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Experimental density, speed of sound, refractive index and viscosity data of the pure ionic liquid 1-ethyl-
3-methylimidazolium methylsulfate, [EMim][MSO,4], were measured as a function of temperature from
T=(293.15 to 343.15)K, every 5K, and atmospheric pressure. Density, speed of sound and refractive

Keywords: index data were satisfactorily correlated with a linear equation, while viscosity data were fitted to the

Density Vogel-Fulcher-Tamman (VFT) equation. Besides, from the experimental density values, the thermal

\S/l_’eed of sound expansion coefficient, o, was calculated. Furthermore, density and speed of sound for the binary systems
Iscosity of {methanol, or ethanol, or 1-propanol, or 2-propanol, or 1-butanol, or 1-pentanol + [EMim][MSO4]}

Refractive index . . "

[EMim][MSO,] were experimentally determined over the whole composition range, at T=(288.15, 298.15 and

308.15) K and p = 0.1 MPa. These properties were used to calculate the corresponding excess molar vol-
umes and excess molar isentropic compressions, which were satisfactorily fitted to the Redlich-Kister
equation. Finally, a comparison with available literature data was also carried out and the obtained

Excess properties

results are discussed in terms of interactions and structure factors in these binary mixtures.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The use of ionic liquids (ILs) in separation processes is receiving
increasing attention as a novel alternative to conventional organic
solvents due to their unique properties, such as high thermal sta-
bility, large liquid-state temperature range, high ionic conductiv-
ity, negligible vapour pressure, non-flammability and miscibility
with compounds having very wide range of polarities. Besides,
they are known as “design solvents” because it is possible to per-
form different combinations of anion-cation which lead to a large
number of ILs with different physico-chemical properties. This ver-
satility of ILs presents multiple applications in different fields. The
design of industrial processes and new products based on ILs can
only be achieved when their thermophysical properties are ade-
quately known. Furthermore, it is interesting to study the interac-
tions between ILs with other molecular solvents, among which are
alcohols. These data are relevant for modelling purposes as ther-
modynamic models are very necessary in the stage of process de-
sign. Therefore, the study of the interactions of the studied IL
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with several alcohols was carrying out in this work, with the aim
to understand better the behaviour of binary mixtures {ILs
(1) + alcohol (2)}. Several alcohols were selected as example of
molecules with hydroxyl as functional group.

In the last years, alhylsulfate-based ILs are being widely studied
[1-8]. The pure IL 1-ethyl-3-methylimidazolium methylsulfate,
[EMim][MSQ,], was chosen taking into account the following char-
acteristics: (i) it is easily synthesized in an atom-efficient and ha-
lide-free way at reasonable cost, (ii) it is a compound with a low
melting point and relatively low viscosity, and (iii) it presents an
anion with a low toxicity in comparison with other ILs. Taking into
account all these aspects, the physical properties (density, speed of
sound, refractive index and dynamic viscosity) have been deter-
mined for pure [EMim][MSO,4] at T=(293.15 to 343.15)K, every
5K, and atmospheric pressure. Experimental density data were
used to calculate the thermal expansion coefficient. Density, speed
of sound and refractive index data for the pure IL were fitted to a
linear equation while the Vogel-Fulcher-Tamman (VFT) equation
[9-11] was used to correlate the experimental viscosity data. On
the other hand, densities and speeds of sound for the binary mix-
tures {methanol, or ethanol, or 1-propanol, or 2-propanol, or 2-
butanol, or 1-pentanol + [EMim][MSO4]} were also measured at
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FIGURE 1. Structure of the ionic liquid
methylsulfate.

1-ethyl-3-methylimidazolium

T=(288.15, 298.15 and 308.15) K. These experimental data were
used to calculate excess molar volumes, and excess molar isentro-
pic compressions, whose values were fitted to the Redlich-Kister
equation [12].

To our knowledge, five works about physical properties of the
pure IL studied in this work [1-5] and its binary mixtures with
alcohols [2] were found in the literature.

