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Table S1: Force field parameters used. For atom notations, please refer to Fig. S1.

Bond Parameters

Bond K, (kJ mol'A?) 10(A)  Bond K, (kJ mol'A?) ro(A)

[N-EtFOSA]?

CT-HC? 1422.56 1.090 N-S 1815.86 1.670
CT-CT* 1297.04 1.526  S-O 2928.80 1.441
CT-H1* 1422.56 1.090 S-CF° 985.00 1.818
CT-N* 1410.00 1.480 CF-F 1535.53 1.350
N-H* 1716.28 1.018 CF-CF 1121.30 1.550
[TMG]+ [23]
CT-H1 1464.40 1.085 CA-N 1464.40 1.332
N1-CT 1255.20 1.467 N-H 2050.16 0.995
CA-N1 1464.40 1.330
[BMIM]
CT-H1 2845.00 1.080 CW-H4  2845.00 1.080
CT-NA 2820.00 1.467 CR-H5 2845.00 1.080
CW-NA 3574.00 1381 CT-CT 2242.00 1.528
CR-NA 3992.00 1315 CT-HC 2845.00 1.090

CW-CW 4352.00 1.340



[Ac] ¥, [PFe] 24, [NO3] 2, [BF,] P and CO,*

C-02 1553.69 1.264 N-O 5307.00 1.227
C-CT 727.56 1.535 B-F 1213.36 1.392
C-HC 882.99 1.094 C.-Oc - 1.149
P-F 3100.00 1.605

Angle Parameters

Angle Ko (kJ mol'rad?) 0o(deg)  Angle K (kJ mol'rad?) 0o (deg)
[NEtFOSA]®
H-CT-H* 146.44 109.5 N-S-CF° 408.00 100.2
CT-CT-H? 209.20 109.5 0-S-0 435.14 119.0
CT-CT-N° 334.72 109.7  O-S-CF° 435.00 102.6
H1-CT-N° 209.20 109.5  S-CF-CF® 261.08 111.9
CT-N-H° 209.20 118.0  S-CF-F° 347.00 111.8
CT-N-S 209.20 120.0  CF-CF-F 209.20 109.5
H-N-S 230.12 111.0  F-CF-F 322.17 109.1
N-S-O 502.08 107.0  CF-CF-CF 244.14 112.7
[TMG]+[23]
H1-CT-HI1 154.81 108.9 NI1-CA-NI 292.88 121.9
N1-CT-H1 217.57 110.0 N-CA-N1 309.62 119.0
CT-N1-CT 292.88 1150 CA-N-H 209.20 121.5
CA-N1-CT 209.20 121.9 H-N-H 108.78 117.0
[BMIM]* 22
H1-CT-HI1 276.10 107.8 CR-NA-CW 585.80 108.5
H1-CT-NA 313.80 110.7 CW-CW-H4 292.90 130.9
CT-NA-CR 585.80 1264 CT-CT-NA 488.30 112.7
CT-NA-CW 585.80 125.6 CT-CT-HI 313.80 110.7
NA-CW-H4 292.90 122.0 CT-CT-CT 488.30 112.7
NA-CW-CW 585.80 107.1 CT-CT-HC 313.80 110.7
NA-CR-H5 292.90 125.1 HC-CT-HC 276.10 107.8
NA-CR-NA 585.80 109.8

[Ac] #, [PFe] ¥, [NOs] ¥ and [BF,]

02-C-02 561.91 1249 F-P-F 1165.0 90.0
02-C-CT 592.04 117.6  O-N-O 1011.0 120.0
C-CT-HC 450.23 109.5 F-B-F 669.5 109.5
HC-CT-HC 139.33 106.8



