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ABSTRACT

~

1

= . )
~““)‘Single crystals of MoS; and WS, were grown by chemical vapor transport both

in the presence and absence of cobalt. Hall measurements indicate that cobalt
n ~
cannot diffuse appreciably into the bulk of MoS; or WS and, therefore, can be

present only on the surface. Similar results were obtained for as-grown
| I
crystals annealed or sulfided in contact with CogSg or sulfided after being
=t

dipped in a 0.1M CoSOﬁ/methanol solution. +=
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INTRODUCTION

. Recently, extended x-ray absorption fine structure (EXAFS) of cobalt
_l promoted MoS; hydrodesulfurization catalysts has demonstrated that they contain
a sulfided molybdenum phase which is structurally similar to crystalline MoS;

(1, 2, 3). However, within a S-Mo-S sheet the average coordination number for

the Mo-Mo coordination shell appeared to be reduced relative to that of bulk
MoS;. Additionally, Huntley et al. (2) and Parham et al. (3) indicated that a
reduced coordination number was found for the first coordination shell of sulfur
about molybdenum. These results suggest that the molybdenum is present in the
form of very small crystallites (%10—153) of MoSj.

The nature as well as the promotional effect of the cobalt associated with
these MoS; crystallites is less clear. Schrader and Cheng (4) have indicated
that the function of cobalt was to facilitate the reduction of oxysulfide phases
during the sulfiding of the oxide precursor and also to prevent formation of
well-crystallized MoS;. However, they were unable to identify by Raman
spectroscopy what cobalt phase(s) were present. Topsge, using a number of
techniques including Mossbauer emission spectroscopy, has proposed the existence
of a distinct Co-Mo-S phase (5, 6). When dispersed on alumina, this MoS;-like
phase consists of single S-Mo-S sheets with cobalt atoms located on surface
positions. Furthermore, for both bulk (7) and supported (8) Co-Mo sulfide
catalysts, the catalytic activity appears to be related to the amount of cobalt
associated with this Co-Mo-S phase.

Other models have been proposed to explain the promotional effect of cobalt.

Delmon (9) has proposed a synergistic effect resulting from intimate contact
between CogSg and MoS; (contact synergy model). Voorhoeve and Stuiver (10) ;1

introduced the intercalation model in which nickel was partially intercalated 1y
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into the van der Waals gap (between sulfur-sulfur layers) of WS;. The model was
extended to cobalt promoted MoS; hydrodesulfurization catalysts by Farragher and
Cossee (11). This pseudo-intercalation model restricted the intercalation of
cobalt to the edges of MoSj.

If any appreciable quantity of cobalt were to diffuse into bulk MoS; or WSy,
then there should be a measurable change in the number of carriers as obtained
from Hall measurements. However, if the cobalt remains primarily associated
with the surface, then there would be no significant change. In this study a
number of different methods were used to prepare single crystals of cobalt
promoted MoS; and WS;. Hall measurements were made on crystals grown both in

the presence and absence of cobalt.

EXPERIMENTAL

Crystal Growth

Single crystals of MoS; and WSz were grown by chemical vapor transport both
in the presence and absence of CogSg. Chlorine was used as the transport agent.
Molybdenum (Gallard-Schlesinger, 99.99%) and tungsten (Gallard-Schlesinger,
99.995%) were both reduced at 800°C for 8 hrs in a dry 85%/15% Ar/H; atmosphere
to remove oxygen. Sulfur (Gallard-Schlesinger, 99.999%) was resublimed in
vacuum at 80°C before use. CogSg powder was prepared at 450°C as described
previously (12). '

For crystals grown in the absence of cobalt, large single crystals of MoS;
and WS; were prepared as described in an earlier publication (13). For crystals
grown in the presence of cobalt, 1 wt% CogSg was added to the charge. Growth
conditions identical to those for undoped crystals were followed. A chlorine
concentration of 3 mg/ml was used. The effect of slow cooling or annealing the

as-grown crystals was determined. At the end of the growth process, some
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transport tubes were cooled at a rate of 10°/hr to room temperature; others were
cooled to a temperature of 450°C and the crystals annealed for one week at that
temperature. All crystals grown in the presence of cobalt were washed and dried

with acetone to remove surface cobalt halide.

; Some crystals of MoS; and WSz, grown in the absence of cobalt, were placed

. in silica tubes and totally covered with CogSg powder. The tubes were evacuated
-I and the samples annealed at 450°C for one week.