2. Experimental section
2.1. Chemicals

The pure ionic liquid [EMim][MSO4] was supplied by Iolitec
GmbH (Germany) while the studied alcohols were purchased from
different suppliers. The ionic structure of the studied ionic liquid is
shown in figure 1. The supplier, purity and experimental density
and refractive index values of each component used in this work
are reported in table 1, at T=298.15 K and atmospheric pressure.
Density and refractive data found in literature [1-5,13-18] for
the studied chemicals are also included in this table in order to
compare the experimental data reported in this work with those
previously published by other authors. In table 1 it can be observed
that the properties data for pure alcohols agree quite well with the
literature values, while some discrepancies were observed for den-
sity data of pure IL, which will be discussed in the following
section.

Due to the significant influence of the water and volatile com-
pounds content over the physical properties of the IL and its binary
mixtures with alcohols, it is necessary to reduce them to negligible

values. Therefore, the pure ionic liquid was dried with stirring at
moderate temperature (T=343.15K) and under vacuum
(p =0.2 Pa) for at least 48 h prior to its use. Once dried, the water
content of [EMim][MSO4] was 501 ppm, which was determined
using the Karl Fischer method.

Alcohols were degassed ultrasonically and dried over molecular
sieves type 4 A, supplied by Aldrich. Then, they were kept in bottles
under inert atmosphere (argon gas) without any other treatment.

2.2. Apparatus and procedure

Density and speed of sound were measured using an Anton Paar
DSA-5000M digital vibrating tube densimeter with an uncertainty
of £3.10°g-cm > and 1 m - s, respectively. This equipment
has a temperature controller that keeps the samples at working
temperature with an uncertainty of £0.01 K. This densimeter was
calibrated by measuring Millipore quality water and air, according
to the manual instructions. Moreover, the equipment automati-
cally corrects the effect of viscosity on density, and also detects
the presence of bubbles in the cell.

The experimental refractive indices were determined using an
automatic refractometer Abbemat-HP Dr. Kernchen with an uncer-
tainty in the measurements of #4-107°. The apparatus was
checked by measuring Millipore quality water and pure solvents
before each series of measurements according to the manual of
instructions. This equipment also has a temperature controller that
keeps the samples at working temperature, and its uncertainty is
+0.01 K.

Kinematic viscosities were determined with an automatic vis-
cosimeter Lauda PVS1 using a Ubbelhode microcapillary of
0.7 -10~3 m diameter with an uncertainty in the experimental
measurements of +0.03 mPa -s. The microcapillaries were main-
tained in a D20KP LAUDA thermostat with an uncertainty of
+0.01 K. The equipment is connected to a control unit PVS1 (Pro-
cessor Viscosity System) that is a PC-controlled instrument for
the precise measurements of the fall time, using standardized glass
capillaries. The microcapillaries were calibrated and credited by
the company.

The water content of the pure ionic liquid was measured with a
Mettler Toledo C20 Coulometric KF Titrator using Coulomat CG and

TABLE 1
Supplier, purity, density, p, and refractive index, np, for the pure components at T=298.15 K and atmospheric pressure.
Compound Supplier Purity, mass fraction pl(g-cm™3) np
Exp. Lit. Exp. Lit.
[EMim][MSO4] Iolitec >0.990 1.28081 1.2629° 1.48125 na.
1.2880"
1.2861°¢
1.2860"
1.2878°
methanol Panreac >0.999 0.78710 0.7870/ 1.32649 1.32652¢
ethanol Merck >0.999 0.78552 0.78533" 1.35907 1.35941%
1-propanol Sigma-Aldrich 0.999 0.80050 0.80009" 1.38286 1.38370°
2-propanol Prolabo 0.999 0.78167 0.78126° 1.37523 1.3752¢
2-butanol Fluka >0.995 0.80282 0.8028 1.39487 1.3949
1-pentanol Aldrich >0.99 0.81099 0.81094/ 1.40774 1.4077%
e 1]
b 2.
°I3].
4 14].
€ [5].
3],
£ [14].
h115).
i [16].
I 17].

k118].
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Coulomat AG, supplied by Sigma-Aldrich, as cathodic and anodic
titrants, respectively.

