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Abstract

Experimental static dielectric constants, densities and refractive indices at 293.15 K temperature are
reported for the binary liquid mixtures of ethanol with N,N-dimethylformamide (DMF) over entire
volume fraction range. From the experimental dielectric data, excess dielectric constant, Kirkwood
correlation factor, Bruggeman factor are estimated and reported in the study. From density and
refractive index data various parameters like atomic polarization, permittivity at optical frequency,
excess molar volume, molar refraction, polarizabilty, solvated radii, molar polarization and excess
properties like excess density, excess refractive index, excess molar polarization, and excess molar

volume were estimated and reported in the study to confirm intermolecular interaction and hydrogen
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bonding in the binary mixture. The results show that the dielectric constants, densities and refractive
indices of the binary mixtures increases with increase in percentage volume of DMF. The study shows

the presence of molecular interactions and hydrogen bonding in the binary mixtures.
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INTRODUCTION

The physicochemical properties of pure liquids such as dielectric constant, viscosity, density and
refractive index and their mixtures are essential for accurate design and optimal operation of many
industrial processes. With the development of measuring techniques and instruments, these properties
can now be obtained in an easy, fast and precise way, which allows systematic and accurate
investigations of these properties [1]. The variation of these properties with composition and
temperature gives important data about intermolecular interactions and the structure. There are a wide
range of possible interactions between the components of a mixture, such as hydrogen bonding,

molecular associations, charge transfer, dipole-dipole and dipole induced dipole interactions [2].

In drug discovery and formulation, drug solubility in water organic solvent plays an important role and
affects many pharmaceutical processes including design, synthesis, extraction, purification,
absorption and distribution in body fluids. In most cases, aqueous solubility of a chemical compound as

a medical is not enough to be applicable in pharmaceutical formulations and clinical administration.
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Hence, different kinds of solubilization techniques including co solvency, complexation, micellization
and salt formation have been applied to increase the solubility. However, in some cases, it is required to
reduce solubility in the medium, for example, in crystallization process [3]. These methods not only
influence the solubility of a compound, but can also alter its stability in the liquid medium [4, 5]. Co
solvency is the most feasible method for this purpose, and the most common pharmaceutical cosolvent
is ethanol. Maybe the changes in dielectric constant of the medium have a dominant effect on the
solubility of ionizable solute in which higher dielectric constant can cause more ionization of the solute

and results in more solubilization [6].

The particular system (ethanol + DMF) was chosen for study because both the liquids are common

solvents and they are used in pharmaceutical industry for development and production of pesticides.

In the present study, the dielectric constant, density and refractive index of ethanol with DMF binary
mixture have been reported over the entire volume fraction range at 293.15 K temperature. The atomic
polarization, permittivity at higher frequency was also estimated and reported in this study. The excess
parameters like, excess dielectric constant (cE), excess density (dE), excess refractive index (nF), excess
molar polarization (P,)E, excess molar volume (VE), the molar refraction, polarizability, solvated radii,

molar polarization, effective Kirkwood correlation factor (geff), and Bruggeman factor (fg) values were
also estimated using appropriate equations to confirm intermolecular interactions and hydrogen

bonding between the components of the mixtures.

EXPERIMENTAL

Materials

The chemicals used in the present investigation are of spectroscopic grade with 99.9% purity and were
used without further purification. The solutions were prepared by mixing ethanol with DMFat eleven

different volume percentages of ethanol plus DMF as 0 to 100% in steps of 10%.

Measurement of Dielectric Constant

The dielectric constants of the binary mixture were measured using a wet sensor make by Delta-T
Devices Ltd. UK, which is based on the principle of frequency domain reflectometry (FDR) technique.
When power is applied to the sensor, it creates a 100 MHz frequency signal. This signal is then applied
to a pair of stainless steel rods, which transmit an electromagnetic field in to the mixture. The field
passes easily through the mixture resulting in stable voltage output that acts as a simple sensitive

measure of the dielectric constant. The measurements were recorded with a calibrated meter which is
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connected to the wet sensor through a cable. When probes of the sensor inserted into the mixture,
pressing the read button on the meter, the dielectric constant reading will appear on it. There is facility
to store the readings in the meter. Each measurement was repeated at least five times and the average
value of that reading was taken as a dielectric constant of that mixture. The accuracy of measurement

of the dielectric constant was +3%.

Measurement Refractive Index

The refractive index is a useful optical property exhibiting ionic or molecular behavior in a mixture and
determine basically by the molecular structure, wavelength and temperature. The refractive index can
offer valuable information concerning the molecular rearrangement on mixing and also a few useful
properties like electronic polarizability [7]. The refractive indices values of the binary mixture of
ethanol with DMF were measured using a digital pocket refractometer PAL-RI make by Atago-Japan.
The apparatus measures the refractive index of liquids in the range of 1.3306 to 1.5284. The uncertainty

in the measurement of refractive indices was +0.0003.

Measurements of Density

Densities of the binary mixtures were measured using an Anton Paar oscillation U-tube densitometer
(model DMA-35, Austria), calibrated with double-distilled water and air. The densities of pure liquids

and their mixtures were carried at single temperature, since there is no facility for temperature

variation for this model. The density values have a standard uncertainty of +10~3 g cm~3.

Molar refraction, Polarizabilty, Solvated Radii, Molecular Polarization, and
Excess Molar Volume

From experimental densities (d) and refractive indices (n) of pure substances and mixtures, we have

calculated the molar refraction (R) from the equation:

SSR =\left( {\frac{{{{n}r{{2~1}} - 1IH{{{nIr{23} + 233} \right){{V}_{m}} = {{P}_{A}} + {{P}_{E}}
= {{P3_{T1} = {{P}_{DI}\,,SS

(1)

where n is the refractive index of the liquid and V},, = M/d is molecular volume, in this M and d is the
molecular weight and the density of the pure liquids respectively. The right hand side of Eq. (1) is equal
to the summation of both atomic polarization (P,) and electronic polarization (Ep) and that is equal to

the distortion polarization (Pp).
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The atomic polarization (P,) was calculated from the refractive indices (n) of pure substances and

mixtures by the equation:

SS{{P}_{A}} =1.05{{n}A{2}}.8S
(2)

The permittivity at higher frequency \(({{\varepsilon }_{\infty }})\) is the square of the refractive

index and it was calculated by the equation:

SS{{\varepsilon }_{\infty }}_{{({\text{Permittivityathigher frequency}})}} = {{n}r{2}},SS

(3)

where n is the refractive index of the binary mixture.

