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The majority of resctions that axe of chemical or
bioclogical interest ocgur in solution. It was previcusly believed
that solvent mexely prc&ides an inert medivm fox chemical ragtlicas,
" The significahce of solute=solvent interasctions was realised only
recently aé 2 regult of extensive studies in sgueocus, non=agueius

end mixed solventsd™10,

‘water is the most gbundant golvent in nature. In view Of
its extreme importence in chemdssry, biology, agriculiure,
gaovlogy oti., water has bgen extensively useé in kinetic =znd
equilibrium studlies. In gpilbe 0f such eXtensive studies, ourx
knewledge.oﬁ molecular intersctions in water is extremely limited,
Moxeover, the uniqueness of water as solveht has been questicneél‘la
in recent years and it haos bheen realised that the studies in othex
solvent media (non=agquecus and mixed solvents) would be of great
help in wmdcerstanding different molecular interscitions and a host

of complicated phenomena;’loq

Extensive studies on the physicel properties of different
solvent systems have been made bt a lacentsble gap still exists.
Seversl clagsgificaticns of organie solvents based on their

dielectzic constant, organic group type, ocide~base properties
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or asscedation through hydrogen=bonding” . dcnor«acceptcr Propex-

i3 s 14

ties™, haord and soft acidebase primciples” ctc. have baen made;



the propecties of different solvent systems show a wide divergence
of properties which would naturally be reflscted on the thermo-
ﬁynamic and transport propertiles of electrolytes and nonw
electrolytes in these solvents. Thé Géetermination of thermodynamic
and transport properties of different electrolytes in various
solvents'wouid_thus provida'an importent step in thig dilregtion.
Raturally, in the develcpment of thesries dealing with electrolyte
solutions, much attention has keea devoied to lon=sclvent iﬁterac-
tions which are the "controlling forxees' in infinitely dilute
solutions where jioneicn intersctions are absant. Ica=solvent (or
broadly speaking sgiutEnsolvent) interactions manifest themselves
in a1l themodynemic and tranapo;tlprqpe;ties of electrolyﬁes
generally cbtained by extrspolation to infinite Gilution. By
separating these functions into londe con.ributions, it is possible
to determine the contributions due to cations and anions in the
solutemsolvent interactions, Thﬁs ionesclvent (cr solute-solvent)
interascticns play vexry important{role in understanding the physico-

chenical 'prcperties of solutions.

Cne of the rxaascns for the intricacies in solution cﬁemistry
is that the structure of the polvent molecule 1s nokt lknown with
-certainty. The intzeducticn of an ion or solute mcdifies-the solvent
structure to an uncef#ain mégnitude whereas the solute molecules

are aisa medificd and ﬁhe interxplay of foreces llke solute~solute,

solute=sclvent and solvent-solvent interscticns becomes predominant



though the isolated picture of any of them is still not known

cemblétély to the solution chemists.

-The problem of ionesolvent interactions which is closely
akin to ionic solvation can be studied £vom ¢ifferent angles using

‘gimost all the aveilasble physico-chemical techniques.

| Icn=solvent interaction can be studied spectroscopically
where spectral sclvent shifts Or the chemicsl shifts,égtermine K&
their qualitative and guentitative nature. But even qualitative

or gquantitative apporticning of the icn=solvent interections into

the verious possikle factors is still an uphill task.

The jonssolvent interéctions:can also be studied from the
thermedynanic point of view Where the changes in f£ree energy,
“enthelpy and entropy asscciated with a particule& reaction can bé
qualitatively and_quantitatively evaluated (using'vaiious physico=
chemical techniques) from which conclusions regarding the factors
asscciated wikth the jone-solvent interactions can be worked out.
Sometimes, -higher derivatives of these properties (€.g., partial
molal volume, compressibility etec.) have been interpreted more

effectivaly in Lerms of molecular interactions.

Similarly, the icnesolvent interacticns can be studied using
solvaticnal approaches invoelving the studies of different propere
zies e.0s, Viscosity, conductance etc. of electrolytas and hence

o derive the varicus £actors asscoclated wiﬁh ionic solvaticn,
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we ghall particularly dweli vpon the diffexent aspecis of
LY ansport énd themcdynamic properties as the present dissertaticn
igs intimately relsted to the studles of viscosities, conductances,
apparent molal éblumes and adiabatic compressibilities of different
teﬁraaikylammonium and alkali metal salte in the 'quasi-aprotic?

solvent; Zemsthoryethanol {(ME) and 1ts binery agqueous mixtures.

?isccs&ﬁg:.

.ViSGOSity is cme ©f the most important transport properties
used £or the determingtion of icn#s@iVEnt'integécticﬁs and it has
been studied extensivelyis'is. Vigcosity is not a thermodyﬁamic
| quantity, but viscosity of an electrolytit soluticn togethexr with
the thermodynamic prqperty} ﬁé, the partisl molal vblumeigivea much
inﬁcﬁmation'an@ ingight régarding itpesolvent intefactions and¢ the

ﬂtﬁuctuxes'cf the alectsolytie scluticns. The viscosity relastione-
ships of electrolytie scluticns are highly complicated..There are
stxang1elecﬁriCal fowees between the icns and solveint, and the
separation of these forces'is_ndt yeally possible. But from careful

analysis, valid conclusion can be drawn regarding the styucture

and the naturz of solvabtion,

Viseozlty is a measuze of the frictién between adjacent,
relatively moving, perallel planes of the liquid, anything that
increasses ox decréaSes the interaction betyeen the planes will
ralse or lowex tihe Lricticn and thexeiore increase or decrease

the viscositya
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 The first systemstic measuvrements of viscogities of & number
of electrolyte sclutions over a wide concentration rangs was

17

attaﬁptad by Gruncisen in 1805, He noted non=linearity and

negative curvature in the vistosity-concentration curves (irres—
pective Gf.lﬁw oxr hich ccncentxatiansj. In 1923, Jcnés and Bcleig
éuggested an empirieal equaticn (i), guantitatively correlating

 the relative viscosities (M) of the electrolytes with molar cca-

centration, ¢ 3

Ne=1+ % 4 Be - (1)

The eguation reduces to

My = 1)/5‘5 = A Bf:;i {2)

where A and B pre constants sPecific_to_ion~ion and ion=solvent
interactions respectively. The,eqpaﬁion is applicable eoually
to agueous and poneaguecus solvent systems whore thers is no
ioﬁ-asaociatioh and has been used extensively. The te;m.Ac%,
originally ascribed to Griuneisen effect, srose £rom the long
range coulorbic forces between the ions, The significance of the
term had since then been-iealizaﬁ due to the development of
Bebyé—mﬁc}el theerylg of interdcnic attractions (1923),

' 20=22

Falkenhagen®s thaoretical calculation of the comstant ‘aAl,

uging the equilibrivm theory and the Theory of ixz&versible-prOD

23

cagses in eleétrolyﬁes developed by Cnsager and Fuoss "o The A=

- ecoefficient depends op the ion=ion interactions aond can be
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calculated £rom the rhysical properties of the solvent and scluticn

using the Falkenhagennvernenzz equation

v

| M o _evaT .
0.2577 : ( + ) ] ‘-
: = : | - ©.68¢3 :
I Ef.eo 71 CeT) 5/2 o 23 [ A° (3’

whers /\o. ’?\'O_F and a are the limiting copductances of the elec:tri?lyte,
caticn anegd anion xesnectively'at temperature Te € amd’] are the .-
ﬁielectrz.c c:cmstant and viscasit; of the solvent regpectively.

” ror most aalut.wns, both agquecus and non-aguecus. the ‘unation i
"valid.upto O.lnls‘zé. At higher GGncentrations, the extended Jmes-
inole equatisn (4) 4nvolving an additional constant D, originally

25 26, 27.

used by Raminsky™™, has been used by several workers

2

M= 1+ A% 4 BE + De (4)

The conutant D can not be evaluated properly and the significance
o tha constant is also not alwa;s muaningful ena, thereﬁore, the

eqpatian {11 iz used by mast of the workers.

The plots OF {*] - :LJ.;*"E'.:’i against c% for the elec trclytes
- sheould give the vaive of A but in ¢general the values come cut to
be negative or ccnsi&erable scatter or deviation from linearity

accuraé'ga‘zg

» Thug, instead of ﬁetermaning the aA=values fyxyoam the
 plots or by least squares method, the A values are generally

calculsted uging the Falkenhegen—Vernon equaticn (3).
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The Becoaificient may be elther positive_or negative and
it is actually the ionesolvent intersction parameter. It 1s condi-
tioned by the ion-size and the sclvent and cannot be calculated
a pvriori. The B=ccefficients are dbtained as siopes of the straioht
lines uging the least squares method znd the intercepts being aegual

£o the A=values. The fectors which influence Bevalues areso'Bl.

(1) The effect of jonic solvation and the ection of the
field of the ion in producing long range order inm

solvent increase W or B-values.

{(2) The destruction of the three dimensicnal structure of
solvent molecules (l.a., structure breaking effect or

cepolyrerization effect) decreases 7] -values.

(3) High melal volume and low dielectric constant, which

yield high B=values for similar sclvents,

{4) Reduced Bwvalues are cbtained when the primary solvation
of dlons is sterically hindered in high moelal volume
solvents or if either ion of a binary electrolyte cannct

be specifically solvated,

viscosities at highexr goncentrationss:

Tt had been found that the viscosity values at high couw
centrationg (1M to ssturation) can be represented by the empirical

fommila suggested by Andrade’”



M = A exp b/T ' (5)

Saveral alternative formulations have been proposed Lor repissenting
the resulis Of viscosity measurcements in the high concentration

rangesa*sa and the equaticn sugoested by Angellsg*

40 based on =n
extensicn of the free volums theory of transport phenomena in
1icmids end fuged salts to ionic solutions is parbticularly note-

worthy. The equatiin is

1/ = B exp (=K' @ ot ) | (6)

‘where N represents the concentration ©f the salt in eqw. li‘tré"l

r
"2 and XK' are constants supposed to be independent of the salt

composition and ¥ ds the hypethetical ccncentraticn at which the
: 4lm=4q3
system becomes glasse. The eguation was recast by Majumdar et al
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intreducing the limiting conditicn that as N — G, M — 7, « the

viscesity of the pure sclivent. Thus we have

w1 K'N
T el N 07,0

Bequation {7) predicts a straight line passing through the origin
for the plot of Inv ., VS N/(NOG-N), if a suitsble cholce for N
 is made. This equaticn has been tested by Nejumdar gt al using
the Gata frxom the literasture and from their own experimental

- results. ’.i‘he best choice foxr N, end X' was selected by a trisl
ang er.ﬁ'or method. The set of K' and No which produces mindmum

deviation betwsen m ml(eékpt) and el {(th20) was acceptads



In/gilﬁteISQQutions; N <N, and we have

.

