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scope and Object of the work 

The solution properties have always been of interest 

to physical chemist.s but in recent years there haS been an 

unprecedented interest in solution chernistxy (particularly 

solution thermodynamics) by physical organic chemists, inorqanic 

chemists, electroohemists and mJst notably by bio-chemists. The 

interest stelt6 from the fact. that the majority of reactions 

that are of chemical, electrochemical and biological interest 

cx:cur in solution~ The importan~ of solvent effects on reaction 

rates and nwachan·isms, . on 1the nature of ionic interactions in 

elect rolyt .1c solution and the conformat iona 1 propex:t ies of 

proteins and other biologically important molecules has been 

extensively examined in aqueous, non-aqueous and mixed solvents. 

It has been realised that the majority of the solutes 

are significantly mJdified by the sol vents. in general Whereas 

the nature of the strorliJly structured solvents (like Water) is 

drastically changed by the presence of solutes. The .true 

understanding of the solution Phase thus demandS· ttet proper 

understanding of the solute-solute, solute-solvent and solvent-
2-4 

solvent interactions from theoretical and experimental studies 
' 

using therllt)dynamics, kinetics, spectroscopic, eleatroehemiaal 

rrethodS etc. 

Studies on the properties o; aqueous solut~ona have 

provided sufficient information on the dissociation constants 
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(II) 

of ligandS and their comple~es, the effects of variation of 

ionic structure, ion-mobility and coltUR)n ions on the properties 

of aqueous solutions and a host of other propex:t.J,.es. Still the 
'. 

problem of solute (.ion)-solvent interactions has not been 

0 learly understood (in view of our inadequate know ledge on the 

'' structure of water). 

The essential drawback arises from the lack of absolute 

structure of liquid wate~ in spite of tremendous amount of work 

done on the properties of water and aqueous solutions. 
I 

However, the recent developtrent in the field of analytical: 
\ 

chemistry in particular and other e~igencies to understand speci-1 
I 

fie molecular interactions (i.e. ion-ion interactions, ion-

solvent interactions, H-bonding etc) led to the tremendous 
' 
I 

advancement in the study of different physico-chemical properties i 

in non-aqueous and mixed solvents• 

nifferent sequences of solubility, differences in 

solvatiD:;J power and possibilit Jss of chemical and electrochemical 

reactions unfamiliar in aqueous chemistry have opened new vistas 1 

for Physical chemists am interest in these ox:qanic Eiolvents 

transcends the traditi~~l boundaries of inorganic, physical, 

organic, analytical and electrochemist xy2• 

Changes in the ion-solvent interactions on transfer 

of electrolytes between solvents are small but are sufficiently 

large to cause dramatic changes in chemical reactions involving 

ions. These chang-es in ionic solvation have important appllca-

tions in diverse areasi-
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(III) 

i) In organic, inorganic synthesis and in analytical 

3-S 
chemistxy • 

' 3,6 
11) In the elucidation of reaction mechanisms • 

iii) In chromatography, solvent extraction and in the 
3 

development of ion-exchangers for different purposes.• 
4, 7,8 

iv) In the developroont of non-aqueous battexy technology. 

v) In the processing of materials to recover metals 
9, lo 

from non-aqueous baths ~ith low energy consumption • 

vi) In processes involvinq salting in and salting out 
ll 

Phenorrena • 
. 3 

vii) In various biological processes • 

The importance of ionic hydration. in biochemistry and 

' 12 
biophysics has also been stressed • 

The tnost important and elusive aspect of the solution 

.chemistxy is the determination of 'single .ion• thermodynamics 

or ~re particularly • medium effect • of ions in mixed and non-

aqueous solvents. Single ion values obtained by us.ing empirical 

extra-ther~dynamic as&Qmptions enable us to refine our models 

of ion-solvent interactions and form the-basis of. ~xplain~ 

quantitatively the influence of the solvents (Particularly on 

the reaction rates) and the extent of interactions of ions in 
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solvents. '!'}lese stUdies Pave the ~ay for the re~l understandinq f 

of the dif1:erent Phenonena ass.Cx:iated ~ith the solution chemist~~ 

I The medium effect can be used in 

1) the establishment of a single, solvent independent 

scale for the ·activities of individual ions, .1n 
Particular Pi• 
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(IV) 

2) the formation of solvent independent series for 

the standard electrode potentials. 

