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Abstract

The present study aimed to determine the refractive indices at 293.15 K and density data at T= (283.15, 293.15, 303.15
and 313.15) K of the binary mixtures of 1-ethyl-3-methylimidazolium ethylphosphonate + methanol or 2-propanol under
the atmospheric pressure. The excess molar volume, the apparent molar volume, the partial molar and excess partial molar
volumes of the components at infinite dilution were calculated from the experimental values. The results of excess molar
volumes were fitted to a Redlich— Kister equation, leading thus to obtain the coefficients and to estimate the standard
deviations between the experimental and the calculated quantities. The results of excess molar volumes of the two
investigated binary mixtures showed negative deviations from ideal behavior of the investigated binary systems which
can be then discussed in terms of ion-dipole interactions, formation of hydrogen bonds and structural factors.
Additionally, the refractive indices measurements and the deviations of refractive index were determined.
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Introduction

lonic liquids (ILs) are classified as an important
compound widely used in the industry [1-6], as well as they
mainly represent an interesting family of molecules used in
separation processes, including extractive distillation, liquid-
liquid extraction, catalysis, synthesis and electrochemistry
[7-13]. Moreover, ionic liquids can be efficiently used as
alternative solvents for conventional volatile organic
solvents due to their typical characteristics (negligible vapor
pressure at room temperature, no flammability, wide liquid
range and thermal stability at high temperatures).
Thermodynamic properties of ILs mixtures (phase
equilibrium data, activity coefficients at infinite dilution,
excess molar volumes and heat capacity) provide better
understanding about the molecular interactions occurring in
a liquid solution. Although such studies are also important
for the test and the development of theories and models.

The volumetric properties, especially densities were
proved to be useful for the understanding of the interactions;
solute-solute and solute-solvent, as well as for the design of
industrial processes [14-19]. Imidazolium-based ILs are
mostly used in separation processes [20-23], and considered
as the best extractants for a large number of organic and
inorganic solutes [24-27]. Hence, several studies have
investigated the thermodynamic properties of binary
mixtures of imidazolium- based ionic liquids, especially the
volumetric properties. The properties of the solubility
parameters of [EMIM] Ac + ethanol and [EMIM]CI +
ethanol mixtures have been determined by Dickmann et al
[28]. Also, Matkowska and Hofman [29] determined the
volumetric properties of [C6mim][MeSO4],
[C6mMIM][EtSO4] and [Csmim][EtSO4] with methanol or
ethanol. The acoustic, volumetric and osmotic properties of
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1-butyl-3-methylimidazolium dicynamide associated with
primary and secondary alcohols were estimated as described
elsewhere [30]. In this context, Deng et al. [31] also
determined the volumetric properties, and the enthalpies of
binary mixtures of 1-alkyl-3-methylimidazolium bis
(trifluoromethylsulfonyl) imide [C,MIM][NTf2] with
alcohols}, as well as the volumetric properties of 1-butyl-3-
methylimidazolium methyl sulfate ([BMIM][MeSO4] with
methanol or ethanol or 1-propanol or nitromethane)} were
determined by Deenadayalu et al. [32]. In addition, the
excess molar volumes of [BMIM][CHsSO4] and
[BMIM][OcSQO4] with alcohols at 298.15 K and ambient
pressure were determined as previously reported [33].
Importantly, ILs-based on alkylphosphonate anions were
found to be able to extract carbohydrates and cellulose from
biomass [34], On top of that, the activity coefficients at
infinite dilution of various solutes in ionic liquids based on
alkylphosphonate anions were measured by using gas-liquid
chromatography, providing therefore, detailed knowledge
about the intermolecular interactions between ILs and
organic solutes [35-39].

In our previous work [40], the activity coefficients at
infinite dilution y5 for the selected organic solutes of 1-
ethyl-3-methylimidazolium ethylphosphonate
[EMIM][(EtO)(H)PO,], with temperature values ranged
from 323.15 to 363.15K. were measured using gas—liquid
chromatography. The results showed potentiality of 1-ethyl-
3-methylimidazolium ethylphosphonate for separation
process applications, especially for the separation of sulphur
and nitrogen compounds from aliphatic hydrocarbons. In
spite of their importance, ILs-based on alkylphosphonate
anions are poorly elucidated. Therefore, the study was
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designed to investigate the densities of binary mixtures of 1-
ethyl-3-methylimidazolium ethylphosphonate + methanol,
or 2- propanol at four temperature values ranging between
283.15 and 313.15 K, and hence the excess molar volumes,
apparent molar volumes, partial and excess molar volumes
at infinite dilution can be calculated.