Y
N K 2 5 -~ 2
M pe1 = eXp (L’N/ﬂo )1+ 1§'N/m° {8)

which is nothing but the Joneswbole equaticn with the loneion
interacticn term reépresented as B = K!/Ni « The agreement batween
E values determined in this way and those obtained using the Jonss-

bele equation hag been found to be good for several slectrolytes,
Further, the equation (7) written in the form

2 .
- ¥ N SR :
127 rey TR x :

36

closely resembles Veand's equation”® for fluigity (reciprocal

of viscosity)

2e3 lcgqxel v

-0 | (20)

where ¢ is the molar concentration of the sclute and V is the
effective rigid molar volume of the salt ané Q is the interaction

constant,

- Division of B coefficient into ionic valuss

The viscusiby B coefficients ﬁave been determined by a
large number of workers in acuecus, mixed and non~aguecus

solvents® e 44=74

o Homever, the Becogfficients aos determined
experimentally using Jones-=Lole equation, do not give any inpression
regarding icn=sclvent interactions unless there is some way ©o

identify the separate contxibuticns of cations and aaiocns in the



total solutsesolvent interactions. The division of B values intod
ionic conponents 15 guite arbiltrarily based on some approsimation

ox assunptions, the vaiidity of which may be (uesticneds

The following methods have been used for the d&Vision of

Bevealues inuo ionig conponentss

(3) Cox and wolxendengs

earrieﬁ cut the aivision cn the assumptiqn
that Bion vaiues of Li+ end IO@ in LiIGB are proporeional to the
ionic velumes which are again proporticnal to the thixd power of

76

the icnic mobilities, The method of Guznay and alse of Kaminskyzs

is baued @n

B « {in wabtex) {11)

gt © cl
The arcument in favour of this assignment is based on the fact that
the Becoofficient for KC1 is very small and that the mchilities of
Kﬂiand CL” axe vexy 51milax over the- nemneranure range 15_&5“&

- The ;saignment is supportsd fLrom Cuhe* thermucjnamic prcnevtiesls

77

Wightingals’!, however, preferred RbCl or CsGl rather than KGl

£rom mbility considerations.

(2} The method suggested by Desnoyers and Eerron2§

ig based on the
- essumptlcn that the don Eﬁ%ﬁ' in Hater is prcbably closest to being
naither stxuctuxe bregaker nor & structure maker. Thus thay suggest
thah it is possiblé to apply, with a high degree of gcuragy,

Einstednts eqyani ?8‘
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B = 0,0025 V° o {(32)

end by having an asccurate value of the partial molal volume of

the ion VD, it is possible €o caloulate the valug of 0.359 for
2 i ~F =1 y o

Bﬂt U in water at 257°C.

Recently, sSacco gg‘ggég proposed the widely used
“reference electrolyte’ methed. Thus for tetraphenviphosphonium

tetraphenyl borate in water, we have

B -~ = B 'i /I?- (13 }
BrFh 4 2rh 4-5' BPh 41??31 A

BBPh4PRh4 (since 15-31?1:"44E’Ph_4 is scaxcgly soluble in water) has kéen

obtained f£xrom

B {14)

B e, T - = B

The values cbtained axre in good agreement with those cbhtained Ly

other methods.

The criteria zdopited for the separation of Becoefficients
in non-agueous solvents differ from those generally used in water.
Howevey, the methods ere Dased on the equality of eguivelendt cone-

cauctances ©f comter iong sk indindte diluticn, Thus,
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{z) Criss and Mastroianni4? assumsd Byt a-Bclp in methanol (based

on egual mebilities of 10ns793. They alseo adopted 3§§4M+ = (629

ag the initisl valuve for ccetonitrile solutions. :

f

() For acetonitrile scluticns, Tusn and Fuoss®?

equality

propogsed the

B {15’

+ = B -
Bﬁdm Ph4f3

since they thought that these ions have similar mcbilities.
However, ' according to Springer gg'gégl, 9325(8u4ﬂf) = Gle4 ang

g (PhyB™) = 58.3 in scetonitrile.

(¢) Gopal and Rast09145 vesolved the Becoefficients in N-methyle-

propicnamide soluticns assuming thet

BEt4ﬂ+ = By= - | (16)

at a2ll temperatures,. lﬁ dimethylsulphoxide, the divisionsof

28

. B-coefficients were carried ocut by Yao and Bennion®™ assuming

B f(:l-pe.)sauéz"'] = 3[1?11‘433“' J= 3B [(i-pe) Burch 48] (17)

ab all temperatures., Wide use of this method has been made by

55

other authors £or dimethylsulphexide?’, sulpholane, hexamethyle

phosphctriamidesg and ethylene carbonatesa scluticns.
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The.methcﬁs, however; have besn strongly criticized by
Kzumgalzggs Ancording o him, any method of zesoluticn baged wn
the equality of equivalent conductance for certain ion suffers
£xom the dreawback thet it is Impossible to select aﬁy twe icns
for which ﬁqf:zfﬁi in all soclveats at proper tenperatures. Thus,
though A(KF) = A (€17} at 25°% in methanol, but not in ethenol and
in cothex solvents« In addition, if the mcbiiities of sorme ions

are even equal ab infinite dllution, bubt it 43 not neccssarily true
at moderate concentrations £or which the Beccefficient values are
calculatéd» Turthoer, accoréingltb him, ecuality of dimensicns Of
(im?e)BBuN+ ox (iwAm}BBuN* and Phéﬁ"_does_not necessarily imply
cqualivy ©of Becoofficients of these iocns and they are likely to be

sclvent and lone-structure dependents

3,84 has recently propesed a method fox the

Krumgalis
resolution of Becoefficicnts. The methed is based on the fact that
the large tetraalkyiammcnium iong are not éelvatedas'aﬁ in organic
solvents (in the normal sense involving signiﬁicant.ﬁiéaifaégﬁgiétl
interaction). Thus, the ionic Bevalues for large R43+ iems (where
R > Bu) in organic solvents are proporticnal to their ioanilc dimen-
sitns. Thus we have

b ]
B = a4 br?

+ | (13)
R M TR N _
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where & = Bx? and b is 2 constant dependent on temperature and

solvant natiure.

The extrapolation of the plot of By,
QNX
against r§é$+ to 2ero cabion dimension gives direcitly er in the

(R >Pr or Bu)

proper solvent from which other ionic Bevalues can be calculated,

The jcnic Bevalues can also be caloulated £rom the equations

B, . # wB_,4+ =58 = B, {19)
R4 RN Rdmg RANX
and
B o3 z:'3 .
ER&N+. rﬁém*

The radii of the tetxasikylamonium icns have been calculated

from the accurate conductometric dates’.

Gill and Sharm 70 used Bu4NBPh4 a8 B reéfersnce electrolyte.
The method of resolution of B is based on the assumpticn, like
Krumngalz, that Bu4N+ and Ph43“'icns with large Rwgroups sre not -
solvated in noneagueous solvents and their dimensions in such
solvents are constant. The ionic radii of Bu4§+ (5,00_3) énd of
. Phgm' (5435 23 have bsen, in fact, feund to remzin ccnétant in
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| different nan-aqueoua and mixed nonwacuecus solvents by Gill ané

c:a-:warkers. They propobeu tha equation

A "*‘49 - (...........) . | (21)
BBu4N+ SR > FBu 41\1_ _ 5 06
and
B

; =Bk +B © {22)
BuNBPh,  — TBuMN” .phéB | _
The method. requires cnly the Bsvalues ©OF BuQNE_Ph# and is
equelly appliceble to mixed noneagueons solvents. The ionic Be.
valves cbtained by this methpd agree well with those repoi:te& by

sacce ek al in éiffeaz:am; organic solvents uging the aﬁsunptim‘ g

- {23)

Biwa:nssum P8~ = Bieamgunsrn, /2

Racently Lawx:ence and Sacco 71?723 used Bu 41\3313& 4 \ {tetrabutyls
amnonium tetrabutyl borate) and PhéPBPh‘g (tetraphenyl phosphonium
tei_:rapheﬁyl b@rate'} &8s :eferenéie . elé-dtrclyﬁes bec:éuse the caticn
andé anicn in each case ére smtrically shaped and have almost

equal van der waals volumes. Thus, we have,

BlBun™) v (Bun’) | L {24)
B (Bu,8" ) vW(B"uéﬁj")_""" - ' -



16
v !BuéB J ]

5 similer dlvision can be mads for : the pndpaph 4 SYstem,

Recently, Lisrence et al7ab

::czpozted the v.ms«:osity measum—
:ﬁents of tetrualkylatmnonium brcam,i_.des_ in DMS0 and HMFTe The Be
é:oeffici&m:s_ vere 131.0%:;@ as func:tifms' of the van der Waals
volures, Stokes radii and formula weights of the caticns, and the
iinear perbmna of the gra she weaxe extraoolateﬁ to the zero value
of each prcpertys The mtercepts thus chiained were cozmared with
_ the J.GI!.‘LC: H(Br ) values c:b‘&:c.:s.ned us:'.ng Bu‘_,‘NBuQB and Fh,PEPh 4 38
reference saltsu :.hey conclucied that the 'reference sali:" mathod
ls the best availhble methcd for t.he separaticn of Vz.sccsity B
aceﬁf*eienﬁs into ionic c:nntr.but.i.msp Their @dnalysis is in

_ '_agreem:-:rit with the czbncluu:.ons mac'ie by Thcmscn et alnc'd

| .Jén}cl;ns and Pritch'eiﬁaa sugg,fés?eci a least square enal:_fticai
technique to examine a’éﬂ%iﬁfiéy i’élatimzs.’aip for cembined ion

_ themar}.ynunics data, €S affect apportlc:nin,_, into sin gle-icn
-'Iccmpments for a k.al:. haliaes by edploying Faji ans' competition

20

pr::“unc.'.ip.'l.ea@9 and ”wlca:m plots' af morris » The pri'zci.:-le was

" extended to derive absolu&:e ssingle ion Bevalues :x.o:r: alkali metals
and halices in watexs They also chgerved that _a(qs*‘) = B(I")

85

sugc*’*steei by Krumgalz t_.o be moxe relisble than B(K*) = B(ei" }

in xuecus soiuticns,_nm'éﬁrer‘. we require more data to test the
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validity of this methcd.

