CHAPTER -l

NECESSITY OF THE RESEARCH WORK

.1 SCOPE, OBJECTIVE AND APPLICATIONS OF THE RESEARCH WORK

Physico-chemical Investigation of electrolytes take plays a very significant role
in understanding the nature of solute-solute, solute-solvent, solvent-solvent
interactions involving in the solutions phase. Exploration of the nature of interactions
and as well as the strength of transport properties of electrolytes, and thermodynamic
revisions linking with binary and ternary systems of liquid and of one or more solutes in

pure and mixed systems of liquid are very valuable.

The significance and uses of the Chemistry of electrolytes in agueous, non-
aqueous (amino acids) and mixed solvents are well planned. The both applications &
implications of studies of the reactions in non-aqueous and mixed solvents have been
summarized Meck ) by Franks (2, Popovych ©, Parker “*,  Bates ), Criss and
Salomon ), Mercus  and others “°*?).  Now days the ion-ion or solute-solute and
solute-solvent interactions have been subject of inclusive interest as apparent from

recent Faraday Trans. of the chemical society ).

The accurate understanding of the solute-solvent interactions would form the
basis of explaining quantitatively the stimulus of the solvent and the extent of
interaction of ions in solvents and thus cover the way for real understanding of the
different phenomena associated with solution chemistry. Approximation of solute-
solvent interactions can be obtained thermodynamically and also from the
measurement of partial molar volumes, refractive index viscosity B-coefficient, and

conductivity studies.

Also, thermophysical revisions or studies are of great importance, provided that
a inclusive range of services and huge amount of products by amending the inner
properties of raw materials. The bulky nature of solutions are very beneficial to obtain
the information on the intermolecular interactions and also geometrical effects. In spite
of the great benefits obtained from these observes, all-inclusive understanding of the

properties of raw materials is crucial to the triumph or success of process design. Exact
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knowledge of thermodynamic properties of solution mixtures has great importance in

theoretical side as well as applied areas of research.

ILs are materials of a new class, which has attracted a lot courtesy in the field of
scientific and industrial research recently. The ILs has both chemical and physical
properties; they significantly differ from collective molecular liquids. An ionic liquid
(IL) is often well- defined salt in the liquid state of melting point below some arbitrary
temperature usually lower 373 K [ The simple combinatory analysis specifies that
nearby 108 ILs can be possibly blended. This variety unlocks wide opportunities in the
fashion design of ILs suitable for practical applications. The understanding of the
behavior of ILs and their properties is vital for any practical application. But the
availability of chemical and physical data are inappropriately infrequent in comparison
to the amount of already commercially available ILs. Moreover, the prevailing or existing
data are often unpredictable. In this research work, we dedicated on the consistent
determination of thermodynamic charateristic of ILs using different independent

methods.

ILs have gained Worldwide attention beacuse they are used as “designer
solvents” and “green” replacements for organic solvents used in reactions involving
inorganic and bio catalytic reactions in the last decade. This study discovered the
fundamental science and engineering of using ionic liquids as a new peer group of
solvents to substitute the traditional organic solvents. They are offered as novel solvents
for the standby of organic solvents and the formation of smart liquids. The
investigation also suggested Nano- and atom-scale structuring of ionic liquids, a feature
that appears to totally fortify their sole behavioral characteristics and facilitate accurate
predictions of trends. The study of physico-chemical behavior involves the clarification
of the excess properties as a mean of unravelling the nature of intermolecular interactions
among the mixed components. The interactions consisting among molecules can be
deduced from a investigation of characteristic deviation from ideal behavior of some
physical properties such as density, viscosity, and refractive index etc. *> . The
rheological and molecular behavior of a formulation can influence aspects such as,
patient suitability, since it has been well demonstrated that viscosity and density both
influence the absorption rate of such products in the body. "¢ ) Rheology, the branch
of science!™” that investigate deformation of material and flow, and is connected in the

mixing and flow of medicinal preparations and cosmetics and is increasingly applied to
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the analysis of the viscous behavior of many pharmaceutical products, “°?Yand to

establish their stability and even bio-availability.

Density of solvent mixtures and related volumetric properties like excess molar
volume are essential parameter for not only theoretical but also practical aspects. Depend
on both sign and value of excess molar volume imparts guess of strength of unlike
interactions in binary(IL+AA) systems. The particular interactions ®® among mixing
components are obtained from the negative values of excess molar volume (VE). The
positive values suggest supremacy of dispersion forces *> between them. The negative
(VE) values of excess molar volume® also give the intermolecular hydrogen bonding

interactions and interstitial accommodation of mixing components .

It is very important that Knowledge of the properties of the RTILs is required for
selecting an appropriate liquid for each of their envisioned industrial applications.
Additionally, complete data sets of RTIL properties are used for validating and civilizing
the molecular interaction and properties of prediction methods “® which later will be

applied to process interaction and process improvement and strategy.

The idiom 'solution’ is commonly used for particular case of a mixture between
different components. A idiom solution is made by a small amount of substance, solute
(solid, liquid or gas) dissolves to a definite limit in a liquid or solid substance (pure, or a
mixture itself), solvent. A solution may be considered as a prima faciea and largely get-
together of molecules held composed by non-covalent interactions. The investigation of
such type of interactions in physical systems of increasing the complexity should start
with dimmers to continue through larger clusters, and end with solutions. In general,
solutions are more complex than assemblies of feebly interacting molecules are and in
particular, the study of reactivity in the presence of a solvent cannot be reduced to that
of non-covalent interactions in the solutions.

Solvation and reaction dynamics are the complex process. The most fundamental
properties of an ionic liquid in solution to determine the organization of solvent
molecules. It is believed that exclusive ordering in ionic liquids results form a balance
between cation-cation, anion-cation and most prominently, ion-pair formation. The final
parameter has been found to be acute to the ‘iconicity’ or transport properties of the
liquids and these atom-atom interactions arbitrate the dissociation of the ions and thus

the capability to form solvation shells associated with the ‘ionic liquid effect’. To probe
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ionic liquid behavior, the effect of cation changes were examined experimentally
and compared to that of model systems drawn for conservative molecular solvents.

The physical and chemical properties of a solution (liquid) is a result of the forte
of their intermolecular forces. Differing charges on head-to-head molecules that lead to
electrostatic attractions and governed by coulombs law. The intermolecular forces that
appeared by the partial charges in molecules are dipole-dipole forces, dipole-induced
dipole forces, hydrogen bonding, Van der Waal forces and electrostatic interaction
hydrogen bonding, etc. Intermolecular forces in a solution switch their
thermophysical/thermodynamic properties and the understanding of the solvation
thermodynamics is very necessary to the characterization and elucidation of any process
performed in the liquid systems. These thermophysical/thermodynamic properties are
quantities, which are either trait of an entire system or are functions of position, which is
endless and does not vary rapidly over microscopic distances, except in cases where there
are sudden changes at boundaries between phases of the system. Therefore, the studies
on the thermophysical properties along with the transport properties of solutions would
provide a perfect or clear knowledge about the nature of the forces involving, an

interacting way existing between the constituents of the solution.

It is thus, specious that the real understanding of the molecular interactions is a
very difficult task to us. The aspect hold a wide range of topics but we have boarded on
a series of investigations based on the volumetric, refract metric, viscometric,
interferometric, conductometric and spectroscopic behavior to study the nature of the
chemical structure of electrolytes/nonelectrolytes and solvents and their communal and

exact interactions in solution systems.

1.1.1 What is the main Objective of this research work?

Considering these contradictory results, the following questions arise:

a) What is the reasonable linkling between experimental results and theory and
the spread of the experimental results?

b) Are the interpretations in the experimental and theoretical results depends on
functional groups, the chain length of alkyl groups in ionic liquids, functional
groups, size , structure and shape of the cation and anion, a result of the ionic

interactions?
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c) What makes the need and advantage of ionic liquids, different in contrast

with?
The molecular liquids?
d) How can be act amino acids in the molecular interaction with
Aqueous solvents?

e) How they can apply in research area, academic, industry and other
supportable Chemistry, biochemistry and engineering?

We tried to answer of these questions using a combination of exact or
precise experimental measurements and derivative thermophysical/thermodynamic
properties to study the molecular interactions taking place in the solutions system.

The key objective of the present research work is to explore and to recognize the
molecular as well as ionic level of interactions prevailing in solutions by studying their
thermophysical properties of ionic liquids and amino acids in some liquid systems. To
keep away from needless effort in synthesis of ionic liquids(ILs) taken from the
huge pool of possible ion combinations, several approaches were tried for the prediction
of physical properties.

The molecular interaction in fluids by thermophysical, thermodynamic methods
has attracted attention, as thermophysical parameters are convenient for interpreting
intermolecular interaction patterns in non-electrolytic solvent mixtures involving both
hydrogen bonding and non-hydrogen bonding solvents. Due to different sequence of
solubility,power of different solvation and possibilities of chemical or electrochemical
reactions unacquainted in aqueous chemistry have open vistas for chemists and interest
in the organic solvents exceeds the traditional boundaries of physical, inorganic, organic,
analytical and electrochemistry ")

H-bonding
interaction
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1.1.2 Importance of Thermophysical Parameters

The thermo- physical parameter such as thermophysical, thermodynamic,
transport, optical, and spectroscopic are of great importance in characterizing the
properties and structural aspects of solutions. The nature of intermolecular interactions
can be showing from the interpretation of the resulting properties through the

thermophysical study.

Intermolecular Forces

[ These forces may contribute to or oppose the formation of a solution. ]

Dipole-dipole Hydrogen bond Ton-dipole

Ethanol
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Heptane (GiHyy)

(GHye)
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Of the solutions. From the density values of solvent mixtures and related
volumetric properties like apparent molar volume are of also massive significance in
measured the properties and feature of solutions. The magnitude and sign of partial molar

volume (4°), a thermodynamic quantity, provides a huge information about the nature

of ion-solvent interactions. While the experimental slope (S,") provides information
about (solute- solute interactions).® Furthermore, the different parameters resulting
from the experimental data density, viscosity and subsequent interpretation of the nature
and strength of intermolecular interaction help in analysis and development of various
theories of solution. Thus, the properties provide significant information both the nature

and strength of intermolecular forces operating among mixed components

In order to develop industrial processes, the very significant parameter, and
refractive index is also give the optical physical property of liquids and liquid mixtures
influence the solution of different problems in chemical engineering. Knowledge
obtained from refractive index measurements of multicomponent systems provides

pivotal information about the molecular interactions occurring in the solutions, ?°-V) that
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is essential for many thermophysical calculations counting the correlation of with

density. 234

Information of viscosity of fluids is very essential in most engineering
calculations where flow of fluid, mass transport and transport of heat are important
factors. Valuable information concerning the nature and strength of forces of
electrolytes/non-electrolytes operative in solutions mixture can be obtained from the
viscosity data. The use of computer simulation of molecular dynamics has led to major
development in the direction of an undefeated molecular theory of transport properties
in fluids and a proper understanding of molecular motions and pattern of interactions in
non-electrolytic solvent mixtures involving both hydrogen bonding and non-hydrogen

bonding solvents has been renowned >

The study of interactions like dissociation or association from ultrasonic speed
measurements and from the calculation of isentropic compressibility has achieved a great
deal. It can also be used for the test of various solvent theories, statistical models and are
responsive for alteration in ionic concentration in addition to useful in illuminating the

solute-solvent interactions.

The study of thermophysical behaviors like dissociation or association from
acoustic measurements and from the calculation of isentropic compressibility has gained
much importance. Measurements of accoustice properties are also applied 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.
Thermophysical properties connecting with excess thermodynamic functions have
applied in engineering and industrial separation processes. The importance and use of the
chemistry of electrolytes in non-aqueous and mixed solvents are well recognized.
However, the experimental observations of aqueous solution of different mixtures have
provided enough information on the thermodynamic properties of various electrolytes
and non-electrolytes. The above observations also give the effects of variation in ionic

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

Elementary research on non-aqueous electrolyte solution has catalyzed their wide
technical application in many fields. They are really challenging with other ionic
conductors, especially at ambient and at low temperatures, due to their high flexibility

based on the choice of numerous solvents, additives and electrolytes with widely varying
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properties. Primary and secondary batteries with high energy, wet double-layer
capacitors and super capacitors, electro-deposition and electroplating are some devices
and processes for which the use of non-aqueous electrolytes solutions has brought the
biggest success. 8490 The non-aqueous electrolyte solutions are used largely in other
fields of science, include electrochromic displays and smart windows, photo
electrochemical cells, electro machining, etching, polishing and electro synthesis. In spite
of the 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 the

structural and dynamic properties of non-aqueous electrolyte solution.

Solar cells Electronic
v devices

§ § Discharge

e

High enery primary lithium batteries .
ESS window

1.2. CHOICE AND IMPORTANCE OF SOLUTES AND SOLVENTS USED

A short description of the electrolytes (ionic liquids), non-electrolytes (amino
acids), and solvents has been used throughout the research work is given below. The

detailed description has been given in Chapter II.
1.2.1 Electrolytes

During the research work, the most remarkable ionic liquids have been used as

electrolytes for my experiment, as given in the following.
(a) 1-Butyl-3-methylimidazolium octyl sulphate(BMIM)(C8S04)
(b) 1-Methyl-3-octylimidazolium chloride(MOIM)CI
(c) Benzyltri methyl ammonium chloride
(d) 1-Butyl pryidinium Bromide(BP) Br
(e) Benzyl tri butyl ammonium chloride
(F) Tetra butyl ammonium Methanesulphonate

8
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(g) Benzyl tri ethyl ammonium chloride
1.2.2 Non-Electrolytes
Selected Amino acids:
(a) L-tyrosine
(b) L-phenyl alanine
(c) L-Ascorbic acid
(d) L-Aspartic acid
(e) L-Glutamic acid
() L-Asparagine
(9) L-Glutamine
(h) L-methionine
(I) L-arginine
(j) L-histidine
1.2.3 Solvents

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

aqueous solution s are not taken for my research work.

The study of electrolytes (ionic liquids), non-electrolytes (amino acids), and
solvents is of great importance because of their wide use as solvents, solutes and

solubilizing agents in many industries ranging from pharmaceutical to cosmetics.
1.3. METHODS OF INVESTIGATION

The interactions and equilibria of ions in aqueous and non-aqueous media in
different concentration regions are of immense importance to the technologist and
theoretician as most of the chemical processes occur in these systems(9). Existence of
free ions, solvated ions, ion-pairs and triple-ions of the electrolytes/non-electrolytes in
aqueous and non-aqueous media depends upon the concentrations of the solution, size of
ions, and intermolecular forces, e.g., electronegativity of the atom, dipole-dipole forces,
dipole-induced dipole forces, H-bonding, Van der Waal forces, columbic forces and

electrostriction, +1, -1 effect, side chain effect etc. Hence, the study of assorted
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interactions and equilibrium of ions in diverse concentration regions are of massive
importance to the technologist, theoretician, industrialist, researchers as most of the

chemical processes take place in these systems.

Stimulatingly the different experimental techniques have been employed to find
out a better understanding the occurrence of solvation and different interactions
prevailing in solution. Therefore, we have engaged the five significant thermophysical
methods, namely, densitometry, conductometry, viscometery, and refractometry
spectroscopy to reconnoiter or explore the solvation phenomena.

