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The potential of ionic liquids for aromatic-aliphatic separation or removal of sulfur-containing compounds such
as thiophene is well established but, in spite of a number of phase diagrams reported in the literature, the values
of other properties required for process design, such as viscosities and densities, are poorly characterized for
these mixtures. In this work, systems presenting a LLE with a LCST are studied. Experimental density and viscosity
data for binary systems of benzene with [C4C;im][SCN], [C4C;im][CF3S05] and [C,Cqim][NTf;], and thiophene
with [C4C4im][SCN] and [C4C;im][NTf;] are presented. Additionally, the liquid-liquid phase diagram for the bina-
ry system of thiophene with [C4C;im][NTf,] is also reported. The excess molar volumes and viscosity deviations
were further estimated and correlated and their values discussed.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

In the past decades, environmental regulations have become more
stringent, requiring the use of more environmentally friendly processes
or products. In the petroleum industry, strict regulatory restrictions, re-
quiring the reduction of the level of sulfur and aromatic compound con-
tent in fuels to minimize their environmental impact [1,2], have driven
the development of new desulfurization processes and of the separation
of aromatic and aliphatic hydrocarbons in refineries.

The separation of aromatic and aliphatic hydrocarbons is a challenging
task since the conventional distillation process is inefficient due to the
close boiling points of these compounds, forming different types of azeo-
tropes. Extractive distillation, azeotropic distillation and liquid-liquid
extraction have been used for the removal of those compounds, being
the latest the most used technique [3]. Several extractive solvents have
been tested for the extraction of toluene, benzene, ethylbenzene or
xylene from their mixtures with, for instance, hexane, heptane and oc-
tane, but the selection of the solvent to be applied in the extraction pro-
cesses is still a critical issue [4-7]. For the removal of sulfur compounds,
the most common process is hydrodesulfurization (HDS), which uses a
catalyst based on CoMo and NiMo working at high temperatures (300-
400°C) and pressures (20-100bar of Hy) [2]. This technology has proved
to be very efficient for the removal of aliphatic sulfur compounds (thiols,
thiolethers and disulfides), but was found to be ineffective for aromatics
such as thiophene, benzothiophene, dibenzothiophene and their alkyl
derivatives [8]. Moreover, to achieve very low sulfur levels, HDS requires
more severe operational conditions which imply high costs but also have
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the disadvantage of saturating olefins, which are important for fuel per-
formance [8]. Oxidative desulfurization, reactive adsorption, bio-
desulfurization, membranes, extractive desulfurization and the particu-
larly promising liquid-liquid extraction have been proposed as alterna-
tive processes [8-12].

The selection of the extraction solvent is a crucial step since it affects
the efficiency of the separation. Until recently, conventional organic
compounds, such as sulfolane, were typically used as extraction sol-
vents, but environmental issues and the additional operation costs asso-
ciated to their regeneration have led to the search for convenient
alternatives [1]. Due to their unique properties, ionic liquids (ILs) have
been identified as advantageous substitutes for VOCs in separation pro-
cesses, among various other applications [1,3]. Composed of a large
asymmetric organic cation and an organic or inorganic anion, ILs are
characterized by low melting points, a wide range of liquidus state,
high thermal and chemical stability, densities higher than common
organic solvents, low solubility in aliphatic hydrocarbons and high solu-
bility in aromatic compounds (and consequently high selectivity in the
separation of aromatics from aliphatic compounds). Furthermore, they
have negligible vapor pressure, and their recovery is easy requiring
fewer operational steps and low energy consumption, offering addition-
ally the possibility of tuning their properties by changing the cation or
the anion that composes the IL, to meet the requirements of the envis-
aged process [3,13-15].

In order to properly design the separation processes and choose the
most suitable IL to perform the extraction, the knowledge of the
thermophysical properties of ILs, including density and viscosity, as
well as the liquid-liquid equilibrium (LLE) phase diagrams of their bina-
ry and ternary mixtures with aromatic compounds, is required [16,17].

