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Abstracts − According to chemical structure and size of dopant, the polypyrrole films were prepared by constant current

polymerization method on ITO electrode and its electrochemical properties were investigated. The current efficiency of poly-

merization of pyrrole was increased in the sequence 4-sulfobenzoic acid(SBA), polyvinylsulfonic acid(PVS), 1,3-benzenedis-

ulfonic acid(BDS) and was unchanged with electricity of polymerization. As a result of cyclic voltammetry of polypyrrole film

prepared with SBA as dopant, ion-exchange behavior both of anion and cation was observed during oxidation process. The max-

imum rate constant of polypyrrole doped with BDS was obtained at 1 mA/cm2. In addition, the diffusion coefficient calculated

by linear polarization method was more large than that measured by impedance analysis due to double layer capacitance.
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��� ����  !� "#$%,  &�' () ��� *+� ��

�, �- ��	 �. /�0 1 2� 34�' 2� ��� ���

56, 7� 0 1 2� 859:  ;� 2<%, '=�;� >?

(cathode) 56�� @A B) C9� DEF B) 	G; H�,  ;

� 2� IJ' 2� ��� ���, '�$K� 1L) �M  'N

�O �P[1-4].

Q�RS T) RS: UV� �W<�XY �.Z[	 �. �?\

]	 ^_ [�` 1 2�, B) �� ���, abF c dF e��'

f� gh	 ij k�l V� mT 56�� no
� 2P. p� I

q� r's c &Z[� p� V�� t: �u$vw, [��x, ��

y t� �.Z[ /z {a	 |} ~�� morphology c ��F, �

�F� I�: ^_ ��0 1 2P. �.� �W	� RS� �.Z[

����) Fig. 1� �' }�� >'s �y�� � 2� }�� >'

s �y�� ��$� ��� 1� ��, �� �r<�� 'y� 

�P. �y�, �a�� 1 2: ��� �x	�� 'y�� * � �

��� t' }�� >'s �y�� �� ��$� RS ��  �3

$_ �P. 'g RS �y�� �a�P� 'y�w ����� �?

�a  *� ^_ 
� gh	 �?\]	 ��� Z['  7�P. �

�� ��� >�$	 7�$�, �.� r's�  �	 �. �- �

�' ¡¢�P. '£� r's�  �: '�$� �¤¥ 's� ¦§

� f� t	 |} Q�RS� ��abF I�: ^_ /�0 1 2�

�. Z[� Q�RS ��� >�$	 ¨�$� 25-33%� r's:

©�P. 'ª« �?	�� �.Z[) ��� Z[	 ~¬� ��� 

~¬ ­� gh	 +®�	 �� ¯°' FP[5-7].

Q�RS �?) ±[� �¤¥� ��F f�	 ��$� r's p

� >'s �-·²�- ��: w³´P. p� ��� ���� ���

� �¤¥� ¦§ c �-µ¶	 �. ±�
% �¤¥	 7� ·¸�

¹) º»¼; ½¾	 ��$� 2P. ¿�F<� LiClO4, LiCl t� À
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s

) 's'w, camphorsulfonic acid, poly(sodium 4-styrenesulfonate),

nafion solutiont� sulfone �  2� v7 ��� 's t: �¤¥�

Á�$� 2P. Q�RS	 '£� sulfone �  2� v7��� 's

� �u<� pÂ� ��:  ;� 2� ��� ���  nÂ� >'s

EÃI�' w³ÄP[8-10].

|}� Å �M	�� abF M/  DÆ� 1,3-benzenedisulfonic

acid(BDS), 4-sulfobenzoic acid(SBA)� v7 ��� 's<� poly

(vinylsulfonic acid)(PVS): �¤¥� Á�$� ��§	 �. Q�RS

T: �/$�, �/� Q�RS T: Ç� 's 'È��� ����

: ·Â�? É c ÊR�Ë É<� DE$� ÌÍ$�� $ÎP.

2. �� ��

2-1. �� �� � ���	 
��


Å Ï¾	 Á�� RS �y�(acros)� �� ­' Á�$ÎP. �.

