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GENERAL INTRODUCTION

The importance of transport phenomenon in
engineering, technology, biology and medicine is well
recognised. Chemists and chemical engineers fabricate
membranes for fundamental studies on permeabllity and
diffusion of solutions, for exchange studies and for
many unit operations when a membrzne of any desired
property or properties is to be employed for a particular
chemical process. Basic research in the field of
physioclogy and medicine involves the use of simple models
to understand the behaviour of complex cell membranes.

It is difficult to give a precise definition
of the word "membrane™ (1). Any complete definition
given to cover all the faets of membrane behaviour will
be inexact and precise statement will be incomplete.
However, the characteristic feature of membrane in their
selective permeability, in other words, thelr funection
as barriers irregpective of the name given to the
membrane system., Thus membranes considered from the
physico-chemical standpoint are given the name "physico-
chemical membranes" (2). Other terminologies associated
with membranes are 'Semipermeable'; 'homogeneous phase
membranes' (oil membranes) ; 'membranes of porous
character's; 'ion-exchange membranes' etec,

From the physico-chemiczl point of view; ' a
membrane is a phase or structure interposed between
two phases or compartments which obstracts or completely

prevents gross mass movement between the latter,. but




- permits passage, with various degrees of restriction,
of one or several species of particles from the one
to the other or between the two adjacent phases or
compartments, and which thereby acéing as a physico-
chemicgl machine transforms with various degrees of
efficiency according to its nature and the nature and
composition of the two adjacent phases or compartments
the free energy of the adjacent phases or compartment,
or energy applied from the outside to the latter into
other forms of energy (3). 8imilar views were held by
Krogh (4). The thermodynamics of transport of ordinary
solutions, though as such not simple, becomes all the
more complex in the case of electrolytes where numerous
additional effects may be observed, such as static or
dynamic membrane potentials, anomalous osmosis, movement
of ions against concentration gradient, electro-osmosis
ete.

It is necessary to distinguish two basic classes
of membranes "homogenous phase membranes"™ (oil membranes)
and 'membranes of porous character', Homogenous phase
membranes exert their typical membrane function by means
of selective differential solubility (5)., Membranes
of porous character act as sieves that screen out the
Various species of solute particles according to their
different size and to some extent according to their
different adsorbgbilities and in the case of ions, also

acecording to the sign and magnitude of their charge.

The question of membrane structure becomes of



- great importance when a membrane is not completely
inactive (in fact a complete inactive membrane is
difficult to realise in practice). The ionogenic groups
fixed to the membrane matrix, as seen in well character-
ised ion exchange membranes, or adsorbed as found in
some colloidal systems (6) greatly influence the transport
phenomenon, The presence of ionogenic groups and pores
in the membrane confers certain functionality to the
membrane which is described in the literature by the
words permselectivity (7) and/or semipermeability. The
phenomenological transport property which controls the
former is the 'transport number“%yhereas the latter is
determined by the reflection coefficient o (ratio of
the actual hydrostatic pressure required to give zero
net volume flow to that which is required if the membrane
were truly semipermeable) introduced by Staverman (8-14).

Grossly porous membranes (wide pores) are neither
permselective nor semipermeable; whereas "ion sieve"
membranes with narrow pores are semipermeable but may
not be permselective if the number of fixed ionogenic
groups are too few in number, As the presence of narrow
pores and high fixed charge density of ionogenic groups
gives high values for %Q;and o~ , membranes characterised
by these values i.e., ion-exchange membrane prove useful
and industrially important, As a result, the bulk of
the membrane literature abounds in papers describing
the work on ion-exchange membranes,

Ton-exchange membranes in contact with external
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electrolyte solutions take up electrolytes in a way
different from nonion-exchange membranes. Becauge of
the presence of ionogenic groups fixed to the resin
matrix-negative groups like -503, -CO0™ et seq., in case
of cation exchangers, and positive groups like -NH3,
DNHZ, SN*- et seq. in case of anion exchangers- the
membrane excludes the co-ions (ions of same sign - or

+ charge as the fixed groups) by electrostatic repulsion,
The amount of exclusion is governed by the concentration
of the external electrolyte, At very low concentration,
the amount of co-ion in the membrane is almost zero,

but as the external concentration is increased, the
cé-ion content of the membrane phase increagses. There
will be less number of co-ions than counterions (ions

of opposite charge to fixed groups) by an amount equal
to the number of fixed groups; whereas in the nonion-
exchange membrane, the distinetion between co-ion and
counterion being non existent because of the absence

of fixed gzroups there will be equal numbers of positive
and negative ions. In the case of non electrolytes,
both types of membranes will behave alike.

The theoretical aspect of membrane phenomenon was
first of all considered by Donnan (15) some fifty years
back. In a series of papers published, the distribution
of ions across a copper ferrocyanide membrane (semi-
Permeable in character) was discussed from different
angles. He also for the first time pointed towards the
importance of distribution of ions in biological studies

and showed that if two solutions are separated by a



.membrane which is impermeable to atleast one of the
ionic species (usually a colloidal component) present
in one of the solutions, an unequal distribution for
the other ionic species to which the membrane is
Permeable results. At equilibrium the two solutions
show a difference in pressure and if the two calomel
electrodes are connected to the solution by meagns of
salt bridges, an E.M,F., is found to be present, Verifica-
tion of Donnan's theory was made by studying the dis-
tribution of sodium ferrocyanide and potassium ferroeyanide
across copper ferrocyanide and amyl alcohael membranes.
Analysis of the two solutions in the two compartments

proved that the equation

(Na)1x(K)1 = (Na)y; x (K)p; holds good.

Donnan's theory has found many applications in
biological processes. Lébb (16) and collaborators
investigated the effects of aeids, alkalis, and salt,
on the osmotic pressure and membrane potential of
amphoteric proteins. Loeb has shown that the simple
theory of membrane equilibria was capable of accounting
fairly quantitabively many of his experimental resulﬁs.
On the basis of his studies on protein ampholytes he was
able to show that the diffusion phenomenon with proteins
is due to simple chemical reaction and not to the adsorption
of iong by colloid aggregates or micelles., Here the
simple ionised molecules or the ionic micelles are
subjected to the same constraint, namely, inability to
diffuse freely through the membrane. This constraint -

then imposes a restraint on equal distribution on both
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sides of the membrane of ctherwise freely diffusgible
ions, thus giving rise to the concentragtion, osmotic
and electrical effects with which the theory deals.

Proctor (17) and collaborators had used the
Donnan's theory to account for the effects of acids
and salts on the swelling of gelatin. The hydrogen
ions of the acid react chemically with the gelatin
molecule thereby becoming ionised. Although no membrane
exists, the necessary constraint is provided by the
inability of the gelatin ions to leave the structural
network owing to the forces of cohesion which hold it
together. A restraint on the free diffusibility of
ions thus sets in leading to an unequal distribution
of hydrogen iong and anions of the acid between the
jelly phase and the surrounding aqueous solution, On
the basis of this theory Proctor and Wilson (loe.ct) were
able to account quantitatively for the remarkable effects
of acids in low concentration in first increasing and
then diminishing the swelling of gelatin jelly. The
difference of ionic concentration gives rise to excess
of ogmotic pressure of the jelly accompanied by entrance
of water in it and consequently swelling, Loeb (loc.cit)
adopted Proctor's theory of the effects of acid in
support of his experimental results.

The case of biological membrane, the fundamental
unit of transport in humgn body is much more complicated
one, It is the membrane which regulate the transport
in the body, elg., the passage of food stuffs of various

kinds from the stomach and intestines to the blood, from
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the blood to extra cellular fluids and the tissue cells.,
The cell membranes are responsible for the transport
forces., Polarization micrd?opeshave explained the well
oriented structures of proteins and lipoids. The
electrical activity in the nerve- the nerve signal is
as well known an electrical event with frequency
modulated signals. The secret of the electrical nerve
communication signal is in fact a permeability process
and thus a membrane phenomenon, It is a question of
jonic transport process. The phenomenon have been most
ingeniously characterized, analysed and partly synthesised
by Hodgkin, Katz, Keynes and Hauxly.

When a membrane separates two solutions, the
number of forces that may normally operate to cause a
flow or flux of molecular or ionic species through it
ares (a) difference of chemical potential Ap, (b) differ-
ence of electric potential Aoy , (c¢) difference of pressure
AP, and (d) difference of temperature &T.

These forfes when they operate severally or in
combination may generate a number of phenomena and these
are indicated in Fig.1 (18, 19).

.The current membrane theories may be divided
roughly into three groups based on the nature of the
flux equatioﬁ used in the treatment ( Schlogl (20)).

In the first group fall many of the theories based on
the Nernst-Planck flux equations for their refinements.
In the second group are included all the theories using

the principle of irreversible thermodynamics, In the
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. third group is included the theory'which utilizes the
concepts of the theory of rate processes. In general,
the theories of group one are based on the ideas of
classical thermodynamics or quasi-thermodynamics which
is restricted to isolated systems. The theories of
group two, apart from being more rigorous and realistie,
allow a better understanding of transport phenomena in
membranes and is useful in dealing with non-isothermal
systems, The theories of group three contain parameters
which are still unknown for the membrane and hence have
restricted applicablility.

The relationships based on the three different
groups are mathematically represented in the following

manier:

(a) Nernst-Plenck Flux equationg:
The diffusional flux caused by chemical potential
is given by the equation:

FAER) e DA (1)
dx

where Ji(d) is diffusional flux, Dj is the diffusion
coefficient and Ci is concentration,

The flux due to an electrical field is given
by the equations

Ji(e) = - D3 ; _Z3 Ci _d¥ (1i)
T dx

where Ji(e) is flux due to electric field, Zj is the
valence, Dy is diffusional coefficient.

and the total flux in an ideal system is given by:

dey

Ji =J5(d) + Ji(e) =- Dy e

- ziciFé_T gi. (iii)
X



= e

and on introducing the activity coefficient term:

Ji = =Dy %;L_ + 2G4 %ﬁ; + Cy g%giﬂ (iv)

The flux of the counter ions due to comvection of pore
liquid may be given as:

Ji(e) Cy V* : (v)
where Ty is the concentration of counterions in the
membrane phase (barred terms refer always to membrane
phase) and V* is the velocity of movement of the center
of gravity of the pore liquid, V

While the conveetion velocity is given by

vV -uff dY -y l-.lo.gx.?’_ (vi)

Q.Ve dx
where is the specific flow resistance of the membrane,
Vo is the fractional pore volume, X is the concentrgtion
of fixed charge and w is the sign of the fixed charge
(-for negatively charged membrane and + for positively

charged membrane) and Uy = 1%%. is the 'mobility' of
0
o

pore liquid.

Equation (vi) when added to equation (iii) ﬁould
give the total flux Jj.
(b) Thermodynamics of Irreversib roc 3

A membrane acting as a restrictive barrier to the
flow of various chemical species between two subsystems
(/) and () contacting the two membrane faces is
considered to maintain differences in concentration (AM),
temperature ( &T), pressure ( &P) and electric potential
(&Y) across it. The subsystems are kept so well stirred
as to obtain uniform values of these variables through-

out each subsystem and to have the whole difference
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oceurring only across the membrane. The fundamental
theorem of the thermodynamics of irreversible process
is (21, 22) that the forces and the fluxes are so
chosen as to conform to the equations:

T =273 Xy (1)
where Xy (&, 2, 3 ...n) incorporate , T, P,
and J§ (i=1, 2, 3 ...n) the fluxes. The phenomenological
cofficient Lijp (i,k=1,2,..n) in the equations:

n

I = = by K (31)
k=1

satisfy the Onsagar reciprocsl relations Ljp = Lyg (1ii)
A recent review of the existing data by Miller
(23) gives the experimental justification for regarding
the Onsager law as a law of nature (24). The description
of transport processes in a system of n components
therefore requires the measurement of only n (n+l)/2

coelficients and not all n® coefficients. ©= 418 ig
at

the rate of entropy production due to irreversible
processes within the system. The evaluation of ©
requires the use of the law of conservation of mass and
energy and Gibb's relationship for the second law of
thermodynamics,

Based on the above considerations the final
general expression for the material fluxes is given by:

= i *
I3 =T Lyy (-VdP - RT dln ag-Z Fdy - Q %I_ )

where J3 is total flux, Liy phenomenological coefficients
Lix (i,k = 152558, ﬁk valence of sign of species k,

* . ' . :

Qk is heat transport, Zy is the valence sign including

sign of species k.
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Moreover the obgervable electrical parameters
may be written in terms of the phenomenological co-
efficients (23, 24, 25, 26).

(1) Current density I =F 2% J; and substituting

for J; from equation (iii).

I= 2 T 2% Fly (-V dP-RTd lnay-Q; dlnT)

" T T %4 g Ly FPay (v

(2) Electrical conductépne
k = - (I/dy) (dP=0, 4T=0, d 1ln ay=0)

= 2
_12: Ezi e P¥ Ly (V)

Wi

where k is Electrical conductance, I is current density.
(3) Transport number

t

1]

(FZy /1) (é&P =0, dT =0, d 1n ay = 0)

X
= T2 = '
goodi A& T T 5 G Mk (w)
Ty %y & Lyy Foa "

where tx is transport number, Jx is matter flux.

Staverman (26) has defined g useful quantity
the reduced electrical transport number Eyx® which has
al so been called mass transport number (27).

- T - o -
Thus ty = (tx/2Zk) = F2 E: Z; Lix/k (vii)

The flow of uncharged molecules e.g. water, may
be expresged in terms of their reduced transport number

where ’%:Zk Ekr = 1. Rearranging equation (iv) for

d and substituting from equation (v) and (vii), the
potential gradient at any point in the membrane may be
obtained. Thus dy = -(I/R) - (VF) T 4,7 (Tyap + RTd 1nay
+Q diln Ty (viii)
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The first term is given by the purely electrical
part and the second term is due to the chemical part .
Various special cagses follow directly from
equation (viii).
(a) Isothermal diffusion potential is obtained at

uniform temperature gnd pressure:
=- B ¥ £Tdins ix)

This has been derived many years ago by Nernst
using Thomson's method and more recently by Staverman
(26) and Kirkwood (27).

(b) Streaming potential is obtgined at uniform tempera-
ture and chemical potential:

d*’: = % I{Z Ekr ﬁk dpP (X)

(¢) Thermal diffusion potential is obtained at uniform

pressure and activity,
dine e 2 S o0 aaikin (xi)
V=Sl

In the considerations given above nothing has
been sagid explicitly about the reference frame work
to which the fluxes are referred, It is implied that
the reference frame was the membrane (28), Some choices
about the frame of reference are possible, For example
the golvent in the membrane phase may be congidered
stationary and therefore taken as one of the frames of
reference, Hills, Jacobs and Lakshiminaryanaish (24)
have given a treatment choosing for reference frame work,
the plane normal to the direction of fluxes and passing

through the center of mass of the system,
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The values of the phenomenolegical ‘coefficients
in this type of treatment depend on the reference
fromework chosen., This being very unsstisfactory attempts
have been made to translate these coefficients into
Parameters (frictional coefficients) which are in-
dependent of the motion of the reference frame and
thus give a clearer picture of the membrane processes.
The classical work of Lord Rayleigh (29) and the
investigations of Klemn (30) and Laity (31) have laid
the foundations for the successful applications of
these principles to membrane processes (32, 33, 34)
pioneered by Spiegler (35) and illustrated by Spiegler
(35) and Meares (34) and expounded by Kedem and
Katchalsky (36, 37, 38, 39, 40, 41, 42) taking different
membrane systems into consideration.
(c) Theory of Absolute Reaction Rates:

A membrane is considered as a series of potential
energy barriers existing one behind the other, across
which material must pass to cross membrane (43, 44, 45,
46)., To do so, the permeating species must have certain
minimum energy. A typical potential energy diagram
is shown in Fig.2 (47), where A indicates the mean
jump distance, If cq ig the initial concentration of
the substance (molecules per c.c.) the veloecity of

forward diffusion is

ar = Ky cl_Al_(molecules/cme) (xii)

where K, 1s the specific velocity for crossing the

B

= N :
barrier 1 and k, =k rlfj“e 1/RT (xiii)



o

; where k is the transmission coefficient for which a
Value of unity 1s assumed. K i1s the Boltzmann constant,
h 1s the Planck constant and Alg‘l is the free energy
of activation necessary for crossing the barrier 1.

Similarly the velocity of the backward diffusion
over the barrier 1 is qy = Ké Co >\2 (xiv)

The net rate of diffusion or flux is

!
J = chl)\l - Ko Co Ay (xv)

In the steady state

The diffusional flux is the same over every barrier

]
J =Ko Cg>\2 - K3 Cq >\3 for second barrier

]

J

It

Ky CgAg - K4 C, Ny for third barrier

= : ' a £ =
J =Ky 1 Cpoy )\n-l - K, '“n)‘n for (n-1)

equations give upon rearrangement

|
KiCyhy = L s o o Con Xon
2" - > -
i K. T o R (le)
PO R TR USRS
Kz. Ky Kaz Kz ------ Kaoy

But according to equation (x1ii)

X, | Oy -2% ) e _ SFa/aT

= e = (Wii)
Ko

*
where 6F5; 1is the difference in energy barriers 1 and 2
: ! :
Ké Kq <0 (BF4 _&Fé )+(AFé - AFé )/RT _ BSF;/RT

Ky Kg

(xviii)



ST

'whereSF; is the algebric sum of di*"g and dFg3 and is
the difference in height of barriers 1 and 3, Similarly

*
1 ] 1 SF
o e ST e (xix)
Ky Kg == Kpo3
] ] > o 1 1 * &‘1
s 4 Kp.1 K, et (BFy+ SF, .- BF) )/RT e

K KKg == Kp 5

* -
But OF; +8F . -8F, =OF,, is the difference in

free energy between position 1 and n, Substituting

equations (xviii)-(xx) into equation (xvi)
X AW IRT
M ACES WY

J = (xxi)

: o
1+ SRIRT SFIRT  EF.Zi/RT

A number of special cases have been considered
by Parlin and Eyring (48). In all these considerations
considerable skill to manipulate equation (xxi) is
called for., An analogous type of kinetic approach to
membrane processes has been presented by Laidler and
Schuler (49) and applied to experimental Osmotic results
by Schuler, Dames and Laidler (50). Similar ideas
prevail in the theory of membrane potential discussed

by Nagasawa and Kobatake (51).
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MEMBRANE ELECTRODE S

The potentiometric determination of activities
of the alkali and alkaline earth metal ions in solution
by means of conventiongl electrodes is beset with
experimental difficulties and so far has been successful
for practical purposes only with more concentrated
solutions, The potentiometric determination of the
activities of anions is at present restricted to a
limited number of ionic species, because of the lack of
suitable electrodes; the activity of many, even some of
the most common anions cannot be determined electro-
metrically. Many of these difficulties can be overcome
readily by the use of permselective membranes as |
"membrane electrodes™. The term "membrane electrode" is
applied to a system in which a selective membrane separates
ﬁﬁ electrolyte solutions and at which an electrieal
potential difference is established characteristic of
the difference in activity of a common ion constituent
on either side. Thiés membrane potential responds in a
reproducible manner to changes in the activity difference
of one kind of ion so thagt if one of the two solutions
is of fixed and known composition, then the observed
membrane potentigl is indicative of the composition of
the other., For various membranes used under suitably
restricted conditions this result can be acheived for
almost any ionic species.

The potential usefulness of membrane electrodes

was first recognized by Haber (5§2) after Nernst and
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. Rlesenfeld (53) had shown that any interphase (membrane)
which in a concentration cell selectively allows the
reversible transfer of only a single ilonic species from
the one solution to the other gives rise to a potential
and acts electromotively in a manner strictly analogous
to a conventional reversible electrode for this ion,

The experimental work on the use of glass
membrane electrodes for the determination of hydrogen
ions is well known (54, 55, 56). The attempts of
Horowitz (57) and Schiller (58) to use glasses of various
compositions as membrane electrodes for several cations

did not meet with success.

Marshall and Collaborators (59, 60) and later
Wyllie (61) have prepared membranes from various zeolitic
minerals and have shown that they can serve as reversible
electrodes for alkali and alkaline earth cations. These
membranes have certain practical drawbacks: they
possess high ochgmic resistances (1-10 megohms), require
several hours or days to attain equilibrium and are
stable for 1limited periods of time only.

Membranes prepared from clays or from natural
or synthetic polymer materials and much of their develop-
ment has been carried out by colloid chemists, polymer
chemists and biochemists. The analytical uses of
membranes, e.g2., as membrane electrodes represents only
one of the several aims of this development work and
certainly the prineipal goal has been the imitation and

understanding of the controlled selectivity of the natural
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membranes of biological systems,

The practical application of membrane electrodes to
analytical purposes requires not only directions for the
preparation and use of the membranes but very practically
an appreciation of the theory of membrane potentials.

A knowledge of fgctors governing the selectivities and
degree of non-ideality of membranes is essential both
the development and use of membrane electrodes and to
the interpretation of the emf values of cells containing
them.

The development of membrane electrodes has
followed the steady refinement of the measurement of
membrane potentials, The theory of membrane potentials
was developed by Donnan (62),by Horovitz (63, 64) by
Teorell (65, 66) by Meyer and Sievers (67), by Tendeloo
(68) by Marshall (69) and by Scatchard (70)-the last two
authors dealing especially with membrane electrodes.

The most significant advance was the practical
reglization of the systems idealized in these theoretiecal
treatments. Michaelis (71, 72) was the first to describe,
the suecessful application of membranes of high ioniec
selectivity but the two most important devel opments
were due to Marshall (69, 73, 79) who was responsible for
developing zeolite and clay membranes, and especially
to Sollner and Gregor (80-87) whose collodian-based
membranes remain the simplest and often the most suitable
membrane electrodes for the pbtentismetric determination

of ionic activities,
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The selectivity of ion-exchange resing towards
different ionic species is governed by the same factors
which control the ionic permeability of membranes and
several research workers, notably Kressman (88, 89)
and Wyllie and Patnode (90) showed how membranes of
ion exchange materials also functioned reproducibly
and selectively as membrane electrodes over a wide
range of concentrations of individual ionic species.,
This type of membrane can be prepared 1in two ways
(i) as a homogenous sheet or film of porous cross-
linked polymer material, the pores of which are charged
with fixed carboxylic or sulfonic acid groups (cation-
selective membranes) or amindgroups in the-onium form
(anion gelective membranes) (88, 89, 91-103) and which
are accessible to all but the largest ions, or (ii)
as a heterogenous membrane which can be made by
impregnating a porous polymer material with adsorbable
polyelectrolyte (104-106)\or more usually by incorporat-
ing particles or beads of ion exchange resin into an
inert plastic matrix by molding the beads and plastic
binder in a suitable process (90, 106, 107). This
last type of membrane is tough and flexible and is
available in large sheets (e.z. of several square feet)

from the manufacturers of ion exchange materials.
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THE THEORY OF MEMBRANE ELECTRODES

The simplest concept of an ion selective membrane
is that due to Teorell (65, 66, 107-109) and to Meyer
and gievers (110). The membrane is regarded as a
poroug diapharam throughout which there is an even
distribution, along the pore walls of one particular
species of fixed ionized or ionizable groups which is
permeated by the solution in which it is immersed.
Assuming that the pH of the imbibed solution is such
that all of the groups are ionized, their concentration
(% gm equivalent per thousand gm water) is virtually
const ant being subject only to the relative minor
changes in the degree of swelling of the membrane. This -
concentration is the most important characteristic of
the membrane and, prcvided that there are no large or
uncharged pores through which electrolyte can "leak"
it will determine the efficlency or selectivity of
the membrane,

The unequal distribution of diffusible ions
at the interface is accompanied by a potent;al
difference, the Donnan potential y given by the
general equation for counter ions of any valency zj

(including sign).

mw = -R;ITF in ai'.i_ (i)
i

where a; 1is the mean molal activity of electrolyte and
aj 1s the mean molal activity in the membrane fhase.

This phase boundary potential is indeterminate
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but if the membrane separates two solutions of
different composition there will be two unequal Donnan
potential give rise to a potential (volts) difference
across the membrane which is approximately atleast
easlly measurable. The sum of the Donnan potential

dif ferences is given by

ST Ay, a') ]
W + Ty = 2F Lm[('g:)j/(—i b (11)
since a; = miﬁ and my is given by
T ol e 2 Jé,_
g = Z+{_>i+m£7_"r } (1ii)
AW T 7

where X = concentration of fixed charges

m+ Y + = mean molal activity

mean molal activity coefficient inside the
membrane phase and

s

The sum of equations (ii) and (iii) for (1:1)

electrolytes 1s

A
y g _RT P, @iz [)TII(?;');I"‘" (@) ( Z/ﬁ)lﬂig on
1t N = %F (ai)II[)_LI('f;)I’-+4 PRI N (1Y)
. ))I] +X1( Yy

which it may be noted, takes into account the separate

values of E, ?1 and 72 approaches to each interface.
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DIFFUSION POTENTIAL

Total potential difference across the membrane
includes a diffusion potential arising from the
spontaneous transfer of dissociable entities across
it from one gsolution to the other, In all the theories
of membrane potentials it is equated to that of a
"econtained 1iquid junction®" i,e,

11 =
RT Ty i
Pk Bl S :E:“Ef d b ag

(Pdij-j'-usiow il (v)

1

where %, tj etec, are the transport numbers of the
diffusible species in the membrane phase. This equation
is not integrable unless certain assumptions are made
about the appropriate ionic distributions and about
single ionic activity coefficients., Planck asgsumed
that the total ionic concentration varied linearly
through the diffusion zone and this assumption together
with-equation of the relevgnt activity coefficients
to unity, is the usual basis for evaluating membrane
diffusion potential. No integration of the flux
equations in terms of the activities has yet been
given although the difficulties involved have been
emphasised by Schlogl and Helfferich (111) and a
general integration for ions of different valencies
(but agaln restricted to ideal systems) has been
performed by Schlogl (112). The Planck assumption used
by Teorell, leads to the expression for diffusion
for a single (1:1) electrolyte.

gibclic i, [ SO B
¢d-'»ff*~=1°w T ZF g4 W OMq) g +14 (g ) (Vi)




where u; and ug are the counter-ion and co-ion

mobilities (assumed to be constant) within the
membrane phase. The total membrane potential is
therefore given by

AE = T +TT; + .aiffusion
AE - BT Qo (%ids [an’»)u[u(uk ! =
z;F (1) (1), {1 +(1+L»: Yl
+M_Qn Xu{.u‘"'(l"'gn) }]
Lt Ky LU S0, et

(vii)

where u = u and g I aﬁ':/)—(;i
Uy + U

This equation for membrane potential is still
deficient in two respects. Firstly it tgkes no account
of differential swelling across the membrane, i.e. the
effect on ;)ﬁ of a swelling-pressure gradient. This
however is not likely to be a large factor and can be
avoided by a suitagble design of membrane., Thig could
lead to an apyreciable error and although the transport
of water can also be minimized by suitable choice of
membrane, its effects can seldom be neglected it is
congidered further below. The equation as it stands
can take two extreme forms
(1) When external concentrations are large compared
with the fixed ion concentration i.e. Q4 X it
reduces to that for a normal diffusion potential

LR (o4) (u. )
By = i 2% [ .y +u) W(O_:)T— (ﬁ++ﬁ) (a_ )Ill-l (viii)
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. (2) When O 4 & X the equation reduces even further to

E= - BL. 1In iillll (ix)

which is true for counter-ions of any valency. The
last condition is the one most closely approached in
practice., It is equivalent to the total exclusion of
the co-ion species when the membrane is perfectly
permselective towards the counter ions., Under these
conditions, the membrane potential has its maximum
value and is frequently designated 8B, It is
this equation which is most commonly used to express
membrgne potentials and to evaluate the results from
membrane electrode measurements,

The extent to which equation (ix) can be used
to study ionic activities depends of course on the
precision required from the megsurments,

It is applicable within experimental error to
many of the membranes described below in contact with
solutions of molality upto 0.05 mole per thousand gm
and in two instances upto 1 mole per thousand gm.
Above 0,05 m and very often even gbove 0,01 m many
membranes show significant deviations from the ideality
expressed by equation (ix) and then a more complete
equation e.g. equation (vii) must be used.

A more gehergl method of measuring potentials
and one most frequently used employs two standard halg

cells as reference electrodes e.g.

Saturated| salt [standard |membrane| test salt | saturated
cal omel bridgg solution solu-| bridge| calomel
electrode ,of counter tion el ectrode
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Neglecting any asymmetry potential difference
between the two 1liquid junctions the emf of this
membrane cell is equal to the volta potential difference
across the membrane as described by equation (ix).

On either basis the ratio (ai)II/(ai>I ig directly
obtainable, Further the single ion activity (ajljyy
in the test solution can be evgluated in terms of
whatever assumption is made in resolving the known
(aj)1 value of the standard solution.

Membranes which present interesting permeability
characteristics has been empirically investigated
by Malik and Coworkers. The membranes used were
mostly metal ferrocyanogen and metal tungstates
parchment supported membranes. Ferricyanide membranes :
of Co, Ni and Ag (113) were found permeable to electro-
lytes KCl, K280, and Kgfe (CN)5 following the order
KC1 > K5804>Kgfe (CN)5. This order was reverse of the
order of adsorption of these anions on the freshly
precipitated compounds. In their earlier studies they
empl oyed the isotonie sucrose method of Weiser (114)
to meagsure electrolyte transfer across the membranes,
This method was later replaced by a constant flow
technique (115-117) and using thorium tungstate
membranes, the permegbility of g number of electrolytes
were megsured (118). The order of permeability was
KC1 > NaCl > K;80, > Nags0, > NagWO,. The membranes
were also used after a pretreatment with either

Nazw04 or thorium nitrate. Pretreatment with the



former did not show any change, whereas with the
latter, the rates of diffusion of the electrolytes
Increased although the order of permeability remained
the same. The increase was attributed to the peptising
action of thorium nitrate on the thorium tungstate
gel membrane, The order of electrolyte adsorption was
agaln in the reverse order. These studies were extended
to cobalt and manganese ferrocyanide membrgnes (119)
and to chromic ferro and ferricyanide membranes (120).
Later studies were also made on cadmium, silver ferro
and ferricyanide membranes.

Membrane potentials arising across these
. membranes were also measured and related to permeability(f
parameters by a Freundlich adsorption type equation
E = a PP yhere E is the membrane potential, P is
the permeability and a and n are constants characterising

the membrane and were evagluated graphically.
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. Statement of the problem
The investigations described in the thesis deal
with the following aspects of the problem:
(1) Preparation of parchment supported and un-
supported membranes of ferric oxide, alumina, silica,
ferric silicate, aluminium silicate.
(ii) A review of the methods employed for measuring
permeability of electrolytes through membranes with
special reference to the advantages and disadvantages
of Hartung's constant flow method.
(1ii) Permeability of metal hydrous oxide membranes
to various electrolytes employing both treated
(Fe+++, Al+++, soap solutions) and untreated membranes,
(iv) Studies on the permeability of silica and
metal silicate membranes (both treated and untreated)
to various electrolytes:
(v) Membranes electrodes, their preparation and
performance including measurements of activity of
anions, cOagulatioh phenomenon etc.
Appendixs
The appendix deals with thé studies on
gluminium ferroecyanide sol, incorporating the following
aspects (i) preparation of aluminium ferrocyanide
and verification of Bhattacharya's equation (ii)
viscogity of the sol with progressive dialysis (iii)
behaviour of parchment supported gluminium ferrccyanide

membrane.



CHAPTER I
PREP ARATION OF MEMBRANES
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Artificiagl membranes, apart from their importance
as models for physiological studies, have found use
in many fields connected with the study of colloidal
phenomenon, More recently its use has been successfully
extended to industry and technology inecorporating
chemicgl operations like using deminerialization by
electrolysis, salt filtration etc. employing suitable
membragnes.,

Inorganic gel forming systems which may provide
useful membrane material for fundamental studies, have
not been fully exploited and except copper ferro-and
ferricyanides other compounds have not been seriocusly

considered for investigation.

Clagsification of Membrgneg

Unlike the classification based usuglly on
either the nature of the product, i.e., coherent gel or
otherwise, or the nature of the chemical reaction, i.e.,
addition or condensation reaction producing the product,
a different mode of classification based on this ultimate
use has been followed.

The efforts of various workers have been directed
towards (i) preparing or manufacturing membranes, mostly
ion exchangers, with good chemical and mechanical
stability and favourable electrical performance, suitable
for fundamental transport sﬁudies and for applications
in some industrial operationsg like treatment of brackish

waters, saline water conversion ete, (ii) building
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. sultable model systems to mimic the properties of
natural membranes and (iii) preparing composite membranes
containing cationiec and agnionic groups in suitable
arrangement to demonstrate and to study the physico=~
chemical phenomenon gssociated with rectification of
alternating current and other special membranes for
specific purposes.

A large amount of work is primarily concerned
with the preparation of operstionally useful membranes
and so a variety of methods have been used to prepare
them, A rational classification of these many proce-
dures is difficult to present, They are, therefore,
treated under the following heads:

(a) Homogeneous membranes

(b) ‘Heterogeneous membranes

which are subdivided into (i) non reinforced membranes
(ii) woven fabric-backed membranes (iii) membranes
formed by chemical treatment (iv) membranes formed by
mechanical treatment of membrane forming monomers or
polymers and (v) membranes formed by photochemical
treatment.

Homogeneoug membraneg:

In this respect polymethaerylic acid (PMA),
phenol sulfonic acid (PSA) and polystyrene sulfonic acid
(PSA) and polystyrene sulphonated sulfonic acid (PSsA)
have proved very useful (1-7). Loeb and Sourirajan
(8-10) " described a procedure for the preparation of

cellulose acetate membrane suitable for demineraglization
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saline waters., Cellulose acetate was dissolved in
acetone and made up with water to which magnesium
perchlorate had been added, The materials were taken
in the proportion 22.2: 66,73 102 1l.1. Uniformity

of thickness was obtained by passing an inclined knife
across the top of the plate., Solvent was allowed to
evaporate.

Harper (11) has prepared ethyl cellulose
membrane by spreading a solution of it in chloroform
and drying.

0il films also constitute the same class of
artificial membranes, and as models for biological
membranes their permeagbility behaviour has been studied
by Overton, Osterhout and Others (12). The wide
variety of'oils'used are usually classed as ‘neutral’
(e.g. benzene, long-chain paraffins such as higher
alcohal like amyl alcohal or octyl, esters such as
octyl acetate etc.) 'acid' (e.g. phenols, oleic acid)
or 'basie' (e.g. aniline, long-chain amines).

Heterogeneoug Membranesg:

(i) Non-reinforced membranes:

These are prepared by employing suitable casting
techniques for solutions of membrane forming substances.
Membranes may be cast on metal, glass or mercury surface,

A membrane was prepared by dryihg at 70° a
solution of polyethylenimine (1000 gms) and polyvinyl
alcohal (1 gm) in hot water (15 gms) poured on a glass

plate, It was converted into an anion-exchange membrane
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(12) by drying and acetalizing in bath containing
H280,, Na580, and HCHO at 70-80°. Membranes suitable
for dialysis have been made from block copolymers
based on polyoxyethylene glycol and polyethylene
terphthalate (13),

(1i) Woven-Fabric-Backed membranes s

The steps involved in the preparation of these
membranes are (a) solubilization of monomers in suitable
solvents or preparation of partially polymerized gels
(b) impregnation of cloth with the solution of the
monomer or partially polymerized gel (e¢) curing to
complete polymerization with or without Pressure and
(d) introduction of ionogenic groups if necessary by
conventional procedures like sulfonation or chl oromethyl a-
tion followed by amination,

PVC or polyvinylidene chloride el oth impregnated
with resing from anthranilic or salicylic acid and
resorcinol and cured in a moist atmosphere showed
selectivity to Fe, Co, Ni, Cu and Zn (14).

