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Fig. 1 Schematic diagram of an EQCM apparatus
interfaced with an electrochemical potentiostat/gal-
vanostat and a personal computer
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Fig. 2 (a): Cyclic voltammogram at 10 mV/s and

(b): Frequency uvs. charge consumed for deposition
of Ag from an aqueous solution containing 10 mM

AgNO; and 0.1 M H,SO,
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Table I Dependence of doping level of PPy films
0 -0 on concentration of Na ™ DS~
Concentration of T 0
Na*DS™/mM' AfM/Hz 2 %
(b) 5 mM ~
. " L 100 5681.0 70
jen - )
§ 2500 50 w 5 3607.0 18
g t Electrolysis conditions: constant-potential elec-
< trolysis at 0.46 V zs. SSCE in 100 mM (or 5 mM)
Na*DS™ aqueous solution containing 100 mM (or 5
mM) pyrrole. 1 Frequency change per amount of
50001 charge passed of 60 mC
| 100

0 50 100
Charge/mC cm—2

Fig. 3 Frequency, mass and charge responses of
an EQCM measurement during electropolymeriza-
tion at a constant potential of 0.46 V in two different
aqueous solutions

(a) 100 mM pyrrole and 100 mM NaDS§, (b) 5 mM
pyrrole and 5 mM NaD$S
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Fig. 4 (a) Cyclic voltammograms at 100 mV/s,

(b) EQCM responses for electropolymerization of
pyrrole in the presence of 0.1 M NaDS
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Fig. 5 Frequency changes per potential sweep due
to polymer growth, anion and/or cation doping/
undoping during electropolymerization of pyrrole
under the experimental conditions, as in Fig. 4
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Fig. 6 (a) Cyclic voltammogram (1 st sweep), (b)
EQCM response for polypyrrole/Ds™ film in 0.1'M
KCl aq. at a scan rate of 10 mV/s

The film was prepared at a constant potential of
0.46 V by passing 110 mG/cm?.
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Fig. 7 Cyclic voltammograms (dotted lines) and
EQCM responses (solid lines) for a polypyrrole/
DS™ film formed by 20-times of potential
cycling as Fig. 4

At two different scan rates of (a): 10 mV/s, (b):
100 mV/s

Table 2 Estimation of diffusion layer thickness for
DS~ and Na™ ions in PPy films'

&/pm
Scan rate/mV s~
DS~ Na*
10 0.65(0.45) 1" 6.4(4.5)
100 0.24(0.14) 2.4(1.4)

1 Thickness of PPy film: 1.43 um. {1 The values in
brackets represent the ratio of 0 to the film thick-
ness.
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In-situ analysis of the kinetic behavior of ion transport in electropolymerized
polypyrrole by electrochemical quartz crystal microbalance method. Andrew ]J.
KeLLy, Katsuhiko Nao1™®, Takeo Ousaka** and Noboru Ovama* (* Department of Ap-
plied Chemistry, Tokyo University of Agriculture and Technology, Nakamachi, Koganei-
shi, Tokyo 184; =I=*Department of Electronic Chemistry, Graduate School at Nagatsuta,
Tokyo Institute of Technology, 4359, Nagatsuta, Midori-ku, Yokohama-shi, Kanagawa
227)

The mass changes during the electrochemical polymerization reaction of pyrrole with
‘dodecylsulfonate (DS™) were analyzed using the electrochemical quartz crystal microbal-
ance (EQCM). Fixed potential electropolymerization was performed when the concen-
tration of DS~ was above (0.1 M) and below the critical micelle concentration, 0.005 M.
The doping ratio of polypyrrole with DS~ was found to be 0.7 at 0.1 M DS~ and 0.18 at
0.005 M DS . Such a difference could be explained in terms of the possible presence of
incompletely dissociated micelles remaining in the film after electropolymerization. The
EQCM measurement of the resulting polypyrrole film demonstrated that the mass trans-
port involved both anion and cation exchange, the ratio of which depended strongly on
the potential scan rate of the cyclic voltammentry. The presence of kinetic restrictions
on the movement of DS~ as an anion was observed at high sweep rates.
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