Other crystals covered with CogSg were placed in a vertical silica reactor

and sulfided for 4 hrs with Hy/HpS (40:1 v/v) at 450°C. The reactor tube was

then air quenched to room temperature. Further details of this sulfiding
procedure have recently been reported (12).

Still other crystals were divided into two parts. One of the pieces was
dipped into a freshly prepared 0.1 M CoSO4/methanol solution and air dried. The
dipped portions were then placed in the vertical reactor and sulfided as

described above.

Electrical Measurements

Prior to performing any measurements, crystals grown in the absence of

cobalt were peeled with Scotch tape to remove surface silicon and oxygen
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impurities (13). Crystals grown in the presence of cobalt were also peeled, but
in addition, a comparison was made with unpeeled samples. Crystals treated in

intimate contact with CogSg were initially measured unpeeled. Surface peeling
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and remeasurement of the same sample followed subsequently. The electrical
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properties of crystal portions that were dipped in CoSO4 and sulfided were

compared with those of the undipped sections.
Room temperature resistivity and DC Hall effect were measured on the single

crystals using the van der Pauw technique (14). Contacts were made by the
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5 ultrasonic soldering of indium directly onto the samples, and ohmic behavior was —

established by measuring current-voltage characteristics.

i RESULTS

The electrical properties obtained for the undoped MoS; and WSy crystals
= (Table I) agree well with those values reported in the literature (13, 15).
Hall data for crystals grown in the presence of cobalt are shown in Table II.
There appears to be no variation in the sign of the carrier and little in the

number of carriers for both MoS; and WS, crystals grown either in the presence

i

or absence of cobalt. Surface peeling of crystals grown in the presence of
cobalt has no significant effect on their electrical properties. Furthermore,
E for crystals grown by chemical vapor transport in which the tube was either
slow-cooled or annealed, little change in the Hall measurements was observed.
ﬁ:: The Hall data are summarized in Table III for as-grown crystals treated with
i either CogSg or CoSO4. The MoS; and WSy crystals annealed in CogSg show no
significant change in the number of carriers let alone in their sign. Surface
peeling also had no effect. Similar results were obtained for crystals covered
" with CogSg and sulfided. Portions of the crystals dipped in a cobalt

sulfate/alcohol solution, removed, dried and sulfided in a Hy/H2S atmosphere

showed no meaningful change in the number of carriers compared to undipped
IT‘ portions.
Sulfiding of cobalt sulfate under the conditions specified would be expected

to produce CogSg (12). Visual examination of these crystals revealed the

) presence of a black phase on the crystal surface. Identification of this phase

was obtained by repeatedly placing drops of CoSO4 solution onto an undoped
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crystal, followed by drying. This produced a sufficiently thick CoSO4 coating
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which, after sulfiding, could be removed and characterized. X-ray powder
diffraction of this phase indicated the presence of single-phase CogS5g. Despite
the presence of CogSg on the surface, no variation in the electrical properties

could be determined.
DISCUSSION

Hall measurements provide a sensitive method for detecting the presence of
impurity atoms within the bulk. If cobalt atoms were to diffuse appreciably
into the bulk of MoS; or WS;, a change in the number of carriers would be
expected. The results presented in this study suggest that no appreciable
change occurs regardless of the method used to try to introduce cobalt.

Wentrcek and Wise (16) have reported that when cobalt is diffused into the
bulk of naturally occurring MoS; crystals, a change from n to p-type behavior is
observed. This observation could not be reproduced on the pure synthetic
dichalcogenides prepared in this study.

Recently, Chianelli et al. (17) have examined the chemistry of single
crystal edge planes in MoS;. Results obtained using Auger spectroscopy,
indicated that crystals grown in the presence of cobalt tended to show a
segregation of cobalt at the surﬁace edges of MoSs. Furthermore, Chianelli et
al. indicated that oxidation occurred preferentially along these edge planes.
Previously, Bahl, et al. (18) reported similar findings for surface oxidation of
naturally occurring MoS; crystals, Surface oxidation of synthetic WS} crystals
in a COp atmosphere has also been found to give preferential edge plane
oxidation (Figure 1). It does appear that cobalt impurities accumulate at the
edges and reactions, e.g. hydrodesulfurization, could occur along these edge

planes.
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Hall measurements indicate that cobalt can be present only on the surface of
MoS; and has not diffused appreciably into the bulk. Topsgde has indicated that
for cobalt promoted molybdenum hydrodesulfurization catalysts the cobalt

occupies surface positions in an MoSj-like structure which he identifies as a

Co-Mo-S phase (6). The lack in variation of the number of carriers found in
MoS; and WS, single crystals containing small quantities of surface cobalt

h: sulfides are consistent with this '"surface phase'.