Using density measurement, apparent molar volumes, excess molar volume and
partial molar volume obtained are usually convenient parameters for interpreting the ion-
solvent/solute-solvent and ion-ion/solute-solute interactions in solution. lonic apparent
molar volume for the individual ions has been obtained with the help of “reference
electrolyte” method. The compressibility, a second derivative to Gibbs energy is also a
sensitive indicator of molecular interactions. This provide useful information in such
cases where partial molar volume data alone cannot provide an clear interpretation of

these interactions.

The change in viscosity of pure ionic liquid and solutions (containing ionic liquid
with amino acid) of different concentration is used to recognize the inter-ionic and ion-
solvent effects. The viscosity B-coefficients are also detached into ionic components by
the ‘reference electrolyte’ method and from the temperature dependence of ionic values,
a reasonable or satisfactory interpretation of ion-solvent interactions such as the effects

of structure-breaking or structure-making, solvation , polarization, etc. has been given .

The transport properties of the ions involving in the solution, most of cases have
been studied using the conductance data, especially the conductance at infinite dilution.
Molar Conductance data obtained from specific conductance as a function of
concentration can be used to study the ion-association with the help of appropriate
equations. The ionic conductance are also play the decisive role to the interpretation of
the ionic level of interaction, association or ion-solvent interactions of ions as well as

molecules.

The spectroscopic study has been customary by the investigation of UV visible

spectroscopy, fluorescence, NMR Technique. The study has been taking into account to

10
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qualitative interpreting the molecular as well as ionic association of the electrolytes

(amino acid) in the solutions.
.4 SUMMARY OF THE RESEARCH WORKS EMPHASIZE IN THE THESIS
CHAPTER-I

This chapter encloses the objective, utility and applications of the research work,
the important of electrolytes/solute molecules and solvents used and methods of
investigation. This also occupies the summary of the works done connected with the
thesis.

CHAPTER-II

The chapter contains the general introduction (Review of the Earlier Work) of
the thesis and forms and the very strong background of the work embodied in the thesis.
A brief criticism of remarkable works in the field of solute-solvent, solute-solute and
solvent-solvent interactions has been given. In this chapter, the discussion includes the
ion-solvent/solute-solvent, ion-ion/solute-solute and solvent-solvent interactions in
binary, ternary mixed solvent systems and of electrolytes in pure and non-aqueous
solvent systems at various temperatures in terms of various derived parameters, estimated
from the experimentally detected thermophysical properties viz., density, refractive
index, viscosity and conductance. Several semi-empirical models to approximation
dynamic viscosity of binary liquid mixtures have been deliberated. Using Stokes’ law
and Walden rule, lonic association and its necessity on ion-size parameters as well as
relation between solution viscosity and limiting conductance of an ion has been
deliberated. The molecular interactions are understood based on various derived
parameters. Key assessment of different methods on the relative merits and demerits
based on various types of assumptions employed from time to time of obtaining the single
ion values (viscosity B coefficient and limiting equivalent conductance) and their
implications have been understood. The molecular interactions are also made based on

various type of equations.
CHAPTER-III

This chapter includes the experimental section, which mostly contains the basic
information’s, structure, source, purification and uses of the ionic liquids,

electrolytes/non-electrolytes or solutes, and solvents have been used throughout the

11



Chapter -1 Necessity of the Research Work

whole research work. It is also confines the details of the procedure, instruments working
principle and equations that are employed to know the thermophysical/thermodynamic,

transport, optical and spectroscopic assets.
CHAPTER-IV

The chapter deals with the precise measurements on electrical conductance (A1)
steady state fluorescence , Uv visible spectroscopy, determination of association constant
, Gibbs free energy , study of proton NMR of solutions of an ionic liquid (ILs) , L-
Tyrosine, L-Phenyl alanine and their binary mixtures have been reported at 298.15K.
From the above experiments, data reported which can explain the nature of interaction
properties associated with the ionic liquids and the solute molecules. Also from the value
of proton NMR, data can help the chemical environment of different protons and
different types of interactions (non-covalent bond, weak pi-pi interaction).

CHAPTER-V

The chapter embraces the analysis of solute-solute and solute-solvent
interactions between IL(BTAC) and two solute molecules(L-glutamic acid and L-
Aspartic acid at different temperature(298.15k,303.15k,30815k) quantitatively by
precise measurement of density, viscosity, refractive index, molar conductance(A), in
the solution systems. From limiting apparent molar volume, (®v°) experimental slopes
(SV*), viscosity B-Coefficient data, molar refraction data explained the interaction
phenomenon (solute-solvent and solute-solute interactions). Hydrogen bonding
formation, Dipole-dipole interaction configurational theory, structural aspect, are the
driving forces, have been employed for discussion of the results. The solvation
phenomenon is manifested by the change of the difference parameters explained in this
chapter in the presence of ionic liquids.

CHAPTER-VI

Apparent molar volumes (@ ), viscosity B-coefficients, refractive index, specific
conductance for L-Ascorbic acid in (0.001, 0.003, and 0.005) mol.dm™ aqueous ionic
liquid, 1-Butylpridiniumbromide, CoH14NBr) solutions, determined from density of
solution and viscosity measurements at T = (298.15, 308.15, and 318.15) Kand p =0.1
MPa as a function of the concentration (Molality) of L-Ascorbic acid have been reported

in this chapter. To obtained the limiting values (4°), at infinite dilution, the apparent

12
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molar volumes have been extrapolated to zero concentration. Solute-solvent interaction
can be explain from the different parameters which obtained by using the Redlich-Meyer
equation. The viscosity data were analyzed using the Jones-Dole equation, and the
resulting parameters A and B have been interpreted in terms of solute-solute and solute-
solvent interactions, respectively, in the mixed solutions. Ability to structure making or
-breaking of the electrolyte (L-Ascorbic acid) has been discussed in terms of sign of
dB/dT. For the ternary solutions ,the activation parameters of viscous flow studied have
also been calculated and elucidated by the application of transition state theory.

CHAPTER-VII

Custody in mind the uses of amino acids the apparent molar volume (¢V),

viscosity B-coefficient, Molar conductance (a) and molar refraction (Rm) of L-Arginine
and L-Histidine have been determined in IL (Tetra butyl ammonium methansulfonate )at
298.15 K, 303.15K, 308.15K from density (p), viscosity (1), Specific conductance and
refractive index (np) respectively. Using Masson equation, the limiting values at infinite
dilution are by extrapolated to zero concentration of apparent molar volumes. The

experimental slopes (s;) and as well as limiting apparent molar volume (4 ) obtained

from the Masson equation have been understood in terms of solute-solute and solute-
solvent interactions, respectively. From Jones- Dole equation, viscosity parameter A and
B derived using viscosity data have been interpreted in terms of solute-solute and solute-

solvent interactions, respectively in the solutions. Applying Lorentz-Lorenz equation to

evaluated the Molar refraction (RM) values as explain the solvation properties

associated in the solution mixture. Molar conductance data also explain the molecular
interactions involving in the solutions. Interactions properties also explain by

computational study.
CHAPTER-VIII

This chapter includes the study on interactions between solute-solvent and
solute-solute. Here the - ethyl ammonium chloride with one amino acid(solute) L-
Methionine have been carried out by volumetric, viscometric, conductometric,
refractmetric, surfacetension, NMR, Computationals measurements . Comparism of
solute-solute and solvent-solvent interactions between ILS with amino acid can be

explained with the help of some physicochemical parameter such as limiting apparent
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Molar volumes (Dv°), viscosity B-Coefficient, Molar conductance(a )data. In addition,
proton NMR ,UV-Visible and FTIR spectroscopy help to determine the interaction
properties in pure as well as the solution mixtures. Variation of optimization energy
calculated theoretically by interactions behaviour between two ionic liquids (solvents),
Benzyltri -methyl ammonium chloride and Benzyl tri Gaussian Method of pure ionic
liquids and mixture with amino acid gives the same result obtained practically from

above mentions of different parameters in this chapter.
CHAPTER-IX

In this chapter physicochemical properties such as density (p), viscosity (),
refractive index(np), molar conductance(a), surface tension measurements of ionic
liquid(Benzyltri butyl ammonium chloride),  solute  molecules, L-
glutamine(CsH10N203)&L-asparagine(C4HsN203) and their binary mixtures have been
studied over the entire range of composition at 298.15 K,303.15K,308.15K, respectively.

Solute- solute and solute- solvent interaction have been interpreted by some very

significant physicochemical parameters namely, Apparent molar volumes (ﬂ/), and

viscosity B-coefficients accompanied with the data of densities and viscosities

respectively. Using the Masson and Jones-Dole equation for explaining the limiting
*

apparent molar volumes (¢\9 ), experimental slopes (S,, ) and viscosity A and B

coefficients. Spectroscopic technique such as *HNMR ,UV-vis. is also applying for the
determination of molecular interactions. Molar expansibility factor (PE° anddDE®°/0T)
obtained by applying polynomial equation which explain the solute- solvent interactions
properties. Computational study is also accompanied with the manifestations of

interactions prevailing in ionic liquid with two amino acids.
CHAPTER-X

In this chapter, covers the concluding remarks of the works related or detailed

described in the thesis (dissertation).
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General Introduction (Review of the Earlier Works)

11.1. IONIC LIQUIDS

lonic liquids (ILs) are very important salt that exist in liquid state/phase. In some
contexts, the term has been categorized to ionic species existing in liquid state. The
melting point of ionic liquid is below some arbitrary temperature, 100°C (212°F). In
general, lonic Liquids (ILs) are liquid state salts that involve organic-organic or organic-

inorganic cation or anions respectively (Figure II. 1).

Figure 11.1: Difference between an ionic solution and an ionic liquid.

Decreasing of melting temperature (V) of ionic liquid by increasing size of the
ions and making them asymmetric. This is easily elucidated as follows: owing to
electrostatic forces happens in ionic liquid system they tends to attract to each other. If
the size of the ions are very small and symmetric, as for example, in sodium chloride, the
ions will become very near to each other and interact among strongly. Furthermore, due

to their nature of symmetry, the crystals formation is favourable. If the size of the ions
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is increased, the distance between them will increase and as consequence, the
electrostatic attractive force will decrease. The above-mentioned process is used to
control the melting point of ionic liquid. Due to their versatile nature , it is possible to
synthesize thousands of ionic liquid by only varying a functional group, and the
variation of the functional groups will determine the final macroscopic features of
that ionic liquid. In the last years, it has been found that ionic liquids have different
applications at different field of science, e.g. as catalysers, electroplating solvents and
electrolytes.!""? For the specific case of electrolytes, the interest in ionic liquid has
greatly increased and already so me possible applications are found in fuel cells,("?
)in solar cells,""“and lithium-ion batteries.!"® Inspire of it has already mentioned
qualities of the ionic liquids, they are relatively new as electroles, and as such, there
are some draw backs of the ionic liquid such as compatibility, toxicity, with the actual
materials used, production cost, and all the problems that come with the introduction of

a new technology.

In the last periods, many research groups at different place around the world,
focused on a new class of compounds of ionic liquids (IL). The last ten years it was
observed that the count of publications with the topic “ionic liquids” grew gradually.
However, it seem to be what are ionic liquids and why are they so interesting? The
following section gives a short overview over this broad field. A much more
comprehensive overview about the possible properties and applications of ionic liquids
can be observed in the recent book “lonic Liquids in Syntheses”, edited by Peter
Wasserscheid and Tom Welton. ('® The generally conventional definition of ionic
liquids is that they are “ionic materials that are liquid below 373 K”. (') However, the
ideas about the definition of “ionic material” are more spread. Many organic solvents
that have been proposed over the last two decades. Water frequently used as the ultimate
green solvent can be consider in this respect. Ideally solvent-free conditions or the use of
water as the ultimate green solvent can be considered. However, most of the organic
compounds do not dissolve in water frequently, and especially a solids cannot be
processed without a solvent. Therefore suitable alternatives have been sought and
found in the classes of (1) ionic liquids; ionic liquids have gained a lot of attention
as emerging environmentally benign solvents.!"” lonic liquids used as a replacement
solvents instead of conventional organic solvents in several applications due to their

unique features. The melting point of lonic liquids is below 373 K. ILS consist of an
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organic cation that combined with an organic or inorganic anion"® In generally
lonic liquids display, a very interesting set of properties , used for different
applications in chemical industry. Stability of some ionic liquid are up to 500K.""® the
melting points of these organic salts are commonly found below 150 °C [""*] and rarely
as low as —96 °C. ("9 At room temperature due to their ionic nature, they have no
measurable vapour pressure. (' they typically have high solvency power for polar and
non-polar compounds. Billions or more than billions of ionic liquids canbe considered
and synthesized by selecting different ion pair combinations, which allow them to
possess specific possessions. Besides, the ability to adjust the solvent properties of the
ionic liquids is one of their outstanding properties. It’s makes them unique solvents for
various reactions and separations.!"*Y  Moreover ionic liquids are practically highly
thermally and non-flammable,and (electro)chemically stable and ILS present a large
liquid range.!"® The key challenges of ionic liquids in the field is that it has the large
scale application due to their high costs, their high toxicity (many ionic liquids
contain halogens) the unknown long term stability and their relatively high viscosity
compared to most common molecular solvents. The latter decreases the rate of mass
transfer decrease during the reaction and the separation processes. Though, the viscosity
of ionic liquids can drop ominously by addition of co-solvents such as carbon
dioxide (CO2)""® The whole comparison between ionic liquids and organic solvents is
represented in Table 11.1.0"12

Table 11.1. Comparison between organic solvents and ionic liquids. "%

characteristic Organic solvent lonic Liquid

Number of Solvent > 1000 > 10000

Catalytic Ability rare Common and tunable

Applicability Single function Multifunction

Solvation Most of case weakly | Strongly solvated in
Solvating solution

Chirality rare Common and tunable

Polarity Conventionally  polarity | Concept of polarity is
concepts apply Questionable

Vapour Pressure Obeys the rule of Clausius- | It has Negligible Vapour
Clapeyron equation pressure under Normal

condition
Flammability Usually flammable Usually nonflammable
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characteristic Organic solvent lonic Liquid
Recyclability Green imperative Economic imperative
Tunability Available  for  limited | Huge range of solvents
solvents means “Green solvents”
Cost Generally cheap It is Typically two to

hundred times more than
organic solvent

Density(kg/m3) 600 t01700 800 to 3300
Viscosity(pa.s) 0.0002-0.1 0.022-40
Refractive index 1.3t0l.6 1.5t02.2

11.1.2 Room Temperature lonic Liquids (RTILS)

At room temperature ILs which are liquid is called room temperature ionic liquid
(RTIL).From the older and some current literature, ionic liquids are sometimes called
liquid organic salts, fused salts, molten salts, ionic melts, NAILs (non-aqueous ionic
liquids), OILs (organic ionic liquids) room-temperature molten salts, and ionic fluids.
(11%) sodium chloride (NaCl, mp 801°C), normal salts, when heating to high temperature
produces also a liquid, that involves entirely of ions, but this is term as a molten salt and

do not called them as an ionic liquid.

