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COVER

The picture in the middle depicts the spatial orientation from an X-ray
crystallographic diagram of tetramesityldisilene molecule,
(Mes)oSi=Si(Mes),. This was the first organosilicon compound with a
silicon to silicon double bond to be isolated and characterized. It was
done by the research group of Professor Robert West of the University of
Wisconsin working with Professor Joseph Michl of the University of Utah.
This is Just one of many important breakthroughs in organosilicon
chemistry coming out of the AFOSR basic research program in chemical
synthesis over the past twenty years. Due to the surge of interest in the
past few years in organosilicon precursors to silicon carbide, silicon
nitride, and other organometallic based ceramic materials, organosilicon
research chemists have been interacting with ceramic materials research

{ scientists and engineers in the AFOSR Chemistry Program. The uniform size
of the circles in the background of the cover represents the ultimate in
controlled powder geometry and chemistry, microstructure, and
ultrastructure of the "best" performance ceramics. The articles in this
book by Dr. Matuszko and Dr. Ulrich give further details of the
organosilicon chemistry and ultrastructure ceramic grocessing interactions
directed toward achieving new chemically derived materials. The cover art
was designed by Capt Lee Myers.
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EDITORS' FOREWORD

A number of format changes have been made to the Chemical and Atmospheric
Sciences Review over the last two years. Last year, we included for the
first time short descriptions of the Air Force in-house laboratory
programs in basic chemical and atmospheric sciences. We also introduced a
constant dollar chart tracing Air Force support of basic chemical research
over the last two decades. This year, we have organized the completed
project summaries and active research programs by program manager. We
feel this will help the users of the yearbook in locating the material
most relevant to their interests. The program managers' articles are now
intended to inform the reader about both our current program and our
near-term plans. We hope these changes are useful and we invite your
comments and suggestions on methods to further improve our Chemical and
Atmospheric Sciences Review. A copy of AFSC Form 459 is included inside
the front cover for this purpose.

The editors wish to thank all of the Directorate of Chemical and
Atmospheric Sciences staff for their assistance and timely submission of

material for this tome. Special thanks go to our secretarial staff for
the long hours and dedication to completion of this year's review.

wWilliam G. Thorpe

Lee E. Myers

A ‘._Eg
Ot POV

2
Toa TP




-

e
F4

MISSION

The Directorate of Chemical and Atmospheric Sciences of the Air Force
Office of Scientific Research has the mission to encourage and
support fundamental research designed to increase knowledge and
understanding to stimulate the recognition of new concepts, and to
provide for early exploitation of their military implications.

The Directorate obtains and maintains for the Air Force a diversified
program of research at in-house laboratories as well as extramurally
at university and industrial laboratories. The Directorate also
functions as a dynamic interface between the Air Force and the
scientific community, ensuring the free, full, and constant inter-
change of ideas from each to the other through publications, personal
contacts, meeting attendance, and sponsored symposia. In these ways,
the Directorate helps the Air Force maintain technological superiority.

vi
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DEPARTMENT OF THE AIR FORCE
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH (AFSC)
BOLLING AIR FORCE BASE, DC 20332

June 1983

TO: FRIENDS OF AFOSR

With the final stages of preparation of the 27th Chemistry Program Review, we
continue a process that began in 1951. I cannot resist the temptation to
reflect on that span of time and its impact on our organization. There have
been major changes in leadership, administrative structure, scope of
responsibility, and style of operation. However, we in the chemistry program
are unique in AFOSR with our careful memory of the past. Our "style" has
continuously evolved to meet changing circumstances with full knowledge of
what has worked before. More importantly, examination of past experience
reveals that our ultimate purpose has never changed at all. It remains the
facilitation of research achievement of the highest possible quality and
highest possible impact on future Air Force technology. The first Director of
Chemical Sciences, Amos Horney, got that concept across to me in 1967 during
my first week as a program manager.

Sincerely,

Aonatst Codett

DONALD L., BALL
Director of Chemical and
Atmospheric Sciences
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‘ CHEMISTRY AND ATMOSPHERIC SCIENCES RESEARCH PANEL FY 82
CHEMISTRY
-
- Professor Harry R. Allcock Professor J. J. Lagowski
Department of Chemistry Piper Professor of Chemistry
Pennsylvania State University The University of Texas at Austin
University Park, Pennsylvania 16802 Austin, Texas 78712
b Professor Jesse L. Beauchamp Professor Robert J. Madix
- Division of Chemistry and Department of Chemical Engineering
A Chemical Engineering Stanford University
E California Institute of Technology Stanford, California 93405
b Pasadena, California 91125
P Or. Carol Creutz Professor Dale W. Margerum
. Department of Chemistry Chairman, Department of Chemistry
A Brookhaven National Laboratory Purdue University
; Upton, New York 11973 west Lafayette, Indiana 47907
f Dr. James Economy Professor Charles U. Pittman, Jr.
E: Manager, Organic and Polymer Research 132 woodland Forrest, Section 4
% IBM Corporation Tuscaloosa, Alabama 35405
San Jose, California 95114
Professor Mostafa F. A. El-Sayed Dr. John C. Tully
Department of Chemistry Bell Laboratories

University of California at Los Angeles Murray Hill, New Jersey 07974
Los Angeles, California 90024

Professor william R. Gentry
Department of Chemistry
University of Minnesota
Minneapolis, Minnesota 55455

ATMOSPHERIC SCIENCES

Professor Thomas M. Donahue Professor James Holton
1 Department of Atmospheric and Department of Atmospheric Sclence
. Oceanic Sciences University of Washington
University of Michigan Seattle, Washington 98195

Ann Arbor, Michigan 48105

Special Consultant: Dr. Joseph E. Earley
Department of Chemistry
Georgetown University
washington, D.C. 20057




Recent Chemistry Funding
1983 Dollars*
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. * 1983 basis year
+ projected budget and inflation
FY 82 CHEMISTRY PROGRAM STATISTICS
1 Total number of proposals received. . . « . « + & « ¢« ¢« + ¢« + « « « . . 322
! Total number of inquiries received. . . . . . « « « « « « « ¢« « « . . . 267
New work efforts initiated. . . . . . . « + + v « ¢ v ¢ ¢« v ¢ o« v . . . 14
Renewals. . . . v ¢ & v o ¢ « ¢ o o « s o s o o o s o s o s o o s 2 ... 60
Proposals declined. . . + + « « ¢ ¢ 4 « + ¢ 4 s 4 e 4 4 s e e 2. . . . 148

Proposals withdrawn . . « . « « ¢ & « & o &« &+ o o o o » o« « o o+ o« o o 10
Proposals transferred . . e &
Mini-Grants (one year funding) T 1)
Conferences and Symposia. . « « « « « + ¢ v o e e e e e e e e s ... 1
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CONFERENCES AND SYMPOSIA

The following conferences and symposia were held during FY 82 with funds
provided in part or wholly by the Directorate of Chemical and Atmospheric
Sciences as a means of furthering areas of scientific research of
particular interest to the Air Force.

1982 Gordon Research Conference on Polymers (West)

Drs. W. Macknight and D. J. Meier
Ventura, California
11-15 January 1982

1982 Gordon Research Conference on Electrochemistry

Drs. Ted Kuwana and Halina Wraoblowa
ventura, California
17-22 January 1982

Workshop on Hygroscopic Aerosols

Or. L. H. Ruhnke
Naval Research Laboratory
washington, DC 20375
April 1982

Symposium on Double Layer Phenomena -
161st Meeting of the Electrochemical Society

Or. Douglas Henderson
Montreal, Canada
9-14 May 1982

Fourth Symposium on Applied Surface Analysis

Dr. John T. Grant
University of Dayton
Dayton, Ohio
2-4 June 1982

- e~ e - e i e — - -
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Eleventh International Laser Radar Conference

Dr. J. Weinman
University of Wisconsin
Madison, Wisconsin
12-15 June 1982

1982 Gordon Research Conference on Molecular Electronic Spectroscopy

Dr. Robin M. Hochstrasser
Brewster Academy
Wolfeboro, New Hampshire
9-13 August 1982

International Conference on Time-Resolved Vibrational Spectroscopy

Dr. George Atkinson
Lake Placid, New York
16-20 August 1982

1982 Gordon Research Conference on Organometallic Chemistry

Or. I. Mador
Proctor Academy
Andover, New Hampshire
16-20 August 1982

1982 CGordon Research Conference on Vibrational Spectroscopy

Dr. Richard P. van Duyne
Brewster Academy
Wolfeboro, New Hampshire
23-27 August 1982

Third International Conference on Vibrations at Surfaces

Drs. H. Morawitz and D. J. Auerbach
Asilomar, California
1-4 September 1982
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ACTIVE RESEARCH EFFORTS

As of 1 Oct 1982

CHEMICAL TECHNIQUES - DENTON W, ELLIOTT

Surface Processes and Trace
Analysis Using Solid Electrodes
AFOSR-83-0004

Molten Salt Electrochemical
System
AFOSR-80-0173

Electrosorption of Organic
Molecules
AFOSR-80-0262

Evaluation of Chemical and Atmos-
pheric Sciences Research Relevant
to Current and Projected U.S. Air
fForce Interests

F49620-81-C~0085

High Energy Density Non-Agueous
Battery System
AFOSR-82-0111

Synthesis Structure and
Reactivity of Molecules Attached
to Electrode Surfaces
AFOSR-81-0149

Electrocatalysis of Oxygen Using
Water Soluble Metal Porphryrins
and Chemically Modified Porphyrin
Electrodes

