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PREFACE 

The research work of my thesis entitled “HOST GUEST INCLUSION COMPLEXES 

AND THERMODYNAMIC PROPERTIES OF SOME IMPERATIVE MOLECULES WITH 

THE MANIFESTATION OF DIVERSE INTERACTIONS BY PHYSICOCHEMICAL 

INVESTIGATION ” was started in December 2012 under the supervision of Dr. 

Mahendra Nath Roy, Professor of Chemistry in the Department of Chemistry, 

University of North Bengal. 

This work deals with ionic liquids and drug drugs in a solid and aqueous environment 

by various sophisticated spectroscopic techniques and physicochemical methods. 

During my research work, I attended several meetings and seminars across the 

country and presented my research work. I have been extremely inspired by listening 

and conversations with renowned researchers, experts, reviewers and scientists who 

helped me a lot in my research work. I was fortunate enough to publish essays in the 

thesis of an internationally acclaimed journal. In observance with the common 

practice of reporting scientific observations, whenever the described work was 

properly acknowledged, the work described was based on the findings of other 

investigators. I must take responsibility for any unintentional mistakes and 

omissions, which can be a scrimmage despite insurance. 
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ABSTRACT 

My research work deals with the interaction of different  imperative molecules like 

amino acid ,Ionic liquid with diverse liquid medium and formation of host –guest 

inclusion complexes of the oligosaccharide cyclodextrin with vital guest molecules 

namely amino acids,  drug molecules in various environments with the help of 

different spectroscopes and physicochemical  investigation. 

Host-Guest Chemistry 

Host-guest chemistry has diverse application in the field of modern biochemistry as it 

covers the area of complexes formed by two or more molecules joined together by 

forces other than covalent bonds. It is very difficult to explain the 3D structure of 

large biomolecules by non covalent bonding; rather it is involved in biological 

processes in which molecules bind specifically but transiently to another molecule. 

Inclusion complex formation is one type of host–guest chemistry. Common host 

molecules are cyclodextrin, crown ether, cucurbit, porphyrins etc. while amino acids, 

vitamins, ionic liquids, drugs etc can act as guest molecules. The guest molecules are 

encapsulated in the cavity of host molecules and bound by some non-covalent 

interactions such as hydrogen bonding, van der Waals force and hydrophobic 

interactions. The thermodynamic driving force for the formation of host-guest 

inclusion complex is the lowering of Gibb’s free energy of the system. Contrarily, the 

study of Inclusion Complexes has become a matter of utmost importance because of 

their extensive applications in areas of bio sensing and bio imaging, drug delivery and 

regenerative medicine. 

The advantages that provide these inclusion complexes in the pharmaceutical 

industry are: 

(1) The increase or decrease of the solubility and the dissolution rate of the complex 

in relation to the active substance depending on the nature of the guest and host 

molecules;  
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(2) The change of reactivity of the active substance after the protection of some 

functional groups. 

(3) A better bioavailability of the drug. 

(4) The correction of dour and flavor.  

(5) Extended the life of the drug (improved physical and chemical stability). 

(6) The reduction of the contraindications.  

Inclusion complexes can be defined as a special group of compounds known as 'non-

classical complex, which is prepared under the effect of mechanical factors and has 

molecules of host and guest as its components, compounds molecules without 

formation of any specific chemical bond (the weak Van der Waals attractive forces, 

hydrogen bonding interactions and polar interactions) between guest and host; the 

essential criterion is simply that the enclosed molecule or "guest" be of a suitable, size 

and shape to fit into a cavity within a solid structure. 

Cyclodextrin as Host Molecule 

Cyclodextrins are cyclic, nonreducing oligosaccharides in which the glucopyranose 

units are linked α-1, 4 glycosidic bonds. The unique characteristic of its structure is 

that it adopts a cylindrical shape providing a somewhat hydrophobic central cavity 

and a hydrophilic outer surface. Naturally occurring α, β and γ cyclodextrins consist 

of six, seven, and eight D-glucose units, respectively. Topand bottom cavity diameters 

typically measure 4.7 and 5.3 ˚ A for α-CD, 6.0 and 6.5˚A forβ-CD, and 7.5 and 8.3˚A for 

γ-CD, respectively. CDs  are  water-soluble  molecules  with  rigid and  well  defined  

molecular  structures.  The hydrophobic central cavity of cyclodextrin is suitable for 

forming inclusion complexes with a large variety of organic molecules in solutions 

and in solid state. Inclusion  complexes  of  CDs  are  being  formulated and  studied  

for  varied  purposes  such  as  dissolution  rate  enhancement,  solubility  of  the  

poorly  water  soluble  drugs, evaporation  of  guest  molecules  that  are highly  

volatile stability  of  the system  and  even  as  drug  carriers. 
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Chemicals used in Solution Chemistry 

(i) Solvents 

 Water 

 N,N-Dimethyl formamide(DMF) 

 Tetra hydrofuran(THF) 

 1,4, Dioxane(DO) 

(ii) Amino Acids 

 L Valine 

 Asparagine 

 Glutamine 

 Cystine 

 3-(2-Napthyl)-D-Alanine(guest molecules) 

(iii) lonic liquid  

1-Ethyl-3Methyl imidazolium Tosylate. 

(iv) Drug molecules 

• Sodium Valproate (guest molecules) 

• Acetaminophen 

(v) Salts 

o NaCl 

o KCl 

o LiCl 

(vi) Host Molecules 

• α-Cyclodextrin 

•β-Cyclodextrin 
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Chapter IV: The apparent molar volume (ϕV), viscosity B-coefficient and molar 

refraction (RM) have been determined of L-valine in aqueous solution of LiCl, NaCl and 

KCl at 298 K, 303 K and 308 K from density (ρ), viscosity (η) and refractive index (nD) 

measurements respectively. The limiting apparent molar volumes (ϕV
0) and 

experimental slopes (SV*) derived from the Masson equation have been interpreted in 

terms of solute–solvent and solute–solute interactions respectively. The viscosity 

data were analysed using the Jones–Dole equation and the derived parameter B has 

also been interpreted in terms of solute–solvent interactions in the solutions. Molar 

refraction (RM) has been calculated using the Lorentz–Lorenz equation. 

Chapter V: Cystine is the oxidized dimer of the amino acid cysteine and has the 

formula [SCH₂CH(NH₂)CO₂H]₂. It is a white solid i.e. faintly soluble in water. It serves 

two biological functions: a location of redox reactions and a mechanical linkage that 

allows proteins to retain their 3-D structure. The host-guest interaction of an amino 

acid (L-Cystine) as a guest with α and β cyclodextrins have been investigated which 

have significant applications in the field of medical science. FTIR study corroborates 

the formation of inclusion complexes. The host-guest interaction has been explained 

on the basis of H-bonding, Van der Waals force and exceptional structure of 

cyclodextrin. SEM studies show the change in morphology and SEM EDS indicate the 

change in the elemental composition upon inclusion complexation. DLS experiments 

show the change in hydrodynamic diameter upon insertion of the amino acid inside 

the hydrophobic core of cyclodextrins. The thermogram for IC-2 is more flattened 

compared to that for the IC-1 which indicates more complexation of cys with β-CD 

rather than with -CD. 

Chapter VI:  The host –guest interaction of an amino acid (L-cysteine) as guest with α 

and β cyclodextrines have been investigated which have significant applications in in 

the field of medicine such as controlled drug delivery. The 1H NMR study confirms the 

formation of inclusion complex while surface tension and conductivity studies 

support the formation inclusion complex with 1:1 stoichiometry. The host-guest 

interaction has been explained on the basis of hydrogen bonding, Vanderwaal’s force 

and exceptional structure of cyclodextrin. 
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Chapter VII: Solution behaviour of 1-ethyl-3-methyl imidazolium tosylate (IL) and 

some industrially important solvents (dimethylformamide, tetrahydrofuran and 1,4-

dioxane) have been studied by electrolytic conductivity, density (   ) and viscosity              

( ) study. The limiting molar conductivities ( 0 ), association constants (KA), and the 

distance of closest approach (R) of the ions have been measured using the Fuoss and 

Fuoss-Krass theory. The observed molar conductivities were explained by the 

formation of ion pairs and triple ions. Ion–solvent interactions have been interpreted 

in terms of apparent molar volumes and viscosity B-coefficients. 

Tetrabutylammonium tetraphenylborate [Bu4NBPh4] was measured as “reference 

electrolyte” to estimate the limiting ionic conductivity ( 0


) of the ions along with the 

numerical appraisal of ion-pair formation constant. 

Chapter VIII: The apparent molar volume (ϕV), viscosity B-coefficient , molar 

refraction (RM)and specific coductance determined of  Acetaminophen solution in 

different amino acid supplemented with the density (ρ), viscosity (η) and refractive 

index (nD) and conductance data at different temperature 298.15 K, 303.15 K and 

308.15 K respectively at different  mass fractions. The limiting apparent molar 

volumes (ϕV
0) and experimental slopes (SV*) derived from the Masson equation (ϕV = 

ϕV
0 + SV

* √m), have been interpreted in terms of solute–solvent and solute–solute 

interactions respectively. The structure making or structure breaking ability of 

Asparagine and glutamine has been discussed in terms of the sign of (δ2V
0/δT2)P .The 

viscosity data were analyzed using the Jones–Dole equation ((η /η0 –1) / √m = A + B 

√m) and the derived parameter B has also been interpreted in terms of solute–

solvent interactions in the solutions. An increase in the transform volume of solute 

with increasing acetaminophen concentration has been explained by Friedman–

Krishnan co sphere model. From the application of transition state of theory have also 

been calculated and explained activation parameters of viscous flow for the solutions 

studied. Molar refraction (RM

2
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D

D

n m

n 

   
   

    ) has been calculated using the 

Lorentz–Lorenz equation. Molecular interaction of  two amino acid in acetaminophen 
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solution  in aqueous medium have been investigated by molar conductivity at three 

different temperature. 

Chapter IX: Molecular assemblies in α and β-cyclodextrin with most important 

anticonvulsant drug sodium valporate in aqueous medium and solid phases have 

been explored by reliable spectroscopic and physicochemical techniques as 

potentially important controlled drug delivery systems. Host–guest inclusion 

complexes of 1:1  stoichiometry have been determined by surface tension, 

conductivity studies and inclusion phenomena was confirmed by 1H NMR, FT-IR 

studies. The results indicated a higher degree of encapsulation in the case of α-

cyclodextrin than that in β-cyclodextrin. The formation of the inclusion complexes 

was elucidated by hydrophobic effects, structural effects, electrostatic forces and H-

bonding interactions. 
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NECESSITY OF THE RESEARCH WORK 

I.1. OBJECT, SCOPE AND APPLICATION OF THE RESEARCH WORK 

Now a days host-gust inclusion complexes and host molecules for regulatory release 

are very important in pharmaceutical industries and biological fields for civilizing drug 

delivery science. [1] It focuses on anti-cancer drug release, sensing, gene transfection 

etc. General Chat Chat Lounge Molecular with the help of automatic nanoparticles 

capable of trapping and regulating the release of complexes molecules by a range of 

external stimulus. [2]. Studies of a fast advancing research of supramolecular host – 

guest complexes in the interaction domain of chemistry, containing a balancing stereo 

electronic binding (2) take place when encapsulation of a small tiny part of the macro 

cyclic cavity of a host. Some common host molecules are cyclodextrins, cryptophanes, 

crown ethers, porphyrins, metallacrowns, calixarenes, cucurbiturils and carcerands, 

etc. The formation inclusion complexes are applied in supramolecular materials, in 

enzyme activation, temperature dependence,, photo sensing, changes in pH / redox 

and competitive binding. Cyclized and bound conformation is of great importance for 

inclusion complexes (ICs), facilitating the molecular selection of macro cyclic host 

molecules. Cyclodextrins (CDs) are quite attractive, due to their amphiphilic nature, [3] 

the combination of CDs and various nano-particles enhances the thermal catalytic 

properties of the guest by electronically, and macros cyclic hosts as nanosensors, drug 

delivery vehicles, and recycling agents. Molecular switches, machines, supramolecular 

CD's There are potential applications for the creation of liquefied polymers, etc. For 

their applications, chemo sensors, transmembrane channels, molecular-based logic 

gates and other sophisticated host-guest systems are designed for this purpose. 

CHAPTER I 
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The family of cyclodextrins is considered as one of the most popular potential hosts for 

a variety of reasons.  

1) It can be formed easily by the decomposition of enzymatic bacteria from starch.  

[2] They are cost-effective for industrial purposes . 

3) They are non-toxic. Nature is also safe for human consumption . 

4) There is a cut cone shaped like CD structure.  

5) They form unique structures, keeping their rough and well-defined hydrophobic 

cavities and hydrophilic rims in primary and secondary –OH groups. Six of them (CD-

CD), seven (CD-CD) and eight (CD-CD). Glucopyranose is a unit that binds to tr- (1–4) 

linkages to form a truncated cone structure. Extraordinary ability of complexes to form 

complexes of inclusion by guest molecules stabilizes the non-polar part of the guest 

with its hydrophobic cavity with a polar rim. Being used in various foodstuffs, 

pharmaceutical industries, pesticides, cosmetics, toilet articles, textile processing and 

other industries, CDs have been widely applied for encapsulation of various 

substances. [4] As carriers of solubility, organic availability, protection, stability and 

guest molecules. Supramolecular and host-guest chemistry, models for studying 

enzyme activity, molecular recognition encapsulation, intermolecular interactions, and 

chemical stability. Also, cyclodextrins can be used to reduce irritating gastrointestinal 

drugs, convert liquid drugs to microcrystalline or formless powders, and prevent the 

drug - drug and drug - beneficial interactions.  

Possible applications for drug control and drug delivery, such as concentration, pH, 

temperament, etc. Recent ICs are being investigated extensively in the materials and 

biomedical sciences in recent years [5] The interior is non-polar alkyl group due to the 

hydrophobic nature and the exterior of the CD cavity is highly hydroxyl groups. Due to 

their chemical stability, they are suitable and attractive hosts for supramolecular 

chemistry. 

CDs not only have great receptors and chemical stability for molecular recognition but 

also have great building blocks for functional ingredients. These can be applied to 



3 | Chapter I 

stimulus-responsive constructs on supramolecular materials.[6]External stimuli, for 

example, changes in their potential applications such as enzyme activation, light, 

temperature, nanosensors, drug delivery vehicles and recycling agents can be 

enhanced by electronic, conductivity, heat, fluorescence and catalytic properties for pH 

or redox and aggressive binding management. General Chat Lounge considers several 

difficult problems for Nano particle, due to their applications in the creation of other 

attractive host-guest systems, such as molecular switches, molecular machines, 

supramolecular polymers, transmembrane channels, molecule-based logic gates, and 

chemo sensors. The phenomenon of physical chemistry recognizes that binding is often 

associated with loss of structural entropy, but overall thermodynamics is still well 

understood in molecular recognition of its deep importance in biology and treatment. 

[7] In terms of drug delivery, because of its rigid and precisely defined hydrophobic 

cavity and hydrophilic outer surfaces, they can act as a host of different molecular 

receptors for organic and inorganic assembling. Pharmacologically active drugs, in 

addition to their aqueous solubility, should be lipophilic for passive dispersal in 

biological membranes. If a drug is hydrophilic, the dissolved drug molecule cannot 

penetrate the lipophilic biological membrane. Ax Fluid. The use of drug solubilitatile, 

biological availability, protection, stability and cyclodextrin in assisting drug molecules 

to form complex carriers. 

Solution Thermodynamics is an important branch of physical chemistry, the study of 

which changes in properties, when one substance dissolves in another. The solubility is 

influenced by both the solvent and the chemical reaction of the solvent has been 

investigated. Mixing different solvent or solvent with other solvent-solvent mixtures 

does not give rise to an ideal solution. This deviation from the norm is manifested in 

many thermodynamic parameters, with apparent molar properties in solid liquid 

mixtures and by additional properties in liquid –liquid mixture.[8] Physiochemical 

studies are of utmost importance, modifying the intrinsic properties of raw materials 

and providing different forces and products. Given the great benefits from these 

practices, a complete understanding of the properties of raw materials is essential for 

the success of process design.  The last decade has witnessed a surge in investigative 
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activities related to green chemistry. Most efforts in this direction have focused on 

replacing widely used volatile organic solvents (VOCs) instead of suitable alternative 

solvent systems based on minimal chemical waste and environmental pollution, based 

on several alternative methods based on water reaction medium, ionic liquid, 

supercritical fluid, microwave,etc have been developed.Ionic Liquid (IL) is a new class 

of materials that has recently attracted a lot of attention in scientific and industrial 

studies. Due to the combination of chemical and physical properties they are 

significantly different from ordinary molecular fluids. ILs are often defined as salts 

with low melting points, usually below 373 K [1]. 

In the last decade Ionic liquids have gained worldwide attention as green solvents. In 

general, an ionic liquid is completely composed of ions and is known as "green 

solvents" for many reasons that are considered ionic liquids. [9,12]The most important 

reason is that the ionic liquid has an insignificant vapor pressure, it does not evaporate 

into the environment. Ionic liquids can be recycled to propose chemical changes in 

performance. The chemical and physical properties of ionic liquids can, to some extent, 

be modified by the appropriate selection of the type of anion and cation that makes up 

ionic liquids, as well as any substituent groups. Biologically active molecules are 

produced from a biological source, such as microorganisms, organs and tissues of plant 

or animal origin, human or animal origin of cells or fluids. [10].Biologically active 

compounds are studied to assess their health effects. This will reduce the risk of many 

diseases, such as cancer, cardiovascular diseases, etc. The number of bioactive 

compounds of the biological effects of diversity, several and many experimental 

approaches increases our understanding of the biological effect on human bodies. 

Many bioactive compounds have been widely significant in chemical structure and 

function. There are chiral amino acids, such as natural ones (the basic components of 

proteins) and sugars. In biological systems, most of these compounds have the same 

chirality, the configurations of most amino acids are L- amino acid serves as a buffering 

agent in antacids, antiperspirants, analgesics, cosmetics and toiletries. It is used as a 

source of energy for muscle tissue, the brain and the central nervous system, to 
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strengthen the immune system by producing antibodies. [11] The term 'solution' is 

mainly used for the special case of a mixture between different components, that is, in 

a mixture a small amount of solid, liquid or gaseous substance, called solute and 

dissolves to some extent in a liquid or solid substance of pure quantity, or a mixture 

itself called solvent. 

A solution can be considered, as a large set of molecules bound by non-covalent 

interactions. In physical systems, such interactions of increasing complexity should 

start with dimmers, continue through larger groups and end with solutions. In general, 

the solutions are more complex sets of weakly interacting molecules and the reactivity 

in the presence of a solvent cannot be reduced to that of non-covalent interactions. 

The physical and chemical properties of a liquid solution, the strength of its 

intermolecular forces and the forces between the molecules are obtained from the 

same source: the different charges on adjacent molecules that lead to electrostatic 

attractions are governed by the law of the coulombs.[13] The partial charges acquired 

by the molecules result in dipole-dipole forces, dipole-induced dipole forces, hydrogen 

bonds, etc., are known as intermolecular forces. In the liquid phase, intermolecular 

forces in a solution control and understand the thermodynamics of solvation, 

characterize and interpret the essential properties of any process performed. These 

thermodynamic properties are quantities that are an attribute of a complete system or 

are position functions that are continuous and do not vary rapidly in microscopic 

distances, except in cases where there are abrupt changes in the boundaries between 

the phases of the system. Therefore, the studies give a clear idea about the nature of 

the forces existing within the transport properties of the components of a solution in 

thermodynamics. 

Therefore, the main objective of this research work is to investigate to understand the 

interactions that prevail in the solutions by studying their transport properties and 

thermodynamic inclusion complexes. 
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The study of molecular interaction in fluids by thermodynamic methods has drawn 

attention[14], since thermodynamic parameters are convenient for interpreting 

intermolecular interaction patterns in mixtures of non-electrolytic solvents that 

involve both hydrogen bonding and non-hydrogen bonding solvents. . The different 

sequence of solubility, the difference in solvation power and the possibilities of 

unknown chemical or electrochemical reactions in aqueous chemistry have open views 

for chemists and interest in organic solvents transcends the traditional limits of 

inorganic, physical , organic, analytical and electrochemical [15]. 

The facts, therefore, encourage us to expand the study of binary or ternary solvent 

systems with some solvents of industrial importance: polar, weakly polar and non-

polar solvents, as well as with some solutes / electrolytes. 

The thermodynamic and transport properties are of great importance to characterize 

the properties and structural aspects of the solutions. The sign and magnitude of the 

partial molar volume (ϕV0), [16]a thermodynamic quantity, provides information on 

the nature and magnitude of the ion-solvent interaction, while the experimental slope 

(Sv*) provides information on ion-ion interactions [16]. In addition, the excess of 

properties derived from experimental density, viscosity and speed of sound data and 

the subsequent interpretation of the nature and strength of intermolecular interaction 

help to test and develop various solution theories. The excess of thermodynamic 

properties of the mixtures corresponds to the difference between the real property and 

the property if the system behaves ideally. Therefore, the properties provide important 

information about the nature and strength of the intermolecular forces that operate 

between mixed components. Valuable information on the nature and strength of the 

forces operating in solutions can be obtained from viscosity data. Recently, the use of 

computer simulation of molecular dynamics has led to a significant improvement 

towards a successful molecular theory of fluid transport properties and an adequate 

understanding of molecular movements and interaction patterns in mixtures of non-

electrolytic solvents which involve both hydrogen bonding and non-hydrogen bonding 

solvents .It has been established [17,18]. 
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The refractive index is an important physical property of liquids and liquid mixtures, 

which affects the solution of different problems in chemical engineering to develop 

industrial processes. Knowledge of the refractive index of multiple component 

mixtures provides information on the interactions in these mixtures [9-11], which is 

essential for many physicochemical calculations, including the correlation of the 

refractive index with density [19]. 

The physicochemical properties that imply excess thermodynamic functions are 

relevant in the realization of engineering applications in industrial separation 

processes. The importance and use of electrolyte chemistry in non-aqueous and mixed 

solvents are well recognized. However, studies on the properties of aqueous solutions 

have provided sufficient 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 number of others. properties [20]. 

The importance and uses of electrolyte chemistry in non-aqueous and mixed solvents 

have been summarized by [18], Bates [19,20], Parker [21,22], Criss and Salomon [23], 

Meck [16] , Popovych [17], Franks Mercus [24] and others [25-27]. The solute-solute, 

solute-solvent and solvent-solvent interactions have been the subject of wide interest 

and have been explicitly presented in Faraday Trans. of the Chemical Society [28]. 

Fundamental research on non-aqueous electrolyte solution has catalyzed its wide 

technical application in many fields. Non-aqueous electrolyte solutions really compete 

with other ionic conductors, especially at room temperature and at low temperatures, 

due to their high flexibility based on the choice of numerous solvents, additives and 

electrolytes with very variable properties. Primary and secondary high-energy 

batteries, dual-layer wet condensers and super-capacitors, electrode position and 

electroplating are some devices and processes for which the use of non-aqueous 

electrolyte solutions has been most successful [29-31]. Other fields in which non-

aqueous electrolyte solutions are widely used include electro chromic screens and 

smart windows, photo electrochemical cells, electronic machining, etching, polishing 

and electro synthesis. Despite the broad technical applications, our understanding of 
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these systems at the quantitative level is still unclear. The main reason for this is the 

absence of detailed information on the nature and strength of molecular interactions 

and their influence on the structural and dynamic properties of the non-aqueous 

electrolyte solution. 

The physicochemical properties of drugs involve the transport of drugs through 

biological cells and membranes. But the direct study of physicochemical properties in 

physiological means such as blood, intracellular fluids is difficult to achieve. One of the 

well organized approaches is the study of molecular interactions in fluids by 

thermodynamic methods, since thermodynamic parameters are convenient for 

interpreting intermolecular interactions in the solution phase. Amino acids are 

arginine, cysteine, glutamine, tyrosine, glycine, ornithine, etc. In this thesis, the four 

amino acids studied have biological activity in human bodies. L-Asparagine helps in the 

biosynthesis of proteins in humans. [32]L-asparagine is also necessary for the 

improvement of the brain and has a vital role in the preparation of ammonia. Usually, 

the reaction between asparagine and some reducing carbohydrates or other 

compounds that use carbonyls produces acrylamide in food after heating to optimum 

temperature. The products thus formed are present in baked goods such as French 

fries, potato chips, and toasted bread. 

L-Cystine is the oxidized dimmer of the amino acid cysteine and has the formula 

[SCH₂CH (NH₂) CO₂H] ₂. It is a white solid, that is, slightly soluble in water. It fulfills 

two biological functions: a location of redox reactions and a mechanical bond that 

allows proteins to retain their three-dimensional structure. Cysteine is an amino acid 

that is the building block of protein. (Scheme 1) It is a powerful antioxidant. It is also 

used to metabolize lipids, stimulating the immune system. In the body,[33] cysteine is 

also used to produce the amino acid touring, as well as coenzyme A, biotin and heparin. 

Cysteine is a component of beta karatin and has been shown to preserve skin elasticity. 

It also protects the lining of the digestive system. L-Valine is a branched-chain amino 

acid (such as L-isoleucine and L-leucine), which is important for supplying energy to 

the muscles. Branched chain amino acids improve energy, increase endurance and aid 
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in the recovery and repair of muscle tissue.[34] As a branched chain amino acid, L-

valine is important for optimal growth in infants and children and nitrogen balance in 

adults. Branched chain preparations are used in sports nutrition and healthy foods.  

Asparagine amino acids form long chains by hydrogen bonding interactions with the 

peptide skeleton, these amino acid residues are commonly found at the beginning of 

alpha helices as asx turns and asx motifs, and on similar rotation motifs, or as rings 

amide, in beta sheets Its main function is to limit hydrogen bond communications that 

can also be fulfilled by the polypeptide skeleton. [32] The glutamines that have an 

additional methylene group, have a greater entropy due to conformation and, 

therefore, are less able to limit themselves. Asparagine are also useful for providing 

free sites for N-linked glycosylation, the modification of the protein chain with the 

accumulation of carbohydrate chains. [16] In the human body, aspartate is most often 

synthesized through naturally, a carbohydrate side chain can be summarized 

exclusively in an asparagine residue if it is bordered on the C side by X-serine or X-

threonine, here X is any amino acid with the exception of proline. Three ionic liquids 

used for research experiments have vast applications as green solvents. Ionic liquids 

(IL) that have a combination of organic-organic and organic-inorganic cations / anions 

are of great interest in the current chemical field. Their intrinsic physicochemical 

properties make them "design solvents" or "green solvent", such as the favorable 

solubility of organic and inorganic compounds, negligible vapor pressures, low melting 

points, high thermal stability, solvated many organic, inorganic and polymeric 

materials , adjustable polarity, selective catalytic effects, chemical stability. In addition, 

along with these exceptional properties. The 1-ethyl-3-methylimidazolium tosylate is 

also an imidazolium-based ionic liquid, of molecular formula C13H18N2O3S, which 

contains ethyl, methyl groups with two active nitrogen atoms in the imidazole or five-

membered ring, exists as a liquid phase melted with a melting point lower than 313K. 

1-Ethyl-3-methylimidazolium tosylate is liquid at room temperature. This ionic liquid 

has vast applications in chemical reactions, synthesis, cellulose processing, 

reprocessing of nuclear fuel, waste recycling, metallic air batteries, etc. They are 

considered ecological solvents since they do not produce any environmental risk.  Due 
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to their distinctive properties, they attract more and more attention in many fields, 

such as organic chemistry, electrochemistry, catalysis, physical chemistry and applied 

supramolecular chemistry. It is used as recyclable solvents for organic reactions and 

separation processes, lubricating fluids, heat transfer fluids for biomass processing and 

electrically conductive liquids as an electrochemical device in the field of 

electrochemistry. ILs are used as heat transfer materials to process biomass and 

transport liquids electrically as an electrochemical tool in electrochemistry. ILs based 

on imidazolium cations are prominent commercially available, highly thermally stable 

bio-applications. ILs that have large anions are also susceptible to additional 

interactions with polar solvents. Sodium valproate (SV) is an anticonvulsant 

medication that is used in epilepsy and bipolar disorder [33]. It is also used for 

neuropathic pain and migraine prophylaxis. SV is an extremely hygroscopic and 

completely ionized solid to form a highly active mode of administration . Consideration 

of clinically high doses for use, that is why the drug has a high side effect known as a 

black box warning for hepatotoxicity, pancreatitis and fetal abnormalities . The search 

leads to reduction.], Supramolecular and host-host chemistry, models to study 

enzymatic activity, molecular recognition and molecular encapsulation, study 

intermolecular interactions and chemical stabilization [8]. In addition, cyclodextrins 

can be used to reduce gastrointestinal irritation by drugs [9], convert liquid drugs to 

microcrystalline or amorphous powder and prevent drug-drug and drug-receptor 

interactions [10]. 

I.2 CHOICE OF SOLVENTS AND SOLUTES USED: 

Mainly  used as solvent like Dimethyl formamide, Tetra hydro furan,1,4 di oxane, and 

universal solvent like water and different salt  like sodium chloride Potassium chloride 

Lithium chloride, N-acetyl para amino phenol, Asparagine, Glutamine, And ionic liquid 

like 1-ethyl-3 methyl imidazolium tosylate . 

Study on Ion Pair and Triple Ion Formation of an Ionic Liquid,[(EMIM ) (TOS)] in 

Different Solvents with the Manifestation of Solvation Consequence, 
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Physico-Chemical Studies of a Biologically Active Molecule (L-Valine) Predominant in 

Aqueous Alkali Halide Solutions with the Manifestation of Solvation Consequences. 

Choice of Host and Guest Molecules: 

For host  guest inclusion complexes, I used cyclodextrine  as a host molecules,like α-

Cyclodextrine, β- cyclodextrine and guest mlecules are 3-(2 Nepthyal) Danaline, 

Lcystine, sodium valporate drug  . 

Investigation of Inclusion Complexes of Sodium Valproate Inside into α and β-

Cyclodextrins, Host-Guest Inclusion Complexation of 3-(2-Napthyl)-D-Alanine with α 

and β-Cyclodextrins Explored 

I.3. METHODS OF INVESTIGATION 

The host guest inclusion complexes and tharmodynamicly existence of free ions, 

solvated ions, ion-pairs and triple-ions in aqueous and non-aqueous media depends 

upon the concentrations of the solution. Hence, the study of various interactions and 

equilibrium of ions in different concentration regions are of immense importance to 

the technologist and theoretician as most of the chemical processes occurs in these 

systems. 

It is of interest to employ different experimental techniques to get a better insight into 

the phenomena of solvation and different interactions prevailing in solution. We have, 

therefore, employed five important methods, namely, densitometry, viscometry, 

conductometry, refractometry, UV-Visible , NMR spectroscopic technique,DSC AND 

SEM to investigate the problem of solvation phenomena. 

Thermodynamic properties, like partial molar volumes obtained from density 

measurements, are generally convenient parameters for interpreting solute-solvent 

and solute-solute interactions in solution. 

The change in viscosity by the addition of electrolyte solutions is attributed to inter-

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

components by the ‘reference electrolyte’ method and from the temperature 
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dependence of ionic values, a satisfactory interpretation of ion-solvent interactions 

such as the effects of solvation, structure-breaking or structure-making, polarization, 

etc. may be given. 

The transport properties in most 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 study the ion-association with the help of appropriate 

equations. 

The optical property, refractive index is an useful tool to understand the interaction 

occurring in the solution systems. 

The surface tension experiments were done by platinum ring detachment mehod using 

a Tensiometer (K9, KRŰSS; Germany) at the experimental temperature. The accuracy 

of the measurement was within ±0.1mN.m-1. Temperature of the system has been 

maintained by circulating auto-thermostated water through a double-wall glass vessel 

containing solution. 

The pH values of the experimental solutions were measured by a Mettler Toledo Seven 

Multi pH meter. The measurement of pH of the solution state is very useful to 

understand the molecular form of solute and solvent and the type of interactions 

occurring in solution. 

Nuclear Magnetic Resonance (NMR) spectroscopy is used to study the structure of 

molecules, the kinetics or dynamics of molecules and the composition of mixtures of 

biological or synthetic solutions or composites. 

UV-visible spectroscopy refers to absorption spectroscopy or reflectance spectroscopy 

in Ultraviolet-visible region. This means it uses light in the visible and ultraviolet 

region. In this region of electromagnetic spectrum, molecules undergo electronic 

transitions. Molecules containing π-electrons or non-bonding electrons (n-electrons) 

can absorb the energy in the form of ultraviolet or visible light to excite these electrons 

to higher antibonding molecular orbitals. The more easily excited the electrons (i.e. 
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lower energy gap between the HOMO and the LUMO), the longer the wavelength of 

light it can absorb. The wavelength of absorption peaks can be correlated with the 

types of bonds in a given molecule and are valuable in determining the functional 

groups (specially conjugation) within a molecule. 

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 [ ].  

A scanning electron microscope (SEM): 

produce image of sample by scanning  of surface by  a focused beam of electrones. 

Specimens are observed in high vacuum condition. The electrone intareact with atom 

in the sample produce different signals which informed  topography of surface and 

composition of sample. Secondary electron emitted by atom exited by electron beam 

are dected, the number of secondary electron that can be detected. SEM can achieves 

resolution better thane  1 nanometer. 
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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 

CHAPTER II 
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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 
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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. 

 

VARIOUS FORCES OF ATTRACTION 

are forces of attraction or repulsion which act between 

cles (atoms, molecules or ions), formation  forces binding atoms are 

. The energy required to break a bond is called the 

. For example the average bond-energy for O-H bonds in water is 463kJ/mol. 
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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 

orces 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 categories. The prominent 

attraction: The solid more ionic compound has the higher lattice 

strong ionic attraction. The following result can be explained 

attraction: LiF, 1036; LiI, 737; KF, 821; ttMgF2, 2957 kJ/
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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.  
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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. 



34 | Chapter II 

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 



36 | Chapter II 

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) 



38 | Chapter II 

 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. 



39 | Chapter II 

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 
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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 



50 | Chapter II 

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 
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EXPERIMENTAL SECTION 
 

III. 1. NAME, STRUCTURE, PHYSICAL PROPERTIES, PURIFICATION AND 

APPLICATIONS OF THE COMPOUNDS USED IN THE RESEARCH WORK 

III.1.1. HOST MOLECULES 

α-Cyclodextrin: 

α-Cyclodextrin, a cyclic oligosachharide, is well known in supramolecular chemistry as 

molecular host. They have a shape of truncated cone with a hydrophobic cavity and 

hydrophilic exterior rim. Primary hydroxyl groups are situated at narrow end and 

secondary hydroxyl groups are placed around the wider end. α-CD is composed of six 

glucopyranose units linked through α (1-4) bond.(1-2) 

 

Source: Sigma Aldrich, Germany. 

CHAPTER III 
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Purification: Used as purchased. The purity of the chemical is ˃98.0%. 

CAS Number 10016-20-3 

Chemical formula C36H60O30 

Molar mass 972.84 g mol−1 

Appearance White powder 

Solubility in water 145 g L−1 
 

Application: Cyclodextrins have vast applications in the field of pharmaceuticals, 

pesticides, foodstuffs, toilet articles, textile processing industry, supramolecular host-

guest chemistry, molecular encapsulation etc.[2] CDs form stable host-guest Inclusion 

Complexes with essential amino acids e.g. 3-(2-Napthyl)-D-Alanine,sodium valporate 

arginine, histidine, lysine, phenyl alanine, glutamic acid ionic liquids e.g., 1-butyl-4-

methylpyridinium iodide, RNA nucleosides etc. as guest molecules. 

β-Cyclodextrin: 

β-Cyclodextrin, a cyclic oligosachharide, is well known in supramolecular chemistry as 

molecular host. They have a shape of truncated cone with a hydrophobic cavity and 

hydrophilic exterior rim. Primary hydroxyl groups are situated at narrow end and 

secondary hydroxyl groups are placed around the wider end. β-CD is composed of 

seven glucopyranose units[3] linked through α (1-4) bond.(3-4) 

 

Source: Sigma Aldrich, Germany. 
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Purification: Used as purchased. The purity of the chemical is ˃98.0%. 

CAS Number 7585-39-9 

Chemical formula C42H70O35 

Molar mass 1134.98 g mol−1 

Appearance White powder 

Solubility in water 18.5 g .L−1 

 

Application: Cyclodextrins have vast applications in the field of pharmaceuticals, 

pesticides, foodstuffs, toilet articles, textile processing industry, supramolecular host-

guest chemistry, molecular encapsulation etc. CDs form stable host-guest Inclusion 

Complexes with essential amino acids e.g. 3-(2-Napthyl)-D-Alanine  Sodium valporate, 

arginine, histidine, lysine, phenyl alanine, glutamic acid ionic liquids e.g., 1-butyl-4-

methylpyridinium iodide, RNA nucleosides etc. as guest molecules. 

III.1.2. IONIIC  LIQUID 

1-ethyl-3-methyl imidazolium tosylate: Ionic Liquids (ILs) having combination of 

organic-organic and organic-inorganic cations/anions are of great interest in the 

current chemical field. Their intrinsic physicochemical properties make them “designer 

solvents” or “green solvent”, such as the favourable solubility of organic and inorganic 

compounds, negligible vapour pressures, low melting points, high thermal stability, 

solvated many organic, inorganic and polymeric materials, adjustable polarity, 

selective catalytic effects, chemical stability. In addition, along with these exceptional 

properties. 1-ethyl-3-methylimidazolium tosylate is also imidazolium based ionic 

liquid, of molecular formula C13H18N2O3S, containing ethyl, methyl groups with two 

active nitrogen atoms in the imidazole or five member ring, exist as a molten liquid 

phase with the melting point below 313K.(5-6) 
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Appearance 

Molecular Formula 

Molecular Weight 

Melting Point 

Density 

Source: Sigma Aldrich, Germany 

Purification: Used as purchased without further purification. The purity is >98%.

Application: It is used as recyclable solvents for organic reactions and separation 

processes, lubricating fluids, heat transfer fluids for processing biomass and 

electrically conductive liquids as electrochemical device  in the field of 

electrochemistry. , ILs are used as heat transfer materials for processing biomass and 

electrically transport liquids as electrochemical tool in electrochemistry. Imidazolium 

cation based ILs are highly thermally stable, lager commercial available prominent bio

applications . ILs having large anions are also susceptible to additional interactions 

with polar solvents. 

III.1.3. AMINO ACID 

Amino acids are organic compounds that combine 

proteins are the building blocks of life. The human body uses amino acids to make 

proteins to help the body, e.g. Break down food, grow, repair body tissue, 

source of energy by the body, Perform many other body functions. Amino acids are 

classified into three groups: Essential amino acids, Nonessential amino acids and 

Conditional amino acids. Out of this three categories c

usually essential in times of illness and stress. Few examples of c

are arginine, cysteine, glutamine, tyrosine, glycine, ornithine etc.

crystalline 

C6H11N3O3 

173.17 g/mol 

313.15 K 

1.23g/mol 

 

Used as purchased without further purification. The purity is >98%.

It is used as recyclable solvents for organic reactions and separation 

processes, lubricating fluids, heat transfer fluids for processing biomass and 

electrically conductive liquids as electrochemical device  in the field of 

electrochemistry. , ILs are used as heat transfer materials for processing biomass and 

electrically transport liquids as electrochemical tool in electrochemistry. Imidazolium 

based ILs are highly thermally stable, lager commercial available prominent bio

applications . ILs having large anions are also susceptible to additional interactions 

Amino acids are organic compounds that combine to form proteins. Amino acids and 

proteins are the building blocks of life. The human body uses amino acids to make 

proteins to help the body, e.g. Break down food, grow, repair body tissue, 

source of energy by the body, Perform many other body functions. Amino acids are 

classified into three groups: Essential amino acids, Nonessential amino acids and 

Conditional amino acids. Out of this three categories conditional amino acids are 

sually essential in times of illness and stress. Few examples of conditional amino acids 

arginine, cysteine, glutamine, tyrosine, glycine, ornithine etc.(7-8) 

 

Used as purchased without further purification. The purity is >98%. 

It is used as recyclable solvents for organic reactions and separation 

processes, lubricating fluids, heat transfer fluids for processing biomass and 

electrically conductive liquids as electrochemical device  in the field of 

electrochemistry. , ILs are used as heat transfer materials for processing biomass and 

electrically transport liquids as electrochemical tool in electrochemistry. Imidazolium 

based ILs are highly thermally stable, lager commercial available prominent bio-

applications . ILs having large anions are also susceptible to additional interactions 

. Amino acids and 

proteins are the building blocks of life. The human body uses amino acids to make 

proteins to help the body, e.g. Break down food, grow, repair body tissue, used as a 

source of energy by the body, Perform many other body functions. Amino acids are 

classified into three groups: Essential amino acids, Nonessential amino acids and 

onditional amino acids are 

onditional amino acids 
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L Cystine: 

L-Cystine is the oxidized dimer of the amino acid cysteine and has the formula 

[SCH₂CH(NH₂)CO₂H]₂. It is a white solid i.e. faintly soluble in water. It serves two 

biological functions: a location of redox reactions and a mechanical linkage that allows 

proteins to retain their 3-D structure. 

 

Appearance White  dry powder 

Molecular Formula C6H12N2O4S2 

Molecular Weight 240.29g/mol 

Solubility in water 190mg/L 

Melting point 260 

Boiling point 468.20C 

Source: Sigma Aldrich, Germany 

Purification:Used as purchased without further purification. The purity is >98%. 

Application: L-Cysteine is an amino acid which is building block of protein.(Scheme 1) 

It is a powerful anti oxidant. It is also used to metabolize of lipid, boosting the immune 

system.L-cysteine increase malie fertility, reduce inflamination and combarts decrease 

osteoporosis. In the body, cysteine is also used to produce the amino acid taurine as 

well as coenzyme A, biotine and heparin. Cysteine is component in beta karatin and it 

is proved that it preserve skin elasticity. It also protects the lining of digestive               

system .    (9) 
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Appearance White crystals 

Molecular formula C5H11NO2 

Molecular weight 117.148 gmol-1 

Melting Point 2980C 

Solubility in water Soluble 

density 1.136g/L 

L-valine:  

Source and purification: 

L-valine was purchased from Sd. Fine Chemicals Limited, Mumbai, India. Its mass 

purity as supplied is 99% 

Application 

L-valine is a branched chain amino acid (as are L-isoleucine and L-leucine), which is 

important for supplying energy to muscles. The branched chain amino acids enhance 

energy, increase endurance and aid in muscle tissue recovery and repair. As a 

branched chain amino acid, L-valine is important for optimal growth in infants and 

children and nitrogen balance in adults. Branched chain preparations are used in 

sports nutrition and health foods.(10) 

Asparagine:(2,4-Diamino-4-oxobutanoic acid) Asparagine is non –essential amino 

acid in humans,Asparagine is a beta amino derivatives of aspartic. 
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Appearance White crystaline 

Molecular formula C4H8N2O3 

Molecular weight 132.119 g/mol 

Melting point 2350C 

Solubility 20g/L 

density 1.543g/cm3 
 

Asparagine (Asn)is role in the biosynthesis of glycoproteins.It  is essential synthesis of 

other protein Human nervous system also needed to this amino acid to be able to 

maintain an equllibrum.It  required to developed and function the brain and it is 

alsoused to synthesis ammonia.(11) 

Glutamine 

 

Molecular formula C5H10N203 

Molecular weight 146.146g/mol 

Appearance Colorless  liqued 

Density 0.904g/cm3 

Melting point Decomposed around 1850C 
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Application: Glutamine (glen) is a significant amino acid. L

animal foods, supplements and the human body. It is a part of the protein involved in 

the immune function of our b

source for the gut and immune cells. It helps maintain a wall between the interior and 

the rest of our body. It develops properly with the intestinal cells of body

3-(2-Napthyl)-D-Alanine 

The guest is amino acid derivative that has been used to synthesize cholecys to kinin 

analogues and as a carrier may be achieved

It is used in artificial receptors for amino acid.

i

Appearance 
Molecular formula 
Molecular weight 

Boling  point 
Density 

Source: Sigma Aldrich, Germany 

Purification:Used as purchased without further purification. The purity is >98%.

III.1.4. DRUGS 

Sodium Valproate 

SV is an extremely hygroscopic solid and completely ionized to form highly active 

mode of administration[2]. Clinically high doses consideration for use that’s why drug 

present high side effect known as black box warning for 

and fetal abnormalities[3]. The search for lead to reduction

Glutamine (glen) is a significant amino acid. L-Glutamine is found in 

animal foods, supplements and the human body. It is a part of the protein involved in 

the immune function of our body within the intestine [2]. Glutamine is an energy 

source for the gut and immune cells. It helps maintain a wall between the interior and 

the rest of our body. It develops properly with the intestinal cells of body.(11)

is amino acid derivative that has been used to synthesize cholecys to kinin 

and as a carrier may be achieved nutritional analysis and disease diagnosis. 

It is used in artificial receptors for amino acid.(12) 

i

NH2

OHO  

Off White   Solid 
 C13H13NO2 

 215.25g/mol 
355.530C 

1.1242 g/mol 
 

Used as purchased without further purification. The purity is >98%.

 

SV is an extremely hygroscopic solid and completely ionized to form highly active 

mode of administration[2]. Clinically high doses consideration for use that’s why drug 

present high side effect known as black box warning for hepatotoxicity, pancreatitis 

and fetal abnormalities[3]. The search for lead to reduction.(13) 

Glutamine is found in 

animal foods, supplements and the human body. It is a part of the protein involved in 

ody within the intestine [2]. Glutamine is an energy 

source for the gut and immune cells. It helps maintain a wall between the interior and 

.(11) 

is amino acid derivative that has been used to synthesize cholecys to kinin 

and disease diagnosis. 

Used as purchased without further purification. The purity is >98%. 

SV is an extremely hygroscopic solid and completely ionized to form highly active 

mode of administration[2]. Clinically high doses consideration for use that’s why drug 

hepatotoxicity, pancreatitis 
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Molecular formula C 8H16O2 
Molecular weight 144.211g/mol 

Appearance Colorless  liqued 
Density 0.904g/cm3 

Boiling point 219.5 0C 
Refractive Index 1.425 

Source:Valporic acid sodium salt,of highly pure were purchased form Sigma –Aldrich . 

Purification:The purities of sodium valporate,  were-99.1% 

Application:Sodium valproate (SV) is an anticonvulsant drug which is used in epilepsy 

and bipolar disorder[1]. It is also used for neuropathic pain and migraine prophylaxis. 

Acetaminophen(N-acetyl paraamino phenol): 

N-acetyl para aminophenol(paracetamol) is also known as acetaminophen. 

Paracetamol consists of a bengene ring core,  one hydroxyl group and 

the nitrogen atom of an amide group in the para (1,4) position.  It is an 

extensively conjugated system, as one lone pair on the hydroxyl oxygen, the benzene pi 

cloud, the nitrogen lone pair, the p orbital on the carbonyl carbon, and one lone pair on 

the carbonyl oxygen are all conjugated. The presence of two activating groups also 

make the benzene ring highly reactive . (14) 

 

Molecular formula C8H9N02 
Molecular weight 151.16 g.mol-1 

Boiling point 4200C 
Density 1.263g/cm3 

Melting point 169 0C 
Solubility 7.21 g/kg at 00C 

Source: Sigma Aldrich, Germany 
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Purification:Used as purchased without further purification. The purity is >98%. 

Application: Acetaminophen(APAP) is used a pain reliever and fever reducer. It is 

used to treatment of headache ,muscheaches,arthritis etc 

III.1.5. SOLVENTS 

Water (H2O): 

Water is an omnipresent chemical substance is composed of hydrogen and oxygen and 

is essential for all known forms of life. In typical usage, water refers only to its liquid 

form or state but the substance also exists as solid state, ice, and a gaseous state, water 

vapour or steam. Water is a good solvent and is often referred to as the universal 

solvent. 

