
Prediction of the enthalpies of vaporization for room-temperature
ionic liquids: Correlations and a substitution-based additive scheme

Gennady J. Kabo a, Yauheni U. Paulechka a,*, Dzmitry H. Zaitsau b,c, Alena S. Firaha a

aChemistry Faculty and Research Institute for Physical Chemical Problems, Belarusian State University, Leningradskaya 14, 220030 Minsk, Belarus
bDepartment of Physical Chemistry, University of Rostock, Dr-Lorenz-Weg. 1, 18059 Rostock, Germany
cDepartment of Physical Chemistry, Kazan Federal University, Kremlevskaya str. 18, 420008 Kazan, Russia

A R T I C L E I N F O

Article history:
Received 19 September 2014
Received in revised form 28 January 2015
Accepted 11 April 2015
Available online 14 April 2015

Keywords:
Ionic liquids
Enthalpy of vaporization
Predictive procedures
Correlations
Additive schemes

A B S T R A C T

The literature data on the enthalpies of vaporization for aprotic ionic liquids (ILs) published by the end of
May 2014 were analyzed and the most reliable Dl

gHm values were derived for 68 ILs. The selected
enthalpies of vaporization were correlated with density and surface tension using symbolic regression
and a number of effective correlation equations were proposed. The substitution-based incremental
scheme for prediction of the enthalpies of vaporization of imidazolium, pyridinium and pyrrolidinium ILs
was developed. The standard error of the regression for the developed scheme is significantly lower than
that for the atom-based group-contribution schemes proposed earlier.

ã 2015 Elsevier B.V. All rights reserved.

1. Introduction

Significant scientific and practical potential of ionic liquids (ILs)
as solvents, reaction media, catalytic systems, and reference
compounds for calculation of thermodynamic and transport
properties of liquid systems with strong Coulombic interactions
cannot be implemented without reliable data on their thermody-
namic properties. Further improvement of the existing industrial
processes involving ILs and development of new production
schemes requires detailed data on thermodynamic properties of
ILs such as heat capacities, enthalpies of vaporization, saturation
vapor pressures, enthalpies of combustion, etc.

The enthalpy of vaporization Dl
gHm is one of key quantities for

compounds involved in chemical production. For ILs, which are
well-known for their very low saturated vapor pressure over the
temperature range of their thermal stability, the experimental
determination of this quantity is a complicated task. However, for
technical application of these compounds at least estimated values
of the enthalpy of vaporization and the saturated vapor pressure
are essential. It should also be noted that the modern methods of
computational chemistry allow evaluating various thermodynam-
ic and transport properties of compounds over wide temperature
and pressure ranges based on the thermodynamic parameters of

vaporization process for the studied system obtained from
experiment.

The complete review of the experimental and theoretical
techniques used in Dl

gHm determination for ILs can be found in Ref.
[1]. Normally, Dl

gHm for ILs is determined from the temperature
dependence of the rate of mass loss or proportional to it quantities
obtained during effusion of the saturated vapor into vacuum
through a small orifice or during direct vaporization of liquid into
vacuum [2,3,4,5,6]. The enthalpy of vaporization can also be
evaluated from the temperature-dependent intensities of the
specific bands in the gas-phase UV spectra [7]. In the transpiration
method [8], the stream of inert gas is saturated with IL and the
concentration of the latter is determined by weighing.

In contrast to the techniques mentioned above, where solid
theoretical background describing the vaporization process is
available, the TGA method [9] is not so obvious in application. As a
matter of fact, the TGA technique is similar to the transpiration
method but saturation of the gas stream does not occur. Recently,
Verevkin et al. [10] reviewed the available literature on determi-
nation of Dl

gHm with this method. According to the review, Price
and Hawkins [11] were first who proposed using the Langmuir
equation [12] to describe sublimation of crystal in a gas stream in a
TGA apparatus. This equation is often used for description of IL
vaporization in TGA [9,10], particularly for high flow rates of the
inert purge gas. According to the Langmuir equation, p is
proportional to dm=dt

ffiffiffi
T

p
. However, this equation was derived

for evaporation in vacuum and, to our best knowledge, theoretical
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