2. Materials & Methods
2.1 Chemicals

Methanol and 2-propanol were purchased from Sigma
Aldrich with more than 99.5% of purity and were used in the
experiments without further purification, since 1-ethyl-3-
methyl imidazolium ethylphosphonate[EMIM] [(EtO)
(H)PO_] was purchased from Solvionic with a purity of 98%

Experimental densities under atmospheric pressure for
the binary systems of [EMIM][(EtO)(H)PO;] (1) + methanol
(2) or 2-propanol (2) were measured at a temperature ranging
from 283.15 to 313.15 K, and at intervals of 10 K. The
density data are listed in table 2, and are displayed in Figures
1 & 2. It appears that the density values increase with the
increasing of [EMIM][(EtO)(H)PO,] concentration in binary
solutions over the whole concentration range. Whilst, the
density values decrease with the increment of temperature at
the same composition.

Table 2. Experimental Densities for the Two Investigated
Binary Mixtures at Temperature from 283.15 K to 313.15 K
and under Atmospheric Pressure.

by mass. The ionic liquid was dried for more than 24 h at

Temperature (K)

T = 323.15 K under reduced pressure to remove volatile

impurities and trace of water.

2.2 Experimental Design
2.2.1 Density Measurements

The densities p were measured by using a vibrating-
tube digital densimeter (Model DMA5000, Anton Paar.
The temperature in the cell was monitored through a digital
thermometer with an accuracy of 0.01 K. Calibrations of
the apparatus were periodically performed with the ultra-
pure water and dry air. The uncertainties in the temperature
and density measurements were estimated to be within
F0.01 K and F 4.10°° g-cm3, respectively. In this work,
the estimated experimental densities of pure 1-ethyl-3-
methylimidazolium ethylphosphonate, methanol and 2-
propanol at various temperatures and literature
comparisons are shown in Table 1 [41-45]. The mole
fraction of each mixture was obtained from the measured
apparent masses of the components, meanwhile an
electronic analytical balance with an accuracy of +1x107*
g was used for weighing chemicals and compounds.

X1 283.15 293.15 303.15 313.15
p (g.cm™)
[EMIM][(EtO)(H)PO](1)+ methanol (2)
0.0000 0.801120 0.791510 0.782080  0.772570
0.0983 0.941023 0.934212 0.928372  0.923304
0.2007 1.010851 1.004558 0.999329  0.994959
0.2879 1.049151 1.043088 1.038141  1.020066
0.4138 1.085544 1.079693 1.075012  1.071281
0.5006 1.103341 1.098232 1.933439 1.089613
0.6015 1.119718 1.114079 1.109659  1.106246
0.6988 1.131750 1.126612 1.123307 1.119121
0.7501 1.136082 1.142434 1138227 1.132984
0.8973 1.147923 1.142431 1.138232  1.135079
1.0000 1.156180 1.150850 1.146590  1.143490
[EMIM][(EtO)(H)PO,](1)+ 2-propanol(2)
0.0000 0.793540 0.786500 0.780020  0.773880
0.0887 0.874419 0.870958 0.865790  0.858881
0.1998 0.936920 0.930850 0.925698  0.921262
0.3016 0.986550 0.980670 0.975790  0.971723
0.4052 1.026470 1.020880 1.016202  1.012413
0.5027 1.057453 1.051782 1.047244  1.043633
0.6014 1.083452 1.077827 1.073376  1.069873
0.7126 1.109578 1.102670 1.095771  1.088862
0.8094 1.135471 1.128563 1118472  1.111569
0.8997 1.141714 1.136223 1.131093  1.128774
1.0000 1.156180 1.150850 1.146590  1.143490

Table 1. Density p of Pure Liquids with the Available
Corresponding Literature Values at Different Temperatures
and Atmospheric Pressure.

