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Theoretical studies on controlling the crystallization of clathrate materials and
on designing the novel crystal/quasicrystal structures
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We investigated the intermediate stages toward the phase transition between
liquid and solid phases of water. It is found that the melting and crystallization is not that simple,
but many intermediate states and structures intervene the initial and final states. For example, in the
process that ice melts when it is heated homogeneously, separation of pair defects play the crucial role.
Methane bubbles in the dissociation process of methane hydrate, unknown metastable ice phase in the
freezing process of ice VII, plastic ice and tricritical phenomena in the melting process of ice VII, are
other examples of the newly discovered events in the phase transition processes. We also expand the
theory of evaluating the stability of clathrate hydrates more precisely, and also propose a concept of
generalized phase diagram to understand the polymorphism of clathrate hydrates.
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