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S1 Calculation for pure IL density
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Fig. S1 Correlation results for the density of [hmim][Tf>N]. Symbols: O, 273 K; A, 293 K;
0,313 K; V, 333 K; <, 353 K; <, 373 K; >, 393 K; %, 413 K.! Lines: ¢"-mod SL-EoS.
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Fig. S2 Correlation results for the density of [dmim][Tf>N]. Symbols: O, 293 K; A, 298 K;

0,303 K; V, 313 K; ©, 333 K; <, 353 K; >, 373 K; %, 393 K.% Lines: ¢ -mod SL-EoS.
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Fig. S3 Correlation results for the density of [emim][FAP]. Symbols: O, 293 K; A, 303 K; o,
313K; V, 323 K; ©, 333 K; <, 343 K.? Lines: ¢ -mod SL-EoS.
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Fig. S4 Correlation results for the density of [hmim][FAP]. Symbols: O, 293 K; A, 303 K; o,
313K; V, 323 K; <, 333 K; <, 343 K.? Lines: ¢"-mod SL-EoS.



S2 Calculation for pure IL viscosity
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Fig. S5 Correlation results for viscosity of [hmim][Tf2N]. Symbols: O, 283.15 K; A, 298.15
K; o, 323.15K; V, 348.15 K.* Lines: FVT + ¢"-mod SL-EoS.
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Fig. S6 Correlation results for viscosity of [dmim][Tf2N]. Symbols: O, 298.15 K; A, 323.15
K; o, 343.15 K3 Lines: FVT + ¢"-mod SL-EoS.
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Fig. S7 Correlation results for viscosity of [emim][FAP]. Symbols: O, 303.15 K; A, 318.15
K; o, 323.15K; V, 333.15 K. Lines: FVT + ¢"-mod SL-EoS.
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Fig. S8 Correlation results for viscosity of [hmim][FAP]. Symbols: O, 303.15 K; A, 318.15
K; o, 323.15 K; V, 333.15 K.6 Lines: FVT + ¢"-mod SL-EoS.



S3 Calculation for CO: solubility
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Fig. S9 Correlation results for COz solubility in [hmim][Tf>N]. Symbols: O, 298.15 K; A,
323.15K; 0, 343.15 K. Lines: FVT + &"-mod SL-EoS.
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Fig. S10 Correlation results for CO; solubility in [dmim][Tf2N]. Symbols: O, 298.15 K;’ e,

298.15K;® A, 323.15K;” A, 323.15K;* 0, 343.15 K. Lines: FVT + ¢"-mod SL-EoS.
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Fig. S11 Correlation results for CO> solubility in [emim][FAP]. Symbols: O, 303.15 K; A,
313.15K; 0, 323.15 K; V, 343.15 K. Lines: FVT + ¢"-mod SL-EoS.
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Fig. S12 Correlation results for CO> solubility in [hmim][FAP]. Symbols: O, 298.15 K; A,
313.15K; [, 333.15 K.'? Lines: FVT + ¢"-mod SL-EoS.



S4 Viscosity of IL + CO2 mixtures using # determined by correlation
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Fig. S13 Prediction and correlation results for the viscosity of the [hmim][TfHN] + CO>
mixture. Symbols: O, 298.15 K; A, 323.15 K; o, 343.15 K.!! Dashed lines: Prediction with
FVT + &-mod SL-EoS (8 = 0). Solid lines: Correlation with FVT + ¢"-mod SL-EoS (S # 0).
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Fig. S14 Prediction and correlation results for the viscosity of the [dmim][TfN]+ CO>
mixture. Symbols: O, 298.15 K; A, 323.15 K; o, 343.15 K.!! Dashed lines: Prediction with

FVT + &"-mod SL-EoS (f = 0). Solid lines: Correlation with FVT + ¢"-mod SL-EoS (8 # 0).
8



a1
o

— 40
v
(¢
(al
= 30
>
% 20
(@]
> 10
0 N 1 N 1 N 1 N 1 N
0 0.2 0.4 0.6 0.8 1
X' [mol/mol]

Fig. S15 Prediction and correlation results for the viscosity of the [emim][FAP] + CO mixture.
Symbols: O, 293.15K; /', 313.15K; 0, 323.15 K; V, 333.15 K; <, 343.15 K.® Dashed lines:

Prediction with FVT + &*-mod SL-EoS (8 = 0). Solid lines: Correlation with FVT + ¢"-mod
SL-EoS (B # 0).
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Fig. S16 Prediction and correlation results for the viscosity of the [hmim][FAP] + CO2 mixture.

