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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. The Office of Basic Energy Sciences reports to the Director of
the Office of Energy Research. The Director of this Office is appointed by the President with
Senate consent. The Director advises the Secretary on the physical research program; monitors
the Department’s R&D programs; advises the Secretary on management of the laboratories
under the jurisdiction of the Department, exciuding those that constitute part of the nuclear
weapon complex; and advises the Secretary on basic and applied research activities of the
Department.

The Materials Sciences Division constitutes one portion of a wide range of research supported
by the DOE Office of Basic Energy Sciences. Other programs are administered by the Office’s
Chemical Sciences, Energy Biosciences, Engineering and Geosciences, and Advanced Energy
Projects Divisions. Materials Sciences research is supported primarily at DOE National
Laboratories and Universities. The research covers a spectrum of scientific and engineering
areas of interest to the Department of Energy and is conducted generally by personnel trained
in the disciplines of Solid State Physics, Metallurgy, Ceramics, Chemistry, and Materials Science. -

The Materials Sciences Division supports basic research on materials properties and
phenomena important to all energy systems. The aim is to provide the necessary base of
materials knowledge required to advance the nation’s energy programs.

This report contains a listing of research underway in FY 1992 together with a convenient index
to the Division’s programs. Recent publications from Division-sponsored panel meetings and
workshops are listed on the next page.

Iran L. Thomas, Director

Division of Materials Sciences
Office of Basic Energy Sciences



Publication References

PUBLICATION 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 13
years. It is our intention to make as much as possible of the proceedings of these activities
publically available through publication in open literature scientific joumnals, 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 1o stimulate creative thinking and new ideas by scientists within their
respective topical fields. ' None of these publications, however, 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
materials sclence topic of interest in this listing, and the fact that there is no publication
corresponding to a particular matérials science topic does not, of itself, carry any
implication whatsoever with respect to DOE interest or lack thereof. We have also included
in this list the title of those publications that we anticipate will be publlshed over the next
year, so as to alert our community to this likelihood.

*Grain Boundary and Interface Phenomena in the High-Temperature Plasticity of Solids,”
M. E. Kassner and T. G. Langdon, editors, accepted for publication by Materials Science ond
Engineering, 166, 1, 1993 (23 paper dedicated issue)

"Photovoltaic Materials: Innovations and Fundamental Research Opporfunh‘ies," Aiex 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 Hocglond A. Needleman, accepted for pubhccﬂon by
Mat. Sci. and Eng. A.

‘Deformation and Fracture of Intermetallics,” M. H. Yoo, S. L. Sass, C. L. Fu, M. J. Mills, D. M.
Dimiduk, E. P. George, accepted for publication by Acta Metallurgica et Materialia

"Research Opportunities on Cluster and Cluster-Assembled Materials - A Department of
Energy. Counclil on Materials Science Pcnel 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 Councll on Materials
Science Panel Report,” P. S. Peercy, et al., J. Mater. Res.. §, 4, (1990), 852-894

“ProCeedlngs of the Workshop on First-Order Displacive Phase Transformations,” L. E. Tanner, -
M. Wuttig, 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
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"Hydrogen Interaction with Defects in Crystaliine 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-Fiux Reactors,” J. D. Axe and J. B.
Hayter, (1989), ORNL Report CONF-8%06311

"Proceedings of the First Meeting of the International Group on Research Reactors,” C. D.
West, (1990), ORNL Report CONF-$002100

‘Research Needs and Opportunities in Highly Conducting Electroceramics,” W. J. Weber,
H. L. Tuller, T. O. Mason, and A. N. Cormack, accepted for publication by Materials Science
and Engineering B

"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

"Welding Science: Needs and Future Directions,” D. W. Keefer, S. A. David and H. B. Smartt,
and K. Spence, Jounal of Metals, 44, 9, 1992, 6-7

"Organic Superconductivity,” (Intemational 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 Magnetism," 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)®P©

"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

"Micromechanisms of Fracture," V. Vitek, et al., Materials Science and Engineering, 94, (1987),
5-69

il
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‘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 Modiffications.” 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)° ‘

"Moferiels Preparation and Characterization Capabilities,” DOE/CONF-821120, February
(1983)™

"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 Con'roinmem‘," D. Tumbull, 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. 53, (1982), 1-162

"The Effects of Iradiation on the Structure and Properties of Materials,” C. Peter Flynn, et al.,
(1981

"Condensed Matter Theory and the Role and Support of Computation,” J. D. Joannopoulos,
A. N. Berkner, et al., (1981)°

*Research Opportunities in New Energy-Related Materials,” J. L. Warren, T. W. Geballe, et al.,
Materials Science and Engineering, 50, (1981), 48-198

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

"High Temperature Corrosion in Energy Systems,” R. A. Rapp. et al., Materials Science and
Engineering, 50, (1981), 1-17

"Basic Research Needs on High Temperature Ceromncs for Energy Applucohons H. K. Bowen,
et al., Materials Science and Engineering, 44, (1980), 1-56
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Description of Research Facllities, Plans, and Assoclated 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 Opportunrﬂes for Fundamental Ceramic Sclence at DOE,"
R. J. Gottschall, Ceramic Bulletin, 67, (1988), 1333-1339

?  Available in limited quantities from the Division of Materials Sciences by ccllmg 30N
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, Rockpon‘, MA 01966
(phone: A800—783-9590 or 508-546-9590)



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 seven 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, Sections D and E have information on DOE collaborative
research centers, Section F gives distribution of funding, and Section G has various indexes.

The FY 1992 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), Solid State Physics (02), Materials Chemistry (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 information call (301) 903-3428 for the Metallurgy and Ceramics topics; (301) 903-3426 for
the Solid State Physics and Materials Chemistry topics.

Sections D and E contain information on special DOE centers that are operated for
collaborative research with outside participation. Section F summarizes the total funding level.
In Section G the 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 1992 summary report was coordinated by Iran L. Thomas. Though the

effort required time by every member of the Division, much of the work was done by Christie
Ashton.

\Y/
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SECTION 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, IA 50011

R. B. Thompson - (515) 294-9649
Fax No.: (615) 294-4456

Metallurgy and Ceramics - 01 -

O. Buck -(515) 294-4446

1. SOLIDIFICATION MICROSTRUCTURES

R. K. Trivedi, L. S. Chumbley, R. W. McCallum,

J. D. Verhoeven

(515) 294-5869 01-1 $§772,000
Studie of solidification processes and their
applications to technologlcally 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. Directional
solidification in organic materials such as
succinonitile, pivalic acid, carbontetrabromide,
hexachleotyhane, t-butanol and napthalene.
Directional solidification studies on segregation and
morphology In gray. nodular, and white cast.iron.
Solidification processing of (Dy. Tb)Fe,
magnetostrictive alloys, Nd-Fe-B permanent magnet
materials, and intermetallic compounds, and analysis
of thelr magnetic and mechanical properties.

2. CONTROLLED MICROSTRUCTURES
J. D. Verhoeven
(515) 294-9471 01-1 $234,000

Studies of processing procedures and analysis of

resulting microstructures and properties. Evaluation

of microstructural changes In the austempering of
nodular cast irons. Study of surface

characteristics of In situ Cu-refractory metal

alloys. Study of magnetic properties of in situ

Cu-Fe-Co dlioys. Synthesis of intermetallics.

3. MECHANICAL BEHAVIOR OF MATERIALS
O. Buck, B. Biner, J. Komeda
(515) 294-4446 01-2 $424,000

Studies of the effects of environment and stress on
the mechanical properties of metals, Intermetailics,
and ceramic composites. High-temperature-induced
intergranular cracking in Ni base alloys. Effects of

radiation-induced defects and solute segregation on
intergranular embritflement. Modeling of hydrogen
embrittiement. Description of three dimensional
arrays of defects and relationship of arangement to
ductility and mechanical propertles. Correlation
between defect structure and nondestructive
measurement.

4, MARTENSITIC PHASE TRANSFORMATIONS
C.T. Chan, B. N. Harmon, K. M. Ho
(515) 294-7712 01-2 $134,000

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 in phonon spectra
preceding the transformation. Application of
molecular dynamics using realistic interatomic
potentials. Study of prototyplcal systems: Na, NiTi,
NiAl, Ba, Z1, etc.

5. RARE EARTH AND RELATED MATERIALS
K. A. Gschneidner, Jr.
(515) 294-7931 01-3 $367.000

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 propertles, electrical
resistivity measurements. Examine the systematics of
phase formatlon, or the variation of physical
properties to understand various physical
phenomena, such as bonding, alloy theory, structure
of materlals.

6. NDE MEASUREMENT TECHNIQUES
O. Buck, D. C. Jiles, R. B. Thompson
(515) 294-4446 01-5 $364,000

Techniques to measure failure-related material
properties to improve understanding of failure
mechanlsms and inspection reliability. Ulrasonic
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.
Acoustic microscopy techniques for high resolution
studies of microstructure and defects. Effects of
fatigue damage, stress and microstructure on
magnetic propertles, particularly Bloch wall motion.
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7. FUNDAMENTALS OF PROCESSING OF BULK HIGH T,
SUPERCONDUCTORS
R. W. McCallum, L. S. Chumbley. J. R. Clem,
D. K. Finnemore, D. C. Johnson, M. J. Kramer
(515) 294-4736 01-5 $902,000

Investigation of the role of microstructure In the bulk
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 materiais with CO,. Study of
fine grained dense polycrystalline materlals. Effects
of processing induced defects on the bulk
superconducting properties.

