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1-Alkyl-3-methylimidazolium
1-Alkyl-3-methylthiazolium
1-Alkyl-3-methyltriazolium
1-Alkylpyridinium
1-Alkyl-3-methylpyrrolidinium
1-Alkyl-3-methylpiperidinium
Cholinium
1,n-di(3-methylimidazolium)alkyl
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[NTH] Bis(trifluoromethylsulfonyl)amide

[BETI] Bis(perfluoroethylsulfonyl)amide
[PF¢]™ Hexafluorophosphate
[FAP]~ Tris(pentafluoroethyl)trifluorophosphate
[BF4]~ Tetrafluoroborate
[R,SO4]~ Alkylsulfate

[R,SO;]” Alkylsulfonate
[R.R,PO,]~ Alkylphosphate

[Ac]” Acetate

[Lev] Levulinate

[Lac]~ Lactate

[Glyc]” Glycolate

[Mal]~ Malonate

[Gly]” Glycinate

[Pro]~ Prolinate

[Ala]~ Alaninate

[Ser]” Serinate

[mGly]~ Methylglycinate
[SCN]~ Thiocyanate
[N(CN),]~ Dicyanamide
[C(CN);~ Tricyanomethanide
[B(CN)4]~ Tetracyanoborate
[2-CNpyr]~ 2-cyanopyrrolide

[Br]~ Bromide

[CI]” Chloride

[CoClL]* Tetrachlorocobalt
[MnCl4]* Tetrachloromanganese
[GACIs)* Hexachlorogadolinium
[FeCly]~ Tetrachloroferrate



Table S1 Gas permeabilities (P) and permselectivities (a;;) of SILMs having different cations combined with fluorinated anions.

IL Membrane Measurement Gas Permeability (Barrer) Permselectivity (o) Ref.
support conditions PCO, PCH, PN, PH, 0COyCH, aCO,N, aCOyH,
Imidazolium
[C,mim][PFy] Hydrophobic 30 °C, 0.5 bar 171 - 7.6 27.1 - 23 6.3 !
[Comim][PF] PVDF single gas 281 - 10.0 36.1 - 28 7.8
[Csmim][PFy] 370 - 16.6 68.2 - 22 5.4
[C,mim][BF,] Hydrophobic 30 °C, 0.7 bar 390 3.4 9.6 33.7 113 35 11.6 2
[C,ymim][BF.] PVDF single gas 506 72 223 77.1 69 2 6.6
[C,mim][BF,] PES 30 °C, 2 bar 968 - - - 22 44 - 3
[C,mim][CF;S0;] single gas 1171 - - - 18.5 40.5 -
[Comim][NT£] 1702 - - = 12.2 23 -
[Csmim][NTH] 1136 - - = 8.5 15 -
[C,mim][BETI] 991 - - - 9.9 16.7 -
[C,mim][CF;S0;] Hydrophobic 30 °C, 2 bar 486 21.1 14.3 37.2 23.1 34.0 13.1 4
PVDF single gas
[Comim][NT£] Anodic 23°C, 1.15 bar 2640 - - = - 20 - 5
[Csmim][NT£] alumina single gas 1800 - - - - 12 -
Thiazolium
[C,mthiaz][NTH] PES 25°C, 0.35 bar 362 - - - - 28 - 6
[B,mthiaz][NT£] single gas 235 - - - - 21 -
[C5H,0,mthiaz][NT£] 248 - - - - 18 -



[C,HsOmthiaz][NTf,]
[C,Hs0C,mthiaz][NTf]
[C,HsOB,mthiaz][NTf;]
Triazolium
[i-Csmtriaz][NTf;]
[Csmtriaz][NTf]
[Cymtriaz][NTf]
[Cemtriaz][NT1;]
[Cgmtriaz][NTT;]
Pyridinium
[B,py][NTL]
[B,2mpy][NTL]
[B,3mpy]|[NTf]
[BAmpy|[NTf]
[Compy][(PFOC)SO;]

Pyrrolidinium

[Ciompyr][NTH]

[B,mpyr][NT£,]

