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Some aqueous solutions of ionic liquids exhibit liquid-liquid phase transition with upper or lower critical
solution temperatures. Aqueous solutions of [C;mim]BF, and [P4444]CF;COO are examples for the solutions which
show UCST-type and LCST-type phase transitions, respectively. Hydrophobicity and hydrophilicity of the constituent
ions of the ionic liquids can be characterized in terms of their effects on molecular organization of H,O based on the
1-propanol probing methodology. The contributions of hydrophobicity/hydrophilicity are evaluated based on the third
derivatives of the Gibbs energy. Amphiphilicity is defined as combination of the effects of hydrophobicity and
hydrophilicity. Constituent ions composed of ionic liquids basically show amphiphilicity with strongly hydrophobic
and equally hydrophilic contributions. The self-aggregation behavior of the cations in aqueous solutions is also
discussed based on the third derivatives of the Gibbs energy. Furthermore, we introduce the fluctuation of mixing state
in aqueous solutions of the ionic liquid, such as aqueous solution of [P4444]CF;COO. Aggregation aspect in the
solutions is discussed in terms of inhomogeneity of molecular distribution. It is suggested that the evaluated
hydrophobicity/hydrophilicity could be related to the mixing state even in the higher concentration range.
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Fig.1 The induced changes of H; pattern in the presence of
various kinds of solute, S.*” Representation of “[binary]” means
binary system of 1P and H,O without S. Region of Mixing
Scheme I defined as from to at the point X, as described in the
horizontal axis. (a) Effect of “hydration center” on the
Hf%,p pattern with increasing in S. (b) The effects of
“hydrophobes”. (c) The effects of “hydrophiles”. (d) The effect
of “amphiphiles”.
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Fig.3 Enthalpic 1P-1P interaction, Hf,,, in 1P-S-H,O for
(A) S= [C;mim]Cl at 28 °C ¥ and (B) S= NH,BF, at 25 °C 3.
Hppatterns shift with x¢ from right to left in the figure as

Fig.2(d). The region of Mixing Scheme I decrease with
increasing and almost disappear at for [Cymim]Cl .
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Fig.4 Loci of the point X as a function of the initial salt
concentration, x¢ , for S (A)[C;mm]Cl at 28 °C*® and
(B)NH,BF, at 25 °C™. (a) The loci of x;p. The slopes give the
hydrophobicity index and the hydration number, ny. (b) The loci

of HE,» . The slope corresponds to the hydrophilicity index.
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EBUKMEE XD F A 2DV, [Cymim]" > [Cypyr]” >
[Nugaa]” > [Pagaa] > [Pssss]’, —H 7 =4 1%, CH;SO;~ >Cl
-~ >Br > [TSO]7 > N037 > CF3C007 > BF47 > CF3SO3
T >NTH] EHE SN TN D,

Table 1 Hydrophobicity/hydrophilicity indices for constituent
ions of ionic liquids.

ions hydrophobicity ny® hydrophilicity —aggregation®
(kJ mol™")

cations
[Cmim]" ¢ -0.39 7 -1970 none
[Cimim]" ¢ -1.31 26 -3227 x3>0.013
[C4«Cimim]" ¢ -1.85 37 -6760 x3>0.0060
[Pagas]’ -3.49 72 -5337 x> 0.0080
anions
BF, / -0.26 85 -2060 none
CF;CO0 " ¢ -0.49 10 =767 none
CH;COO ¢ -0.22 3.7 0 none

“Hydration number evaluated from the loci of point X.
Aggregation observed in the region of Mixing Scheme 1T .
‘Ref. 42, 43, 52. “Ref. 42, 43, 50. “Ref. 55./Ref. 53. <Ref. 42, 43, 68.
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