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. �

�Ö; Pt(100)/0.5 M H2SO4 5 0.5 M LiOH >Ï� ê�öB &** >²�O(UPD H)" "** >²�O(OPD H)
ö &� Langmuir �O�N�j *ç�ÿ O»j �Ï~� �� �Ò~&
. �' 7*"2>öB *ç�ÿ æz(-ϕ
vs. E)º Langmuir �O�N�(θ vs. E)~ º;ö 'Ï� > ®º FÏ� 
þ O»�
. �Ö; Pt(100)/0.5 M
H2SO4 >Ï� ê�öB "** >²�Oö V�� �Oï;ç>(K)f �O�&¶Fö.æ(∆Gads)º '' 1.5Ü10-4f

21.8 kJ/mol�
. �Ö; Pt(100)/0.5 M LiOH >Ï� ê�öB Kº r**ö V¢ 1.9 (UPD H)öB 6.8Ü10-6

(OPD H) 6º � >&� *��
. îR&æ�, ∆Gadsº r**ö V¢ -1.6 kJ/mol (UPD H)öB 29.5 kJ/mol
(OPD H) 6º � >&� *��
. *�³ê�' N��V(K, ∆Gads)~ *�º �Ö; Pt(100) *���~ UPD H
f OPD Hö V��
. UPD Hf OPD Hº r� H2 B� >wj *� BN' ";� jî¢ *���~ >² �
O¦*ö V�~º ëã' ";�
. 

Abstract : The Langmuir adsorption isotherms of the under-potentially deposited hydrogen (UPD H) and the over-
potentially deposited hydrogen (OPD H) at the single crystal Pt(100)/0.5 M H2SO4 and 0.5 M LiOH aqueous electrolyte
interfaces have been studied using the phase-shift method. The phase-shift profile (-ϕ vs. E) for the optimum
intermediate frequency can be used as a useful method to estimate the Langmuir adsorption isotherm (θ vs. E) at
the interfaces. The equilibrium constant (K) for the OPD H and the standard free energy (∆Gads) of the OPD H at
the Pt(100)/0.5 M H2SO4 aqueous electrolyte interface are 1.5Ý10-4 and 21.8 kJ/mol, respectively. At the Pt(100)/
0.5 M LiOH aqueous electrolyte interface, K transits from 1.9 (UPD H) to 6.8Ý10-6 (OPD H) depending on the
cathode potential (E) and vice versa. Similarly, ∆Gads transits -1.6 kJ/mol (UPD H) to 29.5 kJ/mol (OPD H) depend-
ing on E and vice versa. The transition of K and ∆Gads is attributed to the two distinct adsorption sites of the UPD
H and OPD H on the Pt(100) surface. The UPD H and the OPD H at the Pt(100) interfaces are the independent
processes depending on the H adsorption sites rather than the sequential processes for the cathodic H2 evolution
reactions. 

Key  words : Langmuir adsorption isotherm, Hydrogen adsorption sites, Phase-shift method, Single crystal Pt(100) electrode 

1. B  �

W.(Pt)f W.�(Pt, Ir, Pd)~ &�'� .³b�B *Vz
�' H2 B� >w ���Òö &Ë ô� ÒÏ>� ®º *V
/
 .³�
. >Ï� ÚöB H2 B� >wö &� Pt *�~
bÒ*Vz�' ßWj �
 «{~� *Þ~² ���Ò~V
*� 
þ 5 ªC O»f *Vz� ª¢öò jî¢ ��"�
* ª¢ö �� �B* ��"B�B ^�^òö ç^® BF

>Ú ®
1-7).

Ö; 6º �Ö; Pt/>Ï� ê�öB H2 B�j *� O
* >w(proton discharge or Volmer reaction)f >Ï� Ú~
H+� 
Ö; 6º �Ö; Pt *���ö �O>º *~ ¯ >
² �O¦*(adsorption site)ö V¢ v «~~ ç�� H ßW
j <² B
. :ÞÚ ö~�, r**f >² �O¦*ö V¢

Ö; 6º �Ö; Pt *���öº �Oï;ç>(K), �O�
&ö.æ(∆Gads), Langmuir �O�N�(adsorption isotherm) �
� ç�� &** >²�O(under-potentially deposited
hydrogen: UPD H)" "** >²�O(over-potentially
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deposited hydrogen: OPD H)� ¾æÂ
8-15). V¢B, 
Ö;
Pt *��
º �Ö; Pt *�j ÒÏ~�¢ �
 «{� >²
�O¦*¢ ;~� > ®
. 

