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Abstract

lon transfer across the water/owdichlorobenzene
interface has been investigated by ac cyclic voltammetry
from the peak of which the half-wave potentials of the
ion studied have been determined. The =mero point on the
{rp~scale has been fixed using 10 mM PNPDCC saturated
with TPAsTPB as a base electrolyte in o~DCB. A wide
potential window has also been obtained by employing
tetradodecylammonium dicarbolliylcobaltate (III) (TDADCC),
as supporting elecitrolyte in o-DCB, The values of the
standard Galvani potential difference and the standard
Gibbs energies of partition for individual ions in
0~DCB have been evaluated taking into account ion
association in o-DCB, The association constant of the
base electrolyte in o~DCB has been determined from
concductivity measurements. The standard Gibbs energies
of partition for some ions in the water/o-DCB system
have also heen determined from solubility experiments.
These have been compared with the values cbtained from

voltammetric experiments.

Preliminary stuiies on the electrical double layer
across the water/o-DCB interface have been made using
the impedance technique., The experimental interfacial
capacitance have been compared with the theoretical
diffuse layer capacitances calculated by the Gouy-

Chapman theory.




1, INTRODUGTION

In recent years the electrochemical phenomena at
1iquid/liquid interface have attracted a great deal of
interest due to the wide range of application of these
systems in chemistry and biology. Although the
investigation of the polarization of the interface
between two immiscible electrolyte solutions (ITIES)
is small in scope compared to the study of metal/
electrolyte solution interface, studies of such system
may be used to extend the field of analytical
voltammetric methods ahd may serve as very simple
membirane nodels, An iTIES may supply information in
the studies of liguid mewbrane ion-selective electrode,
bilayer lipid membranes, phase ftransfer catalysis and
two-phase electrolysis, because charge transfer processes
across the ITIES can be studied by standard electro-

chemical methods.

The properties of o-dichlorobenzene (g =10,03,
(20°C)Ly= 1,306 g cmj31)= 1,324 cp, solubility in
water 2.7x10-3 mol 1_1, solubility of water in o~DCB

2,2x10" ]

mol 2_1) make it a promising non-—-agqueous
solvent for the studies of liquid/liquid interface.
The purpose of the present work is to determine the
standard Gibbs energles of ion transfer from water
to o~dichlorobenzene, and hence the standard galvanil
potential difference and the half-wave potentials of

some ions between water and o~DCB (about which very

little is known /35/ )} from voltammetric and
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solubility experiments, The daduble layer capacitance
data for the polarized water/o-DCB interface have not
been so far reported., Hence the present work also
inolude a preliminary study of double layer capacitance
of the water/o~DCB interface in the presence of different
electrolytes in each phase by ac impedanoce technique and
a comparison of the experimental results with the

theoretical capacitance of the interface calculated

by the use of the Gouy-~Chapman theory is made,



2. LITERATURE REVIEW

The first paper describing the electrical
properties of the interface between two immiscible
electrolyte solutions (ITIES) is the work done by
Nernst and Riesenfeld (1) which dates back to 1902,
Some time after the results of Nernst and Riesenfeld,
research on ITIES was restricted to the study of
equilibrihm eloctrical potential differences hetwean
an aqueous and a non-—-aqueous phase in contact in the
presence of various electrolytes. AH exact thermo-
dyhamic trcatment of the ITIES was obtained by
Bonhoeffer et al, (2), and in more detail by Karpfen

and Randels (3).

Gamstalla (4,5) observed changes in interfacial
tension when an electric current was passed through
the system of cetyltrimethylammonium bromide in watoer
and in nitrobenzene, He thought that this effect is
due to the electrical field arising at the electrode
during current flow, He termed this effoct electro-
adsorption, Using the Nernst-Riesenfeld approach,
Blank (6) analysed the interfacial data and showed
that the effect of electroadsorption is excliusively
due to the accumulation or depletion of surface-
active electrolyte at the interface. These étudies
also led to the discovery of mechanical interfacial

movement, A similar approach was used by D'Epenoux
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and Gavach (7,8) and also by Joos et al. (9, 10).

Electrochemiocal phenomena at the ITIES have been
reviewed quite thyoughly by Koryta (11, 13, 14), and
also by Koryta and Vanysek (15), by Vanysek and
Buck (16), by :Gidadkt.mndi Bhiefrixt (17) and by

Vanysek (18).,

The most extensively used experimental techniques
in the ITIES studies are chronopotentiometry (19-21),
polarography with electrolyte dropping electrode
(22, 23), cyclic voltammetry (24-27) and impedance
measurements (28)., A new method for evaluation of the
capaciltance of ITIES and the overall ohmic potential
drop 18 the fast performance galvanostatic pulse

technique {29-31),

For electrochemical processes involving water/
organic solvent systems, Koryta and Vanysek (15) have
listed the following requirements for the choice of the

non-aqueous solvent,

1+ The organic solvent must dissolve only small
amount of water, since otherwise the base electrolytes
cannot be confined to their respective phases and no
sultable potential range for polarization of the
interface would be found,

2, The solvent should be sufficiently polar (with
minimum relative permitivity of about 10) to safeguard

sufficient conductivity of the non-aqueous phase,
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3., Its density must differ considerably from water

80 that a stable interface could be formed,

Besides the well established nonuaqueéub solvents
ndtrobenzene and 1,2-dichloroethane, solvents like
acetophenone (32), o-nitrophenyl ether (33), chloroform
(34,35), o-nitrotoluene (34), benzonitrile (34, 36),
diochloromethane (37), and nitroethane (38) have been
used. In addition to these water/pure solvent systems,
mixtures of solvents like nitrdbenzene + chlordbenzene
(39), nitrobenzene + benzene (40), and nitrobenzene +
benzonitrite (32) have been used, A large number of
organic solvents have been Used by Kihara et al, (35)
for the investigation of the half-wave potentials of

ion transfer by the polarographic method.

The potential range where the transfer of individual
ions can be investigated without interference of the
transfer of the ions of the base electrolytes depends
on the hydrophilicity of the ions of the base electrolyte
in the agqueous phase and on the lipophilicity of the
ions of the base electrolyte in the organic phase {(11).
These supporting electrolytes in the aqueous and organile
solvents should have an appropriate solubility 1in each
phase. And also they should be composed of ions that
are stable and hardly transfer to the other phase,

A wide potential window can be attained when the support-
ing electrolytes in the organic phase are composed of

monovalent ions having large loniec radii. The ions
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tetrabutylammonium (TBAY) (11), tetraphenylborate (TPB™)
(11, 42), 3,3-~como-bis (undecahydro~1,2~diecarba~3-cobaltaw
closododecarbor) ate(DCC”) (42) and dipiorylaminate (DpPa™)
(h1) have bheen widely used as suitable components of the
base electrolyte in the organic phase. In order to
extend the potenfial window towards more negative
potentials, tetraphenylarsonium (TPAs®) (41), Crystal
Violet (41, U45), and py-nitrido-bis (triphenylphosphorus)

(PNP*) (42) ions have been employed.

