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Effect of an lonic Liquid (IL) Cation on the Ternary System (IL + p-Xylene +
Hexane) atT = 298.15 K

Urszula Domafska,* Aneta Pobudkowska, and Zuzana Btek-Tryznowska

Physical Chemistry Division, Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3,
00-664 Warsaw, Poland

Ligquid—liquid equilibrium data are presented for mixtures{@nic liquid (butyl(2-hydroxyethyl)dimethylam-

monium tetrafluoroborate, or hexyl(2-hydroxyethyl)dimethylammonium tetrafluoroborate, or 1,3-dihexyloxym-
ethylimidazolium tetrafluoroborate) p-xylene+ hexané at 298.15 K. The alkyl chain length, hexyl vs butyl,

has an influence on the separation process: the selectivities are statistically higher for the shorter alkyl chain.
Unfortunately, polar 1,3-dihexyloxymethylimidazolium tetrafluoroborate is shown to have a very low selectivity.

The nonrandom two liquid (NRTL) model was successfully used to correlate the experimental tie-lines and to
calculate the phase compositions of the ternary systems. The average mean square deviation phase composition
error is 0.018. The results are discussed in terms of the selectivity of separation of related systems. The data
presented here indicate the usefulness of butyl(2-hydroxyethyl)dimethylammonium tetrafluoroborate as a solvent
for the separation of aromatic and aliphatic hydrocarbons using solvent extraction.

Introduction 3-methylimidazolium methylsulfate, [BMIM][CESQy].5 In this
. . . paper, it was stated that [MBPy][BFwas not only the best
A great number of industrial separation processes are gyjyent of these four ILs for the aromatic/aliphatic separations
concerned with liquid mixtures containing aromatics (benzene, 1, 4150 petter than sulfolane. Several ILs were discussed for
toluene,p-xylene, alkylbenzenes) and saturated hydrocarbons yhjs extraction by Meindersma et@ln this work, the following
(hexane, heptane, octane, decane). In ligliglid extraction \gyes of selectivity were found: for [EMIM]{ (toluene/
processes, solvents such as sulfoldhenethyl-2-pyrrolidinone heptane, 48.6); for [MMIM][CHPQy] (toluene/octane 48.0): for

(NMP) or NMP wit.h water as cosolvent, furfuryl alcohol, and [EMIM][EtSO4] (toluene/heptane, 43.0), in comparison with
many other organic solvents have been used extensivély. sulfolane (toluene/heptane, 3069).

The design of a safe and environmentally benign separation  From the activity coefficients at infinite dilution measure-
process has an increasingly important role in the chemical ments, the best values were obtained for [EMIM][E{SO
industry. In recent years, there has been a surge of interest inpexane/benzene, 4078hd 1-butyl-3-methylimidazolium 2-(2-

using ionic liquids (ILs) as solvents. They show interesting methoxyethoxy)ethylsulfate, [BMIM][MDEGS§ (hexane/
properties that would allow them to replace classic organic penzene, 39.®at 298.15 K.

solvents while improving performance and causing less damage
to the environment. The separation of aromatic hydrocarbons
(benzene, toluene, ethyl benzene, and xylenes) from aliphatic
hydrocarbon mixtures is challenging because these hydrocarbon
have similar boiling points and several combinations form
azeotropes. The requirements of a suitable ionic liquid for the
separation of aromatic and aliphatic hydrocarbons are the high
solubility of aromatic hydrocarbons in the IL and the low
solubility of aliphatic hydrocarbons in the IL. This is usually
achieved by considering ILs which interact strongly with the
aromatic hydrocarbon througi-z or 7—s interactions. The X X
experimental work concerning the liquidiquid equilibria in previously in alcohols (hexan-1-ol, or octan-1-ol, or decan-1-
ternary systems{IL + aromatic hydrocarbont aliphatic ol) and watef Solubilities of other dialkoxyimidazolium ILs,
hydrocarboh using 1-ethyl-3-methylimidazolium Higrifluo- [(CaHIOCH)AM][BF 4], [(CeH170CH)IM]INTF 2], and [(GoHar
methyl)sulfony}imide, [EMIM]INTf ;] is pertinent to the ~ OCH22IMIINTF2], were measured in a number of organic
discussion here. The most soluble IL in toluene, found recently, solvents.” For these salts, the solubility measurements in
was 4-methyN-butylpyridinium tetrafluoroborate, [MBPy]- alcohols (ethanol, octan-l-o_l) and in benzene were determined.
[BF4], which was more soluble than three other related ILs, 1,3- 11€ second alkoxy group in the molecule of IL causes the
dimethylimidazolium methylsulfate, [MMIM][CHSQ, 1-ethyl- stronger interaction with the solvent. Only the JgOCH,).-