ACKNOWLEDGMENTS

Acknowledgment is made to the National Science Foundation (DMR-82-03667) for
the support of D. M. D'Ambra and K. Dwight and the Office of Naval Research for
the support of J. V. Marzik. The authors would also like to express their
appreciation for the use of Brown University's Materials Research Laboratory
which is supported by the National Science Foundation. Special thanks go to M.

Sosnowski and J. Fogarty for their assistance with the microscopic analysis.




10.

11,

12,

13.

REFERENCES
B. S. Clausen, H. Topsge, R. Candia, J. Villadsen, B. Lengeler,
J. Als-Nielsen, and F. Christensen, J. Phys. Chem. 85, 3868 (1981).
D. R. Huntley, T. G. Parham, R. P, Merrill, and M. J. Sienko,
Inorg. Chem. 22, 4144 (1983).
T. G. Parham and R. P. Merrill, J. Catal. 85, 295 (1984).
G. L. Schrader and C. P. Cheng, J. Catal. 85, 488 (1984).
H. Topsge, "Advances in Catalytic Chemistry II" Salt Lake City,
May 18-21, 1982,
H. Topsge, B. S. Clausen, R. Candia, C. Wivel and S. Mgrup,
J. Catal. 68, 433 (1981).
R. Candia, B. S. Clausen, and H. Topsgde, J. Catal. 77, 564 (1982).
C. Wivel, R. Candia, B. S. Clausen, S. Mgrup, and H. Topsde.
J. Catal. 68, 455 (1981).
B. Delmon, in '""Proceedings of the Climax Third International
Conference on Chemistry and Uses of Molybdenum." (H. F. Barry and
P. C. H. Mitchell, Eds.), p.73. Climax Molybdenum Co., Ann Arbor,
Michigan, 1979,
R. J. H. Voorhoeve and J. C. M. Stuiver, J. Catal. 23, 243 (1971).
A. L. Farragher and P. Cossee, in '"Proceedings, 5th International
Congress on Catalysis, Palm Beach, 1972." (J. W. Hightower, Ed.)

p- 1301. North-Holland, Amsterdam, 1973.

D. M. Pasquariello, R. Kershaw, J. D. Passaretti, K. Dwight, and A. Wold,

Inorg. Chem. 23, 872 (1984).

J. Baglio, E. Kamieniecki, N. DeCola, C. Struck, J. Marzik, K. Dwight,

and A. Wold, J. Solid State Chem. 49, 166 (1983).

suSasinthenteonincniind . PP SR WP YL DU P G Purt P

St e
L e e e .
PP AT PR WP N

A a8 sa 4 a s




P e B i 4
SRR A
st T

14.

15.

16.

17.

18.

L. J. van der Pauw, Philips Res. Rep. 13, 1 (1958). ;‘
J. A. Wilson, A. D. Yoffe, Adv. Phys. 18(73), 193 (1969).

P. R. Wentrcek and H. Wise, J. Catal. 51, 80 (1978).

R. R. Chianelli, A. F. Ruppert, S. K. Behal, B. H. Kear, A. Wold, .
and R. Kershaw, Submitted for publication.

0. P. Bahl, E. L. Evans, and J. M. Thomas, Surface Sci. 8, 473

(1967); Proc. Roy. Soc. A 306, 53 (1968).

et maina NSNS —— NPT~ I —. sedhadeaiestuctudentede




AT U IRRR PR S

FIGURE CAPTIONS

Figure 1. Scanning Electron Micrographs of a WSy crystal edge plane before

and after oxidation:

(a) Unoxidized-- magnification = 2000x; (b) Oxidized--

magnification = 500x; (c) Oxidized-- magnification = 2000x.