AFQSR-78-3672

Electrochemistry and Electrochemical

Methodology in Molten Salts
AFOSR-81-0007

T e o R RN
2 it e

Stanley Bruckenstein
Department of Chemistry
State University of New York
Buffalo, New York 14214

Roger K. Bunting

Department of Chemistry
I11inois State University
Normal-Bloomington, IL 61761

Robert de Levie
Department of Chemistry
Georgetown University
Washington, D.C. 20057

Joseph E. Earley
Department of Chemistry
Georgetown University
Washington, 0.C. 20057

vijay K. Gupta
Department .. Chemistry
Central State University
wilberforce, OH 45384

Arthur T. Hubbard
Department of Chemistry
University of California,

Santa Barbara
Santa Barbara, CA 93106

Theodore Kuwana
Department of Chemistrv
Ohio State University
Columbus, OH 43212

Robert A. Osteryoung

Janet G, Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214




Fast Protonic Conducting Solid
Electrolytes
AFOSR-82-0221

Correlation of Electrode Kinetics
with Surface Structure
AFOSR-80-0271

Innovative Detection Separation
and Sampling Techniques for Trace
Analysis by Gas Chromatography
AFOSR-80-0011

Atomic and Molecular Gas Phase
Spectrometry
F49620-80-C-0005

Secondary Ion Mass Spectrometry
Studies of Solids and Surfaces
AFOSR-82-0057

Mark A. Ratner

Donald H. Whitmore
Department of Chemistry
Northwestern University
Evanston, IL 60201

Michael J. Weaver
Department of Chemistry
Michigan State University
East Lansing, Michigan 48824

Robert E. Sievers

Department of Chemistry
University of Colorado
Boulder, Colorado 80309

James D. Winefordner
Department of Chemistry
University of Florida
Gainesville, Florida 32611

Nicholas Winograd

Department of Chemistry
Pennsylvania State University
University Park, PA 16802

SURFACE CHEMISTRY - CAPTAIN LEE E. MYERS

A Mechanistic Study of Nitro-
methane Decomposition on Ni
Catalysts

AFQOSR-82-0099

Reactions of Organic Molecules on
Metal Surfaces
AFOSR-82-0302

Picosecond Laser Studies of
Energy Transfer in Molecules
on Surfaces
AFOSR-ISSA-82-00050

High Resolution Electron Energy
Loss Studies of Chemisorbed
Species on Aluminum and Titanium
AFOSR-80-0154

L S YA T e— = -

Jay B. Benziger
Department of Chemical
Engineering
Princeton University
Princeton, NJ 08544

Jay B. Benziger
Department of Chemical
Engineering
Princeton University
Princeton, NJ 08544

Richard R. Cavanagh

Stanley L. Shapiro

John C. Stephenson
Molecular Spectroscopy Div.
National Bureau of Standards
Washington, DC 20234

James L, Erskine
John M. White
Department of Physics
University of Texas
Austin, Texas 78712
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Theoretical Studies of Laser-
Induced Molecular Rate Processes:
Topics in Line Broadening and

Spectroscopy
AFOSR-82-0046

Molecular Order and Solidifica-
tion Processes in Organic Liquids
and Solutions

AFOSR-80-0166

Time-Temperature Studies of
High Temperature Deterioration
Phenomena in Lubricant Systems:
Synthetic Ester Lubricants
F49620-80-C-0061

Structure of Solid Surfaces in
Wear Situations
AFQSR-81-0005

Theoretical Investigation of
Homogeneous and Heterogeneous
Reactions in the Chemical vapor
Deposition of Silicon from Silane
AFOSR-82-0311

Surface Generation of Elec-
tronically Excited States of
02

F49620-82-K-0025

The Role of Coupling Agents in
Metal-Polymer Adhesion
F49620-79-C-0085

Chemistry of Non-Equilibrium Film
Deposition
F49620-81-C-0074

Structure of Molecular
Adsorbates on Surfaces
AFOSR-82-0133

Thomas F. George
Departmerit 2f Chemistry
University of Rochester
Rochester, New York 14627

R. J. Jakobsen

E. J. Drauglis

Battelle Memorial Institute
Columbus Laboratories

505 King Avenue

Columbus, OH 43201

S. Korcek

Fuel and Lubricants Department
Ford Motor Company
Dearborn, Michigan 48121

James L. Lauer

Department of Mechanical
Engineering

Rensselaer Polytechnic
Institute

Troy, New York 12181

Lionel M. Raff
Department of Chemistry
Oklahoma State University
Stillwater, OK 74078

T. G. Slanger

Molecular Physics Laboratory
SRI International

333 Ravenswood Avenue

Menlo Park, CA 94025

C. S. P. Sung

N. H. Sung

Department of Materials
Science & Engineering

Massachusetts Institute of
Technology

Cambridge, MA 02139

Francis J. Wodarczyk

Rockwell International
Science Center

Thousand Oaks, CA 91360

John T. Yates, Jr.
Department of Chemistry
University of Pittsburgh
Pittsburgh, PA 15260
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CHEMICAL STRUCTURES - DR. DONALD R. ULRICH

Large Molecular Diffusion and
Interfacial Effects in Orlented
Polymers

AFOSR-~82-0290

Light Scattering Studies of
Molecular Dynamics in Molecular
Crystals, Liquid Crystals, and
Polymers for Applications in
Chemical Defense

AFOSR-82-0122

Structural Electronic Relation-.
ships in Polymeric Solids
AFOSR-80-0038

Pulsed Microwave Characterization
of Conducting Polymers
AFQSR-82-0184

Physical and Morphological
Properties of Polymers
AFQSR-82-0009

TICA Study of High-Temperature
Thermoplastics
AFOSR-82-0301

Ultrastructure Processing and
Environmental Stability of
Advanced Structural and Elec-
tronic Materials
F49620-80-C-0047

International Conference on
Ultrastructure Processing of
Ceramics, Glasses, and Composites
AFOSR-82-0293

10

R. Edward Barker, Jr.

Kenneth R. Lawless

Department of Materials
Science

University of virginia

Charlottesville, VA 22901

Elliot R. Bernstein
Department of Chemistry
Colorado State University
Fort Collins, Colorado 80521

Glenn A. Crosby

Department of Chemistry
Washington State University
Pullman, Washington 99164

Larry R. Dalton

Department of Chemistry

University of Southern
California

Los Angeles, CA 90007

Paul J. Flory

Department of Chemistry
Stanforo University
Stanford, California 94305

Joel R. Fried

Chemical & MNuclear Engineering
University of Cincinnati
Cincinnati, OH 45221

Larry L. Hench

Department of Materials
Science

University of Florida

Gainesville, FL 32611

Larry L. Hench

Department of Materials
Science

University of Florida

Gainesville, FL 32611




! NMR Study of Disordered Materials Jiri Jonas

* under Extreme Conditions of Pres- Department of Chemistry

k, sure and Temperature University of Illinois

1 AFOSR-81-0010 Urbana, Illinois 61801

: Effect of Structure on Physical Frank E. Karasz

2 Properties of Polymers Polymer Science & Engineering

? AFQSR-80-0101 University of Massachusetts

« Amherst, Massachusetts 01003
An Approach to Molecular Composites William R. Krigbaum
AFQSR-79-0080 J. Preston

Department of Chemistry

i R oty K

Duke University
Durham, North Carolina 27706
Preparation & Properties of John D. Mackenzie
3 Halide Glasses and Glass-Polymer Materials Department
' Composites University of California
] AFOSR-80-0059 Los Angeles, California 90024
High-Performance Polymeric Materials James E. Mark
AFQOSR-83-0027 Department of Chemistry

i University of Cincinnati
f Cincinnati, Ohio 45221

X Surface Chemistry and Structural Carlo G. Pantano
! Effects in the Stress Corrosion Department of Materials
: of Glass and Ceramic Materials Pennsylvania State University
4 AFOSR-82-0013 University Park, PA 16802
Molecular Mechanics of Polymeric Paras N. Prasad
Interactions in Relation to Department of Chemistry
Chemical Defense State University of New York
AFOSR-82-0118 Buffalo, New York 14260
Microstructure of Amorphous and Donald R. Uhlmann
o Semi-Crystalline Polymers Department of Materials
| AFOSR-81-0011 Science & Engineering
Massachusetts Institute of
Technology

Cambridge, MA 02139

Polybenzothiazoles - Synthesis James E. Wolfe
and Characterization Chemistry Laboratory
F49620-81-K-0003 SRI International

Menlo Park, California 94025

11

———— ~ - .- ——— g . —

A IR - vt e Rt T e I R TR s o
- ! . FOIIY S PIRELAT. - STy A 2y - s Y B h _ Al Lokl 2. e 4 < K B




bey s % i

L e

MOLECULAR DYNAMICS ~ MAJOR WILLIAM G. THORPE

Rates of Intramolecular Con-
versions Over Barrlers
AFQSR-80-0046

Energy Disposal in lon-Molecule
Reactions
AFOSR-82-0035

Study in Molecular Lasers
AFOSR-81-0028

Ion Photofragment Spectroscopy:
Structure and Dissociation of
Molecular Ions
F49620-81-K-0006

vibrational Relaxation Rates and
Pathways in Highly Excited
Molecules

AFOSR-82-0244

Chemiluminescence and Laser
Induced Fluorescence of Boron
Atom Reactiors

AFOSR~80-0061

A Molecular Orbital Study of
Atmospherically Important Cluster
Ions

AFOSR-82-0198

Collisional Energy Exchange in
Polyatomic Molecules
F49620-80-C-0026

Sequential Excitation Preparation of
Molecular Energy Levels with
Special Structural and Chemical
Properties

