Chapter

1

Introduction
«-=.=.=.=.=.= | 11lIntroduction
s | 1.2Importance of binary liquids mixtures
RIS § 1.3 Literature Survey
slelelelelelo 2 14Binary  Liquid  System  Under
oS Investigation
... | 1.5Main objectives of the present

ENCRCR R investigation




SNIRAO Uy
2

»

'i?

{HE “"'4»74%
@ )
Faoyye 10

Chapter 1

p
4

1.1 Introduction

The research area of “molecular interaction study” is a very curious topic in
molecular biology, physics, and chemistry. This studies how molecules interact through
attractive or repulsive forces, whether they are of the same or different types. These
interactions are essential in many fields, including materials science, drug development,
sensors, protein folding, and nanotechnology. Interactions occur in solids, liquids, and
gases, with liquid interactions providing valuable insights into molecular behavior due
to the balance between molecular forces and thermal motion. These interactions are
driven by specific forces, which are classified into long-range and short-range forces.
Long-range forces, or weak forces, occur when molecules approach without
overlapping electron clouds and include electrostatic induction and dispersion forces,
which are non-directional. Short-range forces, also known as chemical or valence
forces, arise when molecules are close enough for their electron clouds to overlap and
include dipole-dipole interactions, charge transfer, and hydrogen bonding, all of which
are directional. Among these, hydrogen bonding is particularly important in molecular
interactions as it can significantly influence the physical and chemical properties of
liquids.
Studying molecular interactions in mixtures of two liquids (binary liquid mixtures) is
crucial for understanding the structure and dynamics of molecules [1]. Such study to
reveal key details about chemical and biological processes, including catalysis and
reaction pathways [2-4]. Molecular interactions also provide insights into energy
transfer in enzymes and phase transitions [4-7]. To examine interactions in liquids,
especially in different polar and nonpolar environments, researchers use various
spectroscopic techniques, such as NMR, FTIR, Raman spectroscopy, dielectric
relaxation spectroscopy (DRS) and infrared spectroscopy [8-17].
Dielectric relaxation spectroscopy (DRS) is one of the most powerful techniques for
studying the molecular behavior of liquids in both pure and mixed states. DRS of polar
liquids and their binary mixtures has gained significant attention because it provides
valuable information about intermolecular and intramolecular interactions, various
relaxation processes, dielectric polarization, and electrical conduction. Low-frequency
dielectric dispersion studies offer a detailed understanding of charge dynamics and the
electrical conduction mechanisms, which are directly related to dielectric polarization

strength and molecular structure [18]. To gain a deeper insight into the dielectric and
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electrical properties at lower frequencies, complex conductivity, complex modulus, and
complex impedance models are often applied [19-28].

In the microwave frequency region, dielectric relaxation spectroscopy (DRS) provides
valuable information about dipolar relaxation processes. When conducted at varying
temperatures, it allows the determination of different thermodynamic parameters [29—
36]. Additionally, DRS is highly effective in studying hydrogen bond (H-bond)
interactions, dipolar alignment, and hydrogen bond connectivity [36-39]. This
technique is particularly versatile for investigating conducting fluids, offering insights
into the structural dynamics of liquid samples. It reveals not only the molecular
interactions within the system but also the formation of monomers and multimers [1].
Dielectric parameters, which are dependent on concentration and temperature, can be
linked to the formation of aggregated complex structures in mixtures. Broadband DRS
involves measuring the complex permittivity spectra (CPS) of materials across a wide
frequency range, from 1 Hz to several THz, and provides critical information about
molecular and collective dipolar fluctuations, charge transport, and polarization effects
[40]. In the range of 1 pHz to 107 Hz, electrode polarization (EP) and ionic conduction
relaxation mechanisms are commonly observed in most polar liquids. The frequency
range of tens of kHz to hundreds of MHz is associated with the real part of complex
permittivity (¢'), which corresponds to the static dielectric region (€o). In the microwave
frequency region (few hundreds of MHz to 300 GHz), dipolar relaxation processes are
prominent, as most polar liquids exhibit high orientation polarizations and significant
dielectric loss, reflecting various dielectric relaxations (a, B, and y). Beyond the
microwave range, extending to several terahertz (THz), the material shows collective
molecular motions, corresponding to energy-level spacings in this region [43]. The
study of molecular interactions and the associated physico-chemical properties, such as
density (p), viscosity (1) and other related parameters in liquid binary mixtures at
varying concentrations and temperatures, is crucial for both industrial and academic
purposes. This research provides valuable insights into the physico-chemical and
thermodynamic behavior of these mixtures, which is essential for designing, modeling,
building, and optimizing equipment like condensers, heat transfer devices, distillation
columns, and other process systems [44]. A comprehensive understanding of the
physico-chemical properties of multicomponent systems is critical for industrial

