DOE/ER -0537P
Dist. Category UC-404

February 1992

Materials Sciences Programs
Fiscal Year 1991

U.S. Department of Energy
Office of Energy Research

Office of Basic Energy Sciences
Division of Materials Sciences
Washington, D.C. 20585



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, excluding 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 suppornted
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 Divisitons. Materials Sclences 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 structure of the Division is given in an accompanying chart.

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 1991 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

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 12
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 joumals, 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 science 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. We have also included
in this list the tentative title of those publications that we anticipate will be published over
the next year, so as to alert our community 1o this likelihood.

"Deformation and Fracture of Intermetallics,” M. H. Yoo, S. L. Sass, C. L. Fu, M. J. Mills, D. M.
Dimiduk, E. P. George, to be submitted for publication ‘

“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., §, 4. (1990), 852-894

"Proceedings 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 - An Assessment Based on a Workshop Meeting.” D. R.
Clarke, et al., submitted for publication to J. Amer. Ceramic Soc.

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

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



Publications

‘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, T.
O. Mason, H. L. Tuller, and A. N. Cormack, to be submitted for publication

"Materials for intelligent Sysfems,“ D. Smyfh R. E. Newnham, et al., to be submitted for
publication

"Radiation Effects on Materials in High Rodlchon 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 Scnence Workshop " D. W. Keefer, S. A, Dovud ond H. Smartt, to be submitted for
publication

*Organic Superconductivity,” (Intemational Workshopﬁ, 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). (ointly sponsored with Office
of Naval Research, U.S. Department of Commerce, and the U.S. Congress Office of
Technology and Assessment)®o<

*Mechanisms and Physics of Crdck Growth: Application of Life Prediction.” R. B. Thompson,
R. O. Ritchie, J. L. Bassani and R. H. Jones, et al., Materials Science and Engnneenng 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

"chromechonisms of Fracture," V. Vitek, et al., Mo’renols Sclence and Engineering, 94, (1987),
5-69



Publications

"Bonding and Adhesion at Interfaces.” J. R. Smith, ef cl Mcn‘eno|s Scuence and Engmeenng
83, (1986). 175-238

"Overview of DOE Ceramics Research 'ir'\jBosic' Energy Sciences and Nonengine Energy
Technology Programs,’ R. J. Gottschall, Ceramic Bulletin 64, (1985); 1090-1095 ' ~

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

Novel Methods for Materials Syn’rhe5|s L R Tes'rcrdi T.D. Coyle e’r ol (1984)"

‘Theory and Computer Simulation of Mc’renols Structures and Imperfecﬂons A. B. Kunz et
al., (1984)°

“Mc’rerigls 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 Containment,” 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 Irradiation on the Structure and Properties of Materials,” C. Peter Flynn, et al.,
aesn®

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

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

*Aqueous Corrosion Problems in Energy Systems," D. D. Macdonald, et cl Materials Sc:lence
ond Engineering, 80, (1981), 18-42

“High Temperature Corrosion in Energy Systems,” R. A. Rapp, et al., Materials Science and
Engineering, 80, (1981), 1-17

‘Basic Research Needs on High Temperature Ceramics for Energy Applications,” H. K. Bowen,
et al., Materials Science and Engineering, 44, (1980), 1-56
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Publications

Description of Research Facllities, Plans, and Associated Programs

*Sclentific 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)



INTRODUCTION

The purpose of this report is to provide a convenient compilation and index of the DOE
Materials Sciences Division programs. This compilationis 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 1991 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 - Facllity 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 1991 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
Goodrich,

vi
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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 initlated this fiscal year.



Laboratories

AMES LABORATORY
lowa State University
Ames, IA 50011

R. B. Thompson - (515) 294-7864

Metallurgy and Ceramics - 01 -

O. Buck - (515) 294-4446

1. ANALYSIS OF INTERFACES
A. J. Bevolo, J. D. Verhoeven
(515) 294-5414 01-1 $154,000

Studles of interface structure and composition using
Auger, EELS, and SIMS surface analylical techniques
in combination with lon etching. Auger and
reflection electron loss spectroscopy of metallic
hydrides for phase identification and mapping.
Scanning Auger microprobe analysls of grain
boundary segregation in irradiated steels, cast irons,
V-Ti based alloys, and high-T_ superconductors.
Local chemical state information from Auger
lineshape analysls. Electronic structure of heavy
fermion metals and binary transition metal alloys.
Surface segregation in Ni and Pd based binary
transition metal solid-solution alloys. '

2. SOLIDIFICATION MICROSTRUCTURES

- R. K. Trivedi, I. E. Anderson, L. S. Chumbley,
R. W. McCallum, J. D. Verhoeven :
(515) 294-5869  01-1 $173,000

Studles of solidification processes and their
applications to technologically 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
succinonitrile, pivalic acld, 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 intermetaliic compounds, and analysis
of thelr magnetic and mechanical properties.

3. CONTROLLED MICROSTRUCTURES
J. D. Verhoeven, A. J. Bevolo
(515) 294-9471 01-1 $311.000

Studies of processing procedures and analysis of
resulting microstructures and properties. Evaluation
of microstructural changses in the austempering of
nodular cast Irons. Study of surface characteristics of
In shtu Cu-refractory metal alloys. Study of magnestic
properties of in situ Cu-Fe-Co alloys, Synthesis of
intermetallics.

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

First principles calculations of electronic structure and
total energies to study the order parameters,
transformation paths, activation energles, and basic
physics leading to analysis and control of the
transformation, Detalled study of anharmonic
couplings and their manifestation In phonon spectra
preceding the transformation. Application of
molecular dynamics using redlistic interatomic
potentials. Study of prototypical systems: Na, NITi,
NiAl, Ba, Zr, etc.

5. MECHANICAL BEHAVIOR OF MATERIALS
W. A, Spitzig, B. Biner, J. Kameda
(515) 294-5082 01-2 $388,000

Studies of the effects of environment and stress on
the mechanical properties of metals, intermetallics,
and ceramic composites. Effects of hydrogen on
cracking in alloys under unlaxial and cyclic oading
conditions. Interstitial effects on strength and ductility
in both nonhydrogenated and hydrogenated V, Nb,
and Ta. High-temperature-induced intergranular
cracking in Ni base alioys. Effects of
radiation-induced defects and solute segregation on
intergranutar embrittlement. Modeling of hydrogen
embrittlement. Description of three dimensional
arrays of defects and relationship of arrangement to
ductility and mechanical properties. Correlation
between defect structure and nondestructive
measurement.



i Laboratories

6. RARE EARTH AND RELATED MATERIALS
K. A. Gschnelidner, Jr.
(5615) 294-7931 01-3 $367.000

Study the behavior of rare earth materials in the
extreme regime of low temperatures (down to 0.5K)
and high magnestic 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 varlous physical
phenomena, such as bonding, alloy theory, structure
of materials.

7. NDE MEASUREMENT TECHNIQUES
O. Buck, B. Biner, 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
mechanisms and inspection reliability. Ultrasonic
measurement of Internal stresses, texture, and
porosity. Uttrasonic 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 properties, particularly Bloch wall motion.

8. FUNDAMENTALS OF PROCESSING OF BULK HIGH-T,
SUPERCONDUCTORS
R. W. McCallum, L. S. Chumbley, J. R. Clem,
D. K. Finnemore. D. C. Johnson, H. 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 obtalned
from phase diagram studies. Phase diagram
dependence on rare earth and oxygen partial
pressure. Interaction of materials with CO,. Study
of fine grained dense polycrystaliine materials.
Effects of processing induced defects on the bulk
superconducting properties.

9. ADVANCED MATERIALS AND PROCESSES
F. A. Schmidt, I. E. Anderson, T. A. Lograsso,
R. K. Trivedi, J. D. Verhoeven :
(516) 294-5236  01-5 $570,000

Development of advanced processes for preparing
special metals. Development of new melting
procedures for preparing Cu-Nb, Cu-Ta, Cu-Mo, and
Cu-Ta-W alloys. New thermite reduction process for
preparing rare earth-iron alloys and for producing
permanent magnet and magnetostrictive alloys.
Processing of stolchiometric 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 perttectic materlals by levitation zone meilting,
free-standing vertical zone melting, Bridgman,
Czochraiski 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.

10. SCIENTIFIC AND TECHNOLOGICAL INFORMATION
EXCHANGE .
F. A. Schmidt, E. O. Felnberg. T. E. Wessels
(515) 294-5236  01-5 $232,000°

Dissemination of Information 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 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.

Solid State Physics - 02 -

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

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

Magnetic propertles of high temperature
superconductors (La,Cu0O,...). Study of the Iattice
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, YbAI,), 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,, UBs,,). Lattice
dynamics of quasicrystals.



Laboratories

12. NEW MATERIALS AND PHASES
F. Borsa, R. G. Barnes, D. C. Johnston,
C. A. Swenson, D. R. Torgeson
(515) 294-5435  02-2 $590,000

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 temperature behavior.
Properties of new phases including magnetic
susceptibllity, transport properties, heat capacity,
crystallographic phase transformations, coexistence
of superconductivity and magnetic order. Modeling
and analysls of the data using appropriate theories.
High pressure equations of state of new materlals,
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, phase transitions, and hydrogen
embiittlement of refractory metals and alloys. NMR
studies of martensitic phase transformations.

13. SUPERCONDUCTIVITY
D. K. Ainnemore, J. E. Ostenson
(515) 294-3455 02-2 $400,000

Preparation. characterization, and study of the
fundamental properties of copper oxide
superconductors; search for new superconducting
materlals; current transfer and the proximity effect
near superconductor normal metal interfaces, studies
of single quantized vortices for use In
microprocessors and logic devices; 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 materials with very low pinning,
development of superconducting composites
suitable for large scale magnets In the 8 to 16 Tesla
range, practical studies to improve wire fabrication
techniques, development of magnetic shielding
devicss.

14. X-RAY DIFFRACTION PHYSICS
A. Goldman
(515) 294-3585  02-2 $270.000

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 lines at APS.

15. OPTICAL, SPECTROSCOPIC, AND SURFACE
PROPERTIES OF SOLIDS
D. W. Lynch, C. G. Olson, M. Tringides
(515) 294-3476  02-2 $525,000

Electron photoemission, inverse photoemission, and
optical properties (fransmission, reflection,
ellipsometry) of solids 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, © on W. Fundamental
studies of surface roughening and annealing, islkand
growth, etc. using LEED line shape analysls.

16. SEMICONDUCTOR PHYSICS
H. R. Shanks, J. Shinar
(515) 294-8706 02-2 $270.000

Preparation and characterization of thin films, rf
sputter desposition of amorphous semiconductors
Including aaSi, aSi-C, aGe, aGe-C, and crystaline
AIN. Also diamond-iike thin films. 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.

17. SUPERCONDUCTIVITY THEORY
J. R. Clem, V. Kogan
(515) 294-4223 02-3 $169,000

Electrodynamic behavior of the high temperature
copper-oxide superconductors, especially while
carrying electrical currents In magnetic fields.
Anisotropy of critical flelds, internal magnetic fleld
distributions, and magnetization. .Granularity effects
using Josephson-coupled-grain models. Flux pinning,
critical currents, thermally activated flux flow., noise,
ac and high-frequency losses. Surface, Interface,
grain-boundary, and proximity effects.

18. OPTICAL AND SURFACE PHYSICS THEORY
R. Fuchs, C. T. Chan, K.-M. Ho
(515) 294-1960 02-3 $140.000

Optical properties of metals, 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
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electronic structure of metal electrodes (e.g., AQ).
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 calculation of lattice relaxation,
reconstruction and phonons at single crystal surfaces
(Al, Au, W, Mo, Ag, and Au o6n S)).

19. ELECTRONIC AND MAGNETIC PROPERTIES
B. N. Harmon, C. T. Chan, K--M. Ho, M. Luban,
C. Soukoulis
(515) 294-7712 02-3 $482,000

Magnetic properties of new high-T, superconductors.
Theoretical studies of bulk and lattice dynamical
properties of materlals 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 quasl-periodic
and disordered materials, Magnetism in spln glasses
and ternary compounds. Electronic structure of rare
earth compounds and transition metal sulfides and
hydrides. Theory of amorphous semiconductors, and
nucltear magnetic ordering In metals. Localization of
light in dielectrics, photonics. Theoretical modeling
of quantum dot nanostructures. Buckyballs.
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20. SYNTHESIS AND CHARACTERIZATION OF NEW
MATERIALS
J. D. Corbett, R. A. Jacobson, R. E. McCarley
(515) 294-3086 03-1 $550.000

Synthesls, structure and bonding in intermetaliic
systems—-new Zintl phases, new ternary compounds
stabilized by interstitials. The effect of common
imparities on stability, Systematic variation of
conduction, magnetic, and corroslon resistance
properties. 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. Development of diffraction techniques
for single crystal and non-single crystal specimens,
technigues for pulsed-neutron and synchrotron
radiation facilities, and use of Patterson

superposition methods. Experimental methods
Include X-ray diffraction, photoselectron
spectroscopy, resistivity and magnetic susceptibility
measurements, high temperature reactions and
synthesls of molecular precursors.

21. CERAMICS AND POLYMERS
T. J. Barton, M. Akinc, K. Woo
(515) 294-2770 03-2 $382,000

Synthesls of sllicon-nitrogen polymers. Study of
controlled thermal decomposition of preceramic
polymers. Development of thermal and
photo-chemical routes 1o tfransient compounds
contalning sllicon-nitrogen multiple bonds as route to
preceramic materials. Design and synthesis of
polymers contalning alternating silicon and
unsaturated carbon units, Such polymers are
evaluated as ceramic precursors, as electrical
conductors, and as nonlinear optical materials.
Synthesls and characterization of ceramic powders
Inciuding oxides, sulfides and carbides.
Characterization and processing of novel
intermetallics for high temperature structural
applications. Design and processing of ceramic
matrix composites. Polymers contalning transition
metal arrays.

22. HIGH TEMPERATURE CHEMISTRY OF REFRACTORY
MATERIALS
H. F. Franzen, J. W. Anderegg
(515) 294-5773  03-3 $246.000

Study of refractory especlally binary and ternary
sulfides 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.
Experimental methods include X-ray and electron
diffraction for structure analysis, computer
automated simultaneous mass loss-mass
spectrometry for high temperature vaporization
reactions related to stabllity, and photoelectron
spectroscopy for the electronic structure of solids.
Electronic structure studies also include a program of
band structure calculations. High temperature X-ray
powder diffraction Is routinely used.

23. SURFACE CHEMISTRY
P. A. Thiel, K. G. Balkerikar, R. S. Hansen,
D. C. Johnson .
(515) 294-8985  (03-3 $546,000

Study of lubrication phenomena: decomposition
pathways and products of fluorinated ethers at
surfaces. Mechanisms of oxidation of metals;
formation of thin, metastable oxide overlayers,
Mechanisms of oxidative corrosion of metals.
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Chemistry of electrode reactions, including
electrocatalysls and corrosion reactions.
Characterization of electrocatalytic materials by
modulated hydrodynamic voltammetry. Reactivity
of oxidized and doped electrode surfaces, Including
characterization of oxygen mobillity and defect
density at such electrodes. Surface chemistry 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/FTS 252-3504
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24. ELECTRON MICROSCOPY CENTER FOR MATERIALS
RESEARCH
N. J. Zaluzec, C. W. Allen
(708) 252-5075 01-1 $1,614,000

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 Facliity with In situ capabilty
for direct observation of lon-solid interactions.

The HVEM is currently belng utilized for research
programs in advanced materials. mechanical
propertigs, iradiation effects, oxidation and
hydrogenation effects. HVEM specimen stages are
available for heating (1300K), cooling (10K),
straining, reslistivity and gaseous environments.
lon-beam interface with 650 kV lon accelerator and
2 MV tandem accelerator avallable for In situ
Implantations and irradiations. Approximately 50
percent of HVEM usage Is by non-ANL sclentists 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, fleld-emission gun, Analytical
Electron Microscopse Is being procured. Its design s
directed toward the attalnment of the highest
microanalytical resolution and sensitivity.
Fundamental studles of electron-solid interactions
and microcharacterzation of materlals,

using TEM, STEM, XEDS, and EELS are conducted at
present on conventional tfransmission electron
microscopes (JEOL 4000 EXIl, JEOL 100CX, Philips
EM420, and Phitlps CM30).

25. BASIC CERAMICS
D. J. Lam, S.-K. Chan, S. J. Rothman, J. L. Routbort,
B. W. Veal
(708) 252-4966 01-3 $1.292,000

Experimental and theoretical studies of electronic
and atomic structure, phase stabllity, phase
transformation kinetics, electronic and lonic transport,
and mechanical properties in multicomponent
(including high-T_ superconducting) oxides. X-ray
photelectron (XPS) and optical Raman and
Elipsometry spectroscoplc studies of structural and
electronic properties. Thermal and lattice property
studies using heat capacity, Brillouin scattering, and
uttrasonic measurements. Crystal chemistry and
structural phase transformation studies of high-T,
superconducting and ferroelectric oxides using X-ray
and neutron diffraction, electrical conductivity,
Melssner effect and electric polarizability
measurements. Diffusion mechanisms and polint
defect studies In oxides as a function of oxygen
partial pressure at high temperature using cation and
oxygen tracer diffusion, and electrical conductivity
measurements. Development of the embedded
molecular cluster code to calculate electronic
structure, cohesive energy, and defect interaction
energy 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 Z10,
with and without dopants and ferroelectric
perovskites.

26. INTERFACE STUDIES
K. L. Merkle, J. N. Mundy
(708) 252-4990  01-3 $710,000

Experimental studies of solld Interfaces. Atomic
structure of grain-boundaries in fransition metal
oxides, metals, and high temperature
superconductors. Nature and properties of
large-angle gralin-boundaries, role of boundary
plane, and comparisons to computer models. Grain-
boundary diffusion and segregation to grain-
boundaries. Structure and composition of phase
boundarles on an atomic scale with special focus on
metal-ceramic interfaces. Experimental techniques
include high-resolution electron microscopy,
analytical electron microscopy. secondary ion mass
spectroscopy. radiotracer techniques, atom-probe
field-lon microscopy as well as electron- and X-ray
scattering techniques.
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27. IRRADIATION AND KINETIC EFFECTS
L. E. Rehn, D. E. Alexander. R. C. Birtcher,
M. A. Kirk, N. Q. Lam, P. R. Okamoto,
H. Wiedersich
(708) 252-502| 01-4 $1,510,000

Investigations of mechanisms leading to the
formation of defect aggregates, preclpitates, and
other inhomogeneous distributions of atoms In solids
with and without displacement-producing Irradiation.
Surface layer modification of alloys by ion
Implantation, lon-beam mixing. and sputtering. lon
channeling and flux-pinning In High-T, materials.
Radiation-induced segregation to internal and
external defect sinks. Radiation-enhanced diffusion.
Effects of Irradiation on alioy composition,
microstructure, grain growth, superconductivity, and
amorphization. Displacement cascades. Inert-gases
In solids. Effects of amorphization on dimensional
stability. In situ studies of lon and electron
bombardment in the High-Voltage Electron
Microscope. Neutron and dual-beam lon Irradiation.
Computer modeling of irradlation-induced
microstructural changes. lon-beam analysis.
Radiation sources include HVEM-2MV Tandem facllity
(electrons and lons), 650kV lon accelerator, and
IPNS.

28. HIGH-T, SUPERCONDUCTOR DEVELOPMENT
G. W. Crabtree, 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-film techniques.
co-evaporation, plasma and flame spraying. and/or
reactive sputtering. Studies of scaling-up of powder
preparation. Mechanisms and improvements of fiux
pinning and J, enhancement in applied fields will be
studied and used to reach stated goal of 10,000
A/CM? at 77K and 2T applied fields. Collaborative
research with sclentlsts at Ames Laboratory and
Brookhaven Natlonal Laboratory.

29. AMORPHOUS AND NANOCRYSTALLINE MATERIALS
L. E. Rehn, J. Eastman, P. R. Okamoto,
R. W. Slegel (708)252.#943
(708) 252-5021  01-5 $684,000

Investigations of the synthesis of amorphous and
nanocrystaline materials by e-beam and thermal
evaporation, inert-gas condensation, and
subsequent compaction. Amorphization by
Isothermai solid-state reactions at the interfaces of
vapor-deposited multiiayer films and mixed metal
powders, by lon-beam mixing of multllayer films, by
displacement damage of intermetallic compounds
by electron and ion beams, and by hydrogenation.

Molecular dynamics simulations of solid-state
amorphization. Elastic property measurements in
ordered, disordered and amorphous alloys. In situ
high-voltage electron microscopy studies of the
merphology and kinetics of crystaline-to-amorphous
transformations. Mechanical properties and sintering
characteristics of nanocrystalline ceramics ond
metals. Synthesis of ultra-fine metallic powders.
Materials characterization methods Include X-ray
and neutron diffraction, electron microscopy,
electrical resistivity, Rutherford backsc¢attering, AES,
EELS, and EXAFS.
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30. NEUTRON AND X-RAY SCATTERING
J. D. Jorgensen., J. E. Epperson, G. P. Felcher, -
R. Kleb, D. L. Price, S. Susman
(708) 252-5513 02-1 $1,632,000

Exploitation of neutron and X-ray scattering
techniques in the study of the propertles 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,
alloy decomposition, polymer Interfaces, coarsening
processes, distributions with deep inelastic scattering.
and fast ion transport in solids.

31. TWO-DIMENSIONAL MATERIALS
S. D. Bader, M. B. Brodsky. M. Grimsditch, C. Liu
(708) 252-4960 02-2 $863,000

Research on the growth and physical properties of
novel ultra-thin, epitaxial fiims, metallic sandwiches,
superiattices and superconductors. Thin-film and
surface-science preparation techniques inciude
molecular beam epitaxy, evaporation and
sputtering. Monolayer growth phenomena and
interfaclal structure characterization methods include
electron (RHEED and LEED) and X-ray diffraction.
Electronic properties studied 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. Magnefic studlies using the
magneto-optic Kerr effect and spin-polarized
photoemission.



Laboratories

32. SUPERCONDUCTIVITY AND MAGNETISM
G. W. Crabtree, A. J. Fedro, K. E. Gray,
D. G. Hinks, W. K. Kwok, D. J. Miller,

L. C. Smedskjaer
(708) 252-5509  02-2 $1,367.000

Experimental and theoretical investigations of the
magnetic and superconducting properties of
materials. Strong emphasis is being placed on
studies of high-T_ oxide superconductors. Other
programs include studles of the electronic
properties of mixed valence, heavy fermlion and
other narrow-band materials contalning rare-earth
ond actinide elements. Experimental techniques
include the de Haas-van Alphen effect. Mossbauer
spectroscopy, transport and magnetic
measurements, electron tunneling, heat capacity,
positron annihilation, materials preparation and
characterization.

33. 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 deposttion techniques. A varlety 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 spec'rroscopy.
secondary ion mass spectroscopy, X-ray diffraction,
ab initio quantum mechanical colculc’rlons and
computer simulations.

34. 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

The group Is involved In experimental studles using
synchrotron radiation techniques of the electronic

* and structural properties of matetials. X-ray
absorption techniques has been employed Iin the
study of the valence state of a diverse number of
compounds, |.e., high-T_ superconductors. An X-ray
scattering beam line has been developed at one of
the national synchrotron sources for the study of
Interfaces using X-ray scattering techniques. An
X-ray photoelectron microscope was developed with
high spatial resotution using-the group’s soft X-ray
beam line at Wisconsin. Angle resolved.
photoemission spectroscopy has been used to
fundamental properties of high-T, superconductors.

In situ X-ray scattering has been used in the
characterization of the structure of electrochemical
interfaces. Thin film growth and Interface
composition have been Investigated using X-ray
reflectivity techniques.

35. CONDENSED MATTER THEORY
D. D. Koelling, A. A. Abrikosov, R. Benedek,
M. Norman, M. Randeria, K. J. Strandburg,
N. Trivedi .
(708) 252-5507  02-3 $§1,127.000

Condensed matter theory In statistical physics.
electronic band theory, and many body effects.
Possible non-Ferml liquid behavior in two dimensional
systems. Quasicrystal structure and interface
roughening. Coarsening In cellular networks (e.g.,
grain growth). Monte Carlo methods. Electronic
structure calculations of narrow band metal and
alloy systems. Correlation effects in narrow band
metals and metal oxide insulators. Monte Carlo
studies of fractional quantum Hall states. Large-cell
electronic structure and cohesive property
calculations. Photoemission lineshape spectra for
complex materials, Positron annihilation effects in
metals and afloys. Studies of the new high-T_
superconductors. Superconductivity in heavy
fermion metals. Magnetic quantization effects In
superconductors. Raman continuum in iayered
superconductors. Phenomenological studies of the
mixed state in layered superconductors. Vortex
structure In layered superconductors,

36. MODEUNG AND THEORY OF INTERFACES
D. Wolf, S. Philipot, S. Yip
(708) 262-5205  02-3 $265.000

Computer simulation of the physical properties of
solld interfaces, such as grain and interphase
boundaries, thin fims and superiattices, involving
both 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
propertles of solid interfaces as a function of
temperature, the point-defect properties of
interfaces, such as impurity segregation and diffusion,
and the properties of voids in grain boundaries and
In the bulk. Materials considered involve metals;
semiconductors and ceramics as well as interfaces
between them.
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37. ULTRA-HIGH FIELD SUPERCONDUCTORS
K. E. Gray, R. T. Kampwirth
(708) 252-5525  02-5 $369.000

Emphasls is on the development of a
low-temperature, high-rate sputtering process for

the new high-temperature, high-field oxide .
superconductors. Fiims of the YBa,CuO,,
BI-Sr-Ca-Cu-O and T-Ba-Ca-Cu-O systems have been
successfully made using conventlonal
high-temperature annealing, and new
low-temperature In situ techniques are.being
Investigated. The effort includes the effects of
preparation conditions, substrate type, annealing
steps and target composition on the
superconducting properties. Materlal
characterization by X-ray, SEM, TEM, RBS, ICPAES and
superconducting properties. Layered NbN/AIN films
exhiblting 4-5 times higher critical current density
than NbN at high fields will also be addressed.
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38. CHEMICAL AND ELECTRONIC STRUCTURE
J. M. Willlams, K. D. Carlson, G. M Frankenbach,
U. Gelser, A. M. KIni, A. J. Schultz, H. H. Wang
(708) 252-3464 03-1 §1.424,000

New materials synthesis and characterization
focusing on synthetlc organic metals.and
superconductors based on BEDT-TTF
(bis-ethylenedithiotetrathlo-fulvalene), and the
fullerenes (C,). and varlous new organic
electron-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 (10-300K) using the IPNS-SCD
and a low-temperature (10K) single crystal X-ray
diffraction instrument.

39. THERMODYNAMICS OF ORDERED AND METASTABLE
MATERIALS
M. Biander, L. A. Curtiss, M.-L. Scboungl
(708) 252-4548 03-2 $413,000

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 assoclated solutions
(e.g.. chloroaluminates, ionic alloys, sliicates). Other
techniques such as vislble/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.

40. INTERFACIAL MATERIALS CHEMISTRY

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

A. R. Krauss .

(708) 252-4547 03-2 $499,000
Basic research on Interfacial phenomena in two
forefront sclentlfic fields of materlals sclence:
(1) molecular steve materials and their appiication in
heterogeneous catalysis and (2) novel technlques for
the preparation and characterization of
high-critical-temperature (T.) superconductors in
thin-film form. The role of organic template
molecules In the crystallization mechanisms of
aluminoslicate zeolltes. The application of modified
zoolites and metallaluminophosphate materials as
catalysts in hydrocarbon oxidation reactions. Use of
molecular sieve materials as matrices for the
generation of Interacrystaline particles and polymers,
constralned 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
catayists and template effects in microporous.
structure development. Production and
characterization of multicomponent thin films and
layered structures by computer-controlied sequential
deposition with in sftu annealing and oxidation
processes as part of an integrated fabrication cycle.
Use of ozone, atomic oxygen, and oxygen lon beam
modification to produce high temperature
superconductor (HTSC) films with little or no high
temperature annealing. Atomic layer-by-layer
fabrication of Bl based HTSCs. Production of
superiattice 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
fiims.

41. AQUEOUS CORROSION
V. A. Maronl, L. A, Curtiss, C. A. Melendres,
Z. Nagy, R. M. Yonco
(708) 252-4547  03-2 $644,000°

Basic research almed at elucidating fundamental
aspects of aqueous corrosion under condttions of
temperature and pressure (300°C and 10 MPaq)
relevant to light water fission reactor environments,
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Investigations of the mechanisms responsible for
passivation on iron, copper, and nickel-based alloys
and for crack and plt propagation in these same
alloys. Studies of the details that connect surface
adsorption, electron transfer, and electrolyte
chemistry with passive film structure using a
combingation of in situ surface sensitive spectroscopic
methods ond transient electrochemical techniques.
In situ characterization of metal/solution Interfaces
using laser Raman, photoelectrochemicals and X-ray
spectroscopies. Investigations of the key features of
the interfacial chemistry associated with passivation
processes (including charge transfer kinetics and
film-growth dynamics) using pulsed galvanostatic,
potentiostatic, dc polarization, and ac Impedance
through the application of molecular dynamics
methods In combination with ab initlo molecular
orbital theory.

42. PARTICLE AND PHOTON INTERACTIONS WITH
SURFACES
D. M. Gruen, W. F, Calaway, A. R. Krauss,
G. J. Lamich, M. J. Pellin, C. E. Young
(708) 262-3513  03-3 $1,028.000

Development of multiphoton resonance ionization
methods combined with energy and angle
refocusing time-of-fight 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) electron- and photon-induced
desorption cross sections and mechanisms for neutral
species with particular reference to desorption by
synchrotron radiation, (3) trace analysis for

selected systems of special significance such as
impuirities in semiconductors, (4) fundamental
studies of planetary materials including isotopic
anomalies. Surface composition, structure and
radiation-enhanced segregation in strongly
segregating alloy systems using recoli sputtering,
lon-scattering, SIMS, Auger, XPS, UPS, and LEED
techniques. Preparation of controlled stoichiometry
high-temperature superconducting fims and
fabrication of layered thin-film structures by
sequential sputtering of elementary targets. lon
scaftering and implantation and surface
modification.

