
COSMO-RS Calculations
COSMO-RS IS A METHOD FOR PREDICTING THE THERMODYNAMIC 

PROPERTIES OF MIXTURES ON THE BASIS OF UNIMOLECULAR 
QUANTUM CHEMICAL CALCULATIONS OF THE INDIVIDUAL MOL ECULES. 
THE UNDERLYING QUANTUM CHEMICAL MODEL, THE SO-CALLED 
"CONDUCTOR-LIKE SCREENING MODEL" (COSMO), IS AN EFFICIENT 
VARIANT OF DIELECTRIC CONTINUUM SOLVATION METHODS. THE 
COSMO CALCULATION, WHICH IS A GOOD LOCAL DESCRIPTOR OF THE 
MOLECULAR SURFACE POLARITY, IS USED TO EXTEND THE MODEL 
TOWARD THE "REAL SOLVENTS" (COSMO-RS). THE COSMO-RS 
CALCULATION, AS IMPLEMENTED IN COSMOTHERM, FIRST ASSUMES 
THE MOLECULE IS IMBEDDED IN A CONDUCTOR AND GIVES THE 
SCREENING CHARGE DENSITY s ON EACH PART OF THE MOLECULAR 
SURFACE.
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LLE 
{[MMIM][CH 3SO4] + alkylbenzenes}
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LLE [BMIM][CH 3SO4] + ethers
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LLE [MMIM][CH 3SO4] + ketones
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LLE
{ [BMIM][CH 3SO4] +alkylbenzenes}
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Tetra-n-butylphosphonium tosylate, 
B4PTOS

structure name 
tetra-n-butylphosphonium p-toluenesulfonate 
tetra-n-butylphosphonium tosylate 
abbreviation CAS Number Vm,1/cm

3×mol-1 
B4PTOS 116237-97-9 458.7a 

Tfus,1/ K DfusH1/kJ×mol-1 Tg,1/K DCp(g),1/J×mol-1 

P
+

CH3

CH3

CH3

CH3

SO O

O
-

CH3

 335.25 17.98 223.3 109.8 
 



Experimental and calculated SLE of {B4PTOS (1) + 1-alcohol (2)} binary 
systems: Solid lines (� ) have been designated by the UNIQUAC 

equation.
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Experimental and calculated SLE phase equilibria of {B 4PTOS (1) + 
benzene (2)} binary system. Solid lines (� ) have been designated by the 

Wilson equation.
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Experimental and calculated SLE and LLE of {B4PTOS (1) + n-
alkylbenzene (2)} binary systems: (Solid lines (� ) have been designated 

by the NRTL equation.
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Experimental LLE of {[Bu4P][X] (1) + n-alkylbenzene  (2)} binary systems: (� ) X 
= tosylate, n-propylbenzene (Ref. 1); (� ) X = methanesulfonate, ethylbenzene (Ref. 

2); (� ) X = methanesulfonate, n-propylbenzene (Ref. 2).
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(1) Doma� ska, U.; Paduszy� ski, K. J. Phys. Chem. B. 2008, 112,  11054-11059.
(2) Doma� ska, U.; Casás, L. M. J. Phys. Chem. B. 2007, 111, 4109.



High Pressure SLE
• A simple piston-cylinder device is used. The 

mobile piston is moved by a hydraulic press. The 
device is thermostated and the temperature is 
measured by a Pt-resistance thermometer Delta 
HD 9215 (Poland) with an accuracy of ±0.1 K. 
The pressure is measured up to 1.5 GPa with an 
error of ±2%. 

• (Liquid + solid) phase transitions are determined 
from the  discontinuities of volume-pressure 
curves. The pressure of the discontinuity in the 
P-V is determined with an accuracy of ±2%. 
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Solid - liquid equilibrium of 
[MMIM][CH 3SO4] (1) + hexan-1-ol (2)



Solid - liquid equilibrium of 
[MMIM][CH 3SO4] (1) + hexan-1-ol (2) 



Solid - liquid equilibrium of 
[EMIM][TOS] (1) + benzene (2) system 

N
+

N
CH3 CH3

S OO

O-

CH3
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Experimental data of solid - liquid 
equilibrium under high pressure of system 

[EMIM][TOS] (1) + cyclohexane (2).



