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The role of association of ions in ionic liquid/
molecular solvent mixtures on metal extraction†

J.-M. Andanson, *a N. Papaiconomou,bcd P.-A. Cable,a M. Traı̈kia,a I. Billardcd and
P. Hussona

Several mixtures of butyl acetate (BA) and an ionic liquid (1-methyl-3-octylpyrrolidinium bis(trifluoromethyl-

sulfonyl)imide, [C1C8Pyrro][NTf2], 1-octyl-pyridinium bis(trifluoromethylsulfonyl)imide, [C8Pyr][NTf2], 1-butyl-

3-methyl-imidazolium bis(trifluoromethylsulfonyl)imide, [C1C4Im][NTf2] or 1-octyl-3-methyl-imidazolium

bis(trifluoromethylsulfonyl)imide, [C1C8Im][NTf2]) have been characterized by measuring density, viscosity and

conductivity, from pure BA to pure ILs at 298.15 K. The ionicity of these mixtures has been determined on

the basis of electrical conductivity and NMR spectroscopy. IR spectra of these mixtures were used to

examine the interactions between ions. In parallel, Pt(IV) was extracted from the acidic aqueous phase

towards mixtures of BA and [C1C8Im][NTf2] over the entire composition range. A drastic modification in the

distribution coefficient of Pt(IV) was observed at ca xAB = 0.8. A drop was also observed in the ionicity of the

extracting phase (IL + BA) at a similar composition. The variation of the distribution coefficient is ascribed to

changes in the interactions in the mixtures, which in turn could induce changes in the extraction

mechanism.

1. Introduction

Liquid–liquid extraction (LLE) is an efficient technique to recover
metals.1 In most traditional LLE experiments, the starting phase is
an acidic aqueous phase and the extracting phase is composed of a
molecular neutral solvent (kerosene, chloroform, etc.) in which
a solute is dissolved (tributylphosphate, calixarenes, phosphine
oxides, crown-ethers etc.). Most molecular solvents are unable to
extract metal ions by themselves, and thus solutes are often viewed
as crucial additives that are able to expel these undesirable water
molecules surrounding the metal complexes.1 However, some
extraction systems are different. For example, tributylphosphate
(TBP), being liquid at room temperature, is a very efficient and neat
solvent for metal ions extraction. However, because TBP is too
efficient as a pure solvent to allow back extraction, it is used as a
solute dissolved in the solvent dodecane for actinide separation2,3

(the usual proportion is 1.1 M TBP in dodecane, i.e. a molar
fraction of 0.26 for TBP). The addition of a ‘‘modifier’’ in order to
avoid the formation of a third phase driven by the solute is another
example, wherein TBP, the modifier, is added to a diglycolamide,

the solute-extracting agent, into TPH (hydrogenated tetrapropylene),
the solvent.4 As this modifier does not have any specific effect on the
extraction itself, the term co-solvent is sometimes used.

Ionic liquids (ILs), a new class of solvents only composed of
ions and with melting temperatures below 100 1C, have brought
about an entirely new perspective in metallic ion extraction. It
is now well-established that various metallic ions can be
efficiently extracted by neat ILs.5–8 Therefore, pure solvents
efficient for extracting metal complexes cannot be considered as
an exception anymore but a common phenomenon. A puzzling
aspect of ILs comes from extraction experiments involving a
molecular solvent, 1,2-dichloroethane, a phosphine oxide and
an IL, 1-butyl-3-methyl-imidazolium hexafluorophosphate, [C1C4Im]-
[PF6].9 The molecular solvent or the IL alone is inefficient for
extracting lanthanide ions and so is the IL as a solute in dichloro-
ethane. Phosphine oxide as a solute in dichloroethane or in IL allows
extraction of all the lanthanide series. Finally, mixing all the three
compounds leads to extraction efficiencies higher than any of the
other combinations. Turanov’s group investigated other systems of
the same type, but employing other molecular solvents (nitro-
benzene, chloroform, etc.), other ligands (diamide or other organo-
phosphorous compounds), another IL, 1-butyl-3-methyl-imidazolium
bis(trifluoromethylsulfonyl)imide, [C1C4Im][Tf2N], and other
metals (Ca, Sr, and Ba).10–12 They discussed the results on the
basis of chemical interactions, such as a synergistic effect
between the classical extracting agent and the IL, indicating that
the IL acts as a source of hydrophobic anions in the extraction
system.10
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The different extraction mechanisms observed with various
extracting phases, as summarized above, could be induced by
different molecular organizations. A succession of different
molecular structures, covering the entire composition range
from the neat IL to the pure molecular component, has been
reviewed in literature.13 In a pure IL, each ion is surrounded by
several counterions creating an ionic 3-dimensional network.
The addition of a molecular solvent perturbs this organization
up to the point where the network is disrupted (percolation
limit) and ionic clusters are formed. At lower IL concentrations,
these aggregates become smaller and smaller up to the for-
mation of isolated ions surrounded by the solvent at the lowest
concentrations. However, it is difficult to observe this structural
evolution experimentally,14,15 for which molecular simulation
is an efficient tool. As an example, the organization of mixtures
of ethyl-methylimidazolium ethylsulfate and water as a function
of the composition was reported by Bernades et al.16