 

Appearance Appearance Colourless liquid 

Molecular Formula H2O 

Molecular Weight 18.02g/mol 

Dielectric Constant 78.35 

Density 0.99713g.cm 

Viscosity 0.891 mPs 
Refractive Index 1.3333 

Boiling Point 78.35 at298.15K 
Source: Distilled water, distilled from fractional distillation method in Lab. 

Purification: Water was first demonized and then distilled in an all glass distilling set 

along with alkaline KMnO4 solution to remove any organic matter therein. The doubly 

distilled water was finally distilled using an all glass distilling set. Precautions were 

taken to prevent contamination from CO2 and other impurities. The triply distilled 

water had specific conductance less than 1 × 10-6 S∙cm-1. 

Application: Water is commonly used in chemical reactions as a solvent or reactant, 

and less commonly as a solute or catalyst commonly In an inorganic reaction, water is a 



common solvent, dissolving many ionic compounds. S

become the subject of research. Oxygen saturated supercritical water efficiently 

suppresses organic pollutants. It is also used in various industries. It is a great solvent, 

generally accepted as a universal solvent, due to t

molecules and the tendency to form hydrogen bonds with other molecules. Life on 

earth depends entirely on water. Not only a high percentage of living things, both 

plants and animals are found in water, all life on earth is said 

water, and the bodies of all organisms are essentially water. About 70 to 90 percent of 

all organic matter is water. The chemical reactions of all plants and organisms that 

support life occur through a water. Not only does water pro

a sustainable reaction to this life, but water itself is an important reactor or product of 

these reactions. In short, the chemistry of life is water chemistry.

N,N-dimethylformamide 

Molecular formula
Molecular weight

Appearance
Melting Point

Solubility in water
density 

Boiling point
Refractive Index

Application :  It is used in the production of acrylic fibers and plastics. It is also used as 

a solvent in peptide coupling for pharmaceuticals, in the development and production 

of pesticides, and in the manufacture of adhesives, synthetic leathers, fibers, films, and 

surface coatings.(15) 

common solvent, dissolving many ionic compounds. Supernatural water has recently 

become the subject of research. Oxygen saturated supercritical water efficiently 

suppresses organic pollutants. It is also used in various industries. It is a great solvent, 

generally accepted as a universal solvent, due to the marked polarity of water 

molecules and the tendency to form hydrogen bonds with other molecules. Life on 

earth depends entirely on water. Not only a high percentage of living things, both 

plants and animals are found in water, all life on earth is said to have originated from 

water, and the bodies of all organisms are essentially water. About 70 to 90 percent of 

all organic matter is water. The chemical reactions of all plants and organisms that 

support life occur through a water. Not only does water provide a means of producing 

a sustainable reaction to this life, but water itself is an important reactor or product of 

these reactions. In short, the chemistry of life is water chemistry. 

 (DMF) 

 

Molecular formula C3H7NO 
weight 73.095 g·mol−

Appearance Colourless liquid
Melting Point −60.5 °C; −76.8 °F; 212.7

Solubility in water Miscible 
0.948 g mL−1

Boiling point 152 to 154 °C; 305 to 309 °F; 425 to 427
Refractive Index 1.4305 

in the production of acrylic fibers and plastics. It is also used as 

a solvent in peptide coupling for pharmaceuticals, in the development and production 

of pesticides, and in the manufacture of adhesives, synthetic leathers, fibers, films, and 
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upernatural water has recently 

become the subject of research. Oxygen saturated supercritical water efficiently 

suppresses organic pollutants. It is also used in various industries. It is a great solvent, 

he marked polarity of water 

molecules and the tendency to form hydrogen bonds with other molecules. Life on 

earth depends entirely on water. Not only a high percentage of living things, both 

to have originated from 

water, and the bodies of all organisms are essentially water. About 70 to 90 percent of 

all organic matter is water. The chemical reactions of all plants and organisms that 

vide a means of producing 

a sustainable reaction to this life, but water itself is an important reactor or product of 

−1 
Colourless liquid 

°F; 212.7 K 

1 
°F; 425 to 427 K 

in the production of acrylic fibers and plastics. It is also used as 

a solvent in peptide coupling for pharmaceuticals, in the development and production 

of pesticides, and in the manufacture of adhesives, synthetic leathers, fibers, films, and 
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1,4-Dioxan(DO)                               

 

Appearance White/Off White Powder 

Molecular formula C4H8N2O2 

Molecular weight 116.12 g/mol 

Melting Point 240 to 241 °C (464 to 466 °F; 513 to 514 K) 

Solubility in water Low 

density 1.37 g/cm3 

Application: is a trace contaminant of some chemicals used in cosmetics, 

detergents, and shampoos. 

Tetrehydrofuran (THF) 

 

Appearance C olorless liquid 
Molecular formula C4H8O 
Molecular weight 72.107g/mol 

Melting Point −108.4 °C (−163.1 °F; 164.8 K) 
Solubility in water miscible 

density 0.8892g/cm3 

Application: is used as a precursor to polymers. The other main application of THF is 

an industrial solvent for PVC and in vernishes. 
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III.1.6. ALKAYL HALIDE 

Sodium chloride: Sodium chloride commonly known as sea salt ,chemical formula 

Nacl .It is ionic compound representing 1:1 Sodium and Chloride ions,it is also known 

as table salt. 

 

Appearance White crystal 

Molecular formula Nacl 

Molecular weight 58.443g/mol 

Melting point 800.7 0C 

Boling point 1465  0C 

Solubility 360g/L 

Density 2.17g/cm3 

Source and purification NaCl  purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 
vacuum at T=348 K for 6 h. Thereafter, it was stored over P2O5 in a desiccator before use. 

Application: It is commonly used as a Condiment and food preservatives ,large 

quantity use in many industrial processes. It is used major source of Sodium and 

chlorine compounds used feed stocks for  further Chemical synthesis. Sodium chloride 

is de icing of road way in sub freezing weather. 

Potassium chloride: KCl is a metal halide Salt  composed of Potassium and Chloride  

and white crystal appear. The solid  readily dissolve in water. 

 



74 | Chapter III 

Appearance
Molecular formula
Molecular weight

Melting point
Boling point

Solubility
Density 

Source and purification KCl purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 
vacuum at T=348 K for 6 h. Thereafter, it was stored over P

Application: It is used as fertilizer ,medicine purpose ,in scientific application and also 

food processing . 

Lithium chloride: LiCl is ionic compound .The small size of the Li+ ion gives rice to 

properties not aries the other alkali metal chloride,extra odinar

solvent and its hygroscopic properties

Molecular formula
Molecular weight

Melting point
Boling point 

Solubility 
Density 

Appearnce 

Source and purification: LiCl, purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 
vacuum at T=348 K for 6 h. Thereafter, it was stored over P

 

Appearance White crystalline solid
Molecular formula KCl 
Molecular weight 74.55g/mol

Melting point 770 0C 
Boling point 1420  0C 

Solubility 217.1g/L
 1.984g/cm

KCl purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 
vacuum at T=348 K for 6 h. Thereafter, it was stored over P2O5 in a desiccators before use.

as fertilizer ,medicine purpose ,in scientific application and also 

l is ionic compound .The small size of the Li+ ion gives rice to 

properties not aries the other alkali metal chloride,extra odinari soluble in polar 

properties. 

 

Molecular formula LiCl 
Molecular weight 42.39g/mol 

Melting point 609 0C 
 1382 0C 

842.5g/L 
2.068g/cm3 

 White solid hygroscopic

, purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 
vacuum at T=348 K for 6 h. Thereafter, it was stored over P2O5 in a desiccators before use.

White crystalline solid 

74.55g/mol 

 
 

1.984g/cm3 

KCl purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 

in a desiccators before use. 

as fertilizer ,medicine purpose ,in scientific application and also 

l is ionic compound .The small size of the Li+ ion gives rice to 

i soluble in polar 

 

 
White solid hygroscopic 

, purity as supplied is 99% of Sisco research laboratories pvt.ltd 
Mumbai, India. It was recrystallised twice from aqueous ethanol solution and dried under 

fore use. 
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Application 

It is used to lithium extraction by electrolysis ,Licl  is used  as brazing flux for 

aluminum in automobile, used in organic synthesis. It is used in precipitated RNA from 

cellular extract, also used in hygrometer 

III.2. EXPERIMENTAL METHODS 

III.2. 1. PREPARATION OF SOLUTIONS 

The uncertainty of molarity of different salt solutions was approximately ± 0.0003 

mol·dm-3. The research works described in this thesis was generally carried out with 

binary or ternary solution systems taking water as primary solvent and host 

cyclodextrin molecules as co-solvent. 

After attainment of thermal equilibrium, the required volumes of each solution were 

transferred in a different volumetric flask which was already cleaned and dried 

thoroughly. The mixed contents of the stoppered volumetric flask were shaken well 

before use in any experiment. Same procedure was followed in making different 

solvent mixtures in the entire research work. The physical properties of different pure 

and mixed solvents have been mentioned before in this chapter. 

III.2. 2. PREPARATION OF SOLID INCLUSION COMPLEXES 

Solid inclusion complexes are also prepared for some of the experimental works 

described in the thesis. For this purpose 1:1 molar ratio of the guest molecules (i.e., 

ionic liquids 1-butyl-1-methylpyrolidinium chloride, 1-butyl-3-methylimidazolium 

chloride and Trihexyltetradecylphosphonium chloride, drug molecules probenecid and 

chloroquine diphosphate) and cyclodextrin( α-CD and β-CD) were taken. After that the 

aqueous solution of the guest molecules were gradually added drop by drop to the 

aqueous solutions of the CD. The mixture was allowed to stir for 48 hrs at 50–55oC and 

filtered at this hot condition. It was then cooled to 5oC and kept for 24 hrs. The 

resulting suspension was filtered to get white polycrystalline powder, which was 

washed with ethanol and dried in air. 
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III.2.3. MASS MEASUREMENT 

All the stock solutions are prepared by mass. The chemicals are weighed in digital 

electronic analytical balance (Mettler Toledo, AG 285, Switzerland). 

 

The weighing pan with high precision of 0.0001g is placed inside a transparent 

enclosure. The doors do not allow any dust.  So no air current in the room effect the 

balance’s operation. 

III.2.4. SURFACE TENSION 

Surface tension of a series of solutions required for experiment was measured by 

platinum ring detachment method using a Tensiometer (K9, KRŰSS; Germany). 

 

The precision of the measurement was within ±0.1 mN∙m−1. Temperature during 

various mexperiments is controlled by circulating auto-thermostated water (within ± 

0.01K) through a double-wall glass vessel containing the solution. 



III.2.5. CONDUCTIVITY MEASUREMENT

Systronics Conductivity TDS meter

various solutions. It can provide 

compensation. 

The conductivity measurements were done on this conductivity bridge using a dip

immersion conductivity cell of cell constant 1.11cm

at 1 KHz and was found to be ±0.3 % precise. The instrument was standardized using 

0.1(M) KCl solution. Calibration of the cell was done by the method of Lind and co

workers.[16] A 500 cm3 conical flask closed by a ground glass fitted with a side arm 

was taken and the above mentioned conductivity cell was attached with the side of it. 

Dry and pure nitrogen gas was passed through it in order to prevent insertion of air 

into the cell when solvent or solution was added. The experiments and measurements 

were done in a thermostatic water bath maintained at the required temperature with 

an accuracy of  0.01 K with the help of mercury in glass thermo regulator.

Several solutions were prepared by weight with precision of ± 0.02 %.

III.2.6. MAGNETIC STIRRER FOR 

INCLUSION COMPLEXES 

The different solutions of guest molecules and cyclodextrins have been prepared on 

magnetic stirrer. 

III.2.5. CONDUCTIVITY MEASUREMENT 

Systronics Conductivity TDS meter-308 is used for measuring specific Conductivity of 

can provide together regular and manual temperature 

 

The conductivity measurements were done on this conductivity bridge using a dip

immersion conductivity cell of cell constant 1.11cm-1. The conductance data are taken 

found to be ±0.3 % precise. The instrument was standardized using 

0.1(M) KCl solution. Calibration of the cell was done by the method of Lind and co

conical flask closed by a ground glass fitted with a side arm 

ve mentioned conductivity cell was attached with the side of it. 

Dry and pure nitrogen gas was passed through it in order to prevent insertion of air 

into the cell when solvent or solution was added. The experiments and measurements 

atic water bath maintained at the required temperature with 

0.01 K with the help of mercury in glass thermo regulator.

Several solutions were prepared by weight with precision of ± 0.02 %. 

6. MAGNETIC STIRRER FOR PREPARATION OF SOLUTION AND SOLID 

 

The different solutions of guest molecules and cyclodextrins have been prepared on 
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308 is used for measuring specific Conductivity of 

and manual temperature 

The conductivity measurements were done on this conductivity bridge using a dip-type 

. The conductance data are taken 

found to be ±0.3 % precise. The instrument was standardized using 

0.1(M) KCl solution. Calibration of the cell was done by the method of Lind and co-

conical flask closed by a ground glass fitted with a side arm 

ve mentioned conductivity cell was attached with the side of it. 

Dry and pure nitrogen gas was passed through it in order to prevent insertion of air 

into the cell when solvent or solution was added. The experiments and measurements 

atic water bath maintained at the required temperature with 

0.01 K with the help of mercury in glass thermo regulator.[17] 

 

SOLUTION AND SOLID 

The different solutions of guest molecules and cyclodextrins have been prepared on 
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III.2.7. DENSITY MEASUREMENT 

The density of different solutions were measured by Anton Paar density-meter (DMA 

4500M) with an accuracy of 0.0005 g.cm-3. 

 

A U-shaped tube mechanically oscillates in this density meter and electromagnetically 

it is transformed into an alternate voltage of same frequency. The period τ can be 

measured with high resolution. The relationship between density ρ and period can be 

expressed as 

ρ = A ∙ τ2 - B 

where A and B indicate instrument constants of each oscillator respectively. The values 

of A and B can be calculated by calibration of two substances of the precisely known 
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densities ρ1 and ρ2. In modern instruments the calculation of this constants are usually 

done air and water. They employ suitable measures to compensate various influences 

on the measuring result, e.g. 

III.2.8. VISCOSITY MEASUREMENT 

The viscosities (η) of the solutions were measured with a Brookfield DV-III Ultra 

Programmable Rheometer having spindle size-42. Viscosity can be calculated by the 

following equation 

Calibration of the above mentioned rheometer was done standard viscosity samples 

supplied with the instrument, water and aqueous CaCl2 solutions. The temperature 

was maintained to within ± 0.01°C using Brookfield Digital TC-500 thermostat bath. 

The accuracy of the instrument was around ± 1 %. 

 

III.2.9. TEMPERATURE CONTROLLER 

 

The material used in the experiment is placed in a vessel and it is placed in the water 

bath. 
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III.2.10. WATER DISTILLER (BOROSIL GLASS WORKS LIMITED, INDIA): 

 

Ordinary water is inserted in the distiller unit’s boiling chamber. A heating system in 

the boiling chamber heats the water until it boils. The steam rises from the boiling 

chamber. The impurities that are volatile are discarded through a built-in vent. Non 

volatile components such as Minerals and salts are present in the boiling chamber as 

hard deposits or scale. The steam passes through a coiled tube (condenser), which is 

kept cool by cold water. Water droplets appear as condensation occurs. The distilled 

water is collected in a storage vessel. 

III.2.11. REFRACTIVE INDEX MEASUREMENT 

Refractive index for various experiments was measured with the help of Digital 

Refractometer (Mettler Toledo 30GS). 
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We calibrate the above mentioned machine by various standard solvents namely 

double distilled water, toluene, cyclohexane, and carbon tetrachloride at room 

temperature (accuracy +/- 0.0005). Few drops of the aqueous solution of various 

samples are added in the cell and reading was taken. Refractive index of sample is a 

function of temperature. System determines the temperature during experiment and 

accurate the refractive index to a temperature as preferred by the user. 

III.2.12. UV-VIS SPECTRA MEASUREMENT 

Compounds that have chromophores and auxochromes  show absorbance in the ultra-

violet and visible regeion. Characteristic peaks as a function of wavelength appears for 

this compounds. 

 

The light source used in the UV-VIS spectrophotometer are of two types- a deuterium 

(D2) lamp for ultraviolet light and a tungsten (W) lamp for visible light. The light beam 

bounces in a mirror and then passes through a slit collides with a diffraction grating. 

The diffraction grating can have rotation to allow a selected specific wave length. Only 

monochromatic (single wavelength) are able to pass the silt for any orientation of the 

grating. Unwanted higher orders of diffraction are removed by filtration. Next the light 

beam collides a second mirror before it gets split by a half mirror (half of the light is 

reflected, the other half passes through). One of the beam passes through a reference 

cuvette containing the solvent, the other is passed through the sample cuvette. The 

intensities of the light beams are then measured at the end. The Beer-Lambert law has 

been mentioned below in this connection. 
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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. 

- ln I/I0 = kbc 

- log I/I0 = 2.303kbc 

ε = 2.303k 

A = - log I/I0 

A = εbc 

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. 

III.2.13. FT-IR MEASUREMENT 

Infrared spectra were taken in 8300 FT-IR spectrometer (Shimadzu, Japan). 
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Resolution of the system is ± 0.25 cm-1. The region of absorption is 400-4000 cm-1 at 

room temperature (25 0C) with a humidity level of 49-54 %. The instrument is able to 

record data in various ways such as KBr pellets, Nujol mull, and non-aqueous solutions. 

At first light passes through a blank sample and the intensity (I0) of it is measured. The 

intensity is proportional to the number of photons passing per second. (Actually, 

instrument measures the power rather than the intensity of the light. The power is 

defined as the energy per second, which is the product of the intensity (photons per 

second) and the energy per photon. The experimental data is used to evaluate two 

quantities: the transmittance (T) and the absorbance (A). 

 

The transmittance can be defined as the fraction of light in the original beam that 

passes through the sample and reaches the detector. 
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PHYSICO-CHEMICAL STUDIES OF A BIOLOGICALLY ACTIVE MOLECULE 

(L-VALINE) PREDOMINANT IN AQUEOUS ALKALI HALIDE SOLUTIONS 

WITH THE MANIFESTATION OF SOLVATION CONSEQUENCES 

 

IV.1 INTRODUCTION 

L-valine is a pronged chain amino acid (as are L-isoleucine and L-leucine), which is 

essential for supplying energy to muscles. The split chain amino acids improve energy, 

increase stamina and aid in muscle tissue recovery and repair. As a branched chain 

amino acid, L-valine is important for most favorable increase in infants and children 

and nitrogen equilibrium in adults. Branched chain preparations are used in sports 

nutrition and health foods [1]. 

The volumetric and viscometric behaviour of solutes has been proven to be very useful 

in elucidating the various interactions occurring in solutions. Studies on the effect of 

concentration (molality), the apparent molar volumes of solutes have been extensively 

used to obtain information on solute-solute, solute–solvent and solvent–solvent 

interactions. [2-6] In view of the above and in continuation of our studies, we have 

undertaken a systematic study on the density, viscosity and refractive index of L-valine 

in aqueous solution of LiCl, NaCl and KCl at 298 K, 303 K and 308 K, respectively, and 

we have attempted to report the limiting apparent molar volume (ϕV
0), experimental 

slopes (SV*), viscosity A and B-coefficients and molar refraction (RM) for the cited L-

valine. 

  

CHAPTER IV 
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IV.2. EXPERIMENTAL METHODS 

IV.2.1. SOURCE AND PURITY OF SAMPLES 

L-valine was purchased from Sd. Fine Chemicals Limited, Mumbai, India. Its mass 

purity as supplied is 99% and LiCl, NaCl and KCl purity as supplied is 99% of Sisco 

research laboratories pvt.ltd Mumbai, India. It was recrystallised twice from aqueous 

ethanol solution and dried under vacuum at T=348 K for 6 h. Thereafter, it was stored 

over P2O5 in a desiccator before use. [7] Triply distilled water with a specific 

conductance <10-6 S cm−1 was used for the preparation of different solutions. 

IV.2.2. APPARATUS AND PROCEDURE 

The density (ρ) was measured by means of vibrating-tube Anton Paar Density-Meter 

(DMA 4500M), manufactured by Anton Paar, Gewerbepark 78142,Wundschuh, Austria 

with a precision of 0.00001 × 10-3 (kg m−3). It was calibrated by double-distilled water 

and dry air. [8] The temperature was automatically kept constant within ±0.01 K.  

The viscosity was determined with the aid of Brookfield DV-III Ultra Programmable 

Rheometer, manufactured by Scinteck, 11commerceBlvd, Middle Boro, MA02346,U.S.A. 

with spindle size-42 fitted to a Brookfield Digital Bath TC-500 calibrated at 298.15 K 

with doubly distilled water and purified methanol. [9] The uncertainty in viscosity 

measurements is within ±0.003 mPa·s. 

Refractive index was measured with the help of a Digital Refractometer Mettler Toledo,  

manufactured by Mittler-Toledo India Private Ltd. The light source was LED, λ=589.3 

nm. The refractometer was calibrated twice using distilled water and calibration was 

checked after every few measurements. The uncertainty of refractive index 

measurement is ±0.0002 units. 

The mixtures were prepared by mixing known volume of solutions in airtight-stopper 

bottles. Adequate precautions were taken to minimise evaporation losses during the 

actual measurements. Mass measurements for stock solutions were done on a Mettler 

AG-285 electronic balance with a precision of ±0.0003 × 10‒3 kg. The conversion of 
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molarity into molality was accomplished using experimental density values. The 

uncertainty in molality of solution is estimated to be ±0.0001 mol kg-1. The physical 

properties of aqueous solution of LiCl, NaCl and KCl at different temperatures are 

reported in Table 1.The experimental values of densities (ρ), viscosities (η) along with 

the apparent molar volume (ϕV) and (/0 –1) /√m values of L-valine in aqueous . 

IV.3. RESULTS AND DISCUSSIONS 

IV.3.1. DENSITY  

Apparent molar volumes (ϕV) were determined from the solution densities using the 

following equation [10]. 

ϕV = M /  – 1000 ( - 0 ) / (m0 )                       ( 1) 

where M is the molar mass of the salt,  and  are the densities of solvent mixture and 

solution respectively and m is the molality of the solution. 

Masson (1929) found that the apparent molar volumes ϕV vary with the square root of 

the molal concentration √m	by the linear equation 

ϕV = ϕV0 + SV* √m (2) 

where ϕV0  is the limiting apparent molar volume and SV* is the experimental slope. The 

plots of ϕV against √m of L-valine in aqueous solution of LiCl, NaCl and KCl at 298 K, 

303 K and 308 K, respectively, were linear with negative slopes and the ϕV values 

increase as the concentration of L-valine in any electrolytic solution decreases as well 

as temperature increases. 

The values of ϕV0 and SV* of L-valine in aqueous solution of LiCl, NaCl and KCl at 298 K, 

303 K and 308 K, respectively,  are reported in Table 3(A)-(C). 

 ϕV0 value indicates the extent of solute-solvent interaction. [11] A perusal of Table 

3(A)-(C) and Fig- I shows that ϕV0 values for L-valine are positive and increase with 

dilution and temperature. This indicates the presence of strong solute-solvent 
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interactions which is found to be maximum in 0.025M LiCl solution of L-valine at 308K 

and the minimum occurs in 0.1M KCl solution of L-valine at 298K. Amino acids in 

aqueous solutions behave as zwitterions having NH4+ and COO‒ groups at two ends of 

the molecule. The Na+, K+, Li+ and Cl‒ ions furnished by electrolytes interact 

electrostatically with NH4+ and COO‒ groups of amino acids zwitterions. In addition, the 

water dipoles are strongly aligned to the cations / anions as well as to the amino acids 

zwitterions by electrostatic forces. These interactions comprehensively introduce the 

cohesion into solution under investigation. The positive value of ϕV0 indicates the 

presence of interaction between Li+, Na+, K+ ions and COO‒ group and between Cl‒ ion 

and the NH3+ group. So the interactions between L-valine and the water molecule in 

electrolytic solution follows the order LiCl> NaCl> KCl at any specific temperature. 

The ϕV0 values can also be explained on the basis of cosphere overlap model in terms 

of solute- cosolute interactions. According to the model, ionic (Li+, Na+, K+ or Cl‒)-ionic 

(COO‒ or NH3+) interactions contribute positively to the ϕV0 values. 

The parameter SV* is the volumetric virial coefficient that characterises the pair-wise 

interaction of solvated species in solution. The sign of SV* is determined by the 

interaction between the solute species. [12] In the present study,  SV* values were 

found to be negative and increases with the cationic size of electrolyte. This trend in 

SV* values indicates weak solute-solute interactions in the solution. SV* value is found 

to be minimum in 0.025M LiCl solution of L-valine at 308 K and the maximum occurs in 

0.1M KCl solution of L-valine at 298 K. So the interaction between the L-valine 

molecules in aqueous electrolytic solution increases with increase in size of the 

electrolytes following the order LiCl< NaCl< KCl at any specific temperature which is 

also depicted in Structure6. 1. The variation of V0 with temperature of L-valine 

follows the polynomial, over the temperature range under investigation where a0, a1 

and a2 are the coefficients and T is the temperature in K. Values of the coefficients of 

the above equation for L-valine in aqueous solution of LiCl, NaCl and KCl at 298 K, 303 

K and 308 K, respectively, are reported in Table 4(A)-(C).  

ϕV0 = a0 + a1T +a2T2        (3) 
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The limiting apparent molar expansibilities (ΦE0) can be obtained by the following 

equation: 

ΦE0 = (δV0/δT)P = a1 + 2a2T 

 The values of ΦE0 of the studied compounds at 298, 303 and 308 K are determined and 

reported in Table 5(A)-(C). 

It is found from Table 5(A)-(C) and Fig. 2 that the values of ΦE0 decrease with a rise in 

temperature, which may be ascribed to the absence of caging or packing effects. [13] 

During the past few years it has been emphasised by different workers that SV* is not 

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

any solute. Hepler [14] developed a technique of examining the sign of (δ2V0/δT2)P for 

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

the solute in the mixed solvent systems using the general thermodynamic expression 

(δΦE0/δT)P = (δ2V0/δT2)P = 2a2 

On the basis of this expression, it has been deduced that the structure making solutes 

should have positive values, whereas structure-breaking solutes should have negative 

values. In our present investigation, it is evident from Table 5(A)-(C) that (δ2V0/δT2)P 

values are negative for L-valine in aqueous solution of LiCl, NaCl and KCl investigated 

here, suggesting thereby that L-valine acts as a structure breaker in these electrolytic 

solutions. 

IV.3.2. VISCOSITY CALCULATION 

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

(η /η0 –1) / √m	=	A	+	B	√m				 (6) 

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 
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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. [16, 17] The viscosity B-coefficient is 

also a valuable tool to provide information concerning the solvation of the solute in 

solution. From Table 6(A)-(C) and Fig. 3 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 [18, 19] 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. 

IV.3.3. REFRACTIVE INDEX CALCULATION 

The molar refraction RM can be evaluated from the Lorentz–Lorenz relation. [20] 

RM = {(nD2-1) / (nD2+2)} (M/ρ) (7) 

where, RM, nD, M and ρ are the molar refraction, the refractive index, the molar mass 

and the density of solution respectively. The refractive index of a substance is defined 

as the ratio c0/c, where c is the speed of light in the medium and c0 the speed of light in 

vacuum. Stated more simply, the refractive index of a compound describes its ability to 

refract light as it moves from one medium to another. [21, 22] With the decrease in 

concentration of L-valine in aqueous electrolytic solution, the density and refractive 
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index (nD) decreases whereas the molar refractivity (RM) increases as shown in Table 

7. This is also in good agreement with the results obtained from density and viscosity 

parameters as discussed above. 

IV. 4.CONCLUSION 

The values of the limiting apparent molar volume (ϕV0) and viscosity B-coefficient 

indicate the presence of strong solute–solvent interactions between L-valine and water 

molecule and temperature. The refractive index and the molar refraction values also 

agree to the same facts. 

TABLES 

Table IV 1.The experimental values of densities (ρ), viscosities (η) along with the 

apparent molar volume (ϕV) and (/0 –1) /√m values of aqueous L-valine  

solution of LiCl, NaCl and KCl at 298 K, 303 K and 308 K, respectively, are 

reported in   below:                               

Solvent 

Mixture 

        ρ x 10-3 (kg. m-3)                   (mPa. s)        nD 

298K 303K 308K 298K 303K 308K 298 K 

aq. 0.1M KCl sol. 1.00149 100119 0.99928 0.9742 0.8979 0.8167 1.3672 

aq. 0.05M KCl sol. 1.00138 1.00029 0.999 0.8899 0.7963 0.6917 1.3607 

aq. 0.025M KCl sol. 0.99838 0.99728 0.99695 0.8806 0.7250 0.6973 1.3672 

aq. 0.1M NaCl sol. 1.00117 0.99978 0.99811 0.9714 0.8922 0.8139 1.3607 

aq. 0.05M NaCl sol. 0.99925 0.9972 0.99608 0.8927 0.7830 0.6870 1.3672 

aq.0.025M NaCl sol. 0.99824 0.99687 0.99527 0.8382 0.7760 0.6760 1.3607 

aq. 0.1M LiCl sol. 0.99944 0.99802 0.99612 0.9684 0.8896 0.8112 1.3672 

aq. 0.05M LiCl sol. 0.99823 0.9968 0.99522 0.8869 0.7939 0.7089 1.3607 

aq.0.025M LiCl sol. 0.99779 0.99631 0.99479 0.8625 0.7207 0.6945 1.3485  
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Table IV 2(A).  Molality(m), experimental values of densities () and viscosities 

(), along with the apparent molar volume (ϕV) and (/0 –1) /√m values of L-

valine in aqueous KCl solutions at 298.15 K, 308.15 K and 318.15 K. 

m  
(mol. kg-1) 

 x 10-3  
(kg. m-3) 

    
(mPa. s) 

ϕV x 106  
 (m3. mol-1) 

( / 0 –1) / √m	 
(mol. kg-1)-1/2 

 
L-valine in 0.10M aqueous KCl solutions 
T = 298  K 
0.010  0.9766 99.0035 0.025 
0.020 1.00187 0.9792 97.5057 0.036 
0.040 1.00237 0.9841 94.7598 0.051 
0.060 1.00293 0.9895 92.8459 0.064 
0.080 1.00354 0.9949 91.2649 0.075 
0.100 1.00419 1.0002 89.9169 0.084 
 
T = 303K 
0.010 1.00133 0.9000 102.0296 0.023 
0.020 1.00151 0.9025 100.5314 0.036 
0.040 1.00194 0.9075 98.0343 0.053 
0.060 1.00244 0.9129 96.0367 0.068 
0.080 1.00301 0.9186 94.1639 0.081 
0.100 1.00365 0.9250 92.3410 0.095 
 
T = 308 K 
0.010 0.99941 0.8191 104.2250 0.0294 
0.020 0.99958 0.8221 102.2236 0.0467 
0.040 1.00000 0.8279 99.2214 0.0685 
0.060 1.00049 0.8341 97.0532 0.0868 
0.080 1.00105 0.8406 95.0935 0.1032 
0.100 1.00164 0.8474 93.6174 0.1184 
 
L-valine in 0.05M aqueous KCl solutions 
T = 298 K 
0.010 1.00166 0.8922 99.0035 0.026 
0.020 1.00187 0.8945 97.5057 0.037 
0.040 1.00237 0.8995 94.7598 0.054 
0.060 1.00293 0.9045 92.8459 0.067 
0.080 1.00354 0.9100 91.2649 0.080 
0.100 1.00419 0.9150 89.9169 0.089 
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T = 303K 
0.010 1.00133 0.7979 102.0296 0.020 
0.020 1.00151 0.8002 100.5314 0.035 
0.040 1.00194 0.8048 98.0343 0.053 
0.060 1.00244 0.8094 96.0367 0.067 
0.080 1.00301 0.8147 94.1639 0.081 
0.100 1.00365 0.8198 92.3410 0.093 
T = 308K 
0.010 0.99941 0.6933 104.2250 0.023 
0.020 0.99958 0.6957 102.2236 0.041 
0.040 1.00000 0.7007 99.2214 0.065 
0.060 1.00049 0.7059 97.0532 0.084 
0.080 1.00105 0.7109 95.0935 0.098 
0.100 1.00164 0.7164 93.6174 0.112 
 
L-valine in 0.025M aqueous KCl solutions 
T = 298 K 
0.010 1.00152 0.8828 103.0078 0.025 
0.020 1.0017 0.8852 101.0106 0.037 
0.040 1.00213 0.8901 98.2644 0.054 
0.060 1.00261 0.8951 96.5168 0.067 
0.080 1.00317 0.9006 94.6444 0.080 
0.100 1.00377 0.9060 93.1215 0.091 
 
T = 303K 
0.010 1.00041 0.7268 105.1195 0.025 
0.020 1.00057 0.7291 103.1201 0.040 
0.040 1.00097 0.7339 100.1210 0.061 
0.060 1.00145 0.7390 97.7883 0.079 
0.080 1.002 0.7447 95.7472 0.096 
0.100 1.00261 0.7498 93.9228 0.108 
 
T = 308K 
0.010 0.99911 0.6989 107.2562 0.023 
0.020 0.99925 0.7012 105.2542 0.040 
0.040 0.99961 0.7062 102.2512 0.064 
0.060 1.00006 0.7115 99.7488 0.083 
0.080 1.00057 0.7169 97.7468 0.099 
0.100 1.00116 0.7224 95.7448 0.113 
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Table IV 2(B).  Molality(m), experimental values of densities () and viscosities 

(), along with the apparent molar volume (ϕV) and (/0 –1) /√m values of L-

valine in aqueous NaCl solutions at 298.15 K, 308.15 K and 318.15 K. 

m  

(mol. kg-1) 

 x 10-3  

(kg. m-3) 

    

(mPa. s) 

ϕV x 106  

 (m3. mol-1) 

( / 0 –1) / √m	 

(mol. kg-1)-1/2 

 

L-valine in 0.10M aqueous NaCl solutions 

T = 298 K 

0.010 1.00134 0.9737 100.0330 0.024 

0.020 1.00155 0.9762 98.0353 0.035 

0.040 1.00203 0.9812 95.5382 0.050 

0.060 1.00258 0.9865 93.5406 0.063 

0.080 1.00319 0.9919 91.7926 0.074 

0.100 1.00384 0.9974 90.3443 0.084 

 

T = 303K 

0.010 0.99991 0.8940 103.1737 0.020 

0.020 1.00009 0.8967 101.1733 0.036 

0.040 1.00051 0.9018 98.6727 0.054 

0.060 1.001 0.9070 96.6722 0.068 

0.080 1.00156 0.9126 94.7968 0.081 

0.100 1.00216 0.9191 93.2715 0.095 

T = 308K 

0.010 0.99823 0.8162 105.3491 0.0282 

0.020 0.99839 0.8191 103.3453 0.0451 

0.040 0.99878 0.8249 100.5651 0.0674 

0.060 0.99925 0.8312 98.3359 0.0865 

0.080 0.99980 0.8377 96.2068 0.1030 

0.100 1.00042 0.8444 94.2281 0.1179 

L-valine in 0.05M aqueous NaCl solutions 

T = 298K 
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0.010 0.99935 0.8949 104.2313 0.025 

0.020 0.99952 0.8976 102.2297 0.039 

0.040 0.99992 0.9028 99.7278 0.056 

0.060 1.0004 0.9082 97.5594 0.071 

0.080 1.00092 0.9137 95.9749 0.083 

0.100 1.00152 0.9186 94.2235 0.091 

 

T = 303 K 

0.010 0.99728 0.7848 105.4495 0.023 

0.020 0.99744 0.7875 103.4438 0.041 

0.040 0.99785 0.7926 100.1845 0.061 

0.060 0.99834 0.7980 97.7610 0.078 

0.080 0.99891 0.8040 95.5464 0.094 

0.100 0.99953 0.8095 93.7162 0.107 

 

T = 308 K 

0.010 0.99616 0.6884 107.5738 0.020 

0.020 0.99631 0.6908 105.0640 0.039 

0.040 0.99667 0.6960 102.3031 0.065 

0.060 0.99712 0.7010 99.8768 0.083 

0.080 0.99765 0.7060 97.6598 0.097 

0.100 0.99814 0.7110 95.7368 0.110 

 

L-valine in 0.025M aqueous NaCl solutions 

T = 298 K 

0.010 0.99833 0.8403 104.3378 0.025 

0.020 0.9985 0.8427 102.3342 0.038 

0.040 0.99893 0.8478 99.0783 0.057 

0.060 0.99946 0.8530 96.3234 0.072 

0.080 1.00005 0.8580 94.1946 0.083 

0.100 1.00069 0.8634 92.4163 0.095 
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T = 303 K 

0.010 0.99693 0.7780 106.4886 0.026 

0.020 0.9971 0.7810 103.4791 0.046 

0.040 0.99752 0.7870 99.9679 0.071 

0.060 0.99803 0.7930 97.2927 0.089 

0.080 0.99861 0.7990 95.0773 0.104 

0.100 0.99925 0.8055 93.1462 0.120 

 

T = 308 K 

0.010 0.99534 0.6777 106.6588 0.025 

0.020 0.99550 0.6802 104.1468 0.044 

0.040 0.99593 0.6858 100.1276 0.072 

0.060 0.99645 0.6910 97.2807 0.090 

0.080 0.99705 0.6970 94.8524 0.109 

0.100 0.99769 0.7030 92.9936 0.126 

 

Table IV 2(C).  Molality(m), experimental values of densities () and viscosities 

(), along with the apparent molar volume (ϕV) and (/0 –1) /√m values of L-

valine in aqueous LiCl solutions at 298.15 K, 308.15 K and 318.15 K. 

m  

(mol. kg-1) 

 x 10-3  

(kg. m-3) 

    

(mPa. s) 

ϕV x 106  

 (m3. mol-1) 

( / 0 –1) / √m	 

(mol. kg-1)-1/2 

L-valine in 0.10M aqueous LiCl solutions 

T = 298 K 

0.010 0.99962 0.9707 102.2042 0.024 

0.020 0.99981 0.9734 100.2031 0.036 

0.040 1.00026 0.9783 97.4516 0.051 

0.060 1.00076 0.9836 95.7007 0.064 

0.080 1.00134 0.9890 93.8247 0.075 

0.100 1.00197 0.9954 92.1989 0.088 



97 | Chapter IV 

Physics and Chemistry of Liquids, 2015, 53, 785–801 

 

T = 303 K 

0.010 0.99818 0.8913 104.3535 0.019 

0.020 0.99835 0.8939 102.3496 0.034 

0.040 0.99877 0.8987 99.3437 0.051 

0.060 0.99927 0.9041 97.0058 0.066 

0.080 0.99984 0.9096 94.9602 0.079 

0.100 1.00046 0.9162 93.2318 0.094 

T = 308 K 

0.010 0.99630 0.8133 105.5532 0.0259 

0.020 0.99647 0.8164 103.0436 0.0453 

0.040 0.99689 0.8219 99.7812 0.0658 

0.060 0.99741 0.8281 97.0206 0.0848 

0.080 0.99801 0.8342 94.6365 0.0998 

0.100 0.99871 0.8421 92.2022 0.1199 

L-valine in 0.05M aqueous LiCl solutions 

T = 298 K 

0.010 0.99842 0.8891 105.3291 0.025 

0.020 0.99858 0.8917 103.3257 0.038 

0.040 0.99896 0.8972 100.8214 0.058 

0.060 0.99942 0.9026 98.6510 0.072 

0.080 0.99994 0.9081 96.8146 0.084 

0.100 1.00051 0.9139 95.2119 0.096 

T = 303 K 

0.010 0.99698 0.7958 106.4833 0.024 

0.020 0.99714 0.7985 103.9754 0.041 

0.040 0.99755 0.8040 100.4645 0.063 

0.060 0.99803 0.8096 98.1238 0.080 

0.080 0.99858 0.8154 96.0757 0.095 

0.100 0.99918 0.8218 94.3453 0.111 
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T = 308 K 

0.010 0.99534 0.7104 106.6588 0.021 

0.020 0.99550 0.7129 104.1468 0.040 

0.040 0.99593 0.7177 100.1276 0.062 

0.060 0.99643 0.7229 97.6156 0.080 

0.080 0.99704 0.7285 94.9780 0.097 

0.100 0.99768 0.7342 93.0941 0.112 

 

L-valine in 0.025M aqueous LiCl solutions 

T = 298 K 

0.010 0.99795 0.8646 105.3787 0.024 

0.020 0.99812 0.8672 102.8732 0.038 

0.040 0.99856 0.8722 99.1151 0.056 

0.060 0.99906 0.8775 96.8602 0.071 

0.080 0.99966 0.8829 94.4800 0.083 

0.100 1.00031 0.8888 92.5508 0.096 

T = 303 K 

0.010 0.99644 0.7225 106.5410 0.025 

0.020 0.99659 0.7247 104.5336 0.039 

0.040 0.99701 0.7302 100.5189 0.066 

0.060 0.99751 0.7357 97.8424 0.085 

0.080 0.99811 0.7414 95.2496 0.101 

0.100 0.99874 0.7482 93.3928 0.120 

T = 308 K 

0.010 0.99490 0.6959 107.7101 0.020 

0.020 0.99506 0.6986 104.6944 0.042 

0.040 0.99547 0.7036 100.9248 0.065 

0.060 0.99598 0.7091 97.9929 0.086 

0.080 0.99656 0.7151 95.6474 0.104 

0.100 0.99720 0.7219 93.6369 0.124 
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Table-2(A)-(C). 

Table IV 3(A). Limiting apparent molar volume (ϕV 0) and experimental slope 

(SV*) of L-valine in aqueous KCl solutions at 298 K, 303 K and 308 K.  

conc. of 

KCl. 

 ϕV 0 x 106  

(m3. mol-1) 

  SV* x 106  

(m3. mol-3/2. kg1/2)  

 

298 K 303 K 308 K 298 K 303 K 308 K 

       

.10 M 103.3 106.7 109.1 -42.45 -44.41 -49.11 

.05 M 107.4 110.3 112.6 -45.05 -51.48 -52.78 

.025 M 109.4 111 112.5 -53.37 -57.41 -62.4 

 

Table IV 3(B).Limiting apparent molar volume (ϕV 0) and experimental slope (SV*) 

L-valine in aqueous NaCl solutions at 298 K, 303 K and 308 K 

conc. of 

NaCl. 

 ϕV 0 x 106  

(m3. mol-1) 

  SV* x 106  

(m3. mol-3/2. kg1/2)  

 

298 K 303 K 308 K 298 K 303 K 308 K 

       

.10 M 104.4 107.6 110.5 -44.34 -45.19 -50.55 

.05 M 108.7 111 112.8 -45.4 54.21 -53.45 

.025 M 110 112.2 113. -55.56 -60.59 -63.45 

 

Table IV 3(C).Limiting apparent molar volume (ϕV 0) and experimental slope (SV*) 

L-valine in aqueous LiCl solutions at 298 K, 303 K and 308 K 

conc. of 

LiCl. 

 ϕV 0 x 106  

(m3. mol-1) 

  SV* x 106  

(m3. mol-3/2. kg1/2)  

 

298 K 303 K 308 K 298 K 303 K 308 K 

       

.10 M 106.6 109.5 111.7 -45.34 -51.25 -60.39 

.05 M 109.9 111.8 112.9 -46.2 -55.6 -62.62 

.025 M 111.1 112.9 113.9 -58.67 -61.63 -64.28 
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Values of the coefficients of the above equation for L-valine in aqueous solution 

of LiCl, NaCl and KCl at 298 K, 303 K and 308 K, respectively, are reported in 

Table 4(A)-(C).  

Table IV 4(A). Values of Coefficients for L-valine in aqueous KCl  

Conc. of KCl     a0 x 106 

(m3. mol−1)  

       a1 x 106 

(m3. mol−1. K−1) 

       a2 x 106 

 (m3. mol−1. K−2) 

0.1M -1905.22       12.7      -0.02 

0.05M -1148.97      7.792      -0.012 

0.025M -116.548      1.522      -0.002 

 

Table IV 4(B). Values of Coefficients for L-valine in aqueous NaCl  

Conc. of NaCl     a0 x 106 

(m3. mol−1)  

       a1 x 106 

(m3. mol−1. K−1) 

       a2 x 106 

 (m3. mol−1. K−2) 

0.1M -2289.436       15.184      -0.024 

0.05M -931      6.47      -0.01 

0.025M -682.872      5.048      -0.008 

 

Table IV 4(C). Values of Coefficients for L-valine in aqueous LiCl  

Conc. of LiCl     a0 x 106 

(m3. mol−1)  

       a1 x 106 

(m3. mol−1. K−1) 

       a2 x 106 

 (m3. mol−1. K−2) 

0.1M -1330.356       8.994      -0.014 

0.05M -1448.044      9.996      -0.016 

0.025M -1440.884      9.976      -0.016 
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Table IV 5(A).Limiting Apparent Molar Expansibilities (ΦE0) for L-valine in 

aqueous KCl solutions at 298 K, 303 K and 308 K 

Conc. of KCl                         ΦE0 x 106 (m3.  mol−1. K−1)                     (δΦE0/δT	

)P           298 K         303 K    308 K 

0.1M 0.78 0.58 0.38 Negative 

0.05M 0.64 0.52 0.40 Negative 

0.025M 0.33 0.31 0.29 Negative 

 

 

Table IV 5(B). Limiting Apparent Molar Expansibilities (ΦE0) for L-valine in 

aqueous NaCl solutions at 298 K, 303 K and 308 K.  

Conc. of NaCl                         ΦE0 x 106 (m3.  mol−1. K−1)                     (δΦE0/δT	)P 

          298 K         303 K    308 K 

0.1M 0.88 0.64 0.40  Negative 

0.05M 0.51 0.41 0.31    Negative 

0.025M 0.28 0.20 0.12  Negative 

 

 

Table IV 5(C).Limiting Apparent Molar Expansibilities (ΦE0) for L-valine in 

aqueous LiCl solutions at 298 K, 303 K and 308 K 

Conc. of LiCl                         ΦE0 x 106 (m3.  mol−1. K−1)                    (δΦE0/δT	

)P  

          298 K         303 K    308 K  

0.1M 0.65 0.51 0.37 Negative 

0.05M 0.46 0.30 0.14 Negative 

0.025M 0.44 0.28 0.12 Negative 

(4) 
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The values of ΦE0 of the studied compounds at 298, 303 and 308 K are 

determined and reported in Table 5(A)-(C). 

