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. �

RuCl3ÁxH2O�¦V B�� j;î~ RuO2ÁnH2Oj ÒÏ~� êî� ÷*Úç~ >¢¶N�V *�j B�~&
.
RuO2ÁnH2O *�" 4.8 M �Ö *��j ÒÏ~� RuO2 >¢¶N�V¢ B�~&
. êî� ;ïf 0.0~1.1 V(vs.
SCE)öB n;'ªj AC impedance� {�~� >¢¶N�Vö 'Ï~&
. �rª Özb >¢¶N�Vº £ 1.0 V
(vs. SCE)�çöB j&� &>ª� >w� ê¯>î
. >¢¶N�V¢ 0.5 V(vs. SCE)~ protonation levelj �;~
�, *{º*¢ 1 V� ~� ÏO* �þ� ãÖ Ö>� ßWj ¾æÚî
. �r *�**º -0.004~0.995 V(vs.
SCE)~ º*�� positive *� 5 negative *�~ **º*º '' -0.004~0.515 V(vs. SCE) 5 0.515~0.995 V
(vs. SCE)�î
. 

Abstract : The electrode for a supercapacitor was prepared using an amorphous ruthenium oxide, which was synthesized
from ruthenium trichloride hydrate(RuCl3ÁxH2O). A supercapacitor was assembled with an electrode of ruthenium
oxide material on a current collector of tantalum, and an electrolyte of 4.8 M sulfuric acid. The result of the AC
impedance analyses on Ta/H2SO4(4.8 M)/Pt cell showed that tantalum was stable at the potential range of 0.0~1.1 V
(vs. SCE). Therefore, Ta film could be used the supercapacitor as a current collector. The irreversible hydrolysis in
the supercapacitor occurred over ca. 1.0 V(vs.SCE) when the supercapacitor was protonated to 0.5 V(vs. SCE). The
supercapacitor protonated to 0.5 V(vs.SCE) showed good electrochemical properties when it was tested at the potential
range of 1.0 V in the charge-discharge test. The potential range of the electrodes including the positive and the
negative electrode was varied between -0.004 and 0.995 V(vs. SCE). The potential ranges of the positive and the
negative electrode were -0.004~0.515 V(vs. SCE) and 0.515~0.995 V(vs. SCE), respectively.
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1. B  �

.³Özb *�j �Ï� *Vz� ¶N�V(EC,
electrochemical capacitor)1,2)º &�'� .³Özb~ >²z
(hydrogenation)¢ "� �Ï~�, �º pseudocapacitance3)�

¾æÞ
. Pseudocapacitance¢ �Ï~º ¶N�Vº ¢>'b
� *Vz� �7[ ¶N�V(EDLC, electrochemical double-
layer capacitor)4,5) �
 ¸f j;*Ïïj <º
. 
�rª Özb ¶N�V~ &� **º*º *��~ **c
" �þ ÷*Ú~ n; **º*f �rª Özb~ n; **
º*ö V¢B Ö;B
. &� **º*öBº *��" ÷*Ú

& redox >wj ¢bÊæ pº
. ÿ¢� 2B~ *�j ÒÏ
~º pseudocapacitor~ specific capacitanceº � 1ö ¾æÞ
:f ?� �* *� >*æ~ specific capacitance~ 1/4� "
Úæ�, �& *~ö V¢ �~ çF'� *{ æz¢ ¾æÞ

. � 1~ êÂö &�Bº ¦�ö ¶^® ¾æÚî
.

(1)

�ö V¢B �&~ *{" Ïïj áV *�Bº v *�~
n;� **º* 7�ö �rª Özb ¶N�V~ O.C.V.(open
circuit voltage)¢ �;~�¢ �
6). RuCl3ÁxH2O�¦V sol-gel
»b� �W7)� RuO2ÁnH2O¢ *�Òò� �Ï� >¢¶N�

 Specific CapacitanceHalf Cell F g⁄( )

4  Specific CapacitanceFull Capacitor F g⁄( )⋅=
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V~ O.C.V.º &� **º*~ oxidation �ê **ö &�²
¾æÒ
. Ï*~ ê¯ö V¢ Öz>w *�~ **& Öz &
� �ê **ö ê�� rræ ~ö>w *�~ **º &�
~ö �ê **ö ��æ á~æ�, *�~ �F ßWf Ïª®
¾æÚæ á~² B
. �rª Özb >¢¶N�V~ O.C.V.¢
redox &� ** >w~ 7�b� �ÿ�Êæ�B *�~ �F
ßWj Ïª® ¾æÚ² � > ®
. � V»f ç�� specific
capacitance¢ &ê 2B *�b� �W� >¢¶N�V~ �'
ÚÏj *� capacity balacingöê Ï�~² 'Ï� > ®
.
� ¢^öBº j;î �rªÖzbj *�Òò¢ ÒÏ� >
ê *�� >¢¶N�V~ n;� **º* ßWj ªC~�,
*Vz�'� protonationj ÒÏ~� ¶N�V~ O.C.V.¢ &
� **º*~ 7�b� �;�B ßWj &V~&
.

