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Abstract — The Langmuir adsorption isotherm at the Pt/0.1 M H,SO, electrolyte interface has been qualitatively
analyzed using the ac impedance measurement and phase-shift method. The phase shift (¢) depends on both the
cathode potential (E<0) and frequency (f) and is inversely proportional to the fractional surface coverage (0). At an
intermediate frequency band (ca. 1~100 Hz), the phase-shift profile (¢ vs. E) can be related to the fractional surface
coverage (8 vs. E). The phase-shift profile (¢ vs. E) can be used as an experimental method to estimate and an-
alyze the Langmuir adsorption isotherm (0 vs. E). The equilibrium constant (K) and the standard free energy (AG.s)
of the adsorbed hydrogen atom (H.,) are 3x 10~ and 20.1 kJ/mol, respectively.
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Fig. 1. Schematic diagram of the standard 3-electrode configuration.
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Fig. 2. The Bode plot of the equivalent circuit at the Pt/0.1 M H
280, electrolyte interface. Single sine wave. Scan frequency: 10*

to 1 Hz. ac amplitude: 5 mV. dc potential: -0.26 V vs. SCE. (a)
Frequency response (b) Phase shift.
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Fig. 3. The equivalent circuit for the hydrogen adsorption at the
Pt/0.1 M H,SO; electrolyte interface.
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Fig. 4. The phase-shift profile (¢ vs. E) for 16 Hz at the Pt/0.1
M H,SO, electrolyte interface.
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Fig. 5. The Langmuir adsorption isotherm (8 vs. E) for different
values of the equilibrium constant (K) at the Pt/0.1 M H,SO, elec-
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Fig. 6. The relation between the phase-shift profile (¢ vs. E) and
the Langmuir adsorption isotherm (8 vs. E) for three values of
the intermediate frequency (f) under the same condition as
shown in Fig. 2. (a) f=2 Hz, (b) f=50 Hz, (¢c) f=100 Hz.
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