The molecular dipole polarizability («) was calculated from the experimental densities and refractive
indices of pure substances and mixtures using Lorentz formula:

$S\alpha = \left( {\frac{{{{n}A{{2~33} - IFH{{{n}A{23} + 2}}} \right)\frac{{3{{V}_{m}}}}{{4\pi
N1},$$

(4)

where n is the refractive index of the binary mixture, and V,,, = M/d is molecular volume of the mixture.

Considering spherical form of the solvated molecules, the solvated radii of the pure solvents and binary

mixtures were calculated using the equation:

SS{{V}_{m31} = \left( {\frac{43}{33} \right)\Pi {{r}A{33}}.SS
(5)

From experimental dielectric constants and densities of pure substances and mixtures the molecular

polarization (Pp,) was estimated using the equation

SS{{P}_{m}} = {{V}_{m}}\left( {\frac{{\varepsilon - 1}}{{\varepsilon + 233} \right),$$

50f24 6/16/2024, 11:52 AM
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(6)
where ¢ and V), is the static dielectric constant and molecular volume of the binary mixtures [8, 9].

Excess Parameters (Excess Density (dE), Excess Refractive Index (nE),
Excess Molar Polarization (P,)E, and Excess Molar Volume (V)E)

Excess density (dE). The excess density was measured from the density data (d), and it was calculated

using the equation:

SS{{dIM{E}} = {{ad}_{{{\text{mix}}}}} - ({{x3_{133{{d} {13} - {{x}_{2}}{{d} _{21}),8S
(7)

where dyyix is the value of density of mixture, \({{x}_{1}},\;{{x}_{23}}\) and d;, d; are the mole fractions

and densities of the first and second solvents, respectively.

Excess refractive index (nE). From the experimental refractive index (n), the excess refractive index

was calculated using the equation [8]:

SS{{NIMEL} = {{n}_{{{\text{mix}}}}} - ({{x}_{13H{n}_{1}} - {{x3_{2}}{{n}_{21}),8S
(8)

where \({{n}_{{{\text{mix}}}3}}\) is the value of refractive index of the mixture \({{x} {1}}\;{{x3}
{2311\)and \({{n} {13}3},\;{{n} {21}\) are the volume fractions and refractive indices of the first and

second solvents, respectively.

Excess molar polarization (P,,)E. The excess molar polarization (Pp,)E of the binary mixture was

calculated by the equation:

SSH{PI{mIDIMER} = {{({{P}_{m}}} {m}} - [{{({{P3_{m}})} _{A{{\Phi} {A}} + {{({{P}
_{m}}} {B}H{\Phi} _{B}}],SS$

(9)

where Py, is the polarization of the mixture, (Pp,)a, (Pm)s, are the molar polarization and \({{\Phi }

6/16/2024, 11:52 AM
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_{A}}\), \({{\Phi }_{B}}\) the volume fraction of solution A and B, respectively.

Excess molar volume (V)E. From the experimental density data of the binary mixtures, the excess

molar volumes (VE), was calculated by the equation [10]:

SS{{VIME}} = {{V}_{m}} - \mathop \sum \limits_{i = 1}An \,{{{{\Phi }}}_{i}}{{V}_{i}},SS

(10)

where V,, is the molar volume of the mixture, ®; and V; represent volume fraction and molar volume of
the component i, respectively.

RESULTS AND DISCUSSION

Static Dielectric Constant

The experimental data of dielectric constant of the binary mixture of ethanol-DMF is reported in
Table 1and illustrated graphically in Fig. 1. The dielectric constant of the mixture increases with an
increase in volume fraction of DMF at the studied temperature. The increase in dielectric constant with
an increase in volume fraction of DMF may be due to decrease in size and shape of the complex
molecules after hydrogen bonding interaction. This could be attributed to the increase in the number of

dipoles in the complex, which may lead to increase in the volume of the rotating molecules [11, 12].

Table 1. Variation in experimental values of static dielectric constant, density and
refractive index of the binary mixture of ethanol with DMF at 293.15 K temperature

Fig.1.
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Variation in the static dielectric constant of the binary mixture of ethanol-DMF at 293.15 K

temperature.

From Fig. 1, it is also observed that, the dielectric constant increases non- linearly with the
concentration of DMF. In an ideal mixture of polar liquids, if the molecules are interacting, a non-linear
variation in dielectric permittivity with concentration is expected, and the same is inferred from the

figure. This confirms that the intermolecular association is taking place in the system [13, 14].

The experimental density data of the binary mixture of ethanol—-DMF is given in Table 1 and shown
graphically in Fig. 2. The density of the binary mixture increases with an increase in the percentage
volume of DMF. In the binary mixture, with an increase in the concentration of DMF in ethanol, may
strengthen the intermolecular bonds that results in new bonds between similar and dissimilar
molecules, resulting in decreased volume of the mixture and consequently increased density. The

results are in agreement of earlier results of Farid.

Fig. 2.
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Variation in density of the binary mixture of ethanol-DMFat 293.15 K temperature.

It is also seen that there is nonlinear improvement of the density data of the binary mixture; this is
because of the increment of DMF mass fraction in ethanol. Therefore, it is concluded that by adding the

carboxyl group to the ethanol, the density of the binary mixture is increased [15].

The refractive index of the binary mixture of ethanol with DMF is given in Table 1 and graphically
represented in Fig. 3. From Fig. 3 it is noticed that the refractive index of the binary mixture increases
with increasing the percentage volume of DMF, this may be due to increase in density and dielectric

constant of the binary mixture,
Fig. 3.
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Variation in refractive index of the binary mixture of ethanol-DMF at 293.15 K temperature.

The estimated values of atomic polarization and permittivity at optical frequency of the binary mixture
are given in Table 2 and graphically represented in Figs. 4 and 5, respectively. From the said data, it is
observed that the atomic polarization and optical permittivity increases with increasing percentage
volume of DMF. The behavior of atomic polarization and permittivity at higher frequency is similar to

that of static dielectric constant, density and refractive index.

