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ABSTRACT: This work reports the first data for the vapor pressures at
several temperatures of the ionic liquids, [CN/2CN/2im][NTf2] (N = 4, 6, 8,
10, 12) measured using a Knudsen effusion apparatus combined with a
quartz crystal microbalance. The morphology and the thermodynamic
parameters of vaporization derived from the vapor pressures, are compared
w i t h t h o s e f o r t h e 1 - a l k y l - 3 -me t h y l im i d a z o l i um b i s -
(trifluoromethylsulfonyl)imide series, [CN−1C1im][NTf2] (N = 3 − 9,
11, and 13). It was found that the volatility of [CN/2CN/2im][NTf2] series is
significantly higher than the asymmetric cation ILs with the same total number of carbons in the alkyl side chains,
[CN−1C1im][NTf2]. The observed higher volatility is related with the lower enthalpy of vaporization. The symmetric cation,
[CN/2CN/2im][NTf2], presents lower entropies of vaporization compared with the asymmetric [CN−1C1im][NTf2], indicating an
increase of the absolute liquid entropy in the symmetric cation ILs, being a reflection of a change of the ion dynamics in the IL
liquid phase. Moreover both the enthalpy and entropy of vaporization of the [CN/2CN/2im][NTf2] ILs, present a clear odd−even
effect with higher enthalpies/entropies of vaporization for the odd number of carbons in each alkyl chain ([C3C3im][NTf2] and
[C5C5im][NTf2]).

1. INTRODUCTION
Since 2001, room temperature ionic liquids, RTILs, have gained
popularity, mainly because of their particular properties.1 The
research in these systems have been performed in a
fundamental and applied way, contributing to a better
understanding at a molecular level and consequently to an
advance in the applied field of the ionic liquids.2−5 For the
interpretation of their properties and a successful modeling of
ionic liquids, highly accurate data regarding these physicochem-
ical properties are needed, such as heat capacities, vapor
pressures, viscosities, densities, refractive index, etc.
Volatility of ionic liquids has been a topic of several studies,

to determine their vapor pressures or enthalpies of vaporization
with accuracy. Accurate thermodynamic parameters, of liquid−
vapor equilibrium, are not only important to provide
information on the liquid phase structure and cohesive energy,
and the nature of the vapor phase, but are also essential to
validate force-fields models used in several simulation
techniques to describe ionic liquids.2,3

Earle et al. reported the first measurements of the volatility of
some ILs, showing that many ionic liquids can be distilled at
low pressure without decomposition.6 Since then, a number of
works addressing vapor pressure measurements and measure-
ments/predictions of enthalpies of vaporization have emerged.
Several approaches to measuring and predicting these
quantities have been proposed, including molecular dynamics
simulations.7 Experimental determinations have been carried
out by the integral Knudsen effusion method,8,9 Knudsen
effusion method combined with a quartz crystal microbalance,10

quartz crystal microbalance method,11 transpiration method,12

mass spectrometry,13−16 vacuum vaporization drop micro-
calorimetry,17 and thermogravimetry.18

Recently, we reported a thermodynamic study concerning
the vaporization of the extended series of ILs [CN−1C1im]-
[NTf2] (with N = 3−9, 11, and 13), where the trends of the
thermodynamic parameters of vaporization with the alkyl chain
length were established.10 In this work it was shown that the
enthalpy and entropy of vaporization presented trend shifts
along the [CN−1C1im][NTf2] series, related to a change in the
molecular structure of the liquid phase around [C6C1im]-
[NTf2].