Anion-exchange membrane suitsble for physico-
chemical research were prepared (15) using polyaeryloni-
trile fabric supports,

(1ii) Membraneg formed by chemical Trestment:

A parchment film was impregnated with a benzene
solution of polymer from styrene, ethylvinyl benzene
and an alkali chloride. It was heated at 60° and

immersed in benzenesul foniec acid to form a cation
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exchanger (16). Richards and white (17) have prepared
cation exchange membranes from paper and aerylic acid.
Membranes from inorganic precipitates and gels
have also been prepared. Welser prepared copper
ferro-and ferricyanide membranes (parchment supported).
Malik and Ali (18) have prepared thorium tungstate
and molybdate membranes by depositing thorium tungstate
and molybdate respectively in pores of a parchment
thimble. Malik and Coworkers (19, 20) have also
prepared many metal ferrocyanide and ferricyanide
membranes like those of cobalt, nickel, chromium,
manganese, cadmium and silver.

(iv) Membranes formed by Mechanical tregtment:

The simple principle used to prepare these
membranes is to bind a polyelectrolyte or a conventional
ion exchanger at ordinary or at elevated temperature
to & thefmoplastic polymer by application of mechanical
pressure or to bind two polymers together by mechanical
pressure and later to introduce ionogenic groups by
following the conventional procedure.

Amberlite IR-120 (powdered) was moulded with
a copolymer of vinyl acetate and vinyl chloride and
triphenyl phosphate (plasticizer). A roll surface
temperature of 130°-150°C was used (21).

A 0,7 mm thick membrane was made by simply
pressing at 130°C (200 psi) cross-linked polystyrene
resin (quaternary ammonium groups) with polyethylene

{22)
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Ion exchange membranes have been prepared
that are primarily inorganic in nature, The cation
exchangers are based on zirconium phosphate as the
active materiagl whereas the anion exchangers are
based on hydrous thorium oxide. Each type of membrane
contains a small quantity of a very high tempergture
stable organic polymer such as Teflon, Kynar, ér
polyvinylbutyrol as a binding agent, The gective
material and the binder are made up into a slurry and
cast into membranes form on a glass or Teflon plate
using a doctor blade.

Similarly other inorganic membranes have
been prepared for example by hot pressiné ammonium
molybdophosphate with polyethylene powder (23).

Since 1940 much time and effort have been
devoted by Marshall and his associates (24, 25, 26)
to the investigation of clay membranes, The reason
for this lay in the fact that it seemed possible to
use them as membrane electrodes. The preparation of
clay films by Hauser and Le Beau prompted an exgmingtion
of their electrochemical properties. Later Mitra (27),
Bose (28), Adhikari (29) prepared a number of membranes
made from clays. |

The membranes used by these authors, were in
most cases, made by careful evaporation of supercenti-
fuged bentonite suspensions followed by controlled

heat treatments., Mitra and Bose (loec. cit) had
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investigated the suitability of a number of other
elays, both in their different cationiec forms and
oxide free states as membrane electrode material.

Wyllie and Patnode (30) used a numﬁer of resins
and clayey materials for preparation of membranes by
the technique of moulding. In some ways they demonstrated
the superiority of these membranes over those of Marshall,
Such moulded resin membranes had been used by Sinha,

Bose (31) and others for the measurment of cationic
activities,

Very recently Malik and Singhal (32) had prepared
bentonite membranes by the method recommended by Wyllie,
Patnode and 8inha (loe, cit) for the preparation of
resin membranes. The optimum conditions, viz., the
fitness of the clay and bonding powders, ratio of
mixing , membrane thickness and the temperature and
Pressure of moulding were found by trial and error
after performing a large number of experiments, Thé
following procedure was finally employed for the prepara-
tion of these membranes.

A 200 mesh powder of polystrene was obtained by
sleving, It was mixed with a 200 mesh powder of hydrogen
bentonite in equal preportion by weight (0,25 gm of each).
The mixture was introduced in the electrically heated
steel mould of the Apex mount press. When the temperature
had risen to 13000, the heating was stopped and the
mixture subjected to a pressure of 3500 1b/sq. in. This

pressure was maintained till the mould had cooled down
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to about 100°C, The pressure was then released,
the mould allowed to cool and the moulded disc or
membrane removed from the press.

Membraneg formed by Photochemical treatment:

Poverful ionigzing radiations have been used
in this method to bring about the polymerization of
manomers.incorporated into various materials, In
this work polyethylene films have been used by a
number of workers. The film was soaked in styrene
and treated with y-rays from 0060 (33-39) to form
the graft copolymer which was later sulfonated or

aminated to form ion selective membrane.
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SUPPORTED MEMBRANES
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Prepagration of parchment supported gnd un ort

ferric oxide, alumina, gilica, ferric gilicate and

aluminium silicate membranes:

(1) Pgrchment supported ferric oxide membrane

Ferric oxide membrane was prepared by impregnating

the parchment paper with iron oxide gel. The paper

was first soagked in.distilled water and then tied to

open glass vessel (cylinder)., 25 ml of 0.1M ferric
chloride solution was filled in it and then it was sus-
Pended iﬁ a beagker containing 50 ml of 20 percent gmmonia
solution for 24 hours. The solutions were then interchan
ged, ammoniag being kept inside and ferric chleride solu-
tion outside the vessel(Fig.3 ). The process was repeated
several times until a fine deposit of iron oxide gel(40)
was obtalned on the parchment paper(Fig,4 ). The membrane,
dark brown in colour, was washed repeatedly with double
distilled water for the complete removal of absorbed
electrolyte. It was then examined under a microscope

for any deformation or crack,

(ii) Ferric oxide unsupported membrane:

Ferric oxide membrane without support was

prepared as follows:

Iron oxide gel (40) was prepared by mixing 0.1M
ferric chloride (A.R. Grade) solution with 20 percent
ammonia solution, It was thoroughly washed with double
distilled water for the complete removal of adsorbed
electrolyte and the gel dark brown in colour was dried
in oven at 11000 for 8 hours, 1,00 gm of fine powder
of iron oxide gel was pressed by a compression machine
(Fig,5 ) in the form of 5 circular disc of diameter 3 cm,

and 0,12 mm thickness. The pressure agpplied was
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. 3000 1b/sq. It was then examined under a microscope
for any deformation or crack,
(1ii) Parchment supported aluming membrane:

Alumina membrane was prepared by impregnating
bparchment paper with the gel. The paper was first
soaked in distilled water, and then tied carefully
on open glass vessel (eylinder) aluminium sulphate
solution (10 percent) was filled inside it. It was
then suspended in a begker containing ammonia solution
(80 ml, 50 percent) for 24 hours. It was then taken
out and washed repeatedly with distilled water to remove
the adsorbed electrolytes. The solutions of aluminium
sulfate and ammonia were then interchanged, aluminium
sulfate outside and ammonia inside,

The process was repeated several times, until
a Very fine deposit of alumina gel was obtained on
the parchment paper (Fig.4 ). The membrane thus obtained
was white in colour. The membrane was seen under
microscope. It had a fine deposition throughout the
whole surface and there was no crack or def ormation
on it,.

(iv) Alumina unsupported membranes

Alumina gel was prepared as follows (41):
Aluminium sulfate (10 percent) was mixed with
strong ammonium hydroxide (50 ml) while boiling., The
precipitate was washed rapidly with boiling water. The
mass was stirred up with 20 ml of a 10 percent acetic
-acid (sp.gr.404Y and then put .on the water-bath. A
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trangsparent raw gel appeared in five minutes.
It was then transferred to an air-oven and dried at
about 70°C. Hard transparent grains were obtained,

The gel thus obtained was powdered and then 1 gm
Pressed in a compression machine by applying a pressure
of 3000 1b/sq.in. The membrane thus obtained was 3 cm
in diameter and 0,125 mm in thickness. The membrane was
white in colour and did not show any deformation or
crack under the microscope (Fig.5 ).

(v) Parchment supported silicas membrane:

The membrane was obtained by impregnating silica
gel on parchment paper. The parchment paper was first
soaked in distilled water and then tied to the open
and of a cylindrical glass vessel. 25 nl of sodium
silicate solution (sp.gr. 1.18) was filled inside it.
The whole assembly was then suspended in a beaker
containing 80 ml of 10 percent hydrochloric aecid
solution for 8 hours., A transparent thin layer of silica
was found deposited on parchment paper. It was taken
out very carefully and washed repeatedly with hot water
in order to remove salt and excess acid.

The solutions of sodium silicate and hydrochloric
acid were then interchanged, sodium silicate outside
and hydrochloric acid inside the vessel. The process
wés repeated until a fine uniform deposit of silica gel
was obtained (Fig.© ) which showed no cracks or deforma-

tion under microscope.



FIG.4. MICROPHOTOGRAPH OF IRON OXIDE MEMBRANE

FIG. 5. MICROPHOTOGRAPH OF ALUMINA MEMBRANE




FIG.7 MICROPHOTOGRAPH OF _ FIG.8. MICROPHOTOGRAPH OF

IRON SILICATE MEMBRANE ALUMINIUM SILICATE MEMBRANE
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(vi) 8iliea unsupported membrane:

Patrick's method (42) was employed to prepare
the gel. A hot (50°C) 75 ml solution of godium silicate
of sp.gr. about 1,185 was rapidly stirred into an equal
volume of a 10 percent solution of hydrochloric acid at
the same tempersture.. After the gel had set (which
usually required agbout an hour) it was broken into
pieces and the salt and excess acid were washed out
will hot water. Air drying at 75-120°C was employed.
Silica gel prepared by this method was hard and glassy.
The gel was crushed into fine powder and 1 gm of it was
pressed in g mould by a compression machine by applying
a pressure of 6000 1b/sq.in. in order to get g thin
circular disc, (Fig.© ). The diameter of silica membrane
thus obtained was 3.0 cm., and thickness 0,13 mm.

(vii) Parchment supported ferric silicagte membranes

Ferric silicate gel (43) was impreghnated on
parchment paper in order to get the membrane, Parchment
paper soaked in water was tied to an open glass vessel
(cylinder) and 25 ml of 0,1M ferric chloride solution
was filled in it, The whole assembly was placed in a
begker containing 50 ml of sodium silicate solution
(sp.gr.1.18) for 24 hours. It was theh taken out and
washed well with distilled water in order to remove
excess of salt. The solutions were then interchanged,
sodium silicate being kept inside and ferric chloride
solution outside the vessel. The process was repeated

several times in order to get g fine deposit of ferric

r



FIG.9. COMPRESSION MACHINE USED FOR PREPARATION

OF UNSUPPORTED MEMBRANES
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.gilicate on parchment paper (Fig.7 ). The membrane,
yellow in colour, was washed with distilled water
to remove adsorbed electrolyte. It was then examined
under a microscope for any deformation or crack,
(viii) Ferric silicate unsupported membrane:

Ferric silicate gel (43) was prepared by mixing
50 ml of 0.1M ferric chloride (A.R. Grade) with 25 ml
of sodium silicste solution (sp.gr.l.16). The gel
obtained was thoroughly washed and drieéd at 110°C for
12 hours. 1,00 gm yellow fine powder of iron silicate
was pressed in a compression machine in the form of
a circular dise of diameter 3 cm. and 0.125 mm thickness.
Yo deformation or cracks were found on membrane while

examining under microscope (Fig.7).

(ix) Parchment supported aluminium silicate membrane:

Aluminium silicate gel (44) was prepared by the
interaction of basic aluminium sulphate (45) and sodium
silicate solution, Bagic aluminium sul phate was prepared
by titrating 10 percent solution of aluminium sulphate
with sodium carbonafe to the point at which no permanent
precipitate was formed on standing. 25 ml of basic
aluminium sulphate solution was taken in an open glass
vessel tied with parchment paper soaked in water. It
was then suspended in a beaker containing 50 nl of
sodium silicate solution (sp.gr.l.18) for 24 hours.
Later it was washed with distilled water In order to

remove excess salt solutions., The solutions of basie
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. aluminium sulphate and sodium silicate were inter-
changed, keeping aluminium sulphate outside and
sodium silicate inside the vessel. The membrane white
in colour was washed gently with double distilled
water for the complete removal of salt solutions. It
was then examined under microscope for deformation
or crack (Fig.8 ).

(x) Aluminium silicate membrane without support:

100 ml of bgsic aluminium sulphate solution was
mixed with 25 ml of sodium silicate solution (sp.gr.l.16).
White gel was obtained which was repeatedly washed
with double distilled water in order to remove excess
of salts. The gel was dried at 100°C for about 18 hours..
1.00 gm fine white powder was pressed in a compression
machine by applying a pressure of 6000 1b/sqg.in, in
the form of a circular disc of diameter 3 cm, and

0.125 mm thickness (Fig.8 ).



CHAPTER II
PERMEABILITY MEASURMENTS OF MEMBRANES
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Permeability is defined as the property of a
@orous material which permits the passage or seepage
of flulds such as water, salt solutions and/or oil,
for example, through its inter connecting voidé. The
ease with which water or other fluid flows through
materials, 1s of interest to the engineer in varying
degrees in the design of structures of any materigal.
The durabllity of conecrete is dependent upon permegbility.
But, in the solution of great many problems inﬁolving
earth materials, the permeagbility may be of primary
importance.

Some of the engineering problems in which permea-
bility is of primary importance are as follows: L

The rate of settlement of g layer of saturated
compressible soil subjected to logd is dependent upon
the permeabllity. The sustained rate of floy from wells
1s dependent upon the permeghility of the aquifer.
The permeability of soil will determine the spacing of
wells and amo%% of water to be pumped in lowering
ground water to facilitate excavation for construction
purposes., It also will affect the amount of loss from
reservoirs through, under, and around dams. Permeability
is a factor in the need for and design of filters to
prevent piping or uplift, and to control the hydraulic
stability of slopes of earth materials.,

The various type of apparatus which are used in
soil laboratories for determining coefficients of

permeability of soils are called permeameters., They are
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of two basic designs, the constant head type and the
variable head type (1). Numerous gubdivisions of the
two designs are often mentioned, such as upwardflow
and downwsrd-flow types, but these are not of major
importance, fundamentally.

The methods used to measure diffusion rates may
be broadly classified into two categories:

(1) Steady state method
(1i) Constant flow method

In the first method, the surfaces of a sheet
of solid material are maintained in contact with reser-
voirs of diffusive material at two different fixed
concentrations., The net transport is then found by
megsuring the total rate of movement of material between
the reservoirs,

The second method involves subjecting the
sample, originally in equilibrium with surrounding
reservoir of fixed concentration, to a sudden change in
reservoir concentrgtion, and measuring either the concen-
tration distance profiles in the solid or more simply,
the change in concentration of the reservoir. Although
the apparatus needed for both these types of experiments
is usually fairly simple, the analysis of data from the
constant flow method is more convenient to do. Besides
the constant flow method can provide more information
than the steady state one, since the asymptotic value
of concentration reached at very long times represents

the equilibrium solubility of the diffusing species in
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the solid material. In contrast, steady state methods
customarily provide a measure of the over-gll flux
rate.

The mechanism by which 1ipid substances are
transported across biological membranes is not very
well understood. Various ideas have been presented from
time to time, but it has been difficult to make experi-
mental verifications.

There are two general types of path ways through
which permeation is presumed to occur in biologiecal
membranes, transport through water filled pores and
trangport through a second phase (lipid in nature)
where preferential solubility in the second phase
promotes permeation (2, 3). It would seem logical that
the second possibility is more likely to hold than
the first for water-insoluble substances, nevertheless,
evidence has accumlated which would indicate the
possibility for seme 1lipid transport through water-
filled pores.

In order to consider the permeagtion of water-
insoluble substances through aqueous pores, it is
obvious that there must be present a mechanism for
solubilization, Fortunagtely, such mechanisms are known
to exist for many of the lipid substances in nature.
In the first place, the free fatty acids exist largely
as alkali metal selts at physiological pH and in this
state are generglly water-soluble. Secondly, there is

the hydrotropic action of colloidgl electrolytes such



as the bile salts gnd alkali metal soaps on the
solubilization of many water-insoluble substances.
The mechanism by which aqueous solutions of these
colloidal electrolytes "dissolve" water-insoluble
substances in micelles has long been established,
at least in its general aspects (4-6).

There are g few reports in the literature which
are concerned with the permeation of micelles and
solubilized material through artificial membranes.

Dean and Vinograd showed. that certgin dyes and toluene
could be transported through cell ophane in the presence

of surfactants. More recently a report by Klevens and
Carr (7) has shown that micellized substances can

diffuse through cellophane membranes, but that the rate
can be very slow of the micelles are large. Further

it was shown that the solubilization of another substance
by micelles slows down considergbly their rate of
permeation,

The permeation experiments with the collodian
membranes and cellophane were carriedout as follows (8).

A measured volume of the solution being tested
(usually 10 ml) was placed inside a membrane bag, and
a measured volume of water was placed outside. At
the beginning of an experiment the liquid levels in
the two compartments were essentially the same. All

the experiments were carried out at room temperature

22-25°C, From time to time small aliquot samples were

removed from both compartments for analysis. The rate
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_at which the system approached equilibrium was then
plotted graphically.

Weisers methods employing isotonic solutions for megsur-
ing permeability.

Plgsmolytic method of preparing isotonic solutiongs

Plant cells were employed by De Vries for
rough measurment and comparision of ogmotic pressure
of golution of certain substances. It was observed
that the cells were bounded hy more or less firm walls
lined with membrane permeable to water but impermeable
to substances dissolved in the cell sap e.g. certain
potassium salts, gluccse ete., If such a cell was
immersed in a solution of lower osmotic pressure than
that of solution inside the cell, no appreciable change
was Observed in the size of the cell on account of the
fact that the rigidity of the cell-walls did not allow:
the water to flow from outside to inside. But when
the cell was immersed in a solution of higher osmotic
pressure thanthat of the cell-sap, the cell membrane
partially collapsed due to diffusion of water from the
interior of the cell to the surrounding solution, This
phenomenon was termed as 'Plasmolysis'.

The sbove principle was used by De Vries (loc.cit)
in his method of measuring osmotic pressure. By using
cells of the same kind at different concentrations, be
determined the concentration at which plasmolysis

ceased or was just detectable., 8Such solutions were
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called 'Isotonic’', that is, solution having the same
Osmotic pressure., A solution that had an osmotic
Value higher than that of the cell saP was called
'Hypertonic' solution., A plant cell Placed in such a
solution was found to show evident plasmolysis. The
term 'Hypotonie' was applied to a solution whose
osmotic value was lower than that of the aell-sap.

On the above basis Malik and A1i(9) employed
the following procedure for the preparation of isotonie
solutions needed for the experiments of permeability
of membranes. Making use of the plant 'Spirogyra’,

They prepared isotonie solutions of KCl, K580,, Nago,
and sugar solution ete, and determined the exact strength
of above mentioned electrolytes isotonic with the ¥
cell-sap.

To perform the diffusion experiments electrolyte
solutions were placed inside the ferric tung state,
thorium tungstate membrane thimbles which were suspended
in sugar solution in a narrow glass cylinder for 24
hours. The electrolyte ingide the thimble was analysed

for anions.,

Calcul ationg:

0.1M KC1 solution was prepared by dissolving
1.865 gms of recrystallised dried sample of KC1 in 250
¢.c, Of double distilled water.

Suppose 0,2M sugar 1s isotonic with 0.1M KCl

then 6,8462 gms of A.R. sucrose was dissolved in 100 c.c.
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., of distilled water.

20 perform diffusion experiments, say, 20 c.c.
of 0,1M KC1 was placed inside the membrane which was
suspended in 80 c.c, of 0.,2M sugar solution in a narrow
glass cylinder for twenty four hours, Then potassium
chloride solution inside the thimble was analysed for
chloride ions before and after diffusion against
AgNOg,

Let 5 c.c. of KC1 before experiment require 9.0
g.0: of AgNO5 and S c.c. of KC1 after experiment require
2.8 oye, of AgNO,.

Percentage of diffusion

1]

£2,0-2,8) 3
5.0 x 100

1

Qgﬁ__ x 100 = 71,1% KC1

The method although simple and did not require
any elaborate experimental set-up was tedious, time
consuming and had a error range too less to give
reproducible results. La%er on a modified method was
developed by Hartung and Willis (1944) for investigating
the permeability of copper ferrocyanide membranes to
vVarious anions.

Their method too could not take into account all
the factors, viz., (i) surface charge on the membrane
(1i) adsorption of diffusing ion (iii) valency of
anion and (iv) diffusion rate of anion in free solution,
on which they considered the diffusion mechanism to

depend,



FIG.IO. CONSTANT FLOW METHOD OF PERMEABILITY MEASUREMENTS
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FPermeability megsurments by the constant flow method
of Willisg

Degcription of the gpparatus:

The apparatus is diagramatrically represented
in the (Fig. #) . The permeability cell 8 was in the
central gection, and consists of twin flat glass
vessels with flanges ground to fit together. The
internal dimensions of each half cell were approximately
30 mm diameter and giving a volume of about 45 c.c.

The lower half of the ell rests on the electromagnetic
stirrer plate. The membrane was fitted in between the
two half cells and it was sealed.

Freshly distilled water enters from the glass
tube through a stop cock A and passes down the tube B
and then upto tube C to the constant level head E
where the excess is removed by suction. From E the
water passes down D to the capillary F. From the
capillary the water passes through a wide tube past
manometer M into the lower half of the cell. On
leaving the cell, the water passes through the stop
cock K which is used to regulate the rate of flow of
water., The affluent is collected in a measuring
cylinder and is analysed by the conductivity megsurments,

| The solution is supplied from one litre flask
through stop cock T, from which it enters the constant
level 5, and flows contingously through the upper half
cell and exits through the stop cock J from which the
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» rate of the solution and the level in the manometer
N (attached to the upper half cell) was maintained,
The pressures on each side of the membrane
were shown by the manometer levels in M and N. A
mark was mide on the two manometers at equal level
and very fine adjustments of pressure were made by
changing relative positions of the stop cocks A and K,
and T and J in such a way that after a long interval
the difference in the levels of the two manometers
was very negligible.
The lower half of the cell was stirred by
means Of a soft iron piece sealed in a glass tube
and actuated by the electromagnets G, M and N were
covered by small glass caps to prevent entry of dust.
In starting the experiment, the main precaution
was t0 exclude air from the cell. For this purpose
cell containing membrane was filled with water and

the other components of the assembly were also filled

flow from stopcock T after opening the stopecock J.

The two stopcocks were then adjusted to maintain the
marked level in the manometer N, In the same manner
stopcock A and T were adjusted to maintain the required
level so that the diffusion due to osmosis is checked,

The rate of flow of the lower and upper halves were
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measured by collecting the affluent in measuring
cylinders in 20 minutes. The conductivity of this
affluent was observed from time to time until it
reached a constancy.

From the conductivity data the strength of
the solution was found from the calibration curve
plotted in conductivity against the known concentration
of the electrolyte used.

Checking of the apparatus:

Before starting permeability measurment s, the
apparatus was thoroughly checked to determine whether
it was sufficiently free from irherent sources of
error, The following critical examinations were
made.,

Legkage:

The upper and lower halves of thecell was
filled with water and kept for four hours., No leakage
was observed. When it was put in a electrolyte
solution, the affluent did not show any increase in
conductivity which again ensured that there was no
leakage in the apparatus.

Rate of flow through lower hglf of cell:s

The rate of flow through the 1ower half of

the cell was maintained constant (150 c.c. per hour)
by adjusting the stopcock K,

Rate of stirring in lower half of the cell:

It was observed by Willis in his permeability
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+ experiment that stirring increases the pPermegbility,
and this effect is attributed to removal of stationary
layers from the underside of the membrane, with
consequent reduction in the concentration gradient.
Keeping this in view, the stirring rate was kept
constant by adjusting the control dial of the electro-
magnetic stirrer, so that the experiment would be
made with all the electrolytes under the same condition
of stirring,

Rate of floy of solution:

The rate of flow of the solution was adjusted
by altering the position of the stopcock J., The rate
of flow of the solution was kept 180 c¢.c. per hour in

all the permeagbility experiments,

Pregsure difference across the membrane:

The hydrostatic pressure of the upper and
lower halves cell were kept constant by keeping the
levels of the liquids in the manometers M and N
equal which were adjusted by trial and error of the

stopcocks A and K and T and J in turn,
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The constant flow method of Willis and Hartung
suffers from some drawbacks as mentioned earlier,
Therefore it was thought worthwhile to made some
improvements in order to get better results.

The improvements were made by decreasing the
actual volume of permeability cell enagbling equilibrium
to be reached more quickly and employing a electromag-
netic stirrer for carrying out the experiment under same
condition of stirring by adjusting the control dial
of electromagnetic stirrer(this avoids the inereagse in
Permeability due to variationsg in stirring as observed
by Willis and others).

The permeability of parchment supported and
unsupported, ferric oxide aluming, silica, ferric
silicate and aluminium silicate membranes to Vvarious
electrolytes having a common cation (K*) and anion (c17)
was found out by setting up the whole assembly as (Fig.10)
mentioned egrlier. The permeability values were cal-
culated as desceribed below.

For a particular constant affyfdent conductivity,
the concentration of electrolyte coming down through the
membranes was computed from standard concentration-
conductance plots of electrolytes (given in Chapter III).

Then permeability was calculated in millimoles per hour.



+Megsurment of membrgne potentigl due to Qg;mgabilgyzz

It was observed that when a porous medium or
gel (the membrane) in which pore walls carry an electric
double layer, separated two electrolyte solutions, an
electric field (diffusion potential) maintained electro-
neutral ity and brought about the balance of fluxes., The
magnitude and sign of the botential depended on the
nature of the membrane and the permeating species. If
the membrane carried no fixed chérge, the potential was
the same as the 1liquid junction potential whereas if the
membrane carried some fixed charges, the magnitude of
the potential was determined by the concentration of the
external solution and its sign by the nature of the fixed
charge, However it is found that many membranes
considered completely inert, because of the absence of
measurable quantity of fixed charge, have a tendency
to generate an electric potential.

This was attributed to adsorption of cations
or anions to make them anion or cation selective. The
work of sollner and others has shown that in the ecase
of nitrocellulose, the electromotive activity was due
to the end and stray carboxyl groups of the nitrocellu-
lose (10-15). Membraneé like these can be made cation
selective or anion selective (16) by making them adsorb
large anions or large cations which may be held loosely
or firmly. This property is very typical of many

uncharged polymer membranes.
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Wilbrandt (17) had shown that there is s continuous
decrease in the membrane potentiazl of collodion films
with increasing permeability. Michaelis (18) was df
the opinion that the retardation of anions relative to
cation is negatively charged membrane was due to pre-
ferential adsorption of gnions on the pore walls leading
to their immobilisation and consequently acquiring a
negative charge.

The membrane potential is commonly taken to be
the electromotive force measured between identigal
reference electrodes (e.gz. calomel hglf-cells), connected
by salt bridges with the two solutions on opposite sides
of the membrane. This would be a measurment of the true
membrane potential only if the liquid junction potentials _
at the ends of the salt bridges were equal and opposite.
It is assumed that this is true when the salt bridge
is a saturated potassium chloride solution, although no
way to prove this gssumption is known. Scatchard (19)
made the same assumption in estimgting the activities
of single ionic species. The results reported by Loeb
(20) for membrane potentials in the equilibrium of
proteins with electrolytes are all based on this assumption

The method used here in the present studies for
the determination of a membrane potentials was that of
Michaelis, for concentration potentials, the potential

difference of the concentration cell,

HgIngclgchl { Electrolyte[Electrolyte KC1 'Hggclleg

satd Cy Co satd.

Eq Memgrane Eo
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Potential nteasurements due to diffusion of
dif ferent electrolytes through membranes under study
were carried out as followss

Parchment supported and unsupported ferric oxide,
alumina, silica, ferric silicate and aluminium silicate
membranes (the preparation of which has already been
described in Chapter I) were fitted in between twd
flanges of membrane potential cell (as shown in Fig,
No.42), The same electrolyte was used on both sides
of the membrane and the concentration ratio C1/Cy was
kept 10 throughout, the dilute side (0.01M) always
remaining positive, Saturated calomel electrodes
were used as reference electrodes. Pye student -~
potentiometer; cat.No.7554 (measurable upto one milli-
volt) in conjunction with a ballastic galvanometer
sensitivity 1.17x10'9 amp/mm at one meter and lamp
and scale arrangement was used for potential measuﬁﬁents.
Megsurment of membrane potential shows an initial

increase after which it attains a constant value,



CHAPTER IIIX
PERMEABILITY OF PARCHMENT SUPPORTED AND
UNSUPPORTED FERRIC OXIDE AND ALUMINA

MEMBRANE §
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Hydrous oxide gels have an important rdle in
colloid chemistry, both theoretical and applied (1).

The constitution of the particles in such colloidal
systems has been the subject of many enquiries, Hydrous
oxide of iron do not hold water in a definite stoichio-
metric ratio., This idea was extended and developed by

a rumber of people like Duclaux (2), Malfitono (3),
Hautzsch and Desch (4) and Linder and Picton (5) showed
that the constitution of ferric oxide is 20 Fe(OH)3.FeGl3
and 45 Fe(OH)3E9013. Pauli represented it by a general
formla X Fe(OH)S.y.FeOCl.FeO +, (C17) for hydrous
ferric oxide and herein x = 32 to 350 and Yy =4 to 5.7,
Although thig formulation may be satisfactory in general "
way it is difficult to justify the details of the
formila since no one has established the existence of
Fe(OH)a.

It is now known that aluming gel thrown down
from an aluminium salt solution in the hot is hydrous
Y-Alp03.Hy0. The exact crystal structure of ¥-aly0,
is not known,

Thomas and Coworkers (6) have concluded that
formation and composition of colloidally dispersed
metal oxides, precipitated hydrous oxides ete. may be
explained in terms of olation, oxlation and anion
penetration,

Inspite of the fact that the collqidal behaviour

of aluminium and iron hydrous oxide sols has been s0
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"extensively investigated and the composition of these
compounds in the gel and other colloidal forms has
remained a matter of controversy for a number of years,
nothing has been done to study their membrane properties,
It was therefore considered worthwhile to carry out

investigations in this direction. .
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EXPERIMENTAL

Iron oxide and alumina membranes were prepared
according to the methods deseribed in chapter I,
In order to perform the Permeability experiments,
the membranes were inserted in between the flanges
of the permeability cell., The whole ass embly for
mgasuring permeability was set as deseribed in chapter
II. Temperatures of 200, 250, 30° and 35° + 0170
was malntained in the thermostat housing the permeabi-
1ity cell.
The following solutions of electrolytes were
used for determining Permeability of membranes,
(1) Electrolytes having a common cation
0.2M KC1, 0.2M KBr, 0.2M KNO4,
0.2M KCNS and 0.2M K550,
(11) Electrolytes having common anion
0.2M NaCl, 0.2M BaClg, 0.2M CaCl,
0.2M MgCly, 0,2M FeClg and 0,2M ALCL,.

Standard concentration conductance plots of
KCl, XBr, KNOj, K980, and KCNS and NaCl, BaCly, MgClg,
02012, FeCl3 and AlCl, were obtained from datas given

in tabhles (1 to 11).
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TABLE No,1

Conductivity of standard potassium chloride
solutions at different temperagtureg.

ConcentrationfConductancefConductance] Conductancel Conductance

(M p'e 5 1 S
lat 5088 | atlggfg_g__ Bt 30°C I e 160

0.01 248,0 252,0 258,0 264,0
0.002 51,0 53,0 56.0 59,0
0.0010 28,0 30,0 32,0 34,0
0.0005 23,0 25,0 28,0 31.0
0.0002 12.0 14,0 15,0 17,8
0.00012 5.2 6.4 6.8 9.3
0.000012 3.8 4,4 4,6 5.2
0.000015 35 4,0 4,2 5.1

Curves were drawn between log (concentration) and
log (conductance) at different temperatures (Fig. 143 curves
1,10, I12.57).

TABLE No,2

Conductivity of standard potagsium bromide golutiong ~

at different temperstures:

Concentrationfbonductance[ConductanceﬁGonductanceIConductance
(M T80 1% 998 . X - x 109 I x 105
at 20°c ¥ at 25°% X  at 30% ¥ at 35%

0,01 220,0 230,0 250,0 270.0
0,002 46,0 50,0 55,0 60.0
0.0012 29,0 32,0 35,0 38,0
0.,0010 24,0 27,0 30,0 32,0
0.0005 13,0 15.0 16,0 17.0
0.0002 6.3 6.9 7.6 8,2
0.,00012 4.9 5.3 5.9 6.3
0.000010 4,1 4.4 4,9 5.3
0.000012 3.5 3.8 4.2 4,6
0,000015 3.1 3¢5 3.8 4,2

Curves were drawn between log (concentration) and
log (conductance) at different temperature (Fig. 14 curves
13X ,2X151V) .,
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TABLE No.3

. Conductivity of standard potassium nitrate
solutiong at different temperatures:

ConcentrationIConductancefConductanceIConductanceﬂConductance
(M) I o355 % x 10° | x 105 1 x 168
at 20°c . ot 259} at 30°¢l at 35°C

0.01 200.0 230,0 280,0 270,0
0,002 42,0 48,0 51.0 65,0
0,001 28,0 31,0 35,0 32,0
0.0005 23,0 26,0 28,0 31.0
0.0002 12,0 14,0 15,0 17,0
0,00012 6.1 6.5 7.2 T 8,2
0.000012 3.6 4.2 4.7 9.4
0.000015 3.3 4.0 4.5 5.2

Curves were drawn between log (Concentration)
and log (Conductance)at different temperatures (Fig.15
curves I, II, ITI, IV),

TABLE No.4

Conductivity of standard potassium thiocygnate -
solutiong gt different temperstures:

: Concentration%Conductance{ConductagceIConductgncéﬁConductgnce
(M) x 10° x 10 x 10 x 10
I  at 200¢ at 2591 at 30°% I at 35°C

0.01 192,0 210,0 230.0 1 245,0
0,002 40,0 45,0 80.0 54,0
0.0012 26,0 28,0 33,0 36,0
0.,0010 22,0 25.0 28,0 30.0
0.0005 12,0 14,0 15.0 16,5
0.,0002 5.7 6.5 7.2 8.1
0.00012 4,2 4.6 5.2 5.8
0.00001 3.4 3.9 4.2 4,8
0.,000012 3.2 3.5, 3.8 4,2
0.000015 3.1 3.4 3.7 4.1

Curves were drawn between log (Concentration)
and log (Conductance) at different temperatures (Fig.1e6
curves I, II, III,IV).
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TABLE No,5
Conductivity of standard potgssium sulphgte

sblutians at different temperaturess

ConcentrationfConductancel Conductancel Conductanecel Conductane

x305 L x305 I x 105 1 «x 105O
at 200c I  at 25% X at 30°cl at 36°%

0.01 215.0 225,5 231.0 245.,5
0.002° 43,0 0.0 52.0 57.0
0.0010 30.0 32.0 36,0 40.0
0,0005 24,5 30.0 32,0 33.5
0.0002 12,5 5.0 17.5 18,8
0.00012 7.2 8.0 Pel 9.3
0.000012 4.1 4,2 4,6 4,9
0.,000015 4.0 4.k 4.3 4,5

Curves were drawn between log (Concentration)
and log (Conductance) at different temperatures (Fig.iT
gurves I, 10 IEESTHY.