It is apparent that most of these metheds are based on
certain agproximétions and anomalous results may axise unleas

proper methematical theory is developed to calculate the B=values,

Tenperature dervendence OFf By gn-values

A yregularity in the behavicux of B+ and dB+jET has been
= 15

chserved both in aguecus and noa=aguecus solvents ad vaeful

25

generalisations have been made by Kaninsky™™., He observed that

{i} within a group of the pericdic teable, the By g values decrease
as the crystal ionic radil increase.
(i1) within a group of periodic system, the temperature coefficient

of Biqn values increases a3 the jonic radiuvs incresses. The results

can ke summarized as follows:
(1) & end GA/ET >0 (25)
(1) B,,,<0 end dBy /GT>0 {27)
sre chaoracterlstic ©f strugture breaking ions, and
(114) By > 0 and dB /ST <0 (28)
are charscteristic of structure making ionse

When an ion ds surroundad by & solvation sheath, the prow-

perties of the solvent moleenles within this sheath may be different
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from those present in the bulk structure. This is well reflected
in the Ycosphere! model of Gurneygl. h, B, © zone of Frank and

wen®® nd hydrsted radivs of Nightingale' l.

Stokes and Millslg gave an analysis ©f viscogsity incorporam

ting the basic ideas presented before. The viscoaity 0f a dilute
electrolyte soluticn has been equated to the viscegity of the
solvent (WL) plus the viscosity changes resulting from competiticn

between varicus effects océurring in the icnic neighbourhood, Thus,

'n=ﬂo+ﬂ*+ﬂE+QA+QD?T%+ﬁaCAJ?'#BQ (29)
(Fones~Dole eéuation)

’

){- - .
" is the positive increment in viscosity caused by coulombic

interagtion. Thus,
£ A D
7 -4~ 'rL -f-'uz _ TLJBC’. (30)

Becoafficient cen thus be Interpreted in terms of competitive

viscosity effects,

Folloging stokes and Mi11815 and Krumga1353 we can write
. Einst ., Orient Sty Reing _

whereas agcording to Lawrence andg Sacco71,



1%

| 5 (32
By ¥ By + B {32}

soiv * Pohepe ¥ Pora * Boisoxa

:

Einst
dom

to the viscous flow of the solvent cansed by the shape md size

Oorient
Ion

B is the positive incrersnt erisiné from the <bstruction

) . ) . e B . :
of the ions (the term coxregpunds €O M7 orx Bshapa)' B

ig the positive incremant axriging from the allignment or Strugtura-
maling actich of the electric £icld of the ion on the dipoles of

the solvent molecules (the texm corrvesponds to 7 & or Borale

Sty
ien

the sclvent structure in the regicn of iondc cosphare arising from

B is the negative increment related to the destructicn of

the cppoging sendencies of the ion o origntate the solvent molew
cules arcund itself centrogymmetrically and sclvent to keep its

: ' - . D, - Reding
0 ; 3 23 PONC ’ . A
cwn structure (this corrcllunus to 7 ox Bnlsode' fon
the positive incremeat conciticned by the effect cof ’reinforcement

B is
of the water stxﬁcture' by large tetraalkyleammonium ions due to
hydrcphokhdc hyceration. The rhencmencn is inherent in the intrinsic
water structure and sosent in organic sclvents. By, ané Booiv
acceount for viscosity incroases abttributed to the van der Waals

volume and the volume of the solvated iong.

Thug, smell and highly charged cations 1ike 1it ana

mg*z form & Limmly abttached primary sclvation shesth arcund these
ﬂ ECinst __ B . |
ions (B . ox N~ positivel,
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AL c’:rdinafy temperatures, alignment of the solvent uolecules

Urient ( P )
. r

arcund the inner layer also causes increasein Bitm

B

iggl ( ®) is smell ior the icms. Thus By, will be larger and
positive as ngs{: + B?_géent Big | « HCwever, E?Es*’ and
BYLi®n® yould be small for ions of largest crystal radii (within
a grm.zp). 1ike cst or I cue to small surface <;harge densitles

Cresulting in weak orienting and structure forming effect. B?':;

weuld be large due to structural disorder in the immediste neigh-

bourhood of the icon due to competition betﬁeen the ionic field

Einst' Orient BStr

and the bulk structure. Thus B, . icn ion

+ B ;nd Bi on
is negative.

Ions of intermediate size '(e.g., Kt and cl”) have a close

balances of viscous forces in their viCinity, ile., B?_oiiSt +
Opient stx B de T . : _
Bicn = B:!.m g0 that B is closs to Z2Xx0.

Large molecular ions like tetraslkylammenium ions have

Crient : wSEr
ion anc Eion

and B would be positive and

| large ngst because of large size but B
Binst Oxient BStr
ien ion ion _
Jlarge. The values would be further reinforced in water arising

einf
Bion

would be

_small i;_e. B + B

from due to hydrophcobic hydrations. -

The increase in temperature will have no effect on BE.;nts

but the orientation of solvent molecules in the scondary layer

will be decreased due to increasing thermal motion leading to |

decreage in Big . ngient will de¢rease 'slowly wich the increasse
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in tewperature ag thers will be lass competition between tha icniec
£ield end the reduced solvent structure, The positive or negative

- tewperature coeificient will thus depend on the change of the

Crient Strx

ien and Bicnl .

relative magnitudes of B

It 45 clesr that in case of structureemeking ions, the
ione arxe fizmly surrovnded by a solvstion sheath and the secondary
solvation zone will be considerably ordered leading £o an increase

in B ad ccncemitant decrease in entropy of solvaticon and the

len
mebility of icns. structureabreaking*ionse cn the other hand, are
not solvated to & great extent and the secondary solvation zcne
will be disordered leading tu a decrsase in Bion vaiues and
increage in entropy ©F aolvatiah and the mobillity of jons. Morecvar,
the termperature-induced change in viscosity of icas (or entTopy

of solvation or mcbility oﬁ ions) would be more prehcunced in case
of smaller ions than in case of iaxger ions. S0 there is a clear
cmr#élation bétwaen ﬁﬁe'viﬁbbsity, entropy of soléation and the
mcbility of iong. Thus the lonic Becoefficients and entrnepy of
solyvation ©f icns nave rightly Eeen used as prcbes of ion=solvent
interagtions and clS a dirvect indicsetion of structuwre-making and

structuzre=breazking characters of iong.

The lineay plot of iondc Beccafficients zgainst the ratios
- of mobility-viscosity products ot two tenperatures (a more sensi=

tive varisble than icnic mcbility} by Gurney76‘91

clearly
cemenstrates a ¢lose relaticon betimen icnlic B=coefficients and

ionic mebilitics.
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Curney slso demcnstrated.a clear corzelagtion between the
molar entropy of solution values with Beccefficlents of saltss The

ionie Bevalues show a linéar reletiomship with the parkial molar

doric entropies of hydration gg"'

Sh b é:q - éo . . {33)

--O "O O —o - ; '} u - 1,
wherea Saq_“ Sref  AHT, sg is the calculated sum of the

rotational and trenslaticnal entropies of the gaseous 1onss
Gurney obtained a single linear plot between ionic entrcples and

ionic Bmcoefficients for all monatcmic ions by equating the entropy

of the hyarogen ion (8 r*) to =5, 5 cal mole 1deg 1. Asmuaga used

the entropy of hydration Lo correlate monic BnValues and

77

nght ngale showed that g singlé linear relationship can be

obtained with it for both munatomic and polyatomic icns.