10,19 It is well-known today that ILs are nanostructured
fluids in which the ion pairs arrange themselves into polar and
nonpolar domains. The structural segregation on these systems
will depend on the size of the polar and nonpolar regions in
each ion may exist as dispersed or continuous microphases. The
transition between these two states depends on the relative size
of the high-charge and low-charge regions in each ion and the
size of the alkyl chain length.19 In this previous work, it was
possible to highlight the effect of the nanoscale-organization of
[CN−1C1im][NTf2] family, on the thermodynamic properties of
vaporization and viscosity.10,20 On another recent work by us
the effect of the nanoscale-organization on the heat capacities
was also presented.21

The symmetry of the cation provides a different structural
organization which can be used to tune the physicochemical
properties of the ionic liquids. Xiao et al.,22 based on small-
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wide-angle X-ray scattering (SWAXS) data and optical Kerr
effect (OKE) spectra, found that the symmetric ILs series,
[CN/2CN/2im][NTf2], presents higher local order and higher
intermolecular dynamics in frequency than the asymmetric
series, [CN−1C1im][NTf2]. SWAXS measurements provide
information related with the structural heterogeneities in ILs.
On the basis of this data, Zheng et al.23 found that, for the
asymmetric imidazolium based ILs, the structural heterogene-
ities take place over a large spatial scale, comparing with the
results obtained for the symmetric ILs. In the same work, the
authors observed that the densities for a symmetric/asymmetric
IL pair, with a given total number carbons, are similar and the
viscosity of the asymmetric IL is greater than the observed for
the symmetric ILs. Also, it was observed an odd−even effect on
the viscosity data, similar to what it was found in simulations of
the ion diffusion coefficients.
In the present work, the thermodynamic properties of

v a p o r i z a t i o n o f 1 , 3 - d i a l k y l i m i d a z o l i um b i s -
(trifluoromethylsulfonyl)imide series, [CN/2CN/2im][NTf2] (N
= 4, 6, 8, 10, 12) are compared to those of 1-alkyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide series,
[CN−1C1im][NTf2] (N = 3 − 9, 11 and 13). The vapor
pressures at several temperatures of the ILs series,
[CN/2CN/2im][NTf2], were measured by the Knudsen effusion
apparatus combined with a quartz crystal microbalance.24 Based
on the previous results, the standard molar enthalpies, entropies
and Gibbs energies of vaporization were derived at the
reference temperature, T = 298.15 K. This work aims to
explore the enthalpic and entropic contribution to the volatility
of the symmetric [CN/2CN/2im][NTf2] and to assess the effect
of the cation topological symmetry on the liquid−vapor
equilibrium. The schematic representation of the considered
imidazolium based ionic liquids, are presented in Figure 1.

2. EXPERIMENTAL SECTION
2.1. Purification and Characterization of Compounds.

The ionic liquids used in this work, the 1,3-dialkylimidazolium
bis(trifluoromethylsulfonyl)imide series, [CN/2CN/2im][NTf2]
(N = 4, 6, 8, 10, 12), were purchased from IOLITEC with a
stated purity of better than 98%. All the ionic liquids were dried
under reduced pressure (<10 Pa) and stirred constantly for a
minimum of 72 h at 373 K, in order to reduce the presence of
water or other volatile contents. Karl Fischer titration of the

degassed samples revealed less than 100 ppm of water. The
purity of each ionic liquid after purification was further
evaluated by 1H, 13C, and 19F NMR spectra and for all ionic
liquids the mass fraction was found to be >0.99.

2.2. Quartz Crystal Microbalance Knudsen Effusion
Apparatus. The vapor pressure of each ionic liquid was
measured as a function of temperature using a new Knudsen
effusion apparatus combined with a quartz crystal microbalance,
KEQCM, recently described in the literature.24 This apparatus
comprises two mass loss detection techniques, gravimetric, and
quartz crystal microbalance, which enables the decrease of
effusion times and the sample size. Furthermore the
combination of two mass loss determination techniques
permits the instrument to measure vapor pressures from
0.005 Pa up to 1 Pa. For the measurements of pressures below
0.01 Pa, a flow-concentrator device, placed between the oven
and the quartz crystal, was used.25 The temperature step
effusion procedure allows for vapor pressure measurements at
different temperatures in a single experiment and it can reach
temperatures up to 650 K. The temperature is controlled within
a temperature fluctuation of ± (1 × 10−2) K, measured with a
resolution better than 1 × 10−3 K and with an overall
uncertainty better than ± (2 × 10−2) K along the entire
working temperature range. The vapor pressure data obtained
with this apparatus for the ionic liquid samples, presents a
pressure dependent uncertainty between (1 and 5) %, that is
the typical uncertainty obtained in this apparatus using this
methodology.24 Due to the low volatility of the ionic liquids,
the vapor pressure range under 0.05 Pa was explored in some
cases, but below this pressure and for a particular individual
experimental point, the relative uncertainty increases dramat-
ically exceeding the indicated interval. The claimed uncertainty
is done based on the overall results obtained from the fitting of
the Clarke and Glew equation and is valid for the middle of the
experimental pT region.
Like a typical Knudsen effusion experiment, the system is