AFOSR~80-0254

12

Simon H. Bauer
Department of Chemistry
Cornell University
Ithaca, NY 14853

Michael T. Bowers

Department of Chemistry
University of California
Santa Barbara, CA 93106

George Burns

Department of Chemistry
University of Toronto
Toronto, Ontario, Canada
M5S 1Al

Philip C. Cosby

James R. Peterson

Molecular Physics Laboratory
SRI International

Menlo Park, CA 94025

F. Fleming Crim
Department of Chemistry
University of Wisconsin
Madison, W1 53706

Paul Davidovits
Department of Chemistry
Boston College
Chestnut Hill, MA 02167

Carol A. Deakyne
Department of Chemistry
College of Holy Cross
Worcester, MA 01610

John B. Fenn

Department of Engineering and
Applied Science

Yale University

New Haven, Connecticut 06520

Robert W. Field

James L. Kinsey

Department of Chemistry

Massachusetts Institute of
Technology

Cambridge, MA 02139
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Spectroscopic Studies of the
Products of the Reactions of
Noble-Gas Atoms
AFOSR-79-0089

Theoretical Study of the Ener-
getics and Dynamics of High
Energy Inelastic Collision
Processes

F49620-80-C~0017

Energy Disposal in Electronically
Excited Halogen Atoms and
Molecular Oxygen

AFQOSR-78-3513

Measurement of Rate Constants of
Elementary Gas Reactions of
Importance to Upper Atmosphere
and Combustion Systems
AFQOSR-80-0207

Computer Modeling of Pulsed
Chemical Lasers
AFOSR-80-0003

Spectroscopic Determination of
Intermolecular Potentials of Gas
Laser Components and of Major
Atmospheric Constituents
AFOSR-82-0036

Theoretical and Experimental
Studies in Reactive Scattering
AFOSR-82-0341

State-Resolved Dynamics of Ion-
Molecule Reactions in a Flowing
Afterglow

F49620-83-C~0013

Analysis and Prediction of
Experimental Results for
Elementary Molecular Processes
AFOSR-81-0030
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Michael F. Golde
Department of Chemistry
University of Pittsburgh
Pittsburgh, PA 15260

D. R. Herschbach
Department of Chemistry
Harvard University
Cambridge, MA 02138

Paul L. Houston
Department of Chemistry
Cornell University
Ithaca, New York 14853

Frederick Kaufman

Department of Chemistry
University of Pittsburgh
Pittsburgh, Pennsylvania 15260

Ronald L. Kerber

Electrical & Mechanical
Engineering Department

Michigan State University

East Lansing, Michigan 48824

william Klemperer
Department of Chemistry
Harvard University
Cambridge, MA 02138

Aron Kuppermann

Division of Chemistry and
Chemical Engineering

California Institute of
Technology

Pasadena, California 91125

Stephen R. Leone

G. Barney Ellison
veronica M. Bierbaum
Department of Chemistry
University of Colorado
Boulder, Colorado 80309

Raphael D. Levine

James L. Kinsey

Department of Chemistry

Massachusetts Institute of
Technology

Cambridge, Massachusetts 02139
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Study of Singlet Oxygen -
Pentavalent Phosphorus Reactions
F49620-82-C-0045

Studies on Singlet Delta
Oxygen
AFOSR-82-0199

Energetic and Collision Dynamics
of Electronic Transition Laser
Systems

F49620-81-C-0097

Electronically Excited Molecular
Oxygen
AFOSR-79--0088

Nanosecond IR Spectroscopy

and vVibrational Enhancement of
Chemical Reactions
AFCSR-82-0031

The Molecular Dynamics of Reactions
Forming Electronically Excited
Products

AFOSR-81-0027

Chemical Kinetic Studies Involv-
ing NF and PF Radicals
AFQOSR-78-3507

Computational Study of Nonadiabatic
Effects in Atom-Molecule Reactive
Scattering

F49620-81-C-0046

Experimental and Theoretical
Studies of Molecular Dynamics
AFOSR-81-0029
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Leonard J. Marabella
Chemical Physics Department
TRW Incorporated

Redondo Beach, CA 90278

H. A. McGee, Jr.

Dept. of Chemical Engineering

virginia Polytechnic Institute
& State University

Blacksburg, VA 24061

H. Michels

Robert H. Hobbs

United Technologies Research
Center

East Hartford, CT 06108

Elmer A. Ogryzlo

Department of Chemistry
University of British

Columbia

2036 Main Mall

vancouver, B.C. Canada V6T-1Y6

G. Pimentel

Department of Chemistry

University of California at
Berkeley

Berkeley, California 94720

John C. Polanyi

Department of Chemistry

University of Toronto

Toronto, Ontario, Canada
M5S 1Al

John Pritchard
Department of Chemistry
Queen Mary College
London E1 4NS, England

Michael J. Redmon
Research Department
Cthemical Dynamics
Corporation
Columbus, Ohio 43220

Stuart A. Rice
Department of Chemistry
University of Chicago
Chicago, Illinois 60637
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Theory and Experiments on Chemical

Dynamics and Instabilities
AFQOSR-81-0125

Nonlinear Interactions Between
the Pumping Kinetics, Fluid
Dynamics and Optical Resonator
of CW Fluid Flow Lasers
AFOSR-80-0133

Reactions of Laser-Generated
Free Radicals at Semi-Conductor
Surfaces

AFQSR-83-0007

Studies of Energy Storage and
Transfer
AFOSR-82-0037

Laser Kinetic Spectroscopy of
Unimolecular and Bimolecular
Processes in the Gas Phase
AFQSR-83-0022

A First Principles Approach to
Electronic Energy Transfer Processes
in Reactions of the Form Me + 0-A =
MeO + A

AFQSR-79-0073

State Identification of Reaction

Products
AFOSR-81-0053

15

John Ross

Department of Chemistry
Stanford University
Stanford, California 94305

Lee H. Sentman

M. Nayfeh

Aeronautical and Astronautical
Engineering

University of Illinois

Urbana, Illinois 61801

Jeffrey 1. Steinfeld

Department of Chemistry

Massachusetts Institute of
Technology

Cambridge, MA 02139

John Wiesenfeld
Department of Chemistry
Cornell University
Ithaca, NY 14853

Curt wittig

Hanna Reisler

Department of Electrical
Engineering

University of Southern
California

Los Angeles, CA 90087

David R. Yarkony

Department of Chemistry

The Johns Hopkins University
Baltimore, Maryland 21218

Richard N. Zare

Department of Chemistry
Stanford University
Stanford, California 94305
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CHEMICAL REACTIVITY AND SYNTHESIS ~ DR. ANTHONY J. MATUSZKO

Distibines, New One-Dimensional
Materials
AFOSR-81-0099

New Approaches to the Synthesis
of Novel Organosilanes
AFOSR-80-0239

New Approaches to Functionalized
Fluorocarbons
AFOSR-80-0259

A New Approach to Highly
Fluorinated Lubricants
AFOSR-82-0084

Development of Practical MO
Techniques for Prediction of the
Properties and Behavior of
Materials

AFOSR-~79-0008

Picosecond Laser Studies of Excited
State Proton and Electron Transfer
Phenomena

AFQSR-81-0009

Qantum-Theoretical Studies of
Nerve Agents and Vesicant
Compounds

AFOSR-82-0100

Ground and Excited State
Reactions of Phosphonofluoridic
Acids and Esters and Their
Isomers

AFOSR-82-0190

Structural and Synthetic

Organosilicon Chemistry
AFOSR-81-0185

16

Arthur J. Ashe, II1
Department of Chemistry
University of Michigan
Ann Arbor, MI 48109

Philip Boudjouk

Department of Chemistry

North Dakota State University
Fargo, North Dakota 58105

D. Burton

Department of Chemistry
University of Iowa

Iowa City, IA 52242

R. D. Chambers
Department of Chemistry
University of Durham
Durham, England DHl 3LE

Michael J. S. Dewar
Department of Chemistry
University of Texas
Austin, Texas 78712

Kenneth B. Eisenthal
Department of Chemistry
Columbia University
New York, New York 10027

Carl S, Ewig

John R. Van Wazer

Wolf D. Dettbarn
Department of Chemistry
vanderbilt University
Nashville, TN 37235

Mark S. Gordon

Department of Chemistry

North Dakota State University
Fargo, ND 58105

Michael E. Jung

Department of Chemistry

University of California,
Los Angeles

Los Angeles, CA 90024
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Polyphosphorus Compounds Contain-
ing Phosphorus-Nitrogen Bonds
AFQOSR-81-0051

An Approach to Molecular Composites

AFOSR-79-0080

Studies of Polymer-Bound
Macrocyclic Polytertiary
Phasphines

AFOSR-79-0090

Synthesis of Novel Fluorine
Compounds - New Experimental
Challenges in Elemental Fluorine
Chemistry

AFOSR-82-0197

Fabricable Polymers for Use Under
Extreme Conditions
AFOSR-82-0007

Mechanisms and Kinetics of
Diphthalocyanine Electrode
Processes

F49620-80-C-0060

Synthesis of Novel Nitrogen and
Phosphorus Heterocycles
F49620-82-C-0021

Potential Energetic Materials
Formed from Coupling of Sub-
stituted Halo-S-Triazines
AFOSR-82-0191

Basic Research in Novel Inorganic
Reagents and Fluorocarbon
Chemistry

F49620-81-C-0020

Organosilicon Compounds:

Monomers and Polymers
AFOSR-83-0003

17

R. Bruce King
Chemistry Department
University of Georgia
Athens, Georgia 30602

william R. Krigbaum

J. Preston

Department of Chemistry

Duke University

Durham, North Carolina 27706

Evan P, Kyba

Department of Chemistry
University of Texas
Austin, Texas 78712

Richard J. Lagow
Department of Chemistry
University of Texas
Austin, Texas 78712

Carl S. Marvel
Department of Chemistry
University of Arizona
Tucson, Arizona 85721

M. M. Nicholson

Electronics Research Division
Rockwell International Corp
Anaheim, California 92803

Kay L. Paciorek

Chemical & Materials Research
Ultrasystems, Inc.

