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Mysteries of Burning Ice, Methane Hydrate

o 0o
Toshiaki IITAKA

Methane hydrate, known as Burning Ice, consists of a network of hydrogen-bonded water molecules containing
methane molecules. It is known as one of the most important materials for solving energy and environment
problems as well as for understanding the history of solar planets and satellites. The mysterious properties of
methane hydrate are studied by using the density functional theory.

[burning ice, methane hydrate, phase transition, NMR, Raman, density functional theory)

1. J0ooooooooo

0000000000000000000000
0000[1,200000000000000000
00000000000000D0D00O000000
00000000000000000000000
0 (Fig. 1)0

Fig. 1. Burning Ice, Methane Hydrate. © AIST(2002)
http://www.aist.go.jp/RIODB/ghdb/index.htm
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Fig. 3. Model structure of MH-I.

Fig. 2. Image of Titan’s Surface. The Cassini spacecraft
flies overhead with its high-gain antenna pointed at the
Huygens probe as it nears the surface [4].

Fig. 4. Model structure of MH-II.
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Fig. 6. Model structure of MH-III (60 GPa).

Fig. 7. Model structure of MH-III (80 GPa).
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Table 1. High-pressure phases of methane hydrates.

MH-I MH-II MH-III
Structure sI sH Filled ice
Symmetry | Pm3n (P6/mmm) (Pmcn)
Lattice a=12 a=11.7911 | a=4.7458
Constants c=9.9210 b =18.0644
ooo c=17.8453
Pressure ambient 1.7 GPa 3.0 GPa
Reference | [1] [5,6] [5,6]
10
s — o (Theory)
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Fig. 8. Lattice constants of MH-III: The solid lines
indicate the present density functional theory calculation.

The symbols indicate the experimental results of Hirai et
al. [9].
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Fig. 9. Image of the potential for hydrogen between two
oxygen atoms of hydrogen-bonded water molecules.
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Fig. 10. Distances between oxygen atoms for the three
symmetrically different hydrogen bonds: The horizontal
dotted and solid lines indicate the d(OO) at which
hydrogen bond ionization and symmetrization occur in
the simulation of ice VII- ice X transition at room
temperature [20].
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Fig. 11. Hydrogen position: The ratio d(OH)/d(OO)
calculated for the three symmetrically different
hydrogen bonds calculated by density functional theory
is shown as a function of pressure.
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Fig. 12. Distribution of hydrogen atom in a hydrogen
bond of MH-III at 300K.
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Fig. 13. "H-NMR chemical shift of MH-III for the three
symmetrically different hydrogen bonds.
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Fig. 14. Pressure dependence of CH- and OH-vibration
frequencies calculated with density functional linear
response theory.
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Fig. 15. VDOS of MH-III at 3 GPa calculated with
molecular dynamics; solid line for 7 = 300 K, dashed
line for 7= 30 K. The symbols indicate the normal mode
frequencies calculated with the density functional linear
response theory.
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Fig. 16. VDOS of MH-III at 80 GPa calculated with
molecular dynamics; solid line for 7 = 300 K, dashed
line for 7= 30 K. The symbols indicate the normal mode
frequencies calculated with the density functional linear
response theory.
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Fig. 17. Phonon dispersion of MH-III at 80 GPa
calculated with density functional linear response theory.
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Fig. 18. Molecular Dynamics Machine (78 TFLOPS)
[33] with Dr. Kolmurodov at Computational Science
Division, RIKEN.

Fig. 19. A snapshot from molecular dynamics simulation
of Xe hydrate formation calculated with Molecular
Dynamics Machine.
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