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Lowering symmetry of filled ice Ic hydrogen hydrate
under low temperatures and high pressures

Hisako Hirai', Shingo Kagawa', Takehiko Tanaka', Takahiro Matsuoka?,
Takehiko Yagi®, Yasuo Ohishi?, Yoshitaka Yamamoto®, Michika Ohtake®

Low-temperature and high-pressure experiments were performed with filled ice Ic structure of hydrogen
hydrate at the unexplored conditions of 5 to 55 GPa and 30 to 300 K using diamond anvil cells and a helium-
refrigeration cryostat. In-situ X-ray diffractometry revealed that the cubic filled ice Ic structure transformed
to a tetragonal structure at low temperatures and high pressures and the axis ratio of the tetragonal phase
changed depending on pressure and temperature. These results were consistent with theoretical predictions
determined by first principle calculations. In addition, further change in the lattice parameters was observed
from about 45 to 50 GPa, which suggested the existence of a transformation to another high-pressure phase above
50 GPa throughout the temperature region examined. The reason for transforming to the tetragonal structure
was inferred; it might be induced due to changes in the vibrational or rotational modes of the hydrogen molecules

under low temperature and high pressure.
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Fig.1 : Illustrations of structural models of three hydrogen hydrates and their stable regions reported previously?®.
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Fig.2 : Optical micrographs showing sample rooms at room temperature. a: after gas loading, b: 1.5 GPa, c: 4.5 GPa.
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Fig.3 : Experimental paths. Eleven paths were performed
for five samples. Different colors indicate different sam-
ples used. Along the dotted lines XRD measurements
were not made.
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Fig.4 : Changes in XRD patterns with pressures from 6.5 to 46.6 GPa at 300 K. Red arrows show the
splitting diffraction lines of the tetragonal phase and blue arrows show those of the HP-phase.
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(right)

Changes in XRD patterns with increasing temperature from 84 to 300 K. Red and blue arrows are

similar to those in figure 4.
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