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Experimental data are presented for liquid-liquid equilibria of mixtures of the room-temperature ionic
liquid 1-ethyl-3-methyl-imidazolium bis(trifluoromethylsulfonyl)imide ([C2MIM][NTf2]) with the three
alcohols propan-1-ol, butan-1-ol, and pentan-1-ol and for the 1-butyl-3-methyl-imidazolium bis(trifluo-
romethylsulfonyl)imide ([C4MIM][NTf2]) with cyclohexanol and 1,2-hexanediol in the temperature range
of 275 K to 345 K at ambient pressure. The synthetic method has been used. Cloud points at a given
composition were observed by varying the temperature and using light scattering to detect the phase
splitting. In addition, the influence of small amounts of water on the demixing temperatures of binary
mixtures of [C2MIM][NTf2] and propan-1-ol, butan-1-ol, and pentan-1-ol was investigated.

1. Introduction

Ionic liquids (IL) represent an unusual class of solvents
with many novel and promising properties. In contrast to
common molten salts, ionic liquids exist in the liquid state
at temperatures below 373 K and up to 730 K in most cases.
Their extremely low vapor pressure and their miscibility
and solubility behavior make them interesting for many
applications in industry as well as in chemical synthesis.1-4

For the successful and large-scale use of ionic liquids,
intensive and systematic investigations of their physico-
chemical properties are necessary. During the last few
years, investigations of such properties have increased
remarkably. Next to the fundamental thermodynamic
properties (e.g., viscosity, density), the phase behavior
(SLE, VLE, and LLE) of ionic liquids mixed with organic
solvents and especially water has increasingly gained
interest.5-25 In this work, we present new results of liquid-
liquid equilibria of the ionic liquid 1-ethyl-3-methyl-imi-
dazolium bis(trifluoromethylsulfonyl)imide ([C2MIM][NTf2])
with propan-1-ol, butan-1-ol, and pentan-1-ol and, in ad-
dition, 1-butyl-3-methyl-imidazolium bis(trifluoromethyl-
sulfonyl)imide ([C4MIM][NTf2]) with cyclohexanol and 1,2-
hexanediol. The chemical structure of the ionic liquids is
shown in Figure 1.

As reported previously,5,6 [C2MIM][NTf2] shows partial
miscibility with primary alcohols such as propan-1-ol,
butan-1-ol, and pentan-1-ol. In this work, the ionic liquid
was synthesized according to the same preparation method
as reported previously,5,6 and the LLE curves of mixtures
with propan-1-ol, butan-1-ol, and pentan-1-ol have been
redetermined with the purpose of studying carefully the
influence of water on the results. Well-defined small
amounts of water have been added to these mixtures, and

the change in the LLE curves has been analyzed on a
quantitative basis. These results are of special interest
because it is well known that the purity of ionic liquids
has a large influence on their properties.12-14,26 Recently
published results12,13 have shown that water acts as a
cosolvent. As a result, the demixing temperature of a binary
mixture decreases with increasing water content, which
has been confirmed by our studies.

2. Experimental Section

Substances. The room-temperature ionic liquids
[C2MIM][NTf2] and [C4MIM][NTf2] were synthesized ac-
cording to previously described preparation methods.5,6,27

All starting substances (except LiNTf2) were purified by
distillation prior to use.

The synthesis of [C2MIM][NTf2] was carried out using
the halogen-free route described previously.5,6 The starting
substances were N-methylimidazole and diethyl sulfate.
After hydrolysis, the anion of the resulting ionic liquid was
exchanged via a metathesis reaction with an aqueous
solution of LiNTf2.

For the preparation of [C4MIM][NTf2], a different method
was used. As starting materials, N-methylimidazole and
butyl chloride were used. The precursor [C4MIM]Cl was
treated with an aqueous solution of LiNTf2. After phase
separation, the halide was removed by intensively washing
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Figure 1. Structure of [C2MIM][NTf2] and [C4MIM][NTf2].
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the ionic liquid phase with water. The halide content was
periodically checked by treating the water phase with acid
AgNO3.