8. ADVANCED MATERIALS AND PROCESSES

F. A. Schmidt, |. E. Anderson,

K. A. Gschneldner, Jr., L. L. Jones,

T. A. Lograsso

(515) 294-5236 01-5 $606.000
Development of ddvanced processes for preparing
special metals. Development of new melting
procedures for preparing Cu-Nb, Cu-Ta, Cu-Mo, and
Cu-Ta-W dlloys. New thermite reduction process for
preparing rare earth-iron alloys and for producing
permanent magnet and magnetostrictive alloys.
Processing of stolchiometric and non-stolchlometric
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
peritectic materials by levitation zone mehing.
free-standing vertical zone melting, Bridgman,
Czochralski and strain-anneal recrystallization, Total
consumption flame processing and high pressure gas
atomization for production of fine powders of metals
and mixed metal oxides. Above research being
conducted In the Materials Preparation Center
described In the Section-Collaborative Research
Centers.

9. SCIENTIFIC AND TECHNOLOGICAL INFORMATION
EXCHANGE
F. A. Schmidt, E. O. Felnberg, T. E. Wessels
(615) 294-5236 01-5 $232,000

Dissemination of iInformatlon to the sclentific and
Industrial communities. Publication of High-T. Update
for rapid dissemination of up-to-date Information on
high-temperature superconductivity research.
Operation of Materlals Referral System and Hottine to
accumuliate Information from all known National
Laboratory sources regarding the preparation and
characterization of materials and to make this
Information available to the scientific community.

Solid State Physics - 02 -

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

10. NEUTRON SCATTERING
C. Stassis, A. Goldman, D. Vaknin, J. Zarestky
(515) 294-4224 02-1 $442,000

Magnetic properties of high temperature
superconductors (La,CuO,...). Study of the lattice
dynamics, thermodynamic properties, and structural
transformations of metals at high temperatures,
structure and diffusion in metal hydrides (ScH,, LaH),
electronic structure and phonon spectra of mixed
valence compounds (CePd,, a-Ce, YbAL,,). relation
of electron-phonon interaction to superconductivity
(La. Lasn,). High pressure studies (a-Ce, La). Study of
the magnetic properties of heavy fermion
superconductors (CeCu,Si,. UPt;, UBe,y. Lattice
dynamics of quaslcrystals.

11. NEW MATERIALS AND PHASES
F. Borsa, R. G. Barnes, D. C. Johnston, L. Miller,
C. A. Swenson, D. R. Torgeson
(515) 294-5435 02-2 $700.000

Synthesls and characterization of new high T,
superconductors and related oxides. Study of the
physical properties of these new materials, such as
phase equllibria and high temperature behavior.
Properties of new phases Including magnetic
susceptibliity, transport properties, heat capacity,
crystallographic phase transformations, coexistence
of superconductivity and magnetic order. Modsling
and analysis of the data using appropriate theorles.
High pressure equations of state of new materlals,
elementary solids (fernary compounds and alioys,
and alkaline earth metals), low temperature
expansivity and heat capacity of materials (Lu)
containing hydrogen. Applications of NMR to high T,
superconductors, phase transitions, and hydrogen
embrittlement of refractory metals and alloys. NMR
studies of martensitic phase transformations.

12. SUPERCONDUCTIVITY
D. K. Finnemore, J. E. Ostenson
(515) 294-3455 02-2 $280,000

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, studies
of single quantized vortices for use In microprocessors
and loglc devices; development of superconducting
composites for large scale magnets. Fundamental
studies of superconductivity in metal-metal
composites, use of Josephson junctions to study fiux
pinning of Isolated vortices, development of
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materlals with very low pinning, development of
superconducting composites sultable for large scale
magnets in the 8 to 16 Tesla range, practical studies
to improve wire fabrication techniques. development
of magnetic shielding devices.

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

X-ray measurements on Icosahedral Phase alloys,

high T. ceramic superconductors, magnetic

structures and phase transitions, and solids at high
pressure. Magnetic X-ray scattering. Participation In
the MATRIX PRT beam line at NSLS. Development of
beam fines at APS.

14. OPTICAL, SPECTROSCOPIC, AND SURFACE
PROPERTIES OF SOLIDS
D. W. Lynch, C. G. Olson, M. Tringldes
(515) 294-3476 02-2 $635,000

Electron photoemission, inverse photoemission, and
optical properties (fransmission, reflection,
ellipsometry) of sollds in the visible, vacuum ultraviolet
and soft X-ray region using synchrotron radiation; low
energy electron diffraction, scanning tunnelling
microscopy. Ce and Ce-compounds (e.g., CeSny)
heavy Fermion systems, e.g.. UPt,,
copper-oxide-based superconductors, O on W. -
Fundamental studies of surface roughening and
annealing. island growth, etc. using LEED line shape
analysis.

15. SEMICONDUCTOR PHYSICS
H. R. Shanks, J. Shinar
(515) 294-8706 02-2 $250.000

Preparation and characterization of thin films, rf
sputter desposition of amorphous semiconductors
including aSi, aSi-C, aGe, aGe-C and crystalline AIN.
Also diamond-like thin fims, Heteroepitaxy on
compound substrates, and quantum well structures.
Surface and interface characterization with LEED,
Auger, LEELS, photodefiection and IR absorption
spectroscopy. Measurements of gap state densities
of semiconductors and polymers using DLTS, SCLC,
ODMR, and C-V on Schottky barriers.

16. SUPERCONDUCTIVITY THEORY
J. R. Clem, V. Kogan
(515) 294-4223 02-3 $150,000

Electrodynamic behavior of the high-temperature

copper-oxide superconductors, especially while

carnylng electrical currents in magnetic fields.

Anisotropy of critical flelds, internal magnetic fisld

distributions, and magnetization. Granularity effects

using Josephson-coupled-grain models. Flux pinning,
critical currents, thermally activated flux fiow, noise,
ac and high-frequency losses. Surface, interface,

grain-boundary, and proximity effects.

17. OPTICAL AND SURFACE PHYSICS THEORY
R. Fuchs, C. T. Chan, K.-M. Ho
(515) 294-1960 02-3 $150,000

Optical properties of metais, semiconductors, and
Insulators, studies of surfaces, thin films, layered
systems, small particles, and powders. Differential
surface reflectance spectroscopy. Raman scattering
from molecules adsorbed on metal surfaces. Surface
electronic structure of metal electrodes (e.g.. Ag).
electroreflectance., and microscopic properties of
the metal-electrolyte Interface. Photoemission into
liquid electrolytes and related catalytic,
electrochemical, adsorption. and corrosion effects,
anodic photocurrents, the liquid-metal interface. First
principles caiculation of lattice relaxation,
reconstruction and phonons at single crystal surfaces
(Al Au, W, Mo, Ag, and Au on S).

18. ELECTRONIC AND MAGNETIC PROPERTIES
B. N. Harmon, C. T. Chan, K.-M. Ho, M. Luban,
C. Soukoulis

(515) 294-7712 02-3 $492,000

Magnetic properties of new high T, superconductors.
Theoretical studies of bulk and iattice dynamical
properties of materials using first principles total
energy calculations. Anharmonic interaction, lattice
Instabilities, phase transformations, electron-phonon
interaction, and superconductivity. Equations of
state (pressure and temperature). Hydrogen-metal
interactions. Electron localization In quasi-periodic
and disordered 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. Locallzation of
light in dielectrics, photonics. Theoretical modeling of
quantum dot nanostructures. Buckyballs.

Materials Chemistry - 03 -

P. A. Thiel - (515) 294-8985

19. SYNTHESIS AND CHEMICAL STRUCTURE
J. D. Corbett, J. W. Anderegg. H. F. Franzen,
R. A. Jacobson, R. E. McCarley
(515) 296-3086 03-1 $760,000

Synthesis and structure of and bonding in polar
intermatallic 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 stabliity of intermatallic
compounds. Homoatomic clusters of main-group
metals In condensed phases; electronic regularities.
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Synthesis, bonding, structure and properties of new
ternary oxide 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.
Correlation of structure and bonding with d-electron
count and physical properties. Electronic band
structure calculations. Study of refractory metal-rich
binary and ternary sulfides and oxides by both
experimental and theoretical techniques to
understand the relationships among crystal structure,
chemical bonding, and electronic structure as they
affect high temperature stabllity, 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 facllities.
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.

20. POLYMER AND ENGINEERING CHEMISTRY
T. J. Barton, M. Akinc, S. jadi-Maghsoodi, K. Woo
(515) 294-2770 03-2 $476,000

Synthesis of sllicon-nitrogen polymers. Study of
controlled thermal decomposition of preceramic
polymers. Development of thermal and
photo-chemical routes to transient compounds
contalning silicon-nitrogen multiple bonds as route to
preceramic materials. Design and synthesls of
polymers containing alternating silicon and
unsaturated carbon units, Such polymers are
evaluated as ceramic precursors, as electrical
conductors, and as nonlinear optical materlals.
Synthesis and characterization of ceramic powders
including oxides, sulfides and carbides.
Characterization and processing of novel
intermetaliics for high temperature structural
applications. Design and processing of ceramic
matrix composites. Synthesis of new materials
containing arrays of transition metal lons. Design of
new monomers sulted for polymerization using groups
which are chosen for special photophysical or
magnetic properties. Macrocyclic coordination
complexes are being developed with functional side
chains for the preparation of monolayers, thin films
~and oriented assemblies.

