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. �

Fullereneb� >�B ppy(polypyrrole)*� ¯, graphite(Gr)/ppy,fullerene (full-);j Gr/5 mM ppy, 1 mM full-,
0.1 M TBABF4, CH3CN/Pt;~ *æ� *Vz� 7�»b� B·~&
. full-~ �W³êº Vî*� Òò� Pt/ppy,
Pt, Gr 5 Au*�ö &� '' 93.6, 7.0Ü102, 42.6 5 1.3Ü102 cms-1&
. >�>æ pf Gr/ppyf >�B Gr/
ppy,full-*�ö &� Ú��ZÊ 8� 1.7Ü10-3SöB 8.3Ü10-3S� 5V¾ Ã&~&b�, *V �7[~ Ïïf 2.4
Ü10-7FöB 4.2Ü10-5 F� 174V Ã&~&
.

Abstract : The type of graphite(Gr)/ppy, fullerene(full-) electrode, ppy one modified with full-, was prepared with
the cell type of Gr/5 mM ppy, 1 mM full-, 0.1 M TBABF4, CH3CN/Pt. The values of the ionic formation rate of
the it at electrode materials such as Pt/ppy, Pt, Gr and Au were 93.6, 7.0Ü102, 42.6 and 1.3Ü102 cms-1 respectively.
The admittance values of the Gr/ppy electrode and the modified Gr/ppy, full- one were five times enhanced 1.7Ü
10-3S to 8.3Ü10-3 S and capacitance values of electrical double layer of them were 174 times increased 2.4Ü10-7

F to 4.2Ü10-5 F respectively.
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*Vz�>wf *�" *�îê�öB ¢Ú¾º ®�¢ *
¶*� ";�
. ��æ� Ï�~ bulk '��
 *V�7[
�¾ {Ö[~ �^� æzö V¢ >w� �² 'Ëj Aº

. V¢B *�-*�îöB >wWj '.® �.~º ©� *V
z�>w~ ��ö 7º� ¦ª� B
. *Vz� >�*�f
*���j >�~� *V �7[~ ��¢ æz�Úb�� *
Vz� >wWj �.� > ®º ßûj <� ®
. *� ��
j >�~º O»b�º z��O1), �FÖ�2,3) 5 Öz-~öb
ï~ 7�4)ö ~� ©
j 
j > ®
. �
 7 �ª¶>�
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. W
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^N
17). 6, £ÒÒ ~ö>Ú -1&~-6& _f � �çræ *
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& ®
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-& êwB ppy �ª¶º *Vz� Wî
� ±
æò Ö²ö "6~� Z;;z& ¢Ú¾º �6
j <� ®
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� ��öBº �¢ *� ppy bï Úö *Vz� �W¶Ò
ö dopant¢ BF4

-�Nb� ~� �¢ fullerence 1& r�N
(full -)" v~�B full -� ²�B >�*�j B·~&
. �r
full -~ �W³êö �~º *�Òò(Pt, Gr 5 Au)~ 'Ë"
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full - �N~ �W³ê¢ ²**�(rotating disk electrode;
RDE)b� �Ò~�, B·B *�~ Öz-~ö ßWj cyclic
voltammetry(CV)� �Ò~&
. �Ò� B·B *�
~
morphology ßWj "Ò*¶*�ãb�, �Ò� *�
~ ªb
~ÊßWj *Vz� ªb~Êª7�(electrochemical impedance
specroscopy;EIS)b� �Ò~&
. 

