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FOREWORD

The Division of Materials Sciences is located within the Department of Energy (DOE) in the Office of
Basic Energy Sciences which is under the Office of Energy Research. The Director of the Office of
Energy Research is appointed by the President and confirmed by the Senate. The Director of the
Office of Energy Research is responsible for oversight of, and providing advice to, the Secretary of -
Energy on the Department's research portfolio and on the management of all of the Laboratories that it
owns, except for those that are designated as having a primary role in nuclear weaponry.

The Division of Materials Sciences is responsible for basic research and research facilities in strategic
materials science topics of critical importance to the mission of the Department and its Strategic Plan.
Other programmatic divisions under the Office of Basic Energy Sciences are Chemical Sciences,
Engineering and Geosciences, and Energy Biosciences; information for them is contained on page 157.

Materials Science is an enabling technology. The performance parameters, economics, environmental
acceptability and safety of all energy generation, conversion, transmission and conservation
technologies are limited by the properties and behavior of materials. The Materials Sciences programs
develop scientific understanding of the synergistic relationship amongst the synthesis, processing,
structure, properties, behavior, performance and other characteristics of materials. Emphasis is placed
on the development of the capability to discover technologically, economically, and environmentally
desirable new materials and processes, and the instruments and national user facilities necessary for
achieving such progress. Materials Sciences sub-fields include: physical metallurgy, ceramics,
polymers, solid state and condensed matter physics, materials chemistry, surface science and related
disciplines where the emphasis is on the science of materials.

This report includes program descriptions for 478 research programs including 250 at 14 DOE National
Laboratories, 228 research grants (218 of which are at universities), and 10 Small Business Innovation
Research Grants. Five cross-cutting indices located at the rear of this book identify all 478 programs
according to principal investigator(s), materials, techniques, phenomena, and environment. Other
contents include identification of our Staff structure and expertise on pages ii-iii; a bibliographical listing
of 50 scientific workshop, topical, descriptive, Research Assistance Task Force and research facilities
reports on select topics that identify materials science research needs and opportunities on pages iv -
viii; a descriptive introduction on page ix; a descriptive summary of the DOE Center of Excellence for
the Synthesis and Processing of Advanced Materials is on pages 105-109; and a descriptive summary
and access information on 14 national research user facilities including synchrotron light sources,
neutron beam sources, electron beam microcharacterization instruments, materials preparation, surface
modification, and combustion research is on pages 111-143.

Iran L. Thomas, Director
Division of Materials Sciences
Office of Basic Energy Sciences
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Workshop and Report References

WORKSHOP AND REPORT REFERENCES

The Materials Sciences program has sponsored various workshops, topical and descriptive
reports and co-sponsored Research Assistance Task Forces on select topics over the past 15
years. The contributions to them come from scientists drawn from universities, national
laboratories, and industry, and represent a diverse mixture as well as a balance of sub-
disciplines within materials science. It is our intention to make the proceedings of these
activities publicly available through publication in open literature scientific journals, bulletins, or
other archival forms. Many of these publications identify the authors perceptions of emerging or
existing generic materials science research needs and opportunities. Their primary purpose is
to stimulate creative thinking and new ideas by scientists within their respective topical fields.
None of these is intended to be all inclusive or to encompass with thoroughness any given
topic, and none of them represents Department of Energy (DOE) policy or opinion. No
pretense is made to have covered every topic of interest in this listing, and the fact that there is
no publication corresponding to a particular materials science topic does not, of itself, carry any
implication whatsoever with respect to DOE interest or lack thereof.

"Basic Research Needs for Vehicles of the Future." The proceedings of this Basic Energy
Sciences and National Science Foundation sponsored workshop, which was
held on 5-7 January 1995 are to be published. ‘

"Surface Modification and Processing as Applied to Electrochemical Energy Storage and .
Conversion Devices." (Workshop jointly sponsored with DOE Office of Transportation
Technologies, 22-24 February 1995).

"Electriéal Breakdown of Insulating' Ceramics in a High-Radiation Field," Y. Chen,
F. W. Clinnard, B. D. Evans, E. H. Farnum, R. H. French, R. Gonzalez, J. J. O'Dwyer,
F. W. Wiffen, X. F. Zong, Journal of Nuclear Materials, 217, 1994, pp. 32-47.

"Modelling of Fundamental Phenomena in Welds," Thomas Zacharia, J. M. Vitek, J. A. Goldak
(Cariton Univ.), T. A. DebRoy (Penn. St.), M. Ratpaz (Ecole Polytechnique), H. K. D. H.
Bhadeshia (Cambridge Univ.) Modelling Simul. Mater. Sci. Eng. 3, 1995, pp 265-288.

"Materials Research at Selected Japanese Laboratories," A. L. Dragoo, DOE/ER-0610T,
February 1994. .

"Needed: Verified Models to Predict the Fracture of Weldments," D. W. Keefer, W. G. Reuter,
J. A. Johnson, and S. A. David, Welding Journal, 72, 9, 1993, pp 73-78.

"Grain Boundary and Interface Phenomena in the High-Temperature Plasticity of Solids,” M. E.
Kassner and T. G. Langdon, editors, Materials Science and Engineering, 166, pp 1-246, 1993
(23 paper dedicated issue).

"Radiation Effects in Glasses Used for the Immobilization of High-Level Waste and Plutonium
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Disposition,” W. J. Weber, R. C. Ewing, C. A. Angell, G. W. Arnold, A. N. Cormack, J. M.
. Delaye, D. L. Griscom, L. W. Hobbs, A. Navrotsky, D. L. Price, A. M. Stoneham, and M. C.
Weinberg, Journal of Materials Research, Mater. Res. Vol. 12, No. 8 (1997) in press.

"Photovoltaic Materials: Innovations and Fundamental Research Opportunities,” Alex Zunger,
editor, Journal of Electronic Materials, 22, 1, 1993, pp. 1-72 (8 paper dedicated issue).

"Summary Report: Computational Issues in the Mechanical Behavior of Metals and
intermetallics," M. |. Baskes, R. G. Hoagland, A. Needleman, Mat. Sci. and Eng. A159 (199_2),
pp 1-34.

"Deformation and Fracture of Intermetallics," M. H. Yoo, S. L. Sass, C. L. Fu, M. J. Mills, D. M
Dimiduk, E.-P. George, Acta Metallurgica et Materialia, 41, 4, pp 987-1002, 1993.

"Li/fSOCI, Battery Technology: Problems and Solutions," S. Szpak, P. A. Mosier-Boss, and J. J. '
Smith, Trends in Electrochemistry, 1, 117 (1992).

"Research Opportunities on Cluster and Cluster-Assembled Materials - A Department of
Energy, Council on Materials Science Panel Report," R. W, Siegel, L. E. Brus, et al., J. Mater.
Res., 4, 3, (1989), 704-736. .

"Fundamental Issues in Heteroepitaxy - A Department of Energy Council on Materials Science
Panel Report," P. S. Peercy, et al., J. Mater. Res., 5, 4, (1990), 852-894.

“Proceedings of the Workshop on First-Order Displacive Phase Transformations,” L. E. Tanner,
M. Wauttig, et al., Mat. Sci. and Eng. A, 127, 2, (1990), 137-270.

"Interpenetrating Phase Composites,” D. R. Clarke, J. Amer. Ceramic Soc, 75, 4 (1992) 739- .
759. .

"Hydrogen Interaction with Defects in Crystalline Solids,” S. M. Myers, et al., Rev. of Modern
Physics, 64 (2), April 1992, 559-617.

“Proceedings of the Oak Ridge National Laboratory/Brookhaven National Laboratory Workshop
on Neutron Scattering Instrumentation at High-Flux Reactors," J. D. Axe and J. B. Hayter,
(1989), ORNL Report CONF-8906311.

"Proceedings of the First Meeting of the International Group on Research Reactors," C. D.
West, (1990), ORNL Report CONF-9002100.

"Research Needs and Opportunities in Highly Conducting Electroceramics," W. J. Weber, H. L.
Tuller, T. O. Mason, and A. N. Cormack, Materials Science and Engineering, B18, 1993, pp 52-
71.

"Radiation Effects on Materials in High Radiation Environments - A Workshop Summary," W. J.
Weber, L. K. Mansur, F. W. Clinard, Jr., and D. M. Parkin, J. Nuclear Materials, 184, (1991), 1-
21.
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"Welding Science: Needs and Future Directions," D. W. Keefer, S. A. David and H. B. Smartt,
and K. Spence, Journal of Metals, 44, 9, 1992, 6-7.

"Qrganic Superconductivity," (International Workshop), V. Z. Kresin and W. A. Little (eds),
Plenum Press, New York, 1990, (jointly sponsored with Office of Naval Research)

"Surface, Interface, and Thin-Film Magnetlsm “ L. M. Falicov, D. T. Pierce, et al,, J. Materials
Research, 5, 6, (1990), 1299-1340.

"Research Needs and Opportunities in Magnetic Materials," G. Thomas, Materials Science and
Engineering, B105, 3, (1990), 409-412.

"Basic Research in Superconductor, Ceramic and Semiconductor Sciences at Selected
Japanese Laboratories," R. J. Gottschall, DOE/ER-0410, (1989), (jointly sponsored with Office
of Naval Research, U.S. Department of Commerce, and the U.S. Congress Office of
Technology and Assessment)"°°

"Mechanisms and Physics of Crack Growth: Application of Life Prediction,"” R. B. Thompson, R.
O. Ritchie, J. L. Bassani and R. H. Jones, et al., Materials Science and Engineering, A103,
(1988), 1-207. ' ‘

"Materials Sciences in the Department of Energy,” I. L. Thomas, MRS Bulletin, January 1988,
11-12.

"Basic Research in Ceramic and Semiconductor Science at Selected Japanese Laboratories,"
R. J. Gottschall, DOE/ER-0314, (1987)°".

"Molecular Monolayers and Films," J. D. Swalen, et al., Langmuir 3, (1987), 932-950.

“Mncromechamsms of Fracture," V. Vltek et al., Materials Science and Engineering, 94, (1987),
5-69.

"Bonding and Adhesion at Interfaces," J. R. Smith, et al., Materials Science and Engineering
83, (1986), 175-238.

"Overview of DOE Ceramics Research in Basic Energy Sciences and Nonengine Energy
Technology Programs,” R. J. Gottschall, Ceramic Bulletin 64, (1985), 1090-1095.

"Coatings and Surface Madifications," R. L. Schwoebel, et al., Materials Science and
Engineering, 70, (1985), 5-87.

"Novel Methods for Materials Synthesis,” L. R. Testardi, T. D. Coyle, et al., (1984)°.

"Theory and Computer Simulation of Materials Structures and Imperfections," A. B. Kunz, et al.,
- (1984)°.

Vi
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"Materials Preparation and Characterization Capabilities," DOE/CONF- 821120 February
(1983)°2,

"Critical and Strategic Materials,” R. J. Gottschall, et al., (1983)“"’.
"High Pressure Science and Technology,” G. A. Samara, et al., (1982)°.
"Scientific Needs of the Technology of Nuclear Waste Confainment," D. Turnbull, et al., (1982)°.

"Basic Research Needs and Opportunities on Interfaces in Solar Materials," A. W. Czanderna,
R. J. Gottschall, et}' al., Materials Science and Engineering, $3, (1982), 1-162.

"The Effects of lrradratlon on the Structure and’ Propertles of Materials," C. Peter Flynn, et al.,
(1981)°.

“"Condensed Matter Theory and the Role and Support of Computatlon "J. D Joannopoulos A
N. Berkner et aI (1981) '

"Research Opportunities in New Energy-ReIated Matenals "J. L. Warren, T. W. Geballe, et al.,
Materials Scnence and Engmeenng, 50,(1981), 48- 198,

"Aqueous Corrosion Problems in Energy Systems," D. D. Macdonald, et al., Materials Science
and Engineering, 50, (1981), 18-42.

"High Tempereture Corrosion in Energy Systems," R. A. Rapp, et al., Materials Science and
Engineering, $§Q, (1981), 1-17. _

"Basic Research 'Needs on High Temperature Ceramics for Energy AppIiE:ations;" H. K. Buwen,
et al., Materials Science and Engineering, 44, (1980), 1-56.

"Materials Property Measurements: ldentification of Technology Gaps," O. Buck, T. Taylor, and
G. Alers, J. of Non-Destructive Evaluation (Submitted).

vii
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Description of Research Facilities, Plans, and Associated Programs

"Using Federal X-ray, Electron, and Neutron Facilities," S. Spooner, Journal of Metals, 44, 10,
1992, 72-76 and 44, 11, 1992, 67.

"Scientific User Facilities, A National Resource"®.

"Special Instrumentation Research Opportunities for Fundamental Ceramic Science at DOE," R.
J. Gottschall, Ceramic Bulletin, 67, (1988), 1333-1339.