21. HIGH TEMPERATURE AND SURFACE CHEMISTRY
P. A. Thiel, K. G. Baikerikar, S. -L. Chang.
R. S. Hansen, D. C. Johnson '
(515) 294-8985 03-3 $485,000

Study of lubrication phenomena: decomposition
pathways and products of fluofinated ethers at
surfaces. Mechanisms of oxidation of metals;

formation of thin, metastable oxide overiayers. -
Chemistry of electrode reactions, including -
electrocatalysls and corrosion reactions.
Characterization of electrocatalytic materials by
modulated hydrodynamic voltammetry. Reactivity of
oxidzed and doped electrode surfaces, including
characterlization of oxygen mobility ondde’fect
density at such electrodes. Surface chemistiy of
nucleation and fiocculation applied to ceramic
processing. Techniques used include low energy
electron diffraction, Auger electron spectroscopy.
electron energy loss spectroscopy, temperature
programmed desorption, electron-stimulated
desorption, ring-disk and modulated hydrodynamic
voltammetry.

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

F. Y. Fradin - (708) 252-3504
Fax No.: (708) 252-5888

Metallurgy and Ceramics - 01 -

B. D. Dunlap - (708) 252-4925

22, ELECTRON MICROSCOPY CENTER FOR MATERIALS

RESEARCH
N. J. Zalwzec, C. W. Allen
(708) 252-5075 01-1 $1.,582,000

Development and use of high-voltage and
high-spatial resolution analytical microscopy for
materials research. Operation and development of
the Center's 1.2 MeV High-Voltage Electron
Microscope-Tandem Facllity with in situ capabillity for
direct observation of ion-solid interactions. The HVEM
is currently being utlized for research programs in
advanced materials, mechanical properties,
iradiation effects, oxidation and hydrogenation
effects. HVEM specimen stages are available for
heating (1300 K). cooling (10 K, straining, resistivity
and gaseous environments. lon-beam interface with
650 kV lon accelerator and 2 MV tandem
accelerator available for in sftu implantations and
iradiations. Approximately 50 percent of HVEM
usage Is by non-ANL scientists on research proposals
approved by the Steering Committee for the Center
that meets every 6 months. A state-of-the-art,
medium-voltage. ultra-high vacuum, field-emission
gun, Analytical Electron Microscope Is being
procured. Its design is directed toward the
attalnment of the highest microanalytical resolution
and sensitivity, Fundomental studies of electron-solid
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interactions and microcharacterization of materials.
using TEM, STEM, HREM, CBED, XEDS, and EELS are
conducted at present on conventional transmission
electron microscopes (JEOL 4000 EX!i, JEOL 100CX,
Philips EM420, and Philips CM30).

23. BASIC CERAMICS

D.J. Lam, §-K. Chan, S. J. Rothmon J. L Routbor’r

B. W. Veal _

(708) 252-4966 01-3 $1.280,000.
Experimental and theoretical studies of electronic
and atomic structure, phase stabllity, phase
transformation kinetics, electronic and lonic transport,
and mechanical propertles in multicomponent
(Including high T_ superconducting) oxides. X-ray
photelectron (XPS) and optical Raman and
Eliipsometry spectroscopic studies of structural and
electronic properties. Thermal and lattice property
studies using heat capacity, Brillouin scattering, and
uitrasonlc measurements. Crystal chemistry and
structural phase transformation studies of high T,
superconducting and fetroelectric oxides using X-ray
and neutron diffraction, electrical conductivity,
Meissner effect and electric polarizabillity
measurements. Diffusion mechanisms and point
defect studies In oxides as a function of oxygen
partial pressure at high temperature using cation and
oxygen tracer diffusion, and slectrical conductivity
measurements. Development of the embedded
molecular cluster code to caiculate electronic
structure, cohesive energy. and defect interaction
cnergy of complex oxides. Development of
non-classical theory of nucleation for displacive and
ferroelectric transformations in oxide systems. -
Preparation of single crystals of high T,
superconducting oxides, monoclinic phase of ZrO,
with and without dopants and ferroelectric
perovskites.

24. INTERFACE STUDIES
K. L. Merkie, J. N. Mundy
(708) 252-4990 01-3 §724,000

Experimental studies of solld interfaces. Atomic
structure of grain boundaries in transition metal
oxides, metals, and high-temperdture
superconductors. Nature and properties of
large-angle grain boundarles, role of boundary
plane, and comparisons to computer models. Grain
boundary diffusion and segregation to grain
boundaries. Structure and composition of phase
boundaries on an atomic scale with speclal focus on
metal-ceramic interfaces. Experimental techniques
include high-resolution electron microscopy,
analytical electron microscopy, secondary lon mass
spectroscopy, radiotracer technlques, atom-probe
field-lon microscopy as well as electron- and X-ray
scattering techniques.

25. IRRADIATION AND KINETIC EFFECTS
L. E. Rehn. D. E. Alexander, R. C. Birtcher, .
M. A. Kirk, N. Q. Lam, P. R. Okamoto, H. Wlederslch
(708) 252-5021 014 Sl A80,000

Investigations of mechanisms leading to the i
formation of defect aggregates, precipltates, and
other inhomogeneous distributions of atoms in solids
with and without displacement-producing Irradiation.
Radiation-induced segregation to internal and

- external defect sinks. Radiation-enhanced diffusion.

Effects of irradiation on alloy composition,
microstructure, grain growth, superconductivity, and
amorphization. Displacement cascades. inert-gases
in solids. Surface layer modification of alloys by ion
Implantation, ion-beam mixing, and sputtering. ion
channeling and flux-pinning in High-T, materials. -
Iradiation performance of advanced nuclear fuels.
Effects of amorphization on dimensional stabilty. In
situ studies of ion and electron bombardment in the
High-Voltage Electron Microscope. Neutron and
duai-beam lon irradiation. Computer modeiing of
iradiation-Induced microstructural changes.
lon-beam analysis. Radiation sources include |
HVEM-2MV Tandem facllity (electrons and lons),
650kV lon accelerator, and IPNS.

26. HIGH T, SUPERCONDUCTOR DEVELOPMENT ‘
G. W, Crab'nee K. Goretta, J. L. Routbort, D. Shi
(708) 252-5509 01-5 $640,000

Development of a short length, current-carrying,
ceramic superconductor made by tape-casting..
extrusion, powder-in-tubes, thick-fim techniques,
co-evaporation, plasma and flame spraying, and/or
reactive sputtering. Studies of scaling-up of powder
preparation. Mechanisms and improvements of flux
pinning and J, enhancement In applied fields will be
studled and used to reach stated goal of 10,000
A/CM? at 77K and 2T applied fields. Collaborative
research with sclentists at Ames Laboratory and
Brookhaven National Laboratory.

27. AMORPHOUS AND NANOCRYSTALLINE MATERIALS
L. E. Rehn, J. Eastman, N. Q. Lam, P. R. Okamoto,
R. W. Slegsl
(708) 252-502} 01-5 $658,000
Investigations of the synthesis of amorphous and .
nanocrystaline materials by e-beam and thermal
evaporafion, inert-gas condensation, and
subsequent compaction. Amorphization by
isothermal solld-state reactions at the interfaces of
vapor-deposited multilayer films and mixed metal
powders, by lon-beam mixing of multilayer fiims, by
displacement damage of intermetalilc compounds
by electron and ion beams, and by hydrogenation.
Molecular dynamics simulations of sollg-state
amorphization. Elastic property measurements In
ordered, disordered and amorphous affoys. In situ.
high-voltage electron microscopy studies of the
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morphology and kinetlcs of crystalline-to-amorphous
transformations. Molecular dynamics simulations of
solid-state amorphization. Mechanical properties
and sintering. characteristics of nanocrystalline
ceramics and metals. Synthesls of ultra-fine metallic
powders. Materials characterization methods:
include X-ray and neutron diffraction, electron
microscopy, electrical resistivity, Rutherford
backscattering, AES, EELS, and EXAFS.

Solid State Physics - 02 -

B. D. Dunlap - (708) 252-5016

28. NEUTRON AND X-RAY SCATTERING
J. D. Jorgensen, J. E. Epperson, G. P. Felcher,
R. Kleb, R. Osborn, D. L. Price, S. Susman
(708) 252-5513 02-1 $1,600,000

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 motten salts, surface magnetism,
alloy decomposition, polymer interfaces, coarsening
processes, distributions with deep inelastic scattering.
and fast lon transport In solids.

29. TWO-DIMENSIONAL MATERIALS
S. D. Bader, M. B. Brodsky, M. Grimsditch, C. Uu
(708) 252-4960 02-2. $799.000

Research on the growth and physical properties of
novel ultra-thin, epitaxial films, metallic sandwiches,
superlattices and superconductors. Thin-im and
surface-sclence preparation techniques include
molecular beam epitaxy, evaporation and
sputtering. Monolayer growth phenomena and
Interfacial structure characterization methods include
olectron (RHEED and LEED) and X-ray diffraction.
Electronic properties studled via electron
spectroscoples (AES, UPS, XPS, STM), band-structure
theory, and low-temperature transport, magnetic
and high-T. superconductivity measurements. Elastic,
magnetic and vibrational properties using Brillouin
and Raman scattering. Magnetic studies using the
magneto-optic Kerr effect and spin-polarized
photoemission.

30. SUPERCONDUCTIVITY AND MAGNETISM
G. W, Crabtree, A. J. Fedro, K. E. Gray, D. G. Hinks,
W. K. Kwok, D. J. Mlller, L, C. Smedskjaer
(708) 252-5509 02-2 $1,367.000

Experimental and theoretical investigations of the
magnetic and superconducting propertles of

materials. Strong emphasis is being placed on
studles of high-T. oxide superconductors. Other
programs Include studies of the electronic propertles
of mixed valence, heavy fermion and other
narrow-band materials containing rare-earth and
actinide elements. Experimental techniques include
the de Haas-van Alphen effect, Mossbauer
spectroscopy, transport and magnetic
measurements, electron tunneling, heat capacity,
positron annihliation, materials preparation and
characterization.