Studies devoted to the separation of aromatic from aliphatic com-
pounds using ILs composed by different combinations of cations
(imidazolium, pyridinium, pyrrolidinium, ammonium or phosphonium)
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and anions (hexafluorophosphate, tetrafluoroborate, thiocyanate,
dicyanamide, bis[ (trifluoromethyl)sulfonyl]imide) have been extensively
reported and reviewed by Ferreira et al. [13,14]. These reviews provide a
very complete compilation of LLE data for binary and ternary systems in-
volving ILs, and aromatic and aliphatic hydrocarbons. Additionally, sever-
al studies on the application of ILs for the removal of sulfur compounds
have also been reported in the literature and a large number of ILs includ-
ing imidazolium [18-20], pyridinium [21,22], Lewis and Bronsted acid
and oxidative ILs [23,24] have been tested as extractive solvents. Anions
such as bis|(trifluoromethyl)sulfonyl]imide, hexafluorophosphate, tetra-
fluoroborate, ethylsulfate, acetate and thiocyanate have been considered,
with the latest showing higher selectivity [2,25-27]. While measuring the
binary [16,25,26,28,29] and ternary [1,2,9,12] phase diagrams of systems
composed of sulfur compounds and ILs, different LLE behaviors were ob-
served for systems of ILs and thiophene, depending on the IL anion. In
most cases, these systems show the common upper critical solution tem-
perature (UCST) with their mutual miscibilities increasing with tempera-
ture, for example, 1-butyl-3-methylimidazolium bis[(trifluoromethyl)
sulfonyl]imide with thiophene, but some systems display a lower critical
solution temperature (LCST), for instance, 1-butyl-3-methylimidazolium
thiocyanate with thiophene and benzene. These systems are the object of
characterization in this work.

Herein, the densities and viscosities of the binary systems of
[C4C1im][SCN] with thiophene, and of [C4C;im][SCN], [C4C;im][CF3S05]
and [C,C,im][NTf,] with benzene, were measured at atmospheric pres-
sure and in the temperature range from 298.15 to 328.15 K. The
thermophysical properties and phase diagram of the binary system
composed of [C4C;im][NTf,] with thiophene was also measured since
it was not previously reported in the open literature and it was relevant
for this work for comparison purposes. Excess molar volumes and vis-
cosity deviations were additionally estimated and correlated by the
Redlich-Kister polynomial expansion.

2. Experimental
2.1. Materials

Thiophene was supplied by Acros with a purity of 99.5wt.% and ben-
zene by Merck with a purity of 99.7 wt.%. The ILs used in this work
were supplied by IoLiTec and comprise 1-butyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide, [C4C;im][NTf;], mass fraction purity
>99 wt.%, 1-butyl-3-methylimidazolium thiocyanate, [C4C;im][SCN],
mass fraction purity >98 wt.%, 1-butyl-3-methylimidazolium triflate,
[C4C;im][CF3S03], mass fraction purity >99 wt%, and 1-ethyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide, [C,C;im][NTf;],
mass fraction purity >99 wt.%. Their purities were further confirmed
by 'H, 13C and '°F (whenever applicable) NMR. In order to reduce the
amount of volatile impurities, all samples were dried for at least 48 h
under vacuum (107° Pa) at room temperature before use. After the
drying procedure, the water content in the samples range from 208
to 324 ppm, measured by Karl-Fischer titration. The molecular struc-
tures of the compounds studied in this work are presented in Fig. A .1
(Appendix A - Supplementary data).

2.2. Experimental procedure

Mixtures of thiophene with [C4C;im][SCN] and [C4C;im][NTf,], as
well mixtures of benzene with [C4C;im][SCN], [C4C;im][CF5S03] and
[GCqim][NTf,] were prepared gravimetrically with an uncertainty
of + 10~ g. In order to homogenize the mixtures, they were constantly
stirred for at least 24 h at room temperature.

2.2.1. Density and viscosity

Density and viscosity measurements were performed at atmospher-
ic pressure and in the temperature range from 283.15 to 333.15K, using
an automated SVM 3000 Anton Paar rotational Stabinger viscometer—

densimeter. The SVM 3000 Anton Paar rotational Stabinger viscom-
eter-densimeter uses Peltier elements for fast and efficient
thermostatization. This equipment has been previously tested and
used by us [30-32] for density and viscosity measurements of ionic
liquids and ionic liquid systems. The uncertainty in temperature is within
+0.02 K. The relative uncertainty for the dynamic viscosity is +0.35%