Standard uncertainties (u): u(T) = £0.01K; u(p) = +4.10
5g.cm®

3.2 Excess Molar Volume

Temperature (K)

The excess molar volume V;E, was calculated by

Reference 28315 29315 30315 31315  measuring the density according to the following equation:
p (g.cm?) for [EMIM][(EtO)(H)PO2] . XMy XM,
This study 115618 11508 114659 11434 Vm = (xiMy+xoMa/p) — (T + 7) €y
Allal et al [40] - (1-15033%) o mehanal 11439  where pis the density of mixture, since X1, pz, Mz, xz, pz and
p (g.cnmr™) Tor methano M: indicate, respectively the mole fractions, densities, and
This study 0.80112 0.79151 0.78208 0.77257 ‘ ' P y | !
K-SKimetal [41] 080211 079298 078350 0.77401 Molecularweights of pure [EMIM][(EO)(H)PO,] and pure
Q.Yang et al [42] . 079130 078186 0.77233 Methanol, or 2-propanol. The results of V; are shown in
G.Gonfa etal [43] - 0.79165 078224 077272 Table 3, and the dependence of £ on various temperatures
C.Yang et al [44] - 0.79154 0.78212 0.77260 isindicated in Figures 3 and 4.
p (g.cm3) for 2-Propanol The excess molar volume is correlated by a Redlich-
This study 0.79354 0.78650 0.78002 0.77388  Kister type polynomial [46]:
K-S.Kimetal [41] 0.79336 0.78517 0.77665 0.76786 VE n
FMPangetal[45] 078535 078110 0.77712 076879 ™ __ _, . Z A, (2x, — 1) @)
cm3mol~t _

2.2.2. Refractive Index Measurements

The refractive indices of pure liquids and their binary
mixtures over the whole composition range at 293.15 K were
measured by a digital refractometer (Kriiss DR6000-T,). The
uncertainties in the temperature and refractive index
measurements were estimated to be within +0.02 K and
F4.10, respectively. The calibration was checked for pure
liquids with a known refractive index.

3. Results and Discussion
3.1 Density
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=0
where x; is the mole fraction of [EMIM][(EtO)(H)PO2], x,
is the mole fraction of methanol or 2-propanol, and A;
denotes the polynomial coefficient. The standard deviation
values between the calculated and the experimental data are
given by the following equation:
1

- 3)

where N and m are the number of experimental points and
the number of coefficients used in fitting the data,
respectively. The values of fitted parameters and the standard

ot
(VEp—véa) |
oyE- [Z—Ca
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deviations of the studied binary mixtures are shown in Table
4,

As seen in Figures 3 and 4, the VE values are negative at
all the investigated temperatures and in the whole
composition range with a minimum value of -1.2694 cm?®,
mol at x;.~0.2 for the mixture [EMIM][(EtO)(H)PO2] (1) +
methanol (2) and -0.5637 cmi.mol?! at xy=0.4 for the
[EMIM][(EtO)(H)PO.] (1) + 2-propanol (2)] system at
T=293.15 K. The negative values of VE indicate the
existence of a volume contraction on mixing IL with alcohol
due to the dominant electrostatic attraction between cation
and anion found in IL, and hydrogen bonding between IL and
molecular liquids. The interactions between ions and alcohol
molecules are stronger than those found in the pure
compounds, and this is in line with the results obtained for
imidazolium based ILs by Vercher et al & Sandhya et al. [47-
50]. The values of excess molar volumes decrease with the
increase of the chain length of the alcohols. This trends in
VE | attributing is attributed to the molecular interactions
and packing effects, which decrease with the increase of the
alcohol chain length. These results concord with those
reported by Domanska et al. [33], Vercher et al. [51] and
SanjaBelic et al. [52]. On the other hand, the molar volume
of [EMIM][(EtO)(H)PO,] is 191.3462 cmi.mol! at
T=293.15K, a much larger value than that obtained for
alcohols (VM,methanoI =40.4795 Cm3.mO|-1VM2-Propan0I:76.4093
cmé.mol?), and consequently the methanol molecules
become easy to accommodate in the interstices of
[EMIM][(EtO)(H)PO-]. Also, the excess molar volume at
the same composition becomes more negative when the
temperature increases, and this is in accordance with [53].