31. CERAMIC EPITAXY AND MULTILAYER STRUCTURES
D.J. Lam, H. L. Chang
(708) 252-4966 02-2 $441,000

Coordinated experimental and theoretical research
program on the processing. characterization, and
property determination of epitaxial ceramic fims and
layered composites prepared by organometallic
chemical vapor deposition techniques. Materials
under Investigation Include: TIO,, VO,, BaTlO,, POTIO,.
PbZrO,, and PoZr, Tl,O,. A variety of experimental
and theoretical techniques are used to study this
problem; these Include electrical conductivity and
optical property measurements, conventional and
high-resolution transmission electron microscopy,
photoelectron spectroscopy. secondary lon mass
spectroscopy, X-ray diffraction, ab Inltio quantum
mechanical calculations and computer simulations.

32. PHOTON SCIENCE AT SYNCHROTRONS
P. A. Montano, M. Beno, J. C. Campuzano,
G. S. Knapp. M. Ramanathan, H. You
(708) 252-6239 02-2 $552,000

Glancing incidence X-ray fluorescence has been
used In the study of the elemental composition
profile of superlattices, X-ray scattering techniques
have been employed to study the interfacial
roughness in multilayers. in-situ X-ray scattering
techniques have been used to investigate the
growth mode of sputtered gold on a Sl single crystal
as a function of temperature and rare gas pressure.
The X-ray standing wave technique is being used to
Investigate the structure of metal/semiconductor
interfaces. The group Is constructing, at one the
natlonal synchrotron sources, a beam iine for energy
dispersive X-ray absorption measurements. Angle
resolved photoemission Is being employed In the
characterization of the electronic properties of
superconductors. The X-ray absorption technique ls
been used to determine the structure of excited
state molecules. A new technique has been
developed for rapld X-ray powder diffraction
measurements.
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33. MODELING AND THEORY OF INTERFACES
D. Wolf, S. Phillpot, S. Yip
(708) 252-5205 02-3 $265,000

Computer simulation of the physical properties of
solid interfaces, such as grain and interphase
boundairies, thin films and superiattices, Involving
atomistic simulation methods (lattice statics and
dynamics, molecular dynamics, Monte-Carlo). The
atomistic simulations are used to determine, for
example, the structure, free energy and elastic
properties of solid Interfaces as a function of
temperature, the point-defect properties of
Interfaces, such as impurity segregation and diffusion,
and the properties of volds in grain boundarles and
in the bulk. Materials considered involve metals,
semiconductors and ceramics as well as Interfaces
between them.

34. ULTRA-HIGH FIELD SUPERCONDUCTORS
K. E. Gray, R. T. Kampwirth, D. J. Miller
(708) 252-5525 02-5 $362,000

This project includes materials engineering research
and fundamental studies, both aimed at applications
of superconductors, primarily in high magnetic fields.
Microcharacterization has become an increasingly
important part of our materials research. Studies
seek to identify infrinsic imitations of crucial
superconducting properties and the effect of
extrinsic defects. Other studies seek to develop a
low-temperature, high-rate sputtering process for
high-temperature, high-field oxide superconductors
(e.g., Bi-Sr-Ca-Cu-O and T-Ba-Ca-Cu-0), and new
low-temperature In situ techniques are also being
investigated. Materlal characterization is by X-ray,
SEM, TEM, RBS. EELS, ICPAES, and superconducting
properties.

Materials Chemistry - 03 -

D. M. Gruen - (708) 2562-3513

35. CHEMICAL AND ELECTRONIC STRUCTURE
J. M. Wiliams, K. D. Carison, U. Gelser,
A. M. Kini, S. K. Kumar, J. S. Schiueter,

J. Schultz, H. H. Wang
(708) 252-3464 03-1 $1.338,000

New materlals synthesis and characterization
focusing on synthetic organic metals and
superconductors based on BEDT-TTF
(bis-ethylenedithiotetrathio-fulvalene), and the
fullerenes (C,,), and various new organic slectron-
donor and electron-acceptor molecules.
Development of structure-property relationships.
Electrical and superconducting properties
measurements. Development of improved crystal

growth techniques. Continuing development of the
neutron time-of-fight single-crystal diffractometer
(SCD) at the Intense Pulsed Neutron Source (IPNS).

" Phase transition and crystal structure studies as a

function of temperature (10-300 K) using the ]
IPNS-SCD and a iow-temperature (10 K) single crystal
X-ray diffraction instrument.

36. THERMODYNAMICS OF ORDERED AND METASTABLE
MATERIALS
M. Blander, L. A. Curtiss, M.-L. Saboungi
(708) 252-4548 03-2 $513.000

Experimental and theoretical investigations of
important thermodynamic and structural properties
of ordered and assoclated solutions and amorphous
(metastable) materials. Thermodynamic and
structural measurements (e.g.. emf, vapor pressure,
neutron diffraction) are combined with theoretical
calculations (e.g.. molecular dynamics, statistical
mechanics) to determine the fundamental
characteristics of ordered and associated solutions
(e.g.. chioroaluminates, ionic alloys, slicates). Other
techniques such as visible/uv spectroscopy small
angle neutron scattering. and inelastic neutron
scattering are used to obtain data relating to
valence states, ordering and clustering of atoms and
lons in solution. The extension of theories and
concepts for pyrometallurgy is explored.

37. INTERFACIAL MATERIALS CHEMISTRY

V. A. Maroni, L. A. Curtiss, L. ton, S. A. Johnson,

A. R. Krauss

(708) 252-4547 03-2 $504.,000
Basic research on interfacial phenomena is being
carried out in two forefront scientific fields of
materials science: (1) molecular sleve materials and
their application In heterogeneous catalysis and
(2) novel techniques for the preparation and
characterization of high-critical-temperature (1))
superconductors In thin-fim form. 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
reqactions. Use of molecular siove materials as
matrices for the generation of interacrystalline
pariicles and polymers, constrained In size and
dimenslonality. Computer simulations of framework
and adsorbate molecutar dynamics. as well as ab

initio molecular oribital calculations of chemical

properties of zeolite catayists and template effects in
microporous structure development. Production and
characterization of multicomponent thin fims and
layered structures by computer-controlled sequential
deposition with in situ annealing and oxidation
processes as part of an integrated fabrication cycle.
Use of ozone atomic oxygen, and oxygen ion beam
modification to produce high temperature
superconductor (HTSC) films with little or no high
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temperature anneaiing. Atomic layer-by-layer
fabrication of Bl based HTSCs. Production of
superlattice structures for electronic applications and
thin-film optoelectronic devices. Basic surface
studies of as-grown superconducting thin films; basic
studies of growth processes for multicomponent thin
films.

38. AQUEOUS CORROSION

V. A. Maroni, L. A. Curtiss, C. A. Melendres,

Z. Nagy. R. M. Yonco

(708) 252-4547 03-2 $611,000
Basic research aimed at elucidating fundamental
aspects of aqueous corrosion under conditions of
temperature and pressure (300°C and 10 MPa)
relevant to light water fission reactor environments.
Investigations of the mechanisms responsible for
passivation on Iron, copper, and nickel-based alloys
and for crack and pit propagation in these same
alloys. Studles of the detalls that connect surface
adsorption, electron transfer, and electrolyte
chemistry with passive film structure using a
combination of in situ surface sensitive spectroscopic
methods and transient electrochemical technlques.
In sifu of characterization of metal/solution interfaces
using laser Raman, photoelectrochemicals and X-ray
spectroscoples. Investigations of the key features of
the interfacial chemistry associated with passivation
processes (including charge transfer kinetics and
fiim-growth dynamics) using pulsed galvanostatic,
potentiostatic, dc polarization, and ac impedance
through the application of molecular dynamics
methods in combination with ab initioc molecular
orbital theory.

39. PARTICLE AND PHOTON INTERACTIONS WITH
SURFACES
D. M. Gruen, W. F. Calaway. A. R. Krauss,
G. J. Lamich, M. J. Peliin, C. E. Young
(708) 252-3513 03-3 $999,000

Development of multiphoton resonance ionization
methods combined with energy and angle
refocusing time-of-flight mass spectroscopy for
ultrasensitive detection of sputtered species.
Application of this technique to studies of

(1) fundamental problems in surface sclence (depth
of origin of sputtered species; sputtering of metal
clusters; adsorbate structures; strong metal support
interactions; mechaonisms of oxidation; surface
segregation), (2) electron- and photon-induced
desorption cross sections and mechanisms for neutral
specles with particular reference to desorption by
synchrotron radiatlon, (3) trace analysis for selected
systems of speclal significance such as Impurities In
semiconductors, (4) fundamentat studies of planetary
materials including isotopic anomalles. Surface
compaosition, structure and radiation-enhanced
segregation In strongly segregating alloy systems
using recoill sputtering. lon-scattering, SIMS, Auger,

XPS, UPS, and LEED techniques. Preparation of
controlled stolchiometry high-temperature
superconducting fims and fabrication of layered
thin-film structures by sequential sputtering of
elementary targets. lon scattering and impiantation
and surface modification.

40. MOLECULAR IDENTIFICATION FOR SURFACE
ANALYSIS
D. M. Gruen, K. R. Lykke, M. J. Pellin
(708) 252-3513 03-3 $432,000

Surface analysls of the molecular composition of
complex solids using Fourler tfransform ion cyclotron
resonance spectroscopy coupled with resonant and
“soft* laser ionization methods. The solid surfaces 1o
be investigated include conducting polymers,
plastics, and other high molecular welght materials.
One aspect of the study Involves the diffusion and
fate of additlves such as plasticizers and UV stabilizers
In polymers. Another aspect includes the
characterization of fullerene (C)-type compounds.

