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Final Technical Report

During the period of this contract Dr. Koichi Aoki was employed for
the period July 1979-August 1980 and Dr. Tadeusz Hepel and Dr. Maria
Hepel were employed for the ;eriod September-November 1980.

The work of Dr. Aoki resulted in two technical reports (N00014-79-
C-0644, No.'s 1 and 2) and two manuscripts submitted for publication.

One has been published (Koichi Aoki and Janet Osteryoung, J. Electroanal.
Chem. 122 (1981) 19-35. Diffusion-controlled current at the stationary
finite disk electrode. Theory). The second is in press (Koichi Aoki

and Janet Osteryoung, J. Electroanal. Chem.,/in press; Diffusion-con-

trolled current at a stationary finite electrode. Experiment).

The substance of this work is as follows. Although many publica-
tions exist on the subject of chronoamperometric currents at finite disk
electrodes all previous theories were incorrect for they ignored the
effect of edge effects on the concentration profiles at the electrode as
a function of time. The present solution is exact and is expressed as
a combination of an asymptotic series and descending series of the
dimensionless parameter 1 = 425/9? where D is the diffusion coefficient
of the reactant, t the time, and a the electrode radius. The asymptotic
series describes the current for small values of 1 while the descending
series de;cribes the current for large values of t. The two series have
essentially the same values over the range 1 < 1 < 4, and the asymptotic
series approaches the Cottrell equation as 1 approaches zero while the

qescending series approaches the well-known steady-state current as 1

approaches infinity. The availability of this exact solution, valid
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over all values of 1, makes it possible for the first time to charac-
terize electrode geometry by electrochemical techniques and to do
absolute experiments which provide values of D. It should be noted in
passing that the independent determination of D has been an important
and difficult experimental problem.

The second paper confirms experimentally the theory discussed
above. The experimental problem was to design and construct electrodes
of known geometry so that the geometry of a conducting disk embedded in
an infinite insulating plane, the model for the theory, would be duplicated
faithfully in the experiment. A second objective was to produce elec-
trodes of accurately known radius, so that the dependence of current on
electrode radius could be tested explicitly. Thése ends were met by
constructing electrodes of glassy carbon (3.mn in diameter) overlaid by
an insulating mask. The mask was prepared using electron-beam 1itho-
graphy. Electrode diameters in the range 20-200 um were chosen to cover
the desired range of T at convenient measurement times (0.05-3 s). The
predictions of the theory were confirmed over the entire range of a and
t investigated (ie - 0.003-20). This detailed experimental confirmation
now makes it possible to use the theory to investigate the geometry of

small electrodes or of other conducting structures which can be examined

T ey S A @ AR YTt By T Ao TPt e T e ¢

electrociemically. ) o
e Amler 1
VA o 7
CTB s
U:rpneunead ™

Justification . _ .

B R

Di:tr;bpticn/*_ )
Avallability Cod s -MJ
Avall and/cr ‘

Dis Speeial




472:GAN:716:tam
78ué72-608

P4=2/A23

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.
Copies

Office of Naval Research
Attn: Code 472

800 North Quincy Street
Arlington, Virginia 22217

ONR Branch Office

Attn: Dr. George Sandoz
536 S. Clark Street
Chicago, Illinois 60605

ONR Branch Office

Attn: Scientific Dept.
715 Broadway

New York, New York 10003

ONR Branch Office
1030 East Green Street
Pasadena, California 91106

ONR Branch Office

Attn: Dr. L. H. Peebles
Building 114, Section D

666 Summer Street

Boston, Massachusetts 02210

Director, Naval Research Laboratory
Attn: Code 6100
Washington, D.C. 20390
The Assistant Secretary
of the Navy (R,E&S)
Department of the Navy .
Room 4E736, Pentagon .
Washington, D.C. 20350

Commander, Naval Air Systems Command
Attn: Code 310C (H. Rosenwasser)
Department of the Navy

Washington, D.C. 20360

Defense Documentation Center
Building 5, Cameron Station
Alexandria, Virginia 22314

Dr. FPred Saalfeld

Chenistry Division
Naval Research Laboratory
Washington, D.C.

20375

12

U.S. Army Research Office
Attn: CRD=AA-IP

P.0. Box 1211

Research Triangle Park, N.C. 27709
Naval Ocean Systems Center

Attn: Mr. Joe McCartney

San Diego, California 92152

Naval Weapons Center

Attn: Dr. A. B. Amster,
Chemistry Division

China Lake, California 93555

Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hueneme, California 93401

Department of Physics & Chemistry
Naval Postgraduate School
Monterey, California 93940

Dr. A. L. Sllfkosky

Scientific Advisor

Commandant of the Marine Corps
(Code RD-1)

Washington, D.C. 20380

Office of Naval Research
Attn: Dr. Richard S. Miller
800 N. Quincy Street
Arlington, Virginia 22217

Naval Ship Research and Development
Center

Attn: Dr. G. Bosmajian, Applied
Chemistry Division

Annapolis, Maryland 21401
1

Naval Ocean Systems Center

Attn: Dr. S. Yamamoto, Marine
Sciences Division

San Diego, California 91232

Mr. John Boyle

Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112




P4=2/425 472:GAN:716:tan
78u472-608 |

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.
Copies

Dr. Rudolph J. Marcus
Office of Naval Research
Scientific Liaison Group
American Embassy

APO San Francisco 96503

Mr. James Kelley
DINSRDC Code 2803
Annapolis, Maryland 21402




eati Ryragen s

P4-2/B5

TECENICAL REPORT DISTRIBUTION LIST, 056

Xo.

