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CHAPTER I 

1.1. Object and application of the research work 

In recent years there has been an increasing interest in the study of 

physico-chemical properties of solvent-solventi-3 and solute-solvent4-6 

systems. The physico-chemical properties play a pivotal role in interpreting 

the intermolecular interactions among mixed components and efforts in 

recent years have been directed at an understanding of such properties at 

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

mechanism of such interactions thermodynamic, transport and acoustic 

studies on binary and ternary solvent systems are highly useful. Young7 

· made the first systematic attempt in these directions by collecting a number 

of data on the thermodynamic and mechanical properties of liquid mixtures. 

Excess thermodynamic properties are important parameters for 

understanding molecular interactions in the solution phase. The excess 

thermodynamic properties of the mixtures correspond to the difference 

between actual property and the property if the system behaves ideally. Thus 

these properties provide important information about the nature and 

strength of intermolecular forces operating among mixed components. Also 

physico-chemical properties involving excess thermodynamic functions have 

relevance in carrying· out engineering applications in the process industries 

and in the design of industrial separation processes. Information of these 

excess thermodynamic functions can also be used for the development of 

empirical correlations and improvement of new theoretical models. 

Molecular behavior of a formulations can influence aspects such as, 

patient acceptability, since it has been well demonstrated that density and 

viscosity both influence the absorption rate of such products in the body.9. Io 

The rheological behavior of such products is also a matter of major concern 

in this regards. Rheology is the branch of sciencell that studies material 

deformation and flow, and is implicated in the mixing and flow of medicinal 

formulations and cosmetics and is increasingly applied to the analysis of the 

viscous behavior of many pharmaceutical products,I2-I6 and to establish 

their stability and even bio-availability. 

Considering the rheological behavior, the study of viscous synergy 

and antagonism is important, since many products are formulated with 
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more than one component in order to yield the desired physical structure 

and properties.l7 Synergy and antagonism gives the mutual enhancement or 

decrement of the physico-ch~mical, biological or pharmaceutical activity 

between different components of a given mixture. If the total viscosity of the 

system is equal to the sum of the viscosities of each component considered 

separately, the systemis, 19 is said to lack interaction. The study of the 

viscous behavior of pharmaceuticals, foodstuffs, cosmetics or industrial 

products, etc., is essential for confirming that their viscosity is appropriate 

for the contemplated use of the products. 

In solution chemistry the way for proper understanding of the 

different phenomena regarding the molecular interactions forms the basis of 

explaining quantitatively the influence of the solvent and the extent of 

interactions of ions in solvents. Estimates of ion-solvent interactions can be 

had thermodynamically and also from the measurement of partial molar 

volumes, viscosity B- coefficient and limiting ionic conductivity studies. 

Estimates of single-ion values enable us to refine our model of ion-solvent 

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

chemists to choose solvents that will enhance (i) the rates of chemical 

reactions, (ii) the solubility of minerals in leaching operations or (iii) reverse 

the direction of equilibrium reactions. 

The importance and uses of the chemistry of electrolytes in non

aqueous and mixed solvents are now well recognized. The applications and 

implications of the studies of reaction in non-aqueous and mixed solvents 

have been summarized by Meck2o, Franks2I, Popovych22, Bates23, Parker24, 

Criss and Salomon2s, Marcus26 and others.27-29 The solute-solute and solute

solvent interactions have been subject of wide interest .as apparent from 

Faraday Transactions of the chemical society. 30 

In spite of vast collections of data on the different electrolytic and 

non-electrolytic solutions in water, the structure of water and the different 

types of interactions that water undergoes with electrolytes are yet to be 

properly understood. However, the studies on 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 1 

/ host of other properties.2I,3I 
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In recent years, there has been increasing interest in the behavior of 