3-methylimidazolium ethylsulfate, [EMIM][EtSE) and 1-butyl- IM][BF 4] salt exhibited a small miscibility gap in alcohols and
a much lower solubility in benzeri® . Complete miscibility in

* Corresponding author. Tek-4822-6213115. E-mail: ula@ch.pw.edu.pl. the liquid phase was Obsng(lad LOI’I[;('Q?CHZI)ZIM][TI‘ 2N]|0r
T Presented at the 30th International Conference on Solution Chemistry, .[(C10H210C|'|2)2|M][Tf 2N] in alcohols (ethanol, octan-1-ol) and
Perth, West Australia, July 60, 2007. in benzend?

The nonvolatility of ILs in combination with their remarkable
separation efficiency and selectivity enable new processes for
the separation of azeotropic mixtures which, in comparison to
Zonventional separation processes, might offer a potential for
cost savings. Until now, it cannot be predicted which IL is the
best one for certain applications. Some ILs such as [EMIM]-
[NTf;] or [EMIM][EtSO4] are excellent entrainers for the
separation of aliphatic from aromatic hydrocarbons by extractive
distillation or extractior?~?

The solubility of [(GH130CH,)2IM][BF 4] was measured
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Table 1. List of Investigated lonic Liquids, Names, Structure, and Abbreviations of Names

L T C,BF,
Butyl(2-hydroxyethyl)dimethyl- HONT—/\/ //B'\
F F
ammonium tetrafluoroborate F
Hexyl(2-hydroxyethyl)dimethyl- T | CsBE,
Hok!r_/\/\/ ,_!1-
ammonium tetrafluoroborate | 1

F

1,3-dihexyloxymethyl- /=\ [(CsH130CH,),IM][BF4]

T

.. . g
imidazolium tetrafluoroborate, 0 N N 0

o NN NNy, N

F F
F
[(CéH130CH,),IM][BF4]

; ; Table 2. Compositions of the Conjugate Solutionsy], x5, Xi, and x5,
Generally, the separation of the aromatic hydrocarbons/ Values of the Solute Distribution Ratio {3), and Selectivity )

aliphatic hydrocarbons decreases with an increasing length ofrogether with the Tie-Line Composition for the Ternary Mixtures
the alkyl chain at the imidazolium cation or anion of the salt. {ionic Liquid (1) + p-Xylene (2)+ Hexane (3} at 298.15 K
In this work, the separation properties of the low-cost am-

