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SYNOPSIS

“MOLECULAR INTERACTION STUDIES OF SOME AMIDES WITH
ASSOCIATIVE MOLECULES”

Introduction

Interaction take place among two or more objects have an effect upon one another. Molecular
interaction occurs with the attractive or repulsive forces between molecules of same or different
group. Molecular interactions are important in material science, drug design, sensors, diverse
fields of protein folding, and nanotechnology and so on. The interaction can take place in solid,
liquid and gas. Among these interactions, liquid interaction gives effective information about
the molecular interaction. Liquids owe their fascinating features to the balanced effects of
molecular interactions and thermal agitation. The knowledge of molecular interaction in binary
liquid mixtures is of considerable importance in the elucidation of the structure and dynamics
of the molecules [1]. The study of molecular interaction provides some understanding of the
fundamental problems concerned with the mechanisms of chemical and biological catalysis
and path of the chemical reactions [2-4]. Molecular interactions can also throw light on energy
transfer in enzymes, phase transition etc [4-6]. In transport and chemical industries attribution
of molecular science is indispensable one [4,7]. Study of liquid materials and its variation in
terms of interaction in different polar and nonpolar solvent environments can be done by
various experimental spectroscopic techniques such as NMR, FTIR, Raman spectroscopy,
dielectric relaxation spectroscopy, infrared spectroscopy etc [8—17]. One of the most powerful
techniques to study the molecular response of the liquids in pure and mixed state is dielectric
relaxation spectroscopy (DRS). Dielectric relaxation spectroscopy (DRS) study of polar liquids
and their binary mixtures has drawn attention of many researchers because it gives fruitful
information about the inter-intra molecular interactions, different relaxation processes,
dielectric polarization and electrical conduction. The low frequency dielectric dispersion study
of liquid provides detailed insight into the charge dynamics and electrical conduction
mechanism, which are directly correlated to their dielectric polarization strength and molecular
structure [18]. For better understanding of dielectric and electrical properties in lower
frequency region complex conductivity, complex modulus and complex impedance formalism
are used [19-28]. In Microwave frequency region it provides information about dipolar
relaxation process. If the study is conducted at different temperatures, different
thermodynamical parameters can be determined [29-36]. Apart from this, dielectric

spectroscopy technique has great potential in understanding the H-bond interactions, dipolar
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alignment and hydrogen bond connectivity [36-39]. Dielectric relaxation spectroscopy is a
versatile tool for the study of conducting fluids which discover the structural dynamics in liquid
samples. Further, it gives information about not only molecular interactions in the system but
also the formation of monomers and multimers [1]. The concentration and temperature
dependent dielectric parameters are related to the formation of aggregated complex structures
in the mixture. Broad band DRS technique involves the complex permittivity measurements of
the material under study in the frequency range spanning from 1 pHz to several THz. Broad
band dielectric spectroscopy data provides significant information about the molecular and
collective dipolar fluctuations, as well as about charge transport and polarization effects that
occur in the material under study [40]. In the frequency range starting from 1 pHz to 10’ Hz
the effect of electrode polarization and ionic conduction relaxation mechanisms were found in
most of the polar liquid materials. Further, in the frequency range of few tens of kHz to
hundreds of MHz the real part of complex permittivity (dielectric constant) provides the static
dielectric region. Dipolar relaxation process in most of the polar liquids is observed in the
microwave frequency region ranging from hundreds of MHz to 300 GHz [41-42]. In this
frequency range, most liquid polar molecules have high orientation polarizations and there is
appreciable dielectric loss, which corresponds to various dielectric relaxation (o, p and 7).
Beyond the microwave frequency range to several terahertz (THz), the material under test
shows the collective molecular motions corresponding to existence of energy-level spacings in

this region [43].

The study of physico-chemical properties, such as density, and viscosity, and other related
parameters of liquid binary mixtures under varying condition of concentrations and
temperatures, is significantly important in both industry and academia in order to gain
extensive information about the physico-chemical and thermodynamic behaviour [44]. For a
variety of industrial operations, particularly those in the chemical engineering industries, a
whole information of the physico-chemical characteristics of multicomponent is necessary [45-
48]. These are important to the emerging models for engineering applications or simulation
procedures. They are also essential to the investigation of further thermodynamic and transport
aspects of solutions [46,47,49]. In order to understand the nature of molecular interactions, the
creation and deformation of hydrogen bonds, dipole-dipole interactions, dipole-induced dipole
interactions, etc., it is significant to examine the physico-chemical properties of liquid materials

[50]. Additionally, optical and acoustical characteristics of liquid materials, such as their

3|Page



SYNOPSIS

refractive index and ultrasonic velocity data, can be used to learn more about the physical

nature and force between the constituent molecules [44].
Materials and Objectives of the Study

