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Abstract

Capture of CO2 with high efficiency is essential to tackle the global warming issue
that has aroused widespread attention. Herein we employed the halogen-free deep
eutectic solvents (DESs) consisting of imidazole (Im) and p-toluenesulfonic acid
(PTSA) to absorb CO,. The CO; solubility in [3Im:PTSA], [3.5Im:PTSA], and
[4Im:PTSA] is measured in the range of temperature from 303.15 to 333.15 K and
pressure from 110 to 1500 kPa. Henry’s constants of H, and H,, andthermodynamic
properties of Ag,,G, Ago H, and Ag,; S are correlated from the experimental data. The
comparison between the studied DESs and the reported solvents is performed based on
H,,. Afterwards, the experiment-dependent Jou and Mather empirical model and fully
predictive COSMO-RS model are used to calculate the CO; solubility, which are
compared with the experimental results. Finally, the interaction energies between CO-
and DESs, as indicated by misfit, hydrogen bond, and van der Waals energies, are
calculated by COSMO-RS to illustrate the absorption mechanism.
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COSMO-RS evaluation; interaction analysis
1. Introduction

In the past decades, global warming has aroused increasing concerns over the
world. The massive emission of CO2, mainly derived from fossil fuel power plants, is
being considered the mainspring [1-3]. Therefore, CO> capture and storage have been
of central importance to reduce CO> concentration. The most prevalent technology is
post-combustion capture based on the chemical absorption employing aqueous
solutions of alkanolamines [4-7]. However, this process suffers from several drawbacks,
such as severe equipment corrosion, high solvent loss, and large operation costs [8-11].
From the green chemistry and sustainability point of view, it is greatly advisable to
develop environmentally friendly and highly efficient alternatives to the traditional
alkanolamines.

Ionic liquids (ILs), namely liquid salts, have been extensively studied as promising
candidates to absorb CO; in the last few years [12-14]. This category of ionic
compounds consists of asymmetric cations and anions, owning a broad liquid range
including room temperature. Besides, the high thermal and chemical stability, as well
as negligible vapor pressure, enable them to serve as a potential replacement of the
conventional absorbents [15-19]. Nevertheless, the complex preparation, high cost, and
toxicity of ILs cause economic and environmental challenges for both the industry and
academia. Therefore, deep eutectic solvents (DESs) have been currently thrust into the
limelight as IL analogues, which refer to the mixtures of Lewis or Brensted acids and
bases to present much lower freezing points than the individuals [20-22]. While keeping
the favorable properties of ILs, DESs exhibit unique superiority such as simple
preparation, low price, flexible designability, and reasonable biodegradability, which
render them as “advanced ILs” [23-26].

The fascinating properties of DESs have triggered considerable attention across
various chemical processes like bio-refining [27], chemical reaction [28], liquid-liquid
extraction [20] and gas absorption [29], among which CO> absorption is particularly

attractive. Li et al. investigated the CO, absorption using DESs at moderate pressures
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and temperature ranging from 303.15 to 343.15 K, where DESs are formed by choline
chloride (ChCl) as hydrogen bond acceptor (HBA) and glycerol and ethylene glycol as
hydrogen bond donors (HBDs) [30,31]. Deng et al. reported the CO> solubility in the
eutectic mixtures formed by ChCl and various HBDs, i.e., phenol, dihydric alcohols,
furfuryl alcohol, and levulinic acid [32-34]. In our recent work, four phosphonium-
based DESs were prepared to absorb CO> under 313.15-333.15 K and pressure below
2000 kPa, and molecular dynamics (MD) simulations were performed to gain a deep
insight into the microscopic behaviors of DESs and {DES + CO.} mixtures [35].
However, despite the progress, the researches using DESs to capture CO; are still
relatively scarce that mostly focus on the ChCl-based ones. Actually, large amounts of
potential combinations of HBA and HBD are regarded as promising CO> absorbents.
Moreover, considering the green chemistry concept, the involvement of halogens may
be not environmentally friendly [36,37].

In our previous work, we developed the acid-base tunable DESs prepared by
imidazole (Im) and p-toluenesulfonic acid (PTSA) [38]. In this contribution, due to the
Lewis acidity of CO2, we tune the mole ratio of Im to PTSA into the weak basic region
to obtain the room temperature and halogen-free basic DESs of [3Im:PTSA] (DES1),
[3.5Im:PTSA] (DES2), and [4Im:PTSA] (DES3). The CO: solubility in these halogen-
free DESs are experimentally determined, and important thermodynamic properties are
correlated. The experimental data are then compared with those (1) predicted by
Conductor-like Screening Model for Real Solvents (COSMO-RS) and (2) calculated by
Jou and Mather empirical model. Finally, the absorption mechanism is investigated by

the interaction energy analysis using the COSMO-RS.