High pressure SLE 
{[EMIM][TOS](1) + benzene (2)}



High pressure SLE 
{tridecane (1) + cyclohexane (2)}



LLE-Ternary Systems
Separation of aromatic 

hydrocarbons from alkanes 
using ammonium ionic liquid 

C2NTf2 at T = 298.15 K

1. U. Doma� ska, A. Pobudkowska, M. Królikowski, Fluid Phase Equilib . 2007, 259, 173.
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LLE-Ternary Systems

Figure 1 : (a) Ternary liquid-liquid phase diagram wi th a large two-phase (envelope) 
region, (b) Ternary liquid-liquid phase diagram reg ion with a small two-phase (envelope) 

regions.
In Figure 1a there is a large composition range of mixtures of 1 and 2 which can be 

separated, whereas in Figure2b a much narrower rang e of composition of mixtures of 1
and 2 can be separated by liquid-liquid extraction.  
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{C4BF4 + p-xylene (2) + hexane 
(3)} ternary system
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The solute distribution ratio (b) and the selectivity 

(S), calculated from the experimental data.
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Compositions of the equilibrium liquid phases, 
values of the solute distribution ratio (b) and 
selectivity values (S) for the ternary mixtures 
{hexane (1) + benzene (2) + C2NTf2 (3)} at 298.15 

K.
alkane –rich layer ionic liquid – rich layer 

x1
I x2

I x3
I x1

II x2
II x3

II 
b S 

1.00 0.00 0.00 0.08 0.00 0.92   
0.83 0.17 0.00 0.05 0.21 0.74 1.2 20 
0.65 0.35 0.00 0.03 0.33 0.64 0.9 20 
0.59 0.41 0.00 0.02 0.36 0.62 0.9 26 
0.51 0.49 0.00 0.02 0.37 0.61 0.8 19 
0.43 0.57 0.00 0.02 0.37 0.61 0.6 14 
0.36 0.64 0.00 0.02 0.39 0.59 0.6 11 
0.30 0.70 0.00 0.02 0.41 0.57 0.6 9 
0.20 0.80 0.00 0.03 0.55 0.42 0.7 5 

 



Compositions of the equilibrium liquid phases, values of  
the solute distribution ratio (b) and selectivity values (S) 
for the ternary mixtures {octane (1) + m-xylene (2) + 

C2NTf2 (3)} at 298.15 K.

alkane –rich layer ionic liquid – rich layer 
x1

I x2
I x3

I x1
II x2

II x3
II 

b S 

1.00 0.00 0.00 0.01 0.00 0.99   
0.94 0.06 0.00 0.01 0.02 0.97 0.3 31 
0.90 0.10 0.00 0.01 0.03 0.96 0.3 27 
0.81 0.19 0.00 0.01 0.06 0.94 0.3 26 
0.71 0.29 0.00 0.01 0.09 0.90 0.3 22 
0.63 0.37 0.00 0.00 0.10 0.90 0.3  
0.58 0.42 0.00 0.00 0.12 0.88 0.3  
0.43 0.57 0.00 0.00 0.18 0.82 0.3  
0.30 0.70 0.00 0.00 0.23 0.77 0.3  
0.18 0.82 0.00 0.00 0.26 0.74 0.3  
0.01 0.99 0.00 0.00 0.31 0.69 0.3  

 



(Vapour + liquid) phase equilibria 
apparatus and measurements

• The VLE was determined by an ebulliometric method, which reports, at constant 
temperature, the vapour pressure values as a function of the liquid-phase mole 
fraction and the vapour-phase mole fraction. The ebulliometer, designed by 
Rogalski and Malanowski. The modified � wietos
awski ebulliometer was 
connected to the pressure stabilizing system consisting of the thermostatted
container with volume of 50 dm3, enabling the pressure to be kept constant within 
±0.1 kPa and to dampen the pressure fluctuations caused by the bumping of the 
liquid boiling in ebulliometer or by the variation of the temperature of the 
surroundings. Samples of the liquid and the condensed vapour were transferred 
from the ebulliometric still to evacuated ampoules equipped with a needle and 
vacuum tight valve. 