Alcohols are self-associated liquids that form a three-dimensional network of hydrogen bonds,
allowing them to interact with other polar chemical groups. This property has attracted
significant attention from many researchers [1,4,20,44]. Specifically, n-Hexanol and n-Octanol
have been chosen for their diverse applications. n-Hexanol is commonly used as an
antibacterial agent in medicine, an insecticide in agriculture, and a flavoring additive in the
chemical industry. n-Octanol, on the other hand, is recognized as a potential biofuel derived
from biomass and is important in synthesizing 1-octene, a crucial component in polyethylene
production and various petrochemical processes [51-53]. DMF, belonging to the amide group,
is notable for its high polarity and strong solvating power. It is widely used in the
petrochemical, agricultural, and pharmaceutical industries. Additionally, DMF has garnered
considerable interest due to its interactions with proteins and peptides, making it an important

solvent in biochemical studies [54-55].

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 acoustical parameters to gain
information about the solute-solvent interactions and molecular structures.

¢ An attempt is also made to identify the functional groups that will involve in

interactions by FTIR analysis. The FT-IR study has been carried out for understanding

inter or intra molecular hydrogen bonding between these binary mixtures.
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% 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.

Outline of Thesis

The Thesis will be presented in the form of the nine following chapters:

Chapter-1 | Introduction

Chapter-2 | Theoretical Backgrounds

Chapter-3 | Experimental Procedures and Evaluation of Different Parameters

Chapter-4 | Dielectric Relaxation Study of Binary Mixtures (n-Hexanol+ N, N-
Dimethylformamide)

Chapter-5 | Dielectric Relaxation Study and Electrochemical Impedance Spectroscopy
(EIS) of Binary Mixtures (n-Octanol+ N, N-Dimethylformamide)

Chapter-6 | Acoustic, Volumetric and IR spectra study of Binary Mixtures of n-Hexanol
and N, N-Dimethylformamide

Chapter-7 | Acoustic, Volumetric and Thermodynamics study of Binary Mixtures of n-
Octanol and N, N-Dimethylformamide

Chapter-8 | Study of Refractometric and various mixing relations of Binary Mixtures (n-
Hexanol +N, N-Dimethylformamide, n-Octanol + N, N-Dimethylformamide)
Chapter-9 | Summary of the investigation and future scope

Chapter-1: Introduction

The importance of study of dielectric relaxation spectroscopy and physico-chemical
properties of liquid materials is given in this chapter. An overview of dielectric spectroscopy
(BDS), refractometric and physiochemical methods are also discussed in this chapter. Major
findings from the work done by various researchers on dielectric, refractometric, acoustic and
volumetric study of various liquid systems have been given in brief. Applications of the studied
compound (n-Hexanol, n-Octanol and N, N-Dimethylformamide (DMF)) in different areas and
their some basic physico-chemical properties is provided in it. The aim and objective of the

present study is also elaborated in this present chapter.

Chapter-2: Theoretical Backgrounds

This chapter mainly includes the fundamental theory of dielectrics, exploring dielectric
properties such as dipole moments and types of polarization, as well as the theory of dielectric
relaxation, permittivity, and the Clausius-Mossotti equation. It encompasses static
permittivity theories like Debye, Onsager, Kirkwood, and Frohlich, along with dynamic

permittivity theories, detailing various relaxation models including Havriliak-Negami, Cole-
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Cole, Debye and Cole- Davidsons. The chapter examines the relationship between dielectric
parameters and molecular behavior, alongside thermodynamic and physico-chemical
properties such as ultrasonic velocity (u), density (p), refractive index (n) and viscosity (),
and other related parameters. Basic theory of electrochemical impedance spectroscopy are

also dissection in this chapter.

Cﬁapter—g: Experimental Procedures and Evaluation of Different Parameters

This chapter provides detailed information on the materials and sample preparation
processes. It describes the experimental methods and setups for measuring various dielectric
and physico-chemical properties. Techniques for determining the complex permittivity (£*)
of liquid samples across different frequency ranges are explained, including the use of a
Precision LCR meter in the frequency span 20 Hz to 2 MHz and a Vector Network Analyzer
(VNA) for the 200 MHz to 20 GHz range. The chapter also covers methods for measuring
ultrasonic velocity (U) using an ultrasonic interferometer (2 MHz), density (p) using a specific
gravity bottle, refractive index using Abb’s refractometer, and viscosity (1) using an Ostwald
viscometer. From the experimentally determined values of complex permittivity, refractive
index, ultrasonic velocity, density, and viscosity of liquid mixtures, various other dielectric,
electrical, physico-chemical, and thermodynamic parameters are evaluated. Brief details

about the evaluation of these parameters are also provided in this chapter.