The objective of the present study is thus to correlate the
existence of different extraction regimes with modifications of
the molecular organization of the extracting phase. To gain a
more profound understanding of the interactions in ILs/molecular
solvent mixtures and to quantify their impact on the extraction of
metal ions, we performed the LLE experiments for Pt(IV) present in
an aqueous solution of hydrochloric acid towards water-immiscible
mixtures of butyl acetate (BA) and 1-methyl-3-octylimidazolium
bis(trifluoromethanesulfonyl)imide, [C1C8Im][NTf2]. This system
was chosen because extraction of Pt(IV) using this pure IL has
previously been extensively studied in some recent articles.17–19

Various mixtures of compositions ranging from pure IL to pure BA
were considered. The extraction efficiency was evaluated for each
extracting mixture. In parallel, the molecular structure and
organization of the extracting phase were assessed through the
measurement of the association of the IL and spectroscopic
investigations. Other mixtures composed of BA and a hydrophobic
IL have also been studied for comparison. Two ILs containing
the same octyl chain but with various cations (1-methyl-3-octyl-
pyrrolidinium bis(trifluoromethylsulfonyl)imide, [C1C8Pyrro]-
[NTf2], 1-octyl-pyridinium bis(trifluoromethylsulfonyl)imide,
[C8Pyr][NTf2]) and one with a shorter alkyl chain (1-butyl-3-
methyl-imidazolium bis(trifluoromethylsulfonyl)imide, [C1C4Im]-
[NTf2]) were considered. All these ILs were chosen because they
are fully miscible with BA, are immiscible with water and present a
reduced viscosity. The addition of BA to the IL is expected to modify
the interactions in the system, as evidenced via the ionicity
and spectroscopy results, and thus influence the mechanism of
extraction of Pt(IV), which is under the stable [PtCl6]2� form under
our chemical conditions.20

2. Materials and methods
2.1 Materials

The four ILs were purchased from IoLiTec with a minimum
stated purity of 98 wt%. Their chemical structures are presented
in Fig. 1. BA was purchased from Fluka (499% purity). Before
use, all IL samples were degassed and dried under vacuum for

24 hours. Their water content was measured by coulometric Karl
Fischer titration (Mettler Toledo DL31) just after this conditioning
step. Typical water contents below 50 ppm were measured.

2.2 Methods

The IL/BA mixtures were prepared by weighing each component,
taking care to limit the headspace above the liquid mixture,
which would lead to differential evaporation. The composition of
the mixture was determined gravimetrically with an uncertainty
of 0.0001 g. The error on the mole fraction was estimated to be
2 � 10�4.

The density was measured using a vibrating-tube densimeter
(DMA 5000M) following procedures described previously.21 The
precision of the density measurement is �5 � 10�5 g cm�3. The
viscosity was measured using a microviscosimeter (Lovis
2000ME, Anton Paar) based on the falling ball principle. The
procedure followed was previously described.22 The uncertainty
in the viscosity is �2%.

The electrical conductivity was measured by impedancemetry
using an impedance analyzer (7260, Material Mates) and a
sealed conductivity cell in borosilicate glass with two platinum
electrodes (Material Mates). Details of the procedure were
previously described.22 The uncertainty of the conductivity
measurements is �1%.

ATR-FTIR spectra were recorded using a Nicolet 380 FT-IR
spectrometer equipped with a single reflection diamond ATR
cell from Specac and a DTGS detector. IR spectra were averaged
for 64 scans with a resolution of 2 cm�1. All spectra were
measured successively with the same background in order to
precisely observe the evolution of the position of the naCF3

band of the NTf2
� anion (asymmetric stretching mode) around

1200 cm�1. Each top of the naCF3 band was fitted with a
Gaussian function and the center of this function was used to
define the precise position of the band.