Facllity Operations - 04 -

B. S. Brown - (708) 252-5518

41. APS BEAMLINE AND INSERTION DEVICE R&D
E. E. Alp, S. H. Barr, D. Carnegie, E. Gluskin,
A. Khounsary, A. Macrander, D. M. Mills, E. Moog,
G. K. Shenoy. D. Shu, R. K. Smither, W. Yun
(708) 252-5537 04-1 $7.365,000

Design studies of the components of the insertion
devices, beamiine components, X-ray optics and
detectors suitable for 7-GeV Advanced Photon
Source. Methodologles are developed to calculate
the angular distrloutions and polarization of insertion
device radiation and the performance of X-ray
optical systems for high-brlliance photon beams.
Development of a fast CCD/scintillation detector for
X-ray range and readout procedures to perform time
development studies are in progress. Prototype
insertion devices and high heat load optics are
under evaluation at the Cornell Electron Storage Ring
and at the National Synchrotron Light Source X-ray
ring. to assess and improve insertion device and
optics performance and to conduct feasibility
experimentation.
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42. APS ACCELERATOR R&D
M. Borland, E. Crosbie, R. Damm, G. Decker,
J. Galayda, G. Goeppner, J. Howell, J. Jagger,
M. Knott, R. Kustom, A. Lumpkin, G. Mavrogenes,
W. McDowell, D. McGhee, F, Mills, J. Noonan,
A. Passi, S. Sharma, L. Teng, M. White
(708) 252-7796 04-1 $9.350,000

To further refine the accelerator and storage ring
systems of the Advanced Photon Source, this
research supports construction of a 7-GeV storage
ring complex capable of facllitating wide ranges
(1-100 kev) of X-ray tunability of insertion devices and
operating with 34 Insertion device beamlines.
Accelerator component prototypes are developed
to evaluate and refine performance characteristics.
Theoretical methods are developed and applied to
predict accelerator physics performance
parameters. Research continues on accelerator
vacuum systems fabrication and cleaning processes.
Facllity Title It design activities began in FY 1990,
construction was initated in FY 1990 and completion
is scheduled for FY 1996.

43, INTENSE PULSED NEUTRON SOURCE PROGRAM
B. S. Brown, F. R. Brumwell, J. M. Carpenter,
R. K. Crawford, W. D. Dozier, C. -K. Loong,
J. Richardson, F. J. Rotella, W. G. Ruzicka,
P. Thiyagargjan, F. R. Trouw, T. G. Worlton
(708) 262-4999 04-1 $6.521,000

Operation and development of IPNS, a pulsed
spallation neutron source for condensed matter
research with neutron scattering techniques. The
facllity is equipped with 12 Instruments which are
regularly scheduled for users and 1 instrument under
construction. The facllity has been run since 1981 as
a national facllity in which experiments are selected
on the basis of scientific merit by a nationally
constituted Program Commitiee. Approximately 320
experiments, Involving about 150 outside visitors from
universities and other Institutions are performed
annually. Industrial Research on a proprietary basis,
which allows the company 1o retain full patent rights,
has been inttiated with a number of companies (e.g..
DuPont, Allled-Signai, IBM, General Electric, Amoco,
British Petroleum) and is encouraged. Relevant
Argonne research progroms appear under the
neutron activities of the Materials Science Division of
Argonne National Laboratory.

44. APS COMMISSIONING AND START-UP
Y. Cho, J. Galayda, G. Shenoy
(708) 252-6616 04-1 $§4,965,000

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
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systems. Maximum use wiil be made of
computerized documentation and document control
procedures to assure repeatable, safe operations. A
unified approach will be devseloped to create and
control command sequences defining operation,
assoclated 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
princlpal causes of Instabllity In the orbit of the stored
positron beam. The undulators and wigglers of APS
produce the X-tay beams and are also capable of
disturbing the beam stabllity if not adjusted to
perfection. 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.

45. ASD R&D IN SUPPORT OF OPERATIONS
E. Crosbie, R. Damm, J. Galayda, M. Knott,
G. Mawvrogenes, L. Teng
(708) 2562-7796 04-1 $1.970,000

To further develop the operations of the APS, R&D
support Is needed to optimize accelerator systems,
control and X-ray source capabilities. These studies
will examine the operating characteristics of APS
systems with the goal of improving them. Activities
include accelerator physics studies of the linacs, PAR,
synchrotron storage ring, and transport line 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 technigues 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 abillity to use the facllity for
synchrotron radiation research.

46. XFD R&D IN SUPPORT OF OPERATIONS
E. Gluskin, D. M. Mills, G. K. Shenoy
(708) 252-5537 04-1 $680,000

To prepare In advance for the operational phase of
the APS facllity, R&D needs have been Identified that
have direct bearing on the success of APS user
programs. R&D items are based on user
collaboration proposals, while others support the
beamiine design work In developing standard
components. In order to enhance dissemination of
the best beamline designs to the users, a Design
Exchange has been established. This exchange
maintains all the updated design drawings of the
user beamlines from the conceptual stage to the
as-bullt stage. Furthermore, these CAD drawings and
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corresponding specifications and descriptions are
available to all the users on communication links.
There Is an additional effort to design, develop and
test software to operate all the beamlines and
experimental instruments so as to enhance
performance and safety of operation. In addition,
insertion device diagnostics will be carrled out using
a posftron beam from the linac.

BROOKHAVEN NATIONAL LABORATORY
Upton, NY 11973

J. D. Axe - (516) 282-382)
Fax No.: (5616) 282-5888

Mefallurgy and Ceramics - 01 -
D. O. Welch - (616) 282-3517

47. FIRST PRINCIPLES THEORY OF HIGH AND LOW
TEMPERATURE PHASES
J. W, Davenport, P. Allen (SUNY-Stony Brook).
S. Narasimhan, R. E. Watson, M. Weinert
(516) 282-3789 01-1 $499.000

Molecular dynamies simulations using first principles
techniques as well as empirical potentials.
Applications to metals Including liquids and
amorphous materials. Calculations of melting and
temperature dependent phase diagrams. Cluster
calculations on oxide superconductors.

48. STRUCTURE AND PROPERTIES OF SURFACE
MODIFIED MATERIALS AND INTERFACES
S. M. Heald, B. Nlelsen
(516) 282-2861 01-1 $534,000

Experimental studies of the fundamental factors
which influence the micro-structure and chemical
bonding at Interfaces between dissimilar materlals
and of surface layers of materials which have been
modified by varlous means to have properties
different from those within the bulk of the materials.
Systems include metal-metal interfaces, multilayers,
and grain boundaries. Structural and chemical
characterization is carried out using glancing angle
X-ray reflection and absorption, and positron
anniniiation along with standard techniques such as

transmisslon electron microscopy and photoemission.

49. MECHANISMS OF METAL-ENVIRONMENT
INTERACTIONS
H. S. Isaacs, A. J. Davenport
(516) 282-4516 01-2 $441,000

Studies of the properties, formation, and breakdown
of passive and anodically grown oxide films on
metais and alloys. Surface morphology and atomic
shructure using atomic force and funneling

microscopy. Structure and valency of surface oxides
using EXAFS and XANES. In situ electrochemical X-ray
scaftering of metal surfaces. Studies of the
incorporation of corrosion- inhibiting anions and the
mobility of these anions under existing high electric
fields. Electronic and lonlc conductivities of oxide
fiims. Kinetics of the early stages of formation of
oxide fims. Breakdown of oxide fims followed by
localzed corrosion. Propagation of voltage translents
along metal surfaces. Dissolution kinetics of metals In
highly concentrated electrolytes. Structure of the
electrolytes, salt fim formation, and electromigration.

50. SUPERCONDUCTING MATERIALS
M. Suenaga, R, Bughanl, D. O. Welch, Y. Zhu
(516) 282-3517 01-3 $1,168,000

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.

51. BASIC MATERIALS SCIENCE OF HIGH TC .
CONDUCTOR FABRICATION
M. Suenaga. Q. U, Y. Zhu
(516) 282-3518 01-6 $657.000

The purpose of this program Is to perform basic
studles of problems which are associated with the
fabrication of conductors for magnets and
transmission of power utilizing high T,
superconductors. The main focus of this program
currently is on characterzation of microstructural and
electromagnetic properties of grain boundaries in
YBa,Cu,0, and BLSr,CaCu,0, in order to gain
increased understanding of the nature of the
coupling. A second aspect of the program is the
development of fabrication techniques for
YBa,Cu,0, to strengthen the coupling of the
boundarles by methods such as selective doping.

Solid State Physics - 02 -

M. Strongin - (516) 282-3763

52. ELEMENTARY EXCITATIONS AND NEW TECHNIQUES
S. M. Shapiro, L. Passell, L. Rebelsky, B. Sternleb,
T. Thurston
(516) 282-3822 02-1 $1.433,000
This program Is directed to the study of elementary
excitations in condensed matter and to the
development of new nautron scattering techniques
to further these investigations. Currently,
experimental interest focuses on excitations In heavy
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fermion, mixed valent, paramagnetic systems, spin
glasses, magnetic afloys, and the combined use of
X-rays and neutrons to study the structure and
Interactions in solids. Laftice dynamics studies of
metallic alloys were undertaken to estabiish the
relationship between the diffuse elastic scattering
phonon anomalies in the dispersion curve. The
objective in ali these experiments is to obtaina
better understanding of the fundamental interactions
which determine the unique properties of these
systems. In the area of new Iinstrumentation, an
Improved refiection spectrometer has been installed
on the High Flux Beam Reactor (HFBR) cold
moderator beamiine and is now operating. This, as
well as other recently completed projects and such
continuing projects as the United States-Japan
(U.S.-Japan) Collaborative Research Program,
reprasent a significant expansion of the condensed
matter research capabifity of the HFBR. Part of the
effort in new Instrument development will also
contribute to the Advanced Neutron Source Project
at Oak Ridge Nationaif Laboratory.

