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GENERAL INTRODUCTION 

 

II.1. HOST–GUEST INCLUSION COMPLEX AND SOLUTION CHEMISTRY 

In host-guest inclusion complexes are part of the super molecular chemistry deals with 

the complexes that consist of molecules or ions that are apprehended together in the 

complexes by forces that differ from full covalent bonds. The two or more molecules 

are held together by noncovalent bonding. [1] Biomolecules are noncovalent bonding 

very weak to hold together for example amino acids, proteins etc. But it involves many 

biological processes in the human body and living organisms in which large molecules 

bind together weakly. The formation of complexes is central to the subject's molecular 

appreciation. These non-covalent interactions are mainly hydrogen bonds, ionic bonds, 

van der Waals forces, and hydrophobic interactions.[2] 

The interaction between host and guest molecules is thermodynamically favorable 

because in the formation of the complex, the overall Gibbs free energy of the system is 

lowered. Now modern chemists in supramolecular chemistry and nanoscience are 

determining the thermodynamic properties and energy of complexes which are of vital 

importance. Many host molecules are used for these purposes, cyclodextrin, crown 

ethers pillarene, cucurbitril etc. 

Ionic liquids 

Ionic Liquids (ILs) which are combinations of organic-organic and organic-inorganic 

cations / anions are of great interest in the current chemical field. Ionic Liquids have 

intrinsic physicochemical properties that make them "green solvent" or "designer 

solvents" like organic and inorganic compounds, high thermal stability, adjustable 
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polarity, negligible vapor pressures, low melting points, many organic, inorganic and 

polymeric materials solvated. ,, selective catalytic effects and chemical stability. These 

outstanding properties, in which electrochemistry ionic liquids are used as 

electrochemical tools for electrically transporting liquids and heat transfer materials 

for processing biomass and imidazolium cation based ILs are highly thermally stable, 

leading to commercially available bio-applications [5]. Ionic liquids having large anions 

are also subject to additional interactions with polar solvents. 

Solution chemistry is the part of physical chemistry that studies the changes in 

properties that arise when one substance dissolves in another solvent. The interactions 

between solute - solute, solute - solvent, and solvent - solvent molecules measure the 

result of ion-solvation becoming predominant. In 'Solution Chemistry', the three types 

of solvation broadly approach have been made to estimate (3). The solvational 

approach is the first involved in the study of viscosity, conductance, etc., of various 

factors of electrolytes and derivation associated with ionic solvation, (4) the 

thermodynamic approach is the second measuring the free energies, enthalpies and 

entropies of solvation. ions from which the factors associated with solvation can be 

elucidated. The mixing of different solute or solvent with another solvent mixtures 

rises solutions that generally do not behave ideally. This deviation from ideality is 

expressed in terms of thermodynamic parameters, by excessive properties in liquid-

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

the case. The solvent mixtures of these thermodynamic properties correspond to the 

difference between the actual property and the property the system behaves ideally 

that are useful in the study of molecular interactions and arraangements. Specially, 

they reflect the interaction that take place between solute-solute, solute-solvent and 

solvent-solvent species. The addition of an ion and the solute modifies the solvent 

structure as well as the solute molecules. The extent of ion-solvation depends on the 

interactions taking place between the solute-solute, solute-solvent, solvent-solvent 

species. The assessment of ion-pairing in these systems is important because of its 

effect on the ionic mobility and hence on the ionic conductivity of the ions in solution. 

These phenomena thus paves the way for research in solution chemistry to elucidate 



17 | Chapter II 

the nature of interactions through experimental studies involving densitometry, 

viscometry, interferrometry, refractometry and other appropriate methods and 

interpret experimental data. The complete understanding of the phenomena of 

solution chemistry will become a reality only when solute-solute, solute-solvent and 

solvent-solvent interactions are elucidated and thus the current research work is 

intimately related to the studies of solute-solute, and solvent-solvent interactions. in 

some industrially important liquid systems. 

II.2 EARLIER WORKS WITH CYCLODEXTRIN 

In modern day cyclodextrin (CD) is used for the controlled release of various 

compounds and drugs (ROY.et.al2016). Due to the exceptionally truncated conical 

shape it has the capability to form inclusion complex with a variety of guest molecules 

including drugs, vitamins, ionic liquids, neurotransmitters etc (Yang.et.al2013). 

Cyclodextrin is a cyclic oligosaccharides containing glucopyranose units six (α-CD), 

seven (β-CD) and eight (γ-CD) linked by α- (1-4) bonds (Szejtli1998) (scheme 2) The 

conical structure of CD Have hydrophobic interior and hydrophilic rim with primary 

and secondary –OH groups. These hydroxyl groups are responsible for forming 

hydrogen bonding with guest molecules (Szejtli 1996) CD is considered safe for the 

human body. In order to be a biologically active molecule it must retain its integrity 

and be able to cross the lipophilic membrane. The CD has the ability to encapsulate the 

guest without any chemical modification of it. Sometimes it also increases the solubity 

of the guest. The controlled release of CD is also used in food cosmetic, paint industry 

and removal of various toxic materials, pollutants, waste products without any 

chemical change (Connors1997). (6-7)  

The supramolecular chemistry of the field due to its unique truncated cone structure 

and its ability to form cyclodextrin to form inclusion complexes with a number of guest 

molecules becomes more interesting as many chemists host. 

 Plants give us an enormous type of molecules that are used to recover healing: These 

include fibers, vitamins, phytosterols, some sulfur-containing compounds, carotenoids, 

organic acid anions and polyphenolics. These vital molecules need to be protected from 
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environmental hazards to protect their structural morphology and bioactivity. E. Pinho 

and his co-workers investigated that cyclodextrin improves the biological, chemical 

and physical properties of bioactive molecules. [6] 

A water-soluble inclusion complex of hypericin with β-cyclodextrin polymer was 

prepared by hydrophobic interactions between them by W. Zhang etal. [5] Hypericin 

(HY) is basically a natural polycyclic quinone from Hypericum perforatum, usually 

termed as St John's wort. This natural product is a useful antidepressant and anxiolytic. 

It is also used to prevent activity of the virus and as a photosensitizer. It also helps in 

photodynamic therapy of cancer. HY is highly lipophilic and insoluble in water, which 

makes intravenous injection problematic and holds back backs in its medical 

applications. Cyclodextrin polymer is employed as a solubilizing agent for hypercin in 

this article. The inclusion complex (HY-CDP) was identified by 1H NMR, FTIR, and UV – 

Vis spectroscopies. 

Y. Gao et al. Three ionic liquids of prepared inclusion complexes are 1-dodecyl-3-

methylimidazolium hexafluorophosphate, 1-tetradecyl-3-methylimidazolium 

hexafluorophosphate and 1-hexadecyl-3-methylimidazolium hexafluorophospclode. 

The surface tension study proved that there were two types of inclusion formations, 1: 

1 and 1: 2. These inclusion complexes were further identified by XRD, 13C CP / MAS 

NMR, 1H NMR, rotating frame Nuclear Overhauser Effect Spectroscopy (ROESY), and 

thermogravimetry (TGA). The obtained inclusion complexes are fine crystalline 

powder. The hydrophobicity has an important role in supporting the formation of ICs. 

The decomposition temperature of these ICs was lower than that of their precursors. 

The mechanism of preparation of inclusion complex f between 2-hydroxy-1-naphthoic 

acid and β-cyclodextrin in liquid, solid and virtual states was studied by K. Sivakumar 

and his co-workers. 2-Hydroxy-1-naphthoic acid (2H1NA) is an aromatic compound 

having a bicyclic structure that consists of two benzene rings fused together. It has 

various applications in different fields like agriculture, construction, pharmaceutical 

industries, photographic, rubber and textile chemicals. The binding constant of the 

inclusion complex in aqueous solution is calculated by cyclic voltammetry analysis at 
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pH 2.75. A sharp increase in the anodic peak current and peak potential with gradual 

increase in β-CD concentration is characteristic to the inclusion complex formation 

between them. 

Sulfanilamide forms inclusion complex with β-cyclodextrin and 2-hydroxypropyl-β-

cyclodextrin and it was investigated by A. Tacic et al. [7] Sulfanilamide is an important 

drug that has an efficacy to prevent bacteriostatic effect on different pathogenic 

microorganisms. This activity is related to spirited antagonism with p-aminobenzoic 

acid, it is also an essential part of folic acid. The application of this drug sulfanilamide is 

inadequate on account of its poor solubility in the aqueous solution. Sufanilamide 

forms inclusion complex with β-cyclodextrin and 2-hydroxypropyl-cy-cyclodextrin by 

the process co-precipitation. The insertion of this drug sulfanilamide was established 

with the help of FTIR, 1H-NMR, XRD and DSC experiments. Phase-solubility techniques 

were also employed to ensure the configuration of the inclusion complex between 

sulfanilamide and cyclodextrins. The stability of this drug and its inclusion complexes 

was investigated by UVB irradiation using a photochemical reactor by the UV-Vis 

method. 

