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Fig. 1. Schematic model of electric double layer
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Fig. 2. Schematic of the IR cell: 1, glass cell; 2, electrolyte;
3, polypropylene film; 4, IR prism; 5, water layer; 6,
8, reference

working electrode; 7, counter electrode;

electrode.
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Fig. 3. Cyclic voltammogram of Pt(111) in 0.1 M LiOH
(blue line), 0.1 M CsOH (red line), and 0.05 M LiOH +
0.05 M CsOH (dashed line). The scanning rate is 0.05 Vs™.
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Fig. 4. Potential dependence of the IR spectra of Pt(111) in (a) 0.1 M LiOH and (b) 0.1 M CsOH. Reference potential is 0.5

V vs RHE. Resolution: 4 cm™.
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Fig. 5. Specular CTR profiles of Pt(111) in 0.1 M LiOH (blue) and 0.1 M CsOH (red) at various potentials vs RHE (a) 0.6 V,

(b) 0.9V, and (¢) 1.2 V.

Quter layer

Adsorbed layer
vv'-m I | n - - 1st Pt layer
&Lrér — 2nd Pt layer

(a) Flat model

Outer layer

1st Pt layer
2nd Pt layer
3rd Pt layer
—+———— 4th Ptlayer

(c) two-step model

1Fixed Pt layer

1Fixed Pt layer

Quter layer

3rd Pt layer
; Fixed Pt layer

(b) one-step model

Outer layer

66—&%—&&— i - 1st Pt layer
'&amaaama& o i Prayer

ey _Seevw S 3rd Pt layer

- - L 4th Pt layer
LAAALALL&&AAA Sth Pekever

CEOEEEEEEEEE

(d) three-step model

Fig. 6. Schematic models of (a) the flat Pt(111) and (b)-(d) roughened Pt(111)
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Table 1. Vertical layer spacing (A) and the occupancy (Occ) factor for the optimized model in LiOH and CsOH

Electrode Potential £ [V vs Ag/AgCl]
0.6 0.9 1.2
LiOH CsOH LiOH CsOH LiOH CsOH
des.pt 3.47 3.69 1.47
(7 (€] (&)
do.pt 2.23 2.18 2.13 1.83 2.09
(10) (10) (14) (€] (13)
dstprandpt 2.371 2.357 2.374 2.332 2.355 2.133
(14) (13) (14) (13) (14) (12)
Aonapi3rdpt 2274 2.274 2.274 2.276 2.278 2.269
(11 (11) (11) (11 (11 (11
Occes 0.15 0.12 0.17
2 2 2
Occo 0.66 0.76 0.52 0.47 0.59
(12) (12) (12) €)) (19)
Occgpt 1.01 0.99 0.98 0.99 1.00 0.28
2) 2 3) O] 3) 2
OcCongpt 1.02 1.01 1.00 1.00 1.02 0.89
2 M M ) M 2
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Fig. 7. (a) Cyclic voltammogram of Pt(111) in 0.1 M CsOH.

The scanning rate is 0.05 V s™'. (b) Potential dependent
X-ray diffraction intensity at (0 0 4.5) in 0.1 M CsOH. The
scan was started from 0.1 V to positive direction with the

scanning rate of 0.001 V' s™.
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Fig. 8. Schematic models of surface oxidation of Pt(111) in (a) LiOH and (b) CsOH
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Summary

At the solid-liquid interface, the electrolyte ions, solvent, and substrate atoms are bonded to each other
through various chemical and physical interactions. At the region far from the metal surface, the localization of
non-adsorbed charged species and reorientation of the dipole solvent, depending on electrochemical potential, are
caused by a combination of various non-covalent interactions. The non-covalent interaction with surface and
cationic species will affect the industrially important reactions such as fuel cell and corrosion. We found
oxidation processes of a Pt(111) electrode depend on non-specifically adsorbed ions in alkaline electrolyte using
in-situ X-ray diffraction and infrared spectroscopic measurements. In LiOH, the OH,q adlayer is formed at the
first oxidation step of the Pt(111) electrode as a result of the strong interaction between Li™ and OH,q, whereas Pt
oxidation proceeds without OH,q formation in CsOH. ~ Structural analysis by X-ray diffraction indicates that Li" is
strongly protective against surface roughening caused by subsurface oxidation. Although Cs' is situated near the
Pt surface, the weak protective effect of Cs' causes the surface roughening irreversibly due to subsurface oxidation.
Different oxidation processes depending on the alkali metal cation are caused by the strength of coordinate
interaction between the alkali metal cation and the oxygen lone pair of adsorbed species. Especially strong

interaction of Li" protects the atomically flat surface from roughening by further internal oxidation.

- 105 -



