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SCOPE AND CBJECT OF THE WORK

The solutioulproperties have always been of_interesﬁ to
physical chemists bgtlih recent years there has been an unprecedented
interest in solution chemistry by physicai orgénic chemists,
iﬁorganic chemists, electrochemists and most notably by biOChemiSt;i
‘The interest stems from the fact that'tﬁe majority of reactions that
are of_ghemicél, eleétrochemical and biological importence occur
in scluticn. It Qas previously believed that the solvent merely
provides an inert medium for chemical reactions. The significance
of;solute-solvent interactions was realised only recently as a
result of extensiﬁe studies in aquecus, nonAaqueous ahd mixed
solvents. while proton transfer reactions are particuiarly sensi-
Itive to the nature.of"tné solvent, it has_become'incréasingly clear
thét tﬁe majority of.the SQlutes.are significantly-modified by all
sbivénts; Convérsely, the nature_of strongly stfuctured sclvents,
-such as water, is substantially modified by the presence of sclutes.
Complete understanding of the phenomena of solution chemistty.will
become a reality'énly when solute-solute, solute-solvént and

. 1
solvent-solvent interactions are elucidated”,

In spite of vast collections of data on the different
"electrolytic and non=-alectrolytic solutiOns in water, the structure

‘of water and the different types of interactions that water undergoes



(I1)

- with electrolytes are yet to be properly understood, However, the

studies on the properties of agueous solutions have provided suffi-
r &

_clent information on the thermodynamic properties of different

electrolytes and non-electrolytes, the effects of variation in

ibnic—strucﬁﬁre, ienic mobility and common ions on the properties

of aqueoﬁs solutions'and a host of other propertiesz‘s. Nevertheless,
during recentIYBars-there has been an increasiné interest in the
behaviour of electrolytes in non—aquéous and mixed solvents with a
view to investigatipg ion-ion and ion-solvent interactions under
varled conditions. However, different sequencé of s&lubility,

.

differences in solvating power and possibilities of chémical or

" electrochemical reactions unfamiliar in aqueoﬁs chemistry have

opened new vistas for physical chamists and interest in these
organie solvents trénscends the.traditional boundaries of inorganic,

physical, organic, analytical and elecfrOChémiStry4.

we have been mainly interested in the studies of 1gn—solveﬂt
iﬁteraétioqs=as these are the controlling forceé in dilute solutions
where ion-ion interactions are absent. Influence of these iOn~SOl§ent
interactions qn'tranSfer-of électrolytés between solvents is small,
but Sufficiently'large to cause dramatic changes in chemical reac-
tiohs involving ions. The changes in ionic scolvation have important

applications in such diverse areas as organic and inc: ganic syntheses,

"studies of reaction mechanisms, non~aqueoﬁs battery technology and

extractions. The importance of ionic hydfation'in biochemistry and



(I11)

. biophysics have also been stressed®.

- The applications and implications of the studies of reactions:
in non~aquecus and mixed sclvents have been summarizcd by'Meck?,

8'9, Popovychlo, Batesll'lz; Parker13'14, Criss and Salomonl5

-ﬁe;cusls and othefs;7—23. The lon=1con and ion—-solvent interactions

-F%anks R

‘have been the subject of wide interest as apparent from the discuss-

ions of Faraday Transactions of the Chemical Society24

The proper understanding of the ion-sclvent interactions
would form the basiﬁ of expléining quéntitatively the' influence. of
the sclvent and the extent of interactions of ions in solvents and
thus pave the way for the real undérstanding.of the different
_phenomena associated wiﬁh_solution chemistry. Estimates of ion-

- _soiventrinteractionchan be obtained thermodynamiéally and.also from

the measurements of viscosity B-coefficients, limiting ionic conducti-

vity etc.
However, single ion values can not be obtained thermodynami-
célly, Therefdre, various theoretical and semi-empirical extra

thermodynamic assumptions have been made to estimate these values.

It is thus apparent that the real understanding of the ion-
solvent interactions 1s a difficult task. The aspect émbraces-a wide

range of toplcs but we concentrated only on the measulements of
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transport properties like viscosity and conductivity along with
such thermodynamic properties as solubilities, free energies of

sb;ution and free energies of transfer.

Attempts have been made to determine the single-ion values
by the use of available methods and to elucidate the various. aspects.
of ion-solvent 1nteractions. Vlbratlon spectroac0py has also been _
applied tc study the ion-solvent interactlons of some alkaline earﬁh

metal salts in non-aqueous solvent medium.