and the absolute uncertainty for density is 4+ 0.5 kgm =3,

2.2.2. Liquid-liquid equilibrium

The phase diagram for the binary system of thiophene and [C4C;im]
[NTf,] was measured by turbidimetry. The onset of the liquid-liquid im-
miscibility (cloud point temperature) was determined by visual obser-
vation of the phase demixing (turbidity followed by phase separation).
Mixtures were introduced in Pyrex-glass capillaries with a stirrer, and
the concentration range studied, 0.15<x;; <0.17, was restricted by ex-
perimental limitations (the visual method was not applicable at mole
fractions of the IL out of this range, since the experimental setup is lim-
ited either for low or high temperatures) and was established on the
basis of titrations carried out prior to the experiments. The sealed capil-
laries were placed in a thermostated bath and were kept under contin-
uous stirring during the whole experiment. Solutions presenting two
phases at ambient temperature were heated into the homogeneous re-
gion and then slowly cooled until visual detection of phase demixing.
The cooling rate was about 10 °C for each 30 min. The temperature at
which the first sign of turbidity appeared upon cooling was taken as
the temperature of the liquid-liquid phase transition. For monophasic
solutions at room temperature, the heating process was suppressed.
The temperature was controlled with a calibrated U1252A, Handheld
Digital Multimeter 4.5-digit associated to a calibrated Pt100 tempera-
ture sensor immersed in the thermostating liquid. This equipment has
an uncertainty of 4 0.01K. Three consistent measurements were carried
out for each solution.

2.3. Thermodynamic models—mixture properties

The excess thermodynamic properties are employed to describe the
deviation in behavior of a mixture from the ideality, giving important
information concerning the nature of the molecular interactions present
in binary systems. The excess molar volumes, V£, were estimated from
the measured densities according to the following equation,

11
VE=S"xM; (— — —) 1
Z o Pmixc  Pi ( )

where x;, M;, and p; are, respectively, the molar fraction, molar mass, and
density for each component of the binary system, and pp,x is the densi-
ty of the mixture.

Similarly, viscosity deviations were estimated from measured vis-
cosities according to the following equation,

An(m) = In (M) — > % In (1) @)

where x; and 1 are, respectively, the molar fraction and viscosity for
each component that composes the binary system, and 7y iS the
viscosity of the mixture.

The excess volumes and viscosity deviations were correlated at each
temperature with a Redlich-Kister polynomial expansion as shown in
the following equation,

m .
J
Q= XaromatichLZ Aj (Xaromatic —X1L) 3)
Jj=0

where Q represents either the excess molar volume V£, or the viscosity
deviations A1), Xaromatic corresponds to the molar fraction of benzene or
thiophene, ;. is the molar fraction for all ILs studied, A; are the correla-
tion parameters, and m is the degree of the polynomial expansion. For
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our systems, a second-order polynomial was found to be an adequate
level for V£, and a first-order polynomial for A

3. Results and discussion
3.1. Liquid-liquid equilibrium (LLE)

Fig. 1 shows the liquid-liquid phase diagram measured in this work
for the binary system of thiophene and [C4C;im][NTf,] (the experimental
data is supplied as Supplementary data, Table A.1), along with the lig-
uid-liquid phase diagrams of mixtures of [C4C;im][SCN], and [C4Cyim]
[CF5S03] with thiophene, taken from literature [25,26]. Two distinct
types of phase behavior are observed, with ([C4C;im][NTf,] 4+ thiophene)
presenting the UCST-type of liquid-liquid phase diagram and the two
other systems displaying LCST behavior.

3.2. Densities and viscosities (p, 1))

The experimental data for the density, p, and viscosity, ), obtained in
this work are compiled in Tables 1 and 2. For all the systems studied, the
density presents a linear dependence with temperature, whereas the
viscosity presents the expected exponential dependence, in the entire
range of compositions. The values of both properties decrease with
the increase of temperature and aromatic compound concentration,
with the pure IL presenting the highest values for these properties
(Appendix A - Supplementary data—Figs. A.2, A.3 and A.5). The excep-
tion is the system of thiophene with [C4C;im][SCN], for which the den-
sity decreases with an increase of IL concentration. In the latter case,
densities of the mixtures are higher than that of the pure IL (Fig.
A.4 at Appendix A - Supplementary data).

