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Abstract Binodal data for the 1-ethyl-3-methylimidazolium dimethyl phosphate ([Emim]DMP)- salt
(K5P0,, K,HPO,, and K,CO3)+H,0 systems were experimentally determined at 298.15 K. Three empirical
equations were used to correlate binodal data. The Merchuk equation is an uncomplicated one for fine accu-
racy. The ability of different salts studied for phase separation are in the order of K;PO,>K,HPO,>K,CO;,
which may be related to the Gibbs free energy of hydration of the ions (AyyqG). The reliability of the calcula-
tion method and the corresponding tie-line data was described by the Othmer-Tobias equation and Bancroft
equation, as well as the two-parameter equation. [Emim]DMP is a familiar ionic liquid, which is extensively
used for extractive desulfurization of fuel oils. This is the first time to report the data for phase diagrams of
[Emim]DMP —+salt+water systems.
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Figure 1 Binodal curves of [Emim]DMP (1)+salt (2)+water
(3) ATPS at 7T=298.15 K

m, K5POy; o, K,HPO4; A, KoCOs; solid line, obtained by connecting experi-

mental binodal data
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Figure 2 Binodal curves of [Emim]DMP (1)-salt (2)+ water
(3) ATPS at 7=298.15 K

m, K5POy; o, K,HPO,; A, K,COs; solid line, obtained by Eq. 3.

£ 1 298.15 K B35 KPE[Emim]DMP (1) £:(2)+ 7K (3) 1 R X4 i $0ds
Table 1 Binodal data for the hydrophilic [Emim]DMP (1)-+salt (2)+water (3) systems at 298.15 K

[Emim]DMP +K;PO, [Emim]DMP+K,HPO, [Emim]DMP+K,CO;
100w, 100w, 100w, 100w, 100w, 100w,

15h 16 h 15h 16 h 15h 16 h 15h 16 h 15h 16 h 15h 16 h
1.15 1.16 57.03 57.02 1.76 1.75 62.77 62.78 1.20 1.21 77.12 77.11
1.51 1.52 54.26 54.25 2.75 2.54 54.17 52.18 1.53 1.52 73.21 73.22
1.84 1.83 52.14 52.15 3.79 3.81 48.83 48.81 1.86 1.87 70.36 70.35
2.15 2.16 50.97 50.96 4.70 4.72 44.95 44.93 2.24 2.23 68.29 68.30
2.82 2.83 47.46 47.45 5.64 5.65 41.74 41.73 2.61 2.62 65.97 65.96
3.52 3.50 44.99 45.01 6.56 6.55 39.21 39.22 3.01 3.00 63.18 63.19
5.55 5.56 38.97 38.96 7.59 7.58 36.40 36.41 3.51 3.50 60.95 60.96
4.48 4.47 41.58 41.59 8.61 8.62 34.21 34.20 4.32 4.34 56.74 56.72
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[Emim]DMP+K;PO, [Emim]DMP~+K,HPO, [Emim]DMP+K,CO;
100w, 100w, 100w, 100w, 100w, 100w,