2. 
  þ

RuO2(ruthenium oxide; RuO2ÁnH2O) ªö Òòº RuCl3ÁxH2O
�¦V sol-gel»b� �W~&
8). �¾Òº �Vª*VöB
130oC, 17 hrs~ ��b� ¯~� j;î RuO2ÁnH2O¢ B�~
&
. 
�rª Özb *�f �rª Özb Òò¢ PVDF(poly-

vinylidene fluoride)~ Ö�B, VGCF(vapor growth carbon
fiber; Showa Denko, graphitized, d002= 3.39ç, Lc = 400ç,
j��' = 13 m2/g, çã = 0.15µm, ^� = 10~20µm) 5
SPB(super p black; MMM Carbon, Belgium) ê*Òò¢ Ò
Ï~� B�~&
. *� B� ";f N-methyl-2-pyrrolidone
(NMP) Ï
ö PVDF¢ Ï��Ê�, PVDF Ï�ö SPBj I
�, 30ª* .r2ªêV� ªÖ~�, VGCF 5 �rª Özb
(RuO2ÁnH2O)¢ I�, zirconia ballj �Ï~� ªÖ�
. Òò
~ b�j� RuO2ÁnH2O:SPB:VGCF:PVDFº 84 :3 :3 :10~
7ïj¢ V&b� ~&
. vþ 25µm~ êîª (Ta) ÷*Ú
ö 320µm~ slit vþ� ê�~�, 100oCöB 2�* ÿn �
�~� *�j Bï~&
. *�j 2Ü2cm2� B�~�, 110oC
öB &�Á{O~� �rª Özb *�j B�~&
. 
*�Òò~ B~***~�Ff 3*�~ >*æ¢ �Ï~�
B~***~�þ»(CV; cyclic voltammetry, EG&G PAR
M273A potentiostat/galvanostat and M273 s/w)b� ªC~&
.
3*� >*æ �Wf 4.8 M �Ö *��öB W. ç&*�(3
Ü3cm2) 5 SCE V&*�j ÒÏ~&
. B~***~�þ~
"Ò³êº 2 mV/sec�
. CVöB Ïïf M273 s/w¢ �Ï~
� Q(iÜt)¢ á�, F/g= (Q/∆V)/g�B êÖ~&
.
>¢¶N�Vº 2Ü2 cm2~ �*f� B�~&b�, �ãf 2
B~ *�, Celgard 3501 ÏÒï 5 4.8 M �Ö *��j Ò
Ï~&
. 

3. Ö" 5 �V

3.1 Tantalum(Ta) ÷*Ú~ 4.8M �ÖöB~ *Vz�' ßW
j;î �rª Özbj ÒÏ~º >¢¶N�Vº >ê *�
�öB protonö ~� pseudo-capacitance¢ ¾æÚÚ ¸f
j;* Ïïj ¾æÚæ�, ÖWb�B equivalent con-
ductivity& ¸f �Ö >Ï� (429.7 SÁcm2/equi.)� FÒ~
9).
� ��¶
~ F¯ ��öB ³êö V� j;*Ïï¢ ÚÚ
� Ö" 4.8 M �Ö *��� &Ë Ö>~
º ©j B��
: ®b�8), � ��öB 4.8 M �Ö *��j ÒÏ~&
.

÷*Úº *�öB �W/²j~º *¶¢ ÎjB �¦ ²��
*�� "º VËj �
. V¢B ÷*Úº ÒÏ ** º*öB
z� 5 *Vz� >w� ìÚ¢ ~�, *V*êW� Ö>~�,
&&ê~ Òò& :²ç~
. � ��öBº tantalum(Ta) ;ï
ö &~� ¦~ &�b� *Vz�' n;Wj �Ò~&b�,
Ö"¢ Fig. 1ö ¾æÚî
. Fig. 1º **º* -0.2~1.5 V,
∆V =0.1 V, "2> º* 10 mHz~100 kHz� ~� **ö &
� v~&�j G;~&
. Fig. 1öB **& 0 V(vs. SCE)�
~ 5 1.1 V(vs. SCE) �çöB ¸f &�j ¾æÚî
. ¯
0~1.1 V(vs. SCE) öBº Rel(*�� &�)� &V>� 0 V(vs.
SCE)�~ ¦ª" 1.1 V(vs. SCE) �ç ¦ªöBº Rel" �þ
Rct(*~�ÿ(*�)&�)ê ¾æÎj {�~&
10). **& 0 V(vs.
SCE) �~ 5 1.1 V(vs. SCE) �çöB ¸f &�j ¾æÚº
©f �Ö*��~ *Vz�' &>ª�ö V��
. ÷*Ú�
tantalum~ &� **º*º 0~1.1 V(vs. SCE)& n;'ªj
{�~&
. 

