. Also supported iswork to
improve the sensitivity, reliability, and productivity of analytical determinations and to develop
entirely new approachesto analysis. This activity isthe Nation’s most significant long-term
Investment in many aspects of separations and analysis, including solvent extraction, ion exchange,
and mass spectrometry.

The goal of this activity isto obtain athorough understanding of the basic chemical and physical
principlesinvolved in separations systems and analytical tools so that their utility can be realized.

Work is closely coupled to the Department’s stewardship responsibility for transuranic chemistry;
therefore, separation and analysis of transuranic isotopes and their radioactive decay products are
important components of the portfolio.

Knowledge of molecular level processes is required to characterize and treat extremely complex
radioactive mixtures and to understand and predict the fate of associated contaminantsin the
environment. Though the cold war legacy is the most obvious of the Department’s missions, the
economic importance of separation science and technology is huge. For example, distillation
processes in the petroleum, chemical, and natural gas industries annually consume the equivalent of
315 million barrels of oil. It has been estimated that separation processes account for more than five
percent of total national energy consumption. Separations are essential to nearly al operationsin the
processing industries and are also necessary for many analytical procedures. An analysisis an
essential component of every chemical process from manufacture through safety and risk assessment
and environmental protection.

In FY 2005, major activities will include studies at the nanoscale as well as the formation of
Macroscopic separation systems via self-assembly of nanoscale precursors. Thiswork will build on
recent advances in imaging single-molecul e interactions and reactions and will expand our
knowledge of how molecules interact with pore walls, with one another, and with other moleculesto
effect separation between molecules. An additional $2,924,000 is provided for research to improve
separations with membranes (1) to invent membranes that can enhance the efficiency of gas
separations to produce ultra-pure hydrogen; (2) to develop thermally robust inorganic membranes
that will enable thermal water splitting cycles for hydrogen production; (3) to improve gas
permeability while retaining high proton conductivity of membranes for fuel cells; and (4) to
innovate novel high-temperature fuel cells with advanced polymeric and inorganic-ion-conducting
membranes. Chemical analysis research will beinitiated (1) to study hydrogen-separation materials
and processes under realistic environmental conditions, rather than in high vacuum; (2) to achieve
high temporal resolution, so that changes can be monitored dynamically; and (3) to enable multiple
analytical measurements to be made simultaneously on systems such as fuel cell membranes, which
have three percolation networks (proton, electron, and gas).

Capital equipment is provided for such items as computational workstations and inductively coupled
plasmatorch spectrometers for atomic emission determination.
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= Heavy Element Chemistry......cccccocevievveieceenens 9,974 9,375 9,375

This activity supports research in actinide and fission product chemistry. Areas of interest include
agueous and non-aqueous coordination chemistry; solution and solid-state speciation and reactivity;
measurement of chemical and physical properties; synthesis of actinide-containing materials,
chemical properties of the heaviest actinide and transactinide elements; theoretical methods for the
prediction of heavy element electronic and molecular structure and reactivity; and the relationship
between the actinides, lanthanides, and transition metals.

The heavy element chemistry program, with its genesis in the Manhattan project, has explored the
chemical properties of the transuranium and transactinide elements, the latter using techniques
developed for isotopes that have half-lives on the order of seconds to tens of seconds. In recent years
the emphasis of the program returned to the chemistry of the lighter transuranium elements and
fission products, driven by the necessity to identify species found in the waste tanks at the Hanford
and Savannah River sites. Knowledge of the molecular speciation of actinide and fission products
materials under tank conditionsis necessary to treat these complex mixtures. Accidental release of
actinide and fission product materials to the environment also requires molecular speciation
information in order to predict their fate under environmental conditions. This activity is closely
coupled to the BES separations and analysis activity and to the actinide and fission product chemistry
effortsin DOE’s Environmental Management Science Program.

This activity represents the Nation’s only funding for basic research in the chemica and physical
principles of actinide and fission product materials. The program is primarily based at the national
laboratories because of the special licenses and facilities needed to obtain and safely handle
radioactive materials. However, research in heavy element chemistry is supported at universities, and
collaborations between university and laboratory programs are encouraged. The training of graduate
students and postdoctoral research associatesis viewed as an important responsibility of this activity.

Approximately twenty undergraduate students chosen from universities and colleges throughout the
U.S. are given introductory lectures in actinide and radiochemistry each summer.

In FY 2005, major activities will include experiment, theory, and modeling to understand the
chemical bonding in the heavy elements. Experimental studies will include agueous and non-agqueous
high-pressure chemistry and surface chemistry of these elements. In addition, new beamlines at
synchrotron light sources capable of handling samples of these heavy elements will permit detailed
spectroscopic studies of specimens under a variety of conditions. The study of the bonding in these
heavy elements may also provide new insights into organometallic chemistry, beyond that |earned
from “standard” organometallic chemistry based on transition metals with d-orbital bonding.

Capital equipment is provided for items used to characterize actinide materials (spectrometers, ion
chambers, calorimeters, etc.) and equipment for synchrotron light source experiments to safely handle
the actinides.