The ccrrelation was utilised by Abxaham ek a194 to assign

single-ion Becosfficlents so uhat a plot of a.sO 95,96

electrogtatic entropy of solvatacn orwﬂsI 119“‘96. the entxepic

‘the

contributions of the f£first and seconé solvation layers of ions
against B peints (taken from the works of Nightingale) for both
cations =md anions lie on the samé curve or linea There are |
excellent linear correlations between eiso and £ls§ s znd the
fsingleuian Bmccefilcients. Both entrcpy criteria (zis and

I.II} and Bicn'values indicate that in water the icns nit,
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Na”'. Ag‘i' and F ate net structureemakers, the iong Eb'!'. cs+.
c1”, Br‘, I ahd C:l-o'; are strucitunre breskers and kY is o border
line Gase. /" In nou~aguecus Solvents e.ge, formamide, methenol,

N=mathyl fcrmamice, dimethyl'fomamide, dilmethyl sulfoxdde,
scetonitrile, =211 the chove iocng are structureemakers with the

excepticn of weakly structuresbreaking ion clo; in formamide and

the border line cases of GJ.GZ. in methenol and I° in formmide_?e

‘Thexmodynandes of viscous flow

,hAssuming viscous £icw as 2 rate proosss, the viscogity

can be represented by using the Eyring appx:aachg7

. o A
Eyig /R PN AG (PN
M= A e = (5 € = ( v ) ¢

)

) " X
'(/u;f“ 4

=r 1)

)|

A

(34)

whexe EViS is the experimental energy of activation which is

determined from the plot of log M against 1/7, AG*, g_x,H* znd
%
AL

.are the f£ree energy, enthalpy and entrepy of activatiom
respectivelya

The problem was ddalt in a different way by Nightingale
and Benckg&

who studied the thermodynamics of viscous £low of
salts and icus in agqueous solution, Byia value can be determined
ugix_ag the Jones=Dole equation neglecting the term 93;5, Thus,



24

ST TR A TR oy (35)
' = o +ae®
4 £ , = AE
N (salr) *L,CSOLO v _ {36)

di%f can ba intesrpreted as the increase oy deCrease in the
aotivation energices for viscous £low Eor the pure solvents due o
the prasence OfF lond isg., @fifective influence of the iong upon

the viscous flow. of the solvent molecules,

- Feeakins 5173 g;?g haﬁe suggested an alternative formulation
based cn the transition state treatment of the relative viscosity

of the electrolytic sclutions. They suggested the fellowing

expraossion
e f— L e, @-Lﬁ cg__;ﬁ :
B~ TV Vi Cap, -4+
tooo + toco ’ 2T (37}

- where §§ and v°  exe the partial molal volumes of the solvent

2
. Q-
and solute respectivelys a,u,*is the free energy of sctivabion

Sor viscous £1loy per mele of the scilvent which is given byg?

é¢: DU o _ Vi :
ap = A6, = P!T{N”(jgiﬁ) {36)
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=

o ’ . |
and AL, is the coptribution per mole of solute to the £xee

énergy of activation for viscous £low of solution.

The entxropy (AS) and enthalpy (4 H) of activation of
viscous £low For the solvents and and solutions (subseripts 1 and

2 respectively) can be calculated using the following eguations

® L @ O
&52?&:# o (any Ty/aT anel 4357w _ar(am” Ty /dT (39)
& F & & [ . & = QL L@t )
A H2 T = !ﬂ,L(Z o+ TA4AS, . A e AH';" = d)u'i ‘—f— .rzﬂf:f (40)

The separation of the thermodynemic parameters are baged on the
eguality of effects foxr ¥¥ end €1~ oz Bth and (i«pe_;a, Bunt
iong., In agquecus solution, both Tﬂsz “ and dH;#: arg positive
for Li* i.e., the formaticn of the transition state is asscciated
with bonG-breaking and a decrease in order whereas £or CS+.

&3t '

f_g-‘
AH, * angd TA Sq are negabliva .o, the Ltransition state isg

agsceiated with bopdemaking and an inCreese in Qoréer.

Effects of shepe mnd site

This aspect has been dealt extensively by Stokes and
I-ﬂillsl't’, The ions in solution can be regardec‘i as riglid spheres
suspended in continuum. The hydrodynamic treatment presesnted by

78

Einstein' ™~ leads to the egquation
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MN/M, =14 258 | - (41)

in cage of small volume fractione of spherical particles whexe #

© . is the volume f£racticn occupled by the particles.

rModifications of .the gqguaticon have been praf_sosed By _
{1J ._‘Sinhawo on the basis. of deportures fyem spherical shape and
{11) Vena>® en the basis cof the dependence of the Elow patterns
arcund the neighbouring paﬁticles at higher concentratlond.
However, considexing the ﬁifﬁer:e:nt aspédt’ss of the problem,
spherical shepes have been assumed for electrolytes having hydrated
ions of large effective size (perticularly pelyvalent monatomic

caticnel). Thus, we have £rom (1) and (4,1)
25 F =2V e 4+ Be (42)

Since the texm A ¢ can be neglected in compariscn with B¢ end

glrz cvi where Vi ig the partisl molal volume of the solute, we get
2.5V, = B o (43)

Iﬁ:_z the ideal casg, the Becogfficient 15 a linesr functicn of the

solute partial mclal volums _(Vi) with slope egual to 2,5

. zs_—l_ can ba eécuated Lo

o .

4

(44)

. . 53y
B, = 2,5V, = 2.5x 4 _
o X4 3 1000
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agsuming that tie icnsg behave like rigid spheXes with an efiective
radil R moving in a coptinutme R' caleculated using-aquatién {44)
should be close Lo cryatallogrgphzc redii or corrected stoka's
radii if the ione are scarcely solvated and behave as spherical
entitles. Bub R value& of the lons, which are higher than the

ervstallcgraphic raﬁii indicaote solvation.

Tha nupber {n) of solvent molecules bound to the ion in the
primary sclvation shell can be calcvlated by ccmnariag the Jones=

pole equation aith that of Einutein1°1

| (v, + 0Vl _ (45)
3¢ = 1636‘ i |
where V; is the bare ion molar volume, V, the molar volume of the

solvent. -

The above sguation has besn used by a number cof workegs

to study the nature of solvaticn.

o | s e 53,6167
Viscosity meassurements in mixed solvents axe very few .

BuL ﬁhe viszesity measurements in mixed solvents may well throy
hm&h licht on the_naéure of solvaticn =nd iopmgolvent interactioneg.
In fact, in case of binary mixtures when cne of the components ig
wabkey, such sﬁudy-can provide useful information on the effecis

induced by the cosolvent on the water structure.
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conductance

Conductance measurement is cne of the most accurate and
widaly ugsed physical methods for investigstion of électrolytic

soluticnst 02103

o Thelmeaaurements.can be mede iﬁ a Vakiety of
solventg over wide ramges of teﬁpe#ature énd‘pxessure and in
dilute sclutiong whexe intexrionic intexsction theories are not
eé@licablep Portuvnately for us;, securate theories of electrolytic
cénducténce ave arailsble to ezxplain the gesults even uwpho ? fofa 3 L
centration limic of ©d ( o= Debyé«ﬂuckél length, d = ﬁistance
of clésest approach of freg ions). Recant development of experie
mental tehoniques provides em seCuxacy to the extent of 0,0i% or
even mote. Conductones measurements togethelr with transféxence
numosy deterﬁiﬁatiaﬁs pﬁoviée.aﬁ'unequivccal method ofsobtaining
gingle=icn valués; The chief'iimitation, howe?er, ig the collilgative

like nature of ¢he information obtainad.

Since the ccnductimetzic methed primerily Gepends on the
mobilicy of icns, it can be éuitably utilised to determine the
dissceisticn constants of weak acids and asscciation constents of
electral&tes in aqpé&ﬁa, mixed and noneaguecus Sleengsa Thisg
rethoed in coajunction with th@ viscosity measurements gives us

much information regerding the ionelion and iomesolvent interagtions.
kY

Hewaever, the cholice and gpplication ©f theoretical equationg
28 well as equipments and experimental techniques are of great

importanca for obtalning an sccurste informaticn from such studies,
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éhese éspects hatve Eaen ﬁescribéd'ia details in & numbey of
_authcritativa books end xeviewsiog 115
The atudies o electziaal ccnductancem were persued
vigaxeuslz'beth thecmetically and.axpex_mentally during the last
f;gty'yea;s_anﬂ a numoer gf importent theonatical equatiuns have
beeﬁ'&eriﬁed. w& shall dwell btieﬁly on some of these sspects and
'eur discussion will be limited to the studmes in non-aqueoua and

l mixeﬁ solvants.

The studies on tne conductamces cE ionqpheres (completely
éisseciated in selutions} and ;enaaens (consisting of neutral
‘molecules that vield ions by reanuing with suitable sclventsilé'zls}
as @ functicn of eencentration give the eqpivale“t cuqauctances gk
infinite uilut*cn. the aaaaaclation ccnsuants of ioacgens, the
asaccﬂatian conetants cf ionapheras and infoxmation sbeut the
structure of solutiona in the v;c;nity oﬂ;the ioniog;

The successful'apﬁliaatién of the pebye-iiickel theory of
interionic attracticns was maﬁe by cneagerlle in deriving the

LKohlrausch's equation
'/‘\:-/\o'_—'s.u"é . N . B (4‘6’

- whepe

seccAvp



o = - \ = B2.04CXj0 T 7 mol L
3 (arvE) kT EYE T (TR

= g2.4¢ vz
82787 N Cepm)?/

ama p =

s Scm 'maE A
Srr'r(c | .

T( P 'w.scosj.ty in poise. .

_ The equation took no" acc:cunt fez: the short range interactions
.and shapa ox si.z:e of t.he irms in se:!.uuion. The jone were regarded

| 'aa :::!.g.tr.i charged sPheres in an elec:trostatm and hydrodynamic

-"aont:mumn Leces ‘tha 301?&!1‘!:1],'7

| _(1953)118 and ‘Fuoss anq Gnsager (1957,)107'

oui. tha solution of the p::cblem of electrolgtic ccnauu.,tence acczmmi:«

o In the subsequent yaars, rPitts

119 independently worked

ing for boi:h 1mg«-range and shnrt-range :Lnteractions.

| Hcmever. the A° vc.luc-:s obtained :Eo:: the equiv:alent conduc=
tances ab, .:!.nfin:i.te dilution using I’uoss-Onsager theory c:iffered

- considcraﬁ:lyll? from those cbtained us.-!.ng Pitts theory and the

cie:r::w ation of tha I‘uoss-@nsagpr aquat-a on wag cp;estimec11°3'12°4 121.

122

E{‘h@ ebsgmat:.on was confixmed by Fuosc~Hsia ““. The original F, 0.

cghabion was mﬁdified by Euos_s ené Hsiaiz?‘ who redaloulated the
relaxation £ield, retaining the terms which haé previcusly keen

neglected. The equa'tion? ueually employed is of the Form03
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o X A VE AV
A=A - < - 4+ G e {50)
(f—{—}',Ca)C_i'-{"}Ccﬂ/\}E) I+

where G{Ca) is a complicated function of the verisele., The

simplificd £0¥m

3/2

A aA'=8/@ + Eclng + .:_rlc: - Jo@ (51)

is genezélly gmployved in the enalysls of experimental resultse

Howvever, it has been found that these equations have certain
limitations and in scme Cases fail to £it the-éxpexinmntal data.

