
Scope and· Ob~ect of th~work :-

The importance·and uses of the chemistry of electrolytes 
. . . .... 

in non-aqueous and mixed solvents were well- recognized. The 

~pplications. and implications_, of the studies of reaction in· 

n~n-.agueo~s an?. ~i~ed. solventS. have been s~mm~rized by M~ck1 ' 
23 4 56 78 . 'g 

Frank~ '. '- ··. Pop'?vyc~ , Bates ' , Parker ' , cr1s s and Salomon 

and ot hers
10 

' 11 • The ion-ion and ion-solvent interactions . . . 

have been subject of wide interest as .apparent from recent 
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studies on properties of aqueous solutions have provided 

sufficient information on the dissociation constants and thermo-

dynamics of the _lig~nds. and ~heir .complexes, the ~f~cts of 

variation of ionic _stru?ture, ion~~obility and common ions on 

t~~ properties of ~queous .solutions and to predict fairly 

accurately th.e types of species present in solution when a solute 

is dissolved in water. However, comparatively little work Jtnas 
·- \ 

been done to obtain the same type of information about the nature 

of non-aqueous solutions. 

Recently, the atomic energy projects bave helped to 
. . 

stimulate t be interest in co-ordination chemistry in non- aqueous 

and mixed-solvents, since often the key to a successful purifi­

cation or. seperation of the heavy metal ions involves complex 

formation and solvent extraction. Thus, information concerning 

the nature of the ionic species present in non-aqueous and mixed 

solvents is required for any ft:mdamental understandipg of tbe 
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chemistry qf. these .systems. The careful measurements which are 
... ~ • !"" ·... - ~ _ _, ' •• 

"t{i.~ely d~ff ~r-~I?-t dielectric corist ants ~d so~vat irig abilities have 
. . 1 

become frequent. only during the past few years • 

J..---~·-·'· ·-·~··· ..... 

The st].ld:Y .. -of physico-chemical P!Ocesses in non-aqueous 
- ~-- ~--·..... :. : . .:.·. ·-· -- . 

and mixed solvents is useful~from the point of· view- of phase 
. . . ~.:: . . . ·. -- . . - - .. ' .·· -

s~u~~es -~nvo_fy ins -~in~ry_~ t ernar.~ and quaternary ·solvent systems 

w~ich find· q.pplicat ion in various analytical techniques e.g., 
·' - . . - . . ~ ·-- . . . . " -·- ... - . . . . . " 

chromatography and extraction
2

'
3 

• 

... The mixed solvents are increasingly used in the elucidation 
-- -··. -. - ·-· --. .. . .. - - . . 

of reaction. mech~n~s_m~·~. Fori?e_:r:ly, it was used ;to widen considerably 
. 2 

the range of reactions • The most important but elusive aspect 
- ~- . - . : ... - - ,. - -·- - --

of 'the soluti.on chemistry .is the· determination of 'single ion' 

thermodynamics or more particularly 'medium effect' of ions 
- - - - - . . ~ . . . ·- _·-. ' ' . -' . -

(particularly of hydrogen ions) in mixed and non-aqueous solvents. 
- . - .. -. . . . - . - -. 

This would form basis of exp-laining quantitatively the influence 
. -· ....... ... . ' . -- .- .. ' . . ..... - .. 

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

~nd thus.the way:for the real understanding of the different 
' - -- . - . / - . ~_, - . ' 

phenomena associated with solution chemistry. 

since single ton-values can not be obtained the~modyna.mi-
-. ·- -- ..... 

-~~~~y_, _\Ta!ioP:s. theor_et i?al and ~ emi- empi:t:ic~~ ~xtra~t~erm.odynamic 

attempts .have been made. The use of extra-:thermodynamic assumptions 
. . ._. - - -- . . .. . . -~ .... -· -- ·-· . . -

to est-imate ion-solvent int.~ractions is_ important. both from 
' ... .... • .J - ·:. ' J - • 

.theoretical and ~r~?.tical point of view. Estimates of free-energies 

of transfer for ions have enabled us .to refine our models of 



-~ ...... 

