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Abstract : The electrode kinetic parameters at the Pd/0.5 M LiOH electrolyte interface have been qualitatively stud-
ied using the phase-shift method. The phase shift (¢) depends on both the cathode potential (E<0) and frequency
(f), and O is inversely proportional to the fractional surface coverage (0). At an intermediate frequency (10 Hz),
the phase-shift profile (¢ vs. E) can be related to the fractional surface coverage (8 vs. E). The phase-shift method
can be used to estimate or plot the Frumkin adsorption isotherm. The rate (r) of change of the free energy of adsorp-
tion with © is 22.3 kJ/mol. The equilibrium constant (K) for adsorption and the standard free energy (AGg) of the
adsorbed hydrogen atom (H,y) are 3.7X107°<K<30 and 13.9>AGg>-8.4 kl/mol, respectively. For 1<K<30 or
0.38>0>0, the energy liberation or the exothermic reaction for hydrogen adsorption at the Pd cathode can be
occurred. The electrode kinetic parameters (r, K, AGg) depend on the fractional surface coverage (8) or the phase
shift (). ‘
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Fig. 1. A schematic diagram of the standard 3-electrode
configuration.
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Fig. 2. Typical cyclic voltammograms (4th and 5th scans) at the Pd/

0.5 M LiOH electrolyte interface. Scan potential: 0 to 0.9 V vs.
SCE. Scan rate: 60 mV/s.
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Fig. 3. Schematic reaction paths for the hydrogen evolution at the
Pd/0.5 M LiOH electrolyte interface.
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Fig. 4. The Bode plot of the equivalent circuit at the Pd/0.5 M LiOH
electrolyte interface. Single sine wave. Scan frequency: 10* to 1 Hz.
ac amplitude: 5 mV. dc potential: -0.7 V vs. SCE. (a) Frequency
response (IZ! vs. f) and (b) phase shift (® vs. f) curves.

7N Cpe FAREHOEA Frumkin $2524 27149 o o
=3} o] FojRrh2d

Cp = (QF/RT)O(1 — 8)/[1 + g6(1 — )] 2

g =1/RT 3)
o714 Q= Pd SSHEHAA Hyy, THE(monolayer)S FAsl=
o Be3 AslE, F= Faradayd, 6= Hydl EHYES, R
L M2, Te HURE, g& 4338 A9E, 12 Hadl
FAFEZOP] wE FHAIAERLEOH, =0 & g=0°1
Langmuir $35-24] 70| €t} AAZE Pd SSEHANME
Fig. 3] EAE R Zo] #2dxe] F47F dojvkx glont,'”

C
AN —

R, C,

Fig. 5. The simplified equivalent circuit for the hydrogen adsorption
at the Pd/0.5 M LiOH electrolyte interface.

D
|
|




=7 1588R), A 23, A28, 1999 ' 73

Table 1. The measured C,; depending on E, f, and 6
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—0.7 7.08 100 230 0.20
-0.8 6.97 389 1497 0.56
—0.9 7.00 898 5235 0.81
-1.0 7.02 1232 8970 0.95
-1.1 7.05 1526 11617 ~1
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Fig. 6. The phase-shift profile (¢ vs. E) for 10 Hz at the Pd/0.5 M
LiOH electrolyte interface.
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