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SCOPE AND OBJECT OF THE WORK ------- ---

The solution .properties have always· been of interest to 

physical ch~mists ~u~ in recent year$ there has been·en unprecedented 

interest in solution chemis~ry by ppysical organic chemis~s, 

inorganic chemist~~ electrocnemists and most notably. by biochemist~• 

'The interest stems from the fact that· the majority of reactions that 
. . 

are o~ 9I1emic~l, elec;tr.ochemical and bi.ological importance occur 

in so~u~;lon~" It was previou·sly believed .that the solvent merely 

provides an in¢rt me~Uum fbr ohe:nical reactions. The significanc~ 

of, solut~-solvent; interactions was realised onl·y recently as a 

result of e;xtensive St"UdiE;tS in aqueous, non-aqueous and m.:pced 

solvents. Vlhile prqton t.ransfer reactions are particularly sensi­

tive to the natur~ o;e· th,$ solvent, it has become· incre.asingly clear 
. . 

that the majority of the s<;:>lutes are significantly modified by all 

so~v~nts~ Conversely, the nature of strongly structured solvents, 

·such as wate+~ is substantially modified by the presence of solutes. 

Complete und~rstanaing o~ the phenomena of solution cherrdstry.will 

b~come a reality'only when sqlute-so!ute, solute-solvent and 
. . 1 

solvent-solvent interactions are elucidated • 
I 

In spite of vast collections of data on"the different 

· elect~olytic and. non-electrolytic sQlutions in water, the structure 

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



(II) 

with electrolytes are yet to be. properly understood. However, ·the 

:\ studies on the properties of aqueous solutions have provided suffi-
~ I 

cierit information on the thermodynamic properties of different 

1 electrolytes and nc:>n-electrolytes, the effects of varia.tion in 

ionic-structure, ionic mobility and common ions on the properties 

2 3 of aqueous solutions· and a host of other properties 1 
• Neve.rtheless 1 

during recent Ye a,rs ··che+e has been an increasing interest in the 

.1 behaviol,lr of elect~qlyt~s in non-aqueous and mixed solvents with a 

view to inves~igatipg ion-ion and ion-solvent interactions under 

varied conditions. However, di~ferent sequence of solubility 1 

, I 

differences in solv~ting power and possibiH. ties of cheinical or 

electrochemical re.actions unfamiliar in aqueous c;hemistry have 

opened new vistas for physical chemists and interest in these 

O.I;"gahic solvents t~anscends the .trad~tional boundaries of inorganic, 
' . 4 

physical, organic, analytical and electroChemistry • 

we. have baen mainly interested in the studies of ion-solvent 

interc.ctions ·~5 these are ~he controlling forces in dilute solutions 

where ion-ion interqations are absent. Influence of these ion-solvent 

interactions on tr~sfer· of electrolytes between solvents is ·small, 

but ~ufficiently la,rge to cause dramatic changes in chemical reac-:-
'' 

tions involving ions.o The changes ;in ionic ~olvation have important 

applications in such d~vers~ areas. as organic ~d inc. ganic syntheses, 

·studies of reaction mec;:han.:J.srns~ non-aqueous bat.tery technology and 

extraction5 • The importance of ionic hydration in biochemistry and 



(III) 

biophysics have also been ·stressed6 • 

The applications and implications of -the studies of reactions· 

in ~on-aqueous and mixed solvents have been surnrn¥izod by ·Meek?, 

Fi:anJcs 8 ' 9 , Popovyc;h10, Bates1l•12, Parker13 '-14, Criss and Salomon15, 

. 16 . 17-23 
Mercus and others- • The ion~ion and ion-solvent interactions 

·have been the subje_ct of, wide interest as apparent from the· discuss­

ions of Farad~y Transactions of the Chemical Society24• 

The proper .uhderst~ding ot the ion~solvent inte~actions 

would form the basis of exp~aining quantitatively the' influence of 

the solvent and the extent of interactions of ions in solvents and 

thus pave the way ;or the real understanding of the different 

phenomena associated with solution chemistry. Es:t:i..mates of ion-:-

solvent interactions can be obtained thermodynamically and also from 

the rneasurements of _viscosity B-coefficients; lirid.ting ionic conducti-

vity etc. 

Howeve.x;-, single ion values can not be obtained thermodynami­

cally!~ ';rherefQt'e, v~ious theoretical and semi-empirical extra 

therrriodypamic assumptions have been made to estimate these values. 

It is thus apparent that the real understanding of the ion-

solvent .tnteractions is a Q.ifficul t task. The aspect embraces a wide 

range of topics but ~e cohcentrated only on the measuiements of 



transport properties like viscosity and conductivity along with 

such thermod}rnarnic properties as solubilities, free ener.gies of 

solution and free energies of transfer. 

(IV) 

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 interactions. Vibration spectroscopy has also been 

applied to study the ion-solvent interactions of some alkaline earth 

metal salts in non..;aqueous solvent medium. 