. . . ionic liquid-rich layer hexane-rich layer
monium ILs are compared to the separation properties of very ; ; | |
polar and interactive alkoxylL salt with the same anion. X1 % % % p S
From the optimistic experimental data on activity coefficients C4BF4
at infinite dilution of [BMIM][MDEGSO,] (alkoxy group in 1.00 0.00 0.00 0.00
. . e ' 0.91 0.08 0.00 0.22 036 284
the anion} it can be deduced that the alkoxyimidazolium IL 0.76 0.20 0.00 0.33 0.61 10.2
(alkoxy group in the cation) should show high selectivity for 0.70 0.27 0.00 0.44 0.61 115
the aromatic/aliphatic separation. 0.68 0.30 0.00 0.50 060  15.0
In this work, we investigated the separatiorpefylene from 0.60 0.38 0.00 0.53 072 168
. . LA 0.52 0.46 0.00 0.69 0.67 103
hexane by extraction with two ammonium ionic liquids butyl- 0.41 0.57 0.00 0.76 0.75 9.0
(2-hydroxyethyl)dimethylammonium tetrafluoroborateBE,) 0.30 0.68 0.00 0.83 0.82 7.0
and hexyl(2-hydroxyethyl)dimethylammonium tetrafluoroborate CeBF4
(CeBF4) as well as one imidazolium ionic liquid, 1,3-dihexy- 0.99 0.00 0.00 0.00
loxymethylimidazolium tetrafluoroborate [(8130CH,).IM]- 0.97 0.02 0.00 0.31 0.11 45
[BF4]. Ternary liquidliquid equilibrium data were measured 0.94 0.05 0.00 0.45 0.21 6.1
: - ; : 0.87 0.12 0.00 0.56 0.46 9.4
experimentally at 298.15 K. The experimental technique is based 7, 0.29 0.00 063 0.72 170
on direct analysis of phases at equilibrium usiHgNMR, which 0.45 0.51 0.00 0.71 0.79 5.0
allows quantitative analysis of the three compounds. 0.36 0.60 0.00 0.76 0.06 4.7
. . [(CeH130CH)2IM][BF 4]
Experimental Section 0.44 0.00 0.00 0.00
Materials. The origins of the chemicals (Chemical Abstract 8:;? 8:;‘51 8:88 g:gg 8:?2 ig
registry numbers, the manufactures reported, and mass percent (.34 0.33 0.00 0.41 0.80 1.4
purities are in parentheses) were as follows: hexane (110-54- 0.34 0.34 0.00 0.44 0.77 1.4
3, Merck, 99 %) p-xylene (106-42-3, Aldrich, 99 %). Solvents 0.34 0.35 0.00 0.45 0.78 1.0
: o : ; 0.31 0.43 0.00 0.55 0.78 1.4
were fractionally distilled over different drying reagents to the 0.29 047 0.00 0.60 078 13
mass fraction purityz 99.8 mass %. Solvents were stored over 0.27 0.50 0.00 0.63 0.79 13
freshly activated molecular sieves of g A (Union Carbide). 0.20 0.63 0.00 0.74 0.85 1.4

The refractive indices for solvents wang(298.15)= 1.493 21
and 1.372 26 fop-xylene and hexane, respectively.

study was to produce a new IL for the LLE data fih +
The ILs investigated here were synthesized as described in y P b

. . . : e p-xylene+ hexang at 298.15 K and to correlate the data using
the Appendix. A list _of_mvesﬂgated lonic liquids, Names,  the NRTL model. In this paper, the effect of the cation of the
structures, and abbrewatloqs of names is pres.ented in Table 1ionic liquid was examined with respect to the selectivity of
_ ProceduresFor the experimental determination of the LLE yvjene/hexane phase separation. Furthermore, the effect of
tie-lines, the proton nuclear magnetic resonance Spectroscopyg alkyl chain length of the ammonium ionic liquid on the phase
(*H NMR) was used as described in the Supporting Information. properties of the ternary mixturdsL + p-xylene + hexang
A description of the spectra is presented in Figure 1S of the ;oo investigated.
Supporting Information. Water content was analyzed by Karl  the measured compositions of the experimental tie-line ends
Fischer titration by the method presented in the Supporting ot the ternary systeméIL + p-xylene (2)+ hexane (3) at
Information. 298.15 K are reported in Table 2.
The feasibility of using the IL as a solvent to perform the
extraction ofp-xylene from a mixture with hexane was evaluated
The use of ILs as solvents for liquid extraction processes is by classic parameters such as the solute distribution réjio (
one of their promising applications. The main purpose of this and the selectivity9), calculated from the experimental data.

Results and Discussion
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Figure 1. Experimental tie-lineslM, solid line) and NRTL correlationo(
=0.1) @, dotted line) at 298.15 K and ambient pressure fo{{GBF, +
p-xylene (2)+ hexane (3) ternary system.
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Figure 2. Experimental tie-lineslM, solid line) and NRTL correlationo(
= 0.3) @, dotted line) at 298.15 K and ambient pressure fo{{GBF, +
p-xylene (2)+ hexane (3) ternary system.

