
 

 

 

 

 

 

 

Chemistry, the facet of Science that deals with the properties, composition, structural 

conformation as well as configuration of substances (defined as elements, compounds), the 

transformations they undergo, and the energy that is released or absorbed during these 

processes.  

 

. (1)  Aim of study  

The aim of chosen research area is to bridge the gap between the knowledge and the skills 

necessary to be a successful research scientist in the field of “Solutions Chemistry”.  

The immense challenge in Chemistry is the expansion of a coherent explanation of the 

complex behavior of materials, why they appear as they do, what gives them their enduring 

properties, and how interactions among different substances can bring about the 

configuration of new substances by destruction of old ones. From the most primitive 

attempts to understand the material world in rational terms, chemists have struggled to 

develop theories of matter so as to satisfactorily explain both permanence and change. The 

ordered assembly of indestructible atoms into small and large molecules, or extended 

networks of intermingled atoms, is usually accepted as the basis of permanence, while the 

reorganization of atoms or molecules into contradictory arrangements lies behind theories of 

change. Thus Chemistry involves the study of the atomic composition and structural 

architecture of substances, as well as the varied interactions amongst substances that can 

lead to abrupt reactions. [1-4] 
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Research methodology deals with acquiring the information needed to structure or solve the 

problem and to discover the innovative facts involved through the process in the dynamic 

change in the society. 

The foremost aims of the research work are: 

 To explore the manifestation of solvation effect of diverse liquid systems. 

 To assemble details about the nature and strength of assorted interactions, 

their influence on structural and dynamic properties of diverse solutions. 

 To comprehend the effects of variation in ionic structure, ionic mobility and 

common- ions along with a host of other properties on the thermodynamic 

properties of different electrolytes and non-electrolytes solutes in aqueous, 

non-aqueous and mixed solvent systems. 

 

. (2)   Objectives follow a line of investigation  

Research objective(s) can be categorized into qualitative and quantitative aspects. The aim of 

the qualitative objective is to test hypotheses significance of exploration. The purpose of 

quantitative objectives is to optimize certain measures of the study. 

Objective of research is one of the important elements for conducting any research because 

it helps in determining the possibility of conducting the study. Keeping the system 

requirement into consideration, research objectives must be clearly identifiable.  

The significance and uses of chemistry of electrolytes in diverse and mixed solvents are well 

recognized. On the other hand the studies have much effects of variation in ionic structure, 

ionic mobility and common ions along with a host of other properties. Different sequence of 

solubility, difference in solvating power and possibility of chemical or electrochemical 

reactions have open “vitas” for physical chemists interest in these organic solvents 

transcends the traditional boundaries of inorganic, physical, organic, analytical and 

electrochemistry. These phenomenon thus paves the path for research in Solution 

chemistry to elucidate the nature of interaction through experimental studies [5-7] 

involving densitometry, viscometry, refractometry and other suitable techniques to interpret 

the experimental data collected. 

 



. (3)   Scope & Applications of Research  

 What Is Physical Chemistry? 

Physical chemistry is the study of how matter behaves on a molecular, atomic level and how 

chemical reactions occur. Based on analyses, physical chemists may develop new theories, 

such as how complex structures are formed. Physical chemists often work closely with 

Materials scientists to research and build up potential uses for new materials. 

 

 

 

 

 

 

 

 

 

 

 What Do Physical Chemists Do? 

A physical chemist focuses on understanding the physical properties of atoms and molecules, 

the technique chemical reactions work, and what these properties reveal. Their work involves 

analyzing materials, developing methods to test, characterize the properties of materials, 

developing theories about these properties, discovering the potential use of materials. Using 

sophisticated instrumentation and equipment has always been a significant aspect of physical 

chemistry. [8-11] 

Physical chemists’ discoveries are based on understanding chemical properties and describing 

their actions using theories of physics and mathematical computations. Physical chemists 

predict properties of diverse elements and compounds, reactions of chemicals, then test and 

refine those predications. They also employ mathematical analysis and statistics on huge 

datasets, sometimes with millions of data points, to reveal hidden information about 



compounds, materials, and processes.  They may also conduct simulations, developing 

mathematical equations with the aim to predict how compounds will react over time. [12-16] 

Recently, progressively physical chemists have found homes in the emerging fields of 

materials science and molecular modeling where their skills in analyzing and predicting the 

behavior of physical properties have exciting novel applications.  By combining the 

mathematical rigidity of physical chemistry with the practicality of new materials and new 

applications, the field of physical chemistry is mounting in new and exciting ways. [17-19] 

 Where Is Physical Chemistry Used? 