Ö; 6º �Ö; Pt/>Ï� ê�öB Langmuir �O�N
�~ º;f *�³ê�' N��V ¯ >² �O¦*, UPD H
5 OPD H, K, ∆Gads �~ �C 6º êÖö j>'�
. V
¢B, �
 «{~� *�~² Langmuir �O�N�j º;~
V *� î�Ú 
þ 5 �C O»ö &� ��º 
Ö 7º~

. 6�, ;{� Langmuir �O�N�j º;~V *~� �
Ö; *�~ ÒÏf j>'�
. ��¾, �Ö;f 
Ö;"º
jv� > ìº �&¢ öò jî¢ *� &j ";öBê ®
&b~² �ç'� �� Ö;��& "¶(Ö�)>º ÚJæ�
®
. Î"'� �Ö; Pt *� &jf �ç'� �� Ö;��
ö ¾æ¾º Ö� �f 0.5 M H2SO4 >Ï� ÚöB G;B
B~*{*~ê~ UPD H /ÖÒ ßûj jv ªC~� r >
®
16-20).
�"ö î�² BnB �' 7*"2>öB *ç�ÿ æzf
B~*{*~ ßWj �Ï~� 
Ö; Pt, Ir, Pd, Ni/>Ï� ê
�öB º;B Langmuir 6º Frumkin �O�N�f >² �
O¦*, UPD H 5 OPD H, K, ∆Gads �~ �C" êÖö
Î"'b� �ÏF > ®
� ÒòB
21-26). 
Ö; Pd, Ni/>
Ï� ê�öBº Frumkin �O�N��21,22), 
Ö; Pt, Ir/>Ï
� ê�öBº Langmuir �O�N��23-26) '' 'ÏF > ®
rj «{~² ��* öò jî¢ V�~ 
þ 5 �C O»
ö ~~� áf K, ∆Gadsf "Ò�j ��"º ©f ßV� ò
~
. ��¾, 
Ö; Pt/>Ï� ê�öB K, ∆Gads �Vº jÝ
�öê ®�~� r**f �O¦*ö V� >² �O"; ¯
UPD H 5 OPD Hf �O�N�ö &� V&" �Cöº «
{~æ á� �Ò� ®
. >² �O¦* 5 �O"; &6öB
�V~�, UPD H 5 OPD H~ V&" �Cf V�~ H2 B
� >wö çw~º r**& jî¢ >² �O¦*~ *�³
ê�' ßW� >Ú¢ �Ò'�¢� 6�B
. b�, �Ö;"
º �Ò 
Ö;~ ãÖº �.�(grain)~ �Vf V�
(orientation)ç�& 
Ö 
·~� j;î(amorphous)" �Ö;
º* Ú~ Î� &Ë� ãÖöB ;~>æ� �B jvöº J
~& ®j > ®
. V¢B, �Vö �Ö; Pt/>Ï� ê�ö &
� ¢N~ ��& ê³ >¯>Ú¢ � �*W� ®
.
� ¢^öBº �' 7*"2>öB *ç�ÿ æz ¯ *ç
�ÿ O»j �Ï~� �Ö; Pt(100)/0.5 M H2SO4 5 0.5 M
LiOH >Ï� ê�öB *V�OB >²ö çw~º Langmuir
�O�N�j º;~� UPD H 5 OPD H, K, ∆Gads �j
�C 5 êÖ~&
. ��� Langmuir �O�N� º;" *�
³ê�' N��V~ êÖ 5 �Cf B~*{*~f v~ªb
~Ê G;j �Ï~� >¯~&
. ��Ö"º ê� 5 bÒ*
Vz� ª¢ö Î"'� �� O»b�B �Ï>� jã~æ á
� ¦ªö &� ^B BV, >; 5 �j �� ê³'b� �
�ÚæV¢ V&�
. 