• The pressure is measured with tensiometric vacuum meter type CL 300 (ZEPWN, 
Poland) with the precision of ±0.1 kPa. The equilibrium temperature is measured 
with a resistance thermometer, type P-550, produced by ROTH, Germany. The 
composition of the liquid is determined by a precision refractometer (Carl Zeiss, 
Jena), with an accuracy of refractive index nD = ±0.000 01 at T = (298.15 ± 0.01) 
K.



(Vapour + liquid) phase equilibria
• At moderate pressure range, the calculated vapour pressures are 

obtained from the general thermodynamic VLE condition for m-
component system based on so called “g-j approach”, from formula:

• where i = 1, x is the liquid phase composition’s vector, y is the 
vapour phase composition’s vector, p is the system’s pressure, T is 
the system’s absolute temperature, g is the activity coefficient of a 
solute in the liquid phase, j is fugacity coefficient of the solute in 
the vapour phase and  is the standard state fugacity of the solute in 
the liquid phase defined as follows:

• where V is the saturated liquid molar volume and an asterisk “*”
refers to pure component property. Vector a contains parameters of 
the assumed liquid phase model and express a “nature” of the system 
studied.
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(Vapour + liquid) phase equilibria

• Following by experimental observations and few recent papers 
regarding VLE data for systems containing the IL, the assumption
can be made that vapour pressure of the pure IL equals zero, that in 
turn automatically implies that y1 = 0 and simplifies equation (1) 
to:

• For the given T, x1 and a, equation (3) can be solved with respect 
to pressure (p) using a numerical procedure.

),(
),(

),,(
)1(),( 012

11

2

pTf
pT

Tx
xTxp i*

-=
j

g a



(Vapour + liquid) phase equilibria
• Pure alcohol vapour phase non-ideality can be modelled by virial equation of state 

truncated after second term. Virial coefficients of the alcohols at measurement’s 
temperature can be calculated in terms of Tsonopoulus correlation (C. Tsonopoulus,  
AIChE 20 (1974) 263-272). The correlation requires the knowledge of the critical 
properties, acentric factors and dipole moments of the vapour phase components. Liquid 
volumes at T = 373.15 K are assumed to be pressure independent and estimated by 
Campbell-Thodos correlation (S.W. Campbell, G. Thodos,  Ind. Eng. Chem. Fundam. 23
(1984) 500-510) using the critical properties and normal boiling points of the solvents, and
those presented for i.e. [BMPy][TOS], which can be estimated using group-contribution 
method for ionic liquids developed by Valderamaet al. (J.O. Valderama, W.W. Sanga, J.A. 
Lazzs,  Ind. Eng. Chem. Res.  47 (2008) 1318 -1330).

• Liquid phase non-ideality (i.e. activity coefficients) can be assumed to be described by the 
three well-known equations: Wilson, or NRTL, or UNIQUAC. All of these models 
represent a liquid phase by two binary interaction parameters. Moreover, in the case of 
Wilson and NRTL equations, Guggenheim-Stavermann combinatorial contribution into 
excess Gibbs energy has to be taken into account (E.A.Guggenheim, Mixtures, Clarendon 
Press, Oxford, 1952). This was adopted since significant difference in shape and size of 
molecules composing binary systems studied occur. A common example of such a mixture 
is provided by solution of polymers in liquid solvents. In this work we can assume that the 
IL as polar substance can form molecules larger than those of the other component thru the 
hydrogen bonded complexes. For mixtures whose molecules differ greatly in size a 
combinatorial contribution to the Gibbs energy of mixing may improve the description of 
the system.



(Vapour + liquid) phase equilibria

• On the basis of the determined parameters, 
activity coefficients of both solutes composing 
the liquid phase may be calculated and 
consequently molar excess Gibbs free energy of 
mixing, GE, may be obtained by well-known 
thermodynamic relation:
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Experimental and calculated VLE at T = 373.15 K of 
{[BMPy][TOS] (1) + 1-alcohol (2)} binary systems: 
� , ethanol; � , 1-propanol; � , 1-butanol. Solid lines 
have been calculated using the Wilson equation. 
Dashed lines correspond to Raoult’s law.