Chapter-4: Dielectric Relaxation Study of Binary Mixtures (n-Hexanol+ N, N-

Dimethylformamide)

The detailed study of the dielectric relaxation spectroscopy (DRS) study conducted over
broad range of frequencies (20 Hz to 2MHz) and (200 MHz to 20 GHz) at different
temperatures (293.15 K, 303.15 K, 313.15 K) for binary mixture of n-Hexanol with N, N-
Dimethylformamide is given in this chapter. In this chapter, dielectric and electrical properties
of the binary mixtures of n-Hexanol and N, N-Dimethylformamide have been studied in the
frequency range 20 Hz to 2 MHz at various temperature. Different electrical parameters such
as electrical modulus (M*(f)), electrical conductivity (6*(f)) and complex impedance (Z*(f))
were derived from the complex permittivity spectra (¢*(f)). lonic polarization relaxation time
(t5) and DC conductivity (o4.) were calculated from different dielectric and electrical
formalism. With the help of dielectric parameters and DC conductivity, different parameters

such as Debye length (Ad), ion mobility (i), mobile ion concentration (Po) and ion diffusivity
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(D) have been determined. Complex impedance spectra were also fitted to RC equivalent
circuit using EC-Lab software. The Complex permittivity (£*) spectra of liquid samples are
obtained in frequency span (200 MHz to 20 GHz) using vector network analyser (VNA) at
three different temperatures. The frequency dependence complex permittivity spectra of
liquid samples were analysed in the framework of Debye (DB), Cole-Cole and Cole-Davidson
dielectric models using complex nonlinear least squares (CNLS) fitting (LEVMW Software)
techniques. The critical comparison of the dielectric spectra obtained from these models are
discussed and the best fit relaxation model is determined. Chosen for evaluated of dielectric
parameters of static dielectric permittivity (€0) and permittivity at optical frequency (&) of
binary mixtures of n-Hexanol and DMF is determined at different temperatures. From the
determined values, its excess static permittivity (e0)® and excess permittivity at optical
frequency (g«)F are calculated and fitted to the Redlich-Kister equation. Effective correction
factor (g°™) and corrective correlation factor (gf) are evaluated from the modified Kirkwood
equation. Additionally, experimental data of static permittivity are fitted to the modified
Bruggman equation to find Bruggman factor (Fg). The variations of these parameters are
discussed in terms of molecular structures, inter molecular and dipole-dipole interactions.
Further, the determined relaxation time at different temperatures were used to evaluate
thermodynamic parameters, and these parameters are interpreted in terms of the force of

hindrance experienced by the molecules and their orientation in the liquid mixtures.

Cﬁagter-i: Dielectric Relaxation Study and Electrochemical Impedance Spectroscopy
(EIS) of Binary Mixtures (n-Octanol+ N, N-Dimethylformamide)

In this chapter, results of the DRS study conducted over broad range of frequencies (20
Hz to 2MHz) and (200 MHz to 20 GHz) at different temperatures for binary mixtures of n-
Octanol and N, N-Dimethylformamide are reported. Complex permittivity spectra of the n-
Octanol, N, N-Dimethylformamide and their binary mixtures are obtained over frequency
range 20 Hz to 2 MHz. Different dielectric and electrical properties such as complex
permittivity €*(w), loss tangent (tan o), complex electric modulus M*(®), complex
conductivity 6*(®w) and complex impedance Z*(w) have been investigated at different
temperatures. Using these properties different parameters such as electrode polarization
relaxation time (tgp), ionic conductivity relaxation time (1) and D.C conductivity (cq4c) have
been calculated. Complex impedance spectra have been fitted to RC equivalent circuit using

EC-Lab software. Different equivalent circuit model parameters such as Ri, Ry, C; and C»
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were determined and reported. Geometric relaxation time (rg) was determined from different
fitting parameters. Complex permittivity spectra for binary mixtures of n-Octanol and N, N-
Dimethylformamide with varying concentration (0.0—1.0) in microwave frequency range
(200 MHz to 20 GHz) at different temperatures are also studied. Using CNSL fitting method,
the complex permittivity data are fitted to different model (Debye (DB), Cole-Cole and Cole-
Davidson). Dipolar relaxation time for the mixtures was determined from the fitted
parameters for all mixture concentrations. Static dielectric permittivity (o) and permittivity
at optical frequency (ex) of binary mixtures of n-Octanol and N, N-Dimethylformamide
(DMF) is determined at various temperatures (293.15 K, 303.15 K, 313.15 K). From these
measured values, the critical comparison of the dielectric spectra obtained from these models
are discussed and the best fit relaxation model is determined. The static dielectric constant
(e0) and relaxation time (to) are obtained. Dielectric constant at optical frequency (€x) of
liquid samples are determined. From these various parameters namely; excess static dielectric
constant (o), excess dielectric constant at optical frequency (gx)F, Kirkwood parameters (g°"
and gf) and Bruggeman parameter (Fg) are determined. Furthermore evaluated microwave
radiation heating parameters like power reflected (pr), power transmitted (pt) and penetration
depth (dp) at different temperature are investigated at general purpose and commercial
microwave radiation 2.45 GHz. Variation of these parameters are discussed in light of
molecular interaction between molecular species. Further, the determined relaxation time at
different temperatures were used to evaluate thermodynamic parameters, and these
parameters are interpreted in terms of the force of hindrance experienced by the molecules