Physical chemists toil in  diverse areas, but their universal goal is to discover, test, and 

understand the fundamental physical characteristics of a material—be it solid, liquid, or gas. 

Precision and attention to detail create their work somewhat similar to analytical chemistry, 

though physical chemists also stress the consequence of applying knowledge of math and 

physics to develop a thorough understanding of the material. 

Physical chemists generally have a strong curiosity concerning how things work at the atomic 

level and enjoy working by means of lab instrumentation and machines. Many are drawn to 

the fact that physical chemistry processes are similar to those of engineering, and many 

chemists enjoy using their knowledge and love of chemistry to create discoveries. 

 Industries Where Physical Chemistry Is Used 

Industries that are involved with the improvement of materials, including plastics, ceramics, 

catalysis, electronics, fuel formulation, batteries, surfactants and colloids, Pharmaceuticals  

etc. 

. (4)   Solution Chemistry  

       A ‘Solution’ in thermodynamics refers to a system with more than one chemical 

constituent that is mixed homogeneously at the molecular level. A well-known example of a 

salt-water solution: Na+, Cl- and H2O ions are intimately mixed at the atomic level. Many 

systems can be characterized as a dispersion of one phase surrounded by another phase. 

Even though such systems typically contain more than one chemical component, they do not 

form a solution. Solutions are not restricted to liquids: for example air, a mixture of 



predominantly N2 and O2, forms a gaseous solution. Solid solutions for example the solid 

phase scheme {Si-Ge} are also universal. Schematically illustrates a binary solid solution and a 

binary liquid solution at the atomic level. [20-28] 

 

Pictorial representations of (a) Binary solid solution (b) Binary liquid solution 

 

Measures of Compositions of the solutions composed of mole fractions, mass fractions, 

molarity, molality, volume fraction, mole ratio or volume ratio. 

Properties of solutions are not in general the additive properties of the pure components. 

The actual contribution to any extensive property is distinguished by its partial property. 

Partial property is used to designate the property of a component when it is in a mixture. 

Solvent assemblies is one of the most fundamental properties of any liquid as it determines 

more complex processes such as solvation and reaction dynamics. We know matter in three 

states of aggregation — solid, liquid, and vapour. Matter in each of these three states can be 

miscible in matter of the same state of aggregation as itself and in both of other states. Thus, 

we have solutions of gases in gases, or mixtures of gases which do not operate chemically 

upon one another. The characteristic here is unlimited solubility, the properties of the 

mixture being the summation of the properties of the constituent gases. Solutions of gases, 

liquids, and solids in liquids are the best and longest identified types of solutions. 



 

 

Gases dissolve in liquids to only a limited extent, keeping in view with Henry's law, 

increasing with the pressure to which the gas is subjected. The solubility of gaseous in liquid is 

directly proportional to its pressure. 



 

One of the most recent and most interesting types of solutions is that of solid in solid. Solid-

Solid solutions particularly of metals are sometimes called ALLOYS. 

 

       It is believed that unique ordering in imperative compounds results form a balance 

between anion-cation, cation-cation and also by ion-pair formation. The ultimate parameter 

has been found is the transport properties of the liquids and these atom-atom interactions 

mediate the dissociation of the ions and thus the ability to form solvation shells associated 

with the ‘assorted interactions’. To probe imperative compounds behaviour,  



effect  of  ionic  changes  were  examined experimentally  and  compared  to  that  of  model  

systems  drawn  for  conventional molecular solvents. [29-36]  

 

Both physical and chemical properties of a solution (liquid) are a result of the strength of their 

intermolecular forces: differing charges on adjacent molecules that lead to electrostatic 

attractions governed by coulombs law. The molecules acquire partial charges through the 

intermolecular forces, e.g., dipole-dipole forces, dipole-induced dipole 

forces, hydrogen bonding, Vander Waals forces and electrostatic 

interaction etc. These specific thermodynamic properties are quantities which are 

either an attribute of an entire system or are functions of position which is continuous 

and doesn’t vary rapidly over microscopic distances, except in cases where there are 

abrupt changes at boundaries between phases of the diverse systems. [37-42] Therefore, 

the studies on the thermodynamic along with the transport properties of a solution 

would give a clear design about the nature of the forces existing within the constituents 

of a solution. Intermolecular forces in a solution control their physicochemical properties and 

thus help in understanding of the solvation thermodynamics is essential for the 

characterization and interpretation of any process performed in the liquid systems. [43-

45]These physicochemical properties are quantities which are either an attribute of an entire 

system or are functions of position which is continuous and does not vary rapidly over 

microscopic distances, except in cases where there are abrupt changes at boundaries 

between phases of the system. Therefore, the studies on physicochemical properties of 

solutions would provide a clear idea about the nature of the forces, interacting manner 

existing between the constituents of solution. It is thus, apparent that real understanding 

of the molecular interactions is a difficult task. The aspect embraces a wide range of 

topics but we have embarked on a series of investigations based on the volumetric, 

viscometric, refractometric, conductometric, tensiometric, pH-metric, 



and spectroscopic, quantum mechanical approximations, biological 

activity; which is used to study the nature and configuration of imperative 

compounds in diverse solvents with their mutual and specific interactions in solution 

systems. 

