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Abstract

Experimental values for the solubility of carbon dioxide, ethane, methane, oxygen, nitrogen, hydrogen, argon and carbon monoxide in 1-bu
3-methylimidazolium hexafluorophosphate, [bmim]{PF a room temperature ionic liquid — are reported as a function of temperature between
283 and 343K and at pressures close to atmospheric. Carbon dioxide is the most soluble and hydrogen is the least soluble of the gases st
with mole fraction solubilities of the order of 18and 10%, respectively. All the mole fraction solubilities decrease with temperature except for
hydrogen for which a maximum is observed at temperatures close to 310 K. From the variation of solubility, expressed as Henry’s law consta
with temperature, the partial molar thermodynamic functions of solvation such as the standard Gibbs energy, the enthalpy, and the entropy
calculated. The precision of the experimental data, considered as the average absolute deviation of the Henry’s law constants from approp
smoothing equations, is better th&i%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tions should be done in this ionic liqujdl] although it has in the
past been considered, among imidazolium based ionic liquids,
In the present paper we report the solubility of different gasess a promising solvent for technological applications.
in one ionic liquid between 283 and 343 K and at pressures close The solubility of gases in [bmim][Rff has been deter-
to atmospheric. The knowledge of the gas solubility in this newmined by several research groups using different techniques
family of liquid solvents is useful from a practical point of view and Henry’s law constants could be determined both from data
as these data are valuable in the calculation of vapour/liquidbtained at pressures close to atmosphgi®,23,24]or by
equilibria for reaction systems or separation processes. Froextrapolation of values obtained at higher pressiirgs-12,25]
a more fundamental perspective, gas solubility measuremen®hen carbon dioxide is the studied gaseous solute, the values
provide areliable way to calculate the thermodynamic properties the literature for the Henry’s law constants are all in accord
of solution and to assess the molecular mechanisms involved @pproximately to withint=10% [3,4,8,7,10,24—-26]For other
the solvation process. gases studied by different research groups, namely oxygen, car-
The ionic liquid chosen for this study, 1-butyl-3-methyl- bon monoxide and hydrogen, the discrepancies found are much
imidazolium hexafluorophosphate, [bmim][§Fhas already larger, sometimes more than 100%.
been studied by a considerable number of research groups. Someln this paper, experimental solubilities of eight gases in one
discrepancies have been observed in the literature concerning tlomic liquid [bmim][PFRs] are reported as a function of tem-
phase equilibrium behaviour of this particular ionic liquid and perature between 283 and 343K near 0.1 MPa using a high
some authors have even recommended that no further investigarecision isochoric saturation meth§t¥,16] These solubil-
ity data allow the calculation of the Henry’s law constants as a
function of temperature and from there the thermodynamic prop-
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constant temperature from the pure perfect gas at 0.1 MPa to thpaire gas. The solubility can then be expressed in mole fraction:
infinitely dilute standard state in the solvent is calculated directly

lig
from the Henry’s law constants and the standard enthalpy and _ "2 )
entropy of solvation from their variation with temperature. (n'iq + n'z'q)
or as Henry’s law constant:
2. Experimental
: , T, s T
Ky = lim f2(p, T, x2) ~ ¢2(Peq eq)Peq 3)
x2—0 X2 X2