TABLE No,8

Conductivity of standard sodium chloride golution —
at different tempergtures:

Concentration]ConductancelConductancefConductancel Conductane

(1) I x 105 x105 I x105 1 x 105
I &t 20% X at 259%c1 at 30°%C X at 359
0,01 240,0 250,0 350,0 380.0
0,002 58,0 66,0 71,0 74,0
0.001 32,0 34.0 38,0 35,0
0.0005 18.0 22,0 29,0 33,0
0,0002 5.0 8.3 10.0 12,0
0.,00012 4.5 6.2 6.8 8.1
0,00010 3.8 5.2 5.8 7.8
0.000083 3.4 8,7 5.0 740
0.000066 3.0 3.4 4,3 6.2
0.000062 2.5 3.1 3.9 5.8

Curves were drawn between logz (Concentragtion) and
log (Conductance) at different temperatures (Fig.18
eurves I, 1T, IXI, 1V).
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TABLE N

0.7

Conductivity of gtandard barium chloride solutiong
tedifferent t ratures:

Concentration[ConductanceICOHductancelConductanceIConductance

(M) * 'z 105 & x'108 L x 195 x 105,
at 20°¢ I  at 259 I at 30°% I at 35°
0.01 238.,0 241.0 245,0 251.0
0.002 56,2 59.0 63.0 66,0
0.001 30.0 33.0 37.0 42,0
0.0005 16.0 18.0 20.0 22.0
0.0002 4,7 9.0 10.0 11.0
0.00012 4,2 5.5 6.2 G
0.00010 3.4 5.0 5.5 5.8
0.000083 3,2 3.7 4,1 4,7
0.000066 2.5 3.0 3.4 3.7
0.000082 2,3 2.8 3.2 3.4

Curves were drawn between log (Concentration)
and log (Conductance) at different temperatures (Fig.f9
curves 1,I1I,III,IV),

TABLE No, 8
Conductivity of standard cgleium chloride solutions at

different tempergtures:

Concentration{ConductancelConductancelConductancel Conductance

(M I  x 105 x 109 x, 109 x 109
atlgooc I at'950 ¥ at 0% 1 atl35°c
0.01 243,0 285,0 310,0 340,0
0.002 55,5 66.0 71.0 74.0
0.001 31.2 34,0 38,0 41,0
0.0005 16.6 18.0 12.0 21.0
0.0002 6,6 9.0 10.0 11,1
0.00012 5.8 6.6 8.3 10,0
0.00010 4,0 5.5 6.2 7
0.000083 3.3 4,7 5,8 6.6
0.000066 3.0 3.5 4,1 4,5
0.000062 2.8 3.1 3.5 4,0

Curves were drawn between log (Concentration)
and log (Conductance) at different temperstures (Fig. 21
eurves I,ITI, TII, IV).
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TAM No,9

Conductivity of standard magnesium chloride
solutiong at different temperatures:

Concentration] Conductancel ConductancelConductancel Conductance
(M) I x 105 b g el 3y 1050 x 108
I at 20 X at2s5°c) at 30° 1 at 35°

0,01 312,0 340.0 380.0 450.0
0.002 71.0 83.0 20,0 111.0
0.0012 38.0 43.0 47,0 52,0
0.,0010 20.0 22,0 25.0 27.0
0.0005 9,0 11.0 11.1 12,5
0.0002 5.8 6.6 7.8 9.0
0.00012 5.0 5.5 6,2 6.6
0.00001 4,0 5.0 5.5 6.2
. 0.,000012 3.4 4,3 4,7 5.5
0.000015 3.2 3.8 4,3 5,2

Curves were drawn between log (Concentration) and
log (Conductance) at different temperatures (Fig, 20
curves I,II,III,IV),

TAELE No,10 #

Conductivity of standard ferric chloride golutions
at different temperatures:

ConcéntrationﬁConducténcelConductance[ConductanceIConductance

(M) Y- x 109 1 08 4 HFaes X x 109
at 200C X at 25°0 at 30°C § at 35

0.01 500,0 520.0 580.0 620,0
0.002 160,0 170.0 180.0 210,0
0,001 110,0 125,0 128,0 130.0
0.,0005 50,0 85,0 66,0 76.0
0.0002 23,0 26,0 27,0 31.0
0.00012 15,0 16.0 18,0 21.0
0.00010 12.0 13,0 15.0 19.0
0.000083 9.0 11.0 12,5 12.8
0.,000063 Tel 8.3 10.0 11.0
0,.000062 6.6 Tad 8.3 2.0

Curves were drawn between log (Concentration) and
log (Conductance) at different temperatures (Fig.22
curves I,II,III,IV). |
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. Conductivity of standard gluminium chlorjide
solutions gt different temperatures:

concentration§ConductanceﬂConductancéTEEnductanceIConductance

309 . X xieb . 1 x10501 x 105
at 200c I at259¢c X at 30° X at 35°%

0,01 785,0 853.0 900.0 998.0
0.002 158,0 165.0 260.0 285,0
0.001 100,0 112,0 135.0 245,0
0.0005 47.5 52,0 85.0 100,0
0.,0002 20,0 24,5 38.2 56,0
0.00012 13.5 14,8 24,5 45,8
0.00010 10.5 11.0 18.5 24,5
0.000083 g 8.0 15.5 20.0
0.000063 6.8 7.5 12.5 18.0
0.000062 5.0 6.0 10,0 16.0

Curves were drawn between log (Concentration) and
log (Conductance) at different temperatures (Fig.?R3
curves 1,II,ITII,IV).
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The permeability experiments with parchment
supported and unsupported iron oxide and alumina membra-
nes were carried out by flowing the electrolytes in
the upper half of permegbility cell, containing the
above mentioned membragnes. The thermostat was main-
tained at the desired tempergture. The variagtions
in conductance of afffyfllent with time during the diffu-
sion of electrolyte was observed. The volume of the
affflent was kept constant e.g. 150 c.c. per hour,
Conductances were meagsured after every twenty minutes
till a constant value was attained, The concentrations
were computed from the standard concentration-conductance
plots of the electrolytes. &

The results on permeability of unsupported
iron oxide and alumina membranes in millimoles/hour
to various electrolytes having common cation(X™) and
common gnion (C1™) are given in (Table Nos, 12 to 31).

The results on the permeability of parchment
supported iron oxide and alumina membranes are given

in condensed (Table Nos.32,34).
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Ferric oxide unsupported membranes:

TABLE No,12
Permegbility of ferric oxide unsupported membrane
to potgssium ori ud iy n eraturess
Tempe-{Initial {Ffinal I Time taken]ConcentrationlPermeabi

raturefconductancefconductancefin attain-fcorrespondingility in
c lof affulentfof affulentling const.lto const. Imilli-
fin mhos fin mhos Ivalue of Jconductance Jfmoles
Iconductan-Jof affulent fper
L | fce fin millimolegkhour

o 5
20° 9. 8210”0 | Bi0wL0 2 hours  0,2188 0,0328
; JB
25° 12,5x10"°  9,9%10 2 hours  0.3310 0.0495
30° T650%10° " | AB.0XITC 4t 2 Housg s 052860 0.0538
35°. 26.1x10'5 22.ox10“5 2 hours 0.5490 0.0898
TABLE No,13

Permeability of ferric oxide unsupported membrane
to potgggsium bromide at different temeratures: |

Tempe-{Initial §7inal I1Time taken]Concentration]Permeabi
raturefconductancefconductancelat attain-fcorresponding)lity in
o¢ Yof affulentof affulent{ing const.f{to const. Imilli-

Iin mhosg {in mhog lvalue of Jconductance {moles

- Yconductan-§fof affulent {per

J i lce Jin millimol esfhour
20° 10.5x10'5 5.3x10‘5 2 hours 0.1310 0,0197
55° 13.0%10"2  7.8x10"° . 2 hours 0.1995 0.0299
30° 1655100  ABuBxi0 . 2 hours 0.3160 0.0332
35° 19.8%10°° 17.85x10™° 2 hours 0.4360 0.0654
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TABLE No,14

Permeability of ferric oxide unsupported membrane
to potassium nitrate at different tempergtures:

Tempe-Jinitial {Final {Time takenlConcentrationlPermeabi-
Saturelconductancelconductancelin attain-{correspondingllity in
3, Yof affulentfof affulentling const.)to const., Imi1li-

{in mhos Iin mhos Ivalue of Jconductance Imoles
Yconductan-{of affulent Jper
X X Ice {in millimolesfhour
20° 4,8%16° 2,6x10"% 2 hrs 0.08711 0.0120
25° 8.3x10™° 5,0x10™° 2 hrs 0.15140 0.0227
300 12.5X10-5 lO.O}C:l.O'-5 2 hrg 0.25700 0.0387
35° 23,5x10"°  21,0x10"° 2 hrs 0.57500 0.0963
TABLE No,15
meability of ferric oxide unsuppor membrane
to potagsium thiocyanate at different temperatures:

Tempe-{Initial iFina) 0 Time taken]ConcentrationlPermeabi-
rature]conductancelconductancefin attain-Xcorrespondingllity in
og Yof affulentYof affulentling const.lto const. Iimilli-

Yin mhos Iin mhos Ivalue of Jconductance Imoles

X X {conductan-Yof affulent Jper

{ I Lce Iin millimolesfhour
20° 4.8x107°  2,0x10"° 2 hrs 0.0501 0.0080
25° 8.0x10"°  4,9x10"° 2 hrs 0.1200 0.0180
30° 11.5x10"°  10.0x10~%' 2 hrs 0.2510 0.0376

-5

35° 22,5x10~°  19.0x10 2 hrs 0.4365 0.0644
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TABLE No,16
Permeability of ferric oxide unsuppor membr
to potassium sulphate at different temperagtures:
Tempe-{1nitial IFinal TTime takenfConcentration]Permeabi-

raturefconductancelconductancelin attain-Yeorrespondingflity in
¢ fof affulent{of affulentfing const.fto const, Ymilli-

Iin mhos {in mhos Ivalue of Jconductance Imoles
{conductan-fof affulent {per
q% s 1 fce Iin millimolesfhour
20°  3.8x10"° 3.5x10~5 Bess 0.0398 0.0035
852 ' 7.0x107° 5.2x10° 2 hrs 0.0810 0.0124
30° 14.5x10"°  12.0%x10°° 2 hrs 0.1580 0.0237
35° 23,5x10"°  22.0x10~° 2 hrs 0.2880 0.0530

TABLE No,17

Permeagbility of ferric oxide unsupported membrane
to godium chloride at different temperatures:

Tempe-{Initial {Final I Time taken{ConcentrationﬁPermeabi-
raturefconductancefconductancelin attain- correspondingflity in
ve Jof affulentfof affulentfing const.lto const. Imilli-

{in mhos Jin mhos Ivalue of JYconduectance JImoles
Yconductan-fof affulent Iper
{ X Ice Yin millimolesihour
20° 3.5x10-5  2,9x10"° 2 hrs 0.0501 0.0037
25° 9.2x10~°  8,0x107° 2 hrs 0.0794 0.0059
30°  17.0x10~° 15.0x10°° 2 hrs 0.2818 0.0191

-5 0.6607 0.0495

W
fay
i |
1]

35°  39,1x10"°  35.0x10
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TABLE No,18

Permeability of ferric oxide ungupported membrane
to bagrium chloride st different temperatures:

Tempe-{Initial IFinal { Time takenlConcentrationiPermeabi-
raturelconductancelconductancelin attain-Ycorrespondingflity in
og Yof affulentlof affulentfing const.lto const, {milli-

{in mhos {in mhos Xvalue of JYconduectance JImoles
lconductan-Yof affulent [per

I I lce {in millimolesihour
20° 11.2x10~°  2.0x10°% 2 hrs 0.0398 0.0059
25° 13.0x10~° 12.0x10~° 2 hrs 0.0794 0.0119
30° 17.5x10'5 15.0x10'5 2 hrs 0.,2818 0.0422
35° 38.0110'5 35.Ox10"5 2 hrg 0.6607 0.0921

TABLE No,19

Permeability of ferric oxide unsupported membrane
to magnegium chloride at different temperatures:

Tempe-{Initial 1Final [Time takenlConcentrationlPermeabi-
raturef conductancelconductancelin attain-Jcorrespondingfility in
c {of affulentlof affulentiing const.lto const. {milli-

{in mhos Iin mhos Yvalue of JXconductance Imoles
M conductan-Xof affulent JIper
X X Lce Yin millimoleslhour
50° 14.8x10"°  10.5x10"° 2 hrg 0.0524 0.0031
25° 17.6x10™°  15,0x10° 2 hrs 0.1514 0.0060
30° 23,5x10~% 21.0x10°%° 2 hrs 0.2291 0.0137

35° 32.0x10~° 29,0x10"° 2 hrs 0.6026 0.0361
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TAELE No,20

Permeability of ferric oxide unsupported membrane
cium chloride at diff nt tem turess

Tempe-i1nitial {Final ITime takenlConcentrationjFermeabi-
raturelconductancefconductancelin attain-Ycorrespondingliity in
0@ {of affulentiof affulentiing const.lto const. Imi1li-

Iin mhos {in mhos Ivalue of {conductance JImoles

I { Jconductan-Jof affulent Iper

| X Yce Yin mi1limoleslhour
20° 6.1x10~° 4.1x10~° 2 hrs 0.0812 0.0043
28> 7.9x10~° §.0x10"° .8 hrs 0.1023 0.0055
30° 8,8x10~° 6.5x10~° 2 hrs - 0.5000 0.0077
35°  10,0%x10"° 7.5¢10"° 2 hrs 0.8500 0.0130

TABLE No,21

Permegbility of ferric oxide unsupported membrane
to ferric chloride at different temperatures:

Tempe-§Initial IFinal {Time takenfConcentrationiPermeabi-
raturelconductancefconductancelin attain-Icorrespondingllity tn
% Jof affulentfof affulentiing const.lto const. Imilli-

Iin mhos {in mhos Ivalue of JXconduetance JImoles
| Yconductan-Iof affulent Iper
| { fce Yin millimolegkhour
20° 9.5x10~5 8.3x10"° 2 hrs 0.0711 0.0019
238°  11.2x107° 9,3x10~° 2 hrs 0.0724 0.0026
20°  12.0x107° 9,9x10"% 2 hrs 0.0660 0.0039

35°  12,2x10~° 10.2x10~° 9 hrs 0.0800 0.0048




: Alumina ungupported membragnes:

TABLE No,22
Permegbility of alumina ungupported membrane to
potassium chloride gt different temperatures:
Tempe~{Initial {Final ITime taken)Concentration IPermeab
ratureconductanceflconductancelin attain-Y)correspondingllity in
o¢ Yof affulentiof affulentiing const.fto const. Imilli-
{in mhos Iin mhos fvalue of Jconductance Kmoles
Iconductan-fof affulent [Iper
i fce fin millimoles lhour
20° 25,5x10"° 18.5x10~° 2 hrs 0.7244 0.1086
25° 20,5x10"° 25.0x10"° - 2 hrs 0.8710 0.1306
30° 42.5x10"°  38,0x10"° 2 hrs 1.259 0.1888
35° 66.0x10~° 62,0x10"° 2 hrs 1.7380 0.2607
TABLE No,23

Permeability of alumina unsupported membrane
to potaggium bromide at different temperagtures:

Tempe-YInitial §Final I Time taken]ConcentrationfPermeabi
gaturelconductancelconductancelin attain-Ycorrespondingflity in
c fof affulentfof affulentling const.l{to const, Imi1li-

{in mhos {in mhos Jvalue of Jconductance JImoles

{ | {conduc tan-Jof affulent Jper

| i lece {in millimolesfhour
20° 15.0x10~°  12,0x10"° 2 hrs 0.3162 0.0474
25° 93.0x10-5  20.0x10"° 2 hrs 0.6607 0.091
30° 35.5x107°  32.,0x10~3 2 hrs 1,0470 0.1570
350 52.0%10"°  48,0x10"° 2 hrs 1.259 0.2377
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TABLE No,24

Permeagbility of umina unsupported membrane to
potassium nitrate at different temperatures:

TemDe—IInitial {Final ITime taken]Concentration {Permeabi-
raturefconductancelconductancelin attain-I correspondingllity in
O Yof affulent)of affulentfing const,I to const, Imilli-

in mhos Iin mhos fvalue of { conductance Imoles
Iconductan-{of afful ent Iper
X X fce Iin millimoles Yhour %)
20° 10.5%105 8,0x10° 2 hrg 0.3162 0.0474
25° 28,0x10™° 15.5x10'5 2 hrs 0.5495 0.0824
30° - 3mspror® . 285%10™%  Shra 1.0470 0.1570
359  82,0x1075%  490.0%10"% 2 'hps 1.5850 0.2377
TABLE No,25 -

Permegbility of umina unsupported membragne to
DPOtassium thiocyanate at different temperaturess

Tempe~§Initia] {Final {Time taken] Concentration]Permeabi.
raturelconductancelconductancelin attain-Ycorrespondingfiity in
¢ Yof affulentfof affulentfing const,fto const, Imilli-

in mhos {in mhog Ivalue of Jconductance Imoles
Iconductan-Yof affulent Iper
| ki § lce lin millimolesihour
20° 6.8x10~5 5.2x107% . 9 hra 0.1622 0.0243
250 11.5x10"5 lO.OXlO_S 2 hrs 0,3162 0.0474
30°  21,8x107% 18'5x10~% ' 2 hrs 0.5754 0.0863

35° 39,0x10° 35.8x16°° ' 2 hrg 1.0000 0.1500




e

T E No,26

Permeability of glumina unsupported membrane to
potasgsium sulphate gt different temperatureg:

Tempe-Jinitial Final “JTime taken]ConcentrationjPermeabi
raturelconductancelconductancefin attain-f{corresponding{lity in
oc Yof affulent{of affulenti{ing const.fto const, Ymilli-
{in mhos {in mhos {value of Jconductance Imoles
Yconductan-§of affulent Iper

X X Lce {in millimolesihour
20°  16.0x10"°  10.5x107° 2 hrs 0.0871 0,0130
25°  15,9x10~8  12.0x10~° 2 hrs 0.1259 0,0188
30° | 18:8x107° 17.0x16°F 2 hrs 0.2630 0,0374

5 S

35°  37.0x10” 35,0x10" 2 hrsg 0.5495 0.0824

TABLE No,27

Permeability of glumina unsupported membrane to
sodium chloride at different tempergtures:

Tempe-YInitial §Fingl ITime takenConcentration)Permeabi
raturel conductancefconductancelin attain-Ycorrespondingflity in
- Yof affulentlof affulentling const.l{to const. Imilli-
in mhos {in mhos Ivalue of Jconductance Jmoles
1 X Yconductan-Y{of affulent Iper

X i fce {in millimoleslhour
20°  20,0x10"°  14.5x10"° 2 hrs 0.4365 0.0654
25°  25,0x10"°  22.5x107° 2 hrs 0.5754 0.0864
30°  37.0x10"°  34.5x10°° 2 hrs 0.7586 0.1137
5

35°  52.0x107°  49,0x10” 2 hrs 1.0000 0.1500
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3 TABLE No,.28

Permeability of alumina unsupported membrane to

barium chloride gt different tempergtures:

Tempe-{Initial {Final {Time taken)Concentration{Permeabi-
raturefconductance{conductancelin attain-Jcorrespondingllity in

%¢c Yof affulentlof affulentling const.ito const. Imil1i-
lin mhos lin mhos Ivalue of Jconductance I[moles
| i Mconductan-fof affulent )per
i i Ice Yin millimoleglhour
20° 20.5x10~° 9.0x10"° 2 hrs 0.5495 0.0722
550 30.0x10~° 27.5x10"° 2 hrs 0.8318 0.1247
30° 45.0x10"5 42.5x10"° 2 hrs 1.0960 0.1644
35° 78.0x10"°  72.0x10~° 2 hrs 1.8200 0.2930

TABLE No,29

Permeability of alumina unsupported membrane to

calcium chloride gt different temperatures:

Tempe-LInitial IFinal {Time taken]ConcentrationlPermeabi-
raturelconductance]conductancelin attain-Jcorrespondingllity in
oc Yof affulentlof affulentiing const.lto const. Imilli-

{in mhos Yin mhosg Ival ue of Jconductance Imoles

X X Iconductan-Jof affulent {per

i i fce Iin millimoleglhour
20° 91.5x10"° 19.0x10° 3 hrs 0.4571 0.0717
250 28,0x10"° 25.0x20"° 3 hrs 0.5248 0.0787
30° 42.0%10"°  39.0x10~° 2 hrs 0.7943 0.1190
25° 55.0x107° = 52,0%10°% 2 hrs 0.8318 0.1247
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R TABLE No.30
Permeability of alumina unsupported membrane to
magnesium chloride gt different temperatures:
Tempe—{Initial {Final { Time takenlConcentrationlPermeabi-
raturelconductancefConductancelin attain-Ycorrespondingllity in
oa Yof affulentfof affulentling const.lto const, Imil1li-
{in mhos {in mhos Ivalue of Jconductance JYmoles
Iconductan-Yof affulent Iper
X i Lce Iin millimoleskhour
200 23.1110-5 21.6x10'5 ‘* 3 hrs 0.3162 0.,0474
25° 26.0x10‘5 18.5x10™° 3 hrs 0.4365 0.0654
30° 31.0x10"° 29,0x10"° 3 hrs 0.6918 0,1037
350 52.0){10-5 48, 5:1;:10-”‘5 3 hrs 1.0960 0,1643
TAELE No,31

Permeasbility of aluming unsuppor membr to aluminium
chloride at different temperatures:

Tempe-YInitial {Final ITime takenfConeentrationiPermesbi
rature]conductancelconductancelin attain-Jcorresponding1ity in
Og Yof affulent]of affulentiing const.lto const. Imil1i-
{in mhos {in mhos {value of Jlconduectance JImoles
1 Jconductan~{of affulent Iper

X X fce Iin millimoleslhour
20° 8.2x10"°  3,1x107° 3 hrs 0.0288 0.0043
25° 10,2x10"°  5.9x10~° 3 hrs 0.0501 0.0075
30° 17,0x10"°  12,0x10™° 2 hrs 0.0786 0.0113

35° 36.5x10~° 32.0x10~° 2 hrs 0.1259 0.0188
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Permegbility of pre-treated parchment supported ang
ungupported iron oxide gnd parchment supported angd
unsupported uming membranes to different electrolytes:

The effect of pre-treated membranes toc various
electrolytes was studied by soaking the iron oxide and
aluming membrgnes in ferrie chloride solution (0.1M)
and aluminium chloride sclution (C.1M) respectively
for 8 hours and the permeability experiments were carriec
out at 20°¢ for comparision with the untreated iron
oxide and glumina membranes.

The iron oxide and alumina membranes were also
treated with cationie, anionic and non-ionie soap

3

solutions. The membranes were soaked in 10™°M cetyl

pyridinium bromide, 10~3M sulphonated phenyl stearic ¢
acid and 107°M lauric acid diethanol amine condensate
for 8 hours, The results were compared with those
of untreated membranes (Tables No.32 to 34).

| The anionic soap viz,, sulphonated phenyl
stearic acid was prepared by the method recommended by
Stirton et.al.(7), cetyl pyridinium bromide, a BDH
produect, was recrystallised from acetone, The non-
lonic soap viz,, lauric acid diethanol amine condensate
(8) (LDC), was prepared by condensing pure lauric geid
(BDH) with diethanol amine, '
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TABLE No,32

Permegbility of parchment supported treated and untregted
iron oxide membranesg

(Permeability expressed as millimole/hr, electrolyte con-
centration 0.2M).

Electrolyte{Untreated} After tregptment with
Imembrane .Non—ioniclanionfmFerric
Ysoap {soap Xsoap fchioride
KC1 0.0069 0.0068 0,00792 0.0065 0.0041
KBr 0.0045 0.,0044 0,0061 0.,0028 0,0039
KNOB 0.0044 0.0043 0,0049 0.,0042 0.0037
KCN§S 0.0023 0.,0023 0,0047 0.0021 0.,0012
K550, 0.0018 0.0017 0.0020 0.0011 0.0011
NaCl 0,0071 0,0062 0,0075 0.,0039 00,0030
MgC12 0.0068 0,0067 0,0072 0.,0042 0.0042
03012 0,0043 0.0043 0,0057 0.0041 0,0030
BaClg 0.0039 0.0039 00,0067 0.0038 0.0029

FeGl3 0.0019 0.0018 0.,0041 0,0015 0.0013
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TABLE No,33
Permeabllity of unsupported treated and un iron

oxide membranes:

(Permeability expressed as millimole/hr, electrolyte
concentration 0,2M )

ElectrolytelUntreat edl After treatment wit
_%membrane INon-ioniéIﬁnionicICationicEFerric

{soap {soap Isoap {chloride
KCl 0.,0328 0.0289 0.,0644 0,0180 0.0070
KBr 0.0190 0.0189 0,0520 0.0140 0.0112
KN03 0,0120 0.0120 0.0239 0.0097 0,0075
KCN s 0.0080 0.0085 0.0339 0.0079 0.007¢
K2804 0.,0035 0.0034 0.0083 0.0027 0.0034
NaCl 0.0037 0.0037 0.0068 0.,0020 0.0016
CaClg 0,0043 0,0044 00,0088 0.0032 0.0027
BaClg 0.0597 0.0580 0.1020 0.0389 0.0289
MgClz 0.,0052 00,0051 0,0098 0,0030 0.0021

FeClS 0.0012 0.0019 0,0030 0,0016 0.0010




Permeagbil

TABLE No,34

ity of parchment Sup po
aluminag membranes:

(Permeability expressed as m

rted treated and untreated

i1limole/hr, electrolyte

concentration 0,.2M )
ElectrolytelUntreatedl After treatment with
membrane INon-ionicf Anionic)Cationic)Aluminiam
Isoap |soap I soap Lchloride
KC1 0.0597 0,0588 0.,0999 0.0421 0.3102
KBr 0.0243 0.0238 0,0682 0.0200 0.,0152
KNO3 0,0237 0.0209 0,0500 0.0197 0.,0100
ECNS 0.0130 0.0132 0,0383 0,0100 0.0082
K2804 0.,0065 0.0063 0.0100 00,0040 0.,0028
NaCl 0,0309 0.0304 0,069 0.0210 00,0162
Mg012 0,0260 0.0270 0.0521 0.0230 0,041
Ba012 00,0227 0.0220 0,0440 00,0200 0.,0092
CaClQ 0.0150 0.0149 0.0310 0,0082 0.0050
A1C13 0.,0065 0.0064 0.0100 0.0060 0.0038
EG78E
K [FRARY UNIVERSITY OF Ro@ui

ROORKEE,



-8l

TABLE No,35

Permeability of unsupported treated and untrested

glumina membranes

(Permeability expressed as millimole/hr, electrolyte
concentration 0,2M )

-

Electrolyte%gggggggzd Non-ionicﬁﬁi&ggig?gi%%§§%3¥%%%ﬁfﬁfﬁﬁ_

§ soap Isoap Xgoap  Ychloride
KC1 0,1086 00,0988 0.1370 0.0824 0.0500
KBr 0.0597 0.0590 0.,0920 0,0392 0,0213
KN03 00,0474 0.0480 0.0800 0.0324 0,01°20
KCNS 0,0243 0,0239 0.,0521 0.0110 0.0091
K2304 0,0130 0.,0130 0,0320 0.0098 0.0060
NaCl 0,0717 00,0700 0.1000 0,081 0,0461
Mg012 0.0474 0.0980 0,0784 0.0683 0.0500
Ca012 0.0289 00,0299 0.0482 0.0312 0.0234
Ba012 0.,0237 0,0240 0.0460 0.0201 0,0098

AlClq 0,0150 0.0148 0.,0312 0.0100 0,0062
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JMembrane potential

Membrane potentials due tq diffusion of various
electrolytes were determined by the method described
in chapter II. Potential measurments .of ferric oxide
and alumina membranes with treated and untreated
membranes were made. The results are summerised in

tables (36 to 39),

TABLE lNo,36

Potential of parchment supported trested and
untreagted iron oxide membranes:

(Potential expressed in millivolts; concentration of
electrolyte on two sides of the membrane, 0,1 and 0.Q1M
respectively)

Electrolyte{Untreated i T ment with
%membrane !Non-ionicfﬂnionichationiciFerric L

{ soap {soap  Ysoap Jchloride
KC1 12.0 13.0 10,5, 180 ' 19.0
KBr 16,5 i8ig . gesel  vddie . 'anB
KIi05 23,0 23.5 18,0 24,00  24.0
KCNS 27.0 27,0 - 20.0' @Bl Ao
K580, 38,0 37,0 | 26,0 ‘480 . 48ys
NaCl 21.0 22,8  16,0. |, 89,0 308
MgCl, 35,0 36,0 28,0 . 42,0 = 44,5
CaCl, 38.0 38,0  31.5 46,0 48,5
BaCl, 39,0 38,5 adje | uB.E | m.b

FeClq 53.0 52.5 48,0 55,0 59,0
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TABLE No,37

Potentiagl of unsupported treated and untreated
iron oxide membraneg:

(Potential expressed in millivoltsj; concentration of
electrolyte on two sides of the membrane, 0,1 and 0,01M
respectively).

ElectrolytelUntreated Pitef trfagmgnt y%th
%membrane [(Non-ionicf AnioniclCationiclFerric

I soap Isoap _ Xsoap Ichloride

KCl 10.0 10.0 19,0 25,0 28,0
KBr 13.0 13.2 20,0 27.0 29,0
KNOB 22.86 2240 23.0 32,0 36,0
- KCNS 25.5 25,9 2120 22,0 32,0
K580, 30.0 31.5 29,0 44,0 49,0
NaCl 42,0 42,0 40,0 45,0 53.0
MgCly 49,0 48,9 47,0 53,0 56.0
Ca012 30,0 30.5 28,5 34.0 38,0
BaCl,, 28,0 27,5 26,0 32,0 36,0

FeCl3 54.0 54.0 52,0 56,0 60,0




TABLE No,38

Potential of parchment supported treated and

o

untreated aluming membranes:

(Potential expressed in milliveolts; concentration of
electrolyte on two sides of the membrane, 0,1 and 0,01M
respectively)

ElectrolytefUntreatedl After treatmen -
{membrane {Non-ioniclAnionic}Cationiecl Aluminiam
X fsoap Isoap  Isoap Ichlorige

KC1 11.8 11.5 9,0 16,0 21,0
KBr 14.5 14.5 13.0 18,0 22,5
KNO 4 22,5 22,5 21,0 25,5 29,8
KCNS 25,0 24,9 22,5 30.5 35,5
K580, 35,0 35,0 33.5 39,0 42,5
NaCl 20,0 19.5 18.0 22,5 28,0
Mg Cl, 34,0 34.0 33.5 38,0 43.5
CaCl, 39,0 38.5 37.0 42,0 46,0
BaCl,, 35,0 35,0 34,0 40,0 43,0

AlCl3 42,0 42,1 40,0 48,0 85,0
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TABLE

No, 39

Potential of unsupported treated and untreated

alumina membranes:

(Potential expressed in millivolts; concentration of
electrolyte on two sides of the membrane, 0.1 and 0,01M

respectively).

Electrolytef{Untreated

ter trestment

th

Imembrane INon-ionie}Anionic]CationiclAluminium

¥ soap I soap soap  lehloride
KC1 92,0 2.0 8.5 12,6 16,0
KBr 12,0 12,0 11.0 16.0 12,0
KN03 18.5 18,0 16.5 22.5 25,5
KCNS 25,0 25.56 24,0 28,0 30,5
K,80, 28.5 28,0  27.6 32,0 35.0
NaCl 15.5 15,0 14.0 18.0 20.0
MEClg 20,0 20.5 16.0 25.0 30,0
CaGlz 25,5 25,0 21.0 30.0 35,0
BaCly 24,0 24,56 20,0 30,0 32,5
AlClS 31l.5 31,0 30,0 38,0 48,0
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Influence of temperature on permezbility:

The diffusion rates were found to be highly
dependent on temperature showing an increase with rise
in temperature. The plots between diffusion values
log (px1033 against % X 103 for different electrolytes
gave straight lines (Fig.?%) rel ationship from the slopes
of which the energy of activation E, of the diffusion

process could be calculated.

TABLE No,40

Activgtion Energy of the diffugion process for

different electrolytes in the cgse of parchment supported
ircn oxide membraness

ElectrolytelActivation energy%ElectrolytelActivation energy

Ical./mole lcal . /mole
KC1 5673 NaCl 5296
KBr 4712 Ba012 4767
KINO 6112 MgCl, 5112
KCNS 4606 EaClz 5485

K550, 5337 FeCl 7088

(=1




LOG (PERMEABILITY X 10)

o N

.
N
NANA
A\

A\ LAV
NEANNEAN
B )\
il \\

(-1 \
NEEAY
NERY
X
SR TN

35

LOG (PERMEABILITY X 103)

(8
-7
-6
(-5 \
|-4 \ 'A
13
b b, | N
[-1 \\\
(-0
\
0-9 b \\ )
\\ \k\ 3
07 \
N Yo N\
06 \ t\\
R
05 \
" a—a i
o BacCl, \
03| e—e MgCl3 A\
| e—— caCl3 )\
‘?—.'Fccgs
0250 3 32 33 33 34 3-5

FIG.25. _ACTIVATION ENERGY CURVES FOR UNSUPPORTED FERRIC OXIDE MEMBRANES




- 87~

TABLE No,41

Activation energy of the diffusion process for
different electrolytes in the cagse of unsupported iron

oxide membraness

Electrolytel Activation energylElectrolytelActivation energy

Xcal./mole i Ycal./mole
KC1 7369 NaCl 4769
KBr 6616 B&Clg 5485
KNO 5 7968 MgCl, 7226
KCNS 7093 CaClqg 7369
Kp80, 5805 feCl 3 ", 5298
- TABLE No,42

Activation energy of the diffusion procegg for
different electrolytes in the case of parchment gsuprorted
aluming membraneg:

ElectrolytelActivation energy%ElectrolytelActivation energy

Lcal./mole Lcal./mole
KCl 7830 NaCl 5909
KBr 12436 BaClz 7000
KNOS 12486 MgClz 9572
ECNS 13516 CaClE 7369

K550, 13672 A1C1, 9868
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TABLE No,43

Activation energy of the diffugion procegs for

different electrolytes in the ecase of ungupported
aluming membrgnes:

Electrolyte%Activation energylBlectrolytelActivation energy

cal./mole i {cal./mole
KC1 8330 NaCl , 8212
XBr 9860 Ba012 8290
KNO, 9600 MgCL,, 9672
KCNS 2672 CaCl9 5152

K550, 12520 ALC1, 9960
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DI S8CcUSSTION

From permeability datas for ferric oxide and
alumina (supported and unsupported) it is seen that
the order of anions is game in all cases viz.',

LTS ReT NO3» CNg™>» 802-. The cationic sequence for

parchment supported iron oxide membrane is Na*>K+>-Mg2;

2 2 :
Ca®*™» Ba +$ Fe3+ and for unsupported membrane it is

+ 2+ 2 2+ - 3
K> Ba™> Ca®S'Na™> Mg“5 Pe®t, For alumina parchment

supported membrane, the order for cations is K+>Na+>

Mg2+> Ba2§ Ca?‘; A13+ and K+>Ba2$ Ca2+> Na*y Mgg'*; A13+
for unsupported membrane.