operations, especially in chemical engineering, and plays a key role in developing new
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models for engineering applications [45]. Furthermore, this knowledge is dynamic for
exploring thermodynamic and transport properties of solutions [46,47]. To better
understand molecular interactions, it is essential to examine the physico-chemical
properties of liquids, including the formation and disruption of hydrogen bonds, dipole-
dipole interactions, and dipole-induced dipole interactions [48]. Additionally, optical
and acoustic properties such as the refractive index (n) and ultrasonic speed (U), can
provide further insights into the physical nature and intermolecular forces in liquid
materials [44].

1.2 Importance of binary liquids mixtures

Studies on the dielectric, physicochemical, and thermodynamic properties of binary
liquid mixtures are highly valuable for both theoretical and practical applications.
Mixed solvents, with different dielectric constants, are commonly used to study reaction
rates, as the choice of solvent can significantly impact how fast or slow a reaction
occurs. For example, simply switching solvents or adding co-solvent can change
reaction speeds by as much as a million times. Reactions that move slowly in protic
solvents, even at high temperatures, can proceed quickly and with higher yields in
aprotic solvents at room temperature. Therefore, a deeper understanding of the structure
of these solutions and the interactions between their molecules especially in electrolyte
systems is essential for improving our knowledge of many chemical, technological, and
biological processes in mixed solvent environments [49,50].

1.3 Literature Survey

Dielectric studies of materials give important information about their dielectric
properties and molecular interactions, which are crucial for technology. Understanding
how a material’s dielectric behavior relates to its molecular structure is a key scientific
objective. These properties are useful in many fields, including physical and biological
sciences, and engineering. Dielectric studies help us learn more about the molecular
structure, behavior, and movement in solutions.

The dielectric properties of liquids help us understand their structure and the molecular
interactions within them. By measuring the complex dielectric constant (permittivity)
at different frequencies, we can determine the relaxation time, which reveals
information about the dynamic molecular properties, energy dissipation mechanisms,
and both intermolecular and intramolecular movements. The dipole moment of a

molecule affects its permittivity, so studying permittivity can be used to measure a
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molecule’s dipole moment. Experimental studies of this effect provide valuable insights
into molecular and intermolecular motions.

Therefore, the study of dielectric properties of liquid material is necessary not only to
understand the liquid structure but also to provide technical data for practical uses in
electronics. The study is necessary to understand the physical phenomenon, which
occurs in dielectrics, when dielectrics are placed in electromagnetic field and the
parameters of the dielectric, which quantitatively determine their properties. The
molecular rotations and most of the molecular phenomenon [51,52] take place in the
time domain of Pico-second. Hence these changes must be studied at microwave
frequency range. Furthermore, microwave is a non-ionizing source of signal for most
of the components; it does not affect the molecular structure of material under study.
Studying the dielectric properties of liquid materials is important not only to understand
their structure but also to provide valuable technical data for practical applications in
electronics. This study helps us understand the physical phenomena that occur in
dielectrics when they are placed in an electromagnetic field, as well as the parameters
that quantitatively define their properties. Molecular rotations and other molecular
processes typically occur in the picosecond time range, so these changes need to be
studied at microwave frequencies. Over the past two decades, many research articles
have been published to explore molecular interactions and structure formation in liquid
mixtures using dielectric relaxation spectroscopy (DRS) methods. The extensive efforts
by the research community to study liquid materials with these techniques focus on the
importance of this research in the current scientific landscape. The following is a
literature survey on the study of liquid materials using dielectric relaxation
spectroscopy, covering areas such as dielectric studies in the lower frequency range,
microwave frequency range, and excess dielectric properties. Kremer [53] studied
dielectric spectroscopy across a frequency range from 10 to 10'> Hz for various
compounds at different temperatures. He noted that while dielectric spectroscopy is a
well-established technique, it continues to develop and has significant technological
impact with the potential to open up new possibilities in research and applications.
Chaube and Rana [54] studied the dielectric and electric properties of binary mixtures
of anisole and several primary alcohols within the frequency range of 20 Hz to 2 MHz.
They used various methods of presenting complex permittivity data to investigate the
processes influencing the dielectric and electrical properties of polar-polar liquids.