2. Method Description
2.1 Chemicals

The cylinder of CO> was purchased from Shanghai Wetry Standard Reference Gas
Co., Ltd. (Shanghai, China) with purity of 99.999%. Imidazole (Im) and p-
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toluenesulfonic acid (PTSA) were supplied by Adamas-beta (Shanghai, China) with

purity above 99%. All the chemicals were used as received without further purification.

2.2 DES preparation

The specific amounts of Im and PTSA in different mole ratios (3:1, 3.5:1, and 4:1)
were weighted using the Sartorius BSA224S-CW balance with the precision of +
0.0001 g. Afterward, the mixtures were heated and magnetically stirred at 353.15 K and
800 rpm to obtain homogenous liquids. The temperature was controlled within a
fluctuation of + 0.1 K (Huber Ministat 230, Germany). The molecular weight of DES

1s defined as,

Mpgs :inMi (1)

i
where x; and M; are the mole fraction and molecular weight of the DES species i
(cation, anion, or HBD), respectively. The density of DESs was measured by a digital
density meter (Anton Par, DMA-4500 M, Austria). The viscosity of DESs was
determined using a rheometer (Anton Par, MCR302, Austria) with the shearing rate of
100 s™.

2.3 Determination of CO: solubility

The CO; solubility in DESs was measured using the pressure drop method, under
the pressure and temperature varying from 110 to 1500 kPa and 303.15 to 333.15 K,
respectively. The experimental setup and procedures have been elaborately described
in our earlier work [8,35,39]. The mole fraction (xo,) and molality (mcp,) of COz in
DESs can be calculated as follows,
Xco, = Nco,/(Mco, + NpEs) (2)
Mco, = nCOZ/WDES 3)
where n¢o, denotes the mole quantity of CO» in DESs; npgs and wpgg are the mole
quantity and mass of DESs, respectively.

2.4 Uncertainty calculation
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For an input quantity X; derived from » independent repeated observations X; ,

the input estimate x; is usually determined as the sample mean,

n
— 1
=X =) Xy @
n
k=1
The standard uncertainty u(x;) ofits estimate x; can be defined as the experimental

standard deviation [40,41],

_ 1 - _
ulx;) =s(X;) = mZ(Xi,k — Xi)? ®)
k=1

The calculated standard uncertainties of u(x) and u(m) for the mole fraction and
molality of CO; in DESs are less than 0.0006 and 0.0018 mol'kg_l, respectively.

2.5 COSMO-RS calculation

The COSMO-RS, a predictive model that is fully independent of experimental data,
proves to be efficient in predicting and interpreting the thermodynamic properties of
fluid phases [42-44]. In this work, the COSMO-RS calculations were performed with
the BP TZVP C30 1401 parametrization in COSMOthemX (Version C30 1401). The
COSMO files of CO; and imidazole were directly taken from the database, while the
COSMO files of DES species of Im" and PTS” were obtained through the geometry
optimization using the Gaussian 03 package with the BP86/TZVP basis set.

According to the COSMO-RS theory, the gas solubility can be calculated in an
iterative procedure; that is, the mole fraction x; is varied until the partial pressure p;

equals to the given reference pressure p. The p; is determined by equation (6),
Pj = DX ©)
where y; stands for the activity coefficient, and p]‘-) represents the vapor pressure of

pure compound. Here p](-’ is estimated using the COSMOtherm approximation of the

vapor pressure using the exact gas phase energy of the compound from the .energy file

[45]. The activity coefficient in system S can be predicted as follows,
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vs = exp[(us — px)/kT 7
The gas phase is assumed ideally. y; is computed by varying x; in each step of the
iteration, then p; is calculated according to the equation (6).
Moreover, relying on the statistical thermodynamic principles, the software can
compute the molecular energy of the electrostatic misfit, hydrogen bond (HB), and van
der Waals (vdW) interactions, which are three important energy descriptors in COSMO-

RS theory. The calculation details are shown in equation (8)-(10) [46,47],

!