It 1s evident from permeability data recorded
in (Table Nos.32,33 and 34,35) that unsupported ferric
oxide and aluming membranes hagve higher permeability
Values as compared to parchment supported membranes.
Further the magnitude of the permeabilitj values for
alumina membranes is higher than the corresponding iron
oxide membragnes.

It has been observed that there is dissimilarity
in the sequence of cations for supported iron oxide and
alumina membranes. The cationic sequence in the case
of unsupported ferric oxide and alumina membranes is
same,

It is also evident from the data recerded in
(Table Nos.32 to 35) that the permeability of ions is
considerably influenced on treatment of the ferric oxide

and glumina membranes with ferric chloride and aluminium
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chloride solutions respectively. The diffusion of
ions is retarded to a great extent. The order of
permeability of cations and anions is exactly the same
as in untreated ferric oxide and alumina membranes.

It is interesting to note that non-ionic soap
(lauric acid diethanol-amine condensate) treated ferriec
oxide and alumina membranes show no change in the
diffusion values, The order of permeagbility is also
uneffected.

Further the cationic soap (cetyl pyridinium
bromide) treated ferrie oxide and alumina membranes
retards the diffusion rate of ions, and the retardation
1s not to that extent ags that of ferric chloride or
aluminium chloride treated ferric oxide and alumina
membranes., The order of permeability of parchment
supported iron oxide and alumina membranes is Cl')>NO§>
Br™ % CNS™ Y805 5 K*> Nat> Ba2% ca2+y Mg S Fed* and
C1™ Br™y NOG >ONS™> 50575 K> Me2*5 Ba®% waty 02ty
A13+ respectively, while the order of anions and
cations for unsupported ferric oxide and alumina membranes
is almost the same viz., C1™ 7 Br~ >1\10£'3 »CN3™ > 502’ :
K+?’Bag+> Ca2+> Mg2*> Na+>.Fe3+ (for ferric oxide)

K" »Ba> "> ca®*> Ma'™> me%t> 13" (for alumina)

The anionic soap (sulphonated phenyl stearic acid)
treated iron oxide and alumina membranes (s;pported
and unsupported) show an increase in the rate of permea-

tion, Here the order of permegbility for ecations and
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anions is same as in untrezted membranes.

The probagble mechanism of diffusion across
these membranes will be discussed in Chapter IV along-
with silica ferric silicate and aluminium silicate

membranes,

Effect of different electrolytes on membrane potential:

In this study membrane potential shows an
increase in initial stage after whiech it attains a
constant value. This reveals that once membrane has
attained certain charge (by adsorption of ions from
the electrolyte solution) the permeability phenomenon
is solely governed by surface forces on the membrane.
The observations on pretreated membranes also support
this view. It is also possible to interpret results in
the light of the views of Meyer and Sievers (ioc.cit),
who postulated a number of fixed charges due to either
adsorption or ionization of membrane material between
the fixed ion of the pores and those in the bulk of
the solution.

The potential values in the case of supported
membranes (Table Nos.36 and 38) are higher as compared
to potential values of unsupported membranes (Table Nos.
37 and 39)., This supports the view that higher the
permeability lower will be the potential atﬁﬁined. The
order of potential values of different anions and cations
for parchment supported and unsupported iron oxide and

aluming membrane are just the reverse of permeability
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values vigz., 302'7 CNS™ > NO3» Br™> C1™ (for all membranes
Pe *y Ba2*> 0a%*> 17" K*y Na Fe2*> Me2% Na's calts
Bag*')}(* (for parchment supported and unsupported iron
oxide membranes) and Al°% ga2% pa23 MgZ*t>Naty kT
A13+>Mg2+>Na+> Ca2+>Ba2+>K+ (for parchment supported

and unsupported glumina membranes).

The cationic soap treated membranes as expected
gives higher potential values (Table Nos.32 to 35) than
untreated membranes., The order of potential values for
different ions in the case of parchment supported iron

oxide and aluming membranes is:

$03™ > ONS™> NO3 ¥Br~»C1~ (for all membranes)

rx

ety Ba2+>032+>M32+>Na+>K+(for parchment supported
iron oxide) ; Fe3+'>Mg2*§ Na'ts 032*5 Ba2+) (for unsupported
iron oxide membrane) and AlB; Cag"ﬁ Bagi} Mg2+>'1*la+>K+
(for parchment supported alumina membrane) ; Al3+>Mg2+>
Na+>0a2+>Ba2+>K+ (for unsupported alumina membranes).
From gbove it is elear that the order of potential
values is reverse of permeagbility order. Further
potential values in the case of supported membranes are
higher since their Permeability is low as compared to
unsup ported membranes. Similar behaviour was observed
with non-ionic soap solution, ferric chloride and
aluminium chloride treated ferric oxide and..alumina
membranes respectively. Potential values in the non-ionic

soap treated membranes are same in magnitude as that of
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untreated membranes while ferric chloride treated
ferric oxide membrane and aluminium chloride trested
alumina membrane gives higher potential values. The
order of potential Values for anions and cations is
same as in untreated membranes.,

Anionic soap (sulphonated phenyl stearic acid)
treéted ferric oxide and alumina membranes gave low
potential values due to decrease in positive charge of
the membrane. The order is same as in the case of
untreat ed membranes.

The values of energjr of activation (Table Nos.
40 to 43) for the diffusion process of different
electrolytes is higher than free diffusion of electro- .
lytes like KC1 (0.2M) reported in literature is 4400
cal./mole. These results confirm the values by
Tolliday, Woods, and Hartung (9) of 5100 cal./mole for
KCl and 5900 cal./mole for Ko804 (0.2M).



CHAPTER IV
Y OF PARCHMEN E

UNGUPPORTED SILICA, FERRIC SILICATE

D ALUMINIUM ICATE MEMBRANE
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Extended studies on silicg gel were first made
by van Bemmelen (1), According to him, the gel has
a solid frame work consisting of fine capillaries which
extend in all directions and which are filled with a
liquid. When the dehydrating process has continued to
a certaln stage, the liquid in the capillaries begins
to drawn out and gas or vapour replaces the liquid. It
1s this condition that causes opaqueness., Transparency
agaln results when the liquid has been completely withdrawn
from the capillaries and they collapse, thereby removing
the gas or vapor phase. When ﬁater is again restored
to the gel the cycle is reversed.

Zsigmondy (2) repeated the experiments of van
Bemmelen and by using improved apparatus he was able to
show the phases of dehydration more exactly and in greater
detail., Anderson (3) continued the study of the dehydra-
tion of silica gels and presented data for the approximate
size of the capillary tubes. He considered the range to
be from 2,75 to 5.49 m with silica-water gels before
drying, Anderson also made a study of the imbibition
of certain fluids by dehydrated silica gel and found that
when the capallaries are full of alcchal their apparent
size ranges from 2,42 to 5215 m , With imbibed benzene,
the range is from 2,70 to 5,98 m and this indicates that
the size of the eapillaries is approximately_independent
of the fluid imbibed. Anderson's results support the

theory that a permanent solid structure is present in a

silica gel.
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Patrieck and Grimm (4) after making an extended
series of determinations with gilica gel, concluded
that a distincetion should be made between cagpillary
adsorption, and adsorption from a plane surface. The
liquid that is held by surface adsorption is very small
in comparision to that which is held or condensed in
the capillaries of a very porous substance.
The Silicgtess

The complexity of the natural and artificial
silicate presented a.problem which proved quite insocluble
by chemicgl methods alone. The application of x-ray
erystallographic methods, however, has served to reveal
certain broad principles upon which the structures of
the silicates are based. -

Amongst the obstacles to the study of the silicate:
has been, in the past, the difficulty of assigning to
the compounds correct and significant molecular formulae,
This difficulty arises from several causes. In the
first place, since the analytical data for such complex
materials may be compatible with several different
molecular formulae, the uncertainity which is inherent
at to the homogeneity and reproducibility of material
of naturgl origin limits the possibility of decisive
formulation on analytical grounds alone. Secondly,
as is well known, the question is complicated by the
isomorphous replacement of one element by another in .

the simple sense of Mitscherlich's law. Thus, magnesium,
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calcium, ferrous iron and other bivalent metals may

replace one another mutually to a greater or lesser

+ 3+

extent, as also may A13 and Fe”" gr: OH™ and F~,

The consideration of the silicate garden, for
which materials are widely available at novelty counters,
1s a good introduction to the subject of the chemicgl
reactions of soluble silicates. If a very soluble
hydrated crystal of a heavy metal salt, for example,
ferric chloride or cobaltic nitrate is put into a silicate
solution it is quickly covered by a gelatinous envelope
more or less pPermeable to water and of a colour dependent
upon the metal salt. Under osmotic pressure the water
tends to move from the silicate solution into the eDVelopg‘
where it dissolves more of the metalliec salt, The
envelope thus bursts under this pressure, exposing more
salt solution to the silicate. A new area of permesble
membrane is then formed, while the original envelope
has in the meantime become harder, the pressure by osmosis
therefore bursts the membrane most recently formed, The
process continues, causing the typical fungoid or plant-
1like growths., For example, when cobaltous nitrate
Co(N03)2.6H20 is dropped into a 20 per-cent solution
of Nag0:3.3 8i0y, a reaction immediately occurs at the
interface with the deposition of a blue gelatinous
envelope around the crystal. As the diffusion process
continues, the envelope tends to grow upward because the.

salt solution within the envelope usually contains a
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bubble of gas, presumably air displaced from the ecrystal
surface, Ferric chloride FeClg.6H50, is one of the best
salts for demonstrating this with silicate soclutions
in the range Nag0:28i05 to Naj0:3.35105.

The character of the growth depends not only
on the salt chosen but on the ration of alkali to silica
in the silicate solution and still more on the amount
of water in the system., These variables all affect the
composition and the permeability of the precipitated
layer, the rate of transition from sol to gel, and the
strenth of the envelope.

When heavy metsl salts and soluble silicates

are brought together in solutions sufficiently dilute to

—

prevent the entire solidification of the mass, precipitatés

are formed but, as Jordis (5) found, these precipitates
mav not contain all the silica and both heavy metal and
silica can be found in the clear supernatant liquid,

In one case it was found that when a solution of ferric
chloride was poured into a solution of metasilicate, a

precipitate formed, but if the solutions were mixed in

the reverse mamner there was no precipitate. Ferriec

salts are especially prone to react with the more siliceous

silicates to form colloidal suspensions.
The precipitation of iron and aluminium salts

with silicate solutions and the reaction of the precipi-

tates with acids and bases have been extensively studied ,

by Puri (6), whose primary interest is in the analogies
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between them and the natural soil. Titration curves were
obtained by plotting equivalents of ferric chloride and
aluminium chloride in the role of acids and sodium
hydroxide and sodium metasilicate as alkalies against
pH., Washed silica gel and precipitates of iron and
aluminium with soluble silicates, when titrated with alkalies
gave simil ar families of curves which indicated their acid
character, Soil colloids and iron and aluminium silicates
are regarded as acidoids which, to the extent that their
surfaces are in contact with reactive solutions, behave
like soluble acids. Puri(7) has worked out the anglogies
with soil colloids in a long series of experiments from
wiich it is clear that starting with silicate selutions g
and soluble iron and aluminium salts, soils with properties
closely similar to natural soils can be artificially pro-
duced,

It has been pointed out by Murata (8) and Schlecht
(2) that, in aluminium silicates in which the ratio of
Si:Al exceeds 2:1, there is a continuous network of silieca
which remaing intact after aluminium ions are removed by
acid., If the structure contains g greater proportion of
aluminium cations, there is no continous silica network;
when the aluminium ions are removed from such a structure
by acld, the silica fragments pass into solution as scluble
silicic acid. )

from the purely physico-chemical point of view the

colleidal behaviour of silica, aluminium silicate and ferric
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silicate has been extensively investigated., But interest-
ingly enough the problem concerning the composition of
these compounds in the gel and other colloidal forms has
not been satisfactorily worked out., The same holds good,
probably to a larger degree, with regard to their membrane
properties. The latter aspect forms the main theme of

the investigation described in this chapter.
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EXPERIMENTAL

The permeability of silica, ferric silicate,
and aluminium silicate membranes to various electrolytes
e.g. 0.2M KC1, 0.2M KBr, 0.2M KNOg3, 0.2M KCNS, 0,2M
;80,4 and 0,2M NaCl, 0.2M BaCl,, 0.2M CaCly, 0.2M MgCl,
(0.2M FeCi3 in the case of ferric silicate membranes,
0.2M AlClg in the case of aluminium silieste membranes)
were carried out by flowing the electrolytes in the
upper half of the cell.

The thermostat was maintasined at the degired
temperature, The variations in conductance of affulent
with time during the diffusion of electrolyte was
observed. The volume of the affulent was kept constant
e.g. 150 c.c, per hour, Conductances were measured
after every twenty minutes till a constant value was
attained., The concentrations were computed from the
standard concentration-conductance plots of the
electrolytes.

The results on permegbility with unsupported
silica, ferric silicate and aluminium silicate membranes
are given in following tables and the results with
parchment supported membranes are given in (Table No.

30 to 35).
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licg unsupport membrane

TABLE No,]

Permegbility of silica unsupported membrane to
potagsium chl oride at different temperstures:

Tempe-fInitial IFinal ITime taken)Concentration]Permeabi-
raturelconductancelconductancelin attain-Ycorresponding{1ity in
O¢ lof affulent)of affulentling const,lto const, Imi1li-
Iin mhos Iin mhos Ivalue of Jconductance Jfmoles
Yconductancfof affulent Jper

X X e Iin millimolesihour
20° 9.8x10™%  7.2x10% 2 hrs 3.3110 0.3278
25°  12,5x10°%  10.2x100% 2 hrs 4,1840 0.4184
30° 18,0516™% 7 N8 810" | 2 v 6.3100 0.5679
35° 24,0x10~%  21,8x10°% 2 hrs 8.3000 0.9234
TABLE No,2

Permeability of silica unsupported membrane to
botasgium bromide at different temperatures:

Tempe-YInitial {Final ITime taken]ConcentrationlPermeabi—
raturefconductancel conductancelin attain-fcorrespondingflity in
°¢ Yof affulent{of affulent¥ing const.lto const, Imilli-

{in mhos Iin mhos Ivalue of Jconductance Kmoles
{conductan-Jof affulent Iper
X 1 ce Iin millimoleslhour I
20° 8,2x10~% 6.8x10~% 2 hrs 3.0200 0.2899
25° 10, 8x10™4% 8.7x10~% 2 hrs 3.9810 0.4180
30° 12.5x10% 9,6x10°% 2 hrg 4.1690 0.5252

0 4

35 15.2x107%  12.2x10"% 2 hrs 4,7860 0.6891




-102~

TABLE No,3

Permeability of silica unsupported membrane to
potassium nitrate at different tempergtures:

Tempe-{Initial IFinal {Time taken]ConcentrationlFermeabi.
raturelconductancefconductancefin attain-fcorresponding{lity in
o¢ Yof affulentlof affulentfing const,ito const, Imilli-

{in mhog {in mhos Ivalue of JYeconductance Imoles
Iconductan-fof affulent. Iper

X X fce Iin millimolegkhour
20° 8.0x10~°  4.7x10~9 2 hps 0.2607 0.0260
25° 9,0x10-°  7.1x107° 2 hrs 0.2188 0.0295
30° 12.0x10"°  10.0x10~° e hrs 0.3020 0.0407
35° 18.2x10~°  14.2x10"° 2 Heg 0.3631 0.0522

TABLE No.4 -

Permeability of silica unsupported membragne to
potassium thiocyangte at dif ferent temperatures:

Tempe-{Initial 1final § Time taken%COncentratiOanermeabi-
raturelconductancefconductancelin attain-Jcorresponding{lity in
Oq fof affulentiof affulentling const.fto const. {milli-
{in mhos Iin mhos Ivalue of lconductance Imoles
Jeconductan-Yof affulent Iper

s X Yce Yin millimoleskhour
20° 6.5x10"°  4,0x10° 3 hrs 0.1148  0.0172
25° 6.52107% 7 5.4x10° " " 3 'hirk 0.1514  0.0227
30° 8,2x10"°  6.9x107° 3 hrs 0.1738 0.0260

35 12.5x10~°  10.2x10~5 3 hrs  0,2399 0.0360




TABLE No,5

Permegbility of silica unsupported membrane to
potassium sulphate at different temperatures:

Tempe-linitial [Final JTime takenlConcentration}]Fermeabi-
raturelconductancel conduct ancefin attain-Ycorrespondingllity in
o¢ Yof affulentiof affulentiinz const.lto const. fmilli-
{in mhos {in mhos Ivalue of JYeconductance Imoles
X Yconductan-fof affulent Jper

i I {ce {in millimolesihour
20° 5.6x10"°  4.8%107° 2 hrs 0.0871 0.0128
25° 11.0x10~°  8,0x107° 2 hrs 0.1380 0.0207
300 19.2x10—5 16.8x10-5 2 hrs 0.2630 0.03%4
35° 59.1x10"° 26.2x107° 2 hrs 0.4365 0.0654
TABLE No,6 <
Permeability of silica unsupported membrane to
sodium chloride at different temperatures: .
Tempe-§Initial {Final YITime taken]ConcentrationfPermeabi-

raturel conductancefconductancefin attain-{correspondingflity in
o¢ Yof affulentiof affulentiing const.{to const. fmilli-
{in mhos {in mhos Yvalue of JYconductance JImoles
{conductan-§of affulent Iper

i X fce Jin millimoleslhour
20° 5.5x10~5  4,7x1075 2 hrs 0.1250 0.0154
25° 12.0x1075  7.6x107° 2 hrs 0.1660 0.0210
30° 19,0x10"°  12.5x%107° 2 hrs 0.2188 0.0295

<B
35 22.0x10~°  19.3x10 2 hrs 0.3162 0.0426
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TAELE No,?7

Permeability of silica unsupported membrane to barium

chloride at different temperatures:

Tempe-§Initial [Final ~ [Time taken{Concentration]Permeabi
gatureﬁconductanceﬁconductancelin attain-fcorrespondingflity in
fof affulentfof affulentfing const.ito const, Amilli-

{in mhos {in mhos {value of {conductance Imoles
g fconductan-fof affulent ¥per
1 | fce {in millimolesihour
20° 6.2x10~5  4.0%10™° 3 hrs 0.1202 0.0093
55° 0,8x10~°  7.5%10"° 3 hss 0.1738 0,0130
30° 12.5x10"°  9,2x10™° 3 hrs 0.1820 0.0163
35° 18.9x10~5 15.3x10"° 3 hrs 0.2201 0.0200

TABLE No,8

Permegbility of silicea unsupported membrane to magnesium
chloride gt different temperatures:

Tempe-}ini tial {Final {Time takenﬂConcentrationEPermeabi-
raturefconductancelconductancelin attain-fcorrespondingflity in
oC fof affulent{of affulentiing const.{to const. Ymilli-

{in mhos {in mhos Ivalue of Jconductance Imoles

| {conductan-fof affulent [per

! o - fce fin millimolesfkhour
900 8.1x10"°  5,0x10~° 3 hrs 0.1202 0.0180
25° 9six10™2 = 815x10™° 3 hre 0.1820 0.0273
30° 15.0x10"%  12,0x100° 3 hrs 0.2512 0,0376

5 5

35° 24,5x10 21,0%x10" 3 hrs 0.3981 0.0597
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TABLE No,9

Permegbility of silica unsupported membragne to cazlecium
chloride at different temperstures:

Tempe-§Initial {Final § Time taken]ConcentrationfPermeabi-
raturel conductancef conductancelin attain-fcorrespondingflity in
oC Jof affulentiof affulentling const.lto const. Imilli-
{in mhos {in mhos fvalue of Jconductsnce kmoles
Q | {conductan-Iof affulent [per

X 1 fce fin millimolesihour
20° 6.8x10~5  4,9x10-5 3 hrs 0.0724 0.0086
25° 10.2x10"°  5.9x10"° 3 hrs 0.1074 0.0125
30° 12.5x10"°  8,3x10"° 3 hrs 0.1259 0,0151
35° 15,1x10"°  12.3x10"° 3 hrs 0.1680 0,019
Ferric cate unsupported membr p
TABLE No,10

Permegbility of ferric silicate unsupported membrgne to
potgssium chloride gt different temveratures:

Tempe-Jinitial  JFinal ITime takenlConcentrationlPermeabi—-
raturel conductancelconductancelin attain-feorrespondingflity in
og Jof affulentof affulentiing const.fto const. fmilli-

{in mhos {in mhos ivalue of Jconductance Imoles
{conductan-fof affulent fper
X i lce fin millimol esfhour
20° 50.0x10~°  55.0x10~° 2 hrs 2.5120 0.3768
25° 92,0x10°  89.0x10~° 2 hrs 3.6310 0.5446
30°  120,0x10~° 125.0x10"° 2 hrs 4,1690 0.6255

5

35°  198,0x10”°  190,0x10™° 2 hrs 6.1660 0.9249
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TABLE No,11

FPermeability of ferric silicate unsupported membrane
to potassium bromide at different temperatures:

Tempe-glnitial {Final ITime takenlConcentrationlPermeabi-
raturefconductance] conductancefin attain-Ycorrespondingflity in
oa fof affulentiof affulentiing const.lto const. Imilli-

{in mhos {in mhos Yvalue of Jconductance JImoles

I i fconductan-fof affulent Jper

d i Ice Iin millimol egfhour
200 45,0x10™°  40,0%10"° 3 hrs 1.8200 0.2730
25°  110.0x10"%  95,5%10"° 3 hrs 3.4670 0.5200
30°  151,0x10™° 140.0x10"° 3 hrs 7.2440 1,0866
35°  218,0x10"° 215.0x10-° 3 hrs 10,9600 1.6440

v
TABLE No,12

Permeability of ferric silicate unsupported membrane

to potassium nitrate at different temperstures:

Tempe=§Initial [Fingl [Time taken]ConcentrationfPermeabi~
raturefsonductancel conductancelin attain-fcorrespondingility in
oc fof affulent{of affulentiing const.lto const, Imi1li-

{in mhos {in mhos Jvalue of Jeconductance Jmoles
| Iconductan-fof affulent Iper
i { lce §in millimolesihour
20° 33,0x10~°  30,0x10~° 3 hrs 1.4450 0.2067
259 49.0x10"°  45.8x10"° 3 hrs 1.9950 0.2%2
30° 68,0x10~%  65.0x107° 3 hrs 2,5120 0.3768

5 “glirg 3.3110 0.4964

35 98,0x10~°  92.0x10"
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TABLE No,13

Permeability of ferriec silicate unsupported membrane
to potassium thiocyanate at different temperatures:

Tempe-{Initial {Final YTime takenjConcentrationjPermeabi-
raturefconduct ancelconductancelin attain-fcorrespondingllity in
°¢c Jof affulentfof affulentfing const.ito const, Ymilli-
fin mhos {in mhos {value of {conductance Imoles
Ylconductan-fof affulent Iper

| X fce lin millimolesihour
20° 15.0%10-5  12,0x10"° 3 hrs 0.4786 0.0713
25° 24,0x10~%  20.0x10"% = 3 hrs 0.7943 0.1191
30°  41.0x10~°  39,0x10™° 3 hrs 1.3800 0.1828
35° 56,8x10~°  54,5x10"° 3 hrs 1,7380 0,2607

TABLE No.l4 Z

Permeagbility of ferric gilicate unsu ported membr

to potassium sulphate at different temperatures:

Tempe-§Initial {Ffinal ITime taken]ConcentrationiPermeabi-

raturefconductancefconduct ancelin attain-Icorrespondingility in

og {of affulentfof affulentiing const.fto const. {milli-
{in mhos Iin mhos fvalue of Jconductance JImoles

{ I lconductan-§of affulent fper

X X ‘ lce Yin millimolesihour
20° 0,9x10-5  6,9x10"° 2 hrs 0.1318 0.0197
a5° 15.8x10"° 12.5x107° 2 hrs 0.1995 0.0299
30° 98.0x10"°  24,0x10"° 2 hrs 0.3802 0.059

35° 46.0x10~° 42,0%x10"° 2 hrs 0.6310 0.0946
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TABLE No,15

Permeagbility of ferric silicate ungupvorted membrane
to sodium chloride at different temperatures:

Tempe-JInitial IFinal §Time taken]ConcentrationiPermeabi
raturefconductancefeconductancefin attain-{correspondingfility in
oc Jof affulent{of affulentfing const.fto const. ¥milli-

lin mhos {in mhos fvalue of Jconductance Jmoles
Iconductan-fof affulent Jper
i X lce Tin millimol esfhour
20° 10.0x10~°  7.6x10~° 3 hrs 0.2188 0.0328
25° 15.2x10~% 13.1x10"° 3 hrs 0.2754 0.0413
30° 25.0x10~° 21.2x10"° 3 hrs 0.4365 0.0654
35° 48.0x10~° 42,0x10°° 3 hrs 0.8318 0.1247

TABLE No,16

Permeability of ferric gilicagte unsupported membrane
Lo barium chloride at different temperagtures:

Tempe-§Initial yFinal § Time taken]Concentration]Permeabi
raturefcanductancel conductancefin attain-f{correspondingllity
o¢ Jof affulentlof affulentfing const.lto const. Yin milli

{in mhos Iin mhos fvalue of Jconductance {Jmoles
X Iconductan-fof affulent JIper
L i fce fin millimolesihour
20° 11.,1x10"%  7.1x10°% 3 hrs 0.1905 0.0285
25° 15.0x10~° 12.5x10"° 3 hrs 0.3311 0.0496
30° 23.0x10~°  20.0x10~° 3 hrs 0.5012 0.0751

35° 32.0x10"° 29.0x10"° 3 hrs 0.6918 0.1037
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TAHBLE No,17
Permeability of ferrie cate un 3 mbrzne
to magnesium chloride at different temperatures:
Tempe-§Initial {Final {Time taken]ConcentrationiPermeabi -

raturefconductancefconductancelin attain-fcorrespondingflity in

o¢ Iof affulentlof affulentfing const.{to const. Ymilli-

Ilin mhosg Iin mhos Ivalue of Jconductance JImoles

I Iconductan-Jof affulent fper

| i Lce Yin millimolesfhour
20° 8,0x10"°  5.0x10~% 3 hrs 0.1202 0.0180
25° I2.05107°. . O.9M0T >, 3 hss 0.2188 0.0328
30° 17,0x10~°  13.8x10"° 3 hrs 0.2754 0.0413
35° 25,0x10"° 20.9710°° 3 hrs 0,4169 0.0625

TABLE No,18

Permeability of ferric silicate dngupported membrane
to caleium chloride at different temperaturesg:
Tempe—%lnitial IFinal {Time taken] ConcentrationkPermeabl~
raturelconductancefconductancefin attain-Icorrespondingility in
oG Jof affulentiof affulenti{irng const.fto const. Imilli-

{in mhos Iin nmhos Ivalue of Jconductance Imoles

[ {conductan-Jof affulent Iper

i { lce Ein millimol eslhour
20° 12.0x10"°  9.0x10-% 2 hrs 0.1995 0.,0299
25° 16,0%x10"%  13,0x10"° 2 hrs 0.2512 0.0376
30Q 21.0X10-5 18.0X10-5 2 hrs 0,3162 0.,0474
35° 38,0x10"° 32.0x10"° 2 hrs 0.5012 0.0751
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TABLE No,19

Permegbility of ferric gilicate unsupported membrane

to ferric chloride gt different temperatures:

Tempe-{Initial {Final Time takenlConcentrationiPermeabi-
raturelconductancefconductancelin attain-fcorrespondingllity in
oc Jof affulentfof affulentiing const.lto const, milli-
lin mhos Jin mhos Yvalue of Jfconductance §moles
fconductan-fof affulent [per

i i fce fin millimolesihour
20° 10.5x1072  7.0x10°° 3 hrs  0,0660 0.0099
25° 15.2x10"°  11.5x10"° 3 hrs 0.0912 0.0136
30° 21.2x10"° 18.9x10% 3 hrs 0.1259 0.0188
a5° 31.5x10~5 27.5x10"° 3 hrs®  0.1660 0.0249

AMuminium silicate unsupported membranes:

TABLE No,20

Permegbility of aluminium gilicate unsupported membrgne
to potassium chloride at different tempergtures:

Tempe-{Initial {Final 1Time taken]Concentration{Permeabi-
raturefconductancel conductancefin attain-lcorrespondingllity in
% {of affulentfof affulentiing const.lto const. Imilli-
{in mhos {in mhos fvalue of Jconductance Imoles
I L Iconductan-fof affulent fper

E | i Ice {in millimolesfhour
20° 51,0x10~%  48,0x10"° 3 hrs 2.2910 0.3740
55° 61,0x10"%  59.5x10"° 3 hrs 2.7540 0.4131
30° 93.0x10~°  89,0x10™° 3 hrs 3.1620 0.4743

35°  149.8x10~° 145.0x10"° 3 hrs 4,1690 0.6253
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TABLE No,21
Permegbility of aglminium silicate unsupperted membrane
to potgssium bromide at different temperatureg:
Tempe-{Initial {final { Time takenfConcentrationiPermeabi-

raturelconductancelconductancelin attain-Jcorrespondingllity in
oc Jof affulentiof affulentiing const.ito const. Imilli-
Yin mhos Yin mhos Ivalue of JYconductance Imoles

i fconductan~-Yof affulent Iper

X X fce {in millimoleslhour
50° 51.2x10~5  45.0%x10"° 3 hrs 1.9950 0.2999
25° 62.0x10’5 59.0x10‘5 3 hrs 2,4550 0.3682
30° 80.2x10~2  78.0x10"° 3 hrs 3.8900 0.5751
35°  128.0x10"° 120.0x10"° 3 hrs 5.0120 0.7518

TABLE No,22

Permeability of aluminium silicate unsupported membrane
to potassium nitrate at different temperatures:
Tempe-{Initial {Final {Time taken)lConcentration)Permeabi-

raturelconductancefconductancelin attain-Ycorrespondingllity in
o¢ lof affulentiof affulentiing const.lto const. Imilli-

Xin mhos {in mhos fvalue of Jconductance Imoles
Yconductan-Yof affulent {per
i | Jce {in millimoleslhbur
20° 45.0x10"°  38.0x10~° 3 hrs 1.8200 0.2730
55° 63.0x10"°  57.8x10° 3 hrs 2.5120 0.3768
30° 85.0%10™° 79.0x10~° 3 hrs 92,8840 0.4326

L =5
35°  116.0x10"°  112.8x10 3 hrs 32,9810 0.5971
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TABLE No,23

Permesbility of gluminium gilicagte unsupported membrane
to potassium thiocvanate at different temperatures:

Tempe-§Initial {Final I Time taken]ConcentrationiPermeabi-
raturef conductancef conductancelin attain-Ycorrespondingflity in
°¢c Yof affulentiof affulentfing const.fto const, {milli-
fin mhos fin mhos Jvalue of Jleconductance Imoles
Yconductan-jof affulent Iper

i X fce fin millimolegfhour
20° 92.5x10"°  19.0x10~° 4 hrs 0.8710 0.1306
25° 33,0x10"° 29,5x10"° 4 hrs 1.0720 0.1608
30° 46.0x10~5 42.5x107° 4 hrs 1.5850 0.2377
35° 72.0x10"°  68,0x10° 4 hrs 2,5120 0.3768
TABLE No,24 ‘

Permeabhility of aluminium silicate unsupported membrane

to potassium sulphgte at different temperatures:

Tempe-jinitial {Final {Time taken]Concentration{Permeabi.
raturelconductancel conductancelin attain-fcorrespondingflity in
o¢ Yof affulentfof affulentiing const.ito const. Ymilli-

{in mhos {in mhos Ivalue of Iconductance JXmoles
Yconductan-fof affulent Lper
X X Ace Yin millimolesihour
50° 45.0x10~5 38.4x10"° = 2 hrs 0.7943 0.1185
25° 1.0x10~5  52.5x10"° 2 hrs 1.0960 0.1644
300 72.0x10'5 69.9X10—5 2 hrs 1.3180 BN o ol &2 T

o] -5

35 89.0%10"°  82,5x10

A}

hrs 1.5850 0,2377
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TABLE No,25

Permeability of aluminium silicgte ungsupported membrane

to sodium chloride at different temperatures:

Tempe-§Initial {Final { Time taken)ConcentrationjPermeabi
raturefconductancelconductancelin attain-Ycorrespondingflity in
oc {of affulent}of affulentling const.fto const. {mi111-

lin mhos lin mhos . JIvalue of Jconductance Jmoles
Iconductan-fof affulent Iper
| { Yce fin millimolesihour
20° 19,5x10~°  15.0x107° 3 hrs 0.4571 0.0685
55° 27.0x10"°  23,0x10™° 3 hrs 0.5754 0.0863
30° 39.5¢10~°  35.0x10"° 3 hrs 0.7943 0.1191
35° 55.2710"°  53.5x10"° _ 3 hrs 1.0960 0.1639

TABLE No,26

Permeability of gluminium silicgte unsupported membrgne
to barium chloride solution at different temperatures:

Tempe~ﬁ1nitial [Final {Time takenlConcentration{Permeabi

raturelconduct ancef conductancelin attain-fcorrespondingflity in

oc jof affulentiof affulentfling constito const. {milli-
Iin mhos fin mhos fvalue of Jconductance JImoles

X i {conductan-fof affulent Iper

| | fce Jin millimoleglhoup
20° 11.3x10"2 8,0x10~° , 3 hrs 0.2188 0.0328
25° 17.2x10°  14,9x10"° 3 hrs 0.3631 0.0544
30° 25.0x10"°  21.0x10"° 3 hrs 0.5012 0.0751

5

35 45.ox10‘5 40,0x10™ 3 hrs 0,8318 0,1247
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TABLE No,27

Permeability of aluminium silicate ungupported membrane
to calecium chloride golution at different temperatures:

Tempe-Jinitial [Final gTime taken] concentration{Permeabi-
raturelconductancelconductance in attain—lcorrespondingllity in
oG Yof affulentfof affulentiing const.fto const. Ymilli-

Yin mhos Iin mhos Yvalue of Jconductance Jmoles
Yconductan-fof affulent Jper
i i Lce Yin millimol eskhour
20° 15.0x10’5 11.05:3.0"5 3 hrs 0.2512 0.0365
25° 20.5x10~%  16.8x10"° 3 hrs 0.3311 0.0496
30° 31.0x10~°  21,9x107° 3 hrs 0.,4365 0.0654
350 41.0x10—5 34.9x10_5 3 hrs 0.5495 00,0824
TABLE No,28
Permeability of aluminium silicate unsupported membrane
to magnesgium chloride at different temperatures:
Tempe-fjInitial {Final i Time taken%Concentratidﬁfﬁermeabi
rature]conductancefconductancelin attain- correspondingi{lity in
oC Jof affulentiof affulentfing const.ito const. {milli-
{in mhos Iin mhos Ivalue of JXconductance Imoles
X i Yconductan-Xof affulent Iper
¥ X fce {in millimolegihour
20° 92.5¢10~5  14.0x10"° 3 hrs 0.3981 0.0597
25° 26.8x10~°  18.5x107° 3 hrs 0.4677 0.0701
30° 51.8510"°  2B.5x10°° | 3hrs 0.6026 0.0903

-5

35° 46.0%x10"°  39,0x10 3 hrs 0.8710 0.1206
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TABLE No,29

Permegbility of gluminium silicapte unsupported
membrgne to aluminium chloride gt different temperatures:

Tempe-{Initial YFinal {Time taken]Concentration]Permeabi-
raturefconductancelconductancelin attain-Jcorrespondingflity in
On Yof affulentiof affulentling const.ito const. Imilli-

