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Fig. S1. X-ray diffraction patterns of the hydrate samples at 93 K: (a) sI C2H4 hydrate and (b) 
sII Kr + C2H4 hydrate. The curves in each pattern represent the observed intensities. The line 
marks below each pattern show the calculated peak positions for sI hydrate, sII hydrate and 
hexagonal ice.



Fig. S2. Effect of temperature on unit-cell parameters of five types of sI and sII hydrates.1,2



Fig. S3. Raman spectra of the C–H stretching region of (a) sI CH4 + C2H6 hydrates (yC2H6 : 
67.8%) and (b) sII CH4 + C2H6 hydrates (yC2H6 : 21.1%) at a temperature range of 93–183 K. 
(c) Raman spectra of the C–C stretching region of encapsulated C2H6 in sI and sII CH4 + C2H6 
hydrates at 93 K.



Fig. S4. Effect of temperature on Raman shifts of C–H symmetric stretch of encapsulated CH4 
and C2H6 in sI and sII CH4 + C2H6 hydrates which have different guest composition.
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