Table 2. Variation in estimated values of atomic polarization, permittivity at optical
frequency, excess dielectric constant, Kirkwood correlation factor and Bruggeman
factor of the binary mixture of ethanol with DMFat 293.15 K temperature
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Fig. 4.

22

Atomic polarization

1 9 | | | | |
0 20 40 60 80 100

Volume fraction of DMF, %

Variation in estimated values of atomic polarization of the binary mixture of ethanol-DMF at 293.15
K temperature.
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Variation in estimated values of permittivity at higher frequency of the binary mixture of ethanol—
DMF at 293.15 K temperature.

Excess Dielectric Constant (gE)

The information related to the excess dielectric constant of the binary solution was obtained from the

excess properties [16] of the mixture. The excess dielectric constant is obtained by the equation:

SS{{\varepsilon }A {E}} = {{({{\varepsilon }_{{\rm 0}}})}_{m}} - [{{\varepsilon } {A}}{{X} {A}}+
{{\varepsilon }_{B}}{{X}_{B}}],SS

(1)

where X is the volume fraction and suffix m, A, B represents a mixture, liquid A (ethanol), and liquids B
(DMF), respectively. Excess dielectric constant provides qualitative information about the formation of
new structure in the mixture as follows:

(i) €E = 0: indicates that solution A and B do not interact;

(ii) e < 0: indicates that solution A and B interact is in such a way that the effective dipole moment gets
reduced;

(iii) e > 0: indicates that solution A and B interact in such a way that the effective dipole moment

increases.

Excess dielectric constant (¢E) provides significant information regarding interaction between the
polar-polar liquid mixtures. Excess dielectric constant of the binary mixtures was calculated using Eq.
(11) and it is tabulated in Table 2 and graphically represented in Fig. 6.

Fig. 6.
VValhime fractinn of NYMFE OF
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Variation in estimated values of excess dielectric constant of the binary mixture of ethanol-DMF at
293.15 K temperature.

The excess dielectric constant is negative over entire volume fraction range of the binary mixture for

the studied temperature. This indicates that in the mixture, the solutions interacts in such a way that

the effective dipole moment decreases. The negative values of (¢£) suggest that the effective number of
dipoles in the mixture might be smaller than the corresponding average number in the pure liquids,
probably due to the creation of new structure leading to a lower macroscopic permittivity. The results

are in agreement with earlier results of [17, 18].

Kirkwood Correlation Factor

The Kirkwood correlation factor given by Kirkwood [19] provides information regarding the

orientation of the electric dipoles in polar liquids.
For a pure polar liquid, the Kirkwood correlation factor g may be obtained by the expression

SS\frac{{4\pi N{{\mu }A{2}}\rho }}{{9KTM}}g = \frac{{({{\varepsilon } {0}} - {{\varepsilon }
_{\infty }})(2{{\varepsilon }_{03}} + {{\varepsilon }_{\infty }})}}{{{{\varepsilon } _{0}}
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{{{({{\varepsilon }_{\infty }} + 2)}}A{2}}1},S$
(12)

where \(\mu \) is dipole moment, \(\rho \) is density at temperature T, M is molecular weight, K is
Boltzman constant, N is Avogadro’s number, ¢ is the static dielectric permittivity, and \({{\varepsilon }
_{\infty }}\) is the dielectric permittivity at high frequency, often represented by the square of the
refractive index.

Modified forms of this equation have been used to study the orientations of electric dipoles in the

binary mixtures are given by Kumbharkhane [20, 21] two such equations used are as follows:

$S\begin{gathered} \frac{{4\pi N}}H{9kT}}\left( {\frac{{{{\mu }A{2}} {M}{{\rho } {M}}}}H{{{Mm}
MBI HIXE _{M1} + \frac{{{{\mu }A{2}} {F}H{\rho } {FI}}H{{{M} {F}}}1H{X3 {F}}}\right){{g}
AM{{\text{eff}}3}}\\ = \frac{{({{\varepsilon } {{0m}}} - {{\varepsilon }_{{\infty m}}})
(2{{\varepsilon } _{{Om}}} + {{\varepsilon } {{\infty m}}})}}{{[{{\varepsilon } {{Om}}}
{{{({{\varepsilon }_{{\infty m}}} + 2)}}A{2}}]}}, \\ \end{gathered} S$$

(13)

where geff is the Kirkwood correlation factor for the binary mixtures. g‘eff varies between \({{g}_{M}}\)

and \({{g}_{F}}\)

$S\begin{gathered} \frac{{4\pi N}}H{9kT}}left( {\frac{{\mu {M}A{2}{{\rho} {M}}{{g} {M}}}}
M _{MIIHIXE {M}} + \frac{{\mu {F}A{2}{{\rho } {F}}H{g} {FI}}H{{{IM} {F}}}}H{{X} {F}1}}
\right){{g} M {f}} \\ = \frac{{({{\varepsilon }_{{0m}}} - {{\varepsilon }_{{\infty m}}})(2{{\varepsilon
}_{{O0m}}} + {{\varepsilon }_{{\infty m}}})}}{{{{\varepsilon } {{Om}}}H{{({{\varepsilon} {{\infty
m}}} +2)}3A {21113, \\ \end{gathered} $$

(14)

\({{g} {M1}\) and \({{g} {F}}\) are assumed to be affected by an amount ¢/ in the mixture. g/ = 1 for
an ideal mixture and deviation from unity may indicate the interaction between the two components of

the mixture.

In the mixture, the dipole pairs are formed and orient in parallel and antiparallel directions in the

binary mixture that is confirmed from the Kirkwood correlation factor g¢ff. The effective Kirkwood
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correlation factor of the binary mixture of ethanol-DMF was calculated using Eq. (13) and presented in

Table 2, its variation with volume fraction is given in Fig. 7. The g&ff values of the binary mixtures are
greater than 1 for entire volume fraction range for the studied temperature; indicates that in the
mixture the dipole pairs have been formed and their orientation is parallel in the entire volume fraction

range of the binary mixture. The results are in agreement with earlier results of Hosamani et al. [17].