2. 
  þ

2.1. 
þ &j

Ö; Pt, Ir/>Ï� ê�öB º;B Langmuir �O�N�
j �J~�, �Ö; Pt(100)j ·ë*�(Working Electrode)b
� ÒÏ~&
. ¸f H+³êö ~� UPD H ¦*~ �z(Nö)
Î", UPD Hf OPD H Ò�~ *�*ç, >Ï�~ pHÎ" �
j �J~�27), H2SO4(Junsei, Bê: ß/)f LiOH(Alfa Aesar,
Bê: 98%) �£j '' ÒÏ~� 0.5 M H2SO4f 0.5 M

LiOH >Ï�j &j~&
. ÒÏB ;>º Millipore ;>Ë~
� B>~² ~&b�, *V&��f 18 MΩcm �ç�î
. &
jB >Ï� Úö Îj ®j >ê ®º VÚº �Bê
(99.999%) î²&Ê(N2)� 10ª* ÛV~� B�~&
.
*�� Ú~ *� �Wf �& 3-*� V~¢ V¶b�, V&
*�b� SCE(Saturated Calomel Electrode), ·ë*� ¯ r
�b� Pt �Ö; :Ê�(Pt Single Crystal Disc, Johnson
Matthey Co., Bê: 99.999%, çã: 10 mm, vþ: 1~2 mm,
100 orientation Û0.5o)¢ '' ÒÏ~&
. ç&*� ¯ ·�b
� Pt F(Pt Wire, Johnson Matthey Co., Bê: 99.95%, çã
: 1.5 mm)j ÒÏ~&
. �Ö; Pt(100) :Ê�º r��¾ ª
ö(0.3 5 0.05µ)" �^RF� B�B �îÂ(polishing cloth)
b� '' �î� ê, Millipore ;>f .r2 ^¿V¢ ÒÏ
~� ^¿~&
.

2.2. 
þ G;
�Ö; Pt(100) ·ë*�f � 
þ *ö 
r" ?f *V
z�' &j ";j �� êö ÒÏ~&
28). b&, �Ö;
Pt(100) ·ë*� ��ö ÖzB ®Bbj B�~V *~� 10
. ÿn 1.60 V vs. SCE¢ �&~&
. � ";öB �Ö;
Pt(100) ·ë*� ��ö ;WB Ö²¢ B�~V *~� 30.
ÿn 1.20 V vs. SCE¢ �&~&
. 
r, ;WB �� Özb
j ~ö�ÊV *~� 30. ÿn -0.23 V vs. SCE¢ �&~&

. ��� �ê¢ 7² �ç >�~&
.
*Vz�'b� ·ë*� &j¢ � ê, 0.5 M H2SO4f 0.5

M LiOH >Ï� ÚöB ;çç�~ *;'� UPD H /ÖÒ
¢ G;~V *~� B~*{*~ O»j ÒÏ~&
. 0.5 M
H2SO4 >Ï� ÚöB 'ÏB "Òº*, "Ò³ê, "Ò²>º
'' -0.224 to 1.25 V vs. SCE, 400 mV/s, 50²�
. >�ö,
0.5 M LiOH >Ï� ÚöB 'ÏB "Òº*, "Ò³ê, "Ò²
>º '' 0 to -1.0 V vs. SCE, 300 mV/s, 20²�
. 
�&B r**f "2>ö V� *ç�ÿ æz, *ç�ÿ"

Langmuir �O�N� Ò�~ &êf *�³ê�' N��V¢
���Ò~V *~� v~ªb~Ê O»j ÒÏ~&
. 0.5 M
H2SO4 >Ï� ÚöB 'ÏB �;*2~ "Ò"2>, v~ê
�, ç~**º*º '' 104 to 1 Hz, 5 mV, 0 to -0.45 V
vs. SCE �
. >�ö, 0.5 M LiOH >Ï� ÚöB 'ÏB �
;*2~ "Ò"2>, v~ê�, ç~**º*º '' 104 to 1
Hz, 5 mV, 0 to -1.45 V vs. SCE �
. 
B~*{*~ G;" ªCf �� EG&G PAR Model

273A **Nê¢ PAR Model 270 ²*Þ�Ú NÊæ� �;
~� >¯~&
. *ç�ÿ G;" ªCf �� EG&G PAR
Model 273A **Nêö '� Schlumberger SI 1255 HF "
2> w� ªCV¢ Ö�~� PAR Model 388 ²*Þ�Ú N
Êæ� �;~� >¯~&
. 
Ò* &Ë� 
þ Ö"¢ jv ªC~V *~� Î� 
þ"
G;f 
NöB ÿ¢� 
þ &j, .N, �� �j V¢ >¯
~&b�, *~�Wf r�*~f æ�>º *ç�ÿj r(-)b
� ê�~&
.