These parameters are defined by the following expressions

B=- (1)
X2
Wy

wherex is the mole fraction; superscripts | and Il refer to the
hydrocarbon-rich phase and ionic liquid-rich phase, respectively;
and subscripts 2 and 3 refer pexylene (solute) and hexane
(inert, in our mixtures), respectively. The valuessodindSare
shown in Table 2, together with the experimental equilibrium
data. The separation in the systemylene/hexane was to our
knowledge never measured for other ILs, only with sulfolane.
The selectivity value for the first tie-line was 17.3, and the values
for the middle of the area of measures tie-lines were 7.7, 6.6,
and 3.0 for{sulfolane+ p-xylene + heptang at 303.15 K!

Our solubility results for these ternary systems at 298.15 K
(lower temperature, lower selectivities) are much better fpr C
BF, than for GBF4 and are fairly close to those previously

-Xylene
p 1y e

1
0(C60C)2IMBF4

Figure 3. Experimental tie-linesl, solid line) and NRTL correlationo(
= 0.55) @, dotted line) at 298.15 K and ambient pressure fo{{(€sH13-
OCH,)2IM][BF 4] + p-xylene (2)+ hexane (3) ternary system.

0
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published for sulfolane (see Table 2 and Figures 1 and 2). The
results indicate that the increase in carbon number of the alkane
from 4 to 6 in the cation of ammonium IL has a large effect.
Thus, it appears that the separation of the aromatic hydrocarbons/
aliphatic hydrocarbons decreases with an increasing length of
the alkyl chain at the ammonium cation. This is most likely
due to the higher solubility of hexane in the ionic liquids. The
substitution of the hydroxyl group on the ammonium cation, as
in C4BF4 and in GBF,, increases the aromatic/aliphatic selectiv-
ity in comparison to methyl-tributylammonium methylsulfate,
measured earlier in toluene/heptane separation procesbes.
selectivities at 313.15 K were in the range of 7 to 9, which is
much lower than that observed for our ionic liquids.

The distribution ratios op-xylene with the two ammonium
ionic liquids measured here were about the same value, being
slightly lower for GBFs;. A much higher distribution ratio
(double the value) was observed for hexyloxyimidazolium salt.
The interaction of this ionic liquid with the aromatiexylene
is most probablyz-ionic in nature. Unfortunately, from the
solubility measurements in the binary system, it can be seen
that the hexyloxyimidazolium ionic liquid cannot be used for
the separation of xylenep{ m-, ando-).1°

One set of requirements for a suitable ionic liquid for the
separation of aromatic and aliphatic hydrocarbons is a high
solubility of aromatic hydrocarbons in the IL and a low solubility
of aliphatic hydrocarbons in the IL. The first of these conditiens
solubility of benzene, toluene, ethylbenzene, and xyleness
unexpectedly large for the 1-hexyloxymethyl-3-methylimida-
zoliun big (trifluomethyl)sulfony}imide ionic liquid®!® The
same salt with a [BF~ anion has shown lower solubility of
aromatic solvents than those in the IL salt with the [NTf
anion but much higher than those observed for many otheflLs.
These solubility results in binary systems have led us to measure
the ternary system involving [¢El130CH,)2IM][BF 4. The
results are listed in Table 2 and are shown in Figure 3.
Unfortunately, the selectivities are very low.

The slopes of the binodal curves for the t p-xylene
mixture are similar. Figures 1 to 3 show that the area of the
two-phase region increases in the ordegH{GOCH,),IM][BF 4]
< C¢BF4 < C4BF,4. The relative solubility op-xylene in hexane,
or in IL, is evident from the tie-lines. The slopes of tie-lines
presented in Figures 1 to 3 show tlgexylene is more soluble
in hexane than in IL. It can be expected from the previous
measurements with sulfolane that increasing the number of
carbon atoms in hydrocarbon (heptane to dodecane) will increase
the two-phase regiot?.