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

Surface analysis of the molecular composition of
complex solids using Fourler transform ion cyclotron

resonance spectroscopy coupled with resonant and
“soft* laser lonization methods. The solid surfaces to
be Investigated include conducting polymers,
plastics, and other high molecular weight materials.
One aspect of the study involves the diffusion and
fate of additives such as plasticizers and UV stabilizers
in polymers. Another aspect Includes the
characterization of fullerene (C,)-type compounds.
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44. INTENSE PULSED NEUTRON SOURCE PROGRAM
B. S. Brown., J. M. Carpenter, R. K. Crawford,
J. Richardson, F. J. Rotella, A. W, Schulke,
P. Thiyagargjan, F. Trouw, 7. G. Worlton
(708) 252-4999 04-1 $6,221,000

Operation and development of IPNS, a pulsed
spallation neufron source for condensed matter
research with neutron scattering techniques. The'
facliity Is equipped with 12 instruments which are
regularly scheduled for users and one instrument
under construction. The facllity has been run since
1981 as a natlonal facllity in which experiments are
selected on the basdls of sclentific merit by a
nationally constituted Program Committee.
Approximately 320 experiments, involving about 150
outside visitors from universities and other institutions
are performed annually. Industrlol Research on a
proprietary basls, which allows the company to retain
full patent rights, has been inttiated with a number of
companies (e.g.. DuPont, IBM, General Electric,
Amoco, British Petroleum) and Is encouraged.
Relevant Argonne research programs appear under
the neutron activities of the Materiais Sclence
Division of Argonne National Laboratory. An
enriched uranium target was installed in 1988 that
increased the fiux by a factor of 2.5.

45. APS ACCELERATOR R&D
Y. Cho, E. Crosble, G. Decker, J. Galayda,
G. Goeppner, J. Howell, J. Jagger. M. Knott,
R. Kustom, G. Mavrogenes, D. McGhee.
J. Noonan, A, Passl, L. Teng
(708) 252-6616  04-1 $9.183,000

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 capabtle 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
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parameters. Research continues on accelerator
vacuum systems fabrication and cleaning processes.
Facillity Title Il design activitles began in FY 1990,
construction was inttiated In FY 1990, and completion
Is scheduled for FY 1996.

46. APS BEAMLINE AND INSERTION DEVICE R&D
G. K. Shenoy. E. E. Alp, S. H. Barr, D. Carnegie,
E. Gluskin, A. Khounsary, D. M. Mills,
R. K. Smither, P. J. Viccaro, W. Yun
(708) 252-5537 04-1 $4,768,000

Design studies of the components of the Insertion
devices, beam line components, X-ray opfics, and
detactors sultable for 7-GeV Advanced Photon
Source. Methodologies are developed to calculate
the angular distributions and polarization of

insertion device radiation and the performance of
X-ray optical systems for high-brillilance 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 Insertlon 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.

BROOKHAVEN NATIONAL LABORATORY
Upton, NY 11973

J. D. Axe - (616) 282-3821/FTS 666-3821

Metallurgy and Ceramics - 01 -

D. O. Welch - (516) 282-3517

47. FIRST PRINCIPLES THEORY OF HIGH AND LOW
TEMPERATURE PHASES
J. W. Davenport, P. Allen (SUNY-Stony Brook),
G. Fernando, G.-X. Qian, R. E. Watson,
M. Welnert, R, Wentzcovitch
(516) 282-3789  01-1 $499,000

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

48. STRUCTURE AND PROPERTIES OF SURFACE
MODIFIED MATERIALS AND INTERFACES
S. M. Heald, B. Nielsen
(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 materials
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, multliayers.
and grain boundaries. Structural and chemical
characterization Is carrled out using glancing angle
X-ray reflaction and absorption, and positron
anniniiation along with standard techniques such as
transmission electron microscopy and photoemission.

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

Studles of the properties, formation, and breakdown
of passive and anodically grown oxide films on
metals and alloys. Surface morphology and atomic
structure using atomic force and tunneling
microscopy. Structure and valency of surface oxides
using EXAFS and XANES. In situ electrochemical X-ray
scattering of metal surfaces. Studies of the
Incorporation of corrosion-inhibiting anions and the
mobllity of these anions under existing high electric
fields. Electronic and ionic conductivities of oxide
fiilms. Kinetics of the early stages of formation of
oxide films. Breakdown of oxide fiims followed by
localized corrosion. Propagation of voltage transients
along metal surfaces. Dissolution kinetics of metals in
highly concentrated electrolytes. Structure of the
electrolytes, salt film formation, and electromigration.

50. SUPERCONDUCTING MATERIALS
M. Suenaga, R. Budhanl, D. O, Weich, 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, fiux pinning, properties of composite
superconductors.
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51. BASIC MATERIALS SCIENCE OF HIGH-T,
CONDUCTOR FABRICATION
M. Suenaga. Y. Zhu
(516) 282-3518 01-5 $657.000

The purpose of this program is to perform baslc
studies of problems which are assocliated with the
fabrlcation of conductors for magnets and
transmission of power utilizing high-T, :
superconductors. The main focus of this program
currently-Is on characterization of microstructural -
and electromagnetic properties of grain-boundaries
In YBa,Cu,0; and BI,Sr,CaCu,0O, 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 -
boundaries by methods such as sefective doping.

Solid State Physics - 02 -

M. Strongin - (516) 282-3763

"52. ELEMENTARY EXCITATIONS AND NEW TECHNIQUES
S. M. Shapiro, A. Glbaud, L. Passell, L. Rebelsky
(516) 282-3822 02-1 $1,380,000 s

This program Is directed to the study of elementary
excltations In condensed matter and to the
development of new neutron scattering techniques
to turther these Investigations. Currently, '
experimental interest focuses on excitations in heavy
formion, mixed valent and paramagnetic systems, on
magnetism In graphite intercalation compounds. and
on the structures and dynamical response of
adsorbed gas fiims. Lattice dynamics studies of
metalllc alloys were undertaken to establish the
relationship between the diffuse elastic scattering
phonon anomalies In the dispersion curve. The
objective In all these experiments Is o obtain a
better understanding of the fundamental interactions
which determine the unique properties of these
systems. In the area of new Instrumentation, an
Improved reflection spectrometer has been installed
on the High Flux Beam Reactor (HFBR) cold '
moderator beam line and tests made of its
performance. it Is expected to be in routine

_ operation within the year. This, as well as other
recently completed projects and such continulng
projects as the United States-Japan (U.S.-Japan)
collaborative research program, represent a
significant expansion of the condensed matter *

" research capabliity of the HFBR. Part of the effort In
new instrument development wiil also contribute to
the Advanced Neutron Source Project at Oak Ridge
National 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 translitions and
magnetism by elastic and Inelastic neutron
scattering. At presént, a concentrated effort
directed towards the characterization and
understanding of the high temperature
superconductors complements work on a
wlide-range of other Iimportant 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 materiais. The
primary interest is In the study of collective magnetic
excltations and short-range correlations in a wide
varlety of magnetic materials. Recent activity
Involves substitutionally disordered magnetic
materlals, spin glasses, and low-dimensional systems.
The facilities at the High Flux Beam Reactor (HFBR)
are operated as a Particlpating Research Team and
are available to the outside sclentific community.
Sclentists from academia, industry, and other
national Iaboratories are encouraged 1o perform
thelr experiments at Brookhaven.

54, STRUCTURAL CHARACTERIZATION OF MATERIALS
USING POWDER DIFFRACTION TECHNIQUES s
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
matertals, including mixed metal oxides, zeolites,
high-T. superconductors and fullerenes. Phase
transition studies at high and low temperatures,
including magnetic ordering. Ab Initio structure
determination from powder data. Application of
X-fay anomalous scattering to probe cation
distribution and selective oxidation states. 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, especlally high-T, metal oxide
superconductors, including T. measurements. High
pressure, high temperature synthesls.



55. EXPERIMENTAL RESEARCH - X-RAY SCATTERING
L. D. Gibbs, B. Ocko. M. K. Sanyal, J. Wang,
G, Watson .
(516) 282-4608 02-2 $1.300.000

The objective of this program Is to exploit the

technique of synchrotron X-ray scattering to study

structure and magnetism In solids and complex flulds.

Emphasis Is given to studles of the structure and
phase behavior of surfaces, Interfaces, and thin films
utilizing a UHV X-ray scattering chamber and special
X-ray cells for studying scattering from solid/liquid
and liquid/vapor Interfaces. A new direction has
involved studies of surfaces under electrochemical
conditions. Magnetic structure Is probed via
magnetic X-ray scattering, particularly resonant
magnetic scattering.

56. LOW ENERGY - PARTICLE INVESTIGATIONS OF
soubs : .
K. G. Lynn, P. Asoka-kumar, J. Throwe
(516) 282-3710 02-2 $1,000,000

Perfect and Imperfect sollds, solild and liquid .
interfaces and thelr surfoces are investigated by
newly developed experimental methods using
variable energy positron (.1 eV - 3 MeV) and
" positronium beams coupled with standard surface
analysls tools (Auger Electron Spectroscopy, Low
Energy Electron Diffraction, and Thermal Desorption
Spectroscopy). These methods Include
two-dimenslonal angular correlation of annihilation
radiation, positronium scattering positron induced
Auger Electron Spectroscopy, positron channeling
and diffusion lengths, positron work functions, and
positronlum formation with measurement of its
emitted energy distribution on surfaces. Systems
that are being studied Include metal-metal, and
oxlde-semiconductor and metal-semiconductor
interfaces and their alloy formatlon. Bulk positron
fifetime and Doppler broadening measurements are
belng performed on varlous systems including high
temperature superconductors and some metaliic
alloys. Improved modeling of positron implantation
and diffusion in homogeneous and layered sollds
through Monte Carlo simulation is being developed
to carry out quantitative depth profiling.

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

Solid state theory Including self organized criticality,
nonlinear systems, theory of superconductivity in
oxides, and many body effects. Theory of alloys
including heats of formation, using local denslity
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functional theory. Electronic structure of metallic
surfaces. Applications to X-ray and neutron
scattering 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

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, Low Energy lon Scattering
(LEIS), Photoemission, Inverse Photoemission, and Spin
Polarized Photoemission. The major part of the
program Is supported by beam lines at the National
Synchrotron Light Source (NSLS). These Include both
conventional monochromators and the more
advanced spherical grating monochromators used
on the undulator sources. The lafter devices are
dedicated to the spin polarzed photoemission and
high resolution photoemission components of the
program. Ongoing research Includes:

(0) photoemission and inverse photoémission 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) catalytic propertles of metal overylayers;

(d) photoemisslon and near edge studles of oxides
and the high-T. superconductors; (e) surface
metallurgy and surface compounds; and (f) studies
of oxides and metastable species formed In low
temperature reactions.

Materials Chemistry - 03 -

59. NEUTRON SCATTERING - SYNTHESIS AND STRUCTURE
J. Z. Larese
-(516) 282-4349 03-1 $473.000

The study of phase transitions and critical

phenomena on surfaces In a wide variety of

materials, forms the framework of the neutron
scattering program. Recent work centers around the
structure and dynamics of rare gas and hydrocarbon
fims on graphite and the layer-by-layer growth and
meiting of these fims. In addition, efforts to image

Rayleigh-Benard convective flows in liquid helium

mixtures and to synthesize materials with novel

physical properties continues. The combination of
elastic, absorptive, and inelastic neutron techniques

presents a method unrivaled in its abllity to render a

microscoplc view of a wide range of physical

phenomena. These experiments provide needed
data for the testing. and possible modification, of
theoretical models.
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60. SYNTHESIS AND STRUCTURES OF NEW CONDUCTING

POLYMERS .

J. McBreen

(516) 282-4513 03-2 $487,000
Development of a fundamental understanding of
lonically and electronically conducting polymers and
develop technlques for talloring 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 propertles with a number of spectroscopic
~ techniques, Including electrochemistry, X-ray
absorption spectroscopy. X-ray diffraction, positron
annihilation, Fourler transform Infrared 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
elecirically active side groups. A second category
of materials conslists of Langmuir-Blodgett films of
polypyrroles and polythiophenes to produce highly
ordered two-dimensionadl structures. This is a
coltaborative program bquen Brookhaven
National Laboratory. Polytechnic University, City
Unlversity of New York, University of Lowell and
Massachusetts Institute of Technology.

Facllity Operations - 04 -

M. Brooks - (516) 282-4061

61. EXPERIMENTAL RESEARCH- HIGH FLUX BEAM
REACTOR - OPERATIONS
M. H. Brooks, W. Brynda, J: Detweller, O. Jaccbl,
J. Junker, V. Lettler, J. Petro, T. Prach,
R. Reyer, D. C. Rorer, P. Tichler
(516) 282-4061 04-1 524,809,000

Operdtion of the High Flux Beam Reactor, including
routine operation and maintenance of the reactor,
procurement of the fuel, fraining of operators,
operation and maintenance of a fiquid hydrogen
moderated cold neutron source, and Irradiation of
samples for activation analysls, 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
‘reqactor.

62. NATIONAL SYNCHROTRON LIGHT SOURCE,
OPERATIONS AND DEVELOPMENT

D. B. McWhan, |. Ben-2vl, A. M. Fauchet, J. Godel,
J. Hastings, R. Heese, R. Klaffky, S. Krinsky,

D. P. Siddons, W. Thomlison, G. P. Willlams

(516) 282-3927 04-1 $15,910,000

This program supports the operation of the National
Synchrotron Light Source (NSLS), which is a large user
facllity devoted to the production and utilization of
synchrotron radiation, and it supports the
development of electron based radiation sources
and of new applications of this radiation In the
physical and blological 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
extenslve user program built around facility and
participating research team photon beam lines on
the vacuum ultraviolet (VUV) and X-ray storage rings.
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 stabllity, reliabliity, and lifetime of electron beams
and to devslop new insertion devices which glve
even brighter photon beams. Equally important are
programs to develop new beam line )
inestrumentation including beam line optics.
monochromators and detectors which will permit
users to take full advantage of the unique research
capabilities offered by the NSLS. Finally, substantial
malntenance, 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/FTS 583-8003

Metallurgy and Ceramics - 01 -

D. W. Keefer - (208) 526-8003

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 propertles at dissimilar material
interfaces. Fabrication of two-phase materials with
controlled microstructural gradients and varying
geometries by electron beam coevaporation and
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powder metallurgy techniques. Focus on materials
systems In which significant property mismatch exists
between components, e.g., AlL,O/Nl 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
Ippm fead contalning ion-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 helum
bubble growth will be studied. Rapidly quenched,
high-purity aluminum and dilute aluminum alloys
containing substitutional elements with different
vacancy binding energles, as well as carbon as an
interstitial impurity, will be examined. Experimental
techniques include positron annihilation and TEM.
Atomistic models will be developed.

UNIVERSITY OF ILLINOIS MRL
104 §. Goodwin Avenue
Urbana, IL 61801

H. Birbaum - (217) 333-1370

Metallurgy and Ceramics - 01 -

H. Bimbaum - (217) 333-1370

65. THEORY OF DEFECTS AND INTERFACES IN BCC
METALS
J. Adams
(217) 244-7709 01-1 $83,578
Theoretical calculations of defect properties in BCC
systems. Development of accurate interatomic
potentials. Caiculation of grain-boundary properties
In BCC metals. Effects of H and He on properties.

66. TRANSPORT PROCESSES IN LOCALIZED CORROSION
R. C. Alkire .
(217) 333-3640 01-1 $128,620

Corroslon of passivating systems. Tranport, reaction,
and convective diffusion at locallzed corrosion sites.
Inltlation at Inclusions; corrosion pit growth; corrosion
of cracks in static and dynamically loaded systems;
corrosion inhibition.

67. DEFECTS, DIFFUSION, AND NONEQUILIBRIUM
PROCESSING OF MATERIALS
R. S. Averback
(217) 333-4302 01-1 $230,126
lon beam studies of interfaces and diffusion;
Rutherford backscattering studies of lon beam
offects In solids; crystaline and amorphous transitions;
formal properties of nanophase metals and alloys;
radiation damage due to ion beams. Development
of nanophase ceramics and studles of their physical
and mechanical properties. Transport properties and
structures of nanophase ceramics are being studied.

68, MOLECULAR SPECTROSCOPY OF THE SOLID-LIQUID
INTERFACE
P. W, Bohn
(217) 333-0676 01-1 $58,212
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
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.

69. CENTER FOR MICROANALYSIS OF MATERIALS
J. A. Eades, C. Loxton
(217) 333-8396 01-1 $75.060

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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70. MICROANALYSIS OF DEFECTS AND INTERFACES
J. A. Eades
(217) 333-8396 01-1 $137.149

Defects, interfaces, segregation are studied by

cathodoluminescence and X-ray microanalysls 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 is under
construction,

71. ATOMISTICS OF GROWTH AND TRANSPORT AT
METAL AND SEMICONDUCTOR INTERFACES
G. Ehrlich
(217) 333-6448 01-1 $145,646
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.

72. ATOMIC RESOLUTION ELECTROCHEMISTRY OF
CORROSION AND DEPOSITION PROCESSES
A. A. Gewirth )
(217) 333-8329 01-1 $60.,825
“Scanning Tunneling Microscopy and Atomic Force
Microscopy Is applled to understanding the atomic
processes of corrosion and deposition in
electrochemical environments.

73. TRANSMISSION ELECTRON MICROSCOPY OF
SURFACES AND INTERFACES
J. M. Gibson
(217) 333-2997 01-1 $129.940
Elucidation of surface and interface structure using
quantttative transmission electron microscopy. TEM
studies of surface reactions and in situ epitaxial
growth uslng image formation using surface related

diffracted intensities. Quantitative atomic resolution -

microscopy Is belng applied to interface structure
and chemistry.

74. CHEMISTRY OF NEW TRANSITION METAL CERAMIC
COMPOUNDS SYNTHESIZED BY MOCVD
G. S. Girolami
(217) 333-2729 01-1 $89,143
Synthesls of thin film ceramics by chemical vapor
deposition method. Studles of the chemistry of
precursor compounds at solid surfaces. Preparation
of transition metal carbldes, borides and nitrides
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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.

75. CRYSTAL GROWTH AND PHYSICAL PROPERTIES OF
METASTABLE SEMICONDUCTING, CERAMIC AND
METALLIC ALLOYS
J. E. Greene .
(217) 3330747 01-1 $166.175

Mechanlsms 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 Ii-V based
compounds and liHV-V2 chalcopyrite systems.

76. ORGANIZATION OF THE SINGLE-CRYSTAL
SOLID-LIQUID INTERFACE: ENERGIES, STRUCTURES

_AND ELECTRONIC SYNERGISM
A. Wieckowski
(217) 333-7943 01-1 $61,207

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

77. MICROSTRUCTURE EVOLUTION, INTERFACES AND
PROPERTIES IN STRUCTURAL CERAMIC COMPOSITES
A. Zangwvil
(217) 333-6829 01-1 §171.319

Microstructure and microchemistry of SIC with

covalent additives, such as AIN, BN and BeO; solid

solution formation In SIC based systems; effect of
processing variables 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.

78. MECHANISMS OF ENVIRONMENTALLY INDUCED
EMBRITTLEMENT
C. J. Altstetter
(217) 333-4985 01-2 $91,361

Mechanisms of hydrogen related crack growth in

stainless steels. Studies over a wide range of

hydrogen fugacities and temperature with an
emphasis on the mechanisms of fracture. Subcritical
crack growth measurements.
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79. SOLUTE EFFECTS ON MECHANICAL PROPERTIES OF
GRAIN-BOUNDARIES
H. K. Birnbaum
(217) 333-1370 01-2 $261,502
Hydrogen effects on deformation and fracture;
effects of hydrogen on disiocation mobliities;
theoretical mode! of hydrogen embrittlement;
interaction of dislocations with grain-boundaries;
solute effacts on the response of grain- boundaries to
stress.

80. COUNCIL ON MATERIALS SCIENCE
C. P. Aynn
(217) 333-1370 01-2 $117.940

Study and analysis of current and proposed basic

research programs on materials and assessment of

thelr relevance to problems of energy utilization.

Conslderation of national facilities needs. Convening

of panel studies on selected topics.

81. MECHANICAL PROPERTIES OF INTERMETALLIC

COMPOUNDS
C. Loxton, |. M. Robertson
(217) 333-0386 01-2 $213,403

Studies have been made of dislocation/grain-
dislocation/grain-boundary Interactions, hydrogen
effects and surface oxidation in Ni;Al. Graln-
boundaries can pose barriers to slip, causing
extensive dislocation pile-ups at the boundary and
considerable focal elastic strain in the adjacent
grain. Strain rellef occurs In Ni-rich B-doped

material by a sudden and massive generation of
disiocations from o length of the boundary into the
second grain; In other compositions and in all tests
In H atmospheres, strain relief occurs by intergranular
tallure. Boron appears to enhance boundary
coheslon in Ni-rich Ni,Al and perhaps to faciiitate
distocation generation from boundary sources, but
only In the absence of H. Oxidation studlies indicate
the formation of AL,O, at low partial pressures of
oxygen (107 toir); the nature of the phase varles
with temperature: phase at 973K, and an
Intermediate unstable phase plus an amorphous
phase at 773K. At atmospheric pressure the oxide is
mixed Al,O, and NIALO, plus an outer layer of NIO.

82. HIGH TEMPERATURE MECHANICAL BEHAVIOR OF
CERAMICS -
D. F. Socle :
(217) 333-7630 01-2 $90.910
Behavior of englneering materlals subjected top
complex loading involving high temperatures,
muftlaxial state of stress, and time dependent state
of stress. Macroscoplc damage models are being
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developed on the basls of microscoplc studies of
defects accumulated in the materials. High
temperature mechanical properties of ceramics
under uniaxial, multiaxial, and fatigue conditions.

83. SUBCRITICAL CRACK GROWTH IN STRUCTURAL

CERAMICS

J. F. Stubbins

(217) 333-6474 01-2 $80.884
Micromechanisms of failure at elevated
temperatures under creep, fatigue and aggressive
environmental conditions. Role of oxide films on
crack Inffiation and propagation. Microstiuctural
examination of reglons in front of cracks and of the
dislocation structures are related to micromechanics
of faliure. Crack propagation kinetics in ceramics af
high temperatures and in aggressive atmospheres.
Subcritical crack growth in ceramics.

84, STRUCTURE AND KINETICS OF ORDERING
- TRANSFORMATIONS IN METAL ALLOYS AND SILCIDE

THIN FILMS

H. Chen

(217) 333-7636 01-3 §125,702
Investigation of the kinetics and mechanisms of
thermally Induced structural transformation In
amorphous silicate glasses and crystalline silicide thin
flms. 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.

85. MATERIALS CHEMISTRY OF OXIDES CERAMICS;
FIELD RESPONSIVE OGRANIC INCLUSION
COMPLEXES
W. F, Klemperer
(217) 333-2995 01-3 $283.271

Low-temperature synthesls of oxide gels and glasses

using a step-wise approach. Polynuclear molecular

buliding-blocks are first assembled and then
polymerized into solid materials using sol-gel
methods. Slicate cage. ring, and chain’ alkoxides
and thelr polymerization reactions are studied using
multinuclear NMR spectroscopic and gas
chromatographic techniques.

86. SYNTHESIS AND PROPERTIES OF ELECTRICAL
CERAMICS
D. A. Payne
(217) 333-2937 01-3 $368.265
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
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mechanical boundary conditions In polarizable
deformable solids, twin and domain structures,
ferroelasticity and crack propagation. Amorphous
ferroelectiics. Synthesis methods and properties of
high-T. superconductors.

87. ATOMIC SCALE MECHANISMS OF VAPOR PHASE
CRYSTAL GROWTH
A. Rockett
(217) 333-0417 01-3 $102,376
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 low indices as well as
those with high indices. Experimental determination
of the surface structure during MBE crystal growth .
using LEED and RHEED osclliations.

88. PROCESSING OF MONODISPERSE CERAMIC
POWDERS
C. Zukoski

(217) 333-7379 01-3 $277.386

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.

89. ULTRASONIC STUDIES OF DEFECTS IN GaAs
A. W. Granato
(217) 333-263¢9 014 $37.272

Elastic and anelastic studies of defects in GaAs.

Correlation with electronic properties of deep lying

dofect levels.

90. RADIATION EFFECTS IN METALS AND
SEMICONDUCTORS
1. M. Robertson
(217) 333-6776 01-4 $95,000
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
iradiation. .
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H. Zabel - (217) 333-2514

91. LOW TEMPERATURE STUDIES OF DEFECTS IN SOLIDS
A. C. Anderson
(217) 333-2866 02-2 $104.023

Experimental studies of glassy metals, of fast ion
conductors, of polymers, composites and ceramics,
and of iradiated or deformed lonic and other
crystals, influence of defects and disorder on
macroscopic properties including specific heat,
magnetic susceptibllity, thermal and electrical
transport, thermal expansion, and ultrasonic and
dielectric dispersion at 0.02-200K.

92. SYNTHESIS AND CHARACTERIZATION OF
ORGANOMETALLIC LQUID CRYSTAL POLYMERS
T. L. Brown
(217) 244-1176 02-2 $50,042

Synthetic routes to liquid crystal polymers containing

transition metal organometallic functional groups are

being explored. These groups are chosen to have

special chromophoric, electric or magnetic

properties.

93. ELECTRONIC PROPERTIES OF SEMICONDUCTOR
SURFACES AND INTERFACES
T.-C. Chiang
(217) 333-2593 02-2 $154,209
Synchrotron radiation photoemission studies of
electronic properties and growth behaviors of
semiconductor surfaces and interfaces prepared in
situ by molecular beam eplitaxy; propertles and
atomic structure of alloy surfaces. XPS studies of the
band structure of high-T_ superconductors,

94. THEORY OF SOLIDS, SURFACES AND
HETEROSTRUCTURES
R. M. Martin
(217) 3334229 02-2 $111457
Theoretical studies of the properties of materials using
ab-Iinitio calculations In a unified manner.
Development of technique applied to known
'materials 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.
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95. GROWTH AND PROPERTIES OF NOVEL MBE
STRUCTURES II. SEMICONDUCTOR
HETEROSTRUCTURES
H. Morkoc, C. P. Flynn
(217) 333-0722 02-2 $301,611

Establishment and operation of a facility for
molecular beam epltaxial growth of materials
including ceramics, metals and semiconductor single
crystals, heterojunction assemblies and superlattices,
and for the In situ investigation of epltaxial behavlor,

96. DESIGN AND SYNTHESIS OF NEW
ORGANOMETALUIC MATERIALS
T. B. Rauchfuss
(217) 333-7355 02-2 $124.647
A research program for the synthesis of
organometdllic polymers. The program emphasizes
fundamental synthetic chemistry as It applies to the
design of monomers sulted for polymerization. Solids
containing dynamic metal-metal bonds, l.e., mobille
charge denslty waves. Synthesls of metal clusters
containing reactive ester groups will be developed
for the applications to organometallic polyesters.
The reactlvity inherent in main group vertices of
metal clusters will be used to generate
clusters-of-clusters, Synthetic studies will focus
on charge transfer salts contalning organometallic
donors and acceptors.

97. PROPERTIES OF CRYSTALLINE AND LiQUID
CONDENSED GASES
R. O. Simmons
(217) 3334170 02-2 $178,711
Measurement and theory of momentum density in
bcce, hep, and liguld hellum, pulsed neutron
scattering. phase transitions and structure
determination in solid hydrogen by neutron
diffraction, Isotopic phase separation in solid
hellum, thermal and isotopic defects In hellum
crystals, quantum effects in diffusion.

98. NUCLEAR MAGNETIC RESONANCE IN SOUDS
C. P. Slichter
(217) 333-3834 02-2 5218,558

Investigations of layered materials and one

dimensional conductors with charge density waves,

of Group VIl metal-alumina catalysts, and of spin
glasses using nuciear magnetic resonance methods.

Use of resonance methods to study the role of Cu

and O in high-T, superconductivity,

99. ELECTRO-ACTIVE AND NONLINEAR OPTICAL
POLYMERS
S. |. Stupp
(217) 333-4436 02-2 $148,360
Synthesis and physical property determination of self
ordering chiral polymers that order in response to
external fields. Flelds of interest are electric. stress
and flow, and optical responses. Properties of
interest In these polymers are ferroelectricity,
ferromagnetism and nonlinear optical properties.

100. METALLOPORPHYRINS AS FIELD RESPONSIVE
MATERIALS
K. S. Suslick
(217) 333-2794 02-2 $57.149
The synthesis and characterization of porphyrinic
materials with ferroelectric and nonlinear optical
properties are being studied. Metalloporphyrin
polymers, linked by direct metal-porphyrin chains via
lanthanide metals or bridging. non-symmetric
bifunctional ligands are being developed.
Asymmetric assemblies with large molecular specles
having large dipole moments are being studied.

101. CARRIER TRANSPORT IN QUANTUM WELLS -

PICOSECOND IMAGING

J. P. Wolfe

(217) 3332374  02-2 $106,176
Development of picosecond imaging techniques
applied to measure the lateral transport of
photoexcited carriers In semiconductor quantum
wells. Optical- pulse-probe methods and spatial
imaging techniques applied to GaAs/AIGaAs
muftilayers. Energy distribution of photoexcited
carrlers measured with high resolution luminescence
Imaging methods used to study the scattering
processes of carriers and surfaces, interfaces,
impurities and phonons.