The pulsed-field gradient spin-echo NMR technique was
used to measure the self-diffusion coefficients of cation, anion and
BA by observing the 13C nucleus after decoupling the 1H nucleus. A
Bruker Avance 500 spectrometer operating at 500.13 MHz for 1H and
125.3 MHz for 13C was used. The mixture was not diluted with a
deuterated solvent to avoid any modification of its structure. It was

Fig. 1 Names and formula of the four ILs studied.
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placed in a NMR tube with an insert filled with deuterated DMSO.
Details of the experimental procedure were previously described.23

In view of the extraction experiments, eight solutions consisting
of different mixtures of BA and [C1C8Im][NTf2] were prepared as
detailed above. An initial aqueous solution containing 1 M HCl and
10�3 M H2PtCl6 was also prepared. Extraction was then carried out
in a tube by mixing 2 mL of an aqueous solution with 2 mL of a
mixture BA/[C1C8Im][NTf2]. The tube was left on a shaker for 12 h
and then centrifuged at 3000g for 20 minutes. After 2 h of settling,
the aqueous phase was analysed by UV-Vis spectroscopy (Cary 50,
Varian) to estimate the initial and final concentrations of PtCl6

2� in
the aqueous phases.

The Beer–Lambert’s law was applied at the maximum
absorption wavelength of the PtCl6

2� metal complex (lmax =
262 nm) using calibration solutions ranging from 10 to 100 mM.
A correlation factor of 0.999 for the Beer–Lambert’s law was
obtained.

The value of the distribution coefficient, D, is calculated as
follows:

D ¼
PtCl6

2�� �Init� PtCl6
2�� �Final

PtCl62�½ �Final
Vw

VOrg
(1)

where [PtCl6
2�] refers to the concentration of PtCl6

2� in water
and the superscripts Init and Final refer to the values measured
prior and after the extraction experiment, respectively. Vw and
VOrg stand for the volumes of water and mixtures of IL/BA
before the extraction, respectively. When extraction experiments
were carried out using pure IL (xBA = 0) or pure butyl acetate
(xBA = 1), volume ratios Vw/VOrg were 2.4 and 1, respectively. In all
other cases, Vw/VOrg was 1.5. The maximum D value measurable
in this study by UV-Vis spectroscopy was assumed to be 2 � 102.
Given the uncertainty of the spectroscopic measurement, the
relative uncertainty for D is �5%.

3. Results
3.1 Viscosity

The viscosity of IL/BA mixtures was measured as a function of
the composition as illustrated in Fig. 2. The experimental data
are given in ESI† (Table S1). At 298.15 K, the pure ILs have
viscosities varying from 50 mPa s for [C1C4Im][NTf2] to 138 mPa s
for [C1C8Pyrro][NTf2]. The increase in the alkyl chain on the
imidazolium ring leads to an increase in the viscosity (from 50
to 90 mPa s from 4 to 8 carbon atoms on the imidazolium ring)
as already reported in literature.24–26 Changing the cationic ring
also influences the viscosity: the IL with a pyrrolidinium cation
is more viscous than the one with a pyridinium cation, and
more viscous than the one with an imidazolium ring. The
addition of BA to the IL sharply decreases the viscosity of
the system as observed for most molecular solvents added to
an IL.27–29 The present experimental data exhibit acceptable
deviations with the set of data measured by Malek et al.30 on the
system [C1C4Im][NTf2] + BA. No other data were found in
literature for comparison.

3.2 Conductivity

Despite the fact that neat ILs are only composed of ions, their
conductivities are often low because of high viscosity and ionic
association. Mixing an IL with a molecular component creates
new interactions and modifies the association between ions.
The electrical conductivity was measured as a function of the
composition for all the IL/BA mixtures from the pure IL to the
pure BA as illustrated in Fig. 3. The conductivities measured for
the mixtures containing [C1C4Im][NTf2] are systematically
higher than those of the other ILs, which is coherent with a
smaller viscosity because of the shorter alkyl chain. The three
pure ILs containing an octyl chain present comparable electrical
conductivities: 0.82 mS cm�1 for [C1C8Pyrro][NTf2], 0.97 mS cm�1

for [C8Pyr][NTf2] and 1.31 mS cm�1 for [C1C8Im][NTf2]. This is also
true when they are mixed with BA. The observed order of electrical
conductivity exactly matches the inverse order of viscosity, indicating
that comparable ionic associations probably occur in these mixtures.