= GeosciencesResearCh ..o, 20,322 20,491 20,332

The Geosciences activity supports long-term basic research in geochemistry and geophysics.
Geochemical research focuses on subsurface solution chemistry, mineral-fluid interactions, and
isotopic distributions and migration in natural systems. Geophysical research focuses on new
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approaches to understand physical properties of fluids, rocks, and minerals. It seeks fundamental
understanding of the physics of wave propagation in complex media ranging from single crystalsto
the scale of the earth’s crust. This activity has pioneered the application of x-ray and neutron
scattering to geochemical and geophysical studies.

These studies provide the fundamental science base for new capabilities to |ocate and monitor oil and
gas reservoirs, contaminant migration, and for characterizing disposal sites for energy related wastes.
This activity provides the mgority of individual investigator basic research funding for the federa
government in areas with the greatest impact on unigue DOE missions such as high-resolution Earth
imaging and low-temperature, low-pressure geochemical processes in the subsurface. This activity
provides the basic research component in solid Earth sciences to the DOE’s energy resources and
environmental quality portfolios.

Capital equipment is provided for such items as x-ray and neutron scattering end stations at the BES
facilities for high pressure work and scattering and for experimental, field, and computational
capabilities.

= Chemical Energy and Chemical Engineering.... 9,779 10,637 10,687

This activity supports research on electrochemistry, thermophysical and thermochemical properties,
and physical and chemical rate processes. Also included is fundamental research in areas critical to
understanding the underlying limitations in the performance of el ectrochemical energy storage and
conversion systems including anode, cathode, and electrolyte systems and their interactions with
emphasis on improvements in performance and lifetime. The program covers a broad spectrum of
research including fundamental studies of composite electrode structures; failure and degradation of
active electrode materials; thin film electrodes, e ectrolytes, and interfaces; and experimental and
theoretical aspects of phase equilibria, especially of mixtures, including supercritical phenomena.

Knowledge of bulk behavior of chemicals and mixtures based on molecular propertiesis required for
the design of energy efficient chemical processesin al aspects of plant design across the entire
spectrum of industrial activities. The thermophysical and thermochemical properties of molecules
provide the basis for devel oping equations of states and parameters for fluid models that are
necessary for the development of engineering designs that maximize the efficiency of al energy
production, storage, and consumption devices. These engineering designs are also an essential
component of safety and risk assessment and environmental protection.

In the area of energy storage, coordination of fundamental and applied research efforts across the
government is accomplished by participation in the Interagency Power Working Group. Close
coordination with the Battery and Fuel Cell programsin Energy Efficiency and Renewable Energy’s
Transportation Technologies program is accomplished through joint program meetings, workshops,
and strategy sessions.

In FY 2005, major activities will include research to expand the ability to control electrode structures

on the nanometer scale. Preliminary studies have shown that this has a great impact on the

electrochemical efficiency of electrode processes and the rate at which they respond to

electrochemical potentials. An additional $975,000 is provided for research to understand: the nature

of proton transport in high temperature polymer electrolyte membranes; the interaction of complex

agueous, gaseous, and solid interfaces in gas diffusion el ectrode assemblies; and the origin of the
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performance-robbing over potential for fuel cell cathodes for hydrogen use. Research in aspects of
electrochemical energy storage is reduced by $925,000.

Capital equipment is provided for such items as computer work stations and el ectrochemical
apparatus.

= General Plant Projects (GPP)........c.ccccvonencenen. 11,614 11,700 13,150

GPPfunding isincreased in FY 2005 for minor new construction, for other capital alterations and
additions, and for improvements to land, buildings, and utility systems principally at the Ames
Laboratory, Argonne National Laboratory, and Oak Ridge National Laboratory as part of the Basic
Energy Sciences stewardship responsibilities for these laboratories. Funding of thistypeis essential
for maintaining the productivity and usefulness of the Department-owned facilities and in meeting
requirements for safe and reliable facilities operation. Additional GPP funding isincluded in the

Facilities Operations justification in both the Materials Sciences and Engineering subprogram and the
Chemical Sciences, Geosciences, and Energy Biosciences subprogram. The total estimated cost of
each GPP project will not exceed $5,000,000.

= General Purpose Equipment (GPE) ................... 4,382 4,483 4,058

GPE funding is provided for Ames Laboratory, Argonne National Laboratory, and Oak Ridge
National Laboratory as part of the Basic Energy Sciences stewardship responsibilities for these
laboratories for general purpose equipment that supports multipurpose research. Increased
infrastructure funding is requested to maintain, modernize, and upgrade the ORNL, ANL, and Ames
sites and facilities to correct deficiencies due to aging, changing technology, and inadequate past
Investments.

= SPEAR3UpPQGrade.......ccooceineeninieneeneeeseeins 700 0 0

Over the period FY 1999 - FY 2003, the SPEARS upgrade (funded in both BES subprograms) was
undertaken at SSRL to provide major improvementsto all existing experimental stations served by
this synchrotron radiation light source. The upgrade increased injection energy from 2.3 GeV to 3
GeV to improve the energy spectrum available to users; decreased beam emittance by afactor of 7 to
Increase beam brightness; increased operating current from 100 mA to 200 mA to increase beam
intensity; and maintained long beam life time (>25 hr). The increased photon flux will greatly
improve performance in avariety of applicationsincluding powder and thin film diffraction,
topographic studies, surface microcontamination studies, x-ray tomographic analysis, x-ray
absorption studies, and protein crystallography. The magnets and associated vacuum chambers of the
existing SPEAR storage ring were replaced in order to implement the revised lattice system. All
components are housed within the existing buildings. The TEC was $29,000,000; DOE and NIH
equally funded the upgrade with atotal Federal cost of $58,000,000. NIH provided $14,000,000 in
FY 1999, $14,000,000 in FY 2000, and $1,000,000 in FY 2001. This MIE project was completed on
schedule and within budget. The SPEARS is now being commissioned.

