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First-principles calculation of electrode surface

Masahiro Yamamoto
Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University
Nishikyo-ku, Kyoto 615-8510

Electrode interface phenomena have multiscale nature in space and time, then the multiscale model

from quantum to continuum level should be considered.

In this article we describe the structure of the

Pt(111)/dipolar liquid interface and the adsorption of sulfur on electrified Au(111) surface. The structure
of the Pt(111)/dipolar liquid interface has been investigated by fully self-consistent combination of the first-
principles calculation based on quantum mechanics for the metal and the reference hypernetted-chain (RHNC)
theory for the liquid. The electronic density profile for the metal, density and orientational structure of lig-
uid molecules, and electrostatic potential across the interface are discussed in detail. A dense layer of liquid
molecules, which is orientationally ordered, is formed near the metal surface, but this surface-induced structure
extends about only three molecular diameters from the surface. This result is in agreement with the recent
experimental observations. For S adsorption on electrified Au(111) surface the screening of the electron at
metal surface and the change of the adsorption energy of sulfur are discussed briefly.
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Figure 1: Schematic diagram of multiuscale theory for elec-
trode surface.
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Figure 2: xy-averaged effective local (solid line) , exchange-

correlation (dotted line), electrostatic potential (thick solid line),
and pseudo-valance-charge (dashed line) of Pt(111) 11 layer slab
without solvent molecules. The atomic positions of platinum ion
are shown in the closed circle.
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Figure 3: Electron density profile for Pt(111)/liquid interface.
The self-consistent density profile ps.; is shown in the dotted
line and the density change Ap(= Pscf — Pvac, Where pyqc is the
density in the vacuum case) caused by the presence of the liquid
is shown in the solid line. The atomic positions of platinum are
shown in solid circles.

obooobooobn Fig3O00O0O000ooooooon
ooboooobooooboboooobooooobooooo
goboboooboooobooobooboobooooon
000000000000 0000 Figd3O ApOOO
0000000000000 000000000 (m)-

30000000000000000000 p=32x10200/
m?, 000000000 1.65D0000000O0000O00000
0000 300KOO00O p=33x102800 /m?, 00000
00000000 1.86DO0O0O0O 780000000000000
0.14nm0000000 OHOOOOO 0.0957 nm 0000

I g%, Inert Wall
5l — g%, Metal Wall
g®"!, Metal Wall

z/dg
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Figure 6: The electrostatic potential of the Pt(111)/liquid sur-
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Table 1: Calculated physical properties for Au(111)-(v/3 x v/3)R30%S structure

Adsorption Adsorption Workfunction Interlayer Distance (A) 0Qs
Site Energy Change S-Aul  Aul-Au2 Au2-Au3 (e)
(eV / S atom) (eV)
FCC -4.950 +0.22 1.60 2.38 2.38 -0.15
HCP 4797 +0.24 1.65 2.39 2.36
ATOP -3.440 +0.85 2.23 2.41 239 -0.02
Table 2: Calculated physical properties for Au(111)-(1 x 1)-S structure
Adsorption Adsorption Workfunction Interlayer Distance (A) 0Qs
Site Energy Change S-Aul  Aul-Au2 Au2-Au3 (e)
(eV / S atom) (eV)
FCC -3.780 +0.11 2.12 2.36 2.37 -0.13
HCP -3.788 +0.14 2.12 2.35 2.37 -0.12
ATOP -3.968 +0.19 2.40 2.35 2.37 -0.04
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