102. STRUCTURE AND DYNAMICS OF SURFACES,

INTERFACES AND HETEROSTRUCTURES

H. Zabel

(217) 333-2514  02-2 $74,983
X-ray and neutron scattering investigations of
structural, thermal and vibrational properties of alkali
metal graphite-intercalation compounds, staging,
dislocations, point defects. phonon dispersion,
order-disorder transformations, and diffusion.
Microstructural properties of metal and
semiconductor MBE grown superlattices. Studies of
high-T, superconductor structures and dynamic
properties using scattering methods.
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Materials Chemistry - 03 -

H. Zabetl - (217) 333-2614

103. HIGH PRESSURE STUDIES OF MOLECULAR AND
ELECTRONIC PHENOMENA
H. G. Drickamer
(217) 3330025  03-1 $176,051
Studles of the pressure tuning of electronic energy
levels with emphasis on optical absorption
measurements including absorption edges, metal
cluster compounds and charge transfer phenomena,
(as well as semiconductor-metal interfaces.

104. SURFACE STUDIES OF BOUNDARY LAYER FILMS
A. J. Gellman
(217) 244-5810  03-1 $46,302

The long term goal of this program is the

understanding of the mechanical properties of -

Interfaces. We will investigate the role of surface

structure. and the role of adsorbed specles In

determining both the adhesive and frictional
properties of interfaces between palrs of surfaces.

Initlal measurements will be made on a macroscopic

scale (gram level forces) between palrs of surfaces

that have been prepared under vacuum conditions.

These willl include perfectly clean metal surfaces of

varylng structure brought together in well defined

relative orientations. 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 wili discriminate between the

properties of carboxylic acids adsorbed molecularly

or as carboxylate anlons.

105. MECHNISTIC AND SYNTHETIC STUDIES IN
CHEMICAL VAPOR DEPOSITION ’
R. G. Nuzzo
(217) 244-0809  03-1 $44,521

In situ surface analysls techniques are directed
fowards understanding the atomic mechanisms of
chemical vapor deposition-growth of surface films
and surface modified structures. Reactive gas-solid
interactions studied with XPS, EELs, LEED and other
surface methods.
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106. OPTICAL SPECTROSCOPY OF SURFACE PROCESSES
IN THIN FILM DEPOSITION
E. G. Seebauer
(217) 3334402  03-1 $59.928

Surface chemistry during the deposition of GaAs fims
using LEED, temperature programmed desorption,
photoreflection and surface second harmonic
generation. The chemistry of the adsorption process
and surface diffusion are being probed.

LAWRENCE BERKELEY LABORATORY
1 Cyclotron Road
Berkeley, CA 94720

D. S. Chemila - (510) 486-4999/FTS 451-4999

Metallurgy and Ceramics - 01 -

D. S. Chemla - (510) 486-4999

107. NATIONAL CENTER FOR ELECTRON MICROSCOPY
U. Dahmen
(510) 486-4627  01-1 $1,720,000

Organization and operation of a national,

user-oriented resource for transmission electron

microscopy. Maintenance, development, and
application of specialized instrumentation including
an Atomic Resolution Microscope 1.5A point-to-point

(ARM) for ultrahigh-resolution imaging a 1.5-MeV High

Voltage Electron Microscope (HVEM) with

capabilities for dynamic in situ observations,

analytical electron microscopes for microchemical
analysls, and support facilities for specimen
preparation, image analysis, image simulation, and

Instrument development.

108. CRYSTALLOGRAPHY OF MICROSTRUCTURES
U. Dahmen
(510) 486-4627  01-1 $190,000

Investigation of fundamental features underlying the

evolution of microstructures in solids by application of

crystallographic techniques fo the analysis of
topology and defects in crystalline materials.

Crystallographic relationships of precursor of parent

phases and thelr use in analysis of defect structures

and synthesls of new and unique microstructures with
defect configurations reflecting composite
symmetries. Electron microscopy investigation of the
structure and distribution of defects such as

Inclusions, grain-boundaries, domain walls and

dislocations. Detalled characterization of the atomic

structure of interfaces by conventional, in situ and
atomic resolution microscopy In tandem with
computer Image simulations.
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109. ALLOY PHASE STABIUTY'
D. de Fontaine, L. Fallcov
(510) 642-8177 01-1 §226.000

Calculate temperature - composition phase
diagrams from first principles. Combine existing
electronic band structure and total energy
computational procedures with the cluster variation
method (CVM) to calculate phase equilibria without
empirical parameters. Phenomena of current )
interest are the oxygen ordering in high temperature
superconductors and the prediction of long-period
superstructures and antl-phase boundaries in fcc
ordered substitutional alloys. Comparison with
experiment is made using transmission electron
microscopy and X-ray diffraction.

110. CAM CERAMIC SCIENCE PROGRAM
Lutgard C. De Jonghe
(510) 486-6138 01-1 $1,302.000

The CAM Ceramic Processing Sclence Program has
three iinked objectlves: the development of
predictive, quantitative theories of densification and
microstructure development in heterogeneous
powder compacts, the application of these theorles
to produce advanced structural ceramics with
improved high temperature performance, and the
evaluation of the mechanical properties of these
ceramics. It develops model experiments that
facliitate investigation of fundamental aspects of
microstructural development and processing, and
thelr application of model ceramic systems, it
develops models and means for initial powder
compact structural contro! including the production
and use of coated powders; it examines the
microstructural evolution and control during
densification in relation to interface properties; it
produces particulate ceramic composites based on
SIC, and it tests mechanical propertles of such
ceramics In particutar high temperature creep and
fatigue.

111, IN SITU INVESTIGATIONS OF GAS-SOLID
REACTIONS BY ELECTRON MICROSCOPY
J. W. Evans
(510) 642-3807  01-1 $50,000
Microstructural aspects of reactions between gases
and solids. Principal experimental tools are the
high-voltage transmission electron microscopy.
Environmental cells permit reactions between gases
and solids (Including oxidation of semiconductor
materials) to be observed at full magnification.
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112. STRUCTURE AND PROPERTIES OF

TRANSFORMATION INTERFACES

R. Gronsky

(510) 486-5674  01-1 $159,000
Transformation interfaces: homophase boundarles,
heterophase boundaries, and free surfaces at which
solid-state reactions are either initiated or
propagated. Atomic configurations of such
interfaces and the relationship between structure
and relevant interfaclal properties. Transmission
election microscopy, including energy-dispersive
X-ray and electron-energy-loss spectroscoples.
Correlation with theoretical predictions of interfacial
phenomena.

113. THIN FILM STRUCTURES AND COATINGS
K. Krishnan
(510) 486-4614  01-1 $100.000

This program seeks to establish a dynamic teration

between forefront efforts In synthesls, experimental

investigation of microstructures and property
measurements with the goal of atomically
engineering thin fims with novel mechanical, optical
and magnetic properties. Fundamental
investigations of new phenomena and mechanisms
influencing improved properties will be stressed. In
addition to synthesls, development of nanoscale
spectroscopy. imaging and diffraction methods at
the appropriate level of resolution, with elther
electron or photon probes, will be critical to the
success of these investigations and hence will be an

Integral part of these research projects. Of current

interest In this program are the synthesls and

understanding of uttrathin magnetic multilayers
exhibiting elther perpendicular anisotropy or
long-range antiferromagnetic coupling, studies of the
changes in electronic structure assoclated with
magnstic and chemical fransitions in binary fransition
metal alloys and the low pressure deposition of
diamond coatings on ceramic substrates. In the
latter case, questions pertaining to the early stages
of nucleation of diamond, the structure of the
substrate/film Interface and factors affecting the
adheslion of the films are also being addressed.

114. CAM HIGH PERFORMANCE METALS PROGRAM
J. W, Mortls, Jr., R. O, Ritchie. G. Thomas
(510) 486-6482  01-3 $828,000

This CAM program focuses on advanced structural
metails of interest to American industry. It includes
fundamental research on microstructure and
mechanical behavior and specific investigations of
advanced structural metais. It Is organized into two
projects: (1) Mechanical Behavior (R. O. Ritchle),
which addresses the mechanisms of structural failure,
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Inciuding the fatigue and fracture in metals and
intermetallics and (2) Metals (J. W. Mortls, Jr.), which
Is concerned with the properties and development
of metal alloys, including modern Ai-Li alloys for
aerospace applications, formable steels for
manufacturing, advanced intermetaliics, and
materials for high field superconducting magnets.
The research also includes theoretical studies of
microstructure and phase transformations in metals
which is integrated, as appropriate, into the other
sections of the program,

115. SOLID-STATE PHASE TRANSFORMATION
MECHANISMS
K. H. Westmacott :
(510) 486-5663  01-1 $154,000
Factors that govern phase stability in order to
facilitate first-principle dlloy design. Advanced
electron-optical techniques, especially high-voltage
and high-resolution electron microscopy. The
relationship between lattice defects and precipitate
phase growth. Crystallographic theory of
precipttation with a parallel experimental program.

116. CAM ELECTRONIC MATERIALS PROGRAM
E. Haller, E. Bourret, W. Walukiewicz, -
J. Washburn, E. Weber
(510) 486-5294 01-3 $909.000

Research in this program focuses on basic material
“problems pertinent to the development of advanced
electronic and optical materials. This includes an
Integrated semiconductor thin film crystal growth
and characterization effort which seeks an
understanding of the Incorporation of structural and
electronic defects, as well as impurities, during the
crystal synthesis, post-growth annealing, and/or
materials processing. Thrust areas inciude
preparation of single epitaxial layers, formulation of
microscoplc theories of defect formation In
semiconductors, and study of physical and chemical
processes affecting incorporation and activation of
dopants in -V compound semiconductors. These
studies are complemented by comprehensive
investigations of structural properties of
heterointerfaces. The objective of this research Is to
improve understanding of the mechanisms of
structural defect formation at heterointerfaces and
at surfaces modified by ion beams, and also to
revedal a correlation between structural defects and
electronic properties of heterolnterfaces. A new
project has been initiated to study the formation of
interfaces between dissimilar materials. Growth by
molecular beam, chemical beam and
electrochemical epitaxies is combined with In situ
and ex situ probes to determine the interplay
between growth and properties.
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117. HIGH-TEMPERATURE REACTIONS
A. W. Searcy
(510) 486-5900  01-3 $100,000

Sintering studies with crystalline and glassy oxides

using TEM, BET, and weight-{oss measurements.

Surface thermodynamic theory and theory of

time-independent distributions of matter in

temperature gradients and application of these
theorles 1o sintering and graln growth. Experimental
and theoretical studlies of solid state reactions.

Solid State Physics - 02 -

D. S. Chemla - (510) 486-4999

118. SUPERCONDUCTIVITY, SUPERCONDUCTING
DEVICES, AND 1/F NOISE
J. Clarke ' :
(510) 642-3069  02-2 $214,000
DC Superconductivy Quantum Interference Devices
(SQUIDs) have been developed and used In a wide
varlety of applications, including geophysical ™
measurements, noise thermometry in the millikeivin
temperature range, and the measurement of
electrical noise. An ultralow-noise SQUID

- spactrometer is used to detect nuclear magnetic

and nuclear quadrupole resonance in molecular
solids at frequencies below 100kHz. Origins of low
frequency magnetic nolse, mechanisms of fiux
pinning. and distribution of flux pinning energies in
high transition temperature superconductors are
Investigated. Novel experiments to study
one-electron and single-Cooper pair effects in
submicron junctions at milikelvin temperatures,
including Coulomb blockade. resonant tunneling
and effects of microwaves, are in progress.

119. NONLINEAR EXCITATIONS IN SOLID-STATE

SYSTEMS

C. D. Jeffrles

(510) 642-3382  02-2 $142,000
One area of study Is nonlinear dynamics and
instabllities in solid state systems. The objectives are
detalled experimental studies of driven plasma
instabllities In semiconductors and spin wave
Instabillities in magnetic materials. These display
period-doubling bifurcation, quasi-periodic behavior,
and onset of aperiodic noise-like behavior, controlled
by a fractal attractor. The observed behavior is
compared to various theoretical models. Another
area of study Is high temperature superconductivity
using microwave methods to probe magnetic
properties, dynamics of the metastable states, and
vortex line Instabliities.
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The project Is a baslc science effort with results
bearing directly on the technology of plasmas, solid
state devices, superconductivity, and magnetic
materials.

120. FAR-INFRARED SPECTROSCOPY.
P. L. Richards
(510) 642-3027 02-2 $197,000

Improvements in infrared fechnology are making

possible increases In the sensitivity of many types of

Infrared and milimeter wave measurements. In this

project, improved types of infrared sources,

spectrometers, and detectors are being developed.

Also, Improved infrared techniques are belng used to

do experiments in areas of fundamental and applied

infrared physics where their impact Is expected to be
iarge. infrared experiments in progress include:
measurements of the far-infrared absorptivity of the
new high-T_ superconductors, measurements of the

Infrared spectra of one-dimensional conductors, and

measurements of the heat capaclty of monolyaers

of adsorbates on metal fims. Improvements in

Infrared technology Include: development of

thin-film high-T. superconducting bolometers for

detecting X-ray, infrared, and microwave radiation,
and development of low-T, superconducting thin-film
quasiparticle detectors and mixers for near-millmeter
wavelengths that approach quantum limited
sensitivity.

121. STUDIES OF THE METAL/SOLUTION INTERFACE WITH

X-RAYS

P. N. Ross

(510) 486-6226  02-2 $190.000
Development of a new method to determine the in
situ structure at metal/solution interfaces using total
reflection of X-rays rom metal surfaces at glancing
Incldence and analysls of Bragg reflection paraliel
and perpendicular to the reflecting plane to obtain
complete structural characterization of the interfaclal
region. Proof-of-principle experiments conducted on
the 84-pole wiggler beam iine at Stanford
Synchrotron Radiation Laboratory (SSRL). inftial
experiments directed towards the study of the
electrolytic growth of thin (< 100 nm) metal epllayers
and the elucidation of dislocatlon creation and
propagation, and the study of the electrolytic
reconstruction of metal surfaces and the
understanding of solvated ion-metal interaction that
causes this phenomenon (related to the more
familiar reconstruction of the (100) faces of Au, Pt,
and Ir in UHV). Future experiments planned for the
Advanced Light Source, where the unique high
brightness of this source is very advantageous for the
glancing incldence geometry In these experiments.
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122. FEMTOSECOND DYNAMICS IN CONDENSED

MATTER

C. V. Shank

(510) 486-5111 02-2 $190,000
The goal of this research program is to further the
baslc understanding of ultrafast dynamic processes
In condensed matter. Research efforts are focused
in two areas: development of new femtosecond
optical pulse generation and measurement
techniques, and application of these techniques to
investigate ultrafast phenomena in condensed
matter and novel material systems. In the course of
this work we have developed measurement
techniques which allow us to resolve rapld events
with the unprecedented time resolution of a few
femtoseconds. The generation and compression of
femtosecond pulses has been extended to cover the
entire visible spectrum from 400 nm to 800 nm,
providing the capability to investigate a large variety
of Important materials. Recent work has focused on
ultrafast scattering events in bulk semiconductors
(GaAs), quantum-well semiconductor structures
(GaAs/AIGaAs), and semiconductor quantum dots
(CdSe microcrystallites). Using laser pulses of only a
few optical cycles in duration, we are able to excite
highly non-thermal (and non-Fermi) carrier
populations. Measurements of the carrler dynamics
on a femtosecond time scale provide important
Insight to fundamental scattering processes in
nonequilibrium systems. We have observed the
dynamic dephasing of optically created
electron-hole pairs. This dephasing occurs due to
corrler-carrier scattering. Detalled measurements of
this dephasing using photon-echo techniques has
enabled us to study the effects of the Coulomb
Interaction on the scattering events. Such
measurements are now belng extended to
quantum-dot materlals in order to further understand
the effects of electron confinement os well as
surface trapping phenomena. These studies of
utirafast processes in solids will provide new
information about the fundamental properties of
materials. This knowledge will be usefu! for
evaluating novel materials for energy applications.

123. EXPERIMENTAL SOLID-STATE PHYSICS AND
QUANTUM ELECTRONICS
Y. R. Shen
(510) 642-4856  02-2 $224,000
Development of linear and nonlinear optical
methods for material studies and applications of
these methods to probe properties of gases, liquids,
and solids. Theoretical and experimental
investigation of various aspects of laser interaction
with matter are pursued. New nonlinear optical
techniques are applied to the studies of surfaces and
interfaces.
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124. TIME-RESOLVED SPECTROSCOPIES IN SOLIDS

P.Y.Yu

(510) 642-8087 02-2 $101,000
The main objective of this project Is to utilize
picosecond and subpicosecond laser sources to
study the uttrafast relaxation processes that occur in
semiconductors. The processes under Investigation
include electron-phonon Interactions,
phonon-phonon interactions, and selectron-electron
interactions. The experiments involve exciting dense
slectron-hole plasmas in bulk or microstructures of
semiconductors and monitoring the time evolution of
the electron and phonon distribution functions by
Raman scattering and photoluminescence. Another
area of investigation involves the study of optical
properties of semiconductor superlattices, quantum
wells and solids under high pressure.

125. QUANTUM THEORY OF MATERIALS
M. L. Cohen, L..M. Falicov. S. G. Loule
(510) 642-4753 02-3 $407,000

Research to further baslc understanding of the
physical properties of materials and materlals systems
such as surfaces and interfaces. Emphasis on
carrying out quantum-mechanical calculations on
realistic systems so that a microscopic understanding
may be obtalned from first principles. Studies include
bulk materials, surface and chemisorbed systems,
Interfaces, and defects in sollds and clusters.
Comparisons with experiment showing that the
calculations are accurate and of predictive power.
Bulk materials research focused on: electronic,
magnetic, structural, and vibrational properties; -
crystal-structure determination: solid-solid phase
transformations at high pressure; and defect
properties. Surface and interface research focused
on atomic, electronic, and magnetic structures.

126. CENTER FOR X-RAY OPTICS
D. Attwood .
(510) 642-4463 024 $2,061,000

The Center for X-Ray Optics focuses on the
development of technologies required for the
utilization of emerging sources of XUV radiation in
applications to science and industry. The Center has
organized laboratories and collaborations that have
led to the development and broad utllization of new
technologies for the production, efficlent transport,
focusing, dispersion and detection of radiation with
photon energles extending from several eV to many
keV. Studies have Included the development of
coherent XUV radiation sources based on modern
electron storage rings and the use of
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permanent-magnet periodic structures. The activities
of the Center have the common goal of extending
the use of XUV radiation for baslic and applied
research. :

127. CAM HIGH-T, SUPERCONDUCTIVITY PROGRAM
A. Zettl, P. Berdahl, J. Clarke, R. Gronsky,
N. E. Phillips. A. Portis, P. Richards, E. Weber, P. Yu
(510) 6424939  02-5 $629,000

Studies in four areas: baslc sclence, thin films and
their applications and processing for bulk
conductors, and electron microscopy. Basic science
(N. E. Philiips) activities are directed at developing an
understanding of the known high-T. materials in the
expectation that it will lead to other materials with
superior propertles. It includes theoretical work, the
synthesls of new materials, growth of single crystals,
and the measurement of physical properties
(Including magnetic susceptibliiity, fransport
properties, specific heat, mechanical properties,
nonlinear electrodynamics, microwave absorption,
nuclear magnetic resonance, electron tunneling.
and Infrared absorption. Theoretical studies Include
first principles calculations and model-based
interpretations of measured properties. Thin films and
applications research (J. Clarke) Includes fabrication
and processing. investigation of physical and
electrical properties, development of thin-film
devices, including SQUIDS and other applications of
Josephson devices, and bolometric radiation sensors.
Processing research (L. C. DeJonghe) is directed at
understanding and overcoming problems in
producing high-current capacity conductors, leading
to Improved ceramic production of grain-oriented
bulk materials and characterization of thelr electrical
and microstructural properties. The electron
microscopy research (R. Gronsky) features atomic
resolution Imaging of cations, which enables defects,
gralin boundary structure. interface epitaxy, and
composition to be analyzed and related to synthesis
conditions and to physical properties.

Materials Chemisfry - 03 -

D. S. Chemla - (510) 4864999

128. LOW-TEMPERATURE PROPERTIES OF MATERIALS
N. E. Phillips
(510) 642-6063  03-1 $161.000

Measurements of the low-temperature properties of

materials, particularly specific heats, to contribute to
the understanding of their behavior. Related work on
the temperature scale in the region below 1K where
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the scale Is nof well established. Specific heat
measurements between SmK and 100K, at pressures
to 20kbar and fields to 9T, Current emphasis Is on
heavy-fermion compounds, especlally heavy-fermion
superconductors, and high critical temperature
superconductors.

129. CAM POLYMERS AND COMPOSITES PROGRAM
M. M. Denn, M. D. Alper, M. Bednarskl,
A. Chakraborty. J. F. Kirsch, D. E. Koshland,
P. G. Schuitz, C-H. Wong
(510) 6420176  03-2 $1.004,000

Development and synthesls of high performance
polymeric materials. Currently the program consists of
three projects: anistropic polymeric materials,
polymer/substrate interactions, and the enzymatic
synthesls of materials. The first two are focused on
the prediction and control of microstructure during
the melt processing of polymeric materials. The first
(M. M. Denn) looks primarily at liquid crystal polymers,
using rheology. NMR, and structural theory to
elucidate how otlentation and stress develop during
shaping. The way In which the multi-phaslc nature of
the polymer melts affects macroscoplc orientation
and orlentation rates Is of particular concern. The
second project (D. Theordorou) emphasizes the
theory of polymer conformation and stress state near
a solid Interface as a means of defining the Influence
of surface Interactions on bulk orientation and stress,
and hence on properties. The development of
computational methods for predicting structure
development and the onset of dynamicat instabliities
Is an infegral component of both project areas. The
third project (M. D. Alper) seeks to exploit the recent
breakthroughs In biotechnology to use naturally
occurring and genetically engineered enzymes in
the synthesls of materials. Unusual monomers are
synthesized and polymerized Into novel polymers for
materials applications. Enzymes are stabllized for
extended lifetimes in reactors and for activity at high
temperatures and in normailly hostile solvents. Self
assembling multifunctional molecules are synthesized
for applications such as surface modification and
detector development.

130. TWO PERCENT HETEROINTERFACES
J. Kortright, M. Oimstead, J. Porter
(510) 486-5960  03-2 $500,000

This initiative focuses on the detalled study of the
formation and properties of complex thin film
heterostructures. Competing physical and chemical
factors are studied so that fabricated we combine
theoretical studies with a variety of complementary,
dynamic, In situ characterization techniques; we
explolt unique high-resolution, ex situ characterization
methods; we expiore new methods of thin film
formation. This program focuses on complex
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heterosystems In which materials on elther side of the
interface are widely disparate in structure or
properties. Our results will help lay foundations to
exploit promising materials in new technologles, such
as multicomponent devices and protective codatings,
by determining the role of structural, chemical,
electronic and kinetic constraints In controlling thin
fim heterostructure growth. Systems chosen for Initial
study Include: epitaxial heterostructures contalning
flourides and sdlicides; formation of interfaces
between boron nitride and disparate materials; and
growth of II-VI heterointerfaces on Pt and graphite
using various techniques.

131. ELECTROCHEMICAL PHASE BOUNDARIES
R. H. Muller
(510) 4626079  03-2 $120,000

Nucleation and growth processes In the

electrocrystallization of metals from aqueous media

from first atomic layers to macroscopic thicknesses.

Effect of adsorbed molecules on early stages of fiim

formation. Development and use of in situ

techniques for following composition, structure, and
microtopography during film formation: scanning
tunneling microscopy, Raman spectroscopy,
spectroscopic elipsometry, Comparison of
measuwrements with predictions of theoretical models
that consider kinetic factors, convective diffusion of
lons and molecules, and the electric field at the
interface. :

132. PHOTOACTIVE POLYMERS FOR PATTERNABLE
ORGANIC CONDUCTORS AND SEMICONDUCTORS,
PROGRESS TOWARDS THE POLYMERIC CHIP
B. Novak
(510) 643-7536  03-2 $60.000

This project involves the synthesls of normaily highly
insulating polymeric materials, which when
potolyzed, can be converted to fully-conjugated
polyacetylene and/or polyacetylene derivatives.
Polyacetylene Is selected because of its own known
high metallic conductivity and its ability to form
elther p- and n-doped materials. Controlled doping
of these photolyzed regions should resutt in the
formation of circults and device features displaying
conductivities ranging from the semiconductor to
metallic conductor values and possessing elther p-
and n-doped charge carries. Specially soluble,
Insulating, precursor polymers are synthesized and
fashioned Into thin films. These polymeric films can
then be masked to expose only the Inciplent
electrical clrcult, and photolyzed. The photolyzed
reglons are designed to either undergo
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reaarangements or photofragmentation to produce
an insoluble polyacetylene circult etched into the
soluble precursor polymer. At this point, the
precursor polymer can be washed away leaving
polyacetylene wires and reglons (inciplent device
features) which can then be readily p- or n-doped.

133. ELECTROCHEMICAL PROCESSES
C. W. Toblas
(510) 642-3764  (03-2 $60,000

Investigation of novel methods for reducing
mass-transfer resistance in high-rate electrolysis,
Including in electroforming, and In electrosynthesis.
Effects of suspended inert particles in flowing
electrolytes, on transport rates, and on current
distrioution are measured over broad ranges of
process variables; theoretical modeils are advaonced
for the interpretation of mechanisms. Novel
approaches are explored, and the relevant
theoretical framework is established for the control of
composition and phase structure in the
electrodeposition of alloys.

134. HIGH TEMPERATURE THERMODYNAMICS
L. Brewer
(510) 486-5946 03-3 $80,000

Experimental data are being obtained for the
development of models to predict the behavior of
gases, refractory containment materlals, and many
-metallic systems. A thermodynamic data
compllation for all elements from H to Lr and thelr
oxides In solid, liquid, and gaseous states from 298 fo
3000K Is being completed. The main thrust of the
experimental program Is to provide quantitative
thermodynamic data for the strongly interacting
alloys exhibiting generalized Lewis Acid-Base
behavior. High temperature solld-electrolyte EMF
measurements, vapor pressure measurements, and
equllibration with carbides, nitrides, and oxides are
belng used to characterize the thermodynamics of
these systems.

135. CHEMISTRY AND MATERIALS PROBLEMS IN
ENERGY PRODUCTION TECHNOLOGIES
D. R. Olander .
(610) 642-7055  03-3 $212.000

The overall objective of this program is to
characterize the chemical and physical behavior of
materials in the high temperature, radiation
environment of fission and fusion reactors. The
materials of the uranium-based fuels for light-water
nuclear reactors are of principal interest. The
processes and properties studled Include rapld
transient vaporization of fue! materials by iaser
puising, high temperature reactions of UO, with
steam, and the release of volatile fission produce
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from irradiated UO,. Molecular beam studies of the
chemical kinetics of gas-solid reactions include
hydrogen-atom and halogen reactions with sllicon
carbide.

136. NUCLEAR MAGNETIC RESONANCE
A. Pines

(510) 642-6097  03-3 $740,000

‘The Nuclear Magnetic Resonance (NMR) program

has two complementary directions. The first Is the
development of new concepts and techniques in
NMR In order to extend its applicabliity to a wide
range of problems and materlals. Such an
undertaking Involves the development of new
theoretical approaches and experimental methods.
Some developments currently underway in this
direction are lterative puise sequences, geometric
phase, multiple-quantum NMR, zero-field NMR,
double-rotation NMR of quadrupolar nuclel, NMR
Imaging of density and flow, optical pumping and
surface-enhanced NMR. The second direction
involves the application of novel NMR methods and
Instrumentation to materials research. For example,
the developments above are being used to study:
clusters and nanostructures, oxides, silicates, zerolites,
aluminophosphates, catalysts, liquid crystals,
polymers, icosahedra! materials and glasses.

137. INTERFACIAL MATERIALS AND PROCESSES
J. D. Porter
(510) 643-7236 03-3 $50,000

Ultralow-defect single-crystal metal surfaces
prepared and characterized In situ, and used as de
facto standards for the development of new
techniques. High-resolution structural and
spectroscoplc methods to be developed are
simultaneous atomlc force and scanning tunneling
microscopy (AFM/STM), which will allow
deconvolution of topographic (structural) and
electronic (bonding) effects with atomic resolution.
and photoelectron tunneling spectroscopy (PTS), in
which a macroscopic metal/liquid/metal tunneling
junction Is used with a high-brightness photon source
to probe valence and core-evel electronic structure
at the Interface.’

138. TRIBOLOGY
M. Salmeron
(510) 486-6230  03-3 $250.000

The purpose of this program is to understand the

basic physical and chemlcal processes that govern

the tribological properties of surfaces (adhesion,
frictlon and wear) and to determine the role of
surface films of iubricants in modifying these
tribological properties. The atomic structure and the
mechanical properties of adhesion and friction of
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surfaces at point contacts are studied with the
Scanning Tunneling Microscopy (STM) and the
Atomic Force Microscope (AFM). These techniques
allow the study of the substrate atomic structure and
that of the adsorbate before and after contact
(microns) a Surface Force Apparatus (SFA) is used in
combination with Second Harmonic and Sum
Frequency Generation 1o study the conformation
(orientation) and vibrational properties of
monomolecular fiims in situ, during compressive and
shear stresses. Studles employ simple model
lubricants including atomic adsorbates (O, C., S, etc.),
simple organic molecules, and iong chain
hydrocarbons (alkylslianes, perfluorinated
hydrocarbons) that can form self-assembled
monolayers covalently bonded to varlous surfaces.