Facility Operations.........ccccevveveereereeseseeseeseeseeneens 5,935 5,967 6,169

The facility operations budget request, which includes operating funds, capital equipment, and general
plant projectsis described in a consolidated manner later in this budget. This subprogram funds the
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Combustion Research Facility. General Plant Project (GPP) funding is also required for minor new
construction, for other capital alterations and additions, and for improvements to land, buildings, and
utility systems. The total estimated cost of each GPP project will not exceed $5,000,000.

Facilities
(dollars in thousands)
FY 2003 FY 2004 FY 2005
Combustion Research Facility ...........ccccccvvvieeeciinnnnnn, 5,935 5,967 6,169
(dollars in thousands)
FY 2003 FY 2004 FY 2005
SBIR/STTR .ttt 0 5,394 5,510

In FY 2003, $4,687,000 and $281,000 were transferred to the SBIR and STTR programs, respectively.
The FY 2004 and FY 2005 amounts shown are the estimated requirements for the continuation of the
SBIR and STTR programs.

Total, Chemical Sciences, Geosciences, and
Energy BiOSCIENCES........ccocveeevieeiecee e, 211,898 219,582 228,422

Explanation of Funding Changes

FY 2005 vs.
FY 2004
($000)

Chemical Sciences, Geosciences, and Ener gy Biosciences Research
= QOverdl increase for chemical physics research because of increase for research

related to the hydrogen economy ($+1,950,000) and decrease because of decreased

emphasis on gas phase chemistry ($-667,000) ........cccocoiereierirerrieneneresese e +1,283
= Increase for photochemistry and radiation research for research related to the

NYArogen ECONOMY ........coiiiiiiieieeee ettt ettt b e s nes +975
» Increase in molecular mechanisms of natural solar energy conversion for research

related to the Ny drogen @CONOMY...........cuiirrerieniesee e +975
= Decrease in metabolic regulation of energy production research because of

decreasesin MICrobial rESEAICN. .......cocui i -500
» Increasein catalysis and chemical transformations for research related to the

NYArogen ECONOMY ........coiuiiiiiieieeee ettt et e b s nns +1,949
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= |ncrease in separations and analyses for research related to the hydrogen economy ..
= Decrease in geosciences research because of decreased research in geophysics........

= Overall increase for chemistry and chemical engineering because of increase for
research related to the hydrogen economy ($+975,000) and decreases because of
decreases in aspects of electrochemical energy storage ($-925,000) ........cccccvverereennen.

» |Increasein general plant projects intended to help alleviate recurring maintenance
COSES by IMProving INFraStrUCLUNE..........ccuvvieieeie et

= Decreasein general purpose equipment because of one time need in FY 2004 .........
Total, Chemical Sciences, Geosciences, and Energy Biosciences Research...............
Facilities Operations

Increase for operations of the Combustion Research FaCility. ........c.ccooevevireeieeiencniene.
SBIR/STTR

Increase in SBIR/STTR funding because of an increase in operating expenses .............
Total Funding Change, Chemical Sciences, Geosciences, and Ener gy Biosciences..

Science/Basic Energy Sciences/
Chemical Sciences, Geosciences, and

FY 2005 vs.
FY 2004
($000)

+2,924

-159

+50

+1,450
-425

+8,522

+202

+116

+8,840
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Construction

Funding Schedule by Activity

(dollars in thousands)

FY 2003 FY 2004 FY 2005 $ Change | % Change

Construction
SNS 210,571 123,865 80,535 -43,330 -35.0%
Project Engineering Design, NSRCs......... 11,850 2,982 2,012 -970 -32.5%
Project Engineering Design, LCLS............ 5,925 7,456 20,075 +12,619 +169.2%
Linac Coherent Light Source (SLAC)........ 0 0 30,000 +30,000 --
Center for Functional Nanomaterials
(BNL) 0 0 18,465 +18,465 --
The Molecular Foundry (LBNL) ................ 0 34,794 32,085 -2,709 -7.8%
Center for Nanophase Materials Science
(O3 V1 23,701 19,882 17,811 -2,071 -10.4%
Center for Integrated Nanotechnologies
(SNL/LANL) ©evveveeciiie e 4,444 29,674 30,897 +1,223 +4.1%
Total, Construction .........ccccceevevveeeiiciieee e, 256,491 218,653 231,880 +13,227 +6.0%
Description

Construction is needed to support the research in each of the subprograms in the Basic Energy Sciences
program. Experiments necessary in support of basic research require that state-of-the-art facilities be
built or existing facilities modified to meet unique research requirements. Reactors, radiation sources,
and neutron sources are among the expensive, but necessary, facilities required. The budget for the BES
program includes funding for the construction and modification of these facilities.