Table 3. Values of Parameters for the NRTL Equation for the
Ternary Mixtures {lonic Liquid (1) + p-Xylene (2) + Hexane (3}2
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Figure 4. Solute distribution ratio at 298.15 K, as a function of the mole
fraction of p-xylene in the hexane-rich phase, for the ternary systens:
{C4BF4 + p-xylene+ hexané; W, { C¢BF4 + p-xylene+ hexang; a, {-
[(CeH130CH,)2IM][BF 4] + p-xylene+ hexang.
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Figure 5. Selectivity at 298.15 K, as a function of the mole fraction of
p-xylene in the hexane-rich phase, for the ternary syste@ns;CsBFs +
p-xylene+ hexang; B, { CsBF4 + p-xylene+ hexang; a, {[(CeH130CH,),-
IM][BF 4] + p-xylene+ hexang.

The graphical representation of the solyieylene) distribu-
tion ratio as a function of the solute mole fraction in the

ij gij — g;/Jrmol~? gji — gii/Jmol~t
C4BF4 (0.015)

1,2 1065.40 3731.81

1,3 47889.08 36156.74

2,3 10549.81 —5866.88
CsBF4 (0.020¥

1,2 12738.53 1301.49

1,3 10125.28 15963.59

2,3 —4105.07 —4050.77

[(CeH130CH,)2IM][BF 4] (0.020Y

1,2 4067.13 7840.45

1,3 3389.65 4581.79

2,3 6389.23 415.80

i

a The rmsd values are given in parenthe8e&3alculated witho; = 0.1.
¢ Calculated witho;; = 0.3.9 Calculated witho;; = 0.55.

and o X3P and X AYPT), X5 YPT) are the experi-
mental and calculated mole fractions of the second phase.

For the NRTL model, the third nonrandomness parameter,
ojj, was set at values of 0.1, 0.3, and 0.55 (see Table 3). The
values of the starting parameters for the three binary systems
were not known, thus the calculations were made by the
correlation of the experimental points. The parameters and root-
mean-square deviations (rmsd), calculated in this way, are
included in Table 3. The rmsd values, which can be taken as a
measure of the precision of the correlations, were calculated
according the equation

msd= (3 3 3 -

Xim'1776K)"" @

hydrocarbon-rich phase is shown in Figure 4. It can be seenwhere x is the mole fraction and the subscrigtsl, and m
that the solute distribution ratios increase with an increase of designate the component, phase, and tie-line, respectively. As

the mole fraction ofp-xylene to values of 0.8 to 0.9. These
data are similar to sulfolan€ the most popular solvent used in

can be seen from Table 3 and Figures 1 to 3, the correlation
obtained for the systeriC4BF, + p-xylene + hexang¢ was

industrial processes for the separation of aromatic and aliphaticsignificantly better than that obtained for the two other systems.
hydrocarbons by liquid extraction. The opposite dependence but

with a higher solute distribution ratio was found for [EMIM]-
[NTf,).4

Conclusions
Liquid—liquid equilibrium data for the three ternary systems

Selectivity for our data increases as a function of the solute {c,BF, (or C4BF;4 or [(CsH150CH)-IM][BF 4]) + p-xylene +

mole fraction for the systems with,8F; and GBF4 from x,

hexang were determined at 298.15 K. The separation of

= 0 tox; = 0.6 and then decreases (Figure 5). The selectivity ,.xylene from hexane by extraction with ionic liquid is feasible,

for sulfolané® and [EMIM][NTf,]* decreases regularly as the
mole fraction of solute in the system increases. FosHlG
OCH,)IM][BF 4], the selectivities have a constant value.