For thermodynamic studies of ion transfer across
the ITIES, standard Gibbs transfer energies or standard
potential differences for single ilons are not accessible
to direct measurements, since they are always related
to the corresponding quantity fer another ion (43),
Using the 'TPAs TPB assumption!, which states that the
anicon and cation of TPAsTPB have equal standard Gibbs
transfer energies between an arbitrary pair of solvents,
Rals (44) and, Czapkilewicz and Czapkiewcz-Tutaj (46)
evaluated standard Gibbs energy of ion transfer from
water to nitrobenzene and from water to 1,2-~dichlorocethane
respectively., The values of standard Glbbs energy ef
transfer of lons were compared with solubility data by
Abraham et al, (47), The standard Gibbs energies of ion
transfer between various solvents have been critically

reviewed by Marcus (48),

Concerning double layer studies, the first quanti.
tative treatment of the electrical double layer at the

ITIES was conducted by Verwey and Niessen (as quoted in
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For the double 1ayerrstudies of ITIES, electrochemical
cells with a planar or spherical 1iquid/liquid bhoundary
have been in common use., Senda et al. (54) and Buck
et al, (35) stressed that the flatness of the boundary
and the geometric configuration of the four eleotrodes
are of critical importance for ensuring the homogeneous
polerization of the interface. The ohmic potential drop
(the solution resistance) between the tip of the Luggin
caplllary and the point Just outside the interfacial
.region on each side of the interface tan be compensated
by means of positive feed back {53) and algebraic
subtraction (29, 56) under the potentiostatic or galvano-
static conditions respectively. Brauzzi and Uhlken (57)
have shown a new method of IR drop elimination by the
application of a potentiostat based on a periodic current

interuption to a four electrode system,

While the interfacial tension of the ITIES may be
measured directly, the differential capacitance of the
double laver at the ITIES has to be evaluated through a
careful analysis of experimental data. Gavach et al. (58)
used the drop-weight and Buck et al. (59) the maximum
Bubble pressure methods to measure the surface tension of
the water/nitrobenzene interface in the presence of
bromides of sodium and tetraalkylammonium ions in water
and tetraalkylammonium tetraphenylborateé in nitrobenzene.
Comparison of the experimental surface charge densities
with those calculated by the help of GC theory indicated

t;
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that the potential difference across an ITIES 1s concentrated
in the diffuse double layer (58, 59), Kakiuchli and Senda
(60, 61) measured, by the dropwweight/drop~time method,
electrocapillary curves for the systems nitrobenzene
solution of tetrabutylamprionium tetraphenylborate(TBATPB)
and aqueous solution of LiCl. Their results showed that
the zero~charge potential difference was practically
independent of the concentration of both the electrolytes,
Girault and Shiffrin (62) conducted surface tension
measurenents of the interface between KCL in water and
TBATPB in 1,2~dichlorocethane. The values were in good
agreement with the doubly integrated capacitance obtained

from Galvanostatic pulse measurements,

The impedance of an ideally polarizable interface
can be measured by means of alternating-current bridge
(63) or phase selective detection (61, 63). The results
were presented in the form of complex plane impedance.
%pe high frequency semi-circle observed in some cases
was shown (64) to be due to a capacitive coupling between
the reference electrodes or was ascribed (50, 65) to the
geometric bulk-~phase capancitance. Recently Chechirlian
et al., (66), through impedance measurcments in low
conductivity media, have shown that the conductivity of
the media, the‘design of the reference electrode and the
geometry of the cell all have a role in affecting

impedance measurements at the high frequency limig.



- 10 ~

Capacitance datn have so far been reported for the
water/nitrobenzenc (51, 64) and water/1,2-dichloroethane
(63468) systems in the presence of different electrolyves
by measuring the surface tension (50, 59, 61) and

impedances (63, 6h, 68),



3. THEORY

3.1, Equilibrium Conditions

For a system contalning an ion i of charge z parti-
tioned between two immiscible liquids, say « and B
i) == 1 (B)
the equilibrium condition is that the electrochemlical

povential ﬁi of the ion in the two phases must be equal,

Py ) = By(m) ()

ﬁg(«) + RT1na, (&) + ziFQE(x) = pg(g) + RTlnai(B)(+ ziF?i(p)
3.1.2

where P;’(Lx) and p;(ﬁ) are the standard chemical potentials,
ai(cx) and ai(p) are activities and \Pi(tx) and ?i(j}) are

inner potentials of the don in the phases & and B

The inner potential difference betwesen the two phases

can be obtained from a rearrangement of equation {3.1.2)

Ao9= @ )-R(8) = p(p)pS(x) + RTina,(p) (3.1.3)
2 F z,F 1 A
oxr
a9 - AR RTlna, (3) (3.1.4)

z{¥ a, (&)
where g"éxg_o= Yri(ﬁ)-—}li(a)} /ziF = —-A_G:’g.("‘P/ZiF (3.1.53)

y i
&@z is the standard Galvani potential difference between
the phases («x and B, It is defined as the equilibrium
value of the Galvani potentiXl difference tﬁﬁ, at unit

ratio of ion activities a (}3) and a.(:x).A‘I—l—c”""x"'j3 is the
‘ i i t,1
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standard Gibbs eneorgy of transfer of ion 1 from solvent

o to solvent ﬁ.

Provided that the standard Galvani potential
difference can be obtained experimentally (from voltaw
mmetry or chronopotentiometry), the standard Gibbs

energles of transfer of ions can be calculated from

eqil. (3.1.5).

The transfer of ions across ITIES studied by de
cyclic voltammetry follow formally the same laws as
those governing election transfer at the metal/electrolyte
solution interface, At low sweep rates, ion transfer is
diffusion controlled, and hence the current response of
the system to a triangular potential signal can be treated
in the same way as a reversible electron transfer reaction

(69). Hence the current potential relationship is given by

1= ZB/ZFAGE(DiVII)%x(at) (3.1:6)
where A is the area of the interface, c? is the bulk
concentration, v is the sweep rate, Di is the diffusion

cocfficlent and x(at) is a current function (69).

The peak potential of ion transfer'ﬁ?gii obt;ineds'. ﬁ/H
from the cyclic dc voltammogram 1s related to the polaro-
graphic half-wave potential 5‘9%,1 at 2500 by the relation
ALPp’i =ALP%’1 + 0.0285/ 2 (3.1.7)

The (+) sign stands for the positive current and the (-)
sign stands for the negative current potentials.The
A‘P%,i in turn is related to the standard Galvani potential

difference by the equations
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Xy, = Ape BT 1nPy &) , BT 1n ?i(:ﬁ) (3.1.8)
V4 i “22F D (p) * #F ¥ )
Taking ion association into account in the organic phase
(for low dielectric permitivity organic solvents) equation
(3.1.8) is written as:

D.(w) (.(O)
o _ ¢ RT 1n "1 RT 1n fi
451,14 —A\Pi *oZr D, (0) " zF AL )

R (Oy %
RT lni1+KAC x4 ) } (3.1.9)
(4]
- A Dy o).

where C0 and  are the analytical concentration and degree
of dissociation of the supporting electrolyte in the
organic phase respectively. KA 1s the association constant
of the ion investigated wiih the respective counter ion

of the supporting electrolyte, Di and DA are the diffusion
coefficients of the ion transfered and the associated ion
in the organiec phase respectively.\'%(w) and ¥+(o) are the

mean activity coefficients of the ion in the respective

phases.