Table IV 6(A). Values of Jones-Dole coefficients, A and B of L-valine in aqueous 

KCl solutions at 298 K, 303 K and 308 K 

Conc. of KCl   A  (kg. mol-1)   B  (kg1/2. mol-1/2)  

298 K 

  

303 K 

 

308 K 298 K 

 

303 K 308 K 

0.1M -0.002 -0.010 -0.011 0.273 0.324 0.404 

0.05M -0.004 -0.013 -0.017 0.293 0.332 0.408 

0.025M -0.005 -0.014 -0.019 0.302 0.384 0.416 

       

 

Table IV 6(B). Values of Jones-Dole coefficients, A and B of L-valine in aqueous 

NaCl solutions at 298 K, 303 K and 308 K 

Conc. of NaCl   A  (kg. mol-1)   B  (kg1/2. mol-1/2)  

298 K 

  

303 K 

 

308 K 298 K 

 

303 K 308 K 

0.1M -0.004 -0.012 -0.013 0.277 0.333 0.409 

0.05M -0.005 -0.014 -0.019 0.307 0.381 0.411 

0.025M -0.007 -0.015 -0.020 0.319 0.425 0.459 

 

Table IV 6(C). Values of Jones-Dole coefficients, A and B of L-valine in aqueous 

LiCl solutions at 298 K, 303 K and 308 K  

Conc. of LiCl   A  (kg. mol-1)   B  (kg1/2. mol-1/2)  

298 K 

  

303 K 

 

308 K 298 K 

 

303 K 308 K 

0.1M -0.005 -0.014 -0.015 0.280 0.335 0.415 

0.05M -0.006 -0.015 -0.020 0.319 0.392 0.413 

0.025M -0.008 -0.020 -0.026 0.324 0.434 0.464 
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Table IV 7.  Refractive Index (nD) and Molar Refraction (RM) values along with 

concentration (c) of of L-valine in aqueous KCl solutions at 298.15K    

      c  

(mol lit-1) 

                 nD    RM x 106 

(m3. mol-1) 

 

0.010 1.3341 24.1294 

0.020 1.3342 24.1302 

0.040 1.3344 24.1313 

0.060 1.3346 24.1322 

0.080 1.3349 24.1332 

0.100 1.3351 24.1339 

 

L-valine in 0.05M aqueous KCl solutions 

0.010 1.3339 24.1295 

0.020 1.3340 24.1304 

0.040 1.3342 24.1318 

0.060 1.3344 24.1327 

0.080 1.3346 24.1336 

0.100 1.3349 24.1342 

 

                                 L-valine in 0.025M aqueous KCl solutions 

0.010 1.3337 24.1692 

0.020 1.3338 24.1790 

0.040 1.3340 24.1812 

0.060 1.3342 24.1837 

0.080 1.3345 24.1856 

0.100 1.3347 24.1871 
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                                   L-valine in 0.10M aqueous NaCl solutions 

0.010 1.3339 24.1240 

0.020 1.334 24.1255 

0.040 1.3342 24.1270 

0.060 1.33442 24.1282 

0.080 1.33465 24.1286 

0.100 1.3349 24.1293 

  

                                 L-valine in 0.05M aqueous NaCl solutions 

0.010 1.3337 24.1589 

0.020 1.3338 24.1614 

0.040 1.3340 24.1648 

0.060 1.3342 24.1677 

0.080 1.3345 24.1702 

0.100 1.3347 24.1721 

 

                               L-valine in 0.025M aqueous NaCl solutions 

0.010 1.3335 24.1704 

0.020 1.3336 24.1722 

0.040 1.3338 24.1743 

0.060 1.3340 24.1759 

0.080 1.3342 24.1768 

0.100 1.3345 24.1777 

                            L-valine in 0.10M aqueous LiCl solutions 

0.010 1.3337 24.1524 

0.020 1.3338 24.1543 

0.040 1.3340 24.1566 

0.060 1.3342 24.1590 

0.080 1.3345 24.1600 

0.100 1.3347 24.1612 
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                            L-valine in 0.05M aqueous LiCl solutions 

0.010 1.3335 24.1682 

0.020 1.3336 24.1710 

0.040 1.3338 24.1749 

0.060 1.3340 24.1782 

0.080 1.3343 24.1807 

0.100 1.3345 24.1834 

                                  L-valine in 0.025M aqueous LiCl solutions 

0.010 1.3333 24.1731 

0.020 1.3334 24.1735 

0.040 1.3336 24.1741 

0.060 1.3338 24.1745 

0.080 1.3340 24.1747 

0.100 1.3343 24.1751 
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FIGURES 

 
 

Figure 1: Limiting apparent molar volumes (ϕV
0) of L-valine in 0.10 M (-♦-), 0.050M (-∎-) 

and 0.025 M (-▲--) aqueous KCl ( ̶ ̶̶ ·· ̶  ) solution, NaCl ( ····) and LiCl ( ̶ ̶̶ ̶ ̶  ) solution at 

298.15 K, 308.15 K and 318.15 K, respectively. 
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FIGURE: 

 
 

Figure 2: Limiting Apparent Molar Expansibilities (ΦE0) of L-valine in 0.10 M (--♦--), 

0.050M (--∎--) and 0.025 M (--▲---) aqueous KCl ( ̶ ̶̶ ·· ̶  ) solution, NaCl ( ····) and LiCl ( -

̶ ̶̶ ̶ ̶  ) solution at 298.15 K, 308.15 K and 318.15 K, respectively 
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Figure 3: Jones-Dole coefficient, B of of L-valine in 0.10 M (--♦--), 0.050M (--∎--) and 

0.025 M (--▲---) aqueous KCl ( ̶ ̶̶ ·· ̶  ) solution, NaCl ( ····) and LiCl ( ̶ ̶̶ ̶ ̶  ) solution at 

298.15 K, 308.15 K and 318.15 K, respectively. 
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SCHEMES 

 
 

Scheme 1: Scheme1 is mentioned that L-valine molecules in aqueous electrolytic 

solution increases with increase in size of the electrolytes following the order LiCl< 

NaCl< KCl at any specific temperature. 
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HOLLOW TORUS BASED ON INCLUSION OF SPARINGLY SOLUBLE 

AMINO ACID INVESTIGATED BY SPECTROSCOPIC, MICROSCOPIC, 

CALORIMETRIC AND LIGHT SCATTERING TECHNIQUES 
 

V.1. INTRODUCTION 

Amino acids are organic compounds that combine to form proteins. Amino acids and 

proteins are the building blocks of life.1-3 The human body uses amino acids to make 

proteins to help the body, e.g. break down food, grow, repair body tissue, used as a 

source of energy by the body, perform many other body functions.4,5 Amino acids are 

classified into three groups: Essential amino acids, nonessential amino acids and 

Conditional amino acids. Out of these three categories conditional amino acids are 

usually essential in times of illness and stress. Few examples of conditional amino acids 

are arginine, cysteine, glutamine, tyrosine, glycine, ornithine etc.6-9 

Cystine is the oxidized dimer of the amino acid cysteine. Under reductive conditions (in 

the cytoplasm, nucleus, etc.) cysteine is predominant as cystine is break down into 

former. So, cystine is also treated as conditional amino acids. 10-11 

L-Cystine is the least soluble of the naturally occurring amino acids, and cystine stones, 

caused by a genetic disorder, account for between 1± 4% of all urinary stones. 12-16 

In this work the host–guest interaction of an amino acid viz., L-Cystine as guest with α 

and β cyclodextrin (CYD) had carried out. To confirm the formation of inclusion 

complex many experimental techniques e.g., FTIR, SEM, DSC etc. were used. SEM EDS 

data was also used to get idea about compositional variation upon inclusion & rough 

CHAPTER V 
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homogeneous mixture with respect to guest and host. Finally biological activities 

(antimicrobial activity assay) of the inclusion compounds were also performed to get 

idea about its application with two important gut micro flora. 

V2. EXPERIMENTAL SECTION 

V.2.1 MATERIALS 

The amino acid L-cystine and CYDs of puriss grade were purchased from Sigma-

Aldrich, Germany. The mass fraction purity of L-cystine, α-CYD and β-CYD were 0.97, 

0.98, and 0.98 respectively. Double distilled water with specific conductance ~1.1 

µScm-1, pH ∼6.9–7.0 was used for all experimental purposes. The source and purity of 

the chemicals have been given table S.1.  

V.2.2 APPARATUS AND PROCEDURE 

FTIR spectra were recorded in KBr pellets using PerkinElmer FTIR spectrometer (RX-

1) operating in the region of 4000 to 400 cm-1 at ambient temperature. The software 

connected with the instrument was PerkinElmer precisely version 5.3 (PerkinElmer, 

Inc).  The pellets formed manually. Humidity during experiments was approximately 

45%. 17-18 

Scanning electron microscope (SEM) instrument used was of Jeol JSM-IT 100, 

connected with EDS compartment with detector input area of 20 mm2. Microanalysis 

was performed by an Oxford INCA energy dispersive spectrometer (EDS) connected to 

the SEM. All photography was taken & initially analyzed by InTouchScope (Version 

1.060) software. Samples of cystine, α-CD β-cyclodextrin, and their inclusion complexes 

were mounted onto aluminium stubs and sputter-coated with a gold layer of about few 

millimetres. These samples were analyzed by an energy dispersive X-ray spectroscopy. 

Experimental conditions involved 15 kV at low vacuum (30 Pa), current 8–10 nA, beam 

diameter 6 µm using a backscattered electron detector. 19 

In antimicrobial activity assay experiment, B. subtilis (gram positive), E. coli (gram 

negative), were considered as model organisms. Tests were done according to the Agar 

cup method. 20 
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In short, organisms were inoculated by spread plate technique in Muller-Hinton agar 

and the compounds (Pure hosts, pure guest and host-guest complexes) were applied in 
agar cup at 1 mg/mL concentration in separate plates and incubated at 37 °C/310 K for 

24 hrs. Double distilled water was used as the control. Antimicrobial activity was 
determined by means of the clear zone (zone of inhibition) surroundings agar cup. 

Each of the experiments was done in triplicate. 

V.3. RESULTS AND DISCUSSION 

V.3.1 FTIR STUDY ESTABLISHES INCLUSION 

The formation of inclusion complex of L-Cystine with α and β-CYD in solid state is 
supported by reliable FT-IR study.21,22 There are numerous changes in FT-IR spectra of 

solid ICs owing to the changes of bending plus vibrating peaks of the guest molecule 
also aroused due to the symmetrical along with anti-symmetrical stretching vibrations 

of the -COO- grouping. The various frequencies of L-Cystine, α-CYD, β-CYD, (L-Cystine + 
α-CYD i.e. IC-1) and (L-Cystine + β-CYD i.e. IC-2) ICs were reported in (table 1. a. & 1. 

b). The -O-H frequency of both α & β-CYD are shifted to lower region probably due to 

participation of the -O-H groups of the host molecules in H-bonding molecule after 
complexation. The FTIR spectrum of L-Cystine with both host presented in figure 2. 

The spectra were measured in the solid state of the sample as a KBr disk. The following 
bands in (cm-1) have been assigned in the table 1. b. Inclusion complexes formation due 

to strong bands caused by overlapping of -C-H stretching vibrations of methylene and 
m groups of the guest molecule with cyclodextrins. Moreover strong bands included in 

the tables and figures with the guest molecule. Furthermore the spectra of the two 

inclusion complexes are unalike to CYD. A lot of peaks of L-Cystine are absent or 
somewhere shifted which is due to the change in environment after inclusion in the 

cavity of α-CYD, these changes was more appropriately noticed in -CYD than α-CYD. 

So, we conclude that the inclusion is better with -CYD. 

V.3.2. 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.  23-24  
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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. Thermograms of solid cys, -CYD, β-CYD, and their 

ICs have been shown in the figure 3. a. 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-CYD, 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 CYDs and the 

smaller peaks at quite lower temperature are probably due to the loss of water 
molecules adhered with ICs. From the figure 3. b. ,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-CYD rather than 

with -CYD. 

V.3.3. SCANNING ELECTRON MICROSCOPY (SEM) STUDY 

SEM photographs of cys, α-CYD, β-CYD and their inclusion complexes are shown in Fig 
4. a-d. 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 and 

β-CYD crystallizes in polyhedral form. This structural change may be due to conversion 
of homogeneous to heterogeneous interaction pattern during IC formation.  

CYD. This data also generates a parallel conclusion from the DSC and FTIR data. 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 ( Table 2. a. & 2. b.; Fig 5-6). 25 

Elemental composition of the sulphur is more than seven times (7) in the inclusion 

complex of the β-CYD compare to the α-  

V.3.4. 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. 26  
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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 microflora. 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 (Fig. 7. i -ii). 27 

V.3.5. DLS STUDY 

In Dynamic light scattering (DLS) the size distribution of microscopic particles is the 

property of importance. The distribution explains how much particle there is nearby of 

the different size “slices.”  In DLS, the local distribution is the distribution of 
concentration which indicates how much light is scattered from the various size 

“slices”. In the past, a simpler forced single exponential fitting method has been used to 
find an overall mean size (by intensity) and an overall polydispersity. Traditionally, this 

overall polydispersity has also been converted into an overall polydispersity index 
(PDI) which is the square of the light scattering polydispersity. For a perfectly uniform 

sample (“monodisperse”), the PDI would be smaller than ~‘0.1’. 28-32 

We had obtained the average PDI value of >0.7(> 0.9 in inclusion complex with average 
of 0.899) which indicate uniformity of the inclusion complex, supported by TEM. 

This value may be due to presence of one kind of particle in inclusion complexes 
though in aqueous solution individual host and guest in dynamic equilibrium with each 

other. In the case of IC-1 we get various size particles whereas in the case of IC-2 only 
two distinct size peaks within usual size limit appear. So in the case of IC-2 i.e. with β-

CYD inclusion complex formation was more successful than of α-CYD. (Fig. 8. a. to c.). 

Therefore light scattering technique support the formation of inclusion complex. 

V.4. CONCLUSION 

FT-NMR spectra, DSC study demonstrate that the natural amino acid L-Cystine forms 
host-guest inclusion complex with both CYDs, further put in the picture that inclusion 

complexation was more ideal with β-CYD compared to the α-CYD. DSC data also 
strengthen the idea more complexation β-CYD with L-Cystine compared to the α-CYD. 

SEM morphology and DLS size profile also suggest the same; moreover show size 
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variation on supramolecular complex formation. These two inclusion complexes 

should have many applications in the field of bio-chemistry and medical research as it 
is non-toxic for the body & also guts microorganism present inside the body. 

TABLES 

Table V.1: FTIR spectral assignments of (L-Cystine+ α-CYD) IC with compare to 

the pure cystine. 

L-Cystine 

Wave number/ cm-1 Group 

3446.57  Stretching of -N-H  

3082-2875  –C-H from methylene groups  

1634  Streching for -C=O  

1560.01  Symmetrical Stretching of –COO-  

1399  Anti-symmetrical stretching  of –COO-  

α-CYD 

3446.15  stretching of -O-H  

2922.50  stretching of –C-H from –CH2  

1399.07  bending of –C-H from –CH2 and bending of O-H  

1154.39  bending of -C-O-C  

1029.36  stretching of -C-C-O  

945.62  skeletal vibration involving α-1,4 linkage  

L-Cystine+ α-CYD 

3416.45  stretching of -N-H of L-Cys  

2922.50  Symmetrical stretching of –C-H from –CH2 of L-Cys  

1634  -C=O from D-NA  

1538.74  Stretching of -COO- from D-NA  

1406.45 

1046.03 

bending of –C-H from –CH2 & of C-C-O of α-CYD 

respectively  

984.46  stretching of -C-C-O of α-CYD  
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Table V.2: FTIR spectral assignments of (L-Cystine+ β-CYD) IC with compare to 

the pure cystine. 

wave number/ cm-1  Group  

3446.57  Stretching of -N-H  

3082-2875  -C-H from methylene groups  

1634  Streching for -C=O  

1560.01  Symmetrical Stretching of -COO-  

1399  Anti-symmetrical stretching  of –COO-  

β-CYD 

3349.23  stretching of -O-H  

2919.12  stretching of –C-H from –CH2  

1409.18  bending of –C-H from –CH2 and bending of O-H  

1153.17  bending of -C-O-C  

1033.02  stretching of -C-C-O  

938.64  skeletal vibration involving α-1,4 linkage  

L-Cystine+ β-CYD 

3441.74  stretching of -N-H of L-Cys  

2922.50  Symmetrical stretching of –C-H from –CH2 of L-Cys  

1631  -C=O from D-NA  

1538.74  Stretching of -COO- from D-NA  

1399.07 
1029.31  

bending of -C-H from -CH2 & of -C-C-O of α-CYD 

respectively  

984.46  stretching of -C-C-O of α-CYD  
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Table V.3. SEM EDS data in tabular form [α-CYD+ L-Cystine] 

 

Element  App  Intensity  Weight%  Weight%  Atomic%  

    Conc.  Corrn.     Sigma     

C K  225.92  0.9780  52.01  0.48  59.36  

O K  89.82  0.4314  46.88  0.48  40.17  

S K  4.67  0.9412  1.12  0.04  0.48  

Totals    100.00    

 

 

 

TableV. 4. SEM EDS data in tabular form [β-CYD+ L-Cystine] 

 

Element  App  Intensity  Weight %  Weight %  Atomic %  

    Conc.  Corrn.     Sigma     

C K  38.34  0.5354  62.52  1.08  71.45  

O K  10.67  0.3203  29.10  1.08  24.96  

S K  9.39  0.9774  8.38  0.24  3.59  

Totals    100.00    

 

FIGHURES 

 

(A)                                                               (B) 
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( C)                                                                (D) 

Figure V.1. Molecular structure of (a) α-CYD, (b) β-CYD, (c) Cystine, (d) 3D structure of 
Cystine 
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Figure V.2. (a) FTIR spectrum of pure L-Cystine (b) FTIR spectrum of (L-Cystine+ α-

CYD) IC (c) FTIR spectrum of (L-Cystine+ β-CYD) IC. 

 

 

 

Figure 3a. Thermograms of solid cys and their ICs. 
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Figure V. 3b Thermograms of solid cys, -CD, β-CD, and their ICs. 
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 Figure V.4a. SEM images of the pure cystine at different resolution. 

   

 

Figure V. 4. a. SEM images of the pure cystine at different resolution.  

 

 

 

 

 



Figure V.4b. SEM images of the cystine +
resolution.  

 

Figure V. 4. c. SEM images of the Cystine +
resolution 

 

 

 

images of the cystine +α-CyD inclusion complex at different 

 

SEM images of the Cystine +α-CYD physical mixture at different 
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CyD inclusion complex at different 

 

CYD physical mixture at different 
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Figure V. 4. d. SEM images of the cystine +β -CYD inclusion complex at different 
resolution 

  

 Figure V.5. SEM EDS spectrum [α-CYD+ L-Cystine] 

 

FigureV.6. SEM EDS spectrum [β-CYD+ L-Cystine]  
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(I) 

 

 
(II) 

 

Figure V.7. (i) & (ii): Distinct but equivalent zone of inhibition for both the gram-

negative and gram-positive bacteria viz. bacillus subtilis & escherichia coli respectively, 

A Control, B Pure Cystine, C  Pure α-CYD, D Pure β-CYD, E IC of α-CYD i.e. IC-

1, F IC of β-CYD i.e. IC-2 
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Figure V. 8. (a) CYSTINE (b) IC-1 (α-CYD) SIZE from DLS (c) IC-2(β-CYD) SIZE from 

DLS 

Scheme 1 

  

 
Favourable Mode of inclusion In both α & β-CYDs. 
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STUDY ON ION PAIR AND TRIPLE ION FORMATION OF AN IONIC 

LIQUID,[(EMIM ) (TOS)]IN DIFFERENT SOLVENTS WITH THE 

MANIFESTATION OF SOLVATION CONSEQUENCE. 
 

VI.1. INTRODUCTION 

Ionic Liquids (ILs) having combination of organic-organic and organic-inorganic 

cations/anions are of great interest in the current chemical field. Their intrinsic 

physicochemical properties make them “designer solvents” or “green solvent”, such as 

the favourable solubility of organic and inorganic compounds, negligible vapour 

pressures, low melting points, high thermal stability, solvated many organic, inorganic 

and polymeric materials, adjustable polarity, selective catalytic effects, chemical 

stability. In addition, along with these exceptional properties, ILs are used as heat 

transfer materials for processing biomass and electrically transport liquids as 

electrochemical tool in electrochemistry. Imidazolium cation based ILs are highly 

thermally stable, lager commercial available prominent bio-applications [1-5]. ILs 

having large anions are also susceptible to additional interactions with polar solvents. 

N,N-dimethylformamide (DMF)  is used in the production of acrylic fibers and plastics. 

It is also used as a solvent in peptide coupling for pharmaceuticals, in the development 

and production of pesticides, and in the manufacture of adhesives, synthetic leathers, 

fibers, films, and surface coatings. 1,4-Dioxane (DO) is a trace contaminant of some 

chemicals used in cosmetics, detergents, and shampoos. Tetrehydrofuran (THF) is used 

as a precursor to polymers. The other main application of THF is an industrial solvent 

for PVC and in vernishes. 

CHAPTER VI 
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In the present work, herein we report conductivity, density, viscosity to ascertain the 

molecular interaction and ion association of the IL in the above solvents at 293.15K, 

303.15K and 313.15K respectively. 

VI.2 EXPERIMENTAL SECTION 

VI.2.1 SOURCE AND PURITY OF MATERIALS 

1-ethyl-3-methyl imidazolium tosylate (IL) ionic liquid selected for this work was of 

puriss grade and procured from Sigma-Aldrich, Germany and it was used as purchased. 

The mass purity of the IL was ≥0.99. 

All the spectroscopic grade solvents were obtained from Sigma-Aldrich, Germany, and 

used as purchased. The purities of the solvents have been checked by measuring their 

densities and viscosities, which were in good accordance with the earlier work and are 

shown in Table 1. 

VI.2.2 APPARATUS AND PROCEDURE 

Experimental Stock solutions of the IL in the different solvents were prepared by mass 

using Mettler Toledo AG-285 weighing machine having a precision of ±0.0003 g. The 

uncertainty of molality of different solutions was estimated to ±0.0001 mol kg-1. 

Conductivity of the stock solution carried out in dilution method, i.e., addition of the 

pure solvent in a fixed concentration of IL solution of the same solvent. 

Density (ρ, in g cm−3) of the studied solution measured by Anton Paar digital density 

meter (DMA 4500M) with an accuracy of ±0.00005 g cm−3 at 293.15, 303.15 

and313.15K and maintaining ±0.01 K of the temperature deviation in each studied 

temperature. Calibration of the instrument was completed by triply distilled water and 

by passing dry air. 

Viscosities of the experimental solution (η, mPas) were measured by Brookfield DV-III 

Ultra Programmable Rheometer having a spindle size-42 with an accuracy of ±1%. The 

particulars about the viscometer have previously been depicted earlier. 
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Specific conductivity of the IL in solutions was performed in Systronics-308 

conductivity meter of working frequency 1 kHz and an accuracy of ±1%. All the 

experimental solutions were positioned in a dip-type immersion conductivity (CD-10) 

cell, having a cell constant of approximately (0.1 ± 0.001) cm−1 .The Cell was connected 

with a temperature controlled water bath to maintain the experimental temperature. 

The cell constant was determined using the method suggested by Lind et al. 

VI.3. RESULTS AND DISCUSSION 

The concentrations and molar conductances (Λ) of IL in DMF, DO and THF in different 

temperatures are given in Table 2. The molar conductance (Λ) has been obtained from 

the specific conductance (κ) value using the following equation. 

Λ = (1000 κ) / c    (1) 

Linear conductance curve (Λ versus √c) were obtained for the electrolyte in DMF  

extrapolation of √c = 0 evaluated the starting limiting molar conductance for the 

electrolyte. 

VI.3.1. ION-PAIR FORMATION 

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

Fuoss conductance equation [6]. 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 [7] 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 [8] 

 1/  3d  1.183 M /                                                      (2) 
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where, M is the molecular mass and ρ is the density of the solvent. 

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 [9] 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      
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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  

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. Table 3 shows that 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 [10]. 

o
AG  RTlnK                    (10) 

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) . 

VI.3.2. 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 [11]. 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; Λ0T 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 [12]. and Λ0values for the 

studied electrolytes have been calculated [13]. Λ0T is calculated by setting the triple ion 

conductance equal to 2/3Λ014. 

The ratio Λ0T/Λ0 was thus set equal to 0.667 during linear regression analysis of 

equation (2). Limiting molar conductance of triple-ions ( Λ0T), 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 
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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 

[15]. i.e. 

M+ + A- ↔ M+∙∙∙∙∙∙∙∙A- ↔ MA          (ion-pair)                                             (15) 

MA + M+ ↔ MAM+                        (triple-ion)                                            (16) 

MA + A- ↔ MAA-                          (triple-ion)                                             (17) 

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 / (KP1/2⋅c1/2)                                                                (18) 

αT =( KT/ KP1/2) c1/2                                                                                           (19) 

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

cT=(KT/ KP1/2) c 3/2                                                                                       (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 and are 

provided in table 8 
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VI.3.3. APPARENT MOLAR VOLUME 

The measured values of densities of IL in DMF, THF and DO at 293.15, 303.15 and 

313.15 K are reported in Table1 . 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 and the values are given in Table 9. 

      / /V M    m                                                                   (22) 

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                                                       (23) 

where 0   V is the limiting apparent molar volume at infinite dilution and *
VS is the 

experimental slope. 

The plots of V 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 
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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. 

VI.3.4. TEMPERATURE DEPENDENT LIMITING APPARENT MOLAR VOLUME 

The variation 0
V  with the temperature of the ILin different solvents can be 

expressed(Fig -1) by the general polynomial equation as follows, 

V a a T a T   0 2
0 1 2  (24) 

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. 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 22    (25) 

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 
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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 δ T a  0 0 2
22                (26) 

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 [19]. As is evident from Table 7 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. 

VI.3.5. VISCOSITY CALCULATION 

Another transport property of the solution is viscosity has been studied for 

comparison and conformation of the solvation of the electrolyte in the chosen solvents. 

The viscosity data has been analyzed using Jones-Dole equation [20]. 

 0/ 1 /    (27)c A B c        

whereη and 0  are the viscosities of the solution and solvent respectively. The values of 

A-coefficient and B-coefficientare obtained from the straight line by plotting (fig-2)

 0/ 1 /    c against c  which are reported in Table 12. 

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

solvation of the solutes and their effects on the structure of the solvent. From Table 12 

it is evident that the values of the B-coefficient are positive, thereby suggesting the 

presence of strong ion-solvent interactions, and strengthened with an increase the 

solvent viscosity value, are agreement with the results obtained from 0
V values 

discussed earlier. The values of the A-coefficient are found to increases slightly with 

temperature and with the increase in mass of IL in the solvent mixture. These results 

designate the presence of very weak solute-solute interactions. These results are in 

excellent arrangement with those obtained from *
VS  values. 
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The extent of solute-solvent interaction in the solution calculated from the viscosity B-

coefficient [21] gives valuable information regarding the solvation of the solvated 

solutes and their effects on the structure of the solvent in the local vicinity of the solute 

molecules in the solutions. From Table 12 it is evident that the values of the B-

coefficient are positive and much higher than A-coefficient, thereby suggesting the 

solute-solvent interactions are dominant over the solute-solute interactions. The 

higher B-coefficient values for higher viscosity values is due to the solvated solutes 

molecule associated by the solvent molecules all round to the formation of associated 

molecule by solute-solvent interaction, would present greater resistance, and this type 

of interactions are strengthened with a rise in temperature. These results are in good 

agreement with those obtained from 0
V    values discussed earlier. 

Thus, the trend of ion-solvent interaction is DO >THF>DMF. The viscosity A- and B-

coefficients are in excellent agreement with the results drawn from the volumetric 

studies. 

VI.4. CONCLUSION 

The extensive study of IL, [emim][TSO4]in DMF, DO and THF leads to the conclusion 

that, the salt is more associated in DO than the other two solvents. It can also be seen 

that in the conductometric studies in THF and DO, the IL mostly remains as triple-ions 

than ion-pairs but in DMF remains as ion-pairs. There is more ion-solvent interaction 

in DO than THF. The experimental values obtained from the volumetric, viscometric 

studies suggest that in solution here is more ion–solvent interaction than the ion–ion 

interaction and the extent of ion–solvent interaction of IL in DO, THF and DMF 

respectively. 
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Tables 
Table VI.1. Density (ρ), viscosity () and relative permittivity (ε) of the different 

solvents dimethyl formamide (DMF), tetrahydrofuran (THF) and 1,4 dioxane 

(DO) at different temperatures 

Solvents Temp (K) ρ · 10-3/kg m-3 /mPa s ε at 

T=298.15K 

DMF 293.15 0.93680 0.923 36.71 

303.15 0.93343 0.871 

313.15 0.92908 0.726 

THF 293.15 0.88074 0.463 7.58 

 303.15 0.87731 0.381 

 313.15 0.87179 0.369 

DO 293.15 0.96002 1.541 2.21 

 303.15 0.95836 1.522 

 313.15 0.95374 1.509 

 

Table VI. 2. 

The concentration (c) and molar conductance (Λ) of [emim][TSO4] in DMF, DO 

and THF at 293.15, 303.15, 313.15 K respectively. 

c·104/ 

mol·dm−3 

Λ·104/ 

S·m2·mol−1 

c·104/ 

mol·dm−3 

Λ·104/ 

S·m2·mol−1 

c·104/ 

mol·dm−3 

Λ·104/ 

S·m2·mol−1 

293.15K 

DMF THF DO 

3.8672 142.54 4.57 53.41 3.97 32.31 

4.4641 142.5 5.34 52.31 4.74 31.21 

5.235 142.46 6.12 51.41 5.52 30.31 

6.26 142.41 6.81 50.6 6.21 29.50 

7.1203 142.37 7.42 50.3 6.82 29.20 

7.8984 142.33 7.81 50 7.21 28.90 
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8.7254 142.29 8.44 49.6 7.84 28.50 

9.5721 142.27 8.88 49.1 8.28 28.00 

10.6188 142.25 9.6 47.5 9.00 26.40 

11.6422 142.25 10.05 46.6 9.45 25.50 

12.4578 142.25 10.84 45.8 10.24 24.70 

13.7642 142.27 11.62 44.21 11.02 23.11 

14.7129 142.28 12.5 44 11.90 22.90 

16.00 142.31 13.5 43.9 12.90 22.80 

16.9106 142.34 15.58 43.1 14.98 22.00 

303.15K 

DMF THF DO 

3.8672 145.54 4.57 57.41 3.97 36.31 

4.4641 145.5 5.34 55.31 4.74 34.21 

5.235 145.46 6.12 53.41 5.52 32.31 

6.26 145.41 6.81 52.6 6.21 31.50 

7.1203 145.37 7.42 51.3 6.82 30.20 

7.8984 145.33 7.81 51 7.21 29.90 

8.7254 145.29 8.44 49.6 7.84 28.50 

9.5721 145.27 8.88 49.1 8.28 28.00 

10.6188 145.25 9.6 47.5 9.00 26.40 

11.6422 145.25 10.05 46.6 9.45 25.50 

12.4578 145.25 10.84 45.8 10.24 24.70 

13.7642 145.27 11.62 44.21 11.02 23.11 

14.7129 145.28 12.5 44 11.90 22.90 

16.00 145.31 13.5 43.9 12.90 22.80 

16.9106 145.34 15.58 43.1 14.98 22.00 

313.15K 

DMF THF DO 

3.8672 149.54 4.57 59.41 3.97 38.31 

4.4641 149.5 5.34 59.31 4.74 38.21 
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5.235 149.46 6.12 59.41 5.52 38.31 

6.26 149.41 6.81 59.6 6.21 38.50 

7.1203 149.37 7.42 59.1 6.82 38.20 

7.8984 149.33 7.81 50 7.21 28.90 

8.7254 149.29 8.44 49.6 7.84 28.50 

9.5721 149.27 8.88 49.1 8.28 28.00 

10.6188 149.25 9.6 49.5 9.00 28.40 

11.6422 149.25 10.05 49.6 9.45 28.50 

12.4578 149.25 10.84 49.8 10.24 28.70 

13.7642 149.27 11.62 49.21 11.02 28.11 

14.7129 149.28 12.5 50 11.90 28.90 

16.00 149.31 13.5 49.9 12.90 28.80 

16.9106 149.34 15.58 49.1 14.98 28.00 

 

TableVI. 3. Limiting molar conductance (Λo), association constant (KA), co-sphere 

diameter (R) and standard deviations of experimental Λ (δ) obtained from Fuoss 

conductance equation for 1-ethyl-3-methylimidazoliun tosylate in DMF  at 

293.15, 303.15, 313.15 K respectively. 

Solven

t 

Λo·104/S·m2·mol−1 KA/ dm3mol-1 R/Å Δ 

293.15K 

DMF 25.24 428.25 6.34 0.21 

303.15K 

DMF 27.47 433.27 6.56 0.16 

313.15K 

            

DMF 

38.26 463.24 7.44 0.11 
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Table VI.4. Walden product (Λo·) and Gibb’s energy change (ΔG◦) of 1-ethyl-3-

methylimidazoliun tosylate in DMF  at 293.15 K, 303.15 K and 313.15 K 

respectively are given below. 

Solvent Λo··104/ 

S·m2·mol−1mPa 

ΔG◦/ 

kJ·mol−1 

293.15 K 

DMF 23.29 -14.77 

303.15 K 

DMF 23.92 -15.30 

313.15 K 

DMF 27.77 -15.98 

 

Table VI.5. Limiting Ionic Conductance (λ0±), Ionic Walden Product (λ0±), Stokes’ 

Radii (rs), and Crystallographic Radii (rc) of 1-ethyl-3-methylimidazoliun tosylate 

in DMF at 293.15 K, 303.15 K and 313.15 K respectively are given below. 

Solvent Ion λ0±(S·m2·mol−1) λ0±(S·m2·mol−1mPa) rs (Å) rc (Å) 

293.15 
     

DMF emim+ 8.12 7.88 3.14 4.78 

 TSO4- 17.12 15.40 1.32 1.56 

303.15 
     

DMF emim+ 8.36 7.91 3.16 4.88 

 TSO4- 19.11 16.01 1.34 1.68 

313.15K 
     

DMF emim+ 10.17 8.44 3.24 5.17 

 TSO4- 28.09 19.33 1.36 2.27 
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Table-VI. 6. The calculated limiting molar conductance of ion-pair (Λ0), limiting 

molar conductances of triple ion Λ0T, experimental slope and intercept obtained 

from Fuoss-Kraus Equation for of 1-ethyl-3-methylimidazoliun tosylate in THF 

and DO at 293.15 K, 303.15 K and 313.15 K respectively. 

Solvents 
Λ0·104 

/S·m2·mol−1 

ΛoT×104 

/S·m2·mol−1 

Slope×10-2 

 
Intercept ×10-2 

293.15K 

THF 57.83 38.57 0.07 0.22 

DO 36.10 20.74 0.06 0.21 

303.15 K 

THF 61.76 41.19 0.12 0.44 

DO 39.83 26.56 0.15 0.34 

313.15 K 

THF 63.62 42.43 0.13 0.46 

DO 41.86 27.92 0.14 0.29 

Table –VI.7. Salt concentration at the minimum conductivity (Cmin) along with the 

ion-pair formation constant (KP), triple ion formation constant (KT) for 1-ethyl-3-

methylimidazoliun tosylate in THF and DO at 293.15 K, 303.15 K and 313.15 K 

respectively. 
 

Solvents cmin·104/ 

mol·dm−3 

log cmin KP·10-5/ 

(mol·dm−3)−1 

KT/ 

(mol·dm−3)−1 

KT / KP 

·105 

log KT / KP 

293.15 K 

THF 8.16 -3.0883 1.74 64.34 36.97 -3.43215 

DO 5.24 -3.2806 1.22 80.68 66.13 -3.17960 

303.15 K 

THF 8.26 -3.0830 1.78 66.56 37.39 -3.42724 

DO 5.34 -3.2724 1.26 84.77 67.27 -3.17217 

313.15 K 

THF 8.37 -3.0772 1.82 69.78 38.34 -3.41634 

DO 5.46 -3.2628 1.31 90.75 69.27 -3.15945 
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Table –VI.8. Salt concentration at the minimum conductivity (cmin), the ion pair 

fraction (α), triple ion fraction (αT), ion pair concentration (cP)and triple-ion 

concentration(cT) for  1-ethyl-3-methylimidazoliun tosylate in THF and DO at 

293.15 K, 303.15 K and 313.15 K respectively. 
 

 

Table-VI. 9. Concentration, c, density, ρ, apparent molar volume, V, limiting 

apparent molar volume 0
V  and experimental slope for 1-ethyl-3-

methylimidazoliun tosylate in THF and DO at 293.15 K, 303.15 K and 313.15 K 

respectively. 

Solvents c/ 
mol·dm-3 

ρ·10-3/ 
kgm-3 

V ·106/ 

m3·mol-1 

0
V ·106/ 

m3·mol-1 

*
VS ·106/ 

m3 · mol- 3/2 ·dm3/2 

293.15 K 

DMF 0.010 0.95109 229.7438 223.34 -65.41 
 0.025 0.95167 232.9002   

0.040 0.95369 240.2651 
0.055 0.95462 242.2379 
0.070 0.95545 244.4737 
0.085 0.95619 246.7438 

 

Solvents cmin·104/ 

mol·dm−3 

α · 10-5 α T· 103 cP ·10-4/ 

mol·dm−3 

cT·10-6/ 

mol ·dm−3 

293.15 K 

THF 8.16 8.39 4.87 7.55 2.7 

DO 5.24 12.50 5.57 6.98 3.6 

303.15 K 

THF 8.26 8.24 4.92 7.64 2.6 

DO 5.34 12.19 5.64 7.06 3.5 

   313.15K 

THF 8.37 8.10 4.95 7.73 2.5 

DO 5.46 11.82 5.77 7.14 3.4 
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THF 0.010 0.89002 229.8142 224.51 -50.90 
 0.025 0.89076 232.0633   

0.040 0.89216 235.4370 
0.055 0.89347 238.2484 
0.070 0.89475 240.0758 
0.085 0.89601 241.3971 

DO 0.010 1.03728 233.0668 228.11 -48.34 
 0.025 1.03765 234.9957   

0.040 1.03832 237.6479 
0.055 1.03893 239.4964 
0.070 1.03944 241.6262 
0.085 1.03986 243.7721 

 

303.15 K 

DMF 0.010 0.94133 232.1275 225.92 -62.12 
 0.025 0.94192 234.7851   

0.040 0.94299 239.0373 
0.055 0.94395 241.8721 
0.070 0.94469 243.5269 
0.085 0.94579 245.9471 

THF 0.010 0.88002 233.5627 227.94 -59.68 
 0.025 0.88074 236.4060   

0.040 0.88209 240.3867 
0.055 0.88338 242.8509 
0.070 0.88459 245.2204 
0.085 0.88582 246.4146 

DO 0.010 1.02264 237.3807 232.61 -45.29 
 0.025 1.02301 238.8480   

0.040 1.02368 241.2936 
0.055 1.02422 244.2284 
0.070 1.02477 245.5734 

 0.085 1.02527 246.8696   
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313.15 K 

DMF 0.010 0.93168 233.4619 228.14 -51.43 
 0.025 0.93222 235.6798   

0.040 0.93344 238.5637 
0.055 0.93451 240.9804 
0.070 0.93548 243.5314 
0.085 0.93643 245.2767 

THF 0.010 0.86971 235.1858 230.44 -46.08 
 0.025 0.87045 237.4875   

0.040 0.87186 240.6523 
0.055 0.87321 242.8581 
0.070 0.87449 244.9679 
0.085 0.87581 245.7735 

DO 0.010 1.01198 238.8960 234.47 -39.37 
 0.025 1.01237 239.8845   

0.040 1.01309 241.8617 
0.055 1.01374 243.6740 
0.070 1.01431 245.5688 

 0.085 1.01479 247.5953   

 

Table –VI.10. Values of empirical coefficients (a0, a1, and a2) obtained from 
density data for IL in different solvents (DMF, THF and DO) at 293.15K to 
313.15K respectively. 

solvent mixture a0·106 
/m3·mol-1 

a1·106 
/m3·mol-1·K-1 

a2·106 
/m3·mol-1·K-2 

DMF+IL 
293.15 -30.65 1.452 -0.002 
303.15 -30.65 1.452 -0.002 
313.15 -30.65 1.452 -0.002 
THF+IL 
293.15 -275 3.023 -0.004 
303.15 -275 3.023 -0.004 
313.15 -275 3.023 -0.004 
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DO+IL 
293.15 -1103 8.5 -0.13 
303.15 -1103 8.5 -0.13 
313.15 -1103 8.5 -0.13 
             
Table 11. Limiting apparent molal expansibilities ( 0

E  ) IL in different solvents 
(DMF,THF and DO) at 293.15K to 313.15K respectively 
solvent mixture 0

E ·106 /m3·mol-1·K-1  0 6
E P

T 10 
 

/m3·mol-1·K-2 
DMF+IL 
T/K 293.15 303.15 313.15 

  
 0.36 0.2394 0.1994 

 
-0.004 

THF+IL 
T/K 293.15 303.15 313.15 

  
 0.6778 0.5978 0.5178 

 
-0.008 

 
DO+IL 

T/K 293.15 303.15 313.15   

 0.70221 0.6181 0.3581 
 -0.026 

 
Table-VI.12. 

 Concentration, c, viscosity, η, ( 1) r

c
, viscosity A and B coefficients for 1-ethyl-3-

methylimidazoliun tosylate in THF and DO at 293.15 K, 303.15 K and 313.15 K 
respectively. 
 

Salts c /mol·dm-3 s/mPa 
 

( 1) r

c
 

B
3 1/dm mol  

A 3/2 1/2/dm mol  

293.15 K 

DMF 0.010 0.9041 0.028 0.156 0.011 

 0.025 0.9059 0.034 
  

0.040 0.9126 0.050 
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0.055 0.9159 0.056 

0.070 0.9194 0.062 

0.085 0.9216 0.078 

THF 0.010 0.4775 0.067 0.686 0.006 

 0.025 0.4816 0.109 
  

0.040 0.4885 0.149 

0.055 0.4949 0.177 

0.070 0.5016 0.203 

0.085 0.5073 0.219 

DO 0.010 1.2994 0.005 0.701 -0.061 

 0.025 1.3061 0.040 
  

0.040 1.3202 0.082 

0.055 1.3358 0.116 

0.070 1.3493 0.137 

0.085 1.3639 0.158 

 

303.15 K 

DMF 0.010 0.7668 0.027 0.172 0.010 

 0.025 0.7685 0.035 
  

0.040 0.7717 0.046 

0.055 0.7745 0.052 

0.070 0.7777 0.060 

0.085 0.7805 0.065 

 

THF 0.010 0.3843 0.081 0.775 0.005 
 0.025 0.3873 0.113   

0.040 0.3936 0.162 
0.055 0.3999 0.200 
0.070 0.4060 0.229 
0.085 0.4109 0.245 



150 | Chapter VI 

J. Adv. Chem. Sci., 2017, 3, 515–520. 

DO 0.010 1.0946 0.012 0.777 -0.065 
 0.025 1.1003 0.045   

0.040 1.1128 0.089 
0.055 1.1272 0.126 
0.070 1.1415 0.155 
0.085 1.1562 0.181 

 

313.15 K 

DMF 0.010 0.6848 0.0263 0.185 0.008 
 0.025 0.6864 0.0352   

0.040 0.6894 0.0468 
0.055 0.6921 0.0542 
0.070 0.6949 0.0614 
0.085 0.6975 0.0668 

THF 0.010 0.2915 0.097 1.058 -0.003 
 0.025 0.2946 0.144   

0.040 0.3014 0.219 
0.055 0.3071 0.259 
0.070 0.3132 0.299 
0.085 0.3185 0.325 

DO 0.010 0.9534 0.002 1.095 -0.106 
 0.025 0.9598 0.049   

0.040 0.9748 0.113 
0.055 0.9918 0.165 
0.070 1.0078 0.202 
0.085 1.0265 0.242 
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FIGURES 

 
Figure 1:  Variation of ϕV 0with temperature in K of the IL in DO (green line), THF ( red 
line) and DMF (blue line) 
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Figure 2: Variation of (η/η0-1)/√m with √m of the IL in DO (-∎-), THF (-⧍-) and       
DMF(-⧫-). 
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HOST-GUEST INCLUSION COMPLEXATION OF 3-(2-NAPTHYL)-                           

D-ALANINE WITH Α AND Β-CYCLODEXTRINS EXPLORED BY NMR, FT-

IR, HRMS, SURFACE TENSION AND CONDUCTOMETRIC STUDIES. 
 

VII.1. INTRODUCTION 

In supramolecular chemistry the association of guest molecules into 

cyclodextrin,which has fairly rigid structure, hydrophobic inner cavities with unique 

hydrophilic outer surfaces.They can act as molecular receptors (hosts) for a wide 

variety of organic and inorganic, as well as biological and pharmaceutical guest 

molecules, forming noncovalent bonds under equilibrium condition with  host  

molecules. Its potential applications are widespread such as drug delivery, solubility, 

bioavailability, safety, stability etc. The guest is amino acid derivative that has been 

used to synthesize cholecys to kinin analogus1,2 and as a carrier may be achieved 

nutritional analysis and disease diagnosis. It is used in artificial receptors for amino 

acid.3,4 

CYDs are cyclic oligosaccharide having six and seven glucopyranose units [unite bond 

together by α-(1-4) linkage] for α-CYD & β-CYD respectively, creating a truncated 

conical structure which  is favorable for inclusion. The electro chemical and 

spectrophotometric studies of the interaction between D-NA and CYD. In the present 

article formation of inclusion complexes have been explored by surface tension, 

conductivity, IR, 1H NMR study.5 

  

CHAPTER VII 
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VII.2. EXPERIMENTAL 

VII.2.1. MATERIALS 

3-(2-Napthyl)-D-alanine (D-NA), cyclodextrin α and β of high purity were purchased 

form Sigma –Aldrich. The purities of D-NA, α-cyclodextrine and β-cyclodextrine were 

≥99.1%. 

VII.2.2. APPARATUS AND PROCEDURE 

 Experimentally Measure Surface tensions of the solution were by tensiometer (K9, 

KRUSS; Germany) in platinum ring detachment technique using at 298.15K. Accurecy 

of the study was ±0.1 m. N m-1. A circulating auto thermo stated water through a 

double-walled glass vessel holding the solution 298.15K. 

The specific conductivities of the studied solutions were measured with a Mettler-

Toledo Seven Multi conductivity meter with an uncertainty of ±1.0 mSm−1. The 

experiments were carried out in an auto thermo stated water bath held at 298.15 K 

using HPLC-grade water with a specific conductance of 6.0 μS m−1. Calibration of the 

cell was achieved using a 0.01M aqueous KCl solution. 

NMR spectra were recorded in D2O unless otherwise stated. 1H NMR spectra were 

recorded using Bruker AVANCE 350. Signals are quoted as δ values in ppm using 

residual protonated solvent signals as internal standard (D2O : δ 4.79 ppm). Data are 

reported as chemical shift. 

FTIR Spectra were recorded in KBr disk method by Perkin-Elmer FTIR Spectrometer. 

KBr disks were made in 1:100 ratio of sample and KBr. FT-IR Studies were carried out 

in the scanning range of 4000-400 cm-1 at room temperature. 

HRMS analyses were performed by Q-TOF high resolution instrument with positive 

mode electro-spray ionization taking the methanol solution of the solid ICs. 
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VII.3. RESULT AND DISCUSSION 

VII.3.1. SURFACE TENSION STUDY 

 The nature and formation of inclusion complex precious information given by surface 

tension[13]. The aqueous solution of α and β-CYD do not show any considerable change 

of surface tension. The D-NA shows COO−, NH2 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). 

Here surface tension (γ) is measured for a series of solution with increasing 

concentration of both host α and β cyclodextrin at 298.15K. The γ values shows 

increasing trend in case of both the guests (Table 3).  Perhaps it is due to the formation 

of inclusion complex between D-NA and CYD because due to the removal of the surface 

active D-NA molecules from the surface of the solution into the hydrophobic  cavity α 

and β  CYD. In the two surface tension plots appearance of single break point indicates 

formation of inclusion complex in both cases (Figure 1). The values of surface tension 

with corresponding concentration of α and β CYD and concentration of D-NA at each 

break have been listed in table 1. Over all variation of γ and one beak point clearly 

show that at certain concentration of D-NA and CYD where their concentration ratio in 

solution was almost 1:1, thus the study proves 1:1 ratio in both α and β CYD. 

VII.3.2. CONDUCTANCE STUDY 

Conductivity (κ) of aqueous solution of D-NA has been measured with both α and β 

CYD solution to find out whether inclusion have been formed. During experiment k-

value of the solution have been decreased in both cases encapsulation of the D-NA 

molecules inside into cavity   of the CYD-molecule was observed (table-3) [12]. In both 

cases after certain concentration breaking of the curve was observed which may 

indication of the formation of inclusion complex (Fig-2). The experimental curve 

showed only one beak, which indicates 1:1 inclusion in both α and β CYD cases, 

suggesting the host-guest ratio to be 1:1. At certain concentration the break point is 
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found where maximum inclusion occurs through dynamic equilibrium between the 

host and the guest molecules12. 

