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Abstract
Conductivity, density and refractive index of 1-Benzyl 3- Methyl imidazolium chloride(BzMImCl)and1-Allyl 3-Methyl 
imidazolium Bromide(AMImBr) ionic liquids (ILs)At 298.15 K, Mixed solvents have been tested with different mole frac-
tions of alcohols, containing aqueous and alcoholic-aqueous (methanol, ethanol and glycerol). The conductivity and surface 
tension and refractive index measurements were used to assess the critical micelle concentration (CMC) of (BzMImCl) and 
(AMImBr). The CMC was found to increase as the alcohol mole fraction increased in all solvents used. The results indicate 
that the CMC of (BzMImCl) and (AMImBr) methanol, ethanol, and glycerol, in that order. Micellization was discovered to 
be a naturally occurring process. The molar volume of the two surfactants was calculated and discussed based on the density 
information. The polarizability and molar refraction of BzMImCl and AMImBr were also measured and discussed using the 
refractive index results. For all calculations, a computer program was used.
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Introduction

Ionic liquids (ILs) are new organic salts consist of a large 
organic cations and an inorganic polyatomic anions, that 
exist in the liquid state at relatively low temperatures. In the 
last few years, ILs have drawn the attention of the scientific 
community, and many studies that involve different aspects 
of ILs have been published in the scientific literature. From 
the scientific and industrial points of view, a fundamental 
understanding of the physico-chemical properties of ILs 
is needed before their application to several processes. For 
instance, knowledge of some basic properties can be use-
ful for fluid property estimation, thermodynamic property 
calculations, and phase equilibrium [1, 2]. ILs have unique 

properties that can include ‘low melting point, negligible 
vapor pressure, good electrochemical and thermal stability, 
and tunable structures’, and so forth.

From this point, the field of ILs expanded rapidly, both in 
terms ofthe different ions used and in the range of applica-
tions being investigated. The applications include those on 
a research lab-scale and also an industrial scale; the com-
mercial use of ILs has been under development since the 
late 1990s [3]. The low melting point of ILs drives inter-
est in their use as pharmaceutical salts, where the cation or 
anion is an active pharmaceutical ingredient [4–6]. The low 
melting point removes the concern of a salt crystallizing 
into an alternative polymorph (crystal structure) from that 
which has been trialed and patented, as the formation of 
polymorphs has significant medical and legal implications. 
Having the drug in a liquid form may also make it easier to 
be administered top attaints.

The ionic nature of ILs also means that they provide quite 
unique solvation environments compared to conventional 
molecular solvents, and this is exploited in a variety of dif-
ferent synthetic reactions, materials processing/extraction, 
and gas separation. There is also extensive interest in their 
use for biomass processing. ILs are being investigated for 
both the dissolution of a variety of different biomaterials and 
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for their processing into higher-value products [6, 7]. For 
biotechnological applications, the ability of ILs to dissolve 
and stabilize enzymes and proteins, DNA, and RNA is also 
extremely valuable. Unique solubilizing properties, coupled 
with good electrochemical stability, also underlie the use of 
ILs for rare-earth processing and recycling [8].

ILs are promising for two techniques–as anionic extract-
ing for the separation of rare-earth salts, and as the medium 
for the subsequent electrodepositing of the pure rare-earth 
metal. Excellent electrochemical stability is arguably one 
of the most important characteristics of some ILs, as evi-
denced by their extensive use in electrochemical devices, for 
electrowinning, water splitting, and so on. In addition, ILs 
found application in a wide range of other synthetic reac-
tions – organic, inorganic, biological, and so on [9]. In the 
field of energetic materials [10], the huge structural vari-
ability of ILs is a great advantage, as are their low vapor 
pressure, wide liquid range, and good thermal stability.

Most properties are identical to those of a basic electro-
lyte at low concentrations.

