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Fig. 1 Schematic drawings of the normalized oxygen atom density p/ppu (a) and IR absorption enhancement factor
G (b) as a function of the distance from the surface, Z. The ordering of the interfacial water molecules and the IR

absorption enhancement become lesser with increasing distance from the surface Z.

Infrared absorption of the water

layer is proportional to (p/ppu) X G, and hence the contributions of the second and higher overlayers to the total

absorption are smaller than the first layer, as panel (c) shows.
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Fig. 2 Schematic drawing of the electrochemical cell
and optics for ATR-SEIRAS
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Fig. 3 Cyclic voltammogram for an Au thin film elec-
trode vacuum evaporated on a Si ATR prism in 0.5 M
NaClO,

Sweep rate was 50 mV's~ .
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Fig. 4 SEIRA spectra of an Au electrode surface in
0.5 M HCIO, recorded during a potential sweep from
0.1to 1.1V (vs. RHE)"

Reference potential was 0.62 V.
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Fig. 5 SEIRA spectra of the Au electrode surface in 0.5 M HCIO, (a) and in 0.1 M
H,SO, (b) at selected potentials shown in the figure

The top trace of each panel is the transmission spectrum of the electrolyte solution.
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Fig. 6 Possible orientations of water molecules at the
electrified interface

Dashed lines represent oxygen lone pairs.
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Fig. 7 Cyclic voltammogram for a Pt thin film elec-
trode in 0.1 M H,SO,
1

Sweep rate was 50 mV's .
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Fig. 8 SEIRA spectra of water on the Pt electrode in
0.1 M H,SO, recorded at potentials indicated and ref-
erenced to the single-beam spectrum of the CO-
covered surface'”

The upward and downward bands correspond to the
species on the CO-free and CO-covered Pt surfaces,
respectively. The spectra were offset for clarity.
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Fig. 9 Infrared spectra of water on the Pt electrode in
0.1 M H,SO, after the numerical subtraction of the
bands of water on top of the CO-adlayer (the down-
ward bands at 3665 and 1630 cm ' in Fig. 8)'".
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Fig. 10 Temporal profiles of the peak frequency of
CO adsorbed on a Pt electrode (open circle) and the
reflected IR intensity of the Pt electrode at 2000 cm '
(open triangle) measured at 0.4 V (vs. RHE) before
and after the irradiation of a 532-nm pump pulse (35
ps, 3mJ cm )™

The temporal profile of the laser pulse is indicated by
the dotted line. The electrolyte solution was CO-
saturated 0.1 M HCIO,.
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Fig. 11 IR spectra of a CO-covered Pt electrode in

0.02 M Pry,N"(ClO, " salt) measured during a potential
sweep from 0.3 to —1.0 V (vs. Ag/AgCl sat. KCI) at 5
mVs '

The reference spectrum was obtained at 0.3 V. Arrows
indicate the directions of the spectral changes for the
negative potential sweep.
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Structure and Behavior of Water at the Electrochemical Interface Studied by
Surface-Enhanced Infrared Absorption Spectroscopy
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How do water molecules behave at the electrochemical interface (the charged electrode-elec-
trolyte interface)? This is one of the most fundamental and important questions in electro-
chemistry, and has been discussed extensively since the first proposal of the electric double layer
model by Helmholtz in 1853. In the 1960s, a general consensus was reached that water mole-
cules orient along the electric field at the interface and change the orientation depending on
the applied potential (i.e., surface charge). However, details had long been unclear. Recent
developments of computational theoretical chemistry and in situ surface analytical techniques
have enabled a further detailed study of the interface at a molecular level and renewed our
understanding. Recent progresses has been reviewed in the manuscript by focusing on experi-
mental data provided by surface-enhanced infrared absorption spectroscopy (SEIRAS).

Keywords : water ; electrochemical interface ; electric double layer ; infrared spectroscopy ;
hydration shell.