3. Ö" 5 �V

3.1. &** >²�O(UPD H) /ÖÒ
Fig. 1f �Ö; Pt(100)/0.5 M H2SO4 >Ï� ê�öB G;
B ;çç�~ *;'� B~*{*~ê¢ ��&
. UPD H
/ÖÒº -0.054 V f -0.158 V vs. SCEöB ¾æ¾ ®b�,
UPD Hö &� r�N �OÎ"º �J~æ p~
8,20). Fig. 1
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~ B~*{*~ê~ ßûf �Ö; Pt(100)/0.3 M HF >Ï�16)

6º HI-Pt/0.5 M H2SO4 >Ï�
19) ê�öB G;B ;çç�~

*;'� B~*{*~ê~ ßû" ¢~�
. ��¾, ��� B
~*{*~ê~ ßûf �;(spherical) �Ö; Pt(100)/0.5 M
H2SO4 >Ï� ê�öB G;B ;çç�~ *;'� B~*{
*~ê~ ßû"º 
�
4-7). :ÞÚ ö~�, � 
þöB &j
5 ÒÏ� :Ê�;(discal) �Ö; Pt(100) ·ë*�f jã~

V �
º Î"'ªj ~��
. b�, � ¢^öB º;B
Langmuir �O�N�j �Ï~� UPD H 6º OPD H¢ 6
ê 5 �C~º ";" ÚÏö �~º 'Ëf ì
� ÒòB
.
�Ö; Pt(100)/0.5 M H2SO4 >Ï� ê�öB �� Ò�W
*çf &G>æ p~
. �öB BF� *Vz�' &j ";
öB �&B(applied) **º*(0 to 1.60 V vs. SCE)& ��
Ò�W *ç� ¾æÆ > ®º **º*(0.06 to 0.16 V vs.
SCE) �
 Ïª~² ��, �Ö; Au *�" �Ò �Ö; Pt
*�~ ®n;� �� Ò�W ßW �ö V�~� �� Ò�W
*ç ¯ UPD H /ÖÒ�
 �� .Ò� Ê2��(spike)º ¾
æ¾æ p~
� �CB
4,16,18).

3.2. ê� �&²�
�Ö; Pt(100)/0.5 M H2SO4 >Ï� ê�öB 7*Ú~ �O
" B� ¯ >²�O" H2 B� >wj �J� ê� �&²�
º Fig. 2f ?� ¾æâ > ®
29,30). Fig. 2öB RSº >Ï�
&�, RFº H+~ �O >wö V�� Faraday &�, RPº �O
B >²~ ÒÖ� >wö V�� Faraday &�, CPº �O F
Ò»*Ïï(Cϕ)~ �&²� º²9), CDº *V�7[ »*Ïï
�
. 
B�, *���öº �Ò 6F 6º �OB �N
(preoccupied ions or preadsorbed ions), ß��O(specific
adsorption)B �N, �N~ �j�*(relaxation time) �b� CP

º >²�O >wö V�� Cϕ �
 
Ö �² ¾æÂ
. ��
¾, *�** æzö V� CP æzº Cϕ æzö çw~æ�, >
²~ �O";j ;{~² º;� > ®b�, Figs. 3-5º ��
� Ò
j ç7 ÝA�~� &
. 
*���ö �OB >²~ ��b�N &¦ª º*öB CP ¯

Cϕº CD�
 
Ö ��29,30), H2 B� >wö V�� RPº RF

�
 
Ö �æ� 7*"2> º*öB ê� �&²�ö �~
º CDf RP~ 'Ëf Z�� > ®
. V¢B, �Ö; Pt(100)
·ë*�ö r**& �&F r 7*"2> º*öB Fig. 2(a)

~ ê� �&²�º Fig. 2(b) ?� *²z � > ®
. 7*"
2> º*f �ö V� ê� �&²�~ "2> ßWf ^�^
òö BF>Ú ®
29,30). 

3.3. *ç�ÿ æz
Fig. 2öB ��"º ê� �&²�ö çw~º æ�B *ç
' ¯ *ç�ÿ(-ϕ)f � (1) ?� ¾æâ > ®
.

ϕ = -tan-1[1/2πf(RS+ RF)CP] (1)

CP
 Cϕ (2)

Cϕ = γ(dθ/dE) (3)

�VB Cϕº Langmuir �O�N� ��� 'ÏF r >²�
Oö V�� FÒ»*Ïï, γº θ~ �z ��b�Nö çw~
º *~ï, θº �OB >²~ ��b�N, Eº �&B r**
�
. � (1)öB ϕ& r(-)� ©f æ�>º *çj ~��
. 