3.3. Excess molar volumes (V) and viscosity deviations (An)

The estimated excess molar volumes, V£, and viscosity deviations,
Aln(n), of the binary systems composed by the ILs and benzene or ILs
and thiophene are depicted in Figs. 2 to 5. The corresponding data are
provided as Supplementary data (Tables A.2 and A.3). The Redlich-
Kister coefficients obtained in the estimation of V£ and Aln(7) are com-
piled in Tables 3 and 4. In general, the Redlich-Kister polynomial expan-
sion correlates successfully the data of V£ and Aln(n), providing a good
description of the solution behavior of all the binary systems studied.
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Fig. 1. Liquid-liquid phase diagrams for [C4C;im][NTf,] (measured in this work), [C4,C;im]
[SCN] [25] and [C4C;im][CF5SOs] [26] with thiophene. Dashed lines are guides to the eye.

Table 1
Experimental density as a function of temperature for pure ionic liquids, thiophene,
benzene and for their mixtures, in different mole fractions and at atmospheric pressure.

[C4Cim][SCN] + thiophene

T/K
XL 298.15 308.15 318.15 328.15
p/gem 3
1.000 1.070 1.064 1.058 1.052
0.897 1.073 1.067 1.061 1.055
0.857 1.075 1.068 1.062 1.056
0.754 1.077 1.070 1.064 1.058
0.390 1.082 1.075 1.068 1.061
0.299 1.084 1.076 1.069 1.061
0.000 1.059 1.047 1.034 1.022
[C4C1im][NTf>] + thiophene
T/K
XL 298.15 308.15 318.15 328.15
p/gem™3
1.000 1.437 1.428 1418 1.409
0911 1.429 1.420 1410 1.401
0.724 1.406 1.396 1.386 1.376
0.664 1.397 1.387 1377 1.368
0.439 1.369 1.359 1.349 1.339
0.230 1.308 1.298 1.287 1.277
0.000 1.059 1.047 1.034 1.022
[C4C1im][SCN] + benzene
T/K
XL 298.15 308.15 318.15 328.15
p/gem™?
1.0000 1.072 1.066 1.060 1.054
0.7666 1.053 1.046 1.040 1.034
0.7420 1.050 1.044 1.038 1.031
0.6081 1.036 1.029 1.023 1.017
0.4906 1.019 1.012 1.005 0.999
0.0000 0.874 0.863 0.852 0.841
[C4C,im][CF5SO03] + benzene
T/K
XL 298.15 308.15 318.15 328.15
p/gem—?
1.000 1.300 1.292 1.284 1.276
0.878 1.280 1.272 1.264 1.256
0.696 1.246 1.237 1.229 1.221
0.647 1.232 1.224 1.216 1.208
0.427 1.169 1.160 1.152 1.143
0.000 0.874 0.863 0.852 0.841
[C5Cqim][NTf,] + benzene
T/K
XL 298.15 308.15 318.15 328.15
p/gem—?
1.000 1.519 1.509 1.499 1.489
0.865 1.490 1.480 1.469 1.460
0.661 1.431 1421 1411 1.401
0.529 1.381 1371 1.360 1.350
0.508 1.373 1.363 1.352 1.342
0.000 0.874 0.863 0.852 0.841

@ Standard uncertainties u are u(T) = 0.02 K, u(p) = 10 kPa, and the combined expanded
uncertainty U, is U.(p) = 0.5 kg m 3, with an expanded uncertainty at the 0.95 confidence
level (k ~2).

Negative excess molar volumes are observed for all the mixtures
considered, in the entire range of composition. The same temperature
dependence - a decrease of VE with the increase of temperature - is
also observed for all the systems, as shown in Fig. 2 for mixtures of
[C4C4im][SCN] with benzene. The negative values of V£ are indicative
of favorable interactions between both aromatic compounds and the
ILs. Differences in the magnitude of VE values can be related to several
effects, such as the size and structure of the species and the type/
strength of the interactions present in the mixture. The first effect influ-
ences the effective packing of the solute/solvent molecules, hindering or
promoting specific and oriented interactions, while the type or strength
of the interactions depends on the nature of the compounds.

Both benzene and thiophene possess an aromatic ring with
delocalized m-electrons, being thus able to establish m-m interactions
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Table 2

Experimental viscosity data as function of temperature for pure ionic liquids, thiophene,
and benzene, and also for their mixtures, in different mole fractions and at atmospheric
pressure.