K. Dinar and his co-workers show that N-sulfamoyloxazolidinones form IC with β-

cyclodextrin and this fact was proved by molecular modeling, using PM3, PM6, ONIOM 

/ 2 methods, and NBO analysis. [3 .NBO analysis provide Indications that the hydrogen 

bonds interactions are of type CHO stabilization energies smaller than 2 kcal / mol 

indicating that the host-guest interactions are weak. 

M.D.Cagno and his co-workers investigated the complexation of ibuprofen as a model 

drug with various β-cyclodextrins. [9] The solutions of cyclodextrins were arranged in 

phosphate buffer. The pH value was maintained at the range of 7.4-7.6 and the 

solutions were isotonic with NaCl. A thermal activity monitor was used for isothermal 

titration calorimetry (ITC). 1H NMR analysis was performed to explore the structures 

of the complexes. ITC analysis proved that each type of cyclodextrin had its definite 

value of enthalpy and mass equilibrium constant for the inclusion complex formation 

processes with the drug molecules. The complexes of 1H NMR spectroscopy revealed 
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noteworthy differences in chemical shifts that interact between the cyclodextrins and 

ibuprofen molecules to varying extent to some extent due to different three

dimensional arrangements of ibuprofen in the cyclodextrin cavity, initiated by different 

substituent bonds to the glucose rings. General Chat Chat Lounge These differences 

were in agreement with the thermodynamic parameters of the complexes.

II.3.VARIOUS NON COVALENT INTERACTIONS BETWEEN THE HOST AND GUEST 

MOLECULES 

II.3.1.HYDROGEN BOND 

The hydrogen bond is defined as the attraction of the electrostatic force between a 

molecule of two polar atoms between the hydrogen (H) atom is covalently bonded with 

a highly electronegative atom i.e. Fluorine (F), oxygen (O) and nitrogen (N) [10] are 

two types of hydrogen bonding

molecules and intramolecular hydrogen bond forms within the same molecule. The 

energy of the hydrogen bond depends on the nature of the electronegative atoms that 

are related in bonding with hydrogen. Its value ranges from 1 to 40 kcal / mol. [11] The 

hydrogen bond energy is between Vander Waal Bond and Covalent bond. Hydrogen 

bond is present in inorganic, organic molecules such as water, ammonia, hydrogen 

fluoride and also in organic molecu

Intermolecular hydrogen bonding increases their boiling point. [12] Intramolecular 

hydrogen bonding builds up the secondary and tertiary structures of proteins, 

enzymes, hormones, nucleic acids. It is also present i

Figure.1 Model of hydrogen 
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The hydrogen bond is the electrostatic dipole-dipole interaction between molecules, its 

directional in nature and stronger than London forces. The interatomic distances are 

shorter than  the sum of the van der Waals radii, and a minimum number of interacting 

molecules are responsible for the formation of such bonding. The covalent character of 

the bond increases with the increase of the electronegativity of the group in bonding. 

The hydrogen bonds length is considered bond strength, temperature, and pressure. 

The bond strength also depends on temperature, pressure, bond angle, and 

environment. The hydrogen bond length in water is about 197 pm. [13] The bond angle 

depends on the electronegative group attached to the hydrogen. 

 

Figure 2. An example of intermolecular hydrogen bonding in present in a self-

assembled dimer complex 

II.3.2 IONIC BONDING 

 It can be describe as the  electrostatic attraction between two oppositely charged ions 

and also the primary interaction that exists in ionic compounds. The ions can be 

defined as atoms that have either received one or more electrons are negatively 

charged these are called as anions and atoms that have donated one or more electrons 

positively charged are knows as cataions . This type of transitions of electrons are 

termed as electrovalence.[14]. Thus, an ionic bond formation involves the transfer of 

electrons from a metal to a non-metal with a target to fulfill the valence shell for both 

atoms. But all the ionic compounds have partial covalent nature, or electron sharing. 

The bonds are "ionic bonding" when the ionic character of the bond is higher than the 

covalent character. Polar covalent bonds are present both ionic and covalent character. 
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These compounds can conduct electricity both in molten state and in solution and 

posses a high melting point ,boiling point. The cation have high charge , small size and 

large size of the anaion exerts strong cohesive forces result  higher melting point and 

boiling point. These compounds are also soluble  polar solvent such as water and ionic 

liquids ,and also other polar solvents as alcohols,acetone and dimethyl sulphoxide.  

 

Figure 3. Formation of ionic bond 

Redox reaction also can effect ionic bonding with those Cations are formed which low 

ionization energy with a tendency to attain stable electronic configuration like inert 

gases. The nonmetallic elements form anions having positive electron affinity accepts 

these electrons. The ionic   bond forms solid compounds having crystallographic 

lattices with the ions stacked one by one in an alternating way. In this type of lattice, it 

is impossible to differentiate separate molecular units. Ionic compounds charge and 

size of the ions determine the arrangement in lattices and also the structure. Some 

structures are repeated in a number of compounds; such as the structure of the rock 

salt sodium chloride are similar with many alkali halides, and binary oxides like MgO.  

The lattice energy is known as quantity of energy released in forming a solid crystalline 

ionic compound from gaseous ions. The lattice energy  calculated from the Born-Haber 

cycle and sum of the electrostatic potential energy, determining interactions between 

cations and anions, and a short-range repulsive potential energy term  also be 

determined from the Born-Landé equation. The Madelung constant  gives crystal 

geometry idea. 
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II.3.3 VAN DER WAALS FORCES 

This type of forces or the interactions that depends upon the distance generally occurs 

between atoms or molecules. This type of forces are completely different from ionic or 

covalent bonds. The van der Waals forces generally weaken at longer distances 

between interacting molecules. There is imperative importance of the field in 

supramolecular chemistry, polymeric materials, nanoscience, surface 

chemistry, structure related to biology, , and condensed matter physics. It can also 

explain various characteristics organic molecular solids, and  it also  suggests about the 

solubility in polar and non-polar solvents. The van der Waals contact distance in 

absence of other forces, the Van der Waals force becomes repulsive rather than 

attractive when two atoms adjacent to each other.  

Vander waals force is the weakest force, having a strength ranges from 0.4 to 4kJ/mol. 

Van der waals force existing between the molecules of polar and non polar substance 

are due to present of different  type of intraction like dipole-dipole interaction, dipole- 

induce dipole interaction this force arises from a transient shift in electron density. In 

an atom the electrons rotate in different orbits and protons, neutrons are present in 

the nucleus. The density of electrons sometimes shifts in an atom which transient 

charge develops in the atom by in turn attracts or repels other electrons of a nearby 

atom. If the interatomic distance between two nearby atoms is more than 0.6 nm the 

force is weak and generally not observed. But if the the interatomic distance is less 

than 0.4 nm the force is found to be repulsive. 

The van der Waals forces are usually anisotropic in nature, we know from anisotropic 

function of relative orientation of the molecules. When   attractive in nature in case of 

induction and dispersion interactions, does not change the orientation, but the 

magnitude of the electrostatic interaction changes with rotation of the molecules? Thus 

the nature of electrostatic force  can be attractive or repulsive, depends upon the 

mutual orientation of the molecules in the liquid and gaseous phase they exhibit 

random motion.  The electrostatic force is diminished by thermal rotation.  The 

thermal averaging effect is much less expressed in case of the attractive induction and 

dispersion forces. 
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The principal individuality of van der Waals forces is:  

a) These forces  are only short range forces up to 10-7cm. 

b)  Van der Waals forces are additive and can be idle. 

c) These force are much weaker than covalent and hydrogen bonds 2-20KJ . 

d)  These forces are not directional in nature 

e)  Van der Waals forces do not depend upon temperature apart from dipole – dipole 

interactions. 

II.3.4 Hydrophobic Effect- The term hydrophobic is "water-fearing”. The hydrophobic  

as the tendency of nonpolar substances to form aggregation in aqueous solution. 

Division of a mixture of oil and water into its two components responsible for 

hydrophobic effect. This effect controls the, such as cell membranes and vesicles 

formation shape and structure of biology, primary and secondary structure of protein, 

inclusion of membrane proteins into the nonpolar lipid environment. The hydrophilic 

groups prevent phase separation of the molecules by placing the hydrophobic groups 

in water and form strong hydrogen bonds with water molecules. (15) 

Hydrophobic effect is responsible for the self assemble of different molecules.In case of  

hydrophobic interaction ,entropic effect which arises due to the disorder of highly 

energetic hydrogen bonds between molecules of liquid water by the action of nonpolar 

solute. Organic compounds generally having a long  chain hydrocarbon or non polar 

part is not capable to form hydrogen bonds with water. Inclusion of non polar parts 

into water results disruption of the hydrogen bonding chain  water molecules. The 

arrangement of hydrogen bonds are changed accordingly in order to minimize 

disturbance of the hydrogen bonded three dimensional network of water”cage” 

molecules. The water molecules which are involved in the formation of the "cage" have 

limited mobility.. Usually, restriction in the mobility significantly affects in the 

translational and rotational entropy of water molecules; consequently the whole 

process becomes unfavorable in terms of the free energy of the system. The 
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aggregation of nonpolar molecules decreases the surface area depicted to water and 

diminish their troublesome effect. 