¢ Available in limited quantities from the Division of Materials Sciences by calling
(301) 903-3426, -3427, or -3428

® Available from National Technical Information Service, U.S. Department of Commerce,
Springsfield, VA 22161

¢ Available from Pro Books, Inc., P.O. Box 193, 5 Smith Street, Rockport, MA 01966
(phone: 800-783-9590 or 508-546-9590)

viii



INTRODUCTION

The purpose of this report is to provide a convenient compilation and index of the DOE Materials
Sciences Division programs. This compilation is primarily intended for use by administrators,
managers, and scientists to help coordinate research. .

The report is divided into eight sections. Section A contains all Laboratory projects, Section B has all
contract research projects, Section C has projects funded under the Small Business Innovation
Research Program, Section D describes the Center of Excellence for the Synthesis and Processing of
Advanced Materials and E has information on major user facilities. F describes other user facilities, G
as a summary of funding levels and H has indices characterizing research projects.

The FY 1996 funding level, title, personnel, budget activity number (e.g., 01-2) and key words and
phrases accompany the project number. The first two digits of the budget number refer to either
Metallurgy and Ceramics (01), Condensed Matter Physics (02), Materials Chemlstry (03), or Facility
Operations (04). The budget numbers carry the following titles:

01-1 - Structure of Materials 02-1 - Neutron Scattering

01-2 - Mechanical Properties 02-2 - Experimental Research
01-3 - Physical Properties 02-3 - Theoretical Research
01-4 - Radiation Effects 02-4 - Particle-Solid Interactions
01-5 - Engineering Materials 02-5 - Engineering Physics

03-1 - Synthesis & Chemical Structure 04-1 - Facility Operation

03-2 - Polymer & Engineering Chemistry
03-3 - High Temperature & Surface Chemistry

For more detailed information call (301) 903-3428 for the Metallurgy and Ceramics topics;
(301) 903-3426 for the Condensed Matter Physics and Materials Chemistry topics.

Sections E and F contain information on special DOE centers that are operated for collaborative
research with outside participation. Section G summarizes the total funding level.  In Section H
provides cross-cutting references are to the project numbers appearing in Sections A, B, and C and are
grouped by (1) investigators, (2) materials, (3) techniques, (4) phenomena, and (5) environment.

It is impossible to include in this report all the technical data available for the program in the succinct
form of this Summary. To obtain more detailed information about a given research project, please
contact directly the investigators listed.

Preparation of this FY 1996 summary report was coordinated by Iran L. Thomas. The effort required
time by every member of the Division. Much of the work was done by Christie Ashton.
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S8ECTION A

Laboratories

The information in this section was provided by the Laboratories.
Most projects are of a continuing nature. However, some projects
were concluded and others initiated this fiscal year.
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AMES LABORATORY
lowa State University
Ames, 1A 50011

R. B. Thompson - (515) 294-9649
Fax: (515) 294-4456

Metallurgy and Ceramics - 01 -

O. Buck - (515) 294-4446
Fax: (515) 294-8727

1. CONTROLLED MICROSTRUCTURES
I. E. Anderson
(515) 294-8252 01-1 $211,000

Studies to improve the performance of materials by
achieving enhanced control of composition and
microstructure during processing that involves
diffusion and deformation with emphasis on
powder-based materials. Perform hot isostatic
pressing (HIP) experiments on high pressure gas
atomized (HPGA) quasicrystalline Al-Cu-Fe powder
to develop fabrication process for monolithic and
composite forms of this novel material. Investigate
consolidation by HIP and vacuum sintering of
unique Al powders that contain high
supersaturations of reactive gas resulting from gas
atomization reaction synthesis (GARS) processing
in the HPGA to form refractory dispersoid
reinforced composites. Study consolidation of
intermetaliic powders to produce bulk shapes with
technologically useful levels of toughness and
strength.

2. SOLIDIFICATION MICROSTRUCTURES
R. K. Trivedi, L. S. Chumbley, R. W. McCallum
(515) 294-5869 01-1 $566,000

Studies of solidification processes and their
applications to technotogicaily important materials.
Theoretical modeling of microstructural evolution
and correlation between microstructures and
processing conditions. Rapid solidification
processing by the laser treatment of materials and
by highly undercooled fine droplets. Development
of microstructure/processing maps. Study of
interface kinetics and the effect of crystalline
anisotropy on the microstructure evolution,
Dissociation/recombination phenomena in
intermetallic compounds exposed to inductively
coupled plasma. Solidification processing of
(Dy,Tb)Fe, magnetostrictive alioys, Nd-Fe-B
permanent magnet materials, and intermetallic
compounds, and analysis of their magnetic and
mechanical properties.

3. MARTENSITIC PHASE TRANSFORMATIONS
B. N. Harmon, K. M. Ho, J. R. Morris
(515) 294-7712 01-2 $137,000

First principles calculations of electronic structure and
total energies to study the order parameters,
transformation paths, activation energies, and basic
physics leading to analysis and control of the
transformation. Detailed study of anharmonic couplings
and their manifestation. Modeling pseudoelastic and
thermoelastic behaviors of shape-memory alloys.
Investigation of twin formation and its affects on ductility in
hcp metals. Application of molecular dynamics using
realistic interatomic potentials. Study of prototypical
systems: Na, NiTi, NiAl, Ba, Zr, TiPd, etc. Development
and use of the genetric algorithm for complex defect
structure optimization. -

4. MECHANICAL BEHAVIOR OF MATERIALS
J. Kameda, B. Biner, O. Unal
(515) 294-2731 01-2 $451,000

Studies of the effects of environment and stress on the
mechanical properties and corrosion of ultra-high
temperature materials. High-temperature-induced
intergranular cracking in Ni base alloys. Description of
three dimensional arrays of defects and relationship of
arrangement to ductility and creep. Correlation between
defect structure and nondestructive measurement. Effects
of post-irradiation annealing on mechanical properties.

5. RARE EARTH AND RELATED MATERIALS
K. A. Gschneidner, Jr.
(515) 294-7931 01-3 $271,000

Study the behavior of rare earth materials in the extreme
regime of low temperatures (down to 0.5 K) and high
magnetic fields (up to 10T). This includes heat capacity,
magnetic properties, electrical resistivity measurements.
Examine the systematics of phase formation, or the
variation of physical properties to understand various
physical phenomena, such as bonding, alloy theory,
structure of materials. Exploitation of materials with large
magnetocaloric effects for refrigeration materials.

6. ADVANCED MATERIALS AND PROCESSES
I. E. Anderson, M. Akinc, L. L. Jones, T. A: Lograsso,
D. J. Sordelet, R. K. Trivedi
(515) 294-8252 01-5 $971,000

Development of advanced processes for preparing special
metals. Development of new melting procedures for
preparing metal matrix composites. New thermite
reduction process for preparing rare earth-iron alloys and
for producing permanent magnet and magnetostrictive
alloys. Processing of stoichiometric and non-stoichiometric
materials by an inductively coupled plasma.
Electrotransport and zone melting for maximum
purification of rare earth and refractory metals.

Processing of single crystals of congruent melting and
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peritectic materials by levitation zone meiting,
free-standing vertical zone melting, Bridgman,
Czochralski and strain-anneal recrystallization.

High pressure gas atomization for production of fine
powders of metals and mixed metal oxides.
Specialized coatings by plasma-arc spraying.
Ceramic-ceramic bonding. Above research
supports directly the Materials Preparation Center
described in the Section-Collaborative Research
Centers. This program participates in the focus
project on Metal and Forming and Materials Joining
of the Department of Energy's Center of Excellence
in Synthesis and Processing of Advanced
Materials.

7. NDE MEASUREMENT TECHNIQUES
0. Buck, D. C. Jiles, C. H. Schilling,
R. B. Thompson
(515) 294-4446 01-5 $317,000

Techniques to measure failure-related material
properties to improve understanding of failure
mechaniems and inspection reliability. Ultrasonic
measurement of internal stresses, texture, and
porosity. Ultrasonic scattering and harmonic
generation studies of fatigue cracks to provide
information about crack tip shielding and its
influence on crack growth rate and detectability.
X-ray microfocus techniques for high resolution
studies of green microstructure and defects.
Effects of fatigue damage, stress and
microstructure on magnetic properties, particularly
Bloch wall motion. This program participates in the
focus project on Metal Forming and Materials
Joining of the Department of Energy’s Center of
Excellence in Synthesis and Processing of
Advanced Materials.

8. MAGNETOCALORIC MATERIALS AND THEIR
PREPARATION
K. A. Gscheidner, Jr., I. E. Anderson,
V. K. Pecharsky
(515) 294-7931 01-§ $130,000

Properties of rare earth-based alloys with
magnetocaloric effect (MCE). Measure heat
capacity as a function of temperature. Enhance
and tailor the MCE in known and new rare
earth-based metallic materials. Investigate
scientific issues in processing technologies relevant
to maximizing heat transfer capabilities of these
materials. Current approach is to evaluate
experimental quantities of atomized MCE
particulates.

9. MATERIALS PREPARATION CENTER
L. L. Jone, D. P. Baldwin, T. A. Lograsso
(515) 294-5236 01-5 $299,000

It has and continuously develops unique capabilites for
preparation, purification, fabrication, and characterization
of a wide variety of metals and materails by processes
that have been discovered or utilized by investigators at
the Ames Laboratory during the course of their basic
research. The Center provides laboratory research
quantities of research grade materials not available in
specific forms or purities from commercial suppliers on a
partial cost recovery basis. Expertise is on very pure rare
earths, alkaline earths, refractory metals, and some
actinide metals. Forms of materials available include
single crystals, bi-crystals, cast ingots, atomized powders,
wires, rods, and sheets. Assures research community
access to materials of the highest possible quality for their
research programs. Center also has an Analytical Section
for chemical and spectrographic analysis. Scientific and
Technological Information Exchange activities of the
Center are described in item 9. Upgrading existing
processing equipment and capabilities through support
from the Scientific Facifities Initiative (see Facilities
section in this booklet).

10. SCIENTIFIC AND TECHNOLOGICAL INFORMATION
EXCHANGE '
L. L. Jones, T. A. Lograsso, S. Mitra
(515) 294-5236 01-5 $145,000

Dissemination of information to the scientific and industrial
communities. Publication of High-T, Update for rapid
dissemination of up-to-date information on
high-temperature superconductivity research. Operation of
Materials Referral System and Hotline to accumulate
information from all known National Laboratory sources
regarding the preparation and characterization of materials
and to make this information available to the scientific
community.

11. FUNDAMENTALS OF PROCESSING OF BULK

HIGH-T, SUPERCONDUCTORS

R. W. McCallum, J. R. Clem, D. K. Finnemore,
D. C. Johnson, M. J. Kramer

(515) 294-4736 01-5 $500,000

Investigation of the role of microstructure in the buik
superconducting properties of high-T, oxides. Control of
microstructure using information obtained from phase
diagram studies. Phase diagram dependence on rare
earth and oxygen partial pressure. Interaction of materials
with CO,. Study of fine grained dense polycrystalline
materials. Effects of processing induced defects on the
bulk superconducting properties. Thermal and quantum
fluctuations of vortices.
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12. ENVIRONMENTALLY-BENIGN GELCASTING
OF CERAMICS
C. H. Schilling, L. Ukrainczyk
(515) 294-9465 01-5 $100,000

Interface chemistry involved in regulating plasticity
during gelcasting of ceramics. Utilize ultrafine
alumina as model ceramic particulate material.
Investigate fundamental basis for use of modified
starches as plasticizers. Measure electrophoretic
mobility of particulate/additive aqueous
suspensions, Utilize thermal analysis and diffuse
reflectance infrared Fourier transform spectroscopy
to reveal complexation mechanisms of powder
surfaces in suspensions. Characterize effects by
evaluation of rheology, green-body mechanical
properties, and sintering behavior.

Solid State Physics - 02 -

B. N. Harmon - (515) 294-7712
Fax: (515) 294-7712

13. NEUTRON SCATTERING
C. Stassis, A. R. Goldman, D. Vaknin,
J. Zarestky
(515) 294-4224 02-1 $409,000

Study of the magnetic properties of high
temperature superconductors and related
compounds by polarized and unpolarized neutron
scattering techniques (La,CuO,, LaNiO,,
La,,SrCuO,, La, SrNiO,), Sr,Cl, Ca,Cl,Cu0,, and
BaCuO,. Study of magnetism and
superconductivity in the RENi,C,B systems.
Experimental investigation of the lattice dynamics
of metals and alloys undergoing martensitic
transformations (bcc La, Cu-Al-Be, Cu-Al-Ni,
Cu-Zn-Al); study of the Verwey transition in
magnetite. Electronic structure and phonon spectra
of mixed valence compounds (CePd,, ,-Ce).