To remove traces of volatile compounds from [C2MIM]-
[NTf2] and [C4MIM][NTf2], we kept the substances under
vacuum (about 10-6 bar) at 340 K for 24 h. The residue of
the starting materials in the ionic liquid was tested by 1H
and 13C NMR spectroscopy. The purity of the ionic liquids
was g98% according to impurity peaks observed in the
NMR spectrum. The water content was determined by Karl
Fischer titration (DL35 Mettler Toledo) ((205 ( 10) ppm
and (771 ( 10) ppm for [C2MIM][NTf2]; (160 ( 30) ppm
and (480 ( 50) ppm for [C4MIM][NTf2] in the first and
second measurement runs, respectively). The substances
were stored under an Ar atmosphere to avoid the absorp-
tion of water or air.

The solvents for the liquid-liquid equilibria measure-
ments were supplied by Fluka, with purities of g97.0% for
1,2-hexanediol, g99.0% for cyclohexanol, g99.8% for pro-
pan-1-ol, and g99.0% for pentan-1-ol. Butan-1-ol was
obtained from Merck with a purity of g99.8%. All solvents
were dried over molecular sieves prior to use. The water
content was determined by Karl Fischer titration and
checked periodically. The residual water content for the
solvents is summarized in Table 1.

Experimental Procedure. The experimental setup
being used has been described in detail previously.5,6 The
special advantage of the apparatus is the small amount of
sample (4 cm3) needed to determine cloud point tempera-
tures.

The composition was determined gravimetrically. The
relative uncertainty of the mass fraction was estimated to
be less than 2 × 10-4. Cloud point temperatures have been
determined with precisions of (0.5 K and (1.0 K depend-
ing on the quality of temperature control.

3. Results and Discussion

Miscibility Tests and Water Solubility. Prior to the
measurements of liquid-liquid equilibria, a series of binary
systems has been investigated with respect to a rough test
of their miscibility properties. The results are presented
in Table 2.

Because of the importance of water as an impurity in
ionic liquids, the exact value of the maximum water content
in the IL samples was determined. Samples have been
saturated with water by shaking them with water for 40
h. The two-phase system stayed at rest for 8 h before water
analysis was made by Karl Fischer titration. In the ionic
liquid phase, (1.90 ( 0.06) mass % of water was found for
[C2MIM][NTf2], and (1.30 ( 0.01) mass % of water was
found for [C4MIM][NTf2] at 293 K. The results are in good
agreement with results published by Crosthwaite et al.15

LLE of Mixtures Containing [C4MIM][NTf2]. In
continuation of our previous work, we have investigated
the phase behavior at atmospheric pressure of binary
systems consisting of [C4MIM][NTf2] + cyclohexanol and
1,2-hexanediol. The obtained phase diagrams are shown
in Figure 2, and the demixing points are summarized in
Tables 3 and 4.

All binary systems exhibit an upper critical solution
temperature (UCST), which is (319.2 ( 1.0) K for cyclo-
hexanol and (328.2 ( 1.0) K for 1,2-hexanediol, respec-
tively.

LLE of Mixtures Containing [C2MIM][NTf2]. Two
years ago, demixing curves of binary systems containing
[C2MIM][NTf2], propan-1-ol, butan-1-ol, and pentan-1-ol
were reported by our group.5,6

We have now remeasured the cloud points of selected
mixtures using a new sample of the ionic liquid with a well-
defined content of water. [C2MIM][NTf2] was synthesized
according to the same halogen-free preparation method.
The experimental cloud point results for all three systems

Table 1. Water Content in the Organic Solvents

cyclohexanol (165 ( 60) ppm
1,2-hexanediol (215 ( 50) ppm
propan-1-ol (100 ( 25) ppm
butan-1-ol (70 ( 10) ppm
pentan-1-ol (40 ( 10) ppm

Table 2. Qualitative Examination of the Miscibility of
[C2MIM][NTf2] and [C4MIM][NTf2] (T ) 278-358 K) with
Different Solventsa

solvent [C2MIM][NTf2]b [C4MIM][NTf2]b

n-hexane n.i. im
1-hexene n.i. im
cyclohexane n.i. im
cyclohexene n.i. im
1,3-cyclohexadiene n.i. pm
benzene pm28 pm
cyclohexanol n.i. pm
propan-1-ol pm mi
butan-1-ol pm pm
pentan-1-ol pm pm
hexan-1-ol n.i. pm
1,4-butanediol pm n.i.
1,2-hexanediol n.i. pm
1-hexanal n.i. mi
methyl caproate n.i. mi
2-hexanone n.i. mi
water im im

a mi - totally miscible; pm - partially miscible; im - im-
miscible; n.i. - not investigated. b 25 mass % < wIL < 75 mass %.