0

L —1

F

—
B — ,?_._‘9‘—#“’”‘
P —

Nacl called as a Table salt and [bmim]NTTf, is an ionic liquid at

temperature 27°¢

Commonly, ILs contain of a large bulky and asymmetric organic cations based

on l-alkyl-3-methylimidazolium (abbreviated [Chmim]*] ,where n is the number of
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carbon atoms in a linear alkyl chain) tetraalkylammonium (BusN*) or
tetraalkylphosphonium (BusP*) cations. N-alkylpyridinium (accordingly abbreviated
[Chpy]"),and many others; and inorganic anions such as tetra fluoroborate [BF4]
,hexafluorophosphate [PFs]", alkylsulfates [RSO4]", alkyl sulfonates [RSOz], halides as
chloride [CI], bromide [Br]- or iodide [I]-, nitrate [NOs]-, sulphate [SO4]-, aluminium
chloride [AICl4]-, triflate ([CF3SOz]" = [TfO]), bis(trifluoromethylsulfonyl)imide
([(CF3S02)2N] = [Tf2N]), etc.("5 16) | ately when the amino acids are act as anionic
part of the ionic liquids and then ionic liquids are called amino acid based ionic liquids
(AAILs)."* Some commonly used ionic liquid systems are presented in Figure I1. 2.

in the following.

R Tetra alkyl

1-alkyl-3-methyl-imidazolium N-alkyl-pyridinium N_alky]_N_methyl_piperd,-mum ammonium

some commonly used cat1on

Ri

Ry R,
: Ny
. N N\/ R3/
PN

N
| N-alkyl thiazolium 4 11ey1-sulphonium
R

s 2
N-alkyl-N-methyl pyrrolidium 1,2- dialkyl -pyrozolium

R1’2’3’4 :CH3(CH2)D n:1,3,5,7,9 ,aryl-etﬁ

Some anions

E2 | cusco, ]__

( —

PF, ]

[Nsz] - lOTfI _ [CF3C02 ] [NO3 ] -

NN, | Br.CLi SO,

[ALCL| [AICk |

J

[BR{R,R3R, [

Figure I1. 2: Some commonly used ionic liquid systems given in the above chart.
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lonic liquids are eco-friendly used as green solvents due to their no volatility
compared to conventional solvents, which are often volatile and it has much contribute
both to air pollution and the greenhouse effect. Due to suitable for reuse oils consumption
of solvent is very less. However, the normally used ILs are toxic in nature and are hard
to biodegradable, which are naturally not intrinsically green. In detail, ILs can be
designed to be environmentally benign, which is the direction to research and industry

should steer towards.
11.1.3. Properties of lonic Liquids:

The melting points of ionic liquid is very low due to asymmetry nature of cation
is believed to be responsible for the fact., while the nature of the anion part of the ionic
liquid is considered to be responsible for many of the physical properties of ionic liquids
such as their miscibility with conventional solvents and hygroscopicity. (18 “Green
Solvents” are commonlyreferred to ILS due to their immeasurably low vapour pressure.
A crucial feature of ionic liquids is that their various physical properties such as melting
point, density, viscosity, and hydrophobicity can betailored to design different ionic
liquids with a specific end use in mind by selection of different cation, anion, and
substituents respectively. For this reason, the ionic liquids are alsodescribed as “Designer
Solvent”. ("9 There are number of advantages of ionic liquid as a solvents over
molecularlonic liquids such as high thermal stability negligible vapour pressure, , non-
flammability, wide temperature range, hydrophobicity, Lewis acidity gas solubility and
hydrogen-bonding capability, therefore, these fluids have been proposed as an attractive
alternative to volatile organic compounds (VOCs) for “green processing”. To prevent
the emission of VOCs, a major source of environmental pollution the ionic liquids used

as the replacement of conventional solvents. ('?%

Properties of ionic liquid has listed in the table form:

property value

Freezing point < 373.15K
thermal stability Very high

liquid range 298.15K-473.15K
dielectric constant < 30(F/m)
viscosity < 100cp

polarity 47-49

specific conductance <10 (mS/cm)
molar conductance <10( Scm?/mol )
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11.1.4 Generations of ILS

Three categories of lonic Liquids are first-generation; Second-generation; and

Third-generation ionic liquids. 2%

For the first-generation ionic liquids consist of bulky cations such as one, 3-
dialkylimidazolium (or N, N'-dialkylimidazolium) or 1-alkylpyridinium (or N-
alkylpyridinium), and anions commonly based on halo aluminate (111); these have been
studied widely. lonic liquid has their merit as a tuneable Lewis acidity. lonic liquids has
their great drawback due to extremely sensitivity towards water , which forms
hydroxoaluminate(lll) species with the aluminium(lll) chloride and therefore it
decomposes to ionic liquid easily. The sensitivity of ionic liquids towards water

necessitates their handling in a dry-box.

The ionic liquids of the second category gradually absorb water from the
atmosphere. (22 are usually air-stable and water-stable and can be used on the bench-
top. However, it must be carefully noticed that water-stable does not imply that there is

no interaction with water at all.

Recently, a third generation of “‘task-specific’” ionic liquids have developed.!"'?®

These novel ionic liquids have very interesting feature for chemical functionalities which
have been designed for particular applications. From the physical properties of ionic
liquid very little is known and the future will show if they can bring about an ecological
or economic benefit; but that future does look positive.

11.1.5. History and New Developments

lonic liquids have their extensive use solvents in chemical processes for
synthesis, separation processes and catalysis has recently become noteworthy. By Paul
Walden in 1914 (29 Synthesized the first low melting salt (ionic liquid), ethyl
ammonium nitrate ([EtNHs] © [NOs]), having melting point of 12°C. Aluminium
chloride-based molten salts were utilized “during 1940s, for electroplating at
temperatures of hundreds of degrees Celsius. In 1951, low melting salts with
chloroaluminate ions for low-temperature electroplating of aluminium were developed.
(125 puyring the 1970s and 1980s, these liquids were studied mostly for electrochemical
applications in the field of nuclear warheads batteries.("?® In the early 1970s, Wilkes
tried to develop better batteries for nuclear warheads and space probes which is very

essential for molten salts to operate. These salts were so hot enough to damage the nearby

21



Chapter -11 General Introduction (Review of the Earlier Works)

materials. For this, reason chemists investigated for salts, which remain liquid at lower
temperatures, and finally they identified one, which is liquid at room temperature. For
the improvements of ionic liquid, Wilkes and his colleagues use as battery electrolytes
and then a small community of researchers began to make ILs and test their properties.
(1127, 1128)In the mid 1980s, low melting point ionic liquids for organic synthesis were
suggested. ('2% 129 |onic liquids became one of the most promising chemicals as solvents
in the late 1990s. These ILs were very active towards various organic compounds. Due
to their instability nature towards air and water new ionic liquids such as organ-
aluminate, have limited range of applications+. Besides, these ILs were not inert towards
various organic compounds. In 1992, synthesis and applications of water and air stable
ILs as for example, 1-n-butyl-3-methlyimidazolium tetra fluoroborate ([omim] [BF4])
and 1-n-butyl-3-methlyimidazolium hexafluorophosphate ([omim] [PFs]), the number of

air and water stable ILs have started to increase quickly.

It is very Interest in ionic liquids that it has now been grown dramatically in the
scientific community (both in academia as well as industry) in the last decade.!"*> with
over 8000 papers have been published. This growth of publication can be observed in
Figure 11.3. ("% (number of publications per year) and Figure I1.4. ("% (number of
patents per year), it is clear from the given figure that the number of publications and
patents are increasing exponentially. In the laboratory, there are about one million (10°)
simple ionic liquids that can be easily synthesised by combination of different cations
and anions and this total are just for simple primary systems (Figure I1.5). There are one
billion (1012) possible binary combinations of these, and one trillion (10*®) ternary
possible IL systems that can be prepared from the combination of anions, cations, and
substituents respectively If there are one million possible simple systems of ionic liquid
present. Now days only about 300 ionic liquids are commercialized so one can imagine
this in depth, how many chances in this field are still undiscovered and why this field of

chemistry is so trying or tempting.

22



Chapter -11 General Introduction (Review of the Earlier Works)

4
g
g
2
3
:
=z

o

Figure I1. Three: Growth rate of ionic liquid publications from 1986 to 2006.
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Figure I1. Four: Annual growth of ionic liquid patents from 1996 to 2006.
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Figure I1. Five: Annual growth of ionic liquid paper and patents, up to 2009

It was observed from the plot Until 1998, the number of entries of publications
and papers with the terms “ionic liquid” or “ionic liquids” in the Chemical Abstracts was
below or around twenty per year. After this number is increasing 45 per year t01255 from
1999 to 2005 and 1717 in 2006 with their different applications in various field of
science.147 The total number of entries is over 8000 (in 2007) which indication in

different areas, huge potential of ionic liquids applications as shown in Figure 11.6.

1
Pharmaceuticals'— 800
Optical Fluids
Magnetic Fluids

Number of IL
Publications

ILs in Solar Cells
ILs in lon propulsion
ILs in Fuel Cells
Heat Transfer Fluids

Energetic Materials
ILs for Electro-optics

ILs for Biomass Processing

Entrainers
Acid Scavengers
Hydraulic Fluids
Lubricants

Catalysts
Supported lonic Liquid Phase
Extractants

Solvents
Electrolytes

Figure 11.6: Growth in the number of IL publications per year and representative areas
of interest. (Data achieved from Sci Finder Scholar using the search terms “ionic liquid”

OR “ionic liquids” and then refined by publication year. The data for entire publications
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includes the number of patents, and the area of the particular field does not represent the

number of publications in the subfield).

In the 2000s as the IL field grew there are three distinct forces led to ILs becoming
the hunting of overgeneralizations that still plague the field today, including a plethora
or abundance of new researchers in many different disciplines with little or no
background in the IL field (or often not even chemistry). The rise in societal significance
of green chemistry and sustainability, and the interesting new science and applications
assured by the study of ILs. As shown in Figure Il. 7 the inherent concepts of ILs as
solvents and green chemistry scolded a dramatic increase in publications in this field
(which is not yet slowing down) and primarily an increase in the citations to Fuller et

al_(lLSl)
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20 U 4000 HH

3000 HHHH
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]
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Figure I1. Seven: The inherent ideas of ILs as solvents and green chemistry scolded a

dramatic increase in publications in this field.
I1. 1. 6. Potential Applications of lonic Liquids

lonic liquid is very important as a solvent, in recent years; it has been used for an
extensive variety of applications at lab scale, such as desulfurization of diesel oil, the
recovery of bio-fuels, and supercritical fluid extractions etc. In addition, lonic liquids
have potential as lubricants, in solar cells, for heat storage, lubricants, in nuclear fuel

processing, as sol-gel templates and in the dissolution of cellulose in membrane
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technology. The various application in different application of ionic liquids are given in
Figure 11.8a, 11.8b.

®*Electrolyte in batteries

eMetal plating
* Fuel cells

e Solar panels
e Refractive index *Jon propulsion

e Thermodynamics * Electro optics

® Binary and ternary systems

I eBiomass processing

[Physical Cheluistry) ﬁ ® Drug delivery
Q e personal care
Ap-plic_'nti_ons_ Biological needs e Embaling
of iomnic liquid ‘

* Biocides
® Gas chromatogtaphy

® Coatings @\'uthesns and caml\'stsj . cloumns
® Matrices for mass

spectrometry

Engineering

® Plasticisers e Synthesis

@ Lubricants ® Catalyst e Stationary phase fo:
e Nano chemistry HPLC

e Dispersing agents

® Microwave chemistry

eNultiphasic reactions and extractions

Figure I1. 8a: The diverse application of ionic liquids in different field.
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Figure: 11.8(b) Selection of applications where ionic liquids have been used
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11.2. AMINO ACIDS

A very brief description of amino acids are given in Chapter: I. Here utility of

amino acids are given as below:
11.2.1 Occurrence and Functions in Biochemistry:

A polypeptide is the unbranched chain of amino acids. Amino acids are very
important to make the structural units that make up proteins. Amino acids combine to
form short polymer chains which called peptides or longer chains called either
polypeptides or proteins. These Polymers are linear within the chain with each amino
acid attached to two neighbouring amino acids. The amino acids are added is study
through the genetic code from mRNA template, which is a RNA copy of one of the

organism's genes.

Primary peoton structure
5 S0QUENce Of & Chaun of amInO SO

I1. 2.2. Human Nutrition

When the amino acids taken up into the human body from the diet, proteins and
other biomolecules are synthesized by using about twenty-two standard amino acids,

which are oxidized to urea and carbon dioxide as a source of energy in human body.

Essential Nonessential
Histidine Alanine Proline*
Isoleucine Arginine* Selenocysteine*
Leucine Asparagine Serine*
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Essential Nonessential
Lysine Aspartic acid Taurine*
Methionine Cysteine* Tyrosine*
Phenylalanine Glutamic acid
Threonine Glutamine*
Tryptophan Glycine
Valine Ornithine*

* Essential only in certain cases. (2 1%%)

11.2.3. Uses in Technology

In industrial purpose, Amino acids are used for a variety of applications. but their
key use is as additives to animal feed, such as soybeans, either have low levels or lack
some of the essential amino acids: The food industry is also used as a major user of
amino acids, in particular, glutamic acid is used as a flavor enhancer and aspartame
(aspartyl-phenylalanine-1-methyl ester) as a low-calorie artificial sweetener. The effect
of chelating ability of amino acids has been used in fertilizers for agriculture, to assist
the delivery of minerals to plants in order to maintain the correct mineral deficiencies,
such as iron chlorosis. The reaming part of production of amino acids are utilized in the

synthesis of drugs and cosmetics purpose.
11.2.4. Thermophysical Properties of Amino Acids

Based on different genetic code of amino acids are directly encoded. Based on
their properties, amino acid can be divided into several groups. Important factors are
hydrophilicity or hydrophobicity, charge, size, and functional groups. the structure of
protein and protein—protein interactions are very important properties of amino acids
.The water-soluble proteins tend to have their hydrophobic residues (Leu, glu ,asp, lle,
Val, Phe, and Trp) submerged in the middle of the protein, whereas hydrophilic side-
chains are manifested to the aqueous solvent. Some modifications of amino acid can
readily produce hydrophobic lipoproteins, or hydrophilic glycoproteins. These types of
modification permit the reversible targeting of a protein to a membrane. For example, the
accumulation and Elimination of the fatty acid palmitic acid to cysteine residues in some

signaling proteins result the proteins to attach and then detach from cell membranes.