[C4C1im][SCN] + thiophene

T/K
XiL 298.15 308.15 318.15 328.15
n/mPas?
1.000 57.396 37.358 25.801 18.697
0.897 47.236 31.408 22,072 16.222
0.857 42.880 28.748 20.364 15.071
0.754 31.952 22,025 15.962 12.024
0.390 13.355 9.937 7.672 6.103
0.299 9.926 7.566 5.959 4.834
0.000 0.655 0.585 0.525 0470
[C4C1im][NTf>] + thiophene
T/K
XiL 298.15 308.15 318.15 328.15
1/mPas
1.000 51.320 34434 24.353 17.981
0911 42.625 29.035 20.805 15.528
0.724 26.615 18.817 13.903 10.658
0.664 23.223 16.584 12.367 9.545
0439 14.725 10.949 8.449 6.721
0.230 6.861 5.347 4.288 3.525
0.000 0.655 0.585 0.525 0470
[C4C1im][SCN] + benzene
T/K
XL 298.15 308.15 318.15 328.15
n/mPas
1.0000 62.810 40.562 27.836 20.086
0.7666 32.980 22508 16.197 12.192
0.7420 30.691 21.072 15.231 11.518
0.6081 20.092 14.292 10.641 8.250
0.4906 12.511 9.269 7.157 5.650
0.0000 0.605 0.527 0.466 0.363
[C4C1im][CF;SOs3] + benzene
T/K
XiL 298.15 308.15 318.15 328.15
1/mPas
1.000 87.964 56.429 38.308 27.254
0.878 64.295 42.193 29.228 21.168
0.696 37.168 25.406 18.233 13.621
0.647 32.799 22.579 16.331 12.299
0.533 19.811 14.218 10.644 8.200
0427 12.622 9.370 7215 5.715
0.000 0.605 0.527 0.466 0.363
[CoChim][NTf>] + benzene
T/K
XiL 298.15 308.15 318.15 328.15
n/mPas
1.000 33.001 23.663 17.693 13.679
0.865 25.188 18438 14.017 10.930
0.661 15.638 11.755 9.107 7.258
0.529 11.405 8.654 6.803 5.503
0.508 10.402 7.979 6.314 5.159
0.000 0.605 0.527 0.466 0.363

¢ Standard uncertainties v are u(T) = 0.02 K, u(p) = 10kPa, and the combined expanded
uncertainty U is U.(n) = 0.35%, with an expanded uncertainty at the 0.95 confidence level
(k~2).

with the imidazolium cation of the IL. However, the lone electron
pairs on the sulfur atom of thiophene confer a higher polarity to
this molecule, and consequently stronger interactions with the IL
ions are likely to take place.

The benzene-containing systems present negative values of V£ in the
entire range of compositions, and they are very similar to each other, hav-
ing the maximum V£ values ranging from — 2.35 to — 2.85cm>mol ~ !, for
[C4C4im][SCN] and [C4C;im][CF3S03], respectively. Consistently, larger
negative VE values are observed for the thiophene-containing systems.
The [C4C,im][NTf,]-thiophene mixtures present negative values of V£
which are larger than the values obtained for [C4C;im][SCN]. That system
also shows a different concentration dependency than all the other

€298.15K
i

A308.15K
5.0 ®328.15K
W318.15K
6.0 ' : :
0.0 02 0.4 0.6 0.8 1.0

XL

Fig. 2. Excess molar volumes as a function of the mole fraction of the IL, in mixtures of
[C4C4im][SCN] with benzene, at different temperatures, namely, (¢) 298.15 K, (a)
308.15K, (m) 318.15K and (@) 328.15 K. Solid lines represent the corresponding correla-
tion of Redlich-Kister. The dotted line corresponds to the limit of miscibility, where at the
left is the immiscibility region.

systems studied, with a minimum at lower concentrations. Its V values
are also less dependent with temperature. The different behavior of this
system suggests that it is ruled by a different type of interactions, which
is in agreement with the observed differences in the phase diagram
behavior.

As illustrated in Fig. 4 for the [C4C;im][SCN]-thiophene mixtures,
the values obtained for the Aln(n)) are positive and decrease with tem-
perature for all the systems studied, in the entire range of compositions.
As shown in Fig. 5, two different behaviors are observed for the viscosity
deviations. Smaller values of Aln(n) are found for the benzene-
containing mixtures, while the thiophene systems present larger values
of Aln(n). This pattern can be related to the polarity of the aromatic
compound, which is higher in the case of thiophene, leading to stronger
interactions with the ILs. Slightly lower viscosity deviations are ob-
served for the [SCN]™-containing systems, suggesting that the domi-
nant effect is the possibility to establish more points of contact, which
is more likely in the cases of [C,C;im][NTf;], [C4C;im][NTf;] and
[C4C4im][CF53S03], than in the case of [C4C;im][SCN].

