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Molecular-level elucidation of structure and electrochemical reactions at electrolyte/electrode
interfaces is essentially important not only for understanding fundamental electrochemistry but also
for industrial application such as development of next-generation batteries. Despite its importance for
both fundamental and applied science, the structure of the electrolyte/electrode interfaces as well as
electrochemical reactions has not been studied at molecular-level in most electrochemical systems.
This is mainly because that the interface-selective measurements are technically very difficult due to
the much less number of interfacial molecules compared to the number of bulk molecules. There are
only few experimental methods that can access buried interfaces such as liquid/solid interfaces.

Heterodyne-detected vibrational sum frequency generation (HD-VSFG) spectroscopy is one of the
second-order nonlinear spectroscopies and hence an intrinsically interface-selective spectroscopy.
HD-VSFG spectroscopy separately provides an imaginary part (Im) and a real part (Re) of a
second-order nonlinear susceptibility . The Im4*® spectra can be directly compared to infrared and
Raman spectra in the bulk, and the sign of the band provides information about the absolute
orientation of interfacial molecules. In particular, the latter is a unique advantage of HD-VSFG
spectroscopy over any other interface-selective spectroscopy. HD-VSFG spectroscopy has been
mainly applied to air/water and air/monolayer/water interfaces and provided insights about structure
and dynamics of those interfaces. On the other hand, although applying HD-VSFG spectroscopy to
electrolyte/electrode interfaces has been desired, HD-VSFG spectroscopic measurements of
electrolyte/electrode interfaces have not been realized because of difficulty in phase calibration under
electrochemical conditions. In this study, HD-VSFG measurements of electrolyte/electrode interfaces
are realized by developing a method for the phase calibration under electrochemical conditions and
designing a suitable spectro-electrochemical cell. The potential-dependent interface structure of the
acetonitrile/platinum interface, a typical electrolyte/electrode interface, and a super-concentrated
electrolyte/platinum interface were elucidated by HD-VSFG spectroscopy with the use of the
developed method and apparatus.
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