28



Chapter -11 General Introduction (Review of the Earlier Works)

11.3. SOLUTION CHEMISTRY

Solution chemistry ist he branch of physical chemistry that studies the change in
properties that arise when one substance dissolves in another one. In ‘Solution
Chemistry’ the extent of solvation broadly three types of approaches have been made
to estimate In ‘Solution Chemistry’ .The first is the solvation approach involving the
investigation of viscosity, conductance, of electrolytes and the derivation of various
factors associated with ionic salvation, (% the second is the thermodynamic approach
by measuring the enthalpies, entropies and free energies of solvation of ions from which
factors associated with solvation can be elucidated, ("*> and the third is to measurements
of spectroscopic where the spectral solvent shifts or the chemical shifts determine their

qualitative and quantitative nature. '*®

Ideality of solution mixture do not obey containing different solue or solvent
mixied with another solute or solvent. This deviation from ideal behavour of solution is
expressed in terms of thermodynamic parameters, in case of liquid-liquid mixture by
excess properties and apparent molar properties in case of solid-liquid mixtures. The
above thermodynamic properties of solvent mixtures that corresponds to the difference
between the actual property and the property of the system if it behaves an ideally and
this is very useful in the study of molecular interactions and arraangements. In reality,
they reflect the interaction that take place between solute-solute, solute-solvent and
solvent-solvent species respectively. When the solute molecules or ion added with
solvent that modified the structure of solvent as wellas solute aslo modified.The extent
of interaction taking place between solute- solute, solute-solvent, solvent-solvent
species mainly deponds on ion-solvation properties of the mixtures. The assesment or
measurement of ion-pairing in these systems is very much important because of its effect
on the ionic mobility and hence on the ionic conductivity of the ions in solution. The
above phenomenon is associated with the path of paves for research in solution
chemistry to clarify the nature of interactions through different experimental studies
involving densitometry, viscometry, refractometry and other suitable methods invoves
and to interpret or explanation the experimental data collected. The whole of the
phenomena of solution chemistry could understood in reality only when solute-solute,
solute-solvent and solvent-solvent interactions are elucidated and thus the present
research work is closely related to the studies of solute-solute, solute —solvent and

solvent-solvent interactions in some industrially important liquid systems.
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Il.4. VARIOUS DRIVING FORCES OF INTERACTION

Attraction or repulsion between neighboring particles (atoms, molecules or ions)
this term as Intermolecular forces of interactions. In a molecule, the forces of binding
nature of atoms are due to chemical bonding. Bond energy is the energy that is required
to break the particular bond. For example, it was calculated the average bond-energy for
O-H bonds in water is 463kJ/mol. The forces that holding molecules together are
generally called intermolecular forces. Typical bond-energy is greater than the energy
required to break the apart molecules. Intermolecular forces among the molecules take
place very important roles in determining the properties of a substances. Intermolecular
forces are mainly important in terms how molecules can interact with each other and
form biological organisms or even life. This connection introduces the interactions

consisting between molecules.

Na ion(charge=+1) - \

11-

Cl_ion(net .charge=-1)

Solid sodium chloride(net charge=0)J

In over-all, there are several types of intermolecular forces can be categoried.The
distinguished types are describes in the following.

(@) Strong ionic interaction: strong ionic interaction is associated with the
properties of solids. Higher the lattice energy of solid higher the ionic nature of solid.
Here given some ionic solids and their lattice energy respectively, LiF, 1036; Lil, 737;
KF, 821; MgF2, 2957 kJ/mol. It has been observed from the lattice energy value of ionic

solids that the strong ionic interaction is associated with the MgF2 ionic solid.
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(b) Intermediate dipole-dipole forces: If the substance of molecules have
permanent dipole moment, have higher melting point or boiling point than those of

similar molecular mass, having no dipole moment.

fipole-dipoi

aterachon

(c)Weak London dispersion forces or van der Waal's force: These forces
always operate in any substance. The force arisen from induced dipole- dipole interaction
and the interaction is obtained due to induce that is weaker than the dipole-dipole
interaction. In common, the stronger the van der Waals force of interaction the heavier
will be the molecule. As for example, the boiling points of inert gases increase as their
atomic masses increases due to stronger Landon dispersion interactions. Weak vander

waaal’s or Landon dispersion force of interactions is shown by two molecule I> and H20.
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( )\

Unequal distribution of
electrons in water molecule Attractive force

Temporary dipoles

(d)Hydrogen bonding: Hydrogen bonding is consider as the attractive

interaction of a hydrogen atom with an electronegative atom, such as nitrogen, oxygen

or fluorine (thus the name "hydrogen bonding," it is not necessary to form covalent bond
with hydrogen). The hydrogen must be covalently bonded to another electronegative
atom to formation of a bond. These bonds may be between different molecules
(intermolecular) or within different parts of a same molecule (intramolecular). The
hydrogen bond energy 5-30KJ/mole is stronger than of a van der Waals interaction, but

this bond is weaker than covalent or ionic bonds. This type of bond generally or often

occurs in both inorganic molecules such as water and organic molecules such as DNA

.There are certain substances such as H.O, HF, NHs form hydrogen bonds. The
formation of hydrogen bond, which causes some properties (m.p, b.p, solubility) of

substance.
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Inter molecular E-
Bending

S —

O+ O+

myielgelel-lgllelelglelgle]
in water (H,0)

There are another compounds containing OH and NH groups form hydrogen
bonds. Molecules of many organic compounds like alcohols, acids, and amino acids

amines contain these groups, and thus formation of hydrogen bonding plays an important

role in biological science.

The above cited example is the Intermolecular hydrogen bonding in a self-

assembled dimer complex.

(e)Covalent bonding: Covalent is mainly intramolecular force rather than
intermolecular force. It is mentioned here, because there are some solids are formed due
to formation of covalent bonding. For example, in diamond, silicon, quartz etc., covalent

bonding links the whole atoms in the entire crystal structure together. These solids are
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very hard, brittle, and have very high melting points. Atoms of molecules in covalent

bonding holds atoms tighter than ionic attraction.

Covalent Bonding in Diamond

(HMetallic bonding: Forces consist between atoms in metallic solids belong to
another category. Valence electrons in metals are widespread. The valence electron are
not restricted to certain atoms or bonds. Rather than they run freely in the entire solid
crystal that providing good conductivity for heat and as well as electric energy. These
behaviors of electrons in the solid crystal give exceptional properties such as ductility

and mechanical strength to metals.

Metallic Bonding

Swarm of delocalised electrons

All kinds of of interactions can be present simultaneously for many substances.

Usually, intermolecular forces of substance are discussed together with “The States of
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Matter”. Intermolecular forces are also play vital or important roles in solutions. A brief

summary of the interactions is illustrated in the following diagram:

y @ )
2 8

lon-dipale Dipole -dipole

Chiloroform
{CHOL,)

Acelone

Hexana (CH,O)

(CgHy4) (CaHyg)
18

lon-induced dipole Dipole-induced dipole Dispersion

In solution chemistry, the majority of reactions are of chemical or biological in
nature. It was supposed earlier that the solvent molecules only provides an inert medium
for chemical reactions. The important of ion-solvent interactions was understood after
intensive studies in aqueous, non-aqueous and mixed solvents. (37138 The solubility
of a substance depends on Intermolecular forces. For “Like” intermolecular forces for
solute molecule and solvent molecule will make the solute soluble in the solvent
frequently. In this regard, the value of AHsoin IS SOmetimes negative and sometimes

positive.
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Energetic solution formation
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Furthermore, solubility is affected by the following factor
(i) Due toion —dipole force the energy of attraction affects the solubility.
(ii) Lattice energy (the ions holding together in the lattice).
(iii) Depends on Charge of ions: larger charge means higher lattice energy.
(iv) Size of the ion: larger the size of ions mean smaller lattice energy.

1. 5. INTERACTIONS IN SOLUTION SYSTEMS
There are three types of interactions that exist in the solution systems are:

(a) Solvent-solvent interactions: In this interaction, less energy is required to
break weak bonds between solvent molecules. The solvent molecules isolated
from each other .

(b) Solute—solute interactions: more energy is required to break intermolecular
bonds between the solute molecules. In this process solute molecules separate
from each other.
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(c) Solute-solvent interactions: Since such type of interaction, value ofAH is
negative since bonds are formed easily between them. Solvent and solute

molecules mixed together.

Q @ Q
QQO Q
O Q9 Q@ o
Solvent—Salvent O
Q
. o Q3 O
) O Q
QQJ O- o Solute — -
Q QD o . olute —Solvent
% T T o 4
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The macroscopic properties are usually quite well known for liquid systems, the
studied of microscopic structure is often much less used. The characterized of liquid
phase by local order and long-range disorder, and to study processes in liquid systems, it
is therefore very important or valuable to use methods that prod the local surrounding
of the constituent particles. This is also true for solvation processes: a local probe is very
important or significant to obtain insight into the physical and chemical processes going

on.
11.6. INVESTIGATION ON DIFFERENT KIND OF INTERACTIONS

The ions of the salt dissociate from each other and associate with the dipole of
the water molecules at the time when salt is dissolved in water, the ions of the salt

dissociate from each other. This result in a solution called an ‘electrolyte’.

This means that the forces of interaction (attraction or repulsion) depending on
whether like or unlike charges are closer together. Motion of dipoles takes place in a
liquid system, themselves to form attractive interactions with their neighbours, but their

thermal motion makes some instantaneous configurations unfavourable.

Therefore, if a crystal salt is put in water, the polar water molecules are attracted
to ions on the crystal surfaces. The water molecules gradually surround in crystal and

isolate the surface ions very effectively. The ions become hydrated. They gradually move

37



Chapter -11 General Introduction (Review of the Earlier Works)

away from the crystal very easily into the solution. ‘Dissociation’ is the process of
separation of ions from each other. The surrounding of solute molecules by solvent
molecules 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

performances 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 very much
important to separate these functions into ionic contributions to determine the
contributions due to cations and anions in the solute-solvent interactions. Thus ion-
solvent interactions play a crucial role to understand the thermophysical, thermodynamic

and physicochemical properties of solutions.

The ion-solvent interactions can also be studied from the thermophysical, and
thermodynamic point of view, where the changes of free energy, enthalpy and entropy,
etc. associated with a particular reaction. Qualitatively and as well as quantitatively
estimated various thermophysical parameters, from which concluded regarding the

factors associated with the ion-solvent interactions occurred in the studied solutions.

Similarly, the ion-solvent interactions can also be studied using solvation
approaches involving the studies of different properties such as, density, viscosity,
refractive index and conductance of electrolytes and various derived parameters, factors

associated with ionic solvation.

We shall mainly dwell upon the different outlook of these thermophysical,
thermodynamic, transports and optical properties as the present research work is warmly

allied to the studies of ion-ion, ion-solvent and solvent-solvent interactions.
11.6.1. lon-Solvent Interaction

lon-solvation is a fact of primary attention in many framework of chemistry
because solvated ions are omnipresent on Earth. Hydrated ions occur in aqueous solution
in many chemical and biological systems.(*® Solvated ions appear in high
concentrations in living organisms, where their presence or absence can fundamentally

alter the functions of life. lons solvation in organic solvents, mixtures with water and

38



Chapter -11 General Introduction (Review of the Earlier Works)

other organic solvents are very common. !"“% The exchange of solvent molecules around
ions in solutions is fundamental clue to the understanding of the reactivity of ions in
solution. "“)Solvated ions also play a key role in electrochemical applications, where
for instance the conductivity of electrolytes depends on ion-solvent interactions. ("4

The mobile ions formation in solution is a basic aspect to electrochemistry. There
are two distinct ways that mobile ions are formed in solution to create ionically
conducting phases. As for example, first one is an illustrated for aqueous acetic acid
below.

0 (\ H Proton transfer
Hy - C 0

reac thI’l

Neutral acctic Neutral

acid molecule Water
molecule

Acetate lon Hydrontum ion

Producing ionic solutions by the chemical method.

The second one involves dissociation of a solid lattice of ions such as the lattice
of sodium chloride. In case ion formation, the solvent molecules colliding with the walls
of the crystal gives the ions in the crystal lattice is energetically a better deal than they
have within the lattice. It attracts them out and into the solution. Thus, there is an
appreciable energy of interactions between the ions and the solvent molecules. These

types of interactions are collectively termed as ion-solvent interactions.
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NaCl salt particle _ Na and Clions in water sourrounding
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The spherically symmetrical electric field of the ion may pull apart 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. It was believed earlier that the solvent molecule only provides an inert
medium for chemical reactions. The consequences of ion-solvent interactions was

understood after extensive studies in aqueous, non-aqueous and mixed solvents. (431152

Most of the chemical processes of individual and also 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 unsolved rate for collision.
The solvent governs the movement and energy of the reacting species to such an extent
that a reaction undergoes 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
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and equilibrium studies. Still our knowledge of molecular interactions in water is

extremely limited.

Moreover, the uniqueness of water as a solvent has been questioned (%% 54 and
it has been realized that the studies of other solvent media like non-aqueous and mixed
solvents would be of appreciable 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®® donor-acceptor properties('>> "% hard and soft acid-base
principles!">” etc. As a consequence, the different solvents show a wide change in
properties, ultimately influencing their thermophysical, thermodynamic, transport and
acoustic properties qualitatively and quantitatively, in presence of electrolytes and non-
electrolytes in these solvents. The determination of different thermodynamics parameters
like thermophysical, thermodynamic, transport and acoustic properties for various
electrolytes or non-electrolytes in a variety of solvents would thus provide important
information in this direction. In future, in the improvement of theories of electrolytic
solutions, much attention has been devoted to the controlling forces ‘ion-solvent
interactions’ in infinitely dilute solutions where in ion-ion interactions are almost absent.
By separating these functions into ionic contributions, it is possible to determine the
contributions of cations and anions in the ion-solvent interactions. 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 interactions of solvent-solvent in solution become predominant, though the isolated

picture of any of the forces is still not known completely to the solution chemist.

Qualitative analysis of ion-solvent interactions can be studied by FTIR
spectrometry. (%8 159 The spectral solvent shifts or the chemical shifts can determine
the qualitative and quantitative nature of ion-solvent interactions. The real understanding
of the ion-solvent interaction is a very difficult task. The outlook embraces a wide range
of topics but we concentrated only on the measurement of transport properties like
viscosity, conductance etc.; thermophysical, thermodynamic properties as apparent or
partial molar volumes, apparent molar adiabatic compressibility, and spectral properties

as FTIR spectroscopy ,uv- visible spectroscopy etc .
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I1. 6.2. lon-lon Interaction

lon-solvent interactions are only a part of the history of an ion related to its
environment. The mutual interactions between these ions represent the essential part
‘ion-ion interactions’. The degree of ion-ion interactions that affects the properties of
solution and depends on the nature of electrolyte under investigation. Interactions of lon-
ion in general, are stronger than ion-solvent interactions. Theoretically ion-ion
interaction occurring in dilute electrolytic solutions is now well understood, but ion-
solvent interactions or ion-solvation 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/ion-ion, solute-solvent/ ion-solvent and solvent-solvent
interactions are elucidated. Thus, the present thesis is affectionately related to the studies
of solute-solute/ion-ion, solute-solvent/ ion-solvent and solvent-solvent interactions in

some liquid systems.
I1. 6. 3. Solvent-Solvent Interactions (Theory of Mixed Solvents)

As the mixed and non-aqueous solvents are increasingly used in chromatography,
solvent extraction, in the elucidation of reaction mechanism, in preparing high density
batteries, etc. a number of molecular theories, based on either the radial distribution
function or the choice of suitable physical model, have been developed for mixed
solvents. L. Jones and Devonshire('"59 both were first to evaluate the thermodynamic
functions for a single fluid in terms of interchange energy parameters. They used “Free
volume” or “Cell model”. Prigogine and Garikian('"*") extended the above methodology
to solvent mixtures. 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. Treszczanowicz et. al.("%% suggested
that VE is the result of several contributions from several opposing effects. These may be
divided arbitrarily into three types, viz., physical chemical and structural. This is the
example of two solvent namely ethanol and water where solvent —solvent interactions

can be explain by the hydrogen bonding between two solvent.
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1
ethanol JFi' l

Physical contributions contribute a positive term to VE. The chemical or specific
intermolecular interactions result in a volume decrease and contribute negative values to
VE. The mostly structural contributions are negative and arise from several effects,
especially from interstitial accommodation and changes in the free volume. The actual
volume change would therefore depend on the relative strength of these effects.
However, it is generally assumed that when VE is negative, viscosity deviation (Ay) may
be positive and vise-versa. This supposition is not a real one, as evident from some
studies. 64 1'%%) Rastogi et al. ("' %®) therefore suggested that the observed excess property
is a combination of an interaction and non-interaction part. The non-interaction part of
the molecues 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. Pitzer 57, L. Huggins !"%®) introduced
a new approach in his theory of conformal solutions. Using a simple perturbation
approach, he showed that the properties of mixtures could be obtained from the
knowledge of intermolecular forces and thermophysical and thermodynamic properties

of the pure components.

