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Table 1 Experimental materials
Vil M (%) KR
ZTRERZERLE >99.0 2PN ERBIT TE T
ECR >99.0 J&K T RJE
L5 >99.0 B T AR i) A R A A
FHERR >99.0 By z TR () B IR AW
T flmg >99.0 By -z TR () A R A H]
LS >99.9 R AR A
[ >99.9 LA R AT
Bk >99.9  L#gHAIRHESAARA A

WAEAZ RS VERAR R

[P,44,][CsCOO]: 'H NMR (400 MHz, CDCL,) 0.87
(t, 3H, CH;-Cs007), 0.90~1.03 (m, 9H, P-C-C-C-CHy),
1.22~1.37 (m, 7H, P-C-CH,#I(CH,),-C-COO"),
1.44~1.57 (m, 12H, P-C-(CH,),), 1.58~1.67 (m, 2H,
CH,-C-CO07), 2.10~2.21 (m, 2H, CH,-COO"),
2.25~2.40 (m, 6H, P-CH,), 2.48 (m, 2H, P-CH,).

[P,44,][C,COO]: 'H NMR (400 MHz, CDCL;) 0.87
(t, 3H, CH;-C,007), 0.89~1.04 (m, 9H, P-C-C-C-CH,),
1.18~1.33 (m, 15H, P-C-CH,#I(CH,)-C-C-COO"),
1.41~1.64 (m, 14H, P-C-(CH,),#I1CH,-C-COO"),
2.17~2.10 (m, 2H, CH,-COO7), 2.19~2.36 (m, 6H, P-
CH,), 2.42 (m, 2H, P-CH,).

[P,44,][C,,COO]: 'H NMR (400 MHz, CDCly) 0.87
(t, 3H, CH,-C,,007), 0.92~1.04 (m, 9H, P-C-C-C-CH,),
1.18~1.37 (m, 19H, P-C-CH,#I(CH,);-C-C-COO"),
1.44~1.56 (m, 12H, P-C-(CH,),), 1.56~1.65 (m, 2H,
CH,-C-CO07), 2.09~2.19 (m, 2H, CH,-COO"),
2.22~2.38 (m, 6H, P-CH,), 2.46 (m, 2H, P-CH,).

[P,44,][C,-COO]: 'H NMR (400 MHz, CDCl,) 0.88
(t, 3H, CH,-C,,007), 0.93~1.04 (m, 9H, P-C-C-C-CH,),
1.20~1.34 (m, 31H, P-C-CH,fI(CH,),,-C-C-COO"),
1.44~1.57 (m, 12H, P-C-(CH,),), 1.57~1.66 (m, 2H,
CH,-C-CO07), 2.16~2.26 (m, 2H, CH,-COO"),
2.26~2.43 (m, 6H, P-CH,), 2.52 (m, 2H, P-CH,).
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Figure 1 Gas solubilities of propyne, propadiene and propylene in [P444,][CsCOO] (@), [P4442][CoCOO] (b), [P444,][C1;COO] (c) and [Py44,][C;,CO0O]

(d) at 308.1 K (color online).
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Table 2 Henry’s law constants (Ky), selectivity and molar solubility (M) of propyne, propadiene and propylene in several ILs at 308.1 K

Ky (bar) P M (mol/mol)
BLS [ GLi L I Y LS [ L
[P4442][CsCOO] 3.4 (£0.1) 7.0 (£0.1) 15.8 (+0.1) 4.6 2.3 0.42 0.17 0.07
[P4442][C4COO] 3.4 (£0.1) 6.3 (£0.1) 13.3 (£0.1) 3.9 2.1 0.42 0.19 0.08
[P444,][C,,CO0] 3.3 (£0.1) 6.0 (£0.1) 11.9 (0.1) 3.6 2.0 0.43 0.20 0.09
[P444,][C15COO] 3.3 (+0.1) 5.4 (+0.1) 10.0 (x0.1) 3.0 1.9 0.43 0.23 0.11

F 3 303.1. 308.1. 313.1H1318.1 KUt T [Paasr J[CsCOOTR B I My PRI R REU(K ) I FEIEANEE IR L (M)
Table 3 Henry’s law constants (Ky), selectivity and molar solubility (M) of propyne, propadiene and propylene in [P44,,][CsCOO] at 303.1, 308.1,

313.1 and 318.1 K

Ky (bar) LR M (mol/mol)
IR [P Bk e T I/ I LSS [ [
303.1K 3.0 (20.1) 6.1 (£0.1) 13.5 (x0.1) 4.5 22 0.50 0.20 0.08
308.1K 3.4 (£0.1) 7.0 (£0.1) 15.8 (20.1) 4.6 22 0.42 0.17 0.07
313.1K 4.3 (£0.1) 8.2 (20.1) 16.6 (20.1) 3.9 2.0 0.30 0.14 0.06
3181K 4.8 (x0.1) 9.4 (+0.1) 18.9 (£0.1) 3.9 2.0 0.26 0.12 0.06
8 & 75 F[DMIM][MeHPO;]/£0.52 mmol/g, #t— 5.
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Figure 2 Solubilities of propyne, propadiene and propylene in [Pyy4,]-
[CsCO0] at temperature from 303.1 to 318.1 K (color online).
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Table 4 Gibbs free energy (A,,G), enthalpies (A,,H), and entropies

(Aso1S) of propyne/propadiene/propylene  absorption at different
temperature (P, = 1 bar)

TK) AyG & mol™) ALH (kI mol™) Ay,S (kJ mol™ K™
[P444,][CsCOO]-Propyne

303.1 2.7 -26.6 -96.9
308.1 3.2 -26.4 -96.3
313.1 3.7 -26.3 -95.7
318.1 4.2 —26.1 -95.2
[P444,][CsCOO]-Propadiene
303.1 4.6 -223 —88.5
308.1 5.0 -23.0 -90.9
313.1 5.5 -23.7 -93.1
318.1 5.9 -24.4 -953
[P4442][C5sCOO]-Propylene
303.1 6.6 -19.7 —86.7
308.1 7.0 -17.8 —80.6
313.1 7.4 -16.0 -74.7
318.1 7.7 -143 —69.2
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Figure 3 Henry's law constants in five cycles of propyne absorption-
desorption in [P4,,][CsCOO] at 308.1 K.
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Separation of propyne, propadiene and propylene with carboxylate
ionic liquids
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Abstract: Separation of C; gases including propyne, propadiene and propylene is important for propylene purification.
The absorption separation technology using ionic liquid as the separation medium can overcome the shortcomings of
traditional organic solvents and is expected to be promising for the separation of C; gases. The solubilities of C; gases in
strongly hydrogen-bonding basic carboxylate ionic liquids (ILs) have been measured in this work, and the results
showed that these ILs had both high capacity and high selectivity in the separation of C; gases. In particular,
[P444,][CsCOO] had a molar solubility of 0.3 mol/mol for propyne at 313.1 K, which reached the highest value.
Meanwhile, the solubility of propadiene reached 0.14 mol/mol, significantly higher than that of propylene. The
solubility of C; gases in ILs with different anion lengths and different temperatures showed that the better C; gas
separation performance was achieved with a shorter anion and a lower temperature. Absorption-desorption recycling
tests proved that these ILs had great recycling performance.
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