electrolytes or solutes in non-aqueous and mixed solvents with a view to 

investigate solute-solute and solute-solvent interactions under varied 

conditions. However, different sequence of solubility, difference in solvating 

power and possibilities of chemical or electrochemical reactions unfamiliar in 

aqueous chemistry have opened vistas for physical chemists and interest in 

these organic solvents transcends the traditional boundaries of inorganic, 

physical, organic, analytical and electrochemistry.32 

Fundamental research on non-aqueous electrolyte solutions has 

catalyzed their wide technical applications in many fields. Non-aqueous 

electrolyte solutions are actually competing with other ionic conductors, 

especially at ambient and at low temperatures, due to their high flexibility 

based on the choice of numer,9;us solvents, additives and electrolytes with 

widely varying properties. High-energy primary and secondary batteries, wet 

double-layer capacitors and super capacitors, electro-deposition and 

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

aqueous electrolyte solutions had brought the biggest successes. 33-35 Other 

fields where non-aqueous electrolyte solutions are broadly used include 

electrochromic displays and smart windows, photoelectrochemical cells, 

electromachining, etching, polishing and electro-synthesis. In spite of wide 

technical applications, our understanding of these systems at a quantitative 

level is still not clear. The main reason for this is the absence of detailed 

information about the nature and strength of molecular interactions and 

their influence on structural and dynamic properties of non-aqueous 

electrolyte solutions. 

Studies of transport properties of electrolytes along with 

thermodynamic and acoustic studies, give very valuable information about 

molecular interactions in solutions.36,37 The influence of these solute-solvent 

interactions is sufficiently large to cause . dramatic changes in chemical 

reactions involving ions. The changes in ionic solvation have important 

applications in diverse areas such as organic and inorganic synthesis, 

studies of reaction mechanisms, non-aqueous battery technology and 

extraction.3s 

As a result of extensive studies in aqueous, non-aqueous and mixed 

solvents, it has become evident that the majority of the solutes are 
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• significantly influenced by the solvents. Conversely, the nature of strongly 

structured solvents like water, is substantially modified by the presence of 

solutes.39 

A knowledge of ion-solvent interactions in non-aqueous solutions28 is 

ve:ry important in many practical problems concerning energy transport, 

heat transport, mass transport_ and fluid flow. Besides finding applications 

in engineering branch, the study is important from practical and theoretical 

point of view in understanding liquid theories. The non-aqueous systems 

have been of immense importance to' the technologist and theoretician as 

many chemical processes occur in these systems. 

It is thus, apparent that the real understanding of the molecular 

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

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

viscometric, interferometric and conductometric behavior to study the 

chemical nature of the structure of solutes and solvents and their mutual 

and specific interactions in solution. 

1.2. Importance and scope of Physico-chemical parameters: 

The study of physico-chemical properties involves the interpretation of 

the excess properties as a mean of unraveling the nature of intermolecular 

interactions among the . mixed components. The interactions between 

molecules can be established from a study of characteristic departure from 

ideal behavior of some physical properties such as density, volume, viscosity, 

compressibility etc. 40, 41 

Density of solvent mixtures and related volumetric properties like 

excess molar volume are essential for theoretical as well as practical aspects. 

The sign and magnitude of excess molar volume imparts estimate of strength 

of unlike interactions in the binaries. The negative values of excess molar 

volume ( VE) suggest specific interactions42,43 between the mixing 

components in the mixtures while its positive values suggest dominance of 

dispersion forces42,43 between them. The negative VE values indicate the 

specific interactions such as intermolecular hydrogen bonding between the 

mixing components and also the interstitial accommodation of the mixing 

components because of the difference in molar volume. The negative 
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VE values may also be due to the difference in the dielectric constants of the 

liquid components of the binary mixture.42 

A knowledge of viscosity of fluids is required in most engineering 

calculations where fluid flow, mass transport and heat transport are 

important factors. Viscosity data provides valuable information about the 

nature and strength of forces operating within and between the unlike 

molecules. Recently the employment of computer simulation of molecular 

dynamics has led to significant improvement towards a successful molecular 

theo:ry of transport properties in fluids and a proper understanding of 

molecular motion~ and interaction patterns in non-electrolytic solvent 

mixtures involving both hydrogen bonding and non-hydrogen bonding 

solvents.44,45 The study of physico-chemical behaviors like dissociation or 

association from acoustic measurements and from the calculation of · 

isentropic compressibility has gained much importance. Excess isentropic 

compressibility, intermolecular free length etc impart valuable information 

about the structure and molecular interactions in pure and mixed solvents. 

The acoustic measurements can also be used for the test of various solvent 

theories and statistical models and are quite sensitive to changes in ionic 

concentrations as well as useful in elucidating the solute-solvent 

interactions. 

