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FOREWORD

The Division of Materials Sciences is located within the Department of Energy (DOE) in the
Office of Basic Energy Sciences. The Office of Basic Energy Sciences reports to the Director of
the Office of Energy Research. The Director of this Office is appointed by the President with
Senate consent. The Director advises the Secretary on the physical research program; monitors
the Department’s R&D programs; advises the Secretary on management of the laboratories
under the jurisdiction of the Department, 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 supported
by the DOE Office of Basic Energy Sciences. Other programs are administered by the Office’s
Chemical Sciences, Energy Biosciences, Engineering and Geosciences, and Advanced Energy
Projects Divisions. Materials Sciences research is supported primarily at DOE National
Laboratories and Universities. The research covers a spectrum of scientific and engineering
areas of interest to the Department of Energy and is conducted generally by personnel trained
in the disciplines of Solid State Physics, Metallurgy, Ceramics, Chemistry, and Materials Science.

The Materials Sciences Division supports basic research on materials behavior and phenomena
important to all energy systems. The aim is 1o 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 1993 together with a convenient index
to the Division’s programs. Recent publications from Division-sponsored panel meetings and
workshops are listed on the following pages ii through v.

iran L. Thomas, Director
Division of Materials Sciences
Office of Basic Energy Sciences
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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 14
years. The contributions to them consist of scientists drawn from universities, national
laboratories, and private sector industry, and represent a diverse mixture as well as a
balance of sub-disciplines within materials science. It is our intention to make as much as
possible of the proceedings of these activities publicly available through publication in open
literature scientific journals, bulletins, or other archival forms. Many of these publications
identify the authors perceptions of emerging or existing generic materials science research
needs and opportunities. Their primary purpose is to stimulate creative thinking and new
ideas by scientists within their respective topical fields. None of these publications, however,
is infended 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.
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"High Temperature Corrosion in Energy Systems," R. A. Ropp et ol Materials Science cmd ’
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b Available from National Technical Information Service, U.S. Department of Commerce,
Springsfield, VA 22161

¢ Available from Pro Books, Inc PO Box 193, SSml’rh Street, Rockport, MA 01966
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INTRODUCTION

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

The report is divided into seven sections. Section A contains all Laboratory projects, Section B
has all contract research projects, Section C has projects funded under the Small Business
Innovation Research Program, Sections D and E have information on DOE collaborative
research centers, Section F gives distribution of funding, and Section G has various indexes.

The FY 1993 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 - Radigation Effects 02-4 - Particle-Solid Interactions
01-5 - Engineering Materials 02-5 - Engineering Physics

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

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

For more detailed information call (301) 903-3428 for the Metallurgy and Ceramics topics;
(307) 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 provides cross-cutting references are to the project numbers appearing in
Sections A, B, and C and are grouped by (1) investigators, (2) materials, (3) 'rechnlques

(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 detdiled information about a given research
project, please contact directly the investigators listed.

Preparation of this FY 1993 summary report was coordinated by Iran L. Thomas. Though the
effort required time by every member of the Division, much of the work was done by Christie
Ashton,

vi



DIVISION OF MATERIALS SCIENCES
Iran L. Thomas, Director, ER-13

Environment. Safety and Heaith, ER-13

Albert E. Evans i
Michael! F. Teresinski

Metallurgy and Ceramics Branch, ER-131 -

Name

Robert J. Gottschall

* Joseph B. Darby, Jr.
Alan L. Dragoo .
Otto Buck

John N. Mundy
Yok Chen

Michael E. Kassner

Helen M. Kerch

Solid State Physics and Materlals Chemistry Branch, ER-132

Name
William T. Oosterhuils

Richard D. Kelley

Jerry J. Smith

Manfred Leiser
Harold L. Davis

Douglas K. Finnemore

* Retired as of December 30, 1993

E-Mall Address:
fistname.lasiname@maligw.er.doe.gov
For Example: Alan.Dragoo@mailgw.er.doe.gov

Regular Mail:

Division of Materials Sclences, ER-__
U.S. Depariment of Energy
Washington, D.C. 20585

Fax Number:

301/903-9513

Program Area

Electron Beam
Microcharacterization
Facllities

Physlcal Metallurgy

‘Ceramics

Mechanical Behavior, NDE

-Physical Behavior,

Iradiation Effects

Physical Behavior,
Iradiation Effects

Mechanical Behavior

Microstructure, Processing

Program Area

Neutron and X-ray Fqcillﬂes

Materials Chemistry,
Polymers, Surface Sclence

Solid State Physics,
Surface Sclence

Solid State Theory
Solid State and Surface Theory
Solld State Physlcs,

Superconductivity,
Magnefism

Address for Return Receipt Mall l_)clly:

Division of Mdterials Sclences, ER-__
U.S. Department of Energy

19901 Gemantown Road
Gemantown, MD 20874
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OFFICE OF BASIC ENERGY SCIENCES
Division of Materials Sciences

Division of Materials Sciences

Director: 1I. L. Thomas

(Christie L. Ashton-Secretary)
(301) 903-3427

A. E. Evans
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Metallurgy and Ceramics ‘ Solid State Physics and
Branch Materials Chemistry Branch
Chief: R. J. Gottschall Chief: W. T. Oosterhuis
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(301) 903-3428 . \ (301) 903-3426
R. D. Kelley
A. L. Dragoo J. J. Smith
0. Buck 1/ M. Leiser
J. N. Mundy 2/ H. L. Davis 6/
Y. Chen 3/ D. K. Finnemorel/
M. E. Kassner 4/
H. M. Kerch 5/
J. B. Darby 8/

RRIITLRE

On assignment from Ames Laboratory

On assignment from Argonne National Laboratory

On quarter-time assignment from Oak Ridge National Laboratory

On quarter-time assignment from Oregon State University
Interngovernmental Personnel Act assignee from Johns Hopkins University
On part-time assignment from Oak Ridge National Laboratory

On assignment from Ames Laboratory

Retired as of December 30, 1993
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SECTION A

Laboratories

The information in this section was provided by the Laboratories.
Most projects are of a continuing nature. However, some projects
were concluded and others initiated this fiscal year.



Laboratories

AMES LABORATORY
lowa State University
Ames, IA 50011

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

Metallurgy and Ceramics - 01

O. Buck - (615) 294-4446
Fax: (515) 294-8727

1. SOLIDIFICATION MICROSTRUCTURES

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

J. D. Verhoeven

(515) 294-5869 01-1 §751.000
Studies 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
acid, carbontetrabromide, hexachleotyhane, ]
t-butano! and naphthalene. 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 their
magnetic and mechanical properties.

2. CONTROLLED MICROSTRUCTURES
J. D. Verhoeven, |. E. Anderson
(515) 294-9471 01-1 $312,000

Studles of processing procedures and analysis of
resutting microstructures and properties. Evaluation
of microstructural changes In the austempering of
nodular cast lrons. Study of surface characteristics of
in situ Cu-refractory metal alloys. Study of magnetic
properties of in situ Cu-Fe-Co alloys. Synthesis of
intermetallics. .

3. MECHANICAL BEHAVIOR OF MATERIALS
O. Buck, B. Biner, O. Unal
(515) 294-4446 01-2 $456,000

Studies of the effects of environment and stress on
the mechanical propertles of metals, intermetallics,
and ceramic composites. High-temperature-induced
Intergranular cracking In Ni base alloys. Description
of three dimensional arrays of defects and

relationship of arrangement to ductiiity and
mechanical properties. Correlation between defect
structure and nondestructive measurement.

4. MARTENSITIC PHASE TRANSFORMATIONS
C. T. Chan. B. N. Harmon, K. M. Ho
(515) 294-7712 01-2 $130,650

First principles calculations of electronic structure and
total energies to study the order parameters,
transformation paths, actlvation energies, and basic
physics leading to analysls and control of the
transformation. Detailed study of anharmonic
couplings and thelr manifestation in phonon spectra
preceding the transformation. Modeling
pseudoelastic and thermoelastic behaviors of
shape-memory alloys. Application of molecular
dynamics using redlistic interatomic potentials. Study
of prototypical systems: Na, NiTl, NIAl, Ba, Zr, etc.

5. RARE EARTH AND RELATED MATERIALS
K. A, Gschneidner, Jr.
(515) 294-7931 01-3 $340,000

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

6. IRRADIATION INDUCED EMBRITTLEMENT IN METALS
J. Kameda .
(515) 294-7231 01-4 $146,000

Studles of segregation and desegregation of solutes

at grain boundaries during neutron irradiation and

post-iradiation annealing. Evaluation of mechanical
properties Including stress corrosion, hardening and
embrittiement.

7. ADVANCED MATERIALS AND PROCESSES
I. E. Anderson, L. L. Jones, T. A. Lograsso,
D. J. Sordelet |
(515) 294-8252 01-5 $755,000

Development of advanced processes for preparing

special metals. Development of new malting

procedures for preparing Cu-Nb, Cu-Ta, Cu-Mo, and

Cu-Ta-W dlloys. New thermite reduction process for

preparing rare earth-iron alloys and for producing

permanent magnet and magnetostrictive alloys.

Processing of stolchiometric and non-stoichiometric

materials by an inductively coupled plasma.

Electrofransport and zone melting for maximum



Laboratories

purification of rare earth and refractory metals,
Processing of single crystals of congruent melting and
peritectic materials by levitation zone melting,
free-standing vertical zone melting, Bridgman,
Czochralski and strain-anneal recrystallization, High
pressure gas atomization for production of fine
powders of metals and mixed metal oxides.
Speclalized coatings by plasma-arc spraying. Above
research supported drectly by the Materials
Preparation Center described in the
Section-Collaborative Research Centers,

8. NDE MEASUREMENT TECHNIQUES
O. Buck, D. C. Jiles, R. B. Thompson
(515) 294-4446 01-5 $254,000

Technlques to measure fallure-related material
properties to improve understanding of failure
mechanisms and inspection reliabllity. Ultrasonic
measurement of internal stresses, texture, and
porosity. Ultrasonic scattering and harmonic
generation studies of fatigue cracks to provide
information about crack tip shielding and its
influence on crack growth rate and detectability.
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.

9. SCIENTIFIC AND TECHNOLOGICAL INFORMATION
EXCHANGE )
L. L. Jones. T. A. Lograsso, S. Mitra
(515) 294-5236 01-5 $186,000

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 Materlals 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 sclentific community.

10. FUNDAMENTALS OF PROCESSING OF BULK
HIGH-T, SUPERCONDUCTORS
R. W. McCallum, J. R, Clem, D. K. Finnemore,
D. C. Johnson, M. J. Kramer
(515) 294-4736 01-5 $802,000

Investigation of the role of microstructure in the bulk
superconducting properties of high-T_ oxides. Control
of microstructure using Information obtalned from
phase diagram studles. Phase diagram
dependence on rare earth and oxygen partial
pressure. Interaction of materlals with CO,. Study of
fine grained dense polycrystalline materials. Effects
of processing induced defects on the bulk
superconducting properties.