Figure 2. LLE coexistence curves for [C4MIM][NTf2] (1) +
solventss2, 4, + cyclohexanol (2) and b, O, + 1,2-hexanediol (2)s
as a function of mass fraction w1. Filled symbols represent wH2O,1

) (160 ( 30) ppm, and empty symbols, wH2O,1 ) (480 ( 50) ppm.
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are presented in Figure 3 in comparison to data published
previously (Tables 5-7).

It is obvious that all demixing temperatures determined
in the present work are shifted to higher temperatures.

The deviations between the curves vary between 0.5 K and
1.5 K depending on the system and the composition of the
mixture.

It is known from the literature that such deviations can
be caused by varying amounts of impurities in the ionic
liquid as well as in the organic solvent. Because it is very
difficult to remove water or to avoid the absorption of water
during sample preparation or storage, the water content
seems to be the main reason for the observed deviations.
Unfortunately, the water content of [C2MIM][NTf2] and the
alcohols could not be measured two years ago, and a direct

Table 3. Experimental Cloud Points for [C4MIM][NTf2]
(1) + Cyclohexanol (2) as a Function of Mass
Fraction w1

a

w1 T/K w1 T/K

first run second run
0.1274 313.5 0.0711 306.1
0.1796 316.4 0.0877 308.9
0.2352 318.0 0.2654 318.4
0.3395 319.2 0.4727 318.9
0.4201 319.2 0.5718 317.6
0.5324 318.4 0.8033 300.6
0.6428 315.2
0.7048 311.5
0.7499 307.5

a Precision of temperature ) (1.0 K.

Figure 3. LLE coexistence curves for [C2MIM][NTf2] (1) +
solventss0, 9, ~, + propan-1-ol (2); O, b, ., ], + butan-1-ol
(2); and 4, 2, + pentan-1-ol (2)sas a function of mass fraction
w1. Filled symbols are for this work, and empty symbols, refs 5
and 6.

Table 4. Experimental Cloud Points for [C4MIM][NTf2]
(1) + 1,2-Hexanediol (2) as a Function of Mass
Fraction w1

a

w1 T/K w1 T/K

first run second run
0.1131 312.4 0.0802 304.5
0.1726 320.3 0.2845 326.5
0.2376 324.6 0.5157 328.2
0.3584 327.9 0.5675 328.0
0.4500 328.2 0.6606 326.5
0.5916 327.9 0.8688 307.1
0.6830 325.9
0.7221 324.1
0.7781 320.0
0.8380 312.7

a Precision of temperature ) (1.0 K.

Table 5. Experimental Cloud Points for [C2MIM][NTf2]
(1) + Propan-1-ol (2) as a Function of Mass Fraction w1

a

w1 T/K

0.1070 279.3
0.1622 286.5
0.1983 289.4
0.3157 294.0
0.4319 295.2
0.4963 295.3
0.5724 295.1
0.6446 294.2
0.7210 291.4
0.7686 287.8

a wH2O,1 ) (205 ( 10) ppm; wH2O,2 ) (100 ( 25) ppm; precision
of temperature ) (0.5 K.

Table 6. Experimental Cloud Points for [C2MIM][NTf2]
(1) + Butan-1-ol (2) as a Function of Mass Fraction w1

a

w1 T/K

0.4247 320.9
0.3608 320.5

a wH2O,1 ) (771 ( 10) ppm; wH2O,2 ) (70 ( 10) ppm, precision of
temperature ) (0.5 K.

Table 7. Experimental Cloud Points for [C2MIM][NTf2]
(1) + Pentan-1-ol (2) as a Function of Mass Fraction w1

a

w1 T/K

0.1054 327.9
0.1738 334.8
0.2385 337.9
0.2639 338.7
0.3159 339.7
0.3390 340.0
0.3848 340.2
0.4354 340.4
0.4499 340.4
0.5087 340.1
0.5405 340.2
0.6295 338.9
0.7222 334.9
0.7380 333.9
0.8462 318.9

a wH2O,1 ) (205 ( 10)ppm; wH2O,2 ) (40 ( 10) ppm, precision of
temperature ) (0.5 K

Table 8. Influence of Small Amounts of Water on the
Cloud Point Temperatures for [C2MIM][NTf2] (1) +
Propan-1-ol (2)a

w1 T/K

wH2O,2 ) (35 ( 10)ppm
0.1731 287.3
0.3219 294.2
0.5183 295.3
0.6004 294.9

wH2O,2 ) (235 ( 25)ppm
0.5889 294.9

a wH2O,1 ) (205 ( 10) ppm, precision of temperature ) (0.5 K.
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comparison of the curves is not possible. Therefore, we have
now started to investigate the influence of water on the
demixing temperature in a systematic way. The water
content of all original components used in the first series
of measurements was determined by Karl Fischer titration
(Table 1).