 

Figure 4. Dynamic hydrogen bonds between molecules of liquid water 

Form measurement of the partition coefficients of the non-polar molecules between 

water and hydrophobic solvents measurement the hydrophobic effect. The partition 

coefficients is usually converted to free energy of transfer including enthalpy and 

entropy measurements, ΔG = ΔH - TΔS. These quantities are measure experimentally 

with the help of calorimetric. The hydrophobic effect of the non-polar solute is 

generally controlled by entropy at room temperature as the mobility of water 

molecules in cage like shell decreases in the environment. The enthalpy component of 

transfer energy was positive, that means the water-water hydrogen bonds become 

strong in the solvation cage by decreased mobility of water molecules. With the 

increase of temperature,increase entropy the water molecules have higher mobility; 

The hydrophobic effect controls the secondary structure of proteins. The water-soluble 

proteins contain a hydrophobic core with side chains are covered by water,  leads to 

stabilization of the folded structure. Side chains of organic compounds having polar 

groups are-depicted to the surface and thereby interacting with the water molecules 

present in surface. The protein show folded secondary structure the minimization  the 
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hydrophobic portion a development

stabilizing the protein structure.

formation hydrogen bonding in

II.4. SOLUTION CHEMISTRY 

II.4.1.VARIOUS FORCES OF ATTRACTION

Intermolecular forces are forces of attraction or repulsion which act between 

neighboring particles (atoms, molecules or ions)

due to chemical bonding. The energy required to break a bond is called the 

energy. For example the average bond

The forces holding molecules together are generally called 

energy required to break molecules apart is much smaller than a typical bond

but intermolecular forces play important roles in determining the properties of a 

substances. Inter-molecular forces are particularly important in terms how molecules 

interact and form biological organisms or even life. This link gives an excellent 

introduction to the interactions between molecules.

In general, intermolecular forces can be divided into several cate

types are:  

a. Strong ionic attraction:

energy strong ionic attraction.

by way of ionic attraction:

development of hydrogen bonds into the protein 

protein structure. The DNA tertiary structure can also be established

formation hydrogen bonding in hydrophobic effect. 
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b. Intermediate dipole-dipole forces: Substances, whose molecules have dipole 

moment which have higher melting point or boiling point than those, having no 

dipole moment but similar molecular mass. 

c. Weak London dispersion forces or van der Waal's force: These forces 

always operate in any substance. The force arisen from induced dipole and the 

interaction is weaker than the dipole-dipole interaction. In general, the heavier 

the molecule, the stronger the van der Waal's force of interaction. For example, 

the boiling points of inert gases increase as their atomic masses increases due to 

stronger London dispersion interactions.  

d. Covalent bonding: Covalent is really intermolecular force rather than 

intermolecular force. It is mentioned here, because some solids are formed due 

to covalent bonding. For example, in diamond, silicon, quartz etc., the all atoms 

in the entire crystal are linked together by covalent bonding. These solids are 

hard, brittle, and have high melting points. Covalent bonding holds atoms 

tighter than ionic attraction. 

 

Figure 5. Covalent Bonding in Diamond 

e. Metallic bonding: Forces between atoms in metallic solids belong to another 

category. Valence electrons in metals are rampant. They are not restricted to 

certain atoms or bonds. Rather they run freely in the entire solid, providing 

good conductivity for heat and electric energy. These behaviors of electrons 

give special properties such as ductility and mechanical strength to metals.  
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Figure 6.  

All types can be present simultaneously for many substances. Usually, intermolecular 

forces are discussed together with “The States of Matter”. Intermolecular forces also 

play important roles in solutions.  

The majority of reactions occurring in solutions are of chemical or biological in nature. 

It was presumed earlier that the solvent only provides an inert medium for chemical 

reactions. The significance of ion-solvent interactions was realize after intensive 

studies in aqueous, non-aqueous and mixed solvents [4,5]. Intermolecular forces are 

also important in determining the solubility of a substance. “Like” intermolecular 

forces for solute and solvent will make the solute soluble in the solvent. In this regard 

Hsoln is sometimes negative and sometimes positive. Furthermore, solubility is 

affected by (a) Energy of attraction (due Ion-dipole force) affects the solubility. (b) 

Lattice energy (energy holding the ions together in the lattice. (c) Charge on ions: 

larger charge means higher lattice energy and (d) Size of the ion: large ions mean 

smaller lattice energy. 

II.4.2 INTERACTIONS IN SOLUTION PHASE: 

There are three types of interactions in the solution process:  

a. Solvent – solvent interactions: energy required to break weak bonds between 

solvent molecules.  



29 | Chapter II 

b. Solute – solute interactions: energy required to break intermolecular bonds 

between the solute molecules.  

c. Solute – solvent interactions: H is negative since bonds are formed between 

them.  

 

Figure 7 

For liquid systems, the macroscopic properties are usually quite well known, whereas 

the microscopic structure is often much less studied. The liquid phase is characterized 

by local order and long-range disorder, and to study processes in liquids, it is therefore 

valuable to use methods that probe the local surrounding of the constituent particles. 

The same is also true for solvation processes: a local probe is important to obtain 

insight into the physical and chemical processes going on. 

II.4.3 INVESTIGATION ON DIFFERENT KIND OF INTERACTIONS 

When salt is dissolved in water, the ions of the salt dissociate from each other and 

associate with the dipole of the water molecules. This result in a solution called an 

electrolyte. 
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Figure 8. 

This means that the forces can be attractive or repulsive depending on whether like or 

unlike charges are closer together. On average, dipoles in a liquid orient themselves to 

form attractive interactions with their neighbors, but thermal motion makes some 

instantaneous configurations unfavorable. 

Therefore, if a salt crystal is put in water, the polar water molecules are attracted to 

ions on the crystal surfaces. The water molecules gradually surround and isolate the 

surface ions. The ions become hydrated. They gradually move away from the crystal 

into solution. This separation of ions from each other is called dissociation. The 

surrounding of solute particles by solvent particles is called solvation. When the ions 

are dissociated, each ionic species in the solution acts as though it were present alone. 

Thus, a solution of sodium chloride acts as a solution of sodium ions and chloride ions.   

 The determination of thermodynamic, transport, acoustic and optical properties of 

different electrolytes in various solvents would thus provide an important step in this 

direction. Naturally, in the development of theories, dealing with electrolyte solutions, 

much attention has been devoted to ion-solvent interactions which are the controlling 

forces in infinitely dilute solutions where ion-ion interactions are absent. It is possible 

by separating these functions into ionic contributions to determine the contributions 
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due to cations and anions in the solute-solvent interactions. Thus ion-solvent 

interactions play a very important role to understand the physico-chemical properties 

of solutions. 

 One of the causes for the intricacies in solution chemistry is that the structure of the 

solvent molecule is not known with certainty. The introduction of a solute also 

modifies the solvent structure to an uncertain magnitude whereas the solute molecule 

is also modified and the interplay of forces like solute-solute, solute-solvent and 

solvent-solvent interactions become predominant though the isolated picture of any of 

the forces is still not known completely to the solution chemist. 

The problems of ion-solvent interactions which are closely akin to ionic solvations can 

be studied from different angles using almost all the available physico-chemical 

techniques. 

The ion-solvent interactions can also be studied from the thermodynamic point of view 

where the changes of free energy, enthalpy and entropy, etc. associated with a 

particular reaction can be qualitatively and quantitatively evaluated using various 

physico-chemical techniques from which conclusions regarding the factors associated 

with the ion-solvent interactions can be worked out. 

Similarly, the ion-solvent interactions can be studied using solvational approaches 

involving the studies of different properties such as, density, viscosity, ultrasonic 

speed, refractive index and conductance of electrolytes and various derived factors 

associated with ionic solvation. 

We shall particularly dwell upon the different aspects of these thermodynamic, 

transports, acoustic and optical properties as the present research work is intimately 

related to the studies of ion-ion, ion-solvent and solvent-solvent interactions.  

II.4.4 ION-SOLVENT INTERACTION 

Ion-solvation is a phenomenon of primary interest in many contexts of chemistry 

because solvated ions are omnipresent on Earth. Hydrated ions occur in aqueous 
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solution in many chemical and biological systems [6]. Solvated ions appear in high 

concentrations in living organisms, where their presence or absence can fundamentally 

alter the functions of life. Ions solvated in organic solvents or mixtures of water and 

organic solvents are also very common [17]. The exchange of solvent molecules around 

ions in solutions is fundamental to the understanding of the reactivity of ions in 

solution [18]. Solvated ions also play a key role in electrochemical applications, where 

for instance the conductivity of electrolytes depends on ion-solvent interactions [19].  