Vankar and Rana [55] investigated electrode polarization and ionic conduction
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relaxation in mixtures of 3-bromoanisole and 1-propanol within the frequency range of
20 Hz to 2 MHz, examining different temperatures. They analyzed how variations in
the concentration of components in the binary liquid system, along with temperature
changes, influenced various relaxation processes. Sengwa et al. [56-58] investigated the
dielectric and electrical behavior of poly (vinyl pyrrolidone) combined with polar
solvents, poly (vinyl alcohol) with poly (vinyl pyrrolidone), and ethylene glycol
oligomers in the lower frequency range of 20 Hz to 1 MHz. From this low-frequency
study, they identified specific trends and characteristics in the dielectric and electrical
properties of these mixtures. lonic conduction and electrode polarization greatly affect
the increase in complex dielectric constant values in solutions at lower frequencies. In
impedance plots, two distinct arcs can be observed: the high-frequency arc represents
the bulk material effect, while the low-frequency arc indicates surface polarization
effects. The electrode polarization relaxation time represents the average time it takes
for an ion to move from one electrode to the other, involving the charging and
discharging of the double layer capacitance formed at the electrode-dipolar liquid
interface. Sengwa et al. [59] examined relaxation processes within the static
permittivity frequency range and evaluated the Stokes-Einstein-Nernst relation in
propylene carbonate. This study is significant for understanding ion dynamics in polar
solvents and the ionic conductivity in solvents, particularly relevant to electrochemistry.
Sengwa et al. [60] investigated how ionic contaminants affect dielectric dispersion and
relaxation processes in pure liquid poly (ethylene glycol) within the static permittivity
frequency range. Jadzyn et al. [61] investigated electric relaxation effects caused by
ionic conductivity in dielectric materials. They analyzed relaxation behavior using
impedance and electric modulus formalisms, both showing Debye-type relaxation with
the same relaxation time, which depends on the values of DC conductivity (opc) and
static permittivity (eo). Their study includes experimental electric spectra for liquid
cyclobutanone, recorded in the frequency range from 500 Hz to 5 MHz and at
temperatures between 243 and 313 K. Sengwa et al. [62] investigated the static
dielectric constant and Kirkwood correlation factor for binary mixtures of N-
Methylformamide with formamide, N, N-dimethylformamide, and N, N-
dimethylacetamide at 303 K. Their findings confirmed strong hydrogen-bond
interactions between different amide molecules (NMF-FA, NMF DMF and NMF-
DMA) and the formation of 1:1 molecular complex. Lone et al. [63] measured the

dielectric parameters for mixtures of methanol and ethanol at various concentrations
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across a frequency range of 10 MHz to 20 GHz and at different temperatures using
time-domain reflectometry. Their findings showed nonlinear changes in dielectric
constant and relaxation time with increasing ethanol volume fraction, suggesting that
structural formations occur due to intermolecular interactions between methanol and
ethanol molecules. Karunakaran et al. [64] studied the dielectric relaxation properties
and dipole ordering in binary mixtures of low molecular weight polyvinyl alcohol with
water, as well as in ternary mixtures of polyvinyl alcohol and water with
dimethylsulphoxide, across a frequency range of 10 MHz to 30 GHz. Deshmukh et al.
[65] investigated dielectric relaxation and hydrogen bonding interactions in solvents
using time-domain reflectometry over a frequency range of 10 MHz to 50 GHz. They
concluded that dielectric parameters are more influenced by the structural configuration
and dipole moment arrangement of the molecules rather than by the polarity index.
Prajapati et al. [66] investigated molecular interactions in binary mixtures of 1-
propanol with N, N-dimethylformamide across various temperatures. Their study
revealed the presence of heteromolecular interactions within the system. Trivedi and
Rana [67] measured the static permittivity, refractive index, density, and related
properties of binary mixtures of pyridine and 1-propanol at various temperatures. Their
observations indicated strong molecular interactions between pyridine and 1-propanol.
Sengwa et al. [68] investigated the structure and hydrogen bonding in binary mixtures
of N, N-dimethylformamide (DMF) with various dipolar aprotic and protic solvents
through dielectric characterization. They found that DMF-water interactions resulted in
a strong hydrogen bond due to the disruption of water’s tetrahedral structure.
Additionally, DMF-alcohol mixtures showed a dependence on the number of hydroxyl
groups, leading to a stronger structural organization in the alcohols. Madhu Mohan [69]
studied the thermodynamic, dielectric, and conformational properties of hydrogen-
bonded binary liquid mixtures of propan-1-ol with methyl benzoate and ethyl benzoate.
The study identified the formation of hydrogen bonds between the —OH group of
propan-1-ol and the —CH group of methyl and ethyl benzoate. These findings were
confirmed through FT-IR spectra, showing variations in the measured parameters.
Pradhan et al. [70] published a review article that provides an overview of the various
molecular interactions, both inter and intra, in different non-aqueous binary mixtures.
These interactions were studied using dielectric, refractive properties, and spectral