Influence of Small Amounts of Water on the Cloud
Point Temperature. Measurements on three series of

mixtures containing [C2MIM][NTf2] and propan-1-ol have
been carried out. The distinction between the mixtures was
small amounts of water in the propan-1-ol sample used for
preparation ((35 ( 10) ppm, (100 ( 25) ppm, and (235 (
25) ppm)). The compositions of the investigated mixtures
and the measured demixing points are summarized in
Table 8. A comparison of the cloud points with the coexist-
ence curves (Figure 4) determined previously (Figure 3)
shows that such small changes in water content have a
negligible influence on the demixing temperatures. The
deviations in temperature are within our experimental
error of the method.

In addition to these measurements, the influence of
water on the cloud point temperatures was investigated
systematically by adding certain amounts of water (be-
tween 150 and 8000 ppm) to a binary mixture. For the
mixture containing propan-1-ol as a solvent, the water

Figure 4. Influence of small amounts of water on the cloud point
temperatures of the system [C2MIM][NTf2] (1) + propan-1-ol (2).
9, wH2O,2 ) (100 ( 25) ppm; 0, wH2O,2 ) (35 ( 10) ppm; ], wH2O,2

) (235 ( 25) ppm.

Figure 5. Influence of water content (3) on the cloud point temperatures of the system [C2MIM][NTf2] (1) + solvents (2): 9, + propan-
1-ol (2), (a) w1 ) 0.7210; b, + butan-1-ol (2), (b) w1 ) 0.3608; 2, + pentan-1-ol (2), (c) w1 ) 0.7222; 1, + pentan-1-ol (2), (d) w1 ) 0.3159.

Table 9. Influence of Water on Cloud Point
Temperaturesa

10-3w3/ppm T/K 10-3w3/ppm T/K

[C2MIM][NTf2] (1) +
Propan-1-ol(2)

[C2MIM][NTf2] (1) +
Pentan-1-ol (2)

w1 ) 0.7210 w1 ) 0.7222
0.18 291.4 0.16 334.9
1.06 290.3 1.06 334.0
1.97 289.3 2.04 333.1
2.92 288.3 3.00 332.2
6.27 284.6 5.05 330.2
7.94 282.8 7.06 328.2

[C2MIM][NTf2] (1) +
Butan-1-ol (2)

[C2MIM][NTf2] (1) +
Pentan-1-ol (2)

w1 ) 0.3608 w1 ) 0.3159
0.32 320.5 0.09 339.7
2.44 318.8 1.53 338.6
3.56 317.8 4.06 336.5
4.58 316.9 5.64 335.2
6.46 315.4

a Results for [C2MIM][NTf2] (1) + propan-1-ol (2), + butan-1-ol
(2), or + pentan-1-ol (2) as a function of water content (3) in the
mixtures (precision of temperature ) (0.5 K).
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content was analyzed by Karl Fischer titration after the
measurement. The results of these investigations obtained
with mixtures of [C2MIM][NTf2] + propan-1-ol, butan-1-
ol, and pentan-1-ol are presented in Table 9 and illustrated
in Figure 5, where the change in temperature is plotted
versus the water content for four different compositions.
The results show that in all cases a linear dependency is
observed from which we conclude that LLE data of mix-
tures containing an ionic liquid and a nonaqueous solvent
can be obtained from a systematic study of the influence
of water on the demixing temperature and extrapolation
to a water content of zero. Furthermore, the results indicate
that a water content smaller than 0.02 mass % in the
mixture will most probably provide data that represent the
results of systems free of water within the experimental
error limit.

Recently, we started to investigate the influence of water
on the cloud point temperature for mixtures containing
[C4MIM][NTf2] and 1,2-hexanediol. The first results showed
that the system is less sensitive to water. The demixing
temperature decreases only about 3 K per mass % of water.
Details will be published in the future.
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