Fig. 2 Viscosity of the ILs–BA mixtures as a function of the composition
at 298.15 K. Lines are guides to the eyes.

Fig. 3 Electrical conductivity of the mixtures ILs–BA as a function of the
composition at 298.15 K. Lines are guides to the eyes.

PCCP Paper



This journal is© the Owner Societies 2017 Phys. Chem. Chem. Phys., 2017, 19, 28834--28840 | 28837

The conductivity presents a maximum as a function of the composi-
tion. This was previously reported in literature with other molecular
solvents23 and is explained by a balance between the decrease in
charge density and an increase in the mobility of the ions during
dilution. For all the considered mixtures, the maximum is observed
for a BA mole fraction of around 0.70–0.75 (corresponding to circa
0.4 mass fraction of BA).

3.3 Extraction of Pt(IV) using [C1C8Im][NTf2]

The distribution coefficients for PtCl6
2� obtained in this study

are plotted against the mole fraction of BA in the extracting
phase, as shown in Fig. 4. It appears that the distribution
coefficient decreases with xBA. The value of 23 observed in pure
[C1C8Im][NTf2] is slightly higher than previous values reported
in the literature,19 but this is most probably related to the
concentration of HCl that was slightly lower than that used in
previous studies. The fact that no extraction occurs in pure BA
is in agreement with the fact that Pt(IV) is not extracted towards
a molecular solvent when no extracting agent is used.1

When reporting the distribution coefficients as a function of
the composition, several domains can be observed. First, D
decreases from 23 in pure IL to approximately 10 at xBA = 0.5.
Between 0.5 and 0.8, an average value of 10 � 0.3 is obtained. In
this region, and within experimental uncertainties, the amount
of BA appears to have no major influence on the extraction
of PtCl6

2�. Finally, a sharp decrease for D is depicted between
xBA = 0.8 and 1.

4. Discussion
4.1 Molecular structure and interactions

Angell et al.31 and MacFarlane et al.32 first revealed that ion pair
formation is responsible for the low conductivities observed in
ILs. Subsequently, they introduced the concept of ionicity as the
relative proportion of free ions in an IL, and this was discussed
in terms of a deviation to the Nernst Einstein equation. Walden

plots reported the molar conductivity as a function of fluidity. In
these graphs, Angell et al.31 defined different domains corresponding
to good (highly dissociated) and poor (highly associated) ILs.

Fig. 5 presents the Walden plots obtained for the organic
solvent/IL mixtures in this study. The conductivities of pure ILs
(lowest Z�1) are just below the reference line (KCl 0.01 mol L�1),
meaning the ILs are not fully dissociated but can be considered
as good ILs, according to the classification of Angell. In agree-
ment with previous results,33 the three ILs with an octyl chain
have similar ionicities, while [C1C4Im][NTf2] appears to be
more dissociated. The evolution of deviation from the reference
line, as a function of composition, allows following the evolution
of ionic association when diluting the IL in BA. A progressive
increase in ionic association is observed on adding BA, this
being even more pronounced for a BA mole fraction above 0.8.

Such a trend was already observed for several other mixtures
of ILs with molecular solvents in previously reported studies.
The addition of a solvent with low dielectric constant (e.g.
chloroform, e = 4.81; dichloromethane, e = 9.08; tetrahydro-
furan, e = 7.58) to different imidazolium-based ILs with NTf2

anions leads to an increase in the ionic association, as observed
by several authors using Walden plots,34,35 FTIR36 or NMR37,38

spectroscopy. The addition of an alcohol to an IL based on
tetrafluoroborate anions and N-alkylpyridinium cations also
increases the ionic association of the system.39 In all these
cases, a similar behavior to the present results was obtained:
strong ionic association when IL is highly diluted. On the
contrary, water added to imidazolium methylsulfate-based ILs
tends to promote ionic dissociation with a substantial increase
in the ionicity depicted for water mole fractions up to 0.8.23

This can be explained by the important interactions between
water molecules and the ions (high dielectric constant of water,
H-bonds).