Table 3. Excess Molar Volumes for the Investigated Binary
Mixtures at Temperature from 283.15 K to 313.15 K and
under Atmospheric Pressure.

Temperature (K)

X 283.15 293.15 303.15 313.15
VE (cm®.mol?)
[EMIM][(EtO)(H)PO,](1)+ methanol (2)
0.0983 -1.0824 -1.2155 -1.3852 -1.5925
0.2007 -1.1367 -1.2694 -1.4385 -1.6392
0.2879 -1.1389 -1.2612 -1.4194 -1.5607
0.4138 -1.0142 -1.1155 -1.2523 -1.3496
0.5006 -0.9045 -1.0569 -1.1419 -1.2593
0.6015 -0.8076 -0.8757 -0.9785 -1.0885
0.6988 -0.6458 -0.7495 -0.8392 -0.9358
0.8059 -0.5215 -0.6044 -0.6804 -0.7632
0.8973 -0.0115 -0.0127 -0.0505 -0.0798
[EMIM][(EtO)(H)PO,](1)+ 2-propanol(2)
0.0878 -0.1535 -0.1956 -0.2417 -0.2877
0.1998 -0.3687 -0.4458 -0.5456 -0.6597
0.3016 -0.4684 -0.5500 -0.6540 -0.7728
0.4052 -0.4908 -0.5637 -0.6657 -0.7798
0.5027 -0.4600 -0.5240 -0.6175 -0.7184
0.6014 -0.3887 -0.4363 -0.5150 -0.5943
0.7126 -0.2981 -0.3525 -0.3972 -0.4471
0.8094 -0.2210 -0.2364 -0.2939 -0.3131
0.8997 -0.1457 -0.1437 -0.1708 -0.1900
3.3 Apparent Molar Volume

The apparent molar volume, Vgi, was calculated

according to the following equation:

Vo1 = V- XZVZO/XI) €))
Vo2 = (V- X, V7 /%) 5)
where subscripts 1, 2 refer, respectively, to the ionic liquid
and alcohol; VPand V2 are the molar volumes determined
from the experimental densities, and V is the molar volume
of the solution determined by the following equation:

Int. J. of Thermodynamics (1JoT)

Table 4. The Values of Redlich-Kister Coefficients for the
Studied Binary Mixtures of at Various Temperatures and at
under the Atmospheric Pressure.

Redlich Temperature (K)
Kister 283.15 293.15 303.15 313.15
coefficients
[EMIM][(EtO)(H)POZ](1)+ methanol(2)
Ao -3.89 -4.2570 -4.7674 -5.3382
As 2. 1022 2.4417 2.7944 3.2301
A, 1.7070 1.9150 2.1104 2.5538
As -8.2671 -9.1622 -10.0360 -11.2877
Ay -7.8706 -9.1201 -10.9832 -13.4950
o(cm®.mol?) 0.0095 0.0103 0.0009 0.0017
[EMIM][(EtO)(H)PO2](1)+ 2-propanol(2)
Ao -1.8404 -2.0942 -2.4739 -2.8752
AL -1.1119 -1.3754 -1.5421 -1.9691
Az 0.0195 -0.0153 0.0572 -0.0124
As 1.0749 0.8081 -0.8075 0.4902
Ay -0.3085 -0.3794 1.0762 -1.3367
o(cm®.mol?) 0.0014 0.0022 0.0010 0.0020
V=VE+ (x,V? +x,V?) (6)

The molar volumes of the ionic liquid, V2 and methanol or
2- propanol, V2 were given by:
VP =M,/p; (7)
Vz0 =M;/p; (8)
where My, M,, p; and p, are respectively, the mole masses
and the densities of ionic liquid and alcohols.