Drugs are basically composed of organic molecules and the study of 

bio-molecules plays a key role in the elucidation of thermodynamic 

properties of bio-chemical processes in living cells. The process of drug 

transport, protein binding, anesthesia, etc are few examples where drug and 

bio-macromolecules appear to interact in an important and vitally significant 

way. Drug transport across biological cells and membranes is dependent on 

physico-chemical properties of drugs. But direct study of the physico

chemical properties in physiological media such as blood, intracellular fluids 

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

of molecular interactions in fluids by thermodynamic methods as 

thermodynamic parameters are convenient for interpreting intermolecular 

interactions in solution phase. Also the study of thermodynamic properties 

of drug in a suitable medium can be correlated to its theraptic effects.46, 47 

These facts therefore prompted us to undertake the study of binary or 

ternary solvent ·systems with 1,4-dioxane and 1,3-dioxolane or 
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tetrahydrofuran as primary solvents with some polar, weakly polar and non

polar solvents as well as with some solutes. Furthermore, the excess 

properties derived from experimental density, viscosity and speeds of sound 

data and subsequent interpretation of the nature and strength of 

intermolecular interactions help in testing and development of various 

theories of solution. 

1.3. Importance of solvents used: 

1,4-Dioxane, 1,3-Dioxolane, Tetrahydrofuran, Benzene, n-Hexane, 

N, N-Dimethylformamide, Butyric acid, Butylamine, 2-butanone, 

Monoalkanols viz. Methanol, Ethanol, !-Propanol, 2-Propanol, 1-Butanol, 2-

Butanol, t-Butanol, i-Amyl alcohol some alkyl acetates viz. Methyl acetate, 

Ethyl acetate, i-amyl acetate, Butyl acetate along with water considered as a 

universal solvent have been chosen as main solvents in this research work. 

The study of these solvents, in general, is of great interest because of their 

wide use as solvents and solubilizing agents in many industries ranging from 

pharmaceutical to cosmetics. 

1,4-dioxane is very hygroscopic and miscible in all proportions with 

water. Its dielectric constant and dipole moment are 2.209 and 0.450 

respectively at 250C. However, its dipole moment rises with increase in 

temperature suggesting formation of boat form.32 

Tetrahydrofuran is moderately toxic and has been widely used as a 

solvent for organometallics and forms blue solutions with alkali metals and 

most inorganic salts except lithium and sodium perchlorates are insoluble. 

1,4-dioxane, 1,3-dioxolane and tetrahydrofuran are all cyclic ethers 

and they fig"Llre prominently in the high-energy battery technology4s and 

have also found application in organic synthesis as manifested from the 

physico-chemical studies in these media. 1,4-dioxane and 1,3-dioxolane are 

cyclic diethers differing in one methylene group and thus they differ in 

quadrupolar and dipolar order.49 

N, N-dimethylformamide is a non-associative aprotic protophilic 

solvent with a liquid range of -60 to 153DC, low vapour pressure and good 

solubility for a wide range of substances. It is slightly basic and a popular 

solvent in visible and near u. v. spectrometry (>270 nm) and for 

polarographic work. It is also used in the separation of saturated and 
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unsaturated hydrocarbons and serves as solvents for vinyl resins, acid 

gases, polyacrylic fibres and catalyst in carbonylation reaction as well as in 

organic synthesis. It has also been used as the model of peptide linkage in 

studies aimed at understanding bf protein denaturation studies. 5o, 51 

The increasing use of 1,4-dioxane, 1,3-dioxolane, tetrahydrofuran, 

N, N-dimethylformamide, and their aqueous or binary liquid mixtures in 

many industrial processes have greatly stimulated the need for extensive 

information on their various properties. Viscosity and density of these liquid 

mixtures are used to understand molecular interactions between the 

components of the mixture to develop new theoretical models and also for 

engineering applications. 52,53 

The hydrocarbons, both · aromatic and. aliphatic have varied 

applications. Benzene is used as solvents for fats and oils, dry-cleaner of 

woolen clothes, anti-knock gasoline and in manufacture of detergents, 

insecticides, etc. whereas n-hexane, which is familiar in the laboratory as 

the principle component of petroleum ether, is used as solvent, dry-cleaner 

and motor fuel. 

Alcohols and their aqueous and non-aqueous mixtures are widely 

used in pharmaceutical industry as excipients in different formulations or as 

solvents. Alcohols have varied applications in chemical and cosmetic 

industries. These are useful in enology and as an alternative energy source.s 

A knowledge of their physico-chemical characteristics helps to understand 

their behavior in abetter way. 