kept at high vacuum, allowing free effusion of the vapor from
the cell, and at a fixed temperature, T. During an effusion
experiment, the mass loss rate from the effusion cell, dm (cell)/
dt, is proportional to the rate of change of the mass deposited
on the quartz crystal, dm/dt, according to eq 1
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where g is a geometric factor of the mass detection, Aq is the
area of the quartz crystal, Sq is the mass sensitivity of the crystal,
and (df/dt) is the rate of change of the resonance frequency of
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where, W, is the effective mass sensitivity coefficient, the eq 1
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To derive the vapor pressure, the value, W, must be known for
each studied compound. The value can be determined by
weighing the total mass loss of the effusion cell, Δm(cell),
during an independent experiment, and considering the
integrated form of the eq 3

Figure 1. Schematic representation of the imidazolium based ionic
liquids, where N corresponds to the total number of carbons in the
two alkyl side chains in the cation.
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where Δf is the total change in the crystal’s resonance
frequency during the experiment.
The equilibrium vapor pressure of the liquid compound is

obtained using the following eq 5:
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where M is the molar mass of the sample, R is the gas constant
(R = 8.3144621 J·K−1·mol−1), Ao is the area of the orifice, and
wo is the transmission probability factor (wo= {1 + (l/2r)}−1).
The relative atomic masses used were those recommended by
the IUPAC Commission in 2007.26

3. RESULTS AND DISCUSSION
The vapor pressures for the studied imidazolium based ionic
liquids ([CN/2CN/2im][NTf2], N = 4, 6, 8, 10, 12), were
measured at several temperatures, using the Knudsen effusion
apparatus combined with a quartz crystal microbalance. The
experimental vapor pressures data for each IL, are listed in
Table S1 of the Supporting Information.
Figure 2, presents the ln(p/Pa) = f(K/T) plots for the

experimental results obtained for the studied ILs.

The experimental results of the vapor pressures were fitted
by the Clarke and Glew eq 627
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where p is the vapor pressure, po is a selected reference pressure
(po = 105 Pa), θ is a selected reference temperature, R is the gas
constant (R = 8.3144621 J·K−1·mol−1), Δ1

gGm
o is the standard

molar Gibbs energy of vaporization at the selected reference
pressure, Δ1

gHm
o is the standard molar enthalpy of vaporization,

and Δ1
gGp,m

o is the difference between the heat capacities of the
gaseous and of the liquid phases [Δ1

gGp,m
o = Cp,m

o (g) − Cp,m
o (1)].

The values of Δ1
gCp,m

o were estimated considering the same
temperature for all the ILs, T = 388 K (mean temperature
between the average temperature and 298.15K) using a
procedure recently proposed in the literature.10 Table 1
presents the derived standard (po = 105 Pa) molar enthalpies,
entropies, and Gibbs energies of vaporization at the mean
temperature, ⟨T⟩, at T = 460.0 K and at reference temperature,
T = 298.15 K, as derived from the fitting of eq 6 and related to
each other by the following eq 7:
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The graphic representations of standard molar Gibbs energy of
vaporization at reference temperature (460 and 298.15 K) as a
function of total number of carbon atoms in the two alkyl side
chains of the cation, N are presented in figure 3. At the
temperature of 460 K, the following order of volatility for the
studied series was found:

≈ >

≈ >

[C C im][NTf ] [C C im][NTf ] [C C im][NTf ]