3.2 �rª Özb *�~ B~***~�F
�rª Özb *�ö ÒÏ� ÷*Ú(Ta)~ n; **º*�

0~1.1 V(vs. SCE)�æ�, �rª Özb *�f 0~1.1 V(vs.
SCE)~ **º*� ÒÏ� B�B
. � 
þöB �rª Öz
b >¢¶N�V~ *{f 1 V� ~&
. *{ 1 V� � ãÖ
¶N�V 7~ �rª Özb *�~ **º*¢ 0.1~1.1, 0~
1.0 V(vs. SCE)� ~� B~***~�þj ~&�, Ö"¢ '
' Fig. 2f Fig. 3ö ¾æÚî
. B~***~�þ~ "Ò³ê
º 2 mV/sec�
. B~***~�þ � 4² B~�þj ¯~&
�, *���ö �OB ®Bb 5 .V j&� *��� >w�
B�~æ� Ñ ² B~~ Ö"¢ VB� 3² B~Ö"¢ áî

. 3² B~ Ö" 7 ª~~ 1² B~~ B~***~�F"
3² B~~ Öz 5 ~ö~ ï� j;*Ïïj Fig. 2f Fig. 3
ö ¾æÚîb�, '' 556 F/g-RuO2ÁnH2Of 519 F/g-
RuO2ÁnH2Oj ¾æÚî
. 0.1~1.1 V(vs. SCE)~ **º*&
0~1.0 V(vs. SCE)~ **º*�
 ¸f j;*Ïïj ¾æÚî

. >¢¶N�V~ *�**¢ 0.6, 0.5 V(vs. SCE)� pro-
tonation~� ÏO*� ãÖ Fig. 2f Fig. 3öB Ï*�
negative*�f A'-C�*" positive*�f A-B�*, O*�
negative*�f C-A�*" positive*�f B-A'�*b� &wB

. >¢¶N�V~ *�**¢ 0.6 V(vs. SCE)� protonation�

Fig. 1. The AC impedance polt of tantalum(Ta) foil.potential range :
-0.2~1.5 V(vs. SCE), potential step : 0.1 V/stepUU
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ãÖ� Fig. 2öB A'-C�*, A-B�*f '' Q = 10.60,
11.09 C�� C-A�*, B-A'�*f '' Q=7.87, 8.17 Cj �
�
. >¢¶N�V~ *�**¢ 0.5V(vs. SCE)� protonation
� ãÖ� Fig. 3öB A'-C�*, A-B�*f '' Q=9.95,
9.90 C�� C-A�*, B-A'�*f '' Q =7.73, 7.60 Cj �
�
. Fig. 3öB ÏO*� negative*�" positive*�~ Ïï
� �~ jÝ� ©j r > ®î
.

3.3 �rª Özb >¢¶N�V~ Protonation **ö V�
ÏO* **æz
�rª Özb >¢¶N�Vº �rª Özb *� 2B,

Celgard 3501 ÏÒï 5 4.8 M �Ö *��j �Ï~� �ã
ê *Vz�' protonationj 
�~&
. Protonationf *�Ò
ò~ O.C.V.¢ ÒÏ~�¶ ~º **º*~ 7�b� z�' 6
º *Vz�'� O»b� **¢ �ÿ�Êº ©�
. Proto-
nationf 3*� �þ �W" ?f SCE V&*�" Pt ;ï~
ç&*�j ÒÏ~� ÏO*�þV� �;~&
. j&� >w
j B��ÊV *~� 1 cycle~ ÏO*�þj ¯� ê proto-
nationj ~&
. �rª Özb >¢¶N�V~ *�� 0.1~1.1V
5 0~1.0 V(vs. SCE)~ **º*öB ÒÏ~V *~� ''
0.6 5 0.5 V(vs. SCE)� protonation~&
. Protonation¢ '
' 0.6 5 0.5 V(vs. SCE)� ¯� �rª Özb >¢¶N�V
~ ;*~ ÏO* �þ Ö"¢ Fig. 4" Fig. 5ö ¾æÚî
.