Methanol is used as solvent for paints and varnishes, antifreeze for 

automobile radiators, motor fuel, de~aturant for ethanol, etc~ It is obtainable 

commercially in adequate purity for most purposes, the principle impurity 

being up to 0.05% water usually be removed by distillation, or by use of 

molecular sieves and calcium hydride. Ethanol has been used as a solvent in 

quantitative studies and 'Absolute' alcohol usually contains 0.01% water. 

The importance of iso-amyl alcohol in research field is implied for its 

usefulness in gas chromatography. It can isolate high quality RNA from even 

the hardest to isolate samples for immediate use in micro array application 

and it is also useful in most DNA applications.54 

However, it is worth mentioning that 1,4-dioxane differs from alcohols 

in its behaviour . towards water. Alcohols are :usually structure makers 
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whereas 1,4-dioxane acts as a net structure breaker.ss Aqueous 1,4-dioxane 

mixtures have been found to be more basic than water and the basicity has 

been found to be maximum in the region 45-50 mass% of 1,4-dioxane.s6 

Water is the most widely used solvent in the chemical industries, 

since it is the most physiological and best tolerated excipient. However, in 

some cases, water cannot be used as a solvent because the active substance 

or solute is insoluble or slightly soluble in it. The non-aqueous solvents with 

common characteristics of being soluble or miscible in water are thus used. 

Such solvents can be used to prepare binary or ternary mixtures and they 

can serve different purposes such as increasing water solubility, modifying 

the viscosity, absorption of the dissolved substance. 

The knowledge of the type and structure of the complex species in 

solution is essential for the optimal choice of solvents. Even though these 

solvents have drawn much focus in recent years as solvents for physico

chemical investigations, still a lot remains to be explored. 

1.4. Method of Investigations 

The phenomenon of synergy, antagonism, ion-ion, ion-solvent and 

solvent-solvent interactions are intriguing. It is desirable to explore these 

interactions using different experimental techniques. We have, therefore, 

employed four important methods, viz. densitometry, viscometry, ultrasonic 

interferometry and conductometry in our research works. 

Viscosity and density have been used to interpret the synergic and 

antagonic behavior in the solvent mixtures. The values of synergiC and 

antagonic interaction indices determine the nature of the molecular package. 

Thermodynamic properties of solutions are not only useful for 

estimation of feasibility of chemical reactions in solution, but they also offer 

one of the better methods of investigating the theoretical aspects of solution 

structure. Thermodynamic properties, like apparent molar volume, partial 

molar expansibility, etc. obtained from density measurements, are generally 

convenient parameters for interpreting solute-solute and solute-solvent 

interactions in solution. 

The change in solvent viscosity by the addition of electrolytes is 

attributed to inter-ionic and ion-solvent effects. The B -coeffich~nts gives a 

satisfactory interpretation of ion-solvent interactions such as the effects of 
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solvation, preferential solvation and structure-breaking or structure-making 

capacity of the solutes. 

The compressibility, a second derivative of Gibbs energy, is also a 

sensitive indicator of molecular interactions and provides useful information 

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

unequivocal interpretation of these interactions. Various acoustical 

parameters have been derived in carrying out the investigations. 

The excess properties such as excess molar volume, viscosity 

deviations and deviation in isentropic compressibility along with the 

correlating equations explain molecular interactions in a more effective way. 

The transport properties are studied using the conductance data, 

specially the conductance at infinite dilution. Conductance data obtained as 

a function of concentration are used to study the ion-association with the 

help of appropriate equations. 

1.5. Summary of the works done 

Chapter I 

This chapter contains the object and applications of the research 

work, the reasons for choosing the main solvents and solutes and methods 

of investigation. This also includes a ~mmmary of the works associated with 

the thesis. 

Chapter II 

This chapter contains the general introduction of the thesis and forms 

a background of the works embodied in the thesis. Viscous synergy and 

antagonism have been defined along with their interaction indices. A brief 

review of notable works on ion-ion, ion-solvent and solvent-solvent 

interaction has been made. Also an attempt has been made to define these 

interactions. Various derived parameters dependent on density, viscosity, 

ultrasonic speed of sound and conductance along with their importance in 

solution chemistry has been discussed. Several semi-empirical models to 

estimate dynamic viscosity of binary liquid mixtures have been discussed. 

Ionic association and its dependence on ion-size parameters as well 

as relation between solution viscosity and limiting conductance of an ion has 

been discussed using Stokes' law and Walden rule. Critical evaluations of 

different methods employed frequently for obtaining the single ion values 
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(viscosity B -coefficient and limiting equivalent conductance)' and their 

implications have been discussed. 

