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INTRODUCT ION

The majority of reactions. that are of chemical or

biological interest occur in solutions-Solvent 1s belleved to

provide an inert medium for chemlcal reactions. The significance
of solute~solvent interact lons was realised only recently as a
result of extensive studies in agueous, non-agqueous and mixed

1-10
solvents .

It haB been well-recognised that the solvent wWwater used
its structural interactions wWith Bolute play a fundamental role
in the cbserved thermodynanic properties of the solutions. It is

quite obvicus that the proper understanding of the struwtural

interact ions and thelr implications necessitate a thorough

Knowledge of the structure of water which can give more information

regardingy solute-solvent interactions 1ln agueous solut ions,

. _ . 11
The revolutionary theory of Bernal and FoWler  regarding

the structure of water and the subsequent works paved the way for

the proper understanding of the propertlies of water and agueous

scplut ions.

The current models of water-structure are divided into

12
different categories .
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{ay UNIFORMIST AVERAGE MODEL

(B) MIXTURE MODELS

i} Broken~down lce-lattice model
1i1) Cluster madels

111) Clathrate cage model.

(C) CONTINUUM MODEL

Uunfortunately none of the models 18 capable of explaining
fully and sometimes even partially the differemt thermodynamic,
transport and volumetric properties in aqueous solut;ioné. The
proper understanding and the e€laborate description of the structure

of water 1s beyond the scope of the present dissertat lon.

However, the unlqueness Of water a8 solvent has been

13-15 '
quest loned in recent years and it has been realized that

the studles in other solvent medla (non-agquecus and mixed solvents)
Wwould be of great help in understanding dj_.ffe_r:ent molecular
interactiona and a host of complicated phenomena. The determing-
tions ;Jf thermodynamic and transport properties of different
electrolytes in various solvérts would provide important steps in

elucidating the structural changes associated with the dissolut ion

of electrolytes and nen-electrolytes.

In solutions containing an electrolyte, there are broadly
three-types of interactions viz.
1) ion-ion interactlons
" 14) ion-solvent 1ntaractioris

iii) solvent-solvent interactions.
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The strength of their interactions decreases in the
order s ion-ion interactions> ion~solvent interactions? solvent-
solverr intersctions. In dilute solutions, lon~ion interactions
can be assumed to be apsent whereas the lon-solvent and solvent-
solvent interactions are inseparxable and can be collectively
called as lon-solvent interactions and thelr effects lead to the

phenomena of 'solvation’.

Ton-solvent interactions are the 'controlling forces' in
infinitely dilute solutions and manifest themselves in all

thermodynamic and transport properties of electrolytes (like

lowering of vapour pressure of solvents8 by solutes, ionic
- 16,17

mobilit ies ' variation of solubilitieala

18
etc. ) generally obtained

s Standard electroede

18
potentials , viscosity B-coefficients

by extrapolation to infinite dilut ions,

8
The researches of Harned and co-workers , Stokes, Bates,

20- 24=29
Robinson and co—wquersl'ls’zo 23, De Ligny and co-Workers

0 31 .
.ShedlovsKyB y Grunwald , Feakins et a.-1_32 37' Frankalz'f‘m":aa‘

: 45 ~54 55
Hepler am co—workers39-44, Lahiri and co.Workers 3 » Meck

56

. |
7-
Strehlew , Das, Kundu and co-workerss 50 and c:»t;neu-:s":'l"'ﬁ7

inspired us to undertake further investigations in this direction.

A brief survey of the investigations in aqueous and mixed

solvent8 and the problems associated with such studiéa are

presented to highlight the importance of such studies.
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3,6,12=-15
Structural Properties of agqueous and Mixed Solventa

The most structured liquid is wat'er,.f\hg’tructure of which
has been thoroughly investigated. It 1is generally accepted that
liquid Wwater has the short range order of hydrogen bonded, tetra-
hedrally co~ordinagted structure of slightly expanded ice, with
interstitial cavities filled by monomeric water. That orxder is
believed to pergist on a time-scale of about Jl.o-ll sec. Wagter
and 41 and polyhydric alcohols have three-dinensional hydrogen-

bonded structural net-wWworks. Other amphiprotic solvents are
associated via hydrogen bonds but they form either linear poly-

meric chains (simple alcochols or rings (HF)),

The structure of mixed sSolvents are more complex when

small amounts (below 10 wt%) of alcohols, acetone, dioxane etc.
are added to water, the water structure becomes actually
reinfiorced, as in the case wnen non-polar solutes (solid, liquid
or gaseous) are dissolved. structure formation can e inferred
fro‘m the maxima of properties like viscosities, Walden product
and heats of solutlon, excess entropy of mixing etg. addicional
quant it ies of the organic liguid, however, cause gradual destruq.
tion of water structure untll a minima ia reachéd sqméwhere in the
vicinity of the equimolar region for the tWwo components. A varlety
of physicow.chemical properties such as the Glbbs free energy of
m-ixing and the Hammett acldity functions, exhibit maxima or minim

in the vicinity of that composition,
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It is apparent tiat the effectiveness of a liquid solvent
must be evaluated in terms of superlnposit ion of its macrosceopic

parameters (dielectric constants, equilibrium constants) and the

microscopic properties of the individuél solvent molecules (dipole
moment , gquadrupole moment, polarizebility, H-bonding, co-ordination

‘ability) as well as structure,

These aspects have been reviewed briefly in the aubsequent

pages.

‘Studies on the Thermedynamic Properties of Electrolytes

and Non=zZlectrolytes:

Extenslve worka on the determination of the thernodynamic

properties of electrolytes in various solvents have been made.

L

The Wworks paved the Wway for & proper understanding of the different

aspects of the ilon-solvent interactions.

Solubility and Dissoclat ion constants of Ligands

in Mixed Solventsl'

The relative solubilitiles of electrolytes in protic and
dipolar aprotic solvents and in their agqueous mlxtures are
influenced by the extent of solvation of the ions, aclvent-solvent
interactions, and other specific effects, such as volume energy.

Solunility products, and dissociation constants of Balts in non

aqueous solvents can give insights into ionic Solvation. It is

-

normally found that solupilities of salts do not ‘lie in the order
: N



-6-

of the dlelectric constants of the solvents, but depend more on

specifid interations. For the case when the solute 18 in equili-

brium with its ions, AG = O andthe standard free energy of solution|
is given by

o

G = _RT 1ln K . <o (1Y
Soln 8p

wnere K is the solubility product {(or the solubility in case

of uncharged molecules).

The'magnitude of the solvation energy and the sclubility
of a substance a8 well as the nature of the resulting solution
are deterinined by the properties of tha/;olute_and the Bolvent.