Finally, all binary mixtures were prepared by weighing using a
Mettler AX-205 Delta Range balance with an uncertainty of
+3.10*g. The uncertainties on the mole fraction of the prepared
mixtures were estimated to be 1- 107, In order to avoid variations
in composition due to evaporation of solvent or pickup of water by
the ionic liquid, all samples were prepared immediately prior to
measurements into stoppered bottles.

For the determination of the heat capacity of the pure IL, the
sapphire method was the adopted technique, using a Mettler Tole-
do DSC, model DSC822¢, with Mettler-Toledo STAR® software, ver-
sion 9.3, with an uncertainty in experimental measurements of
heat capacity of +1]-K~'-mol~! and an uncertainty in tempera-
ture of +0.1 K. These data were measured in order to calculate
the excess molar isentropic compressions for the binary mixtures
{alcohol + ionic liquid} at the studied temperatures.

3. Results and discussion
3.1. Pure ionic liquid

The physical properties, density, p, speed of sound, u, refractive
index, np, and kinematic viscosity, v, were experimentally mea-
sured for pure [EMim][MSQ,4] ionic liquid from T=(293.15 to
343.15) K, every 5K, and atmospheric pressure. The obtained re-
sults are summarized in table S1, available as Supporting
Information.

A linear relationship was used to express the dependence with
temperature for density, speed of sound and refractive index:

z=a+bT, (1)

TABLE 2

Fitting parameters of equation (1) together with the correlation coefficient squared,
R?, and the standard relative deviation, o, for the density, p, speed of sound, u, and
refractive index, np for the pure ionic liquid [EMim][MSQ4].

a b R? I3
plg-cm3 1.4823 —-6.760-10°* 0.9999 5.06-107°
ufm-s! 2447 —2.3191 0.9998 2.69-107*
np 1.5587 —2.598-10°4 0.9999 521-107°

where z is p, u or np, T is the absolute temperature in K, and a and b
are the fitting parameters, given in table 2. Standard relative devia-
tion, g, of the experimental physical properties data from their fit-
ting values was calculated as:

1

12
(((Zfzcal)/zcal)z/ndat) } 3 (2)

where z and z, are the values of experimental and calculated phys-
ical property, respectively, and nq, is the number of the experimen-
tal points. The ¢ values are also shown in table 2. In figure 2, the
influence of temperature on these physical properties is plotted.
As it can be observed, all the studied properties decrease as the
temperature increases.

The change of the molar volume with temperature can be ex-
pressed through the coefficient of thermal expansion,
op = —(0In p/aT), = —(1/p)(dp/dT),. The derivative of p with re-
spect to temperature is a constant, according to equation (1). The
inverse of p is a function of temperature, which for this ionic liquid
is rather small (see table 2). Therefore, the thermal coefficient is
dependent on temperature, but the change of its value is so small
in the studied range, that it can be considered negligible and
accordingly the thermal coefficient constant. It can be calculated
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FIGURE 2. Physical properties of pure [EMim][MSO,] ionic liquid against temperature: (a) density, p, (b) speed of sound, u, (c) refractive index, np, and (d) dynamic viscosity,

1. Symbols: (M) this work, (—) linear fitting and (- - -) VFT equation.
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from the experimental density data over the temperature range
studied, being its value of 5.33 - 1074 K. This value agrees with
the data previously reported by Wang et al. [1] and Tomé et al.
[2], whose values are 5.28 - 10~* and 5.92 - 1074 K™, respectively.
The obtained coefficient of thermal expansion for [EMim][MSO4]
is in similar order of magnitude than other ILs previously investi-
gated, suggesting a thermal behaviour practically independent of
the ionic nature and temperature [19,20].