Fig. 7.

I

Kirkwood correlation factor
~J
|

3 | ] | ] |
0 20 40 60 80 100

Volume fraction of DMF, %

Variation in estimated values of effective kirkwood correlation factor of the binary mixture of
ethanol-DMF at 293.15 K temperature.

Bruggeman Factor

Static permittivity of two mixture must lie somewhere between two extremes corresponding to static
permittivity of two liquids. In order to understand the dipole interaction in the mixture of two liquids a

various mixture formula was given by Bruggeman [22].

Bruggeman mixture formula given by Bottcher [23] can be used as first evidence of molecular

interactions in the binary mixture. The effective volume of the solute gets modified by solute—solvent
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interactions and is best illustrated by the non-linearity of Bruggeman formula. The static dielectric
constant (&) of the mixtures is related to the Bruggeman mixture formula with the volume fraction of
solute which indicates the interaction between solvent and solute. This formula states that static
dielectric permittivity of binary mixture (ssp,), solute (esg), and solvent (es4) can be related to volume

fraction of solvent (V) which indicates the interaction between solvent and solute in the mixture [24]

SS{{f} {{{\text{BM}}1}} = \left[ {\frac{{{{\varepsilon } {{sm}}} - {{\varepsilon } {{sB}}}}}
{{{{\varepsilon }_{{sA}}} - {{\varepsilon }_{{sB}}}}}} \right]{{\left[ {\frac{{{{\varepsilon }
_{{sA1}}3H{{{{\varepsilon }_{{sm}}}}3}} \right]}A{{1/3}}}=1-V,SS

(15)

where V is the volume fraction. In fact, mole fraction is a qualitative measure of the volume fraction of

the solute. \({{\varepsilon } {{sm}}}\), \({{\varepsilon } {{sA}}}\), and \({{\varepsilon } {{sB}}}\)
are static dielectric constant values of mixture, solution A (solvent) and solution B (solute) respectively.
According to above equation linear relationship is expected in the Bruggeman factor Fgy; and V. Any
deviation from this linear relation indicates molecular interaction. When both the solvent and the

solute happen to be polar liquids, the Bruggeman equation has to be modified as;

SS{{f}_{{{\text{BM}}}}}=1-[a- (a- D)V~]~V,$S
(16)

where a is the interaction factor. The relative change in value of a reveals the amount of interaction

between solute and solvent as follows.

(i) a > 1indicates that the effective microscopic volume of solvent gets more than the actual volume.
The solute exerts a repulsive force on the system.

(ii) a < 1indicates that the effective microscopic volume of solvent gets less than the actual volume. The
solute exerts an attractive microscopic force on the system.

(iii) a = 1 indicates that there is no change in effective microscopic volume of the system and that
corresponds to the ideal Brugemann mixture factor.

Bruggeman factor values fg of ethanol-DMF binary mixtures have been evaluated using Eq. (15), given
in Table 2 and graphically presented in Fig. 8. From Fig. 8 it is observed that, there is deviation from the
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linear relation of binary mixture has been taking place at the studied temperature, which gives the
evidence of presence of molecular interaction and hydrogen bonding in the binary mixture. It is also
observed that the values of a are less than 1 (a < 1), indicates that the effective microscopic volume of
solvent (ethanol) gets less than the actual volume, and the solute (DMF) exerts an attractive

microscopic force on the system.

Fig. 8.
1.0 —— Bruggeman factor at 293.15 K

— Ideal line
08

S

& 0.6

-

S 0.4+

1))

=

5 0.2

0 20 40 60 80 100
Volume fraction of DMF, %

Variation in estimated values of Bruggeman factor of the binary mixture of ethanol-DMF at 293.15

K temperature.

Molar Refraction, Polarizabilty, Solvated Radii, and Molecular Polarization

The calculated values of the molar refractions (R), polarizability (a), solvated radii (r), and molar
polarization (P,) were given Table 3. This show that, for this polar binary mixture, all these
parameters are increasing and they are of the same nature to that of the refractive index. This means
that as the refractive index increases, the solvent—solvent interaction increased and so the molar
refraction, polarizabilities, molar volumes and solvated radii increase. The molar refraction is a

measure of volume occupied with an atom or molecule and depends on the refractive index, it was
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noticed that the molar refraction of the studied binary mixtures increases, as the molar volume and

refractive index increase and vice versa. The results are in agreement with the earlier results of Farid.

Table 3. Variation in estimated values of molar refraction, polarizability, solvated radii
and molar polarization of the binary mixture of ethanol with DMFat 293.15 K
temperature

Excess Parameters

Excess density (dE). The excess density of the binary mixtures was calculated using Eq. (7) and it is

illustrated in Table 4. From the density data it is noted that the excess density is positive over the entire

volume fraction range of the binary mixture at the studied temperature.

Table 4. Variation in estimated values of excess density, excess refractive index, excess
molar polarization and excess molar volume of the binary mixture of ethanol with
DMFat 293.15 K temperature

Excess refractive index (nE). The excess refractive index was estimated using Eq. (8) and they are

listed in Table 4. From the data, it is noticed that, the excess refractive index of this polar binary

mixture is positive for entire volume fraction range at the studied temperature. The excess refractive
indices and the solvent-solvent interaction processes depend on the nature of the solvent, its physical
properties such as the dielectric constant, the dipole moment and the donor number. The results are in

agreement with the earlier results of Farid.

From excess refractive index, it is also observed that, the maximum solvent—solvent interaction is
achieved at 70% volume fraction of DMF. This may explain why doctors in medicine use a 70% mixture
than any other percentage. Also this may explain why chemists use mixed solvents in their
experiments. This means that we can choose or define a suitable composition of any mixture under
investigation which has a maximum excess refractive index. The results are in agreement with the

earlier results of Farid.

Excess molar polarization (P,,)E. The excess molar polarization was determined using Eq. (9) and is

given in Table 4. From the data, it is observed that the excess molar polarization is nearly positive over
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entire volume fraction range of the binary mixture.

