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Hyper-Raman Spectroscopic Study of Molecular Interactions in Liquids
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We have demonstrated hyper-Raman (HR) spectroscopy of liquid water. HR spectroscopy, one of the nonlinear
Raman spectroscopies, gives unique information on molecular structures complementary to infrared and Raman
spectroscopy. Despite its possibility as a powerful tool for studying molecular structures in liquid, it has been very difficult
to apply HR spectroscopy to molecular systems because of the extreme weakness of HR signals. We recently developed
a highly efficient HR spectroscopic system enabling us to measure molecular liquids. We found that HR spectra of liquid
water show unique polarization dependence. Two depolarized-HR spectra (HV and VH) are different in the librational
region, even though they should coincide, assuming that molecules vibrate and emit HR signals with random phases. The
difference between the two spectra evidently suggests that molecules in liquid vibrate with some phase relationship,
resulting in the coherence of the HR signals. Furthermore, we decompose the polarization-resolved HR spectra into
multiple components representing local vibrations (B! and B®) and non-local / collective vibrations (LO and TO). The

reconstructed spectra show that the LO (longitudinal Optical) mode dominates the difference between the HV and VH

signals around 600 cm™'. Our results suggest the collective nature of molecular vibrations of water in liquid.
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