TABLE I
Room Temperature Hall Measurements of MoS; and WS Crystals

Grown in Absence of Cobalt

Compound Carrier Type No. Carriers (/cm3)
MoS; n .8(1) x 1016

n 1.3(1) x 1016
WS; n 1.6(1) x 1015

n 1.5(1) x 1015
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TABLE II

Hall Measurements of MoS; and WSy Crystals

Grown in Presence of Cobalt

Compound Preparation Treatment Carrier Type No. Carriers (/cm3)
MoS» (a) Unpeeled n 2.1(2) x 1016
Peeled n 1.9(3) x 1016
(b) Unpeeled n 1.5(2) x 1016
Peeled n .7(1) x 1016
(¢c) Unpeeled n 1.1(1) x 1016
Peeled n 1.1(1) x 1016
WS (a) Unpeeled n 3.1(3) x 1015
Peeled n 3.9(4) x 1015
(b) Unpeeled n 1.6(2) x 1015
Peeled n 2.9(4) x 1015
(¢) Unpeeled n 2.1(1) x 1015
Peeled n 2.9(2) x 1015

(a Allowed to cool in furnace overnight
(b) Slow-cooled @ 10°C/hr to room temperature

(c) Annealed @ 450°C for 1 week




TABLE 111

Hall Measurements of MoS; and WS; Crystals

Treated in CogSg or Dipped/Sulfided with CoSO4

Compound Preparation Treatment Carrier Type No. Carriers (/cm3d)
MoS5 (a) Unpeeled n 2.8(2) x 1016
Peeled and
remeasured n 2.8(4) x 1016
(b) Unpeeled n .7(1) x 1016
Peeled and
remeasured n 1.3(1) x 1016
() Undipped n 2.9(4) x 1016
Dipped n 1.9(2) x 1016
WS, (a) Unpeeled n 1.7(1) x 1015
Peeled and
remeasured n 1.8(1) x 1015
(b) Unpeeled n 2.1(1) x 1015
Peeled and
remeasured n 4.4(1) x 1015
(c) Undipped n 2.0(2) x 1015
Dippéd n 2.1(1) x 1015

(a) Annealed in CogSg at 450°C
(b) Sulfided in CogSg at 450°C

(¢) CoSO4 dipped and sulfided at 450°C







i g ’ y 2 4 — - —rTTv—Y ey .y e e e e -

R
G SYRE

. p!
;w&;.?: ey ; ..h




n L X N
AR

- Al W

L 3

PEN R




™
A

TECHNTCAL REPCRT DISTRIBUTION LIST, GEN

Copies

Office of Naval Research
Attn: Code 413

800 N. Quincy Street
Arlington, Virginia 22217

ONR Pasadena Derachment
ttn: Dr.

1030 East

Pasadena? California- 91106

Commander, Naval Air Systems
fommand

Attn: Code 310C (H. Rosenwasser)

Wasnington, D.C. 20360

Naval Civil Engineering Laboratory
Attn: Or. R, Y. Drisko
Port Hueneme, Celifornia 93401

Superintendent

Chen iistrv Division, Code 6100
naval Research Labora® Lory
Washington, D.C. 20375

Defense Technical Irformatins, Centar
Building 5, Cameron Station
Ajexandria, Virginia 22314

DTHERDC

ttn: Or. G, Bosmajian
Applied Chemistry Division
Annzpolis, Maryland 21401

Maval QOczzn Systems Center
Attn: Dr, S. Yamamoto
Marire Sciences Division

San Jiego, Califorria 91232

No'

2

12

nL/413/83/01
GEN/413-2
Mo.
Copies
Naval Ocean Systems Center 1
Attn: Technical Library
San Diego, California 92152
Naval Weapons Center 1
Attn: DOr. A. B. Amster
Chemistry Division

China Lake, California 93555
Scientific Advisor 1

Commandant of the Marine Corps
Code RD-1
Washington, D.C. 20380

Dean Wjlliap-Tolles 1
Naval PogtQraduate School
Monte ,Xalifornia 93240

U.S. Army Research Office 1
ttn: CRD-AA-IP

P.0. Box 12211

Research Triangle Park, NC 27709

Hr Vincert Schcper 1
DTNSROC Code 2830
Annapolis, Maryland 21402

Mr. John Boyle 1
Materials 8ranch

Naval Ship Engineering Center
Philadelphiz, Pennsylvania 19112

Mr. A. M. Anzalone 1
Administrative Librarian
PILASTEC/ARRADCOM

Bldg 3401

Dover, New Jersey (07801

..“.t.'-‘.'. '
) y
L 2l ok csaa bl 2 A

PR
Y B R
Sdad ol 2a o




e

RS

2 N

P DG RS UNE WAY W W T Wy e -

DL/413/83/01
359/413-2

TECHNICAL REPORT DISTRIBUTION LIST, 359

Dr. Paul Delahay
Department of Chemistry
New York University

New York, New York 10003

Dr, P. J. Hendra
Department of Chemistry
University of Southampton
Southampton S09 5NH
United Kingdom