 Preparing Solutions 

Amount of solute in a solution is specified by its concentration. 

 

 

IDEAL SOLUTION is the solution where the properties depend only on the concentration of 

solute. Need conc. units to tell us the number of solute particles per solvent particle.  

 There are a number of different ways of expressing solute concentration that are commonly 

used. Some of these are listed below.  

Molarity, M = moles solute/litre of solution 

Normality, N = equivalents of solute/liter of solution 

Weight (Wt %) = (mass of solute/mass of solution) x 100% 

Parts per million, (ppm) = (mass of solute/mass of solution) x 10
6
 

Mass per volume, (mg/L) = mass of solute/liter of solution 

molality, (m) = moles of solute/mass of solvent 



  Mole fraction, (χ) = moles of solute/total moles 

Concentrations expressed as ppm and N is less familiar to most students at this stage. 

Parts per million: 

The number of milligrams of solute per kg of solution = one ppm, since 1 mg = 10
-3 

g and 1 kg 

= 10
3 

g. 

Assuming the density of water is 1.00 g/mL, 1 litre of solution = 1 kg and hence, 

1 mg/L = 1 ppm. This is generally true for freshwater and other dilute aqueous solutions. 

Parts per million concentrations are fundamentally mass ratios (solute to solution) x a million 

(10
6
). In this sense, they are similar to wt %, which could be thought of as parts per hundred 

(although nobody uses this term). 

Other variations on this theme include: 

{ppt  parts per thousand (used for common ions in sea water)} 

                            { ppb  parts per billion (used for heavy metals and organics)} 

{ppt  parts per trillion (used for trace metals and trace organics)} 

The following table 
summarizes common 

mass ratios for 
solutions and solids. 

Unit  

Solutions  Solids  

ppm  mg/L  μg/mL  mg/kg  μg/g  

ppb  μg/L  ng/mL  μg/kg  ng/g  

ppt  ng/L  pg/mL  ng/kg  pg/g  

 

 “Thermodynamics of solubility”  

One of the key properties of a solution is solubility, i.e. how much solute the solvent can 

dissolve in it. Solubility is a quantitative calculation of the maximum amount of solute (gas, 

liquid, or solid) that can be dissolved in a given solvent (pure component or mixture, liquid or 

solid), i.e. the equilibrium composition of a saturated solution. Solubility is considered as a 

thermodynamic function that depends on the substances (solute and solvent), temperature 

and pressure; if additional solute is present it will form a separate phase (pure solid, a hydrate 

compound, another liquid phase or a gas phase). A solution is known to be saturated if it 

contains the maximum dissolvable amount. Solutions possibly can be unsaturated (solute 

concentration below its solubility limit), at equilibrium (solubility concentration), 



supersaturated (a metastable state that will settled after a while if disturbed). The procedure 

of solubilisation involves breaking of inter-ionic or intermolecular bonds in solute, the 

separation of molecules of solvent to provide space in the solvent for the solute, further 

interaction between solvent and the solute molecule or ion. We therefore understand much 

of the dissolution phenomenon through its energetic (thermodynamics). [46-48] 

 

 

 Binary Solution & Ternary solution 

Binary solution is a mixture of two liquids that are completely miscible one with another in a 

particular system. Ternary solution is one in which three components are present in the 

system. They can either be two solvents and one solute or one solvent and two solutes.  

Ternary system  A physicochemical system consisting of three components; with 

practical importances in metal alloys, molten salts, oxides (slags), sulfides (mattes), systems of 

water and two salts with a common ion. Knowledge of phase diagrams and composition 

properties diagrams of ternary systems is necessary for an understanding of the nature of 

interaction of components and practical use of such systems. The most recent works relating 

to ternary systems in depicted in the later chapters composing of both ‘association’ and 

‘incorporation’ of various imperative compounds in diverse solvent systems.  