Benefits

The new facilities that are under construction — the Spallation Neutron Source, the four Nanoscale
Science Research Centers, and the Linac Coherent Light Source — continue the tradition of BES and SC
of providing the most advanced scientific user facilities for the Nation’s research community in the most
cost effective way. All of the BES construction projects are conceived and planned with the broad user
community and, during construction, are maintained on schedule and within cost. Furthermore, the
construction projects all adhere to the highest standards of safety. As described in the Benefits section
for the User Facilities, these facilities will provide the Nation’s research community with the tools to
fabricate, characterize, and develop new materials and chemical processesin order to advance basic and
applied research across the full range of scientific and technological endeavor, including chemistry,
physics, earth science, materials science, environmental science, biology, and biomedical science.
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Detailed Justification
(dollarsin thousands)

FY 2003 FY 2004 FY 2005
(7o) = A fLU (o1 { Lo o [F 256,491 218,653 231,880
= Spallation Neutron Source (SNS) ......ccoeevevvreenns 210,571 123,865 80,535

The purpose of the SNS Project is to provide a next-generation short-pul se spallation neutron source
for neutron scattering. The SNS will be used by researchers from academia, national and federal
labs, and industry for basic and applied research and for technology development in the fields of
condensed matter physics, materials sciences, magnetic materials, polymers and complex fluids,
chemistry, biology, earth sciences, and engineering. When completed in 2006, the SNS will be
significantly more powerful (by about afactor of 10) than the best spallation neutron source now in
existence— ISIS at the Rutherford Laboratory in England. The facility will be used by 1,000-2,000
scientists and engineers annually. Interest in the scientific community in the SNSisincreasing.

The SNSwill consist of alinac-ring accelerator system that delivers short (microsecond) proton
pulses to a target/moderator system where neutrons are produced by a process called spallation. The
neutrons so produced are then used for neutron scattering experiments. Specially designed scientific
instruments use these pulsed neutron beams for a wide variety of investigations. There will initially
be one partially instrumented target station with the potential for adding more instruments and a
second target station later.

The SNS project partnership among six DOE |aboratories takes advantage of specialized technical
capabilities within the laboratories: Lawrence Berkeley National Laboratory inion sources; Los
Alamos National Laboratory in linear accelerators; Thomas Jefferson National Accelerator Facility
in superconducting linear accelerators; Brookhaven National Laboratory in proton storage rings;
Argonne National Laboratory in instruments; and Oak Ridge National Laboratory in targets and
moderators.

In FY 2001, two grants were awarded to universities for research requiring the design, fabrication,
and installation of instruments for neutron scattering. These instruments will be sited at the SNS,
with commissioning beginning late in FY 2006, shortly after the SNS facility itself is commissioned.
Both awards were made based on competitive peer review conducted under 10 CFR Part 605,
Financial Assistance Program. In FY 2003, aMagjor Item of Equipment (MIE) was initiated for five
SNSinstruments. High-Pressure Diffractometer, High-Resolution Chopper Spectrometer, Single-
Crystal Diffractometer, Disordered Materials Diffractometer, and Hybrid Polarized Beam
Spectrometer. The MIE isfunded at $5,635,000 in FY 2003, $7,387,000 in FY 2004, and $7,643,000
in FY 2005. These instruments will be built by individual DOE laboratories or consortia of DOE
laboratories in collaboration with the SNS based on scientific merit and importance to users from
universities, industries, and government laboratories.

Funds appropriated in FY 2002 continued R& D, design, procurement, construction activities, and
component installation. Essentialy all R& D supporting construction of the SNS was compl eted,
with instrument R& D continuing. Title Il design was completed on the linac and was continued on
the ring, target, and instrument systems. The completed ion source and portions of the drift tube linac

Science/Basic Energy Sciences/
Construction Page 334 FY 2005 Congressional Budget



(dollarsin thousands)

FY 2003 FY 2004 FY 2005

were delivered to the site and their installation was begun. Other system components for the
accelerator, ring, target, and instruments continued to be manufactured. Work on conventional
facilities continued, with some reaching completion and being turned over for equipment
installation, such as the ion source building and portions of the klystron building and linac tunnel.
Construction work began on the ring tunnel.

Funds appropriated in FY 2003 continued instrument R& D and design, procurement, construction,
and installation activities, and to begin system commissioning. The ion source will be
commissioned, and the drift tube linac will be installed and commissioning begun. Installation of
other linac components will proceed, and installation of ring components will begin. Target building
construction and equipment installation will continue in concert with each other. Numerous
conventional facilities, including the klystron, central utilities, and ring service buildings as well as
the linac and ring tunnels, will be completed. All site utilitieswill be available to support linac
commissioning activities.

FY 2004 budget authority will continue instrument R& D, design, and procurement. The drift-tube
linac and cavity-coupled linac portions of the warm linac commissioning will be completed. Other
commissioning activitieswill continue in the linac. Cryogenic refrigerator installation and system
cool down will be completed and cryogenic transfer line installation and testing will be completed.
Cryogenic module fabrication and installation will continue. High-energy beam transport installation
and testing will be completed. Ring fabrication and assembly activities will continue. Target
fabrication and assembly activities will continue. Most SNS buildings will be completed with the
exception of ongoing construction work in the target and instrument facilities and the central
laboratory and office building.