139. CAM SURFACE SCIENCE AND CATALYSIS
PROGRAM
G. A. Somorjal, A. T. Bell, J. Clarke, S. Louie,
M. Salmeron, R. Shen, M. A. Van Hove
(510) 642-4053  03-3 $1,437.000

The Surface Sclence and Catalysis program
emphasizes atomic leve! surface characterkzation
and the relationship between macroscoplc chemical
and mechanical properties and properties on the
molecular scale. The Surface Sclence effort includes
studies of atomic scale surface structure of solids and
adsorbed monolayer; the chemical (bonding,
reactivity) and mechanical (adhesion, friction,
lubrication) properties are Investigated. Hard
coatings, oxide films and oxide-metal, metal-metal
and metal-polymer interfaces are prepared by
vapor, plasma or sputter deposition. The Surface
Instrumentation project develops new surface
sclence techniques including nonlinear optical
techniques (sum fregency generation), the scanning
tunneling and atomic force microscopies, Raman
spectroscopy. and diffuse low energy electron
diffraction. Catalysis research Is focused on
correlating macroscoplc catalytic properties of
microporous crystalline materials and model single
crystal surfaces with their atomic surface structure,
chemical bonding and composition. The catalytic
materlals Investigated include transition metals,
zoolites and other oxides. sulfides and carbides. The
roles of additives that are surface structure or
bodying modifiers are explored. Catalyzed reactions
of Interest include selective hydrocarbon conversion
to produce clean fuels, nitrogen oxide reduction,
hydrogenation and methanol synthesls.
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140. SYNTHESIS OF NOVEL SOUDS
A. M. Stacy
(510) 642-3450  03-3 $167.000

Research on new synthetic procedures for the
preparation of advanced materials with novel
properties. [nitlal studies focused on transition-metal
chalcogenides, since these materials have a varlety
of interesting eléctronic properties and uses In energy
applications. To overcome the limitations of

: high-temperature synthetic techniques, procedures

Involving the modification of varlous reactants at
room temperature are being developed. Such
synthetic studies will lead to numerous new classes of
materials with novel optical. magnetic, electronic,
and surface properties.

Facility Operations - 04 -

141. 1-2 GEV SYNCHROTRON LIGHT SOURCE
PREOPERATIONS | .
rbhan Fortes [omesicd A
(510) @ées2z  04-1 $10.481.000 X’
78464210 FAX %2696

The Advanced Light Source, now undergoing
construction and precperations activities, will provide
beams of ultraviolet light and soft X-rays of
unprecedented brightness. This national user facllity
will achleve this brightnesss through a combination of
long magnetic insertion devices (undulators and
wigglers) and an ultralow-emittance electron beam
in a 1-2 GeV storage ring. Accelerator preoperations
activities include commissioning, with beam, of the
injection complex for the storage ring; putting the
conftrol system into operation; surveylng and aligning
alt accelerator systems; and testing of prototype
beam-monitoring and feedback instrumentation.
Experimental-systems preoperations activities include
testing Insertion-device and beam line components,
developing magnet-measuring systems, and
establishing an optical metrology laboratory. Quality
assurance and environment, health, and safety
protection figure importantly In these activities.
Establishment of a broad multi-disciplinary scientific
program focusing on exploitation of the unique
properties of the Advanced Light Source also
continued.
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LAWRENCE LIVERMORE NATIONAL
LABORATORY

P. O. Box 808

Livermore, CA 94550

T. Sugihara - (510) 423-8351/FTS 543-8351

142, SYSTEMATICS OF PHASE TRANSFORMATIONS IN

METALLIC ALLOYS

L. Tanner

(610) 423-2653  01-1 $537,000
Investigations of the systematics of solid-to-solld
phase transformations in metallic alloys. Thermal
and/or mechanical tfreatments are being used fo
transform one crystalline phase to another.
Characterization of microstructures by optical and
conventional and high-fesolution transmission
electron microscopy, as well as X-ray and electron
diffraction. Correlation of results with current
thermodynamic and kinetic models for diffusional
.(replacive) and non*diffusiond! (displacive)
1rcnsformc:ﬂons Theoretical modeling ‘of ‘alloy phase
stability and phase transformation modes‘are being
carried out using o combination of quantum
mechanics and si«+ stical mechanics methods.

143. EFFECT OF IMPURITIES, FLAWS AND INCLUSIONS
ON ADHESION AND BONDING AT INTERNAL
INTERFACES
W. E. King, G. Campbell, S. M. Foiles, A. Gonls,
E. Sowa, W. G. Wolfer
(510) 423-6547 01-2 $520,000

Experimental and theoretical investigations of the
effects of impurities, flaws and inclusions on adheslon
and bonding at internal interfaces. Specifically,
structure and properties of grain-boundaries In Nb.
Ab Initio electronic structure calculations using the
real-space multiple-scattering theory. Interface
structure calculations using the embedded atom
method. Bicrystals for experimental studies
fabricated using ultra high vacuum diffusion
bonding. Determination of Interface atomic
structure using high resolution electron microscopy.
Property measurements include grain-boundary
energy and grain-boundary diffusion.

144. OPTICAL MATERIALS RESEARCH
L. L. Chase, A. Hamza, H. Lee, S. Payne
(510) 422-6151 02-2 $754,000

Linear and nonlinear optical properties of optical
materials are investigated; behavior of surface and
bulk properties at high Iaser intensities is emphasized.
Properties measured and modeled include
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absorption and emission spectra and cross sections,
lifetimes of optical excitations, nonlinear transmission
and propagation effects, and the effects of Intense
laser excitation on changes In surface propertles,
such as desorption, ablation, and optical damage.
Coherence properties of optical excitation and
ultra-high intensity behavior of materlals are
Investigated with subpicosecond time resolution.
Physical and chemical mechanisms for laser-surface
interactions on nominally transparent surfaces are
investigated using spatially and temporarily resolved
photoemission of lons, electrons and neutrals,
scanning force microscopy. and surface chemical
and structural analysls. Spectroscopic properties of
laser lons In crystals and glasses are investigated
using linear and nonlinear spectroscopic techniques.
In support of this work new opfical materials are
prepared and characterzed.

LOS ALAMOS NATIONAL LABORATORY
P. O. Box 1663
Los Alamos, NM 87545

R. J. Jensen - (505) 667-1600/FTS 843-1600

Metallurgy and Ceramics - 01 -

D. M. Parkin - (505) 667-9243

145. NEUTRON IRRADIATION INDUCED METASTABLE
STRUCTURES
K. E. Sickafus, Jr. Cllncrd F W M Nostosl
(505) 665-3457 014 $269.000

Iradiation phenomena and damage microstructures
resulting from neutron irradiation of ceramics and
intermetallic compounds. investigation of cascae
damage events In model materials, complemented
by physical property measurements and ion
Iradiation tests, where the latter can elucidate
neutron damage effects. Computer simulation is
used to assist In understanding the nature of
damage events.

146. SYNTHESIS AND PROCESSING OF SINGLE CRYSTAL
SAPPHIRE FILAMENTS
W. R. Blumenthal
(505) 6670986  01-5 $235.000
The goal of this project is two-fold and uses a
muttiple disciplinary approach to study single crystal
sapphire flaments for potentlal use as high
temperature creep resistant-composite
reinforcements. One objective Is to emplrically relate
growth parameters used to control the Edge-defined

Fitm-growth (EGF) and the Laser-heated Foating
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Film-growth (EGF) and the Laser-heated Foating
Zone processes to resulting microstructures and
mechanical properties. A more challenging
objective Is to model the EFG process In order to not
only optimize growth conditions for sapphire, but also
for other candidate relnforcement oxides (e.g.,
YAG). Microstructural and mechanical property
characterization meachanisms controlling filament
strength.

147. INTERFACIAL AND RADIATION EFFECTS IN
STRUCTURAL AND SUPERCONDUCTING CERAMICS
T. E. Mitchell, A. L. Graham, J. J. Petrovic,
K. E. Sickafus
(505) 6670938  01-5 $630,000
Interface effects in structural ceramic composites.
Synthesls of Si,N,, SIC and Al,O, ceramics with VLS SIC
whiskers. Interface modification. Characterization by
high resolution and analytical electron microscopy.
Interface adhesion and crack propagation in ]
ceramic composites. Modeling of stress distribution
and crack propagation by finite element codes.
Irradiation-induced structures produced in high
temperature superconductors by electronic
excitation, lon bombardment and neutron radiation.
Characterization by HREM, AEM, stored energy.
electrical and magnetic property measurements.
The role of iradiation in strength, fracture ond
interfacial properties of structural ceramics.

148, MECHANICAL BEHAVIOR OF VERY HIGH
TEMPERATURE STRUCTURAL CERAMICS
T. E. Mitchell, U, F. Kocks, J. J. Petrovic,
D. S. Phillips, M. G. Stout
(505) 667-0938 01-5 $265.000

The purpose of this research program Is to develop a
fundamental understanding of the deformation
behavior of ceramics at very high temperatures
(greater than about <1500°C). The emphasis wiii be
on ceramic oxides with high melting temperatures.
Examples include garnets, perovskites and spinels.
Single crystals and polycrystals will be deformed at
high temperatures in order to quantify the kinetics of
deformation and Identify and characterize
deformation modes, Including slip systems and
twinning systems. A further goal is o develop an
understanding of strengthening mechanisms at high
temperatures by such processes as solution
hardening. second phase hardening and reinforcing
with aligned eutectics. The fracture characterization
of these structural ceramic materials will also be
studied.

29

149. METASTABLE PHASES AND MICROSTRUCTURES
R. B. Schwarz, T. E. Mitchell
(505) 667-8454  01-5 $255,000

Fundamental research on the theory, synthesis, .
microstructures, and properties of materlals with
metastable phases. The research includes: (a) the
synthesis of amorphous alloys by mechanical alioying
and Interdiffusion; (b) the study of phase equilibria
and transformation kinetics In solid-state
transformations; (¢) the characterization of
microstructures at atomic level of resolution
developed during solid-state transformations; (d) the
relationship between microstructures and properties
In metastable and transformed materials; () the
application to material properties such as
mechanical strength, magnetic behavior, catalysls,
and superconductivity; and (f) the study of the
microstructure, twin morphology. and dislocation
structure In high-T_ pervoskites and its relation to
transport properties.

150. MECHANICAL PROPERTIES
M. G. Stout, U. F. Kocks, A. D. Roliett
(505) 667-4665  01-5 $546,000

Response of metals to multiaxial loading and large
strains, yleld surfaces, multiaxial stress-strain
relationships, stress path changes, Bauschinger
effects. Characteristics of mechanisms controliing
the large strain deformation of aluminum, nickel, iron,
copper, brass, zZirconium and titanium sub-structural
and textural evolution with strain, strain state, and
straln rate. Predictions of texture evolution using
crystal plasticity and strain-rate sensitivity. Kinetics of
plastic iow at room and elevated temperatures.
Alumina/niobium interface fracture. Measurements of
mixed mode fracture energles of homogeneous
materials and interfaces between materlal couples.
Fractographic and analytic analysis of interface
fracture.

Solid State Physics - 02 -

D. M. Parkin - (505) 667-8455

151. CONDENSED MATTER RESEARCH WITH THE LANSCE

FACILITY

R. Pynn

(505) 667-6069  02-1 $2,054,000
Research In condensed-matter science using the
pulsed spaliation neutron source (LANSCE) at Los
Alamos National Laboratory. Toplcs of current
Interest include the structure of polymers, polymer
blends, collolds and other macromolecular systems in
the bulk and at surfaces and Interfaces, the vibration
spectra of adsorbed species and hydrogen in
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metals, atomic arrangements of high-temperature
superconductors, actinides and metal hydrides,
crystallography at high pressures, texture and
preferred orientation in metaliurgical and geological
samples, and residual stress in engineering
components. Extensive collaborations are in place
with researchers working on other programs at Los
Alamos, as well as with staff at various outside
institutions. These interactions cover a broad range
of applications of neutron scattering to materials
sclence, chemical physics, crystallography and
structural blology.

152. CORRELATED ELECTRONS IN METALS
Z. Fisk, J. L. Smith, J. D. Thompson
(505) 665-0892 02-2 $257.000

Experimental and theoretical investigations of the
electronic, magnetic and superconducting
properties of binary and ternary alloys, compounds
and oxides with highly-correlated electrons. Studles
of the exotic properties In heavy Fermion, high-T_
oxide and other narrow-band materials, Including
valence and spin fluctuations, crystallographic
instabilities, catalytic behavior, unconventional
magnetism and superconductivity. Experimental
techniques include susceptibliity, resistivity, specific
heat, ultrasound, crystallography, muon spin rotation,
neutron scattering  d sample preparation,
chemical and structural characterization.

. Environments are pressures to 50 GPa, temperatures
from 0.01 to 300K and magnetic fields to 20T,

153. ULTRA-HIGH PRESSURE STUDIES
D. Schiferl, R. LeSar
(505) 665-3150  02-2 $240.000

Studies of phase transformations, crystal structures,
changes in bonding. and thermodynamics of simple
molecular systems at high pressures (up to 1 Mbar)
and extreme temperatures (10-1800K). Develop
theories of phase transformations, structural behavior,
and chemical reaction kinetics. Experimental
techniques include laser Raman spectroscopy,
uv-vis-Ir spectroscopy, impulse-stimulated Brillouln
scaftering and X-ray diffraction on samples in
diamond anwil cells. Develop high temperature
diamond-anvil cell technology. Including refractory
metal alloys for cell components. Theoretical
techniques include molecular dynamics and Monte
Carlo simulations, electronic structure caiculations,
and analytical methods.
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154. HIGH-TEMPERATURE SUPERCONDUCTIVITY
Z. Fisk, A. Arko, P, C. Hammel, I. Raistrick,
J. D. Thompson
(505) 667-4476  02-5 $673.000
Effort is focused on developing fundamental
understandings of the dependences of T, and J. on
the composttion, processing, and underlying physics
of high transition temperature superconducting
oxides. At the heart of superconductivity
applications Is the requirement of large,
dissipationless current canying capacity. Activities
directed toward achieving this goal include
chemically modifying oxide superconductors with
dopants that elther scavenge Insulating materials
("weak-lnks") from grain boundarles, or that provide
flux pinning sites within crystaliites. The materials
studled inciude Ba, K BIO,, RE-123, both hole- and
electron-doped RE, ,M,CuQ,, and the layered Bl and
T materlals containing multiple CuO, layers.
Research on new materlals is Included. This project Is
coordinated with the Los Alamos Superconductivity
Pilot Center. : ’

155. THERMAL PHYSICS
G. W. Swiff, R. E. Ecke
(505) 665-0640  02-5 $300,000

Thermal convection experiments in dilute solutions of
*He In superfluld *He near 1K and In ro’rgﬁng water at
room temperature: steady and oscillatory, nonlinear
dynamics and chaos, optical shadowgraph imaging.
Experimental and theoretical studies of novel
englnes: acoustic engines (both heat pumps and
prime movers) using liquids and gases; acoustic
turbulence; Stirling engines using liquids and
superfiuids: regenerators, heat exchangers.
mechanicals, seals.

Materlais Chemisiry - 03 -

D. M. Parkin - (505) 667-8455

156. INTEGRATED MODELING OF NOVEL MATERIALS
K. S. Bedell, A. R. Bishop, A. F. Voter
(505) 667-6491 030 $400.000

This is a core program in condensed matter and
materials theory aimed at extending the theory base
avaliable for modelling nove! electronic and
structural materlals, Such an Integrated theory base
Is essential to the challenges of controlling and
utilizing the unusual properties of such materlals for
appiications In device and other technologles. A
combingation of techniques are represented, drawn
from solid-state and many body physics and
quantum chemistry, including state-of-the-art
analytical and numerical approaches. This
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theoretical technology base s used to develop new
techniques and to couple them with integrated
synthesls-characterization-modeling programs at Los
-Alamos and elsewhere. - The modeling Is aimed-at
both the basic electronic structure of strongly
correlated materlals, and the development of
interatomic potentlals for directionally bonded
materials. »

157. ORIGINATING SUPER-STRONG LIQUID-
CRYSTALLINE POLYMERS
F. Dowell, B. C. Benicewicz, R. Uepins
(505) 667-8765  03-2 $524,000

This s a basic research project to originate the

next generation of liquid-crystalline polymers
(LCPs)—l.e., an entirely new class of LCPs whose
strength characteristics are exceptionally superior
both In magnitude and dimenslonality to present
LCPs. Super-strong LCPs are designed to have
exceptional strength in three dmensions on a
microscopic, molecular level in order to make the
first super-strong LCP fibers, thin films, and bulk
materlals. Progress has been made In the origination
of theorles for LCPs and super-strong LCPs, the
chemical synthesls of these new LCPs, and the
preparation for their experimental characterlization.
The new theorles and chemical synthesis technlques
test very well on existing LCPs and other existing
materials.

158. LOW-DIMENSIONAL MIXED-VALENCE SOLIDS
B. I. Swanson, A. R. Bishop
(50b) 667-5814 03-2 $308,000

This Is a theoretical and experimental effort to
characterize the model low-dimensional
mixed-valence solids as they are funed, with pressure
and chemistry, from a charge-density-wave (CDW)
ground state towards a valence delocalized state.
The systems of interest are comprised of alternating
transition metal complexes and bridging groups that
form linear chalns with strong electron-electron and
electron-phonon coupling down the chain axis. The
ground and local gap states (polarons, bipolarons,
excitons, and kinks) are characterized using
structural, spectroscopic and transport
measurements and this information Is correlated with
theoretical predictions. . The theoretical effort
includes quantum chemistry, band structure, and
many-body methods to span from the isolated
transttion metal complexes to the extended
Interactions present in the solld state.
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-159. LANSCE OPERATIONS SUPPORT, SPECTROMETER

DEVELOPMENT, AND USER SUPPORT

R. Pynn

(505) 667-6069  04-1 $5.481,000
Neutron beams for condensed matter research at
LANSCE are produced when a pulsed, 800 MeV
beam of protons Impinges on a tungsten target. The
proton beam Is accelerated to 800 MeV by the Los
Alamos Meson Physics Facility (LAMPF) linac and its
time-structure Is tailored by a Proton Storage Ring
(PSR) whose operation is partially supported by the
Office of Baslc Energy Sclences. Most of the
neutrons produced by proton spaliation in the
LANSCE tungsten target have too high an energy to
be useful for condensed matter research. To
produce neutron beams of sultable energles, four
moderators-three using chllled water and one using
liquid hydrogen - surround the target assembly. The
Intense neutron beams produced by the LANSCE
target-moderator assembly provides higher
instantaneous data rates than have ever been
experienced before at a similar installation. To
facllitate the acquisition of neutron scattering data
at such an intense source, a new generation of
ultra-fast, computer-based modules has been
developed using the International standard FASTBUS
framework. Suitable neutron scattering specrometers
make optimum use of the source characteristics
provided by the PSR and the advanced
target-moderator system. During the next three to
four years, several new spectrometers will be Installed
at LANSCE: the first phase of a chopper
spectrometer for inelastic scattering is almost
complete, while a back-scattering machine awaits
the Installation of a sultable neutron guide. The
-specrometers at LANSCE are used by researchers
from government laboratories, academia and
industry. Such a national user program requires
LANSCE support personnel to assist in the operation
of spectrometers and to familiarize users with the
safe operation of the facility. A scientific
coordination and ilaison office has been established
with the responsbility for dissemination of information
about LANSCE and coordination of the user
program,
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NATIONAL RENEWABLE ENERGY LABORATORY
1617 Cole Boulevard
Golden, CO 80401

R. A. Stokes - (303) 231-7625/FTS 237-7625

Metallurgy and Ceramics - 01 -

S. K. Deb - (303) 231-1105

160. GROWTH AND PROPERTIES OF NOVEL ORDERED
II-VI AND HiI-V SEMICONDUCTOR ALLOYS
A. Mascarenhas, J. Olson, A. Zunger
(303) 231-1105  01-1 $250.000

The primary focus of this project Is a combined
experimental-theoretical effort aimed at
understanding spontaneous long-range order in
Isovalent #-V/iIV and II-VI/II-VI semiconductor alloys.
it Includes () MOCVD growth of lII-V alloys such as
GaP/InP, AIP/GaP, AIP/InP, AlAs/InAs, and
GaAs/GaP, (i) MBE growth of lII-Vi alloys such as
ZnTe/MnTe, ZnTe/CdTe, and ZnSe/ZnTe (Professor J.
Furdyna, Notre Dame), (i) Roman, modulation
reflectance and photoluminescence studies of
ordering in the above systems, and (lv) first-principles
theoretical studie: - surface-induced,
epitaxially-induced and bulk ordering in these
systems.

Solid State Physics - 02 -

S. K. Deb - (303) 231-1105

161. SEMICONDUCTOR THEORY
A. Zunger
(303) 231-1172  02-3 $208,000

First-principles band structure, total energy, and

- statistical mechanical (cluster variation and Monte

Carlo) methods are used to predict electronic and

structural properties of bulk and epitaxial

semiconductors superiattices, surfaces and alloys
emphasizing chemical trends and properties of new
materlals. Current work Includes (1) first-principles

prediction of alloy thermodynamic quantitites (e.g..

phase-diagrams) for bulk A B, C semiconductor

alloys including order/disorder transitions, miscibility
gaps, and ordered stoichiometric compounds. These

methods are also applled to metallic cases, e.g..

CuPd, CuAu, CuPt; (2) spontaneous ordering in

ternary compounds (e.g., (GaAs),,. (GaSb), or

HgTe/Cdle superiattices); (3) calculation of valence

band offsets between II-VI and IV semiconductors;

(4) prediction of properties of unusual ternary

materials, e.g., ordered vacancy A'B,"C,"

32

"~ compounds (e.g.. Cdin,Se,), (5) order-disorder

transitions In ternary chalcopyrites (e.g.. CulnSe, and
magnetic semiconductors (e.g.. MnTe): (6) Surface
calculations for semiconductor alloys. Theoretical
tools include (a) the total energy non-local
pseudopotential method, (b) the all-electron Mixed
Basls Potential Variation band structure method. (¢)
the total energy full-potential Lnearized Augmented
Plane Wave (LAPW) method., (d) the cluster variation
approach to the ising program, applied to binary
and pseudobinary phase diagrams, and (e) Monte
Carlo simulations of Ising models derived from
first-principles.

OAK RIDGE ASSOCIATED UNIVERSITIES
Oak Ridge, TN 37831

A. Wohipart - 616/576-3265/FTS 626-3255

Metallurgy and Ceramics - 01 -

162. SHARED RESEARCH EQUIPMENT PROGRAM

(SHARE)
N. D. Evans, E. A, Kenlk
(615) 576-4427 01-1 $128,000

Application of microanalysls facllities for collaborative
research In materials science by members of
universities or industry with ORNL staff members.
Facllities are avallable for state-of-the-art analytical
transmission electron microscopy. atom probe/field
lon microscopy. nuclear microanalysis, and
mechanical properties measurements at high spatial
resolutlon. Analytical electron microscopy
capabilities include energy dispersive X-ray
spectroscopy (EDXS), parallel and serlal collection
electron energy loss spectroscopy (EELS), and
convergent beam electron diffraction (CBED). High
resolution electron microscopy, high temperature
(1500K) or deformation in situ studies, and video
recording are avallable. Surface analysis facllities
include three Auger electron spectroscopy (AES)
systems and three (0.4, 2.0, and 5.0 MV) Van de
Graaff accelerators for Rutherford backscattering
and nuclear reaction techniques. A mechanical
properties microprobe (Nano-indenter). having high
lateral (0.3 ym) and depth (0.16 nm) resoiution, can
characterize elastic/plastic behavior In thin films,
layers, interfaces, and other sub-micron features.

163. OAK RIDGE SYNCHROTRON ORGANIZATION FOR
ADVANCED RESEARCH ’
P. Zschack. R. DeAngelis, S. Moss, C. J. Sparks, Jr.,
R. Young ’
(516) 282-5614  01-1 $145,000

A synchrotron radiation beam line installed by the

Oak Ridge National Laboratory at the National
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Synchrotron Light Source (NSLS) at Brookhaven Is
made avallable to interested users from university
and industrial laboratories. University staff and
industrial scientists are invited to join In
_collaborative research In materlals sclence of
importance to DOE programs at an intense X-ray
research facility not avaliable at their home
Institutions. More than twenty institutions are
presently members. The beam line supplies focused
X-radiation spanning the energy spectrum from 3 to
40 keV at energy resolutions of delta E/E = 2 x 10,
One Oak Ridge Associated Unlversity staff member Is
stationed at the NSLS to interface with the users and
to assist in thelr experiments. Research capabilities
include crystallography on small samples, structure of
amorphous materials both liquid and solid, diffuse
X-ray scattering from crystalline defects, short-range
order and atomic displacements, interface studies,
and X-ray spectroscopy of electron rearrangements.
The University of llinols participates in the operation
of this beam line.

OAK RIDGE NATIONAL LABORATORY
P. O. Box 2008
Oak Ridge, TN 37831-6117

B. R. Appleton - (615) 574-4321/FTS 624-4321

Metallurgy and Ceramics - 01 -
L. L. Horton - (615) 574-5081

164. MICROSCOPY AND MICROANALYSIS
J. Bentley, E. A. Kenik, M. K. Miller
(615) 574-5067 01-1 $812,000

Development and application of analytical electron
microscopy (AEM) and atom-probe field-ion
microscopy (APFIM) to determine the microstructure
and microchemistry of materials. Equllibrlum and
radiation-induced segregation at grain-boundaries
and interfaces by APAM/AEM, correlation of GB
structure and segregation. Radial distribution
function determination by EXELFS and electron
diffraction intensity profiles. APFIM/AEM studies of
high-T, superconductors. Lattice site location in
alloys by electron channeling microanalysis. APFIM
characterization of modulated structures, spinodals.
early stages of phase transformations, and irradiated
pressure vessel steels. GB phases and segregation in
structural ceramics, lon-implanted ceramics, boron
segregation and dislocations in NI,Al, short and
long-range order in NiMo.
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165. X-RAY RESEARCH USING SYNCHROTRON
RADIATION
C. J. Sparks. Jr.. G. E. Ice. E. D. Specht
(615) 574-6996  01-1 $410.000

Use of synchrotron radiation as a probe for the study
of metal alloy and ceramic systems. Emphasls on the
abliity to select a particular X-ray energy from the
synchrotron radiation spectrum to selectively
highlight specific elements. Thus, the atomic
arrangements among the various elements forming
the materials can be unraveled and related to the
materials’ physical and chemical properties. Have
operational X-ray beam line on the National
Synchrotron Light Source (NSLS) at Brookhaven
National Laboratory. iImportant materials’ problems
under study inciude: (1) effects of short-range order
among atoms on radiation induced swelling,
mechanical behavior and atomic displacements,

(2 studies of the distribution of vacancies and other
defects associated with nonstoichiometry and '
element substitution in long-range ordered alloys
which affect ductliity, ordering temperature and
phase stabiity, (3) structural changes accompanying
lon Implantation, surface and Interface structures.

166. THEORETICAL STUDIES OF METALS AND ALLOYS
G. M. Stocks, W. H. Butler, C. L. Fu, G. S. Painter,
N. Wright
(615) 574-5103  01-1 $939,000
Use of density functional theory to calculate the
properties of materials. Use of KKR-CPA to caiculate
such properties of alloys as phase diagrams,
thermodynamic properties, magnetic properties,
lattice constants, short- range order parameters,
electrical-and thermal resistivities. Use of high-speed
band theory (FLAPW, LMTO, and QKKR) to calculate
total energles of metals and intermetallic
compounds. Calculation of properties of surfaces
and interfaces. Calculation of electron-phonon
Interactions. electrical resistivities and
superconducting properties for metals and alloys.
Use of density functional theory and LCAO method -
to calculate the properties of clusters of atoms.
Application of cluster calculations to materials
problems such as impurity effects, grain-boundary
coheslon and grain-boundary segregation.
Calculation of structures and properties of oxides
and high-T, superconductors.



167. RADIATION EFFECTS
L. K. Mansur, R. A. Buhl, K. Farrell, E. H. Lee,
M. B. Lewis, D. Pedraza, R. E. Stoller
(615) 574-4797 014 $1.477,000

Theoretical and experimental research on defects
and microstructures produced by Irradiation, ion
beam treatment and related processes. Principles
for design of Improved materials. Studies using
multiple simultaneous lon beams. lon beam
modlfication of phase relationships and
surface-sensitive mechanical properties of metallic
and polymeric materials; new materials by lon beam
processing. Neutron damage In pure metals, alloys,
and ceramics irradiated In HFIR, FFTF and other
reactors in the U.S. and elsewhere. Effect of dlloying
additions: radiation-induced embrittlement, creep
and swelling; phase stabillity under Iradiation;
relationship between lon and neutron damage;
effect of helium and other impurities on
microstructure and microcomposition; theory of
microstructural evolution based on defect reactions;
Fe. Al, Zr, NI, and austenitic Fe-Cr-Ni alloys; ferritic
alloys; MgO. AlLO;, MgALO,.

168. TOUGHENING AND RELATED PROCESSING
MECHANISMS IN CERAMICS
P.F. Becher, ¥ - Alexander, A. Bleler,
C.-H. Hsueh
(615) 574-5157 01-5 $986,000

Experimental and theoretical approaches are being
developed to provide new Insights into mechanisms
which improve the toughness, strength. and elevated
temperature mechanical performance of ceramics
with companion studies In ceramic processing
leading to controlled densification, microstructures
and compositions, in such toughened systems. The
pertinent micro- and macro-scopic characteristics
are directly related to phenomena that are
controlled during powder synthesls, powder
processing, and densification. Thus, this task
incorporates interdisciplinary studies of the
fundamental descriptions of powder synthesis and
processing and their influence on denslfication
mechanisms and microstructure evolution during
densification. These are directly coupled with studies
of the role of microstructure, composition, and
defects in the mechanical behavior of ceramics and
descriptions of toughening-strengthening and related
mechanisms. A primary consideration of these
studies is providing the fundamental insights for
design and fabrication of ceramics and ceramic
composites (e.g., fransformation and second phase
toughening behaviors).
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169. FUNDAMENTALS OF WELDING AND JOINING
S. A. David. J. M. Vitek, T. Zacharla
(615) 574-4804  01-5 $464,000

Correlation between solidification parameters and
weld microstructure, distribution, and stability of
microphases, microstructure of laser-produced welds,
hot cracking, modeling of transport and sofidification
phenomena In welds, structure-property correlations,
austenitic and ferritic stainless steels, electron beam
welding. and university collaborations.