Free energles and entroplea of solvatlon can be determined from
68
solubllity data

9
Luh,-shats

and this approach was used by Criss and
for some alkali-metal halides in N,N-dimethyl formamide.
- The free energies of formation of the salts were cbtained from

a combdination of the standard free enasrgiles of solution and the

70,29
free energies of formation of tle crystalline salts o2 « In

the solubility method, the disaoclatlon constant f£or the reaction

{2a)
Can pe Written as
+ X C - "
I‘:':':!. - __CH A = \(i ; «++ {2b)
C ' ;HA
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2
C
= H+ X ‘{—tz _ Tt C2C)
[C]T - Oy

where [C]T is the concentration of the saturated solution

determined from its solubility and C 4 18 the concaitration of

EHU in the saturated experimental solutions determined pHe

71,72

‘metrically . The mean molaxr activity coefflcients of the

ions at different concentrations in aqueous and mixed solvents

7
can be determined using Davies 3 equat ion

Clegfy = ARSTVAE [GrvE) -0 A

C(3y

and also from Debye-Huckel limiting law with azipropz:iate. A values

in mixed solvents calculated from the dielectric constant data.

The Gibbs transfer'e_nergies of different electrolytes
is given Ly the expression
A G: = 2.303 RT log Kxeip(w) (4a)
Xsp(a)

where KﬂP(H) and Kap(a) represent the therisodynamic solubility

products of the electrolyte in water and water-solvent mixtures
respectively in which

. . . . A’ = ;
Ksp = Myt mx - '{m-f"fx“ = S’A'{ih *t {4b)



In equation (4b) M¥ and X stand for cation and anion, S and ¥:{:

represent the molal {(molar) solubility and mean molal (molar)

activity coefficient of the electrolyte respectively in Baturated
o

solution. The activiety coefficlent (‘(_-h) can be evaluated either i

from the extended Debye-Huckel equation or from the pavies egqua-
t lon.

The thermodynamic formulation for the dissociation constant |
of the acld-base equilibrium |

+ i
A — B + H |

on the molal scale is given by

K . ™t X"‘B.x,lf}_l* X ))B
N YA

(5} !

The numerical value is fixed by the cholce of a standard

state in which the activity coefficients are assigned values of
unity. In aqueous solutions, the customary standard state is so |

chosen that {i approaches unity a8 m approaches zero.

N

When the com@ion of the solvent medium changes as well -—-

as the sclute qoncentrat;ion (and ionic strength), it is convenient

|
' i o 21,74-76 |
to Beparate each activity \(i into factors {i = m' x_a‘_ ! L

i .
{i is measured relative to the standard state 1in pure water |

and become unity only 1n infinitely dilute agqueous solution. On

the contrary, the activity coefiiclent a(\l' in equation above

becomes unity when m = 0 in the solvent 8, where m‘ﬂ has a value

different from unity whenever the solvent differs from pure vater,
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4

The 'salt effect' s varies With the solute concentration.;

Simple Debye-Huckel equation with appropriate allowance for the

effect of altering the dielectric constant of the madium s,
can be uwsed to estimate s when lonic species are involved. The

thermodynamic dissociation cgnstant cal also be determined in
i

very dilute solution vwhere 8 -—> O and this is the best method

for the determination of the thermodynimic dissoclation constant

as 1t involves no error in estimating s .

The medium effect m' is a function of the free energy of

the species '1' in the two standard states.

o © ° R'r 1 m\/i | (
- Ce
AGt = 801 - wGi n 6)

combining the electrostatic contribut ion to the'free energy using

Boxrn equation,

A
. NZieT [ 1 e
X%'wﬁ& :::5§?iF‘ (és fiw) (7)

and the masg law equation for equilibrium

| }n?é

lgk':-\ﬂki.x k/
‘ WYyt X AL

«+ - (7a)

wnere K and K are the dissociation constants for the standard

states in Bolvert and Water respectively.
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We obtain 2 | | ;
B NE L |
P(SK)FP(WK) T L6052 RT €5 Ew)X

+{8)

(charges on rA etc. omitted)

The equation has been found to be fairly satisfactory for the
diséociation equilibrium of the charge type AOB_ {e.g. AO =
uncharged acetic acid, B : = acetate anion, Z = 0} and

_ H
. 21y 70-78 o
ATm (e.g. A" = anilinlum cation, B = uncharged aniline,
2y = 0). There 1s evidence, however, that the pK of amines
decreases when methanol 18 added to water, passes through a mini-
mun at a solvent composition in the 60-80% (Wt. percent) of

224,79
methanol .

Physico=Chemical Properties and Ion-Solvent Interacticns:

Extensive studies on the physical properties of the solvent
systems have been made but a lamentable gap stlll exists; several
classificat ions of organic solvent Systems based on their
dielectric constants, organic group type, acld-base prope‘rties
or association with hydrogen bondlng, donor-acceptor properties,
hard and soft acid-base principles etec. have been made. The
propertles of the different solvent 8ystems have been found to
show wide structural modifications with the addition of electrolytes’

and nen-electrolytes.



Naturally for the devéloPrmm: of theories dealing wWith
electrolytic solutions, much attent ion has been devoted to ion

(solute) - solvemt interactions. However, it 18 difficult to '
suggest quantitatively Sometimes even qualitatively the forces

or fectors involved in the solute (ion) « solvent interactions.

Theoretical Predictions of Solvation Energiles of Ions:

|
i
;
|
]
|

various models have been proposed to predict theoretically

2, 3, 11-15
the thermodynamic and other behaviours of electrolytes in solution ..

|
67
Clagsical Model &+ In Born's continuum model the lons are

‘represented a8 charged incompressible hard-spheres and the solvent
i8 considered as a structureless dielectric continuum with
dielectric constant and unaffected even in presence of ilonic |

fields. The free energy of solvation is equivalem to the difference

in the electrostatic energy of a gaseous ion and that of an ion

in the medium of dlelectric conatant.

Various modifications of the model i1s proposed.

0
Structural Medel of Frank and Wer-.B 3

Frank and Wen proposed that surrounding a soclute molecule |
there are three regions that can be f£airly well distinguished

froin €ach others.

Primary solvation zone around the solute molecule, where
there is enhancement oflsolver_zt strfucture, the nature of enhance- |

ment is different for polar and non-polar moleculea. Ions usually
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form ice-like Btructure in the primary zone where the secondary

zone 18 a diéégrd%é zone arising from the opposing effects of
the ion and of thé surrounding soclvemt moleculea. The third
region comprises the essentlally unperturbed solvent molecula.
The model 1s simple and provide useful insight into the nature
of solvatlion bt not successful for the gquantitative prediction

of the solvation energy of electrolytes.

Molecular Models:s

Following the classical theory of water structure by

11, 12,80~86 . 12,80-86
y Varlous molecular approcaches

i

[

berfél and Fow ler

have been made to predict the nature of the solvation of ions.
Several contribuwions are considered:
i) formation of cavity in the = lvent

i1i) strong imteract ion between the lon and the solvent

molecules of the first (even second) coordination
Shell.

iiji) interaction between the solvent molecules in the
co-ordinastion shell,

ivy weéker interact ions betveen the hydration complex and
the rest of tle solvent wolecules.

v) further changes. in the structure of Water.