Lattice dynamics of quasicrystals. Study of organic
films on aqueous and solid surfaces by neutron
and X-ray diffraction techniques.

14. NEW MATERIALS AND PHASES
F. Borsa, D. C. Johnston, L. L. Miller,
C. A. Swenson
(515) 294-5435 02-2 $500,000

Synthesis and characterization of new high-T,
superconductors and related oxides. Study of the
physical properties of these new materials, such as
phase equilibria and high and low temperature
behavior. Properties of new phases including
magnetic susceptibility, transport properties, heat
capacity, crystallographic phase transformations,
coexistence and/or competition of superconductivity

and magnetic order. Modeling and analysis of the data
using appropriate theories. High pressure equations of
state of new materials, elementary solids (ternary
compounds and alloys, and alkaline earth metals), low
temperature expansivity and heat capacity of materials
(Lu) containing hydrogen. Applications of NMR to high-T,
superconductors,and strongly correlated electronic
systems. Low dimensional magnetic systems (including
magnetic molecular clusters), and phase transitions.
NMR studies of ionic motion in superionic conductors and
of hydrogen motion in quasicrystals.

15. MAGNETO OPTIC MATERIALS
P. Canfield, A. |. Goldman, K. A. Gschneidner,
B. N. Harmon, D. W. Lynch, C. Stassis, S. Zoliner
(515) 294-7712 02-2 $500,000

Synthesis and detailed characterization of new magnetic
materials. Study of magnetic structures in exotic materials
using magnetic X-ray diffraction and neutron scattering.
Investigation of the correlation, spin-orbit, and exchange
interactions leading to novel or large magneto-optical
properties. Kerr angle spectroscopy development and use
of circular magnetic X-ray dichroism as a new tool for
studying local magnetic properties. Theroretical modeling,
first principles calculations, and predictions in close
collaboration with the experimental effort. Specific
families of materials include single crystalline: RNi,B,C
magnetic superconductors, RFe, ferromagnets, RNi,Ge,
and RSb, intermetallics.

16. SUPERCONDUCTIVITY
D. K. Finnemore, J. E. Ostenson
(515) 294-3455 02-2 $200,000

Preparation, characterization, and study of the
fundamental properties of copper oxide superconductors;
search for new superconducting materials; current transfer
and the proximity effect near superconductor normal metal
interfaces, fundamental studies of vortex motion;
development of superconducting composites for large
scale magnets. Fundamental studies of superconductivity
in metal-metal composites, use of Josephson junctions to
study flux pinning of isolated vortices. Development of
superconducting composites with very strong pinning
suitable for large scale magnets in the 8 to 16 Tesla
range, practical studies to improve wire fabrication
techniques.

17. X-RAY DIFFRACTION PHYSICS
A. |. Goldman
(515) 294-3585 02-2 $250,000

X-ray measurements on lcosahedral Phase alloys.
Magnetic structures and phase transitions, and solids at
high pressure. Magnetic X-ray scattering and
spectroscopy. Study of magnetism and superconductivity
in the RENi,C,B systems.
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18. PHOTONIC BAND GAP MATERIALS
K.-M. Ho, R. Biswas, K. Constant, W. Leung, -
C. M. Soukoulis, G. Tuttle
(515) 294-1960 02-2 $500,000

Fabrication and design of materiais with perodically
varying dielectric constants. Design of photonic
crystals with metallic elements and intentional
'defects’. Enhancement and suppression of
radiative transition rates. Antennas. Resonant
Filters and Detectors.

19. OPTICAL, SPECTROSCOPIC, AND
SURFACE PROPERTIES OF SOLIDS
D. W. Lynch, C. G. Olson, M. Tringides,
S. Zollner
(515) 294-3476 02-2 $600,000

Electron photoemission, inverse photoemission,
and optical properties (transmission, reflection,
ellipsometry, Kerr spectroscopy) of solids in the
visible, vacuum uiltraviolet and soft X-ray region
using synchrotron radiation; low energy electron
diffraction, scanning tunnelling microscopy. Ce and
Ce-compounds (e.g., CeSb,), copper-oxide-based
superconductors, O on W. Epitaxial growth on
metal and semiconductor surfaces, surface
diffusion, ultrathin film morphology, LEED (Low
Energy Electron Diffraction), RHEED (Reflection,
High Energy Electron Diffraction), STM (Scanning
Tunneling Microscopy) are used for structural
characterization and growth measurements.
Ultrafast laser studies of electron spin dynamics in
magnetic materials. Relaxation of holes in
semiconductors.

20. SEMICONDUCTOR PHYSICS
J. Shinar
(515) 294-8706  02-2 $170,000

(i) Fabrication and electronic and structural
dynamics studies of hydrogenated amorphous
Si-based thin films and devices, using
UV-Vis-NIR-IR absorption spectroscopies,
photoconductivity, SAXS, and SIMS. (ii) Processing
and studies of fullerenes, using luminescence and
optically-detected magnetic resonance
spectroscopies and -congugated polymers.

(iii) Fabrication and characterization of thin
diamond and porous Si films and devices.

21. SUPERCONDUCTIVITY THEORY
J. R. Clem, V. Kogan
(515) 294-4223 02-3 $210,000

Electrodynamic behavior of the high-temperature
copper-oxide superconductors, especially while
carrying electrical currents in magnetic fields.
Anisotropy of critical fields, internal magnetic field
distributions, and magnetization in bulk samples,
tapes, and films. Granularity effects using

Josephson-coupled-grain models. Flux pinning, critical
currents, thermally activated flux flow, noise, ac and
high-frequency losses. Surface-barrier, interface,
grain-boundary, proximity effects, and vortex fluctuations.

22. ELECTRONIC AND MAGNETIC PROPERTIES
B. N. Harmon, K.-M. Ho, M. Luban, C. M. Soukoulis
(515) 294-7712 02-3 $387,000

Theoretical studies of structural and lattice dynamical
properties of cluster and bulk materials using first
principles total energy calculations. Magnetic properties of
new RNi,B,C superconductors. Anharmonic interactions,
lattice instabilities, phase transformations, electron-phonon
interaction, and superconductivity. Equations of state
(pressure and temperature). Electron and light localization
in quasi-periodic, disordered, and nonlinear materials.
Magnetism in spin glasses and ternary compounds.
Electronic structure of rare earth compounds and
transition metal sulfides and hydrides. Theory of
amorphous semiconductors, and nuclear magnetic
ordering in metals. Wave propagation in random media.
Theoretical modeling of quantum dot nanostructures and
Bloch oscillations. Buckyballs and other carbon structures.
Spin relaxation in mesoscopic magnets.

23. OPTICAL AND SURFACE PHYSICS THEORY
K.-M. Ho, G. D. Lee .
(515) 294-1960 02-3 $100,000

Optical properties of metals, semiconductors, and
insulators, studies of surfaces, thin films, layered systems,
small particles, and powders. Differential surface
reflectance spectroscopy. First principles calculation of
lattice relaxation, reconstruction and phonons at single
crystal surfaces (Al, Au, W, Mo, Ag, and Au on Si).
Chemisorption. Determination of growth modes via first
principles calculations.

24. MUCAT SECTOR AT THE ADVANCED PHOTON
SOURCE
A. I. Goldman, T. Gu, D. W. Lynch, D. Robinson
(515) 294-8700 02-5 $950,000

Design and construction of the undulator beamline at the
Advanced Photon Source (APS). Design of optical
elements of modifying the polarization of the undulator
radiation and polarization analysis of the scattered beam.
Testing and certification of components constructed for
use at the APS. Experiments in magnetic scattering,
surface sciences, and diffraction using undulator radiation.
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Materials Chemistry - 03 -

P. A. Thiel - (515) 294-8985
Fax: (515) 294-4709 -

25. SYNTHESIS AND CHEMICAL STRUCTURE
J. D. Corbett, J. W. Anderegg, H. F. Franzen,
R. A. Jacobson, R. E. McCarley '

(515) 294-3086 03-1 $822,000

Synthesis, structure and bonding in polar
intermetallic systems. Interstitial derivatives of
intermetallic phases - the systematic variation of
‘electronic, conduction, and magnetic properties and
corrosion resistance. Influence of common
impurities (O, N, H) on stability of intermetallic
compounds. Homoatomic clusters of main-group

metals in condensed phases; electronic regularities.

Zintl phases, critiera and property relationships.
Synthesis, bonding, structure and properties of new
reduced ternary oxide and chalcogenide phases
containing heavy transition elements, especially
metal-metal bonded structures stable at high
temperatures. Low temperature routes to new
metal oxide, sulfide and nitride compounds,
especially metastable crystalline and amorphous
phases. Structure and properties of new higher
valent transition metal nitrides. Electronic band
structure calculations. Study of refractory metal-rich
binary and ternary sulfides and oxides by both
experimental and theorstical techniques to
understand the relationships among crystal
structure, chemical bonding, and electronic
structure as they affect high temperature stability,
phase equilibria, and order-disorder transitions.
Development of diffraction techniques for single
crystal and non-single crystal specimens,
techniques for pulsed-neutron and synchrotron
radiation facilities, and use of Patterson
superposition methods. Experimental methods:
X-ray and electron diffraction, X-ray and UV
photoelectron spectroscopy, resistivity and
magnetic susceptibility measurements, computer
automated mass-loss-mass-spectrometry for
high-temperature vaporation reactions.

26. POLYMER AND ENGINEERING CHEMISTRY
T. J. Barton, M. Akinc, S. ljadi-Maghsoodi
(515) 294-2770 03-2 $315,000

Synthesis of highly-strained, unsaturated,
organometallic rings for ring-opening
polymerizations. Study of controlled thermal
decomposition of preceramic polymers.
Development of thermal and photo-chemical routes
to transient compounds containing silicon multiple

bonds as route to preceramic materials. Design and
synthesis of polymers containing alternating silicon and
unsaturated carbon units. Such polymers are evaluated as
ceramic precursors, as electrical conductors, and as
nonlinear optical materials. Synthesis and processing of
nove! intermetallics for high temperature structural
applications. Oxidation behavior of ternary silicides.
Study of thermomechanical properties of nove! ternary
silicides.

27. HIGH TEMPERATURE AND SURFACE CHEMISTRY
P. A. Thiel, J. Feng, C. J. Jenks, D. C. Johnson
(515) 294-8985 03-3 $357,000

Surface phenomena in quasicrystals. Mechanisms of
oxidation of metals and alloys, and properties of oxide
overlayers (composition, stability, structure). Chemistry of
electrode reactions, including electrocatalysis,
electrochemical incineration, and corrosion reactions.
Characterization of electrocatalytic materials by modulated
hydrodynamic voltammetry. Reactivity of oxidized and
doped electrode surfaces, including characterization of
oxygen mobility and defect density at such electrodes.
Equilibrium and dynamic properties of adsorbed films.
Techniques used include low energy electron diffraction,
Auger electron spectroscopy, electron energy loss
spectroscopy, temperature programmed desorption,
electron-stimulated desorption, X-ray photoelectron
spectroscopy, scanning tunneling microscopy, ring-disk
and modulated hydrodynamic voltammetry.

28. SURFACE AND INTERFACE PROPERTIES OF.
QUASICRYSTALS
P. A. Thiel, M. F. Besser, D. W. Delaney,
A. l. Goldman, C. J. Jenks, M. J. Kramer,
T. A. Lograsso, D. J. Sordelt, M. C. Tringides,
M. A. Van Hove .
(515) 294-8985 03-3 $250,000

Studies of surface and interface properties of
quasicrystals. Preparation of large, single-phase,
well-defined samples of icosahedral AIPdMn and AiCuFe.
Phase transformations within AICuFe powders. Friction
and wear at coatings and single-grain samples. Surface
structure determination using low-energy electron
diffraction. Surface oxidation. Oxidation state of grain
boundaries in plasma sprayed samples and subsequent
heat-treated samples. Microstructure of plasma sprayed
coatings with and without B additions.
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ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

F. Y. Fradin - (630) 252-3504
Fax: (630) 252-6720

Metallurgy and Ceramics - 01 -

B. D. Dunlap - (630) 252-4925
Fax: (630) 252-4798

29. ELECTRON MICROSCOPY CENTER FOR
MATERIALS RESEARCH
M. A. Kirk, C. W. Allen
(630) 252-4998 01-1 $1,888,000

Development and use of high-voltage, high-spatial
resolution and advanced analytical microscopy for
materials research. Operation and development of
the Center's HVEM-Tandem Facility with in-situ
high voltage and intermediate voltage electron
microscope capability for direct observation of
ion-solid interactions. The HVEM and {VEM are
currently being utilized for research programs in
irradiation effects advanced materials and
mechanical properties. Specimen holders are
available for heating (to 1100 K), cooling (to 10 K),
and straining of specimens in-situ. lon-beam
interfaces with 650 kV ion implanter and 2 MV
tandem accelerator available for in-situ
implantations and irradiations into the HVEM or
IVEM. More than 50 percent of HVEM usage is by
non-ANL scientists for research proposals
approved by the Steering Committee for the
Center. A state-of-the-art, medium-voltage,
ultra-high vacuum, field-emission gun, Analytical
Electron Microscope has recently been installed.
Its design is directed toward the attainment of the
highest microanalytical resolution and sensitivity.
Fundamental studies of electron-solid interactions
and microcharacterization of materials, using TEM,
STEM, HREM, CBED, XEDS, and EELS are
conducted at present on conventional transmission
electron microscopes (JEOL 4000 EXII, JEOL
100CX|l, Philips EM420, and Philips CM30).

