
OFFICE OF NAVAL RESEARCH

Contract N00014-88K-0360
R&T Code B41CO04DAROI

Technical Report No. 5

Quartz Crystal Microbalance Studies of Electrochemical Growth
of Conducting Polymers

00 by

0Katsuhiko Naoi, Mary M. Lien and William H. Smyrl,

Prepared for Publication

in

Extended Abstracts, 176th National Meeting of the Electrochemical Society,
Hollywood, Florida, 1989

Corrosion Research Center
Department of Chemical Engineering and Materials Science

221 Church St. SE
University of Minnesota
Minneapolis, MN 55455 D T IC

ELECTE

June 15, 1989 AUGO 4 1989

Reproduction in whole or in part is permitted for C ,B U
any purpose of the United States Government.

This document has been approved for public release and sale;
its distribution is unlimited.



REPORT DO4CUMENTArION PAGE

Ia. REPORT SE.C.RITY CLASSIFICATION lb3 RESTRICTIVE MARKINGS

Unclassified
2a. SECURITY CLASSlFiCArlON AUTHORITY 3 :)ISTRiBUTION/IAVAILABILITY OF REPORT

Zb. DECLASSiFicArIONi DOWNGPIADING SCr4EDULE

_____________________________________Unclassified/Unlimited

4, PERFORMING ORGANIZATION REPORT N4UMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

ONR Technical Report % _______

6a 'JAME OF PERFORMING ORGANIZATION f6b, OF;ICE- SYRMBOL 7a N4AME OF MONITORING ORGANIZATION

Dept. of Chem. Eng. & Hat. Sc.. (if avolicabif)

Corrosion Research Center ______ Office of Naval Research
6C. ADORESS Ciry, State, and ZIP Coxie) 7b ADDRESS (City, State, andl ZIP Code)

University of Minnesota 800 North Quincy Street

Minneapolis, MN 55455 Arlington, VA 22217-5000

8a., NAME OF ;UNDINGiSPOGNSORING 8b, OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZA7ION (if appliicable)

DARPA/ONR Code 1113 Contract No. N00014-88-K-0360
3c. ADDRESS (City, Stjte. jnd ZIP Code) 10 SOURCE OF ;IUNDING 14UMBERS

PROGRAM PROJECT ITASK WORK UNIT

800 North Quincy Street ELEMENT NO NO. NO. ACCESSION NO

Arlington, VA 22217-5000 -

I I. TITLE (Include Security Classification)

Quartz Crystal Microbalance Studies of Electrochemical Growth of Conducting Polymers

12. PERSONAL AUTHOR(S)

Katsuhiko Naoi, Mary M. Lien and William B. Smyrl
i3a. TYPE OF REPORT 13 b. TIME COVERED 14 DATE UF REPORT (Yedr.Mor~iy S1. PAGE COUNT

Technical I CRO 7/88 ro 6_/89 I 89/06/15I
16. SUPPLEMENTARY NOTATION

176th Meeting of the Electrochemical Society, Extended Abstracts, October 1989

17COSATI CODES 18 SUBJECT TERMS (Continue an reverse it necesi4iy anid identity by block number)

tIELO GJROUP SUB-GROUP_

19 ABSTRACT (Continue on reverse f necessary and identity by boock nubr

In-situ monitoring& of the mass change.Jjccurring during electrocheuiical growth of

conducting polymers is possible by use of(qQk. The mass change due to polymer formation

as well as doping of anions and solvent up-take are monitored with time. Electro-

polymerization factors, such as electrolysis mode (galvanostatic, potentiostatic, scan,

pulse), electrolyte, solvent are compared and the electrochemistry of the resulting film

has been examined. QQI/Potentiostatic measurements have the advantage of providing

simultaneous mass change and charge data. From these, 2 distinct growth phases are observed

a fast, charge-efficient growth on substrate and a slower, inefficient growth on pyrrole.

'IS1ITR,8,UiONAVAILAILiTY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION

G3UCLASSIFIE0i .NLIMITFD C SAME AS RPr C OTIC USERS Unclassified _ IjSMO
22a NAME OF RESPONSIBLE iNOIV;OUAL 22b. TELPHONE (inlude Are# CodeJ2c FIESMO

Boone B. Ovens (612) 625-1332

) FORM 1473, a84 MAR 83 APR edition m~ay OC used until ox@uutqd. SECUJRITY CLASSIFICATION OF THIS PAGE
All other editIans are obsoilete,



Qtartz Crystal Micmrbahtnce Studies of QCM/flectrocliemical iti ttireit.nt in the gro* '11 rjte 0,t
Flectochemical Growth of Conducting Polyniers conduictIing polymers were performed uinder the tolloitig

Katitihikto N"a. Mary Lien and William H. Smyrl 1)Cavanootagie 2) Poeentiostatic

Corm~ion Reienrch Center. 3) Pottential Sweep 4) Potential pulsre
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and tiil charge crin-uimet have heen nmnitored at n utnction oft
Ltil7.ationt of the quartz crystal micrnbalance (QCM) in conjutnction timne. Tw~o itnct growth region., corre'ponding to the toly-mr
with electroichemuctrii can allow one to detetrmine the miass ot grul i tr'-ihtn-i:~.cagccfin)at ul..r L'ro't i
roii% fier electrode and charge uitilitation simnultanecitily or inii on ruh ticr (glowv. charge-ineflicient) liave been otr tev tigit*
undfer the corlditions that the electrode is polarized electruchemnically. 27).
rht combination at me: siirementi has already been used ror the
flllmiung c.aset: 1. electrode deposition at metalt (1): 2. t
dit'htiin of metals (Ni)( 2). 3. Redolt process for condticting
poin er fpalvlwrrnlef3). paly anihine(4)) and redox polymer%
I piltvvinvfferrocene)(51. The methodl it alto advantageous for the
monitoring of the mass chance of conducting polymier% like
Put) ryrrole. polyaniline. etc. either duiring the redox prfxsess or6
dutrig electrnpolymerivaon. The emphasis at this paper it to
montIor polymer growth nin the electrode with time. anid to
un~esrig.-ie the growth rate at polypyrrole and the coulonihic
effc iency at elecroprodverizarion as a functiont of time. 2

Sheair monde 6Kfffz AT-cur tquartz crystals% were ivied tar this
in~ctivron.They were obtained from inficon (Flit Syracuse.
NYIthe crystals hid vacutim depoited gold electrode% tin twith

ticles The tot11 rojected area exposged to the solution was 0.11I3
cm ,. The crystal osicillator circutit included a power surce .1nd an
niscillator (Inficon XTC). The frequency was measuired with a ' j
fretiency counter ttIPS39A). The frequency measurements were 19 too-
cntt to and stored in a personal counpuner lHP9916).
ri experiments were carred ot in a 4-necked glass cell. Two of
the necks were iftl fr the e1% inlet and outlet, onec for the reference 5
clectrodte nd the t:isg one for the counter electroide (stainless %teel m
/b~ru~c surface a1rea). The Aorking electrodfe was the conductingI
fpitviiter film in contact with the qolittion. The qsitarz plate wasq
clied to the cell with a silicone rtiher sealant. The electrodle0

potential was cointrolled hy a poitentiostAti .The working electrode ChWg* IMC1I
%s;t i--rouinded throuitgh the potientiosur. The tiscillator was isolvtted
fritit the ixtentiosuat withv a Igu cap~citrw (Figioue 1). Fig.? Dejcuctice (if ,umiss changef~otl and growthl tniue(Arn/ 'ii I

with paused chatrge Ctinstituetl for the i'tulpyrrou
electroptolynllerimation
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