Irvine, California 92664

G. Fredric Reynolds

Chemistry & Chemical
Engineering

Michigan Technological
University

Houghton, MI 49932

C. J. Schack
Rocketdyne Division
Rockwell International
Canoga Park, CA 91304

Dietmar Seyferth

Department of Chemistry

Massachusetts Institute of
Technology

Cambridge, MA 02139
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Synthesis of Difluoraminoxy-,
Difluoramino- or Fluorodiazonium-
Containing Materials
AFQSR-82-0247

P1.perties of Reactive Species
Generated at High Temperatures

and Their Low Temperature Reactions
to Form Novel Substances
AFQSR-82-0195

Compounds Containing Hetero-
nuclear Metal-Metal Bonds
AFOSR-82-0070

Theoretical Study of Penta-
valent Phosphorus
AFQSR-82-0114

Structural and Dynamic Studies
of Materials Possessing High
Energy Content

AFOSR-81-0013

Chemistry of New Silicon Con-
taining Polymers and Triply Bonded
Silicon Intermediates
AFOSR-82-0333

Chemical Reactions and Properties
of Organosilicon Compounds
Related to New Materials
AFOSR-82-0067

18

Jean'ne M. Shreeve
Department of Chemistry
University of Idaho
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Philip S. Skell

Department of Chemistry
Pennsylvania State University
University Park, PA 16802

F. G. A. Stone

Department of Inorganic
Chemistry

University of Bristol

Bristol, 858 1TS, UK

Andrew Streitwieser, Jr.
Department of Chemistry
University of California
Berkeley, CA 94720

Nicholas J. Turro
Department of Chemistry
Columbia University

New York, New York 10027

William P. Weber

Department of Chemistry

University of Southern
California

Los Angeles, CA 90007

Robert C. West
Department of Chemistry
University of Wisconsin
Madison, Wisconsin 53706
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Behavior of the Atmosphere

in the Desert Planetary Boundary
Layer

AFOSR-82-0285

Fabry-Perot Determinations of
Equatorial F-Region Neutral
Winds and Temperatures
AFOSR-82-0055

MITHRAS Magnetosphere-
Ionosphere-Thermosphere Radar
Studies Using Three High-Latitude
Incoherent~Scatter Stations
F49620-81-C-0042

Studies of the Auroral Zone
Ionosphere Using the MITHRAS
Data Base

AFQSR-83-0002

Dynamic-Chemical Coupling in the
Mesosphere and Lower Thermosphere
AFOSR-81-0090

High Time Resolution Studies
of the Auroral Ionosphere
AFOSR-82-0093

A Numerical and Observational
Investigation of Gravity-Wave/
Mean Flow Interactions in the
Atmosphere

AFOSR-82-0125

Global Atmospheric waves
AFQSR-82-0052

Louis Berkofsky

Meteorology Department

Ben Gurion University of
the Negev

Beer-Sheva, Israel

Manfred A. Biondi

Department of Physics and
Astronomy

University of Pittsburgh

Pittsburgh, PA 15260

Odile de la Beaujardiere
Radio Physics Laboratory
SRI International

333 Ravenswood Avenue
Menlo Park, CA 94025

J. V. Evans

Haystack Observatory

Massachusetts Institute of
Technology

Westford, MA 01886

Jeffrey M. Forbes
Department of Physics
Boston College

Chestnut Hill, MA 02167

John C. Foster

Center for Atmospheric and
Space Sciences

Utah State University

Logan, UT 84322

David Fritts
Geophysical Institute
University cof Alaska
Fairbanks, AK 99701

G. V. Groves

Department of Physics and
Astronomy ;

University College §

London WC1E 2BT7 UK :
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Studies of Extratropical Cyclonic
Storms; The CYCLES Project
AFOSR-ISSA-83-00018

A Laboratory Study of Aircraft
Precipitation Static Charging
AFOSR-81-0189

A Theoretical framework for
Examining Geographical variability
in the Microphysical Mechanisms of
Precipitation Development
AFOSR-82-0179

Construction of University of
Missouri-Rolla‘'s Full Scale Cloud
Simuylation Chamber
F49620-80-C-0090

Analysis of the NOAA Alaskan MST
Radar System Data
AFOSR-80-0020

Light Scattering and Absorption
Properties of Ice Clouds for visible
and Infrared Laser Wavelengths
F49620-79-C-0198

A Study of the Effects of
Triggered Lightning
AFOSR-82-0206

Vertical Wind Speeds Observed by
the Poker Flat, Alaska, MST
F49620-82-C-0029

Investigation into the Nature of
Snowflake Aggregation in the
vicinity of the Melting Layer

in Stratiform Clouds
AFOSR-82-0173
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James J. Kassner, Jr.
D. R. White
Department of Physics k
University of Missouri-Rolla
Rolla, Missouri 65401

Michael C. Kelley
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Department of Electrical
Engineering
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New Mexico Institute of Mining
and Technology

Socorro, NM 87801
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Effects of Mountain Ranges on
Mesoscale Systems Development
AFOSR-82-0162

High Time Resolution Thermospheric
Temperature and Wind Studies in the

Arctic
AFQOSR-80-0240

A Systematic Study of Light
Scattering by Irregularly Shaped
Particles

AFOSR-MIPR-82-00052

Rainfall Studies Using the
Differential Reflectivity Radar
Techniques

AFQSR-ISSA-82-00043

Upper Atmospheric Structure
and Dynamics
AFQSR-ISSA-82-0042

Latitudinal variations of Auroral
Zone Ionization Distributions
F49620-80-C-0014

Phase Fluctuations of Trans-
ionospheric Signals under
Multiple Scattering Conditions
F49620-82-C-0058
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Teizi Hermi
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Colorado State University
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Don Schuerman
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University of Florida
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Thomas A, Seliga
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Ohio State University
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Air Force Laboratory Chemical Sciences

Research Projects

l. TITLE: pPhysical Chemistry and Electrochemistry

2. PRINCIPAL INVESTIGATOR: Capt John L., Williams
Frank J. Seiler Research Laboratory
Air Force Academy, CO 80840

3. ABSTRACT OF OBJECTIVES:

Provide scientific basis for the development of high current density and
high energy density electrochemical power supplies.

l. TITLE: Energetic Materials Chemistry Research

2. PRINCIPAL INVESTIGATOR: Dr. John S. Wilkes
Frank J. Seiler Research Laboratory
Air Force Academy, CO 80840

3. ABSTRACT OF OBJECTIVES:

Synthesis of new oxidizers based on tetrazines is being accomplished
utilizing novel synthetic chemistry. Xenon difluoride is being
investigated as a reagent for preparation of such compounds. Understand
the thermochemical and photochemical decomposition mechanisms of
explosives. Discover new low-hydrogen content explosives.
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1. TITLE: Upper Atmosphere Chemistry

2. PRINCIPAL INVESTIGATOR: Dr. John F, Paulson
Air Force Geophysics Laboratory
Hanscom AFB, MA 01731

3. ABSTRACT OF OBJECTIVES:

Measure rate coefficients for reactions between atmospheric ion species
and neutral molecules as a function of temperature. Measure the optical
emission produced in such reactions. Study photoabsorption processes in
atmospheric neutrals and ions. Study the collisional and radiative
quenching reactions for photoexcited species. Measure rate coefficients
for electron attachment, ion-electron recombination, and positive
ion-negative ion mutual neutralization. Calculate the product energy
levels and reaction hypersurfaces for ion-electron and ion-neutral
reactions important as sources of IR/optical emission.

22
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1. TITLE: Plume Atmosphere Interactions

2. PRINCIPAL INVESTIGATOR: Mr. Alfred Rahbee
Air Force Geophysics Laboratory
Hanscom AFB, MA 01731

3. ABSTRACT OF OBJECTIVES:

Investigate and measure vibrational excitation cross sections for
high-velocity collisions of major rocket plume species with atmospheric
species. The results are ultimately used in plume analysis and prediction.

1. TITLE: Synthesis and Mechanism of Propellant Ingredients

2. PRINCIPAL INVESTIGATOR: Major Scott Shackelford
Air Force Rocket Propulsion Laboratory
Edwards AFB, CA 93523

3. ABSTRACT OF OBJECTIVES:

Investigate chemical syntheses designed to define specific new chemical
synthetic transformations, to achieve novel chemical structures, to
improve overall synthetic routes to known candidate propellant
ingredients, to produce new target compounds, and to provide on-going
syntheses of novel model compounds required for investigations in
complementary in-house chemical research programs. Synthesize modified or
new tough, cureable, high energy polymer binder candidates for smokeless
propellants, high solid loaded formulations and/or high performance hybrid
fuels with vastly improved mechanical, physical, and chemical
compatibility characteristics including a thermochemical stability 2000C
and a glass transition temperature as low as -550C. Synthesize
nonenergetic and energetic copolymers of different molecular weight
distribution ranges for subsequent curing into monomodal, bimodal, and
polymodal, binder networks. Investigation of Mark's generalized new
multimodal concept for improved stress/strain properties as applicable for
propellant binder systems. Determine the detailed initial and
rate-controlling thermochemical mechanisms of propellant ingredient
decomposition reactions as applicable to precombustion conditions and to
establish systematic relationships between key initially controlling
steady-state decomposition mechanisms and molecular structure as applied
to chemical stability, compatibility, and decomposition rate

modification. In-situ elucidation of the ingredient rate-determining bond
rupture and mechanism responsible for contralling the global propellant
burn rate process. Determine the degree of kinetic versus thermodynamic
control in propellant ingredient burning processes and in selected
propellant formulations. Elucidate important chemical interactions
between specific formulated propellant ingredients.