Emisfit(0,0") = aeff% (6 +0") (8)

Epp = aeppcypmin[(0; min(0; 04onor + 0pp)) ©)
max(0; dacceptor — Onp)]

Evaw = Aerf(Tyaw + Tpaw) (10)

where five parameters are referred including the interaction parameter (a'), the
effective contact area (a.rr), the hydrogen bond strength (cyp), the threshold for

hydrogen bonding (oy5), and the element-specific vdW interaction parameter (T, gy )-

3. Results and Discussion
3.1 CO; solubility in the DESs

The densities and viscosities of DESs are firstly measured at the temperature range
of 303.15-333.15 K. From Figure 1(a), the density shows a negative linear correlation
with the temperature, which can be described as:

p=a+bT (11)
The parameters a and b can be fitted. The Vogel-Fulcher—Tamman (VFT) model is

used to describe the viscosities of DESs:
n = exp(A+ B/(T —To)) (12)
where A, B, and Ty are empirical constants. The DESs present a good fluidity with

viscosity lower than 60 mPa-s. Afterward, as tabulated in Table 1, the solubility of CO»

in the three DESs are determined as a temperature and pressure dependent function,
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expressed as mole fraction (x¢o,) and molality (mco, ), respectively.
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Figure 1. (a) Density and (b) viscosity of DESs as a function of temperature.

The pressure dependence of the CO- solubility is illustrated in Figures 2 and 3. As

seen, it grows linearly with the increasing pressure and decreasing temperature, and the

extrapolation line almost passes through the coordinate origin, suggesting the physical

absorption behavior of CO; in the DESs. Moreover, the CO> solubility in the DESs

increases slightly varying from DES1 to DES3.
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Figure 2. CO; solubility in halogen-free DESs at 303.15 K (a) mole fraction (b) molality.
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Figure 3. CO; solubility in DES3 at different temperatures (a) mole fraction (b) molality.
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Table 1. CO; solubility in the DESs as a function of temperature and pressure.?

T=303.15K T=313.15K T=323.15K T=333.15K
mC02 mCOZ mCOZ mC02
/kPa X /kPa X /kPa X /kPa B
P /mol-kg ' % P imol-kg ' % P fmol-kg ' <% P Imol-kg ' <%
DES1

115.7 0.0446 0.0044 119.1 0.0406 0.0040 144.0 0.0558 0.0055 144.5 0.0387 0.0038
418.6  0.2728 0.0262 3479 0.1820 0.0176 428.0 0.2233 0.0215 433.0 0.1967 0.0190
561.0 03580 0.0341 559.6 0.3253 0.0311 621.7 0.3429 0.0327 621.3 0.2924 0.0280
827.6 05425 0.0508 812.0 0.5044 0.0474 846.3 0.4801 0.0452 918.0 0.4598 0.0434

10415 0.6966 0.0643 1041.7 0.6452 0.0598 1052.0 0.5886 0.0549 1097.8 0.5491 0.0514

1243.7 0.8346 0.0760 1253.2 0.7853 0.0719 12455 0.7099 0.0654 1250.2 0.6297 0.0587
14475 1.0059 0.0902 14433 0.9001 0.0815 14412 0.8028 0.0734 1420.0 0.7354 0.0676

DES2

1245 0.0691 0.0065 133.6  0.0546 0.0052 138 0.0541 0.0051 1509 0.0486 0.0046
389.2 0.2595 0.0241 3893 0.2212 0.0206 3988 0.2127 0.0199 400.9 0.1971 0.0184

584 0.3965 0.0364 6241 0.4321 0.0395 599.4 0.3392 0.0313 5948 0.2947 0.0273
855.7 0.6202 0.0558 9849 0.6694 0.0599 882.1 0.5188 0.0471 8853 0.4707 0.0429
1064.6 0.7751 0.0687 11503 0.7731 0.0686 10775 0.6175 0.0555 10704 0.5678 0.0513

12345 0.8872 0.0779 1301.2 0.8516 0.0750 1261.2 0.7429 0.0661 1260.6 0.6638 0.0595

1498.2 1.0642 0.0920 1567.5 0.9950 0.0865 14264 0.8269 0.0744 15029 0.7894 0.0699