Data Correlation

A thermodynamic model such as the nonrandom liquid
equation (NRTLY is used to correlate the experimental data

especially with the ¢BF, compound, as can be concluded from
the distribution ratios and selectivity data. The correlation based
on the NRTL model showed the average rmsd equal to 0.018.
A comparison of the results obtained withBF, or CsBF,
ionic liquids led to the conclusion that a shorter alkyl chain on
the cation is more favorable for higher aromatic/aliphatic
selectivities. Unfortunately, BF, shows a lower distribution

for three ternary systems discussed here. The equations andatio than that observed for [(8130CH,),IM][BF 4].

algorithms used in the calculation of the compositions of liquid
phases follow the method used by Wal&sThe objective
function F(P) was used to minimize the difference between the
experimental and calculated concentrations

n

F(P) =

lexptl

[Xzi _ Xgi:aICd(PT)] 2 +

=% P (3)

_ Xlzﬁak:d(PT)]z + [X;,'xptl

llexptl
(X

=PI + g™
whereP is the set of parameters in the vectoiis the number

of experimental pointsxs™®, xg**" and xg2°4PT), Xs2“4PT)

Appendix

The IL alkyl(2-hydroxyethyl)dimethylammonium tetrafluo-
roborate was synthesized using,N-dimethylethanolamine
(Sigma-Aldrich, CAS number 108-01-0) and the appropriate
haloalkanes: butyl bromide (Sigma-Aldrich, CAS number 109-
65-9) and hexyl bromide (Sigma-Aldrich, CAS number 111-
25-1). The substances were placed in a round-bottom flask and
were mixed in 10 % excess of haloalkane. The intermediates
were heated at 350 K for 30 min and stirred under reflux to
form the reaction mixture. After that, the mixture was cooled
down and the obtained solid product was dissolved in a mixture

are the experimental and calculated mole fractions of one phasepf 1-propanol (Sigma-Aldrich, CAS number 71-23-8) and
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methanol (Sigma-Aldrich, CAS number 67-56-1) at a ratio of (2) Letcher, T. M.; Ramjugernath, D.; Naidoo, R. D. Ternary Liguid

. ; ; Liquid Equilibra for Pseudoternary Mixtures Containingrailkane
1:3. Subsequently, the mixture was heated at 303 K for 30 min T+ 'an Aromatic Hydrocarbont {N-Methyl-2-pyrrolidinone + a

under reﬂ.ux. Later, the mixturg was coqled down, and a very Solven} at 298.2 K and 1 atml. Chem. Eng. Dat2001, 46, 1375
small portion of cyclohexane (Sigma-Aldrich, CAS number 110- 1380.

82-7) was added to the mixture to form the solid powder. The (3) Morawski, P.; Letcher, T. M.; Naicker, P. N.; Dofrska, U. Liquid—
solid phase was filtered through anfiter, and that phase was Liquid Equilibria for Mixtures of (Furfuryl AlcohoH an Aromatic
collected. The salts were recrystallized from a mixture of ;gggo‘??rtﬁrg_ﬂspgkane) atT = 298.15 K.J. Chem. Eng. Data

1-propanol and m.ethanm and then r.igorOUS|y dried undgr a (4) Arce, A.; Earle, M. J.; Rodriguez, H.; Seddon, K. R. Separation of
vacuum for 48 h prior to use. The bromide salt was characterized "~ Aromatic Hydrocarbons from Alkanes Using the lonic Liquid 1-Ethyl-
using Fourier transform infrared spectroscopy (FTIR), nuclear 3-Methylimidazolium Big (Trifluoromethyl) Sulfony} Amide. Green
magnetic resonance (NMR), mass spectroscopy, elemental  Chem.2007 9, 70-74.

analysis, differential scanning microscopy (DSC), and simul- (5 Meindersma, G. W.; Podt, A. J. G.; deHaan, A. B. Ternary Liquid-

. ) - . Liquid Equilibria for Mixtures of Toluene Plus-Heptane Plus an
taneous thermogravimetry/differential thermal analysis (TG/ lonic Liquid. Fluid Phase Equilib2006 247, 158168.

