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Abstract : In this study, the PPy/ClO4 and PPy/PVS composite electrodes were prepared at various polymerization
potential by incorporating electrolyte anions of different anion size during conatant potential polymerization. The reult-
ing polypyrrole surfaces were inspected by SEM, and their electrochemical properties were investigated with CV and
ac impedance method. The results of electrochemical analysis were suggested that anion for PPy/ClO, electrode and
cation for PPy/PVS electrode were transferred during redox reaction. As constant potential of polymerization was
increased, the charge transfer resistance of PPy/ClO, and PPy/PVS was decreased and the electric double layer capac-
itances of PPy/ClO, was higher than that of PPy/PVS. The change of PPy/PVS surface was relatively smaller than
that of PPy/ClO, according to electropolymerization potential.
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Fig. 1. Mechanism of electrooxidative polymerization of pyrrole.
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Fig. 2. Schematic model or charge compensation in electrode
having (a) small anion, (b) large anion. (- : anion, e : electron, C :
cation, L : large anion)
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Fig. 3. Cyclic voltammograms of (a) PPy/ClO4 and (b) PPy/PVS

electrodes prepared with various polymerization potentials. Scan
rate; 10 mV/s,
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Fig. 5. SEM of the surface of PPy/ClO; electrode
electropolymerized with 2 C of polymerization electricity to
polymerization potentials of (a) 0.7 V (b) 0.8 V and (¢) 0.9 V

wel] YRre] == oju] AAE FHA e IAFoR
FAHE 2As & F Aok

Fig. 62| PPy/PVSe] 739 A7t HolAMA PPy/PVS
HHAM Y ke 248 At Z7HEE Zlo] PPy/CIO, 735
Ay FREA] 2 AL A & F Uitk PPy/CIO, o &
Z] PPy/PVSE 4 AA7E wobAE PVSEol2e] Ao w
St &7} 2o} PPy/CIO, WIS Rl SRR YT
gux] Zslal ik Wb PPy/PVSE] A A Aol 9
EH gAo] ZA wIER g AL 2l F 4 ATk

Fig. 7& ©HERZ PVSE ARE3le] AzHst pPy/PVS =9
EHE EDS (electron dispersive microanalysis spectroscopy,
JSM 6400)°l 2]ste] AAAo 2 A% Aot A= A=z
Fo} Asl B A BFoA 7 EAEE & § AT ol
L PVSe EXFEH4000~6000 MW)o] o}F FA| k). g9l
HHoA EEHE matrixZFE oA VoA 282 v
£ otk ulghr] atgl-gl sgolr] vehbs ARS8 4

ol = Ewg Ao AT Ao FHD ¢ Yo

O

[‘

5

&

Fig. 6. SEM of the surface

of PPy/PVS
electropolymerized with 4 C of polymerization electricity to
polymerization potentials of (a) 0.65 V (b) 0.8 V and (¢) 0.9 V

electrode



= 7)8etE) A,

(a)

ZEF 1-1-1}

au

Cu zn A

T 3 3 3 I S A S S TR ¥ R R VI T
Energy (keV)

OHZCO0

Energy (keV)

EFIST

7
Energy (keV)

Fig. 7. EDS of PPy/PVS- films after (a) electropolymerization (b)
oxidation process and (c) reduction process.

@ o] o
ol
60 - }
S I MO”O/V
e

0 200 400 600 800 1000 1200 1400

- Zimag [ OhM |

500

40+ -0~ 08V
30+ e
204 / 1519k

Jteae

1004}

0+ T T T T T T
0 50 100 150 200 250 30 380 400

- Zimag [ OhM }

260
20

‘me[Ohm]
g

1 20 280 A0

0 5 1m
ZelOm]
Fig. 8. Cole-Cole plots of (a) PPy/ClO, and (b) PPy/PVS electropolymerized at various potentials with 2 C of polymerization electricity.

A8, Al 23, 2005 103

33. o dojeay
AF3 Afd g Ade APz e AF5F59 A=
o} HaoFe] o3} FIHFs vhgo] Yojdrt. o] AHe
AL AFE B wErinit) HFe) wee] Wkl &
kg Abshukgo] EEoldnt. 17F Wi AL £10
mV o2 sl ARt FHAR e A9 A A
9 el HslzRE B £ Qo) ol9} e M TF B
;lLoﬂ I;H@. A= k]tﬂ U]EAHR%N_E L]—E}‘ﬁ e 1 }gzoq
A9)eM o] AFuke-& AXYE|A FiL AW A EE 78
‘{T: 9)\1—4_.13.14)

B Aol 84 Asidu dd ZnE ATl 4o
Ue @42 AR 5 3l FEI FA R TS
< ZEvE BWs ASEE @A 5 Avk £ slE o
2L IFHF ol &eiFg olEdhetl 4 MHz F357}

A o} o] =EAA ket AN o)A wiEd
SANAE o] FHg °§‘9—.3°1]1 @8 E2kKdispersion
factoryS HFHhgoi} o]F S Wgsle Zlo7 IEE

SR = Randles?%i—-i 047:%_‘:}. S71E2e] B8 B

e A, olFF A7§%, Aoz o] FiMAF

27(4 s}oiu} 13,16)

Fig. 8= PPy/CIO, 23} PPy/PVS A2 A A9 W3}

o WE AAF ARAY 0.0 VellAe] Cole-Cole plotelth, =4
= BE Randle 39| E718)2o] 285k RYS VR
ig. 9& PPy/ClO, A=3} PPy/PVS A9 ?JH ¢ sl
o A W%XW(&M =g 741“44 olFZF EFHCa)S
TAIBIATY. T A5 B SR —‘ﬂomwi Ak
gxge] F43] Frhshe AL lé: Ak, AaFge] A3
dojuls 0.7V 0.65V oA Zk2h s PPy/ClO,}
PPy/PVS 5 R5ollx HapdgAgo] 4338l & A& & F
At o)A =7 FAAH o= st HFe] XY T

r

P

mlm &Ry

x|

b =7

Zimag [ ohm ]

Zimag [ ohm ]

E
£
(<]
o
®
£
N
0% T B T T
0 10 20 0 £ el
Zreed [ chm]



104 J. Korean Electrochem. Soc., Vol. 8, No. 2, 2005

3000 0.020
—e— R, vs potential
2500 - —~O— Cy Vs potential | | o015
2000 |-
— - 0.010
E
S 1500 | o
s - 0005 —"
s
o =
1000 |-
- 0.000
500 -
— -0.005
or
1 i Il Il 1 _0010
0.65 0.70 0.75 0.80 0.85 0.90 0.95
Polymerization potential [ V]
(a)
350 - 24
—e— R, vs potential
300 | —o- C,vspotential | ] &4
4 1le4
250 -
E 200 - 5e-5
] I "
z 1° 3
ol
150 | o
- -5¢-5
100
-1 -1e-4
50 - 1 -tea
| 1 | 1 1 t 2e-4

0
060 065 070 075 080 08 09 085

Polymerization potential [ V ]

(b)

Fig. 9. Correlation of charge transfer resistance (R, and double
layer capacitance (Cq) for (a) PPy/ClO4 and (b) PPy/PVS.
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