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Figure S1. Temperature-dependent RAIR spectra of pure 150 ML DME in (a) C-O antisymmetric 
stretching region and (b) C-O symmetric stretching region. Pure DME vapor was deposited on 
Ru(0001) substrate at 10 K and annealed to 100 K with an annealing rate of 2 K min-1. Vapor-
deposited DME resulted in amorphous form at 10 K and crystallized above 70 K.
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Figure S2. Temperature and time-dependent RAIR spectra of 300 ML of DME-H2O (1:5) ice 
mixture in (a) C-O antisymmetric stretching region and (b) C-O symmetric stretching region. DME 
and water vapor were co-deposited on Ru(0001) substrate at 10 K and annealed to 125 K with an 
annealing rate of 2 K min-1, then waited there for 270 min.
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Table S1. Comparison of the Percentage of DME CH formation from total DME at different ratios 
of DME-water.

Percentage of DME CH formation from 
total DME (%)

(DME:H2O) ratio

6.5 1:20

8.11:10

161:5

131:1
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Figure S3. Temperature-dependent RAIR spectra of 300 ML of DME-H2O (1:1) ice mixture in 
(a) C-O antisymmetric stretching region and (b) C-O symmetric stretching region. The peak # is 
attributed to the strong hydrogen bonding interaction of DME and water. DME and water vapor 
were co-deposited on Ru(0001) substrate at 10 K and annealed to 150 K with an annealing rate of 
2 K min-1.
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Figure S4. Temperature-dependent RAIR spectra of 300 ML of DME-D2O (1:1) ice mixture in 
(a) C-O antisymmetric stretching region and (b) C-O symmetric stretching region. The peak # is 
attributed to the strong hydrogen bonding interaction of DME and water. DME and water vapor 
were co-deposited on Ru(0001) substrate at 10 K and annealed to 160 K with an annealing rate of 
2 K min-1.
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Figure S5. Temperature-dependent RAIR spectra of 300 ML of DME@H2O (1:1) ice mixture in 
(a) C-O antisymmetric stretching region and (b) C-O symmetric stretching region. The peak # is 
attributed to the strong hydrogen bonding interaction of DME and water. DME and water were 
sequentially deposited on Ru(0001) substrate at 10 K and annealed to 150 K with an annealing rate 
of 2 K min-1. The sequential deposition was carried out by condensing 150 ML of H2O ice over 
the same coverage of DME ice, thus making it a (1:1) mixture.
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Table S2. Comparison of the computational and experimental vibrational shifts of DME CH 
compared to free DME in the C–O antisymmetric region.

ExperimentalB3LYP/6-311++g(d,p)
Asymmetric stretch

System
Shift (cm-1)IR asymmetric stretch

(cm-1)
Shift (cm-1)

IR asymmetric stretch
(cm-1)

NA1098NA1190.93DME

NANANANADME@512

NANA3.051193.98DME@51262

-21096 -3.211187.72DME@51264
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Figure S6. TPD-MS plot of 150 ML of pure DME. The intensity of CH3OCH2
+ (m/z = 45) versus 

the temperature of Ru(0001) substrate is plotted. The peak at 93 K is attributed to the desorption 
of DME. The pure DME vapor was deposited on Ru(0001) substrate at 10 K and further annealed 
to 200 K with an annealing rate of 10 K/min.
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Figure S7. TPD-MS study of deuterated DME clathrate hydrate. TPD mass spectra of 300 ML of 
DME-D2O (1:5) ice mixture after hydrate formation. The red spectrum represents the D2O 
desorption, and the blue spectrum represents the DME desorption. Mass spectra is plotted for D2O+ 
(m/z = 18) and CH3OCH2

+ (m/z = 45) with respect to temperature. The peak labeled (#) is 
attributed to the phase transition from clathrate hydrate to hexagonal ice. 
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Figure S8. Comparison of the normalized RAIR spectra of hexagonal crystalline ice obtained by 
thermally annealing pure water at 144 K for 30 min and DME and water ice mixture (1:5) at 135 
K for 200 min. 
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Figure S9. RAIR study of phase transition from amorphous solid water to hexagonal ice through 
clathrate hydrate dissociation. Isothermal time-dependent RAIR spectra of 300 ML of DME-H2O 
(1:5) in the O-H stretching region at (a) 130 K, (b) 132 K, (c) 133 K, and (d) 135 K. DME and 
water vapor were co-deposited on Ru(0001) substrate at 10 K and annealed at a rate of 2 K min-1 
to the set temperatures. 
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Figure S10. Crystallization fraction vs time for 300 ML of DME-H2O (1:5) (blue color curve) and 
150 ML of pure H2O ice (brown color curve) at 135 K. 
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