Copies

Dr. D. A. Vroom

IRT

P.0. Box 80817

San Diego, California 92138

Dr. G. A. Somorjai
Department of Chemistry
University of California
Berkeley, California 94720

Dr. L. N. Jarvis

Surface Chemistry Division
4555 Overlook Avenue, S.W.
Washington, D.C. 20375

Dr. J. B. Hudson

Materials Division

Rensselaer Polytechnic Institute
Troy, New York 12181

Dr. John T. Yates

Surface Chemistry Section
National Bureau of Standards
Department of Commerce
Washington, D.C. 20234

Dr. Theodore E. Madey
Surface Chemistry Section
Department of Commerce
National Bureau of Standards
Washington, D.C. 20234

Dr. J. M. White
Department of Chemistry
University of Texas
Austin, Texas 78712

I'd
Dr. Keith H. Johnson
Department of Metallurgy and Materials
Science
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Dr. J. E. Demuth

IBM Corportion

Thomas J. Watson Research Center
P.0. Box 218

Yorktown Heights, New York 10598

SR T e { iy 0 g e BT -

-

472:GAN:716:tam
78ué472-608
No.
Copies
Dr. C. P. Flynn
Department of Physics
University of Illinois
Urbana, Illinois 61801 1
Dr. W. Kohn
Department of Physics
University of California
(San Diego)
LaJolla, Califormia 92037 1

Dr. R. L. Park
Director, Center of

Materials Research
University of Maryland
College Park, Maryland 20742

Dr. W. T. Peria
Electrical Engineering
Department
University of Minnesota
Minneapolis, Minnesota 55455 1

Dr. Narkis Tzoar

City University of New York

Convent Avenue at 138th Street

New York, New York 10031 1

Dr. Chia=wei Woo

Department of Physics

Northwestern University

Evanston, Illinois 60201 1

Dr. D. C. Mattis

Polytechnic Institute of
New York

333 Jay Street

Brooklyn, New York 11201 1

Dr. Robert M. Hexter

Department of Chemistry

University of Minnesota

Minneapolis, Minnesota 55455 1

Dr. R. P. Van Duyne

Chemistry Department

Northwestern University

Evanston, Illinois 60201 1

b - e - - - - - - - —




P4-2/B7

TECHNICAL REPORT DISTRIBUTION LIST, 056

N ) wﬂq

Dr. Leonard Wharton
Department of Chemistry
James Franck Institute
5640 Ellis Avenue
Chicago, Illinois 60637

Dr. M. G. Lagally
Department of Metallurgical
and Mining Engineering

University of Wisconsin
Madison, Visconsin 53706

Dr. Robert Gomer
Department of Chemistry
James Franck Institute
5640 Ellis Avenue
Chicago, Illinois 60637

Dr. R. G. Vallis

Department of Physics
University of California, Irvine
Irvine, California 92664

Dr. D. Ramaker

Chenmistry Department

George Washington University
Washington, D.C. 20052

Dr. P. Hansma
Chenistry Department
University of California,
Santa Barbara
Santa Barbara, California 93106

Dr. P. Hendra

Chenistry Departrent
Southhampton I'niversity
England SO09JNH

Professor P. Skell
Chenistry Department
Pennsylvania State University

University Park, Pennsylvania 16802

Dr. J. C. Hemminger

Chenistry Department

University of California, Irvine
Irvine, California 92717

472:GAN:716:1ab
78u472-608
~N-2.
Copies
Dr. Martin Fleischmann
Department of Chemistry
Southampton University
Southampton 509 5NH
Hampshire, England 1
Dr. J. Osteryoung
Chemistry Department
State University of New
York at Buffalo .
Buffalo, New York 14214 1 :

Dr. G. Rubloff

I.B.M.

Thomas J. Watson Research Center

PO 0. Box 218

Yorktown Heights, New York 10598 1

Dr. J. A. Gardner

Department of Physics

Oregon State University

Corvallis, Oregon 97331 1

Dr. G. D. Stein

Mechanical Engineering Department
Northwestern University

Evanston, Illinois 60201 1

Dr. K. G. Spears

Chemistry Department

Northwestern University

Evanston, Illinois 60201 1

Dr. R. W. Plummer

University of Pennsylvania

Department of Physics

Philadelphia, Pennsylvania 19104 1

Dr. E. Yeager

Department of Chemistry

Case Vestern Reserve University
Cleveland, Ohio 41106 2