VII.3.3. 1H NMR STUDY 

1H NMR spectrum of D-NA/α-CYD and D-NA /β-CYD is small shifts to higher 

frequencies are observed for D-NA signals. The protons of the CYD molecule shows 

considerable chemical shift due to inclusion of the guest D-NA  in to the hydrophobic 

cavity. In CYD structure H3 andH5 are situated inside the wider rim of the cavity, while 

H1, H2 and H5 are found narrow rim cavity of the CYD molecule.15.During the insertion 

nepthyl group of the D-NA molecule inside the cavity of CYD, the H3 and H5 protons 

show up field chemical shifts which conforms the interaction of the host–guest 

molecule occur[13]. The COO-,NH2 group of D-NA interact with H5 and H3 of the CYD 

molecules. All guest aromatic protons  protons move upfield considerable shift, 

illuminating deep insertion of the naphthyl group inside the cavity. On the other hand, 

the proton H1 and one of the CH2 protons of D-NA move downfield slightly, which 

indicates that they are located outside the cavity. The aromatic peaks are completely 

shifted upfield. These observations suggest that the naphthyl moiety of the D-NA guest 

was encapsulated into the cavity of cyclodextrine formation of the inclusion compound 

(Fig-3). 

VII.3.4. FTIR STUDY 

The formation of inclusion complex of 3-(2-Napthyl)-D-alanine with α and β-CYD in 

solid state is supported by FT-IR study. There are many changes in the FT-IR spectra of 

solid inclusion complexes due to the changes of bending and vibrating peaks of the 

guest also aroused due to the symmetrical and anti-symmetrical stretching vibrations 

of the COO- grouping. The various frequencies of D-NA, α-CYD, β-CYD, D-NA + α-CYD 

and D-NA + β-CYD are reported in (table -3). The –O-H frequency of both α and β-CYD 

are shifted to lower region most likely due to involvement of the –O-H groups of the 

host molecules in hydrogen bonding molecule after Complexation. The IR spectra of D-

NA with the hosts presented in figure-4, 5. The spectrum was measured in the solid 

state of the sample as a KBr dispersion. The following bands in (cm-1) have been 
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assigned in the tables-2. The inclusion complex formation due to strong bands caused 

by overlapping of C-H stretching vibrations of various methyl and naphthyl groups of 

the guest molecule with cyclodextrins. Moreover strong bands included in the tables 

and figures with the guest molecule. Moreover the spectra of the two inclusion 

complexes are dissimilar to CYD. Additional peaks are recognized in the solid inclusion 

complexes which means chemical reaction occurred between the guest and CYD. 

However, quite a lot of peaks of D-NA are absent or somewhere shifted which is due to 

the change in environment after inclusion in the cavity of α- CYD, these changes was 

more appropriately noticed in -CYD than α-CYD. So, we conclude that the 

encapsulation is better with -CYD. 

VII.3.5. ESI-MASS SPECTROMETRIC ANALYSIS OF INCLUSION COMPLEXES 

The solid ICs of D-NA with α and β-CYD were further analyzed by ESI-mass 

spectrometry by dissolving these in methanol. The spectra have been shown in figure 

6. The peaks at m/z 1188.42 and 1350.47 correspond to [D-NA+α-CYD+H]+ and [D-

NA+β-CYD+H]+ respectively. The spectra confirm that the desired ICs D-NA+α-CYD and 

D-NA+β-CYD have been formed in solid state and the stoichiometric ratio of the host 

and guest is 1:1 (scheme 2). 

VII.3.6. STRUCTURAL FEATURES OF CYCLODEXTRIN AND 3-(2-NAPTHYL)-D-

ALANINE  

  The structural suitability Cyclodextrin provides great opportunity to act as a 

host molecule due to inner hydrophobic cavity and hydrophilic rims. A non polar part 

of guest molecules inside the cavity and polar part of the guest molecule makes 

association with the polar rims, forming a stable inclusion complex (scheme-2). The 

apolar cavity diameter of α -CYD is 4.7-5.3Ǻ and β- CYD is 6-6.5 Ǻ respectively 11. The 

D-NA size and apolar part of naphthyl group and polar part COO- ,NH3+ can be easily 

encapsulated inside the cavity of CYD16.  The formation of inclusion complex no 

covalent bond formation or breaking occur17. The polar water molecules are present 

inside the slightly apolar cavity which generally energetically unflavored. So the polar 

water molecules are readily substituted by hydrophobic naphthyl group of the N-DA. 
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This results a more stable energy state. The stoichiometry of the inclusion complex is 

found as 1:1, which is supported by conductivity and surface tension measurements[17]. 

So after inclusion of one N-DA molecule COO- ,NH2 the zwitterionic part blocks the rim 

by making hydrogen bonding with the rim –OH groups, so second molecule cannot 

enter. Naphthyl group hydrophobic part of D-NA was found to be inserted through the 

wider rim of cyclodextrin[18]. 

VII.4. CONCLUSION 

We reached the conclusion with the help of spectroscopic and physicochemical studies 

like surface tension ,conductance, NMR,FT-IR and mass saws  that the 3-(2-Napthyl)-D-

alanine form host–guest ICs  with both α and β-CYD both in solution and the solid state. 
1H NMR confirms the inclusion in the apolar cavity of both CYD molecules, while 

surface tension and conductivity measurements suggest a 1 : 1 stoichiometry. Solid 

state characterizations have been carried out by FT-IR, confirming their formation also 

in the solid state. Considerately of electrostatic interaction, multiple C-H--∏ 

interactions, hydrogen bond D-NA encapsulated in to the cavity of both CYD. The 

inclusion phenomenon has been found to be more favorable in the case of β-CYD than 

the α-CYD. In the present study we investigate the nature of formation and 

stoichiometry of inclusion complexes of α and β-CYD with D-NA in the aqueous 

medium can be useful in specific amino acid, peptides with suitable binding group as 

controlled delivery systems in the field of modern biomedical sciences.  
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TABLES 

Table VII.1. Data for surface tension study of aqueous 3-(2-Napthyl)-D-alanine 

with α-CYD and β-CYD system at 298.15Ka 

Volm of 

CYD 

(mL) 

Total volm D-NA (mL) 

Conc of 

D-NA 

(mM) 

Conc of CYD 

(mM) 

Surface tension in 

α-CYD 

(mN m-1) 

Surface 

tension in 

β-CYD 

(mN m-1) 

0 10 10.000 0.000 50.5 50.5 

1 11 9.091 0.909 53.8 53.9 

2 12 8.333 1.667 57.6 57.4 

3 13 7.692 2.308 60.1 59.7 

4 14 7.143 2.857 62.5 62.2 

5 15 6.667 3.333 64 63.7 

6 16 6.250 3.750 65.5 65.4 

7 17 5.882 4.118 67.2 67.4 

8 18 5.556 4.444 68.7 68.9 

9 19 5.263 4.737 69.5 70.1 

10 20 5.000 5.000 70.2 70.7 

11 21 4.762 5.238 70.3 70.8 

12 22 4.545 5.455 70.5 71 

13 23 4.348 5.652 70.7 71.1 

14 24 4.167 5.833 70.8 71.2 

15 25 4.000 6.000 71 71.3 

16 26 3.846 6.154 71.2 71.4 

17 27 3.704 6.296 71.3 71.5 

18 28 3.571 6.429 71.3 71.6 

19 29 3.448 6.552 71.4 71.7 

20 30 3.333 6.667 71.5 71.8 
a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
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Table VII. 2. Data for conductivity study of aqueous 3-(2-Napthyl)-D-alanine with 

α and β-CYD system at 298.15Ka 

Volm 

of 

CYD 

(mL) 

Total volm of D-NA 

(mL) 

Conc of 

D-NA 

(mM) 

Conc of -

CYD 

(mM) 

Contuctance of α-CYD 

(mSm-1) 

Conducta

nce of β-

CYD 

(mSm-1) 

0 10 10.000 0.000 0.80 0.80 

1 11 9.091 0.909 0.72 0.71 

2 12 8.333 1.667 0.64 0.63 

3 13 7.692 2.308 0.57 0.56 

4 14 7.143 2.857 0.51 0.50 

5 15 6.667 3.333 0.45 0.43 

6 16 6.250 3.750 0.40 0.38 

7 17 5.882 4.118 0.35 0.33 

8 18 5.556 4.444 0.31 0.29 

9 19 5.263 4.737 0.28 0.25 

10 20 5.000 5.000 0.25 0.23 

11 21 4.762 5.238 0.24 0.225 

12 22 4.545 5.455 0.24 0.223 

13 23 4.348 5.652 0.23 0.220 

14 24 4.167 5.833 0.23 0.210 

15 25 4.000 6.000 0.22 0.205 

16 26 3.846 6.154 0.22 0.200 

17 27 3.704 6.296 0.21 0.195 

18 28 3.571 6.429 0.21 0.190 

19 29 3.448 6.552 0.21 0.185 

20 30 3.333 6.667 0.20 0.180 
a Standard uncertainties in temperature u are: u(T) = ±0.01 K 
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Table VII. 3. Values  of  surface  tension  (γ)  at  the  break  point  with  

corresponding  concentrations  of  cyclodextrins  and  D-NA and  values  of  

conductivity  (κ)  at  the  break  point  with corresponding  concentrations  of  

cyclodextrins  and  D-NA at  298.15  K. 

Conc. of α-CYD 

/mM 

Conc. of D-NA 

/mM 

γ 

/mNm-1 

4.75 5.25 70.25 

Conc. of β-CYD 

/mM 

Conc. of D-NA 

/mM 

γ 

/mNm-1 

4.92 5.08 70.75 

Conc. of α-CYD 

/mM 

Conc. of D-NA 

/mM 

κ 

/mSm-1 

4.86 5.14 0.245 

Conc. of β-CYD 

/mM 

Conc. of D-NA 

/mM 

κ 

/mSm-1 

4.93 5.07 0.228 

 

Table VII.4.  Estimated vibrational frequencies for [α-CYD+3-(2-Napthyl)-D-

alanine] complex formation 

3-(2-Napthyl)-D-alanine 

wave number 

/ cm-1 

Group 

3082-2875 –C-H from various –CH3 and methylene groups 

1700.60 Streching for -C=O 

1560.01 Symmetrical Stretching of –COO- 

1412.45 Anti-symmetrical stretching  of –COO- 

α-CYD 
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wave number 

/ cm-1 

Group 

3412.10 stretching of -O-H 

2930.79 stretching of –C-H from –CH2 

1406.76 bending of –C-H from –CH2 and bending of O-H 

1154.39 bending of -C-O-C 

1030.39 stretching of -C-C-O 

952.36 skeletal vibration involving α-1,4linkage 

α-CYD +[D-NA] 

wave number 

/ cm-1 

Group 

3366.45 stretching of -O-H of α-CYD 

2948.52 Symmetrical stretching of –C-H from –CH3 Of D-NA 

1662.75 -C=O from D-NA 

1538.74 Stretching of -COO- from D-NA 

1046.03 Bending  of C-C-O Of α-CYD 

984.46 stretching of C-C-O of α-CYD 

 

Table VII. 5.  Estimated vibrational frequencies for [β-CYD+3-(2-Napthyl)-D-

alanine] complex formation 

3-(2-Napthyl)-D-alanine 

wave number 

/ cm-1 

Group 

3000-2800 –C-H from various –CH3 and methylene groups 

1700 Streching for C=O 

1560 Symmetrical Stretching of –COO- 

β-CYD 

wave number 

/ cm-1 

Group 
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3349.23 stretching of O-H 

2919.12 stretching of –C-H from –CH2 

1409.18 bending of –C-H from –CH2 and bending of O-H 

1153.17 bending of C-O-C 

1033.02 stretching of C-C-O 

938.64 skeletal vibration involving α-1,4linkage 

β-CYD +[D-NA] 

wave number 

/ cm-1 

Group 

3326.18 stretching of O-H of β-CYD 

2958.13 stretching of –C-H from –CH3 and –CH2  Of D-NA 

1722.67 Streching for C=O of D-NA 

1678.56 Symmetrical stretch of –COO- of D-NA 

1384.41 Anti- symmetrical Stretching of COO- of D-NA 

1158.05 bending of C-O-C Of β-CYD 

1072.56 stretching of C-C-O Of β-CYD 
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FIGURES 

 

Figure VII. 1.  Variation of surface tension of aqueous (a) 3-(2-Napthyl)-D-alanine α-

CYD and (b) 3-(2-Napthyl)-D-alanine -β-CYD systems respectively at 298.15 K. 

 

Figure VII. 2. Variation of conductivity of aqueous (a) 3-(2-Napthyl)-D-alanine α-CYD 

and (b) 3-(2-Napthyl)-D-alanine -β-CYD systems respectively at 298.15 K. 
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Figure VII. 3.  1H NMR spectra of 

N-DA+β-CYD in D2O at 298.15K.
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(a) 

(b) 

H NMR spectra of solid inclusion complexes of (a) N-DA+

at 298.15K. 
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DA+α-CYD and (b) 
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Figure VII. 4. FTIR spectra of N

complex (bottom). 
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FTIR spectra of N-DA (top), α-CYD (middle) and N-DA-α-CYD

 

CYD inclusion 



Indian Journal of Advances in Chemical Science,

Figure VII. 5. FTIR spectra of N

complex (bottom). 
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FTIR spectra of N-DA (top), β-CYD (middle) and N-DA-
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β-CYD inclusion 
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Figure VII. 6. ESI mass spectra of (a) N

CYD inclusion complex. 
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ESI mass spectra of (a) N-DA-α-CYD inclusion complex and (b) N

 

 

CYD inclusion complex and (b) N-DA-β-
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Schemes: 

 

Scheme VII. 1. Molecular structures of D-NA and cyclodextrin molecule. 

 

 

Scheme VII. 2. Plausible schematic presentation of mechanism for formation of 1:1 

inclusion complex between D-NA and cyclodextrin. 
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STUDIES ON SOLVATION CONSEQUENCES OF AMINO ACID IN AQUEOUS 
ACETAMINOPHEN LEADING TO HUMAN BODY BY THERMODYNAMIC 

AND PHYSICO-CHEMICAL APPROACHES 

VIII.1. INTRODUCTION 

N-acetyl para aminophenol(paracetamol) is also known as acetaminophen. 

Acetaminophen (APAP) is used a pain reliever and fever reducer[1]. It is used to 

treatment of headache, arthritis,etc. Paracetamol consists of a benzene ring core, a 

hydroxyl group, and a nitrogen atom of the amide group in the position of para (1,4). It 

is a mostly synthesized system, a single pair of hydroxyl oxygen, a benzene π cloud, a 

nitrogen loan pair, a P orbit of carbon in the carbonyl and a single pair of carbonyl 

oxygen. The presence of two active groups makes the benzene ring highly responsive. 

Glutamine (glen) is a significant amino acid. L-Glutamine is found in animal foods, 

supplements and the human body. It is a part of the protein involved in the immune 

function of our body within the intestine [2]. Glutamine is an energy source for the gut 

and immune cells. It helps maintain a wall between the interior and the rest of our 

body. It develops properly with the intestinal cells of body. 

The role of Asparagine (Asan) in the biosynthesis of glycoproteins. It is a necessary 

synthesis of other proteins in the human nervous system. It also needs this amino acid 

to be able to balance.It  is required to develop  the function of the brain and solvent–

solvent interactions [2]. We did a systematic study on density, viscosity, refractive 

CHAPTER VIII 



172 | Chapter VIII 

International Journal of Innovative Science and Research Technology 

index and conductivity of 0.001M,0.003M,0.005M aqueous solution  of Acetaminophen 

with amino acid(Asparagines, Glutamine) at 298.15 K, 303.15 K and 308.15 K, and we 

have attempted to report the limiting apparent molar volume (ϕV0), experimental 

slopes (SV*), viscosity A and B-coefficients and molar refraction (RM) for the 

Acetaminophen . 

The volumetric and visuometric behaviors of the solids have been established as very 

effective in explaining the various interactions that occur in solutions [3]. Studies on 

the effect of solubility (molality), The apparent molar volume widely used to obtain 

information on aqueous amino acid , solute- solvent and solvent-solvent  intaraction[4] 

aqueous amino acids. 

VIII.2. EXPERIMENTAL METHODS 

VIII.2.1. Source and purity of samples: APAP was purchased from Sd. Fine Chemicals 

Limited, Mumbai, India and Amino acid was purchased from Acros Organics, of New 

Jersey, USA.  Its  purity as supplied is 99.5%. Both were always stored over P2O5 in a 

desiccators before use.  Triply distilled water with a specific conductance <10-6 S cm−1 

was used for the preparation of different solutions. 

VIII.2.2. APPARATUS AND PROCEDURE 

The density (ρ) was measured by means of vibrating-tube Anton Paar Density-Meter 

(DMA 4500M), manufactured by Anton Paar, Gewerbepark 78142,Wundschuh, Austria 

with an accuracy of 0.00001 × 10-3 (kg m−3).It was calibrated by double-distilled water 

and dry air. [8] The temperature was automatically set to± 0.01 K. Viscosity was 

determined using the Brookfield DV-III Ultra Programmable Rheometer, developed by 

Scinteck.A aBrookfield Digital Bath TC-500   with spindle size-42  calibrated at 298.15 

K with doubly distilled water and purified methanol. [9] The  viscosity uncertainty 

measurements is within 0.003 mPa.s. 

The Refractive index was measured at Digital Refractometer Mettler Toledo, 

manufactured by Mittler-Toledo India Private Ltd. The light source was LED,λ = 589.3 

nm. The refractometer was calibrated twice using distilled water and every few 
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measurements were tested. The uncertainty of the measurement of the refractive 

index is ± 0.0002 units. 

VIII.3. RESULTS AND DISCUSSIONS 

Physical properties of aqueous solutions of acetaminophen at different temperatures 

are reported in Table-I. 

The investigational values of densities (ρ), viscosities (η) along with the apparent 

molar volume (ϕV) and (/0 –1) /√m values of Asparagines  and glutamine in aqueous 

solution of Acetaminophen at 298.15 K, 303.15 K and 308.15 K  respectively are 

reported in Table-II. 

VIII.3.1. APPARENT MOLAR VOLUME 

The apparent molar volumes (ϕV)  value were  obtain from densities of the solution 

using the following equation [10]. 

ϕV = M /  – 1000 ( - 0 ) / (m0 )  ( 1) 

where M is the molar mass of the salt,  and  are the densities of solvent mixture and 

m is the molality of the solution respectively.[5,6] 

Masson (1929) create that the apparent molar volumes, ϕV, vary with the square root 

of the molal concentration(√m	)by the linear equation:[7-9] 

ϕV = ϕV0 + SV* √m (2) 

where ϕV0  is the limiting apparent molar volume and SV* is the experimental slope. The 

plots of ϕV against √m of Asparagines  and glutamine in aqueous solution of 

Acetaminophen at 298.15 K, 303.15 K and 308.15 K were linear with negative slopes 

and the ϕV values increase as the concentration of Asparagines  and glutamine in any 

Acetaminophen solution  increase  as well as temperature increases[9-12]. 

The values of ϕV0 and SV* of  Asparagines  and glutamine in aqueous solution of 

Acetaminophen at 298.15 K, 303.15 K and 308.15K  are reported in Table 3. 
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ϕV0 value indicates the extent of solute-solvent interaction [13]. A perusal of Table 

3and Fig- 4 shows that ϕV0 values for Asparagine and Glutamine are positive . The ϕV0 

values increase with temprature and increase dilutation. This indicates the presence of 

strong solute-solvent interactions which is found to be maximum in 0.005M solution of 

Acetaminophen at 308.15K and the minimum occurrence in 0.001M solution of 

Acetaminophen at 298.15K. one hydroxyl (-OH) group and the nitrogen atom of 

amide group in the para (1,4) position. Acetaminophen is deprotonated at a nitrogen 

atom used a tautomeric kito /hydroxyl group as an electron with drawing group  so 

two loosely hydrogen of -N-H and –COOH of Asparagine  and glutamines in aqueous 

Acetaminophen -OH ,C=O –NH interaction occur in solutions . These interactions 

broadly set up the cohesion into solution under study. The positive value of ϕV0 

indicates the presence of interaction between N-H , COO- group with –OH. So the 

interactions between Acetaminophen  solution  in Asparagines, glutamine and the 

water molecule is  a continuously increasing concentration increasing interaction. The 

ϕV0 values can also be explained on the basis of cosphere overlap model in terms of 

solute- co solute interactions. According to the model, ionic (COO- or NH,-OH) 

interactions add positively to the ϕV0 values. The parameter SV* is   characterized by 

the pair-wise interaction of the  solution in the solvated species. The sign of SV* is 

determined by the interaction between the solute-solute  species [12]. In the present 

study SV* values were found to be negative . This tendency in SV* values indicates weak 

solute-solute interactions in the solution. SV* value is found to be minimum in 0.001M  

solution of Asparagine  and glutamine at 308.15K and the maximum occurs in 0.005M 

solution of Asparagine  and glutamine at 298.15 K. So the interaction between the 

Asparagine  and glutamine molecules in aqueous Acetaminophen solution decreases 

with increase  concentration at any certain temperature. 

The variation of V0 with temperature of Asparagine  and glutamine follows the 

polynomial equation. 

ϕV0 = a0 + a1T +a2T2  (3) 
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Over the temperature range under investigation where a0, a1 and a2 are the coefficients 

Values of the coefficients of the above equation for Asparagine  and glutamine in 

aqueous solution of Acetaminophen at 298.15 K, 303.15 K and 308.15 K are reported in 

Table 4 

The limiting apparent molar expansibilities (ΦE0) can be obtained by the following 

equation: 

ΦE0 = (δV0/δT)P = a1 + 2a2T  (4) 

The values of ΦE0 of the studied compounds at 298, 303 and 308 K are determined and 

reported in Table-5 

Asparagine   in aqueous Acetaminophen in 0.001M,0.003M,0.005M solution at 298.15 

K, 308.15 K and 318.15 K, respectively. 

It is found from Table-5 and Fig. 5 that  with the increasein  temparaturethe values of 

ΦE0 decrease  which may be approved in the absence of caging or packing effects 

[13,31]. SV* is not the only  value for the structure-forming or breaking nature of any 

solute. Hepler [14] developed a technique to test the (δ2V0/δT2)P values sing for the 

solute in terms of  structure-making and breaking capacity. The solute in the mixed 

solvent systems using  simple thermodynamic expression, 

(δΦE0/δT)P = (δ2V0/δT2)P = 2a2  (5) 

On the basis of this expression, it is hypothesized that the solutes should have positive 

values structure making, whereas negative value solute have structure-breaking .[15-

16]. In our present investigation, it has been proved from Table-V that (δ2V0/δT2)P 

values are negative for Asparagine  and glutamine in  an aqueous solution of 

Acetaminophen investigated here, suggesting thereby that acts as a Asparagine  and 

glutamine  structure breaker in these Acetaminophen solutions. The interaction 

between Asparagine  and glutamine in Acetaminophen in water can be summarized as 

follows, 1) the interaction of  N-H atom of Acetaminophen with the N atom  of 
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Asparagine  and glutamine 2)interaction of H atom of N-H group  of Acetaminophen 

with O atom of –O-H group and C=O group of Asparagine  and glutamine  3)interaction 

of hydrogen atom of COOH Asparagine  and glutamine also interaction of –C=O of 

Acetaminophen .Therefore positive value of ϕv0 Indicate that solute –solvent 

interaction prevail over solvent-solvent interaction. 

VIII.3.2. VISCOSITY CALCULATION 

The viscosity data has been analyzed using the Jones–Dole equation [17]. 

(η /η0 –1) / √m	=	A	+	B	√m	 (6) 

where, η0 and η are the viscosities of the solvent mixture and solution respectively. 

[32]are the viscosity co-efficient 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 

Asparagine  and glutamine in aqueous solution of Acetaminophen at 298.15, 303.15 

and 308.15K respectively. A and B values as reported in Table 6 

A coefficient values decrease in increase the temperature and concentration, so solute 

–solute interaction decrease. The effect of solvent-solvent interaction on solvent 

viscosity can be estimated from B-coefficient [18, 19]. The solution is a valuable tool for 

providing information about the solubility of a B-coefficient solvent. From Table 5 and 

Fig. 6  the values of the B-coefficient are positive, thereby signifying the presence of 

strong solute–solvent interactions [15-16]which are increase the temperature with  

strong dilution of the Acetaminophen solution.  So, Asparagine  and glutamine in 

0.001M Acetaminophen solution at 308.15 K gives maximum solute-solvent 

interactions and in 0.005 M Acetaminophen solution at 298.15 K gives maximum 

solute-solute interactions. This is in conformity with the results obtained from density 

measurements. 

Several studies have reported  that dB/dT is a better  value for determining the 

structure-making/breaking nature of any solute than just the  B-coefficient[17-20].  

The B-coefficient values with increasing  temperature (positive dB/dT) suggesting the 
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structure-breaking tendency of Asparagine  and glutamine in the solvent systems. 

Since the values of the  ion–solvent & ion–ion interaction results are in good agreement 

with those drawn from the value . 

Moreover,  The free energy of activation of viscous flow per mole of solvent, ∆μ10≠  

could be calculated by Eyring and co-workers [21]  from the following equation: 

η0 = (hNA/ V10) exp(∆μ10≠/RT)  (7) 

Where h, NA  and  V10 are the Planck’s constant, Avogadro’s number and partial molar 

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

∆μ10≠ =RT	ln	(η0 V10/ hNA)         (8) 

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

B = (V10 – V20) + V10 [(∆μ10≠ - ∆μ20≠)/RT]       (9) 

where V20 is the limiting partial molar volume (φV0) of the solute and ∆μ20≠ is the ionic 

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

we get 

∆μ20≠ = ∆μ10≠ + (RT/ V10)[B - (V10 – V20)]                (10) 

From table VIII, It is clear that the ∆μ20≠ values are all positive and much larger 

than∆μ10≠, suggesting that the interaction between the solvent ASP and the Glu solvent 

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

transition state. Salvation of the solute in the transition state is unfavorable in terms of 

free energy. 

The entropy of activation (∆S20≠) [22] for the solution has been calculated using 

relation: 

∆S20≠ = - d(∆μ20≠)/dT                  (11) 

where ∆S20≠ has been obtained from using a least-squares treatment. 
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from the negative slope of the plots of ∆μ20≠  against T . 

The enthalpy of activation (∆H20≠)[23] has been obtained from the relation: 

∆H20≠ = ∆μ20≠ + T∆S20≠        (12) 

The values of ∆S20≠ and ∆H20≠ are also reported in table 7 

It is evident from table VII, that ∆μ10≠ is practically constant at all the mass fraction of 

the aqueous acetaminophen mixture .The  ∆μ20≠ is mainly dependent on the viscosity 

coefficients and (V10 – V20) terms.Positive∆μ20≠  values at all studied temperature and 

solvent composition indicate that the process of viscous flow increases with increasing 

temperature and mass fraction. Therefore, the transition state becomes less favorable. 

According to Feakins et al. [23] suggested, positive ∆μ 20 ≠> ∆μ10   that is for solute 

containing positive B-coefficients that indicate more solute-solvent interactions. The 

solvent structure combines with the formation of a transition state with breaks and 

deformations to intermolecular forces [24,25]. The negative values of both ∆S20≠ and 

।H20≠ imply that the structure of the transition state is associated with bond-breaking. 

It may be suggested that the slip-plane is in disorder state [26]. 

Both the limiting apparent molar volume and viscosity B-coefficient describe the 

solute-solvent interaction in solution. The linear variation of limiting apparent molar 

volume (φV0) and viscosity B-coefficient reflect the positive slope. 

VIII.3.3. REFRACTIVE INDEX CALCULATION 

The molar refraction, RM can be evaluated from the Lorentz–Lorenz relation [20]. 

RM = {(nD2-1) / (nD2+2)} (M/ρ)	               (13) 

Whereas, Rm, ND, M and ρ molar refraction, refractive index, molar mass and solute 

concentration, respectively. The substance of reflective index ratio of C0 / C, where C is 

the speed of light in the medium.  andCo the speed of light at vacuum. The refractive 

index is a compound that reflects its photosynthetic ability to move from one medium 
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to another [2 - 3], as the concentration of asparagine and glutamine in aqueous 

acetaminophen solution decreases as the concentration and   refractive index (ND) 

decrease the , Refractivity (RM) increases as shown in Table 8. 

Table VIII. ; Refractive Index (nD) and Molar Refraction (RM) values along with 

concentration (c) of of Asparagines and glutamine in aqueous Acetaminophen 

solutions at 298.15 K 

From the above discussion, it is concluded that It is also in good agreement with the 

results obtained from the density and viscosity parameters. 

VIII.3.4. CONDUCTANCE STUDY 

Conductivity study of the solvent interaction at three different temperatures - aqueous 

solution with acetaminophen between Asn and Gln amino acids. Conductive(Λ)  

measurements provide information about the interaction and transport phenomena of 

the ternary system. The aqueous solution of aqueous conductivity of asparagine and 

glutamine (1) in Acetaminophen at different temperatures with increasing 

concentration of amino acids is listed in Table 9 below. 

The molar conductance (Λ) has been obtained from the specific conductance (κ) value 

using the following equation. 

Λ=(1000κ)/c   (14) 

For each system it has been observed that (1) the value increases with increasing 

temperature, and the amino acid growth concentration increases with increasing 

temperature, with increasing temperature. Reduction of molar conductance increases 

the amount of amino acids because of the increasing viscosity and attractiveness.The 

strong intramolecular hydrophobic –hydrophobic  attraction and other non covalent 

hydrophilic,π-π interaction, columbic attraction etc must develop aminoacid.some 

phenolic O-H,C=O interaction with amino acid –COOH,NH2,C=O group formation of 

hydrogen bonding between acetaminophen and amino acid. 
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VIII.4. CONCLUSION 

The limiting apparent molar volume (ϕV0) values and viscosity B-coefficient of the 

presence of solute-solvent interactions between aqueous solution of Asparagine and 

Glutamine in Acetaminophen and Water molecules and higher temperatures prevail 

when solvent-dissolving interactions intensify at lower temperatures.The solute –

solvent interaction higher at low concentration and solute –solute interaction at higher 

concentration. (δ2V0/δT2)P values are negative indicates the structure breaker of 

solute in solution. The solute solvent  interaction of  two amino acid in acetaminophen 

solution  in aqueous medium have been investigated by molar conductivity at three 

different temperature indicate the non covalent interaction among them and causing  

an increase of hydrodynamic radii of ions and a decrease of their ionic mobility hence 

decrease  in molar conductance. The strong intermolecular hydrophobic –hydrophobic  

attraction and other non covalent hydrophilic-π interaction, columbic attraction etc 

must develop amino acid . The experimental data shows solute –solvent interaction of 

glutamine more than asparagines in aqueous acetaminophen solution. The refractive 

index and the molar refraction values also agree to the same facts. 
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Tables 

Table VII.1: Physical properties of aqueous Acetaminophen solution. 

Solvent 
Mixture 

   ρ x 10-3  (kg.m-3)               (mPa. s)        nD 

298K 303K 308K 298K 303K 308K 298 K 

Aq.0.001(M)APAP sol. 0.99698 0.99558 0.99401 0.8595 0.7167 0.6905 1.3316 
Aq.0.003(M) 
acetaminophen sol. 

0.99704 0.99564 0.99405 0.8847 0.7919 0.7069 1.3318 

Aq.0.005(M) 
acetaminophen sol 

0.99838 0.99728 0.99695 0.9684 0.8896 0.8112 1.3320 

Solvent 
Mixture 

   ρ x 10-3   (kg.m-3)                    (mPa. s)        nD 

298K 303K 308K 298K 303K 308K 298 K 

Aq.0.001(M)APAP 
sol.+Glutamine 

0.99779 0.99631 0.99479 0.8936 0.7971 0.7197 
 

1.3317 

Aq.0.003(M) 
acetaminophen 
sol+Glutamine 

0.99823 
 

0.99687 
 

0.99522 
 

0.9046 
 

0.8615 
 

0.7741 
 

1.3319 

Aq.0.005(M) 
acetaminophen+Glutamine 

0.99944 
 

0.99802 
 

0.99612 
 

0.922 
 

0.8263 
 

0.7646 
 

1.3321 

 

Table VII.2:  Molality(m), experimental values of densities () and viscosities (), 

along with the apparent molar volume (ϕV) and (/0 –1) /√m values of 

Asparagine  and Glutamine in aqueous Acetaminophen solutions at 298.15 K, 

303.15 K and 308.15 K. in different mass fraction. 

m 
(mol. kg-1) 

 x 10-3 

(kg. m-3) 

 

(mPa. s) 

ϕV x 106 
(m3. mol-1) 

( / 0 –1) / √m 

(mol. kg-1)-1/2 

Glutamine in  aqueous 0.001M Acetaminophen solutions 
T = 298.15  K 
0.0101 0.99795 0.9707 134.4377 0.053 
0.0201 0.99812 0.9734 131.9323 0.063 
0.0403 0.99856 0.9783 128.1741 0.074 
0.0606 0.99906 0.9836 125.9192 0.085 
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0.0813 0.99966 0.9890 123.5391 0.096 
0.1014 1.00031 0.9954 121.6099 0.107 
T = 303.15K 
0.0101 0.99644 0.7221 135.6438 0.075 
0.0201 0.99659 0.7247 133.6364 0.079 
0.0403 0.99701 0.7302 129.6217 0.094 
0.0606 0.99751 0.7357 126.9452 0.108 
0.0813 0.99811 0.7414 124.3524 0.121 
0.1014 0.99874 0.7481 122.4956 0.138 
T = 308.15 K 
0.0101 0.9949 0.6956 136.8577 0.074 
0.0201 0.99506 0.6986 133.8420 0.083 
0.0403 0.99547 0.7036 130.0724 0.095 
0.0606 0.99598 0.7091 127.1405 0.110 
0.0813 0.99656 0.7151 124.7949 0.125 
0.1014 0.99720 0.7215 122.2290 0.141 
Asparagine in  aqueous 0.001M Acetaminophen solutions 
T = 298.15  K 
0.0101 0.99714 0.8961 107.4345 0.028 
0.0201 0.99737 0.8981 103.9239 0.036 
0.0403 0.99794 0.9016 99.4102 0.045 
0.0606 0.99865 0.9051 95.5653 0.052 
0.0813 0.99947 0.9084 92.2636 0.058 
0.1014 1.00032 0.9114 89.9817 0.063 
 
T = 303.15K 
0.0101 0.99571 0.7992 110.5988 0.026 
0.0201 0.99591 0.8009 107.0833 0.034 
0.0403 0.99647 0.8041 101.3078 0.044 
0.0606 0.99718 0.8069 96.8715 0.050 
0.0813 0.99802 0.8101 93.1489 0.057 
0.1014 0.99887 0.8129 90.6105 0.062 
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T = 308.15 K 
0.0101 0.99412 0.7215 112.7856 0.0250 
0.0201 0.99430 0.7231 109.4324 0.0334 
0.0403 0.99479 0.7260 104.2344 0.0437 
0.0606 0.99548 0.7287 99.2042 0.0509 
0.0813 0.99630 0.7314 95.0544 0.0573 
0.1014 0.99719 0.7340 91.8602 0.0625 
 
Asparagine in  aqueous 0.003M Acetaminophen solutions 
T = 298.15  K 
0.0101 0.99718 0.8891 109.4339 0.087 
0.0201 0.99740 0.8917 105.4220 0.098 
0.0403 0.99795 0.8972 100.6579 0.116 
0.0606 0.99866 0.9026 96.3953 0.129 
0.0813 0.99949 0.9081 92.7596 0.138 
0.1014 1.00039 0.9139 89.8760 0.146 
 
T = 303.15K 
0.0101 0.99575 0.7958 112.6009 0.085 
0.0201 0.99593 0.7985 109.0856 0.098 
0.0403 0.99646 0.8040 103.0593 0.114 
0.0606 0.99715 0.8096 98.3722 0.128 
0.0813 0.99801 0.8154 93.8944 0.139 
0.1014 0.99888 0.8218 91.1072 0.146 
 
T = 308.15K 
0.0101 0.99414 0.7104 114.7930 0.088 
0.0201 0.99430 0.7129 111.2721 0.103 
0.0403 0.99483 0.7177 104.2302 0.122 
0.0606 0.99552 0.7229 99.2002 0.133 
0.0813 0.99638 0.7285 94.5476 0.141 
0.1014 0.99728 0.7342 91.3536 0.152 
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Glutamine in  aqueous 0.003M Acetaminophen solutions 
T = 298.15  K 
0.0101 0.99842 0.9125 134.3744 0.050 
0.0201 0.99858 0.9171 132.3710 0.056 
0.0403 0.99896 0.9256 129.8668 0.070 
0.0606 0.99942 0.9332 127.6964 0.082 
0.0813 0.99994 0.9401 125.8600 0.093 
0.1014 1.00051 0.9466 124.2572 0.104 
303.15K     
0.0101 0.99698 0.8688 135.5703 0.049 
0.0201 0.99714 0.8735 133.0625 0.059 
0.0403 0.99755 0.8811 129.5515 0.076 
0.0606 0.99803 0.8885 127.2108 0.091 
0.0813 0.99858 0.8954 125.1628 0.104 
0.1014 0.99918 0.9016 123.4323 0.119 
308.15K 
0.0101 0.99534 0.7809 135.7937 0.049 
0.0201 0.99550 0.7854 133.2818 0.060 
0.0403 0.99593 0.7930 129.2626 0.076 
0.0606 0.99643 0.7994 126.7506 0.092 
0.0813 0.99704 0.8052 124.1130 0.108 
0.1014 0.99768 0.8114 122.2290 0.122 
 
Asparagine in  aqueous 0.005M Acetaminophen solutions 
T = 298.15  K 
0.0101 0.99723 0.9374 111.4320 0.143 
0.0201 0.99743 0.9444 107.4204 0.154 
0.0403 0.99796 0.9574 102.1552 0.179 
0.0606 0.99867 0.9678 97.3915 0.192 
0.0813 0.99947 0.9783 93.8813 0.206 
0.1014 1.00042 0.9879 90.2709 0.217 
 



185 | Chapter VIII 

International Journal of Innovative Science and Research Technology 

T = 303.15K 
0.0101 0.9958 0.8379 114.6016 0.140 
0.0201 0.99597 0.8450 110.5844 0.160 
0.0403 0.99653 0.8568 103.0521 0.184 
0.0606 0.99726 0.8672 97.6958 0.201 
0.0813 0.99809 0.8765 93.7622 0.214 
0.1014 0.99901 0.8862 90.4982 0.228 
 
T = 308.15K 
0.0101 0.99418 0.7739 117.8027 0.122 
0.0201 0.99435 0.7798 112.2701 0.140 
0.0403 0.99488 0.7895 104.7258 0.162 
0.0606 0.99557 0.7990 99.5286 0.183 
0.0813 0.99643 0.8068 94.7924 0.194 
0.1014 0.99735 0.8155 91.3471 0.210 
 
Glutamine in  aqueous 0.005M Acetaminophen solutions 
298.15K 
0.0101 0.99962 0.9707 131.2155 0.024 
0.0201 0.99981 0.9734 129.2145 0.036 
0.0403 1.00026 0.9783 126.4630 0.051 
0.0606 1.00076 0.9836 124.7121 0.064 
0.0813 1.00134 0.9890 122.8361 0.075 
0.1014 1.00197 0.9954 121.2102 0.088 
T = 303.15K 
0.0101 0.99818 0.8913 133.4061 0.019 
0.0201 0.99835 0.8939 131.4022 0.034 
0.0403 0.99877 0.8987 128.3964 0.051 
0.0606 0.99927 0.9041 126.0585 0.066 
0.0813 0.99984 0.9096 124.0128 0.079 
0.1014 1.00046 0.9162 122.2845 0.094 
 



186 | Chapter VIII 

International Journal of Innovative Science and Research Technology 

T = 308.15K 
0.0101 0.99630 0.8133 134.6604 0.0259 
0.0201 0.99647 0.8164 132.1508 0.0453 
0.0403 0.99689 0.8219 128.8884 0.0658 
0.0606 0.99741 0.8281 126.1278 0.0848 
0.0813 0.99801 0.8342 123.7437 0.0998 
0.1014 0.99871 0.8421 121.3094 0.1199 

 

Table VII. 3: Limiting apparent molar volume (ϕV 0) and experimental slope (SV*) 

of Asparagine in  aqueous  Acetaminophen solutions at 298.15 K, 303.15 K and 

308.15 K.  

conc. of  

Acetaminophen 

 ϕV 0 x 106  

(m3. mol-1) 

  SV* x 106  

(m3. mol-3/2. kg1/2)  

 

298 K 303 K 308 K 298 K 303 K 308 K 

       

0.01M 115.4 120 123.1 -80.72 -93.55 -97.54 

0.03M 118.3 123 126.3 -89.51 -100.8 -110.2 

0.05M 121.2 126 129.6 -96.6 -113.1 -121.6 

 

conc. of  

Glutamine 

 ϕV 0 x 106  

(m3. mol-1) 

  SV* x 106  

(m3. mol-3/2. kg1/2)  

 

298 K 303 K 308 K 298 K 303 K 308 K 

       

0.001M 135.6 138.6 140.8 -45.30 -51.15 -60.27 

0.003M 139 140.9 142.0 -46.11 -55.55 -62.49 

0.005M 140.2 142.0 143 -58.55 -61.50 -64.14 

 

 

 

 



187 | Chapter VIII 

International Journal of Innovative Science and Research Technology 

Table VII.4:Values of Coefficients for Asparagine  and glutamine in aqueous 

Acetaminophen solution 

Conc. Of Aspargine     a0 x 106 

(m3. mol−1)  

       a1 x 106 

(m3. mol−1. K−1) 

       a2 x 106 

 (m3. mol−1. K−2) 

0.001M -2870       18.95      -0.030 

0.003M -2692      17.77      -0.028 

0.005M -2334      15.39      -0.024 

Conc. Of Glutamine     a0 x 106 

(m3. mol−1)  

       a1 x 106 

(m3. mol−1. K−1) 

       a2 x 106 

 (m3. mol−1. K−2) 

0.001M -1413       9.98      -0.016 

0.003M -1420      10.0      -0.016 

0.005M -1489      10.22      -0.016 

 

Table VII.5: Limiting Apparent Molar Expansibilities (ΦE0) for Asparagine in 

aqueous Aetaminophen solutions at 298.15 K, 303.15 K and 308.15K 

 

Conc. of                           ΦE0 x 106 (m3.  mol−1. K−1)                     (δΦE0/δT)P 

 

          298.15 K         303.15 K    308.15 K 

0.001M 1.0610 0.7610 0.4700 Negative 

0.003M 1.0736 0.7936 0.5136 Negative 

0.005M 1.0788 0.8388 0.5988 Negative 

 

glutamine                         ΦE0 x 106 (m3.  mol−1. K−1)                     (δΦE0/δT)P 

 

          298.15 K         303.15 K    308.15 K 

0.001M 0.4395 0.2792 0.1192 Negative 

0.003M 0.4595 0.2992 0.1392 Negative 

0.005M 0.4795 0.4192 0.3592 Negative 
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Table VII.6. Asparagine  and glutamine in aqueous solution of Acetaminophen at 

298.15, 303.15 and 308.15K respectively. A and B values as reported . 

Conc. of  

Acetaminophen 

sol 

 A  (kg. mol-1)   B  (kg1/2. mol-1/2)  

298 K 

  

303 K 

 

308 K 298 K 

 

303 K 308 K 

0.001M 0.107 0.102 0.082 0.160 0.165 0.171 

0.003M 0.059 0.057 0.061 0.240 0.283 0.286 

0.005M 0.012 0.010 0.008 0.285 0.335 0.399 

       

Conc. of  

Glutamine sol 

 A(kg. 

mol-1) 

  B (kg1/2. 

mol-1/2) 

 

 298 K 303 K 308 K 298 K 303 K 308 K 

0.001M 0.028 0.039 0.040 0.240 0.287 0.303 

0.003M 0.021 0.014 0.015 0.251 0.318 0.350 

0.005M 0.005 0.014 0.015 0.346 0.387 0.415 

  

Table-VII.7. The values of ∆S20≠ and ∆H20≠ are also reported in table 7 

T,K 
0.001M 

V1-V2 

 

∆μ1=RTln(ηV1/hN)*100 
 

∆μ2=∆μ1+RT/V[B-
(V1-V2)] 

T∆S20≠ 
 

∆H20≠ 
 

298.15 -97.35 9.07 44.41 -406.38 -361.97 
303.15 -101.92 8.77 45.98 -413.19 -367.21 
308.15 -104.99 8.83 47.87 -420.01 -372.14 
0.003M      
298.15 -100.25 9.15 55.86 -416.81 -360.95 
303.15 -104.92 9.02 63.10 -423.80 -360.70 
308.15 -108.19 8.89 64.66 -430.79 -366.14 
0.005M      
298.15 -103.17 9.37 62.74 -426.06 -363.32 
303.15 -107.95 9.31 71.17 -433.20 -362.04 
308.15 -111.54 9.23 81.67 -440.35 -358.67 
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T,K 

0.001M 

V1-V2 

 

∆μ1=RTln(ηV1/hN)*100 

 

∆μ2=∆μ1+RT/V[B-

(V1-V2)] 

T∆S20≠ 

 

∆H20≠ 

 

298.15 -117.56 9.17 58.30 -1459.44 -1401.14 

303.15 -120.53 9.04 65.89 -1483.92 -1418.03 

308.15 -121.91 8.93 69.09 -1508.39 -1439.30 

0.003M      

298.15 -120.97 9.20 60.33 -1269.22 -1208.89 

303.15 -122.84 9.23 70.77 -1290.51 -1219.74 

308.15 -123.91 9.11 76.24 -1311.79 -1235.55 

0.005M      

298.15 -122.19 9.24 73.68 -1658.31 -1584.63 

303.15 -123.96 9.12 80.53 -1686.12 -1605.59 

308.15 -124.93 9.08 85.63 -1713.93 -1628.30 

 

Table VII.8.. ; Refractive Index (nD) and Molar Refraction (RM) values along with 

concentration (c) of of Asparagines and glutamine in aqueous Acetaminophen 

solutions at 298.15 K 

 

Asparagines in 0.001M aqueous Acetaminophen solutions 

      C 

(mol. Lit-1) 

                 nD    RM x 106 

(m3. mol-1) 

 

0.010 1.3334 30.1570 

0.020 1.3335 30.1576 

0.040 1.3336 30.1583 

0.060 1.3338 30.1587 

0.080 1.3341 30.1591 

0.100 1.3343 30.1595 
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Asparagine in 0.003M aqueous Acetaminophen solutions 

0.010 1.3335 30.1502 

0.020 1.3336 30.1535 

0.040 1.3338 30.1585 

0.060 1.3340 30.1626 

0.080 1.3343 30.1658 

0.100 1.3345 30.1690 
 

Asparagine   in 0.005M aqueous Acetaminophen solution 

0.010 1.3337 30.1304 

0.020 1.3338 30.1328 

0.040 1.3340 30.1357 

0.060 1.3342 30.1386 

0.080 1.3345 30.1399 

0.100 1.3347 30.1414 

   

Glutamine in 0.001M aqueous Acetaminophen solution 

0.010 1.3335 27.2914 

0.020 1.3337 27.2999 

0.040 1.334 27.3066 

0.060 1.33435 27.3131 

0.080 1.3347 27.3166 

0.100 1.3351 27.3230 

Glutamine  in 0.003M aqueous Acetaminophen solution 

0.010 1.3334 27.2828 

0.020 1.3336 27.2917 

0.040 1.334 27.3063 

0.060 1.3344 27.3165 

0.080 1.3348 27.3235 

0.100 1.3352 27.3285 
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Glutamine  in 0.005M aqueous Acetaminophen solution 

0.010 1.3337 27.3038 

0.020 1.3341 27.3280 

0.040 1.3346 27.3505 

0.060 1.3351 27.3681 

0.080 1.3356 27.3832 

0.100 1.3361 27.3942 

 

Table:VII.9. 

