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. �

;*~»b� 
·� *�Ï�öB B�� polypyrrole(PPy) jª~ ¶¾�ZÊ ßWj cyclic voltammetry V»j �
Ï~� �Ò~&
. 0.5 M LiClO4/PC(propylene carbonate)/AN(acetonitrile) b�Ï�ö 10%~ >ªj Î&� *�î
öB B�� PPy jª� &Ë � 401 F/g~ 
N�ZÊ¢ ¾æÚî
. 6� 0.5 M LiClO4 ANö 10%~ >ªj b
�� *�îöB B�� PPy jªf 2000 ²~ ÏO*öB .VÏï~ 70%¢ ¾æÚî
. B�B PPy jª~ &ö
�ZÊ ßWf ÒÏB Ï
ö �² ~��j r > ®î
.

AbstractUU Electro-conducting polypyrrole(PPy) films were prepared by applying constant current in various electrolytes
solutions and their capacitance properties were investigated using cyclic voltammetry. Capacitance values were
strongly dependent on the electrolytes solution used in electrochemical polymerization. PPy prepared in PC/AN mixture
solution containing 0.5 M LiClO4 with small amount water showed 401 F/g and that electrogenerated in AN/H2O
mixture solution containing 0.5 M LiClO4 retained 70% of initial capacitance after 2000 cycles.
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1. B  �

*¶ ;�Öë~ B�" z®Ú *æ 5 ¶ö�V �~ ö.
æ &ËVV~ �Ïïz 5 �WËz& º�>� ®
. �ö ¦
w~º ö.æ &ËVV 7 ~¾& 
�W *êÚö ;W>º
*V�7[j �Ï� .�Ïï ¶N�V�
. ¶N�V~ *�
²Òº �² ê²ê, *êW �ª¶ê, .³ Özbê� ª~�
> ®
. � &Ú� *êW�ª¶º RuOX, IrOX, TaOX �"
?f .³ Özbêf jv� 8� &Z~�, Öz~ö*~f
Ï**~& Îv »*ö V��b� ê²ê *��
º ¸f ¶
N�ZÊ 8j ¾æÞ
1-3).
*êW �ª¶öº polyacetylene4-6), polyaniline7-10),

polypyrrole(PPy)11,12)" polythiophene13-15) �� ®
. � &Ú
� PPyº �V7ö jv' n;~�, *Vz�'b� £² ;
ïb� B�� > ®º Ë6� ®
20,21). � ��
öBº PPy

jª~ *Vz�' &�Wf 7�ö ÒÏ>º *��~ r�N,
Ï
, *~&êö �² ~��j ��� : ®
12,32). � ��
öBº 
·� b� *��öB PPy *�j B�~� V.'�
¶N�ZÊ ßWj �Ò~º� Ï'� ®
.

2. 
  þ

;ïç~ PPy *�f ;*~¢ &� �W~&
12,32). FVW
Ï
, 6º Ã~>ö 0.036 M~ b� �ïÚ¢ b�~�, 0.5 M
~ "j Î&~� *�Ï�j B�~&
. *�7� �º W.
foilj ·ë*�(1Ü1 cm2) 5 ç&*�(2Ü2 cm2)b� ÒÏ~&
�, 4 M~ KCl� ��B Ag/AgCl¢ �&*�b� ÒÏ~&
. 

CV¢ �Ï~� PPy *�~ j&�' "Özö V� *~ï
(Q)~ 6² ì�, n;B ���� ê¯>º **c" Öz/~
ö>wj {�~�, �r B�>º *~8" "Ò ³ê(s)� �
(1)j �Ï~� ¶N�ZÊ (C)¢ áî
. n;� **c ÚÚ
B ¢;� ³ê� "Ò~� Öz, ~ö *~~ æz¢ &V®b
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�, ÏO*V (TOSCAT-3000U)� � (2)j �Ï~� C8j �
~�, PPy *�b� �WB f~ ��� >«j �Ò~&
. 

I = C(dV/dt) = CS or C = i/s (1)

C =�iÁdt/dV = iÁ∆t/∆V (2)

QCV =�iÁdt (3)

3. Ö" 5 �V
 
�â 1f 0.5 M LiClO4f 0.036 M~ b� �ïÚ¢

propylene carbonate (PC)ö Î&~�, 0.6 C~ *~ïb� �
W� PPy *�j 0.5 M LiClO4/H2O(�â 1a) 5 TEABF4/
AN (�â 1b)öB 50 mVÁs-1~ "Ò³ê� áf CVs�
. �
â 1(a) º **º* Û0.8 VöB ~¾~ Özb�f v B~
~ö b�¢ ¾æÚ�, Û1.0 VöBº 4.8 mAÁcm-2~ � *~
8j <æò j&�>w� ê¯>Ú b�*~(Ip)& �² 6²
~º ©j " > ®
. �â 1(b)¢ �� Û0.8~Û1.2~ **
º*öB Îv PPy~ Öz b�& 0.1 VöB &V>�, � �
ç~ **öBº "Özö ~� PPy~ ª�& ¢Ú¾ >w*~
& 6²~² B
. Table 1ö PPy jª~ B� 5 &¾�ZÊ
ßWªC ��ö V� Ö"¢ º£~&
. AN/PC/H2O b�Ï
�öB B�� PPy *�� 1 M TEABF4 ��� AN/PC/H2O
b� �WB *�Ï�öB 401 F/gb� &Ë � ¶N�V 8j
¾æÚî
. V¢B PPy& *Vz�'b� Öz/~öF r >Ï
W Ï
�
º FVWÏ
& �
 9f **cöB &�'� Ö
z~ö >wj ���, *�î~ ��ö V¢ &¾�ZÊ � *
Vz�' ßW� æzNj r > ®
.
�â 2º B���ö V� PPy*�~ ��ç�¢ ¾æÚº
*¶*�ã Òê(Ü1500)�
. PPy �ª¶& *� *ö �W>
º ;�º ''~ ��ö V¢ 
�² ¶¢¾² >�, >Ï� �

