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Abstract : The two distinct adsorption sites and transition between the under and over-potentially depbsited hydrogen
(UPD H and OPD H) on the polycrystalline iridium (poly-Ir) surface in the 0.2 M LiOH electrolyte have been studied
using the phase-shift method. At the forward and backward scans, the UPD H peak occurs on the cyclic voltam-
mogram. The transition region on the phase-shift profile or the Langmuir adsorption isotherm occurs at ca. -0.80
to -0.95 V vs. SCE. At the transition region (-0.80 to -0.95 V vs. SCE), the equilibrium constant (K) for H adsorption
transits from 7.9X 1072 to 1.5X10™ and vice versa. Similarly, the standard free energy (AG,q) of H adsorption tran-
sits from 6.3 to 21.8 kJ/mol and vice versa. The UPD H and OPD H on the poly-Ir surface act as two distinguishable
electroadsorbed H species. Both the UPD H peak and the transition region are attributed to the two distinct adsorption
sites of the UPD H and OPD H on the poly-Ir surface.
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Fig. 2. The typical cyclic voltammograms (fourth and fifth scans) at
the poly-Ir/0.2 M LiOH electrolyte interface. Scan potential: 0 to -
1.0 V vs. SCE. Scan rate: 50 mV/s.
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Fig. 1. The XRD pattern for the flame annealed Ir.
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Fig. 3. The Tafel plot at the poly-Ir/0.2 M LiOH electrolyte
interface. Scan potential: 0 to -1.40 V vs. SCE. Scan rate: 5 mV/s.
(a) Tafel slope: 60 mV and (b) Tafel stope: 240 mV.
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Fig. 4. The Bode plot of the equivalent circuit at the poly-Ir/0.2 M
LiOH electrolyte interface. Single sine wave. Scan frequency: 10* to
1 Hz. AC amplitude: 5 mV. DC potential: -0.70 V vs. SCE. (a) Fre-
quency response curve (IZ| vs. f) and (b) phase-shift curve (¢ vs. f).
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Fig. 5. The simple equivalent circuit for H adsorption at
intermediate frequencies.
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Cr & 09 oJ3td ZAH oz AT 4 UL B9 ol ¢
= Cell dste] ARHBE, o= G F 69 FAZE YeRE #
k. A, Aol E (@ vs. E) M3 Langmuir 35220
vs. E)o2 vepd £ glon Fig. 4b)2] 10H0M ¢ vs. E
BAl= Fig. 614 RAFE= ¢ vs. E FAZ 2AF £ S
ok o)y}, Fig. 791 EAIE 0 vs. E ¥4 3 Langmuir &
A5eAe 78 4 ok
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[6/(1 — 8)] = KCy-[exp(— EF/RT)] 3)
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Table 1. The measured C; depending on E, f and 6

E C; (WF/em?) 0
(V vs. SCE) 10°Hz (f. Hz)
—0.70 93 148 (10) 0.03
-0.75 69 165 (10) 0.14
-0.80* 57* 460 (3)* 0.35%
—0.85% 42% 582 (3)* 0.33*
—0.90* 37* 605 (3)* 0.35*
-0.95* 31* 616 (3)* 0.33*
-1.00 30 543 (32) 0.71
-1.05 29 56 (501) 0.94
-1.10 28 51 (631) 0.96
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Fig. 7. The calculated Langmuir adsorption isotherm (0 vs. E) using
the data shown in Fig. 6. (a) K = 7.9X107 and (b) K = 1.5X107%,
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0]99E AAZ 6.3 kI/mololA] 21.8 kJ/mol HEE 21.8 ki/mol
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Fig. 63 22 Fig. 69 $4°ls ¥k vs. Byl Het
e AHo|92(-0.80 to -0.95V vs. SCE)2 Fig. 29 <& A
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(-0.80 to -0.95V vs. SCE@I| XS & 4 Urh. LelM 2
sl xo], AolddgLe 54 249080 w0 095V vs.
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Fig. 8. The typical cyclic voltammograms (fourth and fifth scans) at
the poly-Ir/0.1 M H,SO, electrolyte interface. Scan potential: 0 to -
0.45 V vs. SCE. Scan rate: 30 mV/s,
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Fig. 9. The phase-shift profile (¢ vs. E) for 1 Hz at the poly-Ir/0.1 M
H,S0, electrolyte interface.
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Fig. 10. The comparison of experimental and fitted data for the
equilibrium constant (K = 2.7X10™) for H adsorption at the poly-Ir/
0.1 M H,SOy electrolyte interface.
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