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ABSTRACT
The fascinating, complex behavior of ionic liquids is analyzed using
a molecular perspective that emphasizes the doubly dual nature
of ionic liquids underlying the existence of cations and anions
forming high- and low-charge-density regions. Our work bridges
the liquid, gas, and solid phases spanning 5 years of research on
themes as diverse as the vaporization, liquid–liquid demixing,
solidification, and thermophysical behavior of ionic liquids and
their mixtures and solutions.

Introduction
Ionic liquids are in. It all (re-)started some 10 years ago
and has gained momentum since 2001, when it was
realized that room-temperature molten salts could be used
to replace traditional volatile organic solvents.1 This
potential substitution was publicized both as “green” and
“designer” because of four claimed characteristics of ionic
liquids as a class: their almost null volatility,2,3 generally

null flammability,4 thermal stability,5 and the interchange-
ability between thousands of possible cations and anions
that can be used to program these salts in a tunable
fashion.6 During those early days, it was soon realized that
the thermophysical properties of ionic liquids, ionic liquid
mixtures, and ionic liquid solutions had to be quantita-
tively investigated to take full advantage of their use as
new media in chemical processes. Nowadays, it is obvious
that these studies also impact a wealth of other fields
ranging from physics, materials, environment, to life
sciences.7 Currently, it is also obvious how the burgeoning
number of distinct ionic liquids that have been examined
has revealed how much they vary and that simplistic
generalizations and behavior extrapolation should be
avoided.8

In this Account, we review our laboratory’s most
exciting findings on the thermophysical behavior of ionic
liquid-containing systems and how they have advanced
our understanding of their unique characteristics.

Early Days. Our first investigations focused on their
mixtures with common molecular fluids9–11 and their
thermophysical behavior in broad ranges of temperatures
and pressures.12–14 Surprising discoveries include, for
instance, (a) the quasi-ideality of binary mixtures of ionic
liquids, although low-temperature liquid–liquid phase
splitting is sometimes found,15,16 (b) demixing phenomena
of ionic liquid solutions upon a temperature increase,17–19

(c) the formation of liquid clathrates and inclusion crystals
in their mixtures with aromatic compounds,20,21 and (d)
the existence of a plethora of phase changes, which are
triggered by the interplay between the water/alcohol
cosolvent effect9,11,12,22 and the CO2 antisolvent out-
come.10,23,24

From the point of view of their structure, recent
simulation studies25 supported by indirect experimental
data26,27 indicate that ionic liquids are nanostructured, i.e.,
composed of microsegregated polar and nonpolar do-
mains. Furthermore, with regard to their interactions,
neutral molecules interact preferentially with either the
anion or the cation (or parts of the latter) or even with
both at the same time but in spatially distinct ways. This
doubly dual nature of ionic liquids can help explain at a
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fundamental level many of the extraordinary properties
of these liquid salts, a class of “distinctively complex”
solvents. Ironically, the doubly dual nature of the ionic
liquids was confirmed in our laboratories by two inde-
pendent lines of research: one concerned with ionic
liquids in the gas phase and the other concerned with
ionic liquid crystals.

Ionic Liquids in the Gas Phase
Although many of the molecular dynamics (MD) studies
were useful for predicting structural properties of ionic
liquids,28 they lacked validation when it came to energy-
related properties. Vapor pressure (and its temperature
dependence) and, concomitantly, the enthalpy of subli-
mation or vaporization of a condensed phase are among
those fundamental properties needed to contribute to the
development and testing of accurate molecular models.
In the case of ionic liquids, the preformed opinion that
they were involatile impaired any development in this
area. Critical parameters are also obviously essential for
the implementation of p–V–T equations of state. This state
of affairs led to the development of a new line of inquiry
into the properties of ionic liquids that eventually led to
their distillation,3 the measurement of their enthalpy of
vaporization,26 and the characterization of their vapor-
phase structure.29

A Window of Opportunity. The prediction of the
critical temperature of a pure substance based on the
temperature dependence of its surface tension and liquid
density can be accomplished through the use of empirical
equations based on the corresponding states principle and
dimensional analysis arguments.2 The normal boiling
temperature is ca. 60–70% of the critical temperature;
therefore, hypothetical normal boiling point temperatures
were estimated. Although the results must be seen as
crude estimations, they allowed us to identify the 1-alkyl-
3-methylimidazolium bistriflamide family as the most
promising candidate for a successful distillation, i.e., ionic

liquids that combined relatively low estimated normal
boiling point temperatures with relatively high tempera-
tures marking the onset of degradation.