 

The formation of mobile ions in solution is a basic aspect to electrochemistry. There 

are two distinct ways that mobile ions form in solution to create ionically conducting 

phases. The first one is illustrated for aqueous acetic acid below. 
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The chemical method of producing ionic solutions 

The second one involves dissociation of a solid lattice of ions such as the lattice of 

sodium chloride. In the ion formation, the solvent colliding with the walls of the crystal 

gives the ions in the crystal lattice a better deal energetically than they have within the 

lattice. It entices them out and into the solution. Thus there is a considerable energy of 

interaction between the ions and the solvent molecules. These interactions are 

collectively termed as ion- solvent interactions.  

Ions orient dipoles. The spherically symmetrical electric field of the ion may tear 

solvent dipoles out of the solvent lattice and orient them with appropriate charged end 

toward the central ion. Thus, viewing the ion as a point charge and the solvent 

molecules as electric dipoles, ion-dipole forces become the principal source of ion-

solvent interactions. The majority of reactions occurring in solutions are chemical or 

biological in nature. It was presumed earlier that the solvent only provides an inert 

medium for chemical reactions. The significance of ion-solvent interactions was 

realized after extensive studies in aqueous, non-aqueous and mixed solvents [17-19]. 

Most chemical processes of individual and biological importance occur in solution. The 

role of solvent is so great that million fold rate changes take place in some reactions 

simply by changing the reaction medium. Our bodies contain 65 to 70 % water, which 

acts as a lubricant, as an aid to digestion and more specifically as a stabilizing factor to 

the double helix conformations of DNA. With the exceptions of heterogeneous catalytic 

reactions most reactions in technical importance occur in solutions. In addition, 

molecules not only have to travel through a solvent to their reaction partner before 

reacting, but also need to present a sufficiently unsolvated rate for collision. The 

solvent governs the movement and energy of the reacting species to such an extent 

that a reaction suffers a several-million fold change in rate when the solvent is 

changed. As water is the most abundant solvent in nature and its major importance to 

chemistry, biology, agriculture, geology, etc., water has been extensively used in kinetic 

and equilibrium studies. But still our knowledge of molecular interactions in water is 

extremely limited. 
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Moreover, the uniqueness of water as a solvent has been questioned [20, 21] and it has 

been realized that the studies of other solvent media like non aqueous and mixed 

solvents would be of great help in understanding different molecular interactions and a 

host of complicated phenomena. The organic solvents have been classified on the basis 

of dielectric constants, organic group types, acid base properties or association 

through hydrogen bonding [19] donor-acceptor properties [22, 23] hard and soft acid-

base principles [24] etc. As a result, the different solvents show a wide divergence of 

properties ultimately influencing their thermodynamic, transport and acoustic 

properties in presence of electrolytes and non electrolytes in these solvents. The 

determination of thermodynamic, transport and acoustic properties of different 

electrolytes or non electrolytes in various solvents would thus provide important 

information in this direction. Henceforth, in the development of theories of electrolytic 

solutions, much attention has been devoted to the controlling forces-‘ion-solvent 

interactions’ in infinitely dilute solutions wherein ion-ion interactions are almost 

absent. By separating these functions into ionic contributions, it is possible to 

determine the contributions due to cations and anions in the solute-solvent 

interactions. Thus ion-solvent interactions play a key role to understand the physico-

chemical properties of solutions. One of the causes for the intricacies in solution 

chemistry is the uncertainty about the structure of the solvent molecules in solution. 

The introduction of a solute modifies the solvent structure to an uncertain magnitude, 

the solvent molecule and the interplay of forces like solute-solute, solute-solvent also 

modify the solute molecule and solvent-solvent interactions become predominant, 

though the isolated picture of any of the forces is still not known completely to the 

solution chemist. Ion-solvent interactions can be studied by spectrometry [25, 26]. The 

spectral solvent shifts or the chemical shifts can determine the qualitative and 

quantitative nature of ion-solvent interactions. But even qualitative or quantitative 

apportioning of the ion-solvent interactions into the various possible factors is still an 

uphill task. It is thus apparent that the real understanding of the ion-solvent 

interaction is a difficult task. The aspect embraces a wide range of topics but we 

concentrated only on the measurement of transport properties like viscosity, 
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conductance etc. and such thermodynamic properties as apparent and partial molar 

volumes and apparent molal adiabatic compressibility. 

II.4.5 ION-ION INTERACTION 

Ion-solvent interactions are only a part of the story of an ion related to its 

environment. The surrounding of an ion sees not only solvent molecules but also other 

ions. The mutual interactions between these ions constitute the essential part- ‘ion-ion 

interactions’. The degree of ion-ion interactions affects the properties of solution and 

depends on the nature of electrolyte under investigation. Ion-ion interactions, in 

general, are stronger than ion-solvent interactions. Ion-ion interaction in dilute 

electrolytic solutions is now theoretically well understood, but ion-solvent interactions 

or ion-solvation still remains a complex process. While proton transfer reactions are 

particularly sensitive to the nature of the solvent, it has become cleared that the 

solvents significantly modify the majority of the solutes. Conversely, the nature of the 

strongly structured solvents, such as water, is substantially modified by the presence 

of solutes. Complete understanding of the phenomena of solution chemistry will 

become a reality only when solute-solute, solute-solvent and solvent-solvent 

interactions are elucidated and thus the present dissertation is intimately related to 

the studies of solute-solute, solute-solvent and solvent-solvent interactions in some 

solvent media. 

II.4.6 SOLVENT-SOLVENT INTERACTION (THEORY OF MIXED SOLVENTS) 

As the mixed solvent and non-aqueous solvents are more and more used in 

chromatography, solvent extraction, in preparing high density batteries, in the 

explanation of reaction mechanism etc.  For mixed solvent a number of molecular 

theories, based on either the radial distribution function or the choice of suitable 

physical model, have been developed.  Perturbation theories have been  successful 

applicability in pure solvents to mixed solvents.The thermodynamic functions for a 

single fluid in terms of interchange energy parameters used “Free volume” or “Cell 

model were first to evaluate by L. Jones and Devonshire [27]. Prigogine and Garikian 

[28] extended the above approach to solvent mixtures by Random mixing of solvents 
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was their main assumption provided the molecules have similar sizes. Prigogine and 

Bellemans [] developed a two fluid version of the cell model. They found that while 

excess molar volume (VE) was negative for mixtures with molecules of almost same 

size, it was large positive for mixtures with molecules having small difference in their 

molecular sizes. Treszczanowiczet al.[29] suggested that VE is the result of several 

contributions from several opposing effect, divided arbitrarily into three types, viz., 

physical, chemical and structural. 

Physical contributions contribute a positive term to VE. and chemical contribute 

negative values to VE because specific intermolecular interactions result in a volume 

decrease .The structural contributions are mostly negative arise from several effects.. 

The actual volume change depends on the relative strength of these effects. VE is 

negative, viscosity deviation (Δη) may be positive , this assumption is not a concrete 

one,  ]. It is observed in many systems that there is complex correlation between the 

strength of interaction and the observed properties. Rastogiet al.[30] therefore 

suggested that excess property is a combination of an interaction and non-interaction 

part. The non-interaction part in the form of size effect can be comparable to the 

interaction part and may be sufficient to reverse the trend set by the latter. Based on 

the principle of corresponding states as suggested by Pitzer , L.Huggins [31] , using a 

simple perturbation approach,  the properties of mixtures and thermodynamic 

properties of the pure components could be obtained from the knowledge of 

intermolecular forces Recently, 

 Rowlinsonet al. ] the average rules for Vander Waal’s mixtures  calculated values their 

were in much better agreement with the experimental values even when one fluid 

theory was applied. The more recent Baker and Henderson independent effort is the 

perturbation theory [32]. A more successful approach is due to Flory who made the use 

of certain features of cell theory [33] of a statistical theory for predicting the excess 

properties of binary mixtures by using the equation of state andthis theory is 

applicable to mixtures containing components with molecules of different shapes and 

sizes. Recently, Heintz  and coworkers suggested a theoretical model based on a 
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statistical mechanical derivation and accounts for self-association and cross 

association in hydrogen bonded solvent mixtures is termed as Extended Real 

Associated Solution model (ERAS). It combines the effect of association with non-

associative intermolecular interaction occurring in solvent mixtures based on equation 

of state developed originally by Flory etal. Many workers Subsequently the ERAS 

model has been successfully applied  to describe the excess thermodynamic properties 

of alkanol-amine mixtures. Recently, a new symmetrical reformation on the Extended 

Real Association (ERAS) model has been described in the literature [50]. The 

symmetrical-ERAS (S-ERAS) model makes it possible to describe excess molar 

enthalpies . The excess molar volumes of binary mixtures containing very similar 

compounds described by extremely small mixing functions. The symmetrical Extended 

Real Associated Solution Model (S-ERAS)  continuation of the ERAS model. Its 

applicability to the Gepertet al. [34] applied this model for studying some binary 

systems containing alcohols thermodynamic properties of systems that could not be 

satisfactorily described by the equations of the ERAS model . 