0

50

100

150

200

250

0 0.2 0.4 0.6 0.8 1

x 1

p
 / 

kP
a



The molar excess Gibbs free energy of mixing, GE, 
at T = 373.15 K in binary systems {[BMPy][TOS] 
(1) + 1-alcohol (2)} calculated with the Wilson 
equation: solid line (¾ ), ethanol; doted line (××××), 1-
propanol; dashed line (- - -), 1-butanol.
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Measurements of VLE, H1
 and Y°° IMT 

Systems with Ionic Liquids 
 

M. Krummen, J. Gmehling 
Rostock 2002 

 

 

 

 

 

 
 

 

 

Fig. 1 Examples of cation and anions of the ionic 
liquids used 

 

 

  

Fig. 2  Excess enthalpy data for the systems 
benzene/[EMIM]+[(CF3S02)2N]- and 
cyctohexane/[EMIM]+[(CF3S02)2N]-  at 
323.15 K.

 

 

  

Fig. 3  Vapor-Liquid-Equilibria of the ionic liquids 
[EMIM]+[(CF3SO2N]- or [EMIM]+[C2H5OSO3] 

 

  

  

  

  



(Vapour + liquid) phase equilibria

• 1. A. Westerholt, V. Liebert, J. Gmehling, Fluid Phase Equilib. 
(2009), in press.

• 2. Y. Huo, S. Xia, S. Yi, P. Ma, Fluid Phase Equilib. 276 (2009) 46-
52.

• 3. T.V. Vasiltowa, S.P. Verevkin, E. Bich, A. Heintz, J. Chem Eng. 
Data 51 (2006) 213-218.

• 4. Z. Lei, W. Arlt, P. Wasserscheid, Fluid Phase Equilib. 260 (2007) 
29-35.

• 5. N. Calvar, B. Gonzalez, E. Gómez, A. Dominquez, Fluid Phase 
Equilib. 259 (2007) 51-56.

• 6. L. Zhang, J. Hau, R. Wang, X. Qiu, J. Ji, J. Chem Eng. Data 52 
(2007) 1401-1407.

• 7. A.V. Orchillés, P.J. Miguel, E. Vercher, A. Martim-Andreu, J. 
Chem. Eng. Data 52 (2007) 141-147.

• 8. U. Doma� ska, M. Królikowski, K. Paduszy� ki, J. Chem. 
Thermodyn. 41 (2009) 932-938.



 

 

 

 

 

 



 

 

 

 

 

 

 



• Conclusions
• In this work the high-pressure phase behavior of the system CHF3+[emiml|PF6], 

including both the solid-liquid and the vapor-liquid boundaries, has been 
investigated experimentally. The results show that the solubility of supercritical 
CHF3 in [emim][PF6] is very high. As already qualitatively anticipated by 
Blanchard et al..[13], this study along with preliminary phase equilibrium 
measurements of the binary system C02+[emim][PF6] confirm that the high-
pressure phase behavior of the system CHF3+[emim][PF6] is completely 
different compared with that of the system C02+ [bmim][PF6]. From the 
experimental work on the system CHF3+[emim][PF6] it became apparent that at 
lower concentrations of CHF3 (approximately less than 0.50 in the mole 
fraction), i.e. also at pressures lower than approximately 10 MPa, the 
equilibrium pressure increases almost linearly with the CHF3 concentration. 
However, a further increase of the CHF3 concentration results in a sharp 
increase of the equilibrium pressure. The trends in the experimentally 
determined dew points and the predicted results show that at a pressure of 6.07 
MPa and a temperature of 340 K, the solubility of [emim][PF6] in supercritical 
CHF3 is less than 1.87 x 10-5 in the mole fraction. Furthermore, it is shown that 
the solubility of the ionic liquid in CHF3 decreases steeply with decreasing 
pressure. 