Rowlinson et al.( "% """ reformulated the average rules for Vander Waal’s
mixtures and their calculated values were in much better agreement with the
experimental values even when one fluid theory was applied. The more recent
independent effort is the perturbation theory of Baker and Henderson. !'7? a more
successful approach is due to Flory who made the use of certain features of cell theory
(173, 11.75) and developed a statistical theory for predicting the excess properties of binary
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mixtures by using the equation of state and the properties of pure components along with
some adjustable parameters. This theory is applicable to mixtures containing components
with molecules of different shapes and sizes. Patterson and Dilamas ""® united both
Prigogine and Flory theories to a unified one for rationalizing various contributions of
free volume, internal pressure, etc. to the excess thermodynamic properties. Heintz(!"""-
179 and coworkers recommended a theoretical model which is based on a 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). The combination of the effect of association with non-associative
intermolecular interaction occurring in solvent mixtures based on equation of state
developed originally by Flory. Subsequently the ERAS model has been successfully
applied by many workers(€%- 182 to describe the excess thermodynamic properties of
alkanol-amine mixtures. A new symmetrical reformation on the Extended Real
Association (ERAS) model has been described in the literature. "®® The symmetrical-
ERAS (S-ERAS) model that makes it possible to discuss the excess molar enthalpies and
excess molar volumes of binary mixtures containing very similar compounds described
by extremely small mixing functions. ("®* Gepert et al'."®) applied this model for

studying some binary systems containing alcohols.
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11.7.Volumetric Measurements

The concept of volumetric information includes ‘Density’ as a function of
composition on the bases of weight, volume and mole fraction and excess volumes of

mixing. Thermodynamic assets of solutions are not useful for estimating the feasibility
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of reactions in solution, but also offer one of the better methods of investigation of
theoretical aspects of solution structure. This is particularly true for the heat capacity
standard partial molal entropy and volume of the solutes, values of which are sensitive
to the rearrangement of solvent molecules around a solute molecule. The above mentions
physical parameters is very need for interpeteting the solute-solvent as well as solute —

solute interactions.

Various ideas regarding molecular processes in solutions such as, hydrophobic
hydration!"#® Jelectrostriction "¢” micellization !'®® and co-sphere overlap during
solute-solute interactions '*® have to a large extent been resulting and explained from

the partial molar volume data of many compounds.
11.7.1APPARENT AND PARTIAL MOLAR VOLUME

The molar volume of a pure substance can be determined by using the data of
density. The multi-component systems in a complex such as solutions, it is very easier to
define a system in terms of the intrinsic or molal properties rather than the extensive
properties. Any extensive property such as partial molal volume of a system can be
calculated as the sum of the respective if all the components have a known concentration.
Although the preservative definition of partial molal properties is suitable, direct
measurement of these solution properties are difficult, due to interactions with other

species contribute to partial molal properties. When dealing with solutions it is more

common to measure the apparent molal quantities, ¢§ , Which can be defined as the

change in property, Y, due to a known amount of solute in a known amount of solvent,
assuming the contribution by the solvent is the same as that of the pure species. In other
words, all changes in the state properties can be attributed to the presence of the solute,
even if these changes contribute to a change in partial molal property of the solvent. The

apparent molal property of any solute, 4, can be defined as

—0
:Y—W%
n,

by (I1. 1a)

Where, n1 and n2 characterize the mole of the solvent and solute respectively, in

—0
the system. ¢, , represents the partial molal property of the pure solvent. Then the solvent

is expected to contribute a definite, constant quantity for all concentration of solute
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molecules at particular temperature and pressure, the partial derivative of the extensive
property with respect to the number of moles of solute molecules can be well defined in

terms of the apparent molal quantity:

o) (o4,
[@nz )WT’P _( on, jnl + (1. 1b)

Eqs (I11.1a) and (I1.1b) displays the partial molal property can be calculated if the

apparent molal property and its derivative with respect to moles of solute is known. In
other words, if any fitting of the above equations for the apparent molal property with
respect to any concentration scale, which is in good, agreement with experimental data
is known, the apparent molal property can also be found out at infinite dilution of the
experimental solutions. Theoretically, as the concentration approaches to zero, also the
apparent molal property approaches to the partial molal property of the solute at infinite
dilution, because by definition the solvent is already expected to be in its pure form. If
the apparent molal property is supposed to reflect the apparent molal property of the

solute molecules only and not for the the solute-solvent complex, then at infinite dilution
the apparent molal property, ¢2°fY would be equal to the standard state molal property of

the solute, as defined by Henry’s law. Ignoring the earlier equality, equation of state
developed for standard state partial molal variables have been used effectively to describe
partial molal quantities at infinite dilution.

F 3

T
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P
- 1 g8 T4

o Molar volume ={dV/dnz)

L {(Vin/cm3moll)

Volume of solution (V/cm?)

¥

Moles of solute (nz/mole)

Figure I1.9a: molal volume explanation diagram
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The easiest process to explain this is in terms of the molal volume, Vimthat is given
in the Figure 11.9a, with adding the solute molecules, and the volume simultaneously
increases. A dissolved solute molecule has its individual property, referred to as partial
molal property. Figure 11.9b shows an extremely large tank containing one mol-L™
solution of a solute with a certain volume, shown at position (a). If 1mole of solute is
added to the solution in the container, the volume will increase to (b); however, the

concentration of the other species of the solution will not change by any noticeable

=

amount.

) }Change in V,
== when 1 mol
- — — of solute added

Figure 11.9b: A diagram to support in the explanation of a partial molal volume

Therefore, for a two-component system, where one component is the solvent and

another component is solute, the total volume of the system can be represented as the
sum of the partial molal volumes of the solvent,V 1 and the solute,V 2
V=nV,+nV, (I1. 1c)

Dividing equation (11.1c) by n1+ nz, the molal volume of the solution is obtained

as.:

V=XV, +XV, (I1. 1d)
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Where, x1 and x2 denote the mole fraction of the solvent molecule and the solute
molecule, respectively. The property of partial molal of a solute is defined as the change
in the total property of the system with respect to the change in the number of moles of
solute added, with all other variables (T, P, and the amount of the solvent) are detained
constant. An alternative, broadly used property of the solute is the apparent molal
property. The apparent molal volume of the solute in solution is the volume that should
be attributed to the solute molecules, if it is expected that in pure state of solvent

contribute the exact volume.
Under this supposition, Harned and Owen defined the apparent molal volume of
the solute, @, is the difference between the total volume (and the total molal volume)

and the partial molal volume of the pure solvent (V7 ) divided by the number of moles

(or the mole fraction) of the solute present:

—0
V-nV
By =——— (Il. 1e)
n2
V. —xVy
¢z,v=m—xll (Il. 1)
XZ

In investigation, at constant temperature and pressure, V; is generally considered

constant over the range of solute concentration. Hence, 4, , can be easily obtained or

calculated by using Eq. (Il. 1e) or (II. 1f) when the total volume or molal volume of
solution mixture is known. In order to find out the apparent molal volume of a solute Eq.
(1. 1e) can be modified by using density of the solution containing the solute and the
density of the pure solvent, p and po, respectively. Supposing there is 1 kilogram (kg) of

solvent:

1
n=—, therefore, V=—s+m,- .1
| M, erefore M, m, -, (1. 1g)

Where, M1 denotes the molal mass of the solvent.
—0
Vi

Since P, =
P Ml

, Eq. (1. 1g) becomes:
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1
V="1tm,-g, (I1. 1h)

2]

Where, m2 is the molality of the solute, which is equivalent to ny (if 1kg of solvent
is present). The total mass of the solution will be collected of the mass of the solvent
(1kg) and the mass of the solute (m2-M>). Since (V) volume is the ratio of mass to density,

the equation becomes:

1+m,-M 1
#:_+m2'¢2,v (||.1i)
P P

An equation for apparent molal volume for 1 kg of the solute is obtained by

rearranging this Eq. (I1. 1h) and solving for 4, , .

_ M _
by =2 02 (I1. 1j)
M, 0.0, P,

However, the volume contributed to a solvent by the addition of one mole of an
ion is difficult to determine. This is so because, upon access into the solvent, the ions
change the volume of the solution due to a breakup of the solvent structure near the ions
and the compression of the solvent under the effect of the ion’s electric field i.e.,
Electrostriction. The effective volume of an ion in solution and the partial molar volume
obtained from a directly attainable quantity apparent molar volume (@v). The following

relation is used to calculated the apparent molar volumes of solute molecules: ('°%

M 1000(p-p,)
Vy=————— (11.2)
Po Cpy

Where, po and p are the densities of solvent and solution respectively M is the

molecular weight of the solute and c is the molarity of the solution.

The partial molar volumes, B, =B, \72 can be obtained from the following
equation ("9
(1000-cV, )

3/ ( oV
2000+¢ 2| 9V
( GVCJ

The expression of the concentration dependence of the apparent molar volume

¢t (av, Jovc) (11.3)

\/_2 =V, +

and the extrapolation of the apparent molar volume of electrolyte to infinite dilution have
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been made by four main equations over a period of years. Namely the Masson equation,
(1192) the Redlich-Meyer equation, %% the Owen-Brinkley equation,""** and the Pitzer
equation.*“*° The apparent molar volume of electrolyte, ¥® vary with the square root
of the molar concentration by the fllowing linear equation:

V, =V +S,c (11.4)

Where, V,° is the limiting apparent molar volume (equal to the partial molar
volume at infinite dilution, and S." is the experimental slope. The majority of V, data
in

Water ('°9 and nearly all V4 data in non-aqueous ("°""'10 solvents have been

extrapolated

To infinite dilution with equation (11.4).

The temperature dependence of V¢o for various investigated electrolytes in

various solvents expressed by the general equation as follows:

V) =a,+aT +a,T’ (11.5)

The limiting apparent molar expansibilities (¢§) of the electrolyte in solutions

can be calculated from the

0

o [ 9V,
P = [a_TJ =a,+2a,1
p (1.6)

The limiting apparent molar expansibilities (¢3) of the solute molecule in
solutions change in magnitude with the variation of temperature. During the past few
years, different workers emphasized that (Sv*) is not the sole criterion for determining
the structure-making or structure-breaking nature of any solute. Hepler 73 developed a
technique of examining the sign of( 92V @7aT?)for various solutes in terms of long range
structure-making and breaking capacity of the solutes in solution using the general

thermodynamic expression:

ac,) [V,
op ) Lart)

(I.7)
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Depends based on the above expression, it has been assumed that structure-
making solutes should have positive value, where as the structure breaking of solute

molecules should have negative value.

However, Redlich and Meyer %% have shown that equation (11.7) cannot be
more than a limiting law and for a given solvent and temperature the slope, (Sv*) should
depend only upon the valence type. They suggested an equation for representing as

follows:

_\/0
V, =V +S,c+be 118)

S, = Kw'2

Where, (11.9)

Sv* is the theoretical slope, based on molar concentration, including the

valence factor:

W= O.SZJ:YiZf

ol )4
1000 €° RT o ) 3

Where (B) is the compressibility of the solvent? However, the deviation of

(11.10)

And,
(11.11)

dielectric constant with pressure was not known accurately sufficient, even in water, to

calculate exact values of the theoretical limiting slope.

Thus for polyvalent electrolytes, the more complete Owen-Brinkley
equation"*%) can be used to help in the extrapolation to infinite dilution and
satisfactorily represent the concentration dependency of The Owen- rinkley equation

resulting by including the ion-size parameter is given by:

V, =V} +8,7(Ka)/c +0.5w,0(Ka)c+0.5K ¢
(1.12)

Where the symbols have their usual significance. However, equation (11.12) has

not been widely employed for the treatment of results for non-aqueous solutions
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Lately, Pogue and Atkinson (1% to fit the apparent molal volume data have used
the Pitzer formalism. The Pitzer give an equation for the determination of apparent molar

volume of a single salt M yx is:

1

: 1
¢ _¢V0+V‘ZMZX‘A\/‘2b|n[I +b|2]+27/M 7xRT{mBrax +m2(7M 7x )2 CI\V/IX (11. 13)

Where the symbols have their usual significance.
11.7.2. Limiting lonic Partial Molar Volumes

The individual partial ionic volumes is very significant tools which provide the
information appropriate to the general question of the structure near the ion, i.e., its
solvation. The calculation of the ionic limiting partial molar volumes is very difficult
task in organic solvents. At present, however, in organic solvents most of the existing
ionic limiting partial molar volumes were obtained by the application of procedures
originally developed for aqueous solutions to non-aqueous electrolyte solutions. In the
last few years, Conway et al ("'%) suggested a method that has been used more
frequently. To determination of the limiting partial molar volumes, the authors used the
procedure of the anions for a series of homologous tetra-alkyl ammonium chlorides,

bromides and iodides respectively in aqueous solution. They plotted the limiting partial
molar volume ¢\?R4NX , with a halide ion as a common function for a series of these salts
of the formula weight of the cation, Mran+ and obtained straight-lines for each series.

Thus, they suggested the following equation:

Konx =DM+ 4 (11. 14)

Vv RyNX RyN* VX~

The limiting partial molar volumes of the halide ionsﬁ?x, obtanied from the

extrapolation to zero on the cationic formula weight. Uosaki et al. ("*%® Krumgalz ('"1°7)

used both this technique for the separation of some literature values and of their own
@()RANX values into ionic contributions in organic electrolyte solutions in a wide range of
temperature

11.7.3. Excess Molar Volumes

VE the excess molar volumes are calculated from the molar masses M; and the

densities of pure liquids and the mixtures according to the following equation; (!"-108. 111-109)
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VE=IxM, (32 (1. 15)

P A

where 0, and o are the density of the i component and density of the

solution mixture respectively. VE is the subsequent of contributions from several
contrasting effects. These contributions may be divided randomly into three types,
namely, chemical, physical and structural. Contribute a positive term to VE. Decrease in
volume from the chemical or specific intermolecular interactions, thereby contributing
negative VE values.Tthese type of phenomena are getting from the results of difference
in energies of interaction among molecules being in solutions and in packing effects. The
ordered structure of pure component is disruption during the formation of the mixture
leads to a positive effect detected on excess volume and in case of order formation in

the mixture leads to negative contribution.

