AD-A210 754

OFFICE OF NAVAL RESEARCH
Contract N0O0O14-88K-0360
R&T Code B41CO04DARO1

Technical Report No. 1

Capacitive Behavior in Conducting Polymers:
AC Impedance and Quartz Crystal Microbalance Studies

by

Katsuhiko Naoi, William H. Smyrl, Boone B. Owens and Mary M. Lien

Prepared for Publication

Extended Abstracts, 175th National Meeting of the Electrochemical Society,
Los Angeles, California, 1989

Corrosion Research Center
Department of Chemical Engineering and Materials Science

U 221 Cl1ur(f:}11v[SHt1 SE
t ta
University of Minnesoia DTIC
_ ELECTE
AUGO 4 1989

June 15, 1989

b, B
Reproduction in whole or in part is permitted for : (\/-’

any purpose of the United States Government.

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

89 8 ¢




+

SECURITY CLASSIFICATION CF "=15 2aGe

REPORT DOCUMENTATION PAGE

1a. REPQRT SECURITY CLASSIFICATION 16 RESTRICTIVE MARKINGS
Unclassified
2a. SECURITY CLASSIFICATION AUTHORITY 3 OISTRIBUTION/ AVAILABILITY QF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

ified/Unlimited
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

hpical Report 1

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
if ]
Dept. of Chem. Eng. & Mat. Sc}. (If avplicabie)
]__Corrosion Research Center Office of Naval Research
6c. ADORESS (City, State, and 2iP Code) 7b. ADORESS (City, State, and ZIP Code)
University of Minnesota 800 North Quincy Street
Minneapolis, MN 55455 Arliangton, VA 22217-5000
8a. NAME QOFf FUNDING /SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT I0ENTIFICATION NUMBER
ORGANIZATION (If applicabie}
DARPA/ONR Code 1113 Contract No. NO0O14-88-K-0360 . i
8¢c. ADDRESS (City, State, ana 2IP Coge) 10 SOURCE OFf FIUNDING NUMBSBERS i
PROGRAM PROJECT TASK WORK UNIT
800 North Quincy Street ELEMENT NO.  [NO. NO. ACCESSION NO

Arlington, VA 22217-5000
11. TITLE (Include Secunty Classification)

Capacitive Behavior in Conducting Polymers: AC Impedance and Quartz Crystal Microbalance SJudie
12. PERSONAL AUTHOR(S)
Katsuhiko Naoi, William H. Smyrl, Boone B. Owens and Mary M. Lien

13a. TYPE QF REPORT 13b. TIME COVERED 148, DATE OF REPQRT (Year, Month, Day). [1S. PAGE COUNT
Technical raom 7/88 1o 6/89 06/15

16. SUPPLEMENTARY NOTATION

175th Meeting of the Electrochemical Society, Extended Abstracts, May 1989

17 COSATI CODES 18. SUBJIECT TERMS (Continue un reverse if necessary and identify by block number)
FIELD GROUP SU8-GROUP

Conducting polymers, capacitance, microbalance,
- iy - . impedance
19. ABSTRACT (Continue on'reverse if necessary and identify by block number)

\'“7i.ov-freqnency capacitive behavior as well as ionic transport of anions in electro-
polymerized conducting polymer films, such as polypyrrole, were investigated by using AC
impedance analysis. From the impedance spectra at two different frequency regions, the
diffusion coefficient of-the dopant (anions) and the redox capacity for the polymer films
wvere estimated. The mass and volume changes during the charge-discharge process were
also analyzed vith a quartz crystal microbalance and phase detection interferometric
microscopy. \" i ° - T

' !
— -

20 DISTRIBUTION / AVAILABILITY QF ABSTRACT 21, ABSTRACT SECURITY CLASSIFICATION
& uncLassirreounumtes O same as et (Jornic users | Unclassified

222 NAME OF RESPONSIBLE 'NOWIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. QFFICE SYMBOL
Boone B. Owens (612) 625-1332

OO0 FORM 1473, 348 vaRr 83 APR eaition may DE used untit exhausted, iir. i.,rv ~ iiimii iiiil Ai m,i Mii




Ca[pacitive Behavior in Conducting Polymers:
AC Impedance and Quartz Crystal Microbalance Studies