Dihedral Parameters

Dihedral Vo(kImol)  Vi(kIimol")  Vy(kImol")  Vi(kImol")  V,(kJmol")
[NEtFOSA]?*
HC-CT-CT-H1? 0.000 0.000 0.000 1.255 0.000
HC-CT-CT-N° 0.000 0.000 0.000 1.941 0.000
CT-CT-N-H 0.000 0.000 0.000 0.000 0.000
CT-CT-N-S -0.368 12.255 -10.598 2.079 0.000
H1-CT-N-H 0.000 0.000 0.000 0.000 0.000
H1-CT-N-S 0.502 5.669 -6.096 0.623 0.000
CT-N-S-O 0.000 0.000 0.000 0.000 0.000
CT-N-S-CF¢ 0.000 -19.682 -32.267 8.819 16.954
H-N-S-O 0.000 0.000 0.000 0.000 0.000
H-N-S-CF* 0.000 0.000 9.205 0.000 0.000
N-S-CF-F¢ 0.000 0.000 0.000 1.322 0.000
N-S-CF-CF¢ 0.000 -12.016 0.000 5.113 3.539
O-S-CF-F° 0.000 0.000 0.000 1.451 0.000
O-S-CF-CF 0.000 0.000 0.000 0.000 0.000
S-CF-CF-F° 0.000 0.000 0.000 1.464 0.000
S-CF-CF-CF! 0.000 -27.367 -4.527 8.192 0.000
F -CF -CF —F 0.000 -10.460 0.000 1.046 0.000
CF-CF-CF-F 0.000 1.255 0.000 1.674 0.000
CF-CF-CF-CF 0.000 27.706 3.966 -5.807 -8.862
[TMG]+ [23]
CT-NI1-CT-H1 0.000 0.000 0.000 1.372 0.000
CA-N1-CT-H1 0.000 0.000 0.000 0.000 0.000
NI1-CA-N1-CT 0.000 0.000 23.430 0.000 0.000
N-CA-N1-CT 0.000 0.000 23.430 0.000 0.000
NI1-CA-N-H 0.000 0.000 14.364 0.000 0.000
[BMIM]"
H1-CT-NA-CR 0.000 0.000 0.000 0.000 0.000
H1-CT-NA-CW 0.000 0.000 0.000 0.519 0.000
X-CR-NA-X 0.000 0.000 19.460 0.000 0.000
X-CW-NA-X 0.000 0.000 12.550 0.000 0.000
X-CW-CW-X 0.000 0.000 44.980 0.000 0.000
CW-NA-CT-CT 0.000 -7.154 6.106 0.759 0.000
CR-NA-CT-CT 0.000 -5.269 0.000 0.000 0.000
NA-CT-CT-CT 0.000 -7.480 3.164 -1.203 0.000
NA-CT-CT-HC 0.000 0.000 0.000 0.367 0.000
CT-CT-CT-CT 0.000 7.280 -0.657 1.167 0.000
CT-CT-CT-HC 0.000 0.000 0.000 1.531 0.000
HC-CT-CT-HC 0.000 0.000 0.000 1.331 0.000



[Ac] &

HC-CT-C-02 6.694 0.000 0.669 0.000
Nonbonded Parameters
atom ID gi(kI mol™") o (A) atom ID gi(kImol") oy (A)
[NEtFOSA]?
CT 0.4577 3.399 S 1.0460 3.550
HC 0.0657 2.650 0] 0.7113 2.960
H1 0.0657 2471 CF 0.2761 3.500
N 0.7113 3.250 F 0.2218 2.950
H 0.0660 1.069
[TMG]" %]
CA 0.3598 3.399 CT 0.4577 3.399
N 0.7113 3.250 Hl1 0.0657 2.471
N1 0.7113 3.250 H 0.0657 1.069
[BMIM]* 22
HC 0.1255 2.500 CT 0.2761 3.500
H1 0.1255 2.500 CR 0.2929 3.550
H4 0.1255 2.420 Cw 0.2929 3.550
H5 0.1255 2.420 NA 0.7113 3.250
[Ac] #, [PFe] ¥, [NOs] ¥4, [BF,] ¥, [CI] ¥ and CO,
02 0.8786 2.960 On 0.6100 2.770
C 0.3598 3.399 B 0.3975 3.581
CT 0.4577 3.399 Fg 0.2552 3.118
HC 0.0657 2.650 Cl 0.8300 3.650
P 0.8368 3.740 Ce 0.2340 2.757
Fp 0.2552 3.118 O, 0.6690 3.033
N 0.3380 3.060

Fp: Fluorine in [PF¢] ; On: Oxygen in [NOs] ; F: Fluorine in [BF4] ; and ¢ stands for
CO,. Atomic charge on chloride is set to -1.