FY 2005 budget authority is requested to continue R& D, procurement, and installation of equipment
for instrument systems. The extraction dump, high-energy beam transport, and accumulator ring will
be commissioned; installation and testing for the ring-target beam transport system will be
performed. Preparation for the ring-target beam transport system accelerator readiness review will
begin. Installation and testing will be completed and preparation for the accel erator readiness review
will start for target systems. Conventional facilities construction will be completed. Procurement,
installation, and testing will continue for integrated control systems.

The estimated Total Project Cost remains constant at $1,411,700,000, and the construction schedule
continues to call for project completion by mid-2006. Additional information on the SNS Project is
provided in the SNS construction project data sheet, project number 99-E-334.

= Project Engineering and Design, Nanoscale
Science Research Centers.......ooovveveveeneenienenn, 11,850 2,982 2,012

Funds appropriated in FY 2002, FY 2003 and FY 2004 will provide Title| and Title Il design-only
funding for Nanoscal e Science Research Centers (NSRCs) at Oak Ridge National Laboratory,
Lawrence Berkeley National Laboratory, Sandia National Laboratories (Albugquerque), and
Brookhaven National Laboratory. These funds will be used to assure project feasibility, define the
scope, and provide estimates of construction costs and schedules. NSRCs provide state-of-the-art
facilities for materials nanofabrication and advanced tools for nanocharacterization to the scientific
community. Additional information follows later in PED data sheet 02-SC-002.
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Project Engineering and Design, Linac
Coherent Light SOUrCe.........ccoceeverieniesecienen, 5,925 7,456 20,075

The purpose of the Linac Coherent Light Source (LCLS) Project isto provide laser-like radiation in
the x-ray region of the spectrum that is 10 billion times greater in peak power and peak brightness
than any existing coherent x-ray light source. This advance in brightnessis similar to that of a
synchrotron over a 1960’s laboratory x-ray tube. Synchrotrons have revol utionized science across
disciplines ranging from atomic physics to structural biology. Advances from the LCL S are expected
to be equally dramatic. The LCLS Project would provide the world' s first demonstration of an x-ray
free-electron-laser (FEL) inthe 1.5 - 15 A range.

For many years, the Basic Energy Sciences Advisory Committee (BESAC) has been actively
involved with the devel opment of such a next-generation light source. In 1997, the BESAC report
DOE Synchrotron Radiation Sources and Science recommended funding an R&D program in next-
generation light sources. In 1999, the BESAC report Novel, Coherent Light Sources concluded,
“Given currently available knowledge and limited funding resources, the hard x-ray region (8-20
keV or higher) isidentified as the most exciting potential areafor innovative science. DOE should
pursue the development of coherent light source technology in the hard x-ray region as a priority.
This technology will most likely take the form of alinac-based free electron laser using self-
amplified stimulated emission or some form of seeded stimulated emission...”

The proposed LCL S will have properties vastly exceeding those of current x-ray sourcesin three key
areas. peak brightness, coherence, and ultrashort pulses. The peak brightness of the LCLSis 10
billion times greater than current synchrotrons; the light is coherent or “laser like” enabling many
new types of experiments; and the pulses are short (230 femtoseconds with planned improvements
that will further reduce the pulse length to subfemtosecond levels) enabling studies of fast chemical
and physical processes. The LCLS has considerable potential as atool for groundbreaking research
in the physical and life sciences. LCL S x-rays can be used to create and observe extreme conditions
in matter, such as exotic excited states of atoms and warm dense plasmas, previously inaccessible to
study. They can be used to directly observe changes in molecular and material structure on the
natural time scales of atomic and molecular motions. LCL S x-rays offer an opportunity to image
non-periodic molecular structures, such as single or small clusters of biomolecules or
nanosctructured materials, at atomic or near-atomic resolution. These are only afew examples of
breakthrough science that will be enabled by LCLS, planned to be the world’sfirst “fourth
generation” x-ray light source.

The LCLS project leverages capital investmentsin the existing SLAC linac as well as technologies
developed for linear colliders and for the production of intense electron beams with radio-frequency
photocathode guns. The SLAC linac will provide high-current, low-emittance 5-15 GeV electron
bunches at a 120 Hz repetition rate. When traveling through a newly constructed long undulator, the
electron bunches will lead to self-amplification of the emitted x-ray radiation, constituting the x-ray
FEL. The availability of the SLAC linac for the LCL S Project creates a unique opportunity
(worldwide) for demonstration and use of x-ray FEL radiation.

The proposed L CL S Project requires a150 MeV injector to be built at Sector 20 of the 30-sector
SLAC linac to create the electron beam required for the x-ray FEL. The last one third of the linac
will be modified by adding two magnetic bunch compressors. Most of the linac and its infrastructure
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will remain unchanged. The existing components in the Final Focus Test Beam tunnel will be
removed and replaced by a new 120 meter undulator and associated equipment. The preliminary
Total Estimated Cost (TEC) isin the range of $220,000,000 to $260,000,000. FY 2005 Project
Engineering Design (PED) funding of $20,075,000 and $4,000,000 of research and devel opment
budgeted in the Materials Sciences and Engineering subprogram are requested for Title| and Title |1
design work. Additional information on the LCLS Project is provided in the LCLS PED data shest,
project number 03-SC-002.