Furthermore, the experimental kinematic viscosities were used
to calculate the corresponding dynamic viscosities, #, using the fol-
lowing equation:

n=v-p. 3)
The dynamic viscosity values, #, were fitted using the Vogel-
Fulcher-Tamman (VFT) equation [9-11]:

n=A-exp(k/(T -Ty)), 4)
where A (in mPa - s), k (in K) and Ty (in K) are adjustable parameters.
The values of these parameters are 0.1688, 813.00 and 162.43,
respectively. The standard relative deviation, o, calculated from
equation (2) is 0.004 indicating that the VFT equation provides a
good description of the experimental data. This result is the ex-
pected since, this equation provides the best fit for those ionic lig-
uids that present cations with certain symmetry in its structure
[19,21], as in our case.

As shown in figure 2, the temperature dependence of the dy-
namic viscosity values presents convex curve profile. It can also
be observed that the dynamic viscosity decreases significantly with
temperature at low temperatures and achieves a moderate descent
when the temperature increases.

A comparison of the experimental data with those previously
reported by other authors was carried out. From figure 3a, it is pos-
sible to observe that our experimental density data are in agree-
ment with data obtained by other authors [1-5], being the
maximum deviation of 0.62% for the reported data by Tomé et al.
[2]. Regarding the density data reported by Wang et al. [1], a high
deviation is observed (1.43%). These differences can be attributed
to impurities in the IL such as water which decrease density values.
Moreover, a comparison of viscosity data was also included in fig-
ure 3b. As it can be seen in this figure, the viscosity data reported
by Costa et al. [4] present larger differences with our experimental
data at low temperatures, while an increase of temperature de-
creases these differences. A maximum deviation of 17.6% was ob-
served at T=298.15 K.

Finally, the molar isobaric heat capacities, G, for [EMim][MSO4],
which are necessary to calculate the excess molar isentropic com-
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pressibility, K&, were determined at T=(288.15, 298.15 and
308.15) K, through a thermal analysis. The obtained values are
(331.48, 340.77 and 346.99)]-mol '.-K!, respectively. Unlike
the other physical properties studied in this work, C, values in-
crease with the temperature. This result agrees with other results
found in the literature [22-25].

3.2. Binary mixtures

Prior to the measurements of density, p and speed of sound, u,
of the binary mixtures [EMim][MSO,4] with methanol, ethanol, 1-
propanol, 2-propanol, 2-butanol and 1-pentanol, several mixtures
were prepared in order to determine the miscibility range. The ob-
tained results show that [EMim][MSO4] is completely miscible
with all the studied alcohols.

Values of the density, p, and speed of sound, u, of the binary
mixtures {alcohol (1) + [EMim][MSO4]} at T=(288.15, 298.15 and
308.15) K and atmospheric pressure are listed in tables S2-S7, in-
cluded as Supporting Information.

The experimental density data were used to calculate the corre-
sponding excess molar volumes, V£, which were obtained using the
following expression:
VE=Vy = XV, (5)

1
where V,, is the molar volume of the mixture, and x; and V; repre-
sent the molar fraction and the molar volume of component i,
respectively.

Furthermore, using the experimental density and speed of
sound data for the studied mixtures, the values of the isentropic
compressibility, ks, were obtained by the Laplace equation:

Ks = =V, (0Vin/0p)s = p'u2 = Vi /(Mti?), (6)

where M,, is the molar mass of the mixture.