Excess molar volume (V)E. The excess molar volumes were estimated using Eq. (10) and it is given in

Table 4. From the data it is seen that the values of excess molar volume are nearly positive for the

ethanol-DMF binary mixture at the studied temperature. The positive behavior may be due to the
specific interactions, like formation of hydrogen bonds, charge transfer complexes and other complex
forming interactions including strong dipole—dipole interactions between the component molecules in

the mixture, which may lead to the positive values of excess molar volume [18].

CONCLUSIONS

The static dielectric constants, densities, refractive indices, atomic polarization and permittivity at

optical frequency of the binary mixtures increase with increasing volume fraction of DMF.

Excess dielectric constants negative over entire volume fraction range of the binary mixture at the

studied temperature.

In ethanol-DMF binary mixture the dipole pairs are formed and orient in parallel direction which is

confirmed from the (geff) values.

There is a deviation from the linear relations that was confirmed from the Buggeman factor study that
gives strong evidence of presence of molecular interactions and hydrogen bonding in the binary

mixtures.

Molar refraction, polarizability, solvated radii, molar polarization increases with increasing volume
fraction of DMF.

Excess density, excess refractive index, excess molar volume and the excess molar polarization are

nearly positive over entire volume fraction range of the binary mixture at the studied temperature.

REFERENCES

19 of 24 6/16/2024, 11:52 AM



Dielectric Constant, Density, and Refractive Index in Binary Mixtures o... https://link.springer.com/article/10.1134/S0036024422050235

1 B.Long and Z. Wang, H. Yang, and Y. Ding. J. Mol. Liq. 249, 1 (2018).

Article CAS Google Scholar

7 H.Yilmaz and S. Giiler, Nuovo Cim. 20D, 1853 (1998).

Article CAS Google Scholar

3 A.Jouyban, Handbook of Solubility Data for Pharmaceuticals (CRC, Boca Raton, 2009).

Book Google Scholar

/y A.Jouyban, J. Pharm. Pharm. Sci. 11, 32 (2008).

Article CAS Google Scholar

5 D.]. Widenski, A. Abbas, and J. A. Romagnoli, Chem. Eng. Trans. 17, 639 (2009).

Google Scholar

6 A.A.Mohammad, R. D. Danil, M. Fleming, and A. Jouyban, AAPS Pharm. Sci. 11, 1726 (2010).https://
doi.org/10.1208/s12249-010-9552-3

Article Google Scholar

"] L. Mohammadi and A. Omrani, J. Therm. Anal. Calorim. 131, 1527 (2018)

Article CAS Google Scholar

8 FE. I El-Dossoki, J. Chin. Chem. Soc. 54, 1129 (2007).

Article CAS Google Scholar

20 of 24 6/16/2024, 11:52 AM


https://doi.org/10.1016%2Fj.molliq.2017.11.015
https://doi.org/10.1016%2Fj.molliq.2017.11.015
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXhsl2ls7vF
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXhsl2ls7vF
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2Fj.molliq.2017.11.015&volume=249&publication_year=2018&author=Long%2CB.&author=Wang%2CZ.&author=Yang%2CH.&author=Ding%2CY.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2Fj.molliq.2017.11.015&volume=249&publication_year=2018&author=Long%2CB.&author=Wang%2CZ.&author=Yang%2CH.&author=Ding%2CY.
https://link.springer.com/doi/10.1007/BF03036601
https://link.springer.com/doi/10.1007/BF03036601
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK1MXjt12isL4%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK1MXjt12isL4%3D
http://scholar.google.com/scholar_lookup?&title=&journal=Nuovo%20Cim.&doi=10.1007%2FBF03036601&volume=20D&publication_year=1998&author=Yilmaz%2CH.&author=Giiler%2CS.
http://scholar.google.com/scholar_lookup?&title=&journal=Nuovo%20Cim.&doi=10.1007%2FBF03036601&volume=20D&publication_year=1998&author=Yilmaz%2CH.&author=Giiler%2CS.
https://doi.org/10.1201%2F9781439804889
https://doi.org/10.1201%2F9781439804889
http://scholar.google.com/scholar_lookup?&title=Handbook%20of%20Solubility%20Data%20for%20Pharmaceuticals&doi=10.1201%2F9781439804889&publication_year=2009&author=Jouyban%2CA.
http://scholar.google.com/scholar_lookup?&title=Handbook%20of%20Solubility%20Data%20for%20Pharmaceuticals&doi=10.1201%2F9781439804889&publication_year=2009&author=Jouyban%2CA.
https://doi.org/10.18433%2FJ3PP4K
https://doi.org/10.18433%2FJ3PP4K
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1MXht1ClsLjF
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1MXht1ClsLjF
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Pharm.%20Pharm.%20Sci.&doi=10.18433%2FJ3PP4K&volume=11&publication_year=2008&author=Jouyban%2CA.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Pharm.%20Pharm.%20Sci.&doi=10.18433%2FJ3PP4K&volume=11&publication_year=2008&author=Jouyban%2CA.
http://scholar.google.com/scholar_lookup?&title=&journal=Chem.%20Eng.%20Trans.&volume=17&publication_year=2009&author=Widenski%2CD.%20J.&author=Abbas%2CA.&author=Romagnoli%2CJ.%20A.
http://scholar.google.com/scholar_lookup?&title=&journal=Chem.%20Eng.%20Trans.&volume=17&publication_year=2009&author=Widenski%2CD.%20J.&author=Abbas%2CA.&author=Romagnoli%2CJ.%20A.
https://doi.org/10.1208/s12249-010-9552-3
https://doi.org/10.1208/s12249-010-9552-3
https://doi.org/10.1208/s12249-010-9552-3
https://doi.org/10.1208/s12249-010-9552-3
https://doi.org/10.1208%2Fs12249-010-9552-3
https://doi.org/10.1208%2Fs12249-010-9552-3
http://scholar.google.com/scholar_lookup?&title=&journal=AAPS%20Pharm.%20Sci.&doi=10.1208%2Fs12249-010-9552-3&volume=11&publication_year=2010&author=Mohammad%2CA.%20A.&author=Danil%2CR.%20D.&author=Fleming%2CM.&author=Jouyban%2CA.
http://scholar.google.com/scholar_lookup?&title=&journal=AAPS%20Pharm.%20Sci.&doi=10.1208%2Fs12249-010-9552-3&volume=11&publication_year=2010&author=Mohammad%2CA.%20A.&author=Danil%2CR.%20D.&author=Fleming%2CM.&author=Jouyban%2CA.
https://link.springer.com/doi/10.1007/s10973-017-6702-9
https://link.springer.com/doi/10.1007/s10973-017-6702-9
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXhsFOju7nO
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXhsFOju7nO
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Therm.%20Anal.%20Calorim.&doi=10.1007%2Fs10973-017-6702-9&volume=131&publication_year=2018&author=Mohammadi%2CL.&author=Omrani%2CA.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Therm.%20Anal.%20Calorim.&doi=10.1007%2Fs10973-017-6702-9&volume=131&publication_year=2018&author=Mohammadi%2CL.&author=Omrani%2CA.
https://doi.org/10.1002%2Fjccs.200700162
https://doi.org/10.1002%2Fjccs.200700162
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXisVehtQ%3D%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXisVehtQ%3D%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chin.%20Chem.%20Soc.&doi=10.1002%2Fjccs.200700162&volume=54&publication_year=2007&author=El-Dossoki%2CF.%20I.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chin.%20Chem.%20Soc.&doi=10.1002%2Fjccs.200700162&volume=54&publication_year=2007&author=El-Dossoki%2CF.%20I.