15h 16 h 15h 16 h 15h 16 h 15h 16 h 15h 16 h 15h 16 h
6.16 6.14 37.03  37.05 9.54 9.55 3245 32.44 5.07 5.08 54.07 54.06
7.14 7.13 3474 3475 10.58 10.59 30.54 30.53 5.68 5.69 51.57 51.56
8.29 8.28 32,57 32.58 11.64 11.65 28.95 28.94 6.81 6.84 48.09  48.05
9.31 9.32 30.65  30.64 12.68 12.69 27.24 27.23 7.79 7.78 4529 4530
1029  10.28 2901 29.02 13.46 13.45 26.11 26.12 8.81 8.82 4294 4293
1138  11.35 2728 2731 14.90 14.91 24.06 24.05 9.81 9.80 40.58 40.59
1238 12.39 2530 2529 15.41 15.42 23.49 23.48 10.62 10.63 38.98 38.97
1345  13.46 23.51  23.50 16.68 16.69 21.95 21.94 11.83 11.84 36.76 36.75
1432 1433 2258 22.57 17.57 17.56 20.93 20.94 13.04 13.05 34.70 34.69
1541 1542 20.89  20.88 18.56 18.55 19.92 19.93 13.86 13.88 33.23 33.21
1659  16.58 19.12  19.13 19.71 19.72 18.63 18.62 14.99 14.98 31.69 31.70
17.64  17.63 17.65  17.66 20.29 20.28 18.01 18.02 16.28 16.27 29.81 29.82
18.69  18.68 1642 1643 21.92 21.91 16.34 16.35 16.94 16.95 28.49 28.48
19.56  19.57 15.21 15.20 22.73 22.74 15.63 15.62 17.60 17.62 27.46 27.44
2073 20.72 1416 1417 23.60 23.61 14.91 14.90 18.07 18.06 26.70 26.71
21.60  21.61 13.06  13.05 24.97 24.99 13.96 13.94 19.36 19.35 25.10 25.11
2248  22.50 1216 12.14 25.90 25.93 13.08 13.05 20.49 20.48 23.38 23.39
23.79 2378 1053 10.54 26.99 26.98 12.26 12.27 21.51 21.52 22.23 22.22
24.81  24.82 9.66 9.65 28.15 28.16 11.47 11.46 22.16 22.15 21.38 21.39
2676 26.77 7.72 7.71 29.33 29.34 10.59 10.58 23.74 23.75 19.24 19.23
28.50 2851 6.22 6.21 31.67 31.69 9.08 9.06 24.72 24.73 18.34 18.33
20.64  29.63 5.53 5.54 33.41 33.42 7.98 7.97 25.60 25.62 17.18 17.16
30.84  30.83 445 4.46 35.04 35.05 7.03 7.02 27.05 27.06 15.28 15.27
3294 32.93 3.35 3.36 37.04 37.03 6.08 6.09 28.11 28.12 14.40 14.39
3489  34.88 2.20 2.21 39.14 39.15 5.09 5.08 29.37 29.38 12.99 12.98
30.88 30.87 11.53 11.54

33.10 33.12 9.68 9.66

35.97 35.96 7.20 7.21

38.06 38.08 5.95 5.93

R 2 298.15 K BX5EKPE[Emim]DMP (1)+ #£5(2)+ /K )P = F I 7 FE3) R FE(4) 1 DRI 45 R
Table 2 Values of parameters of Egs. (3) and (4) for the hydrophilic [Emim]DMP (1) salt (2)+water (3) systems at 298.15 K

i a b c R? 100 SD
K5PO, 78.5560° —0.2984“ 4.0932X107%¢ 0.9999¢ 0.1668"
72.4039° —15.6199" 0.6165” 0.9996° 0.3082°

K,HPO, 98.8349° —0.3573¢ 1.1736X 1074 0.9995¢ 0.3045°
85.6802° —21.2692° 1.3626° 0.9973% 0.7323°

K,CO, 106.4949° —0.3000° 1.8473X107°¢ 0.9999° 0.2443¢
97.1085° —21.0897° 1.0372° 0.9989° 0.6598”

“ Values of parameters of Eq. 3. * Values of parameters of Eq. 4. SD=( Z::] (Wi

and the number of binodal data, respectively. w ™

using Eq. 3 or Eq. 4.

P

cal __

w ™ Y/N)"*, where w; and N represent the mass fraction of [Emim]DMP

is experimental mass fraction of [Emim]DMP listed in Table 1, and w fal is the corresponding data calculated



No. 6

F R -3 P EEBR MRS TS R + K,PO/KLHPOLW/K,CO5+H,O 3 TRAR UK A A 2 -+ 711

F£ 3 298.15 K I X2E/KME[Emim]DMP (1)+£52)+/K(3) 4k
EV IR W OQIPRISATS

Table 3 Values of parameters of Eq. (5) for the hydrophilic
[Emim]DMP (1)-salt (2)+water (3) systems at 298.15 K

H a b ¢ d R* 100SD
K;PO, 4.4587 —0.4369 0.0530 —0.0022 0.9997 0.2541
K,HPO, 4.7709 —0.5460 0.0521 —0.0012 0.9999 0.1188

K;CO;  4.7662 —0.4243 0.0409 —0.0013 0.9997 0.3304
22 X = LRI RN

FHEIIL I 2 FIBE 3, ] LA H B R AR BT 5 220 %
Mo B B A AR, XERW], 18
[Emim]DMP ¥ 7K %5 % 0 0 N 5d & (1) 3k v] BLJE B
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Figure 3 Phase diagram of the [Emim]DMP (1)+salt (2)+water (3) ATPS at 298.15 K
(a) K5POy; (b) KoHPO; (¢) KoCOs5: m, binodal curve data; o, tie line data
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SH by, n, by KU JATSAIAR G ZR B (R) IRl 22(0) WL
x50 AL, T RO TR R AR B ) R e B AR
KP4 N