A more quantitative approach to ionicity was developed by
Ueno et al.40 Ionicity is obtained by dividing the molar conductivity
measured by impedancemetry, Limp, by the molar conductivity

Fig. 4 Distribution coefficients for PtCl6
2� towards mixtures of

[C1C8Im][NTf2] and BA as a function of the mole fraction of BA. Dotted
line is the average of experimental values for xBA over the range 0.5–0.8.

Fig. 5 Walden plots of the ILs–BA mixtures at 298.15 K. Black line
corresponds to the ideal dissociated salt (KCl 0.01 mol L�1). Lines between
experimental points are for clarity.
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estimated from NMR self-diffusion coefficients, LNMR, which is
calculated using the Nernst–Einstein equation:40

LNMR ¼ NAe
2D
þ þD�

kBT
(2)

where NA is the Avogadro’s number, e is the electronic charge on
each ionic carrier, D+ and D� are the diffusion coefficients of the
ions, kB is the Boltzmann constant and T is the temperature.
Ionicity (Limp/LNMR) can be viewed as the ratio between the
mobility of the charged species and that of the non-charged
species. The ionicities, calculated for the mixtures of [C1C8Im][NTf2]
or [C1C8Pyrro][NTf2] and BA, are presented in Fig. 6.

The two pure ILs present low ionicities (below 0.5), which is
coherent with the long alkyl chain on the cations.40 The
imidazolium cation leads to lower ionicities than pyrrolidium,
which was already observed by Tokuda et al.41 for ILs with butyl
chains. As already observed in Walden plots, the dilution of the
IL with BA decreases the ionicity, particularly for BA mole
fractions above 0.8.

Walden plots and molecular conductivity ratio are the two
most common approaches to discuss ionicity, even though they
only permit to discriminate between two groups of organiza-
tion: the charged groups and the neutral species. Real systems
can be complex, with the presence of neutral clusters/ion pairs,
ionic aggregates or isolated ions. Other experimental techni-
ques as spectroscopic techniques (NMR, IR, UV-Vis) can provide

valuable information on the formation of these more complex
structures.13

As can be observed on the IR spectra given in ESI,† the naCF3

(asymmetric stretching mode) around 1200 cm�1 is the most
intense band of the IR spectrum in NTf2 based ILs.42 The
position/shape of this band is particularly sensitive to the
environment of the anion. Interaction between an imidazolium
cation and the NTf2 anion impacts this vibrational mode.43 The
position of the naCF3 band shifts with the concentration of BA
as well as other strong bands of the anion at 1350 (naSO2) and
1140 cm�1 (nsSO2), but the naCF3 band shifts the most. The
shifts observed experimentally for these bands are consistent
with previous DFT calculations with C1C8Im cation and NTf2

anion; the bigger shift induced by anion–cation interactions is
for the naCF3 band.44 Cation bands are not as intense in the IR
spectra and often overlap with BA bands. This makes analyzing
them to observe the evolution of the environment less accurate.
Thus, a careful analysis of the position of the naCF3 band was
conducted for the two ILs that have been studied by pulsed-
field gradient spin-echo NMR. The naCF3 bands are shifted by
approximately 10 cm�1 on increasing the concentration of BA,
as shown in Fig. 6. The evolution of the position of this band is
similar to the evolution of ionicity. This indicates that the
evolution of this band is mainly due to the decrease in the
interactions between the anion and cation rather than the BA
molecules influencing the naCF3 band strongly. Analyzing the
shifts in IR spectra has the advantage that it is simpler than
calculating the ionicity. Furthermore, the results are much less
noisy. The evolution of the shift is relatively limited for con-
centrations below 0.5 of BA, while this evolution is more
significant for concentrations above 0.75 of BA.

These results give a new insight into the concept of solvent
and solute in mixtures of ILs with an organic solvent. When xBA

is typically below 0.5, the ionicity of the IL in the mixture is
close to that of pure IL. One can then consider the mixture as a
solution of BA, the solute, in an IL, the solvent, with its
reference state being the pure IL. In contrast, at high xBA

values, typically above 0.75 for [C1C8Im][NTf2], the ionicity
decreases sharply. This is in agreement with the fact that salts
are associated in organic solvents exhibiting a low dielectric
constant. In this case, the IL therefore, behaves more like an
organic salt dissolved in an organic solvent. The IL is thus the
solute and BA is the solvent.

As detailed below, having an IL behaving as a solvent or as a
solute is expected to have significant consequences on a variety
of applications such as the extraction of metal ions from
aqueous phases.