Z[	 Á�� �W) 0.2 mol/L pyrrole� �¤¥� 0.05 mol/L(polymer

unit �¹) poly(vinylsulfonic acid) · sodium salt(ÐÑ MW=4,000-6,000,

Aldrich: PVS), 0.1 mol/L 1,3-benzenedisulfonic acid · disodium salt(Aldrich:

BDS), 0.1 mol/L 4-sulfobenzoic acid · potassium salt(Aldrich: SBA), Á

�$ÎP. Q�RS� ��§ �aZ[	 Á�� ;;�?(substrate

electrode)) ITO(Indium Tin Oxide), Á�$ÎP. ÒÒ� �.�� 


��¡ Q�RS �?� ÍÓ: 'Ô	� �¤¥� Á�� r's: �

¹<� PPy/PVS, PPy/BDS, PPy/SBA �?<� $�� $Î� Ò �¤

¥� ab M/Õ: Fig. 2	 w³�ÖP. �. Z[	 Á�� �) 14

MΩ · cm(Elgastat UHQ)� D"×: ©� Ø§1, '�$ÎP. CV�

ÊR�Ë Ù�: x� �.�) 0.1 mol/L LiClO4� �@� acetonitrile

: Á�$ÎP.

��§ É<� �À
� �§� Ì� Ú) � �.  ¿�w; Û�

1, 2, 4 mA/cm2<� $� �Ü: /�$� [� ��y: ��$ÎP.

À��?<�� ITO(1.5Ý1.5 cm2) �?: Á�$Î�, 7? Þ<�

� ]
' ßC 
�à $ÎP. 7?<�� áâã(3Ý3 cm2): Á�$

� À��?� 3 cm Üä<� ���å<%, áâã 7?) ærç è

é�� 10� Èe è�� Ô, 0.1µm� �aêNëì í'î	 �ï$

� Á�$ÎP. ITO �?) \]� V���: �v$� x. isopropyl

alcohol	 KOH, ða�ñ �W<� è�$� Ø§1� èé$� Á�

$ÎP. ò/�?) ¨� Ag/AgCl �?(TOA electronics Ltd.): Á�

$Î<%, �.ó) 2�?Ï� �À$ÎP. À��?� ò/�? Á'

	� �W"×: i�a$� x. Luggin capillary, Á�$Î<%, À

��?	 [�� Q�RS �?) Ø§1� èé$�, ¡& z/�	�

25oC s�� 2�Ü Èe z/�ñ ô acetonitrile� èé$� Á�$ÎP.

2-2. ���	 
�� 
� ��� ����

�À� Q�RS �?� cyclic voltammetry(CV) Ù�� ó) 3�?

Ï� �À$ÎP. 7?Ï� À��?Ï Á'	� glass frit� 7?Ï	

� ¿�w� ���' õ[
� ö: ÷;$Î<%, À��?� ò/�

? Á'	� IR-drop: i�a$� x. luggin capillary, Á�$� �

À
ÖP. ò/�?<�� Ag/AgCl(TOA electronics Ltd.): Á�$Î

� 7?<�� áâø¿: Á�$ÎP. 's� �- ·²�- ��:  

�$� x.�, 0.1 M LiClO4/acetonitrile �.W: Á�$� CV, Ù

�$ÎP. �§-�ù�� potentiostat(Wenking PGS 81)� −1.2-1.2 V(vs

Ag/AgCl)� úx	� 5-80 mV/s� Ì�$� nÁ$Î� �û�§�

X-Y recorder(Yokogawa 3025)� Ù�$ÎP.

ÊR�Ë Ù�) ��§ �aÉ<� [�� PPy/SBA, PPy/BDS, PPy/

PVS �?� �.�� 0.1 M LiClO4/acetonitrile: Á�$� 3�? Ï	

� ¢$ÎP. ÊR�Ë Ù�) IM6(Zahner Co.), Á�$� nç1¯

ü 0.01 mHz-200 kHz, E§ýþ ÿ5 mV, � $� Ï¾$ÎP. �

 �x� Ò �?� ��� �ù(open circuit voltage)<� Ì�$Î<

%, 3�?�� Ag/AgCl ò/�?	 7$� Ù�$ÎP. Ï¾	 �. Ù

�� ÊR�Ë Ú) Randle t �� ��: F�$� �$��"×

(Rct)� ��'Z� �y(Cdl), �W"×(Rs)� ��� ��: ÒÒ� �

?	 7$� CNRLS(Complex Nonlinear Regression Least Squares) �

�, 1¢$� M$ÎP.