The surface tension, which drops rapidly as the con-
centration of ILs rises, is one notable exception. All of the 
properties (interfacial and bulk) shift suddenly at a certain 
concentration, which is consistent with the fact that surface-
active ions or molecules in solution associate to form larger 
units at and above this concentration. Micelles (self-assem-
bled structures) are the name for these related units, and the 
first aggregates formed are usually spherical.

This association phenomenon occurs at a critical 
micelle concentration occurs (CMC). The Critical Micelle 
Concentration indicates the usually narrow range of con-
centrations separating the limits, at below which most of 
the surfactant is in the monomeric state and above which 
virtually all additional ILs enter the micellar state [11]. 
The variation of the CMC with chemical and physical 
parameters provides good insights into the nature of the 
ILs self-association. Conductivity, solubility, viscos-
ity, light scattering and surface tension measurement are 
some of the physical methods used to determine CMC 
measurement of ion activity, Gel filtration spectrophoto-
metrically and counter ion magnetic resonance [12–16]. 

Many researchers have used conductivity measurements 
to investigate ionic liquid micellization [17–22] and sur-
factants [23–32]. The density measurements had been used 
to calculate the molar volume of some ionic liquids [33] 
and other substances in different solutions [33–35]. The 
refractive index measurements had been used to study 
the solvation of some substances in different solutions 
[36–38].

The aim of this research is to look into solvation 
BzMImCl and AMImBr at 298.15 K, using density, sur-
face tension, refractive index and conductivity measure-
ments in aqueous and alcoholic-aqueous solvents. The 
study aims to use the surface tension and, refractive index 
and conductivity measurements to estimate the CMC and 
the thermodynamic parameters of BzMImCl and AMImBr. 
The molar volumes, the molar refraction and the polariz-
ability estimation of BzMImCl and AMImBr are also one 
of the study aims from the density and refractive index 
measurements.

Experimental

Chemicals and solutions

Chemicals used were all of the highest available purity as 
shown in Table 1. 

Apparatus

The chemical structure of ILs under study,1-Benzyl 
3-Methyl imidazolium chlorid (BzMImCl) and 1-Allyl 
3-Methylimidazolum Bromide (AMImBr) is shown in 
(Scheme 1). Both of the solutions were rendered in glass 
volumetric flasks that had been washed. To make the solu-
tions, the water was Bidistilled and had a conductivity of 
0.05 to 0.5 S  cm−1a readymade solution (0.1 mol  L−1) of 
the BzMImCland AMImBr surfactant, respectively, was 
prepared.

Table1  Chemical compounds used, the reg. CAS number, the purity, the supplier, and methods of the purification

Compound Reg. CAS number Suppliers %Purity before 
purification

Purification method %Purity 
before purifi-
cation

BzMImCl 64-17-5 Alfa Aesar (97.0%) The compounds were used without further purification (97.0%)
AMImBr 178-18-7 (97.0%) (97.0%)
Ethanol 232-11-1 Sigma Aldrich (97.8%) (97.8%)
Methanol 211-12-7 (97.7%) (97.7%)
Glycerol 89-15-3 (97.2%) (97.2%)
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Apparatus and methodology

A Jenway Conductivity Bridge was used to make the conduc-
tivity measurements. The Kcell, cell constant was determined 
various potassium chloride standard solutions were used to 
calibrate the conductivity bridge [39]. The conductivity was 
calculated as a function of the concentrations of BzMImCl 
and AMImBr ionic liquids. To prevent dilution errors when 
making different BzMImCl and AMImBr. The concentration 
of the sample solution was progressively increased with the 
addition of surfactant solutions increased by adding 0.1molL−1 
of the previously prepared surfactant solution to the initial 
sample size is 20 mL pure water in a double jacket glass cell, 
i.e., followed by the addition of the surfactant. Using an ultra 
thermostate of sort, Within 0.1 K of a desired temperature, the 
temperature of the solution in the double jacket glass cell was 
kept constant (MLW 3230, Germany). After each addition, the 
solution was stirred to ensure uniform mixing, and the conduc-
tivity was measured. The conductivity test has a 0.025 S  cm−1 
uncertainty. The precise conductance was calculated twice, 
with the average of the results used for estimates as well as 
debate Surface tension measurements were taken with a wire-
less tensiometer K9. were made (ring method). The refrac-
tive index was measured for surfactants solution in both water 
and ethanol mole fraction solvent by putting one drop of the 
solution understudy into sample tray by using Digital Refrac-
tometer (DR101-60-A. KRÜSS Optronic GmbH – Germany).