170. STRUCTURE AND PROPERTIES OF SURFACES AND
INTERFACES
L. L. Horton, C. J. McHargue
(615) 574-5081  01-5 $695,000

Structure of lon-implanted Al,O,. SIC. and TiB, by
backscattering-channeling and TEM, hardening,
surface fracture toughening and wear of
lon-implanted ceramics, structure and propertles
studied as a function of implantation parameters
(temperature, fluence, energy, lon species) and
annealing (temperature and environment).
Mechanical behavior of thin films and inferfaces.
stress relaxation and dissipation. Adherence of oxide
and metal fims. lon beam mixing and amorphization
of multilayer metallic alloys and ceramics.

171. HIGH TEMPERATURE ALLOY DESIGN
C.T. Uy, E. P. George, J. A. Horton, W. C. Oliver,
J. H. Schnelbel, M. H. Yoo
(615) 574-4459  01-5 $1.231.000

Design of ordered intermetailic alloys based on NI;Al
FeAl and other aluminides (e.g.. TIAl). Study of the
effect of alloy stoichiometry on structure and
properties of grain boundatles, nature and effects of
point defects, and microalloying and grain-boundary
segregation. Study of superlattice dislocation
structure, solid-solution hardening, mechanistic
modeling of anomalous temperature dependence
of yield stress, and deformation and fracture
behavior of aluminides in controlled environments at
amblent and elevated temperatures. Study of
superplastic behavior, grain-boundary cavitation,
and theoretical modeling of creep behavior of Ni,Al
alloys. Study of the effect of electron structure and
atomic bonding on both intergranular and
transgranular fracture (e.g., cleavage). Experimental
work on structure and propertles of aluminide
materials prepared by conventional methods and
innovative processing techniques. Establishment of
correlation between mechanical properties,
microstructural features, and defect structures in
aluminides.
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age

Solid State Physics - 02 -
vies - 4699

Jim Roberto - (615) §74-6151

172. INTERATOMIC INTERACTIONS IN CONDENSED
SYSTEMS
R. M. Moon, J. W, Cable, J. Fernandez-Baca,
H. A. Mook, R. M. Nickiow, H. G. Smith
(615) 574-5234  02-1 $940.000

Inelastic neutron scattering studies of phonons,
magnons, and single-particle excitations in
condensed matter, elastic and Inelastic scattering of
polarized and unpolarized neutrons by magnetic
materials, lattice dynamics, magnetic excitations In
amorphous systems, phase transitions, nuclear spin
ordering, momentum distributions in quantum fiuids.
New research directions will Include more emphasis
on materials properties under extreme environments
of high pressures, high temperatures, or uttralow
temperatures.

173. STRUCTURE AND DYNAMICS OF ENERGY-RELATED
MATERIALS
R. M. Moon, H. R. Chiig, J. B. Hayter, H. A. Mook,
S. Spooner, G. D. Wignall
(615) 574-5234  02-1 $1,350,000

Elastic, inelastic, and small-angle scattering of
neutrons by superconductors and metal hydrides,
phase transitions, heavy fermion superconductors,
high-T. superconductors and reentrant
superconductors, small-angle neutron scattering from
ferrofiulds, micelles under shear, polymers and
polymer blends, metal alloys, liquid crystails and
biological systems, kinetics of first-order phase
transitions. :

174. PROPERTIES OF ADVANCED CERAMICS
J. B. Bates, Y. Chen, N. J. Dudney, G. R. Gruzaiski,
F. A. Modine, J. R. Noonan, A. L. Wachs
(615) 574-6280 02-2 $543,000

Physical and chemical properties of advanced
ceramics Including single-phase and composite
materials as well as thin-film, layered. and
surface-modified structures prepared by novel
techniques. Materlals investigated Include metal
oxides, composttes with metal oxides; thin fims of
amorphous and crystalline lonlc and mixed
lonic-electronic conductors; bulk and thin-film optical
materlals such as zZinc oxides. Flims prepared by
magnetron sputtering, ion beam sputtering. and
evaporation. Studies include lon transport in thin-film
electrolytes, electrodes, and electrode-electrolyte
interfaces; electrical, dielectric, and optical
properties of bulk and thin-flm materials. Techniques
Include impedance spectroscopy, transient signat
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analysls, Raman scattering, infrared
reflectance-absorption, optical spectroscopy. and
scanning electron microscopy.

175. SYNTHESIS AND PROPERTIES OF NOVEL CERAMIC
“AND NANOCOMPOSITE AND MACROMOLECULAR

THIN FILMS

J. B. Bates, N. J. Dudney, J. R. Noonan,

A.L. Wachs .

(615) 574-6280  02-2 $495,000
Synthesls of thin films using combinations of physical
vapor and chemical vapor deposition techniques
such as magnetron and/or lon beam sputtering and
plasma polymerization. Types of fims include
(1) ceramic-ceramic and ceramic-polymer
composites in which the phases are dispersed on a
nanometer scale and (2) single-phase polymers
composed of organic macromolecules combined
with alkali-metal inorganic compounds In which the
Inorganic anlon Is Incorporated into the polymer
backbone. Fims are characterized by a varlety of
opfical, electrical, electron, and ion beam
techniques including impedance spectroscopy.
infrared reflectance-absorption spectroscopy.
Raman scattering, scanning electron microscopy.
and transmisslon electron microscopy.

176. SYNTHESIS AND PROPERTIES OF NOVEL MATERIALS
L. A. Boatner, M. M. Abraham, C. B. Finch,
H. E. Harmon, J. O. Ramey, B. C. Sales
(615) 574-56492  02-2 $1.,300,000

Preparation and characterization of advanced
materials Including the growth of single crystals and
the development of new crystal growth techniques;
development of new materials through the
application of enriched Isotopes; investigations of the
physical, chemical, and thermal properties of novel
materials using the techniques of thermal analysis,
X-ray diffraction, Mossbauer spectroscopy, ion
implantation and lon channeling. optical absorption,
high performance liquid chromatography, EPR, and
X-ray or neutron scattering; application of materials
sclence techniques to the resolution of basic
research problems; preparation and characterization
of high-T_ superconducting oxidss; synthesls and
Investigation of phosphate glasses; development
and characterization of advanced ceramics; solid
state epitaxial regrowth; growth of perovskite
structure oxides, high temperature materials (MgO.
CaO0. Y,0,. refractory metal single crystals (Ir, Nb, Ta,
V). fast-lon conductors, stalnless steels. rapid
solidification and microstructures.
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177. PHYSICAL PROPERTIES OF SUPERCONDUCTORS
D. K. Christen, H. R. Kerchner, C. E. Kiabunde,
J. R. Thompson
(615) 574-6269  02-2 $420,000
Physical properties of superconductors, particularly
high-T, materials, in various thin-film, single-crystal,
sintered, and composite forms. Configurations of thin
films include epitaxial, mixed epitaxial, and
polycrystalline layers on single and polycrystaliine
substrates of several compounds, including SrTiQ,,
KTaO,, and other perovskites. RF and DC sputtering
are employed for the preparation of precursor films.
Highly aligned composites with dispersed particles of
rare earth and thallium-based superconducting
compounds are fabricated in addition to normal
metal-superconductor composites. Investigations
include measurements of the critical current density,
normal state and flux flow reslstivity, fiux pinning and
flux creep, upper and fower critical flelds, magnetic
penetration depth, magnetic susceptibility and
magnetization. Techniques and facllities include
electrical fransport with variable orientation of
applied magnetic fields up to 8 tesla, dc
magnetization using a SQUID-based Instrument with
5-tesla capabillity and vibrating sample
magnetometry to 9 Torrac magnetic response, and
ion irradiation.

178. SEMICONDUCTOR PHYSICS AND PHOTOPHYSICAL
PROCESSES OF SOLAR ENERGY CONVERSION
D. H. Lowndes, D. J. Eres, D. B. Geohegan,
G. E. Jellison, D. P. Norton
(615) 574-6306  02-2 $880,000

Time-resolved ellipsometric measurements,
time-resoived transient electrical conductivity,
light-assisted chemical vapor deposition of thin fiims,
pulsed supersonic molecular beam deposition,
modulated layered structures, superlattices,
fabrication of superconducting thin fims by laser
ablation, laser-induced recrystallization of amorphous
layers, thermal and laser annealing of lattice
damage in semiconductors, fabrication of
high-efficiency solar celis by aser techniques,
Investigations of thermo-photovotitalc systems, effects
of point defects and impurlties on electrical and
optical properties of single-crystal and polycrystalline
SI, electrical, optical (including Infra-red and
luminescence spectroscopy). transmission electron
microscopy. X-ay scattering, surface photovoltage,
secondary lon mass spectrometry, and Rutherford ion
backscattering measurements, dopant
concentration profiles, deep-leve! tfrandent
spectroscopy. and absolute quantum efficiency
measurements,
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179. SMALL ANGLE X-RAY SCATTERING
G. D. Wignal, J. S. Lin, S. Spooner
(615) 574-56237  02-2 $176,000

Small-angle X-ray scattering of metals, metallic
glasses, precipitates, afloys. ceramics, polymers,
surfactants, fractal structures In polymers and oxide
sols, domain structures In composites, dynamic
deformation studles of polymers, time-slicing studies
of phase transformation. Facilities are available to
users at no charge for research published in the
open literature or under contract for proprietary
research.

180. THEORY OF CONDENSED MATTER
J. F. Cooke. J. H. Barrett, H. L. Davls, R. Fishman,
K. Flensberg. M. S. Jonon, T. Kaplan, S. H. Liu,
G. D. Mahan, G. D. Mostoller, O. S, Oen.,
S. Pettersson, M. Rasolt, M. T. Robinson,
J. C. Wang, R. F. Wood
(615) 574-5787 02-3 $949.000

Theory of nonequilibrium solidification in
semiconductors, lattice vibrations in metals and
alioys, laftice dynamics and potential energy
calculations of lonic crystals, computer simulation of
radiation damage, sputtering. and lon implanation
surface studies with backscattered lons, .
development of LEED theory and interpretation of
LEED data, surface vibrations and relaxation,
electronic structure of metal surfaces, magnetism in
transition metals and local moment systems, neutron
scattering at high energies, electronic properties of
mixed-valent and heavy fermion systems, high
temperature superconductivity, critical phenomena
and phase transitions quantum Hall effect, diffusion
and elastic vibratlons of fractal systems, and
self-organized critical systems. New directions
Include a study of the surface structure of disordered
systems and the development of molecular
dynamics theory and relevant computer programs
for treating interfaces and, ultimately, crystal growth.

181. STRUCTURAL PROPERTIES OF MATERIALS - X-RAY
DIFFRACTION:
B. C. Larson, J. D. Budal, M. D. Galloway,
J. Z. Tischler
(615) 574-5506  02-4 $462,000

Microstructure and properties of defects in solids,
synchrotron X-ray scattering. time-resolved X-ray
scattering, X-ray diffuse scattering, Mossbauer
scattering spectroscopy, X-ray topography, neutron
and ion Iradiation induced defect clusters in metals,
pulsed-aser-induced metting and crystal growth,
enhanced diffusion in semiconductors, defects
assoclated with laser and thermatl processing of pure
and londmplanted semiconductors, grain-boundaries
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in semiconductors, microstructural characterization of
high temperature superconductors, solid-phase
recrystallzation In semiconductors, anisotropic elastic
theoty of dislocation loops, calculation of diffuse
scattering from dislocation loops and solute
precipitates, energy-resolved X-ray scattering,
quasi-elastic scattering, phase transformations, theory
of scattering of X-rays from defects In solids.

182. ELECTRON MICROSCOPY OF MATERIALS
S. Pennycook, M. F, Chisholm, D. Jesson
(615) 574-5504  02-4 $640,000

Microstructure and properties of defects in solids,
transmission electron microscopy, scanning
transmission electron microscopy. atomic resolution
microstructural characterization of thin films with
chemical specificity, enhanced diffusion In
semiconductors, defects associated with laser and
thermal processing of pure and lon-implanted
semiconductors, grain boundarles In semiconductors
and superconductors, high-tesolution atomic imaging
of defects, direct imaging and microscopic lattice
location of dopants in semiconductors, solid-phase
recrystallization in semiconductors, computer
simulation of electron microscopy images.
development of atomic resolution analytical
techniques of electron microscopy, phase
transformations, theory of scattering of electrons
from defects in solids.

183. SURFACE MODIFICATION AND
CHARACTERIZATION FACILITY AND RESEARCH
CENTER
C. W. White, J. L. Moore, O. E. Schow, lll,

T1. P. Joreen, D. K. Thomas, S. P. Withrow
(615) 6746295  02-5 $1,808,000

The SMAC Collaborative Research Center provides
faclities for materlals afteration and characterization
in a UHV environment. Methods which can be used
for alteration include lon Implantation and lon beam
mixing using a multitude of lons and energies that
span the range from 30 eV to ~5 MeV. In situ
characterization methods inciude Rutherford
backscattering, lon channeling, low-energy nuclear
reaction analysis, and surface analysis techniques.
The facility supports research in the lon Beam Analysls
and lon Implantation Program and research carried
out by other ORNL divisions. These facllities are
avallable to scientists from industrial laboratories,
universities, other national laboratories. and foreign
institutions for collaborative research projects.
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184. ION BEAM ANALYSIS AND ION IMPLANTATION
C. W. White, M. J. Aziz, J. H. Barrett,
M. K..Eighor, R. Feenstra, S. Gorbatkin,
J. D. Gresset, O. W. Holland,
J. C. McCallum, C. J. McHargue, D. B. Poker,
O. E. Schow, J. M. Willlams, S. P. Withrow
(615) 574-6295  02-5 $613,000

Studles of lon Implantation damage and annealing
in a variety of crystalline materials (semiconductors,
metals, superconductors, insulators, etc.), formation
of unique morphologies such as burled amorphous or
Insulating layers by high dose ion Implantation, the
use of high-energy lon beams to reduce the
temperature of varlous thermally activated processes
such as damage removal, alioying, and phase
transformations, formation of burled compounds,
studies of dose and dose rate dependence of
damage accumulation during irradiation,
characterization of superconducting thin films
deposited by electron beam evaporation and laser
ablation, fundamental studies of lon beam mbdng in
metal/semiconductor, metal/metal, and
metal/insulator systems, applications of ion beam
mixing and ion implantation to corrosion/catalysis
studies, to reduction of friction and wear of metat
surfaces, to changes In mechanical and optical
propertles of ceramics and insulators, and to -
reduction of corrosive wear of surgical alloys,
formation of epltaxial thin films and layered structures
by direct lon beam deposition, studies of ion
channeling phenomena.

185. INVESTIGATIONS OF SUPERCONDUCTORS WITH
HIGH CRITICAL TEMPERATURES
F. W. Young. Jr., L. A. Boatner, J. Brynstead.,
B. C. Chakoumakos, D. K. Christen,
D. M. Kroeger, S. H. Uu, H. A. Mook, B. C. Sales,
S. T. Sekula, J. R. Thompson
(615) 574-6501  02-5 $707.000

Studies of new classes of perovskite-type oxides with
high superconducting transition temperatures.
Synthesls, characterization, and analysis of thin fiims
and devices, new substrate materlals, single crystals,
and high-current conductors. Magnetization
measurements of ReBa,Cu,O, and thalium and
bismuth-based superconductors. Colilaborative
research with scientists at Lawrence Berkeley
Laboratory, Los Alamos National Laboratory, and
Sandia National Laboratories.
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186. SURFACE PHYSICS AND CATALYSIS )

D. M. Zehner, A. F. Baddorf, H. L. Davis,

J. R. Noonan, G. W, Ownby, J. F. Wendelken,

J.K2uo . .

(615) 5746291 02-5 $892,000
Studles of crystallographic and electronic structure of
clean and adsorbate-covered metallic, intermetailic
compounds, carbldes, and semiconductor surfaces,
combined techniques of low-energy electron
diffraction (LEED). photoelectron spectroscopy (PES).
using synchrotron radiation, and computer
simulations for surface crystallography studies with
emphasis on surfaces which elther reconstruct or
have interplanar spacings different from those of the
bulk, lineshape analysis of Auger spectra, LEED, AES
and X-ray photoelectron spectroscopy (XPS) studies
of both clean and adsorbate-covered surfaces,
determination of effects of Intrinsic and extrinsic
surface defects on surface properties and surface
and thin-film growth morphology using high-resolution
LEED, vibronic structure of surfaces and adsorbates
examined by high-resolution electron energy loss
spectroscopy (EELS). examination of surface
electronic and geometric structures with respect to
solid state aspects of heterogeneous catalysis.

187. ION BEAM DEPOSITION
R. A. Zuhr, T. E. Haynes
(615) 5766722 02-5 $392.000

Dlrect ion beam deposition of isotopically pure thin
fims on metal and semiconductor substrates using
decelerated ion beams from an lon implantation
accelerator, use of low-energy (10-200 eV) lon
beams to alter surface atom mobillities and phase
formation, fabrication of epitaxial layers and
heterostructures by ion beam deposition at low
temperatures, formation of compound
semiconductor and metallic layers, production of
oxides and thin magnetic films, and investigation of
low-energy lon-solid interactions including lon beam
efching and damage processes.

Materials Chemistry - 03 -

M. L. Poutsma - (615) §74-5028

188. CHEMISTRY OF ADVANCED INORGANIC
MATERIALS
E. J. Kelly, C. E. Bamberger, J. nynestod
L. Maya, C. E. Vallet
(615) 574-5024  03-1 $1,083,000

Application of lon implantation and ion beam mixing
to the generation and systematic study of
surface-modified materials of interest as catalysts,
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e.g.. MxTl, O,/TI (M = Ru, Ir, Rh, etc.) for
electrocatalysis of Cl, and O, evolution:;
determination of the reaction mechanism, the
speclfic catalytic activitles, and the electronic
properties of the catalysts via electrochemical,
Rutherford backscattering. and in situ photoacoustic
and photocurrent spectroscoplc techniques.
Development of new generalized methodologies for
the synthesis of nonoxidic ceramic materials (BN,
Si;N,. SIC, C-B-N ternaries, and borides. carbides,
carbonitrides, and nitrides of the transition metals of
groups 4, 5, and 6) in powder, fiber, fiilm, or whisker
forms; pyrolysis of photolysis of inorganic or
organometallic precursors; synthesis of
semiconducting C-N-B thin films via pyrolysis of
borazine derivatives. Synthesis of TIN whiskers via
reactions of titanates with NaCN or NH, at high
temperatures; topochemically specific solid-state
reactions. Synthesis and characterization of high-T.
superconducting oxides; composition/structure/
property relationships and their utilization In
optimization of synthesls/processing.

189. NUCLEATION, GROWTH, AND TRANSPORT
PHENOMENA IN HOMOGENEOUS PRECIPITATION
C. H. Byers, O. A. Basaran, M. T. Harrls
(615) 574-4653 03-2 $289,000

Fundamental laser light-scattering spectroscopic
studies and theoretical framework for liquid-phase
homogeneous nucleation and growth of pure
component and composite monodisperse metal
oxide particles which are precursor materials in ultra
fine processing for the production of a new
generation of ceramic materials. Investigation of
metal alkoxide/metal salt reactions and
reactants-solvent Interactions (l.e., short-range
bonding) which affect the characteristics of the
particles formed. Determination of transport
properties (.e., viscosity and diffusivity) which provide
important clues to the behavior of the fluid media in
which particle growth occurs. Methods and
instrument development (including afternative
methods for metal oxide powder synthesls, optical
spectroscoplc measurements, low angle-ight
scattering spectrometer design, dispersion
stabilization, and mathematical analysls).

190. THERMODYNAMICS AND KINETICS OF
ENERGY-RELATED MATERIALS
T. B. Undemer, C. M. Taylor, F. A. Washburn
(615) 574-6850  03-2 $294,000

The objective here Is the determination and
chemical thermodynamic modeling of
nonstoichlometry, phase equilibria, and other
thermochemical data for energy-related ceramic
systems. Our new adaptation of solld-solution
thermodynamics Is used to represent the chemical
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thermodynamic Interrelationship of temperature,
oxygen partial pressure, and nonstoichiometry in
oxide compounds having extensively varlable
oxygen-to-metal ratios. Presently, these-
interrslationships are belng measured and modeled
for superconducting oxides In the the (Y, lanthanide)
barium-copper-oxygen systems. These efforts are
providing a heretofore unavailable description of
these oxides. The effects of solid-solution carbonate
on superconductivity are also being studied.

191. STRUCTURE AND DYNAMICS OF ADVANCED
POLYMERIC MATERIALS
A. H. Narten, B. K. Annis, W. R. Busing,
A. Habenschuss, D. W. Nold. B. Wunderlich
(615) 574-4974 - 03-2 $1,177.000

Study of polymeric materlals by neutron and X-ray
scattéring, calorimetry, atomic force microscopy,
and statistical mechanical calculations. Simulation
of polymer chain dynamics In large-scale molecular
dynamics caiculations. - Improvement of the basic
understanding of locai molecular structure, the
packing of chalns In crystaliine, amorphous. and
liquid polymers, and the dynamics of materials
ranging from oriented fibers to isotroplc materlals.
Development of ways of predicting polymer
properties resulting from varlous processing methods.

Facillty Operations - 04

192. ADVANCED NEUTRON SOURCE
C. D. West, R. M. Harrington, J. B. Hayter,
B. H. Montgomery, D. L. Selby, P. B. Thompson
(615) 5740370  04-1 $600,000

Preconstruction R&D associated with the Advanced
Neutron Source (ANS) at ORNL. Core physics,
neutronics, and thermal hydraulics for preconceptual
core design. Construction and operation of
corrosion and thermal-hydrauilc test loop to study
oxide formation and growth. U,Si, fuel experiments
and evaluations of new fuel plate designs.
Preconceptual design of a cold source.

Construction of cold source test facility. Safety
investigations, risk analyses, project planning. and
preliminary building design. Planning of facllities for
neutron scattering, isotope production., cnd materials
iradiation.
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PACIFIC NORTHWEST LABORATORY
P. O. Box 999
Richland, WA 99352

G. L. McVay - (509) 375-3762

Metallurgy and Ceramics - 01 -

G. L. McVay - (509) 375-3762

193. MICROSTRUCTURAL MODIFICATION IN CERAMIC
PROCESSING USING INORGANIC POLYMER :
DISPERSANTS
G. J. Exarhos, W. D. Somuels,

I. A. Aksay (U. of Wash)
(509) 375-2440 01-1 $462,000

Fundamental studies of particle compaction
phenomena in colloidal processing of ceramics using
inorganic polymer dispersants. Localized
particle-polymersolvent interactions probed by
means of in situ molecular spectroscopic
measurements. Integration of spectroscopic data
with particle compaction measurements Is used to
evaluate packing efficiency and relate it to
chemical functionallty of derivatized inorganic
polymer dispersants. Response of bound polymers in
the greenbody to high temperatures during sintering
also Is being Investigated. Improvement in
mechanical properties of the fired ceramic is
correlated with void density and distribution which
evolve during processing and with the generation of
interfacial phases formed by incorporation of the
polymer dispersant with the ceramic matrix.

194. FUNDAMENTAL STUDIES OF STRESS CORROSION

AND CORROSION FATIGUE MECHANISMS

R. H. Jones, D. R. Baer, C. H. Henager Jr.,

C. F. Windisch

(609) 376-4276 01-2 $445.000
Investigations of the mechanisms controling
Intergranular and transgranular stress corrosion and
corrosion fatigue cracking of iron, iron-chromium
nickel, nickel-based alloys, and ceramic matrix
composites in gaseous and aqueous environments.
Relationships between Interfacial and grain-
boundary chemistry, hydrogen embrittlement, and
Intergranular stress corrosion cracking investigated
with surface analytical tools, electrochemical
polarization, straining electrode tests, subciitical
crack growth tests, and crack-tip and fracture
surface analysls. Modeling of the electrochemical



Laboratories

conditions at the tip of a growing crack and
evaluation of the electrochemical behavior of sulfur
and phosphorus in the grain-boundaries of nickel
and fron. Acoustic emission and differential, reversed
dc potential drop analysis of stress corrosion Initiation
and cracking processes. Effect of surface chemistry
on gas phase adsorption and aqueous corrosion
using In sttu AES/XPS and corrosion side-cell.

195. CHEMISTRY AND PHYSICS OF CERAMIC SURFACES
L. R. Pederson, K. F. Ferris
(509) 375-2731 01-3 $392,000

Development of structure/property relationships for
ceramic using systematic varlations in bulk and
surface/structure, grain size, porosity, and
environmental properties, Synthesis of very
fine-grained ceramic materials, whose electronic,
chemical, and mechanical properties are
dominated by thelr surfaces and grain-boundaries.
Develop a fundamental understanding of ceramic
surface Interactions in a reactive environment
through correlations between experimental
measurements and molecular modeling.
Spectroscopic methods are utllized to investigate
initial structures and their evolution in chemically
reacting envronments. Model systems, electronic
structure, and molecular dynamics approaches are
emphasized In Interpreting molecularHevel
phenomena. The combination of these techniques Is
used to extend the molecular information to bulk
phenomena.

196. IRRADIATION-ASSISTED STRESS CORROSION
CRACKING
S. M. Buemmer, J. L. Brimhall, E. P. Simonen
(509) 376-0636  01-4 $585,000

The mechanisms controlling Irradiation-assisted stress
corrosion cracking under neutron and lon irradiation
are evaluated through a combination of experiment
and modeling. Research includes examination of
radiation effects on grain boundary chemistry,
deformation processes, crack-tip phenomena, and
water chemistry. Radiation-induced grain boundary
segregation is measured and modeled as a function
of material and Iradiation parameters. Specific
grain boundary chemistries are simulated by thermal
treatments and thelr influence on corroslon and stress
corroslon assessed by tests in low- and
high-temperature agueous environments. Crack-tip
chemistry models are being evolved so that radiation
effects on local materlal microstructure
microchemistry and on water chemistry can be
assessed In relation to crack propagation
mechanisms.
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197. IRRADIATION EFFECTS IN CERAMICS
W. J. Weber, N. J. Hess
(509) 375-2299 014 $50,000

Multidisciplinary research on the production, nature,
and accumulation of iradiation-induced defects,
microsturctures, and solid-state transformations in
ceramics. Irradiations with neutrons, lons, and
electrons to study point defect production and
associate effects from both single displacement
events and high-energy displacement cascades.
Develop understanding of structural stabllity and
iradiation-induced amorphization in ceramics.
Computer simulations of defect production/
survivablity, defect stabllity, and defect migration.
The Investigations utilze X-ray and neutron diffraction,:
electron microscopy. EXAFS, laser spectroscoples, ion
beam techniques. and electrical property
measurements to characterize the defects,
microstructures, and transformations introduced by
Iradiation in simple and complex oxides, carbides,

. and nitrides. Work Includes the development of

techniques for in situ characterization during neutron
and lon beam irradiations.

Solid State Physics - 02 -

G. L. McVay - (509) 375-3762

198. THIN FILM OPTICAL MATERIALS
G. J. Exarhos, K. F, Ferris, N. J. Hess
(509) 375-2440  02-2 $247.000

Theoretical and experimental investigations of basic
materlals properties that control the linear and
non-inear optical behavior of thin film dlelectrics.
Refinement of composite media approaches to
model the complex dielectric constant of wide
band-gap materidls relies on experimental
measurements of film molecular structure aond
microstructure. Phase composition and stabllity,
stolchiometry, strain heterogeneity, and void density
of deposited films, which are determined using laser
spectroscopic methods and electron microscopy,
are integrated Into these models. Ellipsometry and
optical tfransmission/reflection measurements on
supported fims are used to determine complex
refractive indices; the nonlinear response s
Investigated by means of harmonic mixing methods.
Materials studied Include oxides, nitrides, gamets,
and Inorganic polymers.
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Materals Chemistry - 03 -

G. L. McVay - (509) 375-3762

199. CERAMIC COMPOSITE SYNTHESIS UTILZING
BIOLOGICAL PROCESSES
P. C. Rieke. A. I. Caplan, A. I. Caplan,
B. J. Tarasevich, A. H. Heuer (Case Western)
(509) 375-2833 03-1 $694.000

Studies of natural formatlon of hard tissue that use
polymers as templates to control and orlent ceramic
crystal growth. Crystal growth on modified polymer
surfaces and cell control of crystal growth. Surface,

interface, and colloid chemistry of small atom cluster.

Modeling of polymer surfaces and interactions with
lons In solution.

SANDIA NATIONAL

LABORATORIES-ALBUQUERQUE
P. 0. Box 5800
Albuquerque, NM 87185

G. A. Samara - (505) 844-6653/FTS 844-6653

Metallurgy and Ceramies - 01 -

G. A. Samara - (505) 844-6653

200. PHYSICS AND CHEMISTRY OF CERAMICS
R. A. Assink, C. J. Brinker, B. C. Bunker,
B. D. Kay. J. A. Martin, C.H.F. Pedan,
D. W. Schaefer, J. A. Voligt
(505) 846-2537  01-2 $1,259,000

Multidisciplinary studies to relate molecular structure
of ceramics to physical properties. One objective Is
to develop a fundamental understanding of the
precursor preparation and consolidation processes
required to produce novel and superior ceramics.
Both solution and gas-phase processes are studied.
A second objectlve is to study the surface chemistry
of ceramics as It Is relevant to preparation and
consolidation. A third objective Is to use
fundamental understanding of processing to prepare
new and iImproved ceramics such as high
temperature superconductors. Characterize
sol-to-gel and gel-to-glass transitions in the slica
system using SAXS, NMR, and light scattering to
determine structures of the pre-gel phase, random
colloidal aggregates, and the gel-to-glass
conversion; model structure of porous materlals using
concepts of fractal geometry to predict structure
from solution chemistry, and model sintering and
absorption characteristics of random porous
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materials. Study formation of fine-particle ceramics
by aeorsol techniques. Prepare ceramic
superconductors and other electronic ceramics by
novel solution processing. Study phase relationships
and interfacial reactions in ceramic superconductors
and other electronic ceramics.