 Molar conductivities (Λ) of Asparagines and Glutamine in Acetaminophen at 

different temperatures. 
Glutaine in Acetominophen                                       Asparagine in Acetomenophine 

c ·104/ 
mol·dm−3 

0.001M 

Λ·104/ 
S·m2·mol−1 

298.15K 

Λ·104/ 
S·m2·mol−1 

303.15K 

Λ·104/ 
S·m2·mol−1 

308.15K 

c ·104/ 
mol·dm−3 

0.001M 

Λ·104/ 
S·m2·mol−1 

298.15K 

Λ·104/ 
S·m2·mol−1 

303.15K 

Λ·104/ 
S·m2·mol−1 

308.15K 
0.010 52 57 62 0.010 53 59 63 
0.020 39 41 46 0.020 40 43 47 
0.040 25 28 32 0.040 26 30 33 
0.060 18 24 28 0.060 19 26 29 
0.080 13 17 21 0.080 14 19 22 
0.100 11 14 18 0.100 12 16 19 
0.003M    0.003M    
0.010 58 61 63 0.010 60 62 64 
0.020 41 43 48 0.020 43 44 49 
0.040 29 31 33 0.040 31 32 34 
0.060 21 25 29 0.060 23 26 30 
0.080 18 19 22 0.080 20 20 23 
0.100 15 16 19 0.100 17 17 20 
0.005M    0.005M    
0.010 61 64 70 0.010 63 65 72 
0.020 56 58 62 0.020 46 56 64 
0.040 40 44 48 0.040 34 35 42 
0.060 31 35 38 0.060 26 30 36 
0.080 23 26 29 0.080 23 27 31 
0.100 17 19 21 0.100 20 20 23 
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Figure VII.4(B): Limiting apparent molar volumes (
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(6A) 

 

 
(6B) 

Figure VII.6. Jones-Dole cofficient,B, of 0.01M Asparagine and glutamine in aqueous 

Acetaminophen in 0.001M, 0.003M, 0.005M solution at 298.15 K, 308.15 K and 318.15 

K, respectively 
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Figure VII.7 (A) Variation conductivities (Λ) of  aqueous Acetaminophen with 

Aspargine in different temperature. 

 

 
Figure VII.7(B) Variation conductivities (Λ) of  aqueous Acetaminophen with 

Glutamine in different temperature. 
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SCHEMES 

 

Scheme 1: Plausible interactions among acetaminophen, glutamine and asparagines. 



197 | Chapter IX 

Asian Journal of Science and Technology, 2018, 9, 7555-7560. 

 
 
 
 
 
 
 
 
 

INVESTIGATION OF INCLUSION COMPLEXES OF SODIUM VALPROATE 

INSIDE INTO Α AND Β-CYCLODEXTRINS 
 

 

IX.1. INTRODUCTION 

Sodium valproate (SV) is an anticonvulsant drug which is used in epilepsy and bipolar 

disorder[1]. It is also used for neuropathic pain and migraine prophylaxis. SV is an 

extremely hygroscopic solid and completely ionized to form highly active mode of 

administration[2]. Clinically high doses consideration for use that’s why drug present 

high side effect known as black box warning for hepatotoxicity, pancreatitis and fetal 

abnormalities[3]. The search for lead to reduction. 

Cyclodextrins (CDs) are cyclic oligosaccharide of glucopyranose units with lipophilic 

inner cavities and hydrophilic outer surfaces, are capable of interacting with a large 

variety of guest molecules to form non-covalent inclusion complexes that plays an 

important role in host-guest chemistry[4]. They contains six (α-CD), seven (β-CD) 

glucopyranose units (sachem-1), which are bound by α-(1–4) linkages forming a 

truncated conical structure. CDs have been widely employed for encapsulation of 

several substances[6], being used in food, cosmetic and pharmaceutical industries, 

pesticides, toilet articles, textile processing and other industry[7], supramolecular and 

host-guest chemistry, models for studying enzyme activity, molecular recognition and 

molecular encapsulation, studying intermolecular interactions and chemical 

stabilization[8]. In addition, cyclodextrins can be used to reduce gastrointestinal drug 

irritation[9], convert liquid drugs into microcrystalline or amorphous powder, and 

prevent drug–drug and drug–recipient interactions[10]. 

CHAPTER IX 
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The electro chemical and spectrophotometric studies of the interaction between SV 

and CD. In the present article formation of inclusion complexes have been explored by 

surface tension, conductivity, IR, 1H NMR study. 

IX.2. EXPERIMENTAL 

IX.2.1. MATERIALS 

Valporic acid sodium salt, Cyclodextrinne α and β(scheme-1) of highly pure were 

purchased form Sigma –Aldrich .The purities of sodium valporate, α-cyclodextrine and 

β-cyclodextrine were-99.1% 

IX.2.2. APPARATUS AND PROCEDURE 

Surface tensions of the solution were measured by tensiometer (K9, KRUSS; Germany) 

in platinum ring detachment technique using at 298.15K.Accurecy of the study was 

±0.1 m. N m-1. A circulating auto thermo stated water through a double- walled glass 

vessel holding the solution 298.15K. 

The specific conductivities of the studied solutions were measured with a Mettler-

Toledo Seven Multi conductivity meter with an uncertainty of ±1.0 mSm−1. The 

experiments were carried out in an auto thermo stated water bath held at298.15 K 

using HPLC-grade water with a specific conductance of 6.0 μS m−1. Calibration of the 

cell was achieved using a 0.01M aqueous KCl solution. 

NMR spectra were recorded in D2O unless otherwise stated. 1H NMR spectra were 

recorded using BrukerADVANCE 350. Signals are quoted as δ values in ppm using 

residual protonated solvent signals as internal standard (D2O: δ 4.79 ppm). Data are 

reported as chemical shift. 

FTIR Spectra were recorded in KBr disk method by Perkin-Elmer FTIR Spectometer. 

KBr disks were made in 1:100 ratio of sample and KBr. FT-IR Stuides were carried out 

in the scaning range of 4000-400 cm-1 at room temperature. 
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IX.3. RESULT AND DISCUSSION 

IX.3.1. SURFACE TENSION STUDY 

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

complex [13]. 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)[11]. 

Here surface tension (γ) is measured for a series of solution with increasing 

concentration of both host α and β cyclodextrin at 298.15K. The γ values shows 

increasing trend in case of both the guests (Table 1).  Perhaps it is due to the formation 

of inclusion complex between VA and CD because due to the removal of the surface 

active VA molecules from the surface of the solution into the hydrophobic  cavity α and 

β  CD. In the two surface tension plots appearance of single break point indicates 

formation of inclusion complex in both cases (Figure 1). The values of surface tension 

with corresponding concentration of α and β CD and concentration of VD at each break 

have been listed in table 1. Over all variation of γ and one beak point clearly show that 

at certain concentration of VA and CD where their concentration ratio in solution was 

almost 1:1, thus the study proves 1:1 ratio in both α and β CD. 

IX.3.2. CONDUCTANCE STUDY 

Conductivity(κ) of aqueous solution of sodium valproate has been measured  with both 

α  and β CD solution to find out whether inclusion have been formed. During 

experiment k-value of the solution have been decreased in both cases encapsulation of 

the VA molecules inside into cavity   of the CD-molecule was observed (table-2)[12]. In 

both cases after certain concentration breaking of the curve was observed which may 

indication of the formation of inclusion complex(Fig-2) . The experimental curve 

showed only one beak, which indicates 1:1 inclusion in both α  and β CD cases, 

suggesting the host-guest ratio to be 1:1. 
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At certain concentration the break point is found where maximum inclusion occur 

through dynamic equilibrium  between  the host and the guest molecules[12]. 

IX.3.3. 1H NMR STUDY 

1H NMR spectrum of VA/α-CD and VA /β-CD is small shifts to higher frequencies are 

observed for VA signals. The protons of the CD  molecule shows considerable chemical 

shift due to inclusion of the guest VA  in to the hydrophobic cavity. In CD structure H3 

andH5 are situated inside the wider rim of the cavity, while H1, H2 and H5 are found 

narrow rim cavity of the CD molecule.[15]. 

During the insertion of the VA molecule inside the cavity of CD, the H3 and H5 protons 

show up field chemical shifts which conforms the interaction of the host–guest 

molecule occur[13]. The COO- group of VA interact with H5 and H3 of the CD 

molecules. The interaction of H1, H2, H2’, H3, H3’, H4, H4’ of VA and H3 located inside 

the CD cavity. Interaction between H2, H2 and H4, H4’of VA with H5 of the CD cavity 

and H4, H4’ of VA and H2, H4of CD,  occur which show that  formation of the inclusion 

compound(Fig-3) . 

IX.3.4. FTIR STUDY 

The formation of inclusion complex of Sodium valporate with α and β-CD in solid state 

is supported by FT-IR study. There are many changes in the FT-IR spectra of solid 

inclusion complexes due to the changes of bending and vibrating peaks of the guest 

also arosed due to the symmetrical and anti-symmetrical stretching vibrations of the 

COO- grouping. The various frequencies of sodium valporate, α-CD, β-CD, sodium 

valporate + α-CD and sodium valporate + β-CD are reported in (table -3). The –O-H 

frequency of both α and β-CD are shifted to lower region most likely due to 

involvement of the –O-H groups of the host molecules in hydrogen bonding molecule 

after Complexation. The IR spectra of SV with the hosts presented in figure-4. The 

spectrum was measured in the solid state of the sample as a KBr dispersion. The 

following bands in (cm-1) have been assigned in the tables-3. The inclusion complex 

formation due to strong bands caused by overlapping of C-H stretching vibrations of 
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various methyl and methylene groups of the guest molecule with cyclodextrins. 

Moreover strong bands included in the tables and figures with the guest molecule. 

Moreover the spectra of the two inclusion complexes are dissimilar to CD. Additional 

peaks are recognized in the solid inclusion complexes which means chemical reaction 

occurred between the guest and CD. However, quite a lot of peaks of sodium valporate 

are absent or somewhere shifted which is due to the change in environment after 

inclusion in the cavity of α- CD, these changes was more appropriately noticed in -CD 

than α-CD. So, we conclude that the encapsulation is better with -CD. 

IX.3.5. CYCLODEXTRIN AND SODIUM VALPROATE: THE STRUCTURAL 

SUITABILITY 

Cyclodextrin provide great opportunity to act as a host molecules due to inner 

hydrophobic cavity and hydrophilic rims. A non polar part of  guest molecules  inside 

the cavity and polar part of the guest molecule makes association with the polar rims , 

forming a stable inclusion complex(scheme-2) .The apolar  cavity diameter of α –CD is 

4.7-5.3Ǻ and β- CD is 6-6.5Ǻrespectively[11]. The valporic acid  size  and apolar  part  

of propayl group and polar part COO- which can be easily encapsulated inside the 

cavity of CD[16] .  The formation of inclusion complex no covalent bond formation or 

breaking occur[14]. The polar water molecules are present inside the slightly apolar 

cavity of cyclodextrine. This is generally energetically unflavored. So the polar water 

molecules  are readily substituted by hydrophobic chains of the VA. This results a more 

stable energy state. The stoichiometry of the inclusion complex is found as 1:1, which is 

supported by conductivity and surface tension measurements[17]. So after inclusion of 

one VA molecule COO- the zwitterionic part blocks the rim by making hydrogen 

bonding with the rim –OH groups, so second molecule cannot enter. Propyl group 

hydrophobic part of VA was found to be inserted through the wider rim of 

cyclodextrin[18]. 

IX.4. CONCLUSION 

With the help of spectroscopic and physicochemical studies we reached the conclusion 

that the Valporic acid form host–guest Ics  with both α and β-CD both in solution and 
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the solid state. 1H NMR confirms the inclusion in the apolar cavity of both CD 

molecules, while surface tension and conductivity measurements suggest a 1 : 1 

stoichiometry. Solid state 202haracterizations have been carried out by  FT-IR, 

confirming their formation also in the solid state. The inclusion phenomenon has been 

found to be more favorable in the case of β-CD than the α-CD. In the present study we 

investigate the nature of formation and stoichiometry of  inclusion complexs of α and 

β-CD with VA  in the aqueous medium can be used as controlled delivery systems in the 

field of modern biomedical sciences. 

TABLES 

 TableIX. 1. Data for surface tension study of aqueous valporic acid with α-CD and β-

CD system at 298.15Ka 

Volm of 
CD 
(mL) 

Total volm 
(mL) 

Conc of 
Valporic acid 
(mM) 

Conc of CD 
(mM) 

Surface tension in 
α-CD 
(mN m-1) 

Surface 
tension in 
β-CD 
(mN m-1) 

0 10 10.000 0.000 52.1 52.1 
1 11 9.091 0.909 54.8 54.9 
2 12 8.333 1.667 57.3 57.4 
3 13 7.692 2.308 59.9 59 
4 14 7.143 2.857 61.5 61.2 
5 15 6.667 3.333 63 63 
6 16 6.250 3.750 64.7 64.4 
7 17 5.882 4.118 66.2 66.4 
8 18 5.556 4.444 67.7 67.9 
9 19 5.263 4.737 69.3 69.1 
10 20 5.000 5.000 70.5 70.6 
11 21 4.762 5.238 70.7 70.8 
12 22 4.545 5.455 70.9 71 
13 23 4.348 5.652 71 71.1 
14 24 4.167 5.833 71.1 71.2 
15 25 4.000 6.000 71.2 71.3 
16 26 3.846 6.154 71.3 71.4 
17 27 3.704 6.296 71.4 71.5 
18 28 3.571 6.429 71.6 71.6 
19 29 3.448 6.552 71.7 71.7 
20 30 3.333 6.667 71.8 71.9 
a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
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TableIX. 2. Data for conductivity study of aqueous Valporic acid with α and β-CD 

system at 298.15Ka 

Volm of 

β-CD 

(mL) 

Total volm 

(mL) 

Conc of 

L-Leucine 

(mM) 

Conc of –CD 

(mM) 
Contuctance of αCD(mSm-1) 

Conductance 

of βCD(mSm-

1) 

0 10 10.000 0.000 0.81 0.81 

1 11 9.091 0.909 0.74 0.72 

2 12 8.333 1.667 0.66 0.65 

3 13 7.692 2.308 0.60 0.59 

4 14 7.143 2.857 0.54 0.54 

5 15 6.667 3.333 0.49 0.49 

6 16 6.250 3.750 0.45 0.44 

7 17 5.882 4.118 0.41 0.40 

8 18 5.556 4.444 0.38 0.36 

9 19 5.263 4.737 0.35 0.33 

10 20 5.000 5.000 0.32 0.30 

11 21 4.762 5.238 0.31 0.295 

12 22 4.545 5.455 0.30 0.287 

13 23 4.348 5.652 0.30 0.280 

14 24 4.167 5.833 0.29 0.275 

15 25 4.000 6.000 0.29 0.271 

16 26 3.846 6.154 0.28 0.269 

17 27 3.704 6.296 0.28 0.264 

18 28 3.571 6.429 0.28 0.260 

19 29 3.448 6.552 0.27 0.255 

20 30 3.333 6.667 0.27 0.250 
a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
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Table IX. 3. Values  of  surface  tension  (γ)  at  the  break  point  with  corresponding  

concentrations  of  cyclodextrins  and  sodium valproate and  values  of  conductivity  

(κ)  at  the  break  point  with corresponding  concentrations  of  cyclodextrins  and  

sodium valproate at  298.15  K. 

Conc. Of α-CD/mM Conc. Of sodium 

valproate/mM 

γa 

/mNm-1 

4.74 5.01 69.3 

Conc. Of β-CD/mM Conc. Of sodium valproate 

/mM 

γa 

/mNm-1 

4.91 5.1 70.4 

Conc. Of α-CD/mM Conc. Of sodium valproate 

/mM 

κa 

/mSm-1 

4.74 5.26 0.33 

Conc. Of β-CD/mM Conc. Of sodium valproate 

/mM 

κa 

/mSm-1 

5.1 4.9 0.31 
a Standard uncertainties (u): temperature: u(T) = ±0.01 K, surface tension: u(γ) = ±0.1 

mN∙m−1, conductivity: u(κ) = ±0.001 mS·m-1. 

 

Table IX. 4A.  Estimated vibrational frequencies for [α-CD : Sodium Valporate] 

Complex formation 

Sodium Valporate 

wave number 

/ cm-1 

Group 

3082-2875 –C-H from various –CH3 and methylene groups 

1700.60 Streching for –C=O 

1560.01 Symmetrical Stretching of –COO- 

1412.45 Anti-symmetrical stretching  of –COO- 
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α-CD 

wave number 

/ cm-1 

Group 

3412.10 stretching of –O-H 

2930.79 stretching of –C-H from –CH2 

1406.76 bending of –C-H from –CH2 and bending of O-H 

1154.39 bending of –C-O-C 

1030.39 stretching of –C-C-O 

952.36 skeletal vibration involving α-1,4linkage 

 

α-CD +[Sodium Valporate] 

wave number 

/ cm-1 

Group 

3366.45 stretching of –O-H of α-CD 

2948.52 Symmetrical stretching of –C-H from –CH3 Of Sodium valporate 

1662.75 -C=O from sodium valporate 

1538.74 Stretching of –COO- from sodium valporate 

1046.03 Bending  of C-C-O Of α-CD 

984.46 stretching of C-C-O of α-CD 

   

Table IX.4B.  Estimated vibrational frequencies for [β-CD ׃ Sodium Valporate] 

Complex formation 

Sodium Valporate 

wave number 

/ cm-1 

Group 

3000-2800 –C-H from various –CH3 and methylene groups 

1700 Streching for C=O 

1560 Symmetrical Stretching of –COO- 
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β-CD 

wave number 

/ cm-1 

Group 

3349.23 stretching of O-H 

2919.12 stretching of –C-H from –CH2 

1409.18 bending of –C-H from –CH2 and bending of O-H 

1153.17 bending of C-O-C 

1033.02 stretching of C-C-O 

938.64 skeletal vibration involving α-1,4linkage 

 

β-CD +[Sodium Valporate] 

wave number 

/ cm-1 

Group 

3326.18 stretching of O-H of β-CD 

2958.13 stretching of –C-H from –CH3 and –CH2  Of sodium valporate 

1722.67 Streching for C=O of sodium valporate 

1678.56 Symmetrical stretch of –COO- of sodium valporate 

1384.41 Anti- symmetrical Stretching of COO- of sodium valporate 

1158.05 bending of C-O-C Of β-CD 

1072.56 stretching of C-C-O Of β-CD 
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FIGURES 

 

Figure IX. 1. Variation of surface tension of aqueous (a) sodium valporate-α-CD and 

(b) sodium valporate-β-CD systems respectively at 298.15 K. 

 

Figure IX. 2. Variation of conductivity of aqueous (a) sodium valporate-α-CD and (b) 

sodium valporate-β-CD systems respectively at 298.15 K. 
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Figure IX. 3. 1H NMR spectra of 

inclusion complexes. 

Asian Journal of Science and Technology, 2018, 9, 7555-7560. 

H NMR spectra of sodium valporate-α-CD and sodium valporate

 

valporate-β-CD 
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Figure IX.4. FTIR spectra of sodium valporate-α-CD and sodium valporate-β-CD 

inclusion complexes. 
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SCHEMES 

Scheme IX. 1. Structure of sodium valporate and cyclodextrins.

 

Scheme IX. 2. Plausible schematic representation of mechanism for the formation of 

1:1 inclusion complex of sodium valporate with both 

 

 

 

Asian Journal of Science and Technology, 2018, 9, 7555-7560. 

Structure of sodium valporate and cyclodextrins. 

Plausible schematic representation of mechanism for the formation of 

1:1 inclusion complex of sodium valporate with both α and β-cyclodextrin. 

 

Plausible schematic representation of mechanism for the formation of 
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CONCLUDING REMARKS 
 
 

In this thesis I investigated the formation of host-guest inclusion complexes and 

thermodynamic properties of some imperative molecules  with the manifestation of  

diverse interaction by physicochemical method.For inclusion complex  of various bio-

molecules and ionic liquids with α and β-cyclodextrins as host giving emphasis 

particularly towards there formation, stabilization, carrying and controlled release 

without chemical modification and various interaction of different solute solvent 

concequence by different dependable methods like 1H NMR spectroscopy, FTIR 

spectroscopy, SEM,DSC  UV-visible spectroscopy, high resolution mass spectrometry,  

surface tension study, conductivity study, pH study, solution density, viscosity, 

refractive index. These studies primarily focus on the encapsulation of the studied 

guest molecules i.e. amino acids, drugs and ionic liquids in the hydrophobic cavity of α 

and β-cyclodextrins. The stoichiometry, association constants and thermodynamic 

parameters for the inclusion complexes have been determined to communicate a 

quantitative data regarding the encapsulation of the bio-molecules inside into α and β-

cyclodextrins. 

The findings are discussed chapter wise as follows 

Chapter-IV explains that the values of the limiting apparent molar volume (ϕV
0) and 

viscosity B-coefficient indicate the presence of strong solute–solvent interactions of 

alkali halide between L-valine and water molecule and temperature. The refractive 

index and the molar refraction values also agree to the same facts. 

CHAPTER X 
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Chapter-V illustrates that the FT-NMR spectra, DSC study show that the natural amino 

acid L-Cystine forms host-guest inclusion complex with both the CYDs. Further 

inclusion complexation was more complexation β-CD compared to the α-CD. SEM 

morphology also suggests that. These two inclusion complexes should have many 

applications in the field of bio-chemistry and medical research as it is non-toxic for the 

body. 

In Chapter-VI the extensive study of IL, [emim][TSO4]in DMF, DO and THF leads to the 

conclusion that, the salt is more associated in DO than the other two solvents. It can 

also be seen that in the conductometric studies in THF and DO, the IL mostly remains 

as triple-ions than ion-pairs but in DMF remains as ion-pairs. There is more ion-solvent 

interaction in DO than THF. The experimental values obtained from the volumetric, 

viscometric studies suggest that in solution here is more ion–solvent interaction than 

the ion–ion interaction and the extent of ion–solvent interaction of IL in DO, THF and 

DMF respectively. 

Chapter-VII highlights  with the help of spectroscopic and physicochemical studies 

like surface tension ,conductance, NMR,FT-IR and mass saws  that the 3-(2-Napthyl)-D-

alanine form host–guest ICs  with both α and β-CYD both in solution and the solid state. 
1H NMR confirms the inclusion in the apolar cavity of both CYD molecules, while 

surface tension and conductivity measurements suggest a 1 : 1 stoichiometry. Solid 

state characterizations have been carried out by FT-IR, confirming their formation also 

in the solid state. Considerately of electrostatic interaction, multiple C-H--∏ 

interactions, hydrogen bond D-NA encapsulated in to the cavity of both CYD. The 

inclusion phenomenon has been found to be more favorable in the case of β-CYD than 

the α-CYD. In the present study we investigate the nature of formation and 

stoichiometry of inclusion complexes of α and β-CYD with D-NA in the aqueous 

medium can be useful in specific amino acid, peptides with suitable binding group as 

controlled delivery systems in the field of modern biomedical sciences. 
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In Chapter-VII the values of the limiting apparent molar volume (ϕV0) and viscosity B-

coefficient indicate the presence of solute–solvent interactions between Asparagine 

and glutamine  in aqueous solution of Acetaminophen and water  molecule and 

predominates at higher temperature whereas the solute-solute interaction intensifies 

at lower temperature. The solute –solvent interaction higher at low concentration and 

solute –solute interaction at higher concentration. (δ2V0/δT2)P values are negative 

indicates the structure breaker of solute in solution. The solute solvent  interaction of  

two amino acid in acetaminophen solution  in aqueous medium have been investigated 

by molar conductivity at three different temperature indicate the non covalent 

interaction among them and causing  an increase of hydrodynamic radii of ions and a 

decrease of their ionic mobility hence decrease  in molar conductance. The strong 

intermolecular hydrophobic –hydrophobic  attraction and other non covalent 

hydrophilic-π interaction, columbic attraction etc must develop amino acid . The 

experimental data shows solute –solvent interaction of glutamine more than 

asparagines in aqueous acetaminophen solution. The refractive index and the molar 

refraction values also agree to the same facts. 

In Chapter-IX emphasizes to the help of spectroscopic and physicochemical studies we 

reached the conclusion that the Valporic acid form host–guest ICs  with both α and β-

CD both in solution and the solid state. 1H NMR confirms the inclusion in the apolar 

cavity of both CD molecules, while surface tension and conductivity measurements 

suggest a 1 : 1 stoichiometry. Solid state characterisations have been carried out by  

FT-IR, confirming their formation also in the solid state. The inclusion phenomenon 

has been found to be more favorable in the case of β-CD than the α-CD. In the present 

study we investigate the nature of formation and stoichiometry of  inclusion complexs 

of α and β-CD with VA  in the aqueous medium can be used as controlled delivery 

systems in the field of modern biomedical sciences. 
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Physico-chemical studies of a biologically active molecule (L-valine)
predominant in aqueous alkali halide solutions with the manifestation

of solvation consequences
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The apparent molar volume (ϕV), viscosity B-coefficient and molar refraction (RM)
have been determined of L-valine in aqueous solution of LiCl, NaCl and KCl
at 298 K, 303 K and 308 K from density (ρ), viscosity (η) and refractive index
(nD) measurements, respectively. The limiting apparent molar volumes (ϕV

0) and
experimental slopes (SV*) derived from the Masson equation have been inter-
preted in terms of solute–solvent and solute–solute interactions, respectively. The
viscosity data were analysed using the Jones–Dole equation and the derived
parameter B has also been interpreted in terms of solute–solvent interactions in
the solutions. Molar refraction (RM) has been calculated using the Lorentz–Lorenz
equation.

Keywords: L-valine; solute–solvent interactions; density; viscosity; refractivity

1. Introduction

L-valine is a branched chain amino acid (as are L-isoleucine and L-leucine), which is
important for supplying energy to muscles. The branched chain amino acids enhance
energy, increase endurance and aid in muscle tissue recovery and repair. As a branched
chain amino acid, L-valine is important for optimal growth in infants and children and
nitrogen balance in adults. Branched chain preparations are used in sports nutrition and
health foods.[1]

The volumetric and viscometric behaviour of solutes has been proven to be very
useful in elucidating the various interactions occurring in solutions. Studies on the effect
of concentration (molality), the apparent molar volumes of solutes, have been exten-
sively used to obtain information on solute–solute, solute–solvent and solvent–solvent
interactions.[2–6] In view of the above and in continuation of our studies, we have
undertaken a systematic study on the density, viscosity and refractive index of L-valine
in aqueous solution of LiCl, NaCl and KCl at 298 K, 303 K and 308 K, respectively, and
we have attempted to report the limiting apparent molar volume (ϕV

0), experimental
slopes (SV*), viscosity A and B-coefficients and molar refraction (RM) for the cited
L-valine.
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2. Experimental methods

2.1. Source and purity of samples

L-valine was purchased from Sd. Fine Chemicals Limited (Mumbai, India). Its mass
purity as supplied is 99% and LiCl, NaCl and KCl purity as supplied is 99% of Sisco
research laboratories Pvt. Ltd, Mumbai, India. It was recrystallised twice from aqueous
ethanol solution and dried under vacuum at T = 348 K for 6 h. Thereafter, it was stored
over P2O5 in a desiccator before use.[7] Triply distilled water with a specific conductance
<10−6 S cm−1 was used for the preparation of different solutions.

2.2. Apparatus and procedure

The density (ρ) was measured by means of vibrating-tube Anton Paar Density-Meter (DMA
4500 M, Austria) with a precision of 0.00001 × 10−3 (kg · m−3). It was calibrated by double-
distilled water and dry air.[8] The temperature was automatically kept constant within ±0.01 K.

The viscosity was determined with the aid of Brookfield DV-III Ultra Programmable
Rheometer with spindle size-42 fitted to a Brookfield Digital Bath TC-500 (Scinteck,
USA) calibrated at 298.15 K with doubly distilled water and purified methanol.[9] The
uncertainty in viscosity measurements is within ±0.003 mPa·s.

Refractive index was measured with the help of a Digital Refractometer Mettler
Toledo (Mettler-Toledo India Private Limited, Mumbai, India). The light source was
LED, λ = 589.3 nm. The refractometer was calibrated twice using distilled water and
calibration was checked after every few measurements. The uncertainty of refractive index
measurement is ±0.0002 units.

The mixtures were prepared by mixing known volume of solutions in airtight-
stopper bottles. Adequate precautions were taken to minimise evaporation losses during
the actual measurements. Mass measurements for stock solutions were done on a Mettler
AG-285 electronic balance with a precision of ±0.0003 × 10−3 kg. The conversion of
molarity into molality was accomplished using experimental density values. The uncer-
tainty in molality of solution is estimated to be ±0.0001 mol· kg−1. The physical
properties of aqueous solution of LiCl, NaCl and KCl at different temperatures are
reported in Table 1. The experimental values of densities (ρ), viscosities (η) along with
the apparent molar volume (ϕV) and (η/η0 – 1) /√m values of L-valine in aqueous
solution of LiCl, NaCl and KCl at 298 K, 303 K and 308 K, respectively, are reported
in Table 2(A)–(C).

Table 1. Physical properties of aqueous electrolytic solution.

ρ × 10−3 (kg · m−3) η (mPa· s) nD

Solvent mixture 298 K 303 K 308 K 298 K 303 K 308 K 298 K

aq. 0.1 M KCl sol. 1.00149 100119 0.99928 0.9742 0.8979 0.8167 1.3672
aq. 0.05 M KCl sol. 1.00138 1.00029 0.999 0.8899 0.7963 0.6917 1.3607
aq. 0.025 M KCl sol. 0.99838 0.99728 0.99695 0.8806 0.7250 0.6973 1.3672
aq. 0.1 M NaCl sol. 1.00117 0.99978 0.99811 0.9714 0.8922 0.8139 1.3607
aq. 0.05 M NaCl sol. 0.99925 0.9972 0.99608 0.8927 0.7830 0.6870 1.3672
aq. 0.025 M NaCl sol. 0.99824 0.99687 0.99527 0.8382 0.7760 0.6760 1.3607
aq. 0.1 M LiCl sol. 0.99944 0.99802 0.99612 0.9684 0.8896 0.8112 1.3672
aq. 0.05 M LiCl sol. 0.99823 0.9968 0.99522 0.8869 0.7939 0.7089 1.3607
aq. 0.025 M LiCl sol. 0.99779 0.99631 0.99479 0.8625 0.7207 0.6945 1.3485
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Table 2(A). Molality(m), experimental values of densities (ρ) and viscosities (η), along with the
apparent molar volume (ϕV) and (η/η0 – 1) /√m values of L-valine in aqueous KCl solutions at
298.15 K, 308.15 K and 318.15 K.

ρ × 10−3 η ϕV × 106 (η/η0 – 1)/√m
m (mol· kg−1) (kg· m−3) (mPa· s) (m3· mol−1) (mol· kg−1)−1/2

L-valine in 0.10 M aqueous KCl solutions

T = 298 K
0.010 1.00166 0.9766 99.0035 0.025
0.020 1.00187 0.9792 97.5057 0.036
0.040 1.00237 0.9841 94.7598 0.051
0.060 1.00293 0.9895 92.8459 0.064
0.080 1.00354 0.9949 91.2649 0.075
0.100 1.00419 1.0002 89.9169 0.084

T = 303 K
0.010 1.00133 0.9000 102.0296 0.023
0.020 1.00151 0.9025 100.5314 0.036
0.040 1.00194 0.9075 98.0343 0.053
0.060 1.00244 0.9129 96.0367 0.068
0.080 1.00301 0.9186 94.1639 0.081
0.100 1.00365 0.9250 92.3410 0.095

T = 308 K
0.010 0.99941 0.8191 104.2250 0.0294
0.020 0.99958 0.8221 102.2236 0.0467
0.040 1.00000 0.8279 99.2214 0.0685
0.060 1.00049 0.8341 97.0532 0.0868
0.080 1.00105 0.8406 95.0935 0.1032
0.100 1.00164 0.8474 93.6174 0.1184

L-valine in 0.05 M aqueous KCl solutions

T = 298 K
0.010 1.00166 0.8922 99.0035 0.026
0.020 1.00187 0.8945 97.5057 0.037
0.040 1.00237 0.8995 94.7598 0.054
0.060 1.00293 0.9045 92.8459 0.067
0.080 1.00354 0.9100 91.2649 0.080
0.100 1.00419 0.9150 89.9169 0.089

T = 303 K
0.010 1.00133 0.7979 102.0296 0.020
0.020 1.00151 0.8002 100.5314 0.035
0.040 1.00194 0.8048 98.0343 0.053
0.060 1.00244 0.8094 96.0367 0.067
0.080 1.00301 0.8147 94.1639 0.081
0.100 1.00365 0.8198 92.3410 0.093

T = 308 K
0.010 0.99941 0.6933 104.2250 0.023
0.020 0.99958 0.6957 102.2236 0.041
0.040 1.00000 0.7007 99.2214 0.065
0.060 1.00049 0.7059 97.0532 0.084
0.080 1.00105 0.7109 95.0935 0.098
0.100 1.00164 0.7164 93.6174 0.112

L-valine in 0.025 M aqueous KCl solutions

T = 298 K
0.010 1.00152 0.8828 103.0078 0.025
0.020 1.0017 0.8852 101.0106 0.037
0.040 1.00213 0.8901 98.2644 0.054

(continued )
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Table 2(A). (Continued).

ρ × 10−3 η ϕV × 106 (η/η0 – 1)/√m
m (mol· kg−1) (kg· m−3) (mPa· s) (m3· mol−1) (mol· kg−1)−1/2

0.060 1.00261 0.8951 96.5168 0.067
0.080 1.00317 0.9006 94.6444 0.080
0.100 1.00377 0.9060 93.1215 0.091

T = 303 K
0.010 1.00041 0.7268 105.1195 0.025
0.020 1.00057 0.7291 103.1201 0.040
0.040 1.00097 0.7339 100.1210 0.061
0.060 1.00145 0.7390 97.7883 0.079
0.080 1.002 0.7447 95.7472 0.096
0.100 1.00261 0.7498 93.9228 0.108

T = 308 K
0.010 0.99911 0.6989 107.2562 0.023
0.020 0.99925 0.7012 105.2542 0.040
0.040 0.99961 0.7062 102.2512 0.064
0.060 1.00006 0.7115 99.7488 0.083
0.080 1.00057 0.7169 97.7468 0.099
0.100 1.00116 0.7224 95.7448 0.113

Table 2(B). Molality(m), experimental values of densities (ρ) and viscosities (η), along with the
apparent molar volume (ϕV) and (η/η0 – 1) /√m values of L-valine in aqueous NaCl solutions at
298.15 K, 308.15 K and 318.15 K.

ρ × 10−3 η ϕV × 106 (η/η0 – 1)/√m
m (mol· kg−1) (kg· m−3) (mPa· s) (m3· mol−1) (mol· kg−1)−1/2

L-valine in 0.10 M aqueous NaCl solutions
T = 298 K
0.010 1.00134 0.9737 100.0330 0.024
0.020 1.00155 0.9762 98.0353 0.035
0.040 1.00203 0.9812 95.5382 0.050
0.060 1.00258 0.9865 93.5406 0.063
0.080 1.00319 0.9919 91.7926 0.074
0.100 1.00384 0.9974 90.3443 0.084

T = 303 K
0.010 0.99991 0.8940 103.1737 0.020
0.020 1.00009 0.8967 101.1733 0.036
0.040 1.00051 0.9018 98.6727 0.054
0.060 1.001 0.9070 96.6722 0.068
0.080 1.00156 0.9126 94.7968 0.081
0.100 1.00216 0.9191 93.2715 0.095

T = 308 K
0.010 0.99823 0.8162 105.3491 0.0282
0.020 0.99839 0.8191 103.3453 0.0451
0.040 0.99878 0.8249 100.5651 0.0674
0.060 0.99925 0.8312 98.3359 0.0865
0.080 0.99980 0.8377 96.2068 0.1030

(continued )
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Table 2(B). (Continued).

ρ × 10−3 η ϕV × 106 (η/η0 – 1)/√m
m (mol· kg−1) (kg· m−3) (mPa· s) (m3· mol−1) (mol· kg−1)−1/2

0.100 1.00042 0.8444 94.2281 0.1179

L-valine in 0.05 M aqueous NaCl solutions

T = 298 K
0.010 0.99935 0.8949 104.2313 0.025
0.020 0.99952 0.8976 102.2297 0.039
0.040 0.99992 0.9028 99.7278 0.056
0.060 1.0004 0.9082 97.5594 0.071
0.080 1.00092 0.9137 95.9749 0.083
0.100 1.00152 0.9186 94.2235 0.091

T = 303 K
0.010 0.99728 0.7848 105.4495 0.023
0.020 0.99744 0.7875 103.4438 0.041
0.040 0.99785 0.7926 100.1845 0.061
0.060 0.99834 0.7980 97.7610 0.078
0.080 0.99891 0.8040 95.5464 0.094
0.100 0.99953 0.8095 93.7162 0.107

T = 308 K
0.010 0.99616 0.6884 107.5738 0.020
0.020 0.99631 0.6908 105.0640 0.039
0.040 0.99667 0.6960 102.3031 0.065
0.060 0.99712 0.7010 99.8768 0.083
0.080 0.99765 0.7060 97.6598 0.097
0.100 0.99814 0.7110 95.7368 0.110

L-valine in 0.025 M aqueous NaCl solutions

T = 298 K
0.010 0.99833 0.8403 104.3378 0.025
0.020 0.9985 0.8427 102.3342 0.038
0.040 0.99893 0.8478 99.0783 0.057
0.060 0.99946 0.8530 96.3234 0.072
0.080 1.00005 0.8580 94.1946 0.083
0.100 1.00069 0.8634 92.4163 0.095

T = 303 K
0.010 0.99693 0.7780 106.4886 0.026
0.020 0.9971 0.7810 103.4791 0.046
0.040 0.99752 0.7870 99.9679 0.071
0.060 0.99803 0.7930 97.2927 0.089
0.080 0.99861 0.7990 95.0773 0.104
0.100 0.99925 0.8055 93.1462 0.120

T = 308 K
0.010 0.99534 0.6777 106.6588 0.025
0.020 0.99550 0.6802 104.1468 0.044
0.040 0.99593 0.6858 100.1276 0.072
0.060 0.99645 0.6910 97.2807 0.090
0.080 0.99705 0.6970 94.8524 0.109
0.100 0.99769 0.7030 92.9936 0.126
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Table 2(C). Molality(m), experimental values of densities (ρ) and viscosities (η), along with the
apparent molar volume (ϕV) and (η/η0 – 1) /√m values of L-valine in aqueous LiCl solutions at
298.15 K, 308.15 K and 318.15 K.

ρ × 10−3 η ϕV × 106 (η/η0 – 1)/√m
m (mol· kg−1) (kg· m−3) (mPa· s) (m3· mol−1) (mol· kg−1)−1/2

L-valine in 0.10 M aqueous LiCl solutions

T = 298 K
0.010 0.99962 0.9707 102.2042 0.024
0.020 0.99981 0.9734 100.2031 0.036
0.040 1.00026 0.9783 97.4516 0.051
0.060 1.00076 0.9836 95.7007 0.064
0.080 1.00134 0.9890 93.8247 0.075
0.100 1.00197 0.9954 92.1989 0.088

T = 303 K
0.010 0.99818 0.8913 104.3535 0.019
0.020 0.99835 0.8939 102.3496 0.034
0.040 0.99877 0.8987 99.3437 0.051
0.060 0.99927 0.9041 97.0058 0.066
0.080 0.99984 0.9096 94.9602 0.079
0.100 1.00046 0.9162 93.2318 0.094

T = 308 K
0.010 0.99630 0.8133 105.5532 0.0259
0.020 0.99647 0.8164 103.0436 0.0453
0.040 0.99689 0.8219 99.7812 0.0658
0.060 0.99741 0.8281 97.0206 0.0848
0.080 0.99801 0.8342 94.6365 0.0998
0.100 0.99871 0.8421 92.2022 0.1199

L-valine in 0.05 M aqueous LiCl solutions

T = 298 K
0.010 0.99842 0.8891 105.3291 0.025
0.020 0.99858 0.8917 103.3257 0.038
0.040 0.99896 0.8972 100.8214 0.058
0.060 0.99942 0.9026 98.6510 0.072
0.080 0.99994 0.9081 96.8146 0.084
0.100 1.00051 0.9139 95.2119 0.096

T = 303 K
0.010 0.99698 0.7958 106.4833 0.024
0.020 0.99714 0.7985 103.9754 0.041
0.040 0.99755 0.8040 100.4645 0.063
0.060 0.99803 0.8096 98.1238 0.080
0.080 0.99858 0.8154 96.0757 0.095
0.100 0.99918 0.8218 94.3453 0.111

T = 308 K
0.010 0.99534 0.7104 106.6588 0.021
0.020 0.99550 0.7129 104.1468 0.040
0.040 0.99593 0.7177 100.1276 0.062
0.060 0.99643 0.7229 97.6156 0.080
0.080 0.99704 0.7285 94.9780 0.097
0.100 0.99768 0.7342 93.0941 0.112

(continued )
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3. Results and discussions

3.1. Density

Apparent molar volumes (ϕV) were determined from the solution densities using the
following equation.[10]

ϕV ¼ M=ρ� 1000 ðρ� ρ0Þ=ðmρρ0Þ (1)

where M is the molar mass of the salt, ρ0 and ρ are the densities of solvent mixture and
solution, respectively, and m is the molality of the solution.

Masson (1929) found that the apparent molar volumes ϕV vary with the square root of
the molal concentration √m by the linear equation

ϕV ¼ ϕV
0 þ SV

�pm (2)

where ϕV
0 is the limiting apparent molar volume and SV* is the experimental slope. The

plots of ϕV against √m of L-valine in aqueous solution of LiCl, NaCl and KCl at 298 K,
303 K and 308 K, respectively, were linear with negative slopes and the ϕV values
increase as the concentration of L-valine in any electrolytic solution decreases as well
as temperature increases.

Table 2(C). (Continued).

ρ × 10−3 η ϕV × 106 (η/η0 – 1)/√m
m (mol· kg−1) (kg· m−3) (mPa· s) (m3· mol−1) (mol· kg−1)−1/2

L-valine in 0.025 M aqueous LiCl solutions

T = 298 K
0.010 0.99795 0.8646 105.3787 0.024
0.020 0.99812 0.8672 102.8732 0.038
0.040 0.99856 0.8722 99.1151 0.056
0.060 0.99906 0.8775 96.8602 0.071
0.080 0.99966 0.8829 94.4800 0.083
0.100 1.00031 0.8888 92.5508 0.096

T = 303 K
0.010 0.99644 0.7225 106.5410 0.025
0.020 0.99659 0.7247 104.5336 0.039
0.040 0.99701 0.7302 100.5189 0.066
0.060 0.99751 0.7357 97.8424 0.085
0.080 0.99811 0.7414 95.2496 0.101
0.100 0.99874 0.7482 93.3928 0.120

T = 308 K
0.010 0.99490 0.6959 107.7101 0.020
0.020 0.99506 0.6986 104.6944 0.042
0.040 0.99547 0.7036 100.9248 0.065
0.060 0.99598 0.7091 97.9929 0.086
0.080 0.99656 0.7151 95.6474 0.104
0.100 0.99720 0.7219 93.6369 0.124
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The values of ϕV
0 and SV* of L-valine in aqueous solution of LiCl, NaCl and KCl at

298 K, 303 K and 308 K, respectively, are reported in Table 3(A)–(C).
ϕV

0 value indicates the extent of solute–solvent interaction.[11] A perusal of
Table 3(A)–(C) and Figure 1 shows that ϕV

0 values for L-valine are positive and
increase with dilution and temperature. This indicates the presence of strong solute–
solvent interactions which is found to be maximum in 0.025 M LiCl solution of
L-valine at 308 K and the minimum occurs in 0.1 M KCl solution of L-valine at
298 K. Amino acids in aqueous solutions behave as zwitterions having NH4

+ and
COO– groups at two ends of the molecule. The Na+, K+, Li+ and Cl– ions furnished
by electrolytes interact electrostatically with NH4+ and COO– groups of amino acids’
zwitterions. In addition, the water dipoles are strongly aligned to the cations/anions
as well as to the amino acids’ zwitterions by electrostatic forces. These interactions
comprehensively introduce the cohesion into solution under investigation. The
positive value of ϕV

0 indicates the presence of interaction between Li+, Na+, K+ ions

Table 3(A). Limiting apparent molar volume (ϕV
0) and experimental slope (SV*) of L-valine in

aqueous KCl solutions at 298 K, 303 K and 308 K.

ϕV
0 × 106

(m3· mol−1)
SV* × 106

(m3· mol−3/2· kg1/2)

Conc. of KCl. 298 K 303 K 308 K 298 K 303 K 308 K

.10 M 103.3 106.7 109.1 −42.45 −44.41 −49.11

.05 M 107.4 110.3 112.6 −45.05 −51.48 −52.78

.025 M 109.4 111 112.5 −53.37 −57.41 −62.4

Table 3(B). Limiting apparent molar volume (ϕV
0) and experimental slope (SV*) L-valine in

aqueous NaCl solutions at 298 K, 303 K and 308 K.

ϕV
0 × 106

(m3· mol−1)
SV* × 106

(m3· mol−3/2· kg1/2)

Conc. of NaCl. 298 K 303 K 308 K 298 K 303 K 308 K

.10 M 104.4 107.6 110.5 −44.34 −45.19 −50.55

.05 M 108.7 111 112.8 −45.4 54.21 −53.45

.025 M 110 112.2 113 −55.56 −60.59 −63.45

Table 3(C). Limiting apparent molar volume (ϕV
0) and experimental slope (SV*) L-valine in

aqueous LiCl solutions at 298 K, 303 K and 308 K.

ϕV
0 × 106

(m3· mol−1)
SV* × 106

(m3· mol−3/2· kg1/2)

Conc. of LiCl. 298 K 303 K 308 K 298 K 303 K 308 K

.10 M 106.6 109.5 111.7 −45.34 −51.25 −60.39

.05 M 109.9 111.8 112.9 −46.2 −55.6 −62.62

.025 M 111.1 112.9 113.9 −58.67 −61.63 −64.28
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and COO– group and between Cl– ion and the NH3
+ group. So, the interactions

between L-valine and the water molecule in electrolytic solution follows the order
LiCl> NaCl> KCl at any specific temperature.

The ϕV
0 values can also be explained on the basis of cosphere overlap

model in terms of solute–cosolute interactions. According to the model, ionic (Li+,
Na+, K+ or Cl–)-ionic (COO– or NH3

+) interactions contribute positively to the ϕV
0

values.
The parameter SV* is the volumetric virial coefficient that characterises the pair-

wise interaction of solvated species in solution. The sign of SV* is determined by the
interaction between the solute species.[12] In the present study, SV* values were
found to be negative and increases with the cationic size of electrolyte. This trend in
SV* values indicates weak solute–solute interactions in the solution. SV* value is
found to be minimum in 0.025 M LiCl solution of L-valine at 308 K and the
maximum occurs in 0.1 M KCl solution of L-valine at 298 K. So, the interaction
between the L-valine molecules in aqueous electrolytic solution increases with
increase in size of the electrolytes following the order LiCl< NaCl< KCl at any
specific temperature (structure 1).

The variation of ϕV
0 with temperature of L-valine follows the polynomial,

ϕ0V ¼ a0 þ a1Tþ a2T
2 (3)

over the temperature range under investigation where a0, a1 and a2 are the coefficients and
T is the temperature in K. Values of the coefficients of the above equation for L-valine in
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Figure 1. Limiting apparent molar volumes (ϕV
0) of L-valine in 0.10 M (-♦-), 0.050 M (-■-) and

0.025 M (-▲–) aqueous KCl ( ̶ ̶̶ ·· ̶ ) solution, NaCl (····) and LiCl ( ̶ ̶̶ ̶ ̶ ) solution at 298.15 K,
308.15 K and 318.15 K, respectively.
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aqueous solution of LiCl, NaCl and KCl at 298 K, 303 K and 308 K, respectively, are
reported in Table 4(A)–(C).

The limiting apparent molar expansibilities (ΦE
0) can be obtained by the following

equation:

ΦE
0 ¼ ðδϕV 0=δTÞP ¼ a1 þ 2a2T (4)

Table 4(B). Values of coefficients for L-valine in aqueous NaCl.