and their orientation in the liquid mixtures.

Chapter-6: Acoustic, Volumetric and IR spectra study of Binary Mixtures of n-Hexanol

and N, N-Dimethylformamide

In this chapter experimentally measured values of ultrasonic velocity (u), Density (p),
Viscosity (1) over temperature range of 293.15 K to 313.15 K (interval of 10 K) are reported.
From the experimental data the physiochemical (Acoustic and Volumetric) parameters such
as molar volume (Vm), adiabatic compressibility (), intermolecular free length (Ly), acoustic
impedance (Z), molar sound velocity (R), molar compressibility (B), surface tension (o),
internal pressure (Pint) and relaxation time (t) were calculated, which are more useful to
predict and confirm the molecular interaction in the binary liquid mixtures. Excess of

measured acoustic parameters have been estimated and fitted in Redlich -Kister polynomial.
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Variations of these parameters are discussed in the light of molecular interaction in the
mixture species. Their conformational study is supported by Fourier Transform Infrared
(FTIR). The effect of concentration and temperature variation on the acoustical and
volumetric parameters of the binary mixture of n-Hexanol and N, N-Dimethylformamide are

investigated.

Chapter-7: Acoustic, Volumetric and Thermodynamics study of Binary Mixtures of n-

Octanol and N, N-Dimethylformamide

This chapter contains experimentally measured values of ultrasonic velocity (u),
Density (p) and Viscosity (1) for binary mixtures of n-Octanol and N, N-Dimethylformamide
at different temperatures (293.15 K, 303.15K, 313.15 K) are reported. From the experimental
data the physiochemical parameters such as molar volume (Vm), adiabatic compressibility
(B), intermolecular free length (Lf), acoustic impedance (Z), molar sound velocity (R), molar
compressibility (B), relaxation strength (r), surface tension (o), internal pressure (Pint), free
volume (V) and relaxation time (t), enthalpy (AH), entropy (AS), Gibbs free energy (AG)
were calculated, which are more useful to predict and confirm the molecular interaction in
the binary liquid mixtures. The Redlich-Kister equation has been associated with the excess
and deviation functions that have been computed from experimental data. These functions
were further discussed in terms of molecular interactions existing in the mixtures as well as

the temperature influence on them.

Chapter-8: Study of Refractometric and various mixing relations of Binary Mixtures

(n-Hexanol +N, N-Dimethylformamide, n-Octanol + N, N-Dimethylformamide)

This chapter deals with the present study we report the refractive index (n) and density
(p) of binary mixtures of n-Hexanol with N, N-Dimethylformamide over varying
concentration of composition at different temperature (293.15K, 303.15 K, 313.15K). The
measured data are utilized to evaluate various refractometric parameters namely, molar
volume (Vm), molar refraction (Rm), atomic polarization (Pa), polarizability (a)), molecular
radii (r) and internal pressure (Pint) of the liquids and their mixtures. Deviation of molar
volume (Am), reduced free volume (A(Vm/Rm)), molecular radii (Ar) and internal pressures
(APiny) are determined and fitted with Redlich-Kistler polynomial to derive the binary

coefficients and correlation coefficient. The nature of deviations of these parameters are
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discussed in light of hetero-molecular interactions between the participating molecules.

Furthermore, in this chapter deals with the validation of static dielectric constant (o),

refractive index (n), ultrasonic velocity (Uv) and viscosity (1) of binary mixtures of (n-

Hexanol +N, N-Dimethylformamide, n-Octanol + N, N-Dimethylformamide) systems.

A comparison of the predicted values of static dielectric constant (go), refractive index

(n), ultrasonic velocity (v) and viscosity (1) of the liquid mixtures using various mixing

relations with the experimentally determined values have been assessed in terms of Average

Percentage Deviation (APD).

CﬁaQte’l’-g: Summary of the investigation and future scope

The comprehensive summary of the research work is provided in this chapter. The

investigation's major findings are reported. The scope for further investigation based on

findings and experience of the current study is given in these chapter.
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