DES3

128.2 0.0801 0.0074 1269 0.0508 0.0047 131.2 0.0555 0.0051 146.1 0.0581  0.0053
401.8 0.3040 0.0274 3848 0.2771 0.0250 398  0.2473 0.0224 404 0.1990 0.0181
5942 04646 0.0412 602.2 0.3910 0.0349 774 04518 0.0401 625.7 0.3207 0.0288
857.8 0.6800 0.0592 8758 0.5932 0.0520 912.8 0.5388 0.0475 869.7 0.4643 0.0412
1050.3 0.8057 0.0694 1066.1 0.7337 0.0636 1121.6 0.6642 0.0579 10489 0.5634  0.0495

12471 09333 0.0795 12474 0.8507 0.0730 1303.6 0.7606 0.0657 1236.3 0.6739  0.0587

14821 1.0959 0.0920 14385 0.9819 0.0833 1505.6 0.8802 0.0753 1459.3 0.8238 0.0708
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2 Standard uncertainties u are u(T) =0.1K, u(p) =0.2kPa, u(x) =0.0006, u(m) =0.0018 mol-kg "'

3.2 Henry’s constant

The physical absorption behavior follows the Henry’s law, and the mole fraction-

based Henry’s constant can be defined as:

o0, (T, P p T,P) P
Hx(T; P) = lim M = lim ¢C02( ) _ _fe
XC0,-0 xCOZ XC040 xCOZ xCOZ

(13)

where choz is the fugacity of CO2, ¢¢o, is the fugacity coefficient, and F, is the
system pressure at equilibrium. At the range of moderate pressure studied in this work,
féo, is assumed to be equal to P,.

Similar to H, (T, P), the molality-based Henry’s constant can be deduced as:

0, (T, P P¢co,(T.P) P,
H,(T,P) = lim M — lim ¢co, (T, P) __k
Mmco,-o0 mco2 mco,.,9 mco2 m co,

(14)

where mcq, is the molality of CO2 in the DESs.

The constants of H, and H,, can be obtained by linearly fitting pressure with
mole fraction and molality of COz, respectively, which are presented in Table 2. As a
smaller value of Henry’s constant reflects a higher absorption capacity, Henry’s
constant increases with the temperature, indicating a lower absorption capacity at a
higher temperature [39,48,49]. The DES3 [4Im:PTSA] possesses smaller Henry’s
constants ( H,, =1.3324-1.8525 MPakg'mol™!) than those of DES2 [3.5Im:PTSA]
( Hy, =1.3995-1.9065 MPa'kg'mol™!) and DES1 [3Im:PTSA] ( H,, =1.4814-1.9854
MPa-kg:mol™!). Therefore, the CO, capture capacity in the DESs is ranked as
[4Im:PTSA] > [3.5Im:PTSA] > [3Im:PTSA].

Table 2. Henry’s constants of CO in DESs at different temperatures.

H, /MPa-kg-mol " H,/MPa
DESs

303.15K 313.15K 323.15K 333.15K  303.15K 313.15K 323.15K 333.15K

DES1 14814 1.6152 1.7846 1.9854 16.208 17.567 19.259 21.301

DES2 1.3995 15267 1.7249 1.9065 15889 17.272 19.167 21.231
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DES3 13224 14674 17037 1.8525 15450 17.208 19.624 21.009

3.3 Comparison of absorption capacity

The molality-based H,, provides a uniform scale to evaluate the absorption
capacity of different solvents. The comparison between the studied DESs and the
reported solvents at 313.15 K are summarized in Table 3. The studied DESs show a
lower level of H,,, than many other HBA:HBD combinations, which still holds when
compared to the cases of commercial PEGs, FAPE-1215 and ionic liquids [hhemel],
[hmim][BF4]. However, the CO> solubility in present DESs is lower than that of
commercial PC and NHD. In addition, although the DESs of ChCl:urea (1:2.5 and 1:2)
and ChCl:ethylenecyanohydrin (1:2 and 1:3) exhibit a higher absorption capacity, the
studied DESs also demonstrate its superiority taking the halogen-free advantage into
account. To sum up, the satisfactory CO; absorption capacity of DESs [4Im:PTSA],
[3.5Im:PTSA], and [3Im:PTSA] are confirmed.
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Table 3. Comparison of H,, in the studied DESs with that in previously reported
solvents at 313.15 K.