Scme of these results have bsen dizcussed elaborately by Fernandeze

103'123'124. Further correction cf equaticn (51) was made by

Fuoss and accascina;g7

Prini
« They took into consideraticn the change
in the viscosity of the soluticns and assumed the validiity of

walden's rule. The now sqguation is
A m Aw gVe + BEelnc + Jiﬁ ﬁ'chafz'w-Bﬂoc- {52)

In most cases, however, Fq is made Zere, but this leads
0 a systematlc deviation ©f the exporimental datz from the

theorstical egquations.

It has beon chserved thak Pitt’s ecquation gives better £it

to the experimental data in aquecus solutionsov,
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Icn=-agsogiatlon

The equaticn (52) given sbove successfully represents the
behavicur of completely dissociasted electrolytes. The plot of
agailnst .c: (limiting Onsagex equabticn) is used to assign the
dissosiation or agsceiation of electyolytes, Thus, if A° {expori-
mental) is gyeatoeyr than A% (¢heoretical) ise., if positive deviations
ocevr (ascribed to short range hardwcore repulsive interaction
betyeen ions), the electrolyte may be reg arded as completely
aissceiated but 1 negative deviations (Aoézipb <"‘otmg) ox
pesitive aeviati'ms from the (nsager limiting tangent (xXA+p )
cecur, the electrolytes may be regarded to be asscciaoted. Here the

electrostatic interactions are large So as ©o ceuse assogiation
. , .

_ expt

would be considegable with increasing asscciaticnizﬁ;,

L)

end A theo

betweon cationg and =nions. The difference in A

/

Conductance measurements help us te determine the values

of the icn-pailr agsociation congtant K, for the procsss

A
4 =S
M o+ = ma | (53)
_ - _
whera K, = ) ' (54)

Dy C__‘<2 Ga ’Y:-_f:a—

and oc = I~ e, v ' _ | (55)
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[8]
For strongly essceoisted electrolytes, KA and /A have been

determined using FuOss=XKiaus equatj.onm? ox Shedlovskyt!s equa'bimize
k C Yz = A .
Tz L AL SE L (58)
AT e et T -
whera T{=) =2F({=) ' (FuvsseKraus) and
if1(=) = 8() {shedloveky)

_ . _,F/z —1/2 - J/?— .
F(e)y=t1—-2 (i-2(i~-=C=----2 ) ) (57)
and SCE)ZI'—!—E—J-‘ZZ/Z -}:IZS/S’—}*""' (5a)

 The plot of T(=)/ A sgainsgt c:wg__Z A/ T(=) chould ﬁe a

~ straight line having an intercept. of 1/2°)°znd a slope Of KA/ (/\“Jz.
whan K, is large, there will be considerable uncertainty in the

~ Getermined values of A° and K, from equation (56), The Fuoss-Hsia
conductance equation for assceiated electrolytes ip given by

y o e o 3/2 ) :
A=A — S\“/\Q_ T (o{c.jf_w(_'a{c‘_)-f-jfl CQ(Q -dtg{o(c_) - K’A A 'Y__}:z Ca(C) (59)

This equation was modiiied by Just.iz:aj‘zg

» The ccnductance of
synretrical electrolytes in dilute soluticns ¢an ke represented

by the equations

A=x{ A% ¥R + £ () bnlxe) + T, (Rke - T, (R) (a-(c;)"a/& ¥ (60)
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Cf-—-g)/a{é‘-c vl o=, | - {61)
Loy, =k P Gk VR (62)

The conductance parameters are obtained from 2 least square treatw

ment after setiing

Reqe e*/2¢kT (e

(Bjerrvm’s critical distence)

According to Justicz, the methed of fixing the J cosfficient
by setting R = ¢ clearly permits a better~defined value of K, to
be cbtained. Since the equatlcen (60) is a sexies expansion truncated

at the c3/ 2

tez;‘i'n, it would ba préfeiable that the resulting errozs
be obscrbed as much as possible by Ja rather than by KA; whosé
theoretical importance is greater as it contains the information

concerning shorterange cationwanlon latersctlione.

From . the experimental values of the agsociation constant
Kno Cn& can use two methods in crder to Cetermine the distence of
closest approach a® of two £free ions to _forrn an icon=pair. The

following eguaticn has bgen proposed by Fu035130

K, = (47 N2°/3000} exp ( e/ ek ) (64)
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In some caged, the magnitude of Kalwas oo small to permit a

caloculation of a9L The distaznce paranmseiek wagffinally datermined

. 131
from the more general egquation due to Bjerrum

=y :
W= (4rr:\r/icaoo')J v* enp (Z%ez/'wéh"_) <L (65)

K

The equation neglects specific shorterange interactions
except for solvation in which the solvated ion can be appreiimated
by a hard sphere model. The method has been successfully uwtilised

by Douhéret132u

Ionesize parameter and ionic asscciaticn

The equaticn (52) can be written ag

A= A5 VT - EC'&WC = A"+ (J"'BAQ)C = A%+ - (88)

(ﬁith 32 term cmitied)

Thus, a plot of AIVSQ ¢ gives a straight line with N as intexcent
and 7' ox (J«B A7) a5 slope. Assuming B A° to be negligible, a° values
can be calculated fxom J'. The_ao values cbtained by this methcod in

- DMSC were muCh'smaller126 than would be expected from the sums of the
crystellographic radii of the ions. Cne ©f the reasons attributed

to it 1s ion-solvent interscticns which axe not included in the
ccntinuum théory on which the conductance equaticns ave based. The

inglusion of dielegtric saturation results in an ingrease 4in a® values
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(much in confommity with the crystallograchic radii) of alkali metal
salts (having lons of high surface cherge dengity) in sulphclane.
The viscosity corrcetion (which should be BA ¢ rather than E/VE)
leads €O a larger value af-aoias"étill the agreement is poor,
However, little of xeal physical significance may be attached o

the distance of ¢losest apptoach derived from JZBQ.

Fuosaias in 1975 proposed a now conductance eguation. ﬁeiBS

subsequently put forward anothsy conductance eguation in 1978 which
replaced the oldé ones He clasgssified the lons cof electrolytic solu-
tions in ope of the.thxea categories ¢ (1) those which £ind an icn of
opposite charge in the first shell of negrest neighbours {(ccntact

. palrs) with rij'g a « The nearest neighbours to 2 ccntact-péir are
the solvent molecules which fom a cage arcund the pairg.

(2} those with overlapping CGurney co=gpheres (solvent separated
pairs). Por thesé r&j = 8 +nd, wheﬁéfn is generally onelbut mzy ke
2,3 etcs, 'S* is the diameter of a sphere corresponding to -the
aversge volume (actual plus free) per solvent molecule, and contact
pairs form.by a sequence ¢f ldonesolvent site interchanges inside the
R-épheres, vntil two icns of oppoesite cherges becane nearest nedigh~=
bours.

{(3) those which £ind no other unpaife& ion in a surrcunding sphere
of redius R, where R is the diameter of the co=sphere (unpaired

lonsl.

Thermal moticn and interionilc forces establish a steady state,

representad by the equilibria:
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At + " = ( A+o.¢ « B) = A+ B — B (67)
solvent-separated - Contact Neutral
paly pair melecule

contact pairs of ionogens may rearrange to neutral molecules

ATET = 2B e.g., H_30+ and CH,C00”. Let v be the fraction of solute

present as unpailred (£>R) iODSa The cemcentration of unpaired ion
is¢cve I£f X ba tl;le fraction of paired ions (r< R}, the concentra-
tion of scolventwseparated pair is ©{l=r ) (1« < )Jand that cf cecntact

padr is A C{le ()

The equilibrium constants for (67) are

2

Ky = (1= <) (1= Wer?s (68)

Kg = %/ (inx) = exp (B /KT) = e (69)
where KR descrikes the formation and separation of solvent-separated
pairs by,diffus:i;ori ih and out of spheres of diameter R arocund
cations, and Gan be. calcul,ated'by continwum theory, K is the'
constant describing the specific éhort—range ionmsolvent and ione=
icn interactions by which contact peirs form and disscolate:? Es is
the Cifference in energy betyeen a pair in the stateé {r = R) and

(= a); € is E. messured in units of k¥ From (69), .

to k= 3/(1 + Ky) (70)
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'Sabstitution in {68) gives the conductometric pairing constant

which dstermines the céncentration ¢r of active ions, Mactivet

in the sense that they produce the long-range :Z.ntefionic effects.
The contact pairs behave like slectrical dipoles to an external
field A, contributing only tc cherging current. both contact pairs
ané sclvent-separated pa;i_,rs are left as virtual dlpoles by unpaired
dicns, their interaction with unpaired ions is therefore neglected in
calculating lohg~range éfﬁects (AR/x <0, the r'e.laxat.ion £ield and
A A <% the.,electrophbretic countercu::rent). The variocus patterns

can be reproduced by theoretical functions of the form
A=lo[ A°(1+ ax/x)+ &he] : (72)

=kl A (1+ry) +E, ] | (73]

where R, nd By exe relaxstion and hydrolynemic terms respectively.
‘The quantity » is the fracticn of golute which ¢ontributes to con-

ductanca ¢urrent and ig given by

Ppale Kl -r) | (74)

In case of Jdonogens or £or jonophores in solvents of low dielectric
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constant, <X is very near to unity (-Es/kT>71) aqd the equation
baecomes

A=l A1+ Rr,)+EL ] (75)

The quilibrium constant for the effective reacticn

AY + B aB is then

_ | , .
K= (=¥ )/ c¥ £2 ~ KK 976)

because Ky > 1.

