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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)/0.58@,nd 0.5 M LiOH aqueous electrolyte
interfaces have been studied using the phase-shift method. The phase-shift grofitee B} for the optimum
intermediate frequency can be used as a useful method to estimate the Langmuir adsorption &athdEnat

the interfaces. The equilibrium constaK) for the OPD H and the standard free enedy$.{) of the OPD H at

the Pt(100)/0.5M k50O, aqueous electrolyte interface are X1H* and 21.8 kJ/mol, respectively. At the Pt(100)/
0.5M LIiOH aqueous electrolyte interfadé, transits from 1.9 (UPD H) to 6:810° (OPD H) depending on the
cathode potentialE) and vice versa. Similarly)G,qs transits -1.6 kd/mol (UPD H) to 29.5 kd/mol (OPD H) depend-

ing on E and vice versa. The transition lifand AG,qs 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 catradioid

reactions.

Key words : Langmuir adsorption isotherm, Hydrogen adsorption sites, Phase-shift method, Single crystal Pt(100) electrode
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Fig. 1. The cyclic voltammogram at the Pt(100)/0.5M 80O,
aqueous electrolyte interface. Surface area: 0.126 ém Scan

potential: -0.224 to 1.25 V vs. SCE. Scan rate: 400 mV/s. 50th scan.
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Fig. 2. (a) The equivalent circuit for the cathodic H evolution
reaction at the Pt(100)/0.5M HSO, and 0.5M LiOH aqueous
electrolyte interfaces and (b) The simplified equivalent circuit for
the intermediate frequencies at the interfaces.
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Fig. 3. The comparison of two extremely distinguishable frequency
response (| Z | vs. f) curves at the Pt(100)/0.5 M k8O, 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 ¢) for the optimum
intermediate frequency (ca. 1Hz) and the estimated fractional
coverage @) at the Pt(100)/0.5M HSO, aqueous electrolyte
interface

E (V vs SCE) ¢ (deg) *0
-0.16 85.6 =
-0.18 85.5 0.001
-0.20 85.1 0.006
-0.22 79.2 0.076
-0.24 61.2 0.288
-0.26 441 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 22 0.986
-0.38 14 0.995
-0.40 11 0.999
-0.42 1.0 =

*Estimated using the measured phase shijt (-
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Fig. 7. The cyclic voltammogram at the Pt(100)/0.5M LiOH
aqueous electrolyte interface. Surface area: 0.126 ém Scan
potential: 0 to -1.0 V vs. SCE. Scan rate: 300 mV/s. 20th scan.
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Fig. 8. The comparison of the experimental and fitted data for the
Langmuir adsorption isotherm (@ vs.E) at the Pt(100)/0.5 M LiOH
aqueous electrolyte interface. Equilibrium constant (K): (a) K=1.9
(UPD H) (b) K = 6.8 10° (OPD H).

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

E(V vs SCE) ¢ (deg) o
-0.55 81.3 =
-0.60 80.4 0.011
-0.65 73.0 0.104
-0.70 61.2 0.252
-0.75R 61.7 0.246
-0.85R 70.6 0.134
-0.95R 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 15 =1

RTransition between the UPD H and the OPD H.
*Estimated using the measured phase shjt (-

M H,SO, 8 AHo|x 33 A Zo] UPD H 5529}
83k 249 UPD HY} OPD HE o1 2 §iXslke o
ZFa3k 7ol Hoh

Fig. 82 ©24 Pt(100)/0.5M LIOHF&(pH 12.4) A
ol HF FUFu(ca. 13 HZY W $Pdols Wl 433}
£ Langmuir £35-22418 HojEDh ©A1E Langmuir S35
2210 Table & =A5I532H, Table 2= 0.5M HSO, &
MG AMESIIS web FUS Wy BAS Folo] Aok
Fig. 844 2319l 3% (aph (b= Fig. 7+ vlaste] 22
UPD He} OPD HHHC 83 & 4 om, o 7|&

