Structure and dynamics of liquid water: an overview from time resolved experiments
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Water is the most abundant compound on the Earth surface, ruling life and being central to most of the chemical, biological, geological, and atmospheric processes. It is well known, since a long time, that many kinetic and thermodynamic properties of liquid water exhibit an anomalous dependence on physical parameters. Despite the widespread interest in the subject and the many efforts devoted to it, the peculiar behavior of water in the condensed phases is, under many respects, not yet fully understood. One of the main points is that of the relation between structural and dynamical properties, what implies reconciling the microscopic picture with a collective approach. We show here that different time-domain spectroscopic experiments, performed in a broad range of temperature and pressure conditions, supported by computer simulations, clarify important aspects of the problem and allow outlining a comprehensive picture. In particular, we performed femtosecond time resolved experiments (optical Kerr effect, infrared pump-probe, two-dimensional infrared spectroscopy) on liquid water in different conditions (at temperatures from 245 K to 365 K and pressure from 0 to (1 GPa, in bulk and in segregated water).

The room pressure experiments bring evidence of the coexistence of two local configurations, which are interpreted as high-density and low-density water forms, with an increasing weight of the latter at low temperatures. The high pressure measurements provide unambiguous evidence of the coexistence of two dynamic regimes, also attributed to high density and low density water: the two liquid forms are closely related to the well characterized forms of low density and high density amorphous ices.

The experiments allowed characterizing the peculiar properties of liquid water segregated in nano size cavities of inorganic and biomolecular nature.
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