Absorbents Hm/MPa-kg-mol'1 References
IM:PTSA (3:1) 1.62 This work
IM:PTSA (3.5:1) 1.53 This work
IM:PTSA (4:1) 1.47 This work
ACC-Tri (1:1) 3.15 [48]
ACC-Im (2:3) 3.09 [48]
ACC-Im (1:2) 2.82 [48]
ACC-Im (1:3) 2.32 [48]
ChCl:guaiacol (1:5) 3.84 [56]
DH:guaiacol (1:5) 3.01 [56]
ACC:guaiacol (1:5) 3.54 [56]
ChCl:urea (1:2.5) 1.37 [50]
ChCl:urea (1:2) 1.29 [50]
ChCl:glycerol (1:2) 1.70 [31]
ChCl:ethylene glycol (1:2) 2.71 [30]
ChCl:lactic acid (1:2) 4.00 [57]
ChCl:levulinic acid (1:3) 2.62 [33]
ChCl:ethylenecyanohydrin (1:2) 0.99 [49]
ChCl:ethylenecyanohydrin (1:3) 1.09 [49]
PEG150 2.25 [39]
PEG200 2.11 [39]
PEG300 1.98 [39]
PEG400 191 [39]
PC 0.72 [58]
FAPE-1215 1.70 [59]
NHD 1.05 [60]
[hhemel] 5.38 [61]

[hmim][BF4] 1.81 [62]
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3.4 Thermodynamic properties

The thermodynamic properties are correlated from Henry’s constant using the

following equations:

Asp1G = RTIn(H(T, P))/PO (15)
oln(H(T,P)/P°

AgoH = R( n(a((1/T))/ ) (16)

AsorS = (AsotH — D51 G) /T (17)

where Ag, G, AgoiH and Ag,; S are the solution Gibbs free energy, solution enthalpy,

and solution entropy, respectively; P° is the standard pressure of 0.1 MPa.

Table 4. Calculated thermodynamic properties at 0.1 MPa and 303.15 K

-1

DESS  AuG/kI-mol ' AgH/KkI-mol ' AwS/J-mol K

DES1 12.82 -7.64 -67.49
DES2 12.77 -8.16 -69.04
DES3 12.70 -8.86 -71.12

As shown in Table 4, the positive value of Ag,,G signifies that the absorption
process is nonspontaneous behavior. The negative Ag,H indicates that the CO»
dissolution in the DESs is exothermic. In comparison with other absorbents (e.g. -11.18
kJ-mol! in PEG400 [39], -17 kJ-mol! in [ChCl:2urea] [50], and -17.24 kJ-mol™! in
[bmim][PF¢] [51]), the smaller absolute values of Ay,;H suggest lower regeneration
energy consumption and process cost for the studied DESs [35,48,52]. Moreover, the

negative Ag,;S means a higher-order degree after CO; absorption.
3.5 Solubility fitting and COSMO-RS evaluation

The experiment-dependent Jou and Mather empirical model [53,54] is used to fit
the CO: solubility data with partial pressure and temperature, which is given in
equations (18)-(20):

Inp = A+ Blna (18)
A=a+bT + cT? (19)
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B=e+ [T+ gT? (20)
where p is the partial pressure of CO2, a is the CO; loading in the liquid phase in
mol COz/mol DES; T is the temperature in K; A and B are the functions of
temperature. The coefficients are correlated and listed in Table 5, and the calculated and
experimental x¢o, are compared and illustrated in Figure 4a. Moreover, the COSMO-
RS model is employed to calculate the CO> solubility at the specific temperature and
pressure to evaluate its prediction performance, as described in the aforementioned

method (Section 2.5). The comparison between the calculated and experimental x¢o,

is depicted in Figure 4b.

Table 5. The correlation coefficients of Jou and Mather empirical model.

1 -2

DESs a /K™ oK d /K fIK

DES1 -11.737 0.0692  -9.725x10° -17.028 0.1130 -1.788x10"

