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Table 1 Force field parameters for gases
Gas Charge (¢) o;/nm &;/kJ-mol” Bond length (nm)
A" Ar 0 0.3410 0.9939
CH™ C -0.600  0.3207 0.251
H 0.165  0.2744 0.042
C—H 0.1090
I\ N 0 0.3310 0.2993
N—N 0.1090
o, (6] 0 0.3030 0.4016
0—O 0.1210
co®  C 0.6512  0.2757 0.2339
(6] -0.3256  0.3033 0.6693
Cc—O 0.1162
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Table 2 Effect of different insertions of the solutes on the simulation results

90000 times 200000 times
System T/K
p/kI-mol™ Ky /MPa p/kJ-mol’ K/ MPa
O, --[bmim][BF,] 298 7.02 222 7.00 220
O, --[bmim][BF,] 323 7.85 260 7.76 251
COy---[bmim][BF,] 298 -1.53 7.0 -1.67 6.6
COy:--[bmim][BF,] 323 -0.56 11.3 -1.11 9.2

Ky:Henry's constant
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Table 3 Henry's constants of gases in [bmim][BF,] and

[bmim][PF,] at different temperatures

Ky / MPa
T/K
Ar N, 0, CH, CO,
in [bmim][BF,]
298 156 572 220 179 6.6
323 185 598 251 201 9.2
345 231 715 322 280 18
in [bmim][PF]
298 85 272 119 76 1.4
323 92 265 129 84 2.3
345 121 334 162 129 7.7
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360 3;0 3é0 3;0 450 4;0 4é0
T/K
E1 FRERET CO, SEE[bmim]|[BF,|HEAMEE
Fig.1 The solubilities of CO, in [bmim][BF,] at
different temperatures

a) experimental values from Ref.[11], b) this work,

¢) simulated results from Ref.[14]
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Fig.2 The solubilities of CO, in [bmim][PF;]
at different temperatures
a) experimental values from Ref.[10], b) this work, ¢) simu-

lated results from Ref.[14], d) simulated results from Ref.[15]
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A, N o o
Gas
B 3 298 K ES{&7E[bmim][PF| AR E T EE
K ER LR
Fig.3 Solubilities of 5 gases in [bmim][PF¢] from
simulation and experiment at 298 K
(O) this work, (@) exp. from Ref.[13]
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Table 4 Simulation results of gases in different ionic liquids at 298 K

[bmim][BF,] [bmim][Tf,N] [omim][BF,] [omim][PF]
Gas w/kI'mol”  Ky/MPa pu/ki-mol” Ky/MPa pu/kJ-mol” Ky / MPa w/kJ-mol™ Ky / MPa
Ar 6.14 156 527 75 4.76 67 4.77 63
N, 9.37 572 8.25 248 7.40 196 743 185
0O, 7.00 220 5.72 39 4.96 73 5.03 70
CH, 6.48 179 4.42 53 3.07 34 3.19 33
CO, -1.67 6.6 -3.01 2.6 —4.70 1.5 -4.16 1.7
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Molecular Dynamics Simulation of Gas Solubility in Room Temperature lonic Liquids”

WU, Xiao-Ping  LIU, Zhi-Ping =~ WANG, Wen-Chuan
(Division of Molecular and Materials Simulation, Key Laboratory of Nanomaterials, Ministry of Education, Institute of Chemical

Engineering, Beijing University of Chemical Technology, Beijing 100029)

Abstract The solubilities of five gases, CO,, Ny, Os, Ar and CH,, in room temperature ionic liquids were studied
by Widom test-particle insertion method. A number of 200000 insertions of the solute was decided. The solubility
of CO; in 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim][BF,]) obtained in this work is superior to that of
Padua et al. As for CO; in 1-butyl-3-methylimidazolium hexafluorophosphate ([bmim][PF]), the result in this work
is similar to previous studies. Furthermore, the solubilities of CO, in [bmim][BF,] and [bmim][PF] at high tem-
peratures were predicted. The experimental relative solubility order for the 5 gases in  [bmim][PF,] is reproduced by
simulation. In addition, the solubility of 5 gases in different ionic liquids shows that it is bigger in ionic liquids
with long alkyl chain or with bis((trifluoromethyl)sulfonyl)amide anion than in [bmim][BF,].

Keywords: Room temperature ionic liquid, Molecular dynamics simulation, Test-particle insertion method,
Gas solubility
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