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This seminar will discuss how classical statistical mechanics fails to explain
experimental differences between liquid H2O and D2O. A comprehensive introduction to
quantum statistical mechanics in the path integral representation will be given, and the use of
the “centroid molecular dynamics” (CMD) method to compute static and dynamical properties
of a quantum system will be described. An extension of the original CMD method, that allows
the direct quantization of the rotational motion in a molecular system, will be also presented.
The application of this (extended) version of the CMD method in the simulation of liquid
water at ambient conditions will demonstrate that quantum effects are large. It will be shown
that “quantum mechanical tunneling” occurs in water and the relationship between this and the
mechanism of molecular diffusion will be established. Finally, it will be addressed how quantum
effects change with temperature.
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