Results and discussion

CMC determination

As stated in the experimental section, the conductivity of 
BzMImCl and AMImBr ILs at 298.15 K, different mole 
fractions of alcohols were tested in aqueous and alcoholic-
aqueous mixed solvents (methanol, ethanol and glycerol). 
Relationship of measured conductivity, surface tension and 
refractive index versus the two ILs concentrations was used 
to CMC Estimation of BzMImCl and AMImBr in various 
solutions, as shown in Figs. 1, 2, 3, 4, 5, 6. Table 2 sum-
marizes the CMC values of BzMImCl and AMImBr with 
various mole fractions of alcohols.       

The CMC values obtained using different techniques 
(Conductivity, Surface Tension and Refractive Index) are 

Scheme 1  XXX

Fig. 1  CMC form conductivity measurements for BzMImCl in etha-
nol–Water mixed solvents with different Ethanol mole fractions at 
298.15 K

Fig. 2  CMC form surface tension measurements for BzMImCl in 
ethanol–Water mixed solvents with different Ethanol mole fractions 
at 298.15 K
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close together, indicating good agreement between these 
techniques and correct value of CMC (Fig. 7 as exam-
ple). In both solvents tested, the CMC of AMImBr and 
BzMImCl increased as the alcohol mole fraction increased. 
Both ILs’ CMC also increased in the following order: 
glycerol-water, methanol–water and ethanol–water. This, 
perhaps, attributed to the higher viscosity of the liquids 

in the same order: glycerol-water, methanol–water and 
ethanol–water. The lower the solvation of AMImBr and 
BzMImCl, the higher the viscosity, the higher the micelli-
zation, the higher the CMC values are found. The micelle’s 
degree of ionization (α) as well as the sum binding of 
counter ions, β = (1 − α) of (BzMImCl) and (AMImBr) in 
comparison to the mole fraction of alcohol was suggested 
as in the following equation:

S2/S1 is the ratio of the slopes of the post and pre 
micelle areas, and was determined as, (β = 1 − α). The 
slopes were calculated using linear conductivity versus 
IL concentration plots. In Table 3, the values of and are 
recorded. The thermodynamic parameters of micellization 
were obtained using the following equation.

where (ΔGmic) is the standard free energy change, α is the 
micelle’s degree of ionization, R is the gas constant and T 
is the absolute temperature, the results were presented in 
Table 3.

From Table 3, the values of ΔGmic were found to be 
negative in all situations, indicating the spontaneity of the 
micellization process and indicating that the concentration 
of alcohols increases the spontaneity of the process.

The values of α and β were determined from the con-
ductivity data only. In conductivity curves, the slope of the 
graph after CMC is seem to be small, so that, α is small 
value and β is high value. This depends on the nature of 
change in the measured properties which may be depend-
ent on the type of ionic liquid.

(1)� = S2∕S1

(2)ΔGmic = (2 − �)RT ln [CMC]

Fig. 3  CMC form refractive index measurements for BzMImCl in 
ethanol–Water mixed solvents with different Ethanol mole fractions 
at 298.15 K

Fig. 4  CMC form conductivity measurements for AMImBr in etha-
nol–Water mixed solvents with different Ethanol mole fractions at 
298.15 K

Fig. 5  CMC form surface tensionmeasurements for AMImBr in eth-
anol–Water mixed solvents with different Ethanol mole fractions at 
298.15 K

Fig. 6  CMC form refractive index measurements for AMImBr in eth-
anol–Water mixed solvents with different Ethanol mole fractions at 
298.15 K
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Solution surface properties:

According to the measurement of surface tension of the ionic 
liquid under study in water and alcohol-water mixed solvent at 
298.15 K, some surface properties such as maximum surface 
concentration, minimum area per molecules, and effectiveness 
of reduction of surface areas were calculated as follows:

The effectiveness of surface tension reduction was calcu-
lated by using the following equation [40]:

where γο is the surface tension of pure water at the appro-
priate temperature and γCMC is the surface tension of the 
solution at the CMC.