Solid State Physics - 02

B. N. Harmon - (615) 294-7712
Fax: (515) 294-7712

11. NEUTRON SCATTERING
C. Stassls, A. Goldman, D. Vaknin, J. Zarestky
(515) 294-4224 - 02-1 $430.950

Study of the magnetic properties of high
temperature superconductors and related
compounds by polarized and unpolarized neutron |
scattering techniques (La,CuQ,, LaNIiO,, La,,S,Cu0,,
La,,5r,NiOy. Experimental investigation of the lattice
dynamics of metals and alloys undergoing -
martensitlc transformations (bcc La, Cu-Al-Be,
Cu-Al-Ni, Cu-Zn-Al); study of the Verwey transition in
magnetite. Electronic structure and phonon spectra
of mixed valence compounds (CePd,, -Ce). Lattice
dynamics of quasicrystals. Study of organized fims

‘on aqueous and solid surfaces by neutron and X-ray

reflectivity techniques.

12. NEW MATERIALS AND PHASES
F. Borsa, R. G. Barnes, D. C. Johnston, L. Miller,
C. A. Swenson, D. R. Torgeson
(515) 294-5435 02-2 $682,500

Synthesls 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
and/or competition of superconductivity and
magnetic order. Modeling and analysis of the data
using appropriate theories. High pressure equations
of state of new materials, slementary solids (ternary
compounds and alioys, and alkaline earth metals),
low temperature expansivity and heat capacity of
materials (Lu) containing hydrogen. Applications of
NMR to high-T_ superconductors, phase transitions,
and hydrogen embrittiement of refractory metals
and alloys. NMR studies of martensitic phase
transformations.

13. SUPERCONDUCTIVITY
D. K. Finnemore, J. E. Ostenson
(515) 294-3455 02-2 $273,000

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 loglc devices: development of superconducting
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composites for large scale magnets. Fundamental
studies of superconductivity In metal-metal
composites, use of Josephson junctions to study fiux
pinning of Isolated vortices, development of
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 devices.

14, X-RAY DIFFRACTION PHYSICS
A. Goldman
(515) 294-3585 02-2 $243.750

X-ray measurements on Icosahedral Phase alloys,

high- T, ceramic superconductors, magnefic

structures and phase transitions, and solids at high
pressure. Magnetic X-ray scattering and )
spectroscopy. Development of beamiines at APS.

15. OPTICAL, SPECTROSCOPIC, AND SURFACE
PROPERTIES OF SOLIDS
D. W. Lynch, C. G. Olson, M. Tringides
(515) 294-3476 02-2 $619.125

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, O on W.
Epitaxial growth on metal and semiconductor
surfaces, surface diffusion, ultrathin flm morphology,
LEED (Low Energy Electron Diffraction), RHEED
(Reflection, High Energy Electron Diffraction), STM
(Scanning Tunneling Microscopy) are used for
structural characterization and time dependent
measurements, Vacuum microelectronics studies of
fleld emission arrays for flat pane! displays.

16. SEMICONDUCTOR PHYSICS
4. Shinar
(515) 294-8706 02-2 $243,750
(h Fabrication and electronic and structural
dynamics studies of hydrogenated amorphous
Si-based thin films and devices, using UV-Vis-NIR-IR
absorption spectroscopies, photoconductivity, SAXS,
and SIMS, (I Processing and studies of fullerenes,
using luminescence and optically-detected
magnetic resonance spectroscopies. (i) Fabrication
and characterization of thin diamond and porous Si
films and devices.

17. SUPERCONDUCTIVITY THEORY
J. R. Clem, V. Kogan
(515) 294-4223 02-3 $146,250

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

18, OPTICAL AND SURFACE PHYSICS THEORY
R. Fuchs, C. T. Chan, K.-M. Ho
(515) 294-1960  02-3 $146,250

Optical properties of metals, semiconductors, and
Insulators, studies of surfaces, thin fiims, layered
systems, small particies, and powders. Differential -
surface reflectance spectroscopy. Photonic band
structure. Electron energy-loss spectroscopy of
Inhomogeneous systems. First principles calculation
of lattice relaxation, reconstruction and phonons at
single crystal surfaces (Al, Au, W, Mo, Ag, and Au on
Si). Chemisorption. Determination of growth modes
via first principles calculations.

19. ELECTRONIC AND MAGNETIC PROPERTIES

B. N. Harmon, C. T. Chan, K.-M. Ho, M. Luban,

C. Soukoulis .

(515) 294-7712 02-3 $479.000
Theoretical studies of bulk and Iattice dynamicatl
properties of materials using first princlples total
energy calculations. Magnetic properties of new
high-T, superconductors. Anharmonic Inferaction,
lattice Instabliities, phase transformations,
electron-phonon interaction, and superconductivity.
Equations of state (pressure and temperature).
Hydrogen-metal interactions. Electron localization in
quasi-periodic and disordered materials. Magnetism
In spin glasses and ternary compounds. Electronic
structure of rare earth compounds and transition
metal sulfides and hydrides. Theory of amorphous
semiconductors, and nuclear magnetic ordeting In
metals. Localization of light in dielectrics, photonics.
Theoretical modeling of guantum dot nanostructures
and Bloch osclllations. Buckyballs.
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Materials Chemistry - 03

P. A. Thiel - (615) 294-8985
Fax: (515) 294-4709

20. SYNTHESIS AND CHEMICAL STRUCTURE
J. D. Corbett, J. W. Anderegg. H. F. Franzen,
R. A. Jacobson. R. E. McCarley
(515) 296-3086 03-1 $§741,000

Synthesls and structure of and bonding in polar
intermetallic systems. Interstitial derivatives of
intermetallic phases - the systematic variation of
electronic, conduction, and magnetic properties
and corrosion resistance. Influence of common
impurities (O, N, H) on stabliity of intermetaliic
compounds. Homoatomic clusters of main-group
metals in condensed phases; electronic regularities.
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 propertles. Electronic band
structure calculations. Study of refractory metal-rich
binary and ternary sulfides and oxides by both
experimental and theoretical techniques to
understand the relationships among crystal structure,
chemical bonding. and electronic structure as they
affect high temperature stabillty, phase equilibria,
and order-disorder transitions. Development of
diffraction techniques for single crystal and
non-single crystal specimens, techniques for
pulsed-neutron and synchrotron radiation facllitles,
and use of Patterson superposition methods.
Experimental methods: X-ray and electron
diffraction, X-ray and UV photoslectron
spectroscopy, resistivity and magnetic susceptibiiity
measurements, computer automated
mass-loss-mass-spectrometry for high-temperature
vaporation reactions.

21. POLYMER AND ENGINEERING CHEMISTRY
T. J. Barton, M. Akinc, S. jadi-Maghsoodi
(515) 294-2770 03-2 $464,000

Synthesis of sllcon-nitrogen polymers. Study of
controlled thermal decomposition of preceramic
polymers. Development of thermal and
photo-chemical routes to translent compounds
_contalning slicon-nitrogen multiple bonds as route to
preceramic materlais. Design and synthesls of
polymers containing alternating silicon and
unsaturated carbon units, Such polymers are
evaluated as ceramic precursors, as electrical
conductors, and as nonlinear optical materials.
Synthesis and characterization of ceramic powders

Including oxides, sulfides and carbides.
Characterization and processing of novel
intermetaliics for high temperature structural
applications. Deslign and processing of ceramic
matrix composites.

22, HIGH TEMPERATURE AND SURFACE CHEMISTRY
P. A. Thiel, K. G. Balkertkar, S.-L. Chang,
R. S. Hansen, D. C. Johnson
(515) 294-8985 03-3 $534,000

Study of lubrication phenomena: decomposition
pathways and products of fluorinated ethers at
surfaces. Mechanisms of oxidation of metals;
formation of thin, metastable oxide overiayers.
Chemistry of electrode reactions, including
electrocatalysls, electrochemical Incineration, and
corrosion reactions. Characterization of
electrocatalytic materials by modulated
hydrodynamic voltammetry. Reactivity of oxidized
and doped electrode surfaces, including
characterization of oxygen mobllity and defect
denslty at such electrodes. Equilibrium and dynamic
properties of adsorbed films. Surface chemistry of
nucleation and flocculation applied to ceramic
processing. Techniques used include low energy
electron diffraction, Auger electron spectroscopy.
electron energy loss spectroscopy. temperature
programmed desorption, slectron-stimulated
desorption, ring-disk and modulated hydrodynamic
voltammetry.

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

F. Y. Fradin - (708) 252-3504
Fax: (708) 252-6720

Metallurgy and Ceramics - 01

B. D. Dunlap - (708) 252-4925
Fax: (708) 252-4798

23. ELECTRON MICROSCOPY CENTER FOR MATERIALS
RESEARCH .
N. J. Zaluzec, C. W. Allen
(708) 252-5075 01-1 $1,463,000

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 Facility with in situ capabliity for
direct observation of ion-solid interactions, The HVEM
Is currently being utilized for research programs in
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advanced materlals, mechanical propertles,
Irradiation effects, oxidation and hydrogenation
effects. HVEM specimen stages are available for
heating (1300 K), cooling (10 K), straining, resistivity
and gaseous environments. lon-beam interface with
650 kV ion accelerator and 2 MV tandem
accelerator available for in sttu iImplantations and
iradiations. Approximately 50 percent of HVEM
usage is by non-ANL scientists on research proposals
approved by the Steering Committee for the Center
that meets every six months. - A state-of-the-art,
medium-voltage. ultra-high vacuum, fleld-emission
gun, Analytical Electron Microscope is being
installed. Its design Is directed toward the attainment
of the highest microanalytical resolution and
sensitivity. Fundamental studies of electron-solid
Interactions and microcharacterization of materials,
using TEM, STEM, HREM, CBED, XEDS, and EELS are
conducted at present on conventional transmission
electron microscopes (JEOL 4000 EXil, JEOL 100CX,
Philips EMA420, and Philips CM30).

24. INTERFACE STUDIES
K. L. Merkle, J. N. Mundy
(708) 252-4990 01-3 $657.,000

Experimental studies of solid interfaces. Atomic
structure of grain boundaries In transition metal
oxldes, metals, and high-temperature
superconductors. Nature and properties of
large-angle graln boundaries, role of boundary
plane, and comparlsons to computer models. Grain
boundary diffusion and segregation to grain’
boundarles. Structure and composition of phase
boundaries on an atomic scale with special focus on
metal-ceramic inferfaces. Experimental techniques
Include high-resolution slectron microscopy,
analytical electron microscopy. secondary ion mass
spectroscopy, radiotracer techniques, atom-probe
fleld-ion' microscopy as well as electron- and X-ray
scatftering techniques.

25, BASIC CERAMICS
B. W. Vedl, 5-K. Chan, J. L. Routbort
(708) 252-4957 01-3 $1,197,000

Experimental and theoretical studies of electronic
and atomic structure, phase stabliity, phase

transformation kinetics, electronic and fonic transport,

and mechanical properties In multicomponent
(including high-T, superconducting) oxides. X-ray
photoelectron (XPS) and optical Raman and
Elipsometry spectroscopic studies of structural and
electronic properties. Thermal and |attice property
studies using heat capacity, Brillouln scattering, and
ultrasonic measurements. Crystal chemistry and
structural phase transformatlon studies of high-T,
superconducting and ferroelectric oxldes using X-ray
and neutron diffraction, electrical conductivity,
Melssner effect and electric polarizabllity

measurements. Diffusion mechanisms and point
defect studies In oxides as a function of oxygen
partial pressuré 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 ZrQ,
with and without dopants and ferroelectric
perovskites.