The parameters and the variables are related by the set of equa~

tions )
Y = 1 =K cg-zfz | {77)
—€ = Lo [ X/ =] . | (72)

The details of the calculations are presented in the 1978 paperlas,
The short comings of the previous eguations have been rectified in
the present set of equations which are more general than the previous
eguations and car ke used in the higher ccncentraticn regicns (0.1 N

~in aqueocus solutions).
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Limiting eguivalent conguctances

The limiting equivalent conductance of an els¢tyolybe can
be ecasily determined from the theoretical eguations and experimsntal
ohservaticns. At infinite dilution, the motion of an ion is limited
solely by the intersctions with surrounding sclvent molecules as
the ions are infinitely epart. Under theselconditicns, the velldity
of Kohlrasusch's lew of indeéendent migration of ions is almost
axiomatice Thus

A= 0+ AL (80)

At pxesent, the lirmiting equivalent conductence is the only functicn
which can be dividedkiﬁﬁé'iOﬂic ccmponents using experimentally

determinaed transport numbsr Of 1ong, i.So0s

Ar T ET - = b , (81)

Phus £rom the socurate values of X of ioeng, it 1s possibile Lo
separate the contributions éua to cations end anicons in- the solute~
sclvent interacticnslsﬁ. However, accurate transfetence number
.ﬁeterminaticns are limited to few solvents only, Spir0137 and more

138 (@)

recently Krumgalza have mede extensive reviews on the subject.

In the gbsence 0L experimentally measuzed transierence
numbers, it would ke uszefunl to develop indixect rethods to cbhbain

the limiting icnde equivalent conductances in organic sclvents for
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which e:ﬁperimental_ tramsference nunbers are not yet available,

The methods have been gummerized by I@-umgalzlaaa):rkand some

inportant points are mentiloned balogs

{1) walden equationlsg

,25

= (7‘-‘* atei: Tloz.a-:at.‘az.t' (8z)

M ) acetone Yia agetbone

(1) A .7 = 0.26723%0240
Ple o :

o
based cn A E‘téﬁPic = 04563

4 ’ - 5
N ﬂoa 4] "_29 |
(33)
walden consicered the products to be iadependent of temperature
and solvent; Houwever, the Et4NP:ic values used by wWalden were
found to differ considerebly from the datg of .;ubsecment mere
precise studies and the values of (1) are considershly diifere_nt

for different solvents.

(144) 255 BuEY) =7, (") (84)

(this squality holds good in nitrcbenzens and its mixtures with

| cc;14 but is not realizsed in methanol, acetcnitriie and nitroe

methane).
(1v) N5 Bugt) = Ay (eug™)ie S (es)

The mothod sppears Lo be scund as the negative charge on borom

in Bu48"" ion is ccﬁp’letely shiclcéed by four inert butyl grsi:ps as
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in the Bu4N+ ion while this phenomencn was not cbserved in case
of FhB". But the method could not be checked due €o lack of

accurate transierence data.
(@) 2 p5(R@*) = 2P/6 TN 7[5y = (0,0103¢,+ x,)] 24  (86)

where & and ry are the charge and ¢rystallcegraphic redius of the
pfqper iony 7 anc €,are the viscésity end dieleccric constant of
the mediumg gy is an sdjustable parameter taken equai to o.asﬁ
for dipolar ndn-associated.solvents and 1.132 for hydrogen~bonded

snd other agsociated solvents,

However, large discxepanﬁieé;w§§e_obsérved.between the .
experimental and calculated valueslasga{; In & recent paper138i0:3
Krungalz examined Gill's approach more critically using conductznce
values in many selvents and found the methed to be relisble in three

solvents e.ge, 1lwbutanol, acetenitrile and nitromethane.

o . ty 50 w144
It has been Found from transference measuresments that the
ﬁzsti-Amasum+J and ?x;5{9h4ﬁ') values differ from one another
by 1%. '

(88)

C (vit) 25 (PhyB) = 1,01 N, (mam s )40

The equality is found to be true £or variocus orxganic solvenis.
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Krumgalzlaaéiijsuggested a method for determining tha

limiting ion conductances in organic solvents or organic mixtures.
The method is based on the fzct ﬁhat_the large tetraalkyl (axyl)
ocnium lons éi'e not sclvated in orglanic seclvents in the kinetic
senge due te the extremely weak electrostatic interactions betwesn
the solvent moiecules'and the large icns_with low surface charge
density. The vhenomencn of ncn¥solvation iz conflirmed by NaM.Re
measurementslana is utiliged as a suitasble model for apporticning

A°values into iocnic ccmponents £or nonegguecus electrolytie solution:

Considering the motipnlof'a.solvatea ion in an electrxostatic
£ield a3 a whole, it is possible to calculate the radius of the

moving particle by the Stokes eguaticn

| z| 5%

s
. a

(89)

where A is a coefficient verying frem 6 (in the cese of perfect

sticking) to 4 (in the case of perfect slipping).

" Since the ry values, the real dimensicn of the nonesolvated

tetraslkyl (aryllonium icns, musht be constant, we heve

2.7 = constant . _ (20)

Thiz relation has been verified using %;:values determined with
precise transference numcerss The product becomes constant snd

independsnt of the chemical nature of the organic solvents foxr the
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1-&:&49",. Eh‘ghsi_' angé Phq_B" jons and for tetraalkylaﬁmonimn caticns
starting £xrom Etgﬂ+. The_relatiqnship can be well utilised to
determine ?\ivalues of icns In other organic sclvents from the

determined A° valuesS.

wWe have used Bu_qu'BPh 4 9 the ‘reference electrolyte®, but

instead_ of equal division, we divided the A° values using the

S

method similar. to that proposed by Krumgalz 3 for division Of B~

values
fa] 4 - . -
' - 5
A {Bu M)  _x(Ph@7) 53 - 1.07 (s1)
&} - . ey . -
A (Ph4B ) r(Bué%‘ )y 5.00
The rmvélués have been taken from the works Gill et _a_f'éf" 147,!

Thoeugh nothing can bé. saild definitely re-gg:;ding the
accuracy of the method, some indirect evidences regarding the
reiiability of the values may be provided. The value of the
ratioa‘?\o (Bph; w2 (Bn 41«"') becomes 1406 if we cheose r(Bu 4N+} =
3.85 3 and r(BPh;_ J =4ib§§j as suggestéd by Krumgalzas' 148,

;%1{19-152 assumed, from extensive measurements of

Fuocss gt
cE R 4NBE_>h 4 salts in vericus mixed organic solvents, that the
limiting trensference number of Bu 4N+ in Bu4‘_NBPh4 is 0,519 indepene
.c'ient of the solvent (this is claimed to be valid within + 1%). This
gives 1.079 foxr 2 (Bu4N+ )74 }\o“(Ph 4B") which 1s closez to 1.07.

152

D‘Apranc; ang Fuoss used Bu4NBPh4 to ealculate single=ion

conductance in .mixed _6rganic solvents applying the relations
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X (BuNN*) = 0,213/ ead 2'(Ph,BT) = 0.201/, ubich means
NiBu ém“‘ ) 7P ET) = 1,06, |

Moreover, since the charge is equal to the number ©f ions,
the eguivalent conductances of these ions depend on thelir mobilities,
the divisions may be in terms of the reciprocal of their van der

Waalst volun® LeSaes

-2 (Bu 421"’) . 1B6.8

= le04 : (52)
[4] . .
A {Eh4B“ J 179.1

The van der wWaals' volumes have been taken from the works of

71

Lasrence and Sacco . However, the ratio comes cut te be slightly

lower than the usual 1,08«1,08,

In absence of sccurate transference data ig binary mixtures
of organic solvents, it is difficult to compare the single-icn
valﬁes and to test the validity of eguaticn (91), but the values
calcﬁlated by this nethod zppear to be correct in different crganic
or mizxed organic solvents. However, in aguecus binary mixtures the
solvation pattern may be different and the ?alidity ¢E this method
may be gquestioned. In absence of a suitable wmethod, acthing can be
said conclusivelf. |

153

~ Recently, 6Gill et al proposed the following equation

N Eumt) 5,35 - (0.0103¢+ r,)

=3

A (phyE” ) 5.00 = (0,0103¢# )

(93)




and the ratio 15 close to 1,07 as used by uss

Selvaticn number136

If the limiting conductance of the jon i of charge ' is
kaown, the effective radius of the solvated ion can gasily be
determined from the stokes' law. The volume of the solvaticn shall

vV, cen be written as

v

=4 R B : (94)

where r, is the crystallographic radius of the ion. The sclvetion

numeer, N, would then be cbtained ixcm

ng=vVe/V, | (95)

Assuming Stokes' relation to hold, the ionic solvated volume should

154

be obtained, because of pecking effects +» £rom

6] 3 . '
v;s = 4.35 &‘s (96’

whnen vg is expressed in mol/mole and ré in angstroms. However,

this method of determinaticn of solvation nunbers is not appliceble

to icns of medium size though a number of empiriqélzz’27'108 and

155-~158

theoretical correcticons have been suggested in order to

épply it to most of the lons.
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stokas® ilsw and Walden's rule

The limiting conductance ‘Afcﬁ a sphergical ion of radius
Ry moving in a solvent of dielectric continuum ¢an be wyritten,

according to Stokes?! hydrodynamics, as

0 o.g19 =l _ 57)
L ?1053t
whera'q-,'the macroseoplie viscosity of the solvént, is expressed
in poise and Ri in engstroms. If the radius Ri is assumed to be
the same in every organic solvent, as wculd be the case of bulky
organic icns, we gat
B - -
AN - 0'819_21 = gonstant (92)
o . . .
Ry

This is known as Walden rulet->

« The effective radil obtalned

using this equation can be used to ecstimate the solvaticn nuﬁberen
The £ailure of the Stokes' radii to give the effective size of the
solvated icns £or smell dons is often asttxibuted to the inapplica=

bility of stokes® law to molecular motion.