 



. (5)   Physicochemical contrivances of Imperative compounds   

        Physicochemical processes is stated as the physical reactions involved in the 

formation of or changes in the structure of atoms and molecules and their interactions 

affecting the Imperative Compounds kinetics. Investigation of physical and chemical 

properties of an Imperative compound – alone and or when combined with excipients in 

crucial during pre-formulation studies. Despite of the enormous benefits obtained from these 

practices, a comprehensive understanding of the properties of raw materials is crucial to the 

success of process design. Physicochemical properties linking excess thermodynamic 

function encompass relevance in carrying out engineering applications in industries and 

in designing of industrial separation processes. [49-52] 

Imperative means “of vital importance; crucial”. Preferential Imperative 

compounds studied comprises of: 

 Lithium compounds 

 Vitamins 

 Amino acids and its derivatives 

 Ionic Liquids 

 Cyclodextrins (α and ) 

In recent years there has been a growing interest in the study of physicochemical properties 

of “solvent-solvent” and “solute-solvent” systems. Physicochemical properties participate a 

“pivotal role” in interpreting intermolecular interactions amongst mixed components and 

efforts in current years have been aimed at an understanding of such properties at both 

microscopic and macroscopic levels. In order to gain insight into the mechanism of such 

interactions thermodynamic, transport and computational studies on binary and ternary 

solvent systems are exceedingly useful. The excess thermodynamic property of the mixtures 

corresponds to the difference between actual property and the property if a system behaves 

ideally. Thus these properties provide important information about the nature and strength 

of intermolecular forces operating between mixed components in solutions. Physicochemical 

properties relating excess thermodynamic functions have relevance in implementation of 

engineering applications in the process manufacturing industries and also in the design of 

industrial separation processes.  



The behaviour of solution on natural processes was early recognized. It was clearly seen that 

without solution there would be no chemistry. It was summarized by alchemists in terse 

generalization, "Corpora non agunt nisi soluta,"or in the equally concise, 

"Menstrua non agunt nisifluida." These generalizations are a little too broad in the 

light of what was known regarding solutions at the time when they were written.  

 

A view of alchemies’ era 

In solution chemistry, technique for appropriate understanding of the diverse phenomena 

regarding the molecular interactions forms imperative basis of explaining quantitatively the 

influence of solvent and the extent of interactions of ions in solvent systems. Estimates of 

ion-solvent interactions can be prepared thermodynamically from measurement of the 

dimension of partial molar volumes, viscosity B - coefficient limiting ionic conductivity and 

various other related studies. Estimates of single-ion values facilitate us to refine our model 

of ion-solvent interactions. Acceptable values of ion-solvent interactions would enable the 

chemists to select solvents that will enhance (i) the rates of chemical reactions in solvation 

system, (ii) the solubility of raw materials in leaching operations or (iii) reverse direction of 

equilibrium reactions. The importance and uses of chemistry of electrolytes in non aqueous 

and mixed solvents are now well recognized. 

The significance and uses of chemistry of electrolytes in non-aqueous and mixed 

solvents are now well recognized. The applications and implications of reaction in non-

aqueous and mixed solvents have been summarized in the entire study. In spite of vast 

collections of data on the different electrolytic and non electrolytic solutions in water, 



the structure of water and dissimilar types of interactions that water undergoes with 

electrolytes are yet to be properly understood. However, the studies on properties of 

aqueous solutions have provided adequate information on the thermodynamic 

properties of different electrolytes and non-electrolytes, the effects of variation in ionic 

structure, ionic mobility and common ions along with a host of other properties. 

Behavior of electrolytes or solutes in non-aqueous and mixed solvents with an outlook 

to investigate solute-solute and solute-solvent interactions under varied situation. 

However, different sequence of solubility, difference in solvating power and possibilities 

of chemical or electrochemical reactions unfamiliar in aqueous chemistry have opened 

vistas for physical chemists in these organic solvents transcends the traditional 

boundaries of inorganic, physical, organic, analytical and electrochemistry . 

. (6)  Assorted interactions mechanized in the research work  

Solution thermodynamics is an important branch of physical chemistry that deals with the 

changes in properties that arises where species-species interactions are being portrayed. 

Investigations are made on the solubility of substances and how it is affected by the chemical 

consequences of both the solute and the solvent. Mixing of different types of solute, solvent 

gives rise to solutions that generally do not behave ideally. Deviation from ideality is 

expressed in terms of many thermodynamic parameters, by excess properties in case of 

liquid-liquid mixtures and apparent molar properties in case of solid-liquid mixtures. 