(3)�CMC = �
o
− �CMC

Table 2  CMC values for BzMImCl and AMImBr in water and in alcohol-water mixed solvents at 298.15 K

Standard uncertainties (u); u (CMC) = 0.00005 mol  L−1

Solvent Alcohol Mole
Fraction

CMC (mol/L) of BzMImCl CMC (mol/L) of AMImBr

Conductivity Surface tension Refractive index Conductivity Surface tension Refractive index

Ethanol–water 0.0000 0.00392 0.00393 0.00395 0.00351 0.00340 0.00394
0.0331 0.00474 0.00461 0.00455 0.00481 0.00470 0.00478
0.0715 0.00560 0.00553 0.00552 0.00560 0.00540 0.00571
0.1166 0.00644 0.00643 0.00644 0.00694 0.00651 0.00655

Methano–water 0.0000 0.00392 0.00393 0.00395 0.00351 0.00341 0.00394
0.0470 0.00398 0.00393 0.00398 0.00354 0.00340 0.00334
0.0999 0.00435 0.00432 0.00436 0.00362 0.00361 0.00376
0.1598 0.00481 0.00473 0.00478 0.00418 0.00410 0.00404

Glycerol–water 0.0000 0.00393 0.00394 0.00395 0.00351 0.00341 0.00394
0.0267 0.00481 0.00485 0.00487 0.00586 0.00581 0.00561
0.0582 0.00572 0.00586 0.00554 0.00623 0.00610 0.00611
0.0958 0.00707 0.00699 0.00676 0.00668 0.00651 0.00656

Fig. 7  CMC form different methods for BzMImCl in ethanol–water 
mixed solvents as a function of ethanol mole fractions at 298.15 K

Table 3  The degree of 
ionization (α), and the free 
energy of micellization of 
BzMImCl and AMImBr as a 
property of the mole fraction of 
alcohol at 298.15 K

Standard uncertainties (u); u (α) = 0.0004, u (ΔGmic) = 0.003 kJ/mol

Solvent mixtures Solvent 
mole frac-
tion

BzMImCl AMImBr

Α ΔGmic (kJ/mol) Α ΔGmic (kJ/mol)

Ethanol–water 0.0000 0.0615 − 27.47 0.1153 − 28.02
0.0331 0.0313 − 25.72 0.0370 − 24.93
0.0715 0.0243 − 25.30 0.0324 − 25.23
0.1166 0.0368 − 24.71 0.1108 − 24.24

Methanol–water 0.0000 0.0615 − 26.96 0.1153 − 26.47
0.0470 0.0052 − 26.55 0.0341 − 26.37
0.0999 0.0472 − 26.89 0.1145 − 27.39
0.1598 0.0396 − 25.84 0.0825 − 25.60

Glycerol–water 0.0000 0.0615 − 26.92 0.1153 − 26.87
0.0267 0.0770 − 25.65 0.0804 − 24.01
0.0582 0.0312 − 24.62 0.0804 − 24.16
0.0958 0.0595 − 24.17 0.1089 − 24.16
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Maximum surface excess concentration (Γmax) [41] 
considered effective adsorption of the ionic liquid on the 
air − water interface. This is defined as the concentration 
of ionic liquid molecules in a surface plane, relative to that 
at a similar plane in the bulk which can be calculated by 
using the Gibbs adsorption (Eq. 4). 

where R is the universal gas constant, T is the absolute tem-
perature, and (∂γ/∂log C) is the ratio between surface tension 
values at CMC to concentration at CMC.

