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Ability to form large molecular clusters, in which molecules are continuously bonded with hydrogen bonds (HB), is the prerogative of highly associated liquids. Physical-chemical and solvation properties of water can be rapidly changed with temperature and pressure increase. Water, which is polar and non-ionic solvent at normal conditions, can become ionic and low-polar one above the critical point. Applying various thermodynamic conditions, one can control viscosity, polarity or pH in order to obtain necessary solvation properties. Change in structure of water above the critical point is the consequence of transformations in hydrogen-bonded network. Simulating with classical molecular dynamics or Monte Carlo methods, features of water structure always depend on potential interaction function. Every potential has its own propensity in realizing HB network, dynamics of HB and nearest environment. Size and topology of molecular dynamics clusters for various thermodynamic states are widely studied with classical methods, but their relation to water microdynamics and detailed picture of HB between molecules could be obtained only using quantum molecular dynamics methods. This method was realized within Car-Parrinello molecular dynamics for 32 molecules. Simulations have been performed with Born-Oppenheimer approximation and density functional theory approach in BLYP basis set. Trajectories for 7 thermodynamic states obtained for simulation time of 5 ps with time step 0.1 fs. System properties have been recorded every time step. Radial distribution functions, structural factor and dipole moment showed good agreement with available experimental data. It has been showed also, that strength of HB in small clusters in CPMD differs from that obtained with classical molecular dynamics simulation.
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