Fig. 3f �Ö; Pt(100)/0.5 M H2SO4 >Ï� ê�öB >²
�O ";ö &� «{~² �ê>º v "2> w��Fj �
�&
. ãÒ¦ª" >ï¦ªf '' ê� �&²�~ »*Ï
ïW �ÿ" &�W �ÿj ¾æÞ
. Fig. 3(a)º 7*"2>
�* ¯ 1~10 HzöB &�W �ÿf Z�� > ®rj ~�
�
. � �Fº �ç'� »*ÏïW �ÿ¢ r~ VÞV -1ö
"7~V r^�
. ��� Ö"º �Ö; Pt(100) *���ö
�OB >²ö¶& 
Ö '�¾, Z�� > ®rj ~��
. :
ÞÚ ö~�, CPº �²~ 6º θ ≈ 0 ªj ~��
. Ö�, �
(1)� ¦V -ϕº �&~(�90o)¢ Table 1 ?� <² B
. >
�ö, Fig. 3(b)º 7*"2> �* ¯ 1~10 HzöB »*ÏïW
�ÿf Z�� > ®rj ~��
. � �Fº ãÒ¦ª~ VÞ
V& 0ö "7~V r^�
. ��� Ö"º �Ö; Pt(100) *
� ��öB >²�O� �zç�& >îb�, H2 B� >w�
ê¯>� ®rj ~��
. :ÞÚ ö~�, CPº �&~ 6º
θ ≈ 1 ªj ~��
. >²�Of H2 B�ö �F BN' >w
¢ öò jî¢, 7*"2> º*öBº H2 B� >wö ç&
ì� Fig. 2(b)öB ��"º �BzB ê� �&²�¢ ÒÏ�
> ®
. Ö�, � (1)� ¦V -ϕº �²~(�0o)¢ Table 1
?� <² B
. ��� Ö"º �' 7*"2>öB *ç�ÿ
(0o
ß-ϕß90o)f ��b�N(0ßθß1)ö ¾ çw�j ~��

Fig. 1. The cyclic voltammogram at the Pt(100)/0.5 M H2SO4

aqueous electrolyte interface. Surface area: 0.126 cm2. Scan
potential: -0.224 to 1.25 V vs. SCE. Scan rate: 400 mV/s. 50th scan.

Fig. 2. (a) The equivalent circuit for the cathodic H2 evolution
reaction at the Pt(100)/0.5 M H2SO4 and 0.5 M LiOH aqueous
electrolyte interfaces and (b) The simplified equivalent circuit for
the intermediate frequencies at the interfaces.
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. 7*"2> �* ¯ 1~10 HzöB Ôf ã~ 7*"2>
(1 Hz)¢ �' 7*"2>� ;~� 
r~ êÖ" �Cj ~&

. b�, 7� 7*"2>¢ �Ï~�ê ?f Ö"¢ <º
21-26). 

Fig. 4º Table 1j �Ï~� êÖ 5 ê�B *ç�ÿ æz
(-ϕ vs. E)f Langmuir �O�N�(θ vs. E) Ò�~ &ê¢ �
�&
. Fig. 4öB *ç�ÿ æz(-ϕ vs. E)f Langmuir �O
�N�(θ vs. E)� ¢~�j ��"º ©f ßV� ò ~
. 

Fig. 5º Table 1j �Ï~� êÖ 5 ê�B *ç�ÿ æz
N" ��b� æzN ¯ ∆(-ϕ)/∆Ef ∆θ/∆E�B Langmuir �
O��j ò��Ò r~ *;'� �O FÒ»*Ïï(Cϕ) ßû
j ��&
29-31). :ÞÚ ö~�, �' 7*"2>öB *ç�
ÿ æz(-ϕ vs. E)º Langmuir �O�N�(θ vs. E)ö ;{~
² çw�j ~��
. >�ö, Fig. 5öB ��"º Ö�� ;
6(æ�6) ì� �ö(plateau)'�� ¾æ¾� Frumkin �O�
N�� B
. Frumkin �O�N�~ ßûf r**~ Ã&ö V
¢ Langmuir �O�N�~ VÞV& jò~² æz>º Î·�
� "� *���~ ç�& j�î(inhomogeneous) 6º j;

î(amorphous)¢ r ¾æÂ
. �ö'�~ �f ç^·Ï N�
�V(interaction parameter: g)ö ~~� Ö;>� g = 0 ¢ r
Frumkin �O�N�f Langmuir �O�N�� B
21,22,29-31).