Rebingon and Stckesleag.Nightingale77vand ctherslﬁg“isz
have suggested a methed of correcting the radii, The tetraalkyle
ammcniuﬁ ions were assumed to be not solvated and by plotting the
Stokes' radil against the corystal radil of these large ions, a
calibration curve was cbiained for esh sclvent. This gpproach,

however, suffers frxom one serious flaw. The basic sssumption on which
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this approach rests is that the Welden product is invarient with

terperature, Experimental resultslzﬁ

indicate that nis assumption
is incorrect and that the resulting solvation numbers cbtained from
this type of correction to Stokes' law are meaningless. The idea of

163 164,165 buk

microseopic viscosity was invoked without much success

it has been £found that

22 m° = constent . S (99)

éhere P is usuaily 0,7 for alkali metal or hailde icng and p= 1
166,167
*

forrthe larce ionsg
dttempts to explain the change in the Stokes' radius Ry
have been made. The.aﬁparent'increasa in the real radius r has been
attributed to ion-dipole polarisation and the eifect of dielectric
saturaticn on R Fuocss noticed®® the dependen&e cf the wWalden
prdduct,ﬂPWﬂ,\on the dielectric constant énd considered the-efféct
vE electrogtatice forces on'the_hydrodynamics of the aystem. He
proposaed that the dielectric relaxation in the sclvent caused by
ion motlon leads to excess Ifricticnal resistance. He proﬁosad the

relaticn

Felzo|

- @ - g :
Ao T aemr (1+ A/€RE) (2003

z

from which the classical sStokes' radius, may be dekived as

Ry = R+ .V S - {101)
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where R is the hydrodynamile radius of the ion in a hypothetiecal

meéiﬁm of dielectric constant where all elesctrostatic forxces vanish
and A is an enpirical constent.

In 19261, Boyﬂ156 gave the expressicn

— ‘7.'
o Se =

c ?i o2 z, e’ T ]
A -F_G,er o L 27 T . ‘_"r”.;f’ €, (102}

considering the effect of dielectric relaxestion on ionlc motion;

Tis the Debye relaxsticn time for the solvent dipoles,.

2wan21g157 treated the icn as a rigid sphere of radius

£y
moving with a steady velbcity_vi through a viscous incompressible

diglectric continuum., The conductance equation suggesteqd by Zwanzig
is '

Z;er

L

. ) (103)
e (e, - € 3T/ €S, (2et 1) 73
Qhereffl,6T ars the static and the limlting high frequency

(cptical) dieleeccric constants respectively, A, = & and fyy = 3/8

for perfect sticking =nd By = 4 ang Py = 3/4 for perfect slipping.
The above equation can be written as

. _
A= A 4
g = Ary [, + B)

(1043
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162

The theory predicts”® that.?fi passes through a maximum of

27%/43%'at I, o (SB}%Q The phencmenon of maximum conductance is
well knouns. The relaticnship holds good to a reasonable extent

for cations in épx:otic solvents but £ails in case of anions. The

. conductance, hoéwever, falls off rather more rapidly than predicted

with increesing radius.

For compariseon of the results in different solvents,

equation (103) cen be rearranged as???

ZLZEF Ap Z{_l e C&:" - C':-c) "”t' (105)
_— = A T P - -

7\:""‘{0 ¥ L i é'w (2&“_},_—:—:‘) T(G

» ¢ 2, 2. _u«

In order to test Zwanzig's theory, the ecuastion (108) was
applied to methanol, ethancl, scetonltrile, butanol and pentancl
soluticns where accurate conduetance and transference data are

« All the plots were found to be linear. But the
radii calculated frem the intercepts and slopes are far apart |
£rom eqgual except in some cases where mcdefate suceess is ncted, It
is noted that the relaxation effect is.nct the predominant ﬁactog
in affecting icnic mobilities and that these mobility differences
could be explained qualitativeiy_if the microscopic properties of
the solvéﬁt, dipole moment and free electron pa;rs were coﬁsidered

the predominant factors in the deviation from Stokes! law136-
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It is noted that the Zwamzig theory is successful for large
- organiec cations in éprctic medis where seolvation is likely o be
minima and where ﬁiscous fricticn predeminates over that caused
by dielectric ralaxatipn. The thecry breaks down vhenever the
diclectric relaxation term beccrmes largé i;e., for solvents of
high P* and for icns of small ry. Like any continuum theory
Zuanzdg theory has the inherent,weakness 0f its dbility to atcount

for the_structural featuresg75 Seles

(1) It does not allow for any correlation in the reorientaticn of
the solvent molecules as the ion passes by'énd this may be the reason

why the ecquation doss not mply to hydrcgen bonded solventsl?a,

'(2) The theory does noﬁ distinguish between positively and negatively
charged ions and therefore can not explain why certain anions in
dipolar aprotic media possess considerably higher molar conductances

than the fastest cationsl75.

The Welden product in case of mixed solvents does not show
any constancy but it passes thrcugh a maximum in case of DMF'HQO

and DvA=H,0 mixturegt? 1172 180-183,

and cother aquecus binary mixtures
To derive expressicne Zor the variation oi the Walcen products with
 the conmposition of mixed rolar solvents, varicus attempts have been

ma&9156'157’184

with different models £for l1caw-solvent interacﬁions
but no satisfactory expression has been. derived taking into account
all types of ionesclvent interactions because:

(1) it is difficult to include all types of intersctions between

ions a8 well as solvents in a single mathematical expression;
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{2) it 1s ot péssible to acccunt £or some specific properties of
different kinds of icns and sclvent mcleculesl77; Icong moving in &
dieleétric medium experience a frictional force due to dielectric
loss orising £rom lonesolvent interactions with the hydrodynemic
forces Zwanzig's expression though acccunté for 3 change in Walden
éroﬁuct with solvent cemposition does not account for the maxima.
Hemmeslss suggested that the major devistions in the walden product
are &ue to the veriatiorn of the electrocherdcal equilibrium betwsen
icns snd solvent molecules with the composition of mixed poler
solvents, In Ccases where more then oﬁe type OF solvated compléxes
.axe-formed, thers should be a maximum and/or a mininum in the walden
producte This is supported by experimental observaticns. Hubbard
and Onsagerla6 have develeped the Kinetic theory of lonegolvent
incerszction within the frawework cf comtinuum mechanics where the

cencept of kinetic polerisation deficiency has been intreduded,

However, cuantitative expression is still swaltved. Furthex

87,188 naturally must be in terms of (1) scophisticated

irr@xjwements
trestment of dielectric saturation, and (2) specific structural

effects involving icn=golvent interections.

Apparent and partial molal volumss and'appargnt molal adizbatic
commressibility

tne of the well recognised approaches o the study of
molecular interactions in £luids is the use of thermodynanic

nmethods. Thermedynanic properties are generally convendent parameters
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for interpreting solutee~golvent snd solutessolute interactions in
the solution phase. Funéaméntal properties such as enthalpy, entropy
and Gibbs energyrrepresept the mecroscopic state of the system as
M aversge ﬁf nUMErcus microsccpide staﬁes at a given temperasture
and pressure, An interpretation of. these macroseopic properties

in terms of molecular phencmena is ¢generaily difficult, Sometimes,
hicher Gerivatives of these properties can be interpreted move
efféctively:iﬁ terms of molecular interzcticns. For example, the
partial molal volume, the psessuxé derivative of partizl molal
Gibbs energy, iz a ﬁseful parameter for interpreting sclutessolvent
interaCticns, Varicus concepts regarding molecular precesses in

soluticng, electrastrictianleg 190,

iol

+» hycrecphobic hydration

micellization and cos;ahara overlap during solute~solute interace

ticna76'192

e O B 1arg§ extent have been derived and interpreted
from the pertial molal volume @ata Qf many cchpaundso The com-
pressibil;ty perérty,.which is the secind derivative of the Gibbs
energy, alsc 1s a sensitive indicator of molecular interacticns and
can ﬁrcvide useful information sbout these phenomeﬁa, paxrticularly
in cases where partial molal volume data alone fail Lo provide an

wnegquivecal interpretation of the interagtionse

Apparent_gngd pertial melel volumes
The apparent molal volumes, %, , of the solutes can be

calculated by using the £ollowihg relation

G, = m/p, ~i000 (PP, 3/<Fy (107)
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where M is the molecular weight of tihe solute,:Po and:p gre the-
densitieg of scelvent and soelution respéctively and ¢ is the molarity

of the solution.

The partial molal volumes, 62. ¢can be cbrained from
from the equation
| ooo ~ < &y a ‘/2

’\/_., =@, *+ S - c <L Zy
= 2000 + < T A @ SAYE Ao

(108)

The extrapolation cf the apparent-molal vulume of electrolytes
to inflnlte dilution and the expression of the concsntration depen=
dence of the apparent melal volume have been made by four major
equaticns over the Dericd of YCars == tne Masson equationlgB, the

Redlich-Meyer equaticn® %, 195

196

+ the OwenwBrinkley equation ;nd the

Pitzer equation - Massonlgs fonnu that the spparent molal volumes
3 electrolytes,,ﬁa » vary with the square root of the molar cone

centration by the linear eguation -

where Qﬂfis the apparent mclal volume at infinite diluticn (equal

to the partial melel volume at infinite dilution, G;) and Sg is

the experimental slcpe . The majority of 2, data in water>®? and

198-202 p ve been extra=~

nearly all data in non-aqpaous solvents
polated 0 infinite diluticn thrcugh the use of eguation (102),
However, Redlich and ﬁeyer194 have showh thet an eguaticn of the

form of (109) can not be any moxe than a limiting leaw, where for a

-
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3
Sv s Should depend only
upon the valence type. The suggest representing | )74

given solvent and temperature the slope,

¢i|/ = B —+ = < va (110)

whare

Sy = K’ 2 | (111)

is the theoretical slope, based on molaxr concentrstion, including

the valence f£actor

W o a.S Z QLZLQ (112}
and
a.5
K = NP ( il A ( ot~y = B  (223)
= coo e E'T) L o )'r' 3

where f is the corppressibility of the solvent. Until recently,

the variation ©f dielectric constant with pressure was not known
acourately ehcugh, even in water, to calculate sceuraste values

of._l- the theorstical limiting slope and in organic solvents agourate

data ©of this type are almost totally lecking.

