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Ternary Liquid—Liquid Equilibria for Mixtures of
1-Methyl-3-octylimidazolium Chloride + an Alkanol + an Alkane at

298.2 K and 1 bar
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Ternary liquid—liquid equilibria for the mixtures (1-methyl-3-octylimidazolium chloride + an alkanol +
an alkane) at 298.2 K are reported. The alkanes used were heptane, dodecane, and hexadecane, and the
alkanols were methanol and ethanol. The solubility of the alkanol is higher in the ionic liquid rich phase
than in the alkane rich phase. The effectiveness of extracting an alkanol from mixtures containing an
alkane using the solvent 1-methyl-3-octylimidazolium chloride is discussed in terms of the ratio of the
solubilities in the two phases. The NRTL equation was used to correlate the experimental tie lines. There
are no data in the literature for the mixtures discussed in this paper.

Introduction

This work is part of our investigations on ionic liquids?!
as potential solvents for separating liquids using a solvent
extraction process. In this work an ionic liquid is used to
separate aliphatic compounds and alkanols. The reason for
using ionic liquids is that they are environmentally favor-
able solvents because they do not emit toxic vapors due to
their very low vapor pressures.?3

The data on ternary liquid—liquid equilibria for mixtures
containing an ionic liquid are scarce.* In this work the ionic
liquid, 1-methyl-3-octylimidazolium chloride (MeOctImClI,
see Figure 1) was used. The liquid—liquid equilibrium data
for the mixtures (1-methyl-3-octylimidazolium chloride +
an alkanol + an alkane) determined at 298.2 K are
presented.

The selectivity values for the ternary systems studied
in this work were determined in order to investigate the
possibility of using MeOctImCl as a solvent in liquid
extraction processes. The NRTL equation® was used to
correlate the experimental tie line data.

Experimental Section

Chemicals. The alkanols were found to have purities
greater than 99% mass, as determined by gas—liquid
chromatography, and were stored under 4 A molecular
sieves and found to have less than 0.1% mass water, as
determined using Karl—Fischer moisture analysis. The
ionic liquid, MeOctImCl, was obtained from Acros and was
quoted as having a purity greater than 98 mass %. The
sample was subjected to a vacuum of 10~ Torr for 30 to
60 min at a temperature of 398 K. The mass loss, as a
result of the vacuum treatment, was measured and found
to be 0.02 mass fraction. A Karl Fischer titration showed
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Figure 1. 1-Methyl-3-octylimidazolium chloride (MeOctImCl).
Table 1. Physical Properties of the Pure Components at

298.2 K: Density, p, Molar Volumes, V, and Molar Mass,
M

p(lit.)t p(exp) Vm M

compd g-cm—3 g-cm=3 cm3mol~t  g-mol~?t
MeOctIimCI 1.00 1.0104 228.39 230.78
hexadecane 0.7700 0.7703 294.07 226.44
dodecane 0.7487 0.7466 221.22 170.34
heptane 0.6837 0.6823 147.47 100.20
methanol 0.78637 0.78627 40.74 32.04
ethanol 0.78493 0.78493 58.69 46.06

that the water content, after the vacuum treatment, was
less than 0.0001 mass fraction. The alkanes were supplied
by Acros and had purities greater than 99 mass % and were
used without further treatment. The densities, molar
volumes, and molar masses of the pure compounds at 298.2
K are reported in Table 1.

Procedure. The binodal curves were determined at
298.2 K and 1 bar pressure using the cloud point method
described in detail by Letcher and Siswana.® However, the
densities of the one-phase region were determined instead
of the refractive index. We found that the density measure-
ments were more reliable than the refractive index. First,
a standard calibration curve of composition versus density
was determined by measuring the densities of the binary
one-phase mixtures: (MeOctiImCl + an alkanol) and (an
alkanol + an alkane). The densities were measured with
a Paar densitometer controlled to within 0.005 K. Tie line
compositions were determined from the standard density
curves, using a procedure similar to the refractive index
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Table 2. Compositions of Points on the Coexistence
Curve at 298.2 K for the Ternary Mixtures [MeOctImClI
(1) + an Alkanol (2) + an Alkane (3)]

Table 3. Compositions of the Conjugate Solutions and
the Selectivities, S, at 298.2 K for the System MeOctIimClI
(1) + an Alkanol (2) + an Alkane (3)2