Viscosity is the fundamental and significant property of liquids that provide a lot of
information on the structures and molecular interactions in liquid systems. Viscosity and volume
are not same types of properties of one liquid, and there is a definite relationship between them.
So, Viscosity and volume measuring and studying them together, relatively more convincing and
comprehensive information expected to be gained. The ‘Viscosity’ as a function of composition
based on weight, volume and mole fraction and comparison of experimental viscosity values with

those calculated with several set of equations and excess Gibbs free energy of viscous flow.

One of the most important transport properties is the Viscosity, which is used for
the determination of Solute-solvent and solute-solute interactions and studies extensively
(1110111 “v/jscosity is not a thermodynamic property but viscosity of an electrolyte
solution along with the thermodynamic property, partial molar volume, gives much
information and insight concerning the solute-solvent interactions, structures of

electrolytic solutions and solvation properties.
11.8. Viscosity of Pure Liquids and Liquid Mixtures

Since the movement of molecules in liquids is actually controlled by the influence of the
adjacent molecules, at ordinary pressures the transport of momentum in liquids takes place, in
sharp contrast with gases, not by the actual movement of molecules but by the strong influence
of intermolecular force fields. This is the very importance aspect of the mechanism of
momentum transfer, which forms the basis of the techniques for predicting the variations in the

viscosity of liquids and liquid mixtures.
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Early Theoretical Considerations on Liquid Viscosity

In early stages Frenkel!''*® and Andrade ("' has been reviewed for the theoretical
development of liquid viscosity, considering the forces of collision to be the only important factor
and supposing that at the melting point, the frequency of vibration is equal to that in the solid
state and that one-third of the molecules are vibrating along each of the three directions normal
to one another. According to Frenkel ("' considered the shape of molecules of a liquid to be
spheres and the molecules are moving with an average velocity with respect to the neighboring
medium and using Stokes’ law and Einstein’s relation for self-diffusion-coefficient, attained at a
complicated expression for viscosity of liquid with only limited applicability Andrade ("2
developed equations that is checked well against data on mono atomic metals at their melting
point. Furth (1% assu Zmed give the idea of transfer of momentum that take place by the
irregular Brownian movement of the holes ('1*>)that were connected or linked to clusters in a gas
and thus, in similarity with the gas theory of viscosity and with guess of the equipartition law of
energy, showed that for liquids:

RT =
n =0.915 \g/ (MjeRgT (11. 16)

o

Where 77, Vand M denotes the viscosity, volume and mass respectively is the temperature
in kelvin scale, o is the surface tension, Ry is the universal gas constant and A signify as the
work function at the melting point. Andrade "***) and Ewell & Eyring, ""**® Auluck, De &
Kothari """ compared his theory with experiment as well as with the theories and they further
modified the theory and successfully clarified the variations of the viscosity with pressure.
Eisenschitz gives a critical review of these simple theories and their abilities to explain the

momentum transport in liquid systems. ('
11.8.1. Viscosity of Electrolytic Solutions

The relationships of viscosity of electrolytic solutions are extremely complicated.
Because solute —solute (ion-ion) and solute-solvent (ion-solvent) interactions are occurring in the
solution and separation of the related forces is a difficult task. However, from very careful
analysis, vivid and valid conclusions can be drawn regarding the structure and the nature of the
solvation in solution of the particular system. As viscosity is a measure of measurement of
viscosity, is depends on the friction between adjacent, relatively moving parallel planes of the
liquid, if the interaction among the planes of liquids increase or decrease, which also give the
result of viscosity increase or decrease respectively. If placed a large spheres in the liquid system
the planes will be keyed together in increasing the viscosity. Likewise, increase in the average
degree of hydrogen bonding between the planes that will increase the friction between the planes,

as well as viscosity. An ion associate with a large rigid co-sphere for a structure-promoting ion
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will perform as a rigid sphere placed in the liquid and increase the inter-planar friction. Similarly,
an ion increasing the degree of correlation or the degree of hydrogen bonding among the adjacent
solvent molecules will increase the viscosity. Conversely, the viscosity would decrease for the
ions destroying correlation. In 1905 Griineisen ["'**9 First performed the systematic measurement
of viscosities over a extensive range of concentrations of a number of electrolytic solutions. He
noted non-linearity and negative curvature in the viscosity concentration curves regardless of low
or high concentrations. An empirical equation (11.16), quantitatively correlating the relative
viscosities of the electrolytes with molar concentrations (c) suggested in 1929 by Jones and Dole

(11.120).

T _y =1+ AVC +Bc (I1. 17)
Up

Rearrange the above equation as follows:

L _1=A+ B/c (I1. 18)
Je
Where A and B are constants which detonates the specific to ion-ion and ion-solvent
interactions. The equation is not applicable to only aqueous systems but also equally non-aqueous
solvent systems where there is absence of ionic association and that has been used extensively.
The term of the equation AVC, originally ascribed to Griineisen effect, arose from the long-range
columbic forces between the ions. The significance of the term had since then been realized due
to the development Debye-Hiickel theory 2% of inter-ionic attractions in 1923. The flakenhagen
coefficient A, depends on the ion-ion interactions, can be calculated from the theory of interionic

attraction [111.167-111.169], and is given by the Falkenhagen Vernon (1?2 equation

0.2577 4,
n, (eT)% ALA°

200

1-0.6863 (11.19)

ATheo =

o

where the symbols in the above equation have their usual meaning.The coefficient A has
been obtained by fitting #: to equation (I1. 18) in very careful work on aqueous solutions, (12)
and this was compared with the values calculated from equation (1I. 19), the agreement was
excellent with the result. However, the correctness attained with partially aqueous solutions was
poorer. (129 jt is suggested that A-coefficient should be calculated from conductivity
measurements. Crudden et al. ("*?® suggested that if association of the ions occurs to an ion pair
formation, the viscosity of the solution should be altered and that investigated by the following

equation:
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% NaC _ B +B, (1__0{) (1. 20)
(24 a

Where A, Bi and Bp are the characteristic constants and o is the degree of dissociation of

17, —1- AJac [l—a
Vs
aC

ion-pair formation. Therefore, a plot of —
a

) it give the intercept value

l-«o
Bi when extrapolated to (— = zero in the equation. However, both aqueous and non-
a

aqueous of electrolytic solutions the equation (1. 20) is valid up to 0.1 (M) ("26. 11127 \within
experimental errors. At higher concentration of the solutions the extended Jones-Dole equation
(11. 21), involving an additional coefficient D, originally used by Kaminsky, ('*?®) has been used

by several workers (2% 11130) and is given below:

T —p =1+ AJc +Bc+Dc? (I1. 21)

Mo

The coefficient D in the above equation cannot be calculated properly and the
significance of the constant (D) is also not constantly meaningful and consequently, the most of

the workers are used to the equation (I1. 20).

D

The value of A-coefficient should be obtained from the plots of %against VC
C

for the electrolytes. But occasionally, the negative or considerably scatter values come out and
also deviation from linearity arise.("3% 1132 11139 Thys ~ for determining the A-coefficient
,Falkenhagen-Vernon equation (Il. 19) is used instead the value obtained least square method.
A-coefficient should be zero for non-electrolytes. According to Jones and Dole, the A-coefficient
possibly represents the stiffening outcome on the solution of the electric forces between the ions
that is solute-solute interaction involving with the solutions, which tend to keep or maintain
space-lattice structure.!'*?% The value of viscosity B-coefficient may be either positive or
negative and it is really the ion-solvent interaction parameter. Using the least square method the
B—coefficients are obtained as slopes of the straight lines and intercepts equal to the A-

coefficient.
The following factors influencing the Viscosity B-coefficients are reported as (134 11139

a) The result of destruction of the three-dimensional structure of solvent molecules
(i.e., structure breaking effect or depolymeriation effect), as a result decreases #

values.
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b)  The result of ionic solvation in solutions and the action of the arena of the ion in

generating long-range order in solvent molecules, increase  or B-value.

d) Reduced B-values are create when the primary solution of ions is sterically hindered
in high molal volume solvents or if either ion of a binary electrolyte cannot be

specifically solvated.

e) High B-values for similar solvents, which yield the very high molal volume and

very low dielectric constant.
11.8.2. Principle of Corresponding States and Liquid Viscosity

The principle of the corresponding states has been applied to liquids in the similar way
as well as gases. "*% The elementary assumption existence that the intermolecular potential
between two molecules is a universal function of the reduced intermolecular separation. This
hypothesis is a good approximation for the spherically symmetric mono atomic non-polar
molecules. In common, more parameters are introduced in the corresponding state correlations
on somewhat empirical grounds in the hope that such modification in some method or way that
compensates the shortcomings of the above stated assumption. In this link the studies by Rogers
and Brickwedde, "**) Boon and Thomaes ('**¢13% Boon, and Hollman and Hijmans (4%

Legros and Thomaes, ("**Yare worth mentioning.
11.8.3. The Reaction Rate Theory for Viscous Flow

Regarding the viscous flow of a chemical reaction in which a molecule moving in a plane
infrequently acquires the activation energy, which is necessary to sleep over the potential barrier
to the succeeding equilibrium position in the same plane. The viscosity of the liquid according
to Eyring (42 is given by:

UZ%GXD% (n. 22)

Where / confines, the average distance between the equilibrium positions in the direction
of motion, A1 is denotes the perpendicular distance between two adjacent layers of molecules in
relative motion, 1, is the distance between nearby molecules in the same direction and Az is
measure the distance from molecule to molecule in the plane normal to the direction of motion.
The term (x) , transmission coefficient is the measure of the chance that a molecule having once
crossed the potential barrier will react and not recross in the opposite direction. For normal

molecules F, is denotes the partition function, F denotes that of the activated molecule with a

degree of freedom corresponding to flow, energy of activation for the flow process is denoted by

AEact is the energy of activation, h is Planck’s constant and Boltzmann constant is k . For a
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molecule to passage into a hole, Ewell and Eyring argued it is not necessary that the latter be of

the same size as the molecule. So they assume that for viscous flow AEact is a function of 4E,,
, because AEvapis the energy essential to make a hole in the liquid of the size of a molecule.

Applying the idea and criteria, certain relations ("6 1149 finally gets

1 1
N, h(27zmkT)2 bRTV?3 AE,,
7= A (272mkT) A exp Svap (I1. 23)
Vh 1 nRT
N3AE,,,

Where n and b are two constant. It was observed that the theory could reproduce the
trend in temperature dependence of # but the observed values are less compare with computed
values by a factor of two or three for most liquids. Kincaid, Eyring and Stearn ('Y have

shortened all the working relations.
11.8.4. the Significant Structural Theory and Liquid Viscosity

The” holes in solid” model theory (1411149 improved by Eyring and coworkers (14>
I1148) to picture the liquid state by identifying three very important structures. In short-term, a
molecule has solid like properties for the short time it vibrates about an equilibrium position and
then it assumes rapidly the gas like behavior on jumping into the nearby vacancy. The above idea
of significant structures leads to the following relation for the viscosity of liquid; (1501150

Vv, V -V,

n=_ns+ v s (11. 24)

Vv

Where the term VS is the molar volume of the solid at the melting point and V is the
molar volume of the liquid at the temperature of interest. Hs and #4 are the viscosity contributions
from the solid-like and gas-like degrees of freedom, respectively. Carlson, Eyring and Ree.('15
Eyring and Ree"**?  have discussed for the the expressions of »s and 54 and in detail the
evaluation of #s from the reaction rate theory of Eyring'*>? assuming that a solid molecule can

jump into all adjacent empty sites. The expression for s takes the following equation. (!"52)
E.V
Zg \Vs 22 V=V (1_e)? (V -V5)RT

Where Avogadro’s number is N A, Z is the number of nearest neighbors, the term of

the equation @ is the Einstein characteristic temperature, Es is the energy of sublimation and a’ is
the proportionality constant. The following relation obtains the term ng from the kinetic theory

of gases( 11.153):
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1
2 MKT 2
779 = 2( 3 jZ (1. 26)
3d T

Where d and M represent the molecular diameter and molecular mass respectively.
11.8.5. Viscosities at Higher Concentration

The viscosity at high concentration (1M saturation) can obtained by the empirical

formula suggested by Andrade: "**%

7= Aexp’" (1.27)

The several substitute formulations have been suggested for representing the results of
viscosity measurements in the high concentration range ('*°>"**%)and the equation proposed by
Angell (116011161 hased on an extension of the free volume theory of transport phenomena in
liquids and fused salts to ionic solutions is particularly remarkable.

7K1
The equation is as: 1_ Aexp[ /NO*NJ (11.28)
n

Where, N denotes the concentration of the salt in eqv.Litre, A and K; are constants
imaginary to be independent of the salt composition and No is the proposed concentration at
which the system becomes glass. The equation was changed by Majumder ET al (6211164
presenting the limiting condition, that is; which is the viscosity of the pure solvent. Thus, we

have:

L Iy =

— (11.29)
Mo No(No _N)

The above equation predicts a straight line passing through the origin for the plot of In
Mret VS. N/ (No - N) if No is made for a suitable choice. Using the literature data as well their
own experimental data Majumder et al. tested the equation (11.29). The best choice can get for
No and K; was selected by trial and error methods. The set of K; and No generating minimum

deviations between 2 and ;e was accepted. N << No for very dilute solutions and we have:

KN
Mol :exp[ A‘JJ ;1+K|\1|—|2\l (11.30)
0
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Equation (11.29) is nothing but similar to the Jones-Dole equation with the ion-solvent

K
interaction term characterized as B = N_; The arrangement between B-values determined in
0

this technique and using Jones-Dole equation has been set up to be good for several electrolytes.

Further, the equation (11.29) written in the form:

N NZ NN
=0 0 (11.31)
N7z Ky K,
It closely resembles the Vand’s equation‘ "*%* for fluidity.
2.5C 1
==-Qc (11.32)

2.303log7,, V

Where, ¢ represent the molar concentration of the solute and V is the effective rigid molar

volume of the salt and the interaction constant symbolizes as Q.
11.8.5Division of B-Coefficients into lonic Values

The viscosity B-coefficient undergoes splitting into the contributions of
individual ions can not be done in the same mode as the division of limiting equivalent
conductance’s, as there is no quantity analogous or corresponding to the transport
numbers. Therefore, the separation of the experimental B-coefficient has been an

arbitrary process (!166-168)

In order to classify the separate contributions of both cations as well as anions to
the completely solute-solvent interactions, the viscosity B-coefficients that can be
determined by Jones-Dole’s equation has to be resolved into ionic components. For this
purpose Gurney 1167 Cox and Wolfenden ('*°® Sacco ET an | "**%) Tuan and Fuoss
(1179 “and several authors used different approximations and norms or approximations
for different kinds of systems. As for example, Sacco et al ('*°°) suggested the widely

used ‘reference electrolyte’ method. Thus, for PhaPBPhs in water, we take,

B, =B.. . =Bapm /2 (11.33)

BPh,~  PPh,’

(Since PhsPBPh4 is barely soluble in water). These values obtained from the

above formula are in good agreement with those obtained by other methods.