23




B 1. TITLE: Surface Phenomena

2. PRINCIPAL INVESTIGATOR: Or. Trice W. Haas
Air Force Wright Aeronautical Laboratories
Materials Laboratory
wright-Patterson AFB, OH 45433
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3. ABSTRACT OF OBJECTIVES:

g | Elucidate the basic chemical and physical factors affecting the control,

E activation, lifetime, and poisoning of various types of low work function
cathodes (oxide, dispenser, matrix) for use in travelling wave tubes.
Determine the surface chemical factors which control the growth,
perfection, and electrical characteristics of thin film silicon grown
epitaxially on sapphire substrates. Determine epitaxial relationships of
silicon films on cubic stabilized zirconia substrates, investigate
interface chemistry resulting from the epitaxy process and measure silicon
i film electrical properties.

. 1. TITLE: Fluids and Lubricants Synthesis

e 2. PRINCIPAL INVESTIGATOR: Dr. Christ Tamborski

- Air Force wright Aeronautical Laboratories
Materials Laboratory

wright-Patterson AFB, OH 45433

3. ABSTRACT OF OBJECTIVES:

Perform thermal degradation studies on polyalkylbenzene compounds under
a) non-oxidative and b) oxidative conditions. Perform molecular structure
versus physical and chemical properties studies in order to optimize
desirable chemical structures possessing optimum properties. Initiate a

. program on the synthesis of silahydrocarbon compounds via

: non-organometallic (organolithium and Grignard reagents) methods.
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1. TITLE: Basic Factors in the Synthesis of Macromolecular Materials

2. PRINCIPAL INVESTIGATOR: Dr. Richard L. van Deusen
Air Force Wright Aeronautical Laboratories
Materials Laboratory
Wright-Patterson AFB, OH 45433

3. ABSTRACT OF OBJECTIVES:

Provide the basic scientific knowledge about the synthesis and behavior of
polymeric materials that will provide new base materials and knowledge of
their physical and chemical properties, mechanical behavior, and
composition and morphology for future development of new improved
nonmetallic structural materials for advanced aircraft systems.
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1. TITLE: Electrochemistry

2. PRINCIPAL INVESTIGATOR: Dr. D. Fritts

Air Force Wright Aeronautical Laboratories
Aero-Propulsion Laboratory
Wright-Patterson AFB, OH 45433

3. ABSTRACT OF OBJECTIVES:

Elucidate the life limiting mechanisms at nickel electrodes associated
with mechanical alteration, corrosion of plaque material, and cell thermal
phenomena. Investigate self-discharge mechanisms, discharge rate
capability, and passivation while enhancing the safety of primary high
energy density batteries. Evaluate low temperature molten salt
electrolytes and ambient temperature non-aqueous electrolytes for
potential application in high energy density rechargeable batteries.
Study the electrochemistry associated with very high current discharge
(for short time periods) delivered by either primary or rechargeable
batteries. In the case of secondary cells, discharge currents would be
greater than fifty times the normal rated load so that thermal control

will also be investigated. Explore the electrochemical aspects of lithium
rechargeability in combination with various potential cathodes.

25
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1. TITLE: Laser Kinetics

2. PRINCIPAL INVESTIGATOR: ODr. Leroy E. Wilson
Air Force Weapons Laboratory
Kirtland AFB, NM 87117

e~ sy At 0 g __,

3. ABSTRACT OF OBJECTIVES:

Theoretically and experimentally determine the physical chemistry
parameters of rotational emergy transfer rate, quenching rate, v-v
exchange, and line broadening parameters of an optically pumped transfer
, cell. Experimentally determine the HF/DF high vibration state relaxation
b rate constants using double resonant techniques and develop new
: experimental and theoretical techniques for determining state to state
reaction rates. Model energy transfer kinetics, including rotational
non-equilibrium effects. Experimentally and analytically determine
limiting processes when radiative times become comparable to kinetic
times. Experimentally determine limiting processes in high gain lasers,
1 such as superfluorescence, supersaturation, and parasitic oscillations.
Measure the effect of anomalous dispersion on the output beam quality of a
high energy chemical laser during power broadening.

M 1. TITLE: Electronic Transition Chemical Laser Concepts
2. PRINCIPAL INVESTIGATOR: Or. Steve Davis
Air Force Weapons Laboratory
Kirtland AFB, NM 87117
3. ABSTRACT OF DBJECTIVES:

Identify and explore new candidates for development of efficient,
high-energy, electronic transition, gas phase chemical lasers.
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Air Force Geophysics Laboratory
Hanscom AFB, MA (01731

By Atmospheric Sciences

Research Prcjects

1. TITLE: Molecular and Aerosol Properties of the Atmosphere
2. PRINCIPAL INVESTIGATOR: Or. George A. Vanasse
1 3. ABSTRACT OF OBJECTIVES:

Obtain laboratory high-resolution, ambient and high-temperature data of
atmospheric constituents, and perform balloon-borne measurements of
stratospheric emission using a high resolution cryogenic interferometer.
Conduct research leading to the development of more sensitive techniques
f ' for improving the accuracy of spectral and remote sensing measurements.
E The high-resolution data will be used to obtain improved molecular

& parameters for use in the theoretical spectroscopy effort of the task, and
& also for updating the transmission/emission codes. Develop techniques to
3 compute molecular absorption/emission line widths and shapes, and compare
9 results with laboratory and field measurements. Develop an understanding

of the intermolecular forces and statistics of molecular collision
" processes; and also new methods for calculating atmospheric spectra from a
- set of known absorption line parameters and line shapes. Develop models

: of the optical properties of aerosols in order to calculate such
parameters as beam attenuation, angular scattering intensities,
polarization, path radiance and contrast transmission. Also perform
experimental and theoretical studies in order to correlate aerosol
particle refractive index, size distribution, and concentration with
meteorological and environmental conditions.

1. TITLE: Upper Atmosphere Composition

2. PRINCIPAL INVESTIGATOR: Dr. Rocco S. Narcisi
3. ABSTRACT OF OBJECTIVES:

Measure the ionospheric species present in the upper atmospheric D- and

E-regions during solar-disturbed periods to determine upper atmospheric

physical-chemical processes important to LF/VLF/HF communications.

Develop models of ion/electron structure, physical-chemical processes and

b transport mechanisms in order to describe the twilight and daytime
disturbed high-latitude ionosphere. Measure composition with high spatial
resolution to provide understanding of the physical-chemistry and
transport processes in the creation of ionospheric irregularities/

| scintillations in the equatorial, midlatitude and polar regions.
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l. TITLE: Infrared Atmospheric Processes
2. PRINCIPAL INVESTIGATOR: Dr. R. A. Armstrong
3. ABSTRACT OF OBJECTIVES:

Study and define the processes that control infrared emissions in auroral
and nuclear-disturbed atmospheres. Determine the spectral, spatial and

temporal character of airglow infrared emissions with and without solar
illumipation.

1, TITLE: Remote Ionospheric Mapping
2. PRINCIPAL INVESTIGATOR: Dr. J. R. Jasperse
3. ABSTRACT OF OBJECTIVES:

Develop quantitative methods for specifying the electron density profile
from the analysis of particle, optical and electromagnetic wave data.
Develop an understanding of the onset of plasma turbulence in the
ionosphere and how the properties of the turbulent regions can be
specified by remote measurements. Develop an understanding of how changes
in the magnetosphere affect the state of the high-latitude ionosphere.
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1. TITLE: Atmospheric Dynamic Models
2. PRINCIPAL INVESTIGATOR: Or. Chien-hsiung Yang
3. ABSTRACT OF OBJECTIVES:
Formulate a dynamic-numerical model of the moist atmosphere on a

global scale to serve as a research vehicle to understand the dynamics and
physics of the atmosphere. Understand and model medium (meso) scale

dynamics and the interactions between this scale and both the larger and
the smaller scale processes.
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1. TITLE: Advanced Weather Satellite Techniques

2. PRINCIPAL INVESTIGATOR: Dr. K. R. Hardy

3. ABSTRACT OF OBJECTIVES:

Develop and test theories for the retrieval of meteorclogical information

from satellite observations and to devise techniques for the incorporation
of satellite data into numerical weather prediction models.

1, TITLE: Global Ionospheric Dynamics
2. PRINCIPAL INVESTIGATOR: Or. H. Carlson

3. ABSTRACT OF OBJECTIVES:

Determine the dominant physical processes driving temporal and spacial
ionospheric variability over scales of concern to Air Force systems.
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CHEMICAL TECHNIQUES

Denton W. Elliott

Technical emphasis in this program is divided between detection and
electrochemistry areas of research. In the first area, atomic and
molecular spectrometric instrumentation are being developed along with
methodologies to enable detection of ultra-trace and below
concentrations. Local combustion diagnostics are being exploited to
permit detection of gas species and f?ame temperatures. Selective and
sensitive gas chromatographic techniques and ancillary methods are under
observation for the improvement of sample collection procedures, new
chromatographc media, and novel separation schemes.

e bl e

In the electrochemical area, investigations of new electrode/electrolyte
systems for high energy density and long storage lifs are being

undertaken. The chemical and physical characterization of new materials
_ | for battery components is being exploited. It is the new materials area
" 1 that special attention is being given.