Iin mhos {in mhos Ivalue of Jconductance Imoles
| Iconductan-fof affulent Jper
{ X fce Iin mil1imoleskhour
20° 11.2x107° - 8,8x10°° - ‘2:hrs 0.0831 0.0124
25° 16.8x10-% 14.2x10"° 2 hrs 0.1096 0.0164
30° 28,8x107° 95.8x10"° 2 hrs 0.1585 0.0237
35° 52,0x10°  48.5%10"° 2 hrs 0.1995 0.0299

Permegbility of pre-treated siliecg ferric_s;licate and
aluminium silicate membranes to different electrolvtes:

The effect of pre-treated membranes to various
electrolytes was studied by soaking the ferric silicate
membranes in ferric chloride solution (0.1M) and alaminiuﬁ
silicate membranes in aluminium chloride solution (0.1M)
respectively, for 8 hours and the permeability experiments
were carried out at 20°C for comparision with the un-
treated membranes,

The silica, ferric silicate and aluminium silicate
membranes were also treated with cationic, anioniec and
non-ionic soap solution. The membranes were soaked in
10'3H cetyl pyridinium bromide, 10'3M sul phonated phenyl

stearie acid and 10=3

M lauric geid diethanol amine condensa-
te for 8 hours, The results were compared with those of *

untreated membranes (Table No.30-35).
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TAELE No,30

Permeability of parchmen upport ilie
membraneg:

(Permegbility expressed as millimoles/hour
electrolyte coneentration O, QEE

El ectrolyteIUntreat edl fter ment with
‘membrane INon- ionicf A,nionic i Cationic

SOaD SOED sOap
Kc1 0.2100 . 0.1900 0.2789 0.1400
KBr 0.1523  0.1323 0.2223 0.1100
KNO, 0.0180  0,0160 0,0258 0.0138
KCNS 0.0158  0.0140 0,0220 0.0100
Ko80, 0.0100 0.0091 0.0160 0.0060
NaCl 0,0138  0.0112  0.0185 0.0100
BaCl, 0.0071  0.0053  0.0105 0.0048
MgCl,, 0,0150  0,0120 0.0210 0.0099

CaClg 0.00861 0.0052 0,0088 0.0042
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TABLE No,31

Permegbhility of unsupported gilica membranes:

(Permeabllity expressed as millimol es/hour:
electrolyte concentration 0,2M)

ElectrolytelUntreated

ﬁ

After tregtme

nt with

membrane INon—ionic { Anionic § Cationic
soap soap soap

KCl 0,3278 0.3000 0.3800 0.28922
KBr 0.2899 0.2561 0.3366 0.2366
KNO3 0.0260 0.0120 0.0289 0.0182
KCNg 0.0172 0.0151 0.0262 0.0158
K2304 0.,0120 0.0100 0.0200 0.0092
NaCl 0.0154 0.0076 0.0210 0.0112
BaClo 0.0093 0.0082 0.0120 0.0042
MCl,  0.0180  0.0092  ©0.0256 0.0105
CalCl 0.0086 0.0071 0.0119 0.0031
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TABLE No,32

Permeghbility of parchment supported Ferric
gsilicgte membranes:

(Permeability expressed ag millimoleg/hours;
electrolyte concentragtion 0.2M)

ElectrolytelUntreatedl fter tregtment with
Imembrane IﬁBE:EEQTETKEIonic Cationic]Ferric
X Isoap {soap Isoap Ychlorid
KC1 0.3389  0.3264  0.4999 0.3012 0.2801
KBr 0.2600 0.2580 0.380 0.2154 0.1821
KNO3 0.1208 0.1169 0.25638 0.1000 0.0920 .
KCNS 0.0513 0.0481 0.0914 0.0318 0.0268
K2304 0.0118 0,0110 0.0772 0.0102 0.0090
NaCl 00,0245 0.0211 0.0450 0,0144 0.0096
BaCl 0.0200 0.0169 0.,0400 0.0102 0.0069

2

Mg012 0.0230 0.0175 0.0276 00,0128 . 0,009
CaCl 0.0168 0.0152 0.0236 0,008 0,0056

F‘eCl3 0.0125 0.0110 0.0250 0,0063 0.0040
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TABLE No,33

Permegbility of unsupported ferric gilicgte
membranes

(Permegbility expregsed . moles/ho

electrolyte concentragtion 0,2M

Electrolyte}Untreated i ter treatment with
membrane JNon-ioniclanionic { Cationie
Lsoap Lsoap Y gosp ‘0
KCl 0,3768 0.3568 0.4985 0.3165
KBr 0.,2730 0.2589 0.3730 0.2386
KHOB 0.2067 0.1896 0.3268 0.1598
KCNS 0.0713 0.0600 0,0816 0.0498
K2304 0.0197 0.0158 0.0297 0.0123
NaCl 0.0328 0.0300 0.0756 0.,0158
BaCl2 0.0285 0.0248 0.0570 0.0140
Mg012 0.0299 0.0254 0.0598 0.0180
CaC12 0.0180 0.0168 0.0360 0.0090

FeClg 0.0099 0.0082 0.0198 0.0046




TABLE No,34

Permegbility of parchment supported gluminium
silicate membrane:

(Fermeability expregsed gs millimoleg/hour;
electrolyte concentration 0.2M)

Electrolyte&Uhtreatedl fter tregtment with
membrane YNon-foniefAnicnicyCationicfaluminium
X Ysoap

Isoap oap chloride
KCl 0.3400  0.3200 0.3890 0.3300 0.3100
K Br 0.2633  0.2530 0.3248 0.2528 0.2230
KNO,, 0.2300  0.2100 0,3000 0.2089 0.1580
KCN§S 0.1158  0.1043 0.2568 0.1020 0.0081
K50, 0.1000  0,0089 0,1823 0.0082 0,0058
NaCl 0.0499  0.0388 0,0998 0.0244 0.0240
BaCl,, 0.0288  0.0269 0,0576 0.0144 0.0132
MgCl, 0.0295 0,0273 0.0520 0.0152  0.0139
CaCl 0.0255 0.0238 0,0510 0.0123 0.0122

AlCl3 0.0100 0.0089 0.,0200 0.0050 0,0038
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TABLE No,35_

Permegbility of unsupported gluminium silicgte

(Permeability expressed
electrolyte concentrati

on 0,2M)

miliimoles/hour 3

ElectrolytefUntreatedl ter treagtment with
{membrane YNon-ionic AnionicICationi Aluminium
Isoap Lsoap Ichloride
KC1 0,3740 0.3610 0.3820 0.3540 0.3500
KEr 0.2099 0.2665 0.3000 0.2689 0,2580
KNOB 0.2730 0.2430 0.2828 0.,2520 0.2460
KCNS 0.1306 0.1280 0.1408 00,1280 0.1260
K2504 0.1185 0.1034 0.12929 0.1095 0.0098
NaCl 00,0685 0.0565 0.1370 00,0365 0.02656
Ba012 0.0366 0.0328 0,0632 0.0189 0,0168
Mg012 0.0597 0,0412 0,1094 0,0248 0.0220
Ca012 0.0328 0,0265 00,0656 0,0168 0.0148
AlCl 0.0124 0,0110 00,0248 0,0820 0.,0600




-122-

Membrane potentials of parchment sunported and
unsupported silica, ferric silicate and gluminium
silicate membranes $

Potential measurments with different electrolytes
were carried out with treated and untreated silica,
ferric silicate and aluminium silicate membranes
(parchment gupported and unsupported) by the method
described in Chapter II. The results are tabulated
belows

TIABLE No,36

Botential of parchment supported silica membranes

(Potential expressed in millivolts; concentration of

elgctrolztg on two sides of the membrane, 0,1 and O, OlM_
regpectivelv)

ElectrolytelUntreatedl fter treatm ith
%membrane INonFionicf, Anionic i Cationiec

soap I soap X soap
KC1 45.0 456.0 47.5 41.0
KBr 47.5 48.0 49.0 45.0
KO, 52,0 54.5 57.0 50,0
KCNg 54.0 56.0 58,0 52,5
K,80,  58.0 59.0 61.5 56.0
NaCl 56.8 57.0 58.0 54.0
BaCl,  62.5 63.5 64.0 60.0
MgCl, 55,0 57.0 58.0 52.5

CaCly, 69,0 70.0 71.5 65,0




Potential of unsupported silica membranes
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TABLE No,37

(Potential expressed in millivolte; concentrgtion of

electrolyte

on two sides of the membrane; 0,1 and 0,1M

respectively)

ElectrolytelUntreatedl

After t;gatng§ with
Anionic

I membrane INon-ionie Cationic
soap soap soap
KCl 41,5 42,0 43,5 39.5
KBr 42,0 42,5 44,8 40,0
KNO g 43,0 44,0 48,0 41,0
KCNg 43,5 45,0 47,0 42,0
K2804 45,0 46,5 48,5 43,0
NaCl 44,5 45,5 49,0 42,0
BaClg 47,0 48,0 49.5 46,0
MgCl, 43,8 44,5 48,0 41,5
CaClsy 48,5 50,8 52.5 45,5
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TABLE No,38

Potential of parchment supported ferric silicate
membranes:

(Eo ;gntial expressed in millivoltgi concentration of

electrolyte on tyo sides of the membranei O0,1M and O, 01M
respectively)

ElectrolyteIUntreatedﬂ fiter tr faggg y%t
Imem,brane INon-ionicl AnioniclCationiclFerric

Ysoap Ysoap lsoap Ychloride
KCl 35,0 36.5 33.0 38,0 40,0
K Br 36,0 37.0 35.0 39.0 41,0
KNO., 36,5 37.5 35.5 39,5 42,0
KCNS 37.5 38.5 36.0 40,0 %16
K550, 39,0 40.5 38,0 41.5 42,0
NaCl 37.0 38.0 36.0 39,0 40,5
BaCly 39.0 40,5 38,0 40.5 42,0
MgCly 42,0 43,5 41.0 43,0 44,0

CaClg 40,0 42,0 39,0 41.0 43,0
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TABLE No,39

Potenti of unsupported ferric i memb
(Potential expre s d 1n millivol concentr tion of
lectrolyte on t of th membr ne
1 ectiv
ElectrolytegUntreated _________%iﬁﬁi_izgELEQBL_E&E
membrane {Non-ioniclAnionic{Cationic{Fferric
i § soap Isoap 1soap Ichloride
KC1 31.0 32,0 29.5 33.58 40.0
KBr 32,0 33,0 30.5 34,0 41.5
KNO3 33.5 34.0 31.0 35.0 42,5
KCls 34,0 35.5 33,0 36,5 44,0
K2804 36,0 37,0 35,0 38,0 48,0
NaCl 35,0 36,0 34,0 37,0 45,0
Ba012 36,5 7.5 35,5 38,5 43,5
Mgclg 38,0 392.0 37:0 40,5 42,0

CaCl, 37.0 38.0 36.0 32,0 43.5
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TABLE No,40

Po;gntiallef parchment gupported aluminium
membranes

(Eotential expressed in millivoltsj; concentration of
electrolyte on two sideg of the membrane; 0,1 and 0,01M

respectively)

ETectrolytelUntreat odl Aftor trostment with
Imembrane JNon-ionic Anioni%rﬁétionicIAluminium
| isoap Isoap  Isoazp {chloride

KC1 36,5 37,0 34.5 38,0 39,5
KBr 37,0 38,0 36,0 39,0 40,5
KNCB 38,5 39,0 36,5 40,5 41.0
KCNg 39,0 40.5 38,0 41.0 42,0
K580, 41,0 41.5 40.0 42,0 42,5
NaCl 45,5 45,5 44,0 47,0 48,0
BaC 2 46,5 47,5 45,5 48,5 49,8
MgCl, 46,0 47.0 45,0 48,0 49,5
CaCl2 47,0 48,0 48,0 49,0 50,5

A1013 49,5 30,0 49,0 52,0 54,0
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TABLE NO,41

Potential of unsupported gluminium silicate

mgmbrangs H

(Potential expressed in millivoltg; concentration of

electrolyte on two sgides of the membrane; 0.1 and 0,014
regpectively)

ElECtrOIYte%gg;gﬁggzdgNon-ioniclﬁ%%ogigfgag?ongc Afgminium

s0ap Iscap  Ygoap Ichloride
KCl 23.5 24,0 20.0 25.5 27.5
KBr 25.0 26,5 21.0 27.0 29,0
I{I\IO3 26,0 27,0 23,0 28,0 29,5
KCNS 28,0 29,5 24,5 30.0 32,0
K2504 30.5 31,0 26,0 32.0 35.0
NaCl 36,5 37.0 32.5 38,0 42,5
BaCl, 37.0 38,0 35.5 39,0 43,0
MgCl, 36.8 37.0 35.8 | 88,0 42,8
CaCl2 38,0 39.0 37.0 40.5 41.5
AlCl3 40,5 41,5 39,0 43,0 45,0

b BT T
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Activation energy of the diffusior process for
different electrolytes in the case of parchment supported

and unsupported gilica, ferric silicate and aluminjum
silicate membraness

The getivation energy values of the diffusion

Process were calculated from the slopes of plots

3

between log (pxlOS) Verses =4 x10° where p is permeability

y
and T is absolute temperature(ﬂgzgt"z";)'

TABLE No,42

Activation energy of the diffusion process for

different electrolvtes in the case of silica membrasnes:

Ele&trolyte{Activation energy LActivation energy
cal/mole in case of fcal/mole in case of
Iparchment supportedfunsuppa ted silics

Isilica membranes { membranes :
KCl 5689 5301
KBr 6113 5689
KNOS 5896 5487
KCHNS 6340 6330
K2804 7979 6831
NaCl 5831 6580
BaClg 7979 494]
Mg Gl 7372 4769

2
CaCly 7519 7450
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TABLE No,43

Activation energy of the diffusion process for
different electrolytes in the case of ferric silicat

e

membranes:

ElectrolytefActivation energy ¢ lActivation energy
{cal/mole in cage of

{cal/mole in case of un-
I parchment supported Xsupported ferric silicate
Iferric silicate mem-Imembranes

Ibranes
KC1 5896 5825
KBr 6003 6000
KiO4 8310 6340
KCNS 8310 8298
K2 30 4 12820 8310
NaCl 7667 6340
B&Clg 7979 79920
CaClz 0445 4769
Mg012 8664 6340
FeClE 7821 6831
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TAFLE No,44

ctivgtion energy of the diffusion process

for different electrolytes in the cgse of aluminium
gsilicgte membrasnes:

BlectrolytelActivation energy { Activation energy
lcal/mole in case of Jeal/mole in case of
Iparchment supported JYunsupported aluminium
Yaluminium silicate Isilicate membranes

Imembranes
KC1 7372 7094
KBr 7667 7519
KNOB 8310 4769
KCl 8 7886 5116
K2804 2879 5487
NaCl 8310 5689
BaCl2 9658 5301
Ca012 7885 5689
Mg012 7979 4769

41014 12695 7094
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DISCUSSION

The membranes under investigation, viz., silica,
ferriec silicate and aluminium silicate are neither
semi permeable nor are of selective permeability. These
can, however, be classed under membranes of various
degree of selective permeability as would be clear
from a discussion on their permeability which follows.

The mechanism of diffusion across these membranes,
unlike semipermeable membrane, would depend both on the
membrane structure and on the electricsl forces grising
from the interplay of membranes and solutiong of elec-
trolytes. From the structuragl view point these membranes
should be of porous character made up of solid material
which would act as sieves on a molecular scale. Their
permeability behaviour would, however, be different
from those of coal (10) and activated carbon (11).

On- the other hand they would behave like electrically
charged geolities (12) and other synthetic membranes
(13), which can retard ion diffusion to different degrees
or may prevent their flow altogether.

The membranes under discussion are positively
charged having hydrogen or aluminium or iron firmly
attached to the fixedlpart of the double layer. The
other characteristic of the double layer associated
with such colloidal systems namely the existence of
chloride counter ions distributed in the liguid part

of the fixed layer will be met with here also.
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Although the double layer would exist on the
capillary pores the extent to which the electrical
forces would influence the diffusion of ions through
them would depend on the diameter of the pores, the
picture becoming more complicated with membranes of
heteroporosity (14) when the membranes potential would
be the resultant of the interaction of the different
individual pore potential. BEven if we consider our
membranes to be homoporous (which appears highly
improbable) those prepared with parchment support would
show heteroporosity and a difference would exist between
the permesbility behaviour of unsupported and parchment
supported membranes.

The electrochemical characteristics of membranes
of high porogity is not limited to concentration poten-
tial (membrane potential) but also on the rate of
electroosmosis across them (15). The latter would
be governed by the electrokinetic (zeta) potential of
the membrane, the higher the concentration potential
and the higher the rate of electroosmosis, the greater
the M"electrochemical activity" of a membrane of given
porosity.

The performance of the membrane would also be
influenced on impregnation by foreign material. They
can influence the pore capillary in different mgnners.
(1) decrease the thickness of the electrieal double 1

layer thereby bringing about a decrease in charge
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(ii) more effective impregnation may result in charge
neutralisation and subsequent reversal of charge on the
fixed part of the double layer (iii) adsorption of the
molecule (uncharged proteins, non-ionic soaps) or
macromolecular ions (from polyelectrolytes, proteins,
ionie surfactants) ete., resulting in enhanced activation
of the membrane due to adsorption (iv) retardation

in the diffusion process by charges of the same sign
that are fixed at the walls of the pore.

After considering the structural factors-
ineluding both the geometry of the pores and the elec-
trical potentials existing on the wall of the pore
(membrane potential) and at large distances from the
wall (f-potential)- the next thing to be considered
is'the electrical forces arising from the interplay
of membranes and solution of electrolytes passing
through them,

Normally in the case of positively charged
membrane the diffusion of anions should be for more
than the cations., This would mean that there would be
large number of negative ions and lesser number of
positive ions at one particular instant. The member of
positive ions would,however, become less with the
decreasing diameter of the pore and with extremely
narrow capillaries only diffusion of anions should tagke
place (Fig34a), This partial anion select;vity would

also depend upon the concentration of the solution, it
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becoming more prominent with dilute solutions than
concentrated ones (due to larger number of cagtions
getting opportunity to diffusion than in dilute
solutions).

The blockage of the passage of ions in the
case of a positively charged membrane should tzke
place on treatment with cations. Here too the extent
of blockage would depend upon the pore size. With
wider pores the proximity of the catiocns to the wall
would not result in complete blockage unless the
impregnated cation got locagted in some special way
right half of (Fig.¥b),

The passage of ions through the pores of the
membrane would also depend on the charge and the
hydration of ions. Polyvalent ions will experience
greater electrostatic forces than the univglent ions.
Ions undergoing hydration would effect the permegbility
in two ways (i) by virtue of their size (ii) on the
extent to which the electrical forces of the membrane
can pierce through the hydrated shell. The position
of ions in the Hofmeister series should, therefore,
influence the diffusion process.

From (Table No.30) it is also evident that
the permeability values for anions (having a common
cation K') are higher than for cations (haying a common
anion C17). The only exception being MgClg whose

permeability value is larger than sodium chloride.
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The lower permesbility valdes for the di?ferent
cations, X3 Na®; Ba**; ca’™ 1s understandable in the
case Of a positively charged membrane which would
markedly restrict their movement. The diffusion to
cations does not follow the order of the size of the
cation Na® (1.0a%) > Ca®* (1.054%) % k¥ (1.331%) >
Ba2+ (1.88A0). On the other hand the order for the
hydrated ions is followed K' (1.194°) > Nat (1.764%) >
Ba~ ' (2.780%) YCa (3.004°).

It may therefore, be concluded that the positively
charged silica membrane becomes Permeable to egtions
because of their hydrated form. The movement across
the membrane would have been either negligible or very
mich restricted if they had remsined unhydrated,

The large permeagbility value for Mg2+ mgy be due

to its very small ionic size 0.754° as against 1.384°

for Ba2+ or 1,054° for Ca2+. It appears that the pores

in the silica membrane are wide enough to gllow the
diffusion of very small ions without the_electrical
forces being operative,

With anions the charge on the menbrane should
mainly effect the diffusion process. This is true for
the univalent anions. The Permegbility values are
higher than for cations due to the electrostatic driving
force. However, hydration also Plays an imgortant role
since the order of permeabilitys C1~ >Br~> NO3 > CNS™ >
soi" 1s the same as their position in the lyotropiec

series. It implies that anions which would hydrate
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easily would diffuse quickly than*others,

The behaviour of the sulphate ions is altogether
different, Here the permeability value is very low
inspite of the fget that a large electrical driving
force should operate due to two negative charges on the
ion, It appears that a very large hydration shell
envelopes the ion (which is evident from its position
in the lyotropiec series) resulting in the reduction
of the electrostatic driving force which would subsequ-
ently retard diffusion.

It has been observed that the permeability
values (both for anions and cations) are higher in
the case of unsupported membranes as compared to
parchment supported ones. This is quite obvious because
the ions, in this case, have to diffuse through two
layers, one after the other, Even if the membrane
material covers the pores of the parchment paper, the
permeability values should decrease since heteroporosity
characteristic of the membrane would increase due to
interaction between different individual pore potentials.

Ferric silicate and aluminium silicate membranes:

The order of permeability of the cations (with
common anion C1~) and anions (with common cation K')

1s the same as in the case of silica membranes viz.,

Anions: C1™ >Br~ ) Nog > CNS">soi" (for ferric and
aluminium silicate
: - i 5 B 34 membranes) .
Cationss K DNa SMg ;Ba'>0a2§rFe (for ferrig silicat
Yo G s _ membranes
K 7Na >lg ;Bazgca2'5 A13+ (for aluminium
silicate membranes,
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Here too we find that the Ppermesbility Yalues are
higher for anions than cations and although similar
explanation based on the size of hydrated ions,
position in lyotropic series, electrostatic driving force
magnitude of membrane potential ete. can be given for
membrane permeability, the strikingly large difference
in the permeability value of the sgilica membrane on
the one hand and the iron and aluminium silicate
membrane on the other is not easy to explain.

A comparision of the(Tables No. 30-35)would
reveal that the permeability values for cations (Na+,
Ba2+,'Ca2+) are very mich higher for aluminium and
ferric silicate membrane than for silica membrane. |
This difference is not so much evident in the cagse of

Cl™ and Br~ ions but is quite appreciable for NO3 ,
CNS~™ (Tables No.32-35),

The enhanced permeability of aluminium silicate
and ferric silicate membranes may be due to larger
pore size. But if this would have been the only factor
then the permeability values of €1~ and Br~ ions for
iron and aluminium silicates should have also been
higher than those for the silica membrane. But this is
not so, on the other hand the values for these two
anions differ very little from one another for these‘
three membranes. ;

To account for the difference in the permeability

behaviour of the aluminium and ferric silicates for the
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cations we have to find an explanétion in termg of
structure, These compounds may be given the empirical
formlae: MéO.A1203.n 5105.m HoO or

MéO.Fezoa.n 510g.m Hg0
(wvhere M may be an alkali metal ion), The ratio of
M50: 41,05 or M;0:Fe,0, is unity, which means that
the structures are all based on AlO4 or 8i04 tetra-
hedran linked to each of four other tetrshedra by
sharing the four apical oxygen atom. According to
the empirical rule of Lowenstein (15) A10, tetrahedra
can be Jjoined in this way to 8104 tetrahedra only,
never to another AlO0y. This means that n in the oxide
formila cannot be less then two in the completed
aluminosilicate framework. The framework thus carries
a net negative charge (the magnitude of the charge
depending on the number of Al or Fe atoms in it). The
enhanced permegbility for cations can thus be explained
on the basis of some residual negative charges present
on the walls of the membrane pores.

It is not easy to explain the high values for
the nitrate and thioeyanate ions. May be that the
hydration of these ions isg increased when these come
in contgect witﬁ ferro-and aluminosilicate structures.

Influence of impregnation of membranes with soaps:

Silica, ferric silicate and aluminium silicate membranes
(supported and unsupported) impreznated by non-ioniec

soap (lauric acid diethanolamine condensate) decreases
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permeability values to very small extent (Table Nos.30-
35). It appears that soap influences pore capillary
through adsorption (formation of a monolayer on the
wall) thereby decreasing the pore size. This would
result in the decrease of Permeability of both anions
and cations, The order of permeability is, however,
not effected and remains the same as in the case of
untreated membranes.

The cationic soap (cetyl pyridinium bromide)
treated membranes retard the diffusion of anions and
cations to a much greater extent than th'e non-ionie
soap treated membranes., The permeability data (Table
Nos.30-35) would show that this effect is more marked
with cations than with anions. |

Impregnation with cationic soaps would effect
its performance in two ways: (i) adsorption of large
cations (cetyl pyridinium ion) on the pores of the
walls, resulting in an increase charge on the membrane
(ii) blockage of the passage of the ions by charges
of the same sign as on the membranes, the extent of
blockage depending on the pore glze, narrow pores
being blocked more easily than the wider ones. The
second factor influences the diffusion of both anions
and cations resulting in decreagse in permeability., The
second factor would facilitate the diffusion of anions
due to electrostatic driving force with the result that "

appreciable diffusion tskes place inspite of the blockage
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of passage. :

In contrast to cationic soaps, impregnation of
membranes by anionic soaps (sulphonated phenyl steariec
acld) results in an increase in permeagbility values
both for cations and agnions, But the cations move
faster than the anions (Table Nos.30-35). Here the
adsorption of gocap ions (which carry a opposite to
the charge on the walls of the pores) does not result
in the blockage of the path. On the other hand it
would result in charge neutratisation (and perhaps
charge reversal if impregnation is carried out effective-
ly). This would cause enhanced cation permegbility
which was originglly restricted due to high positive
charge on the membrane,

The abhove discussion, based on adsorption, put
forward to explain the permegbility behaviour of
impregnated soap membranes should however, be used
with caution due to large number of factors involved
therein. Firstly, we have to see the nature of adsorp-
tion visg vis the e¢.m,c. of the QOap; secondly, the
adsorbability of the various soaps, the ionic soaps
adsorbing more regdily than the non-ionic ones. Again
factors 1like the interaction of soap with the membrane
material (formation of soap-silics complex) or the
existence of a monolayer just adjacent to fhe charged

double layer has to be taken into account, .
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Ferric chloride treated ferric sillcate and aluminium

chloride treated gluminium silicate membranes:

The behaviour of ferric chloride trested ferric

silicate membranes and gluminium chloride treated
aluminium silicate ‘membranes should be expected to be
the sgme as cationic soap treated membranes. This is
what has been obgerved. The diffusion of both ecations
and anion is reduced (Table Nos.30-35). Blockage of
passage by ions of the same sign and an increase in the
pogitive charge on the wglls of the membranes form the
basis of explaining their permeability behaviour in this
case also, As before here too, the decrease in the

permeagbility of cations is more marked than anionsg,

Bffect of different electrolytes on membrgne potential:
Higher potentiagl values are realised-in the case
of parchment supported silica, ferric silicate and
aluminium silicate membranes as compared to unsupported
membranes, A comparision: of the permeagbility and potentia
datas of supported and unsupported membranes (Table Nocs.
30-35 and 36-41) would reveal that the potential values
are indirectly proportional to permeability values, higher
the permeability value lower the membrane potential and
vice versa. The order of membrane potential for parchment
supported agnd unsupported silica membranes for different
anions and cations is as follows:
Aniongs 8023 CNS™> Nog > Br™ » (1~
Cations: Ca>'™>Ba2">Mg>™ wa™ x*
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The order reglised is just® the reverse of
permeability values both for supported and unsupported
membranes. Further the potentiagl values of electrolytes
having common cation are less than electrolytes having
common gnion,

The potential values for ferric silicate and
aluminium silicate membranes (supported and unsupported)
due to diffusion of different electrolytes are recorded
in (Table Nos. 38-41), The order of potential values
in the case of ferric silicate (supported and unsupported
membranes to various ions is: 803~ QNS BN03D>Br>c1”;
Fea*-)Mgzg Ga8+> Bag;r Na+)}{+ and in the case of gluminium
silicate (supported and unsupported) the order of anions.
and cations is: soi") CNS > NOg» Br >cC1™; A13$ Ca®*S
Me"$ B2 yNaty k¥,

In all these cases it is obsorved that sequence
of agnions and cations for potential values is almost
just the reverse of sequence of agnions gnd esticns for
permeabllity values as mentioned earlier. However, the
potential values are lower in the case of anions than
cations,

Potential of sogp impregnated silica, ferric silicate
and aluminium silicgte membraness

Non-ioniec soap (lauriec acid diethanol amine
condensate) treated supported and unsupported silica,

ferric silicate and aluminium silicate membranes increage

the potential values of diffusion process of different
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electrolytes although the order of®potential values for
different gnions and cations is same for respective
membranes as mentioned earlier (Table Nos.36-41). It
appears that the treatment of membranes with non-ioniec
soaps increases the thickness of double layer so that
higher potential values gre observed.

The cationic soap (cetyl pyridinium bromide)
treated supported and unsupported silica, ferric silicate
énd aluminium silicate membranes show high potential
values (the order of potential vglues however remains
unaffected). This is quite likely since treatment with
cationic soaps would result in a increase in charge on
the membrane.

The agnionic soap (sulphonated phenyl stearic acid)
treated membranes show a decrease in potential values
than untreated membranes (the order of potential values
for different anions and cations remain the same)., The
decrease in potentigl values may be explained on the
fact that addition of surfactant of opposite charge would
decrease the thickness of the electrical double layer
and subsequent decrease in charge. Low potential values
are, therefore, reaglised with anionic soap treated
membrane,

3+ions

Fea+ions treated ferric silicgte and Al
treated aluminium silicate membranes give vgry high
potentigl values as compared to untreated membranes. The

same explanation as put forward for cationic soap treated
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membranes can be put forward here also. .
It is worth noting that the results on membrane

potential support most of the arguments put forward to

to explain the permeability behaviour of different treate

membranes,

Activation energy of the diffusion process for different

electrolytegs:
The values of energy of activation for the

diffusion of different electrolytes in the case of
parchment supported and unsupported silica, ferric
silicate and gluminium silicate membranes are higher
than the free diffusion of KCl (0,2M) reported in
literature as 4400 cal./mole. The values are in accor-
dance with that obtained by Tolliday, Hartung and Woods
(loc.cit). The results may be explained in terms of the
highly charged nature of the membranes.

Permegbility of gluming gnd ferric oxide membranes:

Most of the explanations put forward for the
permeability of silieca, ferric and aluminium silicate
membranes hold good in the case of ferric oxide and
aluming membranes aiso since these are positively charged
Here too the permeability values for anions (having a
common cation K') are higher than those for cations.

The positive charge on the membrane would have restricted
the movement of cations to a very great extent but for
their hydragtion is responsible for diffusio;.

The diffusion of anions is controlled by their
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position in the Hofmeister series,’ the order bé;ngi

CL™ »Br »No3 » CNs™ ) 502_. Moreover, since the
membrane walls are positively charged the movement of
aniong is facilitated, sulphate ion-is again an exception
here,

The unsupported iron oxide and aluming membranes
have higher permeability values as compared to parchment
supported ones, Not only the introduction of a support
hinders the diffusion but the enhanced heteroporosity
of the membrane also restricts the movement of the ions,

Unlike silica, ferric silicate and aluminium
silicate impregnation with non-ionic soaps does not
bring about any change in the permegbility values., The y
possibility of adsorption at capillary pores or on the
walls of the pores is, therefore ruled out here. This
may be attributed to narrow width of the membrane pores
(the assumption is valid because the permegbility values
with alumina and silica membranes are much smaller than
silica, aluminium silicate and ferric silicate membranes).

Inpregnation with cationic soaps decrease the
permeability while treatment with anionic soap inecrease
it. The anions, however, move faster across cation
soap impregnated membrane. The decrease in permeability
may be attributed to blockage of the passage by ions
of the same sign (cetyl pyridinium ion) on the membrane.
However, since the soap cations also get adsorbed on

the walls of the pores, the charge increases and the
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blockage does not restrict the mdvement to such an
extent as it would normally do.

Anionic soap treated membranes incresse the
permeability both for cations and anions. However, the
cations move faster than the gnions. Charge neutrali-
sation leading to charge reversal on the walls of the
pore is responsible for this behaviour. Sinece ions
having charge opposite to that on the membrane are
involved, the blockage of the pores cannot be envisaged.
Therefore, unlike cationic soap treated membranes,
the permeability is not decreased.

The effect of impregnation with ferrie chloride
(in case of ferric oxide membrane) and aluminium chlorida
(in case of alumina membrane) is juét the same as
Observed in cationic soap treated membranes.

The results on membrane potential of iron oxide
and aluming membranes support most of the grguments
put forward to explain the permeability behaviour of

different treated membranes.
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Although the Debye-Hlickel theory gives exp?essions
for the activities of single ions in solution, no method
is known with which single ion activities can be measured.
One cannot measure the potential of a single reversible
electrotes which would depend on the activity of the
ion to which the electrode is reversible. A cell consist-
ing of two electrodes must be used. If the two electrodes
are reversible to the anion and to the cation in the
system respectively, only the product of the cation and
anion activity can be derived from the measured emf.
Combining a reversible electrode with a non-specific
calomel: electrode with salt bridge gs the reference elec-
trode does not supply any answer either, since the poten-
tial at the liquid junction with the reference electrode
cannot be evaluated without making assumptions sbout the
single-ion activities. Also, osmotic measurments give
activity products only,

Agreement between theory and experiment mentioned
above has therefore been obtained for ion-activity products
only and not for single ion-activities.

A splitting of experimentally determined ion-
activity preducts into single-ion activities would be
entirely arbitrary. Nevertheless, in the description and
the interpretation of many experiments, the use of single-
ion activities is very convenient, Al though guch single-
ion activities would not be thermodynamically determined, -

they do have a physical meaning, and they can be computed
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in principle from electrostatic thgory. Certain
arbitrary agreements have therefore been adopted’
regarding the evagluation of single ion-activities, and
the adopted vaglues have been chosen to agree as closely
as possible with the result of the Debye-Huckel theory
and its refinements.

Activity from the Dorman Equilibrium:

Experimental determination of the activity of
single ion species seems to be more promising. Several
procecdures have been developed. An indirect method
was employed by Schuffelen and Loosjes (1) for activity
measurments in suspensions. For determination of say,

potassium, the following relation was utilized:

H - T "
¥ susp. pHsoln. szusp. szoln.

From the measured pH in suspension and solution
and the pK calculated or determined in the solution,
pK of the suspension was calculated.

This method is a direct application of the
Domnan equilibrium, which appears by comparision of
(2) with (3)., The crucial point of Schuffelen's pro-
cedure (loc.cit) is the accuraey and interpretation of
the suspension pH., As is well known, the pH of clay
and soil suspension effect of Wiegner and Pallmamn.
They established by potentiometric and inversometric
measurments a linear relationship within cé}tain limits,

between the hydrogen ion concentration and the content
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of colloids in the suspension., The‘*significance pf the
calculated (K+)susp. 1s naturally subject to the same
uncertainity as the pH value. The inconsistent opinions
of several investigators as to the significance of
potentiometric measurments of ion activities in clay

and soil suspensions agnd the influence of liquid junction
potentials make the situation somewhat confusing. To
what extent the (K+)susp. is relevant to natural soils is

an unsolved and still more delicate problem.