30. INTERFACES IN ADVANCED CERAMICS
D. Wolf, D. Auciello, J. A. Eastman,
K. L. Merkle, S. R. Phillpot
(630) 252-5205 01-3 $1,705,000

Experimental synthesis and characterization
methods are combined with atomistic computer
simulation techniques to address fundamental
issues relevant to the synthesis, characterization

and elucidation of interfacially controlled propeties of
oxide and nitride ceramic thin films. The main thrust of
the program focuses on the following four scientific
themes: (a) Microstructure and composition control during
synthesis and processing of oxide and nitride thin films,
for example, via in-situ X-ray studies at the Advanced
Photon Source (APS); (b) Characterization of interfacial
strains, including the identificaiton of modes of strain
relaxation during in-situ growth and/or post-growth
environmental re-equilibration at the APS and the effects
of such strains, for example, on the phase diagram;

(c) Determination of the atomic structure and chemistry of
the interfaces in these films, including the structure and
composition of amorphous intergranular films commonly
present in covalently bonded ceramics, the effects of
severe microstructural constraints (associated, for
example, with a small film thickness or a nanometer-scale
grain size), and the mechanism(s) of interfacial
off-stoichiometry accommodation as a function of the film
microstructure and thickness; (d) Correlation between
"structure” and properties: film adhesion and
corrosion-and-wear resistance as a function of interfacial
strains, film microstructure, thickness and composition,
and atomic structure and composition of the interface.
This program participates in the focus projects on
Materials Joining and High Efficiency Photovoltaics of the
Department of Energy's Center of Excellence in Synthesis
and Processing of Advanced Materials.

31. IRRADIATION AND KINETIC EFFECTS
L. E. Rehn, D. E. Alexander, R. C. Birtcher,
S. K. Chan, N. Q. Lam, P. R. Okamoto, N. J. Zaluzec
(630) 252-502! 01-4 $1,588,000

Investigations of mechanisms leading to the formation of
defect aggregates, precipitates, and other inhomogeneous
distributions of atoms in solids during irradiation. Studies
of neutron and gamma irradiation effects on alloy
microstructure and embrittlement. Freely-migrating and
cascade defects. Irradiation performance of advanced
nuclear fuels. Solid state amorphization.
Radiation-induced segregation to internat and external
defect sinks. Radiation-enhanced diffusion. Inert-gases in
solids. Surface modification and sputtering of alloys by
ion bombardment. In-situ studies of irradiation effects in
the intermediate and High-Voltage Electron Microscopes.
Neutron and dual-beam ion irradiation. Computer
modeling of irradiation-induced microstructural changes.
lon-beam analysis. Radiation sources include
HVEM-2MV Tandem facility (electrons and ions), 650kV
ion accelerator, and IPNS.
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32. TRIBOLOGICAL INVESTIGATION OF BORIC
ACID BOUNDARY FILMS FORMING ON AL

SURFACES - .
A. Erdemir, G. R. Fenske
(630) 252-5190 01-5 $125,000

Experimental investigation of boundary lubrication
and chemical bonding mechanisms of boric-acid
films on aluminum and aluminum alloys.
Mechanisms of boundary film formation between
aluminum surfaces and boric acid, to elucidate their
fundamental tribological mechanisms under a wide
range of contact pressures and shear rates using
standard and micro-trbiology test rings. Thin
boron-rich (e.g., boron, boron-oxides, and
boric-acid) films deposited by dry (powder and
PVD) and aqueous processes are characterized by
surface analytical techniques (e.g., Auger, XPS,
and NEXAFS) to determine the nature of the
chemical bonding to aluminum and aluminum
alloys. The effects of environment (e.g. humidity),
temperature, stress, and chemistry on friction
forces and chemical bonding are evaluated using
macro- and nanotribometers in an effort to improve
the metal-forming properties of lightweight
materials.

33. CERAMIC MATERIALS DEVELOPMENT
K. E. Gray, K. C. Goretta, D. J. Miller,
A. P. Paulikas, B. W. Veal Jr.
(630) 252-5525 01-5 $872,000

This program studies oxide ceramic materials, with
the primary emphases on high-T, superconductors
and coatings. Synergistic efforts incorporating
synthesis, characterization, fabrication are coupled
to a wide range of fundamental electronic and
structural properties. Materials engineering issues
that limit performance and processing flexibility are
also studied. The properties of ceramic protective
coatings for use in high temperature corrosive
environments (e.g., for high-temperature gas
turbines) are studied. The single thallium layer
HTS compounds are studied for use in
powder-in-tube and coatings, because of their
superior flux pinning. This program participates in
the focus project on Oxides for Corrosion
Resistance of the Department of Energy's Center of
Excellence in Synthesis and Processing of
Advanced Materials.

Solid State Physics - 02 -

B. D. Dunlap - (630) 252-4925
_ Fax: (630) 252-4798

34. NEUTRON AND X-RAY SCATTERING
J. D. Jorgensen, G. P. Felcher, R. Osborn, D. L. Price
(630) 252-5513 02-1 $1,348,000

Exploitation of neutron and X-ray scattering techniques in
the study of the properties of condensed matter.
Instrument development and interactions with university
and industrial users at IPNS. Investigations of the
structure and defects of intermetallic and oxide
superconductors, structure and dynamics of chalcogenide
and oxide glasses, liquid alloys and molten salts, surface
magnetism, polymer interfaces, distributions with deep

- inelastic scattering, and fast ion transport in solids.

35. MAGNETIC FILMS
S. D. Bader, E. E. Fullerton, M. Grimsditch
(630) 252-4960 02-2 $782,000

Research on the growth and physical properties of novel
ultra-thin, epitaxial films, wedges, metallic sandwiches,
superlattices and muitilayers. Thin-film and .
surface-science preparation techniques include molecular
beam epitaxy, and sputtering. Monolayer growth
phenomena and interfacial structure characterization
methods include electron (RHEED and LEED) and X-ray
diffraction. Electronic properties studied via electron
spectroscopies (photoemission and Auger), band-structure
theory, and low-temperature transport, magnetic and
magneto-optic Kerr effect measurements. Elastic,
magnetic and vibrational properties using Brillouin and
Raman scattering, and spin polarized photoemission.

36. TAILORED PERMANENT MAGNETS
-S. D. Bader, E. E. Fullerton
(630) 252-4960 02-2 $436,000

This program involves exploration for new and improved
permanent magnets with high energy products. The
approach is to utilize thin-film deposition techniques for
fabrication, and magnetometry and electron microscopy
for magnetic and structural characterizations, respectively.
Rare-earth transition-metal binaries and ternary nitrides
are being grown epitaxially via sputtering, and Nd-Fe-B is
being grown via molecular beam epitaxy. Efforts are also
being taken to interleave hard and soft ferromagnets on
the nanometer-scale in order to test the new concepts of
"exchange hardening” permanent magnets. This should
reduce rare-earth content, and therefore improve
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corrosion resistance and lower materials costs.
Ultimately, revolutionary advances are possible
technologically with new permanent magnets for
energy applications.

37. SUPERCONDUCTIVITY AND MAGNETISM
G. W. Crabtree, W. K. Kwok, V. Vinokur,
U. Welp
(630) 252-5509 02-2 $912,000

Experimental and theoretical investigations of the
magnetic and superconducting properties of
materials. Strong emphasis is being placed on
studies of high-T_ oxide superconductors, especially
on the physics of vortices in the mixed state. Other
programs include studies of the electronic
properties of organic superconductors, heavy
fermion and other narrow-band materials containing
rare-earth and actinide elements. Experimental
techniques include the transport and magnetic
measurements, electron tunneling, magneto-optical
imaging, de Haas-van Alphen effect, materials
preparation and characterization.

38. SYNCHROTRON X-RAY SCATTERING-
P. A. Montano, M. Bedzyk, J. C. Campuzano,
G. B. Stephenson, H. You
(630) 252-6239 02-2 $660,000

X-ray scattering techniques, X-ray standing waves,
glancing incidence fluorescence, X-ray absorption
spectroscopy and resonant reflectivity have been
used to characterize the structure and composition
profile of epitaxially grown metals and muitilayers.
X-ray scattering has been utilized to characterize in
situ the growth mode of metallic thin films on
difference substrates. X-ray standing waves are
being used to investigate surface, thin film and
interface structures. Angle resolved photoemission
has been employed to measure the electronic
structure of high temperature superconductors. A
new beamline for energy dispersive X-ray
absorption measurements is being utilized for the
study of transition metal magnetic alloys with
emphasis on the use of magnetic circular
dichroism. X-ray absorption technique was used to
study the structure of photoexcited states in
molecules and crystals.

39. ADVANCED MATERIALS
CHARACTERIZATION
P. A. Montano, M. A. Beno, G. Jennings,
G. S. Knapp
(630) 252-6239 02-2 $532,000

Development of beamlines and instrumentation for
the Basic Energy Sciences Synchrotron Radiation
Center (BESSRC) at the Advanced Photon Source.
A high brilliance source will be used to study the
structure of new materials with particular emphasis
in high energy X-ray scattering. Inelastic X-ray

scattering is being used to study the momentum
distribution of the electrons in solids. A new
monochromator for high heat loads has been developed
to use at the new beamlines. A new device, the ellipitical
multipole wiggler will be used to study the magnetic
properties of materials.

40. CERAMIC EPITAXY FILMS AND COMPOSITES
D. Wolf, O. Auciello, C. Foster
(630) 252-5205 02-2 $309,000

Experimental research program on the processing,
characterization, and property determination of
single-crystal and polycrystalline epitaxial ceramic-oxide
films and layered composites prepared by metal-organic
chemical vapor deposition (MOCVD) techniques. The
main objectives are two fold, namely (a) to enhance our
fundamental understanding of the
processing-structure-property relationship of thin ceramic
films and multilayers. synthesized by MOCVD and (b) to
measure tensor properties in single-crystalline films, thus
elucidating the performance of these materials. The main
emphasis is on electro-ceramic materials, such as TiO,,
SnO,, PbTiO,, SrTiO,, BaTiO,, PbZrO,, Y,0,, and LiTa0,.
Properties of interest involve their dielectric, piezoelectric,
electro-optic, acousto-optic and elastic behavior.

41. CONDENSED MATTER THEORY
A. A. Abrikosov
(630) 252-5482 02-3 $1,210,000

Theory of superconductivity; electronic band structure,
many-body effects; properties of low-dimensional systems;
magnetic materials. Physical properties of
superconductivity in heavy-fermion and high-T, materials
including anisotropic energy gap, nature of the pairing,
vortex lattice, angular resoilved photoemission,
paramagnetic Meissner effect, superconductor-insulator
transition, normal state anomalies. Theory of magnetic
Compton scattering. Magnetic coupling in superlattice
systems.

42. EMERGING MATERIALS
K. E. Gray, D. G. Hinks, D. J. Miller, J. F. Mitchell
(630) 252-5525 02-5 $563,000

This program includes materials engineering research and
fundamental studies of new materials with a primary
emphasis presently on superconductors. Sample
fabrication includes single crystals and film depositions.
Microcharacterizations, including electron microscopy and
in-situ X-ray probes, are used as crucial links between
physical properties and syntheses/processing. Studies
seek to identify intrinsic potential of important new
materials and the effects of extrinsic defects.
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Materials Chemistry - 03 -

B. D. Dunlap - (630) 252-4924
Fax; (630) 252-4798

43. CHEMICAL AND ELECTRONIC STRUCTURE
J. M. Williams, U. Geiser, A. M. Kini,
J. A. Schiueter, H. H. Wang
(630) 252-3464 03-1 $1,179,000

New materials synthesis and characterization
focusing on synthetic organic metals and
superconductors based on BEDT-TTF
bis(ethylenedithio)tetrathia-fulvalene, and various
newly-synthesized organic electron-donor and
electron-acceptor molecules. Development of
structure-property relationships coupled with
electrical and superconducting properties
measurements. Development of improved crystal
growth techniques. Phase transition and crystal
structure studies as a function of temperature
(10-300 K) by use of the IPNS-single crystal
diffractometer and a low-temperature (10 K) single
crystal X-ray diffraction instrument. Co-development
arrangements with Lake Shore Cryotronics, ["beta”
test site for prototype low-temperature (1.2 K ->
298 K) AC susceptometer for magnetic properties
measurements in applied magnetic fields} and
Siemens International (Center of Excellence in
X-ray scattering studies at ANL, and "bera" test-site
for software development), by use of the new
Siemens SMARTR diffraction system.