2. 
  þ

2.1. VVf �£ 
*Vz� 
þf EG & G 273A potentiostat/galvanostatö

270/250 ²*Þ�Ú¢ J~~� ¯~&
. B~*{*~»(cyclic
voltammetry: CV)f 100 mVs-1~ "Ò³ê� "zf V&*�
(Ag/AgCl/Cl-)**ö &~� G;~&
. *�f 0.1 mm W.
F�¾ .Fj Ö²/*�6 ®ib� &�~� � ¦ªö çã
� 0.2~0.5 mm~ ·f �ÒrW�¢ ò� ê �¢ �î FÒ
&ö ã«� ê 
� ®ib� &�~� /« �
. �¢ Ò�
f 
�jÒ� #(Struers, Denmark; 1µm)b� �î~� ��
� �Þ�" ?ê� � ê 1.0 M �Ö>Ï�öB *Vz�'
^¿j ¯~� �}� *�j B·~&
. w�(graphite: Gr)*
�f æª� 1.01 mm� /j &�B r*� Â2ö ã«� ê
ï'~� �¢ �î~� ��� �Þ�" ?ê� � ê .r2
^¿~� �¢ �ª¶ bï*�~ B·ö ÒÏ~&
. ÒÒÏ
�öº 
�jÒ� #(Struers, Denmark; 1µm)b� �î� ê
j^Ê" b� �Ò� .r2 ^¿j ¯�
. X-YV�êº
Philips(model 8043)B®j ÒÏ~&
. Fullerene(Aldrich, C60)
f ÊFö Ï��B ê�öB �"~� ¦;j B�� 
r Ï
�j 7W r��¾(Sigma, WN-3)¢"b� n-hexanej �Ï~
� Ï��Î ê Ò ÒÖ;~&b� �©j mass spectrometer
� {�~&
22). Ã~>º 1N Ã~� ©j Millipore Mili Q
�Ê�b� ;B� �Bê Ã~>¢ ÒÏ~&
. j^ÆîÞÚ
(BDH, Hiper solv., England)f 4A ª¶Ú� >ªò B��
ê z �ç~ ;B ì� ÒÏ~&b�, tetra-n-butyl ammonium
perchlorate(TBAP; Fluka)º ö�j^r�Þ� 3² ;B� ê
75oCöB 48�* ÿn 6{ ���B ÒÏ~&
. pyrrole
(Aldrich)º >Öz¾Þ�b� ��~� Â ê 6{~öB ªê
Ã~~&
. CH2Cl2(Merck)º 0.3 nm ª¶Ú� >ªj B�~
� z �ç~ ;Bº ì� ÒÏ~&
. ææ*�î� tetra-n-
butyl ammonium tetrafluorophosphate(TBABF4, Fluka)º
ethyl acetate� 3² ÒÖ;� ê 90oCöB 72�*ÿn 6{~
öB ��~� �¢ ��&�Vö �&~&
. 
� Î� �£
f ß/j z �ç~ ;Bì� ÒÏ~&
. fullerene �N(full -)
~ �W³ê~ G;öº ²**�j �Ï� CV»(rotating disk
voltammetry; RDV)j ÒÏ~&b� ²*³êº 500öB
3000 rpmræ 500 rpm~ *Ïb� ~&
. ACªb~Ê
þf
potentiostatö �ÖB EG & G model 5210 lock-in Ã�Vf
276 interface¢ ÒÏ~� EIS
þj 100 kHz öB 10 mHz~
"2> º*öB ¯~&
. � r v~ê�f ï;**ö &~
� 3.0 mV� ~&
.

2.2. ppy~ 7�" full -�N~ �W³ê
7�³ê& ��� ¾ VËB ��¢ <b� *êê& ±f

�W~ ppy bïj áV *� ææ*�îj TBABF4� ~&

. TBA+~ �&�Nf r¢Ò .³�N" �Ò fullerene~ Ú
¦� 
Ú. > ìbæ� �¢ �~&
16). �r ppyòj «²

*�~ B·ö ÒÏB *æ~ ;�º working electrode/0.01 M
pyrrole, 0.1 M TBABF4, CH2Cl2/Pt�� 0.8 V~ ¢;**öB
7�~&
. full- �N �W³ê G;j *� *�*æ~ �W
f electrode/1mM fullerene, 0.1 M TBABF4, CH2Cl2/Pt ��,
50 mVs-1~ "Ò³ê� 0.0V~-1.2V~ *{º*öB full -�N

~ �W³ê¢ Pt, Au 5 Graphite *�b� RDV� 500~
3000 rpmræ 500 rpm *Ïb� G;~&
. 6, full- �Nb�
>�B Gr/ppy,full-*�~ B· �öº ÿ¢� �W~ *æö
ppy¢ 5 mM³ê� ~� *{º*¢ -0.9V ~1.0V� ~� CV
¢ ¯~&b�, 7�B �ª¶~ ·f CVÅ>� �.~&
. 

3. Ö" 5 �V

3.1. CVßW
Fig. 1Aº Gr/5 mM ppy, 1 mM full- , 0.1 M TBABF4,

CH3CN/Pt;~ *æ� ppy¢ 7�� r full -� ²�B *�j
B·~º ";ö &� CV�
. -0.8 VöB 1.0 V~ *{º*ö
B �³'� CV¢ ¯� r ¾r 7B~j ¾æÞ ©�
.
0.10 V ¦"~ Öz2º b�~ ¢:¢W ·�N~ �W";�
� -0.12 V ¦"~ ~ö2º 7�B ppy~ bïÚö dopant�
Nö ~� ©�
. -0.65 V ¦"~ 2º full-~ �Wö ���

. V¢B Öz";öB 7�B ppybïç~ *Vz� �W¶
Òö ²�B BF4-ö -0.8 Vræ ~ö�Ê� �WB full -� v
~B bï� �WB
. -0.9 V~1.0 VöB �³'� CV¢ ¯~
� Öz";öB ppy& 7�>� ~ö";öB full -�N� �
W>�B bï Úö ��� full-� ª�B >�B PME¢ B·
� > ®
. full-~ Öz2º 1.83 V19)� ¸f **�B � *

Fig. 1. First 7 cyclic voltammograms of electropolymerization of
ppy on graphite electrode for the type of Gr/ppy,full- electrode(A)
and that one in 0.1 M TBABF4/CH3CN of it(B); sweep rate = 0.1Vs-1

and electrode area = 0.075 cm2.
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{º*öB Öz";f ¢Ú¾æ pº
. Fig. 1Bº full -b�

>�B Gr/ppy,full-;~ *�ö &� CVÖ"�
. -1.0 V�

¸f **öB ²�B ppyö full-ö ~� 2& &VB
. V¢
B � *{º* ÚöB � *�f *Vz�'b� n;~
.