Distilling the Undistillable. Preliminary distillation
tests2 confirmed the possibility of distilling 1-decyl- and
1-dodecyl-3-methylimidazolium bistriflamide at a reduced
pressure of about 1 Pa and temperatures around 450 K
(see Figure 1). These observations encouraged us to
embark on a systematic study of the distillation of different
families of ionic liquids in collaboration with two other
laboratories [Queen’s University Ionic Liquid Laboratories
(QUILL), Belfast, U.K., and National Institute of Standards
and Technology (NIST), Boulder, CO].3

The study corroborated our preliminary predictions
and showed that distillations are possible for a rather large
number of commonly used ionic liquids. These observa-
tions laid to rest a paralyzing and invalid assumption that
had dominated and restricted the field of ionic liquids
since its origins and opened up new ways of taking
advantage of their properties. It was even possible to
perform fractional distillation in mixtures of two ionic
liquids with different combinations of anions and cations.
These studies allowed us to establish the most probable
mechanism of transfer to the vapor phase at reduced
pressure and moderate temperature: most aprotic ionic
liquids pass into the vapor phase with their constituent
anions and cations, keeping their integrity (no proton- or
alkyl-transfer reactions). This has been very recently
corroborated by several spectroscopic investigations of the
gas phase of neat ionic liquids29,30 aiming at establishing
the nature of this rarefied phase. The other point to be
addressed concerned the direct measurement of the
enthalpy of vaporization of an ionic liquid.26

It Takes Two To Tango. From an experimental stand-
point, the main challenge when trying to determine the
nature of the gas phase of an ionic liquid undergoing a
process of thermal distillation is the low-vapor pressure.31

The problem was solved in a collaborative project with

FIGURE 1. (a) First successful thermal vaporization and recondensation of a pure aprotic ionic liquid, [C10mim][NTf2], in vacuo. Insets show
the similar ESI–MS spectra of the recondensed liquid and residue, which denotes the absence of decomposition. (b) Snapshot showing a
distillation of [C4mim][NTf2]. Note the color-free distillate.
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the University of Lisbon and ITN, Portugal, by using
Fourier transform ion cyclotron resonance mass spec-
trometry (FTICR–MS).29 The high-resolution apparatus
used in this work has the possibility of thermally distilling
the sample from a container adjacent to the trap inside
the vacuum chamber and is particularly advantageous for
the study of vapors evolving from low-vapor-pressure
materials.

These results demonstrated that, for a wide range of
ionic liquids under conditions similar to those encoun-
tered in their reduced-pressure distillations, the gas phase
above an aprotic ionic liquid, A+X–, consists of tight
neutral ion pairs, [AX], with no free ions or higher
aggregates (either charged or neutral). Figure 2 shows the
profile obtained from the reaction between the naturally
occurring (by thermal vaporization) neutral ion pairs and
the cations produced by electron impact. Conversely, the
gas phase above a protic ionic liquid, [BH]+X-, consists
of isolated neutral molecules, B and HX.

Therefore, these two classes of ionic liquids are con-
ceptually and empirically distinct (see Figure 3).

Heat of the Moment. The underlying belief that it
would be impossible to vaporize an aprotic ionic liquid
avoiding its decomposition impaired the study of enthal-
pies of vaporization for a long time. Very recently, several
samples of 1-alkyl-3-methylimidazolium bistriflamide,
[Cnmim][NTf2], in which “mim” stands for methylimida-
zolium and “Cn” refers to the alkyl side chain with “n”
carbons, with alkyl side chains ranging from ethyl to octyl,
were subjected to high-precision, vacuum-vaporization
drop microcalorimetry,26 a study emerging from a col-
laboration with the Universities of Oporto and Aveiro,
Portugal.

The enthalpy of vaporization results, ranging from 136
to 192 kJ/mol (ethyl to octyl) at 298 K, were compared
with MD simulations assuming that the ionic liquids in
the gas phase are present as neutral ion pairs (see Figure
4). The predictive power of the model is very good because
no data related to the energetics of these particular

systems were introduced during the force-field param-
eterization. The force field is indeed validated by the
experimental data, thus closing a rather long cycle that
led us to an extremely important breakthrough in the field
of ionic liquids: the recognition that they can be effectively
distilled.

