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S¢éope and Chject of the Work

The solution propert ies8 have alvaysd been of interest

to physical chemists but in recent years there has been an
unprecedented interest in solutlon chemistry (particularly

solut ion thermodynamics) by physical organice chemists, inorganic

chemists, electrochemists and most notably by bio-chemists. The
Interest stems from the fact that the majority of reactions

that are of cheimdcal, electrochemical and bioclogical interest

occur in sclution. The importance of solvent effects on reaction

rates and mechandsms, on the nature of lonic interactions in

elect rolyt ic solut ion and the conformational properties of

proteins and other bilologically important molecules has been
extensively examined in aqueous, non-~aqueous and mixed sclventas.

It has been realised that the majority of the solutes
are significant ly modified by the solvents in general whereas
the nature of the strongly structured solvents (like water) 1s
drastically changed by the presence of solutes. The true
understanding of the solutlon phase thus demands tl® proper
'understandinq of the solute-solute, solute-solvent and solvent-
solvent interactiocns froﬁ.theoretical ang equrimental Btudi§;4
using thermodynamics, Kinetics, spectroscopic, electrochemical
met hods etc.

Studies on the propert ies of aqueous solhtiona have

pProvided sutficiemt information on the dissociation constants
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of ligands and thelr complexes, the effects of variation of
ionic structure, ion.mobility and common ions on the propercies
of agueous solut ions and a host of other proparties. Still the
problem of solute (ién)-solveﬁt interact ions has hot been
clearly understood (in view of our inadequate knowle_dge on the
structure of water).

The eBsential drawback arises from the lack of absolute

structure of liquid water in spite of tremndoua amount of work _
done on the propertles of water and agquUecus solutiocns. I

However, the recent development in the f£ield of analyticali
chemistry in particular and other exigencies to underastand Bpeci—i_
‘f£1c molecular interactions (i.e. ilon-ion interactions, ion- '

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

advancement in the study of different physico-chemical properties
in non-aquecus and mixed soclvents.

!
Different sequences of solubilicy, differences in

scolvating power and possibilie iss of chemical and alectrochamical
reactions unfamliliar in aqueous chemistry have cpened new vistas
for physical chemists and interest 1in these organic golvents |

transcends the traditional boundaries of inorganic, physical '
organic, analytical and alactrochemistry .

Changes 1in the lon-~-solvent imeractions on transfer |
of electrolytes between solvents are small but are sufficiently
large to cause dramatic changes in chemlcal react ions involwing I'
ions. These changes ln ionic solvaticn have important applicaw

tions in diverse areazsi-



(IT1)

1) In organid, inorganic synthesis and in analytical

3=5

chemi st Xy .
_ 3,6
1i) In the elucidation of reaction mechanisms @ *

1ii) In chromatography, solvent extraction and in the
3
development of ion-exchangers for different purposes .-

iv) In the develcpment of non~-aqueous battery technology.

v) In the processing of materials to recover metals

. 9,10

from non-agqueous baths with low energy consumption '
vi) In processes involving salting in and salting out

11
Phenomena .«

3
vii) In various biological processes .

The lmportance of lonic hydration in biochemiatry and

, 12
bilophysice has also been stxessed »

The most important and €lusive asapect of the solution
chemistry i8 the determination of 'single ion' thermodynamics

or more particularly ‘medium effect' of ions in mixed and non.

aqueous solvents. Single ion values obtained by using empirical
ext ra~t hermodynamic assumptions ensble us to refine our models

of ion-solvent interactions and form the-basis of explaining :
quantitcatively the influence of the solvents (particu-larly on |
the reaction rates) and the extent of interactions of ions in .

Solvents. These studies pave the way for the real underst anding

of the differemt phenomena assoclated -with the solut ion chemistrf.
The medium eéffect can be used in . |

|

| |

1) the establishment of a single, solvent independent |
. |

|

Bcale for the activities of individual ions, in
Particulﬁr H.
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2) the formation of solvent indepsendent series for

the standard e@lectrode potentials.

3) the evaluation of liquid junction potentizl at the

interface of differemt solvents.

The applicat ions and implications of the studies of

react lons in non-aqueous and mixed solvents, lon-solvent
interactions, medium effects have been summarised by different

aut hors .

We have undertaken the study of some of these aspects

which Wwill be discugsed in the subseguent chap:ers.

Summayy of the work done

2-Met hoxyethanol (ME), l,2-dimethoxyethane (DME) and
aqueous mixtures of 2-methoxyethanol and 1,2-diaethoxyethane
heve been chosen as the solveny system in the presemt study.

Both ME and DME are knovml8 to be intermolecularly |
hydrogen bondad, ME (¢ = 16, 93)19 having the cis conformstion

and DME as the trans preferable conformation. DME with £ =7.075
21 o

. 2
and }1 = 1l,71D is an aprotic etherxal solvent. ME guuz. 18D)2 —e

is an alkoxyethane thus exhibiting properties of algohols and

ethexs at the same time. The solvent is expected to be inter-
mediaste between EG and DME in behaviour. It ia potentially a

Protic solvent due to -OH group present; at the same time

intramolecular hydrogen bonding would impart some aprotic
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character to it, restricting the availability of the hydroxyl
Proton and thu;i ‘quasi-aprotlc' ME 1s expected to show some
properties characteristic of_ apbrot ic solvents.

The present dissertation has been divided into seven
chapters. | | .

Chapter I forms the background of the present wWork,
After presenting a brief review of noctable works in thé field
of ion-solvent interaction, the discussion centreé around the
acld-base equilibria in non-agquecus and mixed solventa. Critical
evaluat ion of the different methods of obtaining the single

lon values and thelr implicat lons have besn mads. The solvent

properties are then discussed, stressing the importance of such
work.
Chaprer II entalils +he studies on the dissociation

constanks for the reactiona AH+ @ A+ H+ {(where, A = 2,

z'.bipyridine or 1, l0~phenanthroline) in binary aquecus mixrures
of 2-methoxyethanocl and 1,2-dimethoxyethane. The results have
been discussed in terms of solvent=-basicity and ion-solvent

interactions. The frae energy of transfer of H+ -lons [AG:(H"')J
in mixed solvents have been determined. -
Chapter 111 describes the determinastion of the dissocia.
tion constant of benzola acid in ME = H,0 and DME - H,0 mixtures
from solubility, spectrophot omet ry23 and conductometri.c24
measurements. The pK values cbtained by the above methods have

Deean compared and its variations with Bolvert composit ions

discussed.
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Cnhapters IV and V describe the studies on the dissoclation
constants of 0w, M~ and p- sSubstitw ed benzoic aclds. The free
energies of transfer of benzoate lons have been evaluated. The

discussgion ends in Chapter V with some concluding remarkas.

In Chapter VI conductance measuremants are reported

for picric acid in ME and DME and in thelr binary agquecus

o 25
mixtures at 25 C. The dsta have been analysed by the Shedlovsky

€equat lon and also by the 1978 Fu08526 conductance eguation and
the characteristic parameters /\o and K, have been evalusted.
The varlations of Walden products with solvent compesitions have
been discussed.

Finally, Chapter VII concentxates onh tha determinastion
of thermodynamic transfer functlons for Boma lil electrolytes
in 2-methoxyethanol and 1l,2~dimethoxyethane at 25°C. The esti-~
mat ion of transfer functiona for single ions using ‘reference
electrolyte! assumption827-3l have also bgen presented in this

chapter.
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