201. ATOMIC LEVEL SCIENCE OF INTERFACIAL

ADHESION

T. A. Michalske, B. W. Dodson, J. Hamillton,

J. E. Houston, S. A. Joyce, T. Kitsner, J. Nelson,

P. A. Taylor

(505) 844-5829  01-2 $500,000
The goal of this program Is to understand, In atomic
detail, the nature of the physical and chemical
Interactions that bind solld surfacestogether. This -
study Includes atomic scale measurements of
interfaclal bonding forces. theoretical calculations of
Interfacial bonding, surface sclence measurements
of Interfacial bonding and structure, and
macroscoplc adhesion measurements that will be
used 1o relate the results of fundamental theory and
experiment to more conventional measures of
adhesion. Key to our approach is the abllity to make

- detalled measurements of interfacial force profiles on

well controlled and characterized interfaces. These
measurements provide a common point for
investigations ranging from first principles theory-1o
practical adhesion and provide fundamentatl insight
Into the factors controlling Interfacial adhesion.

202. ENERGETIC-PARTICLE SYNTHESIS AND SCIENCE OF

MATERIALS

S. T. Picraux, J. C. Barbour, R. J. Bourcler,

B. L. Doyle, M. T. Dugger, D. M. Follstaedt,

J. A. Knapp, S. M. Myers, P. S. Peercy,

P. M. Richards, H. J. Stein, J. Y. Tsao,

W. R. Wampler

(505) 844-7681 01-3 $953,000
Basic research Is conducted on the Interactions of
ion, laser, electron, and plasma beams with metals,
semiconductors and dielectrics. The synthesis of new
or novel metastable and equilibrium microstructures
In solids Is studied. Both the evolution and final states
of these systems are characterized by ion beam
analysis, TEM, EPR, optical absorption, X-ray
scattering, AES, XPS, time-resolved refiectivity,
time-resolved electrical conductivity, and
mechanical and electrochemical testing. These
methods are utlized for fundamental studies of
metastable amorphous and crystalline alloys,
superiattices, defects in semiconductors, synthesis of
novel layered structures, rapid-solidification processes



Laboratories

In semiconductors and metals, properties of
hydrogen in materlals, and mechanical and
chemical effects. Predictions of consequences are
developed for semiconductor-device development,
fusion energy, hydrogen storage, coatings
technology and corrosion.

203. ADVANCED GROWTH TECHNIQUES FOR
IMPROVED SEMICONDUCTOR STRUCTURES
S. T. Picraux, P. Bedrossian, D. K. Brice. .
E. Chason, B. W. Dodson, B. L. Doyle, J. Y. Tsao
(505) 844-7681 01-3 §355.000

Advanced growth techniques are studied for the
synthesis of new and improved epltaxial
semiconductor heterostructures. In situ diagnostics
and new growth techniques are used in conjunction
with molecular beam epltaxy (MBE) to grow new
semiconductor structures. By combining energetic
beams with MBE, new approaches to controlling the
growth process as well as new understanding of the
defect-mediated mechanisms controlling growth are
developed. Studies concentrate on Ge and Si, as
well as layered Hi-V compounds and SiGe strained
layer structures. A primary purpose of this research is
to provide new understanding of fundamentat
epltaxial growth mechanisms and new methods and
diagnostics for the growth of Improved epltaxial
layered structures. Advanced in situ techniques yleld
surface structure, composttion and chemical
reactivity information, and correlation with growth

" parameters. Theoretlcal studies modsl the growth
processes and address growth mechanisms in order
to interpret and guide the experimental studies.

204. STRAINED-LAYER SUPERCONDUCTOR MATERIALS
SCIENCE
B. W. Dodson, 1. J. Fritz, E. D. Jones,
J. F. Klem, S. K. Lyo, J. S. Nelson, J. Y. Tsao
(505) 8446653  01-5 $404.000

Study and application of compound semiconductor
stralned-layer superiattices and heterojunction
quantum well materials to explore solutions to new
and existing semiconductor materlals problems. The
program coordinaties semiconductor physics and
materials science to produce new semiconductor
materials with useful electronic properties not
avallable in bulk compound semiconductor crystais.
This program investigates fundamental material
properties Inciuding band structure, electronic
transport, crystal stabllity, optical transitions, and
nonlinear optical properties. Both theoretical and
experimental understanding are emphasized. The
materials under study have a wide range of
applications for high speed switching and
microwave technologies. optical detectors, lasers.
and optical modulation and switching.
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Solid State Physics - 02 -

G. A. Samara - (505) 844-6653

205. PHYSICS AND CHEMISTRY OF NOVEL
SUPERCONDUCTORS
D. S. Ginley, R. J. Baughman, B. Morison,
J. E. Schirber, E. B. Stechel, C. P. Tigges,
E. L. Venturini
(505) 844-6653  02-2 5618,000
The fundamental physical properties of the
oxide-based high temperature superconductors.
Directed toward understanding the detailed
electronic band structure, doping. and carrier
transport in these materials, especially as they pertain
to understanding metal-insulator transttions,
superconductivity, and the role of oxygen in
determining transport properties. Some effort is also
devoted to organic superconductors. Unique and
specialized instrumental capabilities including
conductivity, magnetization, ESR, magnetotransport,
de Haas van Alphen, thermopower and tunneling.
Experiments at temperatures as low as 0.05K,
magnetic fields up to 120 kOe and hydrostatic
pressure to 10 kbar in varlous combinations. An
active in-house synthesis program; unique processing
capabillities Including high pressure, high temperature
oxygen.

206. TAILORED SURFACES AND INTERFACES FOR
MATERIALS APPLICATIONS
T. A. Michaiske, P. J. Felbelman, J. E. Houston,
G. L. Kellogg, T. Kiitsner, N. D. Shinn
(505) 844-5829  02-2 $633,000

The overall goal of this program is to develop an
understanding of the fundamental nature of surface
modification which will improve our abllity to tailor
the structure and electronic properties of surfaces
and Interfaces for specific materials applications.
The research is focused on two important aspects of
tallored surfaces and interfaces: (1) studles of the
modification of surface structure and electronic
properties by adsorbates and (2) studies of the
interfaces that are developed when thin overlayers
are deposited on single crystal surfaces.
Fundamental understandings of surface and
Interfaciat structure and bonding are critical to our
abllity to predict effects related to epitaxial growth,
metdallization, Interface diffusion, and adhesion.
These propertles of the interface are becoming
increasingly more important to the production and
performance of microelectronic and other
advanced microscale technologies where the
*material” Is effectively becoming a series of
interfaces.
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207. VERY HIGH TEMPERATURE SEMICONDUCTING
BORIDES
D. Emin, T. L. Aselage. B. Morosin, G. A. Samara,
A. C. Switendick, D. R. Taliant, H. L. Tardy
(505) 844-6653  02-5 $516,000

This program investigates boron-rich solids which are
refractory materials with uncoventional bondings,
structures and properties. The goal is to understand
these novel materials and assess their potential for
applications. The investigations primarily focus on
boron carbides, 8,,,,C,.,. with x between 0 and 1.7,
Insulating borides including the wide-gap icosahedral
boron pnictides, B,,P, and B,,As,, and other refractory
borides, such as diborides and hexaborides. The
materials are synthesized by a variety of techniques.
The structural properties, electronic structure,
electronic transport (conductivity, Hall effect and
Seebeck coefficient measurements) dielectric.,
optical, magnetic and ultrasonic properties, thermal
conductivity and specilfic heat will be Investigated.

Materials Chemistry - 03 -

J. B. Gerardo - (505) 844-3871

208. CHEMICAL VAPOR DEPOSITION SCIENCES
A. W, Johnson, M. E. Bartram, W. G. Brelland,
M. E. Coltrin, J. R. Creighton, G. H. Evans,
P. Ho. R. J. Kee, K. P. Kllleen, J. E. Parmeter
(505) 844-8782  03-3 $812,000

Studies of Important vapor-phase and surface
reactions during CVD deposition under conditions
used to fabricate photovoltalc cells, wear- and
corrosion-esistant coatings, and semiconductor
devices. Measurements of major and minor species
densities, gas temperatures, fiuld flows, and gas-
phase particulate distributions using laser Raman and
Mie scattering and laser induced fluorescence.
Development of predictive numerlcal models, which
include chemical kinetlcs and fiuid dynamics.
Application of a wide array of laser-based
measurement capabllities to the study of vapor
phase and surface reactions of these processing
techniques and application of surface measurement
techniques to study the product materials.
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SANDIA NATIONAL
LABORATORIES-LIVERMORE
P.0. Box 969

Livermore, CA 94551-0969

P. L. Mattern - (510) 294-2520/FTS 234-2520

Metallurgy and Ceramics - 01 -

209. SURFACE, INTERFACE, AND BULK PROPERTIES OF
ADVANCED CERAMICS
R. H. Stulen, J. C. Hamilton, K. F. McCarty
(510) 2904-2070  01-1 $191,000

Phonon and electronic properties of bulk ceramics
and the reactivity and structure of ceramic/metal
Interfaces. Material systems studied include ceramic
high temperature superconductors, dlamond, and
diamond/maetal Interfaces. Diagnostic technlques
utllized are primarily optical and include Raman
spectroscopy for the study of phase composition and
structure, and infrared spectroscopy, second
harmonic generation, and photoemission
spectroscopy to study surfaces and burled interfaces.
Novel, thin film, ceramic and ceramic metal
structures are synthesized using laser ablation
deposlition. Studies of other advanced ceramics are
focused on both the physical and electronic
structure of surfaces and Interfaces formed with
dissimiiar materiats.

210. GASES IN METALS/COMPUTATIONAL MATERIALS
SCIENCE/VISITING SCIENTIST PROGRAM '
W. G. Wolfer, D. C. Chrzan, M. S. Daw., T. E. Felter.-
S. M. Folles, D. D. Johnson, C. M. Rohifing,

G. J. Thomas, A. F. Wright
(510) 294-2307  01-2 $§1,194,000

Investigations of the Interactions of hydrogen tritium,
helium, and oxygen with metals and metal surfaces
and interfaces involving joint theoretical and
experimental research. Experimental techniques
Include high resolution electron microscopy. video
low energy electron diffraction, Auger electron
spectroscopy. and a Slevert system for charging
metal hydrides. New theoretical methods are
developed for large-scale atomistic calculations of
the structure, properties, and defects In metals and
alloys. intermetallic compounds, and semiconductor
materlals, These methods include the EAM
(Embedded Atom Methods). its extension to
directionally bonded solids, density functional theory
on massively parallel computers, electronic band
structure theory for alloys, and quantum chemistry
methods for large clusters. These methods are
applied to Investigate defect clusters in solids, the
structure and properties of interfaces, the
reconstruction of surfaces, the thermodynamics of
alloys, and the bonding and spectroscopic
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propertles of atomic clusters. In addition, stochasiic
computational methods are developed for modeling
the dislocation dynamics in intermetallics, the growth
morphology of surfaces and thin films, and the
migration of interfaces. A visiting scientist program
avallable to faculty members and students as well as
researchers from Industry disseminates the
computational methods developed.

Solld State Physics - 02 -

211. ADVANCED OPTICAL DIAGNOSTICS FOR
INTERFACES AND THIN FiLMS
R. H. Stulen, R. J. Anderson, J. C. Hamllton,
G. D. Kublak
(510) 294-2070  02-2 $241.000

Develop, evaluate and apply advanced.
nonperturbing dlagnostic techniques for studying
structure and dynamics of advanced materials. The
scope Includes studies of buk, Interface and surface
properties using coherent, laser-based spectroscoplc
techniques. Emphasls Is on techniques to
characterize electronic structure and uttrafast
relaxation dynamics using (1) ultrafast laser pulses,
extending to the femtosecond regime, (2) one- and
two-photon photoemission to study surface
electronic structure, and (3) second harmonic
generation to study Interfaces. Materials under study
Include semiconductors, nonlinear optical materials,
and iarge bandgap systems, and their Interfaces with
metals.

STANFORD SYNCHROTRON RADIATION .
LABORATORY

Stanford University

Stanford, CA 94309-0210

A. 1. Bienenstock - (415) 926-3153/F1S 462-3153

Facliity Operations - 04 -

212. RESEARCH AND DEVELOPMENT OF SYNCHROTRON
RADIATION FACILUTIES
A. |. Blenenstock, H. Winick
(415) 926-3163  04-1 $§3.145.000

Support of materials research utilizihg synchrotron
radiation, as well as operations and development of
the Stanford Synchrotron Radiation Laboratory (SSRL).
Development and utilization of new methods for
determining atomic arrangement in amorphous
materials, and on surfaces, time-resolved studies of
thin film growth, static and time-resoived studies of
highly perfect semiconductor crystals using X-ray
topography, photoemission studles of semiconductor
interfaces (e.g.. heterojunctions and Schottky
barriers), metal surfaces (especially catalytic
reactions on surfaces) and development of
techniques such as surfoce EXAFS, photoelectron
diffraction, photon stimulated desorption and
interface studies using core level spectroscopy.
Performance and photoelectron spectroscopic
studies of catalysts. Development of accelerators
and insertion devices for synchrotron radiation
production, and development and Lau diffraction for
time-resolved protein crystallography. Development
of ultra-high resolution scattering techniques, by
means of resonant nuclear scattering.
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monitors of the Division of Materials Sciences. There Is
considerable turnover in the Grant Research program, and some

of the projects will not be continued beyond the current period.
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UNIVERSITY OF ALABAMA
Birmingham, AL 35294

213. MIGRATION OF CONSTITUTIONALLY LIQUATED
FILMS (CLFM)
R. G. Thompson, Department of Mcn‘erlcls
Engineering
(205) 934-8450

" B. Rachakrishnan, Department of Materlals
Sclences and Engineefing
(205) 934-8450  01-5 $100,000 (16 months)

Study of the migration of precipitate boundaries
accompanying constitutional liquid film migration
(CLFM). Demonstrate the occurrence of CLFM in
binary dlloys. Extend the studies to ternary systems
containing the binaries. Thermal simulation will use a
Gleeble device. Characterization techniques include
quantitative microscopy to determine grain sze,
number of grains per unit volume, area fraction of
migrated area, average migration distance, and
volume fractions of precipitate and liquid and TEM to
determine concentration gradients.

ALFRED UNIVERSITY
Alfred, NY 14802

214. STRUCTURE, STOICHIOMETRY AND STABILITY IN
MAGNETOPLUMBITE AND B-ALUMINA TYPE
CERAMICS
A. N. Cormack, Department of Ceramic Science
and Engineering
(607) 871-2180 01-1 $49.042

Atomistic simulatlon of defect structures and energles
for defect clusters in mirror planes of
magnetoplumblte and p-alumina structures; defect
cluster interaction. Born model with shell model
treatment of atomic polarizations; atomic relaxation
treated by Mott-Littleton approximation. Barlum, ’
strontium and calcium hexa-aluminates (MAI,,0,0)
calculated. :

ARIZONA STATE UNIVERSITY
Tempe, AZ 85287

215. MOBILE IONS IN FAST ION CONDUCTING SYSTEMS
C. A. Angell, Department of Chemistry
(602) 965-7217  01-1 §79.373

Investigate novel materials that exhibit fast ion
fransport and high rates of energy dissipation on
impact. Anionic conductivities in lead halide-rich

Inorganic glasses. mixed anion-cation conducting
glasses, mixed lonic-electronic conductivity in Na
teliurovanadate glasses with high Na* transport, and
new organic cation-containing plastic crystal .
conductors. Develop understanding of fransport
processes in these systems, explore possibility that fast
processes occurring In glasses and ceramics can
provide fast energy dissipation mechanism on
Impact, and utlize computer simulation caiculations
to study fast processes by dynamlc graphics
methods.

216. HIGH RESOLUTION ENERGY LOSS RESEARCH: SI
COMPOUND CERAMICS AND COMPOSITES
R. W. Carpenter, Center for Solid State Science
(602) 965-4546

S. H. Uin, Department of Chemistry
(602) 965-3715 . 01-1 $108.600

High spatial resolution analytical electron microscopy
investigation with a field emission source of the
elemental composition and local electronic structure
of small amorphous and crystalline regions in siicon
carblde and sllicon nitride and In interfacial reaction
zones of metal/ceramic and ceramic/ceramic
composites. Development of theoretical methods for
EELS spectral analysis. Quantitative analysis of
small-probe current distribution in real and reciprocal
space for field emission gun analytical electron
microscopes to permit quantitative analysis of
compositional gradients.

217. SURFACE STRUCTURES AND REACTIONS OF
CERAMICS AND METALS
J. M. Cowley, Department of Physlcs
(602) 965-6459  02-2 $110,000 ’

Studies of surface structures of small crystals of oxides
and metals and of reaction of metals with oxides
under the influence of intense lonlzing radiation and
heat using advanced electro-optical techniques;
scanning reflection electron microscopy, reflection
electron energy loss spectroscopy, microdiffraction
from sub-nanomster size regions, resonance
channeling along surfaces and interfaces,
nanometer-resolution imaging with secondary
eloctrons, with or without energy filtering. and high
resolution Auger analysls. Topics to be Investigated
include the structure of surfaces of ceramics and
metals on an atomlc scale, the existence of surface
reconstructions, ordering and modifications induced
by surface steps, observed as a function of
temperature: the epltaxial relationships and
chemical reactions of metals on ceramics and their
dependence on surface structure, temperature and
lonlzing radiation: the influence of absorbed surface
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lonizing radiation: the influence of absorbed surface
layers of water, oxygen or other gas on surface
reactions. Specimens willl include small metal )
particles on oxide supports, thin metal flms grown on
oxide surfaces and interfaces between metals and
oxides or other materials viewed edge on.

UNIVERSITY OF ARIZONA
Tucson, AZ 85721

218. ARTIFICIALLY STRUCTURED MAGNETIC MATERIALS

C. M. Faico, Department of Physics
(602) 621-6771 02-2 $100,000

Emphasis on understanding magnetism using very
well characterized surfaces and interfaces and In
developing artificiaily structured magnetic materials
with improved properties. Preparation of artificially
structured magnetic materials; Molecular Beam
Epitaxy (MBE); muiti-target sputtering. Sample
characterization: various X-ray diffraction
techniques, Scanning Tunneling Microscopy, Auger,
X-ray Photoelectron Spectroscopy, lon Scattering |
Spectroscopy. and Secondary lon Mass -
Spectroscopy, Reflected High and Low Energy
Electron Diffraction, Rutherford Backscattering,
Scanning and Electron Transmission Microscopy.
Magnetic properties of uitra-thin magnetic films and
surfaces; interfaces in multilayers and superlattices
using in sltu Surface Magneto-Optic Kerr Effect,
variable-temperature Vibrating Sample
Magnetometry, Brillouln Ught Scattering, Magnetic
Neutron Scattering and Synchrotron Photoemission.

g

BOEING COMPANY
P.O. Box 3999
Seattle, WA 98124

219. X-RAY SPECTROSCOPIC INVESTIGATION OF
AMORPHIZED MATERIALS
R. B. Greegor, Department of Physics
(206) 544-5307

F. W. Lytle, Department of Physics
(206) 544-5348  01-1 $69,188

EXAFS/XANES techniques are used to determine the
structural arrangements in synthetically produced
materials, including lon-implanted materials having
phases similar to naturally occurring metamict
minerals (e.g., titanlte, pyrochlore, zircon).
Investigation of Pb implanted crystalilne Pb
pyrophosphate and glassy Pb pyrophosphate.
Metal-metal bonding examined in proton Irradiated
NI and Tt aluminides, Site speciation examined In
radwaste forms, including doped perovskite, synroc
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and In situ virtrified glass. Development of optical
EXAFS for differentlation of an atom on damaged site

~ from one on undamaged site.

BOSTON UNIVERSITY
500 Commonwealth Avenue
Boston, MA 02215

220. THE HEAVY ELECTRON STATE
A. Auerbach, Department of Physics
(617) 353-5787  02-3 $38,310

The heavy electron compounds will be investigated,
particularly the transition to the Fermi-liquld state.
The role of intersite magnetic Interactions and the
Ferml-liquld state will be investigated using a time
dependent functional integral methodology.

221. STRUCTURE AND DYNAMICAL TRENDS IN GROWTH
OF TRANSITION METAL OVERLAYERS AND SURFACE
MAGNETIC STRUCTURE OF INSULATORS BY HE BEAM
SCATTERING SPECTROSCOPIES

M. M. El-Batanouny, Department of Physics

+ (617) 3534721 02-4 $112,400

Use of scattered spin-polarzed metastable He(2°S)
atoms from surfaces both elastically and inelastically,
to study the structural, dynamic and magnetic trends
of the 3D transition metal overlayers-Cu, Au, Ag and
Cr on PA(111) and Pd(110) substrates: and Pd and
Cu on Nb(110) substrate. Magnaetic properties will be
studied In the newly constructed spin-polarized
metastable He (SPMH) facliity. The surface magnetic
structure of antiferromagnetic transition metal oxides
(example, M,O) will be studied. Computer modeling,
employing Friedel osclliations and
Double-sine-Gordon surface dislocations, will be used
to Interpret measured phonon dispersion data.

BROWN UNIVERSITY
Providence, Rl 02912

222. FATIGUE CRACK GROWTH UNDER FAR-FIELD
CYCLIC COMPRESSION
S. Suresh, Division of Engineering
(401) 863-2626  01-2 $93.405

Bxperimental and theoretical investigation of stable
crack growth under static and cyclic tensile loads In
monolithic and ceramic matrix composites up to
1600 C. Effects of loading rate/cyclic frequency,
hold time, cyclic means stress and test temperature
on rates of subcritical crack growth; characterization
of crack advance by fracture mechanics;
characterization of crack-Hp domage by transmission
electron microscopy: effects of pre-existing
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amorphous films and amorphous films formed at test
temperature. Finite element simulations of evolution
of cyclic damage zones ahead of tensile fatigue
cracks using constitutive formulations to represent
experimentally determined damage mechanisms.

223. SURFACES AND THIN FILMS STUDIED BY
PICOSECOND ULTRASONICS
H. J. Maris, Department of Physics
(401) 863-2185

J. Tauc, Division of Englneering
(401) 863-2318 02-2 $160,000

Thin films, Inferfaces. coatings and other surface
layers investigated using very high frequency (10-500
GH2) sound. The ultrasound will be produced by light
pulses with durations of less than one picosecond.
Fundamental studies of lattice dynamics and the
propagation of sound under conditions of high
damping. The method will be developed into a
non-destructive testing technique of mechanical
properties of flms and interfaces and the detection
of structural flaws with significantly better resolution
than presently avallable.

UNIVERSITY OF CALIFORNIA AT DAVIS
Davis, CA 95616

224. INVESTIGATION OF RATE-CONTROLLNG
MECHANISM(S) FOR HIGH TEMPERATURE CREEP
AND RELATIONSHIP BETWEEN CREEP AND MELTING
BY USE OF HIGH PRESSURE AS A VARIABLE
H. W. Green, Department of Geology
(916) 752-1863

A. K. Mukherjes, Department of Mechanical
Engineering
(916) 752-1776  01-2 $128,000

Determine the pressure dependence of
high-temperature creep of nickel, ceslum chioride,
sllicon and forsterite. Study activation volume and its
relationship to partial molar volume of diffusing
specles. Provide data for critical tests of creep
theorles.

225. INVESTIGATION OF RADIATION DAMAGE AND
DECOMPOSITION OF CERAMICS USING ELECTRON
MICROSCOPY
D. G. Howitt, Department of Mechanical
Englineering
(916) 752-0580 014 $95,000

Investigation of electron and lon irradiation induced
ionization, displacement damage, diffusion, and
stimulated desorption by means of in situ analytical
electron microscopy and mass spectroscopy. Study
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of ion mixing effects under ion Irradiation. Materials
Include dielectrics and semiconductors, Study of
free standing ceramics thin films.

UNIVERSITY OF CALIFORNIA AT IRVINE
Irvine, CA 92717

226. MECHANISMS OF HIGH TEMPERATURE RUPTURE
UNDER MULTIAXIAL STRESS
J. C. Earthman, Department of Mechanical
Engineering
(714) 856-5018

F. A. Mohamed. Department of Mechanical
Engineering
(714) 856-5807 01-2 $81,000

Mechanisms of high temperature rupture and
damage under different multiaxial stress states In Ni,
304 SS and Nj,Al. Examination of cavity density,
cavity distribution, cavitating grain-boundary facet
size and orlentation. and rupture surface topography
for three states of stress. Correlation of stress state
with time to rupture. Grain-boundary sliding
mechanisms. Evaluation of effect of multiaxial
stresses on the role of intergranular particles. Analysis
of the role of cavity nucleation.

-227. OPTICAL STUDIES OF MOLECULAR ADSORBATES

J. C. Hemminger, Department of Chemistry
(714) 8566020  02-2.$157,000

Investigation by Raman scattering spectroscopy, of
molecular adsorbates on well characterized metal
surfaces to elucidate the origin of the surface
enhanced scattering, and in conjunction with other
surface sclence probes to study surface chemistry.
Determination of active form of corrosive agents.
Bonding of corrosive inhlbitors to metal surfaces.
Correlation of Raman enhancement with the
electronic energy levels of the metal-adsorbate
system that will be determined with high resolution
eleciron energy loss spectroscopy and”
photoemission. Use of ultra-high-vacuum surface
apparatus with computer controlled Raman -
scattering spectrometer and laser induced thermal
desorption.

228. INELASTIC ELECTRON SCATTERING FROM
SURFACES
D. L. Mills, Department of Physics
(714) 856-5148 02-3 $130,000

Theory of the inelastic scattering of electrons, ions,
and neutral atoms from elementary excitations at
surfaces, and the development of theoretical
descriptions of these excitations. Emphasis on
electron energy loss from surface phonons at both
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spin-filp scattering of low energy electrons from
magnetic excitations at surfaces. and excltation of
surface phonons by helium atoms. Strong emphasis
on the quantitative comparison between the results
of this program and experimental data. Tightly
coupled effort between Professor Mills and Professor
Tong at the Unlversity of Wisconsin at Milwaukee.

UNIVERSITY OF CALIFORNIA AT LOS ANGELES
Los Angeles, CA 90024

229. IRRADIATION-INDUCED DISORDERING, DUCTILITY
AND PHASE TRANSFORMATIONS IN ORDERED
INTERMETALLIC COMPOUNDS
A. J. Ardell, Department of Materlais Sclence and
Englneering ‘

(213) 825-7011 01-4 $84,599

Proton Irradiation of ordered intermetallic
compounds at temperatures from -175 C to room
temperature. Investigation of Irradiation-induced
ductility in L, and B, compounds. lradiated
specimens mechanically tested in bending, and
fracture surfaces studied for assessment of ductility.
Specimen examination by TEM, X-ray diffraction, and
electron diffraction. Identification and
characterization of tweed-like reaction product of a
phase transformation in proton-iradiated
hypostolchiometric Ni,Al

230. APPLICATION OF MESOSCOPIC PHYSICS TO
NOVEL CORRELATIONS AND FLUCTUATION OF
SPECKLE PATTERNS: IMAGING AND TOMOGRAPHY
WITH MULTIPLY SCATTERED CLASSICAL WAVES
SheChao Feng, Department of Physics
(213) 825-8530  02-3 $54,730 (9 months)

The electronic properties, especially conductance
properties, of very small (10-100 A) metallic and
semiconducting structures will be studied
theoretically. Several effects must be consldered
together, Including quantum coherent effects on the
transport, and multiple scattering due to disérder In
the conductor. Simiiar theoretical approaches will
be applied to describe the magnetic properties of
spin glasses. The dynamical properties of percolating
systems, in particular the iow-energy exclitations of
tenuous, *fractal,’ systems, will be Investigated.
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UNIVERSITY OF CALIFORNIA AT SAN DIEGO
La Jolia, CA 92093

231. SUPERCONDUCTIVITY AND MAGNETISM IN D-
AND F-ELECTRON MATERIALS
M. B. Maple. Department of Physlcs
(619) 534-3330  02-2 $375.000

Investigations on a variety of rare-earth and actinide
compounds, including studies of superconductivity,
magnetism, and effects that arise from thelr mutual
Interaction, as well as the onomalous behavior
exhibited by heavy electron (heavy Fermion)
materiols that Is assoclated with valence fluctuations
and the Kondo effect. Measurements of ac and dc
magnetic susceptibliity, specific heat, and electrical
resistivity under conditions of temperature between -
80 miliikelvin and 300K, magnetic fields to 10 Tesla,
and pressures to 160 kilobar. Search for new high-T,
superconducting materlals and characterization of
thelr properties, including 4f electron hybridization
effects, magnetic ordering. growth of single crystals
and measurement of upper critical fields and critical
current densities.

232. PREPARATION AND CHARACTERIZATION OF
SUPERLATTICES -
I. K. Schuller, Department of Physics
(619) 534-2540  02-2 $105,000 (7 months)

Preparation and characterization of superlattices
with constituents that do not form solid solutions in
thelr binary phase diagrams. Search for new
superlattices; study relatlonship between epitaxial
and superiattice growth; compare samples prepared
by sputtering and thermal evaporation. Use of
molecular beam epitaxy (MBE), sputtering. Growth
studies with Nb/Cu. Roughness measurements with
Go/Pb multlayers. Characterization of samples by
X-ray diffraction, electron microscopy, and In situ
high.energy electron diffraction. Measurement of
other properties, |.e., transport, magnetic, optical,
superconducting. etc., in collaboration with others.