53. MAGNETIC AND STRUCTURAL PHASE TRANSITIONS
G. Shirane, H. Chou, P. M. Gehring, T. Thurston,
J. M. Tranquada
(516) 282-3732 02-1 §1.128.000
The principal objective of this program is the
fundamental study of phase transitions and
magnetism by elastic and inelastic neutron
scattering. At present, a concentrated effort
directed towards the characterization and
understanding of the high temperature
superconductors complements work on a
wide-range of other important systems. Within the
area of phase transitions, measurements of both
structural rearrangements and dynamical fluctuations
In order parameters are applied to martensitic alloys
as well as to the copper-oxide superconductors.
Antiferromagnetic correlations are proving to be
especially important in the copper-oxide perovskite
systems. The unique attributes of the neutron are
exploited in both the static and dynamical studies of
critical phenomena in magnetic materials. The
primary interest is In the study of collective magnetic
excitations and short-range correlations in a wide
variety of magnetic materials. Recent activity
involves substitutionally disordered magnetic
materials, spin glasses, and low-adimensionai systems.
The facilities at the High Flux Beam Reactor (HFBR)
are operated as a Participating Research Team and
are available to the outside scientific community.
Scientists from academia. industry, and other
nationai laboratories are encouraged to perform
their experiments at Brookhaven.
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§4. STRUCTURAL CHARACTERIZATION OF MATERIALS
USING POWDER DIFFRACTION TECHNIQUES
D. E. Cox, J. A. Hriljac
(516) 282-3818 02-2 $273.000

Application of synchrotron X-ray and neutron powder
diffraction techniques to structural analysis of
materials, Including mixed metal oxides, zeolites, high
T. superconductors and fullerenes. Phase transition
studies at high and low temperatures, including
magnetic ordering. High pressure studies In
diamond--anvil cells by synchrotron X-ray diffraction
techniques with monochromatic radiation.
Development of instrumentation and software for
powder diffraction analysis. Planning and design of
a new high resolution neutron powder
diffractometer. Preparation and characterization of
bulk samples of inorganic materials, especially high-T,
metal oxide supsrconductors, including T,
measurements. Ab initio structure determination
from powder data. Application of X-ray anomaious
scattering to probe catlon distribution and selective
oxidation states.

55. EXPERIMENTAL RESEARCH - X-RAY SCATTERING
L. D. Gibbs, G. Helgesen, J. P. Hill, B. Ocko,
J. Wang, G. Watson
(516) 282-4608 02-2 $1,300.000

The objective of this program is to exploit the
techniques of synchrotron X-ray scattering to study
the structural, electronic, and magnetic properties of
condensed matter systems. The X-ray scattering
group, as part of two participating research teams,
operates and malntains two beamiines at the
National Synchrotron Light Source (X22B and X22C)
and Is involved in the development and use of two
new Insertion device beamilines (X21 and X25).
Particular emphasis is placed Investigations of
surface and interfacial phenomena and on the
structure and magnetic spectroscopy of
magnetically ordered crystals. Current examples of
projects include: 1) the study of surface
reconstructions and phase transformations on Au
and Pt surfaces in UHV, 2) the study of
electrochemically driven surface reconstructions at
metai/electrolyte interfaces, 3) the study of
fluctuations at fiquid surfaces and interfaces, and
4) the study and use of resonant magnetic scattering
in rare earths and actinlde compounds.

56. LOW ENERGY - PARTICLE INVESTIGATIONS OF
SOuDs
K. G. Lynn, P. Asoka-kumar, Y. Kong, P. Simpson
(516) 282-3710 02-2 $1,000,000

Perfect and imperfect solids, sofid and liquid
interfaces, and their surfaces are investigated by
using variable energy positron (.1 eV - 3 MaV)
coupled with standard surface analysis tools (Auger
Electron Spectroscopy. Low Energy Electron
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Diffraction). These methods include two-dmensional
angular correlation of annihliation radiation, positron
induced Auger Electron Spectroscopy, positron
channeling, positron work functlons, and positronium
formation. Systems that are being studied Include
metal-metal, oxide-semiconductor, and
metal-semiconductor Interfaces. Bulk positron
lifetime and Doppler broadening measurements are
being performed on various systems including high
temperature superconductors and some metalic
alloys. Defect formation in semiconductors by lon
implantation and their kinetics are studied. The
hydrogen interaction with the interface trap centers
Is studied. The early stages of pitting of aluminum
have been studied. Improved modeling of positron
implantation and diffusion In homogeneous and
layered solids through Monte Carlo simulation is
being developed to carry out quantitative depth
profiling. Fundamental studies involving
positron-atom scattering, single quantum
annlhilation, and resonant Bhabha scattering are
investigated.

57. THEORETICAL RESEARCH
J. W. Davenport, P. Bak, V. J. Emery. Z. Olami,
M. Pacuski. R. E. Watson, M. Weinert
(516) 282-3789 02-3 $882,000

Solid state theory Including self organized criticallty,
nonlinear systems, theory of superconductivity in
oxides, and many body effects. 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.

58. SURFACE PHYSICS RESEARCH
M. Strongin, P. D. Johnson, P. Kulper,
M. W. Ruckman, K.-D. Tsuel
(516) 282-3763 02-5 $932,000

Varlous surface sensitive technigques are used to
study the physical and chemical propertles of
surfaces and thin films. These techniques Include
Low Energy Electron Diffraction (LEED). Auger
Electron Spectroscopy, Low Energy lon Scattering
(LEIS), Photoemission, Inverse Photoemission, and Spin
Polarized Photoemission. The major part of the
program is supported by beamiines 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 and high resolution photoemission
components of the program. Ongoing research
includes: (@) 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; (¢) catalytic properties of
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metal overylayers; (d) photoemission and near edge
studies of oxides and the high-T, superconductors;
(o) surface metallurgy and surface compounds; and
(H studles of oxides and metastable species formed
in low temperature reactions; (@) formation of
surface coating using cryogenic techniques and
synchrotron radiation,

Materials Chemistry - 03 -

' 59. NEUTRON SCATTERING - SYNTHESIS AND STRUCTURE

J. Z. Larese
(516) 282-4349 03-1 $473,000

A variety of neutron scattering techniques are
employed to study phase transitions and critical
phenomena of atomic and molecular fims adsorbed
on surfaces. Primary emphasis Is focussed on the
structure and dynamics of hydrocarbon ond rare gas
fims adsorbed on graphite and magnesium oxide
surfaces. Other areas of study include the imaging
of Rayleigh-Benard convection in liquid helium
mixtures, the synthesis of high-quality single-crystal
materials with unique physical properties, and
molecular dynamics simulations of surface films. A
new Triple-Axis Multidector Powder Attachment
(TAMPA) with 15 helium detectors equally distributed
over a 90 degree arc dllows rapid collection of
powder diffraction data. A high-resolution
two-dimensional neutron detector with spatial
resolution <0.5 mm and a 5x 5 cm? active area is
nearly complete. Each of the new dectors provides
more than an order of magnitude increase in data
collection efficiency.

60. SYNTHESIS AND STRUCTURES OF NEW CONDUCTING

POLYMERS

J. McBreen

(516) 282-4513 03-2 $487,000
Development of a fundamental understanding of
ionically and electronically conducting polymers and
develop 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 spectroscoplc
techniques, including electrochemistry, X-ray
absorption spectroscopy, X-ray diffraction, positron
annihiiation, Fourler transform infrared spectroscopy,
and electrical resistivity measurements. The materials
of interest are linear polyethers, polyslioxanes,
polypyrroles and polythiophenes. The materials are
chemically modified by the covalent attachment of
electrically active side groups. A second category
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of materlals consists of organo-disuifide redox
polymers. This is a collaborative program between
Brookhaven National Laboratory, Polytechnic
University, and Moltech Corp.

Facility Operations - 04 -

M. Knotek - (616) 282-4966

61. EXPERIMENTAL RESEARCH-HIGH FLUX BEAM
REACTOR - OPERATIONS
M. H. Brooks, W. Brynda, J. Detweller, O. Jacobl,
J. Junker, V. Lettierl, J. Petro, T. Prach,
R. Reyer, D. C. Rorer, P. Tichler
(516) 282-4061 04-1 $23.506.000

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 liquld hydrogen
moderated cold neutron source, and irradiation of
sampiles for activation analysis, isotope production,
positron source production, and radlation 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 upgrodlng the
reactor.

62. NATIONAL SYNCHROTRON LIGHT SOURCE,
OPERATIONS AND DEVELOPMENT
D. B. McWhan, |. Ben-2vi, E. Blum, N. Fewell,
J. Hastings. R. Heese, R. Klaffky, S. Kramer,
D. P. Siddons, W. Thomilison, G. P. Williams
(516) 282-3927 04-1 $16,358,000

This program supports the operation of the National
Synchrotron Light Source (NSLS), which Is a large user
facility devoted to the production and utilization of
synchrotron radiation, and It supports the
development of electron based radiation sources
and new applications of this radiation In the physical
and biological sclences. 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 buitt around facility and participating
research team photon beamlines on\?he vacuum
ultraviolet (VUV) and X-ray storage rlngs As this Is
the first facllity in the U.S. that was designed expressly
for the use of synchrotron radiation, there are
extensive development programs to Improved the
stability, reliabliity, and lifetime of electron beams
and to develop new insertion devices which glve
even brighter photon beams. Equally important are
programs to develop new beamiine Instrumentation
including beamline optics, monochromators and

detectors which will permit users to take full
advantage of the unique research capabilities
offered by the NSLS. Finally, substantial
maintenance, upgrade, and safety programs are
required for the operation of the facllity.