DTA) and water ?onteﬁﬁ The synthesis of alkyl(2-hydroxyethyl)- . (6) Meindersma, G. W.; Podt, A. J. G.; deHaan, A. B. Selection of lonic
dimethylammonium tetrafluoroborate has been performed via Liquids for the Extraction of Aromatic Hydrocarbons from Aromatic/
a metathesis reaction: 1 equiv of bromide salt reacts with 1 Aliphatic Mixtures. Fuel Process. Techno2005 87, 59-70.
equiv of sodium tetrafluoroborate and NaBiR water. The (7) Krumen, M.; Wasserscheid, P.; Gmehling, J. Measurement of Activity

; ; ; ; Coefficients at Infinite Dilution in lonic Liquids Using the Dilutor
solvept was used in as small a quantity as possible to dissolve Technique.J. Chem. Eng. Dat2002 47, 1411-1417.
bromide salt. Reactions were performed in round-bottom flasks ) B} ) o ) - -

. . . (8) Letcher, T. M.; Doméska, U.; Marciniak, M.; Marciniak, A. Activity

at 350 K Under reflux V\_"th vigorous stirring for at least 24 h. Coefficients at Infinite Dilution Measurements for Organic Solutes in
After the reaction, the mixtures were transferred to the separator, the lonic Liquid 1-Butyl-3-methyl-imidazolium 2-(2-Methoxyethoxy)
and dichloromethane was added in equal volume to the reaction EthhyrlnSl#\atremUZmr%(?dlécé?t51:7(—Zg§é15' 903.15, and 306.15) K.
mixture. After shaking, the organic layer was collected and em. thermody ’ )

- (9) Domdirska, U.; Marciniak, M. Phase Behaviour of 1-Hexyloxymethyl-
solvent was removed under a vacuum with a rotary evaporator. 3-methyl-imidazolium and 1,3-Dihexyloxymethyl-imidazolium Based

Washing by dichloromethane was repeated at least four times. lonic Liquids with Alcohols, Water, Ketones and Hydrocarbons: The
After the last wash, the flask with the ionic liquid was placed 52‘30; oflganon and Anion on Solubilityluid Phase Equilib2007,

under a high vacuum and was stirred at 340 K. After 24 h, water
(Karl Fischer) content was measured. The physicochemical (10)
constants were presented earlierThe imidazolium 1,3-

Domadiska, U. Thermophysical Properties and Thermodynamic Phase
Behaviour of lonic LiquidsThermochim. Act2006 448 19-30.

(11) Domdska, U.; Bogel-Lukasik, R. Physicochemical Properties and

dihexyloxymethylimidazolium tetrafluoroborate was obtained Solubility of Alkyl-(2-hydroxyethyl)-Dimethylammonium Bromide.
from 1,3-dihexyloxymethylimidazolium chloridé:*4 The pre- J. Phys. Chem. R005 109, 12124-12132.

pared IL was characterized Bt NMR and'3C NMR spectra. (12) Doméiska, U.; Dlek-Tryznowska, Z.; Krbkowski, M. Thermody-
The *H NMR spectra were recorded on a Varian model XL namic Phase Behavior of lonic Liquids. Chem. Eng. Dat2007,

52, 1872-1880.

(13) Pernak, J.; Olszaka, A.; Olszewski, R. New lonic Liquds with
Alkoxymethyl Hydrophobic GroupsPol. J. Chem2003 77, 179—

300 spectrometer at 300 MHz with tetramethylsilane as the
standard. Thé3C NMR spectra were recorded on the same

instrument at 75 MHz to confirm the absence of any major 187.

impurities. The physicochemical constant and characteristics 14y pernak, J.; Sobaszkiewicz, K.; Foksowicz-Flaczyk, J. lonic Liquids

were presented earlier. with Symmetrical Dialkoxymethyl-Substituted Imidazolium Cations.
All ionic liquids were liquid at room temperature and were Chem=—Eur. J 2004 10, 3479-3485.

cleaned with activated carbon to remove traces of any colored (15) I'gg;“rfgﬁii :laJi\;Ag{Ir?;fiﬁri]?gé Zp‘dlimué‘l szféaﬁ%ﬁ?(?ﬁggvvﬁ% ﬁ?g’r’g'
compounds a'?d dried under a vacuum at 390 K for 48 h to carbons: The Influence of Aniorl. Chem. Thermodyr2005 37,
remove organic solvents and water. Analysis for the water 577-585.

contamination using the Karl Fischer technique for solvents and (16) Chen, J.; Duan, L.-P.; Mi, J.-G.; Fei, W.-Y.; Li, Z.-C. Liquid-Liquid
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