GROUP  CONTRIBUTION  
METHODS

The knowledge of the thermo-physical properties, 
excess functions and phase equilibria of mixtures 
is important for the synthesis, design, and 
optimisation of separation processes. Since 
experimental data are often missing or poor 
quality, group contribution methods have become 
increasingly valuable. The great advantage of the 
group contribution concept is that it is possible to 
predict a large number of systems using only a 
relatively small number of group interaction 
parameters.



Modified UNIFAC (Dortmund)Modified UNIFAC (Dortmund)
One of the main differences between original UNIFAC  and Mod. 
UNIFAC (Dortmund) (Weidlich and Gmehling, 1987) is t he 
introduction of temperature-dependent interaction p arameters to 
permit a more reliable description of the real phas e behaviour as 
a function of temperature:

The combinatorial part was changed in an empirical way to make 
it possible to deal with compounds very different i n size:

The parameter V i’ can be calculated by using the relative van der 
Waals volumes Rk of the different groups.
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UNIFAC  MODELUNIFAC  MODEL
In UNIFAC model (Fredenslund et al. 1975, 1977) the 
required activity coefficients consist of two terms :

The combinatorial part takes into account the size 
and the form of the molecules. In the residual part  the 
interactions between the various groups are 
considered. 

For the calculation of the residual part  the  ”solu tion 
of groups” concept is used. In this concept the 
activity coefficient ggggi is obtained from the group 
activity coefficients GGGGk in the mixture and the pure 
compound i GGGGk

(i).
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DISQUAC MODELDISQUAC MODEL
The main features of dispersive-quasichemical group 
contribution (DISQUAC) model are:

the partition function is factorised into two terms , 
in such way that the excess functions are calculate d 
as the sum of two contributions; a dispersive term 
(DIS) which represents contributions from the 
dispersive forces; a quasichemical (QUAC) term 
which arises from the anisotropy of the field force s 
created by the solution molecules; in the case of G E, 
the combinatorial entropy is represented by the Flo ry-
Huggins equation

the interaction parameters are assumed to be 
dependent on the molecular structure 
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DISQUAC  MODELDISQUAC  MODEL
The temperature dependence of the interaction param eters g st , 
hst , cpst , has been expressed in terms of the DIS and QUAC 
interchange coefficients:

Gibss energy:

excess enthalpy:

heat capacity:

T 0 = 298.15 K is the scaling temperature.
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EXTRACTION
• ACTIVITY COEFFICIENTS 

AT INFINITE DILUTION

• (where 1 refers to the solute
(HYDROCARBONS, ALCOHOLS, 
WATER and 3 to the solvent, IL), for 
both polar and non-polar solutes in the 
ionic liquid

g13
¥

1.U.Doma� ska, A. Marciniak, J. Chem. Themodyn. 40 ( 2008) 860.([EMIM][SCN])

2.U. Doma� ska, M. Laskowska, J. Chem. Themodyn. 41 (2009) 645 . ( [BMIM][SCN])



ACTIVITY COEFFICIENTS AT INFINITE 
DILUTION
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ACTIVITY COEFFICIENTS AT INFINITE 
DILUTION-MEASUREMENTS
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��� Injector (0.01 – 0.3 mmmml)�

��� Chromatographic glass 
column in a thermostat �

��� TCD detector �

���� egistrator �

��� Calibrated soap bubble flow 
meter for the flow rate of the 
carrier gas, which was placed 
at the outlet after the detector .
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• Glass columns of length 1 m and 4 mm internal diameter
• Coating the solid support material with the ionic liquid was performed by 

dispersing a certain portion of Chromosorb�
��
������ ������� !
 into a 
solution of the IL in methanol followed by evaporation of the solvent using a 
rotary evaporator. 