The membrane electrode method:

Of considerable scientific and practical interest
is the use of permselective membranes as "membrane
electrodes™ which was demonstrated twenty years ago(4). 2

The potential usefulness of membrane electrodes
was first recognized by Haber (5) after Nermst and
Riesenfeld (6) had shown that any interphase (membrane)
which in a concentration cell selectively allows the
reversible transfer of only a single ion species from the
one solution to the other giVes rise to a potential and
acts electromotively in a manner strictly analogous to a
conventional reversible electrode for this ion,

For many years the only membrane electrode of
practical usefulness was the glass electrode until Marshall
and collaborators (7) succeeded in the preparation of
clay membranes which, though sluggish in theizr electromotive
response, are useful in the determination of the activitie's

of univglent and in some instances also of bivalent cations.
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Permselective membranes, by virtue of their
ability to act electromotively in the presencetof a
single species of critical ions like specific reversible
electrodes, may be used for the electrometric determina-
tion of ion gectivities in such solutions. By their
use it becomes possible to determine (with the restric-
tion indicated) the activities of many ions for which
specific reversible electrodes do not exist (8) as with
many anions, F7, NO3, CHgoC00™, €103, CLO, 103, ete,
or where specific reversible electrodes of the emventio-
nal type involve considerable experimental difficulties,
as with the alkali and alkaline earth cations Li™, Na¥,

+ e

ol gt Mt ca™

, ete, and with NH,. For
catioﬁ determingtions the strong-acid-type sulfonated
polystyrene collodian membranes (9) will be preferable
in the future to the oxidized collodian membranes
originally used,

Membrane potentials are usuglly meagsured indirectl

using cells of the type:

e Y et o A

where RE represents a reference half cell M for any
cation and{MZ+?U}iszi . If R.E (1) and RE (2) have
identical electrode potentials the potential difference
across the cell is equal to the membrane potentigl E.

If the membrane is completely impermeable to anions then,
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Py
RRuL | O Vs
nr {Mz+}a <

Thug if the activity of the cation on one side °

of the membrane is known, that on the other can be
calculated.

For example in the case of clay membrane elec-
trodes developed by Marshall which acts as a reversible
electrodes for a variety of cation depending on their
composition, the ionic activity was calculated from the
emf of the following cell:

Hg,HgoCly,NalK/or Ca)Cl|Membrane|Na(Kor-Ca)Clay,ng Cly Hg

gccording to the Nernst relation:

E= _RT 1n 2&(solution)
R 8(clay)

These electrodes are made by attaching to the
end of a glass tube a thin but strong elay membrane
obtained by heating a thin flake of c¢lay., The tube is
filled with a salt solution of known cation activity,
and the clay membrane is equilibrated with this solution
to bring it in the corresponding cation form., The
electrode is placed in the liquid in which the cation
activity must be determined, together with a reference
electrode. At the membrane of the electrode, the
solutions of known and unknown cation activity are
separated by the clay membrane and a membrane potential
is created which is a function of the ratio of the cation
activities on either side of the membrane. Ehe choice
of the cation species in the solution in the electrode

determines the cation for which the electrode acts as a
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reversible electrode. Owing to podsible imperfections
of the membrane, the electrode requiresg calibration with
solutions of known cation activity.

Marshall's method for getivity measurment is
limited to systems containing one or two cagtion species.
But in natural clays and solls, which always contain
several exchangeable ion species, the possibility of
determining 211 the cations present isqof great value,
Peech and Scott have attempted to do this by measuring
the membrane potential (E) between a montmorillonite
suspension gnd its eguilibrium solution.

Marshall's and Peech's procedures are subject to
the same sourcesg of error as Schuffeleq‘s method. They
work with very dilute suspensions, and the measured
activity is a function of the intermicellar solution
and the exchanger phase rather than of the latter alone.
The bearing of the results upon natural soils is
therefore questionable, This is particularly true of
systems containing ions of different vglence where the
ion distribution is markedly affected by dilution of
the system,

Although membrane electrodes have been success-
fully used to measure activities of cations of Groups
I A and II A they have a number of inherent disadvantages.
In some systems, the potential 1s very sensjtive to the
rate of stirring (10). Moreover, since the potentiagl -

usually depends on the activities of all species that
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can interact with the membrane, th® interpretation

is very complicated if more than ane kind of cation
is present wheather on the same side or on different
sides of the cell (11). Reliable measurments have

so far been restricted largely to solutions which
contain a single cation in such cases, the use of 3
constant ionic medium to centrol activity coefficients
is precluded.

Membrane electrodes have been used to study the
interaction of alkali metal and glkaline earth ions
with polyelectrolytes such as proteins (12) and soaps
(13) and to determine the equilibrium constants of
alkali metal phosphate complexes. If ?embranes specific
to a certain cation can be developed to a high degree
of accuracy, membrane electrodes may become extremely
useful for studying equilibria among complexes of
cations of subgroups I A and II A.

Ion-exchange membrane electrodes (13) have been
used in studies on the activity of ecations and anions
in milk and the interaction of the salts common in milk
with casein sols.

Mitra and Chatterjee (14) have developed clay
membrane electrodes for the determination of copper
ion activities from colloidal systems. They (15) have
also prepared clay membrane electrodes for the deter-
mination of Zn, Mn and Co ion activities similar to

those used previously.
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The existing literature does not provide.anough
data on anion activity determination from membrane
electrode systems. It was, therefore, considered worth-
while to carryout investigations in this direction,
ferric oxide, alumina, ferric silicate and aluminium
silicate membrane electrodes were used for this purpose.
Two aspects.of the problem have been studied: (i) deter-
mination of the activity of C1™ ions in solutions of
KCl of different concentrations (1i) to determine the
activity of the counter ions in positively charged
hydrous oxide sols and ferric silicate and aluminium
silicate sols of different dilutions and during slow

coagulation,



FIG.3S. ASSEMBLY OF MEMBRANE ELECTRODES SYSTEM
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EXPERIMENTAL

Preparation of ferric oxid umin iliea, ferri

d
silicate and gluminium silicate membrane electrodes:

Ferric oxide, alumina, silica, ferric silicate
and aluminium gsilicate membranes were prepared as
described in Chapter I. The electrodesof the respective
membranes were made as follows (16).

Each membrane was cemented to the end of five
separate glass tubes by Argldite adehesive. The tubes

were filled with salt solution of known anion activity
and were fitted in rubber corks bearing two holes. The

other hole was provided for the introduction of referen-
ce electrode in the solution kept in 50 ml begker.

The tube was filled with solution Jf known
anion activity. It was placed in a 50 ml beaker

containing the liquid whose anion activity was to be

determined. Two reference electrodes were used, one
was put in the tube containing salt solution of known

anion agctivity and the other was dipped through the
second hole of rubber cork in the liquid of unknown
activity. The assembly is shown in(Fig.No.35).

Cheeking of membrane electrode:

Owing to the possible imperfection of the
membrane, the membrane electrode required checking with
solutions of known anion activity above the membrane
and solutions of unknown anion activity below it.

The unknown solution was analysed and activity
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corresponding to concentration was “found out from
standard table (17). The theoretical value of anion
activity was compared with experimentallf determined
anion activity value. The agreement of two values
within experimental error éave clear indication of
proper working of membrsne electrode. The concentration
of the potassium chloride solution was checked by
'MmrwIMme

TABLE No, ]

Ferric oxide membrane electrode
Known Cl ion activity = 0,086M

Concentration of fPotentialYExperimen-ITheoretical IParcent ~

unknown anion Jin volts ftal C1 ionlCl~ion Yerror

activity solu- | Lactivity Jactivity

tion (KC1) X X { X

(1) | X } X
=07 0,058 0,0092 0.0093 1.0
0.005 0,082 0.0046 0.0047 156
0,002 0.094 0.0019 0.0019 140

0,001 0,189 0.,00095 0,00097 1.0
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TAHRLE No,2 d

o

Alumina membrane electrode

Fnown ClL- ion activi = 86
Concentration of x\FotentiallExperimen-iTneoreticallPercent
unknown anion Xin volts Ital Cl1~ionlCl ion {error
activity solu- [ Yactivity JYactivity
tion (KC1) X X X X
(M) X X X §
007 0087 0.0092 0.0093 50
0.005 0.075 0.0045 0.0047 1.6
0.002 0,093 0,0019 0,0019 1.0
0001 0,185 0,00096 0,00097 140
i °
TABLE No,3

Ferric silicate membrane electrode
Enown Cl”ion getivity = 0,086 M

Concentration of}iPotentigllExperimen-YTheoretical [Percent

unknown anion JYin volts {tal Cl ionfCl=ion krror

activity solu- [ Yactivity [factivity [

tion (KCl) { 1 o | X

() X | X X
0.01 0,056 0.00925 0.0093 0.8
0.005 0.075 0.00465 0.0047 0.8
0.002 0.094 0.0018 0.00192 1.0
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TABLE No,4

Alu&lglgm_siilgaﬁgﬁmamh:aaa_elagtngde
Knoyn Cl~ion activity = 0.086M

Concentration oflPotentialIExperimen-lTheoreticallPercent

unknown anion {in volts Ytal Cl~ioniCl~ion ) error

activity solu- [ {activity Jactivity J

tion (KC1) 1 | | i

(1) X X X I
0,01 0.056 0,00925 0.0093 0,8
0.005 0,076 00,0046 0.0047 1.0
0.002 0,092 0.0018 0.0019 5.0

0.001 0.123 0.,00096 0,00097 146
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Determination of Clj., activity daring the dilution

and coagulation of feprie o alumina, ferri'e silicate
and aluminium sjilicate sols by their membrane electrodes:

(1)Ferric oxide membrane electrode:

The ferric oxide membrane electrode was Prepared

as described earlier. Ferric oxide so0l was prepared
by the method recommended by Krecke (18). 250 ml of
double distilled water was heated to boiling in 500 ml
pyrex beaker agnd to this was added 2-3 drops of 30 per-
cent ferric chloride sclution, gradually with constant
stirring, The colloidal solution, brick red in colour
was obtained., Its pH was adjusted to 2,5 by dialysis
and megsured by Cambridge pH meter.

For the estimation of the sol (19) £0 m of the
sollwas taken in a clean beaker and it was evaporated
to dryness on a water bath. The dried mass was disselved
in minimum amount of concentrated nitric acid and then
diluted with water.ammonium hydroxide was added gredually
till complete Precipitation of ferric hydroxide oceurs.
The precipitate was filtered, washed, ignited and
weighed ag Feg03.

In order to see the effect of dilution of sol,
the standard KC1 in which the C1~ ion activity was
0.00925 was filled in the membrane electrode tube and
10 ml of ferric oxide sol of various concentrations was
kept below membrane in 50 ml beaker. The whole assembly
of ferric oxide membrane electrode was kept in a ther- °

mostat regulated at constant temperature, 25° O.lOC.
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Pye Student potentiometer, cat.No.7854 (meagsurable
upto one millivolt) in conjunction with a ballastiec

galvanometer sensitivity 1.17x10~°2

amp/mm at one meter
and lamp and scale arrangement was used for potential
measurments. The potential values are recorded in
Table No.5. The Cl ion activities in different concen-
trations of sol were calculated in the usual way with

the help of Nernst-equation:

E=RBL_  3in &Cknown)

ni® a(unknoyn)

TABLE No,.5

Cl7ion activity at different dilutions of ferric-

oxide sol: .

Concentration of the ferriclPotential in} R a1
oxide sol in gms/litre fvolts cl
24,08 0.034 24,8
20,10 0.,033. 24,8
16,50 0,034 24,8
10,80 0,035 23,7
7.20 0,037 22.1
6.30 0,039 20,2
4,82 0.043 18,1
- B i 0,047 15,0
2,52 0.048 14.3
1.52 0.049 T 18,6

-
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For studying the coagulation of ferric oxide
sol, the standard KCl in which the.Cl' ion activity
was 0.00925 filled in the tube containing membrane at
the end and 10 ml of ferric oxide sol was taken in
80 ml beaker.

Electrolytes KC1, KNO3, KoS0O4, K4Fe(CN)6 were
then added in small lots to the ferric oxide sol and
the total volume everytime was keépt 20 ml. After each
addition of electrolyte, potential values were recorded
and Cl ien activity determined By using Nernst equation.
The whole assembly was kept in thermostat maintained

at 25° + 0,1°C. The results are tabulated belows

TABLE No.6

-
-

Varlation in Cl ion activities with gradua]
addition of () potassium chloride to ferric oxide sol:

Volume of KCl added to 10 mllPotential in}

of ferric oxide sol, total Jvolts 1 acl'x104

volume 20 ml X
0.0 0.035 23,77
1.0 0.082 26,67
2.0 0.028 31.33
3.0 0,025 35,16
4.0 0.022 _ 39,45
5.0 0.020 43,25
6.0 0.019 44,26
7.0 0.018 © 46.34
8.0 0.017 48,53
9.0 0,017 48,53
10.0 0,017 48,53

Fig.37
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TABLE No,7

Varigt%on in Cl~ion activitieg with gradual
addition of potassium nitrate to ferric oxide col:

Volume of KNOg added to 10 mliPotential in)
i)

Gomme o @ o o P frtte { eaaot
0.0 0.039 20.18
1.0 0.036 22.70
2,0 0.032 26,67
3.0 0.029 29,92
4.0 0,026 33,57
5.0 o 024 36.81
6.0 0.019 44,26
7.0 0,016 49,66
8.0 0,016 49,66
9,0 0.016 49.66

10.0 0,016 49,66

Fig:37
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TAEBLE No, 8

Variation in Cl~ion iv with gradugl
addition of (0,002M) potassium sulphate to ferric oxide
gols

Volume of K504 added to 10 milPotential ink 4
of ferric oxide sol, total  fvolts I ag-x10
volume 20 ml X I :

—

0.0 0.052 11.96
1.0 0,050 13.37
2,0 0.044 16.60
3.0 0.042 18.03
4.0 0.040 20,70
5.0 0.037 22,18
6.0 0.036 22,70
7.0 : 0,035 23,77
8,0 0.035 23,77
9,0 0.035 23,77

10.0 0.035 23,77
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TABLE No,9
Eialan s Dnﬁi:;igirrgcv:a;ige Eod%gm:_ig
oxide gol:s
Volume of K4Fe(CN)g added tolPotential inl
10 ml of ferric oxide sol, Jvolts X acl-xlo4
total volume 20 ml X X
0.0 0.030 29,42
1.0 0.027 33,57
2,0 0,021 41,30
3.0 0.020 43.25
4,0 0,019 * T 44,26
5.0 0.016 49,66
6.0 0.015 52,00
7.0 0,013 55,72
8.0 0.012 58,34
9.0 0.012 58,34
10,0 0.012 58.34

F§g¢37
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Alumina membrane electrode:

Alumina membrane electrode was Prepared gzs
mentioned egrlier. Aluming sol wasg Prepared as deseribed
bel ows

The method described by H.B. Weiser (20) was
followed. 10 gms of aluminium chloride (E. Merck) was
dissolved in 500 c.c. of conduct1V1ty water and the
resulting solution was heated to boiling. Aluminium
hydroxide was Precipitated with slight excess of ammonié
and mixture was boiled for five minutes, The Precipitate
was taken in centrifuge tube and suspended in conductivity
water. The suspension was centrifuged for 15 minutes,
The supernatant liquid was poured off and conducthLty
water was again added gnd Precipitate was washed, The
process of washing was repeated Many times. The precipi-
tate was then transferred to a 500 C.C, pyrex beagker
and éuspended with conductivity water, The suspension
was then hegted to boiling, The Precipitate of Al(OH)3
was peptized to alumina sol by adding gradually 0,2N HCl
(in 1 c.c. portion) boiling the solution for ten minutes
between each addition, The pH of alumina sol was lowered

© 2,00 by the addition of requisite amount of 0,1N HC1.
The concentration of colloidal solution was determined
gravimetrically as A120

The effect of dilution of alumina sol on C1~
activity was studied by taking a standard KCl solution

(in which the €1~ ion activity is 0.00925) in membrane

electrode tube and 10 ml of aluming sol of different
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concentrations was kept below the pembrane in 59 mlL
beaker. The whole assembly was kept in g thermostat
regulated gt 25 * O.lOC. The potential values were
recorded by using students potentiometer (the details
of which are given earlier) and Cl1™ion activities at
different concentrations of alumina sol were calculated

by using Nernst eguation.

TABLE No,10

Cl'ion activity at different concentrations

of alumina gol:

gg?cfgtgaz}fﬁtgg the alumuna{sgfggtlal in{ ae. ook

5,32 0.042 18,03
4,815 0.042 18.03
4,50 0.,0418 18.03
4.30 0.043 17.62
3.67 0.,0458 16.07
3.00 0.047 14.32
2.68 0.052 11,96
2.41 0.054 11.38
1.52 0,055 10.62
1.20 0,057 . 10.0

Fig. 36
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For making the coagulation study of alumipa
sol by the addition of different electrolytes KC1
solution of Cl7ion activity was 0.00995 was taken
in the membrane tube ang the sol containing varying
acounts of coagulating electrolytes, viz., KC1l, KNOg,
K580y, K4Fe(CN)6 were added in small quantities to
the sol and potential values recorded after the addition
of electrolytes.” All the measurménts were carried out
by keeping the whole assembly in a thermostat regulated
at 25 % 0.1%. The data are recorded in tables given

bel ow:

TABLE No,11

Eazla%ﬁ%a;iiLiltlign_agxixijiqujﬂuuliinadual
addition of potassium chloride to aluming sol:

Volume of KC1 added to 10 mlfPotentigl inl

of aluming sol, total volumelvolts I acl"xlo4
20 ml X X
0,0 0.049 L7
130 0.039 18.0
2.0 0.038 18.45
3.0 0.035 2057
4,0 0.034 21,6
5.0 0.033 22,6
6.0 0.032 23,17
7.0 0.031 24.3
8.0 0,029 25,0
9.0 0.027 " 28,5
10.0 0,026 29.1
11.0 0,026 29,1
12,0 0,026 29,1

F%g-BB



TABLE No.]12

Variation in “ion getivitdes with gradua
addition of (M) potassium nitrate solution to Ejuéina gol:

Volume of KNOg added to 10 mliPofential in]
of aluming so?, total volume Ivolts . { acl'x104
20 ml X X
0.0 0.038 20,89
1.0 0,036 22,70
2.0 0,032 26,67
3.0 0,029 29,92
4,0 0,026 33,57
5.0 0.024 36.61
6,0 0,019 44,26
740 0.016 49,66
8.0 OR012 « i ¢ sBUne -
9.0 0,013 55,72
10,0 0.013 55,72
Fig-38 TABLE No,13

Variation in Cl~ion activitie ith gzr
addition of (0,002M) potassium sulphate solution to

aluming sols

Volume of K2504 added to 10 mliPotential inl

3313;2m%3am1 sol, total %volts % acl'x104
0,0 0,098 9,44
1.0 0,096 10,33
2.0 0.095 10,72
3.0 0,091 12,30
4.0 0.088 = 13.8
5.0 0.085 15.49
6.0 0.083 15,98
¥ .0 0.081 18,20
8.0 0,081 18,20
2.0 0,081 18,20

Fig-28 10 0 A A )
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TABLE No,14

igtion in Cl~ion activities with gradual
addition of 001M) po lum ferrocyanide to aluming
gols

Volume of K4re(CN)g added tolPotential in)
10 ml of alumina so0l, total Kvolts I acl"x104
volume 20 ml X I

0.0 0.026 33,57
1.0 0.024 36.81
2.6 0,019 44,26
3.0 0,016 49,66
4,0 0.013 55,72
5,0 0.012 58.34
5.0 0.010 °  63.97
7.0 0.008 68.55
8.0 0.008 68,55
9.0 0.008 68.55
10.0 0,008 68,55

Fgggae
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Silicg membrane electrode:

The silica membrane electrode was prepared by
the method described earlier.

Silica sol (21) was prepared by diluting 40 c.c.
of concentrated hydrochloric acid with 125 c.,c, of
double distilled water. 75 c.c. of sodium silicate
solution (sp.gr.1.16) was added to the dilute acid
with constant stirring, The mixture was dialysed
till the pH of the sol reaches to 1,5, The silica
content was determined gravemetrically by evaporating
5 ec.c. sol in a weighed erucible to dryness and then

igniting until the welght was constant,

TABLE No,15 . i

Cl7ion activity at different concentrationg
of silicg s0ol:

Concentration of the silicaJPotential in] , . . 4
sol in gms/litre - {volts X el ~x10
22,20 0.045 16.07
20,40 0.045 16,07
18,00 0.045 16,07
16.85 0,046 15.70
15.200 0.047 15.0
13.18 0.048 14.3
11.845 0.050 13.37
9. 56 0,054 ¢ 11,38
6,52 0.056 10.47

Fﬁg. 3o
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The coaggulation of silica sol by addition

of different electrolytes was made by taking KCl

solution of ion activity 0,00925 in the membrane

electrode. Electrolytes KCl, KNO,, K804 and K Fe(CN),

were then added in small quantities to the silica sol

and potential values recorded.

were carried out in a thermostat maintained gt 25 * O.1°C

TABLE No,16

ion in C1~

_mi'_xmmmwu_
addition of (M) potagsium chloride sol ution to giliea

1.

All the experiments

Volume of KCl added to 10 mliPotential in%

gg ;ilica sol, total volume %VOltS e ac]_'xlo4
0.0 0,024 36,81
1.0 0.020 43,25
2.0 0.017 48,53
3.0 0.015 52,00
4.0 0,013 55.72
5.0 0,012 58,34
8.0 0,010 63,97
7.0 0.008 68,55
8.0 0,006 73.45
9.0 0.006 73.45
10.0 0.0086 73.45

-

Fig.39
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TABLE No,17

Variation in Cl ion aetivity with gradug]
addition of (M) potgssium nitrate to silica sol:

Volume of KNUg added to § Potential in [
10 ml of silita sol, I volts I a,-x10%
total volume 20 ml i i

0.0 0.038 20.89

1.0 0,031 24,31
2.0 0,029 29,92
3.0 0.024 36,81
4,0 | 0,018 45,34
5.0 0.012 | sB.34.
6.0 0.009 68, 55
7.0 0.008 68. 55
8.0 0.007 71.78
9.0 0.007 71,78
10,0 0.007 71.78

Fig.39
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TABLE No,18

Variation in Cl ion gectivit ith gradu
addition of (0,002M) potassium sulphate to gilica sol:

Volume of Ko80, added to § Potential in [
10 ml of silica sol, I volts R e Tk
total volume 20 ml i X

0.0 0.029 29,92
1.0 0.028 31.33
2,0 0,026 33,57
3.0 0.021 41,30
4,0 0.020 43.25
5.0 0.018 46,34
6,0 0.018 7 awgs
7.0 0,013 55,72
8.0 0.012 58,34
9,0 0,012 58,34
10,0 0.012 58,34

Fig.39
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TABLE No,19
Variation in Cl”ion activity with gradual

gddition of (0,001M) potagsium ferrocvanide to silica

sol3

Volume of KsFe(CN)g } Potential in |}

added to 10 ml of silical Vvolts A -x104

sol, total volume 20 ml | ; ..
0.0 0.040 20.70
1,0 0,032 26,67
2,0 0,025 35,16
3,0 0,023 38,55
4,0 0.022 39,45
5,0 pyoBe. ™ - 43,25
6,0 0,018 45,34
7.0 0,016 49,66
8.0 0.014 54,45
9,0 0.014 54,45
10,0 0.014 54445

Fig.39
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Ferric silicate membrane electrodei

Ferric silicate membrane electrode was prepared
by the method described earlier,
’ Ferric chloride solution (100 c.c.) having 4.3 g.
atoms of chlorine per litre, diluted to 400 c.c. with
distilled water, was taken to prepare the colloid{22)
Sodium silicate solution (193.9 C.C,) having 12.4 moles
of 8102 per litre was taken and diluted to 1550 c.c.
with distilled water. This diluted sodium silicate
solution was gradually added to ferric chloride solution
with constant stirring, The Precipitate of iron silicate
formed was peptized by hydrochlorie acid and g yellowish
red sol of iron silicate resulted. Aft?r adding 1200 c.ec.i
of sodium silicate solution the pPrecipitate formed
refused to be peptised and a slight precipitation was
visible. Hence, the 501 was prepared by using lesser
amount of sodium silicate solution than the equival ent
quantity., The sol thus prepared contsined an excess
of ferric chloride and it was kept for dialysis. The
PH of the sol was 2.40. ‘

In order to see the effect of dilution of sol,
the standard KCl1 of Cl™ion activity 0,00925 was kept
in the membrane tube and 10 ml of iron silicate sol of
different concentrations was kept below the membrane in
50 ml beaker. The whole assembly of iron silicate
membrane electrode was kept in a thermostat regulated .

at constant temperature 25 i O.loc. Potential values
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were recorded and ClTion getivities calculated,
The results are tgbulated below: $ -
TAHLE No,20

Cl™ion getivity at different concentrationg of
iron silicgte gols

Concentration of the sol [Potential in }

gms/litre {volts - { acl’?:lo4
2.2540 0.016 44,56
3,0080 0.018 44,66
2, 5460 0.019 44,26
2.3348 0.025 35.16
2,0000 0,027 33.57
1.8588 0.030 29.42
1.2680 0,036 . - ‘2377
1.0080 0.037 22,18
0.8456 0.0385 20.95
0.4100 0,039 20,23

Fig 36

The coagulation of ferric silicate sol by
addition of different electrolytes was made by taking
KCl solution in which Cl™ion activity was 0.00925 in
the membrane tube and ferric silicate gol was taken
below the membrane, Electrolytes KCI1, KNOg, K580, and
K4Fe(CN); were then added in small quantities to the

ferric silicate sol and potential values were recorded
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All the experiments were carried out in thermosgtat

maintained at 25 * 0.1°%.

. TABLE No,21

Variagtion in Cl7ion getivity with grgdual

ditj of (N 0 3 0
silicate gols

Volume of KCl added to 10 ml IPotential ini

of ferric silicate sol, totallvolts ag "x10%
volume 20 ml -
0.0 0.054 11,38
1.0 0.051 12,76
2.0 0.050 19,97
3.0 0.047 14,32
4,0 0.042 18,03
5,0 0.040 19,77
5.0 0.039 19.95
7.0 0.038 20,89
8.0 0.037 22,18
9.0 0.037 22.18
10,0 0.037 22,18

F'g. 40
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TABLE No,22

Variation in ClTion activi Ly with gradual

addition of (M) ENO3 o iron gilicate =ol:

Volume of KNo.ig added to 10 ml] Potential in
c

total voluma om0 [V I ag-agf
0.0 0.042 18.03
1.0 0.040 20.70
2,0 0,037 22,18
3.0 0.036 22,70
4,0 0.035 23,77
5.0 0.032 = . 26,67
6.0 0.029 33,57
7.0 0.029 33.57
8.0 0.029 33.57
9.0 0.029 33,57
10,0 0,029 33,57

e S - R B B A ——

‘Fgg.‘fo
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TABLE No,23

Varigtion in Cl~ion gctivity with gradual
addition of (0,002M) potassium sulphate to iron

silicate sol:

Volume of K550, added to 10 m Potontial inj

3£1£$zrég ;ilicate sol, tota%_i volts { 8,1~ x10%
0.0 0,057 10.00
1.0 0.056 10,47
2.0 0.052 11,96
3.0 0.050 13. 37
4,0 0.047 14,32
5.0 i 0,042 18,03
6,0 0.040 19,77
7.0 0.038 20,82
8.0 0,038 20,89
2,0 0,038 20,89
10.0 0,038 20,89

F%gﬁﬂj
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TABLE No,.24

Varigtion in Cl”icn getivity with gradug]
gddition of gotasﬂ;gm ferrocyanide sols

Volume of K ,RFe(Cl), added 3 Potential in }
to 10 ml of “ferric’silicate]l volts 1 ag-x0?
gol, total volume 20 ml - X

0.0 0.035 23,727
1.0 0,033 26,06
2,0 0.032 26,67
3.0 0.030 29,42
4,0 0.027 33,57
5.0 0,025 35..16
8,0 | 0.021 41,30
7.0 0,020 43,25
8.0 0.020 43,25
9.0 0.020 43,25
10.0 0.020 43,25

'ng,_élo
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Aluminium silicate membrane electrode:

The aluminium silicate membrane electrode was
prepared by the method described earlier.

Aluminium silicate sol (23) was prepared by the
interaction of basic aluminium sulphate (24) and
sodium silicate solution, Basiec sluminium sulphate
was Prepared by titrating 10 pPercent solution of
sluminium sulphate with sodium carbonate to the point
at which no permanant précipitate was formed on standing.
Very thin sodium silicate solution (sp.gr.1.10) was
gradually added to basic aluminium sulphate solution
with constant stirring, The precipitate of aluminium
silicate was peptized by hydrochloric aciq and a white =
sol of aluminium silicate resulted. ]

The effect of dilution of aluminium silicate
sol was studied by taking standard KCl1 (Cl ion activity
0.00925) in the membrane tube and 10 ml of aluminium
silicate sol of different concentrations was kept
below membrgne in 50 mi beaker, The whole assembly was
kept in a thermostat maintained at 25 ¥ 0.1°C. Results

are tagbulated below:
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TABLE No,.25

Cl ion activity at different concentrationg
of aluminium gilicate sol:

ggﬁffgggation of sol _} Eggggtlal in { acl"x104
2,1980 0.025 35.16
1.6280 0.025 35.16
1.4250 0.025 35,16
1.2220 0.028 33,87
1.0820 0.030 29,42
0.8890 0.032 26,67
0.8520 0,034 24,80
0.4580 0.035 23.77
0.2110 04088 . = & 19.95‘
0.1523 0.046 18.45

Fe 3¢

For coagulation study of aluminium siliecate sol
by different electrolytes, the standard KCl solution
of known Cl~ion activity (0.00925) was filled in the
membrane tube. KCl, Kl0g, K080, and K Fe(CN)g were
then added in small guantities to the aluminium silicate
sol and potential values recorded after each addition
of el%ctrolytei All the experiments were carried out
in a thermostat regulated at 25 * 0.1°C. The data

are recorded in following tables:
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TABLE No,26

Variation in Cl~ion getivities with gradual
addition of (M) potassium chloride to aluminium silicgte’

sols -

Volume of KC1 added to 10 mli Potential in }
of aluminium silicate sol, J volts I a,-x10%
totgl volume 20 ml

0.0 0.042 18.03
1.0 0.035 23,77
2.0 0.025 35,16
3.0 0.023 38, 55
4,0 cioie’ X 44,25
5.0 0.017 48,53
5.0 0.014 54,45
+ 7,0 0.014 54,45
8.0 0.014 54,45
9,0 0,014 54,45
10.0 0.014 54,45

Fig.4l
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TABLE No,27

Volume of KNN3 added to 10 mii Potential in |

of aluminium silicate sol, J volts I aymmet
total volume 20 ml il L
0.0 0.039 19,95
1.0 0.029 33,57
2,0 0,024 36.81
3.0 0,022 39.45
4,0 0.019 ; 44;26
5.0 0.017. 48,53
8.0 0,016 49,65
750 0,013 95,72
8.0 0.010 63.97
9.0 0.010 63.97
10,0 0.010 63.97

Feg.éll‘
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TABLE No,28

Varigtion in %E‘ion getivity with gradual
gddition of EQ.Q_O_Z} 0 ium gulphgte to uminium
gilicate sols

Volume of K980, added to 10 mll Potential in)
of gluminium silicate sol, ! volts i acl—x]_o"-‘
total volume 20 ml I i

0,0 0,037 22,18
740 0.030 29,42
2,0 0,025 35,16
3.0 0.020 43,25
4,0 0.020 49,66
5.0 0.016 54,45
6.0 0,014 58,34
7.0 0,012 63,97
8.0 0.010 68.55
9,0 0.009 68.55
10.0 0,009 58,55

Fggf&k
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TABLE No,29

ygz;a%iog in Cl-ion getivity with gradua]l
addition of (0,001M potassium ferroevanide to

aluminium gilicate sol:

Volume of K,Fe(CN); added to IPotential inj)

s 6 BEe a
10 ml of aluminium silicate Jfvolts I ag-x10
sol, total volume 20 ml | 1 :

0.0  0.040 19,77
1.0 0.031 32,10
2.0 0.029 33,57
3.0 0.025 35.16
4,0 0,085 = 41.30
5.0 0.021 44,26
6,0 0.019 49,65
7.0 0.016 55,72
8,0 0.013 58, 34
9.0 0.012 58,34

10.0 0.012 58,34

Fig .4l
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DI SCUSSION + :

Zeolite mineral and clay membranes and those employing
synthetic material have been successfully employed to
determine the ion aetivity of alkali and alkaline earth
ions. For example, Marshall's clay electrodes (25)

can be used to determine the ion activity of various
cations by setting up a cell of the types

Hg| Hg5Cl5 | Na(K/or Ga)Gl|géHalir|Na(K or Ca)Clay |Hg,Cl, |Hg

bra-
e

and applying the Nernst relationship. These electrode
systems, though very useful, possess high Ohmic resis-
tance (1-10 mega ohm), require several hours or days
to attain equilibrim and are stable for limited period
only.

Just in 1ine with the gbove argument, membrane
systems can be theoretically visualised which ean be
employed to determine activity of anions in g solution.
For this positively charged membranes can be prepared.
MeMbrgnés of this type can be: ferric oxide, alumina,
sllicag, ferric silicate and aluminium silicate with
chloride iong in the liguid part of the double layer
and can, therefore, be employed for determining the
chloride ion activity in solutions.

The agbove mentioned membranes suffer from one
drawback that they are not permselective (this is evidenht
from permesbility studies desceribed in Chapter III and 1IV)
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But they are quite stable and unlike the clay qgnbranes
attain equilibrium within 15 to 20 minutes. It has,
however, been observed that they can be used for the
determination of C1~ ion activity inspite of their
non-permselective nature since the permeability of the
chloride ions is far greater than other anions and
egspecially the eations.

From (Table Nos.1l to 4) it is clear that C1™
ion getivity in potassium chloride solution can ‘be
determined with the ferric oxide, aluming, silica, ferriec
and aluminium silicate membrane electrodes over a
narroy concentration range viz., 0,01M to 0,001M. The
performance becomes faulty with solutions of concent ra-
tién 0.001M and 0.01M. The results %ere.comparable
with those obtained by Mohr's method, the error ranging
Between 1.0 to 1.5 per cent,

Amongst the five membranes, the ferrie oxide and
aluminium silicate membrane electrodes give better
accuracy (within 1.0 per cent) than others. If higher
Permeability of éthride ions would have been the
eriterion for better performance, then ferric silicate
snould have worked equally well. This, however, could
not be confirmed on the basis of these estimations.

Positively charged colloidal solutions like
those of alumina and ferrie oxide have got C1~ as the
counter ims. Their activity changes with.dilution and

during the coggulation process-a fact which was observed
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by Weiser (26) on the basis of potentiometric studies
using calomel electrodes. The results obtained by him
were checked by employing membrane electrodes reversible
with respect to anions.

Variation in C1~ ion getivity during the dilution of
ferric oxide, aluming, ferric silicate and ajuminium

silicate solg:

Result on the Cl1~ ion activity of ferric oxide,

alumina, ferric silicate, amd aluminium silicate sols
of varying concentrations reveal that the counter ion
activity increases with increase in the concentration
of the sol, The plots between sol concentration and
Cl” ion activity give a parabolic curve (Fig.No.36),.
From this it may be concluded that more exghangeable
counter ions are available from dilute sols than the

concentrated ones,
(]

Varigtion in C1~ ion getivity during the coggulation of
ferric oxide, aluming, ferric silicate gndaluminium
silicate sols by the gradugl addition of el ectrolyvtess

The increase in the activity of C1~ ions in the
ferric oxide, aluming, ferric silicate and aluminium
silicate sdls by gradual addition of M KCl, M KNOg,
0,002M XK,80, and 0,001 K,Fe(CN)g supports the phenome-
non of ion exchange which agre the chloride ions in the
outer shells of the double layers of these sols.