26. 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| 014 $1,620,000

Investigations of mechanisms leading to the
formation of defect aggregates, precipitates, and
other inhomogeneous distributions of atoms in solids
with and without displacement-producing irradiation.
Studies of neutron irradiation effects on alloy
microstructure. Irradiation performance of
advanced nuclear fuels. Effects of amorphization on
dimensional stability. Radiation-induced segregation
to Internal and external defect sinks.
Radiation-enhanced diffusion. Inert-gases in solids.
Surface layer modification of alloys by ion
implantation, ion-beam mixing. and sputtering. lon
channeling and flux-pinning in High-T. materials. In
sltu studies of ion and electron bombardment in the
High-Voltage Hectron Microscope. Neutron and
dual-beam lon irradiation. Computer modeling of
irradiation-Induced microstructural changes.
lon-beam analysis. Radiation sources include
HVEM-2MV Tandem facllity (electrons and ions),
650kV lon accelerator, and IPNS.

27. HIGH-T, SUPERCONDUCTOR DEVELOPMENT
G. W. Crabtree, K. Gorettaq, J. L. Routbort, D. Shi
(708) 252-5509 01-5 $593,000

Development of a short iength, current-carrying.
ceramic superconductor made by tape-casting,
extrusion, powder-in-tubes, thick-film techniques.
co-evaporation, plasma and fiame spraying, and/or
reactive sputtering. Studies of scaling-up of powder
preparation. Mechanisms and improvements of fiux
pinning and J_. enhancement in applled flelds wilt be
studied and used to reach stated goal of 10,000 ’
A/CM? at 77K and 2T applied fields. Collaborative
research with sclentists ot Ames Laboratory and
Brookhaven National Laboratory.
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28. AMORPHOUS AND NANOCRYSTALLINE MATERIALS
L. E. Rehn, J. Eastman, N. Q. Lam, P. R. Okamoto,
R. W. Slegel
(708) 252-5021 01-5 $634,000
Investigations of the synthesis of amorphous and
nanocrystaliine materials by e-beam and thermal
evaporation, Inert-gas condensation, and
subsequent compaction. Amorphization by .
isothermal solid-state reactions at the Interfaces of
vapor-deposited multilayer fims and mixed metal
powders, by lon-beam mixing of multilayer films, by
displacement damage of intermetallic compounds -
by electron and lon beams, and by hydrogenation.
Molecular dynamics simulations of solld-state
amorphization. Elastic property measurements in
ordered, disordered and amorphous alloys. In situ
high-voltage electron microscopy studies of the
morphology and kinetics of crystaline-to-amorphous
transformations. Molecular dynamics simulations of
solid-state amorphization. Mechanical properties
and sintering characteristics of nanocrystalline
ceramics and metals. Synthesis of ulira-fine metallic
powders. Materlals characterization methods
include X-ray and neutron diffraction, electron
microscopy. electrical resistivity, Rutherford
backscattering. AES, EELS, and EXAFS.

Solid State Physics - 02

B. D. Dunlap - (708) 252-4925
Fax: (708) 252-4798

29. NEUTRON AND X-RAY SCATTERING
J. D. Jorgensen, J. E. Epperson, G. P. Felcher,
R. Kleb, R. Osbormn, D. L. Price
(708) 262-5613 02-1 $1,591,000

Exploltation of neutron and X-ray scattering
techniques In the study of the properties of
condensed matter. Instrument development and

Interactions with unlversity 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 decompostition, polymer Interfaces, coarsening
processes, distributions with deep inelastic scattering,
and fast lon transport in solids.

30. TWO-DIMENSIONAL MATERIALS
S. D. Bader, M. B. Brodsky, M. Grimsdifch
(708) 252-4960 02-2 $841,000

Research on the growth and physical properties of
novel Ultra-thin, epitaxial films, metallic sandwiches,
superiattices and multilayers. Thin-film and
surface-sclence preparation techniques

include molecular beam epitaxy, and sputtering.
Monolayer growth phenomena and interfaclal
structure characterization methods include electron
(RHEED and LEED) and X-ray diffraction. Electronic
properties studied via electron spectroscopies
(photoemission and Auger), band-structure theory,
and low-temperature fransport, magnetic and
magneto-optic Kerr effoct measurements. Elastic,
magnetic and vibrational properties using Brillouin .
and Raman scattering, and spin polarized
photoemission.

31. 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 $1,333,000

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 studies of the electronic properties
of mixed valence, heavy fermion and other
narrow-band materials containing rare-earth and
actinide elements. Experimental techniques include
the de Haas-van Alphen effect, Mossbauer
spectroscopy, transport and magnetic
measurements, electron funneling, heat capacity,
posttron annihilation, materials preparation and
characterization.

32. PHOTON SCIENCE AT SYNCHROTRONS .
P. A. Montano, M. Beno. J. C. Campuzano,
G. S. Knapp, M. Ramanathan, H. You
(708) 252-6239 02-2 $538.000

Glancing incidence X-ray fluorescence has been
used in the study of the elemental composition .
profile of superlattices. X-ray scattering techniques
have been employed to study the interfacial
roughness in multilayers. In situ X-ray scattering
techniques have been used to investigate the
growth mode of sputtered gold on a Si single crystal
as a function of temperature and rare gas pressure.
The X-ray standing wave technique is being used to
Investigate the structure of metal/semiconductor
interfaces. The group Is constructing, at one the
national synchrotron sources, a beamline for energy
dispersive X-ray absorption measurements. Angle
resolved photoemission is being employed in the
characterization of the electronic properties of
superconductors. The X-ray absorption technique Is
been used 1o determine the structure of excited
state molecules. A new technlque has been
developed for rapid X-ray powder diffraction
measurements.
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33. CERAMIC EPITAXY AND MULTILAYER STRUCTURES
B. W. Veal, H. L. Chang
(708) 252-4957 02-2 $430.000

Coordinated experimental and theoretical research
program on the processing, characterization, and
property determination of epitaxial ceramic films and
layered composites prepared by organometallic
chemical vapor deposition techniques. Materlals
under Investigation include: TIO,, VO,, BaTIO,, PLTIO,,
PbZIO,, and PbZr, Ti,O,. A variety of experimental
and theoretical techniques are used to study this
problem; these include electrical conductivity and
opticail property measurements, conventional and
high-resolution transmission electron microscopy,
photoelectron spectroscopy, secondary ion mass
spectroscopy, X-ray Ziffraction, ab Initio quantum
mechanical calculations and computer simulations.

34. CONDENSED MATTER THEORY
A. A, Abrikosov, R. Benedek, R. A. Klemm,
D. D. Koeliing, M. Norman, M. Randeria, N. Trivedi
(708) 252-5482 02-3 $1,124,000 '

Theory of superconductivity; electronic band
structure, many-body effects; properties of
low-dimensional systems. Physical properties of
layered superconductors including anisotropic
energy gap. Vortex lattice. Superconductivity in
heavy-fermion and high-T_ materials. Reentrant
superconductivity in strong magnetic fields. Organic
superconductors. Contributions of fluctuations
superconductor-insulator transition. Normal state
anomalies in high-T_ superconductors. Strongly
correlated systems. Quantum Monte Carlo methods.
Electronic band structure calculations of narrow
band systems. Correlation effects in metals and
metal oxides. Large cell computational methods
and their applications for cohesive properties.
Intercalated layered substances. Multilayered
materials. Anderson localization in quasi 1- and
2-dimensional metals. Disordered boron systems. -

35. MODELING AND THEORY OF INTERFACES
D. Wolf, S. Philipot, S. Yip
(708) 252-5205 02-3 $258.000

Computer simulation of the physical properties of
solid interfaces, such as grain and interphase
boundarles, free surfaces thin fims, nanocomposites
and superiattices, involving atomistic simulation
methods (lattice statics and dynamics, molecular
dynamics, Monte-Carlo)., The atomistic simulations
are used to determine, for example, the structure,
free energy and elastic properties of grain and
phase boundaries as a function of temperature, the
dielectric behavlor of surfaces and grain boundaries
in perovskite materials, and the properties of steps in

free surfaces. Mdaterials considered involve metals,
semiconductors and predominantly ionic ceramics as
well as interfaces between them.

36, ULTRA-HIGH FIELD SUPERCONDUCTORS
K. E. Gray, R. T. Kampwirth, D. J. Miller
(708) 252-56256  02-5 $360.000 '

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

Materials Chemistry - 03

8. D. Duniap - (708) 252-4924
Fax: (708) 252-4798

37. CHEMICAL AND ELECTRONIC STRUCTURE
J. M. Williams, K. D. Carlson, U. Geiser, A, M. Kini,
J. S. Schiuster, J. Schultz
(708) 252-3464 03-1 $1,329,000

New materials synthesis and characterization
focusing on synthetic organic metals and
superconductors based on BEDT-TTF
(bis-ethylenedithlotetrathio-fulvalens), and the
fullerenes (C,). and varlous new organic
electron-donor and electron-acceptor molecules.
Development of structure-property relationships.
Electrical and superconducting properties
measurements. Davelopment of improved crystal
growth techniques. Continuing development of the
neutron time-of-fight single-crystal diffractometer
(SCD) at the Intense Pulsed Neutron Source (IPNS).
Phase transition and crystal structure studies as a
function of temperature (10-300 K by use of the
IPNS-SCD and a low-temperature (10 K) single crystal
X-ray diffraction Instrument.



Laboratories

38. THERMODYNAMICS OF ORDERED AND
METASTABLE MATERIALS
M. Blander, L. A. Curtiss, M.-L. Saboungi
(708) 252-4548 03-2 $500,000

Experimental and theoretical investigations of
important thermodynamic and structural properties
of ordered and associated solutions and amorphous
(metastable) materials. Thermodynamic and
structural measurements (e.g., emf, vapor pressure,
neutron diffraction) are combined with theoretical
calcuiations (e.g.. molecular dynamics, statistical
mechanics) to determine the fundamental
characteristics of ordered and associated solutions

(e.g.. chioroaluminates, ionic alloys, slicates). Other .-

techniques such as visible/uv spectroscopy small
angle neutron scattering, and inelastic neutron
scattering are used to obtaln data relating to

valence states, ordeting and clustering of atoms and .

lons in solution. The extension of theorles and
concepts for pyrometallurgy is explored.

39. INTERFACIAL MATERIALS CHEMISTRY

V. A. Maronl, L. A. Curtiss, L. lton, S. A Johnson,

A. R. Krauss

(708) 252-4547 03-2 $491 ,000
Basic research on Interfacial phenomena is being
carrled out in two forefront sclentific flelds of
rnaterials science: (1) molecular sieve materials and
thelr application in heterogeneous catalysis and
(2) novel technlques for the preparation and
characterization of high-critical-temperature (1)
superconductors in thin-flm form. The role of organic
template molecules in the crystalization mechanisms
of aluminosilicate zeolites. The application of
modified zeolites and metdallaluminophosphate
materials as catalysts in hydrocarbon oxidation
reactions. Use of molecular sleve materials as
matrices for the generation of interacrystalline
particles and polymers, constrained In size and
dimensionality, Computer simulations of framework
and adsorbate molecular dynamics, as well as ab
initio molecular orbital calculations of chemical
properties of zeolite catalysts and template effects in
microporous structure development. Production and
characterization of multicomponent thin fims and
layered structures by computer-controlled sequential
deposition with in situ annealing and oxidation
processes as part of an integrated fabrication cycle.
Use of ozone atomlc oxygen, and oxygen ion beam
modification to produce high-temperature
superconductor (HTSC) films with little or no
" high-temperature annedling. Atomic layer-by-layer
fabrication of Bi based HISCs. Production of
superlattice structures for electronic applications and
thin-fiim optoelectronic devices. Basic surface
studies of as-grown supserconducting thin films; basic

studies of growth processes for multicomponent thin'- -
films.