4.2 Extraction of PtCl6
2�

Previous reports have discussed the extraction of anionic com-
plexes such as PtCl6

2� towards an organic solvent, such as
kerosene or dodecane, containing an extracting agent, such as
trioctylamine.45 In the case of Aliquat 33646 (a mixture of quaternary
ammonium salts with mainly octyl and decyl chains), it was shown
that the extraction of the targeted anionic complex increases
with the concentration of the extracting agent. The extraction

Fig. 6 Evolution of ionicity (top) and of the position of the naCF3 band in
the IR spectra of IL–BA mixtures (bottom) as a function of the composi-
tion. Lines between experimental points are for clarity.
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mechanism usually accepted is based on an anionic exchange, as
follows:

2 R4N½ �½Cl� þ PtCl6
2� ! R4N½ �2 PtCl6½ � þ 2Cl�: (3)

where [R4N][Cl] stands for Aliquat 336. Pure ILs phases17,19,47,48

have also been investigated as the extracting phase. The extrac-
tion of the negatively stable20 charged complex [PtCl6]2� towards
[C1C8Im][NTf2], for instance, revealed that the distribution coefficient
decreased with the concentration of PtCl6

2� initially added into
the aqueous phase and of HCl present in the aqueous phase.19

Extraction was then explained by the formation of a hydrophobic
ion pair between the anionic complex and the cation of the IL
dissolved in water.

2 C1C8Im
þ½ � þ PtCl6

2�� �
! C1C8Im½ �2 PtCl6½ �: (4)

We propose that the two mechanisms detailed above occur
simultaneously under our chemical conditions. The first extrac-
tion mechanism is predominant when a neat IL is used or when
the IL can be described as the solvent, that is, when its ionicity
is close to that of the pure IL. On the contrary, the second
extraction mechanism is predominant when the IL is the
solute. The xBA value at which one mechanism supersedes the
other is xBA = 0.75, because the clear changes observed in Fig. 4
for the extraction of PtCl6

2� and for the ionicity occur at this
specific value.

When xBA 4 0.75, the IL can be considered as an (mostly
associated) organic salt dissolved in BA. In this case, the
extraction mechanism for PtCl6

2� follows eqn (3). That is, the
cation of the IL present in the organic phase associates with
the metal complex to form a hydrophobic pair. Consequently,
D is expected to decrease if the concentration of the IL cation in
the organic phase decreases. Such is the case, since D decreases
as xBA increases.

Over the region xBA o 0.75, on the contrary, the IL can be
defined as the solvent, as discussed above. In this case, extrac-
tion of PtCl6

2� is expected to occur following eqn (4). That is, a
cation of the IL dissolved in water associates with the anionic
complex forming a hydrophobic pair that is extracted towards
the non-aqueous phase. The decrease in D with xBA would thus
be due to fewer cations from the IL being available in the
aqueous phase, depending on the xBA value. Actually, several
studies have reported the great sensitivity of IL cation and
anion aqueous solubilities on the exact compositions of the two
phases composing the extraction system, (acid nature and
concentration for the aqueous phase, nature and concentration
of the extractant in the organic phase).49–54

5. Conclusion

The originality of the present study is to propose a link between
the ionicity concept and the extraction efficiency of the liquid
in a particular application. Physico-chemical measurements
(density, conductivity, viscosity, NMR and IR spectroscopy) of
several mixtures between BA and ILs allow going beyond the
notion of ‘‘solvent’’ and ‘‘solute’’. Our results give access to the

identification of a change in the ionicity (NMR and electrical
conductivity), which is correlated with a change in the inter-
molecular interactions as observed via IR results. This change
impacts the behavior of these mixtures, by modification of the
extraction mechanism of an anionic complex, PtCl6

2�, taken as
an example of a general trend. It would be interesting to check
if such measurements would correlate with extraction results
(to be obtained) involving more complex mixtures, composed of
a molecular solvent, an IL and an extracting agent under
different proportions.

From more of an application perspective, our results show
that a neat IL phase is not the only way to obtain reasonable
extraction. Although the system under study here was not
optimized in view of efficiency, it is clear that adding BA, a
rather benign molecular solvent, decreases viscosities and also
diminishes the cost of the entire process, without making it too
inefficient. Moreover, the rather large range of molar fractions
(ca. 0.3–0.75), within which the extraction is constant, offers a
robust aspect that should not be neglected in view of industrial
applications.
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