-~ 
y·' 

./ - ' 

- --iii .. 

ion-sGlvent . interactions. 

v~lues -of free.-: energies of t ran sf er qh~i~ts can· choose solvents 

~?a.,t vrill enhance the ra~ e~. of __ m~ny ~bemica~- reactl~:ms, the 

~olubility of· mineral~-· in J,eacbing operations or reverse, the 
I - . • -· • • • - • ' ' /· • ~ - - • • 

-. . . ~ ' 

~-direction of equilibrium ··reactions mid give ne"t-T methods ,of 
-~ .. _, __ ..,_ •·..J ___ ,_ 

7 
processing metals such as Copper • 

, We are~, howey.~.r ,- interested in the st-q.dy. of the effects 
-• '"" • • J ' • • ~ • • • ... • ' • • • r •,<' ' 

of the various .. solvent>s ... pn .the dissociation constants of weak 
:_ . ---~;..·_. .-· -

acids .':ll3~ ~a~is and their .?O~J?l_exes. Compared to most organic 

~~-~vents'· _the diele~t-~~c co~stant of water ·is comparatively 

, ~arge. 9ne" of tl:!3 principal ~-f~cts pro~uc~d by a~ding a miscible 

o-rganic solvent to water is the reduct ion of dielelectric constant 
. . . ·_ --. . • - - . . . - - - . - ' - j - ·- -. 

and the change -in coulombic interactions betvreert<ions. 

For the reactions, 

AH+ ---~ A + 

-~ A· AH-

' - -~ 2-
AH A .,·. . . . '. 

+ 
H 

+ 
+ H 

+ 
+ H 
- .. . -. 

( l) 

(2) 

(3) 

it is possible to P:r:'~df.ct q~alitatively t 9e eff~c~ . of _addition of 

an organic sol-v.erit which lowers the dielectric constant. 

The addition of the 9rganic solv~nt means a change .in. -. ·_, . ··--· . 
. . 

the 'medium effect' due to change in_ acid-base character of the 
•• ,. • . • - ·- '· • j- ~ --. - - •• • ' ' • -

organic·.,solvent. .This undoubt ebly changes. the non-electrostatic 
./ -~-; . ~ -- -- . . . . . . - - ... - - . - . . ... . 

. . . 

contri~ut~'?l1_s. It i~'- h_ovrey-~r, __ ciifficult ,~o s~y qu~~itativeJ:y 

a:hd quant it at ively to i:lhat extent it affects the dissociation 
,J • • I - . . • ' '·· . .. • • - -

cpnstants of the ligands. Measurements of the dissociation 

'·::·· 
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constants in .v.arious mixed solvents give us an- idea regarding the 
-- ~-· • * ,.._.) '- ~ ... _ .• - ·-- • -' ._I_.,.. __ ..... - -·. . • -·· ••• - ' • 

non-elect.rostatic contributions in various· solvents. :Bates· and 
•_. • ' ' • • •.• ' .'. I ' .. ' -' • • . ·- • - ' . • 

Robinson~3 have shown .an uniformity in the .non-electrostatic 
I- I • ~ ~,. .1. I ,_.1 _.. ?-'· , r • •• ', ,. , ,• 

contributions in the case of different methanol-water mixtures 
. ·.--

' 
from _t?~ study of ·the dj.ssociation· consta:p.ts of the various 

ligands. 

. . . •( 

studi-es on the dissociation constants of ligands in ... 

different solvent may throw ·some light ·on t be ion~solvent · 

intera~t ~ons as well as ___ so+vent basicity. . Till r~?er:t ~y _only· 

very quali~ative. ide:a ::-e~ard~g the no~- electrostatic· par~s· have 

been ol}tained in solvents like dimethyl· sulphoxide (dmso), 
- .. --. .. - -- - . -- . . -- -

N ,N'.;.dimethyl formamfde(dmf') and formamide., Quantitative values 
• ' '• • • _, ' • .. I 

are st~ll lacking. 