[C C im][NTf ] [C C im][NTf ]
3 3 2 4 4 2 2 2 2

5 5 2 6 6 2

The [C2C2im][NTf2] is an exception within this sequence,
showing a lower volatility than [C3C3im][NTf2] and [C4C4im]-
[NTf2]. This is the typical outlier behavior observed before for
the ILs with a short alkyl chain length (e.g., [C2C1im]-
[NTf2]),

10 that can be explained based on the stronger polar
interactions contribution observed in the border members
(methyl, ethyl) of the alkyl series.
Taking into account the estimated volatility at 298.15 K

depicted in Figure 3 panel II, a slightly change in the volatility
order arising from the differentiation effect of the enthalpies of
vaporization, and in smaller scale from the Δ1

gCp,m
o correction to

the volatility, that leads to a crossover of the pressure to
temperature dependence along the series was identified. At
298.15 K, the estimated following order of volatility was
derived:

> >

≫ ≫

[C C im][NTf ] [C C im][NTf ] [C C im][NTf ]

[C C im][NTf ] [C C im][NTf ]
2 2 2 3 3 2 4 4 2

5 5 2 6 6 2

In Figure 3 panel II, the derived standard molar Gibbs energies
of vaporization, at T = 298.15K, of the studied ILs and the
asymmetric ILs, [CN−1C1im][NTf2], are compared.

10 It can be
observed that the volatility of [CN/2CN/2im][NTf2] is
significantly higher than the asymmetric cation ILs with the
same total number of carbons in the alkyl side chains,
[CN−1C1im][NTf2]. At reference temperature, 298.15 K, the
[C2C2im][NTf2] presents the highest volatility ever observed
for the alkylimidazolium bis(trifluoromethylsulfonyl)imide
based ionic liquids.
Unlike what happens for the asymmetric ILs series, which

presents in one of the nitrogens of the imidazolium a methyl
group and in the other an alkyl side chain of increasing length,
the symmetric ILs presents a simultaneous increase of the two
alkyl side chains. The existence of a permanent methyl group in
the imidazolium ring, in the asymmetric ILs series, enhances
their electrostatic interactions between the cations and anions
which affects the charge distribution and accessibility as well as
the dynamics, increasing in this way their interaction potential.
The standard molar enthalpies of vaporization, Δ1

gHm
o (298.15

Figure 2. Plot of ln(p/Pa) = f (K/T) for each studied ionic liquid:
black triangle, [C2C2im][NTf2]; gray circle, [C3C3im][NTf2]; pink
triangle, [C4C4im][NTf2]; green square, [C5C5im][NTf2]; blue
diamond, [C6C6im][NTf2].
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K), as a function of the total number of the alkyl side chains of
the cation, N, for the studied compounds ([CN/2CN/2im]-
[NTf2]) is presented in Figure 4 and compared with the
previous data for the [CN−1C1im][NTf2] series.
In the previous work on the asymmetric imidazolium ILs

series, [CN−1C1im][NTf2], an enthalpic and entropic trend shift
was observed with the increase of the cation alkyl chain length,
is related to a change in the molecular structure of the liquid
phase around [C6C1im][NTf2].

10,19 The symmetry of the IL
cation changes dramatically the thermodynamic vaporization
parameters. The enthalpies of vaporization are lower for the
symmetric [CN/2CN/2im][NTf2] than for the asymmetric
imidazolium ILs, [CN−1C1im][NTf2], indicating a decrease of
the polar interactions in the symmetric imidazolium ILs.
Moreover the vaporization results of the [CN/2CN/2im][NTf2]
ILs, show an enthalpic differentiation with a clearly discernible
odd−even effect with higher enthalpies of vaporization for the

odd numbered [C3C3im][NTf2] and [C5C5im][NTf2]. An
odd−even effect was also reported in the viscosity data for the
same ILs series and is also consistent with the solid phase
crystallization behavior, recently published.23 The odd
numbered ILs, which presents higher enthalpies of vapor-
ization, show also higher viscosities in agreement with the
observed increase of their cohesive energies.23