º FVÏ�öB B�� PPy& z �&� ��j ¾æÞ
.
��� ��ßW~ N�& ¶ö�ZÊ 8ö 'Ëj ��j º
�� > ®
32). 
Ï* 5 O* �F" ��� ßWj rj�V *~� �WB

PPy*�b� 
N�V¢ B�~&
. �â 3f PPy *�~ O
*�Fb�B PPy& z+B W.*�j ·�b�, z+>æ p
f W.*�j r�b� ~�, PPy*�" �&*� (Ag/AgCl)
j ÒÏ~�**¢ G;~�B 1 mAÁcm-2~ *~&ê� Ï*
� ê O*� Ö"�
. &�ê ¢;*~ (i) f O*�* (∆t),
�Ò� **æz (∆V)¢ �Ï~� �(2)¢ 'Ï~� 
N�ZÊ
¢ �~&
. Sample 4º 289 FÁg-1, sample 5º 245 FÁg-1,
sample 6f 365 FÁg-1j '' ¾æÚÚ "Ò³êf >w*~f

~ &êöB áî~ CVs~ 
N�ZÊ 8"º N�¢ �&
.
CVsöBº Öz 5 ~ö*~& Îv &ö�ZÊö V�~V r
^ö ��� N�& �Z ©b� º;B
. 
�â 4º B�B 
N�V~ ��� ßWj {�� Ö"�
.

Sample 4, 6f .V~ ¸f Ïïj Fæ~æ á~� 500
cycleöB '' 226, 201 FÁg-1b� Ïï6²¢ �&b�,
sample 5f 265FÁg-1~ .VÏï� 1000 cycleöB 229FÁg-1b

� 86%¢, 2000 cycleöB 182 FÁg-1b� .VÏï~ £ 70%
¢ Fæ~� &Ë ±f ��� ßWj �&
. 

Figure 1. CVs of PPy-ClO4
- electrodes prepared in PC solution

containing 0.5 M LiClO4. CVs were obtained in 1 M LiClO4/H2O
(a) and 1 M TEABF4/AN (b). First, the potential cycle was
performed in the range of ±0.8 V until 5th cycle and then in the
range of ±1.0 V during 10th cycle and ±1.2 V applied only to (b)
until 15th cycle. Sweep rate was 50 mVÁÁs-1. 

  
Table 1. Capacitance data summary

Sample # Synthetic conditions1) Electrolyte Condition 2) Capacitance(F/g) Anodic peak current Potential range

1

2

3

4

5

6

PC/LiClO4

"

Water3)/LiClO4

PC/water/LiClO4

AN/water/LiClO4

PC/AN/water/LiClO4

AN/TEABF4

water/LiClO4

AN/water/TEABF4

AN/water/TEABF4

PC/AN/water/LiClO4

193

259

393

275

401

4.8

2.0

3.3

9.3

6.5

9.5

±0.8

±1.0

±0.8

±0.8

±0.6

±0.8
1)Concentration of synthetic mixture solution : 0.5 M LiClO4
2)Concentration of electrolyte sulution for CV measurement : 1 M salt
3)Water contents : 10 vol. % 
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 4. Ö  �

;*~»b� 
·� *�Ï�öB B�� PPyjª~ ¶¾�
ZÊ 8j cyclic voltammetry V»j �Ï~� �Ò~&
.
0.5 M LiClO4/PC/AN b�Ï�ö ²ï~ H2O¢ Î&� *�î
öB B�� PPy jª� 401 F/g~ 
N�ZÊ¢ ¾æÚî
.
6� 0.5 M LiClO4 ANö bj b�� *�îöB B��
PPy jªf 2000 ²~ ÏO*öB .VÏï~ 70%¢ ¾æÚ
î
. PPy jª~ &ö�ZÊ ßWf ÒÏB Ï
ö �² ~�
�
. 

ê  V

� ��º ��ö.æVF��²~ æöö ~� >¯>îb
æ� �ö 6Ò�ãî
.
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Figure 2. SEM photographs (ÝÝ1500) of the surface morphology of PPy electrodes in various conditions. The specification of the samples was
described in Table 1.

Figure 3. Discharge profiles of PPy-ClO4- electrodes at a discharge
current of 1 mAÁÁcm-2. Figure 4. Cyclic performance of PPy-ClO4

- electrodes.
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