• Before experiments each column was conditioned by passing carrier gas at 
high flow rate (about 2 cm3·s–1) and at the high temperature (about 360 K) 
over a period of about 8 hours.
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���
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Theoretical basis
The equation developed by Everett and Cruickshank et al. was 
used in this work to calculate the  of solutes in the ionic liquid:
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The values of B11 and B12 were calculated using the 
McGlashan and Potter equation:

 ( ) ( ) ( )( ) 5.42 /10375.0/694.0/886.0430.0/ TTnTTTTVB cccc ----=

The pressure correction term  is given by:
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The net retention volume of the solute VN, is given by:

 ( )GRo
3
2N ttUJV -=



Theoretical basis
• The selectivities for the hexane/benzene and cyclohexane/benzene separation 

problems was calculated from the  and compared to the literature values for 
other ionic liquids, NMP and sulfolane. The equation developed by Everett and 
Cruickshank et al. was used in this work to calculate the of solutes in the 
ionic liquid.

•

• The VN denotes the net retention volume of the solute, Po the outlet pressure,          
the mean column pressure, n3 the number of moles of solvent on the column 
packing, T the column temperature, P1

* the saturated vapour pressure of the solute 
at temperature T, B11 the second virial coefficient of pure solute, V1

* the molar 
volume of the solute, V1

¥ the partial molar volume of the solute at infinite dilution 
in the solvent and B12 (where 2 refers to the carrier gas, helium), the mixed second 
virial coefficient of the solute and the carrier gas. The partial molar excess 
enthalpies at infinite dilution H1

E,¥ were  determined from the Gibbs-Helmholtz 
equation:
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for different solutes in ionic liquid [EMIM][SCN] and [BMIM][SCN]
¥
13g

DDDDH 1
E,¥¥¥¥ ////

298.15 308.15 318.15 328.15 338.15 348.15 358.15 368.15 J·mol -1

n -hexane 327 291 259 232 210 9293
cyclohexane 113.9 103.2 93.5 85.0 78.4 72.6 67.7 7762
hex-1-ene 104.5 96.9 90.9 85.1 80.2 75.5 71.7 5579
hex-1-yne 12.08 12.24 12.40 12.55 12.69 12.82 12.95 -1026
benzene 3.43 3.45 3.47 3.49 3.51 3.53 3.55 3.57 -529
methanol 0.493 0.487 0.481 0.476 0.471 0.467 0.463 0.459 938
water 0.273 0.275 0.277 0.279 0.281 -784

T /K

DDDDH 1
E,¥¥¥¥ ////

298.15 308.15 318.15 328.15 338.15 348.15 358.15 368.15 J·mol -1

n -hexane 226 189 167 143 126 108 100 11604
cyclohexane 62 54 47 41 37 33 31 9885
hex-1-ene 62 55 50 45 41 38 36 7528
hex-1-yne 6.42 6.45 6.59 6.65 6.76 6.87 6.95 -1166
benzene 2.13 2.15 2.17 2.18 2.20 2.22 2.25 2.27 -810
methanol 0.416 0.396 0.396 0.391 0.387 0.386 0.383 0.382 944
water 0.273 0.275 0.277 0.279 0.281 -321

T /K



Plot of ln versus 1/T for alkenes and alkynes [BMIM][SCN]¥
13g
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Activity coefficients at infinite dilution 
[BMIM][MDEGSO4] + solute = different solvents at temperatures 298.15 K, 
303.15 K, 308.15 K 

0,3370,3420,345methanol

2,912,852,81CCl4

3,663,693,72toluene

2,032,022,04benzene

36,438,241,8cycloheptane

30,331,534,4cyclohexane

20,520,922,7cyclopentane

11,611,411,71-octyne

7,427,227,371-heptyne

4,914,744,831-hexyne

67,169,674,91-octene

31,432,935,11-hexene

129,5140,3155,5octane

94,599,9111,0heptane

71,174,180,9hexane

54,957,161,7pentane

T = 308,15 KT = 303,15 KT = 298,15 Ksolute

N N
C4H9

S

O

O

O O

O

O

g13
¥



Activity Coefficients at Infinite Dilution  for Some Solutes in 
ILs Based on [EMIM]+ Cation at T = 323.15 K

 Anion 

Solute [SCN]– [TFA]–a [Tf2N]–b [C2H5SO4]
–c 

n-Hexane 245* 68.8* 24.2 81.5 

Cyclohexane 89* 33.0* 13.5 46.1 

Hex-1-ene 88* 30.4* 11.8 40.6 

Benzene 3.48* 2.76* 1.21 2.80 

Methanol 0.479* 0.217* 1.21 – 

 
a U. Doma� ska, A. Marciniak. J. Phys. Chem. B111 (2007) 11984.
b M. Krummen, P. Wasserscheid, J. Gmehling, J. Chem. Eng. Data 47 (2002) 1411.
c R. Kato, J. Gmehling, Fluid Phase Equilib. 226 (2004) 37.
* Interpolated values.