The standard molar entropies of vaporization, Δ1
gSm

o

(298.15K), as a function of the total number of the alkyl side
chains of the cation, N, for the studied compounds
([CN/2CN/2im][NTf2]) is presented in figure 5 and compared
with the data for the [CN−1C1im][NTf2] series.
Similarly to what was observed for the enthalpies of

vaporization, a differentiation between the asymmetric and
symmetric ILs series, was found. The ILs with symmetric
cations, [CN/2CN/2im][NTf2], present lower entropies of
vaporization compared with the asymmetric imidazolium,

Table 1. Parameters of Clarke and Glew Equation Fitted from the Vapor Pressure Results and the Derived Standard Molar
Entropy of Vaporization for Each Studied IL at the Reference Temperature, θ, and at the Standard Pressure, po = 105 Pa

T interval/K θ/K Δ1
gGm

o (θ)/J·mol−1 Δ1
gHm

o (θ)/J·mol−1 Δ1
gSm

o (θ)/J·K−1·mol−1 r2 Δ1
gCp,m

o (T = 388 K)/J·K−1·mol−1

[C2C2im][NTf2]
455−480 467.61a 56539 ± 654 109212 ± 462 111.7 ± 1.0 0.9998 −117b

460.00 57404 ± 651 110102 ± 464 114.6 ± 1.0
298.15 79755 ± 1212 129038 ± 965 165.3 ± 2.5

[C3C3im][NTf2]
453−490 471.60a 54529 ± 444 114013 ± 314 126.1 ± 0.7 0.9999 −127b

460.00 56010 ± 446 115487 ± 319 129.3 ± 0.7
298.15 81073 ± 1165 136041 ± 922 184.4 ± 2.4

[C4C4im][NTf2]
455−488 471.58a 54564 ± 529 116836 ± 374 132.0 ± 0.8 0.9998 −138b

460.00 56113 ± 529 118434 ± 378 135.5 ± 0.8
298.15 82534 ± 1189 140769 ± 944 195.3 ± 2.4

[C5C5im][NTf2]
463−496 479.54a 54675 ± 290 123575 ± 205 143.7 ± 0.4 0.9999 −149b

460.00 57543 ± 316 126486 ± 227 149.9 ± 0.5
298.15 86652 ± 1176 150602 ± 930 214.5 ± 2.4

[C6C6im][NTf2]
463−496 479.60a 56928 ± 354 138362 ± 250 148.9 ± 0.5 0.9999 −160b

460.00 59912 ± 373 131498 ± 269 155.6 ± 0.6
298.15 90310 ± 1188 157394 ± 941 225.0 ± 2.4

aMean experimental temperature. r2 is the linear regression coefficient. bΔ1
gCp,m

o (388 K) estimated using the linear fitted function (Δ1
gCp,m

o /
J·K−1·mol−1 = −5.40 n(C) - 100.47). 10 An uncertainty of ±5 J·K−1·mol−1 was considered for the Δ1

gCp,m
o .

Figure 3. Graphic representation of standard molar Gibbs energy of vaporization at reference temperature as a function of total number of carbon
atoms in the two alkyl side chains of the cation, N. (I) Δ1

gGm
o (460 K): black triangle, [C2C2im][NTf2]; gray circle, [C3C3im][NTf2]; pink triangle,

[C4C4im][NTf2]; green square, [C5C5im][NTf2]; blue diamond, [C6C6im][NTf2]; (II) Δ1
gCm

o (298 K): yellow square and red circle,
[CN−1C1im][NTf2];

10 blue diamond, [CN/2CN/2im][NTf2].
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[CN−1C1im][NTf2], indicating an entropic increase of the
absolute liquid entropy for the symmetric cation ILs, that could
be related with a molecular entropy increase as well as being a
reflection of the change of the ion dynamics in the IL liquid
phase.
The observed lower entropies of vaporization are in

opposition with the higher volatility observed for the symmetric
ILs series, which shows that the higher volatility of the
symmetric ILs, when compared with the asymmetric series, is
ruled by their enthalpy of vaporization.
The odd−even effect is also clearly discernible in the

entropies of vaporization of the [CN/2CN/2im][NTf2] ILs, with
higher entropies of vaporization for the odd numbered
[C3C3im][NTf2] and [C5C5im][NTf2], indicating a decrease
in the absolute entropies of the liquid for the odd numbers.
The observed odd−even effect in the entropy and enthalpy

of vaporization in the symmetrical series are attenuated in the
volatility because of an entropic−enthalpic compensation.