To achieve agreement with the other thermodynamic quanti-
ties, it is appropriate to shift from the volume-intensive x; to the
mole-intensive quantity Ks,,, [26,27] calculated as follows:

Ksm = —(3Vn/p)s = Vinks = V2 /(Muti?), 7

where Ks, is the molar isentropic compression.
The excess molar isentropic compression, K&

<m 1S obtained from
the following equation:

- Kg,im ’

KE =Ksm (8)

where K"s‘fm is defined by the approach developed by Benson and
Kiyohara [28]:

30
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FIGURE 3. (a) Relative deviations between the density data obtained in this work using equation (1), p.a;, and reported in the literature, p, as a function of temperature, (b)
relative deviations between the viscosity data obtained in this work using VFT equation, #,), and reported in the literature, #, as function of temperature. Symbols: (M) this
work, (A) from reference [1]; (O) from reference [2], (<) from reference [3], (OJ) from reference [4], (V) from reference [5].
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where K; is the product of the molar volume, V7, and the isentropic
compressibility, «¢;, of the pure component i. The molar isobaric
expansion of pure component i, E, ;, is the product of the molar vol-
ume and the coefficient of thermal expansion, ¢,;, and C,; is the
molar isobaric heat capacity of the pure component i.

As commented above, the o,; for [EMim][MSOy4] ionic liquid
was considered a temperature-independent constant and its value
is 5.33-10*K ', while the C,; data were experimentally deter-
mined at T=(288.15, 298.15 and 308.15) K and they were previ-
ously reported in the above section. For the studied alcohols, the
values for o;,; and Cp,; were taken from literature [13]. The calcu-

TABLE 3

lated values of excess molar volumes, V£, and excess molar isentro-
pic compression, K£ _, are also included in tables S2-S7, included as
Supporting Information.

The binary excess properties at the studied temperatures were

satisfactorily fitted to a Redlich-Kister type equation [12]:
M

AQ; =xi%)_By(xi — %), (10)
p=0

where AQj is the excess property, x is the mole fraction, Bp is the
fitting parameter and M is the degree of the polynomial expansion,
which was optimized using the F-test [29]. The corresponding fit-
ting parameters of the Redlich—Kister equation for the studied tem-
peratures, together with the corresponding standard relative
deviations, o, are given in tables 3-5.

Adjustable parameters of the Redlich-Kister equation (equation (10)) and standard relative deviations, o, for the different properties of the binary {alcohol (1) + [EMim][MSO4]

(2)} at T=288.15K.

Excess property Bg B, B, Bs By a
Methanol (1) + [EMim][MSO,] (2)

VE/(cm® - mol ™) -3.353 -2.303 -1.232 —2.425 —2.759 0.057
KE . /(m?.TPa~" - mol ") —0.0378 —-0.0269 -0.0173 —0.0327 —0.0300 0.022
Ethanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol ™) -3.203 -1.341 -1.481 -1.091 -0.233 0.029
KE . /(m?.TPa~' - mol ) —0.0428 —0.0234 -0.0121 —-0.0151 -0.0124 0.014
1-Propanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol 1) -2.376 0.010 —-0.063 —0.442 -1.209 0.022
KE,,/(m? . TPa~! - mol ) —0.0347 -0.0115 —0.0060 —0.0076 —0.0059 0.012
2-Propanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol ™) -3.113 0.147 0.158 -0.991 -1.357 0.019
KE,./(m? . TPa~" - mol ") —0.0466 -0.0162 —0.0088 —0.0106 —0.0071 0.010
2-Butanol (1) + [EMim][MSO,] (2)

VE/(cm® - mol ™) -1.696 1.128 -0.473 -0.851 -0.722 0.044
KE,./(m*.TPa~' - mol ) —-0.0370 —-0.0071 —-0.0070 —0.0059 —0.0037 0.011
1-Pentanol (1) + [EMim][MSO4] (2)

VE|/(cm® - mol 1) -1.019 0.864 -0.276 0.664 —-1.052 0.054
KE . /(m?.TPa~' - mol ) —0.0220 0.0010 —0.0063 —0.0021 —0.0019 0.012

TABLE 4

Adjustable parameters of the Redlich-Kister equation (equation (10)) and standard relative deviations, o, for the different properties of the binary {alcohol (1) + [EMim][MSO4]

(2)} at T=298.15K.