Unexpectedly, the first facet of the dual nature of ionic
liquids (the existence of polar and nonpolar micro-
domains) is also corroborated by the gas-phase data
described above. As stated, the enthalpies of vaporization
increase with an increasing side-chain length. It should
be noted that, if the charged parts of the cation and anion
had come further apart because of the presence of longer
alkyl side chains, the electrostatic forces would have
decreased their intensity and the experimental trend
would not have been observed. However, if ionic liquids
are seen as three-dimensional polar networks permeated
by nonpolar territories, the trend exhibited by the enthalpy
of vaporization data perfectly fits the following reasoning:
as the alkyl side chains become longer, the nonpolar
domains increase in size but the ionic network (because
it is segregated from the nonpolar regions) remains intact;
a swelling process occurs. Thus, while the van der Waals
interactions are enhanced, the intensity of the Coulomb
forces is kept invariable, a fact that is confirmed by
calculating the two contributions to the total vaporization
enthalpy estimated by MD simulation.26

Ionic Liquids and Inclusion Crystals
The second aspect of the dual nature of ionic liquids,
different interactions between molecular solutes and the
cationic and anionic components of the salt, is already
implicit in the fact that there are segregated polar and
nonpolar domains: if the latter are composed of the alkyl
side chains of the cations (such as in the case of imidazolia
and pyrrolidinia) and/or anions (viz. in the case of
alkylsulfates and alkylsulfonates) and the polar region
constitutes the remainder of the anion and the remainder
of the cation, it seems intuitive that a nonpolar solute (e.g.,
n-hexane) will interact preferentially with the noncharged
region of the cation and/or anion; the converse will be
true for dipolar or associative solutes (e.g., water) (see
Figure 5).

In the other extreme of dilution regimes, for instance,
an ionic liquid that is initially infinitely diluted in water,
one can easily find surfactant-like behavior provided that
the low-charge density domains are sufficiently massive
and that macroscopic phase separation does not preclude
micelle formation. This is not surprising because one of
the most popular surfactants, sodium dodecyl sulfate
(SDS), is an ionic salt composed of a compact (cat)ion,
Na+, and a long-alkyl-chain-containing anion, [C12SO4]-,
whose melting point is close to 200 °C. A possible
corresponding family of ionic liquids, one with a compact
(an)ion, Cl-, is that of the 1-alkyl-3-methylimidazolium
cations, [Cnmim]+. Unequivocally, for n greater than or
equal to 8, critical micelle concentrations (cmc’s) are easily
determined using a variety of techniques.32

FIGURE 2. Positive-mode ion–molecule reaction (from FTICR mass
spectra) showing the kinetics of the reaction between the cations
A+ produced by electronic impact with the naturally occurring
neutral ion pairs (NIPs, AX) present in the vapor phase of an ionic
liquid (AX ) [C4mpyrr][NTf2]). The reaction A+ + AX / A2X

+ is
shown both in the direct (green) and reverse (red) directions: filled
symbols, A+ cations; empty symbols, A2X

+ aggregates.
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However, even in the case where segregation into two
different domains does not occur and the polar network
is ubiquitous (for instance, in dimethylimidazolium- or
1-ethyl-3-methylimidazolium-based ionic liquids, the alkyl
side chains are so short that the nonpolar region is
absent), there are solutes that exhibit different ways of
interacting with the cations and anions. Benzene and
other (small) aromatic molecules provide us with good
examples of such behavior.

Liquid Cages. The issue of the formation of cage-like
(liquid clathrate) structures in mixtures of ionic liquids
with aromatic compounds was already addressed.21 In
those studies, a range of ionic liquids was shown to
interact with benzene, toluene, and xylenes forming
clathrate-type structures in the liquid phase. In the specific
case of mixtures containing benzene and the ionic liquid
dimethylimidazolium hexafluorophosphate, [dmim][PF6],
the structures in the crystalline and liquid phases were
inferred from X-ray and neutron diffraction results,
respectively.

In our first work in this area,18 we showed that benzene
and other arenes are quite soluble in but not completely
miscible with [Cnmim][NTf2] for alkyl chain lengths, n,
lower than 10 but become completely soluble at room
temperature for n > 10. In the cases of short alkyl chains
in the imidazolium ring (n < 6), the resulting immiscibility
limits correspond to certain quasi-temperature-indepen-
dent composition ratios of ionic liquid/arene (see Figure
6). From the existence of these almost fixed composition
ratios, one was able to infer the existence of liquid
clathrates in the mixtures: one could add aromatic com-
pounds to an ionic liquid solution until the former
surrounded the ions of the latter in cage-like structures.
However, at that point, further addition of the aromatic
compound compromised the integrity of the polar net-
work and liquid–liquid demixing occurred: i.e., one phase
was composed of the pure aromatic compound, and the
other phase was composed of the “saturated” ionic liquid.