4. FINAL REMARKS
The study of the five symmetric imidazolium based ionic
liquids, [CN/2CN/2im][NTf2], enabled the evaluation the effect
of the symmetry of the cation on the thermodynamic
parameters of vaporization, taking into account the previous
results for the [CN−1C1im][NTf2] series. The volatility of
[CN/2CN/2im][NTf2] series is significantly higher than the
asymmetric cation ILs It was found that the higher volatility is
ruled by the enthalpy of vaporization. The symmetric ILs show
lower entropies of vaporization compared with the asymmetric,
indicating an increase of the absolute liquid entropy in the
symmetric cation ILs. The obtained vaporization results of the
[CN/2CN/2im][NTf2] ILs, shows an enthalpic and entropic
differentiation with a clearly discernible odd−even effect, with
higher enthalpies and entropies of vaporization for the odd
numbered [C3C3im][NTf2] and [C5C5im][NTf2].
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Marisa A. A. Rocha acknowledges the financial support from
FCT and the European Social Fund (ESF) under the
Community Support Framework (CSF) for the award of a
Research Grants SFRH/BD/60513/2009. Thanks are also due
to FCT for financial support for the project PTDC/CTM/
103664/2008.

■ REFERENCES
(1) Wasserscheid, P., Welton, T., Eds. Ionic Liquids in Synthesis;
Wiley-VCH: Weinheim, Germany, 2003.
(2) Esperanca̧, J. M. S. S.; Canongia Lopes, J. N.; Tariq, M.; Santos,
L. M. N. B. F.; Magee, J. W.; Rebelo, L. P. N. J. Chem. Eng. Data 2010,
55, 3−12.
(3) Paulechka, Y. U. J. Phys. Chem. Ref. Data 2010, 39, 033108.
(4) Chirico, R. D.; Diky, V.; Magee, J. W.; Frenkel, M.; Marsh, K. N.
Pure Appl. Chem. 2009, 81, 791−828.
(5) Wieser, M. E.; Berglund, M. Pure Appl. Chem. 2009, 81, 2131−
2156.
(6) Earle, M. J.; Esperanca̧, J. M. S. S.; Gilea, M. A.; Lopes, J. N. C.;
Rebelo, L. P. N.; Magee, J. W.; Seddon, K. R.; Widegren, J. A. Nature
2006, 439, 831−834.
(7) Köddermann, T.; Paschek, D.; Ludwig, R. Chem. Phys. Chem.
2007, 8, 2464−2470.
(8) Zaitsau, D. H.; Kabo, G. J.; Strechan, A. A.; Paulechka, Y. U.;
Tschersich, A.; Verevkin, S. P.; Heintz, A. J. Phys. Chem. A 2006, 110,
7303−7306.
(9) Paulechka, Y. U.; Zautsau, D. H.; Kabo, G. J.; Strechan, A. A.
Thermochim. Acta 2005, 439, 158−160.

Figure 4. Graphic representation of standard molar enthalpy of
vaporization at reference temperature (T = 298.15K) as a function of
the total number of carbon atoms in the alkyl side chains of the cation,
N. Yellow square and red circle [CN−1C1im][NTf2];

10 blue diamond,
[CN/2CN/2im][NTf2].

Figure 5. Graphic representation of standard molar entropy of
vaporization at reference temperature (T = 298.15 K) as a function of
the total number of carbon atoms in the alkyl side chains of the cation,
N. Yellow square and red circle, [CN−1C1im][NTf2];

10 blue diamond,
[CN/2CN/2im][NTf2].