Conc. of NaCl
a0 × 106

(m3· mol−1)
a1 × 106

(m3· mol−1· K−1)
a2 × 106

(m3· mol−1· K−2)

0.1 M −2289.436 15.184 −0.024
0.05 M −931 6.47 −0.01
0.025 M −682.872 5.048 −0.008

Table 4(C). Values of coefficients for L-valine in aqueous LiCl.

Conc. of LiCl
a0 × 106

(m3· mol−1)
a1 × 106

(m3· mol−1· K−1)
a2 × 106

(m3· mol−1· K−2)

0.1 M −1330.356 8.994 −0.014
0.05 M −1448.044 9.996 −0.016
0.025 M −1440.884 9.976 −0.016

Table 4(A). Values of coefficients for L-valine in aqueous KCl.

Conc. of KCl
a0 × 106

(m3· mol−1)
a1 × 106

(m3· mol−1· K−1)
a2 × 106

(m3· mol−1· K−2)

0.1 M −1905.22 12.7 −0.02
0.05 M −1148.97 7.792 −0.012
0.025 M −116.548 1.522 −0.002

Structure 1 Structure of L-Valine.
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The values of ΦE
0 of the studied compounds at 298, 303 and 308 K are determined and

reported in Table 5(A)–(C), respectively.
It is found from Table 5(A)–(C) and Figure 2 that the values of ΦE

0 decrease with a
rise in temperature, which may be ascribed to the absence of caging or packing effects.
[13] During the past few years, it has been emphasised by different workers that SV* is not
the sole criterion for determining the structure-making or structure-breaking nature of any
solute. Hepler [14] developed a technique of examining the sign of (δ2ϕV

0/δT2)P for the
solute in terms of long-range structure-making and structure-breaking capacity of the
solute in the mixed solvent systems using the general thermodynamic expression

ðδΦE
0=δTÞP ¼ ðδ2ϕV 0=δT 2ÞP ¼ 2a2 (5)

On the basis of this expression, it has been deduced that the structure-making solutes should
have positive values, whereas structure-breaking solutes should have negative values. In our
present investigation, it is evident from Table 5(A)–(C) that (δ2ϕV

0/δT2)P values are negative

Table 5(C). Limiting apparent molar expansibilities (ΦE
0) for L-valine in aqueous LiCl solutions at

298 K, 303 K and 308 K.

ΦE° × 106 (m3· mol−1· K−1)

Conc. of LiCl 298 K 303 K 308 K (δΦE°/δT)P

0.1 M 0.65 0.51 0.37 Negative
0.05 M 0.46 0.30 0.14 Negative
0.025 M 0.44 0.28 0.12 Negative

Table 5(B). Limiting apparent molar expansibilities (ΦE
0) for L-valine in aqueous NaCl solutions

at 298 K, 303 K and 308 K.

ΦE° × 106 (m3· mol−1· K−1)

Conc. of NaCl 298 K 303 K 308 K (δΦE/δT)P

0.1 M 0.88 0.64 0.40 Negative
0.05 M 0.51 0.41 0.31 Negative
0.025 M 0.28 0.20 0.12 Negative

Table 5(A). Limiting apparent molar expansibilities (ΦE
0) for L-valine in aqueous KCl solutions at

298 K, 303 K and 308 K.

ΦE° × 106 (m3· mol−1· K−1)

Conc. of KCl 298 K 303 K 308 K (δΦE°/δT)P

0.1 M 0.78 0.58 0.38 Negative
0.05 M 0.64 0.52 0.40 Negative
0.025 M 0.33 0.31 0.29 Negative
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for L-valine in aqueous solution of LiCl, NaCl and KCl investigated here, suggesting
thereby that L-valine acts as a structure breaker in these electrolytic solutions.

3.2. Viscosity calculation

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

η=η0 � 1ð Þ=pm ¼ Aþ B
p
m (6)

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 308 K, respectively.
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Figure 2. Limiting apparent molar expansibilities (ΦE
0) of L-valine in 0.10 M (–♦–), 0.050 M

(–■–) and 0.025 M (–▲ –) aqueous KCl ( ̶ ̶̶ ·· ̶ ) solution, NaCl (····) and LiCl ( ̶ ̶̶ ̶ ̶ ) solution at
298.15 K, 308.15 K and 318.15 K, respectively.

Table 6(A). Values of Jones–Dole coefficients, A and B of L-valine in aqueous KCl solutions at
298 K, 303 K and 308 K.

A (kg· mol−1) B (kg1/2· mol−1/2)

Conc. of KCl 298 K 303 K 308 K 298 K 303 K 308 K

0.1 M −0.002 −0.010 −0.011 0.273 0.324 0.404
0.05 M −0.004 −0.013 −0.017 0.293 0.332 0.408
0.025 M −0.005 −0.014 −0.019 0.302 0.384 0.416
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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.[16,17] The viscosity B-coefficient is
also a valuable tool to provide information concerning the solvation of the solute in
solution. From Table 6(A)–(C) and Figure 3 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 [18,19] 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.

3.3. Refractive index calculation

The molar refraction RM can be evaluated from the Lorentz–Lorenz relation.[20]

RM ¼ nD
2 � 1

� �
= nD

2 þ 2
� �� �ðM=ρÞ (7)

where, RM, nD, M and ρ are the molar refraction, the refractive index, the molar mass and
the density of solution, respectively. The refractive index of a substance is defined as the

Table 6(C). Values of Jones–Dole coefficients, A and B of L-valine in aqueous LiCl solutions at
298 K, 303 K and 308 K.

A (kg· mol−1) B (kg1/2· mol−1/2)

Conc. of LiCl 298 K 303 K 308 K 298 K 303 K 308 K

0.1 M −0.005 −0.014 −0.015 0.280 0.335 0.415
0.05 M −0.006 −0.015 −0.020 0.319 0.392 0.413
0.025 M −0.008 −0.020 −0.026 0.324 0.434 0.464

Table 6(B). Values of Jones–Dole coefficients, A and B of L-valine in aqueous NaCl solutions at
298 K, 303 K and 308 K.

A (kg· mol−1) B (kg1/2· mol−1/2)

Conc. of NaCl 298 K 303 K 308 K 298 K 303 K 308 K

0.1 M −0.004 −0.012 −0.013 0.277 0.333 0.409
0.05 M −0.005 −0.014 −0.019 0.307 0.381 0.411
0.025 M −0.007 −0.015 −0.020 0.319 0.425 0.459
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ratio c0/c, where c is the speed of light in the medium and c0 the speed of light in vacuum.
Stated more simply, the refractive index of a compound describes its ability to refract light as
it moves from one medium to another.[21,22] With the decrease in concentration of L-valine
in aqueous electrolytic solution, the density and refractive index (nD) decreases whereas
the molar refractivity (RM) increases as shown in Table 7. This is also in good agreement
with the results obtained from density and viscosity parameters as discussed above.

4. Conclusion

The values of the limiting apparent molar volume (ϕV
0) and viscosity B-coefficient

indicate the presence of strong solute–solvent interactions between L-valine and water
molecule and predominates at higher temperature whereas the solute–solute interaction
intensifies at lower temperature. The refractive index and the molar refraction values also
agree to the same facts.
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Figure 3. Jones–Dole coefficient, B of L-valine in 0.10 M (–♦–), 0.050 M (–■–) and 0.025 M
(–▲ –) aqueous KCl ( ̶ ̶̶ ·· ̶ ) solution, NaCl (····) and LiCl ( ̶ ̶̶ ̶ ̶ ) solution at 298.15 K, 308.15 K and
318.15 K, respectively.
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Table 7. Refractive index (nD) and molar refraction (RM) values along with
concentration (c) of L-valine in aqueous KCl solutions at 298.15 K.

C (mol · lit−1) nD RM × 106 (m3· mol−1)

L-valine in 0.10 M aqueous KCl solutions
0.010 1.3341 24.1294
0.020 1.3342 24.1302
0.040 1.3344 24.1313
0.060 1.3346 24.1322
0.080 1.3349 24.1332
0.100 1.3351 24.1339

L-valine in 0.05 M aqueous KCl solutions
0.010 1.3339 24.1295
0.020 1.3340 24.1304
0.040 1.3342 24.1318
0.060 1.3344 24.1327
0.080 1.3346 24.1336
0.100 1.3349 24.1342

L-valine in 0.025 M aqueous KCl solutions
0.010 1.3337 24.1692
0.020 1.3338 24.1790
0.040 1.3340 24.1812
0.060 1.3342 24.1837
0.080 1.3345 24.1856
0.100 1.3347 24.1871

L-valine in 0.10 M aqueous NaCl solutions
0.010 1.3339 24.1240
0.020 1.334 24.1255
0.040 1.3342 24.1270
0.060 1.33442 24.1282
0.080 1.33465 24.1286
0.100 1.3349 24.1293

L-valine in 0.05 M aqueous NaCl solutions
0.010 1.3337 24.1589
0.020 1.3338 24.1614
0.040 1.3340 24.1648
0.060 1.3342 24.1677
0.080 1.3345 24.1702
0.100 1.3347 24.1721

L-valine in 0.025 M aqueous NaCl solutions
0.010 1.3335 24.1704
0.020 1.3336 24.1722
0.040 1.3338 24.1743
0.060 1.3340 24.1759
0.080 1.3342 24.1768
0.100 1.3345 24.1777

L-valine in 0.10 M aqueous LiCl solutions
0.010 1.3337 24.1524
0.020 1.3338 24.1543
0.040 1.3340 24.1566
0.060 1.3342 24.1590
0.080 1.3345 24.1600
0.100 1.3347 24.1612

(continued )
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 ARTICLE INFO   ABSTRACT 
 

 

Molecular assemblies in α and β-cyclodextrin with most important anticonvulsant drug sodium 
valproate in aqueous medium and solid phases have been explored by reliable spectroscopic and 
physicochemical techniques as potentially important controlled drug delivery systems. Host–guest 
inclusion complexes of 1:1  stoichiometry have been determined by surface tension, conductivity 
studies and inclusion phenomena was confirmed by 1H NMR, FT-IR studies. The results indicated a 
higher degree of encapsulation in the case of α-cyclodextrin than that in β-cyclodextrin. The formation 
of the inclusion complexes was elucidated by hydrophobic effects, structural effects, electrostatic forces 
and H-bonding interactions. 
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INTRODUCTION 
 
Sodium valproate (SV) is an anticonvulsant drug which is used 
in epilepsy and bipolar disorder (Johannessen, 2000). It is also 
used for neuropathic pain and migraine prophylaxis. SV is an 
extremely hygroscopic solid and completely ionized to form 
highly active mode of administration (Abuhijleh, 1996). 
Clinically high doses consideration for use that’s why drug 
present high side effect known as black box warning for 
hepatotoxicity, pancreatitis and fetal abnormalities 
(Hadjikostas et al., 1990). The search for lead to reduction. 
Cyclodextrins (CDs) are cyclic oligosaccharide of 
glucopyranose units with lipophilic inner cavities and 
hydrophilic outer surfaces, are capable of interacting with a 
large variety of guest molecules to form non-covalent 
inclusion complexes that plays an important role in host-guest 
chemistry (Saha et al., 2016). They contains six (α-CD), seven 
(β-CD) glucopyranose units (sachem-1), which are bound by 
α-(1–4) linkages forming a truncated conical structure. CDs 
have been widely employed for encapsulation of several 
substances (Goodman, 1996), being used in food, cosmetic and 
pharmaceutical industries, pesticides, toilet articles, textile 
processing and other industry (Rang, 1998), supramolecular 
and host-guest chemistry, models for studying enzyme 
activity, molecular recognition and molecular encapsulation, 
studying intermolecular interactions and chemical stabilization 
(Szejtli, 1998).  
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In addition, cyclodextrins can be used to reduce 
gastrointestinal drug irritation (Pralhad, 2004), convert liquid 
drugs into microcrystalline or amorphous powder, and prevent 
drug–drug and drug–recipient interactions (Roy et al., 2016). 
The electro chemical and spectrophotometric studies of the 
interaction between SV and CD. In the present article 
formation of inclusion complexes have been explored by 
surface tension, conductivity, IR, 1H NMR study. 
 

Experimental 
 

MATERIALS 
 
Valporic acid sodium salt, Cyclodextrinne α and β (scheme 1) 
of highly pure were purchased form Sigma –Aldrich .The 
purities of sodium valporate, α-cyclodextrine and β-
cyclodextrine were-99.1%. 
 
Apparatus and procedure 
 
Surface tensions of the solution were measured by tensiometer 
(K9, KRUSS; Germany) in platinum ring detachment 
technique using at 298.15K. Accurecy of the study was ±0.1 
m. N m-1. A circulating auto thermo stated water through a 
double- walled glass vessel holding the solution 298.15K. The 
specific conductivities of the studied solutions were measured 
with a Mettler-Toledo Seven Multi conductivity meter with an 
uncertainty of ±1.0 mSm−1. The experiments were carried out 
in an auto thermo stated water bath held at298.15 K using 
HPLC-grade water with a specific conductance of 6.0 μS m−1. 
Calibration of the cell was achieved using a 0.01M aqueous 
KCl solution. 
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NMR spectra were recorded in D2O unless otherwise stated. 
1H NMR spectra were recorded using BrukerADVANCE 350. 
Signals are quoted as δ values in ppm using residual 
protonated solvent signals as internal standard (D2O: δ 4.79 
ppm). Data are reported as chemical shift. FTIR Spectra were 
recorded in KBr disk method by Perkin-Elmer FTIR 
Spectometer. KBr disks were made in 1:100 ratio of sample 
and KBr. FT-IR Stuides were carried out in the scaning range 
of 4000-400 cm-1 at room temperature. 
 

RESULT AND DISCUSSION 
 
Surface tension study 
 
Surface tension gives precious information about the nature 
and formation of inclusion complex (Roy et al., 2015). 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) (Roy, 2016). Here surface 
tension (γ) is measured for a series of solution with increasing 
concentration of both host α and β cyclodextrin at 298.15K. 
The γ values shows increasing trend in case of both the guests 
(Table 3).   
 
Perhaps it is due to the formation of inclusion complex 
between VA and CD because due to the removal of the surface 
active VA molecules from the surface of the solution into the 
hydrophobic  cavity α and β  CD. In the two surface tension 
plots appearance of single break point indicates formation of 
inclusion complex in both cases (Figure 1). The values of 
surface tension with corresponding concentration of α and β 
CD and concentration of VD at each break have been listed in 
Table 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Data for surface tension study of aqueous sodium valproate with α-CD and β-CD system at 298.15Ka 

 

Volm of 
CD (mL) 

Total volm 
(mL) 

Conc of 
sodium valproate (mM) 

Conc of CD 
(mM) 

Surface tension in 
α-CD (mN m-1) 

Surface tension in 
β-CD (mN m-1) 

0 10 10.000 0.000 52.1 52.1 
1 11 9.091 0.909 54.8 54.9 
2 12 8.333 1.667 57.3 57.4 
3 13 7.692 2.308 59.9 59 
4 14 7.143 2.857 61.5 61.2 
5 15 6.667 3.333 63 63 
6 16 6.250 3.750 64.7 64.4 
7 17 5.882 4.118 66.2 66.4 
8 18 5.556 4.444 67.7 67.9 
9 19 5.263 4.737 69.3 69.1 

10 20 5.000 5.000 70.5 70.6 
11 21 4.762 5.238 70.7 70.8 
12 22 4.545 5.455 70.9 71 
13 23 4.348 5.652 71 71.1 
14 24 4.167 5.833 71.1 71.2 
15 25 4.000 6.000 71.2 71.3 
16 26 3.846 6.154 71.3 71.4 
17 27 3.704 6.296 71.4 71.5 
18 28 3.571 6.429 71.6 71.6 
19 29 3.448 6.552 71.7 71.7 
20 30 3.333 6.667 71.8 71.9 

a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
 

Table 2. Data for conductivity study of aqueous sodium valproate with α and β-CD system at 298.15Ka 

 

Volm of β-CD 
(mL) 

Total volm (mL) Conc of sodium 
valproate (mM) 

Conc of -CD 
(mM) 

Contuctance of 
α-CD(mSm-1) 

Conductance of β-
CD(mSm-1) 

0 10 10.000 0.000 0.81 0.81 
1 11 9.091 0.909 0.74 0.72 
2 12 8.333 1.667 0.66 0.65 
3 13 7.692 2.308 0.60 0.59 
4 14 7.143 2.857 0.54 0.54 
5 15 6.667 3.333 0.49 0.49 
6 16 6.250 3.750 0.45 0.44 
7 17 5.882 4.118 0.41 0.40 
8 18 5.556 4.444 0.38 0.36 
9 19 5.263 4.737 0.35 0.33 

10 20 5.000 5.000 0.32 0.30 
11 21 4.762 5.238 0.31 0.295 
12 22 4.545 5.455 0.30 0.287 
13 23 4.348 5.652 0.30 0.280 
14 24 4.167 5.833 0.29 0.275 
15 25 4.000 6.000 0.29 0.271 
16 26 3.846 6.154 0.28 0.269 
17 27 3.704 6.296 0.28 0.264 
18 28 3.571 6.429 0.28 0.260 
19 29 3.448 6.552 0.27 0.255 
20 30 3.333 6.667 0.27 0.250 

      a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
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Over all variation of γ and one beak point clearly show that at 
certain concentration of VA and CD where their concentration 
ratio in solution was almost 1:1, thus the study proves 1:1 ratio 
in both α and β CD. 
 
Conductance study 
 
Coductivity (κ) of aqueous solution of sodium valproate has 
been measured  with both α  and β CD solution to find out 
whether inclusion have been formed. During experiment k-
value of the solution have been decreased in both cases 
enacapsulation of the VA molecules inside into cavity   of the 
CD-molecule was observed (Table-3)(12).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In both cases after certain concentration breaking of the curve 
was observed which may indication of the formation of 
inclusion complex (Fig-2). The experimental curve showed 
only one beak, which indicates 1:1 inclusion in both α and β 
CD cases, suggesting the host-guest ratio to be 1:1. At certain 
concentration the break point is found where maximum 
inclusion occur through dynamic equilibrium between the host 
and the guest molecules (12). 
 

 1H NMR study 
 
1H NMR spectrum of VA/α-CD and VA /β-CD is small shifts 
to higher frequencies are observed for VA signals.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Values  of  surface  tension  (γ)  at  the  break  point  with  corresponding  concentrations  of  cyclodextrins  and  sodium 
valproate and  values  of  conductivity  (κ)  at  the  break  point  with corresponding  concentrations  of  cyclodextrins  and  sodium 

valproate at  298.15  K 
 

Conc. of α-CD/mM Conc. of sodium valproate/mM γa /mNm-1 

4.74 5.01 69.3 
Conc. of β-CD/mM Conc. of sodium valproate /mM γa /mNm-1 

4.91 5.1 70.4 
Conc. of α-CD/mM Conc. of sodium valproate /mM κa /mSm-1 

4.74 5.26 0.33 
Conc. of β-CD/mM Conc. of sodium valproate /mM κa /mSm-1 

5.1 4.9 0.31 
                                                              a Standard uncertainties (u): temperature: u(T) = ±0.01 K, surface tension: u(γ) = ±0.1 mN∙m−1, conductivity: u(κ) = ±0.001 mS·m-1. 
 

 
 

Figure 1. Variation of surface tension of aqueous (a) sodium valproate-α-CD and (b) sodium valproate-β-CD systems respectively at 
298.15 K 

 
 

 
 

Figure 2. Variation of conductivity of aqueous (a) sodium valproate-α-CD and (b) sodium valproate-β-CD systems respectively at 
298.15 K 
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The protons of the CD molecule shows considerable chemical 
shift due to inclusion of the guest VA in to the hydrophobic 
cavity. In CD structure H3 andH5 are situated inside the wider 
rim of the cavity, while H1, H2 and H5 are found narrow rim 
cavity of the CD molecule (Roy et al., 2016).During the 
insertion of the VA molecule inside the cavity of CD, the H3 
and H5 protons show up field chemical shifts which conforms 
the interaction of the host–guest molecule occur(13). The 
COO- group of VA interact with H5 and H3 of the CD 
molecules. The interaction of H1, H2, H2’, H3, H3’, H4, H4’ 
of VA and H3 located inside the CD cavity. Interaction 
between H2, H2 and H4, H4’of VA with H5 of the CD cavity 
and H4, H4’ of VA and H2, H4of CD, occur which show that  
formation of the inclusion compound (Fig-3) . 
 

FTIR study 
 

The formation of inclusion complex of Sodium valporate with 
α and β-CD in solid state is supported by FT-IR study.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There are many changes in the FT-IR spectra of solid inclusion 
complexes due to the changes of bending and vibrating peaks 
of the guest also arosed due to the symmetrical and anti-
symmetrical stretching vibrations of the COO- grouping. The 
various frequencies of sodium valporate, α-CD, β-CD, sodium 
valporate + α-CD and sodium valporate + β-CD are reported in 
(Table -3). The –O-H frequency of both α and β-CD are 
shifted to lower region most likely due to involvement of the –
O-H groups of the host molecules in hydrogen bonding 
molecule after Complexation. The IR spectra of SV with the 
hosts presented in figure-4. The spectrum was measured in the 
solid state of the sample as a KBr dispersion. The following 
bands in (cm-1) have been assigned in the Tables-2. The 
inclusion complex formation due to strong bands caused by 
overlapping of C-H stretching vibrations of various methyl and 
methylene groups of the guest molecule with cyclodextrins. 
Moreover strong bands included in the Tables and figures with 
the guest molecule.  

Table 4.  Estimated vibrational frequencies for [α-CD : Sodium Valproate] Complex formation 
 

Sodium Valproate 
wave number / cm-1 Group 
3082-2875 –C-H from various –CH3 and methylene groups 
1700.60 Streching for -C=O 
1560.01 Symmetrical Stretching of –COO- 
1412.45 Anti-symmetrical stretching  of –COO- 
α-CD 
wave number / cm-1 Group 
3412.10 stretching of -O-H 
2930.79 stretching of –C-H from –CH2 
1406.76 bending of –C-H from –CH2 and bending of O-H 
1154.39 bending of -C-O-C 
1030.39 stretching of -C-C-O 
952.36 skeletal vibration involving α-1,4linkage 

α-CD +[Sodium Valproate] 
wave number / cm-1 Group 
3366.45 stretching of -O-H of α-CD 
2948.52 Symmetrical stretching of –C-H from –CH3 Of Sodium valproate 
1662.75 -C=O from sodium valporate 
1538.74 Stretching of -COO- from sodium valporate 
1046.03 Bending  of C-C-O Of α-CD 
984.46 stretching of C-C-O of α-CD 

 

Table 5.  Estimated vibrational frequencies for [β-CD ׃ Sodium Valproate] Complex formation 

Sodium Valproate 
wave number 
/ cm-1 

Group 

3000-2800 –C-H from various –CH3 and methylene groups 
1700 Streching for C=O 
1560 Symmetrical Stretching of –COO- 
β-CD 
wave number 
/ cm-1 

Group 

3349.23 stretching of O-H 
2919.12 stretching of –C-H from –CH2 
1409.18 bending of –C-H from –CH2 and bending of O-H 
1153.17 bending of C-O-C 
1033.02 stretching of C-C-O 
938.64 skeletal vibration involving α-1,4linkage 
β-CD +[Sodium Valproate] 
wave number 
/ cm-1 

Group 

3326.18 stretching of O-H of β-CD 
2958.13 stretching of –C-H from –CH3 and –CH2  Of sodium valproate 
1722.67 Streching for C=O of sodium valproate 
1678.56 Symmetrical stretch of –COO- of sodium valproate 
1384.41 Anti- symmetrical Stretching of COO- of sodium valproate 
1158.05 bending of C-O-C Of β-CD 
1072.56 stretching of C-C-O Of β-CD 
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Figure 3. 1H NMR spectra of sodium valporate-α-CD and sodium 

valproate-β-CD inclusion complexes 
 

 
 

Figure 4. FTIR spectra of sodium valproate-α-CD and sodium 
valproate-β-CD inclusion complexes 

 
Moreover the spectra of the two inclusion complexes are 
dissimilar to CD. Additional peaks are recognized in the solid 
inclusion complexes which means chemical reaction occurred 
between the guest and CD. However, quite a lot of peaks of 
sodium valporate are absent or somewhere shifted which is 
due to the change in environment after inclusion in the cavity 
of α- CD, these changes was more appropriately noticed in -
CD than α-CD. So, we conclude that the encapsulation is 
better with -CD. 

Schemes 
 

 
 

Scheme 1. Structure of sodium valproate and cyclodextrins 
 

 
 

Scheme 2. Plausible schematic representation of mechanism for 
the formation of 1:1 inclusion complex of sodium valproate with 

both α and β-cyclodextrin 
 
Cyclodextrin and sodium valproate: the structural suitability 
 
Cyclodextrin provide great opportunity to act as a host 
molecules due to inner hydrophobic cavity and hydrophilic 
rims. A non polar part of  guest molecules  inside the cavity 
and polar part of the guest molecule makes association with 
the polar rims , forming a sTable inclusion complex(scheme-2) 
.The apolar  cavity diameter of α -CD is 4.7-5.3Ǻ and β- CD is 
6-6.5Ǻrespectively (Roy et al., 2016). The valporic acid  size  
and apolar  part  of propayl group and polar part COO- which 
can be easily encapsulated inside the cavity of CD (Sinisterra 
et al., 2018) .  The formation of inclusion complex no covalent 
bond formation or breaking occur (Roy, 2016). The polar 
water molecules are present inside the slightly apolar cavity of 
cyclodextrine. This is generally energetically unflavored. So 
the polar water molecules are readily substituted by 
hydrophobic chains of the VA. This results a more sTable 
energy state. The stoichiometry of the inclusion complex is 
found as 1:1, which is supported by conductivity and surface 
tension measurements (Roy et al., 2016). So after inclusion of 
one VA molecule COO- the zwitterionic part blocks the rim by 
making hydrogen bonding with the rim –OH groups, so second 
molecule cannot enter. Propyl group hydrophobic part of VA 
was found to be inserted through the wider rim of cyclodextrin 
(Roy et al., 2015). 
 
Conclusion 
   
With the help of spectroscopic and physicochemical studies 
we reached the conclusion that the Valporic acid form host–
guest ICs  with both α and β-CD both in solution and the solid 
state. 1H NMR confirms the inclusion in the apolar cavity of 
both CD molecules, while surface tension and conductivity 
measurements suggest a 1: 1 stoichiometry. Solid state 
characterisations have been carried out by  FT-IR, confirming 
their formation also in the solid state. The inclusion 
phenomenon has been found to be more favorable in the case 
of β-CD than the α-CD. In the present study we investigate the 
nature of formation and stoichiometry of  inclusion complexs 
of α and β-CD with VA  in the aqueous medium can be used as 
controlled delivery systems in the field of modern biomedical 
sciences.  
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Host-guest Inclusion Complexation of 3-(2-Napthyl)-D-Alanine with α- and 
β-Cyclodextrins Explored by Nuclear Magnetic Resonance, Fourier-transform 
Infrared, High-resolution Mass Spectrometry, Surface Tension, and 
Conductometric Studies

Binoy Chandra Saha, Subhadeep Saha, Raja Ghosh and Mahendra Nath Roy*

Department of Chemistry, University of North Bengal, Darjeeling, West Bengal, India

1. INTRODUCTION

In supramolecular chemistry the association of guest molecules into 
cyclodextrin (CYD), which has fairly rigid structure, hydrophobic 
inner cavities with unique hydrophilic outer surfaces. They can 
act as molecular receptors (hosts) for a wide variety of organic and 
inorganic, as well as biological and pharmaceutical guest molecules, 
forming noncovalent bonds under equilibrium condition with host 
molecules. Its potential applications are widespread such as drug 
delivery, solubility, bioavailability, safety, and stability. The guest is an 
amino acid derivative that has been used to synthesize cholecystokinin 
analog [1,2] and as a carrier may be achieved nutritional analysis 
and disease diagnosis. It is used in artificial receptors for an amino 
acid [3,4] (Scheme 1).

CYDs are cyclic oligosaccharide having six and seven glucopyranose 
units (unite bond together by α-(1-4) linkage) for α-CYD and β-CYD, 
respectively, creating a truncated conical structure which is favorable 
for inclusion. The electrochemical and spectroscopic studies show the 
interaction between 3-(2-Napthyl)-D-alanine (D-NA) and CYD. In the 

present article formation of inclusion, complexes have been explored 
by surface tension, conductivity, infrared (IR), and 1H nuclear magnetic 
resonance (1H NMR) study [5].

2. EXPERIMENTAL

2.1. Materials
D-NA, CYD α and β of high purity were purchased form Sigma-
Aldrich. The purities of D-NA, α-CYD, and β-CYD were ≥99.1%.
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ABSTRACT
Host-guest inclusion complex formation of α-cyclodextrin (α-CYD) and β-CYD with 3-(2-Napthyl)-D-alanine has been 
investigated. Physicochemical and spectroscopic experimental data offer sufficient evidence about stabilization, carry, and 
regulatory release of the guest molecule. Surface tension and conductivity studies indicate 1:1 stoichiometry of the inclusion 
complexes. 1H nuclear magnetic resonance and Fourier-transform infrared studies confirm the inclusion phenomena. The host-
guest interactions have been explained on the basis of hydrogen bonding, Van der Waals force, hydrophobic effect, electrostatic 
force, and exceptional structural effect of host-guest molecules.

Key words: Inclusion complex, Cyclodextrin, 3-(2-Napthyl)-D-Alanine, Spectroscopic investigation, Physicochemical studies.

GRAPHICAL ABSTRACT

In this article, one of the very important drugs, namely, -(2-Napthyl)-D-alanine has been probed in solution and solid phase to 
encapsulate it within the cavity of α- and β-cyclodextrins. This inclusion phenomenon of the drug is exceedingly significant for its 
stabilization from external hazards, such as oxidation, sensitization, and photolytic cleavage, for regulatory release of an essential 
amount of drug at the targeted site for a period of time proficiently and accurately and for preventing overdose.
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2.2. Apparatus and Procedure
Experimentally, measure surface tensions of the solution were by 
tensiometer (K9, KRUSS; Germany) in platinum ring detachment 
technique using at 298.15 K. Accuracy of the study was ±0.1 m. N m−1. 
A circulating auto thermostated water through a double-walled glass 
vessel holding the solution 298.15 K.

The specific conductivities of the studied solutions were measured with 
a Mettler Toledo Seven Multi conductivity meter with an uncertainty of 
±1.0 mSm−1. The experiments were carried out in an auto thermostated 
water bath held at 298.15 K using HPLC-grade water with a specific 
conductance of 6.0 μSm−1. Calibration of the cell was achieved using a 
0.01M aqueous KCl solution.

NMR spectra were recorded in D2O unless otherwise stated. 1H 
NMR spectra were recorded using Bruker AVANCE 350. Signals 
are quoted as δ values in ppm using residual protonated solvent 
signals as internal standard (D2O: δ 4.79 ppm). Data are reported as 
a chemical shift.

Fourier-transform IR (FT-IR) spectra were recorded in KBr disc 
method by Perkin-Elmer FT-IR Spectrometer. KBr discs were made in 
1:100 ratio of sample and KBr. FT-IR studies were carried out in the 
scanning range of 4000–400 cm−1 at room temperature.

HRMS analyses were performed by quadrupole time-of-flight high-
resolution instrument with positive mode electrospray ionization 
taking the methanol solution of the solid integrated circuits (ICs).

3. RESULTS AND DISCUSSION

3.1. Surface Tension Study
The nature and formation of inclusion complex precious information are 
given by surface tension [13]. The aqueous solution of α- and β-CYD 

does not show any considerable change of surface tension. The D-NA 
shows that COO−, NH2 group, and their side group being nonpolar show 
surfactant like behavior and it has a tendency to decrease the surface 
tension of aqueous solutions like other surfactants (Pineiro 2007).

Here surface tension (γ) is measured for a series of the solution with 
increasing concentration of both host α- and β-CYD at 298.15 K. The 
γ values show an increasing trend in case of both the guests (Table 1). 
Perhaps it is due to the formation of inclusion complex between D-NA 
and CYD because due to the removal of the surface-active D-NA 
molecules from the surface of the solution into the hydrophobic cavity 
α and β-CYD. In the two surface tension plots, the appearance of 
single breakpoint indicates the formation of inclusion complex in both 
cases (Figure 1). The values of surface tension with the corresponding 
concentration of α- and β-CYD and concentration of D-NA at each 
break are listed in Table 2. Overall, variation of γ and one beak point 
clearly shows that at a certain concentration of D-NA and CYD where 
their concentration ratio in solution was almost 1:1; thus, the study 
proves 1:1 ratio in both α- and β-CYD.

3.2. Conductance Study
Conductivity (κ) of an aqueous solution of D-NA has been measured 
with both α- and β-CYD solution to find out whether inclusion has been 
formed. During experiment k-value of the solution has been decreased 
in both cases encapsulation of the D-NA molecules inside into cavity 
of the CYD-molecule was observed (Table 1) [12]. In both cases, 
after certain concentration breaking of the curve was observed which 

Figure 1: Variation of surface tension of aqueous (a) 3-(2-Napthyl)-D-alanine α-cyclodextrin (CYD) and (b) 3-(2-Napthyl)-D-
alanine -β-CYD systems, respectively, at 298.15 K.

ba

Scheme 1: Molecular structures of 3-(2-Napthyl)-D-alanine 
and cyclodextrin molecule.

Table 1: Values of surface tension (γ) at the breakpoint 
with corresponding concentrations of cyclodextrins and 
D-NA and values of conductivity (κ) at the breakpoint with 
corresponding concentrations of cyclodextrins and D-NA at 
298.15 K.

Conc. of α‑CYD/mM Conc. of D-NA/mM γ/mNm−1

4.75 5.25 70.25
Conc. of β-CYD/mM Conc. of D-NA/mM γ/mNm−1

4.92 5.08 70.75
Conc. of α-CYD/mM Conc. of D-NA/mM κ/mSm−1

4.86 5.14 0.245
Conc. of β-CYD/mM Conc. of D-NA/mM κ/mSm−1

4.93 5.07 0.228
CYD: Cyclodextrin
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may indication of the formation of inclusion complex (Figure 2). The 
experimental curve showed only one beak, which indicates 1:1 inclusion 
in both α- and β-CYD cases, suggesting the host-guest ratio to be 1:1.

At certain concentration, the breakpoint is found where maximum 
inclusion occurs through dynamic equilibrium between the host and 
the guest molecules [12].

3.3. 1H NMR Study
1H NMR spectrum of D-NA/α-CYD and D-NA/β-CYD is small 
shifts to higher frequencies that are observed for D-NA signals. The 
protons of the CYD molecule show considerable chemical shift due 

to the inclusion of the guest D-NAinto the hydrophobic cavity. In 
CYD structure H3 and H5 are situated inside the wider rim of the 
cavity, while H1, H2, and H5 are found narrow rim cavity of the 
CYD molecule [15]. During the insertion naphthyl group of the D-NA 
molecule inside the cavity of CYD, the H3 and H5 protons show 
upfield chemical shifts which conform the interaction of the host-guest 
molecule occurs [13]. The COO−, NH2 group of D-NA interact with 
H5 and H3 of the CYD molecules. All guest aromatic protons move 
upfield considerable shift, illuminating deep insertion of the naphthyl 
group inside the cavity. On the other hand, the proton H1 and one of the 
CH2 protons of D-NA move downfield slightly, which indicates that 
they are located outside the cavity. The aromatic peaks are completely 

Figure 2: Variation of conductivity of aqueous (a) 3-(2-Napthyl)-D-alanine α-cyclodextrin (CYD) and (b) 3-(2-Napthyl)-D-
alanine -β-CYD systems, respectively, at 298.15 K.

ba

Table 2: Data for surface tension study of aqueous 3-(2-Napthyl)-D-alanine with α-CYD and β-CYD system at 298.15 Ka.

Volume of CYD (mL) Total volume D‑NA (mL) Conc. of D‑NA (mM) Conc. of CYD (mM) Surface tension in 
α‑CYD (mNm−1)

Surface tension in 
β‑CYD (mNm−1)

0 10 10.000 0.000 50.5 50.5
1 11 9.091 0.909 53.8 53.9
2 12 8.333 1.667 57.6 57.4
3 13 7.692 2.308 60.1 59.7
4 14 7.143 2.857 62.5 62.2
5 15 6.667 3.333 64 63.7
6 16 6.250 3.750 65.5 65.4
7 17 5.882 4.118 67.2 67.4
8 18 5.556 4.444 68.7 68.9
9 19 5.263 4.737 69.5 70.1
10 20 5.000 5.000 70.2 70.7
11 21 4.762 5.238 70.3 70.8
12 22 4.545 5.455 70.5 71
13 23 4.348 5.652 70.7 71.1
14 24 4.167 5.833 70.8 71.2
15 25 4.000 6.000 71 71.3
16 26 3.846 6.154 71.2 71.4
17 27 3.704 6.296 71.3 71.5
18 28 3.571 6.429 71.3 71.6
19 29 3.448 6.552 71.4 71.7
20 30 3.333 6.667 71.5 71.8
aStandard uncertainties in temperature u are: u (T)=±0.01 K. CYD: Cyclodextrin
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shifted upfield. These observations suggest that the naphthyl moiety of 
the D-NA guest was encapsulated into the cavity of CYD formation of 
the inclusion compound (Figure 3).

3.4. FT-IR Study
The formation of inclusion complex of 3-(2-Napthyl)-D-alanine with 
α- and β-CYD in solid state is supported by FT-IR study. There are many 
changes in the FT-IR spectra of solid inclusion complexes due to the 
changes of bending and vibrating peaks of the guest also aroused due to 
the symmetrical and anti-symmetrical stretching vibrations of the COO− 
grouping. The various frequencies of D-NA, α-CYD, β-CYD, D-NA + 
α-CYD, and D-NA + β-CYD are reported in Tables 3 and 4. The –O-H 
frequency of both α- and β-CYD is shifted to the lower region most 
likely due to the involvement of the –O-H groups of the host molecules 
in hydrogen bonding molecule after complexation. The IR spectra 
of D-NA with the hosts presented in Figures 4 and 5. The spectrum 
was measured in the solid-state of the sample as a KBr dispersion. 
The following bands in cm−1 are assigned in Table 5. The inclusion 
complex formation due to strong bands is caused by overlapping of 
C-H stretching vibrations of various methyl and naphthyl groups of 
the guest molecule with CYDs. Moreover, strong bands included in the 
tables and figures with the guest molecule. Moreover, the spectra of 
the two inclusion complexes are dissimilar to CYD. Additional peaks 
are recognized in the solid inclusion complexes, which mean chemical 
reaction, occurred between the guest and CYD. However, quite a lot 
of peaks of D-NA are absent or somewhere shifted which is due to the 
change in environment after inclusion in the cavity of α-CYD, these 
changes were more appropriately noticed in β-CYD than α-CYD. 
Hence, we conclude that the encapsulation is better with β-CYD.

3.5. Electrospray Ionization (ESI)-mass Spectrometric Analysis of 
Inclusion Complexes
The solid ICs of D-NA with α- and β-CYD were further analyzed by 
ESI-mass spectrometry by dissolving these in methanol. The spectra are 
shown in Figure 6. The peaks at m/z 1188.42 and 1350.47 correspond 
to [D-NA+α-CYD+H]+ and [D-NA+β-CYD+H]+, respectively. The 
spectra confirm that the desired ICs D-NA+α-CYD and D-NA+β-CYD 

have been formed in solid state and the stoichiometric ratio of the host 
and guest is 1:1 (Scheme 2).

3.6. Structural Features of CYD and 3-(2-Napthyl)-D-alanine
The structural suitability CYD provides great opportunity to act as a 
host molecule due to the inner hydrophobic cavity and hydrophilic 
rims. A nonpolar part of guest molecules inside the cavity and polar 
part of the guest molecule makes an association with the polar 
rims, forming a stable inclusion complex (Scheme 2). The apolar 
cavity diameter of α-CYD is 4.7–5.3 Ǻ and β-CYD is 6–6.5 Ǻ, 
respectively [11]. The D-NA size and a polar part of naphthyl group 
and polar part COO−, NH3

+ can be easily encapsulated inside the 
cavity of CYD [16]. The formation of inclusion complex no covalent 
bond formation or breaking occur [17]. The polar water molecules are 
present inside the slightly a polar cavity, which generally energetically 
unflavored. Hence, the polar water molecules are readily substituted 
by hydrophobic naphthyl group of the N-DA. This results in a more 
stable energy state. The stoichiometry of the inclusion complex is 
found as 1:1, which is supported by conductivity and surface tension 
measurements [17]. Hence, after inclusion of one N-DA molecule 
COO−, NH2 the zwitterionic part blocks the rim by making hydrogen 
bonding with the rim –OH groups, so the second molecule cannot 
enter. Naphthyl group hydrophobic part of D-NA was found to be 
inserted through the wider rim of CYD [18].

4. CONCLUSION

We reached the conclusion with the help of spectroscopic and 
physicochemical studies such as surface tension, conductance, NMR, 

Figure 3: 1H nuclear magnetic resonance spectra of solid 
inclusion complexes of (a) N-DA+α-cyclodextrin (CYD) and 
(b) N-DA+β-CYD in D2O at 298.15 K.

b

a

Table 3: Estimated vibrational frequencies for 
α-CYD+3-(2-Napthyl)-D-alanine complex formation

Wavenumber/cm−1 Group
3‑(2‑Napthyl)‑D‑alanine

3082-2875 –C-H from various –CH3 and methylene 
groups

1700.60 Stretching for -C=O
1560.01 Symmetrical stretching of –COO−

1412.45 Anti-symmetrical stretching of –COO−

α‑CYD
3412.10 Stretching of –O-H
2930.79 Stretching of –C-H from –CH2

1406.76 Bending of –C-H from –CH2 and bending 
of O-H

1154.39 Bending of -C-O-C
1030.39 Stretching of -C-C-O
952.36 Skeletal vibration involving α-1,4 linkage

α‑CYD+[D‑NA]
3366.45 Stretching of –O-H of α-CYD
2948.52 Symmetrical stretching of –C-H from –CH3 

of D-NA
1662.75 -C=O from D-NA
1538.74 Stretching of –COO−from D-NA
1046.03 Bending of C-C-O of α-CYD
984.46 stretching of C-C-O of α-CYD
D-NA: 3-(2-Napthyl)-D-alanine
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FT-IR, and mass saws that the 3-(2-Napthyl)-D-alanine form host-
guest ICs with both α- and β-CYD both in solution and the solid state. 
1H NMR confirms the inclusion in the a polar cavity of both CYD 
molecules, while surface tension and conductivity measurements 
suggest a 1:1 stoichiometry. Solid state characterizations have been 

Figure 4: Fourier-transform infrared spectra of N-DA (top), 
α-cyclodextrin (CYD) (middle), and N-DA-α-CYD inclusion 
complex (bottom).

Figure 5: Fourier-transform infrared spectra of N-DA (top), 
β-cyclodextrin (CYD) (middle), and N-DA-β-CYD inclusion 
complex (bottom).

Figure 6: Electrospray ionization mass spectra of (a) N-DA-α-
cyclodextrin (CYD) inclusion complex and (b) N-DA-β-CYD 
inclusion complex.

b

a

Table 4: Estimated vibrational frequencies for 
β-CYD+3-(2-Napthyl)-D-alanine complex formation

Wavenumber/cm−1 Group
3‑(2‑Napthyl)‑D‑alanine

3000-2800 –C-H from various –CH3 and methylene 
groups

1700 Stretching for C=O
1560 Symmetrical Stretching of –COO−

β‑CYD
3349.23 Stretching of O-H
2919.12 Stretching of –C-H from –CH2

1409.18 Bending of –C-H from –CH2 and bending of 
O-H

1153.17 Bending of C-O-C
1033.02 Stretching of C-C-O
938.64 Skeletal vibration involving α-1,4linkage

β‑CYD+[D‑NA]
3326.18 Stretching of O-H of β-CYD
2958.13 Stretching of –C-H from –CH3 and –CH2 Of 

D-NA
1722.67 Stretching for C=O of D-NA
1678.56 Symmetrical stretch of –COO−of D-NA
1384.41 Anti- symmetrical Stretching of COO−of 

D-NA
1158.05 Bending of C-O-C of β-CYD
1072.56 Stretching of C-C-O of β-CYD
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carried out by FT-IR, confirming their formation also in the solid 
state. Considerately of electrostatic interaction, multiple C-H--∏ 
interactions, hydrogen bond D-NA encapsulated into the cavity of 
both CYD. The inclusion phenomenon has been found to be more 
favorable in the case of β-CYD than the α-CYD. In the present study, 
we investigate the nature of formation and stoichiometry of inclusion 
complexes of α- and β-CYD with D-NA in the aqueous medium can 
be useful in specific amino acid, peptides with suitable binding group 
as controlled delivery systems in the field of modern biomedical 
sciences.
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The host –guest interaction of an amino acid (L-cysteine) as guest with α and β cyclodextrines have 
been investigated which have significant applications in in the field of medicine such as controlled drug 
delivery. The 1H NMR study confirms the formation of inclusion complex while surface tension and 
conductivity studies support the formation inclusion complex with 1:1 stoichiometry. The host-guest 
interaction has been explained on the basis of hydrogen bonding, Vanderwaal’s force and exceptional 
structure of cyclodextrin. 
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INTRODUCTION 
 
In modern day cyclodextrin (CD) are used for the controlled 
release of various compounds and drugs (Roy et al., 2016). 
Due to the exceptional truncated conical shape it has the 
capability to form inclusion complex with a variety of guest 
molecules including drug, vitamins, ionic liquids, 
neurotransmitters etc (Yang et al., 2013). Cyclodextrin is a 
cyclic oligosaccharides having glucopyranose units six (α-
CD), seven (β-CD) and eight (γ-CD) linked by α-(1-4) bonds 
(Szejtli, 1998) (scheme 2) The conical structure of CD have  
hydrophobic interior and hydrophilic rim with primary and 
secondary –OH groups. These hydroxyl groups are responsible 
of forming hydrogen bonding with guest molecules (Szejtli, 
1996) CD is considered safe for human body. In order to be 
biologically active a molecule should retain its integrity and 
should be able to cross the lipophilic membrane. CD has the 
ability to encapsulate the guest without any chemical 
modification of it. Sometimes it also increases the solubity of 
guest. The controlled release of CD is also used in food 
cosmetic, paint industry and removal of different toxic 
materials, pollutants, waste products without any chemical 
change (Connors, 1997). L-Cysteine is an amino acid which is 
building block of protein. (Scheme 1) It is a powerful anti 
oxidant. It is also used to metabolize of lipid, boosting the  
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immune system. L-cysteine increase malie fertility, reduce 
inflamination and combarts decrease osteoporosis. In the body, 
cysteine is also used to produce the amino acid taurine as well 
as coenzyme A, biotine and heparin. Cysteine is component in 
beta karatin and it is proved that it preserve skin elasticity. It 
also protects the lining of digestive system (Grunberger et al., 
2007; Safarinejad, 2009). In the present study we investigate 
the nature of formation and stoichiometry of inclusion 
complex of α and β-CD with natural amino acid L- cysteine in 
aqueous media. Aim of this work is the formation, carrying 
and controlled release of L- cysteine by forming inclusion 
complex with host cyclodextrin molecules without chemical 
and biological modification of the guests. 
 
Experimental Section 
 
Source and Purity of Samples 
 
The amino acid L-cysteine and CDs of purists grade were 
purchased from Sigma-Aldrich, Germany. The mass fraction 
purity of L-cysteine, α-CD and β-CD were 0.97,0.98,0.98 
respectively. 
 