Phosphonium

PES

Hydrophobic
PTFE

PES

Hydrophobic
PVDF

Hydrophobic
PTFE

25°C, 0.35 bar
single gas

25°C, 0.35 bar
single gas

20 °C, 0.75 bar
single gas

20 °C, 1 bar
single gas
25°C, 0.35 bar
single gas

284
435
96

641
786
483
804
859

518
358
446
496
897

340

280

135

24.2

18.4
10.8
20.3
21.9
73

12.0

11.0

6.6

14.0

25
36
12

24
28
22
22
17

279
33.1
22.0
22.6
12.3

28.4

25.5



[Pa14ys66] [NTE;] Glass fiber 30 °C, 0.055 bar 689 169 64 - 4.1 11 -

single gas
Ammonium
[Ny ][NTH] Glass fiber 30°C 831 63 41 = 13 21 -
[Nigy111]INTE] 0.11 bar 943 102 46.2 - 9.2 20 -
[NeoJINTE] single gas 800 105 53.9 - 7.6 11 -
[Nayi13][NTH] 724 69 - = 11 - -
[Nio)113][NTH] 619 74 44 = 8.4 14 -
[Naoy13][NTH] 633 114 68 = 5.5 9.4 -
[N(1y44s] [NT£] 524 69 35 = 7.6 15 -
[N(1ysss] [NTH] 619 139 55 = 45 11 -
[Ni6p22][NTH] 630 64 32 = 9.8 20 -
[N4sus][(PFOC)SO;] PES 20 °C, 0.75 bar 649 96 56 = 6.7 11.6 -
single gas
Ring-opened
[(N1,).CH][NTH,] Anodic 25°C, 0.35 bar 1882 - 66 = - 28 -
[(N11):N][NT£] alumina single gas 1777 = 61 = = 29 -

Table S2 Gas permeabilities (P) and permselectivities (o) of SILMs having functionalized groups attached to the imidazolium cation.



Membrane Measurement Gas Permeability (Barrer) Permselectivity ((li/j)

- support conditions PCO, PCH, PN, PH, 0CO,/CH, aCOyN, aCOyH, Ret

Aminoalkyl groups

[H,NC3mim][NTf] Cross-linked 37-95°C, 1bar 100-1000 - - - - - 04-14 13
Nylon 66 Mixed gas

[H,NC3mim][NT#£,] Hydrophilic 25 °C, 0.1 bar ~500 ~11 - - ~45 - - 14

[H,NC3mim][CF;S0;] PTFE Mixed gas ~900 ~26 - - ~35 - -

Fluoroalkyl groups

[C,Fsmim][NT£] PES 23 °C 320 17 12 - 19 27 - 15

[CsFomim][NT£] I bar 280 17 14 - 17 21 -

[CF smim][NTH] Single gas 210 16 13 - 13 16 -

Etoxyalkyl groups

[C;H,Omim][PFq] Hydrophobic 25°C 133 - 4 15 - 36 9 16

[CsHyOmim][PFg] PVDF 1.2 bar 93 - 5 18 - 20 5

[C¢H,30,mim][PF¢] Single gas 126 - 3 17 - 37 7

[CsH,;,0smim][PF¢] 109 - 3 16 - 34 7

Geminal

C;3[mim],[NT1 ], alumina 27°C, 0.3 bar 190 7 - — 27 - - 17

Co[mim]o[NTH] single gas 230 14 - - 16 - -

Table S3 Gas permeabilities (P) and permselectivities (o,;) of SILMs containing different anions.



IL Membrane Measurement Gas Permeability (Barrer) Permselectivity (o) Ref.
support conditions PCO, PCH, PN, PH, «COyJCH, «COyN, o COyH,

Halogen

[P14y666][Br] Hydrophobic 30 °C, 2 bar 637 76.5 15.3 92.6 8.32 41.5 6.87 4
PVDF single gas

Phosphates

[Cimim][C,C,PO,] Hydrophobic 30 °C, 2 bar 127 15.6 11.6 19.9 8.1 10.9 6.4 4
PVDF single gas

[P2444][C2C,PO,] Glass fiber 30 °C, 0.055 bar 453 90 31 — 5.0 15 - 10

single gas
Sulfonate
[P(14y444][DBS] Glass fiber 30 °C, 55 mbar 232 69 14 - 3.4 16 - 10
single gas