233. ION MIXING OF SEMICONDUCTOR
LAYERED-STRUCTURES
S. S. Lau, Department of Electrical Engineering
and Computer Sclences
(619) 534-3097 024 $135,000

Experimental investigation of layer disordering by ion
mixing in semiconductor quantum-well and
superlattice structures. Emphasls on determining the
disordering mechanisms of semiconductor
layered-structures under ion bombardment, Issues
include the interplay between defects under thermal
equilibrium and those generated by ion mixing and
oxploitation of thermally activated lon mixing to
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effect layer mbing In quantum-wells and
superlattices. Goalis to develop a unified
mechanism for fon mixing In such materials.

UNIVERSITY OF CALIFORNIA AT SANTA

BARBARA
Santa Barbara, CA 93106

234. FUNDAMENTAL STUDIES OF THE
INTERRELATIONSHIP BETWEEN GRAIN-BOUNDARY
PROPERTIES AND THE MACROSCOPIC PROPERTIES
OF POLYCRYSTALLINE MATERIALS
D. R. Clarke, Materials Department
(805) 893-8232  01-1 $100.000

Reiationships between properties of individual grain-
boundaries and macroscopic properties of
polyphase, polycrystalline materials. Measurement of
electrical properties and plastic deformation of
grain-boundarles in bicrystals as a function of
bicrystallography determined by electron channeling
and high resolutlon transmission electron microscopy.
Comparison of results from polycrystalline thin films
and composed to simulations.

235. STRUCTURE AND CHEMISTRY OF METAL/CERAMIC
INTERFACES
A. G. Evans, Materials Department
(805) 961-8275 01-1 $§52,746 (24 months)

Different metals and ceramics joined under
well-defined, instrtumented, bonding conditions.
Reaction layers for different metal/ceramic
combinations identified and quantified by analytical
electron microscopy. Defect structure determined by
high resolution slectron microscopy. Theoretical
models of bonding and chemistry of interfaces.

236. THEORIES OF PATTERN FORMATION AND
NONEQUILIBRIUM PROCESSES
J. S. Langer, Department of Physics
(805) 9634111 02-3 $135,000

Theoretical investigation of phenomena that occur in
systems far from thermodynamic or mechanical
equilibrium. Dendritic solidification with emphasls on
the prediction of microstructural pattern formation in
dlloys. Statistical theories of nonequilibrium
phenomena In complex systems. Dynamics of
systems driven persistently toward the threshold of
_Instabliity.
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237. NUMERICAL SIMULATION OF QUANTUM
MANY-BODY SYSTEMS
D. J. Scalapino, Department of Physics
(805) 893-2871

J. R. Schrieffer, Department of Physlcs
(805) 893-2800 02-3 $90,000 (9 months)

Development of stochastic numerical techniques for
simulating many-body systems containing particles
that obey Fermi statistics, and application of these
techniques to problems of strongly interacting
Fermions. One-dimensional and
quasi-one-dimensional systems, arrays of these and
extensions to higher dimensions. Investigations with
various electron-phonon interactions to further the
fundamental understanding of conducting polymers,
spin glasses, pseudo-random spin systems such as
CeNif. Non-phonon pairing models (e.g., excitonic,
and frequency dependent transport) 1o test the
validity of theoretical approximations. Investigations
of many-Fermion systems in two and higher
dimensions.

238. MOLECULAR PROPERTIES OF THIN ORGANIC
INTERFACIAL FILMS
J. lsraelachvill, Department of Chemical and
Nuclear Engineering
(805) 961-3412  03-1 $180.000

Fundamental measurements of structural, adhesive
and tribological properties of thin organic films on
solid surfaces. Flm deposition by Langmulr-Blodgett
method. Measurements emphasize the use of o
Surface Forces Apparatus (SFA) for measuring directly
the forces acting between solid surfaces as a
function of separation with a distance resolution of
0.1 nm. Adhesion and surface energy of metals
coated with surfactant and polymer films are
measured by SFA In both gaseous and liquid
environments. New measurements of dynamic
forces acting on two laterally moving surfaces,
recording the normatl (compressive) and tangential
(frictional) forces while smuttaneously monitoring the
plastic deformation.

239. INTERFACIAL PROPERTIES OF CHARGED
MACROMOLECULES
P. A. Pincus, College of Engineering-Engineering
Materials Program
(805) 893-4685  03-2 $98,600

Theoretical research on the interaction of polymers
with surfaces. Effects of long rearrangement times
leading to quasi-ireversibility and hysteresis in the
force between polymer clad surfaces. Polymer
adsorbed on fluld-fiuid Interfaces. Dispersion stability
of suspended colloids with adsorbed polymers.
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Interaction of charged polymers with surfaces, whete
Coulombic forces are central to the Interactions
which control the physical behavior.

UNIVERSITY OF CALIFORNIA AT SANTA CRUZ
Santa Cruz, CA 95064

240. PHASE TRANSITIONS IN SYSTEMS WITH QUENCHED
DISORDER
D. Belanger. Department of Physics
(408) 459-2871 02-1 $60,000 (9 months)

Investigation of phase transitions in the presence of
quenched defects in well controlled and
characterized systems using neutron scattering.
optical bireflingence. optical Faraday rotation,
capacitance and pulsed speclfic heat, Systems
Include crystals where antiferromagnetism and
spin-glass behavior are in coexistence, epitaxial
antiferromagnetic thin films, magnetic dipolar
materlals, and stacked trangular lattice
antiferromagnets.

CALIFORNIA INSTITUTE OF TECHNOLOGY

Pasadena, CA 91125

241, ORDERING PHENOMENA IN UNDERCOOLED
ALLOYS
B. T. Fultz, Department of Engineering
(818) 356-2170 01-1 $83,810

This research is intended to address fundamental
questions concerning the motion and Interaction of
atoms In metallic alloys. A study of vibrational
entropy contributions to the thermodynamics of the
order-disorder transformation. Mossbauer
spectroscopy will be used to study the evolution of
local atomic arrangements in undercooled Fe Al. 3d
and 4d charge transfers will be related to enthalples
of phase transformations. Monte Carlo simulations of
short range ordering by vacancy diffusion wil
address kinetic Issues, such as vacancy trapping.

242. STUDIES OF ALLOY STRUCTURES AND PROPERTIES
W. L. Johnson, Division of Engineering and
Applied Science
(818) 356-4433  01-1 $238,922

Study of stabllity of crystalline metallic solids far from

equllibrium and their tendency to undergo crystalline

to glass transformations. Development of an
understanding of how severe mechanical
deformation of powders of pure metals and
intermetallic compounds alters the materials
properties. Research on hydrogen-induced phase
transformations, especially amorphization in rare-
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earth/transition metal Laves phases. Study of the
properties of thin fims of metaliic solid solution
phases at nonequilibrium concentrations.
Examination of evoiution of chemical disorder in
Intermetaliic compounds under ion Irradiation and
characterization of physical properties. Study of
pressure as a means of Inducing the crystalline to
glass transformation. Phenomenological modeling
and computer simulation. Examination techniques
Include X-ray and ‘electron diffraction. specific heat,
thermal expansion coefficient, and Mossbauer
spectroscopy.

243. GRAIN-BOUNDARY AND INTERFACE KINETICS
DURING ION IRRADIATION
H. A. Atwater, Department of Applied Physics
(818) 356-2197 014 $91.398

Experimental study of interface motion and stability in
polycrystaliine thin films during lon irradiation.
Relation of the structure and density of collision
cascades produced during iradiation to the kinetics
of grain-boundary motion. Microstructures
compared with binary colllsiom—based Monte Carlo
simutations of cascade structure, phenomenological
models of thermal splke formation, and data from
molecular dynamics simulation of high density
cascades. Results used to test analytic theories of
cascade evolution. Relation of grain-boundary and
Interface structure to their stabllity with respect to the
crystal—to—amorphous transition under iradiation. In
situ electron microscopy and optical interferometry
used to determine interface structures, veloctities and
morphology. Postrradiation electron microscopy
and grain size measurements used fo examine
Interface structure and evolution of film
microstructure. Results compared with models of
grain-boundary structure and grain-boundary
melting.

244, MELTING IN ADSORBED FILMS
D. L. Goodstein, Department of Physics,
Mathematics, and Astronomy
(818) 356-4319  02-2 $90.000

This program Involves thermodynamic and pulsed
NMR studies of adsorbed films. Heat capacity and
vapor pressure measurements are belng made on a
systematic grid of points In the coverage versus
temperature plane. A detailed phase diagram for
methane adsorbed on graphite has been
developed from the thermodynamic data. The
combination of thermodynamic and NMR data is
being used to investigate the nature of melting at
the crossover between 2- and 3-dimensions.
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CARNEGIE MELLON UNIVERSITY
3325 Science Hall
Pittsburgh, PA 15213

245. THE EFFECTS OF APPLIED STRESS ON
MICROSTRUCTURAL EVOLUTION
W. C. Johnson, Department of Metallurgical
Engineering and Materlals Science
(412) 268-8785  01-1 $98,600

Theoretlcal and computer simulation of
microstructural evoiution of two-phase systems under
stress. The influence of misfit strains and external
stress on precipitate shape, size. and distribution.
Computer simulation predicting particle alignment,
inverse coarsening. and rafting during Ostwaid
ripening.

246. THE ROLE OF MICROSTRUCTURAL PHENOMENA IN
MAGNETIC THIN FILMS
D. E. Laughlin, Department of Metallurgical
Engineering
(412) 268-2706

D. N. Lambeth. Department of Electrical cnd
Computer Engineering
(412) 268-3674 01-1 $95.000

Effects of microstructure of thin magnetic films on
extrinsic magnetic properties. Systematic variation of
important microstructural features, such as grain size
and crystallographic fexture, by control of variables
used during processing. Interelationship of
microstructure, magnetic domain structure and
extrinsic magnetlc propertles of magnetic thin films.

247. PHASE SEPARATION AND ORDERING IN INGaAsP
AND INGaAs MATERIALS
S. Mahajan, Department of Metouurglcal
Engineering and Materlals Sclences
(412) 268-2702

D. E. Laughlin, Department of Metallurgical
Englneering and Materlals Sclences
(412) 268-2706  01-1 $130,000.(18 months)

Experimental study (X-ray diffraction and transmission
electron microscopy) of phase separation, ordering
and coarsening In INnGoAs and INGoAsP grown by
liquid phase epitaxy. Evaluation of slectrical
mobliities (using the technique of vander Paul) and
optical properties (assessed by photoluminescence).
Influence of microstructural features on dislocation
grids. (with and without optical pumping) for
correlation with degradation resistance of
INP/(IN.Ga), (As,P). and GaAs/(Ga.ADAs light emitting
devices.
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248. INVESTIGATION OF THE INTERPLAY BETWEEN
COMPOSITION AND STRUCTURE AT INTERPHASE
BOUNDARIES
P. Wynblatt, Department of Metallurgical
Engineering and Materials Science
(412) 268-8711  01-1 $103,530

Combined experimental and theoretical study of the
relation between composition and structure of
solid/solld Interphase boundaries. Experimental work
to be carried out by: solid state wetting studies of
one phase by anocther, atomic resolution electron
microscopy of interfacial structure, and atom-probe
field lon microscopy of Interfacial composition.
Systems o be studied include Pb-Cu doped with Ag
and Au, Cu-Ag doped with Au, and possibly Po-NI
with appropriate dopants. Modeling of interphase
boundary structure and composition by Monte Carlo
techniques.

249. THEORETICAL MODELS FOR THE ULTIMATE
STRENGTH AND FLAW RESISTANCE OF
UNDIRECTIONALLY-REINFORCED CERAMIC-MATRIX
COMPOSITES
P. S. Steif, Department of Mechanical Engineering
(412) 268-3507 01-2 §98,500

Theoretical study of microstructural determinants of
strength and toughness In fiber-reinforced ceramics.
Macroscopic properties include: the ultimate tensile
strength pardllel to the fibers and the resistance to
matrix flaws which propagate normal to the fiber
direction. Understanding of the extent to which
these macroscopic properties depend on critical
micro-level properties, including, the character of the
fiber-matrix interface, as well as the fiber and matrix
moduli, strength and strength variabllity. Theoretical
approach to incorporate the Influence of the
interface via micro-mechanics models of the
interface, that reflect éither the presence of
chemical bonding or the possibility of interfacial
sippage.

UNIVERSITY OF CHICAGO
5640 Ellis Avenue
Chicago, . IL 60637

250. HIGH-TEMPERATURE THERMOCHEMISTRY OF
TRANSITION METAL BORIDES AND SILICIDES
0. J. Keppa. The James Fronck Institute
(312) 702-7198  01-3 $79,159

Detalled experimental study of transition metal
silicides and borldes using solute-solvent drop
calorimetry, a technique which provides
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experimental access to the thermochemistry of a
wide range of refractory materials, Establishment of
systematic trends In the enthalpy of formation for
transttion metal silicides and borides.

UNIVERSITY OF CINCINNATI
Cinclnnati, OH 45221

251, ROLE OF INTERFACIAL PROPERTIES ON THE STEADY
STATE AND NON-STEADY STATE FIRST-MATRIX
CRACKING BEHAVIORS IN CERAMIC- MATRIX
COMPOSITES
R. N. Singh. Department of Materials Science ond
Engineering
(513) 556-3119  01-5 $80.000

Study of the steady state and non-steady state

first-matrix cracking behavlors In fiber-reinforced -

ceramic composites. Fabricate composites with
tailored microstructure, flaw size, fiber architecture.
and interfaclal properties. Establish the role of
interfacial properties and flaw size on the first-matrix
cracking behavior in the steady state and
non-steady state matrix cracking regimes.

CITY UNIVERSITY OF NEW YORK AT CITY
COLLEGE
New York, NY 10031

252. DYNAMICS AND PATTERN SELECTION AT THE
CRYSTAL-MELT INTERFACE
H. Z. Cummins, Department of Physics
(212) 690-6921 02-2 $135,000

Dynamics at the crystal-melt interface, especially the
iniflal instabiliity and growth of small fluctuations in the
linear regime, evolution of the pattern through the
nonlinear coarsening stage, restabilization and
continuous sidebranching. Morphological instability
and pattern selection in which a uniform featureless
volume or smooth interface spontaneously
destabliizes and evolves to form a complex spatial
pattern as in a crystal growing into its undercooled
melt.

253. MAGNETIC CRITICAL BEHAVIOR OF
CONDUCTIVITY NEAR THE M-l TRANSITION
M. P. Sarachik, Department of Physics
(212) 690-6904  02-2 $107,285

A precise systematic study of the magnetic
propertles of homogeneous, well- characterized
samples of heavily doped semiconductors as
function of impurity concentration across the
metal-nonmetal transition. Faraday balance
measurements as a function of temperature (1.25 to
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300K) and of magnetic field (to 50kG) to separate
varlous contributions to the total susceptibiity. The
measurements will be extended to 500 mK and 190
kG at the National Magnet Laboratory. The role-
percolation has In the transition will be determined.

254. TRANSPORT IN SMALL AND/OR RANDOM SYSTEMS
M. Lax, Department of Physics
(212) 6906864 '02-3 $115,000

Theoretlcal research on electron and hole transport
In quasl-2D systems including the Interaction of hot
phonons. Time-dependent effects down to the
femtosecond regime, strong and/or microwave fields
and negative resistance effects are considered.
Resonance tunneling assisted by phonon relaxation
and Infrared radiation are explored. Fundamentals
of semiconductor laser operation Is reexamined and
partial noise Iin the presence of feedback evaluated.

CITY UNIVERSITY OF NEW YORK AT QUEENS

COLLEGE
Flushing, NY 11367

255. OPTIMIZATION OF FILM SYNTHESIZED RARE EARTH
TRANSITION METAL PERMANENT MAGNET SYST$ S
F. J. Cadieu, Department of Physics
(718) 997-7463  01-1 $138,040

Synthesls and study of properties of new and
potentlially useful rare earth transition metal
permanent magnet systems. Systems to be
examined are the Nd,Fe,;,B compound and related
compounds, the Sm-Ti-Fe high-T_ system, and the Sm,
(Co.Fe.21),, type system. Synthesis of a high moment,
relatively soft magnetic layer for use in making flux
paths and magnetic circult geometries. Study of
sputtering methods that are necessary for synthesls of
rare earth and transition metal film systems with
highly textured structures. Examination of the steps
and.procedures required to synthesize adjacent
layers of such rare earth and transition metal film
systems and to maintain optimum and controlled -
magnetic properties in the separate layers.
Magnetic properties, crystal structures, the role of
crystal texturing, and electronic properties will be
measured.



CLARK ATLANTA UNIVERSITY
Allanta, GA 30314-4381

256. THE SYNTHESIS, CHARACTERIZATION AND
CHEMISTRY OF $I-C-N-O-M CERAMIC AND
COMPOSITE POWDERS '

Y. H. Mariam, Department of Chemistry
(404) 880-8593  01-3 $66.786

Preparation of SI-C-N-O-M/SI-C-N-M systems, where
M=Tl or Zr, from silazane/organosilylamine polymer
precursors. Molecular and chemical structures,
microstructures, composition, morphology and
microcrystaliinity of powders Investigated by SEM,
TEM, EXAFS, EXELFS, etc. Detailed nitridation followed
by physical- and chemical-state characterization.
Computational modeling of certaln reactions
relevant to nitrldation, decomposition and
cross-linking ‘performed using semiempirical
molecular orbital methods to obtain reaction
enthalples, activation enthalples and entropies, and
potential energy surfaces. Modeling studies coupled
with TGA/FTIR, decomposition kinetics, evolved gas
analysis to investigate role of chemical reactivity and
structure in formation chemistry of ceramic and
composite powders.

Universities

258. POTENTIAL MODULATION OF EQUILIBRIUM AND
EXCITATION PHENOMENA AT THE
ELECTROLYTE-SOLID INTERFACE
T. Furtak, Department of Physics
(303) 273-3843  02-2 $100.000

Development and application of techniques for the
Investigation of electrochemical environments,
specifically solid-electrolyte interfaces. In situ optical
experiments including Raman and second harmonic
generation spectroscopy and scanning tunneling
microscopy will be employed. investigation of the
Interrelationships between substrate crystallography
and microstructure, and the electrochemical
parameters subject to external control. Emphasis on .
model systems such as sliver and platinum with
well-defined amounts of forelgn metal atoms and/or
Inorganic lons in contact with the surface.

COLORADO STATE UNIVERSITY
Fort Collins, CO 80523

- COLORADO SCHOOL OF MINES
Golden, CO 80401

257. NOVEL CONCEPTS IN WELDING: ROLE OF
GRADIENTS AND COMPOSITE STRUCTURE
D. L. Olson, Center for Weiding
and Joining Research
(303) 273-3775

D. K. Matiock, Center for Welding
and Joining Research
(303) 273-3775  01-5 $120,000

Composite modeling techniques, to describe the
effects of compositional and microstructural
gradients on weld metal properties in austenitic -
alloys, extended to the analysis of several new weld
metal systems of interest. Systems of interest include
composites of a soft weld metal with insoluble hard
second phase particles or alternating deformable
phases of approximately equal volumé fractions.
Special techniques to produce laboratory samples
with microstructures simulating the composition and
microstructure gradients In solidified weld metal.
Appropriate mathematical models to evaluate the
properties of the composite weld metals.

259. PROPERTIES OF MOLECULAR SOLIDS AND FLUIDS
AT HIGH PRESSURE AND TEMPERATURE
R. D. Etters, Department of Physics
(303) 491-6206 02-3 $70,000

Calculation of the properties of molecular solids and
fluids over broad ranges of temperature and
pressure. Properties of interest. Solids: equiliorium
structures and orlentations, lattice vibrational and
vibrational mode frequencies, intramolecular vibron
frequencies, sound velocities, equations of state,
compressibliities, structurai and orientational phase.
fransitions. Fluld phase: equations of state. vibron
frequencies, the mefting transition, specific heats,
compressibliities, second viral coefficlents, viscosities
and other transport properties, and the nature of .
orlentational and magnetic correlations. Techniques
used Include muiti-dimensional optimization
strategles, self-consistent lattice dynamics, constant
pressure and constant volume Monte Carlo (l.e..
variable metric) computation, mean field and
classical perturbation methods. Systems studied
include N,. O,, CO, CO,, F,. N,O. |,. Cl,, Br,. HI, HBr,
and H,. Attention Is glven to connections with
combustion and detonation phenomena, and to
synthesls of new materials. Coilaboration with
theoretical and correlation with experimental
programs at Los Aimos National Laboratory and
Lawrence Livermore National Laboratory.
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COLUMBIA UNIVERSITY
New York, NY 10027 -

260. PROTONS AND LATTICE DEFECTS IN
PEROVSKITE-RELATED OXIDES ’
A. S. Nowick, Krumb School of Mines
(212) 854-2921 01-3 $133,000

Defect chemistry of pure and doped
perovskite-related oxides that include KTaO,,
BaCeQ,, CaTiO,. and mixed order/disorder type
perovskites. Utillzation of EPR and IR techniques, in
addition to electrical conductivity and dislectric
relaxation measurements. Deuteron NMR
measurements in deuterium-charged samples to
study the interaction of deuterons with other
deuterons and the lattice. Computer simulation
techniques to study and predict defect-dopant -
behavior. Study of the Jonscher *universial®
relaxation effect in simple lonic materials over a wide
temperature regime.

UNIVERSITY OF CONNECTICUT
Storrs, CT 06268 :

261. A COHERENT MODEL OF MARTENSITIC
NUCLEATION AND GROWTH
P. C. Clapp. Department of Metallurgy
(203) 4864714  01-1 $148,110

Development of coherent martensitic nucleation
model for a varlety of fransformation symmetries
using a nonlinear, nonlocal strain free energy similar
to the Ginzburg-Landau form. Fourth order gradient
terms are Included to deal with the large number of
real systems showing negative second order strain
gradient coefficients; heterogeneous defects of
varying potencies are included; the dynamics of the
transformation instabliities are analyzed for specific

cases. One-, two-, and three-dimensional cases are .

studied and matched with the parameters of real
systems. Point, line, and surface defects are
considered and thelr effects, both local and global,
on the transformation are examined. The model
contains a self-consistency check on the coherency
hypothesis: cases that fail this test are consldered
separately Indicating an essential essential role for
Interface dislocations In the nucleation process.
Comparisons to experimental data on Na, B-NIAl,
Fe-30ONi and Nb,Sn.
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262. SYNCHROTRON RADIATION STUDIES OF LOCAL
STRUCTURE AND BONDING IN HIGH-T_
SUPERCONDUCTING OXIDES, TRANSITION METAL
ALUMINIDES AND SILUCIDES
J. |. Budnick, Department of Physics
(203) 486-4924  02-2 $22,825 (3 months)

Local environment changes In electron- and
hole-doped systems based on the La,CuO, and the
Nd,CuO, systems by varying oxygen activity and lon
valences. Careful studies with X-ray near edge
(XANES) and extended absorption fine structure
spectroscopy (EXAFS) at the National Synchrotron
Light Source provide electronic and structural .
Information. Glancing angle X-ray reflectivity and
EXAFS of superconducting substrate interactions,
transition metal aluminides and implanted transition
metal silicide systems will be explored.

263. ENERGY TRANSFER AND NONLINEAR OPTICAL
PROPERTIES AT NEAR ULTRAVIOLET WAVELENGTHS:
RARE EARTH 4F TO 5D TRANSITIONS IN CRYSTALS
AND GLASSES
D. 8. Hamilton, Department of Physics
(203) 486-4914 02-2 $21,000

Investigation ‘of optical properties of rare earth ions,
substitutionally doped Into host crystals and glasses.
Especlally near ultraviolet transitions, 4f to 5d of these
lons, non-radiative relaxation processes. two step
photoionization, laser-induced diffraction gratings
and phase conjugate wave generation are under
Investigation.

CORNELL UNIVERSITY
ithaca, NY 14853

264. CRYSTALLINE-AMORPHOUS OXIDE INTERFACES
AND RELATION TO GRAIN-BOUNDARY FiLMS
C. B. Carter, Department of Materials Science
and Engineering. - .
(607) 265-4797  01-1 $137,751
Study of structure and chemistry of the Interface
between an amorphous material and crystalline
form. Surface reaction on a blcrystal sample
examined by cross-sectional transmission electron
microscopy and reaction of a glass-forming vapor
with a pre-thinned TEM sample. Materials studied are
alumina, magnesia and sllicon.
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265. THEORY OF NONLINEAR, DISTORTIVE PHENOMENA
IN SOLIDS: MARTENSITIC, CRACK AND MULTISCALE
STRUCTURES-PHENOMENOLOGY AND PHYSICS
J. A. Krumhansl, Department of Physlcs
(413) 253-2704

J. P, Sethnc, Department of Physlcs
(607) 2556-5132  01-1 §157,760

Development of a theoretical framework for
analyzing displacive changes and application to a
few selected martensitic transformations. Physics of
transformation, mesostructure, and cracking by large
lattice distortion. Tweed" precursor textures In
martensitic materlals several hundred degrees above
their bulk transformation temperatures. Continuum
theory for brittle crack growth in three dimensions.
Search for giant elastic softening, glassy propenles
nucleoﬂon and nucleation dynamics.

266.-STUDIES OF THE 1ilI-V COMPOUNDS IN THE
MEGABAR REGIME
A. L. Ruoff, Department of Materlals Sclence
and Engineering
(607) 255-4161 01-1 §129,166
Crystal structure of Hil-V compounds with low atomic
number as a function of pressure to 200-300 GPa (2-3
Mbar) with emphasis on transformations from
four-fold to six-fold, eight-fold, and twelve-fold
coordination. Metallic properties characterized by
-visible and near infrared refiectivity. Verification of
theoretical models using broad range of pressure,
coordination number, and Interatomic spacing.

267. EXPERIMENTAL STUDIES OF THE STRUCTURE OF
GRAIN-BOUNDARIES
S. L. Sass. Deparment of Materials Sclence
and Engineering
(607) 255-5239  01-1 $197,620
Investigation of grain-boundary structure of BCC
metals, ceramics, and intermetallic compounds using
transmission electron microscopy (TEM), electron
diffraction, and X-ray diffraction techniques. Study of
the influence of segregation on the structure of
grain-boundaries In Fe-base alloys, MgO + Fe and
NI,Al, determination of grain-boundary reglon in
order to obtaln structura) information,
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268. UHV-STEM STUDIES OF NUCLEATION AND GROWTH
OF THIN METAL AND SILICIDE FILMS ON SILICON
Ji slcox School of Applled and
Englneeflng Physics
(607) 255-3332

E. J. Kiidand, School of Applied and
Engineering Physics -
(607) 255-3332  01-1 $149,166

Compound formation between silicon and heavy
transition elements and grain-boundarles in Ni,Al
studied by annular dark field scanning transmission
electron microscopy (ADF-STEM) at atomic structure
reso!uﬂon level and by analytical EM. initial stages of
eplthlol elemental or silicide thin film formation in
early cluster formation (slands) surface domain and
interface formation on sliicon. Effects of annealing
and contaminant gases (e.g.. 0,, H,) on observed
structures. Structure, chemical composttion and
iocal ?lecfronlc structure of grain-boundaries in Ni,
determined with annular dark fleld Z-contrast,
convergent beam electron diffraction and EELS. .

269. CERAMIC FILMS AND INTERFACES: CHEMICAL
AND MECHANICAL PROPERTIES
Rish! Raj, Department of Materials Science
and Engineering .
((?O?) 265-4040 01-2 $176.,630
1 :
Structure and composition of Interfaces between
dissimilar ceramics and correlation between
structure, chemistry and mechanical properties.
Investigation will use alumina/zirconia interfaces in
layered thin films under controlied oxygen partial
pressures. Special emphasis on the formation of
intergranular phases. Structure characterized by high
resolution TEM, chemistry by scanning TEM, and
mechanical properties by intemnal friction, fracture,

and pl_dsﬂclty.

270. STRUCTURE AND ELECTRONIC PROPERTIES OF
MISMATCHED [Ii-V INTERFACES -
D, Ast, Department of Materials Science
and Engineering
(607) 2554140  01-3 $92,684
Structure. electrical properties, stabllity and
supprgsslon of Interface defects In lattice
mismatched III-V systems and related systems.
Investigation Includes single overlayer and multiple
overlayer growth (superiattices) on flat substrates
and pattemned substrates. :Understanding of what
factors promote the formation of interface
dislocations.
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271. SURFACE PHASES AND THEIR INFLUENCE ON
METAL-OXIDE INTERFACES
J. M. Blakely, Department of Materials Sclences
and Engineering
(607) 255-5149  01-3 $§112,762
Determination of phase diagrams for binary 2-D
adsorbed systems, such as S + O, on transition metat
surfaces and effect of adsorbed phases on growth
and morphological stabllity of oxide layers on these
materials. Determination of long range order and
transitions in the adsorbate phases by LEED ond
surface X-ray diffraction. Composition and bonding
information from Auger and photoemission .
spectroscopy. Spectroscopic ellipsometry for oxide
thickness determination and scanning tunneling
microscopy surface phase morphology, interphase
boundarles, and heterogeneous oxlde—odsorboTe
surfaces.

272. DEFECTS AND TRANSPORT IN MIXED OXIDES
R. Dieckmann, Department of Materlals Science
and Engineering
(607) 255-4316  01-3 $111,500
Measurements of nonstoichiometry, electrical
conductivity and cation tracer diffusivity in NaCl- and
spinel-structured quaternary oxides containing
transition metal cations. Data to be combined with
theoretical studies and computer simulation in order’
to develop a-model for point defect equllibria and
related transport properties. .

273. THE GEOMETRY OF DISORDER: QUASICRYSTALS
AND FRUSTRATED MAGNETS -
C. L. Henley, Department of Physics
(607) 255-5056  02-3 $76,000

Investigate quasicrystal geometry to compute
phason elastic constants, compare atomic structure,
fitting data to atomic model of a decorated cell and
cluster packing. and develop structure models. for all
decagonal phases. Determine in randomly frustrated
spin systems, with carrier spin interactions, the
‘spin-glass” Insulating phase of high-T_’s, the excited
states of the hole-spin and In classical Cu:Mn spin
glasses search for new experimental tests of
*spin-density wave." and *Fermi-liquid* models. In
percolation and nonlinear dynamics, analytically - -
determine exponents of self-organized percolation
model In one dimension and In mean field theory.