The half-wave potential difference A*%,i’ can also
be obtained from ac cyclic voltammetric experiments using
the theory of ac cyclic voltammetry (70). According to
this theory, for completely reversible ion transfer
processes the forward and reverse ac scans should yield
overlapping peaks in the plot i(wt)vvs ;&Lgc, passing
through a maximum at‘gqi. Furthermore, the half-peak
width should be 90 mV regardless of the sweep rate 1if

the system behaves reveraibly.
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3.2. Non-Polarizable Interface

A non-polarizable interface is formed between two
immiscible solvents « and B when a single binary electro-
lyte MA, is dissolved in both phases. The system can be
representeé as (15): |

MrAT | MTAT (3.2.1)

() {} (B)

where the perpendicular strokes represent the interface.

The Galvani potential difference between phases
and B is given by (71):
A= [ p)HPM+(«j]/F +RT/F 1n(ay+(B) / ay+t(x)] (3.2.2)
={pa-(B)py= ()] /P - RI/F 1n{ a,~(8) /a,~(x)] (3.2.3)
After adding the two equations and dividing by 2 we get

AP =080+ AP 4w an ot (Pa () (3.2.4)
> ar  ayxlx)a,=(B)

substitution of (CY) for the activity resultst
o [%] o

AP =A * + 0 L‘OA" + RT 1n i+ (B) };X-—(ix)
E 2F

(3.2,.5)

where ¥ 's are the activity coefficients of the species

in the respective phases,

3.3. Ideally Polarizable Interface

As shown by Koryta et al, (11), a system can behave
as an 1deally polarizable interface when two different

electrolytes M1A1 and M,A, are dissolved in two immiscible

272
liquids « and B respectively., It can be represocnted as
MiAgfl Mahy (3.3.1)
&x) (B)
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This is possible when the electrolytes have the property
that the standard Gibbs energies of transfer for the ions
M? and A? from phase w to phase J are large and positive
(GGt’§;B and AG B »0) and the opposite is true for
ions M, and A} (bG :‘;;_‘5’3 ani &G‘;:'f:‘.:_.ﬁaco). The Galvani
potential difference AP, between the two phases is
determined by the charge at the interface which is

supplied from an external source, but not by the activity

of the ilons.

3.4. Ionic Standard Gibbs Energies of Transfer

For a salt MA distributed between two phases « and B
M () + AT(x) =2 MT(3) + A7(3) (3.4.1)
The standard Gibbs energy of transfer of the salt M+A”

from « to B is given by (17):
AGt’;,{mﬁ (',]»‘M"'(,B) +/UA'_(}3].—IPM+(K) +}1A""{§r{)] (3 b, 2)

The standard Gibbs energy of transfer of the salt,

AGt'ﬁ;B is a thermodynamically moasurable quantity that

can be obtained from the difference in energies of
solvations of the salt MA between solvent « and solvent ﬁ.
It is also equal to the sum of the standard Gibbs energies

of transfer of the cation and anicn of the salt, i.e,

0 4K~

8 Gt MA

3 =/.XGt";;"’:B mc}g:;:ﬁ (3.4.3)

where the standard Gibbs energies of transfer of the ions

are given by

4] 0(") L) [ ) -
Acy P = p3(8) - plw) (3.4.4)
o maB P
However, & Gt 1 of individual ions are not accessible
¥

to a direct measurement. 7To make their quantitative
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measurement possible an extra thermodynamic assumption
must be made. Of the many different assumptions (73),
the "tetraphenylarsonium tetraphenylborate (TPAsTPB)
assumption' is widely used. This states that standard
Gibbs energies of transfer of TPAe® cation and TPB~ anion
are equal for any pair of solvents., These ions are
symmetrical species of much of the same size and shape so
that the charge 1s buried under the phenyl groups. From

this assumption we have:

0,x=8 0 y%x=B - 0,X33
A rpastt = A6y e~ = F06 ipheren (3.4.5)

On the basis of this assumption a scale for standard Gibbs
energies of transfer of dons from one solvent te another
can be obtained. For example the standard Gibbs energy of

transfer for chloride ion can be determined from partition

i 0 K8 O ,%x 8
experiments by determining Gt,TPAsTPB and &Gt,TPA501
between the two solvents. The value for the chloride ion

transfer can be obtained from the relationt

0,x+8 _ 0 ,%X~+B _ 14a0 2B
BG01m =80 phsct ~ P40 mpasTeB (3.4.6)
Again from the same assumption the standard Galvani
°
potential difference for individual ions é#i, can be

calculated from equation (3.1.5).

For voltammetric studies of ion transfer processes,
the TPAsTPB assumption can be employed for fixing the
absolute value of the Galvanl potential diffexrence of
ions. If TPAsTPB is used as a base electrolyte in the

organic phase and List4 or LiCY in the aqueous phase,



- 17 =
the voltammogram will be limited at the negative potential
by the transfer of TPas? cation from the organic phase to
water and, at the positive potentials, the voltammogram
will be limited by the transfer of TPB anion from the
organic phase to water, The zero point of the potential
scale is then fixed (see Ref. 33).

& - .
A% B, (TPas™) + 0% (TPET) = AY = o (3.4,7)
2 2
2
Theoretically AG?’?+ﬁ can be calculated by taking the
L

difference in the standard Gibbs energy of solvation
and hydration in the organic (f) and agueous (x) solvents
using the relation (74).

O,%»B o, 0
&Gt,i = &Gs,i” AGh,i (344.8)

wherethg’i }g the standard Gibbs energy of solvation and
AGg,i is the standsard Gibbs energy of hydration of the
ion 1. The standard free energies of solvation of a salt
can be obtained from solubility experiments using the
relation:

AG’ = -RT1ln Koo (3.4.9)

2y 2
where K_ = (Cox) ¥+ (3.4.10)
The standard Gibbs energy of solvation AGz, can be

split idn to an electrical contributioni&GZ, and a
neutral contribution-éGz (74%,75).
o _ ) AP
AG] EAGG + 8q (3.4.,11)
The neutral contribution AGE, is defined as the Gibbs
energy of solvation of a non-polar gaseous solute of the

same size as the ion considered,
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The celectrical contribution can be calculated using
a one-~layer solvation model in which an ion of crystalllo-
graphic radius a and dielectric constant unity is
surrounded by a layer of solvent of thickness (b-~a) and
dieleotric constant €., and immersed in a bulk solvent of

dielectric constant %0. The electrical contribution is

given by (17)

£G° - N!ze!z (

e  BITL
0

1 -1)( ) + (1 -1)1 (3.4.12)

enl-

The radius of the solvent molecule calculated from the
bulk molar solvent volume (V) using the 8Stearn-Eyring
formula 1> = Vv/8N, can be taken as the thickness of the
solvent layer b~a while the dielectric constant ET'of this

solvent is taken to be 2 for all organic solvents,.