The Journal of Physical Chemistry B Article

dx.doi.org/10.1021/jp306937f | J. Phys. Chem. B 2012, 116, 10922−1092710926

http://pubs.acs.org
mailto:lbsantos@fc.up.pt
mailto:marisa.alexandra.rocha@gmail.com
mailto:marisa.alexandra.rocha@gmail.com


(10) Rocha, M. A. A.; Lima, C. F. R. A. C.; Gomes, L. R.; Schröder,
B.; Coutinho, J. A. P.; Marrucho, I. M.; Esperanca̧, J. M. S. S.; Rebelo,
L. P. N.; Shimizu, K.; Canongia Lopes, J. N.; Santos, L. M. N. B. F. J.
Phys. Chem. B 2011, 115, 10919−10926.
(11) Zaitsau, D. H.; Verevkin, S. P.; Emel’yanenko, V. N.; Heintz, A.
ChemPhysChem 2011, 12, 3609−3613.
(12) Emel’yanenko, V. N.; Verevkin, S. P.; Heintz, A. J. Am. Chem.
Soc. 2007, 129, 3930−3937.
(13) Armstrong, J. P.; Hurst, C.; Jones, R. G.; Licence, P.; Lovelock,
K. R. J.; Satterley, C. J.; Villar-Garcia, I. J. Phys. Chem. Chem. Phys.
2007, 9, 982−990.
(14) Deyko, A.; Lovelock, K. R. J.; Corfield, J.-A.; Taylor, A. W.;
Gooden, P. N.; Villar-Garcia, I. J.; Licence, P.; Jones, R. G.; Krasovskiy,
V. G.; Chernikova, E. A.; Kustov, L. M. Phys. Chem. Chem. Phys. 2009,
11, 8544−8555.
(15) Deyko, A.; Lovelock, K. R. J.; Licence, P.; Jones, R. G. Phys.
Chem. Chem. Phys. 2011, 13, 16841−16850.
(16) Deyko, A.; Hessey, S. G.; Licence, P.; Chernikova, E. A.;
Krasovskiy, V. G.; Kustov, L. M.; Jones, R. G. Phys. Chem. Chem. Phys.
2012, 14, 3181−3193.
(17) Santos, L. M. N. B. F.; Canongia Lopes, J. N.; Coutinho, J. A. P.;
Esperanca, J. M. S. S.; Gomes, L. R.; Marrucho, I. M.; Rebelo, L. P. N.
J. Am. Chem. Soc. 2007, 129, 284−285.
(18) Luo, H.; Baker, G. A.; Dai, S. J. Phys. Chem. B 2008, 112,
10077−10081.
(19) Shimizu, K.; Costa Gomes, M. F.; Pad́ua, A. A. H.; Rebelo, L. P.
N.; Canongia Lopes, J. N. THEOCHEM 2010, 946, 70−76.
(20) Tariq, M.; Carvalho, P. J.; Coutinho, J. A.P.; Marrucho, I. M.;
Canongia Lopes, J. N.; Rebelo, L. P.N. Fluid Phase Equilib. 2011, 301,
22−32.
(21) Rocha, M. A. A.; Lima; Coutinho, J. A. P.; Bastos, M.; Santos, L.
M. N. B. F. J. Chem. Thermodynamics 2012, 53, 140−143.
(22) Xiao, D.; Hines, L. G., Jr.; Li, S.; Bartsch, R. A.; Quitevis, E. L.;
Russina, O.; Triolo, A. J. Phys. Chem. B 2009, 113, 6426−6433.
(23) Zheng, W.; Mohammed, A.; Hines, L. G., Jr.; Xiao, D.; Martinez,
O. J.; Bartsch, R. A.; Simon, S. L.; Russina, O.; Triolo, A.; Quitevis, E.
L. J. Phys. Chem. B 2011, 115, 6572−6584.
(24) Santos, L. M. N. B. F.; Lima, L. M. S. S.; Lima, C. F. R. A. C.;
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