“From AMBER parameter set: a) W. D. Cornell, P. Cieplak, C. I. Bayly, I. R. Gould, K.
M. Merz, D. M. Ferguson, D. C. Spellmeyer, T. Fox, J. W. Caldwell, P. A. Kollman, J.
Am. Chem. Soc. 1995, 117, 5179-5197. b) J. Wang, R. M. Wolf, J. W. Caldwell, P. A.

Kollman, D. A. Case, J. Comput. Chem. 2004, 25, 1157-1174.

°From OPLS parameter set: W. L. Jorgensen, D. S. Maxwell, J. Tirado-Rives, J. Am.

Chem. Soc. 1996, 118, 11225-11236.

‘From Ref. 22.

Developed in this work.



Table S2: Comparison of simulated crystal structure of N-EtFOSA with experimental
data from the Cambridge structural database (Lehmler, H. J.; Rama Rao, V.V.V.N.S,;
Nauduri, D.; Vargo, J. D.; Parkin, S.; J. Fluorine Chem. 2007, 128, 595-607). The
objective of the simulations was to test the performance of the force field in predicting
both the crystal density and its structural properties, such as the dimensions and director
angles of the crystalline unit cell. A similar simulation protocol, as prescribed by Padua
and coworkers, was followed.”> The liquid-state properties could not be compared due to

the unavailability of experimental data.

Formula CszNHSOngFn
Molecular mass 527.22
Crystal system Triclinic
Space group P-1
Molecules/box 48
Stacked cells 4x3x1
T/K 90

Cut off/A 12.0
Molecules/cell 4

Aexp/ A 6.341
asim/ A 6265
bexy/ A 9.567
bsim/ A 9 1 80
Cexpl A 28.230
Csim/ A 28.476
Oexp/deg 88.579
asim/deg 90.0
Pexp/deg 85.758
Psim/deg 90.0
Yexp/deg 87.348
Vsim/deg 90.0
Vesp/ A’ 1705.69
Viid A’ 1636.54
Pexp/g €M™ 2.053
Psim/g cm” 2.139
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Figure S1: Atom-centered point charges on surfactant and IL ions. (a) N-EtFOSA (b)
[TMG]" (c) [BMIM]" (d) Ac (e) PFs (f) NOs (g) BF; (h) CO;.



Figure S2. Time evolution of the ternary mixture of [TMG][Ac]/N-EtFOSA/CO, at W, =
0.4. Snapshots are taken at (a) 0 ns (b) 0.5 ns (c) 30 ns (d) 70 ns (e) 120 ns and (f) 200 ns.

Color scheme: red, cations; blue, anions; green, surfactants; white dots, C of CO,. In (b) -

(f), CO; is omitted for clarity.



Figure S3. Time evolution of the ternary mixture of [TMG][Ac]/N-EtFOSA/CO, at W,=
1.2. Snapshots are taken at (a) 0 ns (b) 0.3 ns (c) 20 ns (d) 70 ns (e) 100 ns and (f) 200 ns.

Color scheme: red, cations; blue, anions; green, surfactants; white dots, C of CO,. In (b) -

(f), CO; is omitted for clarity.
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Figure S4. Radial distribution functions for the [TMG][Ac] — surfactant pairs in
[TMG][Ac]/N-EtFOSA/CO2 systems with (a) Wo = 0.4 and (b) Wo = 1.2. Solid line:
anion — headgroups, dashed line: cation - headgroups. The site-site distribution functions

with maximum intensity in each category are compared.
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