The kinetic. studies provide the most powerful methods 

of investigating detailed reaction m·echahisms. Thoilgh absolute 
-- ·-. _, - '· 

' reaction mechanisms. is of the ·great help in understanding and 

systematizing· the· stt;!dY of an area of. chemist·ry. The effect 

of solvents on the reaction kinetics is ·extensiveand vari·ed. 

The importance of spectral studies are enormous. The 

studies. are not' only' helpful f?r- ass1gnments. of sp~ctral 

* * t' •t. t transitions and t.he nature.of n· -1\ ·I{- 7f rans1 1ons e·c 
._ ' - .... ' . . ' _, - . . 

they .a~so ·provide us an approximate idea of solute solvent 

int eract ions • 
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It is apparent that the solution chemistry embraces ·a 

wide :range of. topics but we con cent rated only. on some of the 

aspe_c_~_s 1AT~th the ·limited resources at our disposal. These are 
- "- ..J - "'. 

described in the subsequent chapters • 

' ·summary ·of the work done :-

The dessertation c?n.~ists of three chapters which are 

subdivided into several sect·ions. 

- The section I of chapter I contains a .f-airly :comprehensive 
._, _. ··-. - . . -· - . . . . 

and· up-to-date review-of the works done in the fieid of non-aqueous 1 
. . - -· . -. -- - . - - ~ - ' ' 

and mixed solvents. The importance of the determination of the 

single ion thermodynamics have .been stressed. 

In the subsequent sections of chapter I, we have described 
} ;-· .. 

our studies on the dissociation constants for the reactions 

Ait · ~--::::::'=!: A + H+ (where A = 2,2 r __ bipyri~ine or 1 710-

phenant ~roline) _ in different _aquo-organic solvents like, dmso + H
2
0 

dmf + H 0 and formamide + water mixtures. ... _,._ ..... 2. The results have been 
' -- . 

"' discussed interms of solvent - basicity ~nd ion-solvent 

i~te~agt~o~~- . _T_~-~ ~~e~--e~~~g_y of t~-~~sfe; ~f .H+ _ ~o~s f_- ~G~( H+)J 

in different mixed solvents have been determined.: The 

equilibrium constants for the reactions 

·2+ H+ 2+ + 
Febipy

3 
+ 3 ...... Fe + 3 bipy H ""--

and Febipy2~ -------~ Fe 
2+ 

+ 3 bipy 
. 3 . 
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in dmso + H·O and formamide·+ 1ivater t:)ave als'o been determined. 
2, 

The chapter II'of .the pr!=Jsent,, dess.ertatio!1 consists of a 

bri,ef. discussion on the different a~pects of kinetics and reaction 

meohani!=;liDS of the inorganic reactions· and the results of our 

investigations on -the formation and. di·ssociation reactions of 

f errodiin arid ferroin in different'. dmf + \.rater mixtures (0 100% dmf). 

The last chapter begins with a brief introduction of 

_spectral behaviour of compo~ds in different solvents particularly 

emppasi z~ng spectral solvent. shifts. 

·:.-·,_;-;~studies on the spectral. aspects of the (l,lO.:.phenanthroline 

and 2,2 1 -bipyridin!=l) particularly the spectral solvent shifts and 

- solvatomatochromic' behaviour of ferrod:i,.in and f erroin have been 

incorPorated in sections II and III of chapter III.' The results 
. ~: . '• 

iq.dicate that . both solute and'-solvent are responsible for spectral 

solvent shifts and for solutes with hydrogen- bonding capability' 

·blue shift is observed in goin.g from no.n-polai' to polar solvents 

* be it n -7'\ or * 7\- 1\ transitions. 

·' 
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