However, it is difficult to calculate the interactions.

ident ified above in view of the uncerteinty in the true lonic

radii, in tne co-ordination numoer of the ions and in the orientation
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of the solvent molecules in the co-ordination shell. In view of

the continuous exchange of solvent molecules in the co=-ordination|

shell and free solvent molecules, a time average process is
usually taken. The solvent molecu lesez may ke consldered as a
sphere contailning a certain number of point charges or the

. solvent molecule may be characterized by its radius, dielectric

constant, polarisability, dipole and guadrupole moments.

- 83
Hamiltonian Models

In these models, the medium is represented by an assembly

of a large number of identical particles representing the solvent

molecules. The statistical model 1s highly complex and mathematical

However, the possibllity of accurate evaluatlon of the thermodyna-

mic properties from such a model is too much complicated end
- diificult .

Hybrid Models:

A number of hybrid models have been proposed which combine
more than one of the above doncepta for solving some particular

parts of the problem by one model and some other by a different

model. In suwh models, the interaction of an ion and its f£irst

nearest neighbour solvent molecules (primary BOIVatioh sheath)
is calculated in terms of Ilnter-molecular forces (like a Hamil-
tonian model) while the interaction of this coupiex with the
remaining solvent 1s calculated as in the theory of the Born

model. Some of the models are due to Muirnead—sould-r..aidler84,

|
|

'1
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' 87
Bockris and Sahijaas'ss, Goldman and Bates etc. But none of
the models ére capable of giving the reliable information regard-

ing tie ilon-solvent interactions, thermodynamlc parameters and the
solvat lon phenomena.

8
Sena conaiders that the continuum theory is capsble of

an accurate description of the thermodynamlc propertles of \
electrolytes when allovwarnce 1s made fOr proper standard states

and structural properties of lon-solvent interactions. \

of
Solvation and The Free-Energy of Transfer,single-Ionsi

The transtfer of solutes from one solvent to another

usually lead to encrmous changes in both equilibrium and rate

constants of chemical reactions (as manifested in the variation '

of solubility of a solute a8 a functilon of solvent). |

The usefulness of thermodynamic transfer functions for

electrolytes 1s rather limited. The experimental methods yield

the transfer thermodynamic changes of neutral electrolytes but

offer no meang of separatlng them into single-lon characteristics. |

56 : '
according to Strehlow "division of thermodynamic functions

of electrolytes into single ion values may reveal correlation

|
i
between measurable but from a thermodynamic point of view unrelatedw

|

Various theoretical and semiempirical extra thermodynamic \
8995
attempts

quant it les".

have peén made to obtaln single~ion thermodynamics
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95 -100

Wwith moderate success. This aspsct has been reviewed in details

Ooviously, it is & contentious Bub Ject and the validity

of single-~ion valuwes can be guestioned but the most important

questions in solution chemistry is supposed to lie in the kaowledge

15
of transfer free energy changes for single ions .

The free-energy changes assoclated with the transfer of

a chemical entity (HX) from solvent (1, say water) to solvent

101
(2, Ssay S) 18 known as "“total medium effect® (A Gy ) which is

splitted into primary medium effect or ‘'‘medium effect' and

secondary medium effect or 'salt effect®

consideratlion of the cell of the type

Pt(Hz) HX{m) solvem; Aglx - A

The measurement of e.m.£. of cells of the type in two
different solvents namely water (W) and solvent (S) gives the

total mediuvin effect of any electro-neutral comoination HX.
o)
AG, = AGg + 2 RT 1n sfi/w

o
=Agt +2ernm?i. <0 (9)

o
5.0 wW._0 '
AG, =-2F ( "E” = "E7) is the primary medium effect and measures
ion-solvent interactions, whereas the logarithmic term is known

as secondary medium effect denoting ion-ion interact ions and
solvat ion. |

a g [ 10
INSEAR RORTR BENG _

| GZ{?-\‘XQ\J ﬂ%{% QAJA RAMM("?}?”N?UB

as exemplified from the




-16-
¥

The 'medium effect” log m i of an ion 1s the reversible

work of transfer of one mole of ion 1 from the standard state in

solvent 1 (water) to the standard state in solvent 2(as) by the

expression
o WS
» sM — wrt
log(m'' ) = ——Z——— .+ (10)
- RT
obviously, the primary medium effect is independent of molality

but the exact Value of 'medium efiect' could only be determined

in absence of appreclable concentrations of electrolytes which
changes not only.the structure of the solvent molecules but also
the solvent concentration due to the solvation of lons. The
secondary medium effect (salt effect) is a function of solute-
concentration and can be determined with the help of theoretlical

92 93
equations like Debye-Huckel  or Davies equstions with appro-

priate values of a and B arising from the changed valuesa of

dielectric constants of the solventds., The equation fails at higher

concent rat ions. Thus, it is desirable to worxk in dilute solutions

so that gL —> O and the measurements account for the ‘primary

medium effect' only. '

petermination of the Medium Effect

Thermodynamic propercies of single ions in aqueous and
non~agqueous solvents and thermodynamica of transfer have been
- 102-117
presented by a number of workers .
The medlium effect or tne standard free eneryy of transfer

of an electrolyte on neutral specles f£rom Wwater to a glven solvent

. R



has exact thermodynamic singificance and can ke calculated from
. sultable experimental data without any assumptions. Generally,

two methods are employed to determine medium effects of variocus

supstances. They are (1) solubility method and (2) Electrochemical |

methods. For weak electrolytes, spectrophotometric methods are

also used to determine the medium effects.

The determination of 'medium effect! of H+ ions

{log -,,17) et )} evoked conslderable interest as it determined

direct ly the relstive basicities of two solvents and can be
cbtained £rom the direct measurement of the cell

a \ =

where Ex ?1‘ in me*' + E in J.

In view of the limltations of having liquid junction

potential of uncertain magnitude, the 'medium effect' of proton,
| 118
first determined by Bjerrum and Larsson

from e.m. £. Measurement s
can be neglected.

The systematlic efforts to determine the 'medium effect'

are glven as what follows.

Mode ls Based on Modification of Born Equation

The *medium effect! of an lon can be obtained from the

simple Born equation
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It is to be noted that solvent molecules become inhomogeneous

due to strong influence of solute molecules near the solvent
molecules. TWO extreme cases are s (a) dielectric saturation

119
in the vicinity of ions in case of electrolytic solutclons,

and (b) formation of a clathrate by water molecules in the vicinit

of a non-polar solute due ﬁo hydrophobic bonding effects in case

of non~electrolytic sclute.

The egquation consists of two variable parameters like

radius and dilelectric constant.laefinaments are based on (l) Increas

in crystallographic radili due to solvation.

120
The model is due to Veet 2 and successfully applied by
121-122

Latimerxr et al, Strehloulz3 and co-Wworkers and Coetzee
124~125

et al + in non-agqueous solvents where iondic radii are

adjusted to account for the differences between the free energies

of transfer of pairs of alkall metal ions

o & &°
ﬂéii_ :[S t — W t)-
|

o
— NZZQQ/ ‘_‘-ES . I——_ETN; .u.(u)
2 | ToFR® T OB AR

B
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|

!
restricted to differences between wvery simllar cations and s;milar

However, the equation lacks theoretical significance and is

. |
Solvents. . i
{2) pielectric saturation in the vicinity of the ion reducing !