At Oxford University, Professor J. B. Goodenough and Or. P. G. Dickens
have been involved in the design, preparation, and characterization of new
¥ materials for electrochemical cells. Special emphasis was placed on

32 eolid-solution cathodes for secondary batteries of high specific energy
and power.

- Secondary batteries rely on reversible chemical reactions at the
3 electrodes. In conventional systems, cations are transported from the ;
anode to the cathode during discharge, and chemical reaction at the 5
cathode introduces a second crystallographic phase. The kinetics ;
associated with propagation of the phase boundary limits the power output !
of the cell; materials mismatch across the phase boundary causes :
deterioration of the cathode on repeated discharge/charge cycles, :
particularly for deep cycles. In order to circumvent these two problems, i
|

two new approaches to cell design are under active development: (1) use
of liquid electrodes and a solid electrolyte, typified by the
' high-temperature Na/S cell first proposed at the Ford Research
] Laboratories, and (2) use of a solid solution cathode - first investigated
i for electrochromic devices - typified by the Li/TiS, cell developed at
Exxon Research Laboratories. A third alternative is to develop an
all-solid-state battery utilizing a solid electrolyte and a solid-solution
electrode. Electrolysis/fuel cells are similar to secondary batteries
except that the fuel generated in the electrolysis (charging) mode may be
shipped to a distant place to be consumed in the fuel-cell (discharge)
mode, and half-cycles are useful in their own right. Solid electrolytes
are well adapted to liquid and gas phases; conventional cells are plagued
by corrosion problems at the high temperatures and pressures desired for
low overvoltages. Fast 02--ion conductors are sought for high-
%emgerature electrolysis; fast H*-ion conductors for lower-temperature

vel cells.

A~ ot -
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Professor Goodenough and his group have come up with an invention that
relates to an electrical device which includes a conductor of hydrogen
cations (H*-ion). The conductor is a ggessed bod¥ of a metal oxide and
water. The water content of the body being more than one-quarter in
excess of that necessary to form the most hydrated hydrous oxide of the
metal. The getal oxide is in the form of particles having an average size
of under 500A. The need for any excess of water arises from the fact that
only the excess water forms surface groups on the particles, and a
specified amount of excess is needed to ensure minimum continuous aqueous
conducting pathways enveloping the particles; any lesser nominal excess
tends to be all used up in stabilizing the particle surfaces. This
invention is covered under U.S. Patent Application 12058.

Another invention which originated from the Oxford group's reseach is
concerned with a method of preparing a high surface area form of

LiCoOz. This is covered under U.S. Patent Application 135222. It

relates to ion conductors having the formula AxMy 02 and having the

layers of the a -NaCrO; structure, in which A is Lz, Na, or K; M is a
transition metal; X is less than 1 and Y is approximately equal to 1. The
A* cation vacancies in the ion conductor having been created by A+

cation extraction. Such ion conductors have potential application as
solid-solution in electrochemical cells.

Conventional batteries rely on mass transport from one solid electrode to
another through a liquid electrolyte. Chemical reaction at the cathode
results in the formation of a new solid compound, and power densities are
limited by the low mobilities of the interphase boundaries. Moreover,
volume changes associated with the formation of a new phase cause
degradation of the electrode. Two ways of meeting these problems have
hitherto been proposed, namely use of the liquid electrodes separated by a
solid electrolyte and use of a solid-solution cathode that is a mixed
ionic/electronic conductor. The former requires operation at temperatures
high enough to keep the electrodes molten; the latter permits
low-temperature operation. The literature discloses compounds of such
suitability for use in the latter, e.g. the layer compounds Li,TiS,.

The question arises as to what direction should be taken in the new
electrochemical materials research program.

The potential technological significance of solid materials exhibiting
fast ionic conduction is now well recognized; the new journal titled Solid
State Ionics testifies to a growing activity in the field. Of particular
Interest are solid electrolytes and solid-solution electrodes.

Solid electrolytes act as separators and permit the use of either liquid
or gaseous reactants to (or products from) an electrochemical cell. They
also permit wider temperature and pressure variations than do liquid
electrolytes. They are therefore of immediate interest for
electrolysis/fuel cells, oxygen sensors, high-temperature secondary
batteries and thermoelectric-power devices. Four specifications are
essential for a technologically viable electrolyte:
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(1) Low-cost fabrication into dense "membranes"
(2) Cnhemical stability in working environment
(3) Ionic conductivity high enough for tolerable I2R losses

(4) An ionic transport number tj = oj/c approaching unity.

t
W i e s P W S S e

Difficulties in meeting the first of these specifications has prevented
realization of a marketable Na-S battery based on Na -alumina despite
intensive development programs. Lack of an adequate or appropriately
located electrochemical "window" limits the choice of reactants/products
that might be used with Li*-ion conductor LiaN. Unless extremely thin
membranes can be used, the ionic conductivity at the operating temperature
must approach that of a good liquid electrolyte at room temperature, which
1 restricts ceramic materials to the "superionic" class. Finally, in order
to keep the electronic conductivity much lower than the ionic
conductivity, it is necessary to have not only a large electronic bandgap
- compatible with an adquate electrochemical window, but also no oxidation
or reduction of the solid under operating conditions. This constraint has

been most difficult to fulfill in the case of 02--ion electrolytes.

Solid-solution (or insertion) electrodes are mixed ionic/electronic
conductors suitable for reversible electrodes; mobile ions may be inserted
or extracted electrochemically without changing the basic structure of the
host matrix. This requirement is essential for high power and long cycle
life. Pb0Oy, the cathode of a lead-acid battery, accepts protons
reversibly, for example, but it suffers from a slow disproportionation
] reaction into Pb2+ and Pb4+ ions once the hydrogen concentration goes
beyond a critical limit; it is this disproportionation reaction that cause
the cathode to deteriorate if the battery stays for any time in deep
discharge. Metallic transition-metal oxides or sulfides are known that
avoid this problem. However, it is important to find transiton-metal
oxides (or sulfides) with not only suitable structures for the reversible
. insertion of a desired mobile cation, but alsoc a redox couple that is
tailored to fit the electrochemical window of the electrolyte to be used.

In order to obtain maximum utilization of a cathode, especially under
high-power conditions, it is necessary to fabricate the electrode as an
electrolyte-electrode composite in which the electrode materials consists
of colloidal-size particles pressed into electrical contact with one
another. In such a composite, the ionic conductivity of the electrolyte
must generally be better than 10-> ohm-! em-1 at operating

temperature, a requirement difficult to satisfy at room temperature in
solid electrolytes. Moreover, all solid-solution electrodes tend to have
some volume change on mobile-ion insertion, so all-solid composites may

< not sustain good ionic conductivity across the electrode/electrolyte
interfaces on deep discharge/charge cycling. These considerations suggest
the use of a ligquid or polymeric electrolyte in the composite electrode,
but perhaps in conjunction with a thin solid-electrolyte separator.
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Although solid-solution electrodes have been developed for cathodes, they
have not been used as anodes. This area needs wider exploration.

The technologies promised by fast ionic conductors have been
disappointingly slow in maturing because an adequete range of materials
has not been developed for suitable matching. There is a clear need to
discover new ionic conductors, to obtain quantitative thermodynamic,
structural and kinetic data on known ionic conductors, and to develop an

adequate theoretical understanding of ionic-transport processes in fast
ionic conductors.
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SURFACE CHEMICAL RESEARCH AT AFOSR

Captain Lee E. Myers

This past year has been one of change, with many new names appearing in
the AFOSR Surface Chemistry program. Our move out of the fields of
adhesion and lubrication is proceeding and will be concluded during

FYy 83. The development of a replacement program in thin films continues
and appears to be nicely complementary to our older program in surface
reactions. Ouring the past year, the program in electromagnetic
materials, which was tc be initiated during FY 82, was dropped from
consideration for funding within the chemistry directorate. Overall, our
emphasis upon research which furthers the molecular understanding of
structures of and processes occurring on solid surfaces has been given a
solid basis with these program changes. This emphasis upon microscopic
phenomena will continue over the coming years.

The surface reactions/reactivity research area has been sizeably expanded
since last year's yearbook article was written. Five new programs were
added to this research area during FY 82. This program remains the
largest in AFOSR's surface chemistry task and is anticipated to experience
further growth during FY 83. Its research topics include both static and
dynamic aspects of surface reactions and include a wide variety of surface
phenomena and materials. Emphasis has remained upon gas/surface dynamics,
surface characterization, and surface reaction kinetics and mechanisms.
The only programmed restriction applied to this research area is the
omission of solar and petroleum related surface catalytic chemistry.
Scientific quality and uniqueness will remain as essential factors for
evaluation of proposals.

The research task on thin films was new with FY 82, A significant number
of new research programs were initiated and some limited expansion is
expected during FY 83. Problems involving thin films are found in many
high technology fields such as electronic device development. One
significant Air Force application of this technology is in high energy
laser optical coatings. Emphasis in our program has been upon the
funoamental understanding of various aspects of thin film science
including film characterization, gas/thin film interaction and reactivity,
substrate/thin film stability, film nucleation and growth, and intense
light/thin film interactions.

The "initiative" programs at AFOSR have developed into our largest source
of unencumbered research funds. Over the past two years, surface
chemistry has benefited by involvement in two initiatives, chemical
defense and space power and propulsion. It is hoped that our involvement
with these programs will continue and expand to further strengthen the Air
Force commitment to fundamental surface science research.