= Linac Coherent Light Source.......c.ccooereriinrnenns 0 0 30,000

In FY 2005, $30,000,000 is requested for the LCLS to initiate long-lead procurements. Early
acquisition of selected critical path items will support pivotal schedule and technical aspects of the
project. These include acquisition of the 120 MeV injector linac, acquisition of the undulator
modules and the measurement system needed for verification of undulator performance, and
acquisition of main linac magnets and radiofrequency (RF) systems required to produce electron
beams meeting the stringent requirements of the LCL S free-electron laser. Early acquisition of the
injector isrequired in order that first tests of the free-electron laser can begin. Acquisition of the
undulatorsin FY 2005 will allow delivery in FY 2007, which in turn will enable achievement of
performance goalsin FY 2008.

= Nanoscale Science Research Center —The
Center for Functional Nanomaterials,
Brookhaven National Laboratory .........c.ccccu..... 0 0 18,465

The Center for Functional Nanomaterials (CFN), a planned BES Nanoscale Science Research
Center, will have as its focus understanding the chemical and physical response of nanomaterials to
make functional materials such as sensors, activators, and energy-conversion devices. The facility
will use existing facilities such as the NSL S and the Laser Electron Accelerator facility. It will also
provide clean rooms, general laboratories, and wet and dry laboratories for sample preparation,
fabrication, and analysis. Equipment will include that needed for laboratory and fabrication facilities
for e-beam lithography, transmission electron microscopy, scanning probes and surface
characterization, material synthesis and fabrication, and spectroscopy.

FY 2005 funding is requested for the start of construction of the Center for Functional Nanomaterials
at Brookhaven National Laboratory. Performance will be measured by meeting the cost and
timetables within 10% of the baseline in the construction project data sheet. Additional information
follows later in construction project data sheet 05-R-321.

= Nanoscale Science Research Center —The
Molecular Foundry, LBNL ......ccoceviiiiniinenen, 0 34,794 32,085

The Molecular Foundry, aplanned BES Nanoscale Science Research Center, will focus its research
on the interface between soft materials like those found in living systems and hard materials such as
carbon nanotubes, and the integration of these materials into complex functional assemblies. The
Molecular Foundry will use existing facilities such asthe ALS, the NCEM, and the National Energy
Research Scientific Computing Center. The Molecular Foundry will provide laboratories for
materials science, physics, chemistry, biology, and molecular biology. State-of-the-art equipment
will include clean rooms; controlled environmental rooms; scanning tunneling microscopes; atomic
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force microscopes; atransmission electron microscope; fluorescence microscopes; mass
spectrometers; a DNA synthesizer and sequencer; a nuclear magnetic resonance spectrometer;
ultrahigh vacuum scanning-probe microscopes; photo, uv, and e-beam lithography equipment; a
peptide synthesizer; advanced preparative and analytical chromatographic equipment; and cell
culture facilities.

FY 2004 funding is appropriated for the start of construction of the Molecular Foundry at Lawrence
Berkeley National Laboratory. FY 2005 funding is requested to continue construction and equipment
procurement. Performance will be measured by meeting the cost and timetables within 10% of the
baseline in the construction project data sheet. Additional information follows later in construction
project data sheet 04-R-313.

= Nanoscale Science Research Center — The
Center for Nanophase M aterials Sciences,
ORNL 1ttt s, 23,701 19,882 17,811

The Center for Nanophase Materials Sciences (CNM S), a proposed BES Nanoscale Science
Research Center, will include a research center and user facility that will integrate nanoscale science
research with neutron science, synthesis science, and theory/modeling/simulation. A new building
will provide state-of-the-art clean rooms, general |aboratories, and wet and dry laboratories for
sample preparation, fabrication, and analysis. Included will be equipment to synthesize, manipulate,
and characterize nanoscale materials and structures. The Center, collaborated with the Spallation
Neutron Source complex, will have asits magjor scientific thrusts nano-dimensioned soft materials,
complex nanophase materials systems, and the crosscutting areas of interfaces and reduced
dimensionality that become scientifically critical on the nanoscale. A major focus of the CNM S will
be to exploit ORNL's unique facilities and capabilities in neutron scattering.

FY 2003 and FY 2004 funding was appropriated for the start of construction of the Center for
Nanophase Materials Science to be located at Oak Ridge National Laboratory. FY 2005 funding is
requested to continue this construction. Performance will be measured by meeting the cost and
timetables within 10% of the baseline in the construction project data sheet. Additional information
follows later in construction project data sheet 03-R-312.