Congruent Melting. Solid–liquid equilibrium measure-
ments were added to the fluid-phase diagrams described
above. In this new line of research, the melting temper-
atures of solutions of benzene in [C2mim][NTf2] were
measured as a function of composition.20 The most
conspicuous and original feature of the corresponding
phase diagram, apart from the liquid–liquid immiscibility
window ending at the previously reported18 mole ratio of
3:1 (benzene/ionic liquid), is the existence of a congruently
melting compound at the equimolar composition,
[C2mim][NTf2]·C6H6, whose melting temperature of +15
°C is well above those of both benzene (+5.5 °C) and
[C2mim][NTf2] (-15 °C). This type of behavior had never
been reported for ionic-liquid-containing mixtures. The
compound is an inclusion crystal with a 1:1 molar ratio
of benzene/ionic liquid, whose structure was then deter-
mined by X-ray diffraction (Figure 7).

Several interesting conclusions can be drawn from the
analysis of the X-ray structure20 and its comparison with
the previously published structure21 of the ([C1mim]-

FIGURE 3. Thermal vaporization of two distinct classes of ionic liquids. Cations, gray; anions, yellow. (a) Aprotic (1-methyl-3-ethylimidazolium
bistriflamide, [C2mim][NTf2]) versus (b) protic (methylimidazolium acetate, [Hmim][CH3COO]). In b, the ionic species in the liquid phase are in
equilibrium with the neutral molecules of methylimidazole (green) and acetic acid (orange).

FIGURE 4. Experimental (red) versus simulation (green) values for
the enthalpy of vaporization of [Cnmim][NTf2]. The simulation bars
show the increasing contribution of the van der Waals interactions
(dark green) in comparison with an invariant Coulomb contribution
(light green).
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[PF6])2·C6H6 inclusion compound: (i) The interactions
between the [NTf2]- anion and the benzene molecule
occur mainly between the hydrogen atoms of the latter
and the oxygen atoms of the sulfonate groups of the

former. The anions cluster around the benzene molecule
mainly in the plane of the aromatic ring, and the interac-
tions occur in that same plane. (ii) The interactions
between the imidazolium cations and benzene are mainly
between aromatic rings or interactions between the acidic
hydrogens in the cation and the π electrons of benzene;
i.e., the cations occupy positions above and below the
plane of the benzene aromatic ring. (iii) Although the
general pattern of interactions is similar in the 1:2 benzene/
[C1mim][PF6] and 1:1 benzene/[C2mim][NTf2] crystals, the
overall structure is quite distinct and reflects the difference
in the molar ratios of benzene/ionic liquid. In the
([C1mim][PF6])2·C6H6 crystal, the benzene molecules oc-
cupy channels within the structure of the ionic liquid. In
[C2mim][NTf2]·C6H6, the structure has to allow for a higher
proportion of benzene molecules, forming a tube-like
structure with a rectangular cross-section around the ionic
liquid cations. As one moves from the 1:2 to the 1:1 type
of inclusion compound, the observed trend suggests how
cage-like structures of liquid clathrates can assemble at
higher proportions of benzene (e.g., 1.5:1 or 2:1 of
benzene/ionic liquid). In other words, from the perspec-
tive of the structure of the benzene molecules, the ionic
liquid plus aromatic system evolves from one-dimensional
stacks, to tube-like orientations, and finally, to cage-like
arrangements.

The dual nature of the benzene interactions (equatorial
with the anions and polar with the cations) allows for the
benzene molecules to permeate the ionic structure with-
out disrupting it and justifies the increased stability of the
inclusion crystal. These facts illustrate the second facet
of the dual behavior of ionic liquids in their relation with
neutral solute molecules: the latter can (and do) interact
differently with the cation and anions.

From a Doubly Dual Nature to a Complex
Fluid-Phase Behavior
The two aspects of the dual character of ionic liquids can
be combined to shed some light on how the behavior of
these novel fluids can be understood: a polar network that,
because of the high asymmetry and charge delocalization

FIGURE 5. Low-charge (green) and high-charge (orange) density domains in [C8mim][NTf2], showing schematically its preferential spatial
interactions with (a) an apolar solute (n-hexane) and (b) a dipolar and/or associative solute (water).