Solvent.-:-solv~rit in~erc;tctions also play a vital role in 

solution chem~stry. An effort has been made here to focus some 
.. 

light on the solvent-solvent interactions by ~easuring excess 

thermodynamic proper~i~"s with the help of dens~metry ~-'1d viscometry. 

at different temperatures. 

These are described in the subsequent Chapters. 

2~~_2f th~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. After 

presenting a brief review of notable works in the field of ion-
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solyent interactions, such properties ·as solubility and fr~e energy 

of solution, viscosity and"conductance have been discussed in details. 

The importance and uti,l:i-~;Y of the vari6us methods in t1.1e determina­

tion .of ion-solvent interactions are stressed. Critical evaluations 
j 

bf the different methods of obtaining the single-ion v~ues and their 
i ' . 

implications have been made. The solvent properties are then dis­

cusseQ., stre-ssing the importance of. such work. 

In Chapter II the. different .experimental techniques for 

obtaining the results presented in the dissertation have been 

described. 

" 

Chapter III .entails the studies on the solubilities of same · 

·alkali metal salt::;~ tetraphenylarsonium chloride and tetraphenyl-
. 0 

phosphonium bromide. in ·pc at 25 c •. Most of the alkali metal halides 

barring a few are scarcely soluble in PC and thus. the more conven­

tional methods like co;nductoometry and viscometry can hardly be 

applied to understand the ion-solvent interactions of these electro­

lytes in this solvent medium. Solubilities for these· salts have 

been measured by us:.i.og ion selective electrode technique ahd the· 

corresponding free energies of solution: have been determined. 

combination of these values with those in water has resulted-the 

free energies .of transfer· of the electrolytes f.rom water to PC. 
I • r ' ' 

,• . ' 

. Transfer activity coefficients or medium effects nave also be.en 
.. 

computed 'frorn their s·olubiJ ity products in water and in. the non-
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aqueous solvent. Single ion transfer functions have been evaluated 

by making use of extrathermodynamic ·assumptions involving 11 ~eference 

electrolyte11 method~ 

Chapter IV comprises two parts.· Part A describes the visco-

ij sities of some tetraalkylammonium bromides in propylene carbonate 

at different tempera~ures. Viscosity data have been analysed by the 

,, 

•;; 
'; 

25 Jones~Dole equation for unassociated electrolyte~ • Single ion 

ValUeS . haVe been estimated by USing the II reference electrOlyte II 

method. In Part B, the condu9tance ~asure.ments ~ave been reported 

for the tetraalJcYl~onium bromides in PC at 25°c. ·conductance· d-ata 

have been analysed by the~ 1978 Fuoss conductance equatfon26 • ·sing~e. 

ion equivalent conductances at infinite dilution have been evaluated 

by using the' 11 reference electrolyte" method. 

Chapter v des'cr;ibes the determination of vi.scosi ties and 

electrical conduct~ces of some tetraphenyl salts in PC. Viscosities 
0 ' . 

ha"'Te been measured at 25, · 35 and 45 c and the B coefficients have 

been calculated. Conductance data have been cm.alysed ·by the Fuoss 
. 26 . 

conductance equation · • Single i.on values have. also been evaluated. 

Re'sults are discussed in terms of the interactions of the ions with 

the· solvent medium. 

Excess molar volumes evE), excess viscosities ( 'l,E) and 

excess molar free energies of activation of flow (G~E) have_been 

I . 
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(VII) 

determined for four sets. of binary mixtures of propylene carbonate. 

with methanol. 2-methoxy ethanoli 1,2-dimethaxyethane and tetra­

hydrofuran at 25~ 35 and 45°C ~d the results·has been described 

in Chapter' VI. The excess functions have been discu:i!sed from the 

view point of intermolecular interactiOns. The proper understanding 
. . . 

of these interactions would enable 'lS to extract useful information 

from the studies of ion~solvent interactions of electro~ytes in 

these solvent mixtures. 

Chapter VII describes the studies on the electrical conduc­

tances of some tetraalkylammonium br<:>mides, R4:NBr (R. = Me t,o Hep) .• 

NaBPh4 and Bu4NBPh4 in PC .+ methanol. mixtures . at 25°c. The data 

have been analysed and' the characteristic p~ameters, 1\.0 , ~ ~d 

Walden products have been evaluated. The ·single ion conductances 

have l:>een (determin-ed using the "reference electrolyte" method. 

Results have been discussed in terms of the structural changes of 

the solvent mixtur.es. 

In Chapter VIII infra-red and Laser-Raman spect:roscopic 

measurements have been reported tor some al1:aline earth metal 

perchlorates in PC. The results have been interpre~ed in terms of 

'ion.:.solvent interactions with the PC molecules. 

The dissertation ends with some concluding remarks in 

Chapter IX. 
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