Dielectric Constant, Density, and Refractive Index in Binary Mixtures o... https://link.springer.com/article/10.1134/S0036024422050235

O C. M. Trivedi and V. A. Rana, Ind. J. Pure Appl. Phys. 52, 183 (2014).

CAS Google Scholar

10 E.]J. Gonzalez, P. F. Requejo, F. M. Maia, et al., Phys. Chem. Liq. 53, 419 (2015). https://
doi.org/10.1080/00319104.2013.782546

Article CAS Google Scholar

11 A. C. Kumbharkhane, S. M. Puranik, and S. C. Mehrotra, J. Mol. Liq. 51, 261 (1992).

Article CAS Google Scholar

12 V.V.Navarkhele and M. K. Bhanarkar, Phys. Chem. Liq. 50, 387 (2012). https://
doi.org/10.1080/00319104.2011.651211

Article CAS Google Scholar

13 V.V.Navarkhele and M. K. Bhanarkar, Phys. Chem. Liq. 48, 89 (2010).

Article CAS Google Scholar

14 B.G.Lone, P. B. Undre, S. S. Patil, et al., J. Mol. Liq. 141, 47 (2008).

Article CAS Google Scholar

15 A.Nasim, M. Kamyar, P. Mohsen, and K. Mahnam, J. Chem. Eng. Data 65, 3448 (2020).

Article Google Scholar

16 R.J. Sengwa, S. Sankhla, and S. Shinyashiki, J. Sol. Chem. 37, 137 (2008).

Article CAS Google Scholar

177 M. T. Hosamani, R. H. Fattepur, D. K. Deshpande, and S. C. Mehrotra, J. Chem. Soc. Faraday Trans.
91, 623 (1995).

21 of 24 6/16/2024, 11:52 AM


https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2cXhtlKmsrzO
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2cXhtlKmsrzO
http://scholar.google.com/scholar_lookup?&title=&journal=Ind.%20J.%20Pure%20Appl.%20Phys.&volume=52&publication_year=2014&author=Trivedi%2CC.%20M.&author=Rana%2CV.%20A.
http://scholar.google.com/scholar_lookup?&title=&journal=Ind.%20J.%20Pure%20Appl.%20Phys.&volume=52&publication_year=2014&author=Trivedi%2CC.%20M.&author=Rana%2CV.%20A.
https://doi.org/10.1080/00319104.2013.782546
https://doi.org/10.1080/00319104.2013.782546
https://doi.org/10.1080/00319104.2013.782546
https://doi.org/10.1080/00319104.2013.782546
https://doi.org/10.1080%2F00319104.2013.782546
https://doi.org/10.1080%2F00319104.2013.782546
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2cXitFKmur%2FK
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2cXitFKmur%2FK
http://scholar.google.com/scholar_lookup?&title=&journal=Phys.%20Chem.%20Liq.&doi=10.1080%2F00319104.2013.782546&volume=53&publication_year=2015&author=Gonzalez%2CE.%20J.&author=Requejo%2CP.%20F.&author=Maia%2CF.%20M.
http://scholar.google.com/scholar_lookup?&title=&journal=Phys.%20Chem.%20Liq.&doi=10.1080%2F00319104.2013.782546&volume=53&publication_year=2015&author=Gonzalez%2CE.%20J.&author=Requejo%2CP.%20F.&author=Maia%2CF.%20M.
https://doi.org/10.1016%2F0167-7322%2892%2980088-Y
https://doi.org/10.1016%2F0167-7322%2892%2980088-Y
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK38XitlGjsLw%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK38XitlGjsLw%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2F0167-7322%2892%2980088-Y&volume=51&publication_year=1992&author=Kumbharkhane%2CA.%20C.&author=Puranik%2CS.%20M.&author=Mehrotra%2CS.%20C.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2F0167-7322%2892%2980088-Y&volume=51&publication_year=1992&author=Kumbharkhane%2CA.%20C.&author=Puranik%2CS.%20M.&author=Mehrotra%2CS.%20C.
https://doi.org/10.1080/00319104.2011.651211
https://doi.org/10.1080/00319104.2011.651211
https://doi.org/10.1080/00319104.2011.651211
https://doi.org/10.1080/00319104.2011.651211
https://doi.org/10.1080%2F00319104.2011.651211
https://doi.org/10.1080%2F00319104.2011.651211
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC38XksV2ju78%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC38XksV2ju78%3D
http://scholar.google.com/scholar_lookup?&title=&journal=Phys.%20Chem.%20Liq.&doi=10.1080%2F00319104.2011.651211&volume=50&publication_year=2012&author=Navarkhele%2CV.%20V.&author=Bhanarkar%2CM.%20K.
http://scholar.google.com/scholar_lookup?&title=&journal=Phys.%20Chem.%20Liq.&doi=10.1080%2F00319104.2011.651211&volume=50&publication_year=2012&author=Navarkhele%2CV.%20V.&author=Bhanarkar%2CM.%20K.
https://doi.org/10.1080%2F00319100802688360
https://doi.org/10.1080%2F00319100802688360
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3cXkt12rsLg%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3cXkt12rsLg%3D
http://scholar.google.com/scholar_lookup?&title=&journal=Phys.%20Chem.%20Liq.&doi=10.1080%2F00319100802688360&volume=48&publication_year=2010&author=Navarkhele%2CV.%20V.&author=Bhanarkar%2CM.%20K.
http://scholar.google.com/scholar_lookup?&title=&journal=Phys.%20Chem.%20Liq.&doi=10.1080%2F00319100802688360&volume=48&publication_year=2010&author=Navarkhele%2CV.%20V.&author=Bhanarkar%2CM.%20K.
https://doi.org/10.1016%2Fj.molliq.2008.03.001
https://doi.org/10.1016%2Fj.molliq.2008.03.001
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXntlGlsro%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXntlGlsro%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2Fj.molliq.2008.03.001&volume=141&publication_year=2008&author=Lone%2CB.%20G.&author=Undre%2CP.%20B.&author=Patil%2CS.%20S.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2Fj.molliq.2008.03.001&volume=141&publication_year=2008&author=Lone%2CB.%20G.&author=Undre%2CP.%20B.&author=Patil%2CS.%20S.
https://doi.org/10.1021%2Facs.jced.9b01189
https://doi.org/10.1021%2Facs.jced.9b01189
http://scholar.google.com/scholar_lookup?&title=&journal=J.%C2%A0Chem.%20Eng.%20Data&doi=10.1021%2Facs.jced.9b01189&volume=65&publication_year=2020&author=Nasim%2CA.&author=Kamyar%2CM.&author=Mohsen%2CP.&author=Mahnam%2CK.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%C2%A0Chem.%20Eng.%20Data&doi=10.1021%2Facs.jced.9b01189&volume=65&publication_year=2020&author=Nasim%2CA.&author=Kamyar%2CM.&author=Mohsen%2CP.&author=Mahnam%2CK.
https://link.springer.com/doi/10.1007/s10953-007-9230-6
https://link.springer.com/doi/10.1007/s10953-007-9230-6
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD2sXhsVGltLrN
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD2sXhsVGltLrN
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Sol.%20Chem.&doi=10.1007%2Fs10953-007-9230-6&volume=37&publication_year=2008&author=Sengwa%2CR.%20J.&author=Sankhla%2CS.&author=Shinyashiki%2CS.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Sol.%20Chem.&doi=10.1007%2Fs10953-007-9230-6&volume=37&publication_year=2008&author=Sengwa%2CR.%20J.&author=Sankhla%2CS.&author=Shinyashiki%2CS.