AT AN B (10— S0 S 507 Fonk R 2 Bl ok
ATORIE, 7 FERIE T X4 s ™. iR

X ke MR REL pONIEER A . B AR A D7
AR IL AR, AR, JTRE@) BRI TR
HERS-3h ATPSs [ REHHEN. TR IS HUAT
IS (R R R B (R) IR HE S 22 (0) A 6. 113 6 it vl
DA, J7RE(8)X S5 LLE #dls RS Af 1 R4

In(wh/wh) = B+k(w’—wi) ®)

£ 4 298.15 K IF[Emim]DMP (1)+ £5(2)+ 7K (3) F £ Hi 4l
Table 4 Tie line data of [Emim]DMP (1)-salt (2)+water (3) at 298.15 K

B IL A #HhAH
ATPS TLL N
100w, 100w, 100w, 100w, 100w, 100w,
21.20 21.00 6.82 34.95 40.61 1.23 47.73 —1.00
[Emim]DMP—+K;PO, 20.03 19.82 7.81 33.50 37.33 1.57 43.49 —1.08
17.99 25.28 6.08 36.54 45.13 0.80 52.93 —0.92
25.96 26.98 422 44.87 57.04 0.43 69.02 —0.84
[Emim]DMP—+K,HPO, 22.01 26.43 6.00 39.99 49.66 222 57.73 —0.87
19.99 30.50 5.11 42.57 53.88 1.24 63.93 —0.85
19.98 35.18 4.98 53.35 48.57 3.45 66.26 —1.14
[Emim]DMP+K,COs 18.07 41.06 3.88 57.48 52.35 2.92 72.98 —1.13
22.02 40.16 2.77 62.45 55.74 2.33 80.13 —1.14
£S5 29815 K KX [Emim]DMP (1)+#5(2)+7K(3) ATPS FIFH J5FE(6)F1 /5 FE(7) I RIEEL B
Table 5 Values of the parameters of Egs. (6) and (7) for the [Emim]DMP (1)-+salt (2)+water (3) ATPS at 298.15 K
" Othmer-Tobias 52 Bancroft /7%
. k, n R 5 ko r R 5
K;PO, 1.5994 0.4112 0.9923 0.0015 0.3298 2.8650 0.9976 0.0019
K,HPO, 1.4899 0.6708 0.9966 0.0015 0.6144 1.5069 0.9967 0.0019
K,CO; 0.8195 1.2988 0.9835 0.0060 1.1928 0.7993 0.9788 0.0050

“ R, corresponding correlation coefficient values; J standard deviation.

6 298.15 KN [EmimDMP (1)+ )+ /k3) ATPS flJi]  KsPOs>KoHPO,>K,COs, IXHI LUK A BT Gibbs [

FiRR®) L L @ tHBEMERE. JEH Othermer-Tobias J5 2. Bancroft /7 FEA
Table 6 Values of parameters of Eq. (8) for the [Emim]DMP ZICS BT REN SEIS AR BRI R AN OCTE, R AT
(1)+salt (2)+water (3) ATPS at 298.15 K =
2 k B R 0
K;POy 0.1158 2.1294 0.9977 0.0061 References
K,HPO, 0.0733 0.6624 0.9960 0.0089
K,CO4 0.0709 1.2645 0.9999 0.0022 1 Lo, T. C. In Handbook of Separation Techniques for

Chemical Engineers, Ed.: Schwietzer, P. A., McGraw-Hill,
New York, 1996, pp. 45~60.
2 Albertsson, P. A. Partition of Cell Particles and Macro-

molecules: Separation and Purification of Biomolecules,

“ R, corresponding correlation coefficient values; J, standard deviation.

3 #

NN . Cell Organelles, Membranes, and Cells in Aqueous Polymer
ASCWSE T 298.15 K I [Emim]DMP + £k (K5PO,, & 1 7

Two-Phase Systems and Their Use in Biochemical Analysis

KoHPO, Fil KoCO3)+H0 AR FIRSS i Bl S A&
RAEAEEER AR TR, 45538 Merchuk
J7 FE G B b AN, WRY T BRI AR RE T, T A

and Biotechnology, 3rd ed., Wiley, New York, 1986, pp.
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