There are three types of interactions in the solution process: 

a. Solvent–solvent interactions 

b. Ion-Ion/Solute–solute interactions 

c. Ion-Solvent/Solute–solvent interactions 

Besides the above mentioned interactions the two additional interactions are being studied: 

d. Hydrophilic interactions 

e. Hydrophobic interactions 

 



 

Some of the thermodynamic parameters which explain the intensity of ion-solvent/solute-

solvent interactions are limiting apparent molar volume (0
V), viscosity B-coefficient, and 

association constant (KA). The parameters which explain the intensity of ion-ion/solute-solute 

interactions are viscosity A-coefficient and SV* (the slope obtained from the Masson’s 

equation), Walden product. Fundamental research on various electrolyte solutions has 

catalysed their wide technical application in many fields. High  energy primary and secondary 

batteries, wet double-layer capacitors and super capacitors, electrodepositing and 

electroplating are some devices and processes for which the use of electrolytic solutions have 

brought the biggest success. Hence the study of thermodynamic and transport properties of 

electrolytic solutions will help in the production of more useful and cost effective batteries.  

 



During the last few decades many researchers have tried to study the thermodynamic 

behaviour of different electrolytic solution such as alkali metal salt solution and quaternary 

ammonium salt solutions in various solvent and have come to the conclusion that mixed 

solvent systems are more useful in better functioning of the battery. 

 

This thesis is also targeted to various investigations with lithium based compounds which 

would provide much information about latest researches. The motivation to work with 

Lithium compounds is obtained by its recent goals and various review works. The records of 

the work would be very much constructive to the manufacturing industry for making cost-

effective and higher resistance batteries. The records of several lithium based researches is 

depicted in the form of a graphical representation 



 

Moreover ascorbic acid (Vitamin-C) is very suitable due to the excellent solubility 

characteristics in aqueous solvents. Importance’s lies behind the fact that if the co-solute 

ascorbic acid along with water is made to interact with oxalates, the water along with 

oxalates is removed from the body which has been studied during the course of my research 

work. Various other works relating to the inclusion complex has wide applications in 

pharmaceutical industry, environmental protection, biochemical applications, 

electrochemistry, analytical chemistry, chromatography etc.  

Supramolecular chemistry is the chemistry of the intermolecular bond, covering the 

structures and functions of the entities formed by the association of two or more chemical 

species” is studied in the recent works. Process by which two or more molecules interact 

from a larger structure or organization. The total thesis consists of host molecules such as 

cyclodextrin, crown ether and various imperative guest molecules. All the works have various 

practical applications in biological sensors, molecular motors, pharmaceuticals, catalyses, 

phase transfer agents, drug delivery etc. 



 

 

. (7)  Importance of Physicochemical Parameters  

The studied physicochemical, thermodynamic, transport, and spectroscopic 

properties are of great importance in characterizing the properties and structural aspects of 

solutions. The nature of intermolecular interactions can be exposed from the 

interpretation of the derived properties through the physicochemical study. 

Density of solvent mixtures and related volumetric properties like apparent molar 

volume are of also immense significance in measuring the properties and feature of solutions. 

The particulars therefore encourage us to extent the study of binary or ternary solvent 

systems with some industrially important solvents: polar, weakly polar and non polar solvents 

as well as with some solutes/electrolytes. The sign and magnitude of partial molar volume (

0

V ), a thermodynamic quantity, provide information about the nature and magnitude of ion-

solvent interaction whereas the experimental slope (Sv
*) provides information about ion-ion 

interactions. Furthermore, derived parameters from experimental density, viscosity and 

subsequent interpretation of the nature and strength of intermolecular interaction help in 

testing and development of various theories of solution. Thus the properties provide vital 

information about the nature and strength of intermolecular forces operating among mixed 

components also. 

 Precious information regarding the nature and strength of forces of electrolytes/non-

electrolytes effective in solutions can be obtained from viscosity data. Recently the use of 

computer simulation of molecular dynamics has led to major development in the direction of 



a unbeaten molecular theory of transport properties in fluids and a proper understanding of 

molecular motions and interaction patterns in non-electrolytic solvent mixtures involving 

both hydrogen bonding and non-hydrogen bonding solvents has been recognized. 

The refractive index is also important optical physical property of liquids and liquid 

mixtures influence the solution of different problems in chemical engineering in order to 

expand industrial processes. Knowledge of refractive index of multicomponent systems 

provides decisive information regarding molecular interactions occurring in the solutions, is 

essential for many physicochemical calculations counting the correlation of refractive index 

with density. 