Chapter Ill 

This chapter contains the experimental section mainly involving the 

source and purification of the solvents and solutes used and the details of 

the experimental methods employed for measurement of the thermodynamic, 

transport and acoustic properties. 

Chapter IV 

This chapter presents a study on viscous synergy and isentropic 

compressibility in the systems comprising some monoalkanols (C1-C4) and 

cyclic ethers (1,4-dioxane and tetrahydrofuran) in the proportion w/w =1: 1, 

in water at different concentrations (w/w) at 298.15 K to determine the 

proportion of monoalkanol + cyclic ether + water, at which maximum 

synergy occurs. The density and viscosity data have been analyzed using the 

equation developed by Kaletunc-Gencer and Peleg. Also a correlation 

between the density and viscosity increment for all the systems has been 

attempted. The ratio between maximum viscosity reached by the mixtures 

and pure state viscosity is expressed by the enhancement index defined as: 

En= 1'/max/ 1'/0· 

ChapterV 

In this chapter the densities, viscosities, and ultrasonic speeds of 

resorcinol in 1,4-dioxane + water mixtures and in pure 1,4-dioxane have 

been measured at 303.15, 313.15 and 323.15 K. Apparent molar volumes 

(V,p) and viscosity B -coefficients were obtained from the experimental data. 

The limiting apparent molar volumes ( ~0 ) and experimental slopes ( s;) 

derived from the Masson equation have been interpreted in terms of solute

solvent and solute-solute interactions, respectively. The viscosity data have 

been analyzed using the Jones-Dole equation, and the derived parameters A 

and B have also been interpreted in terms of solute-solute and solute-solvent 

interactions, respectively. The structure making/breaking capacities of 

resorcinol in the studied solvent systems have been discussed. 

10 



Object and application of the research work 

Chapter VI 

In this chapter electrical conductances of !_3ome ammonium and 

tetraalkylammonium halides have been measured in different mass% of 1,4-

dioxane + water mixtures (20%, 40%, 60% and 80%) at· 298.15 K. The 

limiting molar conductivity (11 0 ), the association constant (KA) and 

association distance ( R) in the solvent mixtures have been evaluated using 

Fuoss conductance equation (1978). Based on the composition dependence 

of walden product (J1 0ry0 ), the influence of the mixed solvent composition on 

the solvation of ions has also been discussed. The results have been 

discussed in terms of ion-solvent and ion-ion interactions and the structural 

changes in the mixed solvent systems. 

Chapter VII 

In this chapter the densities and viscosities of ternary mixtures of 

tetrahydrofuran + methanol + benzene and isopropanol + benzene + n

hexane have been measured at 303.15, 313.15 and 323.15 Kover the entire 

range of composition. The data have been analyzed using the equation 

developed by Kaletune-Gencer and Peleg. The experimental results have 

been discussed and explained in terms of molecular package and 

electrostriction. 

Chapter VIII 

In this chapter the excess molar volume (V"), viscosity deviations 

(ilry) and Gibbs excess free energy of activation for viscous flow (G*E) have 

been investigated from the density ( p) and viscosity ( 77) measurements of 

eight binary mixtures of 1,3-dioxolane with methanol, ethanol, !-propanol, 

2-propanol, 1-butanol, 2-butanol, t-butanol and iso-amyl alcohol over the 

entire range of mole fractions at 303.15 K. The viscosity data have been 

correlated with Grunberg-Nissan equation. The excess or deviation 

properties have been fitted to Redlich-Kister polynomial equation and the 

results have been discussed in terms of molecular interactions. and 

structural effects. 
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Chapter IX 

In this chapter apparent molar voh:tmes ( V¢) and viscosity · B

coefficients of sodium molybdate in aqueous binary mixtures of 1,4-dioxane 

have been determined from density and viscosity measurements at 303.15, 

313.15 and 323.15 K and at various electrolyte concentrations. Adiabatic 

compressibility (/3) of different solutions have been determined from the 

measurement of ultrasonic speeds of sound at 303.15 K. Experimental 

density data were evaluated using the Masson equation and the derived 

parameters interpreted in terms of ion-solvent and ion-ion interactions. 

Partial molar volumes ( LlV¢0
) and viscosity B -coefficients (LIB) of transfer 

from water to aqueous 1 ,4-dioxane mixtures have also been calculated and 

discussed. The structure-making or breaking capacity of the electrolyte 

under investigation has been discussed in terms of the sign of (o2~0 I oT2 )p. 