40. AQUEOUS CORROSION
V. A. Maroni, L. A. Curtiss, C. A, Melendres,
Z. Nagy. R. M. Yonco .
(708) 252-4547 03-2 $628,000

Basic research almed at elucidoting fundamental
aspects of Interfacial phenomena that occur under
conditions of temperature and pressure (300°C and -
10 MPa) relevant to light water fission reactors,
environments. Investigations of the mechanisms -
responsible for passivation on iron, copper, and
nickel-bdsed alloys and for crack and pit
propagation In these same alloys. Studies of the
detalls that connect surface adsorption, electron -
transfer, and electrolyte chemistry with passive film
structure using a combination of in situ surface
sensitive spectroscopic methods and transient
electrochemical techniques. in situ of
characterization of metal/solution interfaces using
laser Raman, photoelectrochemical and X-ray
methods. Investigations of the key features of the
Interfacial chemistry associoted with passivation
processes (including charge transfer kinetics and
flm-growth dynamics) using pulsed galvanostatic,
potentiostatic, d¢ polarization, and ac impedance. -
Theoretical/computational simulations of solid\liquid
Interface phenomena through the application of
molecular dynamics methods in combination with ab
inftlo molecular orbital theory. :

41. PARTICLE AND PHOTON INTERACTIONS WITH
SURFACES
D. M. Gruen, W. F. Calaway. A. R. Krauss,
G. J. Lamich, M. J. Pellin
(708) 252-3513 03-3 $1,002,000

Development of muitiphoton resonance lonization
methods combined with energy and angle
refocusing time-of-flight mass spectroscopy for
ultrasensitive detection of sputtered specles.
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 impurities in
semiconductors, (4) fundamental studies of planetary
materials including isotopic anomalies. Surface
composition, structure and radiation-enhanced
segregation in strongly segregating alloy systems
using recoil sputtering, lon-scattering, SIMS, Auger,
XPS, UPS, and LEED techniques. Preparation of
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controlled stoichlometry high-temperature
superconducting films and fabrication of layered
thin-film structures by sequential sputtering of
elermentary targets. lon scattering and Implantation
and surface modification.

42. MOLECULAR IDENTIFICATION FOR SURFACE
ANALYSIS
D. M. Gruen, K. R. Lykke, M. J. Pellin
(708) 252-3513 03-3 $422,000

Surface analysls of the molecular composition of
complex solids using Fourler tfransform fon 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 welght materials.
One aspect of the study involves the diffusion and -
fate of additives such as plasticizers and UV stabllizers
In polymers. Another aspect inciudes the
characterization of fullerene (C,)-type compounds.

Facility Operations - 04

43. APS USER TECHNICAL AND ADMINISTRATIVE
- INTERFACE
S. Barr, S. Davey, G. K. Shenoy
(708) 252-5537 04-1 $663,000

The user technical and administrative Interface wiil
provide the polnt of contact between the APS and
the APS users during the design. construction, and
operation of users’ experimental beamilnes. This
program will provide for the integration of user
technical and administrative requirements with APS
Experimental Facilities Division activities and for the
oversight and support during development of these
beamiines.

44, APS ACCELERATOR R&D
M. Borland, E. Crosbie, R. Damm, G. Decker,
H. Friedsam, J. Galayda, G. Goeppner, R. Kustom,
A: Lumpkin, G. Mavrogenss, D. McGhee, F. Mills,
S. Milton, J. Noonan, S. Sharma, L. Teng, M. White
(708) 252-7796 04-1 $7.456,000

This research supports construction of the Advanced
Photon Source, a 7-GeV storage ring complex
capable of facilitating wide ranges (1-100 kev) of
X-ray tunabllity of insertion devices and operating
with 34 insertion device beamlines. Accelerator
component prototypes are developed to evaluate
and refine performance characteristics of the
accelerator and storage ring systems. Theoretical
methods are developed and applied to predict
accelerator physics performance parameters.
Facility Titte Il design activities began in FY 1990,
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construction was initioted in FY 1990 and completion
Is scheduled for FY 1997.

45. INTENSE PULSED NEUTRON SOURCE PROGRAM
B. S. Brown, F. R. Brumwell, J. M. Carpenter,
W. D. Ruzicker
(708) 252-4999 04-1 $6.644,000

Operation and development of IPNS, a pulsed

spallation neutron source for condensed matter

research with neutron scattering techniques. The
facility is equipped with 12 instruments which are
reguiarly scheduled for users and 1 Instrument under
construction. The facllity has been run since 1981 as

a natlonal facility in which experiments are selected

on the basis of scientific merit by a nationally

constituted Program Committee. Approximately 250

experiments, involving about 150 outside visitors from

universities and other institutions are performed
annually. industrial Research on a proprietary basis,
which allows the company to retain full patent rights,
has been Iinitiated with a number of companies

(e.g.. DuPont, Allied-Signal, IBM, General Electric,

Amoco, British Petroleum) and Is encouraged.

Relevant Argonne research programs appear under

the neutron activities of the Materials Science

Division of Argonne National Laboratory.

46. APS COMMISSIONING AND START-UP
Y. Cho, J. Galayda, G. Shenoy
(708) 252-6616 04-1 $10.553,000

To establish a smooth transitton between the
construction phase and the operations phase,
operations groups have been established and will
grow in size until they take full responsibifity for
operations, maintenance and troubleshooting of all
systems. Maximum use will be made of
computerized documentation and document control
procedures 1o assure repeatable, safe operations. A
unified approach wili be developed to create and
control command sequences defining operation,
associated documentation, routine maintenance
record keeping and system troubleshooting. Beam
stabillity Is one of the prime measures of performance
of APS. Three systems are proposed to detect three
principal causes of instability in the orbit of the stored
positron beam. The undulators and wigglers of APS
produce the X-ray beams and are also capable of
disturbing the beam stabllity if not adjusted correctly.
The APS staff will preview and test, among other
things, the performance limits of state-of-the-art
undulators. Operation of the APS relies on a long
lifetime for the stored beom which depends critically
on vacuum conditions. Vacuum systems and
procedures wiil be optimized to achieve deslred
performance
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47, ASD R&D IN SUPPORT OF OPERATIONS

E. Crosble, R. Damm, J. Galayda, M. Knott,

R. Kustom, A. Lumpkin, G. Mavrogenes, L. Teng.

M. White

- (708) 252-7796 04-1,$6.652,000

To further develop the operations of the APS, R&D
support Is needed to optimize accelerator systems,
control and X-ray source capabllities. These studies
wiil examine the operating characteristics of APS
systems with the goal of improving them. Activitles
Include accelerator physics studies of the linacs, PAR,
synchrotron storage ring. and transport linesto
increase Injected currents, increase circulating
current, and improve beam lifetime and stabillity.
There is also an effort towards developing new
diagnostic devices and control technlques to support
accelerator physics activities and to improve
Integrated performance of the clrculating positron
beam, insertion devices and X-ray beamlines. New
storage ring operating techniques are studied and
devices wlill be developed with the goal of
enhancing the abllity to use the facliity for
synchrotron radiation research.

48. APS BEAMLINE AND INSERTION DEVICE R&D
E. Gluskin, T. Kuzay. D. M. Mills, G. K. Shenoy
(708) 252-5537 04-1 $11,988,000

Experimental Faciiities R&D supports the construction
of varlous APS components such as the Insertion
devices, mechanical components of the beamiine
front ends and transport, X-ray optics, detectors, and
synchrotron instruments. This R&D, including the
construction and testing of prototypes, is needed to
assure that the detalled deslgns meet or exceed the
deslred performance goals of the APS construction
project and to assure that the APS user community
can perform their research, )

49. XFD R&:D IN SUPPORT OF OPERATIONS
E. Gluskin, D. M. Mills. G. K. Shenoy
(708) 252-8637 04-1 $4,335,000

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

BROOKHAVEN NATIONAL LABORATORY
Upton, NY 11973 '

J. D. Axe - (516) 282-3821 Lt
Fox: (516) 282-5888

Metallurgy and Ceramics - 01

K. G. Lynn - (516) 282-3501 e
Fax: (516) 282-4071

50. FIRST PRINCIPLES THEORY OF HIGH AND LOW
TEMPERATURE PHASES Co
J. W. Davenport, P. Allen (SUNY-Stony Brook), - -
S. Narasimhan, R, E. Watson, M. Weinert
(516) 282-3789 01-1 $458,000
Molecular dynamics simulations using first principles -
techniques as well as empirical potentials.
Applications to metals including liquids and - *
amorphous materials. Calculations of melting and
temperature dependent phase diagrams. Electronic
structure.

51. STRUCTURE AND PROPERTIES OF SURFACE
MODIFIED MATERIALS AND INTERFACES .
S. M. Heald. B. Nielsen
- (516) 282-2861 01-1 $493,000

Experimental studies of the fundamental factors . .-
which influence the microstructure and chemical |
bonding at interfaces between dissimliar materials .
and of thin fims of materials which have been
modified by various means 1o have properties
different from those within the bulk of the materials
(metals, semiconductors, Insulators). Systems Include
metal-metal interfaces, multilayers, and grain
boundatrles. Structural and chemical .
characterization is carried out using glancing angle
X-ray refiection and absorptlon, and positron .
annihilation along with standard techniques such as
transmission electron microscopy and photoemission.

52. MECHANISMS OF METAL-ENVIRONMENT
INTERACTIONS
H. 8. Isaacs, A. J. Davenport
(516) 282-4516 01-2 $557.000

Studles of fpe propertles, formation, and breakdown
of passive and anodlcally grown oxids films on .
metals and alloys. Surface morphology and atomic
structure using atomic force and tunneling
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microscopy. Concentrations and valency of
elements in surface oxides using X-ray absorption.
Studies of the role of corrosion-Inhibitors and the
mobillity of inhibiting anions under existing high
electric fields. Kinefics of the early stages of
formation of oxide fims. Breakdown of oxide films
followed by localized corrosion. Propagation of
voltage transients along metal surfaces. Dissolution
kinetics of metals in highly concentrated electrolytes
simulating localized corrosion.  Structure of the
electrolytes, salt flm formation, and electromigration.

53. SUPERCONDUCTING MATERIALS
M. Suénaga, R. Budhani, D. O. Welch, Y. Zhu
(516) 282:3517 01-3 $1,139.000 '

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

54. BASIC MATERIALS SCIENCE OF HIGH-T,
CONDUCTOR FABRICATION
M. Suenaga, Q. LI, Y. Zhu
(516) 282-3518 01-5 $608.000

The purpose of this program is to perform basic
studies of problems which are associated with the
fabrication of conductors for magnets and
transmission of power utilizing high-T_
superconductors. The main focus of this program
currently is on characterization of microstructural and
electromagnetic properties of grain boundaries in
YBa,Cu,0, and Bi,S,Ca,Cu,O, in order to gain
increased understanding of the nature of the
coupling. A second aspect of the progrom Is the
development of fabrication techniques for
YBa,Cu,0, and BiSr,Ca,Cu,0, to strengthen the
coupling of the boundaries by various methods.