Kartsuhika Naot. William H. Smvrt,
Boone B. Owens, and Marv M. Lien
Corrosion Researcn Cener,
Department of Chermucal Engineening and Matenals Science,
University of Minnesoa,
221 Church St SE
Minneapolis. Mi 55458
2p0 ngEsz‘ ?{bx
_-~"Conducting polymers tlikg polypyrrole) show super
capacidve behavior (100-1000 F/erk3) at low frequencies{ I3t In
pracucal applicacion. these matenials(thin films) may be utlized in
high energy capacitors. The low-frequency capacitve behavior in
such films s 11l cefined and sull unclanfied because of the
superposition of capacitive currents on the redox process which
occurs at electroacuve sites, The behavior has been explained in
several ways, for exampic. Jouble-laver formauon(l.2], over-
doptng of antons[3]. and nonr-Nernstian redox processes(}]. In
the present invesugauon. AC impedance analysis was adopred 0
clanfv this behavior 1n electncally conducung poiymers{4-6].
From :he impedance spectra at two different frequency regions.
the diffusion coetficient. D. of dopant anions and the redox
capacuty, C. for o.ymer films were esumated.

The vanations 1n redox capacity and diffusivity of anions
for polvpvrrole and other tilms are compared with the mass and
volume changes that occur duning the charge-discharge process.
The electrochemical cells incorporated solutons of vartous lithium
salts in euher acetorumle or propyvliene carbonate. The polymer
doping process was facilitated by the Tansport of the antons across
{he siecTuiyteselecaude interface duning the anodic reacnon.

AC Impedance Analysis

The impedance spectra of polymers exhibits the behavior
tvptcal of thin redox and c¢lectronically conductive poiymer
filmsilike polyvinylferrocene). as shown in Fig. 1{4-6].

At nigh frequenciestregion A), charge ransfer domination
is observed with a sermu- circle and. at lower frequencies(region B),
diffusion of the anion in the polvmer film domunates the impedance
results. Finally at the lowest trequencytregion C), the finite film
thickness Limuts the extent of ditfusion behavior, and the locus nses
vertically, owing o the saturaton of resiscance and capaciance
components.
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Fig.1 Typical Cole-Cole plot tor a conducting polymer
electrode.

In the diffusion conwolled region, where the impedance
E:ase angle is ®/4, the magnitude of the impedance is given by
.{1)

z=SL 1

VD*w

where C(, D. and L are the low frequency redox capacitance,
diffusion coefficient and the polymer film thickness, respectively.
Values of Ci_ were esumated trom the low frequency impedance

2
data (charge saturation region: @<< l-‘b- In this range, the phase
angle approached /2 and C was calculated using Eq.[2].
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Fig2 Reianonship between -Zymag 5. w'!

At very low frequencies(< ca 30 mHz), the locus for each film

becomes vertical. and plots of -Z, vs. l/w become linear as shown
in Fig. 2. From the siope of the curves in Fig. 2. the redox
capaciaance «Cyp ) of each film was calculated by using Eq. (2].

At intermeciate frequenciesica. 40 mHz <f< 210 mHz),
each locus was linear with unit slope. In this region. a plot of Z
vs. w2 showed a straight line in agreement with Eq.(l]. By

combining the results for values of C wih the Z vs. ar'/2 plots,
vatues of the diffusion coetficient(D) were obtuned.

QCM & PDIM Analvsis

The mass changes during both elecropolymenzaton and
charge-discharge processes were monitored by using 3 Quartz
Crystal MicrobalancetQCM). In order 0 check the volume
change in the polymer film during the redox process. Phase
Detecaon [nterreromeric Microscopy (PDDM) was applied. and its
dependence on chargesdischarge rates was examined.

Charge-Discharge Characteristics

For example. polypyrrole behaved more like a capacitor
with the linear increase/decrease in the charge discharge curves,
while palvazulene had a tlat discharge. The {atier behavioris due
10 :he higher dirfusivitytD) and higher redox potential(Epyc) of
polvazulenetD=7.5 x 103 cm® s-\; Epacaca. 3.05 V) compared to
that of poiypyrrole(D=1.0 « 108 cm® s, Epgemca. 3.35 V).
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