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Table 1 Interaction energy and minimum value of CO, and ILs in CO,-ILs system

(location 1)

CO,-ILs
[EMIM]"[X]~ -
AE/(Kcal » mol™) Dy co, /A
Br -7.20 2.85
cl -1.22 2.35
CH,CO0 -9.16 2.24
PF, -0.89 2.95
(location 2)
CO,-ILs
[EMIM]"[X]~ -
AE/(Kcal - mol™) Dy co,/ A
Br -2.56 1.73
cl -8.54 1.81
CH,CO0 -3.08 1.82
PF, -0.93 1.89
(location 3)
) CO,-ILs
CEMIMTEX AE/(Keal + mol™) Dy.co,/ A
Br -1.19 2.28
Cl -3.01 1.67
CH,CO0 -9.24 2.60
PF, -1.04 2.84

FE[EMIM] [ CH,COO R R, 24 CO,5E 4B
BN S22 EETHEEN, X2HPEF T
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Fig.4 The optimized structure of confined ILs and the minimum distance of the interaction( A)
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% 2 CO,-ILs/SiO, R & CO, 5 ILs/Si0, M E/E e E/E AR/IME
Table 2 Interaction energy and minimum value of CO, and ILs/Si0, in CO,-1Ls/Si0O, system

location 1

C0,-1Ls/Si0,

EMIM ][ X]~
[ X AE/(Kcal + mol™) Dn,(;oz/;\
CH,COO0 12.33 3.17
PF, -21.66 2.25
location 2
CO,-1Ls/Si0,
[EMIM]*[X]~
AE/(Kcal + mol™) DIL-COZ/A
CH,CO0 14.96 3.26
PF, -24.19 2.13
location 3
[EMIM]*[X]" CO0,-1Ls/Si0,
AE/(Kcal + mol™") Dnr(:oz/A
CH,CO0 12.41 3.11
PF; -23.78 2.21
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Table 3 Change in charge value of two ionic liquids

Atom Initial CO,-1Ls CO,-ILs/Si0, Atom Initial CO,-1Ls CO,-1Ls/Si0,
0, -0.509 -0.641 -0.542 0, -0.509 -0.522 -0.577
0, -0.509 -0.515 -0.547 0, -0.509 -0.513 -0.569
0, -0.776 -0.781 -0.796 O -1.273 -1.273 -1.766
0, -0.801 -0.804 -0.801 O, -1.273 -1.273 -1.479
0, -1.273 -1.273 -1.489 H, 0.298 0.297 0.326
O -1.273 -1.273 -1.567 H, 0.236 0.251 0.277
H, 0.319 0.351 0.317 H, 0.246 0.252 0.281
H, 0.316 0.328 0.315 Si, 1.876 1.876 2.587
H, 0.283 0.296 0.282 Si, 1.876 1.876 2.347
Si, 1.876 1.876 2.134 P 2.746 2.743 2.766
Si, 1.876 1.876 2.199 F -0.631 -0.622 -0.935

25 3 F
I Initial state B Initial state
201 @ CO,~[EMIM] [CH,COO] Bl CO,~[EMIM] [PF,]
B CO,-[EMIM] [CH,COOV/SiO, Bl CO,-[EMIM] [PF.J/SiO,
15 2
1.0
5 00 ]
O [S2)
~05
-1.0
-1
-15
Ol 02 03 04 05 06 HI H4 H6 Sil Si2 01 02 05 06 H1 H5 H7 Si2 P F
Atom Atom
location 1

Atom Initial CO,-ILs CO,-1Ls/Si0, Atom Initial CO,-ILs CO,-1Ls/Si0,
0, -0.509 -0.521 -0.513 0, -0.509 -0.511 -0.675
0, ~0.509 -0.515 -0.532 0, ~0.509 ~0.501 ~0.686
0, -0.776 -0.781 -0.778

O, -1.273 -1.273 -1.797
0, -0.801 -0.804 -0.801
0, 1273 1273 ~1.499 O -1.273 -1.273 —1.455
O -1.273 -1.273 -1.523 H, 0.276 0.289 0.319
H, 0.302 0.311 0.303 H, 0.274 0.278 0.307
H, 0.279 0.281 0.284 Si, 1.876 1.876 2.513
H 0.231 0.232 0.282 .

Si, 1.876 1.876 2.299
H, 0.295 0.307 0.296
Si, 1.876 1.876 2.179 P 2751 2.751 2.649
Si, 1.876 1.876 2.201 F -0.670 -0.661 -0.994
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25 3 F
Il Initial state Il Initial state
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location 2
Atom Initial CO,-ILs CO,-1Ls/Si0, Atom Initial CO,-ILs CO,-1Ls/Si0,
0, -0.509 -0.654 -0.514 0, -0.509 -0.521 -0.688
0, -0.509 -0.537 -0.543 0, -0.509 -0.506 -0.674
0 -0. -0. -0.
3 0.793 0.789 0.766 0, ~1.273 -1.273 ~1.781
0, -0.806 -0.806 -0.803
O -1.273 -1.273 -1.476
O -1.273 -1.273 —1.489
H, 0.284 0.289 0.324
O, -1.273 -1.273 -1.567
H, 0.269 0.278 0.301
H, 0.263 0.274 0.264
Si 1.876 1.876 2.618
H, 0.262 0.26 0.254 "
H, 0274 0277 0.269 Si, 1.876 1.876 2.215
Si, 1.876 1.876 2.177 p 2.751 2.751 2.615
Si, 1.876 1.876 2.256 F -0.672 -0.664 -0.981
25F T 3F
I Initial state I Initial state
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DFT Investigation on the CO, Adsorption of Confined Ionic Liquids

SUN Yi-fan , JIA Guang-xin*, HE Bei-bei
(College of Chemical Engineering and Technology, North University of China, Taiyuan 030051, China)

Abstract ; In recent years, the greenhouse effect has become increasingly serious, so CO, absorbing materials have
received widespread attention. In this work, we have performed the density functional theory ( DFT) calculations to
study the CO, adsorption of confined ionic liquids within SiO,. Comparing the interaction of the ionic liquids (1Ls)
and the confined ionic liquids with CO,, the adsorption conditions of the two systems in these two states are quite
different. Researches on ILs, SiO, and 1Ls/Si0, composite structures are carried out from the aspects of geometric
structure , interaction and charge analysis. The calculation results show that there is a strong interaction between
them. The loading of the ionic liquids not only changed the structure of the SiO, support, but also the interaction
forces between anions and cations. The calculation results lay a theoretical foundation for further in-depth adsorption
of CO, by the ionic liquids.

Key words: CO,; adsorption; confined ionic liquids; SiO,; density functional theory (DFT)