Fig. 4" Fig. 5~ ;*~ ÏO* �þ ��f *~&ê 1 mA/
cm2 5 *{º* 0~1 V� ~&
. Fig. 4" Fig. 5öB j¾
�Ff ;*~ ÏO* �þ � '' *�(positive *�,
negative *�)~ SCE V&*�ö &� **¢ ;*~ ÏO*
�*ö V¢B polt� ©��(Y1»), * �Ff '' *�
(positive *�, negative *�)~ SCE V&*�ö &� **¢
ï�� 8j ;*~ ÏO* �*ö V¢B polt� ©�
(Y2
»). Fig. 4öB 0.60 V(vs. SCE)� protonation� �rª Öz
b >¢¶N�V~ ãÖ .V 0.603 V(vs. SCE)öB 3 cycle
ê 0.568 V(vs. SCE)� 0.033 V& 6²~&
. Fig. 5öB
0.50 V(vs. SCE)� pro-tonation � �rª Özb >¢¶N�
V~ ãÖ .V 0.503 V (vs. SCE)öB 3 cycle ê 0.509 V
(vs. SCE)� �~ ¢;~&
. ' cycle~ Ï*� positive *�
" negative *�~ ï� **& 6²~�, O*� ï� **&
Ã&~º ©� &V>î
. v *�~ ï� ** 6²f Ã&
& cycle "V� >�>�, Fig. 2f Fig. 3öB **º* �*
ö V¢ ��8� æ~º ©" ?f *çb� ÒòB
. **
º* 0.1~1.1 V(vs. SCE)~ ãÖ(Fig. 4) ÏO*~ ê¯ö V
¢ v *�~ ï� **& *>'b� 6²~º ãËj ¾æÚ

Fig. 2. Cyclic voltammogram of RuO2ÁnH2O electrode. potential
range : 0.1~1.1 V(vs. SCE), scan rate : 2 mV/sec.

Fig. 3. Cyclic voltammogram of RuO2ÁnH2O electrode. potential
range : 0~1 V(vs. SCE), scan rate : 2 mV/sec.

Fig. 4. Potential profiles of the positive and the negative electrodes
(Y1 axis), and their average(Y2 axis) for a capacitor made with
RuO2ÁnH2O. protonation potential : 0.6 V(vs. SCE), potential
range : 0.1~1.1 V(vs. SCE).

Fig. 5. Potential profiles of the positive and the negative electrodes
(Y1 axis), and their average(Y2 axis) for a capacitor made with
RuO2ÁnH2O. protonation potential : 0.5 V(vs. SCE),  potential
range : 0~1 V(vs. SCE)
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îb�, Ï* «ò� v *�~ ï� **º 1, 2 5 3 cycle
~ ãÖ '' 0.557, 0.543, 0.535 V(vs. SCE)� 6²~&
.
**º* 0~1 V(vs. SCE)~ ãÖ(Fig. 5) ÏO*~ ê¯ö V
� v *� ï� **~ æz& ¢;~&b�, 1, 2 5
3 cycle~ Ï* «ò� v *�~ ï� **º '' 0.481,
0.477, 0.477 V(vs. SCE)� �~ ¢;~&
. Ñ cycle Ï*�
v *�~ ï� ** 6² �f **º* 0.1~1.1 V(vs. SCE)
~ ãÖ(Fig. 4öB a¦ª)& 0.047 V� **º* 0~1 V(vs.
SCE)� ãÖ(Fig. 5öB b¦ª)~ 0.023 Vö j� �
. ��
� Ö"º *� ** 1.0 V(vs. SCE)�çöB B�~º j&�
>wö V�B ©b� ÒòB
. 

Fig. 6f �ã� >¢¶N�V(O.C.V. =0.76 V(vs. SCE))¢ :
� 0.5 V(vs. SCE)� protonation~� �þ� Ö"�B Fig. 5
f ?f ;�� æ³'� ÏO*� ��Úê
. Fig. 6~ �þ
öB .V *� **º 0.487 V(vs. SCE)&b�, 10² ÏO*
ê j*O*ç�öBº 0.515 V(vs. SCE)�B 1² �ê¦Vº
¢;� 8j Fæ~&
. .V 1² ÏO* ê j* O*ç�º
0.514 V(vs. SCE)� çß~&b� 1² ÏO*~ Ah ÎNf
84.8%� .V Ï*~ j&� ";ö V�� Ö"�
. 