44. INTERFACIAL MATERIALS CHEMISTRY
V. A. Maroni, L. A. Curtiss, L. lton, A. R. Kraus
(630) 252-4547 03-2 $367,000

Basic research on interfacial phenomena is being
carried out in two forefront scientific fields of
materials science: (1) molecular sieve materials
and their application in heterogeneous catalysis
and (2) thin-film growth phenomena and film
properties, with emphasis on muitiphase and
multicomponent materials. The role of organic
template molecules in the crystallization
mechanisms of aluminosilicate zeolites. The
application of modified zeolites and
metallaluminophosphate materials as catalysts in
hydrocarbon oxidation reactions. Use of molecular
sieve materials as matrices for the generation of
interacrystalline particles and polymers, constrained
in size and dimensionality. Computer simulations of
framework and adsorbate molecular dynamics, as
well as ab initio molecular oribital calculations of
chemical properties of zeolite cataylsts and
template effects in microporous structure

development. Production of nanocrystalline diamond thin
films grown from C60 and CH4 plasmas. Development of
diamond films for tribological applications and for use as a
large area electron emitting surface.

45. AQUEOUS CORROSION
V. A. Maroni, L. A. Curtiss, C. A. Melendres, Z. Nagy,
R. M. Yonco
(630) 252-4547 03-2 $527,000

Basic research aimed at elucidating fundamental aspects
of interfacial phenomena that occur on the surface of
metals immersed in aqueous media under conditions
relevant to light water fission reactors, nuclear waste
storage environments, and the operation of batteries.
investigations of the mechanisms responsible for
passivation on iron, copper, and nickel-based alloys and
for crack and pit propagation in these same alloys.
Studies of the details that connect surface adsorption,
electron transfer, and electrolyte chemistry with passive
film structure using a combination transient
electrochemical techniques and in-situ synchrotron
adsorption radiation scattering methods. in-situ
characterization of electrochemical interfaces using
synchrotron radiation techniques (X-ray and far infrared).
investigations of the key features of the interfacial
chemistry associated with passivation processes
(including charge transfer kinetics) using pulsed
galvanostatic, potentiostatic, dc polarization, and ac
impedance. A paralle! computational effort seeks to
simulate solid/liquid interface phenomena through the
application of molecular dynamics methods in combination
with ab initio molecular orbital theory.

46. DYNAMICS, ENERGIETICS AND STRUCTURE OR
ORDERED AND METASTABLE MATERIALS
M.-L. Saboungi, L. A. Curtiss, D. L. Price
(630) 252-4341 03-2 $301,000°

Ordering is an important phenomenon in tailoring key
properties that are significantly and technologically
important in non-crystalline materials. tn some liquid
semiconducting alloys which exhibit a dramatic
metal-non-metal (MNM) transition as a function of
composition, ordering results from charge transfer. Our
investigation of the structure, dynamics and electronic
properties of liquid Zintl alloys has revealed unusual
semiconducting behavior due to the presence in the liquid
of complex anions. Room temperature molten salts
continue to be investigated not only to understand the
stability of the different ionic species but also to explore
their effect on the potential use of these materials as
electrolytes in high-energy batteries and in aluminum
electroplating processes on steel. A combination of NMR,
Raman spectroscopy, neutron diffraction and inelastic
scattering measurements and ab initio calculations are
used to determine their properties. New and powerful
quantum mechanical techniques are being developed for
application to various areas of materials chemistry
including zeolites, silicon, clusters, gallium halides and
Zintl molecules. Our computations are valuable for the
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interpretation of results from on-going experiments
and are used to complement and guide
experiments.

47. DIRECTED ENERGY INTERACTIONS WITH
SURFACES
D. M. Gruen, W. F. Calaway, A. R. Krauss,
M. J. Pellin
(630) 252-3513 03-3 $857,000
Development of multiphoton resonance and
femtosecond short pulse ionization methods
combined with sophisticated time-of-flight mass
spectroscopy for ultrasensitive detection of
sputtered species. Application of this technique to
studies of (1) fundamental problems in surface
science (depth of origin of sputtered species;
sputtering of metal clusters; adsorbate structures;
strong metal support interactions; mechanisms of
oxidation; surface segregation), (2) sub-micron
imaging mass spectrometry using both laser
desorption and sputtering, (3) trace analysis for
selected systems of special significance such as

impurities in semiconductors, (4) isotopic studies of -

naturally occuring materials for study of
environmentally-important problems anomalies.
The composition and structure of thin films.and
solid surfaces are being studied by means of ion
beam scattering and direct recoil spectroscopy
methods as well as conventional surface analysis
methods such as Auger, UV and X-ray
photoelectron spectroscopies, and secondary ion
mass spectroscopy. The ion beam scattering and
direct recoil methods permit characterization of thin
film surfaces during deposition in ambien hydrogen,
oxygen or nitrogen background gases. The system
is being applied to the study of growth mechanisms
in ferroelectric materials, high temperature
superconductors and diamond thin films, where it
has been used to study transient and
kinetically-dependent phenomena during
deposition.

48. MOLECULAR IDENTIFICATION FOR
SURFACE ANALYSIS
D. M. Gruen, K. R. Lykke, M. J. Pellin
(630) 252-3513 03-3 $372,000

Surface analysis of the molecular composition of
complex solids using Fourier transform ion
cyclotron resonance Mass Spectroscometry
coupled with resonant, ponderomotive, and "soft"
laser ionization methods. The solid surfaces to be
investigated include conducting polymers, plastics,
fullerenes, and other high molecular weight
materials. One aspect of the study involves the
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diffusion and fate of additives such as plasticizers and UV
stabilizers in polymers. Another aspect includes the
characterization of self assembled monolayer (SAM)
compounds.

Facility Operations - 04 -

D. Moncton - (630) 252-7950
Fax: (630) 252-4599

49. APS USER TECHNICAL AND ADMINSTRATIVE
INTERFACE
S. Barr, S. Davey, G. K. Shenoy
(630) 252-5537 04-1 $1,925,000

The user technical and adminstrative interface will provide
the point of contact between the APS and the APS users
during the design, construction, and operation of users'
experimental beamlines. This program will provide for the
integration of user technical and adminstrative
requirements with APS Experimental Facilities Division
activities and for the oversight and support during
development of these beamlines.

50. INTENSE PULSED NEUTRON SOURCE PROGRAM
B. S. Brown, J. M. Carpenter, C.-K. Loong,
G. E. McMichael, W. G. Ruzicka
(630) 252-4999 04-1 $10,658,000

Operation and development of IPNS, a pulsed spallation
neutron source for condensed matter research with
neutron scattering techniques. The facility is equipped
with 12 instruments which are regularly scheduled for
users and 1 instrument under construction. The facility
has been run since 1981 as a nationa! facility in which
experiments are selected on the basis of scientific merit
by a nationally constituted Program Committee.
Approximately 350 experiments, involving about 200
outside visitors from universities and other institutions are
performed annually. Industrial Research on a proprietary
basis, which allows the company to retain full patent
rights, has been initiated with a number of companies
(e.g., ALCAN, Texaco, Corning, General Electric, Amoco,
BP Chemicals) and is encouraged. Relevant Argonne
research programs appear under the neutron activities of
the Materials Science Division of Argonne National
Laboratory.

§1. APS COMMISSIONING AND START-UP
Y. Cho, J. Galayda, G. Shenoy
(630) 252-6616 04-1 $28,482,000

To establish a smooth transition between the construction
phase and the operations phase, operations groups have
been established and will grow in size until they take full
responsibility for operations, maintenance and
troubleshooting of all systems. Maximum use will be
made of computerized documentation and document
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control procedures to assure repeatable, safe
operations. A unified approach will be developed
to create and control command sequences defining
operation, associated documentation, routine
maintenance record keeping and system
troubleshooting. Beam stability is one of the prime
measures of performance of APS. Three systems
are proposed to detect three principal causes of
instability in the orbit of the stored positron beam.
The undulators and wigglers of APS produce the
X-ray beams and are also capable of disturbing the
beam stability if not adjusted correctly. The APS
staff will preview and test, among other things, the
performance limits of state-of-the-art undulators.
Operation of the APS relies on a long lifetime for
the stored beam which depends critically on
vacuum conditions. Vacuum systems and
procedures will be optimized to achieve desired
performance.

52. ASD R&D IN SUPPORT OF OPERATIONS
E. Crosbie, R. Damm, J. Galayda, M. Knott,
R. Kustom, A. Lumpkin, G. Mavrogenes,

L. Teng, M. White
(630) 252-7796 04-1 $7,643,000

To further develop the operations of the APS, R&D

support is needed to optimize accelerator systems,

controls and X-ray source capabilities. These
studies will examine the operating characteristics of

APS systems with the goa! of improving them.

Activities include accelerator physics studies of the

linacs, PAR, synchrotron storage ring, and transport

lines to increase injected currents, increase
circulating current, and improve beam lifetime and
stability. There is also an effort towards developing
new diagnostic devices and control techniques to
support accelerator physics activities and to
improve integrated performance of the circulating
positron beam, insertion devices and X-ray
beamlines. New storage ring operating techniques
are studied and devices will be developed with the
goal of enhancing the ability to use the facility for
synchrotron radiation research.

53. APS ACCELERATOR OPERATION AND
SUPPORT
J. N. Galayda, L. E. Temple
(630) 252-7796 . 04-1 $21,214,000

To operate the APS accelerator systems to meet
very challenging reliability and availability goals for
providing X-ray beams to teams of APS research
users. These goals were established to be
consistent with the considerable value of the time
and effort expended by the community of X-ray
experimenters to prepare and complete their
experiments. Development of sophisticated
software tools to automate supervisory and
troubleshooting functions are vital to achieving high
levels of reliability and availability during scheduled
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operations. Administrative and support functions that
insure regulatory compliance and required utility services
and maintenance of critical support systems are also
included. ‘

54. XFD R&D IN SUPPORT OF OPERATIONS
E. Gluskin, T. Kuzay, D. M. Mills, G. K. Shenoy
(630) 252-5537 04-1 $14,380,000

To R&D needs to support the user operations of the APS
will optimize X-ray source and beamline capabilities.
These studies will examine the operating characteristics of
X-ray source and beamline components with the goal of
improving their performance. Activities include the studies
on novel X-ray sources, engineering of beamfine front
ends, beamline optics, and instruments. The influence of
higher power loads from X-ray flux produced by new and
novel insertion devices, and higher stored currents on the
beamline components will be evaluated. In support of
users, software based on EPICS to control the beamlines
will be developed and tested. New synchrotron
techniques will be developed which will lead to newer
user scientific capabilities.

§5. XFD OPERATIONS IN SUPPORT OF APS USERS

J. Hawkins, M. Ramanathan, T. Rauchas,

G. K. Shenoy

(630) 252-5537 04-1 $2,425,000
To establish a smooth transition between the construction
of beamlines of the APS and the user operations phase,
operations groups have been established which will take
full responsibility for APS beamline operations,
maintenance and trouble shooting of insertion devices,
beamline front ends, personnel safety systems, and
radiation shielding. A conduct of operations will be
defined to support all activities through documentation,
routine maintenance records, and system troubleshooting.
All systems will be optimized to achieve desired
operational performance in support of the APS users.
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BROOKHAVEN NATIONAL

LABORATORY
Upton, NY 11973

J. D. Axe - (516) 344-3821
Fax: (516) 344-5888

Metallurgy and Ceramics - 01 -

K. G. Lynn - (516) 344-3501
Fax: (516) 344-4071

§6. SUBMICROSCOPIC DEFECTS IN LAYERED

SYSTEMS
B. Nielsen, V. J. Ghosh
(516) 344-3525 01-1 $234,000

Positron annihilation spectroscopy (PAS) is utilized
to obtain depth-resoived profiles of open-volume
defects such as vacancies, vacancy-clusters,
microvoids, etc., in layered structures formed by
deposition and thermal growth of thin layers,
ion-implantation, and ion-beam surface treatment of
metals and semiconductors. Experimental PAS
studies and computer simulation methods are used
to study defect evolution and migration during
processing. The generation of defects and aging in
protective coatings such as SiC, tiN, and paint is
also investigated.