3.4. Langmuir �O�N�
�Ö; Pt(100) *���ö �O>º >²ö¶ö Langmuir �
O�N�(θ vs. E) ��j 'Ï~� 
r" ?� � > ®
31).

 [θ/(1 - θ)] = KCH+[exp(-EF/RT)] (4)

�VB Kº >²~ �Oï;ç>, CH+º bulk >Ï�öB H+

³ê, Eº �&B r**, Fº Faradayç>, Rf &Êç>, T
º .&Nê�
.

Fig. 6öB ��"º θ vs. E &êº Table 1" Figs. 4 5
5ö B�B 
þ G;~ ¯ -ϕ vs. E &ê¢ jv~� º;(ê
Ö)� ©�
. Figs. 4-6f � (4)¢ �Ï~�, θ vs. E &ê ¯
Langmuir �O�N�f "** >²�O(OPD H)ö V�� �
Oï;ç>(K)& 1.5Ü10-4 ªj ��&
. .ç� &�, 0.5 M
H2SO4 >Ï�(pH 0.62)~ ¸f H+³ê 5 r�N �OÎ" �
ö ~� UPD H ¦*~ Nö(�z)Î"� UPD Hö V�(ç
w)~º Langmuir �O�N�f &G(º;)� > ì
. 

Fig. 3. The comparison of two extremely distinguishable frequency
response (hhZhhvs. f) curves at the Pt(100)/0.5 M H2SO4 aqueous
electrolyte interface. ac amplitude: 5 mV. dc potential: (a) -0.16 V
and (b) -0.42 V vs. SCE.

    
Table 1. The measured phase shift (-ϕϕ) for the optimum
intermediate frequency (ca. 1 Hz) and the estimated fractional
coverage (θθ*) at the Pt(100)/0.5 M H2SO4 aqueous electrolyte
interface

E (V vs. SCE) -ϕ (deg) *θ
-0.16 85.6 ≈ 0
-0.18 85.5 0.001
-0.20 85.1 0.006
-0.22 79.2 0.076
-0.24 61.2 0.288
-0.26 44.1 0.491
-0.28 27.9 0.682
-0.30 14.8 0.837
-0.32 6.9 0.930
-0.34 3.3 0.973
-0.36 2.2 0.986
-0.38 1.4 0.995
-0.40 1.1 0.999
-0.42 1.0 ≈ 1

*Estimated using the measured phase shift (-ϕ).

Fig. 4. The relation between the phase-shift profile (-ϕϕ vs. E) and
the Langmuir adsorption isotherm (θθ vs. E) at the Pt(100)/0.5 M
H2SO4 aqueous electrolyte interface.

Fig. 5. The comparison of the change rates of the ∆∆(-ϕϕ)/∆∆E and the
∆∆θθ/∆∆E at the Pt(100)/0.5 M H2SO4 aqueous electrolyte interface.
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Langmuir �O�N� ��¢ r >²~ �Oï;ç>f �&
¶Fö.æ(∆Gads) Ò�~ &êº 
r ?� "Úê
31). 

 2.3RTlogK = -∆Gads (5)

V¢B, K = 1.5Ü10-4 ¢ r � (5)� ¦V êÖB ∆Gadsº

21.8 kJ/mol �
. 

3.5. >² �O¦*(UPD H, OPD H) *�*ç
�öB �V~&��, �Ö; Pt(100)/0.5 M H2SO4 >Ï�
ê�öB ¸f H+³ê 5 r�N �OÎ" �ö V�~� UPD
H ¦*& �z(Nö)>æ� UPD Hö çw~º Langmuir �O
�N�~ º;(êÖ)f Ú[
. :ÞÚ ö~�, Langmuir �O
�N�j �Ï� UPD Hf OPD H Ò�~ *�*çf �C�
> ì
. V¢B, UPD Hf OPD H Ò�~ *�*çf H+³

ê& Ôb� r�N �OÎ" �j Z�� > ®º KOH 6º
LiOH >Ï�j ÒÏ~�¢ £² &G� > ®
.

