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PREFACE 



SC02f and Ob j e,5t of the T:TOrk 

The solution properties have al\._.ays been of interest 

. to physical chemists but in recent years there has been en 

unprecedented interest in solution.chemistry by physical organic 

chemists, inorganic chemists, electrcchemists and most notably 

by biochemists. 'rhe interest sterns from the fact. that the majority 

of reactions that are of chemical, electrochemical and biological 

importance occur in solution. It was previously believed that the 

. solvent merely provides ~ inert medium for chemical reactions. 

The significance of solute-solvent interactions was realised only 

recently as a result of extensive studies in aqueous, non•aqueous 

and mixed ·solvents. While proton transfer reactions are particu­

larly sensitive to the nature Of the solvent, it has become 

increasingly. clear that the majority of the solutes are signi• 

ficantly modified by all solvents. conversely, the nature of 

strc·ngly ~sl:,r:~~!=-.u.t~a.,solvents, . such as water, .is substantially 

rnodtfied by the presence of solutes. complete understanding of 

the phenomena of solution chemistry wi~l become a reality only 

t-1hen solute-solute, solute-solvent and solvent-solvent interactions 

are elucidatea1• 

Inspite of vast collections of data on the different 

electrolytic and non-electrolytic solut~ons in water, the structure 

of water and. the d~fferent types of interactions that water 

unaergoe~ with electrolytes are yet to be prqperly understood. 



(J:I) 

Howeve~, the studies on the properties of aqueous solu~ions have 

provided $Ufficient information on the thEU:modynanic properties 

o£ different electrolytes and non-electrolytes* the effects of 

variation in ionic-structure, ionic: mobility and ccmmon ions 

on the properties of aqueous solutions &:d a host of other 

properties213 • I:~evertheless. during recent years there has been 

·an increasing interest in the ·behaviour of electrolytes in nona 

aqueous and mixed solvents with a viet-r to investigating ion-ion 

an~ ion-solvent interactions under varied conditions,- Hctrever, 

different sequence of solubility, differences.in solvating p~ner 
.. 
and possibilit;tes o£ chemic~ or electr?Chemical reactions 

unfamiliar in aqueous chemistry have open _new vistas for ph:ysical 

chemists, end interest in these organic solvents transcends the 

traditional boundaries of inorganic, physical, orgruliC# analytical 

and electrochemistl!'y4• 

we have been mainly interested in the studies of the ion­

solvent interactions as they ere, the controlling f.orces. in dilute 

·solutions \'!here ion-ion interactions ere absent. J;nfluence of 

these ion-solvent interactions _on trsnsfe;r of electrolytes 

):>et.\~een solvents is small, but sufficiently large to cause 

dramatic changes in chemical re-ac·tic-as inVC?lVing ions. 'l'he 

changes in ionic solvation have inportant applications in suc;:h 

diverse areas as organic and inorgalliC syntheses, stuclies of 
, 

reaction mechanisms, non-aqueous battery technology and e~rtra<;:-
. 5 

ti.cn • 'l'he importance of ionic hy~ation in bioc:hernistry and 



. 6 
biophysics has been stressed ., 

(III) 

~he applications ~•d implications of the studies of 

reactions in non-aqueo1,3s and mixed solvents have been S\l!M'·srized 

by Meck7, Franks8 ' 9, Popovych10, Bates11• 12, Parlre.r13• 14" criss 

and Salo~on15, tv1ercus16 and ,others17
"!"

23• The ion-ion a11d ion• 

solvent interactions have been the subject of \'l7ide interest as 

apParent frcm the discussions of Faraday Transactions of the 

Chemical $ociety24
o 

'rhe proper understanding of the ion-solvent interactions 

would fozm the b8$iS of explaining quantitatively the influence 
' . 

of the solvent and ~1e extent of interactions o:f ions in solvents 

and thus pave the \>Jay for the real ·understanding o.f the different 

phenomena associated t-1ith solution chemistry. Estimates. of ion­

solvent inte-ractions can be· obtained· therrnodjmamically and also 

from the measurements of viscosity B'"'"coefficients, limiting ionic 

conductivities etc. 

However. single""ion values can .not be obtained thermo­

dynamically. T:herefore 41 'various theoretical and semi'"'"empirical 

extra thermodynamic assurnption13 have been made to estimate these 

values •. 

It is thus apparent, that the real understanding of 

the ion-solvent interactions is a Oi.fficult task. The aspect 



(IV) 

embraces a toJ'ide range of topics but. we concentrated only on tb~ 

measurement$ of tt:ansport properties like viscosity and conductivity 

along with such thermodynamic properties as apparent and partial 

molal volumes and apparent molal adiabatic co~ressibility. 

Attempts have been made _to d(9termine the singe•ion 

values by t~e use of available methods and to elucidate the 

var~ous aspects .of .ton- solvent interactions, . 

These are described in the subsequent chapters. 

surrmag of the works done 

2-Methoxy~t:hanol (ME) and its aqueous . mixtures have been 

chosen: as the solvent system in the p.resent stu(iy. 

ME is knot'l;l to be intramoleculerly hydrogen bonded25, 

the pr~dominant configuration is the gauche £om. ME ()-l= 2.1s.Q)26 

is an alkoxyethanol thus exhibiting properties _o£ alcohols and 

ethers at. the same time.. 'Xhe solvent is expected to be inter­

me<liate between et:.hylene glycol (EG) and 1,2-d:lmetboxyethane 

(P.ME} in behaviour~ J:t is potentially a protic solvent due to 

the presence o£ •ca group; at the same time intramolecular . 

hydrogen-bonding would impart soma aprotic character to i.tf 

restricting the avcdlability of the hydJ;'oxy protOn and thus 

"quasi-oaprotic" ME is expeci;.ed to show some properties charac­

teristic of aprotie solvents~ 



The present dissertation has been ·divided into nine 

chapters. 