The minimum surface area of ionic liquid molecules at 
air−water solution interfaces (Amin) [42] can be calculated 
from the following:

where N is the Avogadro number. The values of effective-
ness, excess surface concentration and minimum surface 
area are summarized in Tables 4 and 5. The results show 
no significant deference in minimum area per molecule of 
the two ionic liquids (BzMImCl) and (AMImBr). This may 
be related to no significant difference in the effectiveness of 
surface tension reduction.

The Walden product (Λ˚η˚), which is informative from 
the point of view of ion–solvent interaction [43], has con-
stant value due to the molar conductance of an ion at infi-
nite dilution depends only upon its speed and hence, the 
product of ion conductance by the viscosity of the medium 
should be independent of the solvent nature. Hence, the 
Walden product (Λ˚η˚) is expected to be constant for a 

(4)Γmax = −(1∕2.303RT)(��∕� log C)max, T , P

(5)Amin = 1∕NΓmax

given electrolyte in a series of solvent mixtures in which 
the ion solvent interactions are uniform.

The Walden product (Λ˚η˚) values were calculated for 
BzMImCl and AMImBrinAt 298.15 K, the mole fractions 
of alcohols. Similar mole fractions of alcohols were meas-
ured in aqueous and alcoholic-aqueous mixed solvents (etha-
nol, methanol, and glycerol) with different mole fractions of 
alcohols (ethanol, methanol, and glycerol), and the findings 
are described in Tables 6 and 7. The fluidity ratio (Rx) which 
is the ratio between the values of the Walden product of the 
two surfactants in alcohol-water solvent to that of water can 
be calculated.

The Walden product (Λ˚η˚) of BzMImCl and AMImBr 
solutions was found to increase in the presence of alcohol. 
This is due to the fact that mixed alcohol-water has a higher 
viscosity than pure water. As the mole fraction of alcohol 
(ethanol, methanol, and glycerol) increases, the value of 
the limiting molar conductance decreases. This means that 
the viscosity of the solvent, not the limiting molar conduct-
ance, is the most important factor in changing the Walden 
substance.

Molal volumes

At 298.15 K, the density of various molal concentrations 
of (BzMImCl) and (AMImBr) surfactants in aqueous and 
alcoholic-aqueous mixed solvents (methanol, ethanol, and 
glycerol) with various mole fractions of alcohols was meas-
ured. The apparent molal volume, Vφ of BzMImCl, and 
AMImBr were determined using the following equations 
[41] based on the molal concentration and density values.

Table 4  Maximum surface excess concentration Γmax, Minimum sur-
face area (Amin), and Effectiveness of reduction of surface (πCMC) for 
BzMImCl in different alcoholic-aqueous solvents at 298.15 K

Solvents Alcohol 
mole frac-
tion

Γmax ×  10–3 Amin ×  10–8 πCMC

By wt mol/cm2 nm2/molecule dyne/cm

Water 0.0000 4.73 3.51 6.90
Ethanol–water

0.0333 1.73 9.60 10.90
0.0719 1.22 13.64 12.93
0.1172 1.46 11.38 8.30

Methanol–water
0.0472 2.69 6.17 10.56
0.1003 2.03 8.19 11.20
0.1604 1.99 8.33 6.67

Glycerol–water 0.0135 3.39 4.89 25.63
0.0298 3.52 4.71 24.72
0.0501 3.81 4.36 21.80

Table 5  Maximum surface excess concentration Γmax, Minimum sur-
face area (Amin), and effectiveness of reduction of surface (πCMC) for 
AMImBr in different alcoholic-aqueous solvents at 298.15 K

Solvents Alcohol 
mole frac-
tion

Γmax ×  10–3 Amin ×  10–8 πCMC

By wt mol/cm2 nm2/molecule dyne/cm

Water 0.0000 4.56 3.65 7.80
Ethanol–water

0.0333 1.96 8.49 7.90
0.0719 1.67 9.96 7.17
0.1172 1.67 9.97 5.50

Methanol–water
0.0472 3.10 5.35 4.06
0.1003 2.04 8.14 10.20
0.1604 2.03 8.18 5.37

