This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:45

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

In-Situ Viscoelastic
Characteristics of the
Electrochemically Polymerized
Ppy Thin Film Using Quartz
Crystal Analyzer

Jong-Min Kim # , Hyun-Woo Lee # , Young-Han Kim ? ,
Young-Soo Kwon ®  Hiroshi Muramatsu ¢ & Sang-Mok
Chang ®

% Dept. of Chem. Eng., Dong-A University, Pusan,
604-714, Korea

b Dept. of Elec. Eng., Dong-A University, Pusan,
604-714, Korea

¢ Research Lab. for Adv. Tech., Seiko Inst. Inc.,
Chiba, 271, Japan

Version of record first published: 04 Oct 2006

To cite this article: Jong-Min Kim, Hyun-Woo Lee, Young-Han Kim, Young-Soo Kwon,
Hiroshi Muramatsu & Sang-Mok Chang (1998): In-Situ Viscoelastic Characteristics

of the Electrochemically Polymerized Ppy Thin Film Using Quartz Crystal Analyzer,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 316:1, 141-144



http://www.tandfonline.com/loi/gmcl19

Downloaded by [University of Haifa Library] at 10:45 20 August 2012

To link to this article: http://dx.doi.org/10.1080/10587259808044477

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://dx.doi.org/10.1080/10587259808044477
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:45 20 August 2012

Mol. Cryst. Liq. Cryst., 1998, Vol. 316, pp. 141-144  © 1998 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in India.

In-Situ Viscoelastic Characteristics of the Electrochemically
Polymerized Ppy Thin Film Using Quartz Crystal Analyzer

JONG-MIN KIM?*, HYUN-WOO LEE? YOUNG-HAN KIM?,
YOUNG-SOO KWON®, HIROSHI MURAMATSU®, and SANG-MOK
CHANG?®

Dept. of Chem.Eng., Dong-A University., Pusan, 604-714 Korea;
*Dept. of Elec. Eng., Dong-A University., Pusan, 604-714 Korea:
‘Research Lab. for Adv. Tech., Sciko Inst. Inc., Chiba, 271 Japan

In this work, the in-situ viscoelastic characteristics of electro-
polymerized polypyrrole (Ppy) thin film were investigated in the
electrolyte solution of KC10O,, LiC10, and NaClO, using quartz crystal
analyzer (QCA). One side of quartz crystal electrode was used as a
working electrode mounted 1in a specially fabricated QCA
electrochemical cell. The resonant frequency and resistance diagram
was utilized to interpret the viscoelastic behavior of Ppy thin film.
The larger the size of cation is, the more distinct the viscoelastic
change is due to the cation penetration into the polypyrrole thin film.
The cyclic voltammetry, using Ppy deposited AT-cut quartz crystal
electrode, suggests that the swelling of Ppy film reduces the
conductivity of the Ppy film.

Keywords: QCA,; polypyrrole; viscoelasity; cation effect

INTRODUCTION

The quartz crystal microbalance (QCM) has been widely used to
analyze the mass change of working electrode by measuring the
change of resonant frequency. Drata and Buttry!"! stressed a great
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advantage of the QCM in electrochemical analysis.

Up to date, however, few reports have been published about
analysis of the viscoelastic property of thin film utilizing quartz
crystal. Muramatsu et al."”! expanded the application of quartz crystal
in the analytical science inducing the concept of resonant resistance.
Lately, Chang et al.’! also reported that resonant resistance is an
excellent tool to describe the change of phase transition phenomena.
Resonant resistance corresponds to the resistance in electrical
equilivalent circuit derived by Muramatsu'?’. The resonant resistance
is simply measured with a home-made peak hold circuit®). The
rheological changes occurred on the film coated quartz crystal can be
explained by drawing the diagram of resonant frequency shift (AF)
and resonant resistance (R). If two different phenomena occur
simultaneously, the changes in the F-R diagram are represented by the
sum of F-R vectors *l.

EXPERIMENTAL

Figure 1 shows an experimental layout employed in this work. Pyrrole
(Wako Pure Chem. Co.) was purified by the vacuum distillation and
stored in a dark room at low temperature. The compounds of KCIO,,
LiClO,, NaClQ, and other materials of analytical grade were used as
purchased. An Au electrode sputtered on a bare quartz crystal was
used as a working electrode. Polypyrrole was polymerized at constant
current density for 180 seconds. The solutions of 0.1 M KCIO,,
LiClO, or NaClO, were used as electrolyte.

RESULTS AND DISCUSSION

Figure 2 shows the effect of cation on the polypyrrole deposition with
constant current density of 0.1 mA/cm’ for 180sec. The resonant
frequency decreases slowly for the first 60 sec, steeply after 60 sec
and slowly again after 120 sec. Whereas the resonant resistance is
constant in the first stage, it increases after 60 sec with the penetration
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of the electrolyte solution into partly polymerized Ppy film which
arises mass loading effect and the frequency decreases suddenly. The
resonant resistance changes in the order of LiClO,, NaClO, and KCI10,
according to hydrated cation size. As the polymerization proceeds, the
electric conductivity of Ppy film lowers and polymerization rate
reduces which leads to the decrease of the change of resonant
frequency after 120 sec.

Figure 3 shows the cyclic voltammogram of a polypyrrole film
deposited quartz crystal with -600~+600 mV (vs. Ag/AgCl) scan
range and 50 mV/sec scan rate in 0.1 M LiClO, electrolyte solution.
The electrochemically polymerized Ppy film is stable between -600
mV and +600 mV (vs. Ag/AgCl). This result is obtained after 30
cycles of C. V.

The resonant frequency decreases in positive potential sweep and
increases in the following negative potential sweep. These resonant
frequency changes can be explained by the mass transport of anion
doping and dedoping.
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FIGURE 1 Schematic diagram FIGURE 2 The effect of cation on
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analyzer. deposition for 180 seconds.
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FIGURE 3. Cyclic voltammetry of Ppy film deposited AT-cut crystal
in 0.1 M KCIQ, solution and cycled in 0.1M LiCIO,
30th cycle)
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