DES2 11.508 -0.0776 1.333x10"  23.875 -0.1415 2.170x10™

DES3 1.250 -0.0158  4.125x10° 24.147 -0.1454 2.268x10™

The model deviation is indicated as average relative deviation (ARD) according

to the equation (21),

1 Xco — X
2,eXD CO;y,cal
ARD (%) = - E X100 21
n xCOZ,exp
n
0.12 — 0.14
(a) y=1.0226x, R>=0.9924 (b) »y=1.1371x,R?>=0.9320 *
0104  ARD=5.18 % }/ s ARD=20.80 %
0.10
S 0.08 3
O o4 RS
o] 1 DESI (303.15K) - 0.08 4 O DESI (303.15K)
2 0.06 3 — DESI (313.15K) 8 © DESI (313.15K)
= & DESI (323.15K) = A DESI (323.15K)
= & v DESI (333.15K) = 0.06 v DESI (333.15K)
B & DES2 (303.15 K) .‘_; 3.15
=5 3 :
[2 0.04 DES2 (313.15K)
< 28 > DES2(323.15K) © 004
o O DES2(333.15K) . o 3
&6 * DES3(303.15K) % DES3(303.15K)
0.02 4 & © DES3(313.15K) © DES3(313.15K)
e DES3 (323.15K) 0.02 4 > DES3(323.15K)
+ DES3 (333.15K) + DES3(333.15K)
0.00 = r . . . . 0.00 + T T T T T T
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Figure 4. Comparison between calculated and experimental CO2 solubility. (a) Jou
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and Mather empirical model; (b) COSMO-RS model. Dotted line: y = x; solid line:
linear fit.

From Figure 4a, the experimental results agree well with that calculated by Jou
and Mather empirical model, with a small ARD of only 5.18 %. In comparison from
Figure 4b, despite some reasonable deviations (ARD = 20.80 %), the COSMO-RS
predicted results are in good agreement with the experiments, as suggested by the high
value of R? (0.9320). Moreover, considering the fully predictive character of COSMO-

RS, the predictions are quite acceptable [55].

3.6 Analysis of absorption mechanism

13.2 185 -

34 = -/ 11
28] \. .// . ,
]2.6—: \ \_/ /‘ ——18.7- -.-_

12.2 4 --18.9

I
2 & ES ES
o -] -

T'otal energy (kJ/mol)

Misfit energy (kJ/mol)
1
.J

/
\

vdW energy (kJ/mol)

+4-19.1 --6.4

-19.2 --6.8

Figure 5. COSMO-RS interaction energies between CO2 and DESs

To demonstrate the absorption mechanism, the misfit, HB, and vdW interaction
energies between CO> and DESs are calculated by COSMO-RS. The positive and
negative energy reflects the repulsive and attractive interaction between CO2 and DES,
respectively. The HB interaction between CO; and DESs is not observed, due to the
nonpolar nature of CO.. As shown in Figure 5, from DES1 to DES3 at 303.15 K (the
left three data points), the positive misfit energy decreases with the increasing Im
content in DESs, suggesting that the repulsive electrostatic effect is weakened. On the
contrary, the negative value of vdW energy identifies the attractive effect of DES

towards CO», and the absolute vdW energy value increases with the Im content. With
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the decreasing repulsive interaction (misfit) and increasing attractive interaction (vdW),
DES3 exhibits a more negative total energy with CO> than DES 2 and DESI1, which is
in accordance with experimental CO» absorption results. In addition, when increasing
the absorption temperature from 303.15 K to 323.15 K (the right 4 data points), the
misfit, vdW, and total interaction between CO; and DES become weaker, indicating
that the increment of temperature is not beneficial for the absorption of CO: in DES.
To sum up, the vdW interaction between CO> and DES is the driving force for the CO-

absorption.

4. Conclusion

The halogen-free and ambient temperature DESs of [3Im:PTSA], [3.5Im:PTSA],
and [4Im:PTSA] are selected to dissolve CO2, and the solubility data is experimentally
measured, which confirms the physical absorption behavior of CO; in the DESs. The
absorption capacity of DESs slightly improves when changing the Im:PTSA mole ratios
from 3:1 to 4:1. Increasing temperature or decreasing pressure is conducive to CO»
absorption. Henry’s constant and thermodynamic properties are obtained by correlating
with the experimental data. The comparison of molality-based H,, between this work
and other reported cases reveals the satisfactory CO; absorption capacity of the studied
DESs. The small absolute Ag,;H suggests that it is easier to regenerate, and the
positive Ag,;G reflects that the dissolution of CO; is nonspontaneous.

The Jou and Mather empirical model and COSMO-RS model are used to calculate
the CO» solubility. The former shows an accurate prediction with a small deviation of
ARD 5.18 %, taking the experimental data into account. While the latter expresses a
good qualitative prediction but a relatively low quantitative result with ARD of20.80 %,
it is acceptable considering the fully predictive character of COSMO-RS. Finally, the
interaction energies are calculated by COSMO-RS to analyze the absorption
mechanism, which manifests that the vdW interaction between CO> and DES is the

driving force for the CO» absorption. This work demonstrates the promising prospects
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of halogen-free DES to capture CO».
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