FIGURE 6. Fluid T–composition phase diagram of [Cnmim][NTf2] plus
benzene. The progressively darker shaded areas (from n ) 2 to 10,
labeled as C2, C4, . . ., C10) identify immiscibility, two-phase regions.
Symbols represent experimental data, and borderlines [between one-
phase (1) and two-phase (2) regions] are guides to the eye.

FIGURE 7. Interactions between one benzene molecule and
[C2mim][NTf2]. The image shows equatorial interactions of the
aromatic plane with the anions and axial interactions with the
cations.
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of its constituent ions, is flexible enough to be permeated
by nonpolar domains (generally attached to its cationic
component) or molecules of quadrupolar, dipolar, or even
associative nature. Whenever present, the nonpolar do-
mains will also be able to dissolve nonpolar solutes. The
richness of the solvation properties exhibited by ionic
liquids (see Figure 8 and its caption) is a reflection of their
doubly dual nature, and the intricacy of some of the phase
diagrams studied by our group mirrors the preference or
competition of different solutes for those dual character-
istics.

Mapping Islands. One striking example of a complex
phase diagram depicting what is usually termed as closed-
loop immiscibility was obtained using mixtures containing
ionic liquids of the 1-alkyl-3-methylimidazolium bistri-
flamide family and tri- or tetra-chloromethane.17,19 In fact,
not only closed-loop behavior (an immiscibility island)
was detected but also demixing at even higher tempera-
tures (i.e., an immiscibility dome) was found (see Figure
9). This kind of very rich fluid-phase behavior can be
classified as type VII according to the extension of the
Scott and van Konynenburg classification33 (S&vK) and
has hardly ever been observed for real systems.

When the size of the alkyl side chains of the ionic liquid
are allowed to vary in quasi-binary mixtures of
([C4mim][NTf2] plus [C5mim][NTf2]) plus CHCl3, changing
and fine-tuning the relative sizes of the nonpolar region
and polar network, the subtle balance between the en-
tropic and enthalpic contributions to the Gibbs energy of
the mixture is tipped over in one direction or the other,
thus creating a series of mixing and demixing phenomena.
This richness underlies several changes in the sign of the
enthalpy of mixing upon the temperature change as well
as distinct temperature dependences of the entropy of
mixing.17

In quasi-binary mixtures of [C5mim][NTf2] plus (CHCl3

plus CCl4) the closed-loop immiscibility behavior is re-
placed by a miscibility gap (S&vK, type IV). In (CHCl3 plus
CCl4) mixtures, different proportions of the two chloro-
alkanes permit us to manipulate the number of available
hydrogens available for specific interactions with both the
cation (π electrons of the ring) and the anion (oxygens).
In this case, the two solutes, CHCl3 and CCl4, show
different affinities for the ionic liquid, with the latter
probably showing a preference for the nonpolar domains
and the former exhibiting a differentiated proclivity for
the anion or the cation.

Cooperation and Defection. The previous example
illustrates how the complex nature of an ionic liquid can be
used to produce very intricate fluid-phase behavior, at a scale
quite uncommon for the majority of molecular liquid
mixtures. It can also be used to produce changes in the
relations (interactions) between two molecular components
of a mixture. Here, we are not just talking about subtle, well-
balanced effects (that produce the intricate behavior) but
also about quite dramatic ones that fall generally into the
categories of co- or antisolvency effects.

Our first studies demonstrated that, although some
ionic liquids present immiscible domains with both wa-
ter34 and alcohols,35 surprisingly, the addition of water to
mixtures of ionic liquids with alcohols markedly increases
mutual solubility (cosolvent effect).9,11,12,22 The ratio of
water to alcohol content can be profitably used as a tool
for fine-tuning desired situations of total miscibility,
partial miscibility, or almost complete phase separation.
In contrast, pressurized carbon dioxide (CO2) acts as an
antisolvent10,23,24 for ternary ionic liquid–ethanol–water
mixtures. Thus, several switches in the number of phases
are possible, allowing for reactions to be carried out in a
single phase, leading to increased rates as well as catalyst
immobilization, and, at a later stage, easy product separa-
tion produced by biphasic conditions. Generally, pres-
surized CO2 can be used as a strategy to trigger the
precipitation of many solutes.36

FIGURE 8. Photograph of three liquid phases produced by mixing
phosphonium chloride, [P6,6,6,14]Cl, with n-hexane and water, using
CuSO4 as a dye. The intermediate-density ionic-liquid-rich phase
contains significant amounts of n-hexane and water (and CuSO4,
with its distinctive yellow color in [P6,6,6,14]Cl), whereas the upper
phase is almost pure n-hexane and the bottom phase contains water
and copper sulfate.