' - 119,126-131 i
the effective dilelectric constant of the solvent .

119
This aspect has been dealt extensively by Noyes Hepler

_ _ |
et al, Stokes and others.

It 1s likely that partial or complete solvatlon of ions

i L
by other non-agueous solvents may occur leading to changed values
(o) :
of r, €_ N and AG, . The equation of Stokes should, therefore,
a 0 . i

be restricted to water rich solvents. The equations were utilised

o
by Bates and cc;-worksarfsl"2 to calculate Acal valueg and the

basicitles of differemt methanol + wWater mixtcures. ' |

All the treat ments consicer the interactions of the lons

Wwith solvents to be predominantly electrostatic and neglect specile

fic solute~solvent interactionsa and non-apecific 'neutral' component

|
of the sclvation energies of lons. Complete understanding requires

the knowledge of ion-dipole,ion -~ {induced) dipole, ion—quadrupole,'

dipole~dipole and London dispersion forces which are functions of
-2
r r—4 -3 -3

’ sy T T, T and r  in that order where r 183 the corresg-

ponding interaction dlstance which contains the ionic radius term

132-133

but not alvays equal to it « The reliable gquantitative

calculation of nydrational and solvatlonal energies are thus very {
difficult.
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' |

134 ' |

Goldman and Bates used an electrostatic model to !

o o] o o o o] ll

- - + AQ ), AH and AS associzted .
calculate AG (AQG -&Gel neut.’’ |
with the transfer of seventeen lons from the gaseous phase to @
° ' |
Water at 25 C. However, the model has not been extended to calculate

the thermodynamic properties of transfer in other solvents.

A Tigorous theoretical approach has been given by 'k

EJanir:;vaengs"]“3'5"“3‘5 utilising the fundamental eguation for the free

energy of a dielectric continuum in an electrostatic field.

137,138 '-

Beveridge and Schnuelle gave a general expression

for the free energy of an arbitrary charge distribution ermbedded

in a spherical cavity surrounded by two dielectric continuum, an i

139
extension of Kirkwood's tregt ment of reaction potentlial |
L

7

The wodel has been extended to give a complete general solution
for the electrostatic free energy of an ion surrounded by any |

numer of layers, each Wwith a given relative permittivity, immersed
in the bulk solvent.

The eguations are vritten s

(1Y Born Mpodel (zero layer)

nee = B (- o ’.
/—\‘G‘et T2 e™ 3 13) |
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|
i
(11) The one layer model (£irst layer r = b RE=€; Y

) .
Z | ! l) LI I
o - ——{ — -t
AG"\,CEL)i_ 2 [EL (3 b E;’ a}

(111) The two layer model (first layer r = b and E=€; ,

» - {(13a)

sacond layer r = ¢ and €=€m )

2 t
Z | 1 I | ! I ! | '

0 = (- ) ;
AGei(2)” 2 (b c €. \d b e g -.
s ( ) E‘Tn L .- (14) i

|

Wwhere © 1" n2 and b = a + R for the first layer in both the ]1
one-layer and two-layer models (R = radlus of the solvemt molecule).l
The values of 'a' have been taken from lonic crystal radii

of Goldschmidt and Pauling, where available, or calculated from ‘

liquid molar volumes V of solutes using the Stearn-Eyring

140 - 1/3 . _
formula y T = (V/8n) « The radius of solvent molecules have

140
also been calculated using Stearn~Eyring formula

| | 115,141-142
Good agreement has been claimed by aAbraham et al '

between the theoret ical and experimental results for ilonic solvation }
using this model.
Methods Based on Measurement

of Oxidation - Reduction Potential
and the E.M.F:. of Different Cells;

The search of a sultable reference electrode having the l

143
Ssame e.m. £, value in all solvents thus appears l1wperative.Pleskov

e —_—— " 77



proposed that the potential of Rb/Rb+ couple, should be equal

in all solvents, because of low polarizability and laxge radius
of ilons. However, both electrostatic considerations and experi-

mental free energy of transfer values of halides (having larger

radiiy, Rb+ and CB+ in different solvents point the inherent

56,123, 144
limitations of the assumption. Strehlow and co-Wworkers

made appropriate allowangces for the changed dielectric gongtants
in different solvents and for the resldual electrostatic free
energy terms and developed a modified Rbescale which was utiliged

145 . !
by Coetzee et al for measurements of polarographic half wave

potentials of a serles of cations present as perchlorates in

seven solvents.

56,123,144, -
Koepp, vWendt and Strehlow i {also studied by

146
KuWwana et al) selected the redox systems of large symmetrical
complexes Ferricinium/Ferrocene and Cobalticinium/Cobaltocene,
having very little reaidual charges on the surface, so that the

D
standard e.m. £, of the Fic/Foc or Clc/Coc i.e., 4G (Foc)
o
AG (Fic) can be regarded to be solvent independent. Thus, the

measurement of standard oxidation potentials in water and solvents

o o o
gives the value of &Gt (H) - AGt(Fic) +A0t {Foc).

Aaceording to Strehlcw56

2 T+a3

Aa CFLo) —/_\.61 (Fod) = EA 5 (
| T+&a ' {15 )
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where, &, and a are constants, specific for the solventsa in
6
quest lon. Strenleow used ay = 0.85, 0-725:32410'90 based on
the data of alkall metal ilons., In addition to the inherent limd-

tations due to liguid-junction potentials, the contributlons due

to surface potentials in measuring the real free energles of

24
transfer have been neglected .

In spite of the limltations, the method seems to be ons
of the most useful mecthod for the determination of the 'medium
24-29
effect' of single lons and Wwidely used by De Ligny and co-workers.

They used the cell of the type

Pt (Hy) | HC1lO, in water oY KCi(satd)in H,0 Hg,Cl, = Hg
| solvents respect ively )
I

and
Dt] Ferrocenefm, ), jKCl(satd) in H,0 H92C12 = Hg
[ Ferricinium in ‘
Wwater or solvents
, Tespectively
to get

ER (Fio) =B (Fic) == - [Ac:,z Ok Aa:: Fic)+As, o:oc)J

_ | o
=~ {Aaicn)*&af; [FLc)-k-AGt.Cmeu’c.FLc):}

(16)
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Due to low solubility of ferrocene and instability of

o
ferricinium in water the E has been calculated from the polaro-

S
graphic half~vave potential_cf the process Foc—=Fic + e .,

The reactlon Foc —;Fic*' + € has been proved to be diffusion
controlled and the ratlo of diffusion constants of ferrcocene
and the ferriecinium ion appeared to be independent of solvent
compos it ion. The method has been used to determine the A G:

+ L]
of H lon and other ions |\ndifferent solvents. The method has

147 o +
been used by Kalidas et al to measure A G, (H') in different

methanol-Water, propylene glycol-water and imethanol=propylene

Jglycol mixtures,

However, the presence of considerable amount of indifferent

=
electrolytes should change the solvent structure, E ~values awid

thus the medium effects. The diffusion conatants of ferrocene and

ferricinium iona may also be unequal. It has been shown by

148

Alfenazar et al that the contribution of the solvent molecules

to the Alffusion potential can not be neglected and is8 a function
of solvent composition and the nature of electrolyte., The primary
medium effect 12 the most important contribution to the diffusion

potential, The diffusion potential.between electrolyte solutlons
in methanol-water mixtures can not be suppressed by salt-bridge.
Ferrocene may have residual electrostatic component of the .'I.on96
and specific interactlions of the redox couple with water and ot her

4
solvents are also knownlz » There may be uncertainties in the

4
crystal radil of ferrocenez

28
(3-8A°) and ferricinium (3. 3A°) ions.!



|
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Some other redox couples were also studied with relatively !

litt le success. The couples are ferrocens/ferrocinlum picrate, |

149 ] |
ferrcin/ferriin couple y 4, 7-dimethyl ferroin/fl,'?-d;xrethyl

-

151-152 l
ferriin couple , bls diphenyl chromium (0.1) couple :

. ‘ ]
with relatively little success. - ;

102-106,153,154 : l
Parker and Cco=wWOLKers . feel thnat the [

i
ferrcgene assumption is not valid when water is one of tne sSolvents.
Parker and alexander recommended the cells of.the type

Satd.
NEt4,PiC

o - |
Ag(5){ AgNO,, 0.O01M
\ 3 in solvents

in CHéOH

|
Ag(S)\ AGCL0,, 0.01 M| 0,01 M NEt,Pic| 4gCl0,,0.01M g :

solvents in solvent in solvent ©
S or ©

to Jdeterinine medium effects. The bridge electrolyte contains :
’ |
tetraethy lamonium picrate having large and comparxable anlon i
) |

and catlon sige with no speciflic interactions with the solvents,

as apparent from rowgily equal melar conductances in all solvents

studied. Thus tne ligquld-junct ion potential Eq can be neglected. i

|
153,154 : :

Parker and co~Workers also measured the potentlal |

+= :
of fic/foc couple agalnst the A /ag electrode in fifteen solvents
using the cell ' |

ag] 0.01M AgCloy |(NEtg)ClO,,0..1M |0.002M Fic/Foc |Pr(G)
(NEt4)Clo, solvents 0,02 (NEL4 )C 10, T
in solvents S , in 50\1vent [
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Thus the values based on the ferrocene assumption can be readily

converted to the negligible Ej assumpt ion.

However, the suppression of EJ by means of a salt bridge
is impossible as the liquid-junction potent ial Ej at an interface
of tWo different media is itself primarily a function of the

: 148
medium effects for the single ion transporcted across it »

Lxtrapolation Methods:

The c¢xtrapolation metnod nas its origin 1 the vworka

of Izmaylovlss ¥157 who assumed GO@ an infinitely large ion —

to be zero and all signif icant components of the solvation enexgy

]
G of an ion are functions of l/::n (r = cz‘ystallc;rapnic radius,

n=1l-4 or 6). He plotted therruodynamically allowed combinations
like (GM - GH) vs 1l/r, and —(G + G ) va -l/r (1 = alkall metal

ions, X = halide ions) and used extrapolat;ions to get "GH at
(/) = 0. The plot of[ ( vs 1/r v "
&

Ax 1 o+ .1 improves the value of G . Izmaylovba"lsv
2 M ¥x

also considered solvation of lons as complexy format ion between

solvent molecules (donors) and ions with vacant orbitals as

acceptors.

i.

He determined the solvmt¢01 energles of anions and Cations

from the plots of (GM + Gx ) vs 1/n2, (GM - GH).VB 1/a? and

- G ' . -
[-Gl + Gy X :' v5 l/n r (0 = 344,5 etce) for different

2
isoelectric pairs like (Na*, ™), K%, c17), (R™, Br™) ana

(cs™y I") where n is tne principal quantum number of the lowest
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vacant orbital of the ion. He consldered te second method to be

: o
dfore rellable., However, Izmaylov's assumption that 4G (neut )

account for 1-2% of the total solvation energy was found to be
o

neut
or experimental determination of &Ggeut . Moreover, the cal-

erronéous from the estimates of &G via inert gas assumption

culations of Izmaylov were dependent on the large erroxs involved

in the determination of the dissociation fenergias of molecular
hydrogen, the sublimstion energies of the metal and of atomic
hydrogen in the gas PhaSe‘ énd crystal lattice energles of silver
halldes. The extrapolations are non-linear and generally based

. ) o
on three points. Therefore, in the determination of Aet or

'medium efiect’ large errors are expected.

32-37,158-159

Feakins and thelr assoclates used the e.m.f.

o _
met hods to detexmine the AGt. {(free energies of transfer from
water to different solvents) values of HCl, HBr and HI on one

hand and LiCl, NaCl and KC1 on the other snd utilized the extra.

pelacions
NG (HX) ﬂAG:(H+) + ar;l . e {17y
0 o{ - -] -
and OG, (MCl) = A3, Cl, ) + br, =+ (18)
Ot 0 and « -+ (19)
to get, Ag,_ (H') at =
> t ry
AGE(CI") at 1..=0 * -+ {19a)
M

Catlons are found to be in lower free-energy 8tates in

the mixed solvents compared to water, while the anions show the

reverse trend. Howewr, linearity is poor in most casea due to
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incomplete compensat ion of AH, and TASt terms which agre complex

funct ions of radius and the estimates based ou the dependence of
1/T appesr to be over simplification, tne mgjor contributions to
free energy of solvation arises from ilon-dipele interactlion term

ZeMyr® in addition to Born charging energy beyond the solvation

160 o Q
shell . Inconsistent values of AG, (MC1)vs. 1/x,, and &Gt, (HX)

vs. 1/xry and cther inconsistencies are also noted. Das and

1
co-warkers . Suggested the *‘simultanecus extrapolation' to (rx
O of tne plots of AG, (HX) and AG, (HC1-HX) l.e.8G (Cl

(rx) suitaply aimed at having least discrepancies in the extra-

: o
polated values of AG_(H") ~ 2.303 &rr log Ms  ang AG. %17y +

2 303 RT log _,_% with respect to the experi ®ental values of

&Gt {HCl) vWould lead to éxtra confidence to the extrapolstion

(error = + 0.1 to 0.2 K cal/ion),

The extrapolation method has been extensively used by

Kundu and co-Wworkers to determine the free energy of transfer of

long in variocus solvents.