57. THEORY OF ALLOY PHASES

M. Weinert, M. Alatalo,

P. Allen (SUNY-Stony Brook), M. Sluiter,

R. E. Watson

(516) 344-2684 01-1 $384,000
Theoretical studies of complex alloy phases using
first-principles electronic structure methods.
Microstructure and phase stability of complex
multicomponent metallic systems and their
reiationships to phase diagrams. Relative stability
of ordered alloys and the structural properties of
metals. Defects, impurities, low concentration
ternary alloys, and impurity/clustering interactions.
Effects of configurational and vibrational entropy.
Development of new techniques for the calculation
of the properties of materials, combined use of
electronic structure and statistical mechanics
calculations.
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58. SUPERCONDUCTING MATERIALS AND BASIC
MATERIALS SCIENCE OF HIGH-T, CONDUCTOR
FABRICATION
M. Suenaga, Z.-X. Cai, D. O. Welch, Y. Zhu
(516) 344-3517 01-3 $1,025,000

Fundamental properties of high critical temperature and
critical field superconductors, mechanical properties,
theoretical models of interatomic forces, lattice defects,
and diffusion kinetics in superconducting oxides, studies
by electron microscopy of lattice defects in
superconducting compounds, flux pinning, properties of
composite superconductors.

Solid State Physics - 02 -

J. W. Davenport - (516) 344-3789
Fax: (516) 344-2739

59. NEUTRON SCATTERING

J. D. Axe, W. Bao, M. C. Martin, S. M. Shapiro,
G. Shirane, B. J. Sternlieb, J. M. Tranquada, P. Wochner,
A. Zheludev

(516) 344-3821 02-1 $2,203,000
The principal objective of this program is the study of
fundamental interactions in solids by elastic and inelastic
neutron scattering. The phenomena studied include
structural and magnetic phase transformations, magnetic
structure, and elementary excitations such as spin-waves
and phonons. Current specific topics of interest include
high-temperature superconductivity, as well as normaf
state properties of cuprate superconductors and related
systems (e.g., nicklates) with highly correlated d-electrons.
Of particular interest is the interplay between electronic,
structural and magnetic degrees of freedom in these
systems, as well as in f-electron heavy fermion systems.
The effect of spatial dimensionality on magnetic properties
is a long-standing and ongoing activity. Present work is
concerned with S=1 linear chain antiferromagnets with
Haldane singlet ground states, and S= 1/2 structures with
unusual magnetic order (spin dimers, spin ladders, etc.).
Work also is continuing on studies of Martensitic
transformations which show unusual temperature
dependent phonon behavior. The facilities at the High
Flux Beam Reactor (HFBR) are operating as a
Participating Research Team and are available to the
outside scientific community.

60. POWDER DIFFRACTION
D. E. Cox, Q. Zhu
(516) 344-3818 02-2 $256,000

Application of synchrotron X-ray and neutron powder

diffraction techniques to structural analysis of materials,

including mixed metal oxides, zeolites, high-T,
superconductors and giant magnetoresistive maganites.

Phase transition studies at high and low temperatures,
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including magnetic ordering. High pressure and
low temperature studies in diamond--anvii cells by
synchrotron X-ray diffraction techniques with
monochromatic radiation. Development of
instrumentation and software for powder diffraction
analysis, including the application of Maximum
Entropy methods.

61. EXPERIMENTAL RESEARCH - X-RAY
SCATTERING
L. D. Gibbs, E. Dimasi, J. P. Hill, B. Ocko, T.
Thurston, A. Vigilante, G. Watson
(516) 344-4608 02-2 $995,000

The objective of this program is to exploit the
techniques of synchrotron X-ray scattering to study
basic structural, electronic, and magnetic properties
of condensed matter systems. The X-ray scattering
group, as members of three participating research
teams, operates and maintains three X-ray
beamlines at the National Synchrotron Light Source
(X22A, X22B, and X22C). Particular emphasis is
placed on investigations of surface and interfacial
phenomena, on the structure and magnetic
spectroscopy of magneticaily ordered crystals and
on electronic excitations in solids. Current
examples of projects include: 1) the study of metal
surface phase transformations in UHV,

2) the study of electrochemically driven surface and
overlayer, reconstructions at metal/electrolyte
interfaces, 3) the study of fiuctuations at liquid
surfaces and interfaces, 4) X-ray magnetic
scattering studies of bulk and surface rare earths,
transition elements, and actinides, and 5) inelastic
X-ray scattering studies of plasmons in light metals.
The X-ray group is also an active member of the
Complex Materials CAT constructing beamlines at
the Advanced Photon Source.

62. POSITRON SPECTROSCOPY

K. G. Lynn, P. Asoka-Kumar, S. Jovanovic,

C. Szeles

(516) 344-3710 02-2 $870,000
Perfect and imperfect solids, solid heterostructures
and interfaces, and their surfaces are investigated
using variable energy positron beam (0.1
eV-3MeV). A high intensity positron beam that
utilizes a copper isotope produced with the high
flux beam reactor has become fully operational,
and can deliver a beam of peak intensity of
1x108e+/s. The beam has been used by several
research groups studying a wide range of topics:
positron-hydrogen scattering, positron reemission
microscope, and positron-induced Auger electron
spectroscopy. The 2D-ACAR study provided the
first electronic image of a buried interface
(SiO2-Si), while the positron-hydrogen scattering
provided an accurate value for the positronium
formation cross section. The research activity
connected with the defects over the past years has
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spanned different topics, like, role of defects in producing
a saturation conductivity behavior at high doping
concentrations in Si, 2D-ACAR images of As vacancies in
GaAs, characterization of diamond-like nanocrystalline
films, and vacancy generation due to electromigration. A
new two-detector coincidence system is developed to
examine the line shape variations originating from the
high momentum core-electron annihilations. The new
approach adds elemental specificity to positron
spectroscopy, and is useful in studying the elemental
variations around a defect site. The 3 MeV positron beam
was used for a high resolution study of planar channeling
in thin single crystal Si. The beam transmitted in the
forward direction reveals many features associated with
the dynamical diffraction effects and long coherence
lengths in agreement with theoretical predictions. Based
on these studies, it is concluded that positron. channeling
can be developed into a new solid state probe (electron
and spin densitieis in the channel) via annihilation in flight
of the positrons. New techniques (thermo electric effect
spectroscopy, thermally stimulated current spectroscopy,
1/f noise using an Ac-cross-correlational technique) were
developed to obtain complementary defect-related

informations in a large variety of materials.

63. CONDENSED MATTER THEORY
V. J. Emery, P. Bak, G. Castilla, M. Pacuski,
R. E. Watson, M. Weinert
(516) 344-3765 02-3 $743,000

Solid state theory including self-organized criticality,
nonlinear systems, theory of correlated electron systems,
especially superconductivity in oxides. Theory of alloys
including heats of formation, using local density functional
theory. Electronic structure of metallic surfaces.
Applications to X-ray and neutron scattering, and to
photoemission.

64. X-RAY MICROSCOPY BEAMLINE UPGRADE
J. Kirz

(516) 344-5601 02-4 $122,000

The X1A Undulator Beamline at NSLS was originally
designed in 1983 to feed two experimental stations from a
single monochromator of moderate resolution. Since thin,
it has become clear that the combination of microscopy
with spectroscopy is a particularly powerful tool. To be
able to do spectroscopy on both stations simultaneously,
it was necessary to re-design the beamline with separate
monochromators for the two stations. This provided the
opportunity to upgrade the optics to current fabrication
standards, to improve the resolution of both
monochromators, and to improve the available
resolution/flux trade-off. After removing the old
components, the upgraded beamline elements were
installed, assembled, aligned, and commissioned. This
X-ray spectro-microscopy capability will be used to
examine materials structures and biological structures.
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65. PRECISION PHOTO-FABRICATION USING
X-RAYS
E. D. Johnson, D. P. Siddons
(516) 344-4603 02-5 $200,000

The NSLS X-ray ring is used as a source of hard
(E>15 keV) X-rays to extend lithographic exposure
techniques to the length scale of centimeters. The
properties of the source also make it possible to
fabricate fully three dimensional structures while
maintaining micrometer precision. The objectives
of this project are to provide tools for utilizing this
resource and conduct research defining optimal
operating parameters for exposures in varous
configurations. Precision patterning over large
areas with aspect ratios exceeding 100:1 and the
fabrication of re-entrant three dimensional objects
in resist have been demonstrated. Scanning
systems and mask writing equipment matched to
the requirements of hard X-ray exposures have
been developed. Current research is aimed at
providing a better understanding between the resist
properties, exposure parameters, and device
geometry to develop design rules for high quality
precision fabrication in this high aspect ratio
regime. Development of the next generation
exposure station is also under way.

66. ELECTRON SPECTROSCOPY

P. D. Johnson, D. Bosov, C. Huang, C. Reisfeld,

M. Strongin

(516) 344-3705 02-5 $802,000
Various surface sensitive techniques are used to
study the physical and chemical properties of
surfaces and thin films. These techniques include
Low Energy Electron Diffraction (LEED), Auger
Electron Spectroscopy, Photoemission, Inverse
Photoemission, Spin Polarized Photoemission, and
infrared spectroscopy. The major part of the
program is supported by beamlines at the NSLS.
These include both conventional monochromators
and the more advanced spherical grating
monochromators used on the undulator sources.
The latter devices are dedicated to the spin
polarized photoemission components of the
program. Ongoing research includes:
(a) photoemission and inverse photoemission
studies of the electronic structure of metal
overlayers, clean metal surfaces, and adsorbate
covered surfaces; (b) studies of surface magnetism
in thin films and the effect of adsorption on surface
magnetism; (c) studies of magnetism in thin fims
and effect of absorption on surface magnetism; and
(d) studies of hydrogen in thin and multifayer films.
A new progrm has been initiated on charge
transport in complex materials, including organic
conductors, high-T_ superconductors, doped
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fullernet systems and other unusual metals. It is
anticipated that the complex conducitivity will show unique
features due to the breakdown on the usual quasiparticle
picture in these materials.

-67. STRUCTURE-SENSITIVE PROPERTIES OF

" ADVANCED PERMANENT MAGNET MATERIALS:
EXPERIMENT AND THEORY

D. O. Welch, L. H. Lewis

(516) 344-3517 02-5 $500,000

it the task of this program to study the basic relationships
between crystal lattice defects and the microstructure of
advanced high-coercivity permanent magnet materials and
their macroscopic magnetic properties, such as coercivity,
remanence, and maximum energy product, which are
relevant to their energy related technological application.
The research features both theory and experiment,
including the use of the High Flux Beam Reactor (HFBR)
and the National Synchrotron Light Source (NSLS), and
features a collaboration between researchers from
Brookhaven National Laboratory (BNL), industry [primarily
the General Motors Research Laboratories (GM),
DelcoRemy/Magnequench, and International Business
Machines (IBM)-San Jose] another national laboratory
(ldaho Nationa! Engineering Laboratory (INEL), and
universities (primarily L.ehigh University and
Carnegie-Mellon University). This progrm is part of the
focused project on Tailored Microstructures in Hard
Magnets of the Department of Energy (DOE) Center of
Excellence for the Synthesis and Processing of Advanced -
Materials.

Materials Chemistry - 03 -

68. NEUTRON SCATTERING - SYNTHESIS AND
STRUCTURE
J. Z. Larese
(516) 344-4349 03-1 $505,000
Neutron and X-ray scattering techniques are employed to
study phase transitions and critical phenomena of atomic
and molecular films adsorbed on surfaces. Primary
emphasis is focussed on the structure and dynamics of
hydrocarbon and rare gas films adsorbed on graphite,
magnesium oxide, and boron nitride surfaces. Other
areas of study include the synthesis of high-quality
single-crystal materials with unique physical properties,
the production and characterization of chemically active
metal oxides and molecular dynamics simulations of
surface films. This effort is also responsible for the
operation of a multiuse neutron beam port through a
participating research team. A medium resolution,
15-detector powder diffractometer, a high-resolution
two-dimensional area detector, and a triple-axis
diffractometer are available for use by the outside
scientific community.



Laboratories

69. SYNTHESIS AND STRUCTURES OF NEW

CONDUCTING POLYMERS

J. McBreen

(516) 344-4513 03-2 $441,000

Development of a fundamental understanding of
ionically and electronically conducting polymers and
development of techniques for tailoring the
materials with highly specific electrical and optical
properties. Research consists of the synthesis of
new conducting polymers and the exploration of
their physical and chemical properties with a
number of spectroscopic techniques, including
electrochemistry, X-ray absorption spectroscopy,
X-ray diffraction, positron annihilation, Fourier
transform infrared spectroscopy, Raman
spectroscopy and electrical resistivity
measurements. The materials of interest are linear
polyethers, polysiloxanes, polypyrroles and
polythiophenes. The materials are chemically
modified by the covalent attachment of electrically
active side groups or by introducing polar
plasticizers on anion complexing agents. A second
category of materials consists of organo-disulfied
redox polymers. This is a collaborative program
between Brookhaven National Laboratory,
Polytechnic University, and Power Conversion, Inc.