The introduction of Egs. (3) and (4) in Eq. (5) leads to:
V<p1 = V10 + (VE/Xl) ©
V2 = Vy + (VE/x,) (10)

The apparent molar volumes of the ionic liquid are
displayed in Figure 4 for the binary mixture
[EMIM][(EtO)(H)PO;] (1) + methanol (2)], and Figure 5 for
the binary mixture [EMIM][(EtO)(H)PO2] (1) + 2-propanol
(2)]. Figure 4 shows that the variations of the apparent molar
volume of the ionic liquid at the investigated temperatures
for the binary system [EMIM][(EtO)(H)PO-] (1) + methanol
(2)] are more pronounced in diluted solution, indicating thus
the presence of very strong interactions between the
molecules of solute and solvents. In the ionic liquid rich
region, the changes are neglected and the values of the
apparent molar volume are basically the same, showing that
in the concentrated solutions, the nature of interactions are
strongly related to the ionic liquid of [EMIM][(EtO)(H)PO..
These findings are in line with conclusions resulted from the
excess  molar  volumes. The  binary  system
[EMIM][(EtO)(H)PO;] (1) + 2-propanol (2)] shows that the
variations of the apparent molar volumes of the ionic liquid
in diluted solutions are neglected at different temperatures.
In the rich region, changes become more pronounced.

3.4 Partial Molar Volume and Excess Partial Molar
Volume

In order to have more knowledge about interactions
solute/solvent, the values of partial molar volumes of ionic
liquid, Vi, ;1 and methanol or 2-propanol, Vy,, in binary
mixtures have been calculated using the following equations:

av

Vips = VE+ 12 +x2(ax1)w (11)
avE\

Vina = VE+ V2 —xl(axl)” (12)

where V° and V) are the molar volumes of the pure
components; V£ is the excess molar volume of the mixtures;
and x, ; x, are the molar compositions of IL and methanol
or 2-propanol respectively.

Vol. 22 (No. 3) / 130



ovE - « 2
The value of (a_) can be determined from “Eq. (2)

*1/Tp
using the parameters A; of Table 4.
The excess partial molar volumes of IL, V,£ ; , methanol
or 2-propanol, and VE, have been calculated by the
following equations:

V‘rfl,l = ‘Zl - (13)
VnEz,z =V, =V (14)
12
m 283.15K |
® 293.15K
11] A 30315K ® ] ’ '
v 31345K [ 1
B
104 |
&
2
KO.Q- ‘
O,B—l
0,0 O!Z 0‘I4 0}6 0,‘8 10
X1

Figure 1. Densities (p) for the binary mixtures of
[EMIM][(EtO)(H)PO-] (1)+ methanol(2) as function of ionic
liquid mole fraction x; at different temperatures.
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Figure 2. Densities (p) for the binary mixtures of
[EMIM][(EtO)(H)PO](1)+ 2-propanol(2) as function of
ionic liquid mole fraction x; at different temperatures.
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Figure 3. Variations of excess molar volume, V£ with mole
fraction, x; of [EMIM][(EtO)(H)PO2](1)+ methanol(2)
binary mixture at different temperatures. Solid curves were
calculated from the Redlich-Kister equation.
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Figure 4. Variations of excess molar volume, V,E with mole
fraction, x; of [EMIM][(EtO)(H)PO2](1)+ 2-propanol(2)
binary mixture at different temperatures. . Solid curves were

calculated from the Redlich-Kister equation.
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Figure 5. Apparent molar volume, Vg, of IL as a function of

ionic liquid mole fraction in the binary mixture
IL+methanol.
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Figure 6. Apparent molar volume, Vg  of
[EMIM][(EtO)(H)PO, as a function of ionic liquid mole
fraction X1 for the binary mixture

[EMIM][(EtO)(H)PO2](1)+ 2-propanol(2) at different

temperatures.
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Figure 7. Plot of partial molar volumes V,,,of
[EMIM][(EtO)(H)PO:] as a function of ionic liquid mole
fraction X1 for the binary mixture
[EMIM][(EtO)(H)PO2](1)+ methanol(2) at different
temperatures.
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Figure 8. Plot of partial molar volumes V,, ;of
[EMIM][(EtO)(H)PO-] as a function of ionic liquid mole
fraction X1 for the binary mixture
[EMIM][(EtO)(H)PO2](1)+ 2-propanol(2) at different
temperatures.
av
Vi = VE + V1+x2(ax1)w (11)
ovE
Viz = VE + V9 _xl(axl)” (12)

where V and V) are the molar volumes of the pure
components; V,E is the excess molar volume of the mixtures;
and x; ; x, are the molar compositions of IL and methanol