Activity coefficients at infinite dilution

0
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n

Activity coefficients at infinite dilution , g13� in function of  number of 
carbon atoms, n in hydrocarbon.
IL= [HMIM][Tf2N], (� ) alkane, (� ) alkene, (� ) alkyne, (� ) cycloalkane
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Activity coefficients at infinite dilution

Activity coefficients at infinite dilution in function of  number of 

Carbon atoms in R (cation of  [RMIM][Tf2N])
(� ) n-hexane, (� ) 1-hexene, (� ) benzene, (� ) cyclohexane
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Selectivity and the capacity

For the extraction processes important parameters are: selectivity S1,2
� and 

capacity k2
� :

1 and 2 are the substances for which the selectivity is described.

Higher value of the selectivity means better separation 1 from 2 with chosen 
solvent. It can be calculated for: hexane/benzene, cyclohexane/benzene.

Capacity of the solvent is important for the selection of an entrainers in the 
separation problems. 

For the technological problems both parameters have to be as high as 
possible.

( ) ( )
¥¥¥ = 2131132,1 ggS

( )
¥¥ = 2132 1 gk



SELECTIVITY and  CAPACITY

Selectivity S� and capacity k� in function of number of carbon atoms n in alkyl 
substituent at imidazolium ring R for [RMIM][Tf2N],
(� ) S� (hexane/benzene), (� ) S� (cyclohexane/benzene), (—� —) k� (benzene)
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Selectivities  and capacities  at infinite dilution for 
different separation problems at T = 298.15 K

 ¥
12S  ¥

2k  

Solvent 
n-hexane (1)/ 
benzene (2) 

cyclohexane (1)/ 
benzene (2) benzene 

[EM IM ][SCN] (this work) 95.4 33.2 0.29 

[EM IM ][C 2H 5SO4] a 40.8*  21.7*  0.37*  

[M M IM ][CH 3OC2H 4SO4]
b 40.9* 26.1* 0.22* 

[EM IM ][TFA ] c 30.7 14.4 0.36 

[M M IM ][Tf 2N] a 30.8*  17.5*  0.75*  

[EM IM ][Tf 2N] a 24.5*  13.8*  0.84*  

[BM IM ][SCN](this work) 106.1 29.2 0.47 

[BM IM ][Tf 2N] a 16.7*  10.2*  1.14*  

[BM IM ][M DEGSO 4]d 39.7 16.9 0.49 

NM P + 6%  (w /w) watere 19.0*  10.9*  0.52*  

Sulfolanei 20.5*  12.5*  0.42*  

 
a M. Krummen, P. Wasserscheid, J. Gmehling, J. Chem. Eng. Data47 (2002) 1411. b R. Kato, J. Gmehling, Fluid Phase 
Equilib. 226 (2004) 37. c U. Doma� ska, A. Marciniak. J. Phys. Chem. B111 (2007) 11984. d T. M. Letcher, U. Doma� ska, 
M. Marciniak, A. Marciniak, J. Chem. Thermodyn. 37 (2005) 587. e M. H. Abraham, W. E. Acree, Jr., Green Chem. 8 
(2006) 906. f M. Krummen, D. Gruber, J. Gmehling, Ind. Eng. Chem. Res. 39 (2000) 2114-2123.  * Interpolated values.