Solid State Physics - 02

J. W. Davenport - (516) 282-3789
Fax: (516) 282-2739

55, ELEMENTARY EXCITATIONS AND NEW TECHNIQUES
S, M. Shapiro, L. Passell, B. Sternlieb, T. Thurston,
L.Ye
(516) 282-3822 02-1 $1,398,000
This program Is directed to the study of elementary
excitatlons in condensed matter and to the
development of new neutron scattering techniques
to further these investigations. Currently,
experimental Interest focuses on excitations in heavy
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fermlon, mixed valent, paramagnetic systems, spin
glasses, magnetic alloys, and the combined use of
X-rays and neutrons to study the structure and
interactions In solids. Lattice dynamics studies of
metallic alloys were undertaken 1o establish the
relationship between the diffuse elastic scattering
phonon anomalies in the dispersion curve. The
objective In all these experiments is to obtain a
betfter 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 beamline and is now operating. This, as
well as other recently completed projects and such
continuing projects as the Unlted States-Japan
(U.S.-Japan) Collaborative Research Program,
represent a significant expansion of the condensed
matter research capability of the HFBR. Part of the
effort in new Iinstrument development will also
contribute to the Advanced Neutron Source Project
at Oak Ridge National Laboratory.

56. MAGNETIC AND STRUCTURAL PHASE TRANSITIONS
J. M. Tranquada, H..Chou, P. M. Gehring, K. Hirota,
G. Shirane
(516) 282-3732 02-1 $1,143.,000

The principal objective of this program is the

fundamental study of phase fransitions and

magnetism by elastic and inelastic neutron
scattering. At present, a concentrated effort
directed towards the characterization and
understanding of the high-temperature

superconductors complements work on a

wide-range of other important systems. Within the

area of phase transitions, measurements of both
structural rearrangements and dynamical fiuctuations

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 atiributes of the neutron are
exploited in both the static and dynamical studies of
critical phenomena in magnetic materials. The
primary Interest is In the study of collective magnetic
exclitations and short-range correlations In a wide
variety of magnetic materials. Recent activity

Involves substitutionally disordered magnetic

materials, spin glasses, and low-dimensional systems.

The facilities at the High Flux Beam Reactor (HFBR)

are operated as a Participating Research Team and

are avallable to the outside scientific community.



57. STRUCTURAL CHARACTERIZATION OF MATERIALS
USING POWDER DIFFRACTION TECHNIQUES
D. E. Cox. J. A. Hilljac
(516) 282-3818 02-2 $283,000

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

58. EXPERIMENTAL RESEARCH - X-RAY SCATTERING
L. D. Gibbs, G. Helgesen, J. P. Hill, O. Magnussen,
B. Ocko, T. Thurston, G. Watson
(516) 282-4608 02-2 $1,272,000

The objective of this program Is to exploit the
technigues of synchrotron X-ray scattering to study
the structural, electronic, and magnetic properties of
condensed matter systems. The X-ray scattering
group, as part of three participating research teams,
operates and malntains three X-ray beamlines at the
National Synchrotron Light Source (X22A, X228, and
X22C) and Is involved In the development and use of
two new Insertion device beamiines (X21 and X25).
Particular emphasis Is placed on investigations of
surface and interfacial phenomena and on the
structure and magnetic spectroscopy of
magnetically ordered crystals. Current examples of
projects Include: 1) the study of metal surface phase
transformations in UHV, 2) the study of
_slectrochemically driven surface reconstructions at
metal/electrolyte interfaces, 3) the study of
fluctuations at liquid surfaces and interfaces, and
4) X-ray magnetic scattering studies of bulk and thin
fim rare earths, transition elements, and actinides.

59. LOW ENERGY - PARTICLE INVESTIGATIONS OF
souDs
K. G. Lynn, P. Asoka-kumar, Y. Kong, P. Simpson
(516) 282-3710 02-2 $1,012,000

- A new initiative using Ac-cross-correlational
technique to understand the fundamental
mechanism responsible for the 1/f nolse was started.
Perfect and imperfect sollds, solid and liquid
interfaces, and their surfaces are investigated by
using variable energy positron (.1 eV - 3 MeV)
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coupled with standard surface analysis tools (Auger
Electron Spectroscopy. Low Energy Electron
Diffraction). These methods Include two-dimensional
anguiar correlation of annihitation radiation, positron
Induced Auger Electron Spectroscopy. positron
channeling, positron work functions, and positronlum
formation. Systems that are belng studied include

" metal-metal, oxide-semiconductor, and

maetal-semiconductor interfaces. Bulk positron
lifetime and Doppler broadening measurements are
being performed on various systems including
high-temperature superconductors and some
metallic alloys. Defect formation in semiconductors
by lon Implantation and their kinetics are studied.
The hydrogen interaction with the interface trap
centers s studied. The early stages of pitting of
aluminum have been studied. Improved modeling
of positron implantation and diffusion in
homogeneous and layered sollds through Monte
Carlo simulation Is belng developed to carry out
quantitative depth profiing. Fundamental studies
Involving positron-atom scattering, single quantum
annihilation, and resonant Bhabha scattering are
investigated.

60. THEORETICAL RESEARCH )
J. W. Davenport, P. Bak, V. J. Emery, M. Pacuski,
R. E. Watson, M. Weinhert
(516) 282-3789 02-3 $860,000

Solld state theory Including self organized ciriticality,
nonlinear systems, theory of superconductivity in
oxides, and many body effects. Theory of alloys
including heats of formation, using local denslty
functional theory. Electronic structure of metallic
surfaces. Applications 1o X~ray and neutron
scattering, and to photoemission.

61. SURFACE PHYSICS RESEARCH
M. Strongin, P. D. Johnson, P. Koiper,
M. W. Ruckman, K.-D. Tsuel
(516) 282-3763 02-5 $949,000

Varlous 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
(LE!S), Photoemission, Inverse Photoemission, and Spin
Polarized Photoemission. The magjor part of the
program is supported by beamlines at the NSLS.
These Include both conventional monochromators
and the more advanced spherical grating
monochromators used on the undulator sources. The
latter devices are dedicated to the spin polarized
photoemission components of the program.
Ongoing research includes: (a) photoemission and
inverse photoemission studies of the electionic -
structure of metal overlayers, clean metal surfaces,
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and adsorbate covered surfacses; (b) studies of
surface magnetism In thin films and the effect of
adsorption on surface magnetism; (c) catalytic and
electronic properties of metal overlayers; (d) surface
metallurgy and surface compounds; and (e) studles
of charge transfer and metastable species formed in
low temperature reactions; and () formation of
surface coating using cryogenic techniques and
synchrotron radiation.

Materials Chemistry - 03

62. NEUTRON SCATTERING - SYNTHESIS AND

STRUCTURE

J. 2. Larese

(516) 282-4349 03-1 $461,000
A varety of neutron scattering techniques are
employed to study phase transitions and critical
phenomena of atomic and molecular films adsorbed
on surfaces. Primary emphasls Is focussed on the
structure and dynamics of hydrocarbon and rare gas
films adsorbed on graphite and magnesium oxide
surfaces. -Other areas of study include the imaging
of Rayleigh-Benard convection In liquid hellum
mixtures, the synthesis of high-quaility single-crystal
materials with unique physical properties, and
molecular dynamics simulations of surface films. A
new Triple-Axis Multidetector Powder Attachment
(TAMPA) with 16 hellum detectors equally distributed
over a 90 degree arc allows rapid collection of
powder diffraction data. A high-resolution
two-dimensional neutron detector with spatial
resolution < 0.5 mm and a 5 x 5§ cm? active area Is
now available. Each of the new detectors provides
more than an order of magnitude increase in data
collection efficiency.

63. SYNTHESIS AND STRUCTURES OF NEW

CONDUCTING POLYMERS
J. McBreen
(516) 282-4513 03-2 $475,000

Development of a fundamental understanding of
ironically and electronically conducting polymers
and develop techniques for talloring the materials
with highly specific electrical and optical properties.
Research conslsts of the synthesls of new conducting
polymers and the exploration of thelr physical and
chemical properties with a number of spectroscopic
techniques, including electrochemistry, X-ray
absorption spectroscopy, X-ray difffaction, positron
annfhilation, Fourier transform infrared spectroscopy.,
Raman spectroscopy and electrical resistivity
measurements. The materials of Interest are linear
polyethers, polysiloxanes, polypyrroles and
polythiophenes. The materials are chemically
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modified by the covalent attachment of electrically
active side groups. A second category of materials
conslsts of organo-disulfide redox polymers. This is a
collaborative program between Brookhaven
National Laboratory, Polytechnic University, and
Mottech Corp.

Faclility Operations - 04

64. EXPERIMENTAL RESEARCH-HIGH FLUX BEAM
REACTOR - OPERATIONS
M. H. Brooks, W. Brynda, J. Detweller, O. Jacobl,
L. Junker, V. Lettier, J. Petro, T. Prach, R. Reyer,
D. C. Rorer, P. Tichler
(516) 282-4061 04-1 $23,233,000

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

65, NATIONAL SYNCHROTRON LIGHT SOURCE,

OPERATIONS AND DEVELOPMENT

D. B. McWhan, N. Fewell, J. Hastings. R. Heese,

J. Keane, R. Kiaffky, S. Kramer, S. Krinsky,

W. Thomilinson

(516) 282-3927 04-1 $16,491,000
This program supports the operation of the National
Synchrotron Light Source, which is a large user facility
devoted to the production and utlization of
synchrotron radiation, and its supports the
development of electron based radiation sources
and of new appilications of this radiation In the
physical and blological sciences. The NSLS operates
two electron storage tings and the associated
Injection system composed of a linear accelerator
and a booster synchrotron, and it operates an
extensive user program built around facility and
participating research team photon beamiines on
the vacuum uitraviolet (VUV), and X-ray storage
rings. As this is the first faclliity in the U.S. that was
designed expressly for the use of synchrotron
radiation, there are extensive development programs
to improve the stabliity, rellabiiity, and lifetime of
electron beams and to develop new Insertion
devices which give even brighter photon beams.
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Equally important are programs to develop new
beamline instrumentation Including beamline optics,
monochromators and detectors which will permit
users to take full advantage of the unigue research
capabllities offered by the NSLS. The PRTs continue
to invest heavily in the facllity, and the program
seeks to keep the facllity at the forefront to justify this
investment. To do this, a six-year plan has been
developed to improve the storage rings, to provide
the needed complement of state-of-the-art
beamlines and to provide needed user support.

IDAHO NATIONAL ENGINEERING

LABORATORY
ldaho Falls, ID 83415

D. W. Keefer - (208) 526-8003
Fax: (208) 526-0263

66. STRESS DISTRIBUTION IN GRADED

MICROSTRUCTURES

B. H. Rabin

(208) 526-0058 01-5 $218,000
Develop fundamental understanding of the effects
of microstructure. processing conditions, and
specimen geometry on the thermomechanical
behavior of graded materials for the purpose of
mitigating the property mismatch at dissimilar
material interfaces. Fabrication of two-phase
coatings and bulk materials with controlled
microstructural gradients and varying geometries by
ion-beam assisted deposition (IBAD) and powder
metallurgy techniques. Focus on model maoterials
systems In which significant property mismatch exists
bstween components, e.g.. AL,O,/Ni. Mapping of
residual stresses by high spatial resolution X-ray and
neutron diffraction methods. Comparison of
experimental results with predictions from
elastic-plastic finlte element method (FEM) modeling
of stress distributions. Use of FEM models to design
gradient material microstructures to meet application
requirements.

