Gashydrate frameworks as metastable ice phases and their representation on the water phase diagram
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The crystal lattice of gas-hydrates corresponds to a three-dimensional tetrahedral net from water molecules connected by hydrogen bonds. It is possible to present gas-hydrate framework as a stacking of polyhedrons, joined by identical faces and completely filled the space. In each vertex of any polyhedron three edges converge, and its faces are polygons, having from 4 to 8 edges. Near 20 types of polyhedral frameworks in gas-hydrates and semi-clathrate compounds are revealed to the present time. The methods of generation of some classes of such frameworks are developed. It is clear that great number of hypothetical frameworks may be designed [1]. 

All empty frameworks can be considered as metastable polymorphic modifications of ice. Because of a low degree of space filling they do not exist as separate phases at positive pressure. Molecules - guest in gas-hydrates are allocated in polyhedral cavities of water frameworks thus they may stabilize the crystal lattice. A comparison of energy near 30 polyhedral real and postulated frameworks is carried out. It is shown, that the frequency of realization these structures correlates with energy of empty frameworks. It is found, that the frameworks in hydrates, stable at low pressure, have smaller energy in comparison with of the frameworks in hydrates, existing in the field of high pressure.

Earlier we showed that empty water polyhedral frameworks may exist as thermodynamic stable phases of ice on the phase diagram of water at negative pressure [2].  Really, in this area of the diagram the energy of polyhedral phases of ice with small density becomes less of hexagonal ice energy, while entropy of phase transition ice - clathrate framework is close to zero. 

The derived energy of clathrate frameworks is used to calculate the temperatures of this phase transition. The stability fields were represented on the water phase diagram for the set of empty frameworks.
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