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Figure S1. A sketch of gas permeation test.

Table S1. Decomposition temperatures of ion gels obtained by TG.

[CsimH][NTHf:] [Camim][NTH:]
Ta/°Ca Tal/°Ca
IL 353.6 401.5
IL/SPI composite® 325.4 334.3
SPI 268.6

2 Decomposition temperature (T4) is defined as the temperature at 5% weight loss.
b IL content of IL/SPI composite membrane is 75 wt%.

Table S2. Melting temperature (Tm) and glass transition temperature (Ts) for [CsimH][NTf2] and

[Comim][NT#].
[CsimH][NTf] [Comim][NT£]2
Tm / °C 4.8 -12.1,-2.7
Ty / °C -87.1 -94.0

Table S3 The results of gas permeability measurements performed under single gas conditions at 30
°Ca
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[Comim][NTf:] [CsimH]I[NTf:]
Pcoz 430 295
Pn2 13.7 114
o 31 26

aPcoz / Pn2. Unit of gas permeability coefficient (P) is Barrer.

Table S4. CO2 absorption properties of [CsimH][NTfz] at 30 °C.>

20f3

P cco2 pt AVL
(MPa) xeor (mol/l) (g/cm?) (%)

0 0 0 1.49 0
0.66 0.15 0.65 1.50 1.16
1.36 0.26 1.32 1.50 2.97
1.86 0.33 1.82 1.50 4.68
2.16 0.37 2.13 1.50 5.88
2.67 0.43 2.67 1.49 8.21
3.42 0.50 3.44 1.48 12.35
3.99 0.55 4.04 1.46 15.98
453 0.59 453 1.44 19.91
5.03 0.62 4.93 1.42 23.90

a xcoz, ccoz, ptand AV correspond to the mole fraction of COz, molarities of COz, densities and volume
expansions of the liquid phase, respectively, in the CO2/[CsmimH][NTfz] system.

Table S5. CO: absorption properties of [Comim][NTf:] at 30 °C.>

P cco2 pr AVL
(MPa) xeor (mol/l) (g/cm?) (%)

0 0 0 1.51 0
0.61 0.14 0.64 1.52 1.36
117 0.24 1.19 1.52 2.82
1.74 0.32 1.77 1.52 4.69
2.26 0.39 2.33 1.52 6.75
3.06 0.47 3.16 1.50 10.55
3.65 0.52 3.75 1.49 13.82
4.24 0.57 435 1.48 17.57
4.72 0.60 476 1.46 20.86
5.20 0.62 5.15 1.44 24.50

2 xcoy, ccoz, ptand AVY correspond to the mole fraction of CO2, molarities of CO2, densities and volume
expansions of the liquid phase, respectively, in the CO2/[Camim][NTfz] system.
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Figure S2. The most stable structures of [CsimH]*—CO2, [Comim] *—CO2, and [NTf2]—CO: complexes
and their stabilization energies. Geometries were optimized at HF/6-311G** level. Stabilization
energies were calculated at MP2/6-311G** level using the optimized geometries. Energy in kcal/mol.

Table S6 The elastic modulus (E), fracture stress (of), fracture strain (As), and fracture energy (Wr) of

IL/SPI membranes.
IL2 E (MPa) ot (MPa) Az (%) Wt (k]J/m3)
AIL 3.1 6.3 194 7098
PIL 2.6 5.3 201 6004

2 ATL:[C2mim][NT£]; PIL:[CsimH][NT£] (IL content : 75 wt%).
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