The plots between concentration of electrolyte
added and Cl™ ion activity again give parsbolic curves.

This means that after the addition of g certain
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concentration of the coagulating &lectrolyte the
exchange phenomenon stops and the colloidal particles
become uncharged or possess only a small residual
charge, The coggulgtion will then be independent of
the concentration and the valency of the precipitating
_ilons. The nature of the curves (Fig.No.aZ) is almost
the same as realised by Weiser Iloc.citiﬂusing calomel
electrodes. These results give definite evidence of
the exchange of counter ions and subsequent adssrption

of coggulating ions during the coagulation of a
hydrophobic sol,
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RESUME

Artificial membranes are well known for their
importance as models for physiological studies. These
have also found use in fundamental studies like those
on osmosls, Dommagn membrane equilibria, concentrgtion
potential, reversible electrode system for megsuring
ion getivities ete., Besides large amount of work
primarily concerned with the péeparation of membranes
has been done to make them useful in industry &nd
technology, incorporating chemical operation like
demineralisation by electrolysis, salt filtration,
purification by ion exchange ete,

The artificial membranes are broadly classified
as (a) homogenous membranes, and (b) heterogenous membra-
nes,

Under the head of homogenous membranes comes
polymethacrylic acid (PMA), phenolsulfonic acid (PsA),
and polystyrene sulfonic acid which have been proved
very useful, Cellulose gcetate and oil films also
constitute the game class of artificiagl membranes. These
membranes have been very useful for deminergligzation of
saline water and gs models for biological membranes.

Heterogenous membranes are subdivided into

(i) non-reinforced membranes which are prepared
by employing suitable casting technigues for solutions
of membragne forming substances. y

(1i) Woven-fabric backed membranes, the preparatior
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of these membranes,involves in foup steps (a) solubli-
zation of monomers in suitable solvents (b).impregnation
of cloth with the solution of monomer or partially
polymerized gel (e¢) curing the complete polymerization
with or without pressure and (d) introduction of
inogenic groups by conventional procedures like sulfona-
tion or chloromethylation followed by amination,

(iii) Membranes formed by chemical treatment:
These membranes are formed by impregnating parchment
film with membrane forming material. Weiser (1930)
prepared parchment supported copper ferro and ferri-
cyanide membranes. Malik and Cowerkers (1961 to 1963)
have prepared a 1arge number of metal ferrocyanide and —
other gel forming membranes by impregna%ing.their gels
Oor precipitates in parchment paper.

(iv) Membranes formed by mechanical treastment-
The simple principle used to prepare these membranes
is to bind a polyelectrolyte or s conventional ion
exchanger at ordinary or elevated temperatures to g
thermoplastic polymer by application of mechanical Pressure
or to bind two polymer together by mechanical pressure
and later to introduce ionogenic groups by following the
conventional procedure. Amberlite IR-120 (powdered) was
moulded with a polymer of vinyl acetate and vinyl chloride
and triphenyl phosphate (plasticizer). Inoqganic membranes
have been prepared for example by hot pressing ammonium .

molybdophosphate with polyethylene powder., Marshall and
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hig associates (}939,1942,1948) prepared many clay
films by same procedure as menti;ned above, ﬁery
recently Malik and S8inghal (1962) had prepared bentonite
membranes by the metﬁod recommended by Wyllie, Patnode
and Sinha (1950).

(v) Membranes formed by photochemical treatment-
Powerful ionizing radiations have been used in this
method to bring about the polymerization of monomers
ineorporating into various materials. In this.work
polyethylene film was soaked in styrene and treated
with -rays from 0060 to form the graft copolymer which
was later sulfonated or aminated to form ion selective
membranes.

. e

Inorganic gel forming systems whith may provide
useful membrane material for fundamental studies,
have not been fully exploited. Investigations deseribed
in the thesis deals with this aspect., Membranes
employed‘fof the investigation are metal hydrous oxide,
ferric silicate and aluminium silicate membranes and
were obtalned with and without parchment support.

Prepargtion of membranes:

Parchment supported ferric oxide, alumina, silieca,
ferric silicate and aluminium silicate membranes were
Prepared by impreznating the parchment paper with
respective gels, The procedure adopted is as follows:
The paper was first soaked in distilled &;ter, and thep

tied carefully on open glass vessel (bell jar type).
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25 ml.,0.1M FeClg solution or aluminium sulphate (10 per
cent) solution wa; filled ingide it for the preparation
of ferric oxide or alumina membranes and it was then
suspended in a besker containing ammonia solution

(50 ml; 10 pr 50 per cent) for 24 hours. It was then
taken out and washed repeatedly with distilled water

to remove the adsorbed electrolyte. The solutions of
ferric chloride or gluminium sulphate were then inter-
changed, ferric chloride or aluminium chloride ocutside

. and ammonia inside. The process was repeated several
times, until a very fine deposit of ferric oxide or
aluming gel was obtained on the parchment paper. The
membranes were examined under microscope for any deforma-
tion or crack. The same procedure was foldowed fo} the ¥
preparation of ferric silicate and aluminium silicate
membranes.

For the preparation of unsupported ferric oxide,
alumina, silica, ferric silicate and aluminium silicate
following procedure was adopted.

Iron oxide, alumina, silica, ferric silicate
and aluminium silicate gels were prepared. 1.00 gm of
the respective gels were pressed by a compression
machine in the form of a circular disc of very small
thickness say 0,12 mm, The pressure applied was 3000
1b/sq. inch, The membranes were then seen under

microscope in order to see crack or deformgtion.

Permeability meggurmentg:

Permeability is defined as the property of a
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porous material Thich permits th? PassaZe or seepage of
fluids such as water, salt solutions and/or 051 for
example, through its inter connecting voids. Permeabi-
lity of fluids is of primary importance in many
engineering problems such as in the settlement of a
layer of saturated compressible soil subjected to load
is dependent upon the permeability. Permesbility is a
factor in the need for ang design of filters to prevent
piping or uplift and to control the hydraulic gstability
of slopes of earth materials.

The various type of apparatus which are used
in soil laboratories for determining coefficients of
pPermegbility of soils gre called permeameters. TQey are _
of two basic designs, the constant head tﬁpe and the
Varlable head type. Numerous subdivisions of the two
designs are often mentioned, such as upwardflow and
downwardflow types, but these are not of major importance,
fundamentally.

Methods used to measure rate of diffusion are
broadly classified in two categories (1) steady state
method and (ii) constant flow type.

In the first method, the surfaces of a sheet
of solid material are maintained in contact with reser-
voirs of diffusive material at two different fixed
concentrations. The second method involves subjecting
the sample, originally in equilibrium witﬁ surrdunding_
reservoir of fixed concentration, to a sudden change

in reservoir concentration, and megsuring either the
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concentration dis?ance profiles in the solld or more
simply, the change in concentratign of the reservoir.
Although the apparatus needed for boﬁh these types of
experiments is usually fairly simple, the analysis of
data from the constant flow method is more convenient
to do.

The permeation experiments with the collodion
membranes and cellophane were carried out as folloys:

A measured volume of the solution being tested
(usually 10 ml) was placed inside a membrane bag, and
a meagsured volume of water was placed outside, At the
beginning of an experiment the liquid levels in the
two compartments were essentially the same. A4ll1 the
experiments were carried out at room temperature 25-2500.
From time to time small aliguot samples were removed .
from both compartments for analysis. The rate at which
the system approached equilibrium was then plotted
graphiecally.

Weiser's method (loc.cit) employing isotonie
solutions forlmeasuring permeabllity was employed by
Malik and Ali (loec.cit). Making use of the plant
"Spirogyra", they prepared isotonic solutions of KC1,
K580, NaoW0, and sugar solution etec. and determined the
exact strength of above mentioned electrolytes isotopic
with the cell-sap. To perform the diffusion experiments
electrolyte solutions were placed inside the ferric

tungstate, thorium tungstate membrane thimbles which
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were susPended in_ sugar solution %n a narrow'g%ass
cylinder for 24 hours. The electrolyte inéide the
thimble was analysed for anions,

The above method although simple and did not
require any elaborate experimental set-up was tedious,
time consuming and had an error range too large to give
reproducible results. Later on a modified method was
developed by Harting and Willis.(1942) for investigating
the permeability of copper ferrocyanide membranés to
Various anions,

Their method too could not take into account all
the factors, viz., (i) surface charze on the membrané
(1i) adsorption of diffusing ions (11i) valency of,
anion and (iv) diffusion rate of anion'in free solution,
on which they considered the diffusion mechani sm to
depend.

The apparatus used for diffusion of ions in
our studies was similar in construetion to that described
by Hartung and Willis (loc.cit) and had some improvements
over it. It had the following special features: (1)
larger membranes could be utilised (ii) actual volume
of permeability cell could be decreased to enable
equilibrium to be reached more quickly (iii) the lower
half of the cell could -be stirred and (IV) the essential
parts of apparatus, the rates of flow and the hydrostgtic
Pressure on either side of the membrane codld be rigidlx

controlled, The permeability cell consisted of twin
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flat glass (pyrex) vessels with flanges ground, together.
The internal dimensions of each half.cell were approxi-
mately 50 mm. in diameter and 4 mm. in depth. The
rate of flow was normally 150 ml per hour, The solution
of the electrdlyte was allowed to flow contineously
through the top of the cell in essentially the same
manner gs for the lower half cell. The normal rate of
flow was maintained 200 ml per hour. The hydrostatie
Pressure on each side of the membrane was alwayé kept
equal by adjusting the rate of flow of solution and
conductivity water across the membrane. The affulent
coming out was ahalysed conductometrically. Knowing
the rate of flow and concentration of the Fffulent-coming«
out of the lower half cell (froém concéhtration-conductance
curves) the permeability values at a particular tempe-
rature were calculated.

Before starting permeability measurments, the
apparatus was throughly checked to determine wheather
it was sufficiently free from inherent sources of error,
The following critical examinations were made (i) Leakaze:
the upper and lower halves of the cell was filled with
water and kept for four hours in order to check leakage.
Hhen-it was put in a electrolyte solution, the affulent
did not show any increase in conductivity which ensured
that there was no leskagze in the apparatus: (1i) Rate

of f1ow through 1ower and upper half of cell: the rate -

of flow through the lower half of the cell was maintained
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constant (150 ml per hour) and through upper half
(200 ml per hour) by adjusting stopcocks. (iii) Rate

of gtirrina in lower half of the cell: it was observed

by Willis in his permeability experiments that stirring

increases the permeability, and this effeet is attri-
buted to removal of stationary layers from the underside
of the membrane, with consequent reduction in the
concentration gradient. Keepidﬁ this in view, the
stirring rate was kept constant by adjusting the control
dial of the electromagnetic stirrer, so that the
experiment would be made with all the electrolytes under
the same condition of stirring (iv) Pregsure difference
acrogs the membrane: the hydrostatic pressure of Fpe
upper and lower halves cell were kept ‘constant by
keeping the levels of the liquids in the manometers
equal which were adjusted with the help of stopcocks.

Ferric oxide and gluming membranes:

ferric oxide and alumina membranes (supported
and unsupported) were Prepared by the method deseribed
earlier and permeability of membranes to various elec-
trolytes having common cation and common anion was
studied. From dastg on permeability of ferric oxide and
alumina (supported and unsupported) membranes it was seen
that the order of permeability was C1™> Br~ >No3 >CNS™ >
SDE" for anions. The cationic sequence for parchment

2
supported iron oxide membrane was Na'SkSWz"3% Caq't; Bag'E

x 3 + 2
Fe'3+ and for unsupported membrane it was K >Ba2'5 Ca +>
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Na+> Mg2§F93+. <or alumina parqhment supported
membrane, the order for cations was K+> Na™ >Mgz+> B&2+.
ca®*> A13+ and K+)Ba2=">0a2"'7Na+> Mgz; a3t ror
unsupported membrane.

Permeability values for unsupported membranes
are higher as compared to parchment supported membranes.
Furthermore the magnitude of th permeability values
for aglumina membranes was higher than the corresponding
iron oxide membranes, It was interesting to note that
non-ionic sogp (lauric acid diethanol-amine condensate)
treated ferric oxide and alumina membranes did not show
any change in the diffusion values. The order of
permeability values for different ions also remaimed
unef fected. . .

The cationic sogp treated (cetyl pyridinium
bromide) treated ferric oxide and alumina membranes
retarded the diffusion rate, but retardation was much
more marked with ferric chloride treated ferric oxide
and aluminium chloride treated alumina membranes. The
order is same as mentioned earlier. On the other hand
unlike cationic soap treated membranes, anionic soap
(sulphonated phenyl stearic acid) treated iron oxide
and aluming membranes (supported and unsupporteq) showed
an increase in the rate of permeation. Here also the
order for different ions remained uneffeeped.

The probable mechanism of diffusion across these

membranes 1s dealt along with silica, ferric silicate
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membranes (given later).

Effect of different electrolytes on membrane potential:

These studies revealed that the concentration
potential (membrane potential) shows an increase in
initial stage after which it attains g constant value.
It means that once membrane has attained certain charge
(by adsorption of ions from the electrolyte solution)
the permeability phenomenon is ;olely governed by
surface forces on the membrane.

The potential values in the case of parchment
supported membranes were higher as compared to potential
Valueg of unsupported membranes. This supports the
View that higher the permeability lower will be the
potential attained. The order of potential values of
different anions and cations for parchment supported
and unsupported iron oxide and aluming membranes were
just the reverse of permeability values, viz,,
504™ JONS™ DN03 > Br™ >CL™ (for gll membranes),

Bat g By naB, o 28 K*>Nat ; Fe®*> g™ Nat0a®t, Ba
K+ (for parchment supported and unsupported iron oxide
membranes) and A13§ Caa’§ Bagrf- MEE; Na+> e 513:; Mgz;
Na+:>0a2+>.Ba2;-K+ (for parchment supported and unsuppor-
ted aluming membranes).

The cationic socap treated membranes, as expected,
gave higher potentlal values than untreated membranes.
The order of potential vglues for differeﬁt ions in thq

case of parchiment supported iron oxide and aluming
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membranes was 302"} CNS‘)NOQ > Br > Cl™ (for all

membranes), Fe>*>Ba?* >ca®* >1% > Nat 3kT; Fedts %L
) )

Na+>Ca“‘+>Ba‘+> Kt (for parchment supported and

unsupported iron oxide membranes) and Al%g Cazf; Ba2ﬂ>

% ymat>xt n’ Mg Nats ca®% Ba®L Kkt (for
parchment supported and unsupportég;;g;%ranes).

Potentlal values in the non-ionic soap treated
membranes were of the same magnitude as that of untreated
membranes wnile ferric chloriée treated ferric oxide
membrane and aluminium chloride treated alumina membrane
give higher potential values than cationic soap treated
membranes. The order of potentiagl values for different
anions and cgtions was the same as mentioned earlier.

Anionic soap treated ferric oxi&e and alumina
membranes gave low potential values but the order both
for cations and anions remained uneffected,.

The values of energy of activation of diffusioﬁ
process for different electrolytes is higher than values
of free diffusion of electrolytes like KCi (0.2M) repor-
ted in literature 4400 cal./mole.

The mechanism of diffusion of silica, ferric silicate
and aluminjum silicate membraness

Silica, ferric silicate and aluminium silicate

membranes are neither semipermeagble nor show selective
permeability but can be classed under membranes of
various degrees of selective permeability., The mechanism
of diffusion will be based on the membrane structure aﬂﬁ

on the electrical forces arising from the interplay of
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membranes and soluwtions of electrq}ytes. Thesg
membranes should be of porous chargecter which would act
as sieves on a molecular scale, They behave like
electrically charged zeolities but differ from coal and
activated carbon,

These membranes are positively charged having
hydrogen or aluminium or iron i?ns firmly attached to
the fixed part of the double layer. The other charac-
teristic of the double layer éssociated with such
colloidal systems namely the existence of chloride
counter ions distributed in the liquid part of the fixed
layer will be met with here also.

The permeability values for anions (having gommon_
cation ¥1) were higher than for cations (hévirg a common
anion C17), The only exception being MgCl,, whose
permeability value was larger than sodium chloride.

The lower permeability values for different catior

; Ba2+, Ca>* is understandable in the case of a

K, Nat
positively chargéd membrane which would markedly restrict
their movement. The diffusion to cations did not follow
the ofder of the size. of the catiens Na® (1,04 ) >
Ca>*(1.054%) > K¥(1.332%) >Ba>%(1.384% . On the other
hand the order for the hydrated ions was followed
K(1.192°% DNa*(1.762%) > Ba>*(2.782°)> Ca®*(3.004%) .
Hence it was concluded that the positively

charged silica membrane becomes permeagble to cations |

because of their hydrated form, The movement across the
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membrane would have been either n%gligible or very
small if the cation had remained unhxdrated. .

The largp permeagbility value for Mg2+ may be
due to its very small ionic size 0.,754° as against
1.38;10 for Ba2+ or 1.054° for Ca2+. This shows that
silica membranes have pores wide enocugh to allow the
diffusion of very small ions without the electrical
forces being operative. 3

The permeability values are higher for anions
than cations due to electrostatic driving force. Howeve?
hydration also plays an important role since the order
of permeability Cl")Br'> NOE)CI‘IS’)\SO? is the sgme
as their position in the lyotropic series. 1t implies
that anions which would hydrate easily world diffuse
quickly than others. The permeability value of soi‘
ion is very low inspite of the fact that a large electri-
cal driving force should operate due to two negatiﬁe
charges on the ion,

The permeability values for different ions are
higher in the case of unsupported membranes as compared
to parchment supported since in the later case the ions
have to diffuse through two layers one after the other
and geometry of the membranes becoming more complicated
due to membrane heteroporosity.

The order of permeability values for cations

(with common anion Cl1 ) and anions (with eommon cation

K+) in ferric silicate and aluminium silicgte is the
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same as in silicaemembranes. Here too we find,that the
permeability values are higher for amions than cations
and similar explanation based on the size of the
hydrated ions, position in lyotropic geries, electro-
static driving force, magnitude of membrane potential
can be given for membrane permeability. The strikingly
large difference in the permeability value of the siliea
membrane on the one hand and ?he iron and aluminium
silicate on the other is not easy to explain exéept In
terms of the difference in the structure of the membrane
materials.

The permeability values for ecations (Na+, B32+,
Ca2+) are very mich higher for aluminium a?d ferrie
silicate membrane than for silica memb;ana. This diffe-
rence is not so much evident in the case of C1~ and
Br” ions but is quite appreciable in the case of NOg,
CNS™ .

The enhanced permeability of ferric siiicate and
aluminium silicgte membranes to cations may be explained
as followss

These compounds may be given the empirical formulac
Mg0.41,03.08105. M0 or 4z0.Feq03. 08105, 100 (vhere M
“ay be an alkall metal iom). The ratio of MS0:4l,0, or
M%O:Feeo3 1s unity, which means that the structures are
all based on AlC, or Si0, tetrahedron linked to egch of

four other tetrghedra by sharing the four apical oxygen

atom, According to empirical rule of Lowenstein (loc.cil)
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AlO4 tetrahedra cen be joined in phis way to 8j0,
tetrahedra only, never to another Ale,. This means
that n in the oxide formula ecannot be less than two
in the completed aluming silicate frameyork. The
framework thus carries a net negative charge (the
magnitude of the chgrge depending on the number of

Al or Fe atoms in it). The enhanced permeability for
eatiens can thus be explained on the basis of some
residual negative charges pre;ent on the walls of the
membrane pores.- High Permeability values for the
nitrate and thioeyanate ions could not, however, be

accounted for.

S0ap impregnated silica, ferric silicate and alumimium 7

silicate membranes:

The impregnation of membranes (supported and
unsupported) with non-ioniec sogp (lauric acid diethanol-
amine condensate) decreased the Permeability vaglues to
very small extent. This might be explained by assuming
that soap influences pore capillary through.adsorption
(formation of 1 monolayer on the wall), thereby decreasing
the pore size and hence g decrease in permeability values
was realised. The order of Permeability value for
anions and cations was the same as in untreated membranes.

The cationic soap (cetyl pyridinium bromide)
treated membranes retarted the diffusion of anions and-
cations to a greater extent than the non-ianic s0ap

treated membranes. The effect was more marked. with
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cations than anigns. Impregnation of catlonic soap
would effect its performance in Ewo.ways (i) ;dsorption
of large catiocns (cetyl pyridinium bromide) on the
pores of the walls, resulting in an increase in charge
on the membrane (ii) blockage of the passage of the
ions by charges of the same sign as on the membranes,
the extent of blockage depending on the pore size,
narroy pores being blocked more easily than the wider
ones., The second factor influences the diffusion of
both anions and cations resulting in a decrease in
permeability.

The anionic goap treated membranes gave higher
permeability values as compared to untreated membranes
both for eations and anions. But the cat'ions moved
faster than anions, This may be explained in terms
of charge neutralisation and to some extent in terms
of charge reversal if impregnation is carried out
more effectively.

Ferric chloride treated ferric silicate and aluminium

chloride treated gluminium silicate membranes:

The behaviour of ferric chloride treated

ferric silicate and aluminium chloride treated alumini-
um silicate is same as cationic soap treated membranes.
Blockage of passage of the same sign and an increase in
the positive charge on the walls of the membrane

can again form the basis of explaining the experimental

results. ;
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Effect of different electrolytes on membrane potential:

Higher potentials are realised in the case
of parchment supported silica, ferric silicate and
aluminium silicate membranes as compared to unsupported
membranes. Permeability and potential data of supported
and unsupported membranes would reveal that the poten-
tial values are indirectly prop?rtional to permeability,
higher the permeability value, lower the membrane
potential and vice verss. Thé order of membrane poten-
tial for parchment supported and unsupported silica
membranes is as follows: soi‘ SONS™>N03 MBr~ > (175
cag+>Bag+>Mg2+>Na+>R+. The order realised is just
the reverse of permesbility values both for sup porsed
and unsupported membranes. Furthermoré po;ential Values
for anions are less than cations.

The potential values for ferric silicate and
aluminium silicate (supported gnd unsupported) show
that the order of cations and anions is the just reverse
of the sequence of_anions and cations for permeability.

Fotentigl of soap impregnated silica, ferric silicate
and aluminium silicgte membranes:

Non-ionic soap (lauric acid diethanolamine
condensate) treated supported and unsupported membranes
increases the potential values although the order remains
uneffected. It appears that the treatment of membranes
with non-ionic soaps increases the thickness of double

layer so that higher potential values are observed.
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The catio%ic soap (cetyl pyridinium bromide)
treated supported and unsupportei silica,'ferfic
silicate and aluminium silicate memﬁraﬂes show high
potential values (the order of potential values for
ions remains uneffected). This is quite likely since
treatment with cationic socap would result in a increase
in charge on the membrane.

The anionic soap (sulphonated phenyl stearic
acid) treated membranes show'a decrease in potential
values than untreated membranes (the order remains
same). The decrease is due to the fact that addition
of surfactant of opposite charge would decrease the
thickness of the electrical double layer and subsequent
‘decrease in charge. - * - .

3+

Fe ions treated ferric siliecaste and AlB+i

ons
treated gluminium silicate membranes give very high .
potential values as compared to untreated membranes.

The same explanation as put forward for cationic soap

treated membranes can be put forward here also.

Mechanism of permegbility of ferric oxide and alumina

membranes:

Most of the explanations put forward for the

permeability of silica, ferrie and aluminium silicate
hold good in the case of ferric oxide and alumina
membranes since these are glso positively charged.
The permeability values for agnions are h%gher as that

of cations. The positive charge on the memﬁrane would
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have restricted th movement of cations to a very
great extent but for their hydrati%n Fhe cétioﬁg move
through membranes.

The.di "fusion of anions is controlled by their
position in the Hofmeister series, the order being
C17>Br > Nog DCNg™ > SOE". Positively charged membrane
walls facilitate the movementef anions, the sulphate
lon being exception,

The unsupported iron oxide gnd sluming membranes
. are more permeable than supported because the later
hinders the diffusion due to heteroporosity of the
: membranes,

Unlike silica, ferric silicate and aluminium
silicate impregnation with non-ionic seaps-‘*does noé
bring about any change in permeability value therefore
the idea of adsorption at capillary pores or on the
walls of the pores is ruled out here. This may be
attributed to narrow width of the membrane pores (the
assumption is valid becaluse permeability values of
ferric oxide and alumina membranes are low than siliea,
ferric silicate and aluminium silicate membranes).

The decrease 1n permeability values due to
impregnation of cationic soap may be attributed to
blockage of passage of ions of the same sign (cetyl
pyridinium ion) on the membrane. The inerease in
permeablility due to impregnation of anioni® soap may -

be explained in terms of charge neutralisation leading
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to the charge revefsal on the walls of the pores.
The effect of impregnation ;it@ ferric cLioride
(in the case of ferric oxide membrane) and aluminium
chloride (in the case of alumina membranes) is just
the same as observed in cationic goap treated membranes.
It is worth mentioning that the results on
membrane potentiasl support most of the arguments put
forward to explain the permeability behaviour of

different treasted membranes,

Activgtion energy of the diffusion process:

Activation energy values in the case of parchment
supported and unsupported ferric oxide, alumina, silica,
ferric silicate and aluminium.silicate membranes are
higher than the free diffusion of electrolytes like that
of KC1 (0.2M) reported in literature 4400 cal./mole,

The results may be explained in terms of the highly
charged ngture of the membranes.

Ferric oxide, alumina, ferric silicate and aluminium

gilicate membrane electrodes:

Ferric oxide, alumina, silica, ferriec silicate
and aluminium silicate membranes were prepared as
described earlier. Membranes were cemented to the end
of glass tubes by Araldite adhesive. The tubes were
filled with salt solutions of known anion activity and
were fitted in rubber corks bearing two holes. The
other hole was provided for the introductien of reference

electrode in the solution of unknown anion activity Repf
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in 50 ml beagker. .Owing to the possible imperfection

of the membrane, the membrane eleétr?des were ;hedked
with solution of known anion activity: (KCl) above the
membrane and unknown anion activity solution (KCl) .
below the membrane. Later unknown solution (EC1l) was
analysed by Mohr's method and activity of agnion
corresponding to concentration was compared with experi-
mentally determined anion activity.

It was found that the working of electrodes is
proper over g narrow range of concentration viz., 0,01M
to 0.,001M and performance becomes faulty with solutions
of concentratiﬁﬁ < 0,001M and > 0.01M. The ferrie oxide
and aluminium silicgte membrane electrode give better
accuracy (within 1.0 per cent) than otherd.

These membranes have many advantages over

Marshall's (loc.cit) clay membranes inspite of the fact
that they are not permselective. Unlike clay membranes
they do not decompose and attain equilibrium quickly:
15 to 20 minutes. 8Since the permegbility of chloride
ions for greater than other anions (and especially the
cations) they have been found useful for determination
of C1° ion activity in fairly dilute solutions,

Positively charged colloidal solutions like those
of aluming and ferric oxide have got C1” as the counter
ions, Thelir activity changes with dilution and during
the coagulation process - a fact which was obgerved by

" Weiser (loc.cit) on the -basis of potentiometric studies
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using calomel ele?trodes. This was checked by
employing membrane electrodes revérs}ble with }espect
to anion,

Results on the Cl ion activity of ferrie oxide,
aluming, silica, ferric silicate and gluminium silicate
sols of varying concentrations reveal that the counter
lons activity increases with increase in thé concentrg-
tion of the sol, The plots between sol concentragtion
and Cl7ion activity gives a parabolic curve which shoy
that more exchangeable counter ions are available from
dilute sols than the concentrated ones.

The gradual addition of M KCl, M ENC3, 0,002M
K2804, 0.001M K4Fe(CN) 5 to ferric oxide, slumina,
silica, ferric silicate and aluminium -silitate sols
supports the phenomenon of ion exchange which are the
chloride ions in the outer-shells of the double layers
of these sols.

The plots between concentration of electrolyte
added and Cl~™ ion activity give paraboliec curves. This
means that after the addition of certain concentration
of the coggulating electrolyte the exchange phenomenon
stops and the colloidal particles becomes uncharged or
possess only a small residual charge. The coagulgtion
will then be independent of the concentration and the
Valency of the precipitating ions. The results give
definite evidence of the exchange of countler ions gnd
subsequent adsorption of coagulating ions during the

coagulation of hydrophobic sol,
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A large number of heavy meta{ ferro-and ferri-
cyanides of different colours and shade (with possible
utility as pigments) have been prepared, their colloidal
properties studied and their composition ascertained.
Bhattacharya and Malik did extensive work not only on
the composition of zine, mang anese, cobalt, nickel
ferrocyanides, but also studied their adsorptive and
hydrolytic properties and collcidal behaviour (1,2)

Other aspects of metal ferrOCYaﬁogen complexes studied

by Malik included changes in conductivity, pH and zeta
potential of copper ferrocyanide sol (3,4,5), permegbility
of cobalt, nickel and silver ferricyanide membranes (6),
sol-gel transformaticn of zine ferrocyanide (7) and -
Prussian and Turnbulls blues (8). The célloidal studie's
enumerated above gave many interesting informastions
hitherto unknown for these compounds. These are (i)zin;,
manganese, cobglt, nickel and iron ferrceyanide precipi-
tate pass over into stable colloids by using-excess of
potassium ferrocyanide (ii) viscosity variations with
dlalysis of these sols give almost identical curves
thereby pointing towards the similarity in their composi-
tion, (iii) parchment supported membranes of cobalt, nickel
and silver ferricyanides can be obtained by depositing the
respective gels, the rate of diffusion of variocus electro-
lytes through them being in the reverse ordef of their

adsorption, (iv) conductivity changes during coagulaticn .

can be correlated with the exchangeable H+ counter ionsg
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and provide evidehce for the phengmenon of adserption,
surface reaction and chemical interattion between

the precipitating and stabilising ions (ferrocyanide
iong) ete.,

Very recently Malik and Coworkers did many
interesting studies on the colloidal behaviour and
membrane properties of Cr, Co, Zn, Ni, Mn ferrocyanides
(9,10,11). _

The literature reveals the fact that inéestiga—
tions on metal ferrocygnogen complexes have covered
a wide field of study, renging from the older concepts
based on chemical analysis and physico-chemical proper-
ties of the precipitates to the more recent ones, -
evolved on the basis of such studies ;s the application
of modern electro-chemical techniques (polarography,
amperometry, coulometry, exchange reaction etc.), :
importance of the metal ferrocyanide reactions in
analytical work and on the catalytic decomposition of
the alkali ferrocyanides have been gchieved by these
studies, but there still exists large scope for further
studies, For example, one of the metal ferrocyanide
which has not so far been systematically studied is
aluminium ferrocyanide.

Very few refersnces (12,13) are available in
the literature on the colloidal behaviou€ of gluminium

ferroeyanide. The work so far done does not take inta
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account the variqus complexities‘inherent in the
Nature and composition of this compqund. Moreover
interesting information on the surface properties

of these precipitates ean be obtained by Preparing
their sol and gels and by investigating the Permeabilit;
of its membrane for dif ferent electrolytes. The
following studies on sluminium ferrocyanide was,
therefore, undertaken: (i) preparation of aluminium
ferrocyanide sol and study of its slow coagulation

and variations in viscosity with dialysis (ii) permeaQ
bility of aluminium ferroeyanide Parchment supported
membranes to anions and cations including effect of
sOap treated membranes on permeability and membrane

potential studies,
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Colloidal Aluminium Ferrocyanide
' L) : .
Regzents: $

Potassium ferrocyanide (A.R.) was dissolved in
double distilled water and strength determined by-
titrating against potassium permangnate (14) solution.
Aluminium chloride (E. Merck) was taken and it was
dissolved in double distilled wayer. Its strength
(15) was determined gravimetrically after weighing as
Al o03. :

Preparation of gluminium ferrocyanide sols;

Double decomposition method was adopted for
the preparation of sol., The amounts of aluminium
echloride and potassium ferrocyanide reguirgd to give
5 gms of aluminium ferrocyanide were calculated from

the following stoichiometric relationship.

4 §1C14 + 3 K Fe(Cl)g = Alg [Fe(cmfﬂa + 12 KC1

Calcul ated amounts of the reactants were mixed
in the ratio 1 equivalent of AlClgs 6/5 equivalent
of K4Fe(CN)6. The sol could only be obtained when
KéFe(GN)G solution was gradually added to diluted AlClg
solution with constant stirring. The sol obtained was
1ight greenish white in colour. It was dialyzed in a
parchment bag keeping distilled water in the outer
vessel. The sol on examination in Burtoqfs type elec-

trophoresis apparatus was found to be neg gtively charged.
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Time of glow coagplations: \

Experiments were performed with three different
concentrations of the sol, viz., A, A/2 and A/4 using
different electrolytes. 5 c.c, of the 'aluminium
ferrocyanide sol was taken in clean dried pyrex test
tubes and varying amounts of electrolytes (MKC1,
0.02M BaCly, 0,01M AlCl3, 0.002M Th(NO3),) were added.
The total volume was made upto 10 ml by the addition
of doubly distilled water. The concentrations of
Various electrolytes used for the coagulation experi-
ments were so adjusted that the minimum time required
for coagulation was near about 30 minutes in each case.
Sols of the three different concentrations A, A/2,

A/4 were taken and the time gt WhiCh.the.SOI Particles
left the surface of the sol was taken as the time of
coagulation, Coagulation experiments were carried odt

at controlled pH (4.85).

TABLE No,1
Precipitation concentration in mM/litre for
different electrolytes for aluminium ferrocyanide sols
GConcentration of %; Electrolyvtes ¥
sol ' KCL X “Bagy i A41Cl., 1Th(NO,)
2 3 34
A(5 gms/1itre) 300 5 1.8 0«7
A/2(2,5zms/1itre) 285 3 0.8 0.4

A/4(1.25¢ms/1itre) 252 2 047 02
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Determination of .constants of Bh%ttacharya‘s'eauationz

5
The relation established by Bhattacharya and

Bhattacharya (16) between the concentration 'e! of

the coagulating electrolyte and the time of coagulation
't! of copper ferrocyanide, ferric oxide and Asg B3

sols is as under:

&
m. & ()

¢ = a +
n + %
where a, m and n are constants.
The equation assumes the following linear form

on simplifieation L __ = B .t + 1 (ii)
c-a m m

Accordingly a verification of the equation
can be obtained from the coagulation data *if the plots
between —L . and t give a straight line. 'a' in

c-a

equation (i1) is obtained from the intercepts on the
c-axis from the plots of ¢ and % (Fgg.42)

In the case of slow coagulation data of
aluminium ferroecyanide sol the plots between E%E- and
t gave straight line (F‘ig.‘l3) thereby providing the
Validity of Bhattacharya's equation,

The values of the constants in the Bhattacharya's
equation for aluminium ferroeyanide are tabulated

bel ow,
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TABLE No,2

‘Congtants of Bhaitacharxa‘s egué&ion fop ‘Aluminium

ferrocygnide sol:

Concentra- % Electrolyte | a X m 1 n

tion of sol I(mM/1litre) X(mM/1itre) (min. 1)
A M KC1 15 75.5 75.0
4/2 M KC1 12 89.9 82,0
A/4 M KCl 10 106.2 100,0
A 0.2M BaCly 07 9.0 2,34
A4 0.2M BaCl, S 16.6 12,94
A/2 0,01M A1Clq 0.15 18.6 2.82
A4 0.01M A1C1, 0.10 25,0 21.5
A 0.002M Th(NOg), 0.48 4,7 0,72
A/2 0.002M Th(NOg) , 0.23 5.0 2,85

A/4 0,002 Th(NOCg), 0.10 16.6 29,8
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Viscosity experimepts: % .
grimeputs w5
Scarpa's (17) method modified by Farrow (18)
and improwed by Prasad, Mehta and Desai (19) was

employed. The formula used is given below:

. VL = E4 X tltz e B x tltz
8
LV t,+t5 1+t

where t; and to are the times required for filling and
emptying the bulb of viscometer under a constant
pressure P, V the volume of the bulb R and L are the
radius and length of the capillary respectively. The
Value of the viscometer constant, K was determined
under the same condition of temperature and Pressure
by measuring t; and t5 for a liquid of’known viscosity.
500 e.c. of the sol was prepared and 100 c.c.
of the sol was kept in three different dialyzing bags’
for dialysis. The dialysis was done by changing
distilled water at fixed intervals., One.bag contained
sol A, the second sol A/2 and the third contained
sol A/4. Measurments were made at temperatures 300,
35°, 40°, 45° +0.1°% (Fig.44). The results are

summari zed bel ow.
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4 L} ). .