67. ROLE OF IMPURITIES IN MICROSTRUCTURAL
EVOLUTION OF RAPIDLY SOLIDIFIED MATERIAL
R. N. Wright
(208) 526-6127 01-5 $132,000
Examination of phenomena assoclated with the
interaction of low levels of impurities with
quenched-in defects In rapidly solidified metals.
Interactions studies in simple systems to determine
fundamental mechanisms. initial studies of
high-purity aluminum and aluminum doped with ppm
levels of lead or indium containing lon-implanted
helium have shown accelerated helium bubble
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growth when liquid precipitates are attached to
bubbles. Rapldly quenched, high-purity aluminum
ond dilute aluminum alloys containing substitutionat
elements with different vacancy binding energies, as
well as carbon as an interstitial impurity, have been
examined. Experimental techniques include positron
annihilation and TEM. The transformation from a
dendritic as-solidified structure to equiaxed grains
during isothermal annealing is being studied in detail
for a Ag-2% Al alloy.

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

H. Bimbaum - (217) 333-1370
Fax: (217) 244-2278

Metallurgy and Ceramics - 01

H. Birmbaum - (217) 333-1370
Fax: (217) 244-2278

68. THEORY OF DEFECTS AND INTERFACES IN BCC
METALS
J. Adams
(217) 244-7709 01-1 $206.691
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.

69. TRANSPORT PROCESSES IN LOCALIZED
CORROSION
R. C. Akire

(217) 333-3640 01-1 §214,591

Corrosion of passivating systems. Transport, reaction,
and convective diffusion at localized corrosion sites,
Iniflation at inclusions; corrosion pit growth; corrosion
of cracks in static and dynamically loaded systems;
corrosion inhibltion.

70. DEFECTS, DIFFUSION, AND NON-EQUILIBRIUM

PROCESSING OF MATERIALS
R. S. Averback
(217) 333-4302 01-1 §323,728

lon beam studies of interfaces and diffusion;
Rutherford backscattering studies of lon beam
effects in solids; crystalline and amorphous transitions;
formal properties of nanophase metals and alloys;
radiation damage due to lon beams. Development
of nanophase ceramics and studies of their physical
and mechanical properties. Transport properties and
structures of nanophase ceramics are being studied.
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71. MOLECULAR SPECTROSCOPY C2>T1¢ SOLID-LIQUID
INTERFACE
P. W. Bohn
(217) 333-0676 .01-1 $84,662
In sltu molecular spectroscopic probes used to study
the structural chemistry of corroslon Inhibitors on
metal and metal-oxide surfaces. Roman
spectroscopy of the liquid-solid interfacle will be used
to determine adsorbate-substrate bindifg and linear
dichrolsm to probe the supermolecular dructure and
molecular orlentation. Correlation with 1})9 solution
chemistry and corrosion response wili be made.

72. CENTER FOR MICROANALYSIS OF MATERIALS
J. A. Eades, H. Farrell
(217) 333-8396 01-1 s0

Chemical, physical and structural charactérization of

materials. Surface and bulk microanalysis. Electron

microscopy. X-ray diffraction, Auger spectroscopy,

SIMS and other techniques. Collaborative reseqrch

programs.

73. MICROANALYSIS OF DEFECTS AND INTERFACES
J. A. Eades
(217) 333-8396 01-1 $164.031

Defects, interfaces, segregation are studied by

cathodoiuminescence and X-ray microanalysis in the

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

74. ATOMISTICS OF GROWTH AND TRANSPORT AT
METAL AND SEMICONDUCTOR INTERFACES
G. Ehrlich
(217) 333-6448 01-1 $159.986
Atomic processes important in the growth of crystals
and thin films are being characterized on the atomic
leve) using field lon 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.

75. ATOMIC RESOLUTION ELECTROCHEMISTRY OF
CORROSION AND DEPOSITION PROCESSES
A. A, Gewirth
(217) 333-8329 01-1 §95,017

Scanning Tunneling Microscopy and Atomic Force

Microscopy is applied to understanding the atomic
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processes of corrosion and deposition in
electrochemical environments.

76. TRANSMISSION ELECTRON MICROSCOPY OF
SURFACES AND INTERFACES
J. M. Glbson
(217) 333-2997 01-1 $208.571
Elucidation of surface and interface structure using
quantitative transmission electron microscopy. TEM
studies of surface redctions and in situ epitaxial
growth using image formation using surface related
diffracted intensities.  Quantitative atomic resolution
microscopy is being dpplied to interface structure
and chemistry.

77. CRYSTAL GROWTH AND PHYSICAL PROPERTIES OF
METASTABLE SEMICONDUCTING, CERAMIC AND
METALLIC ALLOYS

J. E. Greene
(217) 333-0747 01-1 $197.889

Mechanisms and kinetics of crystal growth.

Metastable single crys'roi‘olloys for solar and optical

applications. lon-beam dputtering, molecular-beam

eplitaxy. laser heating and low-energy ion
bombardment methods applied to li-V based
compounds and il-V-V2 chalcopyrite systems.

78. SURFACE AND INTERFACE X-RAY DIFFRACTION
l. K. Robinson
(217) 244-2949 01-1 $114,862

Use of X-ray scattering methods to study the structure

and chemistry of surfaces. Development of methods

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

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

AND ELECTRONIC SYNERGISM
A. Wieckowski
(217) 333-7943 01-1 $§176,231

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

80. MICROSTRUCTURE EVOLUTION, INTERFACES AND
PROPERTIES IN STRUCTURED CERAMIC
COMPOSITES
A. Zangvil
(217) 333-6829 01-1 $203.,873

Microstructure and microchemistry of SIC with

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

solution formation in SIC based systems; effect of
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processing varlables and additives on polytypism
and microchemistry. interfaces and toughening
mechanisms in SIC- and mullite-matrix composites.
Application of microanalytic methods to analysis of
the structure and microchemistry of ceramic high-T,
superconductors.

81. SOLUTE EFFECTS ON MECHANICAL PROPERTIES OF
GRAIN BOUNDARIES :
H. K. Bimbaum, 1. Robertson
(217) 333-1370 01-2 $184.282

Hydrogen effects on deformation and fracture;
effects of hydrogen on dislocation mobiliities;
theoretical model of hydrogen embrittlement;
Interaction of dislocations with grain boundaries;
solute effects on the response of grain boundarles to
stress.

82. APPLICATION OF SURFACE CHEMISTRY
TECHNIQUES TO UNDERSTANDING HETEROEPITAXY
H. Farrell
(217) 333-0386 01-2 $70.121
Quantification of bulk concentration analysis using
surface sensitive techniques. e.g., Auger Electron
Spectroscopy and/or X-ray Photoslectron

" Spectroscopy, for depth profiling when differential

Y

sputtering Induces surface segregation. Application
of surface analysis methods to study the initial stages
of heteroepltaxy at polar interfaces. Studies of
structure and chemistry in the submonolayer region.

83. COUNCIL ON MATERIALS SCIENCE
C. P. Hynn
(217) 333-1370 01-2 $55,551

Study and analysis of current and proposed basic

research programs on materials and assessment of

their relevance to problems of energy utilization.

Consideration of natlonal facilities needs. Convening

of panel studies on selected topics.

84. CHEMISTRY OF NEW TRANSITION METAL CERAMIC
COMPOUNDS SYNTHESIZED BY MOCVD
G. S. Girolami
(217) 333-2729 01-2 $76.143
Synthesis of thin fiim ceramics by chemical vapor
deposition method. Studies of the chemistry of
precursor compounds at solid surfaces. Preparation
of transition metal carbides, borides and nitrides
using MOCVD methods. Characterization of the
microstructures, chemistry, electronic structure,
physical properties of the films using a variety of

methods. Use of MOCVD methods to develop high-T,

superconductor films.
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85. HIGH TEMPERATURE MECHANICAL BEHAVIOR OF
“CERAMICS
D.F. Socie -
(217) 333-7630 01-2 $94,556
Behavior of engineering materials subjected top
complex loading involving high temperatures,
muftiaxial state of stress, and time dependent state
of stress. Macroscopic damage models are being
developed on the basis of microscopic studies of
defects accumulated in the materials. High
temperature mechanical properties of ceramics
under.uniaxial, multiaxial, and fatigue conditions.

86. MICROSTRUCTURE BASED CONTINUUM MODELING
OF THE MECHANICAL BEHAVIOR OF MATERIALS
P. Sofronis
(217) 333-2636 01-2 $69.306
Theoretlcal modeling of mechanicai properties such
as hydrogen interactions with dislocations, high
temperature creep of nanophase materials, and
sintering of ceramic compacts. Development of
algorithms for describing mechanical behavior
including time dependence and mass flow.

87. SUBCRITICAL CRACK GROWTH IN STRUCTURAL

CERAMICS

J. F. Stubbins

(217) 333-6474 01-2 $54,575
Micromechanisms of failure at elevated
temperatures under creep. fatigue and aggressive
environmental conditions. Role of oxide films on
crack Initiation and propagation. Microstructural
examination of regions in front of cracks and of the
dislocation structures are related to micromechanics
of failure. Crack propagation kinetics in ceramics at
high temperatures and In aggressive atmospheres.
Subcritical crack growth in ceramics.

88. STRUCTURE AND KINETICS OF ORDERING
TRANSFORMATIONS IN METAL ALLOYS AND
SILICIDE THIN FILMS
H. Chen
(217) 333-7636 01-3 $137.013

Investigation of the kinetics and mechanisms of

thermally iInduced structural transformation in

amorphous sificate glasses and crystalline silicide thin
films. Emphasis is placed on the devitrification
behavior and sllicide layer growth kinetics and
interface characterization using X-ray diffraction

_techniques in an In sttu manner.
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89. MATERIALS CHEMISTRY OF OXIDES CERAMICS;
FIELD-RESPONSIVE ORGANIC INCLUSION
COMPLEXES :

W. F. Kemperer
(217) 333-2995 01-3 §216.381

Low-temperature synthesls of oxide gels and glasses

using a step-wise approach. Polynuclear molecular

building-blocks are first assembled and then
polymerized Into solld materials using sol-gel
methods. Slicate cage, ring, and chain alkoxides
and thelr polymerization reactions are studled using
muttinuciear NMR spectroscoplic and gas
chromatographic techniques.

Q0. SYNTHESIS AND PROPERTIES OF ELECTRICAL

CERAMICS

D. A, Payne :

(217) 333-2937 01-3 §311,356
Synthesls, powder preparation, crystal growth,
forming methods, materlals characterzation and
property measurements on electrical and structurat
ceramics. 'Soi-gel processing of thermal barriers and
mechanical coatings. Chemical, electrical and
mechanical boundary conditions in polarizable
deformabile solids, twin and domain structures,
ferroelasticity and crack propagation. Amorphous
ferroelectrics. . Synthesls methods and propertles of
high-T_ superconductors

Q1. ATOMIC SCALE MECHANISMS OF VAPOR PHASE
CRYSTAL GROWTH -
A. Rockett :
(217) 333-0417 01-3 $140416
Theoretlcal studies of the atomic scale processes
which determine the surface structures of crystals
during vapor phase growth. Monte Carlo emulations
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 ond RHEED oscillations.

92. MAGNETIC BEHAVIOR OF NANOPHASE MATERIALS

M. B. Salamon
(217) 333-6186 01-3 $48,083

Experimental and theorstical studles of the magnetic
properties of nanophase metals and mixtures of
metais. Interfacial effects of magnetic particles ™ -
embedded in non-magnetic matrices. Investigation
of spin waves, guantum tunneiing of the
macroscopic magnetization of particles and
macroscopic quantum coherence effects.
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93. PROCESSING OF MONODISPERSE CERAMIC
POWDERS
C. Zukoski
(217) 333-7379 01-3 $225.819
Low temperature processing of ceramics including
precipitation of monodisperse oxide powders,
rheology of monodisperse powders and mixtures,
and studies of forces In colloldal suspensions, for the
purpose of forming low flaw density, hlgh
performance ceramics.