3.2. SEM
ppybï~ morphologyº dopant�N10,12)" 7���ö V¢
B 
·~
. Fig. 2º Gr/ppy;(A)" Gr/ppy,full-;(B)~ *�
ö &� SEMÒê�
. BöB ;ÞÎ·~ fullerene� ppyÒ�
ö ��� ª�>Ú ®rj ¾æÚ�®
. 

3.3. RDVÖ"
full - �N~ �W³êº *� bî~ «~ö V¢ �² N�
& Ò
. Fig. 3f Gr*�öB full -~ �W &� RDVÖ"�

. Fig. 4º Pt/ppy *� ¯, Pt*�ö ppy¢ 3.4Ccm-2«²

*�j ·ë*�b� ~� 
� ��f ?� ~&
. �VB G
;� imax 8
j Koutechy-Levich�20)ö V¢ ê�� ©�
Fig. 5�
.

� �j 1/imax vs 1/w1/2j ê�� çFöB 1/w1/2�� 0�
.ÞöB kctX(cms-1)¢ Ö;�
. �VB imaxº 2~ /JÒ*

~, kct(cm3mol-1s-1)º fullerene~ >wö &� ³êç>, Cs

(molcm-3)º *�î ³ê, Dsº Ï�ÚöB fullerene~ {Öê

1
imax
---------- 1

nFAkΓCs
------------------------=

1

0.62nFADs
2 3⁄ υ1 6⁄ w1 2⁄ Cs

----------------------------------------------------------+

Fig. 2. SEM micrographs of ppy polymeric film on Gr electrode:(A)
and incorporated with full - in polymer matrix of electrode A:(B).

Fig. 3. Rotating disk voltammograms for the cell of Gr/1 mM
fullerene, 0.1 M TBABF4, CH2Cl2/Pt at various rpm; sweep rate =
0.05Vs-1 and electrode area = 0.075 cm2.

Fig. 4. Rotating disk voltammograms for the cell of Pt/ppy/1 mM
fullerene, 0.1 M TBABF4, CH2Cl2/Pt at various rpm; sweep rate =
0.1Vs-1 and electrode area = 0.075 cm2.

Fig. 5. Koutecky-Levich plots for rate of full- ion formation at
various electrode materials.
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>, �º *�~ ²*³ê(rad.s-1)�
. � ê�� �â~ .Þ
öB êÖ� *V/
 ³ê 8f Pt/ppy, Pt, Gr 5 Au*�ö
&� '' 93.6, 7.0Ü102, 42.6 5 1.3Ü102cms-1&
. Pt *
�öB full -1 �N~ �Wö &� � ³ê & &Ë �² ¾æ
Ò
. Pt/ppy *�öB ppy~ b�N(Γ)� 3.98Ü10-5molcm-2�

æ� � *�~ ³êç>(kch)º 3.14Ü106cm3mol-1s-1& B
.
Gr*�öB~ ³ê& Pt*�öB �
 17V ¶Ò
. �©f V
î*� ¶Ú~ *êW" >wW� Ôf Ö"� �
. 

EISÖ". Fig. 6f Pt/ppy*�(A)" Pt/ppy,full-(B)*�ö &�
EIS~ Ú��ZÊê��
. Gr/ppy,full-*�ö &� Ö"öB Ï
�~ &�f A�
 54Ω� 'f 203Ω�� �º full -~ ²�ö
~� *�~ ��'~ Ã&ö V�>�, Ú��ZÊ8� 1.8Ü
10-3SöB 8.3Ü10-3S� 5V¾ Ã&~&b�, *V �7[~ Ï
ïf 2.4Ü10-7FöB 4.2Ü10-5F� 174V Ã&~&
. ppy*
�� full -b� >�>�B bï~ *V' Wî
� �² BF
>î
. 

4. Ö  �

Gr/ppy,full-;~ CVßWf ppy¶Ú~ ßWj <b�B bï
Ú~ full-~ ~öf -1.0 V�
 � **öB ¾æÒ
. Gr/5 mM
ppy, 1 mM full- , 0.1 M TBABF4, CH3CN/Pt;~ *æ�
ppy¢ 7�~&j r full -� bï Úö ¾ ª�B *�� B
·>î
. full-~ �W³êº Vî*�Òò� Pt/ppy, Pt, Gr 5
Au*�ö &� '' 93.6, 7.0Ü102, 42.6 5 1.3Ü102cms-1

� PtöB &Ë � 8j �&
. Gr/ppyf Gr/ppy,full-*�ö
&�Ï�~ &�f '' 54Ωf 203Ω��, Ú��ZÊ8�

1.7Ü10-3SöB 8.3Ü10-3S� 5V¾ Ã&~&b�, *V �7[
~ Ïïf 2.4Ü10-7FöB 4.2Ü10-5F� 174V Ã&~&
. ppy
*�� full-b� >�>�B bï~ *V' Wî
� �² B
F>î
. V¢B � *�f Ï� 7ö .³�N
~ �³�¾
;ïö �Ï� &ËWj B��
. 
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Fig. 6. Impedance spectra in admittance presentation for the
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