The neutral term is expressed as a first-order
polynomial of the ionic radius (75)

L\Gz = ma + © (3.4.13)

where m and ¢ are constants, the values of which for

several solvents are known {75).

The standard Gibbs energies of transfer of ilons
described above refers to the transfer of ions from the
pure solvent & to the pure solvent p; It is different
from the standard Gibbs energy of pgrtition ﬁGp’EﬁB, which
refers te the transfer of ions from the solvent w saturated
with B to the solvent 8 saturated with &x. The latter is
given by

QG‘ !\x'ﬁB [PM+(3SHt) + }]An(’Bsat‘\ [}JM"!-(\xsat)'l’).l! Ofs::lt)—l

= -RT1n P3P (3.4.14)
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where Pﬁﬁs is the partition coefficient glven by

Pﬁﬁg - aM+(?sat)aéf(Bsat) (3.4.15)

aM+(msat)aﬂn(xsat)

In the case of solvents of low miscibility, the ionie
standard Gibbs energy of transfer is equal to the ionic
standard Gibbs energy of partition showing that ions are

not hydrated in the organic phase (17).

3.5. Ion Assoeciation

Calculations of standard free energies of solvation
5(}:, in low dielectric non-aqueous solvents through
solubility measurements have some technical difficulties,
because the electrolyte 1B such solvents will be dissolved
not as a pair of ions but also as ilon pairs M*A”, ihere—
fore the values of the association constant KA’ for the
equilibrium:

M¥(solv) + A7(solv) =2 MYA (solv) (3.5.1)
must be known or capable of being estimated, If the

stoichiometric concentration of M'A~T is C and its degree

of dissocition %, then KA 1s given byt

Ky = o 02 = 1%25%2 (3.5.2)
Hers) x2c 12

where Y+ is the mean molar activity coefficient which is

unity for the undisscociated molecule or associated ions,

The simplest theoretical evaluation of KA’ which is
also an operational definition for the undessociated
molecule or ion-pair, considers as paired only ions in

actual contact, that is those whose centers are exactly
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a distance of mean ionic diameter apart (76). Another
approach (Bjerrum's treatment), which broa:dens the concept
of ion-pairs, is to include not only ions in contact, but
also opposgitely charged ions separated by one or more
solventsmoloecules (solvent-shared and solvent-—separated
ion-pairs) whose mutual interaction energy is greater
than 2ET, where 2KTP is an arbitrary limit for defining
association. It 1s given by:

2
2P -~ |Z2+7e, (3.5.3)
g£a

where ¥ is the Botlzman constant, z is the charge of the
ions, e is the elementary charge, € is the dicleetrie
constant of the solvent a is the meéan ionic diameter and

T is absolute temperature,

The association constant NA can be estimated uéing
the assumption x =f\/f\0 and the relation deduced by

Arhonius and Ostwald (sited in Ref. 77).

—

A Ne TR

where A is equivalent conductance at infinite dilution,

1 = 1 +t_;/\KA (3°5'1“)

®x is the degree of dissociation and ¢ is concentration
of the electrolyte in equivalents per liter of solution.

The plot of vs ¢h can be used to obtain approximate value

D »f-

for both A_ and K, . From the intercept 1/ _is obtained and

from the slope Kﬂﬁfq%g %pia%ggq:

A better equation for determining the association
constant from conductivity measurement, which is a

modification of the Arhenius-Ostwald equation (3.5.4) is
the one that is proposed by Shedlovaky {sited in Ref. 77).
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2
1 - Kﬂcﬂﬁé s(z) + 1 (3.5.5)
ASE) Ny ARE

L)
where s(z) is the Shedlovsky function given bys
z , e
s{z) =L§ +\/1+(-§ (3.5.6)
' 1
and o s 32 (cn)? (3.5.7)
s is the Onsanger coefficlent given by:

s = & +38 (3.5,8)

0.8204x106

where, x = and 3 = 82,501 (3.5.9)
“ 3/2
()7 N

where fand V) are the dielectric constant and the viscosity

6fr the solvent respectively. T is the absolute temperature,
and ri is the mean activity coefficlient which can be
calculated by successive approximation from the extended
Debye~-Huckel theory and making use of the association

constant estimated from Eqn. (3.5.4)

3.6. Capacitance of Water/Organic Solvent Interface

Using the MVN model Fig, 3.1 (31); the Galvani potential
difference AYY, between two phases, water(w) and organic
(o), in contact may be written in terms of the inner layer
and diffuse layer contributions. :
8= Q) - Po) =45E + D (o) - Y (w) (3.6.1)
wheretp(w) andip(o) are electrical potentials in the bulk
of water and organic phases respeotively.Eﬁtpi is the
potential difference across the inner layer, and is given
PV = OG) - (x)) (3.6.2)
42(w) and qé(o) are the potential drops across the space
charge regions (diffuse layer) in the phases water and

organic respectively anil are given by:

9,() = Pg) - P ana Y(o)= Wxp)- Ro)  (3.6.3)
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holtzplane). Taken from Ref,(43).
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from the electroneutrality condition q(w) = -q{o) utn
where q(w) and q(o) are surface charge densities in the

agueous and organlic side of the interface respectively.

In the absence of ionic adsorption in the compact
layer, the capacitance C, of the double layer is givgn by
¢ = dq(w)/da;, (3.6.4)

upon differentiating Eqn, (3.6.1) with respect to the

surface charge density:
a(ar?) = a(®® ) + a¥(o) - af(w)
dq(w) dq(w) dq(w) dq{w) (3.6.5)

1 -1 -1
B8 =cC; + 4 (3.6.6)
where Ci is the inner layer capacitance and Cd is the
diffuse layer capecitance given by
-1 ~1 -1
G =, =% (3.6.7)

'Using the GC theory for a symmetrical electrol&tes
the surface charge densgities are given by

a{w) = ~2Awsinh(zp¥g(w)/2RT)

a(o) = ~22°%sinh (21, (o0)/2RT) (3.6.8)
and consequently
C2,w = —QQ(W) = zFA cosh(zFél(w)/2RT) {
qu(w) rT (3.6.9)
C =

2,0 - q(o) = ZFAcosh(zF(g(o)/.?.RT)
2%(el gy
w(o) _ (2RTEF(0)CW(O))%

where A

When a potential drop is applied across the interface,
and assuming'HuH;A$41 = 0, the potential drop across the |
the sdunogf diffuse layer can be calculated using the
equation (72)

0, = rrfe o )? + (aoco)%exp(F‘Pﬁpp/zRﬂJ (3.6.10)

H

AR e
FI(SQCW)? + (%CO)%GXD(“Fqipp/2RT)

hia

ot Pooetrle coundk b, Coxe 1. 1
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wheret is the dielectric constant, C is the bulk concen-
trotion of the respective phases, and %Epp is the applled
potential drop across the interface.

