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Knowledge about the intermolecular dynamics is indispensable to elucidate chemical
reactions in condensed phases such as aqueous solutions. Recently, it was found that the
intermolecular mode couplings between the translational and librational motions play
essential roles in the ultrafast energy redistribution in liquid water [1]. Therefore, it is
important to investigate the intermolecular vibrational couplings between water molecules in
liquid mixtures in order to understand chemical reactions in aqueous solutions.

We have theoretically investigated the intermolecular dynamics of binary mixtures of
liquid water with formamide (FA) in terms of the fifth-order two-dimensional (2D) Raman
spectroscopy [2]. 2D-Raman spectroscopy is sensitive to vibrational mode couplings arising
from both the nonlinear polarizability and the anharmonicity of potential [2]. We have
analyzed the microscopic origin of the 2D-Raman signals of mixtures by using
equilibrium-nonequilibrium hybrid molecular dynamics (MD) simulations [3]; especially we
focused on the intermolecular vibrational couplings between water molecules in mixtures.

Figure 1 shows the composition dependence of intermolecular mode couplings

between water molecules in FA-water mixtures, which can be obtained by evaluating
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