57

274 SYNTHESIS AND PROPERTIES OF NOVEI. CLUSTER
PHASES
F. J. DiSalvo, Department .of Chemistry
(607) 265-7238  03-1 $169.000

Synthesis of new cluster compounds, Chevrel phases,
contalning the metals, Nb, Ta. Mo, W and Re..
Compounds are usually halides, chalcogenides,
oxides or pnictides. Examination of solid state
synthesis and properties of new metal cluster
chacogenide phases to be emphasized. Synthesls to
oexploit some of the known solution chemistry of
hallde compounds to obtain novel kinds of
compounds. Properties such as: supetionic .
conductivity, very high superconducting magnetic
behavior and thermally induced valence transitions
of post-transition elements to be determined. Study:
of MoyX, Infinite chain clusters and polymer blends of
these Inorganic polymers with organic polymers.
Synthesis of complexes of Nb,l, with bi-functional
ligands or square planar metal organic or - -
coordination complexes. Characterization by X-ray
diffraction, Faraday balance for magnetic
measurements, four probe reslstance for
conductivity, Hall effect, and magneto-resistance
measurements.

DARTMOUTH COLLEGE
Hanover, NH 03755

275. THE HALL-PETCH RELATIONSHIP AND , )
MECHANISMS OF FRACTURE IN B, COMPOUNDS
I. Baker, Thayer School of Engineering .
(603) 646-2184  01-2 $113,672

An investigation of the relationship between the
parameter K, in the Hall-Petch Relationship,

o, = &, + Kd'%, and grain-boundary :
struc?ure/chemlstry in a number of B, cpmpound§. i
Grain-boundary structure and chemistry determined-
by scanning transmisslon electron microscopy and
Auger electron microscopy. Groln-boundory
dislocation structures examined by transmission
electron microscopy including [n situ straining
experiments. Slip trace analysis of polished surfaces .
to examine planarity of slip. Fracture modes
determined by scanning electron microscopy. Extent
of plastic deformation on fracture surfaces
determined by selected area channelling pattermns.
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276. INTERGRANULAR FRACTURE AND THE
ACCOMMODATION OF SLIP AT GRAIN-
BOUNDARIES
E. M. Schulson, Thayer School of Engineering
(603) 646-2888 01-2 $129,229

Examine disiocation pileup/grain-boundary
accommodation model In more detall, carry out
systematic In situ TEM deformation studies on Ni-fich.
stoichiometric and Ni-Hean Ni;Al both with (0.35 at%)
and without boron; investigate grain boundary sliding
in Ni,Al by systematic experiments on the effects of
grain size on high temperature deformation
(800-1200K) of Ni,Al with (0.35 at%) and without
boron; investigate grain size effects on the strength
and ductility of Ni;SI, Ni;Ge, and Ni;Ga by systematic
experiments on the effects of grain size on the
mechanical properties and resultant deformation
structure; improve the toughness of intermetaliic
compounds through grain shape control, i.e.,
generate equiaxed fine grain structure with
simultaneous increase of aspect ratlo, comparative
tests (fibrous vs equlaxed microstructures) performed
at RT using Charpy impact technique. Subsequent
fracture toughness measurements using standard
ASTM procedures.

277. EXCITONS IN SEMICONDUCTING SUPERLATTICES,
QUANTUM WELLS, AND TERNARY ALLOYS
M. D. Sturge, Department of Physics
. (603) 646-2359  02-2 $100.929

Optically exclted states of quantum well and
superlattice structures In semiconductors.
Time-esolved tunable laser spectroscopy, with and
without external perturbations such as magnetic
fleld, electric field and uniaxial stress. will be
employed to investigate exciton states in very short
period superlattices where the "effective mass
model® breaks down and in electron-hole plasmas
form when the excitation denslity Is high. Termnary
alloys will be investigated to establish whether alloy
disorder produces a mobliity edge for excitons.
Exciton-phonon coupling In -Vl compounds will be
examined.

UNIVERSITY OF DELAWARE
Newark, DE 19716

278. FUNDAMENTAL STUDIES OF STRONGLY MAGNETIC
RARE EARTH-TRANSITION METAL ALLOYS
G. C. Hadjipanayis, Department of Physlcs
(302)?;;1-2736 02-2 $39.994

Investigation of the new Iron rare earth metalloid
alloys with high potential for permanent magnetic
applications Including Fe,;,R,:M, and Feg,R,,M, where
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R Is primarily a rare-earth and M Is a metdalioid such
as B, C, and §l. Main emphasis on preparation
techniques, correlation of magnetic properties of
sputtering films with sputtering parameters,
exploration of dependence of the magnetic

- properties on the electronic factors and atomic

spacings In Fe-Nd-B alloys, and a detailed study of
the relationship of microstructure, secondary phases
and defects on the magnetization reversal and
histories. Work in collaboration with the University of
Nebraska,

UNIVERSITY OF DENVER
Denver, CO 80208

279. RESIDUAL STRESSES IN FIBER-REINFORCED
CERAMIC COMPOSITES BY DIFFRACTION METHODS
P. K. Predecki, Department of Engineering
(303) 871-3570  01-2 $59,160 ‘

Residual stresses and strains in ceramic fiber/ceramic
matrix composites by X-ray diffraction to obtain near
surface stresses and by neutron diffraction to obtain
the bulk microstresses in each crystalline phase.
Diffraction measurements as function of temperature
on well-characterized specimens in which either the

* thermal expansion of the matrix or the fiber surface

treatment has been varled. Materials investigated
include aiumina fibers in sliicate glasses and SiC
whiskers In alumina. Noyan-Cohen analysls
accounting for 3-dimensional nature of stresses and
Inciuding. where possible, separation of
macrostresses and microstress components In each
phase. Results correlated with mechanical
properties and thermal expansion via existing models
for composite behavior. Objective is to provide a
test for such models and to see If the techniques are
useful for predicting strength, toughness, and thermal
expansion of these materlials.

FLORIDA ATLANTIC UNIVERSITY
Boca Raton, FL 33431

280. THEORETICAL STUDIES OF METALLIC ALLOYS
J. S. Faukkner, Department of Physics
(407) 367-3429

L. T. Wille, Department of Physics
(407) 367-3429  01-1 $69.020

Techniques for total energy calculations developed
within the framework of the KKR-CPA and the
non-muffin tin quadratic KKR (@KKR) band theory
method. The energies, Ex(K). calculated from the
embedded cluster method and the energies of the
ordered phases will be obtalned with the QKKR. The



Universities

subprograms will be Integrated using a QKKR-CPA
and advanced coding for a supercomputer such as
bit mapping and logical operations that will lead to
a vectorized code. Realistic first principles
calculations of phase diagrams and phase stability
parameters will then be performed on the alloys such
as PdRh, MoCr, MoNb, MoTa, and other topical
systems. -

FLORIDA STATE UNIVERSITY
Tallahassee, FL 32306

281. HEAVY FERMIONS AND OTHER HIGHLY
CORRELATED ELECTRON SYSTEMS
P. U. Schlottmann, Department of Physics
(904) 644-2246  02-3 §91,296

Theoretical investigations of highly correlated Fermion
systems. The Bethe-ansatz Is used to solve the
orbitally degenerate Anderson impurity model with
finite Couiomb repulsion. The dynamics of the
n-channel Kondo problem is Investigated within a 1/n
expansion. The thermodynamic Bethe-ansatz
equations of the n-channel Kondo problem are
solved numerically In a magnetic field. The low
temperature and small field magnetoresistivity of
heavy-Fermion alloys Is studied. The properties of the
spin-one Helsenberg chaln with anisotropies induced
by crystal fields and the generalized t-J model in
one- and two-dimensions are Investigated.

282. HE-ATOM SURFACE SCATTERING: SURFACE
DYNAMICS OF INSULATORS, OVERLAYERS AND
CRYSTAL GROWTH
J. G, Skofronick. Department of Physics
(904) 644-5497

S. A. Safron, Department of Chemistry
(904) 644-5239  02-4 $135,000

Application of a Helium atom-surface scattering
instrument to the investigation of surface dynamics of
ionlc Insulators Including MgO. NIO, KCN, and
perovskites. Continued investigations of epitaxial
growth as a function of growth parameters and
molecular size. Examination of the dynamics of the
head groups of alky! thiols which self-assemble on Au
and Ag. Investigate the surface magnetic properties
of magnetic superiattices such as NiO/Fe,O,
prepared by molecuiar beam epitaxy. Temperature
dependent multiphonon measurements on all
systems will be made.
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UNIVERSITY OF FLORIDA
Gainesville, FL 32611

283. QUANTUM-CONFINEMENT EFFECTS AND OPTICAL
BEHAVIOR OF INTERMEDIATE SIZE SEMICONDUCTOR
CLUSTERS
J. H. Simmons, Department of Materlals Sclence
and Engineering
(904) 462-5469

P. H. Kumar, Department of Physics
(904) 392-6690  01-1 $175,067 (16 months)

- Relationship between semiconductor microstructure,

electronic band structure, and linear and nonlinear
optic properties of semiconductor cluster/glass
composites; honvanishing carrier wavefunctions at

- Cluster surface, electronic band structure, enhanced

carrler interactions with surface defects, carrier
tunneliing in glass matrix. Nanosized semiconductor
clusters (lI-VI or lll-V) isolated in glass matrix by
sequentlal RF sputtering. Structural characterization
with extraction TEM, electron and X-ray diffraction;
role of exitons in quantum-confined clusters by
optical absorption, photoluminescence, resonant
Raman scattering, nonlinear optical band filing and
pump-probe. Including subpicosecond spectral hole
burning.

284. THE COUPUNG OF THERMOCHEMISTRY AND
PHASE DIAGRAMS FOR GROUP 11I-V
SEMICONDUCTOR SYSTEMS
T. J. Anderson, Department of Chemical
Engineering
(904) 392-2591 01-3 $88.740

Component activities measured in the compound

semiconductor system Ga-in-As-P with solid state

electrochemical methods. Ga or In activities
measured In liquid solutions with a galvanic cell using
ytria-stabliized zirconia as the solid electrolyte.

Activity of GaAs in the solid solution Ga3In, As

measured with a galvanic cell. GaAs solidus

measured by coulometric titration in an
electrochemical cell using MOCVD deposited GaAs.

Reference state for Group Il arsenides and

phosphides will be studled. Infinltely dilute solutions

of As or P In In and Ga wlii be Investigated as
sultable reference states. Measurement results and
reference state characterization studies used to
assess the thermochemistry and phase diagram of
the Ga-In-As-P system. Results of this assessment will
be used for complex chemical equilibrium
calculations as applied to hydride CVD in

InGa,,As P, . Assessment of Ga-As-Bi and Al-Ga-In-P

systems will be performed.
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285. X-RAY SCATTERING STUDIES OF NONEQUILIBRIUM
ORDERING. PROCESSES
S. E. Nagler, Department of Physics
(904) 392-8842 02-2 $65.000

Investigation of the kinetics of first order phase
transitions. Time resolved high resolution X-ray
scattering used to probe development of order in
materials that have been rapidly quenched 1hrough
a phase transition. Synchrotron radiation
measurements to complement in-house experiments
using a rotating anode. Systems under investigation
include thin films and single crystais of alloys, block
co-polymers, and.the martensitic transformation in
solid hydrogen. Emphasis on elucidating the
underlying universal features of the kinetics.

286. §TUDIE$ OF NOVEL SUPERCONDUCTORS
G. R. Stewart, Department of Physics
(904) 392-9263 02-2 $100,000

Experimental investigations of "heavy Fermion®
systems with emphasis on UBe,,. Use of
microcalorimetry measurement techniques, coupled
with applled magnetic fields up to 15T (up to 30T at
National Magnet Laboratory), and specific heat
determinations (0.3 to 150K) to explore similarities
between single cr . s of high-T, superconductors
and heavy Fermion superconductors. In particular,
possible connections of superconductivity and
magnetic correlations, highly correlated seiectrons,
short (~10 A) superconducting correlation lengths will
be examined. Doping on the non-f-atom site in UBe,,
with B, Ga and Al will pfovide new materials for
study.

GEORGIA TECH RESEARCH CORPORATION
Atianta, GA 30332

287. FIRST-PRINCIPLES STUDIES OF PHASE STABILITY
AND THE STRUCTURAL AND DYNAMICAL '
PROPERTIES OF METAL HYDRIDES

“ M. -Y. Chou, Department of Physics
(404) 894-4688 02-2 $50.,000

Problems to be investigated include:
disorder-disorder, disorder-order and order-order
phase transitions found in the ’
temperature-composition diagrams; preferential
Interstitiat sites of hydrogen In different metals, the
change of optimal sites under hydrogen in different
metals, the change of optimal sites under static
pressure or unlaxial stress; the vibrational spectra, .
diffusion barrler and migration path of hydrogen In
metals. Structural and electronic properties will be
examined by total-energy calculations for a series of
metal hydrides by the local-density-functional
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approximation and the pseudopotential method.
Varlous hydrogen concentrations and configurations
will use the supercell method. Within the framework
of cluster expansions, the multibody Interaction
energies among hydrogen atoms as extracted from
the total energles of related ordered structures are
used to Investigate the thermodynamic properties
and phase diagrams by the cluster vorlaﬂonol
method. .

288. STRUCTURE AND DYNAMICS OF MATERIAL
SURFACES, INTERPHASE-INTERFACES AND FINITE
AGGREGATES .

U. Landman, School of Physlcs
(404) 894-3368  02-3 $229.266

Numerical slmulaﬂons/mole_cular dynamics
investigations of the fundamental processes that
determine the structure, transformations, growth,
electronic properties and reactivity of materials and
material surfaces. Focus on (1) surfaces, interfaces
and Interphase-interfaces under equilibrium and
nonequilibrium conditions and (2) finite materlal
aggregates. Modeling uses molecular dynomlcol
and quantum mechanical path- lnfegrcl numerlccl
methods.

289. GROWTH, STRUCTURE AND STABILITY OF EPITAXIAL
OVERLAYERS ' . . '
A. Zangwill, Department of Physics
(404) 894-7333  02-3 $85,000

Investigate growth, structure and stabillity of epitaxiai
overlayers. Morphology of MBE and CVD films by use
of continuum models. Long term evolution of ’
morphological instablity. Epitaxial stabilzation of
metastable phases. Development of a general -
theory of structural phases and phase transitions in
superiattices and multilayers. Time dependent -
pattern formation in cases where misfit locations' are
plnned o’r the epitaxial ln’rerfoce

290 THE ORGANIC CHEMISTRY OF CONDUCTING
POLYMERS . '
L. M. Tolbert, Department of Chemistry
(404) 894-4043 03-1 $93,670

The phenomena of charge transport In conducting

polymers, materials which are ordinarily insulators, is
basically a problem In mechanistic organic -
chemistry. Fundamental studies are belng
conducted in which oligomaers of defined length
have been synthesized, and a comparison of their
spectroscoplic properties as they converge with
those of the associated polymers Is being carried
out. This approach has allowed a validation of solid
state theory. New dlternating heteropolymers which
have enhanced stabliity and processabiliity. while
retaining the desirable characteristics of more



well-known polymaers such as polythiophene, are
being synthesized. This novel class of heteropolymers
Is characterized by strong charge-transfer
characteristics and significantly smaller band gaps
than the homopolymers.

UNIVERSITY OF GEORGIA
Athens, GA 30502

g

291. OPTICAL STUDIES OF DYNAMICAL PROCESSES IN
DISORDERED MATERIALS - .
W. M. Yen, Department of Physlcs and Astronomy
(404) 542-2491 02-2 $125,000

Investigation of relaxation and energy transfer In and
among optically excited states in disordered or
amorphous systems and In certaln ceramics.
Application of new spectroscoplc techniques to
provide more fundamental understanding of
prototyplcal transport processes. Appllcoﬂon of -
advanced laser techniques, Including ﬂuorescbnce
line narrowing (FLN) and time-resolved FLN, Diiution
Narrowed Laser Spectroscopy (DNLS), measurement
of coherent optical transients. photoacoustic and
photocalorlc methods, and far infrared free electron
laser. Examination of activated materials with
proven fractal dmensions and propertles, energy
transfer across order-disorder environment,

HARVARD UNIVERSITY |
Cambridge, MA 02138 n

292. MEASUREMENTS OF CRYSTAL GROWTH K'i“Ni‘th
AT EXTREME DEVIATIONS FROM EQUILIBRIUM
M. J. Aziz, Divislon of Applied Sclence .
(617) 4959884  01-1 $90,000

Time-resolved measurements of optical re'ﬂectonce
translent electrical resistance and thermal emf wIII be
used to measure the location, speed and
temperature of rapldly moving solid/liquld interfaces
created by short laser pulses. Post-rradiation analysis
will determine the resulting phase, microstructure and
composition profile. Results obtalned on metals and
semiconductors will be compared t6 theories for the
kinetics of solute incorporation during rapid cryéfol
growth, the cellular or dendritic breakdown of an
Initially planar interface, and the undercooling at a
moving interface.
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293. X-RAY STANDING WAVE INTERFEROMETRY-OPTICS
AT 1| ANGSTROM WITH APPLICATIONS TO SURFACE
AND MATERIAL SCIENCES
J. A. Golovchenko, Department of Physlcs'

(617) 495-3%05  02-2 $175,000

Examine thin fllms and epltaxial growth processes
using X-ray standing wave Interferometry. Develop
new applications of dynamical diffraction methods
for Investigating condensed matter. Investigate
nonperturbative and nonlinear Interactions of X-rays
with materials. Determine the role of single atomic
layers at metal-semiconductor interfaces which serve
as diffusion barriers, Schottky barrier modifiers or as
VLS crystal growth barrier reducers. :

294. FUNDAMENTAL PROPERTIES OF SPIN-POLARIZED
QUANTUM SYSTEMS
| F. Silvera, Department of Physlcs
(617) 4959075  02-2 $210,000

Investigation of the properties of quantum gases of
spin-polarized atomic hydrogen and deuterium,
Attempt to reach sufficient densities and low
temperatures that these unusual gases will undergo
Bose-Einsteln condensation using microwave traps
and cooling and by using hellum walls covered with
electrons. Attempt to observe directly the surface -
atoms of spin-polarized hydrogen adsorbed on a
hellum film surface. Observe the onset of the ,
expected superfluidity in the two-dimensional system
by means of “third sound® resonance. Develop a:
moﬁer wave interferometer,

295. SYNCHROTRON STUDIES OF X- RAY REFLECI’IVITY
FROM SURFACES
P. S. Pershan, Department of Phys!cs and
. Applied Sclence
(617) 495-3214  03-3 $80,495
Experimental study using glancing angle X+tay -
scattering to determine surface and neaqr surface
structure and density profiles, Pure liquid metals and
alioys with melting temperatures no higher than lead
(327C) will be examined in the Initial phasse. -Ultra
high vacuum equipment will be used to maintain
clean surfaces. In addition, specular reflectivity of
X-rays will be used to Investigate the. physical
processes by which liquids deposlit on solid surfaces.
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UNIVERSITY OF HOUSTON
Houston, TX 77004

296. DIFFRACTION STUDIES OF THE STRUCTURES OF
GLASSES AND LIQUIDS
3. C. Moss, Department of Physics
(713)749-2840  02-1 $132,000

Development of a dedicated neutron diffractometer
for glass and liquid studies for use at the Intense
Pulsed Neutron Source (IPNS) of Argonne National
Laboratory with support and collaboration with
Argonne. Design will optimize the need for required
resolution and the ideal angular range appropriate
to both high and low momentum transfer. High
intensity, unique instrument. Usable wavelength
range from 0.1 to 4 Angstroms with the solld methane
moderator at 30 Kelvin temperature. Provide greater
real space resolution. Structure and modeling of
amorphous state. Neutron studies of the glass
transition. Structure of SIO,, SnO,, and IrO,.

iBM
650 Harry Road
San Jose, CA 95120-6099

' 297. SEGMENTAL .. (RPENETRATION AT
POLYMER-POLYMER INTERFACES
T. P. Russell, Aimaden Research Center
(408) 927-1638  03-2 $77.777 (9 months)

The behavior of block copolymers at interfaces will
be studied with the use of neutron and X-ray
reflectivity, XPS, DSIMS, and FRES. The subjects of
Investigation will Include the behavior of diblock
copolymer in confined geometries, the interfacial
behavior of P(S-b-MMA) at the interface between PS
and PMMA homopolymers, the interfacial behavior
of multiblock copolymers, and the behavior of
diblock copolymers at the interface of dissimliar
homopolymers. The combined use of the four
techniques mentioned above, coupled with small
angle X-ray and neutron scattering, will permit a
quantitative evaluation of the segment density
profiles of block copolymers at interfaces and wili
allow a critical assessment of current theoreticai
treatments of the interfacial behavior of block
copolymers.
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INDIANA UNIVERSITY
Bloomington, IN 47402

298. HIGH-RESOLUTION ELECTRON ENERGY LOSS
STUDIES OF SURFACE VIBRATIONS
L. Kesmode!, Department of Physics
(812) 8550776 02-2 $115.902

Investigation of surface vibrational properties on
meftal surfaces, ultrathin magnetic films,
semiconductor and metal-semiconductor systems.
The experimental method employed is high-resolution
electron energy loss spectroscopy (EELS) with an
energy resolution of 3-5 meV. Detailed surface
phonon dispersion Information Is to be obtained on
copper, siiver, fron, iron/sliver, and aluminum/silicon
with and without adsorbates such as hydrogen,
oxygen, and sulfur. Results are to be compared with
redlistic theoretical models of surface lattice
dynamics and inelastic electron scattering.

JOHNS HOPKINS UNIVERSITY
Baltimore, MD 21218

299. INVESTIGATION OF THE PROCESSES CONTROLLING
THE FLAME GENERATION OF REFRACTORY
MATERIALS
J. L. Katz, Department of Chemical Engineering
(301) 338-8484 01-3 $73,950

Fundamental study of nucleation, growth and
agglomeration of fine partictes generated in flames.
Correlation of gas phase species concentration with
these processes and resultant particle sizes.
Absorption and other spectroscopic methods utilized
to follow gas phase species concentrations. Materials
studies Include sllica, titania, alumina and germania.

300. DE-ALLOYING AND TRANSCRYSTALLINE
STRESS-CORROSION CRACKING
K. Sieradzkl, Departiment of Materials Science
and Engineering .
(301) 338-5409

J. W. Wagner, Department of Materlals Science
and Engineering
(301) 338-5409  01-5 $80,000

Research addresses three major areas: 1) the
dynamics of the film-Induced micro-cleavage
process; 2) the effect of the electrochemical
potential on the coarsening of de-alloyed sponges
and 3) the mechanical properties of de-alloyed
layers. Test parameters include de-alloyed film
thickness foll texture, electrochemical potential,
dynamic displacement rates and amplitude of the
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displacement pulse applied. Examine role of the
penetrate into ductile substrate. Measure the
propagation of brittle elastic cracks in a 10 micron
thick foll coarsening of de-alloyed layers by:

1) electrochemical techniques, 2) grazing angle
X-ray scattering and X-ray reflectivity measurements
at National Synchrotron Light Source and 3) scanning
tunneling microscopy. Mechanical properties of
de-alloyed structures to determine the effect of
coarsening on the elastic and fracture properties of
the layers. Alloy systems Include Zn-Cu, Ag-Au and
Cu-Au.

LEHIGH UNIVERSITY
Bethiehem, PA 18015

301. ANALYTICAL ELECTRON MICROSCOPY OF
CATALYSTS :
C. E. Lyman, Department of Metallurgy and
Materials Engineering
(215) 861-4249  01-1 $84,844

Elucidation of the processes or phenomena which
control the Internal distribution of deposited metal
during the preparation of supported metal catalysts,
Measurement of the distribution of noble and
metallic catalytic poisons on a micrometer to
nanometer scale by electron beam microanalytical
methods. Correlation of catalyst microstructure with
catalytic activity. Variable experimental parameters
include noble metal type, Impregnation procedure,
drying rate, reduction rate, type of SO, sorbent
coating, regeneration scheme, etc. Detailed study
of effects of electron beam damage on surface
mobility of catalytic poisons. Principle analytical
techniques are analytical electron microscopy with a
fleld emission gun and a lateral spatial resolution
better than 2 nm and electron probe elemental
microanalysis with a spatial resolution of 1 to 10 nm.

302. HIGH RESOLUTION MICROSTRUCTURAL AND
MICROCHEMICAL ANALYSIS OF ZIRCONIA
EUTECTIC INTERFACES
M. R. Notis, Department of Metallurgy and
Materlals Sclences
(215) 758-4225 01-1 $116,635

Eutectic interfaces studied In as-grown MnO-ZrO,,
NIO-ZIOY*3 CoO-ZRO,(Ca0), and NIO-Y,0, systems.
High resolution microstructural and microanalytical
methods (HRTEM, CBED and PEELS) used to study
interfaces in plan-view and conventional
configurations. Local oxidation state across grain-
boundaiies in single phase MnO and MnO-ZrO,
studied as function of oxygen partial pressure.
Segregation effects due to ternary additions
measured at Interphase Interfaces and at local
defects and faults within interfaces.
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303. THE EFFECT OF POINT DEFECTS AND DISORDER ON
STRUCTURAL PHASE TRANSITION .
J. Toulouse, Department of Physics
(215) 758-3960  01-1 $81,160

Dlelectric, ultrasonic and Raman spectroscopic .
investigation of point defect-soft mode coupling and
the effect of defects on critical fluctuations of phase
transitions In fluoroperovskites and oxyperovskites
having either a zone center or a zone boundary
mode. Extension of frequency and concentration
range In study of two model systems: KTa, ,Nb,O,
(KTN), zone center mode: and KZnF,:LI and KMnF:Li,
zone boundary mode. Investigation of effects of
defects in KTaO,:Li, where LI substitutes off-center for
K. and In KMnF;:Na, Ca, where Na and Ca substitute
for on-center. Orlgin of diffuse character of phase
transitions studied In KTN and "relaxor® systems; .
characterization of low-temperature *dipolar glass®
behavior of these materials. Investigation of soft
mode behavior in mixed systems for which end
members have different types of soft mode
condensation to attain understanding of
condensation process and morphotropic phase
boundary behavior,

304, CORROSION FATIGUE OF

IRON-CHROMIUM-NICKEL

ALLOYS: FRACTURE MECHANICS, MICROSTRUCTURE

AND CHEMISTRY

R. P. Wel, Department of Mechanical Enginéering

and Mechanics

(215) 758-3585  01-2 $128,525
Characterization and understanding of corrosion
fatigue crack growth In austenitic stainless steels in
aqueous environments. Influence of mechanical
and chemical processes. Examination of
microstructural influences. Growth of short cracks at
low growth rates. |dentify and quantify changes in
crack-fip chemistry with changes in loading and
environmental variables. Assess the role of crack -
closure in influencing the crack-tip environment ang
the effective crack drlving force. Use of a
4-electrode in situ fracture technique.
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305. ROLE OF STRUCTURE ON ION MOVEMENT IN
GLASSES
H. Jain, Department of Materlals Sclence
and Englnesring -
(215) 758-4217  01-3 $60,000

Investigation of the correlation and dependence of
lon motion In glasses on local structure. Structure of
selected glasses modified by both thermal and
fadlcmon treatments and characterized uslng NMR
dnd IR/Raman spectroscoples. Localzed lon motion
characterized by dislectric and nuclear-spin
relaxation. Long range ion movement characterized
by dc conductivity and tracer diffusion
measurements.

UNIVERSITY OF MAINE
Orono, ME 04449

306. STRUCTURE, ADHESION, AND STABILITY OF
METAL/OXIDE AND OXIDE/OXIDE INTERFACES
R. J. Lad, Department of Physics '
(207) 581-2257 01-1 $77.000

Fundamentat properties of metal/oxide and
‘'oxide/oxide heteronaneous interfaces with emphasls
on effects of interf. - Jl defects, impurities, carbon
layers, and amorphous phases on Interfacial
morphology, adhesion, electronic structure, and high
temperature stabllity. Deposition of ultra-thin metal
and oxide films (viz. Al, Fe, Cu, Al,O,, Fe O, CuO, and
SIO,) on single crystal IO, and NIO substrates.
Dstermination of fim epitaxy and Interface
morphology by in-situ RHEED analysis and Atomic
Force Microscopy: determination of composition,
chemical bonding, interdiffusion, segregation and
electronic structure information by X-ray and
ugmvlolef photoemission, Auger spectroscopy, and
EE .

URINIEE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Carnbridge, MA 02139

307. GRAIN-BOUNDARIES
R. W. Baliuffi, Department of Moterlcls Sclences
ond Englnesring
(617) 253-3349

P. D. Bristowe, Department of Materials Sclenées
.and Engineering
(617) 253-3326 011 3517000

S'rudles of the atomic structure of groln boundaries,
with and without segregated solute atoms, by X-ray
ditfraction and computer simulation. Grain-boundary

diffuslon and its dependence on boundary structure
by combined experimental observations and
computer simulation. Computer simulation of grain
boundary migration. Materials studied include Au,
Au contalning Mg solute atoms, Ag. and Si.
Experimental techniques include X-ray diffraction at
the NSLS and high-resolution and conventional
electron microscopy. Computer simulation.
Embedded Atom Model.

308. DETERMINISTIC ANALYSIS OF PROCESSES AT
CORRODING METAL SURFACES AND THE STUDY OF
ELECTROCHEMICAL NOISE IN THESE SYSTEMS
R. M. Latanision, Department of Materials Science
and Engineering -

(617) 253-4697

P. C. Searson, Department of Materials Science
and Engineering
(617) 253-4697  01-1 $73,950

~ The research Is composed of two parts:

(1) Experimental studies of the nature of potential or
current fluctuations in differe