\]	�� �� ��� ���ð� EDS(electron dispersive microanalysi

spectroscope, JSM 6400), Ç. ��$ÎP. EDS Ù� /z) �ã<

� Cu,  � �ù) 20 kV, � �§� f�� ÒÒ 10 nA, 5µm'ÖP. 

3. ��	
 � �


3-1. �
� 
��� ��

Fig. 3	 Q�RS� ��§ É	 �� �. Z[I�: 4 mA/cm2�

�§H�	� �Ü	 |} w³�ÖP. �.Z[ æ�	 1.1 V(PPy/

PVS)-0.97 V(PPy/SBA)� B) �x  � 3æÜ 	�% 'Ô 
ä� �

º¡ ô ¿�� ��� �º;� ö: ê 1 2P. '£� ��§ �.

Z[�� �ùI�) ��ù �.Z[�� �§I�� DÆ$� �§

I�� 
�;� �] ±� È¿� I-V I�<� �� �¨'} 0 1

2P. Z[ æ�	 	�� B) �x� Q�RS seed ��	 ~¬� �

x} 0 1 2<% ¿� seed  ��
� w] �?� ��\]F' Ø

Fig. 1. Mechanism of electrooxidative polymerization of pyrrole.

Fig. 2. Schematics of anions used during electropolymerization of pyrrole.
Fig. 4. Potential-time curve during electropolymerization of pyrrole

under various dopants.
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 $� �x  �º;� ö<� ÌÍ0 1 2P[11].

�] P� �¤¥� �� PVS, �¤¥� Á�� Q�RS� �ùI

�	� 1 C'$ �	� �ù' ¨�$� MÜ' �5�P. 'ö) Q�

RS� �-µ¶' ¿�$P�  ��P] PVS� P� �¤¥�P �

W�	�� 'È�  À� gh	 ¿�w� �¨¿ ö'P. � Z[ æ

�	 ITO �] jª� PVS 's' �.��	 �. Q�RS	 �-


;
 ¿�� �Ü' ½�� Ô	 �]jª� PVS 's' ��
%,

v7 ��� PVS 's� 'È�  �º ��§ �.Z[	 ~¬� M

È9<� �. �.Z[ �x  Bº¡ ö'P.

�.��	�� �§��(current efficiency) εc� º�� �' n�¡P.

(1)

x Õ	� '�F� ab{ay) Faraday É�<� ��0 1 2�,

��§ �.Z[	 �. ��� Ï� >: ê 1 2<�� �§ ��

: M0 1 2P.

Table 1	 BDS, SBA, PVS 's<� �-� �?� �§��: RS

�y� �¹<� ��� ±�'P. �§��) SBA, PVS, BDS ®<

� Ø $ÎP. p� �§H�  Bº�1à Z[� �D� �x ��

y	 7� ���) è  ; ¦§� �¤¥	� �� �;� ö: ê

1 2P. ��y' Ø $�� �§��� {a  f; Û� ö<� �

º ��§ É<� [�� Q�RS� >: Ï¾/z úx	� ��0

1 2P� ö: ê 1 2ÖP.

3-2. ���	 
�� ����� ��

Fig. 4� 5� ÒÒ PVS, SBA 's: �¤¥� $� 2 mA/cm2� �

§H� c 2 C/cm2� ��y: ©� Q�RS �?� ®Ã�ù�§ �

·: w³´ ö'P. � �? �� �a c Ã� Rf �§� D7ÓF

� �>: w³�Ö<%, �x nÁ ��  20 mV/s ¿ g �a�Ã�

�x� PPy/PVS� ½A ÒÒ 7� 0.51 V� −0.82 V vs. Ag/AgCl	�

w³ P. PPy/SBA� ½A �a �x� 0.15 V� 1.07 V � !	� w

³ <% Ã��x� 7� −0.46 V	� w³ P. p� PPy/PVS� CV

� �� Ã���	� 0 V jª	� "úx� 'Z� �y	 �� �

§  
#
ÖP. PPy/PVS �?) ��x �.[�É<� �/� �?

	 D. �a Ã� �x  {$;
 DÆ� �a ·Ã� I�: w³�

� ö: ê 1 2P.