The sample of 1-butyl-3-methylimidazolium hexafluo-
rophosphate used was purchased from Solvionic, France, withtheref> is the fugacity of the solute angb its fugacity coef-
a minimum stated mole fraction purity of 0.999. The water con-icient. The fugacity coefficient, which is close to unity in the
tent of this ionic liquid, considered as hydrophobic, was carefullypresent case, was included in the calculation of the Henry’s law
determined before and after the solubility measurements as thi®nstants for all the gases. It was observed that the values do not
impurity seems to influence significantly its thermodynamic andcchange significantly from the ones calculated by tagen 1. It
thermophysical propertig$3]. A Karl-Fischer volumetric titra-  was decided however to include the fugacity coefficients in the
tor from Mettler Toledo (model DL31) was used and a referencelata reduction as, in the case of carbon dioxide and ethane, the
value of 150+ 15 ppm was found after drying the liquid for 15h Henry’s law constants changed slightly (for example, a maxi-
at 7=343 K under vacuum. Several tests were done to chectium change of 0.4% in the Henry’s law constant for carbon
the time and the conditions for drying and degassing the ioni¢lioxide was found for the value at 283.15K).
liquid sample—it is considered that, in the case of [omim}{PF
the liquid is appropriately degassed and dried after pumping 8. Results and discussion
under a pressure of 1 Pa for 8 h at a fixed temperature between
303 and 343K. For each gaseous solute studied, multiple experimental data
The gases used have the following specifications: carbopoints were obtained in the temperature interval between 283
dioxide from AGA/Linde Gaz, mole fraction purity of 0.99995; and 343K in steps of approximately 10 K. The experimental
ethane from AGA/Linde Gaz, mole fraction purity of 0.995; solubilities of carbon dioxide, ethane, methane, oxygen, nitro-
methane from AGA/Linde Gaz, mole fraction purity of 0.99995; gen, hydrogen, argon and carbon dioxide in [bmim}{P&e
oxygen from AGA/Linde Gaz, mole fraction purity of 0.99999; reported inTable 1 The solubility results are given as Henry’s
nitrogen from SAGA, mole fraction purity 0.9998; hydrogen law constants and as mole fractions of solute. These last values
from AGA/Linde Gaz, mole fraction purity of 0.999997; argon are calculated from the experimental datakgn(at slightly dif-
from AGA/Linde Gaz, mole fraction purity of 0.999997; and ferent total pressures) assuming a partial pressure of the gaseous
carbon monoxide from AGA/Linde Gaz, mole fraction purity of solute equal to 0.1 MPa. The relative atomic masses used are the
0.99997. All gases were used as received from the manufacturemes recommended by IUPACY] and the values of the second
The experimental method used for these gas solubility meavirial coefficients for all the gases necessary for the calculation
surements is based on an isochoric saturation technique and hzfshe compressibility factor and the fugacity coefficient, were
been described in previous publicatigig—-16] In this tech- taken from the compilation by Dymond and Smfi8]. The
nique, a known guantity of gaseous solute is put in contact witldensity of the sample of [bmim][RFused as solvent during the
a precisely determined quantity of degassed solvent at a constgpmesent measurements was determined in our laboratory with a
temperature inside an accurately known volume. When thermgprecision better than 0.01% by means of an Anton Paar densit-
dynamic equilibrium is attained, the pressure above the liquid@meter (model DMA 512 P}19]. The density values measured
solution is constant and is directly related to the solubility of theare reported iffable 2and were fitted to the function (the aver-
gas in the liquid. age absolute deviation of the fit is 0.004%):
The quantity of ionic liquid introduced in the equilibration _3 4
cell, Viig, is determined gravimetrically. The amount of solute PmimiiPFe] (kg m™=) = 138882 — 840683 x 10°7(T(K))

present in the liquid solutiorm,gq (subscript 2 stands for solute 4)

and subscript 1 stands for solvent), is calculated by the differenc?O get representative values of the solubility, the raw experi-

petwe?_r;)tvi@g{)n:ke)as_?r:em;a ntz:{flrst w dhen thega?tls Tr:roduce ental data were correlated as a function of temperature by an
in a calibrated bulb with volum&gg and second after thermo- empirical equation of the type:

dynamic equilibrium is reached:

lig Pini VeB Peq(Viot — Viiq) 1) IN[K(T) (10° Pa)] = ZA"(T KN~ ()

=2 [Z2(Pini, Tini) RTini] [ZZ(Peq, Teq)RTeq] i=0

the coefficientsA; obtained are listed iffable 3together with
where pini and Tini are the pressure and temperature in thethe average absolute deviations obtained for each solute. These
first pVT determination angeq and Teq are the pressure and values can be regarded as an estimation of the precision of the
temperature at the equilibriun¥y is the total volume of the experimental data which is in the present case always less than
equilibration cell andZ, is the compressibility factor for the 1%.
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