Dr. T. Katan
Lockheed Missiles and
Space Co., Inc.
P.0. Box 504
Sunnyvale, California 94088

Or. D. N. Bennion

Department of Chemical Engineering
Brighma Young University

Provo, Utah 84602

Dr. R. A. Marcus

Department of Chemistry

California Institute of Technology
Pasadena, California 91125

Mr. Joseph McCartney

Code 7121

Naval Ocean Systems Center
San Diego, California 92152

Or. J. J. Auborn
Bell Laboratories
Murray Hill, New Jersey 07974

Dr. Joseph Singer, Code 302-1
NASA-Lewis

21000 Brookpark Road
Cleveland, Ohio 44135

Or. P. P, Schmidt
Department of Chemistry
Oakland University
Rochester, Michigan 48063

Or. H. Richtol

Chemistry Department

Rensselaer Polytechnic Institute
Troy, New York 12181

Or. E. Yeager

Department of Chemistry

Case Western Reserve University
Cleveland, Ohio 44106

Dr. C. E, Mueller

The Electrochemistry Branch
Naval Surface Weapons Center
White Oak Laboratory

Silver Spring, Maryland 20910

Dr. Sam Perone
Chemistry & Materials
Science Department
Lawrence Livermore National Lab.
Livermore, California 94550

Dr. Royce W. Murray

Department of Chemistry

University of North Carolina
Chapel Hill, North Carolina 27514

Dr. 6. Goodman

Johnson Controls

5757 North Green Bay Avenue
Milwaukee, Wisconsin 53201

Dr. B. Brummer

EIC Incorporated

111 Chapel Street

Newton, Massachusetts 02158

Dr. Adam Heller
Bell Laboratories
Murray Hill, New Jersey 07974

Electrochimica Corporation

Attn: Technical Library

2485 Charleston Road

Mountain View, California 94040

Library
Duracell, Inc.
Burlington, Massachusetts 01803

Dr. A, B. E1lis

Chemistry Department
University of Wisconsin
Madison, Wisconsin 53706

Y




mR

DL/413/83/01
359/413-2

TECHNICAL REPORT DISTRIBUTION LIST, 359

Dr. M, Wrighton
Chemistry Department
Massachusetts Institute
of Technology
Cambridge, Massachusetts 02139

Dr. 8. Stanley Pons
Department of Chemistry
University of Utah

Salt Lake City, Utah 84112

Donald E. Mains :

Naval Weapons Support Center
Electrochemical Power Sources Division
Crane, Indiana 47522

S. Ruby

DOE (STOR)

M.S. 6B025 Forrestal Bldg.
Washington, D.C. 20595

Dr. A. J. Bard
Department of Chemistry
University of Texas
Austin, Texas 78712

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

Or. Donald W. Ernst

Naval Surface Weapons Center
Code R-33

White Oak Laboratory

Silver Spring, Maryland 20910

Mr. James R. Moden

Naval Underwater Systems Center
Code 3632

Newport, Rhode Island 02840

Dr. Bernard Spielvogel

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, NC 27709

Dr. William Ayers

ECD Inc.

P.0. Box 5357

North Branch, New Jersey 08876

Dr. M. M. Nicholson
Electronics Research Center
Rockwell International

3370 Miraloma Avenue
Anaheim, California

Dr. Michael J. Weaver
Department of Chemistry
Purdue University

West Lafayette, Indiana 47907

Dr. R, David Rauh

EIC Corporation

111 Chapel Street

Newton, Massachusetts 02158

Or. Aaron Wold

Department of Chemistry

Brown University

Providence, Rhode Island 02192
24

Dr. Martin Fleischmann

Department of Chemistry

University of Southampton

Southampton S09 5NH ENGLAND

Dr. R. A, Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. Denton Elliott

Air Force Office of Scientific
Research

Bolling AFB

Washington, D.C. 20332

Dr. R. Nowak

Naval Research Laboratory
Code 6130

Washington, D0.C. 20375

Dr. D. F. Shriver
Department of Chemistry
Northwestern University
Evanston, [1linois 60201

Dr. Aaron Fletcher

Naval Weapons Center

Code 3852

China Lake, California 93555

R Bt o e e

R e e e ]

.‘_-J




W, T

.......