Apparatus and Procedure 
 
Conductance measurement were carried out in Mettler toledo  
seven  multi conductivity meter having uncertainty 1.0               
µSm-1.The conductivity of solution were studied in a thermo 
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stated  water bath  at 298.15K with accuracy 0.001K.HPLC 
grade water was used with specific conductance 10µSm-1. The 
0.01M aqueous  KCL solution using for calibrated of the 
conductivity cell. Surface tension  of the solution were  studied 
by platinum ring detachment  technique  using  a tensiometer 
(K9, KRUSS; Germany) at 298.15K with uncertainty 
0.1mN.m-1. The temperature of the system was maintained by 
circulating  thermo stated water through a double- wall glass 
vessel holding the solution. NMR spectra were recorded using 
D2O as a solvent. 1H NMR spectra were recorded at 298.15K 
in 400 MHz and 500 MHz respectively using Bruker 
ADVANCE 400MHz and 500MHz instrument. Residual 
protonated solvent Signals are quoted as δ values in ppm using 
internal standard (D2O:δ 4.79ppm). Data are reported as 
chemical shifts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSION 
 
1H NMR study establishes inclusion 
 
1H-NMR study confirms the inclusion phenomenon between 
the host CDs and the above mentioned amino acid cysteine 
(Roy et al., 2016; Roy et al., 2016) In the present work the 
molecular interactions of L-cysteine with α and β-
cyclodextrins have been studied using the 1H NMR spectra by 
taking a 1 : 1 molar ratio of the amino acid and CDs in D2O at 
298.15 K. Insertion of L- cysteine in the hydrophobic cavity of 
CDs results chemical shifts of both the acid and CDs due to 
interaction between them. From scheme 3 it can be observed 
that the H3 and H5 protons of CD are located inside the cavity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Data for surface tension study of aqueous L-Cystein with α-CD and β-CD system at 298.15Ka 

 

Volm of CD (mL) Total volm (mL) Conc of L-cysteine (mM) Conc of CD (mM) Surface tension in α-CD (mN m-1) Surface tension in β-CD (mN m-1) 

0 10 10.000 0.000 64.2 64.2 
1 11 9.091 0.909 65.3 65.3 
2 12 8.333 1.667 66.2 66.2 
3 13 7.692 2.308 67.0 66.9 
4 14 7.143 2.857 67.7 67.6 
5 15 6.667 3.333 68.3 68.2 
6 16 6.250 3.750 68.8 68.7 
7 17 5.882 4.118 69.3 69.1 
8 18 5.556 4.444 69.7 69.5 
9 19 5.263 4.737 70.1 69.9 
10 20 5.000 5.000 70.6 70.1 
11 21 4.762 5.238 70.8 70.2 
12 22 4.545 5.455 70.9 70.3 
13 23 4.348 5.652 71.0 70.4 
14 24 4.167 5.833 71.2 70.5 
15 25 4.000 6.000 71.3 70.6 
16 26 3.846 6.154 71.4 70.7 
17 27 3.704 6.296 71.5 70.8 
18 28 3.571 6.429 71.7 70.9 
19 29 3.448 6.552 71.8 71.0 
20 30 3.333 6.667 71.9 71.1 
         a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
 

Table 2. Data for conductivity study of aqueous L-cysteine with α and β-CD system at 298.15Ka 

 

Volm of β-CD (mL) Total volm (mL) Conc of L-Leucine (mM) Conc of –CD (mM) Surface tension (mN m-1) Surface tension (mN m-1) 

0 10 10.000 0.000 130 130 
1 11 9.091 0.909 127 128 
2 12 8.333 1.667 124 125 
3 13 7.692 2.308 122 123 
4 14 7.143 2.857 120 122 
5 15 6.667 3.333 118 120 

6 16 6.250 3.750 116 119 
7 17 5.882 4.118 115 118 
8 18 5.556 4.444 114 117 
9 19 5.263 4.737 113 116 
10 20 5.000 5.000 112 115 
11 21 4.762 5.238 112 115 
12 22 4.545 5.455 112 114 
13 23 4.348 5.652 111 114 
14 24 4.167 5.833 111 114 
15 25 4.000 6.000 111 114 
16 26 3.846 6.154 111 114 
17 27 3.704 6.296 111 114 
18 28 3.571 6.429 110 114 
19 29 3.448 6.552 110 114 
20 30 3.333 6.667 110 114 

a Standard uncertainties in temperature u are: u(T) = ±0.01 K. 
 

Table 3. Values  of  surface  tension  (γ)  at  the  break  point  with  corresponding  concentrations  of  cyclodextrins  and  amino  
acids  and  values  of  conductivity  ()  at  the  break  point  with corresponding  concentrations  of  cyclodextrins  and  amino  acids  

at  298.15  K 
 

Amino acid Conc. of α-CD/mM Conc. of amino acid/mM γa/mNm-1 

Cystine 
 

5.27 4.73 70.77 
Conc. of β-CD/mM Conc. of amino acid/mM γa /mNm-1 
4.79 5.20 69.91 
Conc. of α-CD/mM Conc. of amino acid/mM κa/µSm-1 
4.72 5.28 112.76 
Conc. of β-CD/mM Conc. of amino acid/mM κa/µSm-1 
5.20 4.8 114.52 
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whereas H1, H2 and H4 are situated in the exterior of CD 
molecules. Among H3and H5, H3 are near to the wider rim 
and H5 are closer to the narrower rim (Caso 
most of the guest molecules are inserted through the wider rim, 
the H3 proton is more shifted compared to H5. In the present 
study the 1H-NMR spectra of both the CD,
inclusion complexes, the H3 and H5 protons of CD and the 
protons of acid show considerable shift. (Figure 1 and Figure 
2) The other protons of CD show little shift in the spectra. This 
fact is in agreement with the formation of inclusion complex
(Wang et al., 2014). As indicated by chemical shift data the 
interaction of the H3 proton with cysteine is much higher than 
H5 probably due to insertion of the amino acid through the 
wider rim. 
 

 

Figure 1. 1H NMR spectra of (a)cysteine (b) α-CD and (c) 1:1 M ratio of α
CD & cysteine in D2O at 298.15 K

 

 

Figure 2. 1H NMR spectra of (a)cysteine (b) β-
ratio of β-CD & cysteine in D2O at 298.15 K
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Surface tension study supports inclusion
 
Surface tension gives valuable information about the nature 
and formation of inclusion complex (Roy 
aqueous solution of CD do not show any considerable change 
of surface tension. The amino acid show the existence of 
NH3

+and COO− in their zwitterionic forms
2015).Thus side group being non polar L
surfactant like behavior and it has 
surface tension of aqueous solutions like other surfactants
(Pineiro, 2007). Here surface tension (γ) is measured for a 
series of solution with increasing concentration of both host α 
and β cyclodextrin at 298.15K. The γ values 
trend in case of both the guests.
the formation of inclusion complex between L
because due to the removal of the surface active L
molecules from the surface of the solution into th
hydrophobic  cavity α and β cyclodextrin. In the two surface 
tension plots appearance of single break point indicates 
formation of inclusion complex (Figure 3).
surface tension with corresponding concentration of α and β 
cyclodextrin and concentration of cystine at each break has 
been listed in Table 1. Over all variation of γ and one beak 
point clearly show that at certain concentration of amino acid 
and CD where their concentration ratio in solution was almost 
1:1, thus the study proves  1:1 ratio in both α and β CD
2006) (Table 3). 
 
Conductivity study informs inclusion
 
The conductivity measurement also gives valuable information 
not only about the inclusion phenomena but also the 
stoichometry of the inclusion complex formed (Apelblat
2007; Qian et al., 2013). If inclusion complex is 
cystein with α and  β CD, the conductivity of the solutions  
distinctly affected. The amino acid L
zwitterions and due to the existence of this charged structure, it 
shows considerable conductivity. With addition of both the 
host α and β-CD the conductivity gradually decrease indicating 
the amino acid molecule enters into the hydrophobic cavity of 
α or β CD.(Table 2) The conductivities of a series of solution 
having 10 mmolL-1 concentration of aqueous solution of 
cystein with increasing concentration of cyclodextrins have 
been measured. The trend of conductivity regularly declining 
which indicates formation of the inclusion complex between 
CD and amino acid. A sharp sin
conductivity curve in each case
agreement with the fact that1:1 host 
is formed between L- cystine and CD’s
et al., 2016) a dynamic equilibrium is attai
guest amino acid and host CD molecules. The break point is 
that at which maximum inclusion takes place.
 
Structural influence of cyclodextrin
 
Cyclodextrins are molecules with inner hydrophobic cavity 
and hydrophilic rims which provide an opportunity to act as as 
host molecules. The guest molecule’s apolar part reside inside 
the cavity and polar part of the guest molecule makes 
association with the polar rims
inclusion complex .The apolar 
5.3Ǻ and β- CD is6-6.5Ǻrespectively (Saha 
size of natural amino acid L
which can be easily encapsulated insid
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been measured. The trend of conductivity regularly declining 
which indicates formation of the inclusion complex between 
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conductivity curve in each case (Figure 4). This is again in 
agreement with the fact that1:1 host – guest inclusion complex 

cystine and CD’s (Roy et al., 2016; Saha 
2016) a dynamic equilibrium is attained between the 

guest amino acid and host CD molecules. The break point is 
that at which maximum inclusion takes place. 

Structural influence of cyclodextrin 

Cyclodextrins are molecules with inner hydrophobic cavity 
and hydrophilic rims which provide an opportunity to act as as 
host molecules. The guest molecule’s apolar part reside inside 
the cavity and polar part of the guest molecule makes 

he polar rims, thereby forming stable 
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Ǻrespectively (Saha et al., 2016) The 
size of natural amino acid L-Cysteine is within the range 

sulated inside the cavity of CD.  
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Figure 3. Variation of surface tension of aqueous (a) cysteine-α-CD and (b)  
cysteine-β-CD systems respectively at 298.15 K 

 

 
 

Figure 4. Variation of conductivity of aqueous (a) cysteine-α-CD and (b) cysteine-β-CD systems respectively at 298.15 K 
 

 
 

Scheme 1.  Molecular (a) Three dimensional and (b) Two dimensional structure of amino acid cysteine 
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Scheme 2.  Structure of cyclodextrin molecules 
 

 
 

Scheme 3. Truncated conical structure of α and β-cyclodextrin 
 
 

 
 

Scheme 4. Plausible Schematic representation of mechanism for the formation of (1 : 1) inclusion complex of cysteine with 
both α and β-cyclodextrin. 

 

8426                 Asian Journal of Science and Technology, Vol. 09, Issue, 08, pp.8422-8428, August, 2018 
 



There is no covalent bond formation or breaking during the 
formation of inclusion complex (Saha et al., 2016). The polar 
water molecules are present inside the slightly apolar cavity of 
cyclodextrine. This is generally energetically unfavoured. So 
the polar water molecules are readily substituted by 
hydrophobic chains of the amino acids. This results a more 
stable energy state. The stoichiometry of the inclusion 
complex is found as 1:1, which is supported by conductivity 
and surface tension measurements. So after inclusion of one 
amino acid molecule the zwitterionic part blocks the rim by 
making hydrogen bonding with the rim –OH groups, so second 
molecule cannot enter. Hydrophobic part of L- cysteine was 
found to be inserted through the wider rim of cyclodextrin. 
 
Conclusion 
 
The 1H-NMR spectra, surface tension and conductivity study 
shows that the natural amino acid L-cysteine forms host-guest 
inclusion complex with both the CDs. The surface tension and 
conductivity study suggests the inclusion complex formation 
and 1:1 stoichiometry of the complex while the NMR data 
confirms the inclusion. These two inclusion complexes have 
vast applications in the field of bio-chemistry.  
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Solution behaviour of 1-ethyl-3-methyl imidazolium tosylate (IL) and some industrially important 
solvents (dimethylformamide, tetrahydrofuran and 1,4-dioxane) have been studied by electrolytic 

conductivity, density (ρ) and viscosity () study. The limiting molar conductivities (Λ0), association 
constants (KA), and the distance of closest approach (R) of the ions have been measured using the Fuoss 
and Fuoss-Krass theory. The observed molar conductivities were explained by the formation of ion pairs 
and triple ions. Ion–solvent interactions have been interpreted in terms of apparent molar volumes and 
viscosity B-coefficients. Tetrabutylammonium tetraphenylborate [Bu4NBPh4] was measured as 
“reference electrolyte” to estimate the limiting ionic conductivity (λ0

±) of the ions along with the 
numerical appraisal of ion-pair formation constant. 
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1. Introduction 

Ionic liquids (ILs) having combination of organic-organic and organic-
inorganic cations/anions are of great interest in the current chemical field. 
Their intrinsic physicochemical properties make them “designer solvents” 
or “green solvent”, such as the favourable solubility of organic and 
inorganic compounds, negligible vapour pressures, low melting points, 
high thermal stability, solvated many organic, inorganic and polymeric 
materials, adjustable polarity, selective catalytic effects, chemical stability. 
In addition, along with these exceptional properties, ILs are used as heat 
transfer materials for processing biomass and electrically transport 
liquids as electrochemical tool in electrochemistry. Imidazolium cation 
based ILs are highly thermally stable, lager commercial available 
prominent bio-applications [1-5]. ILs having large anions are also 
susceptible to additional interactions with polar solvents. 

N,N-dimethylformamide (DMF)  is used in the production of acrylic 
fibers and plastics. It is also used as a solvent in peptide coupling for 
pharmaceuticals, in the development and production of pesticides, and in 
the manufacture of adhesives, synthetic leathers, fibers, films, and surface 
coatings. 1,4-Dioxane (DO) is a trace contaminant of some chemicals used 
in cosmetics, detergents, and shampoos. Tetrehydrofuran (THF) is used as 
a precursor to polymers. The other main application of THF is an industrial 
solvent for PVC and in vernishes. 

In the present work, herein we report conductivity, density, viscosity to 
ascertain the molecular interaction and ion association of the IL in the 
above solvents at 293.15 K, 303.15 K and 313.15 K respectively. 
 

2. Experimental Methods 

2.1 Source and Purity of Materials 

1-Ethyl-3-methyl imidazolium tosylate (IL) ionic liquid selected for this 
work was of pure grade and procured from Sigma-Aldrich, Germany and it 
was used as purchased. The mass purity of the IL was ≥0.99.  

All the spectroscopic grade solvents were obtained from Sigma-Aldrich, 
Germany, and used as purchased. The purities of the solvents have been 
checked by measuring their densities and viscosities, which were in good 
accordance with the earlier work and are shown in Table 1. 

Table 1 Density (ρ), viscosity () and relative permittivity (ε) of the different 
solvents dimethyl formamide (DMF), tetrahydrofuran (THF) and 1,4 dioxane (DO) at 
different temperatures 
 

Solvents Temp. (K) ρ  10-3/kg m-3 /mPa s ε at T=298.15 K 

DMF 293.15 0.93680 0.923 36.71 

303.15 0.93343 0.871 

313.15 0.92908 0.726 

THF 293.15 0.88074 0.463 7.58 

 303.15 0.87731 0.381 

 313.15 0.87179 0.369 

DO 293.15 0.96002 1.541 2.21 

 303.15 0.95836 1.522 

 313.15 0.95374 1.509 

 
2.2 Apparatus and Procedure 

Experimental Stock solutions of the IL in the different solvents were 
prepared by mass using Mettler Toledo AG-285 weighing machine having 
a precision of ±0.0003 g. The uncertainty of molality of different solutions 
was estimated to ±0.0001 molkg-1. Conductivity of the stock solution 
carried out in dilution method, i.e., addition of the pure solvent in a fixed 
concentration of IL solution of the same solvent. 

Density (ρ, in gcm−3) of the studied solution measured by Anton Paar 
digital density meter (DMA 4500M) with an accuracy of ±0.00005 gcm−3 at 
293.15, 303.15 and 313.15 K and maintaining ±0.01 K of the temperature 
deviation in each studied temperature. Calibration of the instrument was 
completed by triply distilled water and by passing dry air. 

Viscosities of the experimental solution (η, mPas) were measured by 
Brookfield DV-III Ultra Programmable Rheometer having a spindle size-42 
with an accuracy of ±1%. The particulars about the viscometer have 
previously been depicted earlier. 

Specific conductivity of the IL in solutions was performed in Systronics-
308 conductivity meter of working frequency 1 kHz and an accuracy of 
±1%. All the experimental solutions were positioned in a dip-type 
immersion conductivity (CD-10) cell, having a cell constant of 
approximately (0.1±0.001) cm−1. The Cell was connected with a 
temperature controlled water bath to maintain the experimental 
temperature. The cell constant was determined using the method 
suggested by Lind et al. 
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3. Results and Discussion 

The concentrations and molar conductances (Λ) of IL in DMF, DO and 
THF in different temperatures are given in Table 2. 

 
Table 2 The concentration (c) and molar conductance (Λ) of [emim][TSO4] in DMF, 
DO and THF at 293.15, 303.15, 313.15 K respectively 
 

c·104/ 

moldm−3 

Λ·104/ 

Sm2mol−1 

c·104/ 

moldm−3 

Λ·104/ 

Sm2mol−1 

c·104/ 

moldm−3 

Λ·104/ 

Sm2mol−1 

293.15 K 

DMF THF DO 

3.8672 142.54 4.57 53.41 3.97 32.31 

4.4641 142.5 5.34 52.31 4.74 31.21 

5.235 142.46 6.12 51.41 5.52 30.31 

6.26 142.41 6.81 50.6 6.21 29.50 

7.1203 142.37 7.42 50.3 6.82 29.20 

7.8984 142.33 7.81 50 7.21 28.90 

8.7254 142.29 8.44 49.6 7.84 28.50 

9.5721 142.27 8.88 49.1 8.28 28.00 

10.6188 142.25 9.6 47.5 9.00 26.40 

11.6422 142.25 10.05 46.6 9.45 25.50 

12.4578 142.25 10.84 45.8 10.24 24.70 

13.7642 142.27 11.62 44.21 11.02 23.11 

14.7129 142.28 12.5 44 11.90 22.90 

16.00 142.31 13.5 43.9 12.90 22.80 

16.9106 142.34 15.58 43.1 14.98 22.00 

 

303.15 K 

DMF THF DO 

3.8672 145.54 4.57 57.41 3.97 36.31 

4.4641 145.5 5.34 55.31 4.74 34.21 

5.235 145.46 6.12 53.41 5.52 32.31 

6.26 145.41 6.81 52.6 6.21 31.50 

7.1203 145.37 7.42 51.3 6.82 30.20 

7.8984 145.33 7.81 51 7.21 29.90 

8.7254 145.29 8.44 49.6 7.84 28.50 

9.5721 145.27 8.88 49.1 8.28 28.00 

10.6188 145.25 9.6 47.5 9.00 26.40 

11.6422 145.25 10.05 46.6 9.45 25.50 

12.4578 145.25 10.84 45.8 10.24 24.70 

13.7642 145.27 11.62 44.21 11.02 23.11 

14.7129 145.28 12.5 44 11.90 22.90 

16.00 145.31 13.5 43.9 12.90 22.80 

16.9106 145.34 15.58 43.1 14.98 22.00 

 

313.15 K 

DMF THF DO 

3.8672 149.54 4.57 59.41 3.97 38.31 

4.4641 149.5 5.34 59.31 4.74 38.21 

5.235 149.46 6.12 59.41 5.52 38.31 

6.26 149.41 6.81 59.6 6.21 38.50 

7.1203 149.37 7.42 59.1 6.82 38.20 

7.8984 149.33 7.81 50 7.21 28.90 

8.7254 149.29 8.44 49.6 7.84 28.50 

9.5721 149.27 8.88 49.1 8.28 28.00 

10.6188 149.25 9.6 49.5 9.00 28.40 

11.6422 149.25 10.05 49.6 9.45 28.50 

12.4578 149.25 10.84 49.8 10.24 28.70 

13.7642 149.27 11.62 49.21 11.02 28.11 

14.7129 149.28 12.5 50 11.90 28.90 

16.00 149.31 13.5 49.9 12.90 28.80 

16.9106 149.34 15.58 49.1 14.98 28.00 

 
The molar conductance (Λ) has been obtained from the specific 

conductance (κ) value using the following equation. 
 

Λ = (1000 κ) / c                                                                    (1) 
 

  Linear conductance curve (Λ versus √c) were obtained for the 
electrolyte in DMF extrapolation of √c = 0 evaluated the starting limiting 
molar conductance for the electrolyte. 
 
3.1 Ion-Pair Formation 

The ion-pair formation in case of conductometric study of IL in DMF 
analysed using the Fuoss conductance equation [6]. 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 [7] 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 [8], 

 
1/  3

d  1.183 M / 
                                                   (2) 

where, M is the molecular mass and ρ is the density of the solvent.  

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 [9] 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  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. 
 

Table 3 Limiting molar conductance (Λo), association constant (KA), co-sphere 
diameter (R) and standard deviations of experimental Λ (δ) obtained from Fuoss 
conductance equation for 1-ethyl-3-methylimidazoliun tosylate in DMF  at 293.15, 
303.15, 313.15 K respectively 
 

Solvent Λo·104/Sm2mol−1 KA/ dm3mol-1 R /Å Δ 

293.15 K 

DMF 25.24 428.25 6.34 0.21 

303.15 K 

DMF 27.47 433.27 6.56 0.16 

313.15 K 

DMF 38.26 463.24 7.44 0.11 

 

Table 4 Walden product (Λo·) and Gibb’s energy change (ΔG◦) of 1-ethyl-3-
methylimidazoliun tosylate in DMF  at 293.15 K, 303.15 K and 313.15 K respectively 
are given below 
 

Solvent Λo·104 Sm2mol−1mPa ΔG◦ kJmol−1 

293.15 K 

DMF 23.29 -14.77 

303.15 K 

DMF 23.92 -15.30 

313.15 K 

DMF 27.77 -15.98 

 

Table 3 shows that KA values increase with increasing temperature in 
case of DMF. As in case of DMF, with increasing temperature the number 
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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 [10]. 
 

o

AG  RTlnK       (10) 
 

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 Limiting Ionic Conductance (λ0±), Ionic Walden Product (λ0±), Stokes’ Radii 
(rs), and Crystallographic Radii (rc) of 1-ethyl-3-methylimidazoliun tosylate in DMF 
at 293.15 K, 303.15 K and 313.15 K respectively are given below 
 

Solvent Ion λ0± (Sm2mol−1) λ0± (Sm2mol−1mPa) rs (Å) rc (Å) 

293.15      

DMF emim+ 8.12 7.88 3.14 4.78 

 TSO4- 17.12 15.40 1.32 1.56 

303.15      

DMF emim+ 8.36 7.91 3.16 4.88 

 TSO4- 19.11 16.01 1.34 1.68 

313.15K      

DMF emim+ 10.17 8.44 3.24 5.17 

 TSO4- 28.09 19.33 1.36 2.27 

 
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). 
 
3.2 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 [11] 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 Eq.(2) applicable, the 
symmetrical approximation of the two possible constants of triple ions 
equal to each other has been adopted [12] and Λ0 values for the studied 
electrolytes have been calculated [13].  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 Eq.(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. 
 
Table 6 The calculated limiting molar conductance of ion-pair (Λ0), limiting molar 
conductances of triple ion Λ0T, experimental slope and intercept obtained from Fuoss-
Kraus equation for of 1-ethyl-3-methylimidazoliun tosylate in THF and DO at 293.15 
K, 303.15 K and 313.15 K respectively 
 

Solvents Λ0·104 

/Sm2mol−1 

ΛoT×104 

/Sm2mol−1 

Slope×10-2 

 

Intercept ×10-2 

293.15 K 

THF 57.83 38.57 0.07 0.22 

DO 36.10 20.74 0.06 0.21 

303.15 K 

THF 61.76 41.19 0.12 0.44 

DO 39.83 26.56 0.15 0.34 

313.15 K 

THF 63.62 42.43 0.13 0.46 

DO 41.86 27.92 0.14 0.29 

Linear regression analysis of Eq.(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. 
 

Table 7 Salt concentration at the minimum conductivity (Cmin) along with the ion-
pair formation constant (KP), triple ion formation constant (KT) for 1-ethyl-3-
methylimidazoliun tosylate in THF and DO at 293.15 K, 303.15 K and 313.15 K 
respectively 
 

Solvents cmin 104/ 

moldm−3 

log cmin KP·10-5/ 

(moldm−3)−1 

KT/ 

(moldm−3)−1 

KT / KP 

105 

log KT / KP 

293.15 K 

THF 8.16 -3.088 1.74 64.34 36.97 -3.43215 

DO 5.24 -3.280 1.22 80.68 66.13 -3.17960 

303.15 K 

THF 8.26 -3.083 1.78 66.56 37.39 -3.42724 

DO 5.34 -3.272 1.26 84.77 67.27 -3.17217 

313.15 K 

THF 8.37 -3.077 1.82 69.78 38.34 -3.41634 

DO 5.46 -3.263 1.31 90.75 69.27 -3.15945 

 

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 [15], i.e., 

 
  M+ + A- ↔ M+∙∙∙∙∙∙∙∙A- ↔ MA          (ion-pair)                        (15) 
  MA + M+ ↔ MAM+                        (triple-ion)                      (16) 
  MA + A- ↔ MAA-                          (triple-ion)                        (17) 

 
where M+ and A- are respectively emim+ 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)                                                                (18) 
αT =( KT/ KP

1/2) c1/2                                                                                            (19) 
cP = c(1- α-3αT)                                                                     (20) 
cT=(KT/ KP

1/2) c 3/2                                                                                        (21) 
 

where 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 small 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 [emim][TSO4] in THF and 
DO and are provided in Table 8. 
 

Table 8 Salt concentration at the minimum conductivity (cmin), the ion pair fraction 
(α), triple ion fraction (αT), ion pair concentration (cP)and triple-ion 
concentration(cT) for  1-ethyl-3-methylimidazoliun tosylate in THF and DO at 293.15 
K, 303.15 K and 313.15 K respectively 

 
Solvents cmin·104/ 

moldm−3 

α · 10-5 α T· 103 cP ·10-4/ 

moldm−3 

cT·10-6/ 

moldm−3 

293.15 K 

THF 8.16 8.39 4.87 7.55 2.7 

DO 5.24 12.50 5.57 6.98 3.6 

303.15 K 

THF 8.26 8.24 4.92 7.64 2.6 

DO 5.34 12.19 5.64 7.06 3.5 

313.15K 

THF 8.37 8.10 4.95 7.73 2.5 

DO 5.46 11.82 5.77 7.14 3.4 

 
From Table 7, 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. 
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3.3 Apparent Molar Volume 

The measured values of densities of IL in DMF, THF and DO at 293.15, 
303.15 and 313.15 K are reported in Table 1. 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 and the values are given in Table 9. 
 

      / /V M    m        
           (22) 

 

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. 
 

Table 9 Concentration, c, density, ρ, apparent molar volume, V, limiting apparent 

molar volume 0

V  and experimental slope for 1-ethyl-3-methylimidazoliun tosylate 

in THF and DO at 293.15 K, 303.15 K and 313.15 K respectively 
 

Solvents c/ 

moldm-3 

ρ·10-3/ 

kgm-3 
V ·106/ 

m3mol-1 

0

V ·106/ 

m3mol-1 

*

VS ·106/ 

m3 mol- 3/2dm3/2 

293.15 K 

DMF 0.010 0.95109 229.7438 223.34 -65.41 

 0.025 0.95167 232.9002   

0.040 0.95369 240.2651 

0.055 0.95462 242.2379 

0.070 0.95545 244.4737 

0.085 0.95619 246.7438 

THF 0.010 0.89002 229.8142 224.51 -50.90 

 0.025 0.89076 232.0633   

0.040 0.89216 235.4370 

0.055 0.89347 238.2484 

0.070 0.89475 240.0758 

0.085 0.89601 241.3971 

DO 0.010 1.03728 233.0668 228.11 -48.34 

 0.025 1.03765 234.9957   

0.040 1.03832 237.6479 

0.055 1.03893 239.4964 

0.070 1.03944 241.6262 

0.085 1.03986 243.7721 

303.15 K 

DMF 0.010 0.94133 232.1275 225.92 -62.12 

 0.025 0.94192 234.7851   

0.040 0.94299 239.0373 

0.055 0.94395 241.8721 

0.070 0.94469 243.5269 

0.085 0.94579 245.9471 

THF 0.010 0.88002 233.5627 227.94 -59.68 

 0.025 0.88074 236.4060   

0.040 0.88209 240.3867 

0.055 0.88338 242.8509 

0.070 0.88459 245.2204 

0.085 0.88582 246.4146 

DO 0.010 1.02264 237.3807 232.61 -45.29 

 0.025 1.02301 238.8480   

0.040 1.02368 241.2936 

0.055 1.02422 244.2284 

0.070 1.02477 245.5734 

 0.085 1.02527 246.8696   

313.15 K 

DMF 0.010 0.93168 233.4619 228.14 -51.43 

 0.025 0.93222 235.6798   

0.040 0.93344 238.5637 

0.055 0.93451 240.9804 

0.070 0.93548 243.5314 

0.085 0.93643 245.2767 

THF 0.010 0.86971 235.1858 230.44 -46.08 

 0.025 0.87045 237.4875   

0.040 0.87186 240.6523 

0.055 0.87321 242.8581 

0.070 0.87449 244.9679 

0.085 0.87581 245.7735 

DO 0.010 1.01198 238.8960 234.47 -39.37 

 0.025 1.01237 239.8845   

0.040 1.01309 241.8617 

0.055 1.01374 243.6740 

0.070 1.01431 245.5688 

 0.085 1.01479 247.5953   

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                                                        (23) 

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. 
 
3.4 Temperature Dependent Limiting Apparent Molar Volume 

The variation 0

V  with the temperature of the ILin different solvents 

can be expressed (Fig.1). 
 

 

Fig. 1 Variation of ϕV 0with temperature in K of the IL in DO (green line), THF ( red 
line) and DMF (blue line) 

 
By the general polynomial equation as follows, 

  V a a T a T   0 2

0 1 2     
(24)

 
where a0, a1, a2 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. 

 
Table 10 Values of empirical coefficients (a0, a1, and a2) obtained from density data 
for IL in different solvents (DMF, THF and DO) at 293.15 K to 313.15 K respectively 
 

DO+IL 

293.15 -1103 8.5 -0.13 

303.15 -1103 8.5 -0.13 

313.15 -1103 8.5 -0.13 

Solvent mixture a0·106 

/m3·mol-1 

a1·106 

/m3·mol-1·K-1 

a2·106 

/m3·mol-1·K-2 

DMF+IL 

293.15 -30.65 1.452 -0.002 

303.15 -30.65 1.452 -0.002 

313.15 -30.65 1.452 -0.002 

THF+IL 

293.15 -275 3.023 -0.004 

303.15 -275 3.023 -0.004 

313.15 -275 3.023 -0.004 
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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 22      (25) 

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. 
 

Table 11 Limiting apparent molal expansibilities ( 0

E
  ) IL in different solvents 

(DMF,THF and DO) at 293.15 K to 313.15 K respectively 
 

 
Table 12 Concentration, c, viscosity, η, viscosity A and B coefficients for 1-ethyl-3-
methylimidazoliun tosylate in THF and DO at 293.15 K, 303.15 K and 313.15 K 
respectively 
 

303.15 K 

DMF 0.010 0.7668 0.027 0.172 0.010 

 0.025 0.7685 0.035   

0.040 0.7717 0.046 

0.055 0.7745 0.052 

0.070 0.7777 0.060 

0.085 0.7805 0.065 

THF 0.010 0.3843 0.081 0.775 0.005 

 0.025 0.3873 0.113   

0.040 0.3936 0.162 

0.055 0.3999 0.200 

0.070 0.4060 0.229 

0.085 0.4109 0.245 

DO 0.010 1.0946 0.012 0.777 -0.065 

 0.025 1.1003 0.045   

0.040 1.1128 0.089 

0.055 1.1272 0.126 

0.070 1.1415 0.155 

0.085 1.1562 0.181 

313.15 K 

DMF 0.010 0.6848 0.0263 0.185 0.008 

 0.025 0.6864 0.0352   

0.040 0.6894 0.0468 

0.055 0.6921 0.0542 

0.070 0.6949 0.0614 

0.085 0.6975 0.0668 

THF 0.010 0.2915 0.097 1.058 -0.003 

 0.025 0.2946 0.144   

0.040 0.3014 0.219 

0.055 0.3071 0.259 

0.070 0.3132 0.299 

0.085 0.3185 0.325 

DO 0.010 0.9534 0.002 1.095 -0.106 

 0.025 0.9598 0.049   

0.040 0.9748 0.113 

0.055 0.9918 0.165 

0.070 1.0078 0.202 

0.085 1.0265 0.242 

 

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

22     (26) 

 

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 [19]. As is evident 

from Table 7 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. 
 
3.5 Viscosity Calculation 

Another transport property of the solution is viscosity has been studied 
for comparison and conformation of the solvation of the electrolyte in the 
chosen solvents. The viscosity data has been analyzed using Jones-Dole 
equation [20]

 
  0/ 1 /    (27)c A B c        

where η and η0 are the viscosities of the solution and solvent respectively. 
The values of A-coefficient and B-coefficient are obtained from the straight 
line by plotting (Fig. 2) (η/η0-1)/√C against √C which are reported in 
Table 12. 
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Fig. 2 Variation of (η/η0-1)/√m with √m of the IL in DO (-∎-); THF (-⧍-); DMF (-⧫-) 

 

The viscosity B-coefficient is a valuable tool to provide information 
concerning the solvation of the solutes and their effects on the structure of 
the solvent. From Table 12, it is evident that the values of the B-coefficient 
are positive, thereby suggesting the presence of strong ion-solvent 
interactions, and strengthened with an increase the solvent viscosity 

value, are agreement with the results obtained from 0

V values discussed 

earlier. The values of the A-coefficient are found to increases slightly with 
temperature and with the increase in mass of IL in the solvent mixture. 
These results designate the presence of very weak solute-solute 
interactions. These results are in excellent arrangement with those 
obtained from *

VS  values. 

The extent of solute-solvent interaction in the solution calculated from 
the viscosity B-coefficient [21] gives valuable information regarding the 

solvent mixture 0

E ·106 /m3mol-1K-1  0 6

E P
T 10 

 
/m3mol-1K-2 

DMF+IL 

T/K 293.15 303.15 313.15   

 0.36 0.2394 0.1994  -0.004 

THF+IL 

T/K 293.15 303.15 313.15   

 0.6778 0.5978 0.5178  -0.008 

DO+IL 

T/K 293.15 303.15 313.15   

 0.70221 0.6181 0.3581  -0.026 

Salts c /moldm-3 s/mPa   ( 1) r

c

 B dm3mol-1 A  dm3/2mol-1/2 

293.15 K 

DMF 0.010 0.9041 0.028 0.156 0.011 

 0.025 0.9059 0.034   

0.040 0.9126 0.050 

0.055 0.9159 0.056 

0.070 0.9194 0.062 

0.085 0.9216 0.078 

THF 0.010 0.4775 0.067 0.686 0.006 

 0.025 0.4816 0.109   

0.040 0.4885 0.149 

0.055 0.4949 0.177 

0.070 0.5016 0.203 

0.085 0.5073 0.219 

DO 0.010 1.2994 0.005 0.701 -0.061 

 0.025 1.3061 0.040   

0.040 1.3202 0.082 

0.055 1.3358 0.116 

0.070 1.3493 0.137 

0.085 1.3639 0.158 
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solvation of the solvated solutes and their effects on the structure of the 
solvent in the local vicinity of the solute molecules in the solutions. From 
Table 12, it is evident that the values of the B-coefficient are positive and 
much higher than A-coefficient, thereby suggesting the solute-solvent 
interactions are dominant over the solute-solute interactions. The higher 
B-coefficient values for higher viscosity values is due to the solvated 
solutes molecule associated by the solvent molecules all round to the 
formation of associated molecule by solute-solvent interaction, would 
present greater resistance, and this type of interactions are strengthened 
with a rise in temperature. These results are in good agreement with those 
obtained from 0

V    values discussed earlier. 

Thus, the trend of ion-solvent interaction is DO >THF>DMF. The 
viscosity A- and B-coefficients are in excellent agreement with the results 
drawn from the volumetric studies. 
 

4. Conclusion 

The extensive study of IL, [emim][TSO4]in DMF, DO and THF leads to the 
conclusion that, the salt is more associated in DO than the other two 
solvents. It can also be seen that in the conductometric studies in THF and 
DO, the IL mostly remains as triple-ions than ion-pairs but in DMF remains 
as ion-pairs. There is more ion-solvent interaction in DO than THF. The 
experimental values obtained from the volumetric, viscometric studies 
suggest that in solution here is more ion–solvent interaction than the ion–
ion interaction and the extent of ion–solvent interaction of IL in DO, THF 
and DMF respectively. 
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Abstract:- Viscosity B-coefficient ,apparent molar 

volume (ϕV )Specific conductance and molar refraction 

(RM) resolute of  Acetaminophen solution in different 

amino acid supplemented with the density (ρ), viscosity 

(η) and refractive index (nD) and conductance data at 

various temperature 298.15 K, 303.15 K and 308.15 K 

respectively at different  mass fractions. The limiting 

apparent molar volumes (ϕV
0) and experimental slopes 

(SV*) were derived from the Masson equation. (ϕV = ϕV
0 + 

SV
* √m),have been interpreted in terms of solute–solvent 

and solute–solute interactions respectively. (δ2V
0/δT2)P 

values sign  ability of the structure making or structure 

breaking ability of Asparagine and glutamine. The 

viscosity data were analyzed using the Jones–Dole 

equation ((η /η0 –1) / √m = A + B √m) and the derived 

parameter B coefficient has also been interpreted in 

terms of solute–solvent interactions present  in the 

solutionsThe increase in the transform volume of the 

solute with acetaminophen concentration was explained 

by the Friedman and Krishnan Co sphere models. The 

application of the transition state of the theory has also 

computed and explained the viscosity activation 

parameters for the studied solutions.Molar refraction 

(RM

2

2

1

2

D

D

n m

n 

   
   

   
) has been calculated using the 

Lorentz - Lorenz equation. Molecular interaction of two 

amino acids in acetaminophen solution in aqueous 

medium was investigated by conducting moles at three 

different temperatures. 

 

Keywords:- Acetaminophen  ,Asparagines , Glutamine 
,Solute-Solvent, Interactions, Apparent Molar Volume, 

Viscosity, Conductance. 

 

I. INTRODUCTION 

 

N-acetyl para aminophenol(paracetamol) is also known 

as acetaminophen. Acetaminophen (APAP) is used a pain 

reliever and fever reducer[1]. It is used to treatment of 

headache, arthritis,etc. Paracetamol consists of a benzene 

ring core, a hydroxyl group, and a nitrogen atom of the 

amide group in the position of para (1,4). It is a mostly 
synthesized system, a single pair of hydroxyl oxygen, a 

benzene π cloud, a nitrogen loan pair, a P orbit of carbon in 

the carbonyl and a single pair of carbonyl oxygen. The 

presence of two active groups makes the benzene ring 

highly responsive. 

 
Fig 1:- Acetaminophen 

 

Glutamine (glen) is a significant amino acid. L-

Glutamine is found in animal foods, supplements and the 

human body. It is a part of the protein involved in the 

immune function of our body within the intestine [2]. 

Glutamine is an energy source for the gut and immune cells. 

It helps maintain a wall between the interior and the rest of 

our body. It develops properly with the intestinal cells of 

body. 

 

 
Fig 2:- Glutamine 

 

The role of Asparagine (Asan) in the biosynthesis of 

glycoproteins. It is a necessary synthesis of other proteins in 

the human nervous system. It also needs this amino acid to 
be able to balance.It  is required to develop  the function of 

the brain and solvent–solvent interactions [2]. We did a 

systematic study on density, viscosity, refractive index and 

conductivity of 0.001M,0.003M,0.005M aqueous solution  

of Acetaminophen with amino acid(Asparagines, 

Glutamine) at 298.15 K, 303.15 K and 308.15 K, and we 

Studies on Solvation Consequences of Amino Acid in

 Aqueous Acetaminophen leading to Human Body by 

Thermodynamic and Physico-Chemical Approaches 

http://www.ijisrt.com/
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have attempted to report the limiting apparent molar volume 

(ϕV
0), experimental slopes (SV*), viscosity A and B-

coefficients and molar refraction (RM) for the 

Acetaminophen . 

 

 
Fig 3:- Asparagine 

 

The volumetric and visuometric behaviors of the solids 

have been established as very effective in explaining the 

various interactions that occur in solutions [3]. Studies on 

the effect of solubility (molality), The apparent molar 

volume widely used to obtain information on aqueous amino 

acid , solute- solvent and solvent-solvent  intaraction[4] 

aqueous amino acids. 

 

II. EXPERIMENTAL METHODS 

 

 Source and Purity of Samples:  

APAP was purchased from Sd. Fine Chemicals 

Limited, Mumbai, India and Amino acid was purchased 
from Acros Organics, of New Jersey, USA.  Its  purity as 

supplied is 99.5%. Both were always stored over P2O5 in a 

desiccators before use.  Triply distilled water with a specific 

conductance <10-6 S cm−1 was used for the preparation of 

different solutions. 

 

 Apparatus and Procedure 

The density (ρ) was measured by means of vibrating-

tube Anton Paar Density-Meter (DMA 4500M), 

manufactured by Anton Paar, Gewerbepark 

78142,Wundschuh, Austria with an accuracy of 0.00001 × 

10-3 (kg m−3).It was calibrated by double-distilled water and 
dry air. [8] The temperature was automatically set to± 0.01 

K. Viscosity was determined using the Brookfield DV-III 

Ultra Programmable Rheometer, developed by Scinteck.A 

aBrookfield Digital Bath TC-500   with spindle size-42  

calibrated at 298.15 K with doubly distilled water and 

purified methanol. [9] The  viscosity uncertainty 

measurements is within 0.003 mPa.s. 

  

The Refractive index was measured at Digital 

Refractometer Mettler Toledo, manufactured by Mittler-

Toledo India Private Ltd. The light source was LED,λ = 
589.3 nm. The refractometer was calibrated twice using 

distilled water and every few measurements were tested. 

The uncertainty of the measurement of the refractive index 

is ± 0.0002 units. 

 

III. RESULTS AND DISCUSSIONS 
 

Physical properties of aqueous solutions of acetaminophen at different temperatures are reported in Table-1 

 

Solvent 

Mixture 

ρ x 10-3  (kg.m-3)   (m.Pa. s) nD 

298K 303K 308K 298K 303K 308K 298 K 

Aq.0.001(M)APAP sol. 0.99698 0.99558 0.99401 0.8595 0.7167 0.6905 

 

1.3316 

Aq.0.003(M) acetaminophen sol. 0.99704 

 

0.99564 

 

0.99405 

 

0.8847 

 

0.7919 

 

0.7069 

 

1.3318 

Aq.0.005(M) acetaminophen sol 0.99838 

 

0.99728 

 

0.99695 

 

0.9684 

 

0.8896 

 

0.8112 

 

1.3320 

Solvent 

Mixture 

ρ x 10-3   (kg.m-3)     (mPa. s) nD 

298K 303K 308K 298K 303K 308K 298 K 

Aq.0.001(M)APAP sol.+Glutamine 0.99779 0.99631 0.99479 0.8936 0.7971 0.7197 

 

1.3317 

Aq.0.003(M) acetaminophen sol+Glutamine 0.99823 

 

0.99687 

 

0.99522 

 

0.9046 

 

0.8615 

 

0.7741 

 

1.3319 

Aq.0.005(M) acetaminophen+Glutamine 0.99944 

 

0.99802 

 

0.99612 

 

0.922 

 

0.8263 

 

0.7646 

 

1.3321 

Table 1:- Physical properties of aqueous Acetaminophen solution. 

 

The investigational values of densities (ρ), viscosities (η) along with the apparent molar volume (ϕV) and (/0 –1) /√m 

values of Asparagines  and glutamine in aqueous solution of Acetaminophen at 298.15 K, 303.15 K and 308.15 K  respectively 

are reported in Table-2. 
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m 

(mol. kg-1) 
 x 10-3 

(kg. m-3) 

 

(mPa. s) 

ϕV x 106 

(m3. mol-1) 
( / 0 –1) / √m 

(mol. kg-1)-1/2 

Glutamine in  aqueous 0.001M Acetaminophen solutions 

T = 298.15  K 

0.0101 0.99795 0.9707 134.4377 0.053 

0.0201 0.99812 0.9734 131.9323 0.063 

0.0403 0.99856 0.9783 128.1741 0.074 

0.0606 0.99906 0.9836 125.9192 0.085 

0.0813 0.99966 0.9890 123.5391 0.096 

0.1014 1.00031 0.9954 121.6099 0.107 

T = 303.15K 

0.0101 0.99644 0.7221 135.6438 0.075 

0.0201 0.99659 0.7247 133.6364 0.079 

0.0403 0.99701 0.7302 129.6217 0.094 

0.0606 0.99751 0.7357 126.9452 0.108 

0.0813 0.99811 0.7414 124.3524 0.121 

0.1014 0.99874 0.7481 122.4956 0.138 

T = 308.15 K 

0.0101 0.9949 0.6956 136.8577 0.074 

0.0201 0.99506 0.6986 133.8420 0.083 

0.0403 0.99547 0.7036 130.0724 0.095 

0.0606 0.99598 0.7091 127.1405 0.110 

0.0813 0.99656 0.7151 124.7949 0.125 

0.1014 0.99720 0.7215 122.2290 0.141 

 

Asparagine in  aqueous 0.001M Acetaminophen solutions 

 

T = 298.15  K 

0.0101 0.99714 0.8961 107.4345 0.028 

0.0201 0.99737 0.8981 103.9239 0.036 

0.0403 0.99794 0.9016 99.4102 0.045 

0.0606 0.99865 0.9051 95.5653 0.052 

0.0813 0.99947 0.9084 92.2636 0.058 

0.1014 1.00032 0.9114 89.9817 0.063 

 

T = 303.15K 

0.0101 0.99571 0.7992 110.5988 0.026 

0.0201 0.99591 0.8009 107.0833 0.034 

0.0403 0.99647 0.8041 101.3078 0.044 

0.0606 0.99718 0.8069 96.8715 0.050 

0.0813 0.99802 0.8101 93.1489 0.057 

0.1014 0.99887 0.8129 90.6105 0.062 

 

T = 308.15 K 

0.0101 0.99412 0.7215 112.7856 0.0250 

0.0201 0.99430 0.7231 109.4324 0.0334 

0.0403 0.99479 0.7260 104.2344 0.0437 

0.0606 0.99548 0.7287 99.2042 0.0509 

0.0813 0.99630 0.7314 95.0544 0.0573 

0.1014 0.99719 0.7340 91.8602 0.0625 

Asparagine in  aqueous 0.003M Acetaminophen solutions 

T = 298.15  K 

0.0101 0.99718 0.8891 109.4339 0.087 

0.0201 0.99740 0.8917 105.4220 0.098 

0.0403 0.99795 0.8972 100.6579 0.116 

0.0606 0.99866 0.9026 96.3953 0.129 

0.0813 0.99949 0.9081 92.7596 0.138 

0.1014 1.00039 0.9139 89.8760 0.146 
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T = 303.15K 

0.0101 0.99575 0.7958 112.6009 0.085 

0.0201 0.99593 0.7985 109.0856 0.098 

0.0403 0.99646 0.8040 103.0593 0.114 

0.0606 0.99715 0.8096 98.3722 0.128 

0.0813 0.99801 0.8154 93.8944 0.139 

0.1014 0.99888 0.8218 91.1072 0.146 

T = 308.15K 

0.0101 0.99414 0.7104 114.7930 0.088 

0.0201 0.99430 0.7129 111.2721 0.103 

0.0403 0.99483 0.7177 104.2302 0.122 

0.0606 0.99552 0.7229 99.2002 0.133 

0.0813 0.99638 0.7285 94.5476 0.141 

0.1014 0.99728 0.7342 91.3536 0.152 

Glutamine in  aqueous 0.003M Acetaminophen solutions 

T = 298.15  K 

0.0101 0.99842 0.9125 134.3744 0.050 

0.0201 0.99858 0.9171 132.3710 0.056 

0.0403 0.99896 0.9256 129.8668 0.070 

0.0606 0.99942 0.9332 127.6964 0.082 

0.0813 0.99994 0.9401 125.8600 0.093 

0.1014 1.00051 0.9466 124.2572 0.104 

303.15K 

0.0101 0.99698 0.8688 135.5703 0.049 

0.0201 0.99714 0.8735 133.0625 0.059 

0.0403 0.99755 0.8811 129.5515 0.076 

0.0606 0.99803 0.8885 127.2108 0.091 

0.0813 0.99858 0.8954 125.1628 0.104 

0.1014 0.99918 0.9016 123.4323 0.119 

308.15K 

0.0101 0.99534 0.7809 135.7937 0.049 

0.0201 0.99550 0.7854 133.2818 0.060 

0.0403 0.99593 0.7930 129.2626 0.076 

0.0606 0.99643 0.7994 126.7506 0.092 

0.0813 0.99704 0.8052 124.1130 0.108 

0.1014 0.99768 0.8114 122.2290 0.122 

Asparagine in  aqueous 0.005M Acetaminophen solutions 

T = 298.15  K 

0.0101 0.99723 0.9374 111.4320 0.143 

0.0201 0.99743 0.9444 107.4204 0.154 

0.0403 0.99796 0.9574 102.1552 0.179 

0.0606 0.99867 0.9678 97.3915 0.192 

0.0813 0.99947 0.9783 93.8813 0.206 

0.1014 1.00042 0.9879 90.2709 0.217 

T = 303.15K 

0.0101 0.9958 0.8379 114.6016 0.140 

0.0201 0.99597 0.8450 110.5844 0.160 

0.0403 0.99653 0.8568 103.0521 0.184 

0.0606 0.99726 0.8672 97.6958 0.201 

0.0813 0.99809 0.8765 93.7622 0.214 

0.1014 0.99901 0.8862 90.4982 0.228 

T = 308.15K 

0.0101 0.99418 0.7739 117.8027 0.122 

0.0201 0.99435 0.7798 112.2701 0.140 

0.0403 0.99488 0.7895 104.7258 0.162 

0.0606 0.99557 0.7990 99.5286 0.183 

0.0813 0.99643 0.8068 94.7924 0.194 

0.1014 0.99735 0.8155 91.3471 0.210 
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Glutamine in  aqueous 0.005M Acetaminophen solutions 

T = 298.15K 
0.0101 0.99962 0.9707 131.2155 0.024 

0.0201 0.99981 0.9734 129.2145 0.036 

0.0403 1.00026 0.9783 126.4630 0.051 

0.0606 1.00076 0.9836 124.7121 0.064 

0.0813 1.00134 0.9890 122.8361 0.075 

0.1014 1.00197 0.9954 121.2102 0.088 

T = 303.15K 

0.0101 0.99818 0.8913 133.4061 0.019 

0.0201 0.99835 0.8939 131.4022 0.034 

0.0403 0.99877 0.8987 128.3964 0.051 

0.0606 0.99927 0.9041 126.0585 0.066 

0.0813 0.99984 0.9096 124.0128 0.079 

0.1014 1.00046 0.9162 122.2845 0.094 

T = 308.15K 

0.0101 0.99630 0.8133 134.6604 0.0259 

0.0201 0.99647 0.8164 132.1508 0.0453 

0.0403 0.99689 0.8219 128.8884 0.0658 

0.0606 0.99741 0.8281 126.1278 0.0848 

0.0813 0.99801 0.8342 123.7437 0.0998 

0.1014 0.99871 0.8421 121.3094 0.1199 

Table 2:-  Molality(m), experimental values of densities () and viscosities (), along with the apparent molar volume (ϕV) and 

(/0 –1) /√m values of Asparagine in aqueous Acetaminophen solutions at 298.15 K, 303.15 K and 308.15 K. 