IDAHO NATIONAL ENGINEERING

LABORATORY
Idaho Falls, ID 83415

D. W. Keefer - (208) 526-8003
Fox No.: (208) 526-5977

Metallurgy and Ceramics - 01 -

63. STRESS DISTRIBUTION IN GRADED

MICROSTRUCTURES

B. H. Rabin

(208) 526-0058 01-5 $§235.000
Develop fundamental understanding of the effects
of microstructure, processing conditions, and
specimen geometry on the residual stresses in
graded materials intended to mitigate the effects of
the mismatch In properties at dissimilar materlal
interfaces. Fabrication of two-phase materials with
controlled microstructural gradients and varying
geometries by electron beam coevaporation and
powder metallurgy techniques. Focus on matetials
systems In which significant property mismatch exists
between components, 8.g.. AL,O,;/Ni and Si/Ag.
Measurement of residual stresses by high spatial
resolution X-ray diffraction methods using synchrotron
source. Comparison of experimental results with
predictions from elastic-plastic finite element
modeling of stress distributions. :

64. ROLE OF IMPURITIES IN MICROSTRUCTURAL
EVOLUTION OF RAPIDLY SOLIDIFIED MATERIAL
R. N. Wright
(208) 526-6127 01-5 $132,000
Examination of phenomena associated with the
interaction of low levels of impurities with
quenched-in defects in rapidly solidified metals.
Interactions studied In simple systems to determine
fundamental mechanisms. Initial studies of
high-purity aluminum and aluminum doped with
1ppm lead containing lon-implanted helium have
shown accelerated helium bubble growth when -
liquid lead precipitates are attached to bubbles.
The Influence of other low melting point metals with
large atomic diameters, e.g., Indium, on hefium
bubble growth will be studled. Rapidly quenched,
high-purity aluminum and dilute aluminum alloys
contalning substitutional elements with different
vacancy binding energles, as well as carbon as an
interstitial impurtty, will be examined. Experimental
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techniques include positron annlhilation and TEM.,
Atomistic models will be developed.

UNIVERSITY OF ILLINOIS MRL
104 S. Goodwin Avenue
Urbang, IL 61801

H. Bimbaum - (217) 333-1370
Fax No.: (217) 244-2278

Metallurgy and Cetamics - 01 -

H. Bimbaum - (217) 333-1370

65. THEORY OF DEFECTS AND INTERFACES IN BCC
METALS
J. Adams .
(217) 244-77090 01-1 §143,923
Theoretical calculations of defect properties in BCC
systems. Development of accurate Interatomic
potentials. Calculation of graln boundary properties
in BCC metals. Effects of H and He on properties.

66. TRANSPORT PROCESSES IN LOCALIZED CORROSION
R. C. Akkire
(217) 333-3640 . 01-1 $216,643

Corrosion of passivating systems. Tranport, reaction,

and convective diffuston at localized corrosion sites.

Initiation at incluslons; corrosion pit growth; corrosion

of cracks in static and dynamically loaded systems;

corrosion Inhibition.

67. DEFECTS, DIFFUSION, AND NON-EQUILIBRIUM

PROCESSING OF MATERIALS
R. S. Averback .
(217) 333-4302 01-1 $406.965

lon beam studies of interfaces and diffusion;
Rutherford backscattering studies of ion beam
effects in solids; crystalline and amorphous fransitions;
formal propertles of nanophase metals and alloys:
radiation damage due to lon beams. Development
of nanophase ceramics and studies of their physical
and mechanical properties. Transport properties and
structures of nanophase ceramics are belng studied.

68. MOLECULAR SPECTROSCOPY OF THE SOUD-LIQUID
INTERFACE
P. W. Bohn '
(217) 333-0676 01-1 $83,763
In situ molecular spectroscoplc probes used to study
the structural chemistry. of corrosion Inhibitors on
metal and metal-oxide surfaces. Raman
spectroscopy of the liquid-solid interface will be used
o determine absorbate-substrate binding and linear
dichrolsm to probe the supermolecular structure and

molecular orientation. Correlation with the solution
chemistry and corrosion response will be made.

69. CENTER FOR MICROANALYSIS OF MATERIALS
J. A. Eades, H. Farrell
(217) 333-8396 011 SO

Chemical, physical ond structural characterization of
materials, Surface and bulk microanalysis. Electron
microscopy. X-ray diffraction, Auger spectroscopy,
SIMS and other techniques. Collaborative research
programs.

70. MICROANALYSIS OF DEFECTS AND INTERFACES
J. A, Eades
(217) 333-839%96 01-1 $137.742

Defects. Interfaces, segregation are studled by

cathodoluminescence and X-ray microanalysis in the

transmission electron microscope and by Rutherford
backscattering and channeling. Surface
convergent-beam diffraction Is developed as an
analytical technique. An environmental cell for
transmission electron microscopy s under
construction.,

71. ATOMISTICS OF GROWTH AND TRANSPORT AT
METAL AND SEMICONDUCTOR INTERFACES
_ 6. Enhriich
(217) 333-6448 01-1 $156.225
Atomic processes Important in the growth of crystals
and thin fims are being characterized on the atomic
level using field lon microscopic methods. The
diffusivity of single metal atoms will be explored on
different planes of the same crystal, as weli as on
different substrates, In order to establish the
Importance of structure and chemistry in affecting
atomic transport and incorporation.

72. APPLICATION OF SURFACE CHEMISTRY TECHNIQUES
TO UNDERSTANDING HETEROEPITAXY
H. Farrell
(217) 333-0386 01-1 $99,293
Quantification of bulk concentration analysls using
surface sensitive techniques, e.g., Auger Electron
Spectroscopy and/or X-ray Photoelectron
Spectroscopy, for depth profiling when differential
sputtering Induces surface segregation. Application
of surface analysls methods to study the inftial stages
of heteroepltaxy at polar interfaces. Studies of
structure and chemistry in the submonolayer region.

73. SURFACE STUDIES OF BOUNDARY LAYER FILMS
A.J. Geliman
(217) 244-5810 01-1 $42,283

The long term goal of this program Is the

understanding of the mechanical properties of

interfaces. We will Investigate the role of surface



Laboratories

structure, and the role of adsorbed species in
determining both the adhesive and frictional
properties of interfaces between pairs of surfaces.
Initial measurements will be made on a macroscopic
scale (gram level forces) between pairs of surfaces
that have been prepared under vacuum conditions.
These will include perfectly ciean metal surfaces of
varying structure brought together in weli defined
relative orlentations. A second class of interfaces will
be formed from surfaces covered with monolayer
amounts of adsorbed species. The intention is to
study the adsorbate characteristics important in
determining mechanical properties, in particular the
role of the mode of adsorption. In the first system to
be studied we will discriminate between the
properties of carboxylic acids adsorbed molecularly
or as carboxylate anlons.

74. ATOMIC RESOLUTION ELECTROCHEMISTRY OF
CORROSION AND DEPOSITION PROCESSES
A. A. Gewirth
(217) 333-8329 01-1 §97,749
Scanning Tunneling Microscopy and Atomic Force
Microscopy is applied to understanding the atomic
processes of corrosion and deposition in
‘electrochemical environments.

75. TRANSMISSION ELECTRON MICROSCOPY OF
SURFACES AND INTERFACES
J. M. Gibson
(217) 333-2997 01-1 $183,030
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.

76. CHEMISTRY OF NEW TRANSITION METAL CERAMIC
COMPOUNDS SYNTHESIZED BY MOCVD
G. S. Girolami
(217) 333-2729 01-1 $107.410
Synthaesis of thin film ceramics by chemical vapor
deposition method. Studies of the chemistry of
precursor compounds at solid surfaces. Preparation
of transltion metal carbldes, borldes and nitrides
using MOCVD methods. Characterization of the
microstructures, chemistry, electronic structure,
physical properties of the films using a variety of
methods. Use of MOCVD methods to develop high-
T. superconductor films.
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77. CRYSTAL GROWTH AND PHYSICAL PROPERTIES OF
METASTABLE SEMICONDUCTING, CERAMIC AND
METALLIC ALLOYS
J. E. Greene
(217) 333-0747 01-1 $193,656

Mechanisms and kinetics of crystal growth.

Metastabie single crystal alioys for solar and optical

applications. lon-beam sputtering. molecular-beam

epitaxy, laser heating and low-energy ion
bombardment methods appiied to -V based
compounds and Hil-IV-V2 chalcopyrite systems.

78. SURFACE AND INTERFACE X-RAY DIFFRACTION
l. K. Robinson
(217) 244-2949 01-1 $54,004

Use of X-ray scattering methods to study the structure

and chemistry of surfaces. Development of methods

to study the structure of surfaces during MBE growth
and during corroslon. Studies of the solid-liquid
interface.

79. ORGANIZATION OF THE SINGLE-CRYSTAL
SOLID-LIQUID INTERFACE: ENERGIES, STRUCTURES
AND ELECTRONIC SYNERGISM
A. Wieckowski
(217) 333-7943 01-1 $144,167

Structure and properties of the solid-liquid interface.