BBPh4PPh4 = BNaBPh4 + BPPh4Br — Byaer (11.34)
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However, the process have been strongly criticized by Krumgalz ('™,
According to him, any technique of resolution emerged on the equality of equivalent
conductance for certain ions bears from the drawback that it is very difficult to select any
two ions for which cataionpart = anaion part in all solvents and at suitable temperatures.
At infinite dilution, even if the mobility’s of some ions are equal but it is not essential to
equality of concentrations. Furthermore, equality of B-coefficients of these ions are not
necessary with the equality of ionic dimensions, as they are likely to be solvent and
dependent on lonic- structure.

172 ‘has suggested a method for the resolution of B-

Recently, Krumgalz
coefficient. The method is depends on the fact that in organic solvents the large tetra
alkyl ammonium ions are not solvated properly. For large R4N* %" the B-values of the
ionic species in organic solvents are proportional to their ionic dimensions. (Where R >

Bu)
3
Bpax =a+br’R,N* (11.35)
Where, an equal to Bx" and b is a constant quantity independent of temperature
and nature of solvent. When extrapolation of the plot of BRANX (R > Pr or Bu) against

To zero cations, dimension that give the result of By* directly from which other
ionic B-values can be calculated in the proper solvent. The following equations help to

calculate the lonic B-values as:

BR4N* N BR;N* = Bewx — BR;NX (11.36)
3
+ r +
L (11.37)
R,N* r R,N*

Using accurate conductance data '"*’®. The radii of the tetraalkylammonium ions

have been calculated from the above equation.

Gill and Sharma ("'7®) on similar reason used BusNBPhs used as a reference

electrolyte and proposed the equations

3
Boe _ Tene :(5.35]3 139

re 5.00

Bu,N* Bu,N*

61



Chapter -11 General Introduction (Review of the Earlier Works)

BBU4NBPh4 - BBu4N+ BPh4B‘ (11.39)

Since the ionic radii of both cationic part BusN* (5.00 A) and anionic part PhsB-
(5.35 A) have been observed to remain same in different non-aqueous and mixed non-

aqueous solvents.

Recently, to modify the reference electrolyte Lawrence and Sacco "+74*7%) ysed
BusNBBus as reference electrolytes because cations part and anions part of the
electrolyte are symmetrically shaped and have practically equal van der Waals volumes.

Thus, we have,

B (BusN"¥)/B (BusB") = Vi (BusN*)/Vw (BusB") (11.40)
Or
B (BusN*) = B (BusNBBuU4) / 1 + Vi (BusB") /Vw (BusN™) (11.41)

The results and the conclusions obtained from the theory of Thomson et al '*"")

agreed well with the above reported values.

It is noticeable that most of these procedures are based on certain approximations
and exceptional results may arise unless appropriate mathematical theories are developed

to calculate B-values.

11.8.6. Thermodynamics of Viscous Flow

According to Eyring’s ("*"®approaches assuming viscous flow as a rate process the

viscosity (7) can be represented as

- :(hNAjeﬁ :(hNA)e[RTR

\Y, \Y,

(I1. 42)

Where Evis is the experimental entropy of activation, which can be obtained from a plot

of In # against 1/T.AG", AH and AS™ are signify as free energy, enthalpy and entropy of

activation, respectively?

Nightingale and Benck(!''’® both of them share out in the problem in a different
procedure or way for measuring the thermodynamics feature of viscous flow of salts in aqueous
solution by the assistance of the Jones-Dole equation (neglecting both the A, ¢ term). Thus, we

have:
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dinp | |dIng R d(1+Bc)
RIZ7IV | = 71y | " =B 1 (1. 43)
7)) =] 7 s
T T T
AE;(SoIn) = AE;(SOIV) "’AE\7 (11. 44)

Where 4g7 can be understood as the increase or decrease of the activation energies due

to the presence of ions, for viscous flow of the pure solvents i.e., the actual effect of the ions upon

the viscous flow of the solvent molecules.

Data of viscosity can also be studied in the light of transition state theory of the
relative viscosity of electrolytic solutions proposed by Feakins et al !'**% According to
his opinion, B-coefficient is given as,

(ﬂ?,z _ﬂ?,l)

B=-v2 WL/, 40
1000 bz

(A" = A”)

1.4
1000RT (11.45)

¢V0,1 and ¢\f) » denotes the partial molar volumes of the solvent and solute respectively
and 4,2~ is the contribution per mole of solute to the free energy of activation for viscous flow
of solution. 4,,°~ Signify the free energy of activation for viscous flow per mole of the solvent,

which is given by:
Aw” =AGY =RT In(, 4, /hN,) (I1. 46)

Further, if B is known at various temperatures, we can calculate the entropy and enthalpy

of activation of viscous flow respectively from the following equations as given below:

d(Aw”
(47) ):_Asg* (1. 47)

dT
AHY = Aud” +T ASY” (1. 48)
11.8.7. Effects of Shape and Size

Stokes and Mills have dealt in the characteristic of shape and size comprehensively. The
ions remain in solution can be regarded as a rigid spheres suspended in range. Einstein (8% |eads
to the following equation for the treatment of hydrodynamic phenomenon involving in the

solution.
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T _1+25¢ (I1. 49)
Mo

Where ¢ is symbolize the volume fraction occupied by the particles. (I) Sinha (%

proposed for the modification of the equation based on departures from spherical shape and (ii)
according to Vand based on dependence of the flow patterns around the adjacent particles at
higher concentrations. However, regarding the different aspects of the problem, spherical shapes
for electrolytes having hydrated ions of large effective size have been assumed. (Especially

polyvalent monatomic cations). Thus, we have from equation (I1. 49):

2.5¢4 = AJc + Bc (11.50)

Since the term A\/E can be neglected in comparison with BC and ¢ = c¢\,0,1 where

¢V0,1 denotes the partial molar volume of the ion, we get the following equation

2.5¢4), =B (I1. 51)

In case of an ideal situation, the viscosity B -coefficient is a linear function of partial

molar volume of the solute molecules ¢V0,1 with slope to 2.5. Thus, B: can be associated to:

3
B, =2.54° = 25x4 (RN (I1. 52)
- - 3 1000

Supposing that the ions behave as rigid spheres with effective radii, R+ moving in a
continuum. Using the above equation (Il. 52) R., can be calculated that should be close to
crystallographic radii or corrected Stake’s radii if the ions are hardly solvated and perform as
spherical entities. However, in common, the radii obtained from the crystallographic, which is

less than the radii (R+), obtained from the above equation that indicating appreciable solvation.

By comparing, the Jones-Dole equation with the Einstein’s equation the number I, of

solvent molecules bound to the ion in the primary solvation shell can be easily calculated:

2.5

i:m (11.53)

Where ¢i and ¢S is the molar volume of the base ion, the molar volume of the solvent

respectively. To study the nature of solvation and solvation number equation a number of workers

has used (I1. 53) properly.
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I1. 8. 8. Viscosity of Non-Electrolytic Solutions

The three equations of Vand,**#® Thomas,!""*% and Moulik(""*¢>""18") proposed
chiefly to account for the determination of viscosity of the concentrated solutions of
bigger spherical particles have been also established to correlate with the mixture of

viscosities of the normal nonelectrolytes.

Vand equation In a 29V,C (11. 54)
uation: : _
q TE12Q T 1-Que
Thomas equation: ,; =1+ 2.5V, +10.05cV,%c (11.55)
Moulik equation:  77° = | +Mc? (11. 56)

where 7], is clarify as the relative viscosity, a is constant quantity depending on

the axial ratios of the particles associated in solution, the interaction constant is Q ,Vh

is express as the molar volume of the solute including rigidly held solvent molecules due
to hydration, c is the molar concentration of the solute molecules; | and M both are
constants. The viscosity equation proposed by Eyring and coworkers for pure liquids
based on pure noteworthy liquid structures theory, can be extended to predict the
viscosity of mixed liquids also. The final expression for the liquid mixtures takes the

following form:

. 6N, h Z {1_exp( v j} exp| —PnEsnVes
"oJ2r (V. -V, )| 5 T RT (Vi —Vsp

V.-V [ 2 (mKT
+ X:
Y, Z3o| ( j !

i
m 72'

(I1. 57)

Where n is two for binary and three for ternary liquid mixtures. I, , ESm ,Vm : V

and d, the mixture parameters were calculated from the corresponding pure component
parameters by using the following relations:
n

L= DXL+ 2X XX (11.58)

i i%]
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Eqn = Y X Eg + 2% XEg (11. 59)
i i#]
V=YXV Vg, =D xVy a, = %3 (11. 60)
1 1
B =(rirj)2 And ESij =(ESiESj)2 (”' 61)
1
h (b)2
0=—1| — 11.62
K27Z’(mj ( )

2
2\* 32 3\3
b=27¢| 22.108) NaZ" | _10550( Na® L [Ny (I1. 63)
V, V, J252 V.

Where o, ¢ are Lennard-Jones potential parameters respectively and the other
symbols have their usual significance.

For the purposes, interpolation and limited extrapolation, the viscosities of
ternary mixture can be interrelated to a high degree of accuracy in terms of binary
contribution by the following equations, (18811199

3
n, = Z,Xi’?i + X[ A, + B, (X, — %,) +Cpy (X, — %,)°]

+ XX [Ayg + By (X, — %) + Copq (X, — X3)°] (11. 64a)
+ X3X1[A31 + le(xs - X1) + C31(X3 - X1)2]

The modification of correlation of ternary system is given in the following form:

3
M = inﬂi +XX%[A, + B, (% —%,) +Cp, (X _Xz)z]

+ X, X[ A + By (X, = X;) + Cog (X, = X;)°] (11. 64b)
+ X3X1[A31 + B31(X3 - X1) + C:31()(3 - X1)2]
+ A (XX, %;)

3
T = inﬂi +XX[A, + B, (% —X,) +Cpp(X - Xz)z]

+ X X[ Ay + By (X, = X3) + Cp (X, — XS)Z] (1. 64c)
+ %X [ Ay + By (% = %) + Cyy (% — ;)]
+ X1X2X3[A123 + BlZ3X12 (Xz - X3)2 + C123X13(X2 - X3)3]
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Where character of Az, Biz, Ci2, A2z, B2, C23, As1, Bai and Cay, are the constants
for binary mixtures; Ai23, B12z and Ci23 are constants for the ternaries mixture; and the

other symbols have their common importance.
11.9. REFRACTIVE INDEX

Optical data (refractive index, np) provide interesting information related to
molecular interactions and structure of the solutions, as well as complementary data on
practical procedures, such as concentration measurement or estimation of the extent of

salvation of electrolytes/non-electrolytes in liquid systems. (199

The light bending property is a result of variation of the velocity with which light
is transmitted. Refractive index (np) of liquid, changes not only with the wavelength of
light used but also with the temperature. Influence of Molar refractions are characterized
by the organization of atoms in the molecule or by factors like unsaturation, ring closure
etc. linear optical properties of liquids and liquid mixtures have been widely studied to
obtain information on their physical, chemical, and molecular properties. Fialkov ET. al.
(11196, 11.197) stated that the refractive index is an additive property of pure components
when composition is expressed in terms of volume fraction. Several researchers have
estimated the refractivity of liquid systems using the well-known mixing rules viz.
Arago-Biot, Newton, Heller, Gladstone-Dale, Eyring-John, Eykman, Lorentz-Lorenz,
Weiner and Oster relations.("1%""201) these empirical approaches for calculating the
excess properties attempt to explain the non-ideality in terms of specific and non-specific
intermolecular interactions. Refractive index or refractivity is very important property of
intrinsic attention in the fields of pharmaceutical research such as in optoelectronic,

formulation of eye preparations and photonic applications.

Speed of light invacuum

Refractive Index (n,, ) =
4 ( P ) Speed of light in solution systems

Whenever the speed of light changes when it crosses a boundary from one
medium into another, and changes the actual direction of travel of applying light. i.e., it

is refracted. The relationship between the speed of light in the selected two mediums (Va

and V), the angles of incidence (SiNg,) and refraction (SiNG;) and the N, and N are the

refractive indexes of the two mediums is shown below:
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V., sin@, ng
Vg sing; n,

(I1. 65)

Thus, it is not very essential to measure the speed of light in a sample in order to
determine its refractive index. In its place, by measuring the angle of refraction, and
knowing the index of refraction of the layer of the concerned medium that is in contact
with the sample, it is also possible to determine the refractive index of the sample quite

accurately.

The refractive index of mixing can be correlated by the application of a
composition-dependent polynomial equation. Molar refractivity, was obtained from the
Lorentz-Lorenz relation (292 1293y using, np experimental data according to the

following expression

_(ns -1 ['\; j (I1. 66)

M (2 +2)

Where M refers to the mean molecular weight of the mixture and p is the mixture

density. Ny Can be expressed as the following:

(2A+1)
n.= [——~ Il. 67
b JO—M (11.67)
Where A is given by:

D o (D (-
My WA G D e

Where ny and n; are the refractive indices of pure component, w; refers the weight
fraction, p is the the mixture of density, and p1 and p> are the pure component of

densities.

The deviation of molar refractivity is calculated by the following expression is as

follow:
AR=R-¢R -4,R, (11. 69)

Where (151 and ¢2 are signify the volume fractions and R, Ry, and R2 denotes as

the molar refractivity of the mixture and of the pure components, respectively.
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The deviations of refractive index were used for the correlation of the binary

solvent mixtures:
ANy =Ny = XNy, —X,Np, (11. 70)

Where Anp is the deviation of the refractive index for this binary system and np,
Np1, and np2 are the refractive index of the binary mixture, refractive index of component-

1, and refractive index of component-2, respectively, ‘x is the mole fractions.

The computed deviations of refractive indices of the binary mixtures are fitted

using the following Redlich-Kister expression. (!'2%4
s
= p
AnDew - WeWWZ Bp (WeWw) (1. 71)
P=0

Where By are the adjustable parameters obtained by a least squares fitting method,

w is the mass fraction, and S is the number of terms in the polynomial.

In case of salt-solvent solution, the binary systems were fitted to polynomials of

the form:

N
i
Mossor =Mosor + O, AM (11.72)
i=1

For the ternary systems of the salt + solvent-1 + solvent-2 solutions a polynomial
expansion (%) has been employed, similar to that obtained for the salt + solvent

solutions was used to represent ternary refractive indices:

P
[
Ny =Np, +Y,CM (11. 73)
i=1
Where np is the refractive index of the ternary solution, C; are the parameters,

and P is the number of terms in the polynomial.

There is no common or general rule that states how to calculate the deviation of
refractivity function. The ideal behavior may be expressed in terms of mole fraction: in
this case, smaller deviations occur but values are more scattered because of the higher
compassion of the expression to rounding errors in the mole fraction. For the sake of

inclusiveness, deviation function of both calculations of refractivity and also molar
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refraction was fitted to a Redlich and Kister-type expression (?*Y and the adaptable
parameters and the relevant standard deviation 6 can be calculated for the expression in

terms of volume fractions and in terms of mole fractions, correspondingly.
11.10. CONDUCTANCE:

Conductance is the most important an also an accurate and direct method
available to determine the extent of the dissociation constants of electrolytes in aqueous,
mixed and non-aqueous solvents is the “conducti metric method.” Conductance data in
combination with viscosity measurements, gives much more information pertaining the

ion-ion and ion-solvent interaction.