II.5. THEORY OF DIFFERENT INVESTIGATIONS 

II.5.1 SURFACE TENSION 

Surface tension is the most significant of the characteristic properties of liquids. The 

surface of a liquid is in a state of tension to make a penetration along any line in the 

surface will require an application of force to hold the separate portions of the surface 

together. This force is known as surface tension, denoted by the symbol as γ. Surface 

tension is expressed as the force acting at right angles to the line along the surface of 

the liquid in dynes per unit length. 

The Surface tension and surface energy is numerically the same  in per unit area of the 

liquid. Surface tension is depend on temperature. The surface tension of a liquid 

generally decreases with rise in temperature. Eotvos gave a quantitative relation 

between these two. 

(MV) 2/3γ=K(TC-T)  (II.1) 
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 Where M is the molecular weight and V is the specific volume of the liquid, γ is the 

surface tension, K is a constant. TC  represent the critical temperature and T 

temperature of the liquid respectively. 

The formation of inclusion complex, Surface tension (γ) measurement can be help to 

obtain valuable information about it. Cyclodextrin is used as the host molecule in all 

the research works. The Surface tension (γ) of aqueous cyclodextrin doesn’t show any 

remarkable change with increasing concentrations. But after the addition of guest 

molecules such as amino acid, ionic liquids, drug molecules the γ values show 

remarkable change. Due to the insertion of guest molecules the γ value changes. The γ 

value either shows an increase or decrease depending upon the structure of the guest 

molecule. Each plot also indicates that there is single break point at certain 

concentrations. Finding of break point in surface tension curve not only indicates 

formation of IC but also gives information about its stoichiometry, i.e., appearance of 

single, double and so on break point in the plot indicates 1:1, 1:2 and so on 

stoichiometry of host:guest ICs. The concentration and corresponding surface tension 

at which maximum inclusion took place (break point at the curve) have been calculated 

by solving the equations of two intercepting straight lines. 

Surface tension gives valuable information about the nature and formation of inclusion 

complex [35]. The aqueous solution of α and β-CD do not show any considerable 

change of surface tension. The valporic acid shows COO− group and their side group 

being non polar shows surfactant like behavior and it has a tendency to decrease the 

surface tension of aqueous solutions like other surfactants(Pineiro 2007)(36). 

II.5.2. CONDUCTANCE 

The conductance of solutions is generally governed by the formula as in the case of 

metallic conductor. 

κ=1.L/R.a     (II.2) 

Where, κ is the specific conductance, R is the resistance, l and a are length and area of 

the metallic conductor respectively. 
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The specific conductance of the solution (L) is the conductance of the solution enclosed 

between the two electrodes of 1 square cm. area and 1 cm. apart. The conductance 

depends upon the number of ions present and hence on the concentration of the 

solution. To compare the conductance of different solutions, it is necessary to take the 

concentration of the solutions into consideration. It is done by using equivalent 

conductance, λ. The equivalent conductance is defined as the conductance of a solution 

containing 1 gm. Equivalent of the dissolved electrolyte such that the entire solution is 

placed between two electrodes 1 cm apart. Λ is always evaluated through the 

measurement of L. 

Λ=1000κ/C  (II.3) 

Where c is the concentration of the solution. 

The studies of conductance measurements were pursued vigorously during the last 

five decades, both theoretically and experimentally and a number of important 

theoretical equations have been derived. We shall dwell briefly on some of these 

aspects in relation to the studies in aqueous, non-aqueous, pure and mixed solvents. 

The successful application of the Debye-Hückel theory of interionic attraction was 

made by Onsager to derive the Kohlrausch’s equation representing the molar 

conductance of an electrolyte. For solutions of a single symmetrical electrolyte the 

equation is given by: 

o S c     (II.4) 
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The equation took no account for the short-range interactions and also of shape or size 

of the ions in solution. The ions were regarded as rigid charged spheres in an 

electrostatic and hydrodynamic continuum, i.e., the solvent. 

With the help of conductivity (κ) study the inclusion phenomenon can be confirmed. 

The guest molecules which exist in ionic form in aqueous solution show considerable 

value of κ. As aqueous cyclodextrin solution was added to the aqueous solution of guest 

molecules, the κ was observed to show decreasing trend probably because of 

encapsulation of the guest molecules inside the cavity of cyclodextrin. At certain 

concentrations of both host and guest single break was found in each of the 

conductivity curve, which indicates the formation of inclusion complexes. The 

concentration and corresponding conductivity at which maximum inclusion took place 

(break point at the curve) have been calculated by solving the equations of two 

intercepting straight lines. 

Ion-pair Formation    

The ion-pair formation in case of conductometric study of IL in DMF analysed using the 

Fuoss conductance equation [37]. With a given set of conductivity values (cj,j; j = 

1…….n), three adjustable parameters, i.e., 0, KA and R have been derived from the 

Fuoss equation. Here, 0 is the limiting molar conductance, KA is the observed 

association constant and R is the association distance, i.e., the maximum centre to 

centre distance between the ions in the solvent separated ion-pairs. There is no precise 

method [38] for determining the R value but in order to  treat the data in our system, R 

value is assumed to be, R = a + d, where a is the sum of  the crystallographic radii of the 

ions and d is the average distance corresponding to the  side of a cell occupied by a 

solvent molecule. The distance, d is given by [38] 

 
1/  3

d  1.183 M /    (II.5) 

where, M is the molecular mass and ρ is the density of the solvent.  
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Thus, the Fuoss conductance equation may be represented as follows: 
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where, 0  is the limiting molar conductance, KA is the observed association constant, R 

is the association distance, RX is the relaxation field effect, EL is the electrophoretic 

counter current, k is the radius of the ion atmosphere, ε is the relative permittivity of 

the solvent mixture, e is the electron charge, c is the molarities of the solution, kB is the 

Boltzmann constant, KS is the association constant of the contact-pairs, KR is the 

association constant of the solvent-separated pairs,  is the fraction of solute present as 

unpaired ion,  is the fraction of contact pairs, f is the activity coefficient, T is the 

absolute temperature and β is twice the Bjerrum distance. 

  The computations were performed using the program suggested by Fuoss. The initial 

0 values for the iteration procedure are obtained from Shedlovsky extrapolation of 

the data [39] Input for the program is the no. of data, n, followed by ε, η (viscosity of 

the solvent mixture), initial 0 value, T, ρ (density of the solvent mixture), mole fraction 

of the first component, molar masses, M1 and M2 along with cj, j values where j = 1, 

2…….n and an instruction to cover preselected range of R values. 

In practice, calculations are performed by finding the values of 0 and α which   

minimize the standard deviation, δ, whereby  

2 2[ ( ) ( )] / ( ) (9)j jcal obs n m      

for a sequence of R values and then plotting δ against R, the best- fit R corresponds to  

the minimum of the  δ–R versus R curve. So, an approximate sum is made over a fairly 

wide range of R values using 0.1 increment to locate the minimum but no significant  

II.6 

II.7 

II.8 

II.9 

II.10 

II.11 
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minima  is found in the δ - R curves, thus R values is assumed to be R = a + d, with terms  

having usual significance. Finally, the corresponding limiting molar conductance (Λo), 

association constant (KA), co-sphere diameter (R) and standard deviations of 

experimental Λ (δ) obtained from Fuoss conductance equation for IL in DMF at 293.15 

K, 303.15 K and 313.15 K respectively are given in table 3. 

If KA values increase with increasing temperature in case of DMF. As in case of DMF, 

with increasing temperature the number of free ions per unit volume decreases and 

hence the tendency of ion pair formation enhances. 

The standard Gibbs free energy change of solvation, ΔGo, for IL in DMF is given by the 

following equation [40]. 

o

AG  RTlnK    (II.12) 

It is observed from the Table 4 , values of the Gibbs free energy is entirely negative for 

DMF solvent at all temperatures and it can be explained by considering the 

participation of specific covalent interaction in the ion-association process. 

Table 5 shows the value of ionic conductance (λ0
±) and ionic Walden product (λ0

±) 

(product of ionic conductance and viscosity of the solvent) along with Stokes’ radii (rs) 

and Crystallographic Radii (rc). 

Triple-ion Formation 

But for the electrolyte in THF and DO, a deviation in the conductance curve were 

obtained and shows a decrease in conductance values up to a certain concentration 

reaches a minimum and then increases indicating triple-ion formation. 

The conductance data for the electrolyte in THF and DO have been analysed using the 

classical Fuoss-Kraus equation [41]. For triple-ion formation 
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In the above equations, Λ0 is the sum of the molar conductance of the simple ions at 

infinite dilution; Λ0
T is the sum of the conductances of the two triple ions emim+TSO4

- 

and emim+(TSO4)2
-. KP ≈ KA and KT are the ion-pair and triple-ion formation constants. 