Glycerol–water 0.0135 3.58 4.64 24.81
0.0298 3.43 4.84 26.09
0.0501 3.32 5.00 27.35
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where M is the molecular weight of BzMImCl, and 
AMImBr, The molal concentrations of BzMImCl and 
AMImBr in solution are denoted by m, and the solution 
and solvent densities are denoted by ρ and ρo, respectively. 
Tables 4 and 5 show the measured apparent molal vol-
umes, Vφ of BzMImCl and AMImBr in glycerol, methanol, 
andethanol with different alcohol mole fractions at 298.15 K 
for BzMImCl and AMImBr.

The packing density (the relation between the Van der 
Waals volume and the partial molal volume) of relatively 

(6)V� =
M

�
−

1000

m

[

1

�
◦
−

1

�

] large molecules is found to be constant [44, 45]. There-
fore, it is possible to calculate the Van der Waals volumes 
(Vw) of the polymers under study by apply the following 
equation [46].

The electrostriction volume (Ve) which is the volume 
compressed by the solvent [44–47], can be calculated 
using the following equation.

The electrostriction rate, Van Der Waal volume, and 
solvated radius values are according to Tables 6 and 7.

(7)Packing density (P) = Vw ∕ V� = 0.661 ± 0.017

(8)V
e
= V

w
−V�

Table 6  Walden product (Λ˚η˚), Apparent molar volume(VQ), At 298.15 K, the Van der waals volume (VW) and Electrostriction volume (Ve) of 
BzMImCl are plotted as a function of the mole fraction of alcohol

Standard uncertainties (u); u (Λ˚η˚) = 0.0011 S  cm2  mol−1cP, u (ρ) = 0.00003  g   cm−3, u (VQ) = 0.05  cm3/mole, u (VW) = 0.05  cm3/mole, u 
(Ve) = 0.05  cm3/mole

Solvent mixtures Mole fraction of 
alcohol

S  cm2  mol−1cP Ρ g  cm−3 VQ  (cm3/mole) VW  (cm3/mole) Ve  (cm3/mole)

Ethanol–water 0.0000 0.1331 1.04107 200.45 132.49 − 67.95
0.0331 0.3877 1.01509 205.58 135.89 − 69.69
0.0715 0.1619 1.01246 206.11 136.24 − 69.87
0.1166 0.2005 1.00663 207.30 137.03 − 70.27

Methanol–water 0.0000 0.1330 1.04107 200.45 132.49 − 67.95
0.0470 0.1206 1.00741 207.15 136.92 − 70.22
0.0999 0.2150 1.00763 207.10 136.89 − 70.20
0.1598 0.1742 1.00820 206.98 136.81 − 70.16

Glycerol–water 0.0000 0.1330 1.04107 200.45 132.49 − 67.95
0.0267 0.4611 1.16116 179.70 118.78 − 60.92
0.0582 0.1079 1.12448 185.57 122.66 − 62.91
0.0958 0.3107 1.11357 187.40 123.87 − 63.52

Table 7  Walden product 
(Λ˚η˚), Apparent molar volume 
(VQ), At 298.15 K, the Van 
der Waals volume (VW) and 
Electrostriction volume (Ve) 
of AMImBr as are plotted as a 
function of the mole fraction of 
alcohol

Standard uncertainties (u); u (Λ˚η˚) = 0.0011 S   cm2  mol−1cP, u (ρ) = 0.00003 g   cm−3, u (VQ) = 0.05  cm3/
mole, u (VW) = 0.05  cm3/mole, u (Ve) = 0.05  cm3/mole

Solvent mixtures Mole 
fraction of 
alcohol

/\o.η S  cm2 
 mol−1cP

P g  cm−3 VQ  (cm3/mole) VW  (cm3/mole) Ve  (cm3/mole)

