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Molecular Dynamics Simulation of Thermodynamic Properties
for CO,/Ionic Liquid Systems
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Abstract: Supercritical carbon dioxide and ionic liquids(ILs) are two kinds of green solvents. Supercritical carbon
dioxide can be dissolved in ionic liquids, but ionic liquids cannot be dissolved in supercritical carbon dioxide. COyIL
binary systems, therefore, have many advantages for supercritical carbon dioxide and ILs such as decreasing the
viscosity of ILs and easy phase separations. It is a new kind of coupled green solvent. Its physical chemical properties
are very important for the design of reaction and separation processes. The CO,/IL binary systems (CO,/[bmim][PF]
and CO,/[bmim][NO;]) were selected as model compounds and the thermodynamic properties of these systems were
simulated by molecular dynamics simulation method with available molecular force field parameters and ensembles.
Results show that the ILs expanded only 15% at a CO, molar fraction of 0.5. The diffusion coefficients of CO,/ILs are
much smaller than those of COy/methanol and CO,/ethanol systems. With the content of CO, increasing, the diffusion
coefficients of the ILs increased while their viscosities decreased significantly. These results indicate that CO, can
effectively overcome the shortcomings of ILs that have poor diffusion coefficients and high viscosities. We conclude
that CO, can improve the transport properties of ionic liquid solvent systems and enhanced the reaction and separation
processes in these systems.
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GEMC) )5 #4540, T 1 293-393 K JL N, k1
ik %] 9 MPa I, CO,.CO F1 H, 7E [bmim][PF,] 1 ¥
fif . TR SO 2 0OR ] Widom hr 4 A B T T
CO, 55 AP AR AE 22 Bl mR e 25 8 7 ¥ 1A b 19 3 i
.

P T SR8, 91 7% R ol g el B 2 - 1) 8 Tk 1k
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W5E, B4R CO, 76 ILs 4™ HL R £ AT LA A Hou
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Fig.1 Schematic structure and atom type notations
for 1-butyl-3-methylimidazolium cation (bmim)!'?
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Table 1 Available and proposed force field
models!>*?! for ionic liquids

Model Cation Anion

MMM bmim* PF;

HPLB™! mmim*, emim* CI, PF;
ABSHe? emim*, bmim* AICl;, PF;
MSB!™ bmim* PF;

CLDP"™ amim* PF;, CI", NO;
LHW! dmim*, emim*, bmim* PF;, BF;
MBM™ bmim* PF;, NO;

bmim™*: 1-butyl-3-methylimidazolium; mmim*: 1-methyl-3-
methylimidazolium; emim*: 1-ethyl-3-methylimidazolium; amim*:

1-allyl-3-methylimidazolium; dmim™*: 1-decyl-3-methylimidazolium
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X CO, XN T 135S 50Uk AT R 52
35, W R Y 1%t 45 EPM(elementary physical
model) 2, EPM2 2, EPM2M 2, COMPASS 2, [ &
TraPPE-EHP! /1 3745 . K SC#¥) CO, ] Houndonougbo
eI EPM Uit )1 28, AR 1 5 S 500
2.
1.3 #EHUFE

BT IL 2 F Bk, 46 1L iRl H 100 4~ FH
B 100 A B 8 44 1, COW/IL TR A ¥ W A L
PUUHHE CO, 7E IL HH AR B, 729 L PH S+ 53 5]
g 100 A4~ AL T o, 438, U 100 4B
FH =5 F X Fl 10 ~CO, 7 FARREMF 10% (B IR 43
B, T RHCO, ) IL . AT =2 8] i 7E 4L F1 38
W24 155 nm, A J1>R Al Ewald fin il #40h
FEOr R WIER 5y, NPT REFHR P T 558 R 5,
M5 5 I NVE REEXHE R 4801, 6 NPT R
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Table 2 Nonbond force field parameters for ILs!"?
and CO,*lsystem

Atom S/nm £/(kJ-mol™) qgle
bmim* CR 0.3400 0.3598 —-0.0055
NA(m) 0.3250 0.7113 0.0596
NA(a) 0.3250 0.7113 0.0682
CW 0.3400 0.3598 -0.1426
CW(a) 0.3400 0.3598 -0.2183
H4 0.2511 0.0628 0.2340
H4(a) 0.2511 0.0628 0.2633
H5 0.1782 0.0628 0.2258
CT(m) 0.3400 0.4577 -0.0846
H1 0.2471 0.0657 0.1085
CT(al) 0.3400 0.4577 -0.0153
HI1 0.2471 0.0657 0.0796
CT(a2) 0.3400 0.4577 0.0107
HC 0.2650 0.0657 0.0204
CT(a3) 0.3400 0.4577 0.0309
HC 0.2650 0.0657 0.0157
CT(a4) 0.3400 0.4577 -0.0713
HC 0.2650 0.0657 0.0294
PF; P 0.3742 0.8368 0.7562
F 0.3118 0.2552 -0.2927
NO; N 0.3060 0.3380 0.9500
(0] 0.2770 0.6100 -0.6500
CO, C 0.2757 0.2338 0.6510
(0] 0.3033 0.6691 -0.3255

The letter in parentheses indicates that the atom is located
close to the methyl (m) or alkyl (a) side. £ and 6 represent Lennard-
Jones parameters, which are obtained using the Lorentz-Berthelot
combining rules; and ¢ is the traditional well-depth, & is the distance

between two atoms when the energies of these two atoms are zero.
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Fig.2 Molar volume of ILs as a function of CO, molar
fraction (x) at 313.15 K
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Fig.3 Relative volume expansion (AV) of ILs as a
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Fig.4 Self-diffusion coeffciences (D) of ILs and CO,
in CO,/IL systems as a function of x, at 313.15 K
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