Dielectric Constant, Density, and Refractive Index in Binary Mixtures o... https://link.springer.com/article/10.1134/S0036024422050235

Article CAS Google Scholar

18 A.Ali, M. Tariq, F. Nabi, and Shahajahn, Chin. J. Chem. 26, 2009 (2008).

Article CAS Google Scholar

19 J. G. Kirkwood, J. Chem. Phys. 7, 911 (1939).

Article CAS Google Scholar

2(0 A.C.Kumbharkhane, S. M. Puranik, and S. C. Mehrotra, J. Chem. Soc. Faraday Trans. 87, 1569
(1991).

Article CAS Google Scholar

21 A.C.Kumbharkhane, S. M. Puranik, and S. C. Mehrotra, J. Solid Chem. 22, 219 (1993).

Article CAS Google Scholar

7272 D.A.G.Bruggeman, Ann. Phys (Leipzig) 24, 636 (1935).

Article CAS Google Scholar

273 C.]. E. Bottcher, Theory of Electric Polarization (Elsevier, Amsterdam, 1952)

Google Scholar

2/ S. M. Puranic, A. C. Kumbharkhane, and S. C. Mehrotra, J. Mol. Liq. 59, 173 (1994).

Article Google Scholar

ACKNOWLEDGMENTS

22 of 24 6/16/2024, 11:52 AM


https://doi.org/10.1039%2FFT9959100623
https://doi.org/10.1039%2FFT9959100623
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK2MXjvVChsrY%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK2MXjvVChsrY%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chem.%20Soc.%20Faraday%20Trans.&doi=10.1039%2FFT9959100623&volume=91&publication_year=1995&author=Hosamani%2CM.%20T.&author=Fattepur%2CR.%20H.&author=Deshpande%2CD.%20K.&author=Mehrotra%2CS.%20C.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chem.%20Soc.%20Faraday%20Trans.&doi=10.1039%2FFT9959100623&volume=91&publication_year=1995&author=Hosamani%2CM.%20T.&author=Fattepur%2CR.%20H.&author=Deshpande%2CD.%20K.&author=Mehrotra%2CS.%20C.
https://doi.org/10.1002%2Fcjoc.200890359
https://doi.org/10.1002%2Fcjoc.200890359
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXhsFSntLzE
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXhsFSntLzE
http://scholar.google.com/scholar_lookup?&title=&journal=Chin.%20J.%20Chem.&doi=10.1002%2Fcjoc.200890359&volume=26&publication_year=2008&author=Ali%2CA.&author=Tariq%2CM.&author=Nabi%2CF.
http://scholar.google.com/scholar_lookup?&title=&journal=Chin.%20J.%20Chem.&doi=10.1002%2Fcjoc.200890359&volume=26&publication_year=2008&author=Ali%2CA.&author=Tariq%2CM.&author=Nabi%2CF.
https://doi.org/10.1063%2F1.1750343
https://doi.org/10.1063%2F1.1750343
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaA1MXmtlWguw%3D%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaA1MXmtlWguw%3D%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chem.%20Phys.&doi=10.1063%2F1.1750343&volume=7&publication_year=1939&author=Kirkwood%2CJ.%20G.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chem.%20Phys.&doi=10.1063%2F1.1750343&volume=7&publication_year=1939&author=Kirkwood%2CJ.%20G.
https://doi.org/10.1039%2FFT9918701569
https://doi.org/10.1039%2FFT9918701569
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK3MXktl2rtL4%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK3MXktl2rtL4%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chem.%20Soc.%20Faraday%20Trans.&doi=10.1039%2FFT9918701569&volume=87&publication_year=1991&author=Kumbharkhane%2CA.%20C.&author=Puranik%2CS.%20M.&author=Mehrotra%2CS.%20C.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Chem.%20Soc.%20Faraday%20Trans.&doi=10.1039%2FFT9918701569&volume=87&publication_year=1991&author=Kumbharkhane%2CA.%20C.&author=Puranik%2CS.%20M.&author=Mehrotra%2CS.%20C.
https://link.springer.com/doi/10.1007/BF00649245
https://link.springer.com/doi/10.1007/BF00649245
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK3sXitVehs78%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK3sXitVehs78%3D
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Solid%20Chem.&doi=10.1007%2FBF00649245&volume=22&publication_year=1993&author=Kumbharkhane%2CA.%20C.&author=Puranik%2CS.%20M.&author=Mehrotra%2CS.%20C.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Solid%20Chem.&doi=10.1007%2FBF00649245&volume=22&publication_year=1993&author=Kumbharkhane%2CA.%20C.&author=Puranik%2CS.%20M.&author=Mehrotra%2CS.%20C.
https://doi.org/10.1002%2Fandp.19354160705
https://doi.org/10.1002%2Fandp.19354160705
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaA28XhsFOkuw%3D%3D
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaA28XhsFOkuw%3D%3D
http://scholar.google.com/scholar_lookup?&title=&journal=Ann.%20Phys%20%28Leipzig%29&doi=10.1002%2Fandp.19354160705&volume=24&publication_year=1935&author=Bruggeman%2CD.%20A.%20G.