X1 X2 X1 X2 X1 X2 Xy X Xy Xy S
C12H23N2-Cl (1) + CH30H (2) C12H23N2-Cl (1) + CH30H (2) + C7H16
+ C7H16 + CieHaa 0.183 0.728 0.000 0.020 401
0.000 0.902 0.000 0.008 0.463 0.447 0.000 0.001 5000
0.007 0.000 0.010 0.000 0.546 0.365 0.001 0.0005 8200
0.090 0.850 0.100 0.898 Ci2H2sN>Cl (1) + CH3CH20H (2) + CrH1s
0183~ 0.728 0139 0.859 0.493 0.371 0.007 0.007 384
0235 0.697 0245 0.750 0.360 0.489 0.007 0.007 457
0282 0.641 0295 0.700 0.264 0.574 0.007 0.007 503
0.384 0.533 0.411 0.582 ’ ’ . .
0.463 0.447 0.492 0.501 C12H23N2-Cl (1) + CH3CH20H (2) + Ci2Hoe
0.466 0.439 0.690 0.297 0.923 0.064 0.001 0.006 814
0.546 0.365 0.712 0.278 0.430 0.532 0.001 0.007 2000
0.551 0.346 0.873 0.111 0.270 0.684 0.001 0.007 2110
0.622 0.274 0.903 0.078 0.140 0.810 0.002 0.008 2000
0.737 0.179 0.981 0.000 C12H25N2+Cl (1) + CH3OH (2) + Ci6Has
0.935  0.000 0.873 0.111 0.001 0.0003 23100
C12H23N2-Cl (1) + CH3CH,0H (2) 0.690 0.297 0.001 0.0003 76100
4 CoHyg £ CioHos + CreHas 0.411 0.582 0.001 0.0003 27700
0.007 0.000 0.009 0.000 0.000 0.956 0.245 0.750 0.001 0.0003 500000
0.007 0.007 0.008 0.535 0.010 0.000 0.139 0.859 0.0004 0.0006 715000
0.007  0.003 0.027 0875 0.097 0876 CaoHzsNz-Cl (1) + CHACHaOH (2) + CasHa
0.029 0.489 0.077 0.860 0.125 0.846 0.125 0.846 0.001 0.002 14500
0.062 0.678 0.098 0.859 0.221 0.758 0.221 0.758 0.000 0.002 18000
0.264 0574 0.140 0810 0279 0.709 0.308 0,679 0.001 0.001 15200
0.306 0.536 0.270 0.684 0.291 0.693 0.460 0.532 0.001 0.000 33200
0.360 0.489 0.286 0.672 0.306 0.679 0.587 0.407 0.001 0.000 33900
0.454 0.400 0.315 0.651 0.451 0.538
0.493 0.371 0.430 0.532 0.459 0.532 2 The superscript ' indicates the ionic liquid rich phase, and the
0.634 0.241 0.481 0.482 0.480 0.513 " indicates the alkane rich phase.
0.935 0.000 0.500 0.478 0.543 0.449
0694 0.294 0586 0.407 Table 4. Solubilities of the Binary Mixtures Studied in
0.890  0.009 0599  0.396 This Work at 298.2 K
0.923 0.064 0.981 0.000
0.976 0.000 binary mixtures mole fraction

method described by Briggs and Comings.” The tie line data
were determined using this method because the normal
GLC method could not be used due to the extremely low
vapor pressure of the ionic liquid. All composition measure-
ments were accurate to within 0.002 mole fraction.

Results

The compositions of the mixtures (mole fractions) on the
binodal curve at 298.2 K are given in Table 2. The
compositions of the conjugate phases are given in Table 3.
The binodal curve and tie line results have been plotted in
Figure 2.

Discussion

The solubility of MeOctImCl in an alkane and the
solubility of the alkane in MeOctImCI are given in Table
4. The solubility of the alkanes in the alkanols and the
solubility of the alkanols in the alkanes are also given in
Table 4. The binary mixtures (MeOctImCIl + an alkanol)
are completely miscible for all the alkanols investigated
in this work.

From the results in Table 3 and Figure 2 it can be seen
that as the chain length of the alkane increases, there is
an increase in the area of the two-phase region which
indicates the reduction in the mutual solubility of the
components of the mixture.

From the slope of the tie lines (see Figure 2), it can be
seen that, in all cases, the alkanols are more soluble in
the MeOctImCl rich phase than in the alkane rich phase.