3) the evaluation of liquid junction potential at the 

interface of different solvents. 

The applications and iroplications of _the studies of 

reactions in non-aqueous and mixed solvents, ion-solvent 

interactions, aedium effects have been summarised by different 
· 2, 3, 1o, 12-11 

authors • 

We have undertaken the study of sone of these aspects 

Which Will be discussed in the subsequent cllap:era. 

surmary of the ._,ork dona 

2-Methoxyethanol (ME), 1,2-dimetho:xyethane (DME) and 

aqueous mixtures of 2-mathoxyethanol and 1, 2-di aetho:xyethane 

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

Both ME and 
. 18 

oME are known to be intermolec:~·larly 
li 

( €. • 16. 93) haViiXJ the cis conformation hydrogen bonded, ME 

and DME 
20 

and f • 
as the trans preferable· conformation. DME With € .7.075 

21 · - . 22 I 

1. 71D is an aprot.io. etheral solvent. ~ ~-2.18D) ___;. 

is an alkoxyethane thus ·exhibiting properties of ,alcohols and 

ethers at the sacre tiae. The solvent is e:xpeoted to be inter­

aediate bet-ween }i;G and DME in behaviour. It is potentially a 

Protic solvent due to -OH group presentt at the sa• tine 

intramolecular hydrogen bondill'J would impan sone aprotic 
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(V) ! 

Character to it, restricting the availabillty of the hydroxyl 

Proton and thus 'quasi-aprot ic' ME is e:xpeoted to shcnl soma 

properties characteristic of aprotic solvent•• 

The present dissertation has been divided into seven 

chaPters. 

ChaPter I forms the background of the px-esent woxk. 

Aftex- px-esenting a brief review of notable works in the field 

of _ion-solvent interaction, the discussion centres around the 

acid-base equilibria in non-aqueous and mixed solvents. critical 
I 

evaluation of ·the different methodS of obtaining the single 

ion values and their iaplications have been made. The solvent 

properties are then discussed, stressing the importance ot SUCh · 

work. 

ChaPter II entails the studies on the dissociation 

consta~s for the reactions AH+ ~ A+ H+ (where, A • 2, 
I . 

2-bipyridine or l,lO.phenanthroline) in binary aqueous mixtures 

of 2-methoxyeth&nol and 11 2-dimethoxyethane. The results have 

been discussed in terms of solvent-basicity. and ion-solvent 

interactions. The fX'&e energy of transfer of K+ ions C~CJ:(K+>J 
in mixed solvents have been determined. 

ChaPter III describes. the determination of the dissocia-

' tion constant of benzoic acid in ME - H2o and DME -·H
2

o mixtures 

23 24 from solUbility, spectrophotometxy and conductometric 

msasureroonts. The };(< values obtained by the above methods have 

been compared and its variations with solvent compositions 

discussed. 



(VI) 

Chapt,ers IV and V describe the studies on the dissociation. 

constants of o-, m- and p.. substit \!: ed benzoic acids. The free 

energies of transfer of benzoate ions have been evaluated. The 

discussion ends in ChaPter V With some conclUding remarks. 

In ChaPter VI conductance measurements are reported 

for picric acid in ME and OME and in their binary aqueous 
0 ~ 

mixtures at 25 c. The data have been analysed by the Shedlovsky 

26 
equation and also by the 1978 Fuoss conductance equation and 

the characteristic parameters /\o and I'A have been evaluated. 

The variations of Walden products with solvent compositiollB have 

been disc us sed. 

Finally, ChaPter VII concentrates on the determination 

of thermodynamic transfer functions for some 111 electrolytes 
0 

in 2-methoxyethanol and 1, 2-dimetho~ethane at 25 C. The esti-

mation of transfer £.unctions for single ions using • reference 
2.7-31 

electrolyte' assumptions · have also been presented in this 
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