Hdowever, 1t has been recognized that the solvation energy

of an ion is composed of an electrostatic part AG®, and a neutral

&l
part AGS il.e,
neut,
AG: = Ag®. +Ag®

el nedt 1 (20)

The method has been elegankly put forward by alfengar and

. : 18l
De Ligny and more recently by Kim y Abraham and Liszillso

} =

&
!
|

|

- x") agalinst
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In view of the difficulty in calculating A neut. '

e ions to be equal
Alfenaar and De Ligny took AG ut.Of very larg n q |

to AG of the corresponding uncharged particle of equal radius |
neut, .
but for small ions, a difference arises from the changed solvent

structure arcund the lions of the solvent molecula.
The free energy of transfer of ions between two solvents

including ion-ion, ion-dipole, .ton-quadrupole interactions etc.
is given by,

= + S+ LT TR e (21
(ion) aGneut. = ___Ei,-r - | )

The free energy of transfer of electro-neutral combinations

of ions have been divided by alfenaar and De Ligny into the

contribut ions of the individual ions M and A as followa:

_ o | b c
o : o - (u* a 4 +
G_ (Ha) "AGt,neut,(A ) Act ) + o ;z— -3
H A A
o (22)
QG (H*) - G‘E(M ) +AGt  neug M
2pGS s = B_ 4+ 8. 4 e ' o (23)
t.H b aY r2 )
M M

The values of tle left hand sides can be deteralned experi-

mentally. 'a' is calculated using the Bomn equation from the slope

least square.

l
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vinen the left hand side of the two equationa (22) and

{(23) are plotted agalnst ...1_... , tWwo curves will have a common
r

o)
interceptéth(H+) . The larger the lons, the gréater is the

accuracy of the results.

The extrapolations, however, are non-linear. The contri-

o
butions of AG appear to be considerable and the relia-
t {neut )

o
Pility of the determinat ion of szt(neut) via 'inert gas assump-

tion' has not been proved.

De Ligny and co-workers latter slightly modifled the method

8 16
py incorporating ideas of Buckingham 2 2

84
and Mulrhead-Gould and laildler

y Halliwell and Nyburg

l3-16
Salomnon 6 determined the individual free energles

of sclvation from plot of dlfferences in conventicnal free energies
1

98
vs, .= . Where Ty is the gas-phase radiug of Gouray and adrian
Ty

o
AG (H*) is cbtained from
solv :

o - o = Constant _.2 a° (1"
[ﬁ Gc:‘c:xrw.(M ) - Agconv. (X"Ji\ ry 4 solwv,

. C o (24)
o +
[&Gzonvtl"‘l+) = AGsolv, (M+) -AGSOIV. H™)

o o . o +
’AGCan (}C-) =&G801V' (x ) +6. GSDlV‘ (H J

+ -
M and X are ions of equal charge and radius.

-
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It is Known that the €nthalpy and entropy terms are complex
functions of r, but due to cbmpensation of tne enthalpy and
entropy of solvation, the free energy term is relatively indepen-

-l o
dent of terms higher than r  .AG is found to be

solv (1)

o
Since AG
neut

crystal radii as determined by -diffez:ent workers are nocted. Criss

is dependemt on ionic radius, the cholce of

g .
and sSalomon 8 considered it gdesirable £ o take differences in

(o) : fw]
AG (ion) which automat ically cancelBAGt neu for anions
t,conw ’ L

and cations of equal charge and radlus. The choice of crystal

radius thus becomes less important.

Method Based on 'Reference Electrolytes'

The most ‘widely reep mmended and promising approach to
the estimatioh of 'medium efrects' for single ions{and alao for
the estlnation of partial molar volums), the solvation enthalpies
and other thermodynamic properties of"aingla lons) are those based
on 'reference electrolytes'. The reference e.].e:c:t:rc:lyte:@iilﬁ"96"]'61""'172
should be composed of large symnetrical counter ions of equal size
and solvatlon properties, 8o that the 'medium effects! a"hould be

equally divided between the cations and anions. The central atom
and the charge of such counter ions should be shielded by large '
organic residues to minimize both the charge density and specific

interactions with the solvent.

172 '
Grunwald et al proposed Tetraphenyl phosphonium

tetraphenyl borate ‘ph4PBPh4) as the reference electrolyte.



popowchgs proposed tri.iscamy l-n-butyl ammonium tetraphenyl

borate (TABBPh4) a8 reference electrolyte based on the egquility
of the sr.okaaljad?s radii of ions in water, methanol + acetoni-

trile. Teti‘ap‘nenyl arsonium tetraphenyl borate [TATB i.e.

PhgASBPh 4] has been proposed by Parker and co-workers.

Becéuse of thelr low solubility in 4 fferent solvents,

reference electrolytes are sultable for determining free eneryies

of solvation without uncertain activity correct ions.

The limitations of the method can be summarised a8 follows:

1) The results are based on solubility data and errors mgy arise
from the possiblega

a) formation of crystal solvates
b} micelle formation
c) formatlion of complex ions

d) lon-palr formation.

2) Insufficient evidence or so direct experimental evidence for

the equality of radli of counter ions.

3) approximste equality of StokKes' radli or calailated radii
from models are not real indices of ion-sizes or imply a direct
correlation between transport or thermodynamic properties. DRielec-

tric relaxation, aize of secondary 8solvatilon effects must be taken

95
into account to determine free energies of solvation

4) The method should not be applied to dipolar aprotic solvent,

which different lates strongly between the relative solvation of
anions and cat lons -



Inspite of the defects, the results obtalned with
TABBPh, of Popovych and co-workers and with Ph4ABBPh4 assumpt 1on
of alexander and pParker are in good agreement. Discrepancies

between tWwo methods arises from Parker's use of formal solubility

preoduct rathexr than thermodynawic ion activity product used by
96
Popovych

il
Recent ly, Kim after a critical and extensive study

strongly recommends Ph_4A~BBPh4 as 'reference electrolyte’ to
calculate single lon thermodynamlcs.

176

However, Trelner examined the Ph, ASBFh, assumption

177
through the use of Scaled particle theory outlined by Pilerotti

to deduce that the asSumptibn was not valid for transfer between
Wwater, propylene carbonate, sulpholane, DMSO, N-Me.2.pyrrolidone

and perhaps also dimethyl formamide, a comclusion different from

178

the cbservations of Parker et al and abraham et al. abraham and
Rasehzaden

however, polinted out the llinitations of the s8caled

particle theory in the calculations of the free energies of trans-
fer.

Other Methods :

, 66
{(a) Method of Wells

O, +
The ékqt(H ) values, as calaulated by Wells for different

aguo-~-organic solvents, involve the use of the equation

'AGE(H*} =AGSCH*)Q +AG:(R0H;) -+ (25)
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o _
AGt (H"')e has been calculated by the application of Born equation

to the transfer of a sphere contalning the tetrahedral structure

H30" (H,0),
N_2 - -
QGE(H*)G = e (&, - &, | r -+ (26)
6r
H,©0

o .
The major contribucion is from AGt(ROH;), which covers

all subsequent structural changes induced by the presence of the
o
tetrahedral H30+ (H2034 in the mixed aolvent..AGt (ROHE) hag been

calculated £rom the equillbrium constamt K of the sSolvent sorting
equilibrium.

(H,0) u*

The method has been criticised by Lahir15°"53 and recently

by Blandamer et al.