E
or 2-propanol, respectively. The value of (%) can be
1/T,p

determined from Eq. (2) using the parameters A; of Table 4.
The excess partial molar volumes of IL, V,£ ; , methanol
or 2-propanol, and Vr§_2 have been calculated by the
following equations:
Vrﬁ,1 =V - V10 (13)
Vrﬁ,z =V, =V (14)
The partial molar volumes of ionic liquid, methanol and
2-propanol in binary mixtures of [EMIM][(EtO)(H)PO:] (1)
+ methanol (2)] and [EMIM][(EtO)(H)PO;] (1) + 2-propanol
(2)] are indicated in Table 5 displayed in Figures 5 and 6.
The values of V,,, ;and V,,, , in binary mixtures are lower than
their individual values of the pure state, which indicate that
contraction of volume occurs in the mixtures of [EMIM]
[(EtO)(H)PO] with methanol and 2-propanol.

Int. J. of Thermodynamics (1JoT)

3.5. Partial Molar Volume and Excess Partial Molar
Volume at Infinite Dilution
The partial molar volumes at infinite dilution for the ionic
liquid, V;® and methanol or 2-propanol V;°are determined
from the partial molar volumes when the values of x;and
x,tend to zero according to the following equations:
n

Ve =V2+ ) A;(x; — 0) (15)
; s
Ve =V 4 ) A1) (x, > 0) (16)

i=0
The excess partial molar volumes at infinite dilution of ionic
liquid, VlE'°°, methanol or 2-propanol, and VZE'°° can be
determined by using the values of the partial molar volumes
at infinite dilution when x; and x, tend to zero, respectively
as well as by rearrangement of “Egs. (15) and (16)” :
n

(WW=Zm
W—ZA(D‘

The values of VE * indicated in table 6 for the two studied
binary mixtures were found to be negative at all temperatures
due to a volume contraction after addition of ionic liquid in
an infinite volume of the corresponding alcohol. This
contraction exhibits strong interactions between alcohol
molecules and ionic liquid ions. Furthermore, the solvation
interactions of alcohols-ionic liquid are stronger than the
self-solvation interactions of like molecules [52]. Thus, the
negative values of ViE'°° promote us to suggest that IL and
alcohol molecules prefer to be surrounded by unlike
molecules.

a7)

(18)

3.6. Refractive Index

The behavior of the refractive index of the studied
mixtures was evaluated along with the determination of the
refractive index deviations from experimental data according
to the following equation:
Anp = np — (x;npy + X2np3) (19)
where x;and x, are the mole fraction of components 1 and 2,
np1, Np, and np, are, respectively the refractive indices of
pure components and their mixtures.

The refractive index deviations of the binary mixtures
[EMIM][(EtO)(H)PO,] (1) + methanol (2)] and
[EMIM][(EtO)(H)PO2] (1) + 2-propanol (2)] versus x; at
T=293.15 K are plotted in Figures 9 and 10, respectively.
Anj, presents a positive deviation from ideality over the
whole composition range, whilst the positive deviations in
refractive index deviation values indicate the presence of
strong interactions in the mixtures, like ion-dipole
interactions between Il ions and alcohols [50,54].
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Table 5. Partial Molar Volume V,, ; for lonic Liquid and
Vin,» for Methanol or 2-propanol of the Two Binary Mixtures
at Various Temperatures and at Under the Atmospheric
Pressure.

Temperature (K)