The effectiveness of extracting the alkanol from the
alkane by MeOctImCl is given by the selectivity (S),® which

C12H23N2:Clin C7H16 0.007
C12H23N2:Cl in C12H2e 0.009
C12H23N2-Cl in CigHas 0.010
C7H16 in C12H23N2-Cl 0.065
C12Ha6 in C12H23N,+Cl 0.024
C16Haa in C12H23N,+Cl 0.019
C7Hj6 in CH30H 0.098
C15H34 in CH30H 0.002
C15H34 in CH3CH,0OH 0.044

is the measure of the ability of MeOctImCI to separate an
alkanol from an alkane:

S = (/x5)/(X31%3) (1)

The ' refers to the ionic liquid rich phase, the " refers to
the alkane rich phase, and the subscripts 2 and 3 represent
the alkanol and the alkane, respectively. This quantity is
large for all the systems reported here, which means that
extraction of the alkanol by MeOctImCl is possible. Table
2 lists the selectivity (S) values. The order of selectivity is
methanol > ethanol for the ternary mixture (MeOctImCl
+ an alkanol + an alkane). The order of selectivity of
MeOctImCI for an alkanol in an alkane mixture is hexa-
decane > dodecane > octane; that is, the selectivity
decreases as the alkane carbon number decreases. The
separation could be very useful in the Fischer—Tropsch
process where alkanols are produced together with alkanes.
The use of ionic liquids in this type of separation is
particularly advantageous because it is relatively easy to
separate the ionic liquid from the alkanol by distillation
because of the low vapor pressure of the ionic liquid.
The nonrandom two liquid equation (NRTL)® was used
to correlate the experimental data for the ternary mixtures
reported here. The equations and algorithms used in the
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Figure 2. Binodal curves and tie lines for [MeOctImCI (1) + an alkanol (2) + an alkane (3)] at 298.2 K: (a) x1C12H23N2-Cl + x,CH30H
+ X3C7H16; (b) X1C12H23N2'C| + X2CH3CH20H + X3C7H16; (C) X1012H23N2'C| + X2CH3CH20H + X3C12H26; (d) X1C12H23N2'C| + XzCH3OH +

X3015H34; (e) X1012H23N2'C| + X2CH3CH20H + X3C15H34.

Table 5. Values of the Parameters for the NRTL Equation, Determined from Liquid—Liquid Equilibria for the Ternary
Mixtures [MeOctImCI (1) + an Alkanol (2) + an Alkane (3)] at 298.2 K, as Well as the rmsd Values

mixture Qij 012 — 022 021~ Ou1 013 — 33 031~ du1 023 — 033 J32 — 022 rmsd
C12H23N2:Cl + CH30H + C7H36 0.30 —8323.39 —10728.64 5101.57 9591.28 3901.23 5494.82 0.000
Ci2H23N2-Cl + CH3CH,0OH + C7H16 0.30 8661.97 5056.92 3784.19 11181.10 2182.29 11506.72 0.001
Ci2H23N2-Cl + CH3CH,0H + CioHge  0.35 12388.22 7559.62 14575.86 18128.61 4605.80 19627.42 0.003
C12H23N2-Cl + CH30H + Ci6H34 0.30 —4848.85 —4620.48 6508.40  25024.64 10861.89 16434.32 0.000
Ci2H23N2-Cl + CH3CH20OH + Ci6H3s  0.35 —3291.77 —17072.42 8983.80 12332.89 8716.45 14556.24  0.004

calculation of the composition of the liquid phases follow
the method used by Walas.® The objective function, OF,
used to minimize the difference between the experimental
and calculated concentrations is defined as

OF = li i : (i = Xia)” 2

where xy; is the experimental composition of component i
in phase | for kth tie line and Xy; is the calculated
composition of component i in phase | for kth tie line. For

the NRTL model, the nonrandomness parameter, ojj, was
set at a value of 0.30 or 0.35 (see Table 5). The NRTL
equation was optimized for all parameters. The parameters
calculated in this way, gij; — gj, gji — Gii,» and Au;j, Auj; for
the NRTL equation are shown in Table 5. The root-mean-
square deviation (rmsd) values, defined below, which can
be taken as a measure of the precision of the correlation,
are also included in Table 5:

rmsd = (zzz[xf,ﬁﬁ — X 2/6k)*2 ®)
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where x is the mole fraction and the subscripts i, I, and m
designate the component, phase, and tie line, respectively,
and k designates the number of interaction components.
The correlation obtained with the NRTL model is excellent,
which shows the reliability of the model to fit tie line data
for an ionic liquid.
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