Chapter X 

In this chapter the densities and viscosities have been measured for 

the binary mixtures of butylamine and N, N- dimethylformamide with methyl 

acetate, ethyl acetate, butyl acetate and iso-amyl acetate at 298.15 K over 

the entire range of composition. From density and viscosity data, the values 

of excess molar volume ( VE) and viscosity deviation ( 6.77) have been 

determined. These results have been fitted to Redlich-Kister polynomial 

equation to estimate the binary coefficients and standard errors between the 

experimental and the computed values. The density and viscosity data have 

been analyzed in terms of some semiempirical viscosity models and the 

results have been discussed in terms of molecular interactions and 

~tructural effects. 

Chapter XI 

In this chapter the densities and viscosities were measured for the 

binary mixtures of 1,4-dioxane and 1,3-dioxolane with butyl acetate, butyric 

acid, butylamine and 2-butanone at 298.15 K over the entire range of 

composition. From density and viscosity data, the values of excess molar 

volumes ( VE) and viscosity deviations ( ~ 77) have been determined. These 

results were fitted to Redlich-Kister polynomial equation. The density and 
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viscosity data have also been analyzed in term of some semi empirical 

viscosity models. 

Chapter XII 

This chapter contains the concluding remarks on the works related to 

the thesis. 

References 

[1] A. J. Queimade, I. M. Marrucho, J. A. P. Coutinho, E. H. Stenby, Int. J . 

. ±- Thermophys., 26 (2005) 47. 

[2] A. Ali, Abida, A. K. Nain, S. Hyder, J. Soln. Chern., 32 (2003) 865. 

[3] N. N. Wankhede, M. K. Lande, B. R. Arbad, J. Chern. Eng. Data., 50 

(2005) 969. 

(4] A. Sinha, M. N. Roy, J. Chern. Eng. Data., 51 (2006) 1415. 

[5] L. H. Blanco, E. F. Vargas, J. Soln. Chern., 35 (2006) 21. 

(6] M. N. Roy, A Sinha, Fluid. Phase. Equilibr., 243 (2006) 133. 

[7] S. T. Young, Phil. Mag., 33 (1882) 153. 

[8] J. V. Herraez, R. Beida, 0. Diez, Phys. Chern. Liq., 42 (2004) 467. 

[9] C. Fauli-Trillo, Tratado de Farmacia Galencia, Ed. S.A. Lujan, Madrid, 

(1993). 

[10] J. Swarbrik, J. C. Boyland, Encyclopedia of Pharmaceutical Technology, 

Marcel Dekker, New York, (1993). 

[11] J. V. Herraez, R. Belda, J. Soln Chern., 33 (2004) 117. 

[12] C. K. Zeberg-Mikkelsen, S. E. Quinones-Cisneros, S. H. Stenby, Fluid 

Phase Equilibr., 194 (2002) 1191. 

[13] R. Shukla, M. Cheryan, Journal of Membrane Science, 198 (2002) 104. 

[14] M. J. Assael, N. K. Dalaouti, I. Metaxa, Fluid Phase Equilibr., 199 

(2002) 237. 

[15] J.M. Resa, C. Gonzalez, J. Lanz, J. Food Engineering, 51 (2002) 113. 

[16] M. Garcia-Velarde, Revista Espanola de Fisica, 9 (1995) 12. 

[17] E. R. Morris, Food Gels- Applied Science, Elsevier, London, (1984). 

[18] J. Pellicer, Sinergia Viscosa, Valencia, Spain, October (1997). 

[19] G. Copetti, R. Lapasin, E. R. Morris, Proceedings of the 4th European 

Rheology Conference, Seville, Spain, ( 1994) 215. 

13 



Object and application of the research work 

[20] D. K. Meek, The Chemistry of Non-Aqueous Solvents, Ed. J. J. Lagowski, 

Academic, New York, Val-l, Chapter 1, (1966). 

[21] F. Franks, Physico-Chemical Processes in Mixed Aqueous Solvents, 

Heinemann Educational Books Ltd., (1967). 

[22] 0. Popovych, Crit. Rev. Anal. Chern., 1 (1973) 73. 

[23] R. G. Bates, Solute-Solvent Interactions, Eds. J. J. Coetzee, C.D. Ritchie, 

Marcel Dekker, New York, (1969). 