PR pR— " W~

DL/413/83/01
359/413-2

TECHNICAL REPORT DISTRIBUTION LIST, 359

Or. David Aikens

Chemistry Department

Rensselaer Polytechnic Institute
Troy, New York 12181

Dr. A. P. B. Lever
Chemistry Department

York University -
Downsview, Ontario M3J1P3

Dr. Stanislaw Szpak

Naval Ocean Systems Center
Code 6343, Bayside

San Diego, California 95152

Dr. Gregory Farrington

Department of Materials Science
and Engineering

University of Pennsylvania
Philadelphia, Pennsylvania 19104

M. L. Robertson
Manager, Electrochemical

and Power Sources Division
Naval Weapons Support Center
Crane, Indiana 47522

Dr. T. Marks

Department of Chemistry
Northwestern University
Evanston, 111linois 60201

Dr. Micha Tomkiewicz
Department of Physics
Brooklyn College
Brooklyn, New York 11210

Dr. Lesser Blum

Department of Physics
University of Puerto Rico

Rio Piedras, Puerto Rico 00931

Or. Joseph Gordon, Il

18M Corporation

K33/281

5600 Cottle Road

San Jose, California 95193

Or. D. H. Whitmore

Department of Materials Science
Northwestern University
Evanston, I11inois 60201

Dr. Alan Bewick

Department of Chemistry

The University of Southampton
Southampton, S09 SNH ENGLAND

Or. E. Anderson

NAVSEA-56Z33 NC #4

2541 Jefferson Davis Highway
Arlington, Virginia 20362

Or. Bruce Dunn

Department of Engineering &
Applied Science

University of California

Los Angeles, California 90024

Dr. Elton Cairns

Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Dr. D. Cipris

Allied Corporation

P.0. Box 3000R

Morristown, New Jersey 07960

Dr. M. Philpott
IBM Corporation
5600 Cottle Road
San Jose, California 95193

Dr. Donald Sandstrom
Department of Physics
Washington State University
Pullman, Washington 99164

Dr. Carl Kannewurf
Department of Electrical Engineering
and Computer Science

Northwestern University
Evanston, I1linois 60201




0L/413/83/01
359/413-2

TECHNICAL REPORT OISTRIBUTION LIST, 359

Or. Robert Somoano
Jet Propulsion Laboratory

California Institute of Technology

Pasadena, California 91103
Dr. Johann A. Joebstl

USA Mobility Equipment R&D Command

DROME-EC
Fort Belvoir, Virginia 22060

Dr. Judith H. Ambrus
NASA Headquarters

M.S. RTS-6

Washington, D.C. 20546

Or. Albert R. Landgrebe

U.S. Department of Energy
M.S. 6B025 Forrestal Building
Washington, 0.C. 20595

Or. J. J. Brophy
Department of Physics
University of Utah

Salt Lake City, Utah 84112

Dr. Charles Martin
Department of Chemistry

Texas A&M University

College Station, Texas 77843

Dr. H. Tachikawa
Department of Chemistry
Jackson State University
Jackson, Mississippi 39217

Or. Theodore Beck
Electrochemical Technology Corp.
3935 Leary Way N.W,

Seattle, Washington 98107

Or. Farrell Lytle

Boeing Engineering and
Construction Engineers

P.0. Box 3707

Seattle, Washington 98124

Or. Robert Gotscholl

U.S. Department of Energy
MS G-226

Washington, 0.C. 20545

Dr. Edward Fletcher

Department of Mechanical Engineering

University of Minnesota
Minneapolis, Minnesota 55455

Dr. John Fontanella
Department of Physics

U.S. Naval Academy
Annapolis, Maryland 21402

Dr. Martha Greenblatt

Department of Chemistry

Rutgers University

New Brunswick, New Jersey 08903

Dr. John Wasson

Syntheco, Inc.

Rte 6 - Industrial Pike Road
Gastonia, North Carolina 28052

Dr, Walter Roth

fepartment of Physics

State University of New York
Albany, New York 12222

Dr. Anthony Sammells

Eltron Research Inc.

710 E. Ogden Avenue #108
Naperville, I1linois 60540

Dr. W. M. Risen

Department of Chemistry

Brown University

Providence, Rhode Island 02192

Or. C. A. Angell

Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Dr. Thomas Davis

Polymer Science and Standards
Division

National Bureau of Standards

Washington, D.C. 20234




A

e s
il

. N ,
[ ‘('1‘ i
ey

Lot gty A

A

o

s iy

e e b

-~ - 4 a o a -