Selectivity at infinite dilution of various solvents, 
for the hexane/benzene separation at T=298.15 K

12.5bNMP

5.1[BMIM][OcSO 4] 

12.4[HMIM][Tf 2N]

18.0bNMP + 6% H2O

30.5bsulfolane

30.8a[MMIM][Tf 2N]

39.7[BMIM][MDEGSO 4]*

41.4a[EMIM][EtSO4]

� ��������	
���������	����	���������	���
��������	��� �
�������� !�"#$$#%�& &&�& &!��
"	'���()���	��*���	�%
b D. Tiegs, J. Gmehling, A. Medina, M. Soares, J. Bastos, P. Alessi, I. Kikic, Activity Coefficients at Infinite Dilution, 
Chemistry Data Series, vol. IX, Part 1, 1986, p. 586.
+�#�"#��	��)'�	��)'�%�	��������,��	

¥
2,1S



Selectivity and Capacity  for Hydrocarbon
/Thiophene Separation Problem Using Ionic 
Liquid [BMIM][CF 3SO3] at (T = 298.15, 318.15, 

338.15, 358.15) K (for [BMIM][SCN] S1,2
� =186.2)

T /K  s e p a r a t io n  
m i x tu r e  

2 9 8 .1 5  3 1 8 .1 5  3 3 8 .1 5  3 5 8 .1 5  

n - h e x a n e / th io p h e n e  

¥
1 2S  3 6 .5  3 0 .2  2 5 .5  2 2 .0  

¥
2k  0 .8 8  0 .8 7  0 .8 5  0 .8 5  

n - d e c a n e / t h io p h e n e  

¥
1 2S  1 4 3 .0  1 1 7 .4  9 7 .4  8 2 .9  

c y c lo h e x a n e / th io p h e n e  

¥
1 2S  1 8 .1  1 5 .2  1 3 .0  1 1 .3  

to l u e n e / th io p h e n e  

¥
1 2S  2 .0  2 .0  2 .0  2 .0  

o c t - 1 - y n e / th io p h e n e  

¥
1 2S  3 1 .1  2 7 .7  2 4 .7  2 2 .4  

 U. Doma� ska, A. Marciniak, J. Phys. Chem B. 2008, 112, 1110 0-11105.



SELECTIVITY and  CAPACITY

0,4212,520,5Sulfolane

0,5210,919,0NMP + 6% wagowych wody

0,759,816,3NMP + 3% wagowe wody

0,968,013,0NMP

0,269,612,1[PYR][C2H5OC2H4SO4]

1,595,98,6[OMIM][Tf 2N]

0,505,38,6[OMIM][Cl]

1,488,212,4[HMIM][Tf 2N]

0,9712,321,8[HMIM][PF 6]

1,0413,423,0[HMIM][BF 4]

1,2010,817,4[BMPYR][Tf 2N]

0,6119,539,3[BMPYR][BF4]

0,703,55,1[BMIM][OcSO 4]

1,1410,216,7[BMIM][Tf 2N]

0,4916,939,7[BMIM][MDEGSO 4]

0,9215,125,0[EMMIM][Tf 2N]

0,8115,627,6[EPYR][Tf2N]

0,8413,824,5[EMIM][Tf 2N]

0,3721,740,8[EMIM][C 2H5SO4]

0,2814,0–[MMIM][(CH 3)2PO4]

0,1319,615,8[MMIM][CH 3SO4]

0,7517,530,8[MMIM][Tf 2N]

0,2226,140,9[MMIM][CH 3OC2H4SO4]

k� (benzene)S� (cyclohexane/benzene)S� (hexane/benzene)IL
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Conclusions

• The liquid-liquid phase diagrams exhibit upper critical solution 
temperatures (USCTs). The area of two liquid phases decreases 
with an increase of the chain length of the alkyl substituent at the 
imidazole ring. The choice of cation, or anion can diminish area of 
immiscibility with different solvents.

• The solubilities of every IL in aromatic hydrocarbons decrease 
with an increase of the molecular weight of the solvent.

• The choice of anion can have huge effect on the phase behavior of 

ILs, especially [Tf2N] vs. [BF4] or [CH 3SO4].

• In the possible extraction process it is easy to obtained different 

physico-chemical properties and phase equilibria properties 

changing the aliphatic chain at the imidazole ring or including

polar group to the cation, or to the anion.
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