FY 82 saw two surface science meetings partially supported by our office,
the 4th Symposium on Applied Surface Analysis held at the University cf
Dayton, Dayton, Ohio, and the Third International Conference on Vvibrations
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at Surfaces held at Asilomar, California. During FY 83, once again two
k- surface science conferences will be partially supported, the 1983 Gordon
2 Conference on the Dynamics of Gas-Surface Interactions to be held at
Plymouth, New Hampshire and the Sixth International Summer Institute in
Surface Science held at the University of Wisconsin, Milwaukee, Wisconsin.

e et~ e

1-3 December 1982 were the dates for the first combined Molecular Dynamics
and Surface Chemistry Contractors' Meeting, held at the USAF Academy,
Colorado. Although the number of surface science talks was small this

i year, initial reviews of the meeting are favorable and supportive of the
joint meeting concept. Both Maj Thorpe and 1 look forward to continuing

' this association at next year's meeting to be held at the AF Geophysics
Laboratory, Hanscom AFB, Massachusetts.

R bk,
Vooek

In conclusion, I would like to reiterate that this past fiscal year was

one of considerable change in the AFOSR Surface Chemistry program. A

total of nine new programs were brought into the Surface Chemistry task

, since the last yearbook was published. Although we look forward to a

j continuation of this trend, it is clear that further expansion will

1 proceed at a considerably slower pace. Overall, the past year has been
outstanding and the coming year appears to hold considerable promise for

the Surface Chemistry task.
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POTENTIAL IMPACT OF ULTRASTRUCTURE
| PROCESSING ON GOVERNMENT AND INDUSTRY

Dr. Donald R. Ulrich

The major problem that has led to the stagnation of ceramics in the uUnited
S States has been the neglect of the role of chemistry. The focus of

‘ ‘ ceramics research has been on property control, structural development at
S the microstructural level, and densification through emphasis of

o fabrication methods and high temperature. The basis for these approaches
has been derived from physics. For example, the various proposed theories
for sintering have had their foundations in physics, chemical
consideration not being taken into account. The result has been models
that will predict the rate of sintering or the density for a specific
material processed at a specific temperature and perhaps pressure, but not
a model which has broad-based application. The result in the view of the
observer is that ceramic science has travelled the complete circle back to
our starting point of twenty years ago.

This has implications for the U.S. which strikes at the heart of both our
economic and national security. There is no need to stress as a problem
the interest and growing competition in ceramics from Japan, as well as

our other Allies, who classify ceramics as a chemically derived material.

Ultrastructure processing refers to the manipulation and control of
surfaces and interfaces during the earliest stages of formation at scales
of 50-1000 Angstroms. Through chemical processes, the consequence will be
a new generation of high performance structural and electromagnetic
ceramic materials with predictable properties, lifetime reliability and
envirormental insensitivity. In applications where high performance is
required, high temperatures and sophisticated fabrication processes alone
are not sufficient to produce properties approaching theoretical values in
structural ceramics. Achieving this goal will require the raw material
control - controlled powder geometry and chemistry - which will result in
controlled microstructure, and most importantly, controlled ultrastructure
- homogeneous structures, extrememly fine scale (100 Angstroms) second
phases, and controlled surface compositional gradients (Figure 1).

i The integrated approach using several fields of chemistry, such as organic
or organometallic, surface, structural, physical and polymer, with
ceramics is the key to success here. For example, the synthesis of
controlled raw materials should start with the design of new molecules by
the organic or organosilicon chemist, who interacts with the polymer
chemist and ceramist for the conversion of the organic to a ceramic powder
of controlled geometry, size and size distribution, and controlled surface
and bulk chemistry.

Figures 2 and 3 show the approach that the Air Force Office of Scientific
Research funded multi-investigator research program at the University of
Florida has taken.
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Figure 1. ULTRASTRUCTURE PROCESSING
o SURFACE CHEMISTRY APPROACH TO HIGH PERFORMAHCE CERAMICS
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Figure 2 represents the approach that the program took in its early
stages. Ors. Hench and Clark used glass and glass-ceramics as a model

system for understanding more practical high performance materials. The
microstructure and ultrastructure can be controlled by the proper

temperature/time schedule with this particular model system. The glass
itself is two component and its surface chemistry has been well
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characterized with scanning electron microscopy, infrared reflection
spectroscopy and auger electron spectroscopy. These techniques were
specially developed for implementation of the surface chemistry approach

to ultrastructure processing.

when the glass is crystallized, the crystals that form have the same
composition as the glass, thus producing a fairly homogeneous
ultrastructure (i.e., phase boundaries of compositions the same as the

. glass and crystals). The oxidation films and phase boundary that occur on
B high performance materials such as silicon nitride, SiaN,, have many

3 similarities to the glass-ceramics. For this reason, Perch and his

= associates have been successful in applying the same approach that was

1 used for glass-ceramics to the high performance ceramics. One other

1 feature that this fiqure illustrates is homogeneous versus heterogeneous
, , oxidation of the SiaN, surface. Controlled ultrastructure during

p: processing will produce in-service uniform, thickness-limited surface

: oxidation films and phase boundaries with predictable and high
performance, while uncontrolled ultrastructure (uncontrolled processing)
will lead to nonuniform oxidation and penetration of oxygen along the
phase boundaries producing materials with unpredictable performance.

ek i i 50
RPN USSR

Figure 3 shows the overall approach that the multi-investigator research
program has taken. The state-of-the-art in 1977 is shown as a reference
point and indicates the relative performance of ceramics achieved through
traditional processing techniques where powders and ultrastructure were
not controlled. From 1977 through 1979, Ors. Hench and Clark developed
surface techniques and models using glass and glass-ceramics for studying
surface chemistry and ultrastructre. Beginning in 1979, this project was
expanded to apply these concepts to learn how to produce polycrystalline
ceramics.

The impact of ultrastrutural processing based on chemistry can open a new
era of ceramic material leadship for the United States if Government,
academia and industry will recognize this opportunity. Turbine engine hot
sections are but one example. Past attempts can best be analyzed as
follows. Uncontrolled raw materials chemistry and processing chemistry

- led to uncontrolled microstructure, glass phases, oxygen penetration of
grain boundaries and interfaces, and surface aggregation of densification
additives. These in turn led to reduced oxidation resistance, reduced
creep resistance, and unpredictable service life.

Ceramic composites are now being preached as the panacea to accomplish
what bulk ceramics have not. However, those spreading this gospel should
take heed that unless the chemistry and ultrastructure of the matrices,
fibers and fiber-matrix interface are analyzed and controlled early in
research, the same fate will be bestowed upon U.S. endeavors in this area.

The writer forsees the same consideration of chemistry and ultrastructure
underlying the successful use of electronic ceramics, particularly
electro-optic materials with unique non-linear optical properties.

Current electro-optic materials are inorganic single cr{:tals which are
limited in performance by their growth techniques and the sensitivity of

i their optical properties to ionic defect chemistry. The chemical

e

40

' R i e T - O

————— - -_ i o i — e+

RGN ) oy PR A AR




processing approach offers the exciting potential of overcoming the
problems of phase chemistry incongruency concurrent with providing
homogeneous expanded compositional ranges at the ultrastructural level.
Concurrent research in new quantitative, self-consistent defect chemistry
models will interface here to predict new processing conditions for
improved materials and devices.

s
. e ol e

B Ultrastructure processing will impact the future of space, which lies in
K. large precision space structures. The driving forces for structures are

E lightweight, dimensional stability, and environmental resistance. In this
. case, load-bearing capability is not a primary design parameter.
Ultrastructure processed ceramics with tailored porosity, reinforced or
unreinforced, are a viable structural option here when the problems of
fiber-reinforced polymeric and other composites are considered.

The concept of ultrastructure processing through chemistry can evolve

- { engineering materials with performance approaching the theoretical upper
{ limit. This has already been demonstrated with the macromolecular

structure of polymers by interfacing polymer chemistry with polymer
physics. The Air Force Office of Sclentific Research and Air Force
wWright-Aeronautical Laboratory/Materials Laboratory conducted a corporate
research program to develop self-reinforced or ordered polymers. The goal
was the attainment of mechanical properties and environmental resistance
3 from polymers which are compatible with those now being obtained from

2 fiber-reinforced composites, but without the use of fiber reinforcement.

The spinoff of this polymer research program was the development of
polybenzothiazole (PBT). This polymer has extended rigid chain alignment
at the ultrastructural level rather than the flexible chains of resins

] employed as materials in fiber reinforced composites. As a result, PBT
has superior tensile strength and ultra high modulus as well as excellent
thermal stability and environmental resistance in comparison with aramids,
other polymers, and carbon, glass, and steel fibers.

In conclusion, the future of ceramics is dependent upon the development of
an interdisciplinary philosphy between chemists and ceramists. The way -
ultrastructure processing through the chemistry approach - has been shown
by the work of Dr. Hench and associates in the AFOSR multi-investigator
approach at the University of Florida and the organosilicon chemistry
program pioneered some years ago and continued by Dr. Matuszko at AFOSR.
The organometallic polymer precursor approach is among the most important
chemical approaches to ceramics. Others being stressed by AFOSR are
sol-gel processing, and micromorphology based processing.

41




——

SO AFOSR SPONSORED RESEARCH IN MOLECULAR DYNAMICS
Major William G. Thorpe

A
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The AFOSR program in molecular dynamics is principally concerned with
understanding fundamental processes of energy transfer in gas phase

i reactions. This program is composed of four subareas: chemical lasers,
k. upper atmosphere chemistry, decomposition mechanisms of energetic

i materials, and interactive dynamics. ODuring 1982 the plume and wake
subarea was phased out.