4. Ö  �

1. AC impedance�þöB êî� ÷*Úº 0~1.1 V(vs.
SCE) º*öB �Ö*��~ *Vz�' &>ª�& ìÚ n;
'� ©j {�~&
.

2. B~***~�þöB *�~ **º* 0.1~1.1 V 5 0.0~
1.0 V(vs. SCE)ö &~� '' 556 F/g-RuO2ÁnH2O 5 519
F/g-RuO2ÁnH2O~ specific capacitance¢ áî
. 

3. *� **º* 0.0~1.0 V(vs. SCE)� B~***~�þ�
Ö"öB 0.0~0.5, 0.5~1.0 V(vs. SCE)** �*ö &~� �
~ jÝ� Ïïj <º ©j {�~&
. 

4. Positive *�~ **º &>ª�~ ¦>wb� �~� 1.1 V
(vs. SCE)ö ê�~æ pº ©j 0.6 V(vs. SCE)� protonation
� �rª Özb >¢¶N�V~ ;*~ ÏO* �þ Ö"ö
B {�~&
. 

5. �rª Özb->ê*�� >¢¶N�V~ *�**¢ 0.5
V(vs. SCE)� *Vz�' protonation~� n;'� ÏO* ß
Wj áj > ®î
.

5. ¦  �

Half cell" full capacitor~ specific capacitance~ &ê¢
;Ò~&
. Capacitanceº F(Farad)� ¾æÚ�, (AÁsecÁV-1)~
Nöb� ¾æÞ
. ¶N�V~ ;*Ïïf ÏO* **º*(V)
öB ¾æÚº Ïï(AÁsec)b�¦V áj > ®
. >*æ� �
W� ¶N�VöB j;*Ïïf �� ;*Ïïj *�~ 7ï
6º *�7~ Òò~ 7ïb� ¾*Ú �~�(AÁsec)/(VÁg)~
Nöb� ¾æÞ
. 

2B~ ÿ¢� ¶N�V *�j ÒÏ~� full capacitor¢ �
W� ãÖ, ÒÏ� *�f ÒÏ ** º*öB ÿ¢� ;*Ïï
j ¾æÚº ©b� V& � r, full cell 7~ ''~ *�f
>*æ ·ÿ **º*~ .>(50%)~ **º*¢ �& ÒÏ *
*º*(maximum potential span)� ÒÏ~² B
(� 2 5 �
3). V¢B full cell~ n;� ÏO* **º*º � 4ö ¾æÞ
:f ?� >*æöB~ n;� ÏO* **º*f ÿ¢~
.

(2)

(3)

(4)

*�Òò¢ V&~� j;*Ïïj �� r, full cellö 'Ï
~º Òò~ 7ïf half cellö 'Ï~º Òò 7ï~ 2V
(200%)�
. ��� V���j 'Ï~� full cell �þj �
Ö"¢ :ûb� full capacitor V&" >*æ V&b� j;*
Ïïj ¾æÚ� '' � 5 5 � 6" ?
. �VöB � 5~
*{" 7ïf '' full capacitor~ **º*(V)f ·ã *�
ö ÒÏ� *�Òò~ Cïj ¾æÞ
. V¢B �ã *� V&
b� " r ** æz º*º V/2��, �* *�7~ Òò~
7ïf *�Òò Cï~ 1/2� B
.
Ö"'b� full capacitoröB G;� j;*Ïïj half cell
öB G;� Ö"f jv~V *�Bº � 6öB ¾æÞ :f
?� 4V~ ~Ö OV¢ 'Ï~�¢ �j {�� > ®
.

(5)

(6)
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Vmax Negative electrode of Full Capacitor,∆

Vmax an electrode,∆
2
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Vmax Full Capacitor,∆ Vmax an electrode,∆=

 Specific CapacitanceFull Capacitor F g⁄( )

Capacity
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Specific CapacitanceHalf Cell F g⁄( )

Capacity
Potential Range Wt .of Material⋅( )Single electrode

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

Capacity
Potential RangeFull Cacitor

2
--------------------------------------------------------------------

Wt .of MaterialFull Cacitor

2
------------------------------------------------------------------⋅

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

4  Specific CapacitanceFull Capacitor F g⁄( )⋅=

Fig. 6. Potential profiles of the positive and the negative electrodes
(Y1 axis), and their average(Y2 axis) for a capacitor made with
RuO2ÁnH2O. protonation potential : 0.5 V(vs. SCE), potential
range : 0~1 V(vs. SCE)
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