The expression for the organic phase would bes

qé(o) = %) -4%(w) (3.6.11)

app

3.7. Equivalent Circuit of a Cell

A typleal equivalent circuit for polarizable water/

organic solvent interface can be represented ast

o
R LI e
.__.ANS\..___.-.-. {l; S (3-7.1
lo+i
¢ ' r . |
- 1 4
Zfi
PO f

where RS solution resistance, C capacitance of the
interface, and 2. is faradalc impedance, ic ahd i, are
double layer chairging and faradalce currents respectively.
The parallel elements are introduced because the total
current passing through the interface is the sum of direct
contributions from the faradaic process if and the double
layer charging ic. The faradaic process must be considered

as a general impedance 2 Ofcourse all the current must

f‘
pass through the uncompensated solution resistance, and
hence RS ig inserted as a serlies element.

Since ion transfer is rather fast process, the

faradaic impedance Z_, can be replaced by the Warbuwg

f
impedance Zw which corresponds to the diffusion-controlled
processy Under this condition the real Z! and imaginary

Z'" components of the complex impedance Z become (68)

Z' = |Z]cosé = R+ 72X [(x+1)3+1]"1 {3.7.2)
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zn = |Zlsin§ = 2 _X(x+1)/{(x+1)%+1] (3.7.3)
where X = (2 /2_) V2 and z_ = (V)™ (3.7.4)
If X»1 (at high frequenocies)
-1 2.
25 = R+ 2 X = R_ + (207 )w (3.7.5)
and 2" = Zc’ where# is a characteristic parameter of the

faradaic process,
Ih this case there is a rather complicated relation-
ship between Z% and Z! and the impedance is very informative.
If X¢ 1 (near the low frequency limit)
Z' = R_ + Z V2 and Z" = 7! - R_. (3.7.6)
The impecdance plot is a straight line with slope 1, Ising
The interfacial capacitance C, can be evaluated from the
slope of the plot of Z;1 vs v at a chosen potential E,

The phase shift between the applied and measured

signal,& can be calculated from the relationt
§ = tan"1[1(900)/i(00)] (3.7.7)

The complex impedance Z, can be calculated from the
inphase i(0°), and out of phase 1(90°), components of the
sinusocidal current flowing through the interface according
to the relationship (29)

3) - — Yo (3.7.8)
T TR 1 2000 o
where V0 is the amplitude of the sinuscidal voltage.,
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L4, TEXPERIMENTAL

L.1. Chemicald and Preparation of Reagents

Acetone (Riedel-de Haen), n~propanol (B D H), szsoh
monohydrate (Merek), LiCl (Fluka 98%), LiF (BDH), KMno,,
(M&B Laboratory 6hemicals), KC104 (BDH) , KNO, (Analar, BDH),
KBF), (Hopkin & Williams), NH,SCN (Analar, BDH)}, sodium
picrate (BDH), NHhPéé (Merck), tetrabutylammonium tetra-
phenylborate (TBATPB) (Fluka) were used as such without
further purification.

o~-Dichlorobenzene {Riedel-de-Haen) was distilled
under reduced pressure and the middle half of the distillate
was used. In all experiments doubly dis$illed water was
used.,

p-Nitrido-bis(friphenylphosphorus )~§,Jueoniciebis
(undecahydr0A1,2—dicarba~3—¢oba1ta—olosododecarbor)ate,
(PNPDCC), was prepared by mixing equimolar acetone solution
of PNPCl (Fluka)} and CsDCC., The white precipitate of CsCl
wos filtered off, The acetone from the filtrate was
evaporated under redﬁced pressure. The yellow solid,
PNPDCC left was recrystallized twice from n-propanol.

CsDCC was the generous gift from Dr. K, Base, Institute of
Inorganic Chemistry, Czechoslovak Academy of Science.

Tetraphenylarsonium tetraphenylborate (TPASTPB) wasg
prepared by mixing equimolar aqueous sclutions of TPAsCl
(Fluka) and NaTPB (Fluka). The white precipitate formed
was washed several times with water and recrystsallized

from acetone.
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Tetradodecylammonium 3,3“com0—bis(undecahydrow
1,2=dicarbgm3mcobaltamclosododecarbor)ate (TDADCC) was
prepared by mixing equimolar amounts of TDABr (Fluka ) with
CsDCC both dissolved in acetone. The precipitate of CsBr
was filtered off and the crude orange product was cbtained
after evaporating the solvent. It was recrystallized
twice from methanol,

Lizsou, LiCl and LiT were used independently as base
electrolytes in the aguedus phase while PNPDCC and TDADCC
were veriously used as base electrolytes in the organic
phase, TBATPB, tetraphenylphosphonium tetraphenylborate
TPPTPB, (prepared by the same procedure USed_for the
preparation of TPAsTPB) and TPAsTPB were used far
golubility experiments. TPAsTPB was also used for fixing
the zero point of the Galvani potential difference, Due
to the low solubility of TPAsTPB in o-DCB, 10 mM solution
of PNPDCC in o~DCB, saturated with TPAsSTPB was used as a
base electrolyte in the organic phase foxr fixing the zZero
point. Water and o-DCB were mutually saturated before

preparing the solutions,

I'or the determination of the solubilities of the
salts in o-~DCB, an excess of each salt was dissolved in
about 50 ml of water~saturated o-DCB and was shaken
thoroughly at 2500 for several days, The mistures were
then allowed to settle and filtered. The filtrates were
evaporated in an oven under reduced pressure to a
constant weight.. The standard Stbﬁs energies of solvation

were calculated from the Equns. (3.4.9) and (3.4.10).
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4,2, Cell Arrangement

The electrochemical cell which was employed for the
studies is shown in Figure U,1. The cell consisted of a
glass vessel in which was put the aqueous phasej this was
attached to a teflon body containing the organic phase.
The interface was formed at the point of contact of the
aqueous and organic phases, The cell had an interfaciail
area of 0,69 cmz. A U-shaped glass capillary tube filled
partially with the organic phase and part of it with an
agqueous solution of R*o1” (where R* is the cation of the
base eleckrolyte in the organic phase) was inserted from
the bottom into the teflon body close to the interface.
This capillary served as a reference electrode In the
organic phase,

The cell contained four electrodes, 7Two electrodes
RE(w) and RE(o) served as reference electrodes for
controlling the potential difference at the interface.
They were immersed as closely as possible to cach side of
the interface to minimize 4R ¢drop of the system. Two
platinium electrodes CE(w) and CE(o) served as current
supplying and withdrawing electrodes (counter electrodes)
while Ag/AgCl,sat.KCl, was used as a reference electrode

in both phases.

4,3. Electronic Set Up

The block diagram of the electronic set up used for
both d¢ and ac voltammetrie measurements is shown in
Figure 4.2, A four~clectrode potentiostat (constructed

and made available in the laboratory by Dr. B. Hundhamme?@
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Figure 4.4 The Electrochemical crll employed in the ftudy.,
1, Counter electrode (water phase)

2, ned;cnceelectroda (water phase)

3, Aqueous phase

4, The interface

5. Organic phase )

6., counter electrode (organic phase)

7. Glass vessel

8. Reference electrode (organic phase)

Q. Teflonryody
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with iR drop compensation was employed in the experiments.

