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A clathrate hydrate is a rare inclusion compound in the sense that both of host and guest
molecules are orientationally disordered. Thermodynamics of formation of the clathrate hydrate
as well as dynamic aspects of both component molecules have been extensively studied especially
in USSR and Canada. These are important basic researches in view of a large quantity of natural
gas hydrate existing in many ocean sediments or land deep below permanently frozen ground.
Such disordered crystals generally exhibit on cooling one or more phase transitions to attain their
ordered phases that satisfy third law of thermodynamics. Absence of any ordering transition in
the clathrate hydrates has puzzled us for a long time.

The host lattice composed of water moleculgs through the hydrogen bonding forms several
types of Archimedes’ polyhedra, in which a variety of the guest molecules of suitable size are
enclathrated. The hydrogen-bonded networks are similar to that of hexagonal ice. We believed
that the absence of any transition phenomenon in the clathrate hydrates is due to a kinetic
hindrance and tried to find out their ordered phases by doping the crystals with particular
impurity which might hopefully release the freezing process. Tetrahydrofuran (THF), acetone
(Ac), and trimethylene oxide (TMO) were chosen as the guest species which have various
molecular sizes and dipole moments. As expected, each pure hydrate crystal showed a glass
transition at around 80K associated with freezing out of water reorientational motion of the host
lattice, However, the specimen doped with KOH in the mole fraction of 10™* exhibited a first order
phase transition at 71.9K, 46.6K and 34.5K for the THF, Ac and TMO hydrate crystals, respective-
ly. The associated entropy change is roughly 2.4 JK~YH,0 mol)~! for all of them and corresponds
to that associated with order-disorder transition in hexagonal ice. Dielectric measurement
clarified that the THF and Ac molecules order concomitantly at the phase transition. Thus, the
low temperature phases of the THF and Ac clathrate hydrates are believed to be in ordered state.
The relaxation time for the water reorientational motion was found to reduce drastically by the
doping. The reduction factor is 10" for THF and 10" for Ac hydrate crystals at 70K

Thus the reorientational motion of water in the hydrogen-bonded network is accelerated
dramatically by a minute amount of KOH dopant and release the system from the kinetically
immobilized state to the equilibrium state. This results in the appearance of the odrering
fransition for the doped specimen within a loboratory time instead of a geological time for the
pure specimen. We cannot control the time, but we can control the relaxation time of molecular
motion by doping a particular type of impurity which infringes locally the rule governing the
motion in the crystal. The dopant acts like a sort of catalysis and we shall need a new definition
to denote the process: perhaps doping chemistry.
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