VE [ em3mol!
o

=== [C4C1im][SCN]_Thiophene

== [C4C1im][NTF2]_Thiophene

S5 F [C4C1im][SCN]_Benzene
@=@== [C4C1im][CF3SO3]_Benzene
== [C2C1im][NTF2]_Benzene
-6 L L s s
0 0.2 0.4 0.6 0.8 1

Fig. 3. Estimated excess molar volumes through Redlich-Kister's correlation as a function
of the mole fraction of the IL, at 298.15 K.
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Fig. 4. Viscosity deviations as a function of the mole fraction of the IL, in mixtures of
[C4C,im][SCN] with thiophene, at different temperatures, namely, (¢) 298.15 K, (4)
308.15K, (m) 318.15K and (@) 328.15 K. Solid lines represent the corresponding correla-
tion of Redlich-Kister. The dotted line corresponds to the limit of miscibility, where at the
left is the immiscibility region.

4. Conclusions

In this work, experimental density and viscosity data are reported
for systems of benzene with [C4C;im][SCN], [C4C;im][CF3SOs] and
[G,Cim][NTf,], and for systems of thiophene with [C4C;im][SCN] and
[C4Cim][NTf,]. The experimental liquid-liquid equilibrium phase dia-
gram for the binary system of thiophene with [C4C;im][NTf;] is also
reported. The experimental densities and viscosities were used to esti-
mate the excess molar volumes and the viscosity deviations of the mix-
tures. These data were successfully correlated with the Redlich-Kister
polynomial expansion, providing a good description of the solution
behavior of the studied systems.

The results obtained show a decrease of the density and of the vis-
cosity with temperature and with the increase of benzene or thiophene
content in the mixture, with the pure ILs presenting the highest values.
A distinct behavior is found for the system of thiophene with [C4Cqim]
[SCN], for which the density decreases with the increase of x;;. All the
mixtures studied show negative values of VE and positive Aln(7), in all
ranges of compositions. Factors such as the size, structure and nature

2
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Fig. 5. Estimated viscosity deviations through Redlich-Kister's correlation as a function of
the mole fraction of the IL, at 298.15 K.

Table 3
Coefficients for Redlich-Kister correlations for excess molar volume.
T/K

[C4C1im][SCN] + thiophene
RK coeff 298.15 308.15 318.15 328.15
Ao —6.541 —7.155 —7.814 —8.660
Ay —4.087 —4815 —5.515 —6.269
Ay —6.778 —7.327 —7.872 —8.309

[C4C1im][NTf>] + thiophene
RK coeff 298.15 308.15 318.15 328.15
A, —10.825 —11.213 —11.704 —12.321
Ay —24.428 —25.217 —25910 —26.835
A, —16.642 —17.145 —17.670 —18.293

[C4Cim][SCN] + benzene

RK coeff 298.15 308.15 318.15 328.15
Ao —7.225 —7.794 —8.528 —9.358
Ay —2.122 —1.887 —2.789 —3.175
Ay 3414 4.073 3.117 3.303

[C4C1im][CF;S03] + benzene
RK coeff 298.15 308.15 318.15 328.15
Ao —8.349 —8.851 —9.498 —10.119
Ay —8.242 —8515 —8.990 —9.463
Ay —5.867 —5.692 —5.870 —6.146

[CoC1im][NTf>] + benzene
RK coeff 298.15 308.15 318.15 328.15
A, —7937 —8412 —8.936 —9.459
Ay —7.716 —8.003 —7921 —8.242
A, —4.485 —4.626 —4.079 —4.645

of the compounds present in the mixtures, and the consequent type
and strength of the interactions established were considered to explain
the behavior of the solutions. A different behavior is observed for the
[C4C4im][NTf,]-thiophene mixtures, with larger values of V¥ and with a
different concentration dependency than for all the other systems stud-
ied, that correlates well with the observed differences in the phase dia-
gram behavior.
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Appendix A. Supplementary data

Figures containing density and viscosity, as function of temperature,
for [C4C1im]|[CF3SO3] with benzene and [C4C1im][SCN] with thio-
phene; tables containing excess molar volume and viscosity deviations
data; liquid-liquid equilibrium data measured in this work. Supplemen-
tary data to this article can be found online at http://dx.doi.org/10.1016/
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