For Jdc¢ ecycllic voltammetric measurements, a small
triangular voltage, 25 mV sm1 ramp was generated using
PM 1502 Electroanalyser. The current out put of the
potentiostat was connected directly to a LLOYD PLJ X—Y/t
recoxrder. Xor ac cyclic voltammetric measurements,
a small amplitude (5.5 mV peak to peak) sinusoidal signal
from a frequency generator (Tektronix AF 501) was super-—
imposed on a 10 mV sﬂ1 triangular sweep (continuous
technique) or applied at a constant voltage (point by
point technique). The current out put of the potentiostat
was connected to a lock-ih-analyzer (PAR Model 5204},
which was used for the continuous measurements of the
inphage and quadrature components of the ac current. The
out put of the 1obk~in analyzer was conrected to the
X-Y recorder, Thé out put of the potentiostat was also
connected tb an ascilloscope (Tektronics Model 501) to
regulate the proper compensation of the iR drop across
the interface. The 1R compensation was set to the

nearest point before oscillation.

For a check of the frequency response of the
potentiostat, both & series and parallel RC circuits
were constructed from a dummy cell. The ghaerved spectrum
of the dummy cells is whown in Figures 4.3 and 4.4, It
comes out to be a vertical line for the RC series circuit
and a semi-~circle for the parallel RC circult as expected,
The inphase and quadrature components of the

sinusoidal current flowing through the interface were
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Figure 4,Blook diagram of the electronic set up,

CE(Q) and CE(W) are couter electrodes in the organic and

aqueous phases xespectively, and REﬁm&%are reference

electrodes of the organie and aqueous phases respecti%elyo
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read or measured at the out put of the lock-in~nnalyzer
at frequencies hetween 20 Hz and 280 Hz. They were
transformed into the real Z' and the immaginary Z"
impedance components using the equations (3.7.2)» (3-7¢3),

(3.7.%) and (3.7.8).

Fo% a check of the reference electrodes in the
exporiments, hexafluorophosphate (PFE) anion was used as
an internal reference ion in situ, i.e., after the impedance
measurements were complete, a drop of 10 mM NHAPFé solution
was dissolved din the aqueous phase and the ac cyclic
voltammogram of PFE ion transfer from water to o-~1CB
was measured,

For conductivity measurements, stock solution of
1 mM PNPDCC in water saturated o-DCB was prepared. The
desired concentrations were prepared from the stock
solution by successive dilution. Five lifferent concen—

I

trations 1x10~} mol/1 to 5x107 mol/1 were prepared and
the conductivity of each solution was measured at 2500
using (PHILP HARRIS) conductivity metersd The cell
constant was determined by measuring the conductivity of

standard (0.74526 g/1) KC1l solution, and was found to be

101,
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5. RESULTS AND DISCUSSION

5.1. Fixing the Zero Point of the Potential Scale

The method employed to fix the potential scale in
the systems water/nitrobenzene, water/1,-dichloroethane
(90) and water/p-nitrophenyloctylether (33) by using
TPAsTPB as supporting electrolyte in the organic phase
could not be applied in 0-DCB due to the low solubility
of TPAsTPB in o0~DCB., Therefore a 10 mM soclution of
. PNPDCC saturated with TPAsTPB served as a base electrolyte
in the organic phase to fix the zero point on the M-scale
as éhown in figure 5.1, It is clear from figure 5.1
that the transfer of TPB from o~DCB to water occurs
about 40 mV more negative than the transfer of it from
water to o0-DCHB, 7The transfer of the bulky hydrophobic
DCC™ ioh from o-DCB to water is not supposbd: to occcur

before the transfer of Li+.

5.2, Influence of the Supporting Electrolytes

on the Potential Window

Figure (5.2) and (5.3) show the influence of the
supporting electrolytes in both the aqueous and organie
phases, In both c¢ases the transfer of Li* from water
to 0~DCB cuts off the potential window at positive
pofentials while at negative potentials the transfer of
C1l” ion from water to o0-DCB is the limiting charge
transfer reaction when LiCl is used as a supporting

electrolyte in the aqueous phasé (Figure 5.2 curve 2),
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Fligure 5.1 The de{a) and ac(b) cyclic voltagmograms of
the water/o.pcl interface showing the debermination of
O =0, gupporting electrolytes 5 mM 11,30, (%) and 10 m
PRPDCC(0~NET ) . Sweap rate a) 25 mV?j““t,‘. b} 10 mvs™ ',

(1) supperting electrolyte only, {(2) organlic phase
satarated with TPASTPR, =735 Hz.
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cyclic voltammograms at the water/o-DCB interface.,
O mM LiF(w) and 1) 10 mM TDADCC{o-DCB) 2) 10 mM
20 Hz, Ta = 5.5 m¥ peak to peak, sweep rate 25 m¥/s{a)

Figure. 5.3 DC{a) and ﬂcsb)
Supporting electrolyte
PNPDCC{0~DCB)e £ =
and 10 m¥/s(b).
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The same voltammogram is obtéined with PNPDCC in o-~DCB
independent of wether Lizsoh (Figure 5.1 curve 1rand
Figure 5.2 curve }) or LiF (Figure 5.3 curve 2) is the
gupporting electrolyte in the aqueous phase. Curve 1 of
Figure 5.2 can either be due to the transfer of PNP+

from o~DCB to water or due to the transfor of SOZ2 from
water to o0~DCB. VWhen Lizsou is replaced by LiF as a

base electrolyte imn the agueous phase, the same voltammo-
gram 1s obtained (Figure 5.3 curve 2). Hencerthe assumption
seems to be justified that NPT is transfered from o-DCB
to water before the transfer of Sogzor F~ ions from
water to o~DCB. On the other hand an extension of the
potential window by about 100 mV can be achieved when
PNPT is replaced by tetradodecylammonium (TDA+) in the
organic phase (Figure 5.3 curve 1). Neverthless, the
potential window obtained by employing PNPDCC in the
organic phase is wide enough for the studies of the

transfer of even relatively hydrophilic ions like NO3

and 010£ by de or ac cyclic voltammetry.

5.3, Simple Ion Transfer

Figure 5.4 shows a typical ac cyclic voltammogram
for the transfer of some ions from water to o~DCB, and
from which the half-wave potentinls of the ions studied
can be obtained from the peak potentials. Figure 5.5
shows that the separation of the peak potentials on the
de cyelic voltammograms for the transfer of PFE is
about 60 mV, independent of the sweep rate upto 100 mV/s,

while Figure 5.6 shows the dependency of the peak current



- HE .