Non-aqueous electrolyte solutions are actually competing with other ion conductors, 

especially at ambient and low temperatures, due to their high flexibility based on the choice 

of numerous solvents, additives and electrolytes with widely varying properties. High-energy 

primary and secondary batteries, wet double-layer capacitors and super capacitors, electro 

deposition and electroplating are a number of devices and processes for which the use of 

non-aqueous electrolyte solutions had brought the biggest success. Drug transportation 

across biological cells and membranes is dependent on physicochemical properties of drugs. 

But direct revise of the physico-chemical properties in physiological media such as blood, 

intracellular fluids is difficult to accomplish. One of the well-organized approaches is the study 

of molecular interactions in fluids by thermodynamic methods as thermodynamic parameters 

are convenient for interpreting intermolecular interactions in solution phase. The study of 

thermodynamic properties of drug in a suitable medium can be correlated to its therapeutic 

effects. 

. (8)  Choice and Importance of solutes and solvents used  

A short description of the electrolytes (ionic liquids), non-electrolytes (vitamins, amino 

acids), solutes (electrolyte other than ionic liquid) and solvents has been used throughout 

research work is specified below. The detailed description has been given in Chapter III. 

 Electrolytes 

The most noteworthy ionic liquids have been used as electrolytes during the research 

work are 

(a) 1-butyl-4-methylpyridinum iodide 

(b) 1-ethyl-1-methylpyrrolidinium bromide 



 

 Non-Electrolytes 

(a) Amino acids, viz. Tyrosine, Tryptophan, and L-Tert-leucine  

(b) 18-crown-6 

(c) α -  and β - cyclodextrin  

(d) Ascorbic acid etc. 

 

 Electrolytes other than ionic liquids 

 Alkyl halide viz. lithium chloride, lithium bromide, and lithium iodide, 

 Sodium oxalate, potassium oxalate, ammonium oxalate,  lithium oxalate 

 

 Solvents 

The industrially important solvents have been used in the work are  

The universal solvent water has been used throughout the work and the non-aqueous 

solvent e.g., acetonitrile, benzonitrile etc. 

The study of electrolytes (ionic liquids), non-electrolytes (vitamins and amino acids), 

solutes (electrolyte other than ionic liquid) and solvents is of enormous importance because 

of their wide use as  solvents, solutes and solubilizing agents in many industries ranging from 

pharmaceutical to cosmetics. 

 

 

 

 

. (9)  Methods of investigation of assorted interactions  

             Existence of free ions, solvated ions, ion-pairs of the electrolytes/non-electrolytes in 

aqueous and non-aqueous media depends upon the concentrations of the solution, size of 

ions, and intermolecular forces, e.g., electro negativity of the atom, dipole-

dipole forces, dipole-induced dipole forces, Charge-Dipole interactions, 

Fluctuating Dipoles (Dispersive interactions, London Forces), Cation-Π 

Interactions, Hydrogen Bonding, Van der Waals forces, columbic 



forces electrostriction, +I, -I effect, side chain effect, Folding and 

assembly of biological macromolecules, Electrostatic Interactions etc. 

Therefore, study of assorted interactions and equilibrium of ions in diverse concentration 

regions are of immense importance to the technologist, theoretician, industrialist, 

researchers as the majority of chemical processes take place in these systems. 

Apparent molar volumes obtained from density, are generally expedient parameters 

for interpreting ion-solvent/solute-solvent and ion-ion/solute-solute interactions in solution. 

Ionic apparent molar volume for the individual ions has been obtained with the aid of 

“reference electrolyte” method. The compressibility, a second derivative to Gibbs energy, is 

also a sensitive indicator of molecular interactions, which provide constructive information in 

such cases where partial molar volume data alone cannot provide an unequivocal 

interpretation of these types of interactions. 

The changes in viscosity of solutions by addition of electrolyte are attributed to inter-

ionic and ion-solvent effects. The viscosity B-coefficients are also separated into ionic 

components by ‘reference electrolyte’ technique and from temperature dependence of ionic 

values, a satisfactory interpretation of ion-solvent interactions such as effects of solvation, 

structure-breaking or structure-making, polarization, etc. has been given . The transport 

properties in the majority cases are studied using the conductance data, especially the 

conductance at infinite dilution. Conductance data obtained as a function of concentration 

can be used to learn the ion-association with the help of appropriate equations. The limiting 

ionic conductance of the each ion has been calculated from the same method “reference 

electrolyte”. The ionic conductance’s are also plays a crucial role to the interpretation of the 

ionic level of interaction, association or ion-solvent interactions of ions as well as molecules. 

Surface tension, pH metric studies were also done in the whole research work.  

