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Recently, ionic liquids and their mixtures
of molecular liquids are frequently exam-
ined as a novel solvent for electric devices,
organic syntheses, and solvent extractions.
However, physicochemical properties of
ionic liquids and ionic liquid-molecular
liquid mixtures are still unknown at the
molecular level. The properties are essen-
tial to understand chemical reactions and
equilibria in ionic liquids and their mix-
tures of molecular liquids.

In the present study, mixing state of bi-
nary solutions of imidazolium-based ionic
liquids and water, methanol, acetonitrile,
and benzene has been observed at a meso-
scopic level by using small-angle neutron
scattering (SANS) technique. Two ionic liq-
uids, 1-ethyl-3-methylimidazolium (EMI+)
chloride (Cl-) (m.p. = 360 K) and EMI+ bis-
(trifluoromethanesulfonyl) amide (TFSA-)
(m.p. = 256 K) were examined. Based on the
present results, the effects of the properties
of the molecular liquids on mixing state of
ionic liquid-molecular liquid binary solu-
tions have been discussed.

Sample solutions were prepared by
dissolving EMICl into deuterated liq-
uids of water, methanol, and acetonitrile
and by mixing EMITFSA with deuter-
ated methanol, acetonitrile, and benzene at
various mole fractions. However, EMICl-
benzene and EMITFSA-water solutions
were not prepared because of their very
low miscibility. SANS spectra of the sam-
ple solutions at 298 K were measured on
the SANS-U spectrometer with the camera
lengths of 1 and 4 m. The scattering intensi-
ties for the sample solutions were accumu-
lated on the detector at the camera lengths
of 1 and 4 m for 10 min and 1 h, respec-
tively.

For the EMICl systems, as seen in Fig.
1(a), the SANS intensities for the EMICl-
acetonitrile mixtures are significantly ob-

served at the high acetonitrile mole frac-
tions of 0.8, 0.9, and 0.95. However, the
SANS intensities for the EMICl-water and
EMICl-methanol mixtures were scarcely
observed. Thus, EMICl and acetonitrile
molecules form each cluster in the mix-
tures, whereas EMICl is homogeneously
dissolved into water and methanol. On
the other hand, for the EMITFSA systems,
the SANS intensities for the EMITFSA-
methanol mixtures are significant at the
methanol mole fractions of 0.8, 0.9, and
0.95 as shown in Fig. 1(b), while those for
the EMITFSA-acetonitrile and EMITFSA-
benzene mixtures were not observed.
Hence, both EMITFSA and methanol are
inhomogeneously mixed each other in the
mixtures, but acetonitrile and benzene are
homogeneously mixed with EMITFSA.

The present results can be explained as
follows. In the EMICl systems, acetonitrile
molecules may not strongly interact with
Cl- due to the low electron-acceptability
of acetonitrile, while water and methanol
molecules strongly solvate Cl-. However,
benzene molecules cannot solvate highly
charged Cl- i.e., EMICl is not dissolved
into benzene. These are the reasons for the
most inhomogeneous mixing of the EMICl-
acetonitrile mixtures among the EMICl sys-
tems. On the contrary, methanol molecules
weakly interact with TFSA- because of the
low charge-density of TFSA-. However,
acetonitrile molecules can easily interact
with TFSA- due to the suitable polarity of
acetonitrile. In contrast, water molecules
hardly interact with hydrophobic TFSA-
, i.e., a small amount of water is only
dissolved in EMITFSA. In the EMITFSA-
benzene mixtures, benzene molecule may
contact with EMI+ by the pi-pi interac-
tion between them [1,2]. Additionally, ben-
zene molecule may easily interact with
low-charged TFSA-. It results in the homo-
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geneous mixing of the EMITFSA-benzene
mixtures. Thus, the inhomogeneity of the
EMITFSA-methanol is the highest among
the EMITFSA systems.
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Fig. 1. SANS spectra for (a) EMICl-acetonitrile and
(b) EMITFSA-methanol mixtures.