= Nanoscale Science Research Center —The
Center for Integrated Nanotechnologies,
Sandia National L aboratories/L osAlamos
National Laboratory ........cccceveeeverieenennieneeneenn, 4,444 29,674 30,897

The Center for Integrated Nanotechnologies (CINT), a planned BES Nanoscale Science Research
Center, will focus on exploring the path from scientific discovery to the integration of nanostructures
into the micro- and macro-worlds. This path involves experimental and theoretical exploration of
behavior, understanding new performance regimes and concepts, testing designs, and integrating
nanoscale materials and structures. CINT focus areas are nanophotonics and nanoelectronics,
complex functional nanomaterials, nanomechanics, and the nanoscal e/bio/microscale interfaces.
CINT will be jointly administered by Los Alamos National Laboratory and Sandia National
Laboratory. This Center will make use of awide range of specialized facilities including the Los
Alamos Neutron Science Center and the National High Magnetic Field Laboratory at LANL.
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FY 2003 and FY 2004 funding was appropriated for the construction for the Center for Integrated
Nanotechnol ogies managed jointly by Sandia National Laboratories and Los Alamos National
Laboratory. FY 2005 funding is requested to continue this construction. Performance will be
measured by meeting the cost and timetables within 10% of the baseline in the construction project
data sheet. Additional information follows later in construction project data sheet 03-R-313.

Total, CONSLIUCLTION ... e 256,491 218,653 231,880

Explanation of Funding Changes

FY 2005 vs.
FY 2004
($000)
Construction
= Decreasein funding for construction of the Spallation Neutron Source at ORNL,
representing the scheduled ramp down of actiVities. .........cccvceveeveneese e -43,330

= Decreasein Project Engineering and Design (PED) for Nanoscale Science Research
Centersat ORNL, LBNL, SNL, and BNL, representing the scheduled change in
PED fUNAING PrOfilES. ..ot -970

= Increasein funding for Project Engineering Design (PED) related to design-only
activities for the Linac Coherent Light Source (LCLS) at SLAC, representing the

scheduled INCrease IN BCHIVITIES. ..o +12,619
» |ncreasein funding to initiate long-lead procurements for the LCL S project.............. +30,000
» Increasein funding for construction of the Center for Functional Nanomaterials at

BNL, representing the start of CONSIIUCLION. .........cccveiieieeieieececce e +18,465
= Decreasein funding for construction of the Molecular Foundry at LBNL,

representing the scheduled ramp down of actiVities. ..........ccccceveeceieececce e, -2,709
= Decreasein funding for construction of the Center for Nanophase Materials

Sciences at ORNL, representing the scheduled ramp down of activities..................... -2,071
= Increasein funding for construction of the Center for Integrated Nanotechnologies

at SNL/LANL, representing the continuation of activities. ..........cccceeeeveiceeceese e +1,223
Total Funding Change, CONSLIUCLION .........c.coieiiiieseeie e +13,227
Science/Basic Energy Sciences/
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Major User Facilities

Funding Schedule by Activity

Funding for the operation of these facilitiesis provided in the Materials Sciences and Engineering and
the Chemical Sciences, Geosciences, and Energy Biosciences subprograms.

(dollars in thousands)

| Fy2003 | FY2004 | FY2005 | $Change | % Change

Major User Facilities

Advanced Light Source...........ccccocevveeennnns 42,844 43,205 42,200 -1,005 -2.3%
Advanced Photon Source.........ccccceevvveeeen. 90,894 93,410 97,400 +3,990 +4.3%
National Synchrotron Light Source............. 36,950 38,325 38,400 +75 +0.2%
Stanford Synchrotron Radiation
Laboratory......cccueeeveeeeeiieiieieee e 25,903 30,305 28,100 -2,205 -7.3%
High Flux Isotope Reactor ............ccccccoueee. 36,838 37,805 39,832 +2,027 +5.4%
Radiochemical Engineering Development
CENEN ettt 6,515 6,305 6,300 -5 -0.1%
Intense Pulsed Neutron Source................. 16,714 16,655 17,222 +567 +3.4%
Manuel Lujan, Jr. Neutron Scattering
CENLEN et 9,914 10,110 10,300 +190 +1.9%
Spallation Neutron Source........cccccveeeennes 14,441 18,397 33,100 +14,703 +79.9%
Combustion Research Facility.................... 5,935 5,967 6,169 +202 +3.4%
Total, Major User Facilities...............ccccvvvveenn... 286,948 300,484 319,023 +18,539 +6.2%
Description

The BES scientific user facilities provide experimental capabilities that are beyond the scope of those
found in laboratories of individual investigators. Synchrotron radiation light sources, high-flux neutron
sources, electron beam microcharacterization centers, and other specialized facilities enable scientists to
carry out experiments that could not be done elsewhere. These facilities are part of the Department’s
system of scientific user facilities, the largest of itskind in the world.

Science/Basic Energy Sciences/
Major User Facilities Page 341 FY 2005 Congressional Budget



Detailed Justification

(dollarsin thousands)

FY 2003 FY 2004 FY 2005

Major User FaCilitieS.......ccocuvvverenininieesenie s 286,948 300,484 319,023
= Advanced Light Source at Lawrence Berkeley

National Laboratory..........cccceveeeereeneeienseeseeneeseenns 42,844 43,205 42,200
= Advanced Photon Source at Argonne National

=" oo = (0] Y/ 90,894 93,410 97,400
= National Synchrotron Light Source at

Brookhaven National Laboratory. ...........c.ccveereeuenn, 36,950 38,325 38,400
= Stanford Synchrotron Radiation Laboratory at