X1 283.15 293.15 303.15 313.15
[EMIM][(EtO)(H)PO](1)+ methanol(2)
V.1 for ionic liquid (cm® mol™)
0.0983 182.5205 182.4227 181.8811 180.8652
0.2007 187.4277 187.9613 188.2219 188.2177
0.2879 188.9190 189.6366 190.1257 190.3961
0.4138 189.6678 190.4738 191.0724 191.4677
0.5006 189.9292 190.7649 191.4019 191.8423
0.6015 190.1704 191.0318 191.7025 192.1839
0.6988 190.3421 191.2191 191.9106 192.4163
0.8059 190.4418 191.3247 192.0266 192.5415
0.8973 190.4641 191.3468 192.0532 192.5699
Vp2 for methanol (cm?®.mol™)
0.0000 30.5269 32.0464 32.0203 36.1276
0.0983 35.7194 37.1772 37.1235 40.5256
0.2007 37.7247 39.1550 38.9874 41.7941
0.2879 38.9614 40.2607 40.0881 42.1678
0.4138 39.4616 40.6068 40.5328 42.1954
0.6015 40.1659 41.1279 41,1910 42,4432
0.6988 41.1716 41.9715 42.1660 43.1010
0.8059 42.5855 43.2254 43,5632 44,2472
0.8973 43.7131 44,2471 44,6869 45,2421
[EMIM][(EtO)(H)PO,](1)+ 2-propanol(2)
V.1 Tor ionic liquid (cm®.mol™)
0.0878 188.8734 189.2862 189.0107 189.4685
0.1998 189.4799 190.1545 189.8708 190.1331
0.3016 189.8688 190.6481 190.5447 190.8204
0.4052 190.1180 190.9463 191.4367 191.4288
0.5027 190.2531 191.1053 191.7558 191.8682
0.6014 190.3303 191.1972 191.9234 192.1827
0.7126 190.3836 191.2609 192.1130 192.4078
0.8094 190.4196 191.3018 192.1246 192.5177
V2 for 2-propanol (cm?.mol™)
0.0878 74.0672 74.2037 73.7986 74.4029
0.1998 74.5799 74.9637 74.5201 75.6668
0.4052 75.2550 75.8438 75.8743 76.8404
0.5027 75.5259 76.1740 76.4405 77.3147
0.6014 75.7809 76.4882 76.9745 77.7783
0.7126 76.0038 76.7897 77.6028 78.3113
0.8094 76.0692 76.9414 78.2789 78.8203

Table 6. Partial Molar Volume at Infinite Dilution V,77; and
Excess Partial Molar Volume at Infinite Dilution V,fl:lf” for

the Components of  the Binary Mixtures
[EMIM][(EtO)(H)PO,](1)+ methanol(2) and
[EMIM][(EtO)(H)PO-](1)+ 2-propanol(2) at Different
Temperatures.
TIK Vimt vEd/ Vinz VES
/em®.mol* cm?3.mol™t fem®.mol* Jem®3.mol™t
28315  182.1138 -3.8904 35.3105 -16.2202
[EMIM][(EtO)(H)PO,](1)+ methanol(2)
29315 1829942 -4.7451 35.6537 -18.1861
303.15  181.7346 -6.3986 36.4633 -20.8818
31315  182.1581 -8.2278 37.6647 -24.3310
[EMIM][(EtO)(H)PO.](1)+ 2-propanol(2)
28315  188.3710 -2.0924 73.5653 -2.1664
29315  189.4246 -1.9216 73.3531 -3.0562
303.15  191.1249 -0.9318 73.3556 -3.6883
31315 1922441 -0.3325 74.3652 -3.2903
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Figure 9. Refractive index deviation with mole fraction of
the binary system [EMIM][(EtO)(H)PO2] (1)+ methanol(2)]
at 293.15 K.
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Figure 10. Refractive index deviation with mole fraction of
the binary system [EMIM][(EtO)(H)PO,](1)+ 2-
propanol(2)] at293.15 K.

4. Conclusions

We have measured the refractive indices at 293.15 K
and densities at T = (283.15, 293.15, 303.15 and 313.15) K
for the binary systems of 1-ethyl-3-methylimidazolium
ethylphosphonate + methanol, or 2-propanol as a function of
molecule composition under atmospheric pressure. The
refractive index deviations of the investigated binary
mixtures were determined. Based on the density data, the
volumetric properties, including excess molar volumes,
apparent molar volumes and partial and excess molar
volumes at infinite dilution were deduced. The values of
excess molar volumes were fitted to the Redlich-Kister
equation. The V,E values were found as negative over the
whole range of composition and at all the investigated
temperatures. Also, this negative deviation from the typical
behavior indicates the presence of attractive interaction and
or packing effect between the ionic liquid and alcohol
molecules.
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