< UPD HH%FAOlE‘r

Flg )= Fig. 8lIA 7% 5 K B2 AGuol 83k ALt
# Langmuir £ 52218 Hojger} =3 Fig. 92 Langmuir
2522 (@l SIFEH Langmuir 23522 ()9] oy
o] FHES HolFErth vpte] W, UPD Hl OPD HAL
0]9] X 249 J9L Fig. &l YeRt Ho]9d9(-0.75 to
-0.95V vs. SCE} &3Hs ofwigitt. ogk A3 Ao} 3
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Fig. 9. The numericaly calculated the Largmuir adsorption
isotherm (@ vs. E) at the Pt(100)/0.5 M LiOH agueous electrojte 4. & 2
interface. Equilibrium constant (K): (a) K=1.9 (UPD H) (b) K=
6.8 10° (OPD H). A FGoIA aslEl 18IS} sl ghol
5 BAES @47 Pt(100)/0.5M HSO, ¥ 0.5M LIOH 4
e A Py 100) = AbelA = H, 24 HRS-S $lsh | AelA 2 AZHTh (A PdolE (-9 =19 ¢
UPD H} OPD H A& ME Y3 oR dse AS ¢ Falre) waEn, HA Fulkrlla] 9YdolE(-90° < ¢ < 0°)
[e]

mgitt, vpte] e, UPD H} OPD He &31919] S719 2 EAVES(0< 0< 1p] &3} HH FXEalA 9
we} H, 24 9hg-S 913t Ak golaly] Hoke d=3d ‘JolE WHSH-¢ vs. Ef= Langmuir 2H5-221(6 vs. E)9] F

=

o i FAV 54 F ATEEER AUEK, MGl BT AU R8T HY Wolth @AY PL00/05M
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Langmuir §2Z7100 413 F2R9) Hold g2 7ol we} 2 (K)o FREFATIUA (4G 22 1.5} 10}
A9 3G e SRR Aol (e)F)sk 21.8 kd/mololt}. @24 Pt(100)/0.5 M LIOHS=8- Amdeilx
ofmlsic}, wWEbA, Figs. 8 92 ©EA Pt(100) A== Ke <AL EX @l 1.9 (UPD HYIA 6.8<10° (OPD H)
AR T8 F KBS AGdl &8sk 7 79 4 &% EE L WHIE Hositt IR, AGuue w3191 wef
9] = UPD HJ} OPD H} &5 9wgitt. Figs. &} & -1.6 kJ/mol (UPD Hjl 29.5kd/mol (OPD H)E= =L 4k
A Ke 23900l wek 1.9 (UPD H¥lM 6.8<10° (OPD H)  thE Holdit}. AI4wsEd sfeju|E (K, 4G,el Hole &
Ee 11 AR Holghe HoETh vEPHARE, AGuus =4 274 Pt(100) d=3H9] UPD H} OPD Wl 7|13k} UPD
Aol w} -1.6 kd/mol (UPD HIA 29.5kd/mol (OPD H)  HS OPD HY 715 H, 243 A7} ope} 4 &3

T 2 YR Folghs RojFErt) Bo)el #po] ook Ft}, UPD HY} OPD He 23919 &
7lo wet H, 2 Whe-S 9% ek #pgo] ofhE)

3.6. MZSE=X uf2{o|g o] 4 TS B4 7IIske 58 A Hgolth. 85 H,
Table 2 @274 P(100)5-43} th2%d P8 Ao A HkEolE AR Pt A5S Ak Ao] Al &

A SPdelEs WS o83t Fet KOF AGuE HAFETH2) g &olc}.

ARSE 8o Ewv) 2T ohEAS FAASKE grairg] =L

71eF wigdele] e Eshd i vlndle FE7t 9l HARR| 2

tho AR ET 28 % B8, UPD HY OPD H s,

HoldAt, AA#A, Langmuir §&35-82] 59| dldole 24 EG&G PAR 273A Potentiostat/Galvanostat, Schlumberger

FEAHTE Gl $-8-90] AFTS HoFET) Sl 1255 HF FRA, PAR 270% PAR 388 Software Packages

T A7sel AlsEl F9ls Adete] 4l FRdishal 2o F
Table 3. The electrode kineticparameters at the Pt(100) and the &8 ZAFE =3yt
poly-Pt/aqueous electrojte interface$>?¥
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