characteristics.
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In Physiochemical studies, refractive index (n) and density (p) are considered
intensive properties of liquids. The refractive index is defined as the ratio of the sine of
the angle of incidence (in a vacuum) to the sine of the angle of refraction within the
medium. This ratio also corresponds to the speed of light in a vacuum relative to its
speed in the medium. Density, on the other hand, is the mass of a substance per unit
volume.

The refractive index (n) is a key property in optical systems that involve refraction. It
helps determine the focusing power of lenses and the dispersion in prisms. As a
fundamental physical characteristic, refractive index is commonly used to identify
substances, check their purity, or measure concentration. It applies to solids, like glass
and gemstones, as well as liquids and gases, with its most common use being to assess
solute concentration in aqueous solutions. A refractometer measures the refractive
index, which, for example, can reveal the sugar content in a sugar solution.

From a theoretical and process engineering perspective, the thermodynamic properties
of binary liquid mixtures provide critical insights, derived from experimental density
measurements. Solutions formed by different solute-solvent liquids often display
unique behaviors, which may yield desirable physicochemical properties. In the
chemical process industry, where materials are typically managed in fluid form,
understanding the physical, chemical, and thermodynamic properties of fluids is
essential. Additionally, excess thermodynamic properties and deviations from ideal
behavior in binary liquid mixtures are fundamental for exploring intermolecular
interactions. These properties also serve as qualitative indicators to predict the extent
of complex formation within mixtures.

Baskaran et al. [71] investigated the thermophysical properties of para-Anisaldehyde
(1) and chlorobenzene (2) at temperatures of 303.15, 313.15, and 323.15 K under a
pressure of 0.1 MPa. Their findings revealed negative deviations in viscosity, while
positive deviations were observed in refractive index, surface tension, and excess
volume across the studied temperatures. Karel et al. [72] examined the vapor pressures,
refractive index at 20.0 °C, and vapor-liquid equilibrium at 101.325 kPa for the methyl
tert-butyl ether—methanol system. Ramon and Joaquim [73] investigated the
polarizabilities of compounds with diverse chemical characteristics. They concluded
that elements with high average atomic polarizabilities typically have a large covalent

radius and low electronegativity. The observed average atomic polarizability values
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align with those obtained from other experimental measurements and theoretical
calculations. Moosavi et al. [74] reported the densities, viscosities, and refractive
indices for binary mixtures of dimethyl carbonate with 1-hexanol and 1-octanol at
atmospheric pressure across various temperatures. From the experimental data, they
derived different thermodynamic, transport, and optical properties, analyzing these
results in relation to specific molecular interactions and the mixing behavior of the
components in the mixtures. Mrad et al. [75] studied the thermophysical behavior of
binary mixtures of N, N-dimethylacetamide with methanol and ethanol. They measured
density, speed of sound, refractive index, and viscosity over the entire mole fraction
range at different temperatures. Moosavi et al. [76] investigated the thermodynamic and
transport properties of aqueous alkanediol systems at atmospheric pressure. They used
experimental values of density and refractive index at temperatures ranging from
288.15 to 318.15 K in 5 K intervals, as well as viscosity measurements at 293.15,
298.15, and 303.15 K. Vural et al. [77] studied the density, refractive index, and excess
molar volume of binary mixtures of glycerol with methanol and glycerol with water at
temperatures of 298.15 K and 303.15 K. Sekhar et al. [78] measured the densities,
refractive indices, and speeds of sound for binary mixtures of 2-chloroaniline with 1-
butanol and 2-butanol over the entire mole fraction range at temperatures of 303.15,
308.15, 313.15, and 318.15 K under atmospheric pressure. Their study provided
insights into the specific hydrogen bonding interactions in both binary mixtures.
Belhadj et al. [79] studied the density, speed of sound, refractive index, and related
derived/excess properties of binary mixtures of furfural with dimethyl sulfoxide,
acetonitrile, and sulfolane at different temperatures. The results were analyzed in terms
of intermolecular interactions among the components of these systems. Rana and
Chaube [80] studied the relative permittivity, density, viscosity, refractive index, and
ultrasonic velocity of the binary mixture of ethylene glycol monophenyl ether and 1-
hexanol at different temperatures. Gilani and Ramezani [81] reported experimental data
on relative permittivity, refractive index, and density for several polar binary systems
consisting of cyclopentanone (a cyclic ketone) and a series of alkanols ranging from C»
to Cio. The measurements were conducted over the entire composition range at a
temperature of 298.15 K and a pressure of 101.3 kPa.