http://scholar.google.com/scholar_lookup?&title=&journal=Ann.%20Phys%20%28Leipzig%29&doi=10.1002%2Fandp.19354160705&volume=24&publication_year=1935&author=Bruggeman%2CD.%20A.%20G.
http://scholar.google.com/scholar_lookup?&title=Theory%20of%20Electric%20Polarization&publication_year=1952&author=Bottcher%2CC.%20J.%20F.
http://scholar.google.com/scholar_lookup?&title=Theory%20of%20Electric%20Polarization&publication_year=1952&author=Bottcher%2CC.%20J.%20F.
https://doi.org/10.1016%2F0167-7322%2893%2900665-6
https://doi.org/10.1016%2F0167-7322%2893%2900665-6
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2F0167-7322%2893%2900665-6&volume=59&publication_year=1994&author=Puranic%2CS.%20M.&author=Kumbharkhane%2CA.%20C.&author=Mehrotra%2CS.%20C.
http://scholar.google.com/scholar_lookup?&title=&journal=J.%20Mol.%20Liq.&doi=10.1016%2F0167-7322%2893%2900665-6&volume=59&publication_year=1994&author=Puranic%2CS.%20M.&author=Kumbharkhane%2CA.%20C.&author=Mehrotra%2CS.%20C.

Dielectric Constant, Density, and Refractive Index in Binary Mixtures o... https://link.springer.com/article/10.1134/S0036024422050235

The authors extend their sincere thanks to Department of Physics, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad (M. S.) India, for providing the experimental facilities for the
work.

Author information

Authors and Affiliations
Chanabasweshwar College of Pharmacy, Latur, India

A.V. Navarkhele, R. S. Sakhare & S. M. Vijayendraswamy

Department of Physics, Dr. Babasaheb Ambedkar Marathwada University, 431004, Aurangabad,
India
V. V. Navarkhele

Corresponding author

Correspondence to V. V. Navarkhele.

Ethics declarations

The authors declare that they have no conflicts of interest.

Rights and permissions

Reprints and permissions

About this article

Cite this article

Navarkhele, A.V., Sakhare, R.S., Vijayendraswamy, S.M. et al. Dielectric Constant, Density, and Refractive
Index in Binary Mixtures of Ethanol with N,N-Dimethylformamide at 293.15 K. Russ. J. Phys. Chem. 96,
945-953(2022). https://doi.org/10.1134/S0036024422050235

Received Revised Accepted
20 March 2021 08 November 2021 12 November 2021

23 of 24 6/16/2024, 11:52 AM


mailto:vvn_bamu@yahoo.co.in
mailto:vvn_bamu@yahoo.co.in
https://s100.copyright.com/AppDispatchServlet?title=Dielectric%20Constant%2C%20Density%2C%20and%20Refractive%20Index%20in%20Binary%20Mixtures%20of%20Ethanol%20with%20N%2CN-Dimethylformamide%20at%20293.15%20K&author=A.%20V.%20Navarkhele%20et%20al&contentID=10.1134%2FS0036024422050235&copyright=Pleiades%20Publishing%2C%20Ltd.&publication=0036-0244&publicationDate=2022-05-25&publisherName=SpringerNature&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?title=Dielectric%20Constant%2C%20Density%2C%20and%20Refractive%20Index%20in%20Binary%20Mixtures%20of%20Ethanol%20with%20N%2CN-Dimethylformamide%20at%20293.15%20K&author=A.%20V.%20Navarkhele%20et%20al&contentID=10.1134%2FS0036024422050235&copyright=Pleiades%20Publishing%2C%20Ltd.&publication=0036-0244&publicationDate=2022-05-25&publisherName=SpringerNature&orderBeanReset=true

Dielectric Constant, Density, and Refractive Index in Binary Mixtures o... https://link.springer.com/article/10.1134/S0036024422050235

Published Issue Date
25 May 2022 May 2022
DOI

https://doi.org/10.1134/S0036024422050235

Share this article

Anyone you share the following link with will be able to read this content:

( Get shareable link )

Provided by the Springer Nature SharedIt content-sharing initiative

Keywords:

dielectric constant density refractive index excess parameters

binary mixture

24 of 24 6/16/2024, 11:52 AM


https://link.springer.com/search?query=dielectric%20constant&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=dielectric%20constant&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=density&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=density&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=refractive%20index&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=refractive%20index&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=excess%20parameters&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=excess%20parameters&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=binary%20mixture&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=binary%20mixture&facet-discipline=%22Chemistry%22