Fig. 7f �Ö; Pt(100)/0.5 M LiOH >Ï� ê�öB G;
B ;çç�~ *;'� B~*{*~ê�
. UPD H /ÖÒº
-0.724 Vf -0.840 V vs. SCEöB ¾æÂ
. �Ö; Pt(100)/0.5

M H2SO4 >Ï� ê�öB �V� © ?� UPD H /ÖÒf
çw~º r**º UPD Hf OPD H¢ 6ê 5 �C~º �
7º� V&� B
.

Fig. 8f �Ö; Pt(100)/0.5 M LiOH >Ï�(pH 12.4) ê�
öB �' 7*"2>(ca. 13 Hz)¢ r *ç�ÿ æzö çw~
º Langmuir �O�N�j ��&
. ê�B Langmuir �O�
N�f Table 2¢ "�~&b�, Table 2º 0.5 M H2SO4 >Ï
�j ÒÏ~&j rf ÿ¢� O»" ";j Û~� áî
.
Fig. 8öB r** '� (a)f (b)º Fig. 7" jv~� ''
UPD Hf OPD H º*ö çw�j r > ®b�, 6ê V&
f UPD H /ÖÒ�
.

Fig. 9º Fig. 8öB �� v K 6º ∆Gadsö çw~º êÖ
B Langmuir �O�N�j ��&
. 6� Fig. 9f Langmuir
�O�N� (a)~ =¦ª" Langmuir �O�N� (b)~ jÑ¦
ª� 7ÏNj ��&
. :ÞÚ ö~�, UPD Hf OPD H Ò
�~ 7ÏB r** '�f Fig. 8ö ¾æÂ *�'�(-0.75 to
-0.95 V vs. SCE)" çw�j ~��
. ��� 
þ Ö"f �

Fig. 6. The comparison of the experimental and fitted data for the
Langmuir adsorption isotherm (θθ vs. E) at the Pt(100)/0.5 M H2SO4

aqueous electrolyte interface. Equilibrium constant (K): K =
1.5ÝÝ10-4 (OPD H).

Fig. 7. The cyclic voltammogram at the Pt(100)/0.5 M LiOH
aqueous electrolyte interface. Surface area: 0.126 cm2. Scan
potential: 0 to -1.0 V vs. SCE. Scan rate: 300 mV/s. 20th scan.

Fig. 8. The comparison of the experimental and fitted data for the
Langmuir adsorption isotherm (θθ vs. E) at the Pt(100)/0.5 M LiOH
aqueous electrolyte interface. Equilibrium constant (K): (a) K = 1.9
(UPD H) (b) K = 6.8ÝÝ10-6 (OPD H).

  
Table 2. The measured phase shift (-ϕ) for the optimum inter-
mediate frequency (ca. 13 Hz) and the estimated fractional
coverage (θ*) at the Pt(100)/0.5 M LiOH aqueous electrolyte
interface

E(V vs. SCE) -ϕ (deg) θ*
-0.55 81.3 ≈ 0
-0.60 80.4 0.011
-0.65 73.0 0.104
-0.70 61.2 0.252
-0.75TR 61.7 0.246
-0.85TR 70.6 0.134
-0.95TR 69.8 0.144
-1.00 61.7 0.246
-1.05 33.7 0.596
-1.15 7.4 0.926
-1.25 2.7 0.985
-1.30 1.7 0.997
-1.35 1.5 ≈ 1

TRTransition between the UPD H and the OPD H.
*Estimated using the measured phase shift (-ϕ).
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Cf �Ö; Pt(100) *� ê�öB r� H2 B� >wj *�
UPD Hf OPD H ";f B� ëã'b� ê¯>º ©j ~
��
. :ÞÚ ö~�, UPD Hf OPD Hº r**~ Ã&ö
V¢ H2 B� >wj *� BN' ";�¢V �
º *���
~ >² �O¦* ßW ¯ *�³ê�' N��V(K, ∆Gads)ö
V�~º ëãB ";�¢� �C>Ú¢ �
.

Langmuir �O��öB31) �O¦* *�*çf **ö V¢
7*Ú~ �Oï;ç> 6º �O¶Fö.æ& *�(�ÿ)�j
~��
. V¢B, Figs. 8" 9f �Ö; Pt(100) *���öº
B� 
� v K 6º ∆Gadsö çw~º v «~~ >² �O
¦* ¯ UPD Hf OPD H& ®rj ~��
. Figs. 8" 9ö
B Kº r**ö V¢ 1.9 (UPD H)öB 6.8Ü10-6 (OPD H)
6º � >&� *��j ��&
. îR&æ�, ∆Gadsº r*
*ö V¢ -1.6 kJ/mol (UPD H)öB 29.5 kJ/mol (OPD H)
6º � >&� *��j ��&
.