 

 Apparent molar volume: 

The apparent molar volumes (ϕV)  value were  obtain 

from densities of the solution using the following equation 

[10]. 

 

ϕV = M /  – 1000 ( - 0 ) / (m0 )                       ( 1) 
 

where M is the molar mass of the salt,  and  are the 

densities of solvent mixture and m is the molality of the 

solution respectively.[5,6] 

 

Masson (1929) create that the apparent molar volumes, 

ϕV, vary with the square root of the molal concentration(√m 

)by the linear equation:[7-9] 

 

  ϕV = ϕV
0 + SV

* √m                         

(2) 

 

where ϕV
0  is the limiting apparent molar volume and 

SV* is the experimental slope. The plots of ϕV against √m of 
Asparagines  and glutamine in aqueous solution of 

Acetaminophen at 298.15 K, 303.15 K and 308.15 K were 

linear with negative slopes and the ϕV values increase as the 

concentration of Asparagines  and glutamine in any 

Acetaminophen solution  increase  as well as temperature 

increases[9-12]. 

 

The values of ϕV
0 and SV* of  Asparagines  and 

glutamine in aqueous solution of Acetaminophen at 298.15 

K, 303.15 K and 308.15K  are reported in Table 3. 

 

conc. of  

Acetaminophen 

 ϕV
 0 x 106 

(m3. mol-1) 

  SV
* x 106 

(m3. mol-3/2. kg1/2) 

 

298.15 K 303.15 K 308.15 K 298.15 K 303.15 K 308.15 K 

       

0.01M 115.4 120 123.1 -80.72 -93.55 -97.54 

0.03M 118.3 123 126.3 -89.51 -100.8 -110.2 
0.05M 121.2 126 129.6 -96.6 -113.1 -121.6 

conc. of  

Glutamine 

 ϕV
 0 x 106 

(m3. mol-1) 

   SV
* x 106 

(m3. mol-3/2. kg1/2) 

298 K 303 K 308 K 298 K 303 K 308 K 

       

0.001M 135.6 138.6 140.8 -45.30 -51.15 -60.27 

0.003M 139 140.9 142.0 -46.11 -55.55 -62.49 

0.005M 140.2 142.0 143 -58.55 -61.50 -64.14 

Table 3:- Limiting apparent molar volume (ϕV
 0) and experimental slope (SV

*) of Asparagine in  aqueous  Acetaminophen solutions 

at 298.15 K, 303.15 K and 308.15 K. 
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Fig 4:- Limiting apparent molar volumes (ϕV

0) of Glutamine( B)     and Aspargine(A)in  aqueous acetaminophen 0.001M, 0.003M, 

0.005M solution at 298.15 K, 308.15 K and 318.15 K, respectively 

 

 
Fig 5: Limiting apparent molar volumes (ϕV

0) of 0.001M Asparagine And Glutamine  in aquas Acetaminophen in 0.001M, 

0.003M, 0.005M solution at 298.15 K, 308.15 K and 318.15 K, respectively. 

 

 

ϕV
0 value indicates the extent of solute-solvent 

interaction [13]. A perusal of Table 3 and Fig- 4 shows that 

ϕV
0 values for Asparagine and Glutamine are positive . The 

ϕV
0 values increase with temprature and increase dilutation. 

This indicates the presence of strong solute-solvent 

interactions which is found to be maximum in 0.005M 

solution of Acetaminophen at 308.15K and the minimum 

occurrence in 0.001M solution of Acetaminophen at 

298.15K. one hydroxyl (-OH) group and the nitrogen atom 

of amide group in the para (1,4) position. Acetaminophen is 

deprotonated at a nitrogen atom used a tautomeric kito 

/hydroxyl group as an electron with drawing group  so two 
loosely hydrogen of -N-H and –COOH of Asparagine  and 

glutamines in aqueous Acetaminophen -OH ,C=O –NH 

interaction occur in solutions . These interactions broadly set 

up the cohesion into solution under study. The positive 

value of ϕV
0 indicates the presence of interaction between N-

H , COO- group with –OH. So the interactions between 
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Acetaminophen  solution  in Asparagines, glutamine and the 

water molecule is  a continuously increasing concentration 
increasing interaction. The ϕV

0 values can also be explained 

on the basis of cosphere overlap model in terms of solute- co 

solute interactions. According to the model, ionic (COO- or 

NH,-OH) interactions add positively to the ϕV
0 values. The 

parameter SV* is   characterized by the pair-wise interaction 

of the  solution in the solvated species. The sign of SV* is 

determined by the interaction between the solute-solute  

species [12]. In the present study SV* values were found to 

be negative . This tendency in SV* values indicates weak 

solute-solute interactions in the solution. SV* value is found 

to be minimum in 0.001M  solution of Asparagine  and 

glutamine at 308.15K and the maximum occurs in 0.005M 
solution of Asparagine  and glutamine at 298.15 K. So the 

interaction between the Asparagine  and glutamine 

molecules in aqueous Acetaminophen solution decreases 
with increase  concentration at any certain temperature. 

 

The variation of V
0 with temperature of Asparagine  

and glutamine follows the polynomial equation. 

 

                         ϕV
0 = a0 + a1T +a2T2    ……………….. (3) 

 

Over the temperature range under investigation where 

a0, a1 and a2 are the coefficients . Values of the coefficients 

of the above equation for Asparagine  and glutamine in 

aqueous solution of Acetaminophen at 298.15 K, 303.15 K 

and 308.15 K are reported in Table 4  

 

Conc. of Asparagine a0 x 106 

(m3. mol−1) 

a1 x 106 

(m3. mol−1. K−1) 

a2 x 106 

(m3. mol−1. K−2) 

0.001M -2870 18.95 -0.030 

0.003M -2692 17.77 -0.028 

0.005M -2334 15.39 -0.024 

Conc. of Glutamine a0 x 106 

(m3. mol−1) 

a1 x 106 

(m3. mol−1. K−1) 

a2 x 106 

(m3. mol−1. K−2) 

0.001M -1413 9.98 -0.016 

0.003M -1420 10.0 -0.016 

0.005M -1489 10.22 -0.016 

Table 4:- Values of Coefficients for Asparagine  and glutamine in aqueous Acetaminophen solution 
 

 

The limiting apparent molar expansibilities (ΦE
0) can be obtained by the following equation: 

   

                       ΦE
0 = (δV

0/δT)P = a1 + 2a2T                            .   (4) 

 

The values of ΦE
0 of the studied compounds at 298, 303 and 308 K are determined and reported in Table-5. 

 

Conc. of ΦE
0

 x 106 (m3.  mol−1. K−1) (δΦE
0/δT)P 

298.15 K 303.15 K 308.15 K 

0.001M 1.0610 0.7610 0.4700 Negative 

0.003M 1.0736 0.7936 0.5136 Negative 

0.005M 1.0788 0.8388 0.5988 Negative 

Table 5:- Limiting Apparent Molar Expansibilities (ΦE
0) for Asparagine in aqueous Aetaminophen solutions at 298.15 K, 303.15 

K and 308.15K 

 

glutamine ΦE
0

 x 106 (m3.  mol−1. K−1) (δΦE
0/δT)P 

298.15 K 303.15 K 308.15 K 

0.001M 0.4395 0.2792 0.1192 Negative 

0.003M 0.4595 0.2992 0.1392 Negative 

0.005M 0.4795 0.4192 0.3592 Negative 

Table 6: Limiting Apparent Molar Expansibilities (ΦE
0) of 0.01M Asparagine  in aqueous Acetaminophen in 

0.001M,0.003M,0.005M solution at 298.15 K, 308.15 K and 318.15 K, respectively. 

 

It is found from Table-6 and Fig. 6 that  with the increasein  temparaturethe values of ΦE
0 decrease  which may be approved 

in the absence of caging or packing effects [13,31]. SV* is not the only  value for the structure-forming or breaking nature of any 

solute. Hepler [14] developed a technique to test the (δ2V
0/δT2)P values sing for the solute in terms of  structure-making and 

breaking capacity. The solute in the mixed solvent systems using  simple thermodynamic expression, 
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                        (δΦE
0/δT)P = (δ2V

0/δT2)P = 2a2                         (5)  

 

On the basis of this expression, it is hypothesized that the solutes should have positive values structure making, whereas 

negative value solute have structure-breaking .[15-16]. In our present investigation, it has been proved from Table-V that 

(δ2V
0/δT2)P values are negative for Asparagine  and glutamine in  an aqueous solution of Acetaminophen investigated here, 

suggesting thereby that acts as a Asparagine  and glutamine  structure breaker in these Acetaminophen solutions. The interaction 

between Asparagine  and glutamine in Acetaminophen in water can be summarized as follows, 1) the interaction of  N-H atom of 

Acetaminophen with the N atom  of Asparagine  and glutamine 2)interaction of H atom of N-H group  of Acetaminophen with O 

atom of –O-H group and C=O group of Asparagine  and glutamine  3)interaction of hydrogen atom of COOH Asparagine  and 

glutamine also interaction of –C=O of Acetaminophen .Therefore positive value of ϕv
0 Indicate that solute –solvent interaction 

prevail over solvent-solvent interaction. 
 

 
Scheme1. Plausible interactions among acetaminophen, glutamine and asparagines. 

 

 Viscosity calculation 

The viscosity data has been analyzed using the Jones–Dole equation [17]. 

 

    (η /η0 –1) / √m = A + B √m                                               (6) 

 

where, η0 and η are the viscosities of the solvent mixture and solution respectively. [32]are the viscosity co-efficient 

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 Asparagine  and glutamine in aqueous solution of Acetaminophen at 298.15, 303.15 and 308.15K respectively. A and B values 
as reported in Table 7. 

 

Conc. of  Acetaminophen 

sol 

 A  (kg. mol-1)   B  (kg1/2. mol-1/2)  

298 K 303 K 308 K  298 K 303 K 308 K 

0.001M 0.107 0.102 0.082  0.160 0.165 0.171 

0.003M 0.059 0.057 0.061  0.240 0.283 0.286 

0.005M 0.012 0.010 0.008  0.285 0.335 0.399 

        

Conc. of  Glutamine sol A(kg.mol-1) B (kg1/2. mol-1/2) 

 298 K 

 

303 K 

 

308 K  298 K 

 

303 K 308 K 

0.001M 0.028 0.039 0.040  0.240 0.287 0.303 

0.003M 0.021 0.014 0.015  0.251 0.318 0.350 

0.005M 0.005 0.014 0.015  0.346 0.387 0.415 

Table 7 

 

A coefficient values decrease in increase the temperature and concentration, so solute –solute interaction decrease. The effect 

of solvent-solvent interaction on solvent viscosity can be estimated from B-coefficient [18, 19]. The solution is a valuable tool for 

providing information about the solubility of a B-coefficient. solvent. 
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Fig 6.(A+B) Jones-Dole cofficient,B, of 0.01M Asparagine and glutamine in aqueous Acetaminophen in 0.001M, 0.003M, 

0.005M solution at 298.15 K, 308.15 K and 318.15 K, respectively 

 

 

From Table 7 and Fig. 6  the values of the B-

coefficient are positive, thereby signifying the presence of 
strong solute–solvent interactions [15-16]which are increase 

the temperature with  strong dilution of the Acetaminophen 

solution.  So, Asparagine  and glutamine in 0.001M 

Acetaminophen solution at 308.15 K gives maximum 

solute-solvent interactions and in 0.005 M Acetaminophen 

solution at 298.15 K gives maximum solute-solute 

interactions. This is in conformity with the results obtained 

from density measurements. 

 

Several studies have reported  that dB/dT is a better  

value for determining the structure-making/breaking nature 

of any solute than just the  B-coefficient[17-20].  The B-
coefficient values with increasing  temperature (positive 

dB/dT) suggesting the structure-breaking tendency of 

Asparagine  and glutamine in the solvent systems. Since the 

values of the  ion–solvent & ion–ion interaction results are 

in good agreement with those drawn from the value .  
 

Moreover,  The free energy of activation of viscous 

flow per mole of solvent, ∆μ1
0≠  could be calculated by 

Eyring and co-workers [21]  from the following equation:

   

η0 = (hNA/ V1
0) exp(∆μ1

0≠/RT)                                 (7) 

 

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 retool as follows we 

obtain 

 
∆μ1

0≠ =RT ln (η0 V1
0/ hNA)                                    (8) 

 

Feakins et al.[22-24] suggested that if equations (6) 

and (8) are obeyed, then    
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B = (V1
0 – V2

0) + V1
0 [(∆μ1

0≠ - ∆μ2
0≠)/RT]       

       (9) 

 

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)]                

          (10) 

 

From table 8, It is clear that the ∆μ2
0≠ values are all 

positive and much larger than∆μ1
0≠, suggesting that the 

interaction between the solvent ASP and the Glu solvent 

(aqueous acetaminophen mixture) molecules in the ground 

state is stronger than the transition state. Salvation of the 

solute in the transition state is unfavorable in terms of free 

energy. 

 

The entropy of activation (∆S2
0≠) [22] for the solution 

has been calculated using relation: 

 

∆S2
0≠ = - d(∆μ2

0≠)/dT                   (11) 

 

where ∆S2
0≠ has been obtained from using a least-

squares treatment. 

 

from the negative slope of the plots of ∆μ2
0≠  against T 

. 

 

The enthalpy of activation (∆H2
0≠)[23] has been 

obtained from the relation:  
 

∆H2
0≠ = ∆μ2

0≠ + T∆S2
0≠                    (12) 

 

The values of ∆S2
0≠ and ∆H2

0≠ are also reported in table 

8. 

 

T,K 

0.001M 

V1-V2 

 

∆μ1=RTln(ηV1/hN)*100 

 

∆μ2=∆μ1+RT/V[B-

(V1-V2)] 

 

T∆S2
0≠ 

 

∆H2
0≠ 

 

298.15 -97.35 9.07 44.41 -406.38 -361.97 

303.15 -101.92 8.77 45.98 -413.19 -367.21 

308.15 -104.99 8.83 47.87 -420.01 -372.14 

0.003M      

298.15 -100.25 9.15 55.86 -416.81 -360.95 

303.15 -104.92 9.02 63.10 -423.80 -360.70 

308.15 -108.19 8.89 64.66 -430.79 -366.14 

0.005M      

298.15 -103.17 9.37 62.74 -426.06 -363.32 

303.15 -107.95 9.31 71.17 -433.20 -362.04 

308.15 -111.54 9.23 81.67 -440.35 -358.67 

Table 8 

 

T,K 

0.001M 

V1-V2 

 

∆μ1=RTln(ηV1/hN)*100 

 

∆μ2=∆μ1+RT/V[B-

(V1-V2)] 

 

T∆S2
0≠ 

 

∆H2
0≠ 

 

298.15 -117.56 9.17 58.30 -1459.44 -1401.14 

303.15 -120.53 9.04 65.89 -1483.92 -1418.03 

308.15 -121.91 8.93 69.09 -1508.39 -1439.30 

0.003M      

298.15 -120.97 9.20 60.33 -1269.22 -1208.89 

303.15 -122.84 9.23 70.77 -1290.51 -1219.74 

308.15 -123.91 9.11 76.24 -1311.79 -1235.55 

0.005M      

298.15 -122.19 9.24 73.68 -1658.31 -1584.63 

303.15 -123.96 9.12 80.53 -1686.12 -1605.59 

308.15 -124.93 9.08 85.63 -1713.93 -1628.30 

Table 9 

 

It is evident from table VII, that ∆μ1
0≠ is practically 

constant at all the mass fraction of the aqueous 
acetaminophen mixture .The  ∆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 

indicate that the process of viscous flow increases with 

increasing temperature and mass fraction. Therefore, the 

transition state becomes less favorable. According to 

Feakins et al. [23] suggested, positive ∆μ 2
0 ≠> ∆μ1

0   that is 

for solute containing positive B-coefficients that indicate 
more solute-solvent interactions. The solvent structure 

combines with the formation of a transition state with breaks 

and deformations to intermolecular forces [24,25]. The 

negative values of both ∆S2
0≠ and ।H2

0≠ imply that the 

structure of the transition state is associated with bond-

http://www.ijisrt.com/


Volume 5, Issue 2, February – 2020                                       International Journal of  Innovative Science and Research Technology                                                 

              ISSN No:-2456-2165 

 

IJISRT20FEB339                                                    www.ijisrt.com                     397 

breaking. It may be suggested that the slip-plane is in 

disorder state [26]. 
  

Both the limiting apparent molar volume and viscosity 

B-coefficient describe the solute-solvent interaction in 

solution. The linear variation of limiting apparent molar 

volume (φV
0) and viscosity B-coefficient reflect the positive 

slope. 

 

 Refractive index calculation 

The molar refraction, RM can be evaluated from the 

Lorentz–Lorenz relation [20]. 

 

                                RM = {(nD
2-1) / (nD

2+2)} (M/ρ)                            

(13) 
 

Whereas, Rm, ND, M and ρ molar refraction, refractive 

index, molar mass and solute concentration, respectively. 

The substance of reflective index ratio of C0 / C, where C is 

the speed of light in the medium.  andCo the speed of light at 

vacuum. The refractive index is a compound that reflects its 

photosynthetic ability to move from one medium to another 

[2 - 3], as the concentration of asparagine and glutamine in 

aqueous acetaminophen solution decreases as the 

concentration and   refractive index (ND) decrease the , 

Refractivity (RM) increases as shown in Table 10.  

 

C 

(mol. Lit-1) 

nD RM x 106 

(m3. mol-1) 

Asparagines in 0.001M aqueous Acetaminophen solutions 

0.010 1.3334 30.1570 

0.020 1.3335 30.1576 

0.040 1.3336 30.1583 

0.060 1.3338 30.1587 

0.080 1.3341 30.1591 

0.100 1.3343 30.1595 

Asparagine in 0.003M aqueous Acetaminophen solutions 

0.010 1.3335 30.1502 

0.020 1.3336 30.1535 

0.040 1.3338 30.1585 

0.060 1.3340 30.1626 

0.080 1.3343 30.1658 

0.100 1.3345 30.1690 

Glutamine in 0.001M aqueous Acetaminophen solution 

0.010 1.3335 27.2914 

0.020 1.3337 27.2999 

0.040 1.334 27.3066 

0.060 1.33435 27.3131 

0.080 1.3347 27.3166 

0.100 1.3351 27.3230 

Glutamine  in 0.003M aqueous Acetaminophen solution 

0.010 1.3334 27.2828 

0.020 1.3336 27.2917 

0.040 1.334 27.3063 

0.060 1.3344 27.3165 

0.080 1.3348 27.3235 

0.100 1.3352 27.3285 

Glutamine  in 0.005M aqueous Acetaminophen solution 

0.010 1.3337 27.3038 

0.020 1.3341 27.3280 

0.040 1.3346 27.3505 

0.060 1.3351 27.3681 

0.080 1.3356 27.3832 
0.100 1.3361 27.3942 

Asparagine   in 0.005M aqueous Acetaminophen solution 

0.010 1.3337 30.1304 

0.020 1.3338 30.1328 

0.040 1.3340 30.1357 

0.060 1.3342 30.1386 

0.080 1.3345 30.1399 
0.100 1.3347 30.1414 
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Table 10:- Refractive Index (nD) and Molar Refraction (RM) values along with concentration (c) of of Asparagines and glutamine 

in aqueous Acetaminophen solutions at 298.15 K. 

 

From the above discussion, it is concluded that It is also in good agreement with the results obtained from the density and 

viscosity parameters. 

 

 Conductance Study: 

Conductivity study of the solvent interaction at three different temperatures - aqueous solution with acetaminophen between 

Asn and Gln amino acids. Conductive(Λ)  measurements provide information about the interaction and transport phenomena of 
the ternary system. The aqueous solution of aqueous conductivity of asparagine and glutamine (1) in Acetaminophen at different 

temperatures with increasing concentration of amino acids is listed in Table -11 below. 

 

      

      

Glutaine in Acetominophen Asparagine in Acetomenophine 

c ·104/ 

mol·dm−3 

0.001M 

Λ·104/ 

S·m2·mol−1 

298.15K 

Λ·104/ 

S·m2·mol−1 

303.15K 

Λ·104/ 

S·m2·mol−1 

308.15K 

c ·104/ 

mol·dm−3 

0.001M 

Λ·104/ 

S·m2·mol−1 

298.15K 

Λ·104/ 

S·m2·mol−1 

303.15K 

Λ·104/ 

S·m2·mol−1 

308.15K 

0.010 52 57 62 0.010 53 59 63 

0.020 39 41 46 0.020 40 43 47 

0.040 25 28 32 0.040 26 30 33 

0.060 18 24 28 0.060 19 26 29 

0.080 13 17 21 0.080 14 19 22 

0.100 11 14 18 0.100 12 16 19 

0.003M    0.003M    

0.010 58 61 63 0.010 60 62 64 

0.020 41 43 48 0.020 43 44 49 

0.040 29 31 33 0.040 31 32 34 

0.060 21 25 29 0.060 23 26 30 

0.080 18 19 22 0.080 20 20 23 

0.100 15 16 19 0.100 17 17 20 

0.005M    0.005M    

0.010 61 64 70 0.010 63 65 72 

0.020 56 58 62 0.020 46 56 64 

0.040 40 44 48 0.040 34 35 42 

0.060 31 35 38 0.060 26 30 36 

0.080 23 26 29 0.080 23 27 31 

0.100 17 19 21 0.100 20 20 23 

        

Table 11:- Molar conductivities (Λ) of Asparagines and Glutamine in Acetaminophen at different temperatures 

 

The molar conductance (Λ) has been obtained from the specific conductance (κ) value using the following equation. 

Λ=(1000κ)/c                                                                    (14) 

 

For each system it has been observed that (1) the value increases with increasing temperature, and the amino acid growth 

concentration increases with increasing temperature, with increasing temperature. Reduction of molar conductance increases the 

amount of amino acids because of the increasing viscosity and attractiveness.The strong intramolecular hydrophobic –

hydrophobic  attraction and other non covalent hydrophilic,π-π interaction, columbic attraction etc must develop aminoacid.some 

phenolic O-H,C=O interaction with amino acid –COOH,NH2,C=O group formation of hydrogen bonding between acetaminophen 

and amino acid, 

 

Asparagine   in 0.005M aqueous Acetaminophen solution 

0.010 1.3337 30.1304 

0.020 1.3338 30.1328 

0.040 1.3340 30.1357 
0.060 1.3342 30.1386 

0.080 1.3345 30.1399 

0.100 1.3347 30.1414 
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Fig-7 Variation conductivities (Λ) of  aqueous Acetaminophen with Aspargine in different temperature. 

 

 
Fig 8:-Variation conductivities (Λ) of  aqueous Acetaminophen with Glutamine in different temperature 

 

IV. CONCLUSION 

 

The limiting apparent molar volume (ϕV0) values and 
viscosity B-coefficient of the presence of solute-solvent 

interactions between aqueous solution of Asparagine and 

Glutamine in Acetaminophen and Water molecules and 

higher temperatures prevail when solvent-dissolving 

interactions intensify at lower temperatures.The solute –

solvent interaction higher at low concentration and solute –

solute interaction at higher concentration. (δ2V
0/δT2)P 

values are negative indicates the structure breaker of solute 

in solution. The solute solvent  interaction of  two amino 

acid in acetaminophen solution  in aqueous medium have 

been investigated by molar conductivity at three different 

temperature indicate the non covalent interaction among 

them and causing  an increase of hydrodynamic radii of ions 
and a decrease of their ionic mobility hence decrease  in 

molar conductance. The strong intermolecular hydrophobic 

–hydrophobic  attraction and other non covalent 

hydrophilic-π interaction, columbic attraction etc must 
develop amino acid . The experimental data shows solute –

solvent interaction of glutamine more than asparagines in 

aqueous acetaminophen solution. The refractive index and 

the molar refraction values also agree to the same facts. 
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Molecular assemblies of b-cyclodextrin with few of the most important neurotransmitters, viz., dopamine
hydrochloride, tyramine hydrochloride and (±)-epinephrine hydrochloride in aqueous medium have been
explored by reliable spectroscopic and physicochemical techniques as potential drug delivery systems.
Job plots confirm the 1:1 host–guest inclusion complexes, while surface tension and conductivity studies
illustrate the inclusion process. The inclusion complexes were characterized by 1H NMR spectroscopy and
association constants have been calculated by using Benesi–Hildebrand method. Thermodynamic param-
eters for the formation of inclusion complexes have been derived by van’t Hoff equation, which demon-
strate that the overall inclusion processes are thermodynamically favorable.
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1. Introduction

Molecular recognition is of profound importance in biology and
therapeutics, the physical chemistry of this phenomenon acknowl-
edges that binding is often associated with loss in configurational
entropy, but the overall thermodynamics is yet to be well under-
stood [1,2]. The cyclodextrins (CDs) are of particular interest in this
regard. Among various approaches CDs have contributed a lot to
this aspect of drug delivery, because of having fairly rigid and
well-defined hydrophobic cavities and hydrophilic outer surfaces,
they can act as molecular receptors (hosts) for a wide variety of
organic and inorganic, as well as biological and pharmaceutical
guest molecules, forming host–guest complexes or supramolecular
assemblies [3,4]. The cavity size of b-cyclodextrin (b-CD) is more
appropriate than other CDs to encapsulate a great variety of mole-
cules [5,6]. The drugs, to be pharmacologically active, must possess
some degree of aqueous solubility, as well as they should be lipo-
philic to permeate the biological membranes via passive diffusion
[7,8]. If a drug is hydrophilic, the dissolved drug molecule will not
penetrate from the aqueous exterior into a lipophilic bio-
membrane. The use of b-CD on drug solubility, bioavailability,
safety, stability and as a carrier in drug formulation may be
achieved by formation of inclusion complexes with drug mole-
cules; in fact, the use of b-CD already has a long history in phar-
macy [9–11].

Dopamine is an important neurotransmitter (NT) in the mam-
malian central nervous system and is a member of catecholamines
[12,13]. It is involved in neuropsychiatric disorders such as Perkin-
son’s disease, which is the second most common central nervous
system disorder [14,15]. Tyramine is also a NT and acts as a cate-
cholamine releasing agent, having nonpsychoactive peripheral
sympathomimetic effects [16]. Epinephrine is a hormone and a
NT, serves as chemical mediators for conveying the nerve impulses
to effectors organs [17]. Epinephrine remains a useful medicine for
several emergency indications and is used as a drug to treat cardiac
arrest and other cardiac dysrhythmias [18,19].

Few previous workers demonstrated interactions between sim-
ilar guest molecules and CD [20,21]. Pardave et al. demonstrated
electrochemical and spectrophotometric studies of interaction
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between dopamine and b-CD, whereas, Rajendiran et al. showed
interaction between epinephrine and CD [22–24]. In the present
article formation of inclusion complexes of three NTs, e.g., dopa-
mine hydrochloride (DH), tyramine hydrochloride (TH) and (±)-
epinephrine hydrochloride (EH) with b-CD (Scheme 1) have been
explored by UV–Vis spectroscopy, surface tension, conductivity
and 1H NMR study. Associated thermodynamic parameters have
also been evaluated to communicate a quantitative idea about
encapsulation of the above NTs while complexed with b-CD.

2. Result and discussion

2.1. Job plot demonstrates the stoichiometry of the host–guest
assembly

Job’s method of continuous variation was applied to recognize
the stoichiometry of the host–guest assembly by using UV–visible
spectroscopy [25]. Job plots were generated by plotting DA � R vs
R, where DA is the difference in absorbance of NTs with and
without b-CD and R = [NT]/([NT] + [CD]), through varying the mole
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Fig. 1. Job plot of different neurotransmitter-b-CD systems at 298.15 K. (a) Dopamine h
(±)-epinephrine hydrochloride at kmax = 278 nm. R = [NT]/([NT] + [b-CD]), DA = absorban

Scheme 1. Molecular structure of the three
fraction of the NTs in the range 0–1 (Tables S1–S3, supporting
information) [26,27]. Absorbance values were measured at respec-
tive kmax for a series of solutions at 298.15 K. The value of R at the
maximum deviation provides the stoichiometry of the inclusion
complex (IC) (e.g., R = 0.5 for 1:1 complexes; R = 0.33 for 1:2 com-
plexes; R = 0.66 for 2:1 complexes, etc.). Here, for each of the three
plots maxima were found at R = 0.5, which clearly indicate 1:1 sto-
ichiometry between the host and the guest (Fig. 1).

2.2. Surface tension study explains the inclusion as well as
stoichiometric ratio of the inclusion complexes

Surface tension (c) measurement provides significant indication
about formation of IC as well as stoichiometry of the host–guest
assembly [28–30]. b-CD, because of having lipophilic outer surface
and hydrophilic rims, does not show any change in c while
dissolved in aqueous medium in a considerable range of
concentration [31,32]. In the present work all the three guest NTs
have a common feature in their structures, i.e., they have a
hydrophobic –CH2–CH2–Ph [–CH2–CH(OH)–Ph for EH] group and
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ce difference of the NTs without and with b-CD.

neurotransmitters and b-cyclodextrin.
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a terminal –NH3
+ [–NH2

+– for EH] group (Scheme 1), which make
them surfactant like activities, thus c of aqueous solutions of each
of the NTs are found to be lower than that of pure water. Here c of
aqueous NTs has been measured with increasing concentration of
b-CD at 298.15 K (Tables S4–S6). DH, TH and EH showed increasing
trend of c with increasing concentration of b-CD (Fig. 2) may be
because of removal of the NT molecules (surface active) from the
surface of the solution into the hydrophobic cavity of b-CD forming
host–guest inclusion complexes (Scheme 2).

Each plot also indicates that there is a break point at certain
concentrations after which the slops become less. Finding of break
point in surface tension curve not only indicates formation of IC
but also provides information about its stoichiometry, i.e., appear-
ance of single, double and so on break point in the plot indicates
1:1, 1:2 and so on stoichiometry of host:guest ICs (Scheme 3) [33].

The values of c and corresponding concentrations of b-CD at
each break have been listed in Table 1 and the overall variation
have been listed in Tables S4–S6, which clearly point out that the
breaks have been found at certain concentrations of NTs and b-
CD where their concentration ratio in the solution was almost
1:1. Hence this study proves formation of 1:1 ICs between NTs
and b-CD.
Scheme 2. Formation of inclusion complexes of (a) dopamine hydrochloride, (b)
tyramine hydrochloride and (c) (±)-epinephrine hydrochloride with b-CD.
2.3. Conductivity study illustrates inclusion process and their
stoichiometric ratio

Conductivity (j) of aqueous solutions of the NTs has been mea-
sured to get clue whether ICs have been formed while b-CD being
added to it [34,35]. The studied NTs show considerable j because
of having their charged structures. As b-CD was added to the aque-
ous solution of a NT (Tables S7–S9), the j was observed to show
decreasing trend probably because of encapsulation of the NT
molecules inside into the cavity of b-CD (Scheme 2). After a certain
concentration of b-CD a break was found in each of the conductiv-
ity curves (Fig. 3), indicating the formation of ICs. The values of j
and corresponding concentrations of b-CD at each break have been
shown in Table 1, which reveal that the ratio of the concentrations
of a NT and b-CD at the break point was found to be approximately
1:1, suggesting the host–guest ratio to be 1:1.

The break point is found at certain concentration where maxi-
mum inclusion takes place ever before, i.e., though there is a
dynamic equilibrium between the host and the guest, most of
the guest molecules are encapsulated at the break point (1:1 M
ratio of host & guest), beyond this point concentration of b-CD is
higher than that of NT, thus shifting the equilibrium more toward
the IC.
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Fig. 2. Variation of surface tension of aqueous (a) dopamine hydrochloride solution, (b
respectively with increasing concentration of b-cyclodextrin at 298.15 K.
2.4. 1H NMR study confirms inclusion phenomenon

Insertion of any guest molecule into the hydrophobic cavity of
b-CD consequences in the chemical shift of the guest and b-CD in
the NMR spectra, which is because of the interaction of the b-CD
with the guest molecule [27].

In case of aromatic guest molecules the spectral changes that
can be observed upon inclusion is the diamagnetic shielding of
the aromatic moiety with the interacting atoms of b-CD [33]. In
the structure of b-CD the H3 and H5 hydrogens are situated inside
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Scheme 3. Different possibilities of host–guest ratio for inclusion complex.
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the conical cavity, particularly, the H3 are placed near the wider
rim while H5 are placed near the narrower rim, the other H1, H2
and H4 hydrogens are located at the exterior of the b-CD molecule
(Scheme 4) [36,37]. In the present article the molecular interac-
tions have been studied with the help of 1H NMR spectra. The sig-
nals of interior H3 and H5 of b-CD as well as that of the interacting
aromatic protons of the NTs showed considerable upfield shift in
1H NMR spectra of 1:1 mixture of b-CD and each NT, confirming
the ICs were formed (Figs. 4–6). As found from the chemical shifts,
interaction of the H3 with the aromatic guest was much higher
than that of the H5, proving the guest entered through the wider
rim of b-CD (Scheme 5).

2.5. Association constants and thermodynamic parameters

Association constants (Ka) have been calculated for various NT-
b-CD ICs by UV–visible spectroscopy as a result of changes in molar
extinction coefficient ðDeÞ of the NTs when complexed with b-CD
molecule, which is owing to the changes in the polarity of the
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Fig. 3. Variation of conductivity of aqueous (a) dopamine hydrochloride solution, (b)
respectively with increasing concentration of b-cyclodextrin at 298.15 K.

Table 1
Values of surface tension (c) and conductivity (j) at the break point with corresponding c

Dopamine hydrochloride Tyramine hydrochloride

Surface tension
Conc (mM) c (mNm�1) Conc (mM)
4.83 71.37 4.89

Conductivity
Conc (mM) j (mS m�1) Conc (mM)
4.90 0.426 4.85

a Standard uncertainties (u): temperature: u(T) = ± 0.01 K, surface tension: u(c) = ±0.1
environment of the chromophore of the NTs when it goes from
the polar aqueous environment to the apolar cavity of b-CD [38].
Changes in absorption intensity ðDAÞ of DH (278 nm), TH
(275 nm) and EH (278 nm) were studied as a function of concen-
tration of b-CD to determine the value of Ka (Tables S11 and
S12). The double reciprocal plots have been drawn on the basis
of reliable Benesi–Hildebrand method for 1:1 host–guest ICs
(Fig. S1, Eq. (1)) [27,39].

1
DA

¼ 1
De½NT�Ka

� 1
½bCD� þ

1
De½NT� ð1Þ

The values of Ka for each of the ICs were evaluated by dividing
the intercept by the slope of the straight line of the double recipro-
cal plot (Table 2) [40].

Various thermodynamic parameters for the formation of ICs can
easily be derived basing upon the values of Ka found by the above
method with the help of van’t Hoff equation (Eq. (2)).

ln Ka ¼ �DHo

RT
þ DSo

R
ð2Þ

There is a linear relationship between lnKa and 1/T in the above
equation (Fig. S2), on the basis of which the thermodynamic
parameters DHo, DSo and DGo for the formation of ICs may be
obtained (Table S13) [41].

However, the above study has been performed in a short range
of temperature in which DHo and DSo are considered to be non
variable. Non-linear methods may be used for studies in wide
range of temperatures. The magnitude ofDHo depends on the equi-
librium constant of the inclusion complex at different tempera-
tures and thus may have limitation compared to direct
calorimetric methods [42]. On the other hand, in this study ther-
modynamic parameters have been calculated from Ka values,
which in turn were determined from De of the NTs, which is owing
to the changes in the environment of the chromophore of the NTs
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when it goes from the polar aqueous environment to the apolar
cavity of b-CD. Hence, the DHo and DSo values presented here are
exclusively for the formation of inclusion complex, not for the
other solvent interactions taking place in the medium.

The values of DGo for the formation of ICs were found negative
suggesting that the inclusion process proceeds spontaneously,
whereas negative values of DHo and DSo indicate that the inclusion
process is exothermic and entropy controlled, but not entropy dri-
ven (Table 2). These consequences may be explained on the basis of
molecular association that was taking place while IC was being
formed between b-CD and each NT, resulting in a drop of entropy,
which is unfavorable for the spontaneity of the inclusion complex
formation, but this effect is overcome by higher negative value of
DHo, making the overall inclusion process thermodynamically
favorable.

The data shown in Table 2 indicate that order of Ka for ICs with
b-CD and the order of�DGo is EH > DH > TH. This may be explained
on account of the difference in the structures of three NTs, which
have almost similar hydrophobic moiety, but EH can form
H-bonds at both rims of b-CD because of having two phenolic
and one alcoholic –OH groups, thus, it forms strongest IC among
the three. Similarly, the results for DH and TH may be explained
because of having two and one –OH groups in their structures
respectively.



Fig. 5. 1H NMR spectra of (a) b-CD, (b) tyramine hydrochloride and (c) 1:1 M ratio of b-CD & tyramine hydrochloride in D2O at 298.15 K.
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3. Conclusion

Molecular recognition of the three important NTs by b-CD has
been shown,whichmayfind its use as potential drug delivery system
in pharmacological science. Themolecular assemblies, i.e., formation
of ICs havebeenexplainedqualitatively aswell as quantitatively soas
to make it dependable in its field of application. b-CD has long been
used as a carrier for its unique structural features, which is further
explored in the present work, confirming that b-CD forms 1:1 ICs
with DH, TH and EH, established by reliable physicochemical tech-
niques. The association constants are found highest for EH, then DH
and then TH for the ICs with b-CD. Hence, this exclusive study
describes that the ICs in aqueous medium can be used as controlled
delivery systems in the field of modern biomedical sciences.

4. Experimental section

4.1. Source and purity of samples

Dopamine hydrochloride, Tyramine hydrochloride, (±)-
Epinephrine hydrochloride and b-cyclodextrin of puriss grade were
purchased from Sigma–Aldrich, Germany and used as it was. The
mass fraction purity of Dopamine hydrochloride, Tyramine
hydrochloride, (±)-Epinephrine hydrochloride and b-cyclodextrin
were �1.00, P0.98, �1.00 and P0.98 respectively.

4.2. Apparatus and procedure

Solubility of b-cyclodextrin and chosen neurotransmitters have
been precisely checked in triply distilled and degassed water
(with a specific conductance of 1 � 10�6 S cm�1) and observed
that the selected neurotransmitters were freely soluble in all pro-
portion of aqueous b-cyclodextrin. All the stock solutions of the
neurotransmitters were prepared by mass (weighed by Mettler
Toledo AG-285 with uncertainty 0.0003g), and then the working
solutions were obtained by mass dilution at 298.15 K. Sufficient
precautions were made to decrease evaporation losses during
mixing.

UV–visible spectra were recorded by JASCO V-530 UV/VIS Spec-
trophotometer, with an uncertainty of wavelength resolution of
±2 nm. The measuring temperature was held constant by an auto-
mated digital thermostat.

Surface tensions of the solutions were determined by platinum

ring detachment technique using a Tensiometer (K9, KR}USS;
Germany) at 298.15 K. Accuracy of the study was ±0.1 mNm�1.
Temperature of the system was maintained by circulating ther-
mostated water through a double-wall glass vessel holding the
solution.

Conductivities of the solutions were studied by Mettler Toledo
Seven Multi conductivity meter having uncertainty 1.0 lS m�1.
The study was carried out in a thermostated water bath at
298.15 K with uncertainty ±0.01 K. HPLC grade water was used
with specific conductance 6.0 lS m�1. The conductivity cell was
calibrated using 0.01 M aqueous KCl solution.

NMR spectra were recorded in D2O unless otherwise stated. 1H
NMR spectra were recorded at 400 MHz and 500 MHz using Bruker
ADVANCE 400 MHz and Bruker ADVANCE 500 MHz instruments
respectively. Signals are quoted as d values in ppm using residual
protonated solvent signals as internal standard (D2O: d
4.79 ppm). Data are reported as chemical shift.



Fig. 6. 1H NMR spectra of (a) b-CD, (b) (±)-epinephrine hydrochloride and (c) 1:1 M ratio of b-CD & (±)-epinephrine hydrochloride in D2O at 298.15 K.
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Scheme 5. Feasible and restricted inclusion of the guest into the host molecule.

Table 2
Association constant (Ka) and thermodynamic parameters DHo, DSo and DGo of different n

Temp (K)a Ka � 10�3 (M�1)b

Dopamine hydrochloride + b-CD 293.15 1.48
298.15 1.31
303.15 1.13

Tyramine hydrochloride + b-CD 293.15 1.24
298.15 1.11
303.15 0.97

(±)-Epinephrine hydrochloride + b-CD 293.15 1.59
298.15 1.40
303.15 1.21

a Standard uncertainties in temperature u are: u(T) = ±0.01 K.
b Mean errors in Ka = ±0.02 � 10�3 M�1; DHo = ± 0.01 kJ mol�1; DSo = ±0.01 J mol�1 K�1
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4.3. 1H NMR data

b-Cyclodextrin: 1H NMR (400 MHz, D2O): d = 3.49–3.54 (6H, t,
J = 9.2 Hz), 3.57–3.60 (6H, dd, J = 9.6, 3.2 Hz), 3.79–3.84 (18H, m),
3.87–3.92 (6H, t, J = 9.2 Hz), 5.00–5.01 (6H, d, J = 3.6 Hz).

Dopamine hydrochloride: 1H NMR (400 MHz, D2O): d = 2.15
(–NH2), 2.78–2.81 (2H, t, J = 7.2 Hz), 3.13–3.16 (2H, t, J = 7.2 Hz),
6.66–6.69 (1H, dd, J = 8.0, 1.6 Hz), 6.76–6.77 (1H, d, J = 2 Hz),
6.81–6.83 (1H, d, J = 8.4 Hz).

Tyramine hydrochloride: 1H NMR (400 MHz, D2O): d = 2.14
(–NH2), 2.82–2.86 (2H, t, J = 7.2 Hz), 3.14–3.17 (2H, t, J = 7.2 Hz),
6.81–6.83 (2H, dd, J = 6.8, 2.0 Hz), 7.12–7.14 (2H, d, J = 8.8 Hz).
eurotransmitter-b-cyclodextrin inclusion complexes.

DHo (kJ mol�1)b DSo (J mol�1 K�1b DGo (298.15 K) (kJ mol�1)b

�19.80 �6.83 �17.77

�18.37 �3.38 �17.36

�20.30 �7.94 �17.93

; DGo = ± 0.01 kJ mol�1.
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(±)-Epinephrine hydrochloride: 1H NMR (400 MHz, D2O): d = 2.14
(NH), 2.68 (3H, s), 3.18–3.20 (2H, d, J = 6.4 Hz), 4.81–4.84 (1H, t,
J = 6.4 Hz), 6.77–6.79 (1H, d, J = 8.4 Hz), 6.85–6.87 (2H, m).

b-CD + DH: 1H NMR (500 MHz, D2O): d = 2.77–2.80 (2H, t,
J = 7.2 Hz), 3.01 (–NH2), 3.12–3.15 (2H, t, J = 7.2 Hz), 3.45–3.50
(6H, t, J = 9.2 Hz), 3.53–3.56 (6H, dd, J = 9.6, 3.2 Hz), 3.59–3.64
(6H, t, J = 9.2 Hz), 3.69–3.77 (18H, m), 4.96–4.97 (6H, d,
J = 3.6 Hz), 6.48–6.51 (1H, dd, J = 8.0, 1.6 Hz), 6.56–6.57 (1H, d,
J = 2 Hz), 6.64–6.66 (1H, d, J = 8.4 Hz).

b-CD + TH: 1H NMR (400 MHz, D2O): d = 2.72 (–NH2), 2.81–2.85
(2H, t, J = 7.2 Hz), 3.13–3.16 (2H, t, J = 7.2 Hz), 3.46–3.51 (6H, t,
J = 9.2 Hz), 3.54–3.57 (6H, dd, J = 9.6, 3.2 Hz), 3.62–3.68 (6H, t,
J = 9.2 Hz), 3.71–3.79 (18H, m), 4.96–4.97 (6H, d, J = 3.6 Hz),
6.80–6.82 (2H, dd, J = 6.8, 2.0 Hz), 7.07–7.09 (2H, d, J = 8.8 Hz).

b-CD + EH: 1H NMR (500 MHz, D2O): d = 2.68 (3H, s), 2.92 (NH),
3.17–3.19 (2H, d, J = 6.4 Hz), 3.44–3.49 (6H, t, J = 9.2 Hz), 3.52–3.56
(6H, dd, J = 9.6, 3.2 Hz), 3.57–3.63 (6H, t, J = 9.2 Hz), 3.68–3.76
(18H, m), 4.81–4.83 (1H, t, J = 6.4 Hz), 4.97–4.98 (6H, d,
J = 3.6 Hz), 6.64–6.66 (1H, d, J = 8.4 Hz), 6.73–6.75 (2H, m).
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