The properties of liquid-liquid mixtures are thermodynamically significant in the study
of thermodynamic, acoustic, and transport phenomena. Intermolecular forces in a liquid

mixture have a considerable impact on both physical and chemical properties.
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Ultrasonic measurements are widely applied in chemical and food processing, material
testing, underwater ranging, and cleaning. Such sound velocity measurements have
become especially valuable in polymer technology, helping to elucidate polymer-
solvent interactions, polymer structure, and behavior. The study of mixing and excess
properties remains an increasingly valuable and challenging area in thermodynamics,
attracting much interest. As the modern chemical industry seeks more precise and
advanced calculation methods, these developments are likely to bring substantial
benefits [82-86]. In the chemical industry, viscosity is one of the critical physical
properties of fluids required for designing and optimizing industrial processes [87-92].
Wilson and Richardson [93] reported near-ideal behavior in ultrasonic velocity and
compressibility for binary liquid mixtures of benzene and n-butyl alcohol. Lavanya et
al. [94] examined the density, viscosity, sound speed, and various thermoacoustic
parameters for binary mixtures of benzaldehyde with either chlorobenzene or
nitrobenzene at temperatures of 303.15 K, 308.15 K, and 313.15 K. Alam et al. [95]
investigated densities and viscosities of pure and mixed systems of protic polar
solvents, including water, methanol, ethanol, and propan-1-ol, across the entire
composition range at different temperatures. The observed positive viscosity deviation
in water—alcohol mixtures. Guo et al. [96] measured densities and viscosities for binary
mixtures of triethylene glycol and water as a function of composition at temperatures
of 298.15, 303.15, 308.15, 313.15, and 318.15 K. Aminabhavi and co-author [97,99]
examined intermolecular interactions between anisole and various alkanols by
analyzing excess thermodynamic properties derived from measurements of viscosity,
density, and ultrasonic velocity across different temperatures and the full composition
range. Balakrishnan et al. [100] studied the acoustics of a heavy fuel oil and n-heptane
system using an ultrasonic interferometer. Their findings indicated interactions between
the components of the binary mixture, suggesting hydrogen bond formation and an
increase in molecular interactions as the concentration of heavy fuel oil in the n-heptane
system increased. Sha et al. [101] measured the densities and viscosities of binary
mixtures of 1,2-ethanediamine and 1,4-butanediol at temperatures of 293.15, 298.15,
303.15, 308.15, 313.15, and 318.15 K. The density and viscosity data were used to
derive additional parameters, including excess molar volumes and dynamic viscosity
deviations. These parameters were analyzed to gain insights into the molecular
interactions within the system. Dikio et al. [102] studied the densities and viscosities of

binary liquid mixtures of pyridine with primary alcohols namely methanol, ethanol, n-
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propanol, and n-butanol at temperatures 293.15 K, 303.15 K, 313.15 K, and 323.15 K.
suggesting possible hydrogen bond formation of the type N---H—O between dissimilar
molecules. Manukonda et al. [103] reported data on the density, ultrasonic velocity, and
viscosity of binary mixtures of N, N-dimethylaniline with 1-alkanols, 2-alkanols, 2-
methyl-1-propanol, and 2-methyl-2-propanol at a temperature of 303.15 K. Umadevi et
al. [104] studied the liquid-liquid interactions in ternary mixtures of methyl benzoate,
cyclohexane, and primary alcohols (1-propanol, 1-butanol, 1-pentanol, and 1-hexanol)
by measuring the density, viscosity, and ultrasonic speed at temperatures of 303.15,
308.15, and 313.15 K.
1.3 Binary Liquid System Under Investigated
1.3.1 Binary System

% n-Hexanol + N, N-Dimethylformamide (DMF)

