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a b s t r a c t

The solute e solvent interactions considered in ternary systems ([Emim][Cl] þ sucrose þ H2O), ([Emim]
[HSO4] þ sucrose þ H2O) and binary systems ([Emim][Cl] þ H2O), ([Emim][HSO4] þ H2O). For this
purpose, the apparent molar volumes, Vf calculated from experimental density data. To obtain limiting
apparent molar volumes Vf

0, the Redlich-Meyer type of equation fitted to apparent molar volume values.
Then the limiting apparent molar volumes of transfer, DtVf

0, for studied ionic liquids (ILs) from water to
aqueous solutions of sucrose calculated and their values were negative for all systems. The values of
limiting apparent molar expansibility, Ef0, obtained from first derivative of limiting apparent molar
volumes with respect to temperature. The values of second derivative of limiting apparent molar vol-
umes with respect to temperature indicated that both ionic liquids act as structure maker in studied
solutions. Also results confirm that ion-ion interactions are stronger than ion-solvent interactions in
these solutions.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Ionic liquids are a class of the new compounds which have been
widely used in different fields and industry and play an important
role in chemical synthesis, separation and extraction process [1]
chemistry of carbohydrates, electrochemistry [2] and biomass
dissolution [3,4]. Also the application of ILs in chemistry of carbo-
hydrates is increasing day to day which leads to produce the new
methods for solution processing of lignocellulosic materials. For
this purpose, different studies have been done that focus on
dissolution and homogenous amendment of cellulose starch, lignin,
or direct wood dissolution [3,5,6]. Rogers and co-workers [7] and
Wu et al. [8e11] have been reported formation of the aqueous
biphasic systems (ABS) including ionic liquids. Thermophysical
data such as density, excess volumes and apparent molar volumes
are needed for these ABS systems since serving to understanding
the nature of interactions in these systems. Recently Singh et al.
[12,13] studied volumetric properties and taste behavior of

(sucrose þ water þ protic ionic liquid) at T ¼ (293.15e318.15) K.
Also Hui and Han [14] reported volumetric properties of ternary
system (IL þ sucrose þ water) at T ¼ 298.15 K. In another work,
Singh et al. [15] reported volumetric properties of [Bmim][Br] in
aqueous solutions of ribose and arabinose at different tempera-
tures. Shekaari et al. [16] studied thermodynamic properties of D-
glucose in aqueous 1-hexyl-3-methylimidazolium bromide solu-
tions at 298.15 K. Also Singh et al. [17] evaluated volumetric
properties of disaccharides in aqueous solutions of benzyldime-
thylammonium acetate as a function of temperature. To the best of
our knowledge, there is no report in the literature about volumetric
properties of [Emim][Cl] or [Emim][HSO4] þ water þ sucrose
ternary systems. In the present work by using experimental density
data, we evaluated apparent molar volumes, limiting apparent
molar volumes, limiting apparent molar volumes transfer of IL in
water to aqueous solutions of sucrose and limiting apparent molar
expansibility for [Emim][Cl] and [Emim][HSO4] ionic liquids. These
parameters provide useful information for interpreting the nature
of solute-solute and solute-solvent interactions in the considered
ternary mixtures.
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2. Experimental section

2.1. Materials

All chemicals were purchased from Merck Company. The mass
fraction purity for sucrose is � 99.5% and for ILs [Emim][Cl] and
[Emim][HSO4] are� 98%, respectively. Table 1 includes ourmaterial
properties.

2.2. Apparatus and procedures

All solutions were prepared afresh by mass using an analytical
balance (Sartorius, CP224S, Germany) with an accuracy of ±10�4 g.
All the solutions were kept tightly sealed to minimize absorption of
atmospheric moisture. Thewater content in the ILs was determined
using a microprocessor based automatic KarleFischer Titrator. The
mass fraction of water in [Emim][Cl] and [Emim][HSO4] were
w ¼ 0.0032 and w ¼ 0.0028, respectively. This water content in the
ionic liquid was taken into account during preparation of the
aqueous solutions. All samples before injection were degassed by
using ultrasound instrument (Hielscher UP100H, Germany). Mea-
surements were performed immediately after preparation of so-
lutions. Deionized water was used for preparation of solutions. The
conductivity of used deionized water was x 1.2 ms at room
temperature.

The density of mixtures was measured using a U-tube densim-
eter (Anton Paar DMA 4500 densimeter). The density is sensitive to
temperature, so it was automatically kept constant within ±0.03 K.
All measurements were performed three times and the reported
results are the relevant averages. Combined expanded uncertainty
for density Uc (r) ¼ 5 � 10�5 g cm�3. The apparatus was calibrated
with double distilled deionized, and degassed water, and dry air at
ambient pressure which was 0.087 MPa.

3. Results and discussion

The density values for binary systems: ([Emim][Cl] þ H2O),
([Emim][HSO4] þ H2O) and ternary systems: ([Emim]
[Cl] þ sucroseþ H2O]), ([Emim][HSO4] þ sucroseþ H2O) measured
at T ¼ (293.15e313.15) K for different concentrations of sucrose
(ws ¼ 0.05, 0.1, 0.15) are listed in Supplementary Tables (S1eS4).
The apparent molar volumes are calculated from the following
equation:

V4 ¼ M
r
� 1000ðr� r0Þ

mrr0
(1)

where M is the molar mass of the IL, m is the molality of the IL, r0
and r are the densities of the pure solvent and solution, respec-
tively. The apparent molar volume data for studied systems are also
reported in Supplementary Tables (S1eS4). In the studied ternary
systems, (sucrose þ H2O) acts as solvent and IL is considered as a
solute. As can be seen from Tables S1eS4 and Figs. 1 and 2 the
values of apparent molar volumes for ILs increase with enhancing
temperature while decrease by rising sucrose concentration from
ws ¼ 0.05 to ws ¼ 0.15. Also the values of apparent molar volumes

for [Emim][HSO4] is higher than [Emim][Cl] which is reasonable
because the [Emim][HSO4] is larger in size than [Emim][Cl]. In the

Table 1
Provenance and mass fraction purity of the compounds studied.

Compound CAS Supplier Mass fraction purity Molar mass (g.mol�1)

[Emim][Cl] 65039-09-0 Merck �0.98a 146.62
[Emim][HSO4] 412009-61-1 Merck �0.98a 208.24
Sucrose 57-50-1 Merck �0.995a 342.30

a Purity reported from manufacturers, and these chemicals were used without further purification.

Fig. 1. The variation tendency of apparent molar volumes, Vf, of [Emim][Cl] in aqueous
sucrose solutions, (a) ws ¼ 0.05, (b) ws ¼ 0.10, (c) ws ¼ 0.15, ; T ¼ 293.15 K, ;
T ¼ 298.15 K, ; T ¼ 303.15 K, ; T ¼ 308.15 K, �; T ¼ 313.15.
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