94. MICROSCOPIC PROCESSES IN IRRADIATED
CRYSTALS _ RS
R. S. Averback, C.P.Aiynn  ~ =~ - -
(217) 333-4302 01-4 $181,008

Fundamental processes of Irradiation induced
defects In crystalline solids. Use -of high resolution
analytical methods such as TEM, SIMS, -RBS, to explore
the atomic processes at the size scale of the defect .
events, Thermal splke behavior, radiation Induced |
diffuslon, radiation sputtering and sink behavior are
being studied. Experimental efforts are
complemented by moleculor dynamic compuTer
simulations.’ .

95. RADIATION EFFECTS IN METALS AND
SEMICONDUCTORS
I. M. Robertson
(217) 333-6776 01-4 $§136,992 .
Investigations of vacancy dislocation ioop formation
and displacement cascades In Fe, Ni, Cu with. -
iradiations and high voltage electron microscopy (at
ANL) at 10K to 800K; and of amorphous zones
produced In Si, GaAs and GaP by heavy ion
Irradiation. .

Solid State Physlcs - 02

T.-C. Chiang - (217) 333-2593
Fax: (217) 244-2278

96. SYNTHESIS AND CHARACTERIZATION OF
ORGANOMETALLIC LIQUID CRYSTAL POLYMERS
T. L. Brown
(217) 244-1176 02-2 $51 599

Synthetic routes to liquid crystal polymers comolnlng

transition metal orgonomefc:lllc functional groups are

being explored. These groups are chosen to have

speclal chromophobic. electric or magnetic.

propertles. :
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97. MICROSCOPIC MECHANISMS OF CRYSTAL
GROWTH '
D. Cahill
(217) 333-6753 02-2 $65.813
Development and use of microanalytic tools to study
vapor phase crystal growth. Use of STM imaging
combined. with low energy ion energy transfer to
surface atoms to study the mechanisms of growth of
pure elements and alloys. Study of the effects of
surface chemistry on the incorporation of adatoms
into the crystal structure.
98. ELECTRONIC PROPERTIES OF SEMICONDUCTOR
SURFACES AND INTERFACES
T7.-C. Chiong
(217) 333-2593 02-2 $160.,538
Synchrotron radiation photoemission studies. of
electronic properties and growth behaviors of
semiconductor surfaces and Interfaces prepared in
situ by molecular beam epitaxy; properties and
atomic structure of alloy surfaces. XPS studies of the
band structure of high-T_ superconductors.

99. OPTICAL AND MAGNETO-OPTICAL STUDIES OF THE
ELECTRONIC STRUCTURE OF souDs
S. L. Cooper .
(217) 333-2689 02-2 $51,340
Application of Fourier-transform photoluminescence,
reflectivity, and ellipsometry to study the effects of
impurities and dimenslonality on the electronic
structure of dilute magnetic semiconductor epllayers
and heterostructures. Spin-fip Raman, Brillouln
scattering, and Faraday rotation methods will be
used to study the magnetic phase dlagram of
epllayers and heterostructures.

100. GROWTH AND PROPERTIES OF NOVEL MBE
MATERIALS
C. P. Fiynn
(217) 244-6297 02-2 $172,935
Determination of the mechanisms of epitaxial growth
of metals and oxides. Development of a predictive
framework for understanding the growth of -
metastable and stable structures accessible by MBE
methods. Growth of multilayer systems of interest for
technologlcal applications.

101. THEORY OF SOLIDS SURFACES AND
HETEROSTRUCTURES
R. M. Martin

(217) 333-4229 02-3 $96,299

Theoretical studles of the properties of materials using

ab-initio calculations In a unified manner.
Development of technique applied to known
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materials and extension of these methods t6 new - -
materials. Focus on problems involving many bodled
correlations of etectrons such as high-T, -
superconductors, surfaces, heferostrucfures ond
Interfaces. L

102. SEMICONDUCTOR/INSULATOR STRUCTURES
H. Morkoc
(217) 3330722 02-2 $120A55

Development of novel techniques of crystal growth

based on MBE, gas beam,-and MOCVD methods. -

Application of methods to growth of controlied

Interfaces and muitilayers involving semiconductors

and insulators. Understanding the electronic and

optical properties of these structures. -

103. DESIGN AND SYNTHESIS OF NEW .
ORGANOMETALLIC MATERIALS :
T. B. Rauchfuss
(217) 333-7355 - 02-2 $117.,675
A research program for the synthesis of
organometallic polymers. The program emphasizes
fundamental synthetic chemistry as it applies tothe .
design of monomers sulted for polymerization. Solids
containing dynamic metal-metal bonds, i.e.., mobile
charge density waves. Syntheses of metal clusters
contalning reactive ester groups will be developed
for the applications to organometallic polyesters.
The reactivity inherent in main,group vortices of
metal clusters will be used to generate:
clusters-of-clusters. Synthetic studies willl focus on
charge transfer salts containing orgcnometollic
donors and acceptors.

104. MICROSCOPIC THEORIES OF THE STRUCTURE AND
PHASE TRANSITIONS OF POLYMERIC MATERIALS
K. S. Schweizer
(217) 333-6440 02-2 $45,956
Development of novel molecular scale statistical .
mechanical theories of the equllibrium properties of
polymers. Applications to the structural,
thermodynamic, and phase transition behavior of
polymer blends, copolymers, and melts, g
Development of a chemically realistic predlcﬂve n
theory of behavior as a design tool for synthetic
chemists,

105. PROPERTIES OF CRYSTALLINE AND UQUID -

CONDENSED GASES
R. ©. Simmons )
(217) 333-4170 02-2 $170.274

Measurement and theory of momentum density in
bce, hep, and liquid helium, pulsed neutron
scattering, phase transitions and structure
determination in solid hydrogen by neutron
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diffraction, Isotopic phase separation in solld helium,
thermal and isotoplc defects in hellum crystals,
quantum effects in diffusion.

106. NUCLEAR MAGNETIC RESONANCE IN SOLIDS
C. P. Slichter
(217) 333-3834 02-2 $233.029 . .

Investigations of layered materials and one

dimensional conductors with charge density waves,

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

Use of resonance methods to study the role of Cu

and O in high-T_ superconductivity.

107. ELECTRO-ACTIVE AND NONLINEAR OPTICAL
POLYMERS
S. |. Stupp .
(217) 333-4436 02-2 $207,523
Synthesls and physical property determination of self
ordering chiral polymers that order in response to
external flelds.. Flelds of Interest are electric, stress
and flow, and optical responses. Properties of
Interest in these polymers are ferroelectricity,
ferromagnetism and nonlinear optical properties.

108. METALLOPORPHYRINS AS FIELD RESPONSIVE
MATERIALS
K. S. Suslick
(217) 333-2794 02-2 $65,491
The synthesis and characterization of porphyritic
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.

109. CARRIER TRANSPORT IN QUANTUM WELLS -
PICOSECOND IMAGING

J."P. Woife

(217) 333-2374 02-2 $115,021
Development of picosecond imaging techniques
applied 1o measure the lateral transport of
photoexchted carrlers in semiconductor quantum
wells. Optical- pulse-probe methods and spatial
imaging techniques applled to GaAs/AIGaAs
multilayers. Energy distribution of photoexclted
carrlers measured with high resolution luminescence
imaging methods used to study the scattering
processes of carriers and surfaces, interfaces,
Impuritles and phonons.
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Materials Chemisiry - 03

T.-C. Chiang - (217) 333-2593
Fax: (217) 244-2278

110. HIGH PRESSURE STUDIES OF MOLECULAR AND
ELECTRONIC PHENOMENA
H. G. Drickamer -
(217) 333-0025 03-1 $184,797
Studies of the pressure tuning of electronic energy
levels with emphasis on optical absorption -
measurements including absorptlon edges, metal
cluster compounds and charge transfer phenomena,
as well as semiconductor-metal interfaces.

111. MECHANISTIC AND SYNTHETIC STUDIES IN

CHEMICAL VAPOR DEPOSITION'
R. G. Nuzzo _
(217) 244-0809 03-1 3155,065

In sltu surface analysls techniques are directed
towards understanding the atomic mechanisms of
chemical vapor deposition growth of surface films
and surface modlfied structures. Reactive gas-solid
Interactions studied with XPS, EELs, LEED and other
surface methods.

112. OPTICAL SPECTROSCOPY OF SURFACE
PROCESSES IN THIN FILM DEPOSITION
E. G. Seebauer
(217) 333-4402 03-3 $31,657
Surface chemistry during the deposition of GaAs fiims
using LEED, temperature programmed desorption,
photoreflection and surface second harmonic
generation. The chemistry of the adsorption process
and surface diffusion are being probed.
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LAWRENCE BERKELEY LABORATORY
1 Cyclotron Road
'Berkeley', CA 94720

D. S. Chemia - (510) 486-4999
Fax: (510) 486-7768

Metallurgy and Ceramics - 01

113. NATIONAL CENTER FOR ELECTRON MICROSCOPY
U. Dahmen
(510) 486-4627  01-1 $1,645,000

Organization and opération of a national,

user-oriented resource for transmission electron

microscopy. Maintenance, development, and
application of specialized instrumentation including
an Atomic ResolUﬂO_n Microscope 1.6A point-to-point

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

Voltage Electron Microscope (HVEM) with

capabilities for dynamic in situ observations,

analytical electron microscopes for microchemical
analysis, and support facilities for specimen
preparation, computer image analysis, simulation,
and processing.

114. CRYSTALLOGRAPHY OF MICROSTRUCTURES
U. Dahmen .
(510) 486-4627 01-1 $187.000

Investigation of fundamental features underlying the

evolution of microstructures in sollds by application of

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

Crystallographic relationships of precursor or parent

phases and their use In analysis of defect structures

and synthesls of new and unigue 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.

115. ALLOY PHASE STABILITY
D. de Fontaine
(510) 486-8177 01-1 $200,000

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 equiibria without

empirical parameters. Phenomena of current
Interest are the oxygen ordering In high-temperature
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superconductors and the prediction of long-period .
superstructures and anti-phase boundaries in fcc
ordered substitutional alloys. Comparison with
experiment Is made using transmission electron
microscopy and X-ray diffraction. .

116. IN SITU INVESTIGATIONS OF GAS-SOLID
REACTIONS BY ELECTRON MICROSCOQPY
J. W. Evans :
(510) 486-3807 01-1 $28,000
Microstructural aspects of gas-solld reactions. Focus
of attention is porous sllicon, its oxidatlon and
densification of the oxide by viscous flow. Porous
silicon is effective In reducing oxidation Induced
stacking faults in silicon wafer processing and a -
patent application has been filed. Another potential
application of porous sllicon in the semiconductor-
industry Is In the formation of dielectric layers.
Current practice is to form such layers by oxidation of
the (dense) wafer. Oxidation of porous silicon
proceeds more readily, e.g., at lower temperatures.
Oxidation proceeds rapidly to form porous sillca
which then densifies slowly. That densification is by
viscous flow and the stability of cylindrical voids in a
viscous medium has been examined mathematically
with results published in J. of Appl. Phys. The closure
of spherical voids following collapse of cylindrical
voids is under examination with mathematical
analysis supplemented by experiments on model
pores produced by microlithography. Another part
of this project concerns application of percolation
theory to chemical vapor infiltration.

