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The clusters such as C02 and CH4 gas-hydrate clusters were produced by adiabatic
expansion. The size distribution of CH4 gas-hydrate clusters was similar to that of H20 clusters. On the
other hand, the size distribution of CO2 gas-hydrate clusters was different from that of H20 clusters,
and the size of CO02 gas-hydrate clusters was larger than that of H20 clusters. In addition,the HEED
patterns for H20 and CO2 clusters were measured. H20 clusters represented the diamond structure of
crystal ice. The network structure of hydrogen bonds was formed in the H20 cluster. For CO2 clusters, the
FCC structure of dry ice was observed, and the cluster temperature was less than 200 K.

Furthermore, we investigated the interaction of cluster ions with solid surface atoms. C02 and CH4
gas-hydrate cluster ions were accelerated toward metal substrates. The surface temperature of
cluster-impact area increased, resulting in enhancement of the chemical reaction between H20 and gas
molecules.
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