Solvent—solvent interactions also play a vital role in -
solution chemistry. an effort has been made here to focus some
light on the solvent~solvent interactions by measuring excess

v

thermodynamic properties with the help of densimetry .nd viscometry-

at different temperatures.

These are described in the subsequent Chapters.

Summary of the work done

Propylene carbonate (PC)} and its binary mixtures with

methanol have been chosen as the solvent system in the present study.

&

The present dissertation has been divided into nine chapters.

Chpater I - forms the background of the present work. aAfter

pfesenting a brief review of notable works in the field of ion-
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'solvent interactions, such properties as solubility and free energy
of solution, viscosity and conauctance have been dlscussed in detalls.
: The importance and wtility of the various methods in tie determina~

f tion of jion=solvent interactions are stressed. Critical’evaluations

of the different methods of obtaining the Single-ion values and their
implications have been made. The solvent properties are then dise

cussed, stressing the importance of such work.

In Chapter II the different axperimental techniques for
obtaining the results bresented in the dissertation have been..
described.

i

Chapter IXI .entails the studies on the solubilities of scme

" alkali metal salts, tetraphenylarsonium chloride and tetraphenyl-

phosphonium bromide. in PC at 25°C, Most of the alkali metal halides
berring a few mre scarcely soluble in PC and thue\the more conven-
tional methods like conductometry. and viscometry can hardly be
applied to understand the jon-solvent interactions of these electro-
lytes in this solvent medium. Solubilities for these salts have
been measured by using ion selective electrode technique ahd the
corresponding free energies of solution have been determined.
COmbihation of these values with those in water-has resulted the

free energies of transfer-of the electrolytes from water to pPC.

Transfer activity coefficients or medium'effeCte have also been

computed from their 501ubi]ity prbducts in waper and in the non-
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aqueous solvent. Single ion transfer functions have been evaluated

by making use of extrathermodynamid'assumptions involving "reference

glectrolyte" method,.

Chapter IV comprises two parts. Part A describes the viseo-
sities of some tetraalkylammonium bromides in propylene carbonate

at different temperatures. Viscoslty data have been enalysed by the

Jones-Dole equation for unassociated electrolyteszs. Single ion

values have been estimated by using the “referencé electrolyte®
method. In Part B, fhe conductande measurgments have-been rebOrted
fof the tetraalk?léﬁmonium bromides in PC ét 2500.'Conductance-&ata
have been analysed by thei1978 FuOsS cohductahcé equatibhzs.'Single
ilon equivalent conductancés at infinite dilution have been.evaluaﬁed

by using the “reference electrolyte" method.

Chapter V-deécribes the determination of:viscosities and
electrical conductances of some ﬁetraphenyl salts in Pc; Viscosities
'hgve been measured at 25, 35 and 4500 and_ghe B coefficients have
been calculated. Conductance data have been analysed Dby £he Fuoss
conductance eqﬁationzs}ISingle ion valueé have also been evaluated.

Results are discussed in terms of the interactions of the ions with

tHe'solvent medium.

Excess molar volumes (VE), excess viscosities ('ﬂ?) and

excess molar free energies of activation of f£low (G*E) have been
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determined.fof_four sets of binary mixtures of propylene carbonate.
‘with methanol, 2-methoxy ethanol, 1,2-dimethoxyethane and tetra-
hydrofuran at 25, 35 and 45°C and the results has been described
in Chaptef’VI. The excess functions have been discussed from the
view point of intermolecular interacﬁidﬁs. The proper understanding
of these intérédtions would enable us to extract useful informaﬁion

from the studies of ion-solvent interactions of electrolytes in

these solvent mixtures.

Chapter VII describes the studiss on the electfical conduc-
tances of some ﬁétraalleammonium brgmides, RéNBr (R = Me to ﬁep),
NaBPh4 and Bu@NBPh4 in PC + methanol mixtureg_at 25°C. The data
have been analysed and,the chéracteristic_parameters, Ngo KA gnd
Walden'products_have been evaluated. Thg-Sing;e ion ;onductances
have been"determined using the “référence electrolyte" method,

- Results have been discussed in terms of the structural changes of

the solvent mixtures.

In Chapter VIII infra-red and Laser-~Raman Spec;roscqpic
measurements have been reported for some al%aline sarth metal
- perchlorates in PC. The results have been interpreﬁed in terms of

-{on~solvent interactions with the PC molecules.

The dissertation ends with some concluding remarks in

Chapter 1X.
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