FIGURE 9. Fluid T–composition phase diagrams of quasi-binary
mixtures of (a) ([C4mim][NTf2] plus [C5mim][NTf2]) plus CHCl3 and (b)
[C5mim][NTf2] plus (CHCl3 plus CCl4), in which the two-phase regions
correspond to the shaded areas. The two pseudocomponents have
a composition ratio corresponding to [C4.33mim][NTf2] in a and
CH0.94Cl3.06 in b.
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Similarly, aqueous biphasic systems (ABSs) in ionic
liquid solutions provoked by salting-out effects37,38 upon
the addition of increased amounts of commonly used
inorganic salts have also been witnessed. Two cases have
been observed: (i) the significant broadening of a pre-
existing two-phase region37 and (ii) phase splitting in
previously completely homogeneous mixtures (work in
progress).

Cosolvent solubility is not unique to ionic liquid
aqueous solutions in alcohols. Very recently, we found39

for the first time that some nonaqueous ionic solutions
in alcohols also exhibit cooperation solubility effects.

Complex yet Ideal. The inherent structured, complex
nature of both liquid salts and water as well as alcohols
would not a priori underlie quasi-ideal behavior for the
binaries ionic liquid plus ionic liquid, ionic liquid plus
water, and ionic liquid plus alcohol systems. Nonethe-
less, this is, in fact, the case. Although some binary
combinations of ionic liquids present phase splitting,15,16

the enthalpy and volume changes of mixing of two ionic
liquids are generally quite small.15 Considering that the
mixture of two ionic liquids comprise an additional
strategy for obtaining novel liquid salt media with
unique properties, then, under the assumption of
ideality, these same properties are easily and accurately
estimated by mere weighed average of the values of the
properties of the pure, constituent salts. This ideality
was at the foundation of an extremely simple and
precise methodology for the prediction of the molar
volume of any ionic liquid as the combination (sum)
of the effective volumes occupied by the constituent
cations and anions (Vm ) V*c + V*a) (see Table 1 and
refs 12 and 14 for details).

A master slope, (∂Vm/∂(2n)), for the variation of the
molar volume per the addition of two carbon atoms, (∂Vm/
∂(2n)) ) (34.4 ( 0.5) cm3 mol-1, is obtained for the 1-Cn-
3-methylimidazolium-based ionic liquids, [Cnmim]+, ir-
respective of the anion considered (Cl-, Br-, [NO3]-,
[BF4]-, [PF6]-, and [NTf2]-). The typical predictive power
of this algorithm is better than 0.5%.

Similarly, homogeneous solutions of ionic liquid plus
water34 and ionic liquid plus alcohols35 also exhibit quasi-
ideality. For instance, the excess heat capacities and excess
volumes upon mixing are so small in comparison with the
property of the mixture that a reliable prediction for the
property of the solution consists of averaging the pure
component values.

Concluding Remarks
Ionic liquids can be regarded as nanoscaled, heteroge-
neous media composed of high- and low-charge-density
domains. This distinctive characteristic is responsible for
a wide variety of regimes in their interactions with distinct
solutes, and in particular, it can explain their surfactant-
like behavior, and their extraordinary solvent power for
polar and nonpolar solutes, in short, the richness of their
behavior. The relative importance of the nonpolar region
is commonly manipulated by the length of alkyl side
chains, which can be incorporated either in the cation or
the anion.

Furthermore, the distinctive character of the interac-
tions of a given solute toward the anionic or cationic
moieties of an ionic liquid (the second facet of the dual
behavior) also plays a central role in the definition of the
fluid-phase behavior of ionic liquid solutions. An example
is ionic liquids based on the [C1mim]+ cation, which are
completely soluble in water when associated with the
chloride anion but, however, present liquid–liquid im-
miscibility domains when combined with the bistriflamide
anion.

In general, the coarse tuning of their properties can
be tailored by the choice of the chemical nature of the
combined cation and anion, in which, as a consequence,
the obtained weighed proportion of electrically charged
territories versus apolar-like regions are paramount. The
recognition of the doubly dual nature of ionic liquids
constitutes a powerful tool for the development of future
strategies aiming at a systematic interpretation and pre-
diction of their properties.
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