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Experimental Sections
Materials and Characterization

Ethylene glycol (99.5%) and pinacol (99 %) were purchased from J&K Scientific (Beijing). 1,2,3-
triazole (98 %) was purchased from Innochem (Beijing). N,N-diethyl-N-methyl-N-(2-
methoxyethyl)ammonium bromide ([MOEN,,;][Br], 99 %) was purchased from Lanzhou Green
Chemistry Co. Ltd., China. CO, (99.995%) and N; (=99.99 %) were obtained from Beijing ZG
Special Gases Science Co. Ltd. (Beijing, China). Ambersep 900(OH) ion exchange resin was
supplied by Alfa Aesar. FTIR spectra were collected on a Nicolet 6700 spectrometer with an
attenuated total reflection (ATR) accessory. 'H NMR (400 MHz) and '3C NMR (100.6 MHz)
spectra were recorded on a Bruker spectrometer with DMSO-d; as the internal or external reference.
EG was dried at room temperature by 4A molecular sieve, and PIN was dried at 50 °C by 4A
molecular sieve prior to use. The water contents of the absorbents used in this work were determined
using a Karl-Fischer titrator. The water contents of all absorbents (IL or DESs) were less than 700
ppm.
Synthesis of ILs and DESs
Synthesis of [MOEN;,;][Tz]: at first, the mixture of Ambersep 900(OH) ion exchange resin and
water was added to a glass column. The aqueous solution of [MOENy,,][Br]| was then transformed
to [MOENy;][OH] solution after flowing through the column containing the resin.  The
concentration of [MOENy,;][OH] solution was titrated by potassium hydrogen phthalate. After that,
equimolar 1,2,3-triazole was added into the solution of [MOEN,,;][OH] ((MOEN,,,][OH]: 1,2,3-
triazole = 1:1). The mixture was stirred for about 2 h at room temperature. Then, water in the
solution was removed using a rotary evaporator to obtain the liquid IL [MOEN,,,][Tz], which was
dried under vacuum at 70 °C prior to use.
Synthesis of DESs: [MOEN,,,][Tz] was mixed with the alcohols (EG or PIN) at desired molar
ratios at room temperature to obtain binary DESs used in this work. For ternary DESs, the three

components [MOEN,,][Tz], EG, and PIN were mixed at desired molar ratios at room temperature.

Absorption and desorption of CO,
The absorption and desorption procedures can be found in our previous work. ' Briefly, CO, was

bubbled into the absorbents contained in a glass tube during CO, absorption process, the capacity



of absorbents can be determined by the weight change of the glass tube. For CO, desorption, N,
was bubbled into the solutions after absorption to release CO,.

Computational methodology

All calculations were carried out using the Gaussian 16 software package 3 with the MO06-
2X/Def2TZVP method.*> The temperature was set to 298.15 K. A custom implicit solvent model
(SMD) ¢ is used to describe the polar part of the solvent effect in the environment of each structure.
Geometries of all structures were optimized at the aforementioned level of theory. Frequency
analyses were also performed at the same level to confirm that the optimized geometries were free
of imaginary frequencies. Gibbs free energies and distance between specific atoms of the

computational systems were evaluated.
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Fig. S1 The 'H (a) and *C (b) NMR spectra of [MOEN,,][Tz] before and after CO, uptake.
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Fig. S2 The 'H (a) and *C (b) NMR spectra of [MOEN,,][Tz]:EG (1:3) before and after CO,

uptake.
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Fig. S3 The 'H (a) and C (b) NMR spectra of [MOEN,,][Tz]:EG (1:4) before and after CO,

uptake.



6' 9'

a\b g 6 (0]
f [\ _ J(
~ o~ No N HO>—<0H HO>—<O o
I d N t\ 10
C
a
(a) ¢ -OH £
b
ed 9
reacted
E f
g OH
b
e d
unreacted
8 7 5 4 3
&/ ppm
(b)
gl 7+7| €| [l[b |c 6 a
d
) 8r 6' 9!
]P reacted i .
f
g 71 e/ dj|b ¢ 6 .
unreacted
160 140 80 60 40 20 0
&/ ppm

Fig. S4 The 'H (a) and 3C (b) NMR spectra of [MOEN,,;][Tz]:PIN (1:3) before and after CO,

uptake.
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Fig. S5 The 'H (a) and 3C (b) NMR spectra of [MOEN,,][Tz]:PIN (1:4) before and after CO,

uptake.
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Fig.S6 FTIR spectra of [MOENy][Tz]:EG (1:3) (a) and [MOEN,][Tz]:EG (1:4) (b) before and
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Fig.S7 FTIR spectra of [MOENy,][Tz]:PIN (1:3) (a) and [MOENy,,][Tz]:PIN (1:4) (b) before and
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after CO, absorption.
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Fig.S8 FTIR spectra of [MOEN,][Tz]:PIN:EG (1:1:2) before and after CO, absorption.
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Fig. S9 The 'H NMR spectra of [MOENp][Tz], [MOENy;][Tz]:EG (1:2), and

[MOEN,][Tz]:PIN (1:2) in their neat state using DMSO-dg as the external solvent .
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Fig. S10 The optimized structures of [MOENy][Tz] (a), [MOENy][Tz]-EG (b) and
[MOEN;;][Tz]-PIN (c). Color code: gray — carbon; white — hydrogen; red — oxygen; blue —

nitrogen. Dashed lines are hydrogen bonds.
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Fig. S11 The reactions of CO, with [MOENy,,][Tz]-EG (a) and [MOEN,,;][Tz]-PIN (b). Color

code: gray — carbon; white — hydrogen; red — oxygen; blue — nitrogen.
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Fig. S12 (a) CO, absorption and desorption by [MOENy,][Tz]:EG (1:2) (absorption:25°C,

desorption:  35°C); (b) Five consecutive absorption and desorption cycles by

[MOEszl][TZ] EG(] 2)
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