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ABSTRACT

Membrane potentials for silver thiosulphate parchimgupported membrane at different temperatures6(®Q)
have been measured. Experimental results were a@dlgn the basis of the Kobatake equation. An aserevith
temperature of mobility ratio of the ions in the miane phase (u.) has been found and the following order
exists: NHCI > KCI > NaCl. The activation thermodynamics pereters; enthalpy of activatianH*, entropy of
activation4S' and free energy of activatiofG*, have been estimated. The valuesi8f are found to be negative
indicating that diffusion takes place with partimimobilization in the membrane phase
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INTRODUCTION

Transport processes occurring across artificial brames separating different salts solutions amgredt interest to
chemists, chemical engineers, and biologists. Cétsmand chemical engineers would like to understded
mechanism of transport so that with the knowledgeained they would be able to fabricate membrafieny
desired property or properties. Biologists, howgwsould like to use them as models for the physgjwal
membranes to understand the behavior of compléxerhbranes [1].

Several membranes have been prepared using inorgalits. However these inorganic membranes havieisatly
low chemical stability in acidic and alkaline medildue to dissolution of inorganