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Phase behavior of LCST-type ionic liquid-water mixtures containing amino acids
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Abstract : The mixtures of ionic liquid (IL) tetrabutylphosphonium trifluoroacetate ([ P, ]CF,CO0) or tributyloctylphos-
phonium bromide ([ P, ]Br) with water showed a lower critical eutectic temperature ( LCST) -type phase behavior. Biomol-
ecules could be extracted with the LCST-type systems by controlling the temperature. The effects of amino acid (AA) on the
phase transition temperature of [ P, ] CF;COO-water and [ P, ] Br-water mixtures were investigated. Moreover, the distribu-
tion characteristics of AAs in the two phases were analyzed. Results showed that the addition of lysine,alanine, glycine, argi-
nine and proline with the mass fraction of 2% -10% could enhance the phase formation ability of the mixtures. In addition, the
[L-rich phase transferred from the lower phase to the upper phase with the increase amount of AAs and temperature. Herein,
AAs were not only the target extractive,but also could assist the LCST-type ionic liquid-water mixtures to regulate phase equi-
librium in the extraction of other biomolecules. This study can provide a basic data for the design of selective extraction of bio-
molecules by liquid-liquid systems containing ILs.
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Fig. 5 Temperature-composition phase diagrams of IL-water mixtures with different concentrations of proline
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®1 25 CTAREREMEEA[ P, ]CF,CO0-KEERRNEHREE
Table 1 ~ Density of the [ P,,, ]CF,;COO-H,0 mixture with different concentrations of proline at 25 C
Jfi 1 /35X Mass fraction( % ) P Density (g/mL)
K - ‘ :

No. R [ERRIALS K KA BT WARAR

Proline IL Water Water-rich phase IL-rich phase
a 4.76 28.57 66. 67 1.116 + 0.004 1.156 + 0.005
b 5.66 28.30 66.04 1.118 + 0.005 1.141 + 0.003
d 10.71 26.79 62.50 1.126 + 0.008 1.103 + 0.002
e 11.50 26.55 61.95 1.132 = 0.010 1.123 + 0.005
f 12.28 26.32 61.40 1.187 + 0.010 1.154 + 0.007

TE BRI BZ N 6. 54% (18] 6¢) I R ZRAL T b T AR B A i A AR B R s 4, Teikill e L

Note : When the proline concentration was 6.54% (Fig. 6¢) ,the density of the mixture could not be determined because the phase separation of the mix-

ture was not complete, which was in the transition of upper and lower phase.
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Table 2 Density of ionic liquid-water binary systems containing proline at different temperatures

[P,y ] CF,CO0-k

R [ Pysss ] CF;COO-water(g/mL)

[ Pyyg ] Br-7K
[ Pyy4g ] Br-water( g/mL)

Temperature ( °C)

BT WAARAR
IL-rich phase

TKAH

Water-rich phase

BTN KA

IL-rich phase Water-rich phase
4 1.158 + 0.011 1.162 + 0.010
20 1.156 + 0.008 1.114 + 0.002
30 1.142 = 0.007 1.128 =+ 0.004
50 1.133 + 0.005 1.141 = 0.005
65 1.129 + 0.005 1.153 + 0.007

1.146 = 0.006
1.140 + 0.009
1.135 + 0.004
1.133 + 0.004
1.129 + 0.003

1.173 + 0.009
1.179 = 0.010
1.180 = 0.011

1.182 + 0.010
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Fig. 9  Distribution coefficients of amino acids in ionic liquid-water binary systems at different temperatures
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Table 3 Standard molar thermodynamic parameters of amino acids in ionic liquid-water binary systems at 30 °C

[ P ] CF, CO0-7k
[ Pyyss ] CF;COO-water

[ Pyag ] Br-7K

[ Pyug ] Br-water

AA 0 0 Q0 Q0 ~ 0 0 0 0
A,G"m AH  m A S nl'x A,S” m N AyG " m AVH m A S nil'x AS™m )
M (/mol) (kJ/mol) (J/mol/K) (kJ/mol ) M (/mol) (kJ/mol) (1/mol/K) (kJ/mol )
EIR Lys 7.357  -5.030 -1.443 21.272 6.449 0.5920 3.308 -3.015 -71.062 243.185 73.722 0.9676
HE&® R Gly 6.500 4.718 43.366 157.550 47.761 0.9386 1.402  -0.852 -80.521 269.831 81.799 0.8547
%R Pro 3.034  -2.797 -38.053 135.329 41.025 0.9104 5.800 4.430 -52.649 186.732 56.608 0.8693
NEFR Ala 8.646  -5.437 23.138 94.048 28.511 0.9836 2.315 -2.116 -67.069 229.051 69.437 0.9247
KRR Arg 5.795 4.428 -19.081 97.594 29.586 0.8395 3.237 -2.961 -80.277 273.115 82.795 0.9450
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