Facility Operations - 04 -

70. OPERATIONS OF NSLS

M. Hart, J. Hastings, R. Heese, J. Keane,

R. Klaffky, S. Kramer, S. Krinsky,

W. Thomlinson )

(516) 344-4966 04-1 $18,175,000
This program supports the operation of the National
Synchrotron Light Source, which is a large user
facility devoted to the production and utilization of
synchrotron radiation, and its supports the
development of electron based radiation sources
and of new applications of this radiation in the
physical and biological sciences. The NSLS
operates two electron storage rings and the
associated injection system composed of a linear
accelerator and a booster synchrotron, and it
operates an extensive user program built around
facility and participating research team photon
beamlines on the vacuum ultraviolet (VUV), and
X-ray storage rings. As this is the first facility in the
U.S. that was designed expressly for the use of
synchrotron radiation, there are extensive
development programs to improve the stability,
reliability, and lifetime of electron beams and to
develop new insertion devices which give even
brighter photon beams. Equally important are
programs to develop new beamline instrumentation
including beamline optics, monochromators and
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detectors which will permit users to take full advantage of
the unique research capabilities offered by the NSLS.

The PRTs continue to invest heavily in the facility, and the
program seeks to keep the facility at the forefront to justify
this investment. Two conceptual design reports have
been submitted: one for a beamline and machine
upgrade; and the other for a fourth-generation source (the
Deep UltraViolet Free Electron Laser).

71. HIGH FLUX BEAM REACTOR
D. Rorer, J. Barkwill, W. Brynda, J. Carelli, C..Dimino;
S. Golden, R. Karol, D. Ports, A. Queirolo, L. Somma
(516) 344-4056 04-1 $23,220,000

Operation of the High Flux Beam Reactor, including
routine operation and maintenance of the reactor,
procurement of the fuel, training of operators, operation
and maintenance of a liquid hydrogen moderated cold
neutron source, irradiation of samples for activation
analysis, isotope production, positron source production,
and radiation damage studies. Technical assistance
provided for experimental users, especially with regard to
radiation shielding and safety review of proposed
experiments. Additionally, planning and engineering
assistance provided for projects for upgrading the reactor.

IDAHO NATIONAL ENGINEERING
LABORATORY
Idaho Falis, ID 83415

A. Denison - (208) 526-8136
Fax: (208) 526-0263

Metallurgy and Ceramics - 01 -

72. WASTE MINIMIZATION IN PROCESSING OF
FUNCTIONALLY GRADED MATERIALS
B. Rabin, C. D. Van Siclen
(208) 526-0058 01-5 $100,000

Minimization of waste generated during functionally
graded materials processing. Predictive modelling
development for the morphological stability of graded
materials during fabrication and subsequent service. Two-
and three-dimensional Kinetic Monte Carlo simulations to
study the evolution of graded region as atomic diffusion
induces mesoscopic-scale morphological changes and
new phase nucleation. Development of novel
microstructure descriptors to enable quantitative
comparison of simulated microstructures with
experimental microstructures to provide a time scale for
the simulations.



Laboratories

73. STRESS DISTRIBUTION IN GRADED

MICROSTRUCTURES
B. H. Rabin
(208) 526-0058 01-5 $295,000

Develop fundamental understanding of the effects
of microstructure, processing conditions, and
specimen geometry on the thermomechanical
behavior of graded materials. Fabrication of
two-phase coatings and bulk materials with
controlled microstructural gradients and varying
geometries by ion-beam assisted deposition (IBAD)
and powder metallurgy techniques. Focus on model
materials systems in which significant property
mismatch exists between components, e.g.
AL,O,/Ni. Thermophysical and mechanical
property characterization of graded composites.
Mapping of residual stresses by X-ray and neutron
diffraction methods, and flourescence
spectroscopy. Comparison of experimental results
with predictions from elastic-plastic finite element
method (FEM) modeling of stress distributions.

Use of FEM models to design gradient material
microstructures for severe service conditions. This

program participates in the focus projects on Hard .

Magnets and on Materials Joining of the
Department of Energy's Center of Excellence in
Synthesis and Processing of Advanced Materials.

74. ROLE OF IMPURITIES IN
MICROSTRUCTURAL EVOLUTION OF
RAPIDLY SOLIDIFIED MATERIAL

R. N. Wright
(208) 526-6127 01-5 $213,000

Examination of phenomena associated with the

interaction of low levels of impurities with

quenched-in defects in rapidly solidified metals.

Interactions studies in simple systems to determine’

fundamental mechanisms. Initial studies of
high-purity aluminum and aluminum doped with
ppm levels of lead or indium containing
ion-implanted helium have shown accelerated
helium bubble growth when liquid precipitates are
attached to bubbles. Rapidly quenched, high-purity
aluminum and dilute aluminum alloys containing
substitutional elements with different vacancy
binding energies, as well as carbon as an
interstitial impurity, have been examined. The
transformation from a dendritic as-solidified
structure to equiaxed grains during isothermal
annealing and with superimposed plastic strain is
being studied in detail for Ag-2% Al and Ni-Cu
alloys. Solute redistribution by a moving grain
boundary is modeled. This program participates in
the focus project on Mechanically Reliable Surface
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Oxides for High Temperature Corrosion Resistance and
Polymers of the Department of Energy's Center of
Excellence in Synthesis and Processing of Advanced
Materials.

75. STRUCTURE-SENSITIVE PROPERTIES OF
ADVANCED PERMANENT MAGNET MATERIALS
C. Sellers 02-5 $16,000

The task of this program to study the basic relationships
between crystal lattice defects and the microstructure of
advanced high-coercivity permanent magnet materials and
their macroscopic magnetic properties, such as coercivity,
remanence, and maximum energy product, which are
relevant to their energy related technological application.
The research features both theory and experiment,
including the use of the High Flux Beam Reactor and the
National Synchrotron Light Source, and features a
collaboration between researchers from Brookhaven
National Laboratory, industry [primarily the General Motors
Research Laboratories (GM), DelcoRemy/Magnequench,
and International Business Machines (IBM)-San Jose}
another national laboratory (Idaho National Engineering
Laboratory (INEL), and universities (primarily Lehigh
University and Carnegie-Mellon University). This program
is part of the focused project on Tailored Microstructures
in Hard Magnets of the Department of Energy Center of
Excellence for the Synthesis and Processing of Advanced
Materials.

UNIVERSITY OF ILLINOIS FREDERICK SEITZ

MRL
104 South Goodwin
Urbana, IL 61801

H. Birnbaum - (217) 333-1370
Fax: (217) 333-2278

Metallurgy and Ceramics - 01 -

76. THEORY OF DEFECTS AND INTERFACES IN
BODY CENTERED CUBIC METALS
J. B. Adams 01-1 $116,000

Calculate surface segregation in Al-Mg alloys. Study the
Pt catalysis of NO and hydrocarbons on Rh and surfaces.
Determine the surface structure of amorphous silicon.
Simulate deformation of polymer adhesives.



Laboratories

77. TRANSPORT PROCESSES IN LOCALIZED
CORROSION
R. C. Alkire
(217) 333-0034 01-1 $182,000
Corrosion of passivating systems. Tranport,
reaction, and convective diffusion at localized
corrosion sites. Initiation at inclusions; corrosion pit
growth; corrosion of cracks in static and
dynamically loaded systems; corrosion inhibition.

78. DEFECTS, DIFFUSION, AND
NON-EQUILIBRIUM PROCESSING OF
MATERIALS
R. S. Averback
(217) 333-4302. 01-1 $216,000

lon beam studies of interfaces and diffusion;

Rutherford backscattering studies of ion beam

effects in solids; crystalline and amorphous

transitions; formal properties of nanophase metals
and alloys; radiation damage due to ion beams.

Development of nanophase ceramics and studies

of their physical and mechanical properties.

Transport properties and structures of nanophase

ceramics are being studied.

79. MOLECULAR SPECTROSCOPY OF THE
SOLID-LIQUID INTERFACE
P. W. Bohn
(217) 333-0676 01-1 $73,000
In-situ molecular spectroscopic probes used to
study the structural chemistry of corrosion inhibitors
on metal and metal-oxide surfaces. Raman
spectroscopy of the liquid-sofid interface will be
used to determine absorbate-substrate binding and
linear dichroism to probe the supermolecular
structure and molecular orientation. Correlation with
the solution chemistry and corrosion response will
be made.

80. CENTER FOR MICROANALYSIS OF
MATERIALS

J. A. Eades
(217) 333-8396 01-1 $851,000

Chemical, physical and structural characterization

of materials. Surface and bulk microanalysis.

Electron microscopy, X-ray diffraction, Auger

spectroscopy, SIMS and other techniques.

Collaborative research programs.
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81. DIFFRACTION AND MICROSCOPY FROM
SURFACES
J. A. Eades
(217) 333-8396 01-1 $67,000

Etectron diffraction and electron microscopy are used for

the study of surfaces. Reflection high-energy electron

diffraction (RHEED) and low-energy diffraction (LEEM) are

studied in conventional and convergent-team mode. The

emphasis is an technique development.

82. ATOMISTICS OF GROWTH AND TRANSPORT AT
METAL AND SEMICONDUCTOR INTERFACES
G. Ehrlich
(217) 333-6448 01-1 $126,000
Atomic processes important in the growth of crystals and
thin films are being characterized on the atomic level
using field ion microscopic methods. The diffusivity of
single metal atoms will be explored on different planes of
the same crystal, as well as on different substrates, in
order to establish the importance of structure and
chemistry in affecting atomic transport and incorporation.

83. ATOMIC RESOLUTION ELECTROCHEMISTRY OF
CORROSION AND DEPOSITION PROCESSES
A. A. Gewirth
(217) 333-8329 01-1 $78,000
Scanning Tunneling Microscopy and Atomic Force
Microscopy is applied to understanding the atomic
processes of corrosion and deposition in electrochemical
environments.

84. TRANSMISSION ELECTRON MICROSCOPY OF
SURFACES AND INTERFACES
J. M. Gibson
(217) 333-2997 01-1 $178,000
Elucidation of surface and interface structure using
quantitative transmission electron microscopy. TEM
studies of surface reactions and in-situ epitaxial growth
using image formation using surface related diffracted
intensities. Quantitative atomic resolution microscopy is
being applied to interface structure and chemistry.

85. CRYSTAL GROWTH AND PHYSICAL PROPERTIES
OF METASTABLE SEMICONDUCTING, CERAMIC
AND METALLIC ALLOYS
J. E. Greene
(217) 333-0747 01-1 $178,000

Mechanisms and kinetics of crystal growth. Metastable

single crystal alloys for solar and optical applications.

lon-beam sputtering, molecular-beam epitaxy, laser
heating and low-energy ion bombardment methods
applied to ill-V based compounds and Iil-IV-V2
chalcopyrite systems.



Laboratories

86. SURFACE AND INTERFACE X-RAY
DIFFRACTION
|. K. Robinson
(217) 244-2949 01-1 $147,000

Use and development of X-ray scattering methods
to study the physics and chemistry of surfaces.
Development of methods to study the structure of
surfaces during MBE growth and during corrosion.
Studies of the solid-liquid interface.

87. ORGANIZATION OF THE SINGLE-CRYSTAL
SOLID-LIQUID INTERFACE: ENERGIES,
STRUCTURES AND ELECTRONIC
SYNERGISM

A. Wieckowski
(217) 333-7943 01-1 $147,000

Structure and properties of the solid-liquid interface.
Atomic level studies of the structure/energy
characteristics of adsorbates in electrochemical
systems. Electrocatalysis.

88. MICROSTRUCTURE EVOLUTION,
INTERFACES AND PROPERTIES IN
STRUCTURAL CERAMIC COMPOSITES

A. Zangvil .
(217) 333-6829 01-1 $195,000

Phase and microstructural evolution in structural
ceramics and ceramic matrix composites;
SiC-based solid solutions; nitride, boride and
mullite-based systems; interfaces and fracture
toughness. Oxidation mechanisms of ceramic
matrix composites; theoretical model of particle
oxidation in an oxide matrix.

89. SOLUTE EFFECTS ON MECHANICAL
PROPERTIES OF GRAIN BOUNDARIES
H. K. Birnbaum, |. Robertson
(217) 333-1370 01-2 $180,000

Hydrogen effects on deformation and fracture;
effects of hydrogen on dislocation mobilities;
theoretical model of hydrogen embrittiement;
interaction of dislocations with grain boundaries;
solute effects on the response of grain boundaries
to stress. This program participates in the focus
projects on Metal Forming of the Department of
Energy's Center of Excellence in Synthesis and
Processing of Advanced Materials.

90. COUNCIL ON MATERIALS SCIENCE
C. P. Flynn
(217) 333-1370 01-2 $78,000

Study and analysis of current and proposed basic

research programs on materials and assessment of

their relevance to problems of energy utilization.
Consideration of national facilities needs. Convening of
panel studies on selected topics.