B

3 Battexy
-
-~ Na <l
€24
e Na
~ Na 1 £

Dissolved lons Conduct Electricity

The measurements of conductance studies were followed vigorously throughout
the last five decades, both theoretically and as well as experimentally and a number of
vital theoretical equations have been evolved. We shall be located in briefly on some of
these prospects in relation to the studies in aqueous, non-aqueous, pure and mixed
solvents respectively. The successful application of the Debye-Huckel theory of
interionic attraction was made by Onsager, ("?%) to derive the Kohlrausch’s equation

representing the molar conductance of an electrolyte.

A=A -S\c (11 74)
Where,
S=aA+p (1. 75)
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Y (z%)k _ 82.406x10"7°
3(2+/2)e kTc

a (I1. 76a)
(£T)2

2 3
B z°eFk  82.487z (I1. 76b)

“3mpNe et

The equation took no account for the short-range of interactions and of shape or

size of the ions in solution. The ions were consider as rigid charged spheres in an
electrostatic and as well as hydrodynamic continuum, i.e., the solvent. ("?°") in the
subsequent years, Pitts (1953) ("?%®) and Fuoss and Onsager (1957) (2% independently
calculate the solution of the problem of electrolytic conductance bookkeeping for both

interactions long-range and short-range respectively. However, the /10 values obtained

for the conductance at infinite dilution using Fuoss-Onsager theory differed considerably
from that obtained using Pitt’s theory and the derivation of the Fuoss-Onsager
equation.("21% 21D Fyoss and Hsia("?'? who again calculated the relaxation field,

retaining the terms which had previously been neglected.

The results obtained from the conductance theories can be expressed in a general

form:

+G(xa) (1.77)

A —m«ﬁ(nmj_ Bc

B 1+ xx) 2 (Q1+xa)

Where G(x«)is a complicated function of the variable. The simplified form:

A=A -SJc+Ecihc+Ic+d,3c (11. 78)

However, it has been found that these equations have certain limitations, in some
cases it fails to fit experimental data. Some of these results have been deliberate
elaborately by Fernandez-Prini. (?** 1214 Fyoss and Accascin made more correction of
the equation (I1. 89). For considering the change in viscosity of the concerned solutions,

they assumed the backbone of Walden’s rule. The new equation becomes in the following

form.
A=A -SJc+Ecinc+J.c+J,3c—FAc (1. 79)
47R°N
Where, FC = % (1. 80)
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In most cases, however, Jz is made zero but this leads to a systematic deviation
of the experimental data from the theoretical equations. It has been observed that Pitt’s
equation gives better fit to the experimental data in aqueous solutions. ('?*%

11.10.1. lonic Association

The behavior of completely dissociated electrolytes successfully can be
represents by the equation (II. 89). The nature of dissociation or association of

electrolytes can be obtained by the plotting of A against \/E (limiting Onsager
equation). The association between cations and anions result the large electrostatic

interactions . The differencein 1, and 4 . would be more prominent with increasing

association among the ions. (%19

Conductance measurements is very helpful for the determination of values for the

ion-pair association constant, Ka for the process:

M + A" = MA (I1. 81)
1-0a)

K. = Il. 82

oy (1.82

o :_’]_—aZKAC}/j (“ 83)

Where, mean activity coefficient denotes ,., of the free ions at concentration C

The value of constant Kaand /, have been determined using Fuoss-Kraus equation 217

or Shedlovsky’s equation. (!?1)

T(z) 1 K, cyia

A AT

(I1. 84)

According to (Fuoss-Kraus method T(z)=F(z) ) and 1/T (z) =S (z) signify the
(Shedlovsky’s method).

F(z)=1-z(1-z(1-..) 2) 2 (11. 85a)
1 2 7
And W—S(z)_1+z+?+§+ ...... (11. 85b)
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A plot of T(z)/ A Vs c¢y2A4/T (z)should be a straight line having the value of
intercept parameter isl//l0 and slope of the plot is k, 7/ .42. Wherever KA is large,

there will be great uncertainty in the determined values of A, and KA from equation

(I1. 84).

The conductance equation for associated electrolytes is given by Fuoss-Hsia (')

A=A —Syac +E(ac) In(ac) + I, (ac) - Jz(ac)g —K,Ay*(ac) (1. 86)

Justice modified the above equation. %% The conductance of symmetrical
electrolytes in dilute solutions can be represented by the following equations:

3

A= a(A, -SVac +E(ac) In(ac) + J,R(ac) - I,R(ac)? (I1.87)
(12_a2) =K, (1. 88)
a Cy.

__kJq
In;/i—(1+kRM) (11. 89)

From least square treatment, the parameter of conductance are obtained least after

2

26kT

setting, R=0= (Bjerrum’s critical distance).

According to equity the method of fixing the J-coefficient by setting, R = q clearly
consents a better value of Ka to be found. Since the equation (1. 87) is a series expansion
truncated at thec”” term, it would be better that the resulting errors be immersed as must
as possible by Jo rather than by Ka, whose theoretical interest is greater as it covers the
information concerning short-range cation-anion interaction. From the experimental
values of the association constant Ka, one can use two methods in order to determine the
distance of closest approach, ‘a’, of two free ions to form an ion-pair. Fuoss; (2%
proposed the following equation to determination of KA,

_4zN,a’

e2
K ex I1. 90
" 3000 p(aekT J (11.0)
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In most of the cases, the magnitude of Ka was too small to allow or permit a
calculation of a. The distance parameter was lastly considered from the more common
equation due to Bjerrum. (222

47N, a ' z%e?
K, = A r’ex dr I1.91
*~ 71000 J p[ ij (-99)

In the above equation there is absent of specific short-range interactions except
for solvation in which the solvated ion can be approximated by a hard sphere model.

Douheret has successfully applied the process. (%)
11.11. FTIR SPECTROSCOPY

The spectroscopic study has been established by the investigation of FTIR
spectroscopy. The study has been taking into account to qualitative interpreting the
molecular as well as ionic association of the electrolytes in the solutions. FTIR
spectroscopy is one of the most appropriate optical properties, which qualitatively
interpreted the nature, mode, manner of the electrolytes and non-electrolytes in the
solution system, eventually it also is able to give information about the configurational

structure of the solute or solvents present in the solutions.

Both organic and inorganic chemists is used the Infrared (IR) spectroscopy which
is one of the most common spectroscopic techniques in science. It is the measurement of
absorption of different IR frequencies by a sample placed in the path of an IR beam. The
main aim of IR spectroscopic investigation is to determine the chemical functional
groups present in the sample. The characteristic frequencies of IR radiation absorb by
various functional groups exist in the sample. Infrared spectrometers can accept a wide
range of sample types such as gases liquids, and solids using various sampling
accessories. Thus, IR spectroscopy is a significant and exoteric tool for structural

elucidation and identification of compound.

Approximately 13,000 to 10 cm—1, or wavelengths from 0.78 to 1000 um are the
wave number electromagnetic spectrum range of Infrared radiation. This spectrum region
is bounded at high frequencies and at low frequencies by the red end of the visible and

microwave region respectively.

Either positions of absorption of IR are generally represented as wavelengths (1)

or wavenumbers (v) .Definition of Wavenumber is the number of waves per unit length.
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Thus, wavenumbers are not only directly proportional to frequency and as well as the
energy of the IR absorption. The unit of wavenumber is denoted as (cm™, reciprocal
centimetre) is more frequently applied in modern IR instruments that are linear in the
cmt scale. In the contrast, where the wavelengths are inversely proportional to
frequencies and their associated energy. At present, the suggested unit of wavelength is

m (micrometres), but u (micron) is often used in some older literature.

Information of IR absorption is generally represented in the form of a spectrum
with wavelength or wavenumber as remain in the x-axis and intensity of absorption

percentage of transmittance as in the y-axis.

T, Transmittance, is the ratio of radiant power transmitted by the sample (1) with

respect to the radiant power incident on the sample (lo).

A=10g,, (1/T) =—10g, (T ) =log,, (lJ (1.92)

I

The spectra of the transmittance provide better disparity between intensities of
strong and weak bands as the ranges of transmittance from zero to 100% T whereas the
absorbance ranges from infinity to zero. It will appear only if some of IR bands have

been contracted or expanded.

Near IR, mid IR, and far IR are three IR region is usually divided into three

smaller areas:

Near IR Mid IR Far IR
Wavenumber 13,000—4,000 cm-1 | 4,000—200 cm-1 200-10 cm-1
Wavelength 0.78-2.5am 2.5-50 am 50-1,000 pm

This chapter emphases on the most commonly used mid IR region, between 4000
and 400 cm™ (2.5 to 25 um).

From the analysis of the above, it is apparent that the problem of molecular
interactions is intriguing as well as interesting. We have, therefore, utilized five important
methods, viz., and volumetric, viscometric, interferometric, conduct metric and refract
metric as the quantitative and FT-IR spectroscopy as the qualitative analysis for the

studies of the thermophysical, physicochemical, thermodynamics, transport properties
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occurring in different studied liquid systems. Utilizing the theoretical and experimental

results, we have employed all the studies for application in different fields.
[1.12.UV-Visible-Spectroscopy

Various electronic energy level of molecules can undergoes electronic excitation
from lower energy level to higher energy level and as a result a broad peak in UV-Visible
spectrum. Bonding and non-bonding electrons in different energy level of molecules
absorb different energy in the form of ultraviolet or visible light, which is responsible to
excite these electrons from lower energy level to higher or anti bonding orbital. If the
energy gap between HOMO and LUMO is not so high then the electron can easily excited
to lower energy state to higher energy state. There are four possible types of transitions
are - ¥, n- n¥, 6- 6* n- 6*. The order of energy gap among the four is given as n- t*<

7T- T*< n- o*<o- o*.

The following is the equation of Lambert-Beers law, which shows the relation of

absorbance of light of a sample in a UV-Visible spectrum.
A=log (lo/I)= ecl for a particular wavelength of light
A= denotes as Absorbance
lo= signify the Intensity of incident light
I= Intensity of the light that leaving from sample
€= Molar absorptivity
c= signify molar concentration of solution of the sample
I=denotes as a length of cuvette containing sample

In this thesis of my research work, the data obtained from UV-Visible
spectroscopy were fitted with the Benesi —Hildebrand equation for calculation the
binding or stability constant to determination the different interactions occurring between

the amino acids with ionic liquids.
I1.13 Fluorescence Spectroscopy

It is the opposite spectra from UV-Visible spectra. It is called emission spectra.
This spectra of emission is originated by the transitions of electron from higher energy
state to lower energy state, shows fluorescence. In molecules, there are different

electronic energy level as well as different vibrational energy level. In florescence, a
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photon excited at first the species from its ground state to the next higher vibrational level
of different states in the excited electronic state. After the excitation of the molecules,
the molecules undergoes collisions with other molecules and as a result deactivates of
the molecules. The excited species lose their vibrational energy simultonasly and reaches
lowest vibrational energy of electronic state according to the opinion of Jablonski
diagram. At last the molecules drops to one of the different vibrational energy state as a

result again photons get emitted process giving the fluorescence.

Energy levels
Absorption (101%5)
Fluorescence (1079~ 107s)

S2 2 'y ‘WL — Phosphorescence (10¢-10's)
—_—— N\ Internal Conversion (10711- 107 s)
SN Vibrational Relaxation (10127 10%0s)
- N\NANN ISC (1019-10%5)
— 7'y 3 ——————— —
ET—;/\/‘ - Sl NWANNA _-_ E
> o T, N\

Fig: Jablonski diagram
11.14 Surface Tension Measurements

Molecules at the surface of a liquid exerted by the molecules at the bulk and
trends to molecules towards the bulk of the liquid. In this situation the shape of the liquid,

assume the least surface area.

In my research work, using ionic liquids in Aquous medium and amino acids in
ionic liquid solutions. The surface tension of pure ionic liquid in water is less than pure
water because hydrophobic part of the ionic liquid encapsulated in water molecules as a
result the surface tension decrease. But with addition of some amino acid into the ionic
liquid solutions again increase the surface tension. This is beau case the amino acid
interact with ionic liquid as a result water molecules come out from the ionic liquid
solution. Higher the interaction between amino acid with the ionic liquid higher is the

value of surface tension
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11.15.1HNMR Spectroscopy

NMR Spectroscopy is very important and most acceptable technique among all
of the spectroscopic techniques to determination of characteristic an organic compound.
From these techniques, it gives us the information about the neighboring magnetic
environment of atomic nuclei and magnetically different environment of total number of

hydrogen atoms.

In a magnetic field, the experimental sample is put and NMR signal is generated
by the excitation of the nuclei of the sample into nuclear magnetic resonance with radio
waves which is collected with sensitive radio recivers.The resonance frequency of an
atom changes with the help of surrounding intramolecular magnetic field . NMR also
gives us the nature of electronic structure of a molecule and associate individual
functional groups. Since these fields are generally unique for particular compounds
therefore in modern organic chemistry, NMR technique is definitive process to detect
monomolecular organic molecules. In the same way, biochemists apply this technique
also to detect the structure of protein as well as complex molecules. Not only
identification, but also NMR spectroscopy procedure gives the detailed information
about the structure of molecules, state of reaction, dynamics and chemical environment
of the molecules. Proton NMR and 13-carbon NMR Spectroscopy is the most common
types of NMR, but it is only acceptable when the nuclei of atoms of molecule processing
spin.

Long timescale of NMR Spectroscopy that does not indicates the fast
phenomenon, so it produce an average spectrum. NMR spectrum does not show the
spectra of samples having a large extent of impurities of the samples. Therefore, for
higher sensitivity of the instrument higher strength of external field may be required to

detect the spectrum of the samples.
Integrals and integrations

We can analysis the peak intensity as well as the number of protons of different
types with the help of software very easily. With the help of intregration we can measure
the intensity of the signal obtained from NMR Spectroscopy and also the total number
of atoms presents. The number of protons is directly proptional with the intensity of the

NMR signal obtained from the simplest NMR technique. The integral of signals obtained
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from 13-CNMR spectra also depends on the dipolar coupling constants and also the

relaxations rate of the concentrate nucleus of atoms.
Chemical shift

Nature of proton in NMR spectroscopy can be determined from the chemical shift
value. With the help of chemical shift values of protons the magnetic environment and
also the signal in different positions obtained in *HNMR spectrum. The position of
signals in spectrum depends on the strength of the external magnetic field. TMS
(tetramethylsilane) is usually used as a reference for calculating the chemical shift vale
determination in NMR Spectrum of corresponding protons of a molecule. A local
magnetic field is generated by the electron density around the nucleus which is opposed
the external magnetic field. As a result of shielding of proton in LHNMR spectrum take
place. If electronegative atom consisting around the nucleus which withdraw itself
around its neighboring atoms as a result the electron density of neighboring atom

decrease, hence the proton experience downfield shift.

In my research work in this thesis, interacting protons of amino acids with the
ionic liquids result in shifting of chemical shift values from the chemical shift value of

pure amino acid and pure ionic liquid.
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