Current chemical lasers undergoing advanced research in the Air Force are
the HF/DF laser and the Chemical Oxygen lodine Laser (COIL). Ouring the
past year the Defense Science Board and the House Armed Services Committee
have called for increased basic research into lasers operating at shorter
wavelengths. This interest has led to the approval of a new initiative in
short wavelength lasers to begin in FY 84. In this context, short

, wavelength is defined as shorter than one micron. This initiative will be
3 a joint venture involving the Physics and Chemical and Atmospheric

3 Sciences Directorates at AFOSR. This will represent a modest growth in
this task which I hope will spur interest in new laser possibilities. I
expect that new chemical laser candidates are likely to be those in which
the chemical pumping species is distinct from the lasing species.
Currently supported research studying energy transfer dynamics and the
spectroscopy of diatomic and small polyatomic species forms the basis for
this rmew thrust.

The atmospheric chemistry subarea has primarily been concerned with
optical and chemical processes occuring in the upper atmosphere. During
the coming year this area will focus on ion-molecule and ion-ion reactions
involving atmospheric constituents and cluster formation.

It is the aim in the new subarea on decomposition mechanisms in energetic
materials to focus attention on the decomposition (combustion) of rocket
propellants and the decomposition (explosion) of conventional munitions.
The principle question being asked is "Is an understanding of the
chemistry and microscopic energy transfer steps important in understanding
and successfully modeling these rapid chemical processes." It is clear
from several conferences devoted to chemical propulsion and conventional
explosion that this question is not being addressed. The approach will be
to determine the spectroscopy and kinetics of species initially produced
by thermally or optically induced decomposition of energetical materials.
Laser based techniques will be emphasized.

;
i
i
i

The goal of the approaches in the interactive dynamics subarea is a basic
understanding of the interaction of optical radiation with chemical
species. It encompasses some of the most long range research and enhances
the more directed efforts. An example of the work in this area is the
recent work of Professor Dick Zare at Stanford concerning reagent
orientation and reactivity. In this work (J. Chem. Phys., 77, 2416
(1982)), a polarized laser was used to prepare aligned Ca(lPF)) atoms
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: to investigate the effect of atomic reagent approach geometry (the sense
' of the Ca p orbital) on reactivity. Specifically, his research group
! examined the reactions of Ca(lPy) with HCl, Clp and CCly. They

find that for the HCl reagent, %he orbital alignment does not effect the
total yield of excited state products but it does alter the course of the
reaction., It is observed that the direction of the atomic p orbital
correlates with the_corresponding p or p molecular orbital of the CaCl

k. products in the Ca(lP}) + HCl reactions. For Clp, perpendicular
= approach of the p orbital is favored by both channels while the CCl,

reagent displays no significant sensitivity to orbital alignment. These
findings can be rationalized using an electron-jump model in which the
symmetry of the reagents is preserved during a reactive encounter. In

addition they have examined in detail the possibilities for optical
preparation of aligned molecular reagents.

i Yok &
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The AFOSR Molecular Dynamics and Surface Chemistry Conference was held
December 1-3, 1982 at the Air Force Academy, Colorado Springs, CO. An
example of the cross flow of information between Air Force laboratory
scientists and university research sponsored in this program is the use of
T new laser multiphoton techniques in the Optical Physics Division at the
T Air Force Geophysics Laboratory (AFGL) which were developed at Cornell

: University and presented at this conference. The next meeting is planned
for October 1983 at AFGL, Hanscom AFB, MA,
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CHEMICAL REACTIVITY AND SYNTHESIS IN AFOSR

Dr. Anthony J. Matuszko

In the past several Annual Reviews we have selected specific achievements
to highlight from our program in Chemical Reactivity and Synthesis. This
year we will present an overview of the entire program as it exists today,
include some thoughts about the direction in which we have been going, and
present some projections for the future.

Fifteen to twenty years ago the program covered a broad area of chemical
synthesis and mechanism studies. Although the emphasis then was on the
rapidly expanding area of organometallic chemistry, the philosophy was to
support the best research in a broad range of synthetic chemistry,
research that might not solve the Air Force problems of the day but was
Judged to have excellent long range potential. The broad coverage
included research on novel ideas and concepts for the synthesis of new and
unigue systems of compounds. Because of this broad approach to basic
research, the program may have appeared to be somewhat fragmented. And
yet, some of this funded research in the 60's formed a solid foundation
for the expanding programs of the 70's and 80's.

One area which received our early attention was organosilicon chemistry.
with all the exciting new chemistry evolving in the organosilicon field
during the 60's and early 70's, we continued to support basic research in
the area despite occasional criticism from our more practical minded
friends who felt that nothing useful would come out of this work. Among
the university scientists, Professor Robert West of the University of
Wisconsin has been in the AFOSR Chemistry Program for over twenty years;
Professor Dietmar Seyferth of MIT and Professor William Weber of the
University of Southern California have received AFOSR support for ten
years or more. More recent additions to the program have been Professor
Philip Boudjouk of North Dakota State University and Professor Michael
Jung of UCLA. Our continued support of the individuals mentionea together
with our expansion in the area was due to the many new scientific
discoveries coming out of the organosilicon research program and the
expanding practial interest in the area. To illustrate this, Figure 1
shows a chart that I have used in recent program reviews.

One discovery that was a catalyst for our expanded interest in
organosilicon chemistry was the conversion, through pyrolysis, of
polyorganosilanes to high strength silicon carbide (SiC) fibers. Although
the discovery was made by the Japanese, much of the research on the
starting materials was done under AFOSR grants at the University of
Wisconsin with Professor West and his research group. Upon returning from
a lecture tour in Japan in the spring of 1976, West wrote to me about the
Japanese SiC work. He was encouraged to expand his organosilicon research
program to include added work on investigating the chemistry of new and
better silane precursors for SiC fibers and matrix materials. A
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Figure 1

cooperative effort was initiated with the Air Force Materials Laboratory
to test some of West's polysilane polymers in ceramics. (The cover of the
1977 AFOSR Chemistry Program Review shows a scanning electron micrograph
picture of one of West's polymers after being decomposed to whiskers of
8-SiC.) This was followed by cooperative efforts between Professor West
and Professor Larry Hench of the Department of Materials Science at the
University of Florida, who was receiving support under Dr. Donald Ulrich's
AFOSR Structural Chemistry Program. This is one of several very fruitful
interactions between organosilicon chemistry researchers and materials
scientists in the AFOSR program. At a recent International Conference
organized by Professor Hench and Dr. Ulrich on Ultrastructure Processing
of Ceramics, Glasses and Composites, Professor West, Professor Seyferth
and Professor Weber gave Science Keynote presentations on their
organosilicon chemistry research for AFOSR.

Before I leave the organosilicon research program, I should like to
mention two of the many important scientific discoveries in the area which
evolved during our sponsorship. One occurred over ten years agoc and was
the first synthesis and characterization of a cyclopropylsilane by
Professor Seyferth at MIT. The second which was of major scientific
significance occurred in the past year when Professor West, together with
Professor Michl of the University of Utah, reported the first synthesis
and isolation of a silicon to silicon double bonded compound. (An X-ray
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crystallographic representation of the disilene is shown on the cover.)
This discovery has received extensive coverage in the scientific and news
media so I won't go into any further detail in this overall summary.

A second programmatic area in which we have several research efforts is
fluorine chemistry. Once again a recent briefing chart (Figure 2)
summarizes the scientific areas covered and technological implication for
the Air Force.

POLYFLUORO COMPOUNDS

PERFLUORINATED COMPQUNDS SELECTED FUNCTIONALIZATION

BY DIRECT FLUORINATION FOR OF ORGANOFLUORINE COMPS FOR

HIGH TEMP APPLICATIONS SPEC HIGH TEMP APPLICATIONS
ORGANIC

PHOSPHATRIAZINE
ELASTOMERS AND FLUID ORGANIC/INORGANIC
ADDITIVES
INORGANIC
HIGH DENSITY FLUORO- HIGH ENERGY NITROGEN
METALLICS: GYRO FLUIDS FLUORINE COMPOUNDS
Figure 2

I discussed our program in organofluorine chemistry, including the
phosphatriazine work, in last year's review. In the inorganic area,
research done by Drs. Schack and Christe of Rocketdyne included the
discovery of a new method for the synthesis of hypofluorites utilizing
fluorine fluorosulfate as the fluorinating agent, and the first synthesis
of TeFsOF, a potential high density fluid. In an effort recently
starteg at the University of Idaho, Professor Jean'ne Shreeve is
investigating the synthesis and chemical reactivity of compounds
containing nitrogen-fluorine bonds as potential high energy propellant
compounds .

In addition to the two programmatic areas mentioned, we have research in
three AFOSR multidisciplinary "New Initiatives™ programs. In Defense
Against Chemical Agents, we have work on molecular orbital approaches to
studying the properties and reactivity of chemical agents. In an
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3 initiative on Spacecraft Propulsion, we have research into the synthesis
S of new high energy compounds. And in the Spacecraft Structures and

: ‘ Materials initiative, we have work additional to our core research
programs in organosilicon chemistry.

Finally, a portion of the core program support in Chemical Reactivity and
Synthesis (approximately 25 to 30%) is reserved for new ideas and new
concepts not related to the larger programmatic areas mentioned above.
Some of these are funded for only a three or four year period. Others
have been going for longer periods of time. I will just mention a few of
these research efforts.