Ethanol–water 0.0000 0.4641 1.03530 196.15 129.65 − 66.49
0.0331 0.4747 1.02118 198.86 131.44 − 67.41
0.0715 0.7284 1.0048 202.10 133.59 − 68.51
0.1166 0.1510 0.9988 203.31 134.39 − 68.92

Methanol–water 0.0000 0.4641 1.03530 196.15 129.65 − 66.49
0.0470 0.0621 1.0108 200.90 132.79 − 68.10
0.0999 0.3854 1.00149 202.77 134.03 − 68.74
0.1598 0.3605 0.99113 204.89 135.43 − 69.45

Glycerol–water 0.0000 0.4641 1.03530 196.15 129.65 − 66.49
0.0267 0.2410 1.06288 191.06 126.29 − 64.76
0.0582 0.3628 1.09035 186.24 123.10 − 63.13
0.0958 0.5657 1.11528 182.08 120.35 − 61.72
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In the case of methanol–water and ethanol–water sol-
vents, the densities of BzMImCl and AMImBr solutions 
decreased as the mole fraction of alcohol increased, while 
they increased in the case of glycerol-water solvents. In the 
case of methanol–water and ethanol–water,VQ of BzMImCl 
solutions increases with increasing the alcohol mole frac-
tion, but it decreases with increasing the alcohol mole frac-
tion in the case of glycerol-water. This may be related to the 
density of the alcoholic solvent under investigation (glyc-
erol has more density than methanol, water and ethanol). 
The change in the molal volume and Van der walls volume 
with the mola fraction of ethanol as example was shown in 
(Fig. 8).

Polarizability, refractive index, and molar refraction

At 298.15  K, the refractive indices of BzMImCl and 
AMImBr in water, glycerol, methanol and ethanol-water 
with various. The mole fractions of alcohol were determined, 
and the findings are shown in Tables 6 and 7. BzMImCl and 
AMImBr refractive indices in methanol, glycerol, methanol, 
and ethanol–water solutions. As the alcoholic mole fraction 
increases, different alcohol mole fractions increase.

The molar refraction of the two surfactants in glycerol, 
ethanol, methanol–water with different alcohol mole frac-
tions can also be determined centered on the refractive indi-
ces that have been calculated (Rm) was calculated [48] using 
the following equation.

The apparent molal volume of the two surfactants in 
solution is given by Vφ, and n is the BzMImCl solution’s 

(9)R
m
=

n
2 − 1

n2 + 2
�V = P

A
+ P

E
= P

D
+ P

T

refractive index. The gross molar polarization, or distortion 
polarization, is equal to the percentage of both the electron 
polarization (PE) and the atomic polarization (PA) on Eq. (3). 
The following equation was used to determine the atomic 
polarization (PA) [49]

The optical refractive index (n) of a substance contain-
ing N molecules per unit volume can be used to measure 
the mean value of molecular dipole polarizability (α; dipole 
moment caused by electric field). The refractive index is 
related to the polarizability (α) of the molecules by the 
Lorenz-Lorenz formula [50]. As shown in the following 
equation

where n̂ =
N

𝜑V
 , (N) is the Avogadro’s number and (φV) is the 

apparent molal volume. From Eq. (7), the polarizability of 
BzMImCl and AMImBr in The alcohol mole fractions of 
glycerol, ethanol, and methanol–water were determined. 
Calculated molar refraction (Rm), atomic polarization and 
polarizability (α) were reported, in Tables 8 and 9.

The apparent molal volume is directly proportional to 
the molar refraction and polarizability. As the mole frac-
tion of glycerol, methanol and ethanol increases, so does 
the polarizability and molar refraction BzMImCl and 
AMImBr in glycerol, methanol, and ethanol-water. This 
increase in the molar refraction and the polarizability of 
BzMImCl and AMImBrwith the mole fraction ofglycerol, 

(10)P
A
= 1.05n2

(11)n
2 − 1

n2 + 2
=

4𝜋n̂𝛼

3

Fig. 8  Molal and Van der Waals volume for BzMImCl in etha-
nol–water mixed solvents as a function of ethanol mole fractions at 
298.15 K