]
s
N
e,

- . O e !
~ 4 i Y i 7 § T TR i 3 p # f
-4 iy ‘0.3

Tigure 5.4 Ac cyolic wolvammogram at water/o-000 inﬁ:eri‘izce. surnport f:’ |
2igctrolytes 5 mM Li,nS0,{w) and 0 mM P?%PDCC(GwDCB}. {‘_Yf‘rgﬁfly supporiing
alectrolytes., {[2) Affer odliticn of 0.7 mM of N PRgy LILLUy and WNal.

£ = 33 Bz, sweep rate 10 m¥/S s.



s LT € i e S et g R A e e

A

v

2

™
e T s G A
i

t
1,
]

e

.
)

-
i
b ad

-

. )

: - - | S SOOI SV
~03 ~0.2 -0 g 0.4 0.2
Agely

Filgure 5.7% 1 cyelid voltammograms at the wote z‘/(}«u}JC&'
interfacse, Aquenus phoase Ui Hity, w10 * o /L NHp PR

Y - N - v Eed s o o i - }

Sweep rate 10(1); 2502 50073Y; 75(%): and 105{5 m¥/a,



s e A e e 5t Ve e P e ezt 2 S Amnir hun - = S et S 1T % PR aeR e

i/ jA

yd
204 p

10+ /

Q B T vy ST VAN NIV S

Jot

[ %]

0 01 0.2 1 03
oo v (Vs )

wnak current for the

T
ES
watar “bo 0RO o tha

Sicura 95,0 pepondenca of
traasfer of PRy ton from wa
aweep rabe, Cord itions aa in Plpg. 5D



~ 43 -

X
on v?, indicating that the ion transfer across the
water/omDCB interface is diffusion controlled at low
sweep rates. Furthermore, the half-peak width of the
ag voltammogram is 90 mV and the forward and the reverse
scans coincide at low ac frequencies. This can be taken
as a further criterion for the diffusion controel of the
ion transfer, The Adiffusion coefficient of PFg in water
was obtained from the slope of Figure 5.6 and found to

be 1.4x107° cm?s™', This value agrees fairly well with

the diffusion coefficient ol PF¢ (D,= 1.57x1072 cmzs-1)
calculated from the equivalent conductance at infinite

dilution given in Ref. (8%),

The half-peak Galvani potential difference of the
ions stuilied are complled in Table 5.1, The evaluation
of the standard Galvani potential dlfferenceﬂqu ,
and the standara Glbbs energy of transfer AGO “ds, is
net as straigh+-forward as in *+™e system water/
nisrobenzene, where ion associ~ ion in nitrobenzene may
be neglected; but must be tak- n into account in o-DCB.
The standard Galvani potent’ i1 difference of an ion can

be evaluated from the expc lmental half-wave potential

by the rearrangement of ccuation (3.1.9)

o - 3
2o =AT®y + Tian {rax o e (o DA(“')} f
2 41 - —— . —
;Diioi

(-_,‘ ( )iD-: \“’)1 (5'3'1)

‘}’-i-(w)r‘. /J
where C0 and x are the analyiisql concentration and the

degree of dicscociation c¢f the supporiing electrolyte in
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the organic phase respectively, KA is the association
constant of the associante formed between the ion
investigated an:l the respective counter ion of the
supporting electrolyte, DA is the diffusion coefficient
of the associate in the organic phase. All other symbols
have their ugual meanings. The association constant
of PNPDCC in water saturated o-DCB was determined from
the conductivity data shown in Table 5.2 by the
Shedlevsky method (83) using equations from (3.5.5) to
(3:5.9). The A  value for equation (3.5.7) was first
approximated from the plot of 1ﬂA vs CA of equation
(3.5.4), the intercept of which gives 1/h0.. From the
slope of the plot of 1/As(z) vs Cﬂfizs(z) the association
constant of PNPDCC in 0-DCB was found to be 2x10 {(on the
molar scale). The meak activity coefficient, and the

degree of dissociation in the organic phase can then be

obtained by iInteradéion from the Debhye-Huckel equation

(5.3.2)

1
logys (o) = ~A(C6x)*

1
1+Ba(06m)2
and the respective expression for the association

constants

K, = (1-m)/x200r¢? (3.5.2)

where A and B are parameters of the Debye-~Huckel theory
which depend on the dielectric constant of the solvent
and temperature. The values of A and B were found to

-1 - -
be 11,04 mol™ 2 dm3/2 and 9.2ux1o7 em” Vmol % dm3/2

respectively, a ig the lon slize parameter and was set

equal to the sum of the ionic radii of PNPT {r = 0,46 nm)
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panisdil conduativity dats uaed for the evaluatien
of K, £0F PHPDCC AN 2:DON,

o { PHBRGC) /e @qﬁﬁ
mahii oo
?giiégm 21,86
zaio™ 22 .56
33"@‘3& g;,}gg
tmio™Y 2%.8h
Gur 28,18

Ag 28416 and x, = 2,00x107
s o= ¥ 4 om was baken e distsnce parameter in Dabyes
Huokel sguantien. .

Table 5. Assonistion esnatants for swme olesvirelytes.
in 1,2eddchlorsethane snd owpdl,

plactewrivie By = 1o
— _ 1. B=BCE %ﬂ*&i a;é ,
HaPde 3, 182% -
PEAFLG 6.69° 8,764
TrAPLe 6, 55% 7648
TRAPLe 0.433" 5.85%
6, h36° 3,729
SARPLE 0,42" 3,509
TBATPE 0.171° 1,03”
TRACLO,, 0681 p.a3"
o 9.6%
THANO, 0.820° ao®
PEEOCC " - 0,4°

&) Taken ¥wom Ref.(80), b) Ref.(81), o) ref. (82)
d) Re? (83), and e) shis werk.
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and DCC™ (r = 0.58 nm). Using equations (5.3.,2) and
(3.5.,2) the degree of Aissociation x, and the mean
activity coefficient §+ of PNPDCC in 0-DCB were found to
be 0,46 and 0.33% respectively. An activity coefficient
of 0.88 has been used for all monovalent ions in the
ggueous phase (5 mM Lizsoh). The ratio DA(O)/Di(O) was
approximated by ri/(ri+rc), ry and r, being the radiu;
of the ion studied and the counter ion respectively.
The diffusion coefficients used in the calculation are
included in Table 5.1. The diffusion coefficients in
the aqueons phase are based on limiting equivalent

conductancesg, Ao given in Ref. (85). Since only a few

-

3
0~DCB (86) the diffusion coefficient of tetraalkylw

values (ClOZ , NO, , I, Pic ) have been reported in
ammonium, TPAs® and TPB™ are based on the average
Walden product of the respective ion given in Ref., (86).
The standard Gibbs cnergy of partition AGE’Wéo—DCB, was
obtained from the standard Galvanl potential difference
£qup, using equation (3.1.5). The estimation of the

association constant X of the i1on with the counter ion

A?
of the supporiing electrolyte can be obtained from the
Fuoss approach (88). Using the sum of ionic radii of
the ions as a distance parameter a (contact pair), the
assoclation constants calculated for the ions are
given in Table 5.1. The estimation of KA is a ecrucial
point in obtaining a reliable set of standard Galvani

potential differences, Associstion constants reported

for several electrolytes in o-DCB are compiled in
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Table 5.3. Comparison of association constants of the
electrolytes in o0-DCB and in nearly dsodielectric solwvent
1,2-~dAdchloroethane shows that the association constants
more than
in o~DCB are found to bepl10 times that of 1,2-DCE, This
experimental fact has been explained by Gilkerson (87)

by taking into account specific ion-~solvent and ion-

pair-solvent interactions.