Excess property Bo By B, Bs B4 1
Methanol (1) + [EMim][MSO,] (2)

VE/(cm® - mol ™) -3.573 —2.487 -1.372 —2.862 —2.758 0.071
KE . /(m? . TPa~" - mol 1) —0.0430 —0.0306 —-0.0198 —0.0385 —0.0364 0.032
Ethanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol 1) -3.439 -1.523 —1.666 -1.387 —0.094 0.029
KE,./(m?.TPa~! - mol ) —0.0493 —0.0277 —0.0152 -0.0189 —0.155 0.013
1-Propanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol 1) —2.598 -0.103 -0.079 -0.733 -1.145 0.021
KE,./(m? . TPa~! - mol ) —0.0403 -0.0145 —-0.0073 —0.0095 —0.0082 0.011
2-Propanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol ™) —3.447 -0.027 0.136 -1.377 -1.450 0.026
KE . /(m® . TPa~" - mol~7) —0.0544 —0.0205 -0.0111 —0.0144 —0.0107 0.011
2-Butanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol ™) —-2.051 1.050 -0.504 -1.378 -0.812 0.044
KE, /(m*.TPa~' - mol ) —0.0441 —-0.0103 —0.0092 —0.0086 —0.0051 0.010
1-Pentanol (1) + [EMim][MSO4] (2)

VE/(cm® - mol 1) —1.206 1.091 —-0.606 0.144 —0.450 0.044
KE,./(m?.TPa~! - mol ) —0.0266 —0.0003 —0.0067 —0.0027 —0.0033 0.010
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TABLE 5

Adjustable parameters of the Redlich-Kister equation (equation (10)) and standard relative deviations, g, for the different properties of the binary {alcohol (1) + [EMim][MSO4]

(2)} at T=308.15K.

P.F. Requejo et al./]. Chem. Thermodynamics 74 (2014) 193-200

Excess property Bg B, B, B3 By g
Methanol (1) + [EMim][MSO4] (2)

VE/(cm® - mol 1) —3.855 —2.678 -1.484 —3.158 —3.037 0.069
KE,/(m? - TPa~! - mol 1) —0.0489 —-0.0347 —0.0226 —0.0457 —-0.0435 0.033
Ethanol (1) + [EMim][MSO,] (2)

VE/(cm® - mol 1) -3.738 —-1.696 —-1.885 -1.589 -0.148 0.029
KE, /(m*.TPa~' - mol ) —-0.0565 -0.0325 -0.0184 —-0.0235 -0.0194 0.014
1-Propanol (1) + [EMim][MSO4] (2)

VE/(cm® - mol ™) —-2.903 -0.229 —-0.075 —-0.882 -1.352 0.021
KE, /(m?.TPa~' - mol ) —0.0468 —-0.0181 —0.0091 -0.0120 —0.0105 0.011
2-Propanol (1) + [EMim][MSO,4] (2)

VEl(cm® - mol ") —3.894 -0.234 0.110 —1.645 -1.819 0.025
KE,./(m3-TPa~' - mol ) —0.0635 —-0.0257 -0.0141 -0.0188 —-0.0145 0.011
2-Butanol (1) + [EMim][MSO,4] (2)

VE/(cm® - mol 1) -2.535 0.909 -0.575 -1.739 —-1.085 0.035
KE,/(m? - TPa~! - mol ™) —-0.0525 —-0.0142 -0.0116 -0.0117 —-0.0073 0.009
1-Pentanol (1) + [EMim][MSO4] (2)

VE/(cm® - mol ™) —1.479 1.306 —0.948 —0.003 -0.439 0.065
KE,./(m*.TPa~' - mol ) -0.0319 -0.0017 —-0.0077 —0.0041 —-0.0042 0.010
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FIGURE 4. Excess molar volumes, V£, for the binary {alcohol (1) + [EMim][MSO,] (2)} mixtures at the studied temperatures (a) methanol, (b) ethanol, (c) 1-propanol, (d) 2-
propanol, (e) 2-butanol and (f) 1-pentanol. Symbols: (M) T=288.15 K; (®) 298.15 K; (a) 308.15 K; and (—) Redlich-Kister fitting.