Table 8  At 298.15  K, the refractive index (nD), atomic polarization 
(AP), molar refraction (Rm), and Polarizability (α) of BzMImCl as a 
result of mole fraction of alcohol

Standard uncertainties (u); u (nD) = 0.0001, u (AP) = 0.005, u 
(Rm) = 0.004  cm3/mole, u (α) = 0.0005  cm3

Solvent mix-
tures

Mole 
fraction of 
alcohol

nD AP Rm  cm3/mol α  cm3

Ethanol–water 0.0000 1.3326 1.8646 41.187 1.6331
0.0331 1.3379 1.8794 42.851 1.6991
0.0715 1.3445 1.8980 43.721 1.7336
0.1166 1.351 1.9164 44.722 1.7733

Methanol–
water

0.0000 1.3326 1.8646 41.187 1.6331
0.0470 1.3345 1.8699 42.784 1.6964
0.0999 1.3426 1.8927 43.711 1.7332
0.1598 1.3505 1.9150 44.595 1.7682

Glycerol–
water

0.0000 1.3326 1.8646 41.187 1.6331
0.0267 1.367 1.9621 40.352 1.6000
0.0582 1.376 1.9880 42.583 1.6885
0.0958 1.3849 2.0138 43.907 1.7410
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methanol and ethanol may be related to the increase in 
apparent molar volume of the two surfactants with glyc-
erol, methanol and ethanol mole fractions, respectively, 
in the apparent molar volume the two surfactants with the 
mole fraction of ethanol, methanol and glycerol, respec-
tively. This increase in the apparent molar volume of 
BzMImCl and AMImBr with the mole fractions of eth-
anol, methanol and glycerol can be due to the increase 
in the molar refraction and polarizability of the two sur-
factants with the mole fractions of ethanol, methanol and 
glycerol. The change in the refractive index, polarizability 
and atomic polarization with the mola fraction of ethanol 
as example was shown in (Fig. 9).

Relation between different studied properties

With respect to the measured and the calculated properties, 
we can note that there is a relation between these proper-
ties. It was noted that as the mole fraction of methanol and 
ethanol in alcohol-water mixed solvent increase, the density 
of the solution decreased and so the molal volume increased. 
As a result of molal volume increase, the CMC, refractive 
index, polarizability and molar refraction increase. Also it 
was noted that as the mole fraction of glycerol in alcohol-
water mixed solvent increase, the density of the solution 
increased and so the molal volume decreased. As a result of 
molal volume decrease, the CMC, refractive index, polariz-
ability and molar refraction decrease.

Conclusion

The CMC of 1-Benzyl 3- Methyl imidazolium chlo-
ride (BzMImCl) and 1-Allyl 3-Methyl imidazolium 
Bromide(AMImBr) experimentally, In aqueous and alco-
holic-aqueous mixed solvents, surfactants are used (glyc-
erol, methanol, and ethanol) with various mole percent-
ages of alcohols have been calculated at 298.15.Kusing the 
refractive index, surface tension and conductivity measure-
ments. The CMC of (BzMImCl) and (AMImBr) was found 
to increase in all solvents used, the alcohol mole fraction 
increased. The CMC value from conductivity, surface ten-
sion and refractive index measurements is found to be in 
good agreement.

The temperature dependence of micellization constants 
was used to measure the thermodynamic parameters (ΔG˚) 
of the micellization processes. It was also discovered that 
the CMC of (BzMImCl) and (AMImBr) increases in the fol-
lowing order: methanol ethanol glycerol. Micellization was 
discovered to be a normal process. At 298.15 K, the refrac-
tive index and density of BzMImCl and AMImBr in aqueous 
and alcoholic-aqueous mixed solvents (ethanol, glycerol and 
glycerol methanol) with various mole fractions of alcohols 
were determined experimentally. The molar volume of the 
two surfactants was calculated using density data. The molar 
refraction and polarizability of BzMImCl and AMImBr were 
also calculated using the refractive index data.
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