G.G. Wallace t) SO3
−'s: ©� �£ a[�: �¤¥� Q�R

S T: �/$� EQCM(electrochemical quartz crystal microbalane):

Ç$� 'sEÃ �¨: 
#� ±� 4-sulfobenzoic acid(SBA)� >'

s EÃI�:, 1,3 benzenedisulfonic acid(BDS)� >'s c r's E

ÃI�: w³´P� $ÎP[12]. %£w Å Ï¾� PPy/SBA �?�

CV %&	� �a��	� � �� Rf� �a ·Ã�	 ò�$� '

s' $w '¨'}� ö: ��¹P. Q�RS �?	�� �a ·Ã�

��	� w³w� Rf� Q�RS� M/F� {a	 ��$��P

� 's� �- ��	� ��� ±�� �Ò0 1 2P. |}� PPy/

SBA	� ��� � �� Rf� r's� >'s� �-	 �� ±�

} Á6�P. 
¿ SBA 's� f�  DEF À� gh	 CV	� w

³w� ªr Rf  SBA' ò�$� �- ·²�- ��'}] � '(

	 w³w� Rf� 4= ÀºO PPy/ClO4 �?� VÁ$_ $w� R

f  �5$� CV  
�) $;
 nÁ*1, �+$�� ��� R

f  V;
� ö<� �º SBA 's' �- ·²�- �P� �Ò
;

Û�P.

Fig. 6) 4 mA/cm2� �§H� 2 C/cm2� ��y<� �À� PPy/

BDS �?: acetonitrile: �@� 0.1 M LiClO4 ��� �.� �W	

� nÁ�� 5, 10, 20 mV/s� Ù�� ®Ã�ù�§ �·: w³´ ö

'P. �a Rf� 0.91 V	� Ã�Rf� −0.52 V	� w³ P. DÆ

� ab M/, ©� SBA�� �� �a Ã� Rf  $w, w³ P.

PPy/SBA, PPy/PVS �? �P �aRf� Ã�Rf� Â¨' 7ÓF<

� w³w;
 Rf�x ='w f� t: DE$] D üF ��:

w³�� 2P.

®Ã�ù�§É(cyclic voltammetry, CV)) �?\]	� ¿�w� 2

� ��: ��F<� ç-$� ÷É� $w'�, �aÃ� .� ÂÕ

�aÃ��x, ÐÂ¨1, ��, �?��	 
�$� �� 1, ab��

εc =  
ab{ay

'�Fab{ay

Table 1. Current efficiency spent by monomeric unit incorporated to
the polymer film in different dopants and current densities

            Electricity 1 C/cm2 2 C/cm2 3 C/cm2

BDS 1 mA/cm2 68.5 68.8 68.0
2 mA/cm2 69.9 72.6 70.9
4 mA/cm2 72.9 61.1 70.4

SBA 2 mA/cm2 54.6 55 56.3
4 mA/cm2 53.3 57.8 63.0

PVS 2 mA/cm2 66.8 67.4 60.6
4 mA/cm2 68.4 68.4 67.9

Fig. 4. Cyclic voltammograms of PPy/PVS electrode.

Fig. 5. Cyclic voltammograms of PPy/SBA electrode. 
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��¨1, /0�¨, ��'È��� ���F ç}�³ t� M0 1

2P[13-16]. |}� �a ·Ã� I�' DEF A1$� �- ��  A

1� PPy/BDS �?	 
$� Pr� �) D üF ��� ��ab

F I� Ð , ¢$ÎP.

D ü ��' Red→Ox+ne−� \�
� �a��	�� D ü�

�?��: �K$] D ü ��	�� Rf�§ ip� Pr� �' n

�¡P.

(2)

��� α=transfer coefficient

��� na=the number of electrons involved in the rate-determining step

��� DRed=diffusion coefficient(cm2/sec)

��� ν=scan rate(V/sec)

��� CRed* = bulk concentraion(mol/cm3)

x Õ	� 'È�1(α)� ��1(na), ê] D ü �a���  ��

1, M0 1 2P. D ü ��	�� Rf �x� Pr Õ<� n�¡P.