Furthermore, the excess molar volumes, V£, and the excess mo-
lar isentropic compressions, Kg‘m, against the molar fraction of alco-
hols, x4, as well as the Redlich-Kister fits, at the three studied
temperatures are plotted in figures. 4 and 5, respectively.

From these data, it is possible to observe that V¥ and Kt , values
are negative over the whole composition range, showing asymmet-
rical curves, which are quite common in this kind of systems which
contain components with a large molar volume difference. The V£
is affected by the intermolecular forces between the components
of the mixtures, and by the packing due to the differences in size
and shape of molecules. Therefore, the negative V£ values can be
attributed to strong interactions between the studied alcohols
and [EMim][MSQ,] ionic liquid. Moreover, the small studied alco-
hols fit well into the free volume between the relatively large ions
of the ionic liquid, resulting in these negative V£ values. As it can be
seen in figure 4, an increase of alcohol chain length leads to less
negative values of this excess property. Moreover, it is possible
to observe that V£ curves present a minimum at high values of
alcohol molar fraction, x;, in the short alcohols (methanol and

ethanol) while the minimum shift to smaller values of x; when
the alcohol chain increases. This behavior was also reported by
other authors [30-37].

Regarding the influence of temperature on the studied excess
properties, the VE values for the alcoholic mixtures reported in this
study become more negative when the temperature increases, as it
can be also seen in figure 4. This behaviour is quite usual for this
kind of mixture, it can be associated with a special “iceberg struc-
ture” of the hydroxyl group of short molecules, and to the intense
modifications that this structure undergoes as a function of com-
position and temperature in polar media, as previously reported
by Iglesias et al. [38].

Furthermore, the mixture containing methanol is the one which
presents a larger deviation from ideality, suggesting that the posi-
tion of the hydroxyl group and the short length chain appears to
play an important role on the interactions between the ionic liquid
and the alcohol and, therefore, also on the excess molar volume.

As it can be observed in figure 5, similar conclusions were found
in the variation of K%, vs. x;, with the exception of the binary
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FIGURE 5. Excess molar isentropic compressions, Kgm' for the binary {alcohol (1) + [EMim][MSO4] (2)} mixtures at the studied temperatures (a) methanol, (b) ethanol, (c) 1-
propanol, (d) 2-propanol, (e) 2-butanol and (f) 1-pentanol. Symbols: (M) T=288.15K; (®) 298.15K; (a) 308.15 K; and (—) Redlich-Kister fitting.

mixture 2-propanol + [EMim][MSO,4] which showed more devia-
tion from ideality in this excess property.

4. Conclusions

In this work density, refractive index, speed of sound and
dynamic viscosity of high purity [EMim][MSO4] have been
determined from T=(293.15 to 343.15)K. As expected, these
properties decrease as temperature increases. The VFT equation
was satisfactorily used to fit experimental viscosities vs. temperature
while the rest of studied properties were fitted as a function of
temperature to a linear equation.

Moreover, densities and speeds of sound for the binary
mixtures {methanol (1), or ethanol (1), or 1-propanol (1), or
2-propanol (1), or 2-butanol (1), or 1-pentanol (1) + [EMim][MSO4]
(2)} were also measured over the whole composition range at
T=(288.15, 298.15 and 308.15) K and atmospheric pressure. From
these experimental data, the excess molar volume, and excess mo-
lar isentropic compression were calculated and these data were
satisfactorily fitted to Redlich-Kister equation. Excess molar vol-
ume and excess isentropic compression show a similar behavior.
Both properties are negative over the whole composition range.
Moreover, both excess properties deviate more from ideality as
the temperature increases.
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