The spectroscopic study has been established by the investigation of FTIR, Ultraviolet 

spectroscopy, NMR [1H, ROESY, and 13C], HRMS, Fluorescence spectroscopy, HRTEM, SEM. 

Moreover the approximate quantum mechanical calculation and cell viability is also done in 

the present study. The study has been taking into consideration the qualitative and 

quantitative interpreting of molecular as well as ionic association of the electrolytes in the 

solutions. 



Overall internal energy of a molecule in a initial approximation can be resolved into the 

summation of rotational, vibrational and electronic energy levels.  

 

. (10)  Summary of the works highlight in the Dissertation  

 

CHAPTER-I 

This chapter contains the objective, novelty and applications of the 

research work, the imperative compounds i.e., electrolytes/solutes and solvents used 

and methods of investigation. Moreover this also occupies the summary of the works done 

allied with the dissertation. 

 

CHAPTER-II 

The chapter encloses general introduction (Review of the Earlier 

works) of the thesis and forms the strong background of the work embodied in the thesis. A 

brief review of noteworthy mechanism in the field of molecular as well as ionic interaction 

has been specified. The discussion includes ion-solvent/solute-solvent, ion-ion/solute-solute 

and solvent-solvent interactions in binary, ternary mixed solvent systems and of electrolytes 

in pure and non-aqueous solvent systems at various temperatures in terms of various derived 

parameters, estimated from the experimentally observed properties viz., density, viscosity, 

refractive index and conductance, surface tension, pH, FTIR, UV, NMR, fluorescence, HRMS, 

SEM, HRTEM. Ionic association and its reliance on ion-size parameters as well as relation 

between solution viscosity and limiting conductance of an ion has been discussed using 

Stokes’ law and Walden rule. Crucial assessment of diverse methods on relative merits and 

demerits on the basis of various assumption have been employed from time to time acquiring 

the single ion values (viscosity B-coefficient and limiting equivalent conductance) and their 

implications have been discussed. The molecular interactions are interpreted based on 

various derived parameters in the systems.  Moreover the approximate quantum mechanical 

calculation and cell viability is also done in the present study.  

CHAPTER-III 

The chapter comprises experimental section which principally involves basic information’s, 

structure, source, purification and uses of imperative compounds i.e., electrolytes/non-



electrolytes or solutes, and solvents have been used throughout the entire research work. It 

also restrains details of the instruments, procedure, working principle and equations that are 

employed to understand physicochemical, transport, optical and spectroscopic, and 

approximate quantum mechanical calculations. Cell viability data is also being provided in this 

chapter. 

CHAPTER-IV 

Geometry- optimized extended conformation obtained for   amino acids (Tyrosine, 

Tryptophan) prevailing in Aqueous Vitamin C Solutions is studied in this part. The solute – 

solvent interactions are maximum in Tyrosine is observed. C-13 NMR spectroscopic data’s 

along with Ab-initio are more reliable and supportive to learn the Solute - Solvent 

interactions. Ascorbic acid (also known as Vitamin C) acts like a co-enzyme. This leads to the 

indispensable benefits of Tyrosine in attendance of Ascorbic acid in assorted catabolism 

reactions in human body. The ion-solvent interaction dominates above the ion-ion interactions 

in studied solution. 

 

 

CHAPTER-V 

Fundamental properties, opportunities, challenge, and latest progress of anode and cathode 

material research is discussed in this chapter. The guest ions can be inserted into and be 

removed from host network reversibly. In a Li-ion battery, Li+ is guest ion and the host network 

compounds are aqueous ascorbic acid solution which can dissociate in solution and organize to 

form 2-furanone molecules. As new supplies and strategies are found, Li-ion batteries will no 

doubt have an ever better impact on our lives in the years to come. Studies of transportation 

properties of diverse electrolytes in solvent media are of importance to obtain information on 

the behavior of ions in solution. Molecular interactions can be studied in the solution phase by 

studying it’s thermodynamic, transport properties. These properties provide vital information 

about the nature and strength of intermolecular forces operating among the components. The 

ion–ion interactions for LiCl, LiBr and LiI decreases with the increase in temperature, which may 

be due to more solvation of ions. The temperature effect on B coefficient for LiCl, LiBr and LiI 

shows a positive sign of dB/dT, viewing thereby that LiCl, LiBr and LiI behaves a structure-

breaker in (0.001, 0.003, 0.005) m aqueous ascorbic acid solution. This allows usage for a green 

battery with high capacity and high voltage. It also paves the way for cheaper consumer 

electronics. 