To make equation (2) applicable, the symmetrical approximation of the two possible 

constants of triple ions equal to each other has been adopted [42]. and Λ0values for the 

studied electrolytes have been calculated . Λ0
T is calculated by setting the triple ion 

conductance equal to 2/3Λ0
14. 

The ratio Λ0
T/Λ0 was thus set equal to 0.667 during linear regression analysis of 

equation (2). Limiting molar conductance of triple-ions ( Λ0
T), slope and intercept of 

Eq. (2) for  [emim][TSO4]in THF and DO at different temperatures are given in Table 6. 

Linear regression analysis of equation (2) for the electrolytes with an average 

regression constant, R2 = 0.9653, gives intercepts and slopes. These permit the 

calculation of other derived parameters such as KP and KT listed in Table 7. 

It is observed that Λ passes through a minimum as c increases. The KP and KT values 

predict that major portion of the electrolyte exists as ion-pairs with a minor portion as 

triple-ions (neglecting quadrupoles).  

At very low permittivity of the solvent (ε˂10) electrostatic ionic interactions are very 

large. So the ion-pairs attract the free +ve and -ve ions present in the solution medium 

as the distance of the closest approach of the ions become minimum. This results in the 

formation of triple-ion, which acquire the charge of the respective ions in the solution 

[41]. i.e. 

M+ + A- ↔ M+∙∙∙∙∙∙∙∙A- ↔ MA          (ion-pair)   (II.17) 
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MA + M+ ↔ MAM+                        (triple-ion)    (II.18) 

MA + A- ↔ MAA-                          (triple-ion)      (II.19) 

where M+ and A- are respectively emmim+ and TSO4
-. The effect of ternary association 

thus removes some non-conducting species, MA, from solution, and replaces them with 

triple-ions which increase the conductance manifested by non-linearity observed in 

conductance curves for the electrolyte in THF and DO. 

 Furthermore, the ion-pair and triple-ion concentrations, cP and cT respectively 

of the electrolyte have also been calculated at the minimum conductance concentration 

of [emim][TSO4] in THF and DO using the following relations:[16]. 

α = 1 / (KP
1/2⋅c1/2)                               

αT =( KT/ KP
1/2) c1/2                               

cP = c(1- α-3αT)                            (II.20) 

cT=(KT/ KP
1/2) c 3/2                                      (II.21) 

Here α and αT are the fractions of ion-pairs and triple-ions present in the salt-solutions 

respectively and are given in Table 8. Thus, the values of CP and CT also given in table 5 

indicate that the ions are mainly present as ion-pairs even at high concentration and a 

sm all fraction existing as triple-ions. The ion-pair fraction (α), triple-ion fraction (αT), 

ion-pair concentration (CP) and triple-ion concentration (CT) have also been calculated 

over the whole concentration range of [emmim][TSO4] in THF and DO. It has been 

observed with increasing temperature the number of free ions per unit volume 

decreases resulting in the increase of KP and KT values. 

II.5.3  pH MEASUREMENT 

pH can be defined as the negative logarithm of the molar concentration of H3O+ ions in 

aqueous solution. 

pH=-log10
[H

3
O+] 
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With the increase or decrease of H3O+ ions in solutions the pH value decreases or 

increases respectively. The increase or decrease of pH value by one unit results the 

concentration of H3O+ ions in solutions to decrease or increase by 10 times. The more a 

solution is acidic the less is the pH value of the solution. 

The relation of  pH and pOH with the ionic product of water(pKw) is as follows: 

pH + pOH= pKw  (II.22) 

For pure water at 25∘c , pH +pOH= 14 

For pure water at 25∘c, pH= pOH=7. 

For neutral solution the pH value is always equal to 7. 

For acidic solution, the pH value is always <7. 

For basic solution, the pH value is always >7. 

The range of pH scale is from 0-14. But with the change of temperature, the pKw value 

of water changes and as a result the range of pH values also changes.  

pH measurement is applied in determining the inclusion of the amino acids 

leucine,isoleucine, asparagines, aspartic acid into the cavity of both the cyclodextrin 

molecules. The above mentioned four amino acids exsist as zwitterions in the aqueous 

solution. pH values were measured by Mettler Toledo Seven Multi pH meter having 

uncertainty ±0.001. The amino acid solutions are prepared by mass fraction. The 

aqueous solution of both the cyclodextrin molecules are gradually added to the amino 

acid solutions. The increase of the pH values with increasing concentration of amino 

acids and host molecules clearly show the variation in their zwitterionic forms, i.e., the 

amine and carboxylic acid groups exist in ionic forms –NH3
+ and –COO- respectively. 

II.5.4 DENSITY 

The physicochemical properties of liquid mixtures have attracted much attention from 

both theoretical and engineering applications points of view. Many engineering 

applications require quantitative data on the density of liquid mixtures. They also 
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provide information about the nature and molecular interactions between liquid 

mixture components.  

The density of a compound can be described as mass per unit volume. This physical 

quantity is denoted by ρ. The mathematical expression of density is 

ρ =m/V 

Where ρ is the density, m is the mass, and V is the volume. If the substance is pure, the 

magnitude of density is equivalent to its mass concentration. The density value differs 

from material to material. Osmium and iridium are most dense elements at standard 

temperature and pressure. In different measuring systems like CGS or SI the value of 

density is different andIt is more relevant to replace it with another quantity "relative 

density" or "specific gravity", which has no dimension. The later can be described as 

the ratio of the density of the material to that of a standard material, normally water. 

Consequently a relative density less than one means that the substance will float in 

water. 

The density of a element is a function of temperature and pressure. This difference is 

characteristically small for solids and liquids but higher for gases. If we increase the 

pressure on an object its volume will decrease thereby increasing its density value. But 

if we raise the temperature of a compound its density value gradually falls as the 

volume increases. 

The inverse quantity of the density of a compound is often termed as its specific 

volume; this term is quite used in thermodynamics. Density is mentioned as an 

intensive property that is it does not depend upon the mass of the substance. 

The density in case of all homogeneous objects is equal to its total mass divided by its 

total volume. The mass of a substance is usually taken by a standard balance; the 

volume can be determined directly (using the concept of the geometry of the 

compound) or by some indirect method. The determination of the density of a fluidcan 

be done using hydrometer, a dasymeter or a Coriolis flow meter respectively. In a 



47 | Chapter II 

similar way, hydrostatic weighing is basically depending upon the idea of displacement 

of water in case of a submerged object calculating the density of the compound. 

II.5.5 APPARENT AND PARTIAL MOLAR VOLUMES 

The molar volume of a pure compound may be evaluated using density data. It is not 

easy to determine the volume contributed to solvent upon addition of one mole of an 

ion. The reason behind this is that the ion changes the volume of the solution after 

addition as they changes the structure of the solvent molecules and also the volume 

compresses due to the influence of ion’s electrostatic field. When electric fields of the 

order of 109-1010 V m-1 are applied on a solution the compression of ions occur and the 

molecules present become insignificant. The apparent molar volume ( V ) is the 

measure of the sum of geometric volume of the central solute molecule and changes in 

the solvent volume due to the interactions with the solute around the co-sphere. 

The densities of the electrolytes in different solvents increase linearly with the 

concentration at the studied temperatures. For this purpose, the apparent molar 

volumes V were determined from the solutions densities using the following 

equation 

      / /V M    m            (II.23) 

Where M is the molar mass of the solute, m is the molality of the solution,  and 0 are 

the densities of the solution and solvent, respectively. 

The apparent molar volumes V were found to decrease with increasing molality (m) of 

IL in different solvents and increase with increasing temperature for the system under 

study. The limiting apparent molar volumes 0   V were calculated using a least-squares 

treatment to the plots of V versus √c using the following Masson equation [17] 

0 *       V V VS c            (II.24) 
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where 0   V is the limiting apparent molar volume at infinite dilution and 
*
VS is the 

experimental slope. 

The plots ofV against the square root of the molar concentration √c were found to be 

linear with negative slopes. The values of 0   V and
*
VS are reported in Table 9. From Table 

3 it is observed that 0   V values for this electrolyte are generally positive for all the 

solvents and is highest in case of IL in DO. This indicates the presence of strong ion–

solvent interactions and the extent of interactions increases from DMF to DO. 

On the contrary, the SV* indicates the extent of ion-ion interaction. The values of SV* 

shows that the extent of ion-ion interaction is highest in case of DO and is lowest in 

DMF. Owing to a quantitative comparison, the magnitude of 0   V  are much greater than 

SV*, in every solutions. This suggests that ion-solvent interactions dominate over ion-

ion interactions in all the solutions. The values of 0   V also support the fact that higher 

ion-solvent interaction in DO, leads to lower conductance of IL in it than THF and DMF, 

discussed earlier. 

Temperature dependent limiting apparent molar volume:The variation 

0

V  with the temperature of the ILin different solvents can be expressed 

by the general polynomial equation as follows, 

V a a T a T   0 2

0 1 2  (II.25) 

where 0a , 1a , 2a are the empirical coefficients depending on the solute, mass fraction 

(w1) of the co solute IL, and T is the temperature range under study in Kelvin. 