3.6. *�³ê�' N��V
Table 3f �Ö; Pt(100)/>Ï�" 
Ö; Pt/>Ï� ê�ö
B *ç�ÿ O»j �Ï~� �� Kf ∆Gads¢ ��&
23,24).
ÒÏB >Ï�~ ³ê& 
�� 
Ö;j �W~º grain~ �
Vf V�ç�~ 
·Wj �J~� �B jvöº ZÒ& ®

� ÒòB
. �"öê ®�~�, UPD Hf OPD H~ 6ê,
*�*ç, ç&&ê, Langmuir �O�N� �~ �Cöº ÖW
>Ï��
º r¢ÒW >Ï�� '��j ��&
.

*�³ê�öB >²~ �Oï;ç>(K)º ï;ç�¢ r >
²îO(Öz) >w³êç>(kb)ö &� >²�O(~ö) >w³ê
ç>(kf)~ j ¯ K = kf/kb� ��B
. V¢B, K& �>� >
²�O >w� z ��²(�B®) ê¯>º ©j ~��
. .
ç� &�, Table 3f >Ï� «~f Ö;ç�ö &êì� �W
ê& 
Ö � UPD H ¦*öB >²�O >w� z ��²(�
B®) ¢Ú¾� ®rj ¢&>² ��&
. 6�, H2 B� >w
ö ç7 V�~º OPD Hê 
Ö; Pt *�öB >Ï�
(H2SO4, LiOH)ö V¢ 2~6V ;ê z ��²(�B®) ¢Ú¾
� ®rj ��&
. Ö�'b� ö~�, �Ö; Pt(100) *��

Ö; Pt *�ö jv� > ì� �&��, *� &j ";ê
ÚJÞ öò jî¢ >²�O >w� z ¶Ö ©j �J~�,
r� H2 B� >w *�b�º 
Ö; Ptj ÒÏ~º ©� ã
B'�� �Ò'�
.

4. Ö  �

�' 7*"2>öB *²zB �&²�f çw~º *ç�
ÿ &ê�f �Ö; Pt(100)/0.5 M H2SO4 5 0.5 M LiOH >
Ï� ê�öB ¾ 'ÏB
. æ�B *ç�ÿ(-ϕ)f r** 5
"2>ö V��, �' 7*"2>öB *ç�ÿ(-90o

ßϕß0o)
f ��b�N(0ßθß1)ö çw�
. �' 7*"2>öB *
ç�ÿ æz(-ϕ vs. E)º Langmuir �O�N�(θ vs. E)~ º
;" �Cö FÏ� 
þ O»�
. �Ö; Pt(100)/0.5 M
H2SO4 >Ï� ê�öB "** >²�O(OPD H)ö V�� �
Oï;ç>(K)f �O�&¶Fö.æ(∆Gads)º '' 1.5Ü10-4f

21.8 kJ/mol �
. �Ö; Pt(100)/0.5 M LiOH >Ï� ê�öB
Kº r**(E)ö V¢ 1.9 (UPD H)öB 6.8Ü10-6 (OPD H)
6º � >&� *��
. îR&æ�, ∆Gadsº r**ö V¢
-1.6 kJ/mol (UPD H)öB 29.5 kJ/mol (OPD H) 6º � >
&� *��
. *�³ê�' N��V(K, ∆Gads)~ *�º �
Ö; Pt(100) *���~ UPD Hf OPD Hö V��
. UPD
Hf OPD H~ V&f H2 B�" r**& jî¢ >² �O
¦*f ";� >Ú¢ �
. UPD Hf OPD Hº r**~ Ã
&ö V¢ H2 B� >wj *� BN' ";� jî¢ *��
�~ >² �O¦* ßWö V�~º ëã' ";�
. r� H2

B� >wöº 
Ö; Pt *�j ÒÏ~º ©� ãB'�� �
Ò'�
. 

6Ò~ &

EG&G PAR 273A Potentiostat/Galvanostat, Schlumberger
SI 1255 HF FRA, PAR 270 5 PAR 388 Software Packages
� *Vz� �Ê� �«j æö~� "� 7Ú&�v .& C
Ëþþ 6Ò¢ �ãî
. 
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