% n-Octanol + N, N-Dimethylformamide (DMF)
Investigating the dielectric properties of binary mixtures of polar liquids provides
valuable insights into their molecular interactions, structures, and dynamics. These
studies offer essential information about the molecular arrangement and composition
of solids and liquids when dielectric measurements are conducted across various
frequencies and temperatures. Alcohol and amides are of particular interest among
protic and aprotic solvents due to their hydrogen bonding ability. Alcohols, being self-
associated liquids, form a three-dimensional hydrogen-bond network, allowing them to
interact with other chemical groups with polar attractions. This complex behavior has
made alcohol a significant subject of research in fields like chemistry and biology [33,
55, 67, 105].
In the chemical industry, amides are important solvents because of their high polarity
and strong solvating power. Due to their long-chain molecular structure, alcohols such
as n-Hexanol and n-Octanol have widespread applications in industries like
petrochemicals, agriculture, and pharmaceuticals [35,106]. In this study, n-Hexanol and
n-Octanol are chosen as the alcohol components of the binary liquid system. n-Hexanol,
a primary alcohol with a hydroxyl group, forms hydrogen bonds and is ideal for
studying molecular interactions in liquid mixtures. It is used in a variety of industries,
including petrochemicals, medical (antibacterial agents), agriculture (insecticides), and
chemical additives [106]. n-Octanol, a long-chain alcohol, is used in solvents,

plasticizer production, and perfumes. It is slightly soluble in water and also forms
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hydrogen bonds. Additionally, it plays a role in synthesizing 1-octene, a key compound
in polyethylene production and other petrochemical processes [107].

On the other hand, N, N-Dimethylformamide (DMF), an aprotic polar solvent, is
selected for this study due to its strong solvating power and high polarity. DMF has
significant interest in scientific research, particularly regarding its interactions with
peptides and proteins. It is widely used in polymer and pharmaceutical industries [33].
DMF has a large dipole moment and a high dielectric constant, consisting of two
hydrophobic -CH3 groups and one polar C=0O group. DMF readily forms hydrogen
bonds (C-H...O and C=0...H) with alcohols, enhancing its solvent capabilities and
making it a suitable solvent for studying molecular interactions in binary mixtures
[108]. Physical and chemical properties of pure liquid (n-Hexanol, n-Octanol and

DMF) are tabulated in table 1.1.

Table 1.1 Physical and Chemical Properties of pure liquid.

Compounds
Property
n-Hexanol n-Octanol N, N-Dimethylformamide
Molecular
CeH140 CsHi30 Cs;H7NO
Formula
IUPAC names Hexan-1-ol Octan-1-ol N, N-Dimethylformamide
Molar Mass 102.17 g/mol 130.23 g/mol 73.09 g/mol
Colorless to
Colorless ) .
Appearance slightly yellow Colorless liquid
liquid
liquid
Mild, grassy, Slightly oily,
Order g g g Y ] g Faint, fishy/amine-like
fruity citrus-like
Melting Point —47 °C —16 °C —61 °C
Boiling Point 157 °C 195-197 °C 153 °C
Flash Point 59 °C 81 °C 58 °C
Dipole Moment 1.7D 1.8D 382D
Dielectric
13.05 9.28 37.00
constant
Density (g/cm?) 0.804 0.8254 0.9470
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Refractive
1.4170 1.4280 1.4305
Index

Ultrasonic
1311.85 1373.09 1493.65
Velocity (m/s)
Viscosity

(mPa.s)

Molecular R " : ﬁﬁ&& <

4.5900 8.7764 0.9200

Structure

1.4 Main objectives of the present investigation are as follows
% To study of dielectric and electrical properties of binary mixtures of n-
Hexanol+DMF and n-Octanol+DMF at different temperatures (293.15 K
—313.15 K) in frequency range 20 Hz to 2 MHz (Using LCR meter).

% To study dielectric properties of binary mixtures of n-Hexanol+DMF and n-
Octanol+DMF at different temperatures in frequency range 200 MHz to 20 GHz
(Using VNA).

% To study of Acoustical and Physico-chemical properties of the mixtures of n-
Hexanol+DMF and n-Octanol+DMF at different temperatures.

¢ To analyze the dielectric, physicochemical and acoustic parameters to gain
information about the solute-solvent interactions and molecular structures.

% Various empirical/semi-empirical mixing models for static dielectric constant,

refractive index, ultrasonic velocity and viscosity are tested and validated for

the studied binary mixture systems.
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