
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

Analysis of the Morphology and
Characteristics of Ppy Thin
Film Using QCA and AFM
Jong-Min Kim a , Ji-Sun Park a , Seung-Hun Song
a , Young-Han Kim a , Sang-Mok Chang a & Hiroshi
Muramatsu b
a Dept. of Chem. Eng., Dong-A University, Pusan,
604-714, Korea
b Research Lab. for Adv. Tech., Seiko Instruments,
Inc., Chiba, 271, Japan

Version of record first published: 04 Oct 2006

To cite this article: Jong-Min Kim, Ji-Sun Park, Seung-Hun Song, Young-Han Kim,
Sang-Mok Chang & Hiroshi Muramatsu (1998): Analysis of the Morphology and
Characteristics of Ppy Thin Film Using QCA and AFM, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
316:1, 325-328

To link to this article:  http://dx.doi.org/10.1080/10587259808044520

PLEASE SCROLL DOWN FOR ARTICLE

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044520
http://www.tandfonline.com/page/terms-and-conditions
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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

45
 2

0 
A

ug
us

t 2
01

2 



Mol. Crysr. Liq. Crysr., 1998, Vol. 316, pp. 325328 
Reprints available directly from the publisher 
Photocopying permitted by license only 

8 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Analysis of the Morphology and Characteristics of Ppy Thin Film Using 
QCA and AFM 

JONG-MIN KIMa, JI-SUN PARK", SEIJNG-HUN SONG", YOUNG-HAN 
KIMa, SANG-MOK CHANGa and HIROSHI MURAMATSUb 
'Dept. of Chem. Eng., Dong-A University, Pusan, 604-714 Korea; 
bResearch Lab. for Adv. Tech., Seiko Instruments, Inc., Chiba, 271 Japan 

In this work, the in-situ viscoelastic characteristics of electropolymerized 
polypyrrole (Ppy) thin film were investigated in the electrolyte solution of 
NaCIO,, LiClO, and KCIO, using quartz crystal analyzer (QCA) and AFM. 
One side of quartz crystal electrode was used as a working electrode 
mounted in a specially fabricated QCA electrochemical cell. 

The result suggests that the Ppy film polymerized onto the crystal 
behaves as a rigid elastic layer at the initial stage of electropolymerization. 
while the film becomes a viscoelastic layer as the polymerization proceeds 
further. At the same time, the film thickness increases and some 
morphological changes take place due to the penetration of electrolyte 
solution into the film. 

Keywords: polypyrrole; AFM; morphology; viscoelasticity; QCA 

INTRODUCTION 

The application principle of quartz crystal in the characterization of polymer 
film is based on the relation between the mass change of surface elastic film 
and the resonant frequency change of the quartz crystal"-*'. The quartz 
crystal has been utilized as an effective analytical tool in electrochemistry[344'. 
Furthermore, the viscosity effect of liquid and solution in contact with 
quartz crystal has been widely studied, and equations for the resonant 
frequency change and for the resonant resistance of the quartz crystal have 
been obtained[']. The viscoelasticity of the film can be estimated by 
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326 J.-M. KIM el al 

measuring the resistance of the quartz crystal. As the change of resonant 
frequency includes information on the mass, elasticity and viscosity of the 
coated film and the change of resonant resistance reflects the variations of 
viscosity and density in the film, we have shown that the resonant 
frequency-resonant resistance diagram (F-R diagram) can clarify the relation 
of mass and viscoelastic changes of the coated film. This relation is 
quantitatively represented in Figure 1. 

d 
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FIGURE 1. The quantitative relation 
andchanges in resonant 
frequency and resonant 
resistance. 
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F I G U E  2 .  Changes in resonant 
frequency and resonant 
resistance during Ppy 
deposition. 

EXPERIMENTAL 

A potentiostat (Solartoron, Model 1286) is used and the terminal for the 
working electrode is connected to the terminal of electrode of quartz crystal. 
A 9 MHz AT-cut quartz crystal is converted into an Au electrode by 
sputtering method and employed as a working electrode in a plastic resin 
cell exposing only one side of the electrode. The area of working electrode 
is 0.2 cm2. Polypyrrole is polymerized with constant current density on the 
Au electrode for 180 seconds. The 0.1 M solutions of LiCIO,, KCIO, and 
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MORPHOLOGY AND CHARACTERISTICS OF Ppy THIN FILM 321 

NaCIO, are used as electrolyte. 

RESULTS AND DISCUSSION 

Figure 2 shows examples of the resonant frequency and resonant resistance 
on the electrochemical deposition of polypyrrole in the solution of 0.1 M 
KC10, with a constant current of 0.1 mA/cm' for 180 sec. As expected the 
resonant frequency is decreased but the resonant resistance is increased with 
polymerization time. which means that the formation amount of Ppy rises 
with time. The resonant frequency decreased with time, but the resonant 
resistance remains constant until the resonant frequency changes by 103 
kl-iz. The result suggests that the Ppy film polymerized onto the crystal 
behaves as a rigid elastic layer at the initial stage of electopolymerization. 
while the film behaves as a viscous medium when the polymerization 
proceeds further. Also film thickness increases and some morphological 
changes take place due to the anion doping and the penetration of electrolyte 
solution into the film. This phenomenon can be confirmed from AFM image 
as shown in Figure 3 .  
Figure 4 shows the cyclic voltammogram of Ppy film with -600-600 mV 
(vs. Ag/AgCI) scan range and 50 mV/sec scan rate in 0.01 M and 0.5 M 

FIGURE 3. AFM photograph of polypyrrole thin film.( 20 x 20 ,u m ) 
(a) polymerized for 50 sec.; (b) polymerized for 180 sec. 
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NaC104 electrolyte solutions. The redox peaks are clearly observed when 
Ppy film is polymerized in higher concentration solution than electrolyte 
concentration, but those are not clear when polymerized in lower 
concentration solution than electrolyte concentration. The electrolyte 
solution transportation with potential sweep become more distinct at higher 
concentration, which induces continuous resonant frequency decrease. 

-0.8 -0.4 0.0 0.4 0.8 -0.8 -0.4 0.0 0.4 0.8 
Potential (V vs AglAgCI) Potential (V vs AgIAgCI) 

FIGURE 4. The effect of electrolyte concentration on the cyclic voltammetry 
of Ppy thin film prepared in 0.1 M NaC104 solution. 
( in 0.01 M KCIO4, ~~ in 0.5 M KC104) 
(a) potential-current; (b) potential-frequency shift 
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