The values of these coefficients of the above equation for the IL in DMF, THF and DO 

are reported in Table 10. 
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The limiting apparent molar expansibilities,
0

E , can be obtained by the following 

equation, 

 E V P
δ δT a a T   0 0

1 2
2    (II.26) 

The limiting apparent molar expansibilities,
0

E , change in magnitude with the change 

of temperature. The values of 
0

E  for different solutions of the studied IL at (293.15, 

303.15, and 313.15) K are reported in Table 11. 

The table reveals that 
0

E  is positive for IL in all the studied solvents and studied 

temperatures. This fact can ascribed to the absence of caging or packing effect for the 

IL in solutions. 

During the past few years it has been emphasized by different workers that *

VS  is not 

the sole criterion for determining the structure-making or -breaking nature of any 

solute. Hepler[18]developed a technique of examining the sign of  
PE Tδδ 0 for the 

solute in terms of long-range structure-making and -breaking capacity of the solute in 

the mixed solvent systems using the general thermodynamic expression, 

   2

E VP P
δ δT δ δT a  0 0 2

2
2   (II.27) 

If the sign of  
PE Tδδ 0 is positive or a small negative, the molecule is a structure 

maker; otherwise, it is a structure breaker [42].  The  
PE Tδδ 0 values for IL in all the 

solvents are positive under investigation are predominantly structure makers in all of 

the experimental solutions. 

II.5.6 VISCOSITY 

The viscosity is a very important property of fluids that is gases and liquids. It can be 

explained as a measure of the resistance to gradual deformation of relative velocity 

between different layers of fluids by shear stress or tensile stress. In case of liquids it is 

quite similar to thickness such as, glycerin has a higher value of viscosity than water. 

Viscosity refers to the characteristic of the fluid that opposes the relative velocity 
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between the two layers of the liquid in a fluid that have a different value of velocity. If a 

fluid is allowed to flow through a tube, the molecules which invent the fluid usually 

travel more quickly near the tube's axis and  slowly around its walls; consequently a 

force (may be pressure disparity among the two ends of the tube) is required apply to 

conquer the friction between layers of molecules to keep the movement of fluid. The 

force that is needed to apply is a function of the fluid's viscosity. A fluid that is 

completely unable to prevent the stress is known as an ideal or in viscid fluid. The 

magnitude of viscosity becomes zero at low temperature for super fluids. Except this, 

all other fluids have positive value of viscosity, and usually termed as viscous or viscid. 

In general concept, however, a liquid is mentioned more viscous if it has a higher value 

of viscosity than water. But if the viscosity value is less than that of water it is known as 

mobile liquids. 

The term dynamic viscosity of a fluid can be explained as the confrontation to shearing 

flows and in this case the contiguous layers move parallel to each other having 

different speeds. In a ideal situation this type of flow is called as a Couette flow, in 

which a layer of fluid is fascinated between two parallel plates, one stationary and 

another moving horizontally at steady speed u. 

But if the velocity of the upper plate is very low, then the fluid molecules will shift 

corresponding to it, and their velocity will change as a linear function from zero value 

at the underneath to u at the upper. Every film of fluid will go quicker than the layer 

just under it, whereas the friction between them develops a force preventing their 

comparative motion. Generally, the fluid gives on the upper plate a force directionally 

opposite to its velocity, and a force of equal magnitude in opposite direction in the 

underneath plate. An outer force is therefore necessary to apply for keeping the upper 

plate shifting at steady speed. 

The extent F of this force is established as proportional to the velocity u and the area A 

of every layer, and inversely proportional to the separating distance y: 

𝐹 = µ𝐴
𝑢

𝑦
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The ratio u/y is expresses the rate of shear deformation or shear velocity. 

The fluids that’s obey Newton's law, having a value of viscosity μ which does not 

depend upon the stress, is called as Newtonian. Newtonian may be gases, liquids and 

others in general conditions and circumstance. But many of the fluids do not obey this 

law and exhibit significant deviation in many respects. Few examples may be cited as: 

 The liquids which show a gradual increase of viscosity with the increase of 

shear strain generally known as Shear-thickening liquids. 

 The liquids which show a gradual decrease of viscosity with the increase of 

shear strain generally termed as Shear-thickening liquids. 

 Thixotropic liquids, which progressively turns less viscous with time after 

application of shake, agitation, or stress. 

 Rheopectic liquids, which progressively turns moreviscous with time after 

application of shake, agitation, or stress. 

 A Bingham plastic which is a solid at normal temperature and low pressure but 

turns in a liquid when high stress is applied. 

In the case of a Newtonian fluid, the viscosity generally is a function of its constituting 

particles and temperature. The viscosity of gases and other liquids usually depends on 

temperature and exhibit variation with pressure with a slow rate. 

Viscosity is a physical quantity and in SI system its unit is poiseuille (Pl) and in cgs 

system, it is poise (P). poiseuille is comparable to the pascal second (Pa·s), or 

(N·s)/m2, or kg/(m·s). When a fluid flows between two plates having a separation of 

one meter, and one of the two is shoved in a side with a force of one pascal, and its 

velocity is x meters per second, then the value of viscosity becomes 1/x pascal seconds. 

Inspite of this some other factors are also responsible for the variation of viscosity. 

Viscosity data have been analysed using the Jones–Dole equation. [15]. 

(η /η0 –1) / √m = A + B √m  (II.28) 
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where η0 and η are the viscosities of the solvent mixture and solution respectively. A 

and B values as reported in Table 6(A)-(C), are the viscosity co-efficients estimated by 

a  least square method. The A and B values are obtained from the straight line by 

plotting (η /η0 –1) / √m against √m for L- L-valine in aqueous solution of LiCl, NaCl 

and KCl at 298, 303 and 308K, respectively.The values of the A coefficient are negative 

and decrease with the increase in temperature and dilution. The effect of solute–

solvent interaction on the solution viscosity can be inferred from the B-coefficient. The 

viscosity B-coefficient is also a valuable tool to provide information concerning the 

solvation of the solute in solution. it is evident that the values of the B-coefficient are 

positive, thereby suggesting the presence of strong solute–solvent interactions which 

are strengthened with dilution of the electrolytes and with the increase in temperature. 

So, L-valine in 0.025 M LiCl solution at 308 K gives maximum solute-solvent 

interactions and in 0.1 M KCl solution at 298 K gives maximum solute-solute 

interactions. This is in agreement with the results obtained from density 

measurements. 

It has been reported in a number of studies [43] that dB/dT is a better criterion for 

determining the structure-making/structure-breaking nature of any solute rather than 

simply the value of the B-coefficient. It is found that the values of the B-coefficient 

increase with a rise in temperature (positive dB/dT) suggesting the structure-breaking 

tendency of L-valine in the solvent systems. 

The free energy of activation of viscous flow per mole of solvent, ∆μ1
0≠ as proposed by 

Eyring and co-workers [44] could be calculated from the following equation: 

η0 = (hNA/ V1
0) exp(∆μ1

0≠/RT)   (II.29) 

Where h, NA  and  V1
0 are the Planck’s constant, Avogadro’s number and partial molar 

volume of the solvent respectively. The equation (7) can be rearranged as follows we 

get 

∆μ1
0≠ =RT ln (η0 V1

0/ hNA)          (II.30) 
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Feakins et al.[22-24] suggested that if equations (6) and (8) are obeyed, then 

B = (V1
0 – V2

0) + V1
0 [(∆μ1

0≠ - ∆μ2
0≠)/RT]        (II.31) 

where V2
0 is the limiting partial molar volume (φV

0) of the solute and ∆μ2
0≠ is the ionic 

activation energy per mole of solute at infinite dilution . Rearranging the equation (9) 

we get 

∆μ2
0≠ = ∆μ1

0≠ + (RT/ V1
0)[B - (V1

0 – V2
0)]                (II.32) 

From table 8, it is evident that ∆μ2
0≠ values are all positive and much larger than ∆μ1

0≠, 

suggesting that interaction between solute ASP and  Glu solvent (aqueous 

acetaminophen mixture) molecules in the ground state is stronger than in the 

transition state. According to free energy terms the salvation of solute in the transition 

state is unfavorable. 

The entropy of activation (∆S2
0≠) [44] for the solution has been calculated using 

relation: 

∆S2
0≠ = - d(∆μ2

0≠)/dT      (II.33) 

where ∆S2
0≠ has been obtained from the negative slope of the plots of ∆μ2

0≠  against T 

by using a least-squares treatment. 