Symbols: O, 293.15K; /', 313.15K; 0, 323.15 K; V, 333.15 K; <, 343.15 K.® Dashed lines:

Prediction with FVT + ¢"-mod SL-EoS (8 = 0). Solid lines: Correlation with FVT + &"-mod
SL-EoS (B # 0).



SS Viscosity of IL + CO:2 mixtures using f predicted by solubility parameters
The solubility parameters were calculated based on the following method with
reference to the literature.'? The solubility parameter of CO, 8co,, was calculated using the

Span and Wagner equation'® and following equation (Eq. (S1)).

1

5co, = (p- (0°G°, 1) = 0o, )) (s

The U° represents the internal energy in the ideal gas state at p =0.1kg/m?, and U represents
the internal energy at the temperature and pressure of the system.

The method for calculating the solubility parameter of the ionic liquid, &y, is as
follows. First, the critical constants and acentric factor of the ionic liquid were calculated using
the group contribution method by Valderrama.'* Then, these values were applied to the Pitzer
correlation to determine the enthalpy of vaporization AH.!'> The molar volume V,, was
calculated using the molar mass and the density at 298 K and 0.1 MPa. Finally, these parameters
were substituted into Eq. (S2) to calculate &yy..

o = (M)% (52)

10



x' [mol/mol]

Fig. S17 Contribution of “l- pnix 7 (Dashed lines) and “ Bx’” (Solid line) of
[hmim][Tf2N] + CO2 mixture. Lines; blue, 298.15 K; black, 323.15 K; red, 343.15 K.
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Fig. S18 Contribution of “l1- pnix 7 (dashed lines) and “ Bx" > (solid lines) of
[dmim][Tf2N] + CO2 mixture. Lines; blue, 298.15 K; black, 323.15 K; red, 343.15 K.
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Fig. S19 Contribution of “1- g, (dashed lines) and “Bx" (solid line) of [hmim][FAP] + CO»
mixture. Lines; blue, 303.15 K; black, 323.15 K; red, 343.15 K.
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Fig. S20 Prediction results using solubility parameters for the viscosity of

[emim][T2N] + CO2 mixture. Symbols: (0, 298.15K; A, 323.15K; 0, 343.15 K”; A, 323.15
K.° Solid lines: Prediction with FVT + ¢"-mod SL-EoS.
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Fig. S21 Prediction results using solubility parameters for the viscosity of
[hmim][Tf:N] + CO, mixture. Symbols: O, 298.15K; A, 323.15K; 0, 343.15 K.!! Solid lines:
Prediction with FVT + ¢"-mod SL-EoS.
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Fig. S22 Prediction results using solubility parameters for the viscosity of

[dmim][Tf:N] + CO, mixture. Symbols: O, 298.15K; A, 323.15K; 0, 343.15 K.!! Solid lines:
Prediction with FVT + &"-mod SL-EoS
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Fig. S23 Prediction results using solubility parameters for the viscosity of [emim][FAP] + CO2

mixture. Symbols: O, 293.15K; ,313.15K; 0, 323.15K; V, 333.15 K; <, 343.15 K.® Solid
lines: Prediction with FVT + ¢"-mod SL-EoS.
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Fig. S24 Prediction results using solubility parameters for the viscosity of [hmim][FAP] + CO»

mixture. Symbols: O, 293.15K; ,313.15K; 0, 323.15K; V, 333.15 K; <, 343.15 K.® Solid
lines: Prediction with FVT + ¢"-mod SL-EoS.
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