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Abstract : The relation between the phase-shift profile for the intermediate frequencies and the Langmuir adsorption
isotherm at the poly-Pt/0.1 M H,SO, aqueous electrolyte interface has been studied using ac impedance measure-
ments, i.e., the phase-shift methods. The suggested interfacial equivalent circuit consists of the serial connection of
the electrolyte resistance (Rg), the faradaic resistance (Rg) and the equivalent circuit element (Cp) of the adsorption
pseudocapacitance (C,). The delayed phase shift (¢) depends on both the cathode potential (E) and frequency (f),
and is given by ¢ =—tan"'[1/2nf(Rs + Rp)Cp). The phase-shift profile (¢ vs. E) for the intermediate frequency (ca.
6 Hz) can be used as an experimental method to determine the Langmuir adsorption isotherm (6 vs. E). The equi-
librium constant (K) for H adsorption and the standard free energy (AG,) of H adsorption at the poly-Pt/0.1M
H,S0, electrolyte interface are 1.8x10™ and 21.4 kJ/mol, respectively. The H adsorption is attributed to the over-
potentially deposited hydrogen (OPD H).
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Fig. 1. The XRD patterns for the flame annealed Pt on different po-
sitions. (a) Vertical direction and (b) horizontal direction.
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Fig. 2. The equivalent circuit for the cathodic hydrogen evolution
reaction at the poly-Pt/0.1 M H;SO, electrolyte interface.
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Fig. 3. The interfacial equivalent circuit for the cathodic hydrogen
evolution reaction at intermediate frequencies. (a) A serial connec-
tion of Ry and Cp or (b) a parallel connection of Cp and Cyp.

Table 1. The experimentally measured elements of the interfacial
equivalent circuits at the intermediate frequency (ca. 6 Hz)

E (V - RS + RF Cp ng C]Sk g**
vs.SCE) (deg) () (UFcm™) Q) (WFem™®

-0.175 858 5.644 3.313x10? 3.140 1.751x10° =

0200 856 5544 3492x107  3.138  4.224x10° 0.002
0225 839 7.166 3.751x10>  3.139  5220x10° 0.022
0250 735 1625 4.589x10?  3.141 2.501x10° 0.144
0275 456 1978  1.248x10° 3.152 1.958x10° 0471
0300 219 8217 7.624x10° 3.176 1.963x10° 0.749
0325 7.1 485 419210 3219 8.725x10° 0.921
0350 3.0 4395 1.096x10° 3407 2.290x10° 0970
-0.375 1.5 4349 2240x10° 3467 1479x10> 0.988
0400 1.0 4413 3206x10° 3500 1.055x10° 0.994
0425 07 4670 4220x10° 3514  8.194x10' 0.997
0450 05 5051 5.695x10° 3.533 6.196x10' =

*Experimentally measured at the high frequency (ca. 10* Hz).
**Experimentally determined.
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Table 2. The comparison of measured and calculated phase shifts at
the intermediate frequency (ca. 6 Hz).

E (V vs. SCE) —¢ (deg) —@* (deg) —@** (deg)
-0.175 85.8 86.0 76.2
-0.200 85.6 85.8 61.6
-0.225 839 84.2 56.5
-0.250 735 74.3 70.7
-0.275 45.6 47.1 69.1
-0.300 21.9 229 41.1
-0.325 7.1 7.4 10.9
-0.350 3.0 32 4.1
-0.375 1.5 1.6 20
-0.400 1.0 1.0 1.3
-0.425 0.7 038 1.0
-0.450 0.5 0.5 0.8

*Calculated phase shift using equation (1).
**Calculated phase shift using equation (2).
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Fig. 4. The frequency response (IZ! vs. f) curves at the poly-Pt/0.1 M
H,S0, electrolyte interface. Single sine wave. Scan frequency: 10 to
1 Hz. AC amplitude: 5 mV. DC potential: (a) -0.175V, (b) -0.25V,
(c) -0.275V (d) -0.30 V and (e) -0.425 V vs. SCE.
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Fig. 5. The phase-shift (¢ vs. f) curves at the poly-Pt/0.1 M H,SO,
electrolyte interface. Single sine wave. Scan frequency: 10* to 1 Hz. AC
amplitude: 5 mV. DC potential: (a) -0.175 V, (b) -0.25 V, (¢) -0.275 V,
(d) -0.30 V and (e) -0.425 V vs. SCE.
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Fig. 6. The comparison of two extremely distinguishable frequency

response (IZI vs. f) curves for H adsorption at the poly-Pt/0.1 M

H,S0; electrolyte interface. DC potential: (a) -0.20 V and (b) -0.425
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