Atomic level studies of the structure/energy

characteristics of adsorbates in electrochemical

systems. Electrocatalysis. ’

80. MICROSTRUCTURE EVOLUTION, INTERFACES AND

PROPERTIES IN STRUCTURED CERAMIC COMPOSITES
A. Zangvil

(217) 333-6829 01-1 $233.618
Microstructure and microchemistry of SIC with
covalent additives, such as AIN, BN and BeQ; solid
solution formation in SIC based systems; effect of
processing varlables and additives on polytypism
and microchemistry. Interfaces and toughening
mechanisms in SIC- and mullite-matrix composites.
Application of microanalytic methods to analysis of
the structure and microchemistry of ceramic high-T,
superconductors.

81. SOLUTE EFFECTS ON MECHANICAL PROPERTIES OF
GRAIN BOUNDARIES
H. K. Birnbaum, |. Robertson
(217) 333-1370 01-2 $266.229

Hydrogen effects on deformation and fracture;
effects of hydrogen on dislocation mobilities;
theoretical model of hydrogen embritfiement;
interaction of disocations with grain boundarles;
solute effects on the response of grain boundaties to
stress,
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82. COUNCIL ON MATERIALS SCIENCE
C. P. Flynn
(217) 333-1370 01-2 $§72,288

Study and analysls of current and proposed basic

research programs on materlals and assessment of

thelr relevance to problems of energy utillzation.

Consideration of national faclities needs. Convening

of panel studies on selected topics.

83. HIGH TEMPERATURE MECHANICAL BEHAVIOR OF
CERAMICS
D. F. Socle
(217) 333-7630 01-2 $71,132
Behavior of engineering materials subjected top
complex loading involving high temperatures,
multiaxal state of stress, and time dependent state
of stress. Macroscopic damage models are being
developed on the basls of microscopic studies of
defects accumulated In the materials. High
temperature mechanical properties of ceramics
under unlaxial, multiaxial, and fatigue conditions.

84, MICROSTRUCTURE BASED CONTINUUM MODELING
OF THE MECHANICAL BEHAVIOR OF MATERIALS
P. Sofronis
(217) 333-2636 01-2 $65,184
Theoretical modeling of mechanical propertles 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 fiow.

85. SUBCRITICAL CRACK GROWTH IN STRUCTURAL

CERAMICS

J. F. Stubbins

(217) 333-6474 01-2 $83,081
Micromechanisms of fallure 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 fallure. Crack propagation kinetics in ceramics at
high temperatures and in aggressive atmospheres.
Subcritical crack growth In ceramics,

86. STRUCTURE AND KINETICS OF ORDERING
TRANSFORMATIONS IN METAL ALLOYS AND SILICIDE
THIN FILMS
H. Chen
(217) 333-7636 01-3 $231,127

Investigation of the kinetics and mechanisms of

thermally induced structural fransformation In

amorphous slicate glasses and crystalline silicide thin
fims. Emphasls Is placed on the devitrification
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behavior and slificide layer growth kinetics and
interface characterization using X-ray diffraction
techniques In an in stu manner.

87. MATERIALS CHEMISTRY OF OXIDES CERAMICS;
FIELD RESPONSIVE OGRANIC INCLUSION
. COMPLEXES
W. F. Klemperer
(217) 333-2995 01-3 $343.329
Low-temperature synthesis of oxide gels and glasses
using a step-wise approach. Polynucliear molecutar
buliding-blocks are first assembled and then
polymerized Into solid materials using sol-gel
methods. Sliicate cage. ring, and chain alkoxides
and thelr polymerization reactions are studied using
muttinuclear NMR spectroscoplc and gas
chromatographic techniques.

88. SYNTHESIS AND PROPERTIES OF ELECTRICAL
CERAMICS ‘
D. A. Payne
(217) 333-2937 01-3 $485,150

Synthesls, 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 polarizable
deformable solids, twin and domain structures,
ferroelasticity and crack propagation. Amorphous
ferroelectrics. Syntheslis methods and properﬂes of
high-T. superconductors.

89. ATOMIC SCALE MECHANISMS OF VAPOR PHASE
CRYSTAL GROWTH
A. Rockett
(217) 333-0417 01-3 $242.036
Theoretical studies of the atomic scale processes
which determine the surface structures of crystals
during vapor phase growth. Monte Carlo imulations
of the crystal surfaces Including structure and
reconstruction of planes with fow indices as well as
those with high indices. Expetimental determination
of the surface structure during MBE crystal growth
using LEED and RHEED osclilations.

90. PROCESSING OF MONODISPERSE CERAMIC
POWDERS
C. Zukoski
(217) 333-7379 01-3 $399.275
Low temperature processing of ceramics Including
precipitation of monodisperse oxide powders,
theology of monodisperse powders and mixtures,
and studies of forces In colloidal suspensions, for the
purpose of forming low fiaw density, high
performance ceramics.
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91. MICROSCOPIC PROCESSES IN IRRADIATED
CRYSTALS
R. S. Averback, C. P. Flynn
(217) 333-4302 01-4 $24,963

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 sze scale of the defect
events. Thermal spike behavior, radiation induced
diffusion, radiation sputtering and sink behavior are
being studied. Experimental efforts are
compiemented by molecular dynamic computer
simulations.

92. RADIATION EFFECTS IN METALS AND
SEMICONDUCTORS
l. M. Robertson
(217) 333-6776 01-4 $70.037
Investigations of vacancy dislocation loop formation
and displaocement cascades in Fe, Ni, Cu with
Iradiations and high voitage electron microscopy (at
ANL) ot 10K to 800K: and of amorphous zones
produced in Si, GaAs and GaP by heavy lon
Irradiation.

Solid State Physics - 02 -

T.-C. Chiang - (217) 333-2593

93. SYNTHESIS AND CHARACTERIZATION OF
ORGANOMETALLIC LUQUID CRYSTAL POLYMERS
T. L. Brown
(217) 244-1176 02-2 $57.426

Synthetic routes 1o liquid crystal polymers containing

transition metal orgonometallic functional groups are

being explored. These groups are chosen 1o have

special chromophoric, electric or magnetic

properties.

94. MICROSCOPIC MECHANISMS OF CRYSTAL

GROWTH

D. Cahlii

(217) 333-6753 02-2 $§72,073
Development and use of microanalytic tools to study
vapor phase crystal growth. Use of STM Imaging
combined with low energy lon energy transfer to
surface atoms to study the mechanisms of growth of
pure elements and alloys. Study of the effects of
surface chemistry on the Incorporation of adatoms
Into the crystal structure.
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95. ELECTRONIC PROPERTIES OF SEMICONDUCTOR
SURFACES AND INTERFACES
T.-C. Chiang
(217) 333-2593 02-2 $160,107
Synchrotron radiation photoemission studies of
electronic properiies and growth behaviors of
semiconductor surfaces and interfaces prepared in
situ by molecular beam epitaxy; properties and
atomic structure of alloy surfaces. XPS studies of the
band structure of high-T_ superconductors.

96. OPTICAL AND MAGNETO-OPTICAL STUDIES OF THE
ELECTRONIC STRUCTURE OF SOLIDS
S. L. Cooper
(217) 333-2589 02-2 $51.016
Application of Fourler-transform photoluminescence,
reflectivity. and ellipsometry 1o study the effects of
Impurities and dimensionality on the electronic
structure of dilute magnetic semiconductor epilayers
and heterostructures. Spin-flip Raman, Brillouin
scattering, and Faraday rotation methods will be
used to study the maognetic phase diagram of
epllayers and heterostructures.

97. GROWTH AND PROPERTIES OF NOVEL MBE
MATERIALS
C. P. Flynn
(217) 244-6297 02-2 $168.526
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.

98. THEORY OF SOLIDS, SURFACES AND
HETEROSTRUCTURES
R. M. Martin
(217) 333-4229 02-2 $103,347

Theoretical studies of the properties of materials using

ab inltio calculations In a unified manner.

Development of technique applied to known
materlals and extension of these methods to new
materials. Focus on problems involving many bodied
correlations of electrons such as high-T,
superconductors, surfaces, heterostructures and
interfaces.

99. SEMICONDUCTOR/INSULATOR STRUCTURES
H. Morkoc ’
(217) 333-0722 02-2 $128.553

Development of novel techniques of crystal growth

based on MBE, Gas Beam, and MOCVD methods.

Application of methods to growth of controlled
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Interfaces and muttliayers involving semiconductors
and insulators.  Understanding the electronic and
optical properties of these structures.

100. DESIGN AND SYNTHESIS OF NEW

ORGANOMETALLIC MATERIALS
T. B. Rauchfuss
(217) 333-7355 02-2 $§97.519

A research program for the synthesis of
organometaliic polymers. The program emphasizes
fundamental synthetic chemistry as it applies to the
design of monomers sulted for polymerization, Solids
contalning dynamic metal-metal bonds, 1.e., mobile
charge density waves. Syntheses of metal clusters
containing reactive ester groups wlil be developed
for the applications to organometaliic polyesters.
The reactivity inherent in main group vertices of
metal clusters will be used to generate
clusters-of-clusters. Synthetic studies wiil focus on
charge transfer salts contalning organometallic
donors and acceptors.

101. PROPERTIES OF CRYSTALLINE AND LIQUID
CONDENSED GASES
R. O. Simmons ’
(217) 333-4170 02-2 $178,237
Measurement and theory of momentum denslty in
bcce, hep, and liquld hellum, pulsed neutron
scattering, phase transitions and structure
determination in solid hydrogen by neutron
diffraction, isotopic phase separation In solid helium,
thermal and isotoplc defects in hellum crystals,
quantum effects in diffusion.

102. NUCLEAR MAGNETIC RESONANCE IN SOLIDS
C. P. Slichter :
(217) 333-