In order to check the results of the values of the
standard Galvani potential difference apd the standard

Gibbs energies of partition by an independent method,

é\G;’W*O"DCB, of the salts TPAsTPB, TPPTPB and TBATPB

were dtermined from the solubility of these salts in

wet 0~DCB at 25°C. The solubilities obtained from the
4

average of a triplicete determination were 4,24x10"

1 & 3 mol 1“1 for

mol 177, 5.14x107" mol 17 and 4,55x10"
TPAsTPB, TPPTPB and TBATPB respectively. The thermo-
dynamic data together with the constants used in cvsl
evaluation of x and ¥ by equations (5.3.2) and (3.5.2)
are given in Table 5.4, The standard Gibbs energy of
partition of either TPASTPB or TPPTPB may be split into
single ion values {(89) from which in turn the standard

‘ +
Galvani potentinl difference for ions TPAs', TPP' and

o,w~0-DCB
P

AG;(TPP+)= AGg(TPB_)= ~27.8 KJ mol”! is in good agreement

TPB~ can be obtained, The average /A G (TPAsY)=
with the wvalue of ~27.7 KJ mol™! calculated from Kimb
result (91) as well as with the value obtained by
voltammetric determination. AGS(TBA+) is obtained from

é&Gg(TBATPB) ani OG;(TPB—) using equation (3.4.7).
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&G;(TBAJ") [.SGIC;(TBATBP) _— AG;(TPASTPB) and was
2

found to be ~10.4 KJ mol” | which agrees falrly well w
with the value of —12.6 KJ mol” ' obtained from volta-
mmetric experiments, The standard Gibbs transfer
energies calaoulaved on the bases of the simple model of
Abraham and Liszi (75) for some ions are listed in
column 9 of Table 5.1. The chserved good agreement of
the calculated values which are obtained by the assump-—
tion that the non-hydrated ion exists with the organic
phase underlines the capability of this simple model to

obtain estimates of the Gibbs transfer energies.

Figure 5.7 shows the plot of G;(O—DCB) vs Gg
(1.2-DCE) from which a very good correlation (0.997)

with a slope very close to unity.

5.4. Blecirical Double Layer Studies

B - o e —

Figure 4.4 shows the response of the potentiostat
for a simple RC parallel ~ircuit which was used to
test the frequency response of the potentiostat and
also to c¢heck the method of measurements alopted in
the studies. The values of the resistance and the
capacitance were fairly iccurately letermined from the
impedance plot. Thus th: ralius of the semicircle i1s
R%t/2; and the maximum 7" occur at w = (RctC)_1, where
Rct is the charge trans'er resistance and C is the

capacitance,

Figure 5.8 shows th: range of potentials within

which the current is conirolled mainly by charging of
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the interface. In the potential range ~0.40 V to +0.1§ A
the current corresponds mainly to the double layer
charging and the system has the property required, while
at more positive or more nggative potentials, the transfer
of ions of the base electrolytes prevails, All impecdance
measurements were carried out within a potential range
where charge transfer can be neglected. Figure 5.9 shows
the ac voltammograms of the inphase and quadrature
components at a freguency of 35 Hz of the system: 10 mM
solution of LiCl in water and 10 mM solution of PNPDCC
in 0-DCB, The inphase and guairature components of the
ac current flowing through the interface were recorded
as a function of potential at a given frequency between
35 and 130 Hzs., They were transformed into complex i
impedance 2 and phase angle § using equations (3.7.8) and
(3.7.7) respectively. The real Z', and imaginary 2",
parts of the complex impedance can be obtained usihg-

equations (3.7.2) and (3.7.3).

Typical impedance plots are shown in Figure 5,10,
These plots were resolved for electrical equivalent

circuit of scheme (3.7.1). T 57 Ll “monicrsng.

Figure 5.11 shows the plot of imaginary impedance
Z" vs w"’1 from the slope of which the capacitance of
the double layer was obtained, Flgure 5.12 shows the
plot of interfacial capacitance as a function of
potential at three different electrolyte concentrations
in the aqueous phase. Assuming that the inner potential

difference Q‘;tpi = constant = 0, and taking into account
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ion-association in the organic phase, the diffuse layer
capacitance Cd’ was calculated by the Gouy--Chapman theory
as discussed in Chapter Two, The values are given in
Table 5.5. The dashed lines in Figure 5.12 are the plots
of these theoretical diffuse layexr capacitance as a

function of potentinal.

From the experimental capacitance values the direet
relationship between electrolyte concentr2tion and
interfacial capacitance is observed. Unlike the watar/
nitrobenzene (51) and water/1,2-dichloroethane (67)
systems, the capacitance minimum which corresponils to
the potential of zero charge occcur at more negative
potentials (~0.13 to — 0.12 V). This experimental fact
can not be accounted from the present preliminary work
only, Table 5.6 shows comparison of the theoretical and
experimental capacitance minima for three different
elertrolyte concentrations. Comparison of the experi.
mental capacitance with the theoretical capacitance 1
indicated that the theoretical capacitance caleculated
by the Gouy-Chapman theory is in good agreement from a
qualitative point% of view, but the quantitative agreement

is not satisfactory.
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6, CONCLUSION
The =zero point on the Galvani potentlal AdAiffewvence
of the system water/0mDCB can be fixed by using a 10 mM
solution of PNPDCC saturated with TPAsTPB as a supporting
electrolyte in o-DCB, The potential window obtained by
employing PNPDCC in 0--DCB has been found to be wide enough

for the studies of the transfer of even relatively hydroe-

3

mmetry. Furthermore an extension of a potential window

philic ions like NO, and 0102 by ac and de ecyeclic volta—
by about 100 mV can be achieved by replacing PNPT by
T0AY in o0-DCB. Hence o-DCB is a promising non-aqueous

solvent for the studies of a large number of ions,

Ac cyclié voltammetry have been used for the
determination of the standard Galvani potential difference
and the standard Gibbs energy of partition of anions and
cations in water/o—DCB system. The standard Gilbbs
energies of transfer of the ions TPAs™, TBAY, TPP* and
TPB have also been determined from solubility experiments.
The values obtained from solubllity experiments have been
found to be in good agreement with the values obtained from
voltammetry,

Electrical double layer stulies for the system LiCl in
water and PNPDCC in o~DCB have shown that there is an
extensive ion association in the organie phase, Unlike
the water/nitrobenzene and water/1,2-dichloroethane systems
the potential of the capacitance minimum of the wate?/D«DCB
is found to be more negative. Hence further studies are
necessary to better understand the structure of the

water/o-~DCB interface,
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