The enthalpy of activation (∆H2
0≠)[44] has been obtained from the relation: 

∆H2
0≠ = ∆μ2

0≠ + T∆S2
0≠   (II.34) 

The values of ∆S2
0≠ and ∆H2

0≠ are also reported in table 7 

It is evident from table 7, that ∆μ1
0≠ is practically constant at all the mass fraction of the 

aqueous acetaminophen mixture, suggesting that ∆μ2
0≠ is mainly dependent on the 

viscosity coefficients and (V1
0 – V2

0) terms. Positive ∆μ2
0≠ values at all studied 

temperature and solvent composition suggests that the process of viscous flow 

becomes difficult as the temperature and mass fraction  increases. Therefore, the 
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formation of transition state becomes less favorable. Feakins et al.[23] proposed that, 

∆μ2
0≠ > ∆μ1

0≠ for solutes having positive B-coefficients and indicates a stronger solute –

solvent interactions, thereby suggesting that the formation of transition state is 

accompanied by the rupture and distortion of the intermolecular forces in the solvent 

structure . The negative values of both ∆S2
0≠ and ∆H2

0≠ suggest that the formation of 

transition state is associated with bond-making and an increase in order. Although a 

detailed mechanism for this is not easily advanced, it may be suggested that the slip-

plane is in the disordered state( 45). 

As both viscosity B-coefficient and limiting apparent molar volume define the solute-

solvent interaction in solution. The linear variation of viscosity B-coefficient and 

limiting apparent molar volume (φV
0) reflects the positive slope. 

II.5.7 REFRACTIVE INDEX 

Refractive index is a very important tool to predict the molecular interaction between 

the host and the guest molecules in solution systems. 

The ratio of the speed of light in a vacuum to the speed of light in another substance is 

defined as the index of refraction ( Dn ) for the substance. 

 D

Speed of light in vacuum
Refractive Index n  of substance  

Speed of light in substance


 

Whenever light changes its velocity as it crosses a boundary from one medium into 

another, its direction of travel also changes, i.e., it is refracted. The relationship 

between light's velocity in the two mediums (VA and VB), the angles of incidence ( Asin

) and refraction ( Bsin ) and the refractive indexes of the two mediums ( An and Bn ) is 

shown below: 

A A B

B B A

V sin n

V sin n
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Thus, it is not required to determine the velocity of light in a sample to evaluate its 

index of refraction. Rather, by measuring the angle of refraction, and providing the 

index of refraction of the layer that is in contact with the sample, it is possible to 

evaluate the refractive index of the sample quite accurately. 

The refractive index of aqueous solution mixtures can be correlated by the application 

of a composition-dependent polynomial equation. Molar refraction, was obtained from 

the Lorentz- Lorenz relation by using, nD experimental data according to the following 

expression 

2 2[( 1) / 2]( / )  D DR n n M     (II.35) 

Here M is the mean molecular weight of the mixture and ρ is density of the solution. Dn  

can be expressed by the following relation: 

0.5[(2 1) / (1 )]  Dn A A   (II.36) 

Where A is given by: 

2 2 2

1 1 2
1 2 1 2 22 2 2

1 1 2

( 1) ( 1) ( 1)
[{ (1/ )} { ( / )} { ( / )} ]

( 2) ( 2) ( 2)

  
  

  

n n n
A w w

n n n
     

In the above equation, n1 and n2 are the pure component refractive indices, wj the 

weight fraction, ρ is the density of the solution, and ρ1 and ρ2 the pure component 

densities. 

The molar refraction deviation can be calculated by the following equation: 

1 1 2 2  R R R R  
   (II.37) 

Where 1  and 2  are volume fractions and R, R1, and R2 the molar refractivity of the 

mixture and of the pure components, respectively. 
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The Limiting molar refraction (RM
o) have been estimated from the following 

relation[20] 

RM    RM
o  RS m   (II.38) 

The higher value of RM and the limiting molar refraction (RO
M) indicate that the 

medium is more compact and dense. if the hydrophobic interaction between the host 

and guest molecules increases, the molar refraction and  limiting molar refraction 

values also increase. 

The Absorption Law 

Beer Lambert Law 

The change in intensity of light (dl) after passing through a sample proportionates to 

the following: 

(i)  Path length (b), the iarger the path, more number of photons should be 

absorbed. 

(ii) Concentration (c) of sample, more molecules absorbing means more photons 

Absorbed. 

(iii) Intensity of the incident light. 

Thus, dI is proportional to bcI or dI/I = - kbc (where k is a proportionality constant, the 

negative sign indicates that there is a decrease in intensity of the light, this makes b, c 

and I always positive. Integration of the above equation leads to Beer-Lambert’s law : 

- ln I/I0 = kbc  (II.39) 

- log I/I0 = 2.303kbc  (II.40) 

ε = 2.303k  (II.41) 

A = - log I/I0  (II.42) 

A = εbc  (II.43) 
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A is reffered as absorbance and it is found to be directly proportional to the path 

length, b and the concentration of the sample, c. The extinction coefficient is 

characteristic of the substance under study and of course is a function of the 

wavelength. 

Selection Rules 

(i) The transitions which involve a change in the spin quantum number of an 

electron during the transition do not occur. Thus singlet –triplet transitions are 

forbidden. 

(ii) The transitions between orbitals of different symmetry do not occur. 

When the molecule absorbs UV or visible light, its electron get promoted from the 

ground state to the higher energy state. In the ground state, the spins of the electrons 

are essentially paired. In the higher energy state, if the spins of the electrons are 

paired, then it is called an excited singlet state. On the other hand, if the spins of the 

electrons are parallel in the excited state, it is called an excited triplet state. The excited 

triplet state is always lower in energy than the excited singlet state. Therefore triplet 

state is more stable than corresponding excited singlet state. In the excited triplet state 

the electrons are far apart in space and thus the repulsions between them is 

minimized. An excited singlet state is converted to excited triplet state with the 

emission of energy as light. The transition from singlet ground state to excited triplet 

state is symmetry forbidden. The higher energy states are designated as higher energy 

molecular orbitals and also called anti-bonding or bitals. In most of the cases several 

transitions occur resulting in the formation of several bands. 

II.5.8. DIFFERENTIAL SCANNING CALORIMETRIC (DSC) STUDY:  

From the DSC study, various kind of information such as crystallization, thermal 

stability, melting etc. can be obtained of chemical compounds in their solid states. The 

peaks of guest molecule in the thermogram may be completely diminished or shifted to 

the different temperatures due to the formation of inclusion complexes with the 

respective host supramolecules [46 ]. 
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Thermograms of solid cys, -CD, β-CD, and their ICs have been shown in the figure X. 

DSC thermogram of cys shows a characteristic sharp distinct endothermic peak at 

253.88 °C (ΔH=822.88 J/g) corresponding to its melting point while in its ICs with both  

 and β-CD, a comparatively flat and broadened signals are observed along with a new 

small peak at 81°C and 97°C for IC-1 and IC-2 respectively. These broad signals refer 

that there is a high loss of the crystallinity of cys in its ICs, indicating a strong 

complexation with CDs and the smaller peaks at quite lower temperature are probably 

due to the loss of water molecules adhered with ICs. As from the figure X, it has been 

clearly seen that the nature of the peak at 253.88 °C in the thermogram for IC-2 is more 

flattened compare to that for the IC-1 which indicates more complexation of cys with β-

CD rather than with -CD 

Thermograms of solid cys, -CD, β-CD, and their ICs Fig.1. a: 

II.5.9 SEM IMAGES OF THE PURE CYSTINE AT DIFFERENT RESOLUTION 

 

Figure  9. SEM images of the cystine +α -CyD inclusion complex at different resolution 
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Figure 10. SEM images of the cystine +β -CyD inclusion complex at different resolution 

SEM photographs of cys, α-CyD, β-CyD and their inclusion complexes are shown in Fig. . 

a-e. Typical crystal of cys, α-CyD and β-CyD are found in many different sizes. Pure cys 

appears as irregular hexagonal-shaped crystal particles with large dimensions (Fig. 15. 

a), and β-CyD crystallizes in polyhedral form (Fig. 15. c.). 

Both weight percentage (%) and atomic percentage (%) of one the important 

constituent element of the guest into inclusion complex are very important supporting 

facts regarding the successful formation of inclusion complex. Elemental composition 

of the sulphur is more than seven times (47) in the inclusion complex of the β-CYD 

compare to the α-CYD. This data also generates a parallel conclusion from the DSC and 

FTIR data.  

II.5.10 DLS STUDY 

Cytotoxic activity of the Inclusion complexes 

No zone of inhibition was observed in case of both the aerobic gram-negative 

bacterium and anaerobic gram-positive bacteria viz. bacillus subtilis & escherichia coli 

respectively. There was similar growth seen in compare to control (double distilled 

water). These results indicate that ICs don’t have any antimicrobial activity. With that 

it also suggests that these ICs can’t act on the normal gut micro flora. So, it can be said 

that it is non-toxic for the body and further research can be done to explore their 

application inside physiological system.  
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(i) 

 

(ii) 

Figure 11. Distinct but equivalent zone of inhibition for both the gram-negative and 

gram-positive bacteria viz. bacillus subtilis & escherichia coli respectively. A , B , C 

, D, E , F 