91. CHEMICAL VAPOR DEPOSITION OF METAL AND
CERAMIC THIN FILMS
G. S. Girolami .
(217) 333-2729 01-2 $70,000

Synthesis of thin film metals and ceramics by chemical
vapor deposition method at low temperature. Studies of
the chemistry of precursor compounds at solid surfaces.
Development and investigation of surface-selective
chemical vapor deposition methods. Preparation of
transition metals and their carbide, boride and nitride
binary phases using MOCVD methods. Characterization
of the microstructures, chemistry, electronic structure,
physical properties of the films using a variety of methods.

92. HIGH TEMPERATURE MECHANICAL BEHAVIOR
OF CERAMICS
D. F. Socie
(217) 333-7630 01-2 $80,000

Behavior of engineering materials subjected to complex
loading involving high temperatures, multiaxia! state of
stress, and time dependent state of stress. Macroscopic
damage models are being developed on the basis of
microscopic studies of defects accumulated in the
materials. High temperature mechanical properties of
ceramics under uniaxial, multiaxial, and fatigue conditions.

93. MICROSTRUCTURE BASED CONTINUUM
MODELING OF THE MECHANICAL BEHAVIOR OF
MATERIALS

P. Sofronis .
(217) 333-2636 01-2 $59,000

Theoretical modeling of mechanical properties such as
hydrogen interactions with dislocations, high temperature
creep of nanophase materials, and sintering of ceramic
compacts. Development of algorithms for describing
mechanical behavior including time dependence and
mass flow.

94. SUBCRITICAL CRACK GROWTH IN STRUCTURAL
CERAMICS .
J. F. Stubbins
(217) 333-6474 01-2 $48,000

Micromechanisms of failure at elevated temperatures
under creep, fatigue and aggressive environmental
conditions. Role of oxide films on crack initiation and
propagation. Microstructural examination of regions in
front of cracks and of the dislocation structures are related
to micromechanics of failure. Crack propagation kinetics
in ceramics at high temperatures and in aggressive
atmospheres. Subcritical crack growth in ceramics.



Laboratories

95. DEVELOPMENT OF X-RAY SYNCHROTRON
INSTRUMENTS
H. K. Birnbaum
(217) 333-1370  01-3 $337,000
Design, development and fabrication of X-ray
beamline equipment for the UniCat sector at the
Advanced Photon Source located at Argonne
National Labortory. Program is interactive with Oak
Ridge National Laboratory, Nationa! institute of
Science and Technology and UOP Corporation.

96. STRUCTURE AND KINETICS OF ORDERING

TRANSFORMATIONS IN METAL ALLOYS

AND SILICIDE THIN FILMS

H. Chen

(217) 333-7636  01-3 $146,000
Investigation of the kinetics and mechanisms of
thermally induced structural transformation in
amorphous silicate glasses and crystalline silicide
thin films. Emphasis is placed on the devitrification
behavior and silicide layer growth kinetics and
interface characterization using X-ray diffraction
“techniques in an in-situ manner.

97. MATERIALS CHEMISTRY OF OXIDES
CERAMICS; FIELD RESPONSIVE OGRANIC
INCLUSION COMPLEXES

W. G. Klemperer
(217) 333-2995 01-3 $128,000

Low-temperature synthesis of oxide gels and

glasses using a step-wise approach. Polynuclear

molecular building-blocks are first assembled and
then polymerized into solid materials using sol-gel
methods. Silicate cage, ring, and chain alkoxides
and their polymerization reactions are studied using
muitinuclear NMR spectroscopic and gas
chromatographic techniques.

98. SYNTHESIS AND PROPERTIES OF

ELECTRICAL CERAMICS

D. A. Payne

(217) 333-2937  01-3 $185,000
Synthesis, powder preparation, crystal growth,
forming methods, materials characterization and
property measurements on electrical and structural
ceramics. Sol-gel processing of thermal barriers
and mechanical coatings. Chemical, electrical and
mechanical boundary conditions in polarizabie
deformable solids, twin and domain structures,
ferroelasticity and crack propagation. Amorphous
ferroelectrics. Synthesis methods and properties of
high-T, superconductors.
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99. ATOMIC SCALE MECHANISMS OF VAPOR PHASE
CRYSTAL GROWTH
A. Rockett
(217) 333-0417 01-3 $99,000
Atomic dynamics on semiconductor surfaces during
growth from the vapor phase; photoelectron spectroscopic
characterization of the energy band structure, near
surface chemistry, and interactions between thin films;
dielectrics for Si-Ge and compound semiconductors; and
characterization of reactions to form contact metallizations
for microelectronic integrated circuits.

100. MAGNETIC BEHAVIOR OF NANOPHASE

MATERIALS

M. B. Salamon

(217) 333-6186 01-3 $131,000 .
Experimental and theoretical studies of the magnetic
properties of nanophase metals and mixtures of metals.
Interfaciai effects of magnetic particles embedded in
non-magnetic matrices. Investigation of spin waves,
quantum tunneling of the macroscopic magnetization of
particles and macroscopic quantum coherence effects.
This program participates in the focus projects on
Nanostructural Materials of the Department of Energy's
Center of Excellence in Synthesis and Processing of
Advanced Materials.

101. FERROELECTRI THIN FILMS
D. Viehland
(217) 333-6837 01-3 $114,000
An interlaboratory collaboration to explore the effects of
epitaxy on the properties of ferroelectric materials. The
proposed work is based on advanced methods for the
synthesis of ferroelectics by molecular beam epitaxy at
ORNL and by sol gel methods at lllinois. Ferroelectric
displacements in strained epitaxial structures containing
clamped strictions will be characterized initially by X-rays.
180° and 90° domain boundaries will be analyzed at
atomic resolution using unique resources for Z-contrast
electron microscopy at ORNL. Low energy electron
microscopy at the MRL will be employed to observe at 10
nm resolution the domain structures and polarizations that
exist in these tailored epitaxial materials. Properties
related to structure will be determined using existing
facilities for dielectric characterization in the MRL that use
lithographic methods to measure polarizibility, hysteresis
and piezoelectric deformations on a 1 um length scale;
the dielectric behavior is to be explained by the observed
structure and the epitaxial constraints. The difference
behaviors obtained from samples grown by sol gel and
molecular beam methods are expected to reveal a linking
of domain structure to physical microstructure.



Laboratories

102. PROCESSING OF MONODISPERSE
CERAMIC POWDERS
C. Zukoski
(217) 333-7379 01-3 $109,000
Low temperature processing of ceramics including
precipitation of monodisperse oxide powders,
rheology of monodisperse powders and mixtures,
and studies of forces in colloidal suspensions, for
the purpose of forming low flaw density, high
performance ceramics. .

103. MICROSCOPIC PROCESSES IN
IRRADIATED CRYSTALS
R. S. Averback, C. P. Flynn
(217) 3334302 01-4 $153,000

Fundamental processes of irradiation induced
defects in crystalline solids. Use of high resolution
analytical methods such as TEM, SIMS, RBS, to
explore the atomic processes at the size scale of
the defect events. Thermal spike behavior,
radiation induced diffusion, radiation sputtering and
sink behavior are being studied. Experimental
efforts are complemented by molecular dynamic
computer simulations.

104. RADIATION EFFECTS IN METALS AND
SEMICONDUCTORS
I. M. Robertson
(217) 333-6776 01-4 $248,000

Investigations of vacancy dislocation loop formation
and displacement cascades in Fe, Ni, Cu with
irradiations and high voltage electron microscopy
(at ANL) at 10K to 800K; and of amorphous zones
produced in Si, GaAs and GaP by heavy ion
irradiation

105. MOLECULAR PRECURSOR ROUTE TO
NANOPOROUS SOLIDS
J. S. Moore
(217) 244-4024 01-5 $140,000

Synthesis of multi-topic ligands designed to
spontaneously organize into nanoprous
coordination networks. Structure and property
charcterization. Development of constitutive
models to understand crystal packing and enhance
rational design of new materials.
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Solid State Physics - 02 -

106. MICROSCOPIC MECHANISMS OF
CRYSTAL GROWTH
D. Cahill
(217) 333-6753 02-2 $177,148

Fundamental studies of vapor phase crystal growth. Use
of scanning tunneling microscopy to guantify the evolution
of surface morphology during epitaxial growth of pure
elements and alloys and the effects of low-energy ion
bombardment on morphology and microstructure.

107. ELECTRONIC PROPERTIES OF
SEMICONDUCTOR SURFACES AND
INTERFACES
T.-C. Chiang
(217) 333-2593 02-2 $178,691

Synchrotron radiation photoemission X-ray diffraction, and

STM studies of the electronic properties atomic structure,

and growth behaviors of semiconductor surfaces and

interfaces prepared in-situ by molecular beam epitaxy and
chemical vapor deposition; properties and atomic structure
of alloy surfaces.

108. GROWTH AND PROPERTIES OF NOVEL MBE
MATERIALS
C. P. Flynn
(217) 2446297  02-2 $168,724
Determination of the mechanisms of epitaxial growth of
metals and oxides. Development of a predictive
framework for understanding the growth of metastable and
stable structures accessible by MBE methods. Growth of
multilayer systems of interest for technological
applications.

109. CHARGE TRANSPORT ACROSS
SUPERCONDUCTOR-SEMICONDUCTOR
INTERFACES

L. H. Greene, P. M. Goldbart, A. V. Sokol,
D. Van Harlingen
(217) 333-7315 02-2 $245,250

A coordinated experimental and theoretical study of the

static and dynamic properties of hydrid

superconductor-semiconductor structures. Electronic
transport, superconductive tunneling, and magnetization
measurements are conducted in planar microfabricated
structures of high-quality niobium thin films grown directly
on lll-V semiconductors to study the superconducting
proximity effect and Andreev reflection.



Laboratories

110. THEORY OF SOLIDS, SURFACES AND

HETEROSTRUCTURES
R. M. Martin
(217) 3334229  02-2 $77.265

Theoretical studies of the properties of materials
using ab-initio calculations in a unified manner.
Development of techniques tested on known
materials and extension of these methods to
predict properties new materials. Focus on
problems involving many correlations of electrons
and complext structures such as high-T,
superconductors, surfaces, catalysis,
heterostructures and interfaces.

111. SEMICONDUCTOR/INSULATOR
STRUCTURES
H. Morkoc
(217) 333-0722 02-2 $110,443

Development of novel techniques of crystal growth
based on MBE, Gas Beam, and MOCVD methods.
Application of methods to growth of controlled
interfaces and multilayers involving semiconductors
and insulators. Understanding the electronic and
optical properties of these structures.

112. DESIGN AND SYNTHESIS OF NEW
ORGANOMETALLIC MATERIALS
T. B. Rauchfuss
(217) 333-7355 02-2 $125,762

A research program for the synthesis of
organometallic polymers. The program
emphasizes fundamental synthetic chemistry as it
applies to the design of monomers suited for
polymerization. Solids containing dynamic
metal-metal bonds, i.e. mobile charge density
waves. Synthesis of metal clusters containing
reactive ester groups will be developed for the
applications to organometallic polyesters. The
reactivity inherent in main group vortices of metal
clusters will be used to generate
clusters-of-clusters. Synthetic studies will focus on
charge transfer salts containing organometallic
donors and acceptors.

113. MICROSCOPIC THEORIES OF THE
STRUCTURE AND PHASE TRANSITIONS
OF POLYMERIC MATERIALS
K. S. Schweizer
(217) 333-6440 02-2 $29,682

Development of novel molecular scale statistical
mechanical theories of the equilibrium properties of
polymers. Applications to the structural,
thermodynamic, and phase transition behavior of
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polymer blends, copolymers, and melts. Development of
a chemically realistic predictive theory of behavior as a

- design tool for synthetic chemists.

114. PROPERTIES OF CRYSTALLINE AND LIQUID
CONDENSED GASES
R. O. Simmons
(217) 3334170 02-2 $0
Measurement and theory of momentum density in bee,
hep, and liquid helium, in solid neon and argon, and
molecular solids, pulsed neutron scattering, electronic and
phonon excitations in solid helium-three by inelastic X-ray
scattering, thermal and isotopic defects in helium crystals,
quantum effects in diffusion.

115. NUCLEAR MAGNETIC RESONANCE IN SOLIDS
C. P. Slichter
(217) 333-3834 02-2 $206,794

Investigations of layered materials and one dimensional

conductors with charge density waves, of Group Vill

metal-alumina catalysts, and of spin glasses using nuclear

magnetic resonance methods. Use of resonance methods
to study the role of Cu and O in high-T, superconductivity.

116. ELECTRO-ACTIVE AND NONLINEAR OPTICAL
POLYMERS
S. 1. Stupp
(217) 333-4436 02-2 $150,618
Synthesis and physical property determination of seif
ordering chiral polymers that 