 

CHAPTER-VI 

The concerned chapter comprises study of two host molecules i.e., beta cyclodextrin, 18 crown 6 

along with ionic liquid. It may be expected that, as innovative applications like those 

in chromatography, electron microscopy, and biochemistry, become more widely appreciated; by 

the use of the studied Ionic liquid will become properly recognized. The ability to control and 

enhance proton-catalyzed chemical reactions should be another feature of studied protic ionic 

liquid chemistry; it is a very effective solvent media for optimum output in several applications 

with minimum possible environment pollution. Physicochemical investigation of both inclusion 

and encapsulation complexes for - CD and 18-Crown-6 with pyrrolidinium based ionic liquid   

are overviewed   in the present work. In the first case ionic liquid combines with α- and - CD 

which has interesting variations in thermo chromic behavior of the dye molecules and would 

be desirable in the near future. On the other hand 18-Crown-6 including hydrophobic ionic 

liquid has a vital role in electrochemistry. Such type of inclusion complexes are used in 

recycling process. This proposed electrochemical process for remediation of extraction 

solvent preserves the ionic liquid. 

CHAPTER-VII 

This chapter deals with few ionic oxalates along with Vitamin C in our body. Few of the 

chemicals which were taken to observe its experimental effects are Lithium Oxalate, Sodium 

Oxalate, Potassium Oxalate, Ammonium Oxalates and aqueous Vitamin C. Vitamin-C which 

should be inserted, on the other hand   Oxalates are already present in the body.  Excess of 

Oxalates cause negative effects in the body by causing health hazards. Importance lies behind 

the fact that if the co-solute ascorbic acid along with water is made to interact with oxalates 

the water along with Oxalates is removed from the body. While  Vitamin-C in other way is 

utilized by the body for growth and repair of tissues. It helps the body to formulate collagen, 

an imperative protein used to build skin, cartilage, tendons, ligaments, and blood vessels. 

Vitamin C is desired for healing wounds, for repairing and maintaining bones and teeth. In my 

present work the interaction of Sodium Oxalate is best with Vitamin-C. 

 

CHAPTER-VIII 
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The chapter deals precise measurements on geometry, spectroscopic, conductometric, ab 

initio methods. Solvation nature of Lithium iodide (LiI) for both polar and nonpolar organic 

solvents viz., acetonitrile and benzonitrile has been illustrated. Results of vibrational 

spectroscopic data were compared with experimental values, electrical conductance (Λ) of 

solutions were also taken.  The effect of cations on the infrared spectrum of AcN is well 

known. Similarly, we have focused on the effect of anion on infrared spectrum of PhcN. Here 

the effect of anion on the spectral properties of PhcN based on quantum chemical 

calculations is in agreement with the experimental observations.  

Aromatic nitriles have extensive applications in the production of dyes, pesticides and 

pharmaceuticals. They are used as intermediates in the synthesis of a variety of 

pharmacologically active compounds which are used as sedatives, muscle relaxants, 

neuroleptics, etc. Benzonitriles are of immense interest in the ground of organic chemistry for 

the synthesis of pharmaceuticals, natural products, herbicides, and agrochemicals. In the 

current work substituted benzonitriles are being studied in order to find its novelty in many 

reactions in industries at high temperatures.  

Lithium-ion battery performance is strongly influenced by ionic conductivity of the 

electrolyte, which depends on the speed at which Li+ ions drift across cell and relates to their 

solvation structure. The selection of solvent can greatly impact both solvation and diffusivity 

of Li+ ions. Schematically the action of these batteries occurs together with an exchange of 

ions between solution and electrodes. The FTIR spectroscopic analysis of benzonitrile and 

acetonitrile was carried out to assess the impact of at atomic and molecular level like bond 

strength, stability, rigidity of structure, etc. As latest supplies and strategies originate, Li-ion 

batteries will no doubt have an ever superior impact on our lives in the years to come. 

 

CHAPTER-IX 

This chapter consist of qualitative and quantitative analysis of molecular interaction 

established in L-Tert-leucine and aqueous solution of α- and - cyclodextrin have been 

probed by thermophysical properties. So this { + [Tle]} is more suitable for the 

pharmaceutically active compounds, chiral auxillaries & muscular protein. The present 

work adds a dimension in the field of contemporary science of controlled delivery of Tertiary-

Leucine which is a derivatized amino acid by means of suitable host molecule as selected here 



as α- and -Cyclodextrin. Biological activity relates to the non- toxic nature of the inclusion 

complexes. 

 

CHAPTER-X 

This chapter consists of the formation of supramolecular assemblies with Vitamins which 

would add to the controlled delivery in accordance with the pharmaceutical applications. 
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