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Figure 1 Schematic representation of a deep eutectic solvent on a
two-component 7-x phase diagram
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Freezing points of ChCl with urea as a function of
1
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Figure 3 T-x phase diagram and freezing points Ty of ChCl with (m)
phenol, (e) o-cresol and (A) 2, 3-xylenol
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Table 1 Freezing temperatures of DESs of hydrogen bond donor and hydrogen bond acceptor

DES 232 /A (05 55, (K) )/ 2 B LR (5 25.(K)) U7 A Z S A (B IK L) T; (K) SR
ChCI(576)/IR % (407) 1:2 285 [1]
ChCI(576)/Hi K (448) 1:2 342 [1]

ChCI(576)/1-H 3£ (366) 1:2 302 [1]
ChCI(576)/1,3-—H ZE[IK(375) 1:2 343 [1]
ChCI(576)/ . Tkl (353) 1:2 324 [1]
ChCI(576)/ . - F%(260) 1:2 207 [1]
ChCI(576)/H =£(291) 1:2 233 (1]
ChCI(576)/C. ik (426) 1:1 358 [4]
ChCI(576)/4H iR (395) 1:1 368 (4]
ChCI(576)/f7 1518 (422) 1:1 342 [4]
ChCI(576)/H —i2(407) 1:1 283 (4]
ChCI(576)/Z. R (374) 111 307 [4]
ChCI(576)/% Z.i#(350) 1:1 298 [4]
ChCI(576)/ T —R(458) 1:1 344 (4]
ChCI(576)/#4 TR = iR (432) 1:1 363 (4]
ChCI(576)/ 3. FH 3L T —1(438) 1:1 330 (61
ChCI(576)/15 £11i2(445) 1:0.5 320 (6]
ChCI(576)/% F2 5L FH iR (484) 1:0.5 313 [6]
ChCI(576)/MIMERR (467) 1:05 340 [6]
ChCI(576)/3¢ —iR(413) 1:0.5 366 (6]
ChCI(576)/TLA% FHR(524) 1:0.5 350 [6]
ChCI(576)/ Z. B R (310) 1:2 305 [6]
ChCI(576)/Z 5 (314) 1:3 253 [5]
ChCI(576)/28 H 13(304) 1:3 249 [5]
ChCI(576)/2,3- - H [3(348) 1:3 261 [5]
ChC1(576)/BK M (362) 3:7 329 (71

DO T IR AL £ (307 )/BK IR (362) 3.7 294 (71

R 3L = 2R 3T (505)/7 = TE(291) 1:1.75 269 (8]
P 35 = REIRAL I (505)/ 2, - 85(260) 1:4 224 (8]
FH 35 = R LRAL B (505) = L L BERR (347) 1:8 204 (8]

R2 DESHEE. BEMBRIE

Table 2 Density, viscosity and conductivity of DESs

DES ZURZ A SR AR p(gem™) v(mPas) o(mS cm™) Sk
SR A A (BE/R L) (UL E (K)) (AT E (K)) (DR E (K))

ChCl/JR%E 1:2 1.25(298) 750(298) 0.75(298) [4]
ChCl/Z. 1:2 1.12(298) 37(298) 1.12(298) [1]
ChCl/N =B 1:2 1.18(298) 259(298) 1.18(298) [1]

ChCl/ =R Z. Bk 1:25 1.342(298) 77(313) (1]

ChCl/BK s 3:7 15(343) 12(333) [9]

ChCI/ZE R 13 1.092(298) 44.6(298) 3.14(298) [5]
ChC1/45 H i 1:3 1.071(298) 77.6(298) 1.21(298) [5]

ChCI/1,4-T i 1:3 1.06(293) 140(293) 1.63(293) [10]
RSV A, EEMES, Stk Mk, DEs 15 WA HLGR
RUZEE 2N, XK ZBDESI &, Z6E Sk s A DESH & # = L T8, HAW Sl A F g
PR 5 S A2 R EE R L R i B — A e/ ME, a0 R RECHEEE LS 0Eg. Hein, 298 K, ChCl
KR SRR BEIR L 1230, LR 3,14 mS em™,
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Figure 4 Density of phosphonium-based DESs as a function of tem-
perature. (®) methyltriphenylphosphonium bromide (MTPB)/glycerol
(1:1.75); (m) MTPB/ethylene glycol (1:4); (¥) MTPB/2,2,2-triflourace-
tamide (1:8)
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Figure 5 Viscosity of glycerol-based DES as a function of glycerol
mole fraction
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The applications of deep eutectic solvents in the separation of mixtures
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Deep eutectic solvents (DESs) are a kind of new green solvents. Due to their unique properties, such as easy synthesis, low cost,
environmental friendliness, low volatility, high dissolution power, structure design ability and so on, DESs have been widely applied
in the separation of mixtures. This article introduced the physical properties of DESs, including 7-x phase diagrams of two components
(normally called hydrogen bond acceptor and hydrogen bond donor) with eutectic points and the formation of DESs of the two
components, freezing points of different DESs, densities, viscosities, and conductivities of DESs. The article mainly reviewed the
development of DESs applications in the separation of acidic gases (such as CO,, SO, and H,S) from gas mixtures, byproducts
separation for purifying and manufacturing biodiesel, desulfurization of fuels, separation of phenols from oils, separation of aromatic
compounds from oils, separation of the isomers of benzene polycarboxylic acids, selective extraction of metals from mixed oxide
matrixes, extraction of bioactive compounds from natural sources, separation of alcohol-ester mixtures, etc. The properties of the
above separation processes via DES were summarized. The separation of mixtures via DES has two ways shown as follows. (1) Like
traditional solvents, DES is used as a solvent to separate a component from mixtures by selective dissolution, such as, separation of
acidic gases. (2) DES is formed in sifu during separation of mixtures by adding hydrogen bond acceptor to the mixtures containing
hydrogen bond donor. The DES is not mutually soluble with the mixtures, so the mixture is separated via DES by selectively forming
hydrogen bonding. For instance, phenol (hydrogen bond donor) in oil mixtures was separated by adding choline chloride (hydrogen
bond acceptor) via the formation of DES, whose process is similar to the reaction-separation coupling process. Although DES method
has been used broadly in the separation of mixtures, it is still in the beginning step. Problems in the separation processes via DES were
analyzed and further development of the separation processes was outlined. Chemical-physical properties of DESs, especially
properties of DESs during separation, have not been reported systematically in the literature. New DESs are needed to design to meet
high efficiency of separation and environmental benign demand. The present regeneration of DES is completed by an anti-solvent
method using volatile organic solvents. It is desired to develop new ways to regenerate DES efficiently and avoiding using organic
solvents in the future. It is necessary to combine with other chemical technologies to intensify the DES separation processes and
improve the separation efficiency.
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