(3)

 

�1 ·Â Tafel MÜ	� �2�� (1-α)naF/RT� w³w_ 
� '


�	� α  �C
] Õ (3)<�XY na, M0 1 2<% Õ (2)�

XY D ü ��	�� 's  ��1, M0 1 2P. Table 2	 '

� �) ÷É<� ��y' 2 C/cm2<� ¿�� �3� PPy/BDS �

?: �§H� {a	 |} �/$�, 0.1 M LiClO4 �.�W	� �

C� ÒÒ�  ��1, 'È�1, �� 1, w³�ÖP.

p� PPy/BDS �?� �� �� ¨1, M$� x$� ëè �? Ï

¾: ¢$ÎP. 50 mV '$� ��ù(overpotential) úx	�� Bulter-

Volmer Õ) Õ (4)� �' Ü�� Ohm’s 
�Õ<� ���P[13-15].

(4)

��� io=exchange current density

��� η=overpotential

p� �.� � 's� ��  ¿�$P�  �$	 Õ (5)�XY �

��� ¨1 k0, M0 1 2P.

(5)

x Õ<� M� �� �� ¨1 k0� Ú: Table 2	 w³�ÖP.

'È�1� �a��	� ��	 ~¬� 	G; ��: w³´P. |

}� �.[� �§H�  Ø 0 g 'È�1� Àº;�� �� �

� ¨1� Ú� U3 ��$� ½°: �ÎP. p� ����	 ðU�

��1� 2 mA/cm2	�  3 fP. 'ö) 2 C/cm2� ��y: ©�

PPy/BDS ~� �3	�� r's	 �� �a�Ã� ��' Aè$P

� ö: Ü4F<� w³�� ö<�,  ��1�  3 À) Ú: w³

�ÖP.

3-3.  � !�"#$

�?� �.� �W �]) �$5�� 2� �?Z� ��� �.W

Z� 's� ¨þ46. ��' ¿�ÄP. ' �]� vÈ) E§� �

?�7] �n�ïP �§� ÷°' {$� Ã���� �a��' 


8'�P. F� E§� ��ù: ÿ10 mV '�� Ì�$� »§�ù	

Z9�ñ ½A� v� Ì��x j÷� {a�
 : 1 2P. '� �

) /z	� E§ �?	 7� ýþ� ·Â ë�÷�Õ<� w³; 1

2� Ì� �x	�� �?��: �;<�; Û� �] ÊR�Ë, M

0 1 2P[13, 14, 17-22].

Å Ï¾� 1�¨ �.�� �?	� ¿�w� �¨) ����
¿

1 2� E§�?	 
�$� ��: �?\]� �.�� ��0 1

2P. p� .�� 's) E§�3	 �. �@Z: 'È$�= 1

MHz nç1¼;� 's lÈ' >K;; Û�P� �?¡P. 'ö g

h	 1�¨�	�� ' nç1 ̄ ü	� 
#� ��(dispersion factor)

) �?��'w 'Z� �y: �¯$� ö<� �K
� t ���

RandlesÂ<� �?¡P. t ��� ��: Ç. �$�� "×, 'Z

� ���y, �?<�� 's  ��1, Ù�$ÎP.

Fig. 7) 0.1 M LiClO4 �W Z	� 4 mA/cm2� �§H�� 3 C/cm2

� ��y<� �À� PPy/SBA, PPy/BDS, PPy/PVS �?: Ì��x

0 V<� � � +�1 ÊR�Ë Ë@¥«: w³´ ö'P. nç1 ¯

ü' 200 KHz	� 50 mHz ¼;� +�1 ÊR�Ë Ë@¥«) �Â

F� Randles Â<� $w� ��: w³�ÖP. � nç1 ¯ü� Ï

1 A 4·<�XY �.� �W� Q�RS �? �]	�� �B "

× Rs, ��� C�Þ X�� Ï1A� 
w� ;4<�XY ����

"× Rct, M0 1 2P. p� ωDD/δ2� nç1 ¯ü	� ÊR�Ë�

�.� 's�  �	 �. ;E
�, nç1	 F
� 45o�2�,  

;� »· X�' w³ÄP. ' »·<�XY Warburg �1, M0 1

2<%, '£� Warburg ÂG� ÊR�Ë�  �'w ��'È &�

(migration process)<� .�` 1 2P[17-22].

Fig. 8, 9, 10) ÒÒ PPy/SBA, PPy/BDS, PPy/PVS �?	 Randles

type t ��, F�$� H) 'Z� �y� �$�� "×: w³�

� %&'P.