Stanford Linear Accelerator Center. .........cccceveveeeene, 25,903 30,305 28,100
= High Flux Isotope Reactor at Oak Ridge

National Laboratory..........ccoeeererereeieeneneseesienienns 36,838 37,805 39,832
= Radiochemical Engineering Development Center

(REDC) at Oak Ridge National Laboratory. ........... 6,515 6,305 6,300
» |ntense Pulsed Neutron Source at Argonne

National Laboratory..........cccceveeeereeneerinsieeseesensenns 16,714 16,655 17,222
= Manuel Lujan, Jr. Neutron Scattering Center at

LosAlamos National Laboratory. ..........cc.ccveeveenn, 9,914 10,110 10,300
= Spallation Neutron Source at Oak Ridge

National Laboratory..........ccecveeereeneerensieesensenseenns 14,441 18,397 33,100
= Combustion Research Facility at Sandia National

Laboratories/California. ..........ccoeeeveevvsienensennnenn, 5,935 5,967 6,169
Total, Major User Facilities........ccccevveveveeneniennennnn, 286,948 300,484 319,023
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Capital Operating Expenses & Construction Summary

General Plant Projects..................
Accelerator Improvement Projects
Capital Equipment ...........ccccvvveeee.
Total, Capital Operating Expenses

Science/Basic Energy Sciences/
Capital Operating Expenses &
Construction Summary

Capital Operating Expenses

(dollars in thousands)

FY 2003 FY 2004 FY 2005 $ Change | % Change

12,461 12,108 13,572 +1,464 +12.1%

............... 8,957 9,900 9,759 -141 -1.4%
82,846 80,681 81,838 +1,157 +1.4%

............... 104,264 102,689 105,169 +2,480 +2.4%
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99-E-334, ORNL, Spallation Neutron

SOUIMCE v

02-SC-002 PED, Nanoscale Science

Research Centers.......coooeeevvivvvieeeeeeeeeennne,

03-SC-002, PED, SLAC, Linac Coherent

Light SOUrCe.....ovviieiiiec e,

03-R-312, ORNL, Center for Nanophase

Material SCIENCES .......coevvvevieiiiiiiiieeeeeien.

03-R-313, SNL, Center for Integrated

Nanotechnologies..........cccoveeeeieiiiniiiinen.
04-R-313, LBNL, The Molecular Foundry...

05-R-320, SLAC, Linac Coherent Light

5010 | (o = TR

05-R-321, BNL, Center for Functional

Nanomaterials.........cccoeeeveeiiiiiiiiiiieeeeeeeeeinn,

Total, ConStrucCtion............cceeeeveeeiivevevnnnnnn.

Construction Projects

dollars in thousands)

Total

Estimated | Prior Year Unapprop-

Cost Approp- riated
(TEC) riations FY 2003 | FY 2004 | FY 2005 | Balances
.. 1,192,700 736,629 210,571 123,865 80,535 41,100
.. 19,844° 3,000 11,850 2,982 2,012 0
.. 36,000°" 0 5,925 7,456 20,075 2,544
.. 63,882° 0 23,701 19,882 17,811 0
.. 73,800° 0 4,444 29,674 30,897 4,626
83,700° 0 0 34,794 32,085 9,606
.. 260,000" 0 0 0 30,000 194,000
. 79,700 0 0 0 18,465 55,253
739,629 256,491 218,653 231,880 343,129

& The full Total Estimated Cost (design and construction) ranges between $266,500,000 and $286,500,000.
This estimate is based on conceptual data and should not be construed as a project baseline.

® The full TEC Projection (design and construction) ranges between $220,000,000 and $260,000,000. This

estimate is based on conceptual design and should not be construed as a project baseline.

¢ Includes $2,488,000 of PED included in the 02-SC-002 PED, Nanoscale Science Research Centers

datasheet.

4 Includes $4,159,000 of PED included in the 02-SC-002 PED, Nanoscale Science Research Centers

datasheet.

€ Includes $7,215,000 of PED included in the 02-SC-002 PED, Nanoscale Science Research Centers

datasheet.

" Includes $5,982,000 of PED included in the 02-SC-002 PED, Nanoscale Science Research Centers

datasheet.

Science/Basic Energy Sciences/
Capital Operating Expenses &
Construction Summary
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Major Items of Equipment (TEC $2 million or greater)

(dollars in thousands)

SPEAR3 Upgrade..........cccceeunuee.

ANL Center for Nanophase Materials.........

SNS Instrumentation® ................

Total, Major Items of Equipment

Total
Estimated | Prior Year Accept-
Cost Approp- ance
(TEC) riations FY 2003 | FY 2004 | FY 2005 Date
29,000° 19,000 10,000 0 0 FY 2004
36,000 0 0 10,000 12,000 FY 2006
FY 2007-
50,000- FY 2011
75,000 0 5,635 7,387 7,643 est.
19,000 15,635 17,387 19,643

2 DOE portion only; total estimated Federal cost, including NIH funding (beginning in FY 1999), is

$58,000,000.

® This FY 2003 MIE includes five instruments: High-Pressure Diffractometer, High-Resolution Chopper
Spectrometer, Single-Crystal Diffractometer, Disordered Materials Diffractometer, and Hybrid Polarized Beam

Spectrometer.
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