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During the formation of methane hydrate, hydrogen isotope fractionation for methane occurs between
gas and hydrate phases (Hachikubo et al., 2007); δD of hydrate-bound methane is 4.8±0.4‰ lower than
that of residual methane at 274.2 K. In the case of ethane, the isotopic difference between them is 1.1±
0.7‰ and smaller than methane. In the case of propane, the difference is reported as 4.6±1.0‰ (Nikaido

et al., 2018). We suppose that the relation between the sizes of guest molecules and cage size of
crystallographic structure affects the isotopic fractionation. Methane is enclathrated in both large
(tetrakaidecahedral, 51262) and small (dodecahedral, 512) cages of the cubic structure I. On the other
hand, in the case of methane and propane mixed-gas hydrate, methane prefers to be enclathrated in
small cages, because propane is enclathrated only in the large cages (hexakaidecahedral, 51264) of the
cubic structure II. Therefore, we can evaluate the effect of cage size on the isotopic fractionation for
methane using the above mixed-gas hydrate. In this report, we checked hydrogen isotopic differences for
methane and propane between gas and hydrate phases. 0.7 g of fine ice powder was introduced in a
pressure cell (volume: 30 mL). Methane and ethane mixed-gas were introduced in the cell and gas
hydrate sample formed at 274.2 K. Before the retrieval of gas hydrate sample, residual gas was sampled,
and then gas hydrate was cooled at 77 K and retrieved the hydrate-bound gas. We measured
compositions of methane and ethane by a gas chromatograph (GC2014, Shimadzu) and hydrogen
isotopic composition (δD) of methane and propane by a CF-IRMS (Delta V, Thermo Fisher Scientific). The
hydrogen isotopic differences between hydrate-bound and residual propane was 4.9±0.6‰, agreed well
with the previous work, whereas those of methane was 3.7±0.9‰, slightly smaller than the value reported
by Hachikubo et al. (2007). These results indicate that isotopic difference in methane δD for 512 cages is
smaller than those for 51262 cages.
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