TAELE No,3

Changes in viscogity of gluminium ferroc de gol
with days of dialvsis at different temperztures:

Tempera-{Viscosity of{Viscosity of sol(in centipoise after
ture lundialysed )Xdialyeis of :

On Isol in First YSecond JThird Jforth | Fifth
lcentipoise Xday Yday Yday Xday Y day

30° 0.8696 0.7817 0.7735 0.8087 0.9189 0,9183
35% 0.7891 0.7305 0.6517 0.7679 0.8837 0.8820
40° 0.6917 0.6197 0,.6301 0,7136 0.8453 0.8400

45° 0.6554 0.5935 0.6073 0.6650 0,7660 0.7650




FIG.45 MICROPHOTOGRAPH OF ALUMINIUM
FERROCYANIDE ™M EMBRANE




-223-

Preparation of Aluminium Ferrocvanigg membranes

Aluminium ferrocyanide membraﬁe-was prépafed
by impregnating the parchment paper with the reactants
of the gel. The paper was first soaked in distilled
water, and then tied to a bell jar. 0.2M solution of
potassium ferrocyanide was filled in it and was then
suspendéd in a beaker containing'0.2M aluminium chloride
solution for 48 hours. It was then taken out and washed
well with double distilled wat®r. Later the solutions
were interchanged, aluminium chloride was kept inside
and potassium ferrocyanide outside the vessel. The
process was repeated several times, until a fine deposit
of aluminium ferrocyanide was obtained on the parchpent
paper. The membrane thus obtained was greenish white
in colour. The membrane was also checked under micro-
scope for any deformation or crack(F"g-45)- L

The permeability of gluminium ferrocyanide
membrane was carried out by usinz the constant flow
technique of Willi's, the details of which had already
been given in Chagpter II. The wet membrane as such
was fitted between two flanges of permeability cell
and measurments were carried out by using diffefent
electrolytes in the upper half of cell. The thermostat
was maintained at the desired temperature., The
variagtions in conductance of affulent with time during

the diffusion of electrolyte was observed., The volume ,

of the affulent was kept constant e.g. 150 e¢.c. per hour,
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Conductances were measured after every twe.nty n.linutes
till a constant Va’lue was attainec;.‘ JThe co-n'centrations
were computed from the standard concentrstion-
conductance plots of the electrolytes, given inlChapter
LY
The electrolytes used in the upper half of the
cell for permezbility measurments are as under!
(i) Electrolytes having cozrmc.}n cation
0.2M KC1, 0.2M KBr, 0. KNO5, 0.2M Ko804
(i1) Electrolytes having common anion
0.2M NaCl, 0.2M BaClp, 0,2M CaCl,, 0.2M MgCl,.
The results on permeability of parchment suppor-
ted aluminium ferrocyanide membranes in millimoles per
hour to various electrolytes having common ‘cation and

common anion are summarised bel ow:

TABLE No.4

Eermeability of aluminium ferrocyanide parchment
supported to votassium chloride at different tempergtures

Tempe-IInitial con-Jfinal Con- [Time taken JConcentra- IPermeabi-
raturelductance of fductance Jin attaining {tion corr. flity in

og Yaffulent in Jof affulent)constant lesponding Kmilli-
Imhos Iin mhos Ivalue of con-Yto const— Imoles
X : Yductance {ant condue-fper hour
X { Itance in
i i Imillimolesg §
20°  50.0x10° 47.8x10"° 3 hours 2,201 0.3436
25°  £9.0z10°°  59.0x10"°> 3 hours 2,754 0.4131
30° 82.Ox10_5 89.0x10“5 3 hours 3.162 0,4743
35° 145,0x10"°  144.8¢10°° 3 hours 4,169 0.5253
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TAHLE No,5

Permegbility of'parchment sugpoﬁted aiuﬁig@uﬁ

ferrocyanide membrane to potagsium bromide at different
temperatures:
Tempe-YInitial JFinal I Time taken)ConcentrationfPermea.

raturefconduct ancelconductancelin attain-lcorrespondingfbility
o¢ Jof affulentfof affulentiing const.lto const. Iin
Iin mhos Iin mhos Ivalue of Jconductance [millim
X | Yconductan-Yof affulent Joles

! X Ice Iin millimolesiper hol

20° 10.1x10'5 5.2x10"5 3 hours 0.1310 0.0197

25? 13.2x107° 7.2x10"° 3 ppurs 0.1994 - 0.0298

300 15.4x10—5 12.4x10—5 3 hours 0.3160 0.0331

350 19.4x10—5 17.2x10-5 3 hours 0.4361 0.0654
TABLE NO‘G .

Permeability of parchment supported aluminium
ferrocyanide membrane to potagsium nitrate at different

tempergtures:

Tempe-JInitial {Final YTime takengConcentrationIPermeabi-

raturefconduct- YConductancelin attain-{correspondingXlity in

o lance of Jof affulentling const.lto const. Ymilli-
laffulent Iin mhos Ivalue of JYconductance Jmoles

Yin mhos [ Yconductan-JYof affulent [per
X X Yce fin millimolesihour
0 -5 -5
20 4,5%10 2.5%x10 2 hours 0.0871 0.0120
5 -5
25° 8.2x10"2 5.0x10 2 hours 0.1514 0.0227
30°° 12.4x10°° 10.1x10"° 2 hours 0.2570 0.0387
35° 23.2x107° 21.0x10'5 2 hours 0.5750 0,0963
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TABLE No,7
» ‘ v ]
Permegbility of parchment supported gluminium ferrocvanide
membrane to potggsium thiocyanate at different temperstures:

Tempe-11ni tial {Final {Time taken{ Concentration}P ermea-
ratureflconductancelconductancelin attain-f(correspond- {bility
o¢ {of affulentiof affulentling const.ling to const,f{in mill

{in mhos {in mhos Ivalue of Yconductance JImoles
X X fconductan-fof affulent Jper
i I fce {in millimolegfhour
o -5 -5 ‘
20 4.8x10 2,0%10 2 hours 0.0501 0.008C
25° . 1x107° | 4.Bxio™° - ‘malotvs 0.1200 °  0.018C
- 5
30° 11.2x10~°  10.0x10 2 hours 0.2510 0.037¢€
o - -
35 23,0x10™°2 18,9x10~° 2 hours 0.4365 0.0644

TABELE No,8 2

Permeability of pgrchment gupported gluminium ferrocyanide
membrane to potgssium sulphgte at different temperagturess:

Tempe-Yimitial IFinal ITime taken]ConcentrationfPermea-

raturelconductancelconductancelin attain-Ycorrespondingibility

og Yof affulentfof affulentling const.lto const. {in mill

[in mhos {in mhos Yvalue of JYconductance Jimoles
Iconductan-Yof affulent Iper

Bt k. Xce _ _ Hagiiligoiesibour

=B

20° 4,8x10"° 3.4x%10 2 hours 0.0398 0.0035
3 -5

250 7.0x10 o 542x10 2 hours 0.,0810 0.0124

30° 14.8x10~°  12.1x10"° 2 hours 0.1580 0.0237

> -5
350 23, 8x%x10 @ 22, 1x10 2 hours 0.2880 0,0530
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TABLE No,9
[ ] .. L, [ ]
rmegbility of rchment support Juminium
ferrocyanide membrane to sodium chl oride i fferent tem -
furegs
Tempe-YInitial IPinal ITime takenlConcentration Permeabi-

raturelconductancefconductancefin attain-fcorrespondingflity in
O Yof affulentfof affulentling const.lto const. Ymilli-
{in mhos Iin mhos Ivalue of Jconductance Jmoles
{conductan-Yof affulent Jfper

{ X lce {in millimolesfhour
20° 19,9x10™° 15,02107° 3 hmurs 0.4571 0.0685
55° 28.0x10"° 23.0x10"° 3 hogrs 0.5754 - 0.0863
30° 38.5x10"5 34,9x10”° 3 hours 0.7943 0.1191
35° 52,010~ 53.6x107° 3 hours 1.0960 0.1639
IARLE No,310 .

- L]

Permegbility of parchment supported sluminium ferro-
cyanide membrane to barium chloride at different temperatures:

Tempe-JInitial {Final ITime taken]ConcentrationlPermeabi-
raturelconductancelconduct ancelin attain-{correspondingflity in
o¢ Yof affulentlof affulentiing const.lto const. milli-
lin mhos {in mhog {value of Yconductance Jfmoles
lconductan~fof affulent fper
X X lce {in millimolegkhour
20° 11.2x1077  8.05107° '3 hours 0.2188 0.0328
250 17.1x10-5 14.9x10'5 3 hours 0.3631 0.,0544
300 24.9X10~5 21.Ox10"5 3 hours 0.5012 0.0751
35° 44.5x10"° 40.0x10™° 3 hours 0.8318 0.1247
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TABLE No,11
L .,

Bermeability of parchment sucported -aluminium ferro-

cvanide membrane to caleium chloride at different temperatures:

Tempe-{Initial }Final {Time taken{ConcentrationlPermeabi
Faturelconductancelconductancelin attain-{correspondingflity in
o Yof affulentfof affulentfing const,{to const. fmilli-
fin mhos {in mhog Ivalue of Jeonductance [moles
Iconductan-fof affulent Jper

1 i Lce {in millimolesfhour

20° T2L0RT0°°-  G.0%10°° - 3 houts 0.1995 0.0299
0 = =

25 16.0x10"° 13.0x10™° 3 hours 0.2512 - 0.0378
X G

30° 21.0x10"°  18.0%10 e e 0.3162 0.0474
= i

350 38,0x10 2 32,0x10 3 hours 05012 0.0751

TABLE No.12 : <

Eermeability of parchment supported aluminium ferro-_
cyanide membrane to magnesium chloride at different temperg-
tures: '

Tempe—{Initial IFinal ITime taken{ConcentrationlPermeabi-
raturelconductancelconductancelin attain-fcorrespondingflity in
oz Yof affulentfof affulent)ing const.lto econst. Jmilli-
{in mhos {in mhos {conductan-Yconductance Jmoles
Yce value Jof affulent [per
lor {in millimolesfhour
200 8.9X10_5 6.1X10-5 3 hours 0.1600 0,0240
250 9.9X10-5 8.2X10-5 3 hourg 00,1820 0.0273
300 5.0x10_5 12.0:‘:10_5 3 hours 0:2512 0,0376

35 24.9x10“5 21.0x10“5 3 hours 0.3981 0.0597
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TABLE No,13 s
Eermeability of parchment supported treated and

untreated gluminium ferrogygnide membranesgs

(Permeability expressed in millimol es/hour,
electrolyte concentration 0,2M).

ElectrolytelUntreated] After treatment with e
Imembrane INon-ioniec Anionic | Cationie
Isoap soap I soap

KG1 0.3436 0.3430  0.2560 0.3820
KBr 0.0197 0.0200 0.0120 0.0225
KNO;  0.0120 0.0120 0,0090 - 0.0182
KCN§ 0.0080 0.0079 0.0060 0.0100
K80, 0.0035 0.0034 0.0018 0.0082
NaCl 0.0685 0.0679 0.0508 0,0720
BaCly ° 0.0328 0.0328 0.0309 0.0392
CaCly 0.0299 0,0298 0,0266 0.0330

MgClg 0.0240 0.,0239 0.0210 0.0290
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TABLE No,14 :

Potentigl of parchment supported treated and
untrested gluminium ferrogysnide membraness

(Eotential expressed in millivolts; concentration
of electrolyte on two sideg of the membrane, 0.1 and
Q.01M respectively),

Electrolyte{UntreatedI ter treatment with
Imem‘orane INon—ion{c { Anionic E Cationic

soap ! soap I_soap
KC1 25,0 25,0 27.5 23.5
K Br 27.0 27.5 29,0 26.0
KNO 28,5 28,0 31,5 27,5
KCNg 32,0 32.0 34.0 31,0
K2364 38,5 38,0 39.8 ° 36.0
NaCl 20.5 20.5 24,8 21.5 .
BaCly 23.0 23,0 25.5 24,0
CaCl, 25,8 28,0 27.5 26,0
MgCl 32.0 32,0 34,5 33.5
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Influence of gmpgratg e _on thg QQ; eabili ;1 of
aluminium ferrocyanide membrane: /

The diffusion rates were found to be highly
dependent on temperature showing an inecrease with
rise in temperature. The plots between log (px103)
against % xlO3 (Fig.46) gave in all cases straightline
relationship from the slopes of which the energy of
actlvation E, of the diffusion brocess was calculated

(Table No.15). v p

TABLE No,15

Activation energy of the diffusion process
of different electrolytes through parchment sup ported
aluminium ferrocyanide membranes:

Electrolyte ] Activation) Blectrolyte IActivation

I energy I Lenergy

X eal./mole | Ical./molg
KC1 4534 NaCl 4450
KBr 4969 BaCl, 4820
KNO 4 4859 MgClo 4600
KCNS 5662 CaClo 5505

K550, 7120




DI SCUSSION

! . =3
The precipitation concentration in mM/litre
(Table No.l) for the various electrolytes required
for coagulating the sol gave the order of the c0agul a~

ting power as:

+
Th4:+ > A13+ >B8.2+> K
It appears from our results (Table No.2) that
¢ m.L
Bhattacharyas equation, viz., ¢ = a + __tTi is
' n + .
- t

applicable in the case of aluminium ferrocyanide sol

at all the three dilutions, The value of 'a' which

we term eritical stability concentration shows a normal
Variation with the valency of the Precipitating ions

in that it decreases, as the valency 0{ thg'preeipftating
ion increases. The obvious physical interpretation of
'a( as seen in the (Fig.No.42) is the value of e! .
at % = 0 and hence 'a' is the maximum gmount of eiec-
trolyte which can be added to the sol without efTeeting
any coagulation, In other words we may eall it the
critical stability concentration of the electrolyte
for the particular sol.

In visualising the physical significanee of the
constant m as seen in (Fig.No.43) is as follows. 1In
the equation if % is taken indefinitely large, the
limiting vglue of 'e¢' becomes a+m, Hence m is that
concentration of the electrolyte which shopld be added

above the critical concentration 'a' in order to



-~233-

coagulate the sol.immediately or in other.word§ a+m
is the limiting value of the elec%rblyte céﬁcentration
where the region of slow coagulation ﬁerges into that
of rgpid coagulation,

Again if we put t = % the equation becomes

¢ =a + 8.0 or ceag = & which means that B is the
n+n 2 2

amount of electrolyte in excess of the critical stabi-
lity concentration 'a! required'to coagulate the sol
in time t= % . Hence we can day that 'n' is the
reciprocal of the time in which the sol will coagulate
when the excess of electrolyte above the eritieal
stability concentration is only half of the excess
required to coagulate the sol immediately.

The empirical equation of Baattacharya (et.;l)
may be based on the theoretical consideraticns developed
by Verwey and Overbeek (20) for the interaction of two
charged units as shown by Ghosh et.al (21) and Coworkers.
Therefore n has the dimensions of frequency whilst m
has that of concentration. Hence the value of the
constant n is directly related to the attractive force
between two aggregating colloidal particles. Further
for a rapid or instantaneous coagulation m becomes
equal to (c-a)~c as a or coagulating concentration is
small compared to c¢. In other words m refers to the
concentration of the coagulating electrolyte when the
stability factor is defined by the repulstve force

hence an increase in the valeney of the ion (from the
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monovalent to polyvalent) will result in the decrease
of repulsive force and m will degréase. '

The viscosity time of dialysis-curves exhibit
appreciable changes in viscosity (Fig.No,44). From
the curves it is inferred that the viscosity first
decreases during the first two days and then continu-
ously increases after the second day, showing tendency
of attaining constancy with pr&&onged diglysis. The
variations of such nature may be attributed to"factors
like gradual removgl of stabilizing ions and the
hydrolysis of the complex on dialysis. Normally the
removal of the stabilizing ions would result in a
decrease in charge and consequent increase in viicosity.
Since a decrease in viscosity is observed*in the
initial stages, it seems that second factor is opera-
tive here and the hydrolysed soluble ions go to increase
the charge on the colloid. A highly charged system
would show little tendencytfor the aggregation of the
particle and hence the viscosity would de€rease. After
sufficient dialysis the hydrolysis is stopped and the
dialysis process is then controlled by the removal of
stabilizing ions, This would result in an increase
in viscosity. Finally the magnitude of hydration,
corresponding to the minimum cparge required to keep
the sol stable is reached and a constaney in viscosity

is attained.
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The variations in viscosity with time of
dialysis in the case of aluminiumffe?rocyaﬁide sol
are quite di‘“ferent from those of othér sols like
cobalt, nickel, manganese.ferrocyanides studied by
Malik gnd Co-workers (22). This is quite evident
from the fact that aluminium ferrocyanide ig more
complex in nature than the more familiar metal

ferrocyanides.

Mechanism of diffusion aecross aluminium ferrocvanide
membrane

The permeability of aluminium ferroecyanide

membrane to different electrolytes having a common
cation and anion respectively shows that the order of
rate of diffusion for anions is:

C1™» Br™ HNog > CNg ) 503 and for cations

K*>HatS B ca®*y 1%t

1t is also clear from permeability data recorded
in (Table No.13) that the rate of penetration of cations
is more than anions. This shows clearly that memﬁrane
is negatively charged and hence allows cations more
easily to pass through it while anions are not easily
passed due to repulsive force.

Further it is evident from above that the
sequence for anions is according to their size, the
ions of smaller size (Cl™ and Br~) pass through more
easily than the bigger ones (CN§~, SGE_)%

The cationic sequence shows that the diffusion



-236-

of hydrated ionie radii which are much smaller for
K* (1.194% and fta* (1.764°) is jiigh than-thdse of
Ba®* (2.784%), Ca®* (3.004%) and Mg>¥ (3.324%). e
diffugion of unhydrated ions ecannot be visualised
since Na® (1.004°) and x* (1.334°) are mich large
than Mg2+ (0.754°) or even CaZ* (1.054°). |

It is interesting to note that non-ionic soap
(lauric acid diethonol-amine gondensate) treated
aluminium ferrocyanide membranes show no chang_.e in the
diffusion values (Table No.13). This shows that the
absence of any kind of charge or exchange adsorption
does not agllow the non-ionic soap to come in the
viecinity of the membrane.

The anionic soap treated (sulphonated phemyl
stearic acid) membrane retards the névemént of anions
and cations to a appreciable extent (Table N0.13)..
The retardation of anions is more than cations. * It
appears that the development of large negative force,
the anions are much retarded and cation to a least
extent. The sequence of anions and cations is same
as above.

It is also observed from the (Table No,13)
that cationic soap (cetyl pyridinium bromide) renders
membrane more permeable to agnions and cations. Althoug!
the increase in rate of diffusion of anions is more
than cations. The charge neatralisatio? by cationic

soap renders membrane more permeable. Here also the*

sequence of anions and cations remains same.
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Effect of different electrolytes on membrane potgntiagl

The potential values due ﬂb-d}ffusién 5}
electrolytes through aluminium ferrocyanide membrane
are recorded in (Table No.14). It is evident from
datas for anions and cations that potentigl Vvalues
are higher for anions and less for cations. This
is good in agreement with the fact that higher the
potential lower will be the pe#meszbility. The order
of potential values for anions and cations is; -
Anions: soi' > CNs™ »No3 »Br~ > 1~
Cationss Mg>* DCa®*>Ba®*>Na* >k,

No change in potential vaglues is observed in
the case of non-ionic soap (lauric acid diethanol‘amine
condensate) treated aluminium ferrocyanide membrane.
The order of potentiagl values is same as above,

The catlonic socap treated membrane as expected
gives lower potential values (Table No.14). It is
obvious that the charge neutralisation is responsible
Tor decreasing the thickness of double layer and hence
a decrease in potential values is realised. The
decrease in potentigl values is more in the case of
aniong than cations. The order of potential vglues
for different anions and cations is safe.

Anionic goap (sulphonated phenyl stearic acid)
treated membranes gives higher potentigl values as
compared to untreated membranes (Table N8,14). The

increase in potential values is due to large negative
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force developed on membrane. Althaugh the potential

values are low for cations, J .

It is obvious that the values of activation
energy (Table No.l5)z;5r the diffusion of electrolytes
in the case of aluminium ferrocyanide membrane is
more than activation energy from free diffusion of
electrolytes. For example the activation energy of
free diffusion of KC1 (0.2M) cited in literature
is 4400 cal./mole which is legs than calculated-in the
pregsent study. The results can be explained on highly

charged nature of the membrane.
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Permeability of Electrolytes Through Parchment Su'ﬁ'ported
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Permeability measurements with various electrolytes, viz. KCl, K,SO,, KNO,, KCNS, KBr,
NaCl, BaCl,, MgCl, and FeCl; on parchment supported iron oxide membranes have been
carried out using the constant flow method. The results show that the order of permeabi-
lity of anions and cations is Cl->Br->NO;>CNS->S0?- and Na*>K*>Mg?* > Ca? > Ba? > Fe’*
respectively. The above order of permeability which differs from the order of free diffusion
indicates that the free diffusion of ions is greatly restricted due to the imposition of the mem-

brane. It is also observed that the permeability of electrolytes is greatly influenced if the mem-
brane is pretreated with ferric chloride, or cationic and anionic soap solutions. Membranes
pretreated with ferric chloride and anionic soap solutions are less permeable than those treated
with cationic soap solutions. Measurement of membrane potential shows an initial increase
after which it attains a constant value and the order of membrane potential valut for the above

anions and cations is reverse of the order of permeability, thus indicating t

at greater the

membrane potential lower the permeability and vice versa. Activation energiqgg of the diffu-
sion process for the various electrolytes have also been calculated.

a number of controlling factors have been

listed from time to time to explain it.
According to Teorell' the problem can be approached
from the following angles: (i) ionic transport;
(i) membrane potential; (iii) electrical conductivity;
(iv) ionic distribution equilibria; and (v) the spatial
distribution of ions and potentials across the
membrane. Various other theories have also been
put forward by other workers?%. During the course
of our studies on the permeability of electrolytes
through various inorganic membranes we deduced a
simple relationship between permeability and mem-
brane potential giving a relatively simple picture of
transport phenomenon across artificially prepared
parchment supported membranes.

The present communication deals with the
permeability measurements of the variouselectrolytes
on parchment supported iron oxide membranes
carried out using the constant flow method of
Hartung and Willis®. The work reported here,
besides incorporating the usual data on permeability
and membrane potential, also describes the results of
the investigations on membranes pretreated with
ferric ions, and cationic and anionic soap solutions.

Materials and Methods

Preparation of membrane — Parchment supported
ferric oxide membrane was prepared as follows.
Distilled water soaked parchment paper disc was
suspended in a cylinder containing a solution of
ferric chloride (25 ml., 0-1M). The whole assembly
was placed in a beaker containing ammonia solution
(50 ml., 20 per cent) for 24 hr. The solutions were
then interchanged, ammonia being kept inside and
ferric chloride solution outside the vessel. The

MEMBRA;\'E phenomenon is very complex and

*Contribution to the Symposium on ‘ Chemical and non-
chemical interactions’ sponsored by the University Grants
Commission and held at the University of Gorakhpur, Gorakh-
pur, UP, Februaryv 1965.

process was repeated several times until a fine deposit
of iron oxide gel was obtained on the parchment
paper. The membrane, dark brown in colour, was
washed repeatedly with double distilled water for the
complete removal of absorbed electrolyte. It was
then examined under a microscope for any deforma-
tion or crack. The wet membrane as such was
fitted between the two flanges of permeability
cell.

A

Apparatus  and  experimental proced.ure— £
diffusion experiments were carried out using consfant
flow method®. This method gave accurate results
for the diffusion rates. The apparatus used in this
study was similar in construction to that described
by Hartung and Willis®. It had the following
special features: (i) larger membranes could be
employed; (ii) actual volume of permeability cell
could be decreased to enable equilibrium to be
reached more quickly; (iii) the lower half of the cell
could be stirred; and (iv) the essential parts of
apparatus, the rates of flow and the hvdrostatic
pressure on either side of the membrane could be
rigidly controlled. The permeability cell consisted
of twin flat glass (pyrex) vessels with flanges ground
together. The internal dimensions of each half cell
were approximately 50 mm. in diameter and 4 mm.
in depth. The rate of flow was normally 100 ml.
per hour. The solution of the electrolyte was allowed
to flow continuously through the top of the cell
in essentially the same manner as for the lower half.
The normal rate of flow was maintained at 200 ml.
per hour. The hyvdrostatic pressure on each side
of the membrane was always kept equal by adjusting
the rate of flow of solution and conductivity water
across the membrane. The effluent coming out was
analysed conductometrically. Knowing the rate of
flow and concentration of the effluent coming out
of the lower half cell (from concentration-condugtance
curves) the permeability values at a particular
temperature were calculated.
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Permeability of va¥fus electrolytes through pretreated
membranes — In order to find the effect of pretreated
membrane on the pegmeability of different electro-
lytes the permeability measurements were aarried out
at 20°C. with membranes soaked in 0-1M ferric
chloride soltion, Y0-3M sulphonated phenyl stearic
acid, 103M cetyl pyridinium bromide and 10-3M
lauric acid diethanolamine condensate for 24 hr.
The results were compared with those obtained on
untreated membranes.

The anionic soap, viz. sulphonated phenyl stearic
acid was prepared by the method of Stirton et al.®
Cetyl pyridinium bromide, a BDH product, was
recrystallized from acetone. The non-ionic soap,
viz. lauric acid diethanolamine condensate’ (LDC),
was prepared by condensing pure lauric acid (BDH)
with diethanolamine.

Membrane potential measurements — In order to get
better insight into the mechanism of permeability
phenomenon it was thpught worthwhile to carry out
experiments on mem:y'ane potential. The method
used for determining mMembrane potential, E, was the
same as described W& Michaelis® for concentration
potential difference of the concentration cell.

Membrane
Hg Hg,Cl, KCI Electrolyte | Electrolyte KCl Hg,Cl, Hg
Sat. C, | Cy Sat.

The value of E was measured with the help of a
students’ potentiometer. The same electrolyte was
used on both sides of the membrane and the concentra-
tion ratio C;/C, was kept equal to 10 throughout,
the dilute side (0-01M) always remaining positive.

Determination of the membrane potential was
made with freshly prepared, treated and untreated
membranes The variation in potential with time
was determined. The experiments were repeated
witht fresh solutions of electrolvte and the maximum
potential attained was recorded.

Results and Discussion

Effect of different electrolytes on permeability of the
ireated and unireated membranes — The two main
factors, which should be taken into consideration
while determining the permeability of ions through
membranes are: (i) charge on the membrane pores,
due to either adsorption or ionization of the membrane
material which act as barrier to the diffusing ions;
and (i) sieve action whereby the screening of ions
according to their size takes place, larger ions
diffusing out more slowly than the smaller ones and
vice versa.

Considering the permeability of different anions
and cations for the membrane under study, it is seen
that the order of permeability of the anions and
cations is: CF > Br > NO; > CNS-> SO¥ and
Nat® > K* > Mg?" > Ca*" > Ba?* > Fe?t respective-
ly. The above sequence indicates that the free
diffusion of ions is greatly restricted due to imposition
of the membrane since no where the order of free
diffusion, wviz. S02% > Br > Cl > NOj > CN§" is
realized.

The difference in the permeability values may
also be related to the sieving effect of the membrane
so thaf the ions of smaller size pass through easily
and the movements of bigger ones is appreciably
hindered.

2

It is evident from the data recorded in Table 1
that the permeability of electrolytes is considerably
influenced when the membrane is pretreated with
ferric chloride or soap solutions. The treatment of
membrane with ferric chloride rendered the membrane
less permeable without influencing the order of
permeability. Such a behaviour can be explained
on the basis of the strong adsorption of Fe3* ions,
almost to complete saturation by these ions, by the
membrane surface thereby retarding the movements
of anions and cations due base exchange (cation) and
other surface reactions (anion). For example large
electrostatic forces should exist between the bivalent
anions and the ferric ions with the result that the
diffusion of the univalent anion is much less retarded
in comparison to the bivalent, say sulphate ion.

It is interesting to note that cationic soap (cetyl
pyridinium bromide) treated membrane also retards
the diffusion rate of anions and cations although the
diffusion values are somewhat higher in magnitude
than in the case of ferric chloride treated membrane.
The order of permeability for different anions and
cations in this case is CI-> NOj > Br- > CNS~ > SO
and K* > Na* > Mg?" > Ca?" > Ba?" > Fe3* respec-
tively. This again shows that the membrane takes up
a large positive charge on it by the adsorption of

TABLE 1 — PERMEABILITY OF DIFFERENT ELECTROLYTES
ON IRON OXIDE MEMBRANES

(Permeability expressed as millimole/hr; electrolyte conc.

0-2.M)
Untreated After treatment with
membrane

Electrolyte

Anionic Cationic Ferric

Non-

ionic soap soap chloride

soap
KCl 0-0069 0-0068 0:0079 0-0065 0-0041
KBr 0-0045 0-0044 0-0061 0-0028 0-0039
KNO,; 0:0044 0:0036 0-0049 0-0042 0-0037
KCNS 0-0023 0-0023 0-0047 0-0021 0-0012
K,50, 0-0018 0-0016 0-0020 0-0011 0-0014
NaCl 0-0071 0-0062 0-0075 0-0039 0-0030
MgCl, 0-0068 0-0063 0-0072 0-0049 0-0042
CaCl, 0-0043 0-:0045 0-0057 0-0041 0-0030
BaCl, 0-0039 0:0030 0-0067 0-0038 0:0029
FeCl, 0-:0019 0-:0018 0-:0041 0-0015 0:0013

TABLE 2 — POTENTIAL OF IRON OXIDE MEMBRANES

(Potential expressed in mV; Conec, of electrolyte on two sides
of the membrane, 0-1 and 0-01.M respectively)
Untreated After treatment with
membrane

Electrolyte

Non- Anionic Cationic Ferric

ionic soap soap chloride

soap
KCl 12:0 13-0 10-5 18-0 19-0
KBr 15:5 15-0 125 20-0 215
KNO, 23-0 283 18-0 240 240
KCNS 270 27-0 20-0 35-0 37-0
K,;S0, 38-0 370 26-0 42:0 A
NaCl 210 42:5 16-0 39-0 39:5
MgCl, 350 360 28-0 42-0 445
CaCl, 38:0 38:0 31:3 460 48:5
BaCl, 39:0 385 340 48-5 52:8
FeCly 53-0 52:5 48-0 550 59-0
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positively charged cetyl pyridinium ion. But the
higher diffusion value compared to ferric chloride
treated membrane in this case is rather anomalous.
It appears that the soap hinders the permeability
of the solvent to a great extent with the result that
the solutions permeates in a concentrated form
through the membrane giving apparently higher
permeability values.

A definite increase in permeability, compared to
that of untreated membrane, is observed with anionic
soap (sulphonated phenyl stearic acid) treated
membranes although the order again remains the
same. In this case the possibility of exchange
adsorption is very small and purely physical forces
appear to influence the permeability phenomenon.
The dominant role of electrostatic forces controlling
the diffusion phenomenon although should be given
due emphasis, it cannot be the only factor. These
forces help in creating a close contact between the
positively charged membrane surface and the anion
of the surfactant but the presence of the latter should
modify the surface properties of the membrane in a
manner as to retard the passage of the solvent.
Under such conditions enhanced permeability should
be expected.

With non-ionic soaps there is no change in
permeability values. Although this soap should also
modify the surface properties of the membrane,
the absence of electrostatic forces or exchange
adsorption does not allow the non-ionic soaps to
come in the vicinity of the membrane.

Effect of different electrolytes on membrane poten-
#ial — In this study membrane potential shows an
initial increase after which it becomes constant.
This fact shows that once the membrane has attained
a certain charge (after adsorbing ions from the
electrolyte solution) the permeability phenomenon is
solely governed by surface forces on the membrane.
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Fig. 1 — Plots of log (p x 10%) versus 1/7 x 10® for various
K 15 ROl

electrolytes (anionic) [(A) KCNS; (B)
(D) KNO;; and (E) K,SQ,]

Our results gon pretreated membBYanes reported above
support this view. The results caa also be interpreted
in the light of the views of Meykr and Sievers® who
postulated a number of fixed charges due to either
adsorption or ionization of membrane material
between the fixed ion of the por® and #hose in the
bulk of the solution. »

The experimental observations (Table 2) on mem-
brane potential for anions and cations show an order
reverse to that of permeability, viz. Cl-<Br-<NOj
< CNS-< S0} and K*< Nat< Mg?" < Ca* < Ba?*
<Fed* respectively. .

The cationic soap treated membrane, as expected,
gives higher potential than untreated membrane
due to adsorption of cetyl pyridinium ions. Similar
behaviour is observed with ferric chloride treated
membranes.

The treatment of the membrane with anionic soaps
decreases the potential values whereas the potential
values almost remain unchanged with non-ionic soap
treated membranes. Althouix the mechanism in-
volved in all the three cases ishot clear, the values of
the membrane potential obtai®ed with treated mem-
branes support the view that greater the potential,
lesser the permeability and vice versa.

Influence of temperature on permeability — The
diffusion rates are found to be highly dependent
on temperature showing an increase with rise in
temperature. The plots between diffusion values,
%X 10% (Figs. 1 and 2) give
in all the cases straightline relationships from the
slopes of which the energy of activation, E, of the
diffusion process, could be calculated (Table 3).

The value of energy of activation for the {ree
diffusion of KCl (0-2)) reported in llteratur;_is

log (px 10%) against
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Tig. 2 — Plots of log (p x 10®) versus 1/T X 10* fos various

clectrolytes (cationic) [(A) FeCl,; (B) BaCl,; (C) CaCly;
(D) MgCly; and (E) NaCl]
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o

e
TABLE 3 — ACTIVATION ENERGY OF THE DIFFUSION PROCESS
FOR DINFERENT ELECTROLYTES
L

w Elactrolyte Activation Electrolyte & ctivation
. energy e Energy
e  calMnole © L 7agaL [mole
N
KCl o 5673 NaCl '&396
K,S0, 6337 BaCl, VIHT67
KNO, 6112 CacCl, 473485
KCNS 4606 MgCly- _ -~ 12
KBr 4712 Fetl,'V. of & 088

3600 cal./mole and is lower than that calculated
in the present study. The results can again be
explained in terms of the highly charged nature of
the ferric oxide membrane.

I

-~
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