Fig. 8	� 2 mA/cm2� �§H�� �/� PPy/SBA �?� �$�

� "× Rct� ��y' Ø U	 |} 36.74Ω	� 5.002Ω<� �º

ip 299 αna( )1 2⁄ ADRed
1 2⁄ CRed

* ν1 2⁄
=

Ep∆ Ep Ep 2⁄– 1.857RT
αnaF

--------------------- 47.7
αna

----------= = =

i i 0exp
naFη–
RT

--------------- 
      for   η 50 mV<=

i0 naFAk0CRed=

Fig. 6. Cyclic voltammograms of PPy/BDS electrode. 

Table 2. Ion diffusion coefficients, transfer coefficient, the number of
electrons involved in the rate-determining step and rate constant
of PPy/BDS electrode of 2 C/cm2 at room temperature by linear
polarization method

Polymerization current 
density (mA/cm2)

DRed (cm2/s) α na k0 (cm/s)

1 3.932×10−8 0.50 0.273 4.32×10−5

2 9.686×10−9 0.37 0.708 8.63×10−6

4 2.534×10−8 0.30 0.671 1.06×10−7
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I<% 'ZJ �y Cdl) 86.68 nF jª	� ¿�� Ú:  IP. 4 mA/

cm2� �§H�	�� Ú) 88.86Ω	� 18.03Ω<� �º I<% '

ZJ �y) 473.8 nF	� 259.3 nF<� �ºIP.

Housaka[17]� Q�RS� \]� 'Z�� ̄ °: Pr� �' ÌÍ

$ÎP. Q�RS ~�� \]' vK�  �;] \]	 �$_ L�

M 's	 �� �$y' Lº� F�0 1 ­_ �P. |}� \] X

�� trap ion) Dfaradaic ��<�� À�$� impedance É<� Ù

�� 'Z� �y	 �¯
; Û�P� $ÎP. � \] vK�  �;

] Ï� 'Z� �y) impedance É	 �. Ù�� 'Z� �y Ú�

P * N ö<� O¨$ÎP. |}� SEM: Ç. w³Ä �?\]�

vK�  ��y	 |} ='  w³w; Û<��, E§ ÊR�ËÉ<

� Ù�� 'Z� �y) PPy/SBA, PPy/BDS, PPy/PVS �?	�

faradaic ��Ú<� OÙ0 1 2P.

Fig. 9	 PPy/BDS �?� Rct� Cdl Ú: ��y	 7. w³�ÖP.

�§H� 2, 4 mA/cm2	� Rct� 40.8-9.75Ω, 66.35-14.29Ω� �ºI

<%, Cdl) 2 mA/cm2� �§H�	�� 86.45-200.2 nF� Ø $Î�,

4 mA/cm2� �§H�	�� 519.5-180.7 nF� ��$ÎP.

Fig. 10	 PPy/PVS �?� Rct� Cdl Ú: ��y	 7. w³�ÖP. 

�§H� 2, 4 mA/cm2	� Rct� 32.7-474.2Ω ,  31.16-385.4Ω� ú

x, w³�ÖP. Cdl) 2 mA/cm2� �§H�	�� 2.641µF-39.93 nF

� úx, w³�Ö�, 4 mA/cm2� �§H�	�� 16.08µF-568.1 nF

� ��$ÎP. Randles Â t ��� Pf ���� RC qQ ��R

� Q�RS �?� �.� �W �]	�� 's �E  F�` 1 2

P. |}� Z¬� �� ��) 'Z� ���y Cdl, Faradaic ÊR�

Ë ZF %�� �.� �W "× Rs'P. ' t ��� �� ÊR�Ë

� Pr Õ (6)� �P.

(6)

��� Faradaic ÊR�Ë ZF� Q�RS �?� �.� �]	��

�$ nu��<� Butler-Volmer Õ<� ÌÍ
� Rct�  �	 ¯°

: S� Warbug impedance ZW� »Q�± �P. TÈ �x	 7�

Z RS
1

1 ZF⁄( ) jωCdl+
-----------------------------------+=

Fig. 7. Complex impedance plots obtained for PPy film with different
dopants employed in the synthesis at 4 mA/cm2.