The Reﬂlichnmey&rlgé extrapolation equation adequately

represents the congcentration depehd&nce of many 181 and 2:1

électrolytas in dilute soluticns: however, studies203“205 o Some
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2321, 321 and 428l Ieléctrolytes show deviations from this equation.
Thus, £or polyvalent électrolytes,.thé more'ccmpleté Cuen=-Brinkley

195 con be used to aid in the extrapolation to indinite

eﬁuation
‘gilution and to adequately represent the concentration dependency
Qf ﬁvo,

The @mnmﬁrinkley 'c-zquaticnigs_, derived by including the

ien=size parameter, & (in cm), is given by

&, =2, +5,T(Ca)/®+0.5W, O(Ca)c +o.5K, ¢ (114)
" where the symbols have their usual significance. Hoﬁmver, eqguation
(114) has not been widely employed for the treatment of results for

nen agqueocus solutions.

Recently, the Pitmer formallsm has been used by Pogue and

Atkinsonzo.s to £it the applarent molal velune~ datae The Pitaer
eqﬁation for the 'apparerit molal veolume of a single salt M .,,M'X o

is

iy | . ' oS .
B,=wf v pl+ v 2 2 A 2ol (161 )+ (115)
— v 5 0.5 v J
= : : | S c
25)Ma>x Qer%wa.+m ( o V) i
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where the symbols have their usual significance.

Thorough tests of equations (109), (110), (114) and (115),
however, will require more accurate data on censities and also on

the pressure dependence of the dielecuric constant of pure solvent,

Ionie limiting partisl molal volumes

The calouwlation of the ionic limiting partial mclal volumes
in orxgonic scolventsg is a'vefy difficult tasks At present, howevear,
most of the existing icnic limiting partial molal volumes in organic
solvents were obtained by the application ¢f methods developed for

agueous solution3207

to non~aguecus electrolyte selutions. In the .
last few years, the method suggested by Conway‘§§.§%2°7. haa been
used more frequently., These authors used the method to determine
the‘limiting partisl meclal volumes of the anion for a series of
homologoug tetraalkylammonium chlorides, bromides snd iodides in
aqueocus soluticn. They plotted the limiting partial molal volume,
| diux, for a series of these salts with a halide icn in common as a
function of the formula weight of the cation.4MR4ﬁ+, and cbtained
straight=line graphs for each series. They suggested, therefore,
that their results ficted the equation

-0 =0

VRA_,NX = VX'W 4 bMR4N+ . : (116}
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and that extrapclation t0 Zero caticnic formulé weaight ¢ave the
limiting partial molal volumes of the 531163 icns, ﬁzﬂ_. vosakd .

et 3;208 heve used this method for the separation of sume literatuxe
valuesran& of thelr am §E4NX values into ionlc cdntribut;ons-in
organic electrolyte scvlutions. Krumgalzzog appliéd the seme method
to a large number of partizl molal volume data £0rX non=-aguecus
electrolyte selutions in a wide tenperature range. Re.cently, we have
 also used this methos for the 6ivision of partial mclal veolumes into

the ionic conponents in 2~methcxyethan01202.'

Apparent molal adiabatic compressibility

Although for a long time attention has been paid to the

apparent molal adiabatic compressibility for electrolytes an@ other

210=214  possurenents in NOR= ACUEOUs

_ _ o 211,212
golvents are still scarce, It has been exphasized by many authors

compounés in aqueous solutions
thet the spparent molal adiabatic compressibility date can be used
a8 a useful parameter in elucidating the scluteesolvent and golute-

solute interactions.

The values of the adisbatic compressibility ccefficient (g )

were <salculated by using the Leplasce equation

P :—1/\42p | (117)
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where £ is the selution density ané u is the sound veleocity in
solution. Yhe apperent molal adisbstic ecompressibilisy (.@KJ of

idqguid solution was calculated from the relations

oo o

PP,

wheye m is the molality of the sclutiocn; !B" and B are the com=

G =

e M |
Cep-pr) PP | {118)

pressibility ceefiicients of the solvent and golution respectively.

plotting of spparent molal adlabatic compressilbility (gb‘é)
against the sguare rook of the molal cc;nce‘zai;xaticn of the golutes
and extrapolation o zero molal concentration gives the limiting
spparent molal adisbetic ccmpressibility { @K") according to

equaticngll"zms

s = @7 + 35w - (119)
where Sy is the experimental slopee

The limiting gpparent molal adizbatic con;pmssibility
{ sﬁlf ) and the experimental siope. (SK) can be interp:eteﬁ in te:;ms_
of soluﬁeaso;‘.vent and sclute=sclute interactions, respectively. it
is well csteblished that the solutes cousing electrostriction
lead to Gecyease the compressibllity of the soluticnzls -‘2\16.- This
ig reflected by the negative valﬁces of ;Z>°K of slectrolyte
solutionse tivarophobic soclutes often show aegetive comprassibili=

cies due to the ordering that is induced by them in the water
AT '
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191,215

structure » The compresscibility of hydrogen bonded

structure, however, varies depending on the nature of He-bonds

215. On the other nand, the poor f£it of the solute

involvad
moleéuleszl7‘218 as well as the possibllity of f£flexlble He=bond
formation sppear to be responsible for causing a more compressible
environment (and hence & pogitive sﬁfK value) in the agquecus
medium, The positive 9, values have been reported in aqueous

i2 220

non électrclyte2 and non electrolyte-non electrolyte solutions,

From the discussion it is apparent that the preblem of
ion=solvent interszctions is intriguing as well as interesting.
It is desirable to attaak this problem using different experimental
;echpiques. We have, thererozxe, utilised five importent metheds
viZ., viscometry, cCOnductometry, densimetry, ultrascnic inter-
feromebry and spectrophotometry to study the prcbdem of ion-solvent
interzsctions of some tetraalkvlammonium and alkeli met#l szlts in

2=methoryethanol and its aquecus binary mixturese.

2=Methoxyethanol {(ME)

2«Methoxyethanél is a moncmethyl ether of ethylene glycol
(EG)o Hence, it is very likely to show physico-chemical charace
teristics micway between protic and dipelar aprotic solventse
Therefore, it.is of much interest to study the behavicur of

electrolytes in such solvent media.

22

of ME molecules is the gasuche form to £agilitate intramclecular

IR studies®?t indicate that the predominant configurstion

hydrogen bending s shown in stzueture I.
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Siﬁple consideration of molecular structure indicates that
due t0 the presence of electron repelling CHS group,. ME 18 more
basic than ethylene glycel and water. Also, the restricted
availability of the =cidic H atom of OH groupmakes ME molecules
less acidic than ethylene glycol and water, thus imparting a

'quasi-gprotic! charscter to it,

| Moreover, the basicity and proticity ave likely to be
relayed through co-operative structure of Hnbondingzzz between
the cogolvent and water molecules in aguecus soclutions, Thus in
ME + H,0 system, the possible hydrogen bonted cosolventwwater
complex of the type II is also more basic end less scidic than

vater and EGewabter mixXtures.

studies on fundamental physico=chemical prcperties like

density and dielectric constant for ME-water mixtuyes have been

reported at different terperatures in the water xich region223°

Recently, Douhéret and his ccworker224 studied these properties
for ME~water mixtures at 25°b cver the entire compcsition range.
Dielectric constent is found to decrease monotonically with

increasing ME content whereas the density goes through a maximum.

225

Lesnoysrs et al”™“" have reported apparent melal volume and heat

capacity of agqueocus ME at 25°C and showed that ME behiaves as a

fairly typical pclar non electrolyte in water. Heat capazcity and

226

heat of solution ©f ME have been repcrted by a number of

workers, Partial molal volumes of ME have been studied with

227

water™™ ', The change in free energy, entrcpy and enthalpy

assocliated with the transfer of ME from ideal gas phase to dilute
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aquecus soluticn at 25°%C hag also been reporee 228.

Notably encugh, relatively few studles have been reported
with agueons 2-methoxyethanol as solvent medium. Conductance

behaviour of ionwpair formation of tetrzbutylammonium bromide in

aqucmMEzgg at 25°C was interpreted on the basis of the modification

of water structure, depending on the natuxe of the solvent.
Saitszso studied the relation between the structure of water

mixtures of organic solvents, their solvation and cation exchange

selectivity of metal ions in aguecus ME. Morel and coworkers23l

also predicted the relation between the free energy of transferx
and selectiviﬁy of an ion exchenger. Activity ccefficients of

NaCl in water mixtures of ME at 25°C were studied by Richard

et 21232,

Works invelving pure ME ere comparatively large in number.

0f thess, studies on dielectric properties at variousgs tempera-

thres 0-2000 to se°b) of MEsza sclubility studies on alkall

metal chlorides, tempeﬁatuxe cependence of electrolytic conduc—

tance of salts in ME234

ME235 and various thermodynamic studles, density, dielectric

« disscciaticn constant studieg of pure

prdperties, viscosity ete., are noteworthy.

Again ME is commerclally known as ‘*cellosolva' being used
extensively as a solvating agent for cellulose. It £inds its use
in various chemical reacticns and in analytical practicezgﬁ, in

acid base conductomstric titration5237, and also as a solvent
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for elECtrolytes:in'high'voltage capaéitors and antleicing
additive for aizmcxaft fuels, cOnsequently, the knowledge of ion=
selvent 1ntergctions cﬁ d;fferent soluteu in this salvent is
capable of inuichting the potential usefulness of ME in varxaﬁs
technologies, ege, h:igh energy'nonmaqueeus batteries, ion-
exchangers cte, Transport parqmeters cf electxo3vtic solutiens
such 28 ionic ccnductance and viscosity can providc informaticn
coencerning the nature of the_kinetac entzt;es £rom which the 1cn%
solvent interaction can Ee inferxeéL Information on these intersCe
tions can also be had-frcm éuch thefmcdynamic properties as

apparént molal volumes and adizgbatic ccmpreésibilit195q'

we have, therefore, devoted our attention to the study
of the transport end thermodynamic properties of scme electrolyiss

in ME and its aquecus binary mixtures.
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