Sulfates

[C,mim][C;SO,] Hydrophilic 20 °C, 1 bar 111 3.49 1.59 — 31.7 69.4 - 18

[C,mim][C,SO,] PTFE Single gas 157 7.38 3.06 _ 21.2 51.3 -

Carboxylates

[P(4ys66][Dec] 487 65.1 11.3 86.6 7.5 43.1 5.6 4

[Comim][Ac] Hydrophobic 25°C, 0.45 bar 879 - 26.1 — - 33.7 - 19

[Camim][Ac] PVDF single gas 852 - 24.6 _ - 34.6 _

[C,mim][Ac] Hydrophilic 20 °C, 1 bar 118 7.26 3.25 — 16.3 36.4 - 20

[C,mim][Lac] PTFE Single gas 55 3.13 127 - 17.6 43.4 -



[Ch][Mal]
[Ch][lev]
[Ch][Gly]
[Ch][Lac]
[N(4)222][malonate]
[Ny22][maleate]
Amino Acids
[P4444][Gly]
[Pusas][Ala]
[Pa444][Ser]
[P4444][Pro]
[Paaa4][Pro]
Magnetic
[Pays66)2 [CoCly]*
[P14y666] [FeCly]

[P(14)666]2+[MHC14]2'

[P(14)666]3+[GdC16]3_
Cyano
[Comim][N(CN); ]

[Paaysss [IN(CN).]

[(N111)2N]J[C(CN);]

Hydrophilic
PTFE

PES

Hydrophilic
PTFE

Hydrophobic
PVDF

Hydrophilic
PVDF

Glass fiber

Anodic
alumina

20°C, 1 bar
Single gas

40 °C, 0.1 bar

Saturated gas

100 °C, 0.1 bar
Mixed gas
RH=0%

RH =20%

25 °C, 0.45 bar
single gas

30°C, 2 bar
single gas
30 °C, 0.055 bar
single gas

25°C, 0.35 bar

2 0.09
18 0.84
6 0.16
7 0.33
2147 -
2840 -

~5000
~7000
~2000
~10500 -
~40000 -

147 -
259 -
203 -
176 -

1237 -

514 108

1760 -

10

0.05
0.43
0.11
0.16

~100
~120
~60
~150
~200

6.3
10.7
4.9
5.7

36

39

24.1
21.0
33.9
21.7
198
221

23

4.8

39.1
413
50.1
46.2
178
265

~50
~60
~35
~70
~200

232
24.2
41.2
30.8

57

14

45

21

22

23

24



[Comim][B(CN),]
[Csmim][B(CN)4]
[C4mpyr][B(CN),]
[C4mpip][B(CN)4]
[Comim][SCN]
[Comim][N(CN),]
[Comim][C(CN)s]
[Comim][B(CN),]

Anion Mixtures
[Comim][NTf;]o5[Ac]os
[Comim][NTf>]os[Lac]os
[Comim][NTf]o s[N(CN)2Jo.s
[Comim][NTf;]o s[SCN]o5
[Comim][C;SO4]0s[SCN]o.s
[Comim][C;S04]o5s[N(CN)2]os
[Comim][C;SO4]0s[C(CN)s3]os
[Comim][C,S04]0.5[B(CN)alos
[C;mim][SCN]os[N(CN)-]oss
[Comim][SCN]os[C(CN)s]os
[C;mim][SCN]os[B(CN)4]o.5

PES

Hydrophilic
PTFE

Hydrophilic
PTFE

single gas
25°C, 0.35 bar
single gas

20 °C, 1 bar
Single gas

20 °C, 1 bar
Single gas

2040
1755
1633
961
263
476
667
742

336
265
589
516
142
207
346
373
324
332
445

12.1
20.7
34.4
39.0

18.9
14.6
30.9
25.7
6.88
8.57
18.5
18.3
14.7
16.2
23.0

38
44
44
26

4.65

7.03

11.7

15.1

10.0
7.20
14.1
14.1
2.29
3.56
7.38
7.20
5.29
5.78
8.71

21.8
23.0
19.4
19.1

17.7
18.2
19.1
20.1
20.6
24.1
18.7
20.3
22.1
20.5
19.4

53
40
38
37
56.6
67.8
57.0
49.0

334
36.8
41.8
36.6
61.7
58.2
46.9
51.8
61.2
57.4
51.1

25

18

20

18

11
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