(24] A. J. Parker, Electrochim. Acta., 21(1976) 671. · 

[25] C. M. Criss, M. Salomon, J. Chern. Edu., 53 (1976) 763. 

[26] Y. Marcus, Ion Solvation, Wiley, Chinchester, (1986). 

[27] R. R. Dogonadze, E. Kalman, A. A. Kornyshev, J. Ulstrup, The Chemical 

Physics of Solvation, Elsevier, Amsterdam, ( 1988). 

[28] 0. Popovych, R. P. T. Tomkins, Non-Aqueous Solution Chemistry, John 

Wiley and Sons, New York, (1981). 

[29] E. J. King, Acid-Base Equilibria, Pergamon, Oxford, (1965). 

[30] Faraday Discussions ofthe Chemical Society, 67 (1977). 

[31] G. S. Kell, C.M. Daries, J. Jarynski, Water and Aqueous Solutions, 

Structure, Thermodyn.amics and Transport process, Ed. R.A. Horne, 

Wiley, Chapters 9 &10 (1972). 

[32] A. K. Covington, T. Dickinson, Physical Chemistry of Organic Solvent 

Systems, Plenum, New York, (1973). 

[33] Y. Marcus, Ion Properties, Dekker, New York, (1997). 

[34] A. Masquez, A Vargas, P. B. Balbuena, J. Electron. Soc., 45 (1998) 

3328. 

[35] A. F. D. Namor, M. A. L. Tanco, M. Solomon, J. Phys. Chern., 98 (1994) 

11796. 

[36] A. Chandra, B. Bagchi, J. Phys. Chern. B., 104 (2000) 9067. 

[37] G. Atkinson, R. Garney, M. J. Taft, Hydrogen Bonded Solvent Systems, 

· Eds. A. K. Covington, P. Jones, Taylor and Francis, London, ( 19 68). 

[38] W.E. Waghorne, Chem. Soc. Rev. (1993) 285. 

[39] K. Gunaseelau, S. Dev, K. Ismail, Ind. J. Chern., 39A (2000) 761. 

[40] M. Iqbal, R. E. Verral, Can. J. Chern., 67 (1989) 727. 

[41] E. P. Georgios, I. Z. Ioannis, J. Chern. Eng. Data., 37 (1992) 167. 

[42] J. N. Nayak, M. I. Aralaguppi, T. J. Aminabhavi, J. Chern. Eng. Data., 

48 (2003) 1489. 

14 



~. 

Object and application of the research work 

[43] K. Hsu-Chen, T. Chein-Hsiun, J. Chern. Eng. Data., 50 {2005) 608. 

[44] A. Ali, A. K. Nain, J. Pure. Appl. Ultrasonics., 22 (2000) 10. 

[45] J. H. Dymond, Chern. Soc. Rev., 14 {1985) 317. 

[46] E. L. Herrle, J. G. Brewer, J. Chern. Eng. Data., 14 (1969) 55. 

[47] P. K. Gessner, M.P. Shakarjian, J. Pharm. Exptal. Therap., 235 (1985) 

32. 

[48] C. G. Janz, R. P. T. Tomkins, Non-Aqueous Electrolytes Handbook, 

Academic, New York, 2 (1973). 

[49] P. Brocos, E. Calvo, A. Pineiro, R. Bravo, A. Amigo, J. Chern. Eng. 

[50] 

[51] 

[52] 

[53] 

[54] 

[55] 

[56] 

Data., 48 (1999) 1341. 

D. B. Henson, C. A. Swensen, J. Phys. Chern., 77 (1973) 2401. 

D. Balasubramanium, R. Shaikh, Biopolymers., 12 (1973) 1639. 

C. Lafuente, B. Ginar, A. Villares, I. Gascon, P. Cea, Int. J. 

Thermophys., 55 (2004) 1735. 

P. S. Nikam, L. N. Shirsat, M. Hasan, J. Ind. Chern. Soc. 77 (2000) 244. 

J. Verga, E. Rinyu, E. Kevei, B. Toth, Z. Kozakiewicz, Can. J. Microbial/ 

Rev. Can. Microbial, 44 (1998) 569. 

K. Majumdar, S. C. Lahiri, D. C. Mukherjee, J. Ind. Chern. Soc., 70 

(1993) 365. 

K. Majumdar, S.C. Lahiri, J. Ind. Chern. Soc., 74 {1997) 382. 

15 