Fig. 8. Correlation of charge transfer resistance (Rct) and double layer
capacitance (Cdl) for PPy/SBA with electricity. 

Fig. 9. Correlation of charge transfer resistance (Rct) and double layer
capacitance (Cdl) for PPy/BDS with electricity. 
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Faradaic �§ {a� �.� �� {a, VU$� �Ü	 ��$�

Fick  �Õ: '�$� M0 1 2P.

Armstrong t[20]� Rubinstein t[21]	 �. V�� Faradic ÊR�

Ë ±�� nç1	 F
� 45o �2�,  ;� »· X� ¯ü	�

( )   �P. p� ÐÂ�x	��

Warburg �1 σω� Pr Õ� �_ �P.

(7)

+�1 Ð]¨� ÊR�Ë ��	� 's�  �<� w³w� Warburg

ÊR�Ë� '�� V1X ÊR�Ë ω−1/27 , �

�$� w³w� »·� �2��XY Warburg �1, σw, M$� Õ

(7)� XY  ��1, M0 1 2P.

Fig. 11	 2 C/cm2� ��y: ©� PPy/BDS �?: �§H�	 |

} �/� ÊR�Ë ±��XY " nç1 ̄ ü	� 450� »·: w³

�� V1X ÊR�Ë 7 ω−1/2: ��� %&<� �2�� ·ÂF�


�, HÖP. Q�RS �?� ��ab ��) D üF� I�:

w³��� Õ (7): ��$K] ��	 ò�$� ��1, êº) �

P. p� Q�RS) �a¨G	 |} ���� ��� I�: w³�

�� Õ (7): '�$� x. E§ÊR�Ë �  �x� 1.0 V� V;

$ÎP. |}� 3-2�	� CV� D ü I�<� M� ��1 na, Á�

$�  ��1, M$ÎP. E§ ÊR�Ë�XY M�  ��1� Ú)

2 C/cm2� �) ��y: ©� PPy/BDS �?� �/ /z� æ��§H

� 1, 2, 4 mA/cm2� ½A ÒÒ 1.74Ý10−8, 6.11Ý10−10, 6.26Ý10−10cm2/

s� Ú: ©�P. 'ö) ·Â �?É(linear polarization method)<� �

�  � �1�P 2-40E À) Ú: ©�P. 'ö) ·Â �?É: '

�$�  ��1, M0 g, Õ (2)� Rf �§ ip	� �.�� �y

��' ðU
�  � �1  ��
�� E§ ÊR�ËÉ<� ���

 ��1 Ú�P � ö<� �Ò�P. � �.� �W� Dç}=' �

y��' �?��	 
�
�� ·Â�?É	� ���  ��1  E

§ ÊR�ËÉ<�XY H) Ú �P � Ú: ©�P� Á6�P.

3-4. ���	 
�� EDS %&

Fig. 12� 13) �/� Q�RS ~�� EDS(electron dispersive

microanalysis spectroscopy) Ù� ±�, w³  ́%&'P. Fig. 12	�,

PPy/SBA, PPy/BDS, PPy/PVS �? �� ��§ �.Z[É<� �/

»Ô� EDS ±�	� S��� WC' 2ÖP. '� SO3− �, ©� �

¤¥ 's�' Q�RS	 �-
� 2P� ö:  �. n� ±�'

P. Fig. 13) 0.1 M LiClO4� acetonitrile �W	� CV Ï¾ Ô Ù�

� EDS ±�, w³�� %&'P. X �	� PPy/SBA� �a�Ã�

I�' r's	 �� �-�²�-' ¿�w� 2P�  �0 1 2

ÖY' PPy/SBA ~�	� Cl− 's' WC 
ÖP. p� S ��� W

ω D δ2⁄» ZF Rct 1 j–( )σωω 1 2⁄–
+=

σω
2 2RT

n2F2AD1 2⁄ C*
--------------------------------=

ZW 1 j–( )= σωω 1 2⁄–

Fig. 10. Correlation of charge transfer resistance (Rct) and double layer
capacitance (Cdl) for PPy/PVS with electricity. 

Fig. 11. Plots of imaginary parts of the complex impedance vs. ωωωω−1/2. 
Fig. 12. EDS of (a) PPy/SBA, (b) PPy/BDS and (c) PPy/PVS film before

measurement of CV. 
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