Equations of state and thermodynamic properties of water ice polymorphs.
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Liquid water and/or its high-pressure ice polymorphs are supposed to be major components of the intermediate ice layers of external Solar system planets (Uranus, Neptune), gas giant planets satellites (Europa, Ganymede, Callisto, Titan, Enceladus, etc.), ice bodies in the outer Asteroid belt and comets [1-2]. 
For understanding the internal structure of such water containing objects, its formation and dynamics the detailed thermodynamic information on high-pressure water ices is important. In particular, thermodynamic properties of ices Ih, III, V, VI and VII are necessary to estimate thickness of water-ice envelopes of giant planets (Jupiter and Saturn) large satellites, concerning that liquid oceans under their ice surfaces can possibly exist. 

Now a lot of experimental data on phase transitions in water-ice system are saved up. Moreover some types of water and ices equations of states applicable for description of their P-V-T properties have been deduced. The listed evidences can be used to derive the required thermodynamic information, and also are widely used to develop physical and chemical models of ice-water system [3-5]. 

In this paper experimental and theoretical data on Н2О phase diagram and thermodynamic properties of water ices are generalized and systematized. Equilibrium transformations lines for ices Ih, II, III, V, VI, VII, VIII, X and liquid water were constructed. The critical analysis of water and its various ice forms equations of states available in the literature were carried out. On the basis of this information the general thermodynamic functions (standard Gibbs free energy, entropy, enthalpy) of water and ices Ih, II, III, V, VI and VII were calculated from known relations of equilibrium thermodynamics. Obtained thermodynamic information can be used in Н2О phase composition modeling under the pressure up to 40 kb. 
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