117. STRUCTURE AND PROPERTIES OF
TRANSFORMATION INTERFACES
R. Gronsky
(510) 486-5674 01-1 $156,000
Transformation Interfaces: homophase boundaries,
heterophase boundaries, and free surfaces at which
solid-state reactlons are either initiated or
propagated. Atomic configurations of such
interfaces and the relationship between structure
and relevant interfacial properties. Transmission
electron microscopy, Including energy-dispersive
X-ray and electron-energy-loss spectroscoples.
Correlation with theoretical predictions of interfacial
phenomena.

118. THIN FILM STRUCTURES AND COATINGS
K. Krishnan
(510) 486-4614 01-1 $104.000

This program seeks to establish a dynamic iteration

between forefront efforts In synthesls, experimental

Investigation of microstructures and property

measurements with the goal of atomically

engineering thin fims with novel mechanical, optical
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and'magnetic properties. Fundamental
investigations of new phenomena and mechanisms
Infiuencing improved properties will be stressed. In
addition to synthesls, development of nanoscale
spectroscopy, imaging and diffraction methods at
the appropriate level of resolution, with either
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 synthesis and
understanding of ultrathin magnetic multiiayers
exhibiting elther perpendicular anisotropy or
long-range antiferromagnetic coupiing. studies of the
changes In electronic structure associated with
magnetic and chemical transitions in binary transition
metal alloys and the low pressure deposition of
diamond coatings on ceramic substrates. In the
lafter case, questions pertaining fo the early stages
of nucleation of dlamond, the structure of the
substrate/film Interface and factors affecting the
adhesion of the flms are also belng addressed.

119. CAM CERAMIC SCIENCE PROGRAM
L. C. DeJonghe, R. Cannon, B. Dalguish,
A. Glgeser, R. Ritchie, G. Thomas, A. Tomsla
- (510) 486-6138 01-3 $1.,423,000

The CAM Ceramic Science Program has three linked
objectives: the development of predictive,
quantitative theories of denslfication and
microstructure development in heterogeneous
powder compacts, the application of these theorles
to produce advanced structural ceramics with
improved performance beyond 1900 K, and the
evaluation of the mechanica! properties of these
ceramics, at temperatures above 1700 K. #
develops model experiments that facllitate
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 control including the production
and use of coated powders; it examines the
milcrostructural evolution and control during
densification in relation to Interface properties; it
produces particulate ceramic composites based on
SIC. and It tests mechanical properties of such
ceramics In particular high temperature creep and
fatigue; it characterizes micro- and nano-chemistry
and structure In relation to high temperature -
mechanical and environmental performance.

120. CAM ELECTRONIC MATERIALS PROGRAM
E. Haller, E. Bourret, Z. Lillental, W. Walukiewicz, -
J. Washburn, E Weber, K. M. Yu
(510) 486-5294 01-3 §1,181,000

Research In this program focuses on an improved
understanding of the materials science of arificially
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structured semiconductor and semiconductor-metal -
systems. Basic studies concentrate on the
relationships between synthesis and processing
conditions and the propertles of semiconductor
materials, as modified by the resulting structural and
electronic Imperfections. Growth of compound
semiconductors by metalorganic epitaxes is
combined with detail studies of structural and
electronic properties of thin flms and interfaces:
Extensive transmission slectron microscopy
investigations of the nature and origin of defects at
interfaces and within epitaxial layers closely
correlated with electrical measurements on the
same specimens provide feedback to the crystal
growth synthesls and processing work at Berkeley
and at other National Laboratories. Optical
speciroscopies ranging from the near UV to the far
infrared region of the electromagnetic spectrum,
electron paramagnetic resonance spectroscopy and
electrical transport measurements give the
complementary electronic properties. Theoretical
and experimental work on the effects of atomic
scale diffusion and the differences between solid
solubllity limits of dopants and the maximum
concentration of free carriers Is pursued. Novel types
of processing methods including annealing under
large hydrostatic pressures and with tunable
synchrotron radlation, to increase the electrically
active fraction of dopants, are explored. Progress in
this area Is applicable to the design of advanced
photovoltalc energy conversion devices and of a
large varlety of sensors used in energy conversion
processes.

121. HIGH-TEMPERATURE REACTIONS
A. W. Searcy ’
(510) 486-5900 01-3 $35.000

Sintering studies of surface thermodynamic theory

and theory of time-independent distributions of

matter in temperature gradients and theoretical
studies of solid state reactions.

Solid State Physics - 02

122. QUANTUM SIZE EFFECTS IN SEMICONDUCTOR
NANOSTRUCTURES
D. S. Chemla
(510) 486-4999 02-2 $197.000
The objective of this program Is to explore the
physical properties of low dimensionality materials,
l.e.. material systems whose sizes are intermediate
between that of atoms/molecules and that of bulk
sollds. Because of quantum mechanical size effects,
the properties of such systems are size and shape
dependent and neither like those of atoms or those
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of macroscopic solids. They open new avenues for
unprecedented experiments testing the limits of our -
understanding of condensed matter physics (see for.
example DOE Councli on Materlals Science Panel
Report, J. Mater. Res. Vol. 4 No 3,704, 1989). The
research emphasizes the study of the nature and
dynamics of electronic collective excitations In -
ultra-thin, quasi-2D layers, as well as the effects of
dmensionality on the light-matter interaction. Unique
time resolved-tunable ultrashort pulse laser
speéctroscopy technlques are specifically developed
for these investigations. Recent work has focused on
the dynamics of the Instantaneous frequency and - -
amplitude of-coherent light scattering from quasi-2D
excitons, and on the dimensionality dependence of
the thermalization of electron-hole plasmas. The
program will be extended to the further confinement
of electronic states, into- 1D and 0D, by oppllccﬂon
of high magnetic fields. .

123. SUPERCONDUCTIVITY, SUPERCONDUCTING
DEVICES, AND 1/F NOISE

J. Clarke : )

(510) 642-3069 02-2 $211,000
DC Superconduct Quantum Interference Devices
(SQUIDs) have been developed and used in a wide
varlety of applications, Including geophysical
measurements, nolse-thermometry In the millikelvin
temperature range, and the measurement of
electrical nolse.. An ultralow-nolse SQUID
specirometer Is used to detect nuclear magnetic
and nuclear quadrupole resonance in molecular
sollds af frequencies below 1 MHz. Origins of low
frequency magnetic:nolse, mechanisms of flux
pinning and dissipation, and distribution of flux
pinning energles in high transition temperature
superconductors are Investigated. Novel
experiments to study one-electron and single-Cooper
palr effects in submicron junctions at millikelvin-
temperatures, including Coulomb blockade,
resonant tunneling and effects of microwaves, are in
progress.

124. SURFACE, INTERFACE, AND NANOSTRUCTURE
STUDIES USING SYNCHROTRON RADIATION IN
COMBINATION WITH OTHER PROBES
C.S. Fadley o
(510) 486-5774 02-2 $246,000

The techniques of photoelectron diffraction and

photoelectron holography have been further

developed as unique probes of near-surface atomic -

structures. Photoelectron diffraction has been
applied to.a variety of systems, Including metal
overlayers on semiconductors (e.g.. AgonS),
surface phase.transitions (e.g.. saturated surface
melting on Ge), and spln~polc|rlzed photoelectron
diffraction from mcgneﬂc materials

23

(e.g.. high-temperature short-range order.In Fe). The
use of photoelectron holography for the direct
determination of three-dimensional atomic images
and short-range magnetic order near surfaces has.
also been advanced for the case of adsorbates and
thin overlayers, with Images for S on.Ni being the best.
determined from experimental data fo date. The
use.of scanning tunneling microscopy as a
complementary surface structure probe has also -
been initiated, and unique Instrumentation -
combining photoslectron diffraction/holography and
scanning tunneling microscopy on a synchrotron’
radiation beamiine has been completed.

125. NONLlNEAR EXCITATIONS IN souo STATE
SYSTEMS
C. D. Jeffrles :
(510) 486-3382 02-2 $125,000
One areq of study Is nontinear dynamics and
instabilities In solid state systems. The objectives are
detailed experimental studies of block wdail jJumps in
amorphous ferromagnets spin wave Instabilities In
magnetic garnets. The observed behavior Is
compared to various theoretical modsls. Another
area of study Is high-temperature superconductivity
using microwave and radio frequency methods to
probe nonlinear electrodynamic properties.. The

. project is a baslc science effort with results bearing .

directly on the technology of plasmas, solid state -,
devices, superconductivity, and magnetic materlals. -

126. FAR-INFRARED SPECTROSCOPY -
P. L. Richards - v -
(510) 486-3027 - - 02-2 $194,000 .

Improvements in Infrared technology 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 belng developed

Also, improved infrared techniques are being used to

do experiments.in areas of fundamental and applled.

infrared physics where their impact is expected to be -
large. Infrared experiments in progress include: -
measurements of the far-infrared absorptivity of the
new high-T_ superconductors, and measurements of
the heat capacity of monolayers 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-fiim

quasiparticle defectors and mixers for near-millimeter

wavelengths. . -



Laboratories

127. STUDIES OF THE METAL/SOLUTION INTERFACE WITH

X-RAYS

P. N. Ross

(510) 4866226 02-2 $187,000
Development of a new method to determine the in
situ structure at metal/solution interfaces using total
reflection of X-rays from metal surfaces at glancing
Incidence and analysis of Bragg reflection parallel
and perpendicular to the reflecting plane to obtain
complete structural characterization of the interfacial
region. Proof-of-principle experiments conducted on
the 54-pole wiggler beamline at SSRL. Initial
experiments directed towards the study of the
elactrolytic growth of thin (< 100 nm) metal epliayers
and the elucidation of dislocation 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, P1,
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.

128. FEMTOSECOND DYNAMICS IN CONDENSED

MATTER '

C. V. shank

(510) 486-51 1" 02-2 $285,000
The goal of this research program is to further the
basic understanding of ultrafast dynamic processes
In condensed matter. Research efforts are directed
in two areas: development of new femtosecond
optical pulse generation and measurement
techniques, and application of these techniques to
investigate uttrafast phenomena In condensed
matter and novel material systems. In the course of
this work we have developed measurement
techniques which allow us to resolve rapid 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 to 800 nm, providing
the capabliity to investigate a large variety of
Important materials. Recent work has focused on
ultrafast electron-hole dynamics In highly confined
semiconductor structures (CdSe nanoctrystals).
Experimental results show clear evidence of coherent
vibrational oscillations which modulate the dynamic
dephasing of the optically excited electron-hole
paris on a 10 fs fime scale. We have developed a
novel three-pulse photon echo technique which
allows us to separate the vibrational dynamics from
the polarization dephasing process. This technique
will have important applications for studying
femtosecond processes in a varlety of material
systems. Three-pulse photon echo measurements in
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CdSe indicate that electronic dephasing occurs on a
100 fs time scale at 15 K, with significant contributions
from an acoustic phonon heatbath. Contributions
from acoustic phonons dominate the dephasing at
room temperature. Three-pulse photon echo
techniques are being applied to studies of electronic
dephasing of oxazine molecules in solution.
Preliminary results indicated a dependence of the
dephasing rate on the solvent environment. This will
provide a foundation for studying solvent-solute
interactions. In addition, we are applying
femtosecond