Chapter I forms the background of t;he present worl~. 

(V) 

~fter presenting a brief review of notable worl~ in the field of 

ion-solvent· interactions., ·su~h prOJ?erties a$ viscosity, conduct~~~­

ance~ a.pparent and partial molal volumes and apparent molal 

adiabatic COif!pressibility have be.en discussed in details. The 

importance and utility of th~ various metnods in the determina­

tion of ion-solvent inter·actions are stressed. Critical evalua­

tions of the different methods of obtaining the single-ion 

values and their implications have .been made. The solvent. .. pro-

parties are then discussed, stressing the importance of such ti'ork. 

In ~hqpter II the different experimental techniques for 

obtaining the results presented in the dissertation have been 

described. 

Chqpter .IIZ.entails the studies on the viscosities, 

conductanpes and 9diabatic compressibilities of some tetraalk¥l~ 

ammonium perchlor ates in 2-metho.xyethanolo The conductance data 

.have been analysed by the 1979 Fuoss conductance equation27 

0 

in terms· of the limiting molar conductivity (A ), the assQCia-

tion constant (t<:A) and the association distance (R}; and the 
viscosity data by the Jones'!'"'Dole eCj\lation for. associated 

electro.lytes26• ~he thern;odynam.ic parameters of the. salts have 

been determined using the transition-state treatment29• The ionic 



(VI) 

contribution to the limiting molar conductance,. viscosity 

e 'coefficient and other thermodynamic per emeters h~ve ~een 

determined by making use of the "reference electro1yte11 method. 

Ionic B~coeff.:i.cients have been analysed on the-basis of Einstein's 

equation30 and structural con~ibutions~ The corr,pressibility data 

have been analysed31•32 in terms of the limiting apparent molal 

adiabatic compressibility t¢ ~ ) and the experimental slope (SK}. 

Chapter IV describes the dete:m.ination of the apparent 

.and,partial molal.volumes· of some tetraall{.ylarnnionium bromides 

and perchlorates in ME at 25# 3S and 45°c9 The lindting apparent 

molal volumes ( ¢;> and the experimental slopes (s;) have been 

interpreted in ter~ms of ion-solvent and ion-ion interactions 

respectively. use has been made of the non-thermodY-namic~· so-

called extrapolation method to split the lilT'J.ting apparent. molal 

volurres into ionic cont~ibutions. ~he var~ation of ¢~with 

temperature has been explained from the viewpoint of ion-solvent 

interactions •. 

:tn Chapter V viscosity, conwctance a.Yld Laser-·Rarnan · 

spectroscopic mea.su.rement·s have been reported for alkali metal 

perchlorate~ in 2~methoxyethanol. Viscosity and conductance data 

have been analysed by the 1978 Fuoss Conductance equation27 and 

the Jones-Dole equation for associated electrolytes28, respec­

tively. S!ngle~ion values have been estimated by using the 

"reference electrolyte'' ~thod. The results of the Laser-Ramen 



· (VII) 

spectroscopic measurements have been interpreted in terms of 

solute interference with t.t.e ..t1E moleculeso 

Excess molar volumes (r)., excess visco~?ities ( 'Y( E) .and 

excess molar free energies of, activation of flow <a*E) have been 

. ;reported for 2.-met.h~yethanol + t"later mixtures at 25, 35 ana 
45°c _in Chapter Vlo The excess functions have been discussed 

. from the viewpoint of intermolecu+ar interactions~ ~he proper 

1.mcerstanding of these in.teri;tctions would enable us to extract · 

useful in.format.iOll 'from the studies of viscosities and conductances 

of electrolytes in ~m + a2o miXtureso-

Chapter VII describes thed~termination of viscosities 

of solutions ·of t.etraalkylainmonium perchlor etes, a4Nc:lo4 (R = Et 

t.o :Su). LiCl04, NaQl04 f LiEf i' LiAsF(; and NaBPh4 in ME + tvater 

mixtures at 251 35 and 45°C11 The experimental results have :been 

analysed by the Jone$•Pole33 and Feakins ~ eg28 equations. !rhe 

thermotlynamics parameters o:{: the salts have b~en c:teterminecl by 

usil'lg the tl;ansition state treatment of the rel.ative v;Lsoosity29• 

The ionic B•coefficiants and other singl~ion parameters have 

· been determined by appropriate diVi$ion of· ·those values for 

re~erence electrolyte .. ~he results are discussed in teima of 

structural changes of the solvent mixtures~ 

Chapter V.III describes·the studies on the conductances 
,. 

of the salts (same as those used in Chapter ·v:tl) in l'.LE + t"later 



(VIII) 

rnixt~res at 25°c. The data have been analysed by i;he 1~78. Fuoss 

conductance eguation27 and the characteristic paramete~ 1 flo, 

KA ~d R have been ~valuated. Th:e singl~ion conductances have 

been determined usi..'l'lg the u reference electrolyte" method~ ~he 

ionic walden products have been determined and their variations 

t-1ith solvent composition discussed. 

The dissertation enos t"li th some concluding remarks in 

Chapter IX. 
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