50=53
{(b) Metiiod of Lahiril and co-Wworkers

Lahiri and co-workers have recently suggested a method for
o
the determination of AG, (H%), using tre dissociation constants
| .
of the 'lsocelectric reactions!
o
IH — L +n*

~ cr (28)

/ Where L = 2,2'=dipyridyl or 4y 10-Phenanthroline . 7> as follows

NG

0

=~2.303 RT log ( Cs )

<0 (29)
Cu

K e ‘
X solv * Roﬂsolv. > [(Hzo)x_lROH] HBOIV. 2%s01v. (%)
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' ~© o
AOGS =DGp () +DogHTy - Acgtu®)

Q
~AG(L) +AGy (')-[AGT(L) + 86 o (tHT)] o (30)

(] (&)
or AGS(H*) =ALG, +AQ

+
t’el(m )

+ 0 (31)

Ag: el (LH+) has been calculated using Born equation.
L}

The utility of ¢he method lies in the fact that We can work

in very dilute sclutions 8o that *salt effecta' can be estimsted

and the solutions are lIn théir respective standard stgtes, a
condlt lon essential for the deterwination 'medium effecta’ of
ions. The AG:(H+) values éalculated by this mat-.hod. have been
found to be in close agreesument with the values obtagined using the
'refefence electrolyte' method.

The method 1s simple and cén be uwilised over the Whole
composit lon range of aquo + oxganic solvent mixtures.

’ o
In the present dissertation the AGt (%) values were

calculated by this method and also utilised to determine tha
"medium effect’ of other lons.

. 172
(c} Method of Grunwald '

For the ionisation of acids Ha (aliphatic acids, benzolc

acid)y and BH+ (anllinium ion, toludinium ions etec) in alcohol +

wWater mixtures and water, we have




v
- m)m = log Y+ + log -.-;.....
' . HA
= log ¥ .+ +mY o (e2)
| Y° v (32a)
snd (kg - BRy) . = log Y, o+ a

where m and My are substituent constants independent of the
A
nature of the Bolvent, Y  and y° are the golvent parameters

dependent on the solvent only.

Y™ = (1 -_wz) * e (33)
o 2 .
and Y = (1w , o (34)

(W = weight fraction of vWater in the solvent )

Now,
- o
- K)o - (g - Pydpgt = mY - my o+ {35)

m. and my are determined by multi-regre_asion matnod which enables

OoNe to calculate log YH"' .

The method, however, is of litt;le value due to the

lnherente limitat ions fegarding the assumptions of. m.

A
179 leg 49
pointed out by Wynne-Jones sy Popovych and Maity and Lahiri .

’ Y'aB

57
Kundu ang Co-workersg recently compared the differene

Methods and found that 'extr:a_polation method' always give more

_ o
negative values of AGt(ions). The 'referenee electrolyte! met hod

has been advocated to be the best method though the linitat ions

are Known, The AG (H*) values in ethanol + water mlxtures
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det ermined by Lahiri and co-wWorkers show qualitative and glmost

quant itat ive agreement with the values determined using * reference

electrolyte' method.

Recently, Lahiri et al has taken into conslderation the

calculastion of Aogﬂion-dipole) interactions in the calculation
Q...
of AGt(H") ton> >

Padova nas listed the values for the lonic free energy of

transfer from wWwater to methanol obtained by various methods used
by different workers and compared thelr results wWith those of

180,181
Case and Parson's

for the real free energiles of transfer
of ions. 5imndlar discrepancies are also apparent from the scrutiny

o
of Tables for AGt(H"') (and other ions) given by Criss and

98
Salomon . The resultd shoWw that not too rellance should be made

on a particular method.

Kolthoff sounds a note of warnlng not to accept a value

of an activity coefficient, obtained on the basis of the above

assumptions with water as a reference solvent, a8 the t-rue value,

9
AS pointed out by Popovych ¢ the ultimgte goal will be to compare

the results of the various empirical methods wWith those calculated

from stat ist ical-mechanical models for solvation energies on thsa

‘theoretical side and with measured simple electrode potentials on
the experimental side.
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Enthalpy and Entropy of Transfers

From the discussions, it is apparent that inspite of
limitat ions, reasonsble estimates of single ion free energies can
be made.

However, there has been only few attempts to divide A He

of electrolytes into single ion values from the vast collections

of enthalpy of transfer of electrolytes.
183 184 1
sceording to Feakina and Ben Naim the individua

ionic contributions resulting from ion-solvent interactions to

A}{S.and Asz are of great importance because they reflect lmpor-

tant structural differences in the behaviour of lons in various
sclvents which are completely 1ost in the simpler free energy
terms due to compensation of AH and 'rél&t terms. It i8 clear
that aHt (ion} and As (ion) are difficult to evaluate and any
cquest ionable assumpt ions regarding the physical model for the

calculations could lead to large uncertaintles in the resulting

185
AHt {ion) values .

The relationship between ionic enthalples of solvation

A86~133
or of transfer and structure is not clean - The enthalpy

of sclvation is dependent not only on the degree of ihgraaaa .Qr
decrease in the structure of a solution but also upon the eneryy

of .'each bond. 50, there may be some relatlonship between enthalples
and Btructural ﬁroperties of solut lon, surely it will not be

simple one. Moreover, there is little agreement on how to divide

enthalpies of transfer into lonic components and there are- lack
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of fundamental data in most cases. The ionic solvation enthalples
aré only rarely avallable a8 the enthalpies of formation of the

gaseous are either not known or impossible to cbtain. Considerable

98, 194
disagreements (a8 high as 50 K cal) '’ in the single-~ion values

in water have been reported.Consistent results are not given by
195-198
methods such as

i) extrapolations of enthalpy values of alkali metal

ralides or tetraalkylammonium halldes with respect to lonlc

radius or lonic volume to zero reciprocal radius or,

1i) twe assumption that the enthalpies of transfer of both

cryptates of alkall ions and the corresponding free ligands are
196
ldent ical

o
Very few determinations of AH, of lons, mainly based on

3 (o] -
AHt (Ph4AS )y = Aﬂt (Bph4) have been madelBS, 189' 197

« Friedman
197,198

and co-workers recommended the use of propylena carbonate

{pc) as an ideal solvent for lons and transfer enthalples from pe
to other sclvents havé been evaluated and explained in terms of
struwtural effecta. However, serious deficiencles of the mode 1
AH (Phyas™y =AHt (BPh7) have also been reported though the

method has been utilised by Choux and Benoitlgg 188

. Julliard and
more recently by abraham (who used Ph4PBPh4 and Ph,ASBPh, ) Single

ion values would definitely be of great help in elucidating the

solvent structure and the different aspects of the ion-.solvent
lnteract icns.
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From the discussions, it 18 agpparent that the proper

understanding of the solution chemistry and the ‘medium effect’
is yet a challenging task. It 18 necessary to have a collection

of accurate data for the free energy amnd enthalpy of transfer

of large number of electrol_ytes' together wit h the free energy
and ethalpy of transfer of neutral electrolytes of comparable
size to understand the 'medium effects' of sinyle lona. Compari-
sons of the results with'the values reported for "refereqce
electrolytes" would be of great help in the proper elucidation
of solutlon chemistry. The dlfferent methods of kKnowing the ion-

solvent interactlons ahould be properly explored.

The present thesls embodies some thermodynamic studies

based.on solubility, spectrophotometric and conductometric measure-
ments, on lon-solvent interactions in some non~aquecus and mixed
agqueous co-solvents. The co-solvent chosen for auch studies are

two cello solves viz. methyl cellosolve (2-methoxy ethanol, Mk)

and diwethyl cellosolve (1,2-dimethoxyethane, DME ).

2-Methoxy ethanol (ME) and l,2-Dimethoxy ethane(DME)

Chemically these solvents axe mono- and dimathfi ethers of

ethy lene glycol (EG) - a solvent well astudied with regard to lon- )

solvent interactions. The study on lon-solvent interactions in these

cosolvent systemé are likely to reflect the effect of increasing

number of methyl groups (electron releasing inductive effect) and I\
. . i
decreasing number of OH groups.
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00
IR studieaz indicate that the prominent configurations

of ME molecule is the gauch form to facile intramolecular hydrogen
bonding as shown in structure Ia. Since no intramolecular hydrogen
,bonding 1s feasible in pure DME, the predominentconfiguration of

DME is the trans of IB.

Simple consideration of wmolecular structure indicates that
due to the presence of electron repelling inductive effect of
G, group in methoxy group, ME 1s more basic than ethylene glycol
and watex. Also, the restricted availabllity of the acidic H-
atom of OH group makes ME molecules less acldic than ethylene
glycol and water, thus lmparting a 'quagi-aprotic! charac;er to
it. On the octher hand, due to the inductive eifect of two c—la
groups, the two O-centres 5f DME molecules are more baslc as
compared to that of water, EG and ME. But due to the absence of
any aclidic hydrogen atom DME 1s g typlcally aprotic solvent.

Moreover, the basicity and proticity are likely to be

related through co-operative structure of H-—bonding201 between

the co-solvent and water molecules in agqueous solut ions. Thus

in ME + H,0 system, the possible H-bonded co-solvent water comp lex
of the type ITIA is also more basic and less acldic than ‘wat.er

and EG-water mixtures. In DME water system the po-ssibll-e H-bonded

aquo-DME complexes are of the type IIB and IIC, in equilibrium

With each other, the former predominant at water rich composit ion,
the later at water deficient compositions. It 1s to be noted that

Bince a gauche form around -CHZ—CHZ- group is likely to be wore




petween trans and gauche forms in favour of gauwhe form as shown
in IIC. In agqueocus solutions of DME both IIB and IIC are more

i
|
l
~42- \
¢avourable for association, 1t may influence the equilibrium |
pasic and less acidic than ﬁatEr, nence the mixed solvents asd a \

Wwhole are likely to be increasingly more basic and at the same
time less acidic¢c than not only toO water but also to ME. Thus
the order of basicity to be s Water{ ME {DME. also the relatlve
acidities would increase in the reverse order.

Studies on fundamental physico-chemlcal proparties like

202 203
density , dlelectric constants for Mg Water mixtures have

been reported at di fferent temperatures throughout the compositiocn
rarge. Both properties are found to decrease monotonically with

composition. For DME-Water system also these values at different

200 203
temperatures are avallable  » Desnoyers and co-workers have

reported apparent molar volume and heat capacities of agqueous ME

: o
at water rich compositions at 25 C and showed that ME behaves as

a falrly typical polar non electrolyte in water. Heat capacity

and hegt of solution of Mk and DHEZO4 have been reported by number
of Wworkers. Partiszl molar volumazo5 of ME and DME have been studied
with water. The change in free energy, entropy and enthalpy assoala-

ted with transfer of ME and nME from ideal gas phase to dilute

Notably enough, relatively few studies have been reported

With agueous 2-methoxy ethanol, and 1,2~dimethoxy ethane as solvent

o
|
|
o 206 \
aguecus solution at 25 C have also been reported. l

|
media. Renard and Justic3207 \

- studlied the conductometric behaviour

of CsCl in DME-water mixtures as compared to dioxane-water and
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THF-vWater mixtures and tie di;Efefences observed for the lon-

associat ion were interpreted in terms of difference iﬁ aprotic
.nature of the organic molecule and that of uzo. Solvent effect
of DME, on sodium salt lon-pairs, as compared to THF and other

208
solvents Were studied from NMR spectra. Conductance behaviour

of ion pair formation of tetrabutylammonium bromide in agquo-
209
ME at 25 o(: was interpreted on the basis of modification of

21o
wgter structure, depending on the nature of the 8ystem. Saits

studied the relation between the structure of water mixtures of
nrganic solvents, thelr solvat ion and cation exchange selectivity

211
of metal ions 1in aquecus—ME. Morel and co-workers 71 also pre-

dicted the relation between free energy of transfer and selectivity

of an.ion exchanger. activity coefficients of NaCl in water

: : o 212
mixtures of ME and DME at 25 C were studied by Richard et al

The dissociation constant8 of certain aclds and bases have also

213 214
been reported in ME + H20 and DME + 1{20 mixt ures.

Works involving pure ME and DME are comparatively large

in number. Of these, studies on dielectric properties ét various
215 '

temperatures of ME and DME » S8olubllity studies on alkali metal

chlorides, temperature dependence of elegtrolytic conductance of

216
salts in ME » calculation of ionic solvation, free energiles

and entropies of transfer of gaseous univalent ions using conti-

217 218

nuum mode 1l in DME y dissoclation constant studies of pure ME

and various thermodynamic studies, density, dielectric properties,

viscosity <tc are noteworthy. studles on the rate of formation
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219
and stability of some organometallic complexes in DME are

also very much useful as they provide sufficient evidence for
the existence of specific cation solvating effect of the solvent

and such studles first led to the prediction of tetra-coordinated

: Q
DME-alkali metal ion complexeszz y @ view stlill considered as

valid and is very much useful in studies of joun-solvation of

DME.

Again ME and DME are commercially Known as 'cellosolves’

being used extensively as a solvating agents for cellulose. ME

£inds its8 use in various chemiecal reactions, and in analytical
221

222
pract ice s in acid base conductometric titrations y €lectro-

lytes for nigh voltage capacitors and anti-icing additive faor
ajr-craft fuels. DME 18 used, novw-a-day8 ezxtensively as an

electrochemical solvent in non-aqueous battery electrolyte, and

also a8 solvents for the preparation and reaction of organo-alkalil

2159a
and organo-alkaline earth compounds . Conseqguently, the
Know ledge of ion-solvent ihteractions of different solutes in

these sclvents are, therefore capable of indlgating t he potential

usefulness 1in various technoloyies, e.g. high energy non-agqueous
batterivs, ion exchangers etc. Transport parameters of electrolytic

. _ ' 223
solutions sucn as lonic conductance 2 and viscosity, thermodynamic

parameters such as solubllity, dissoclation constant can provide
iqformation concerning the nature of the kinetic entities from
Wwhich the ion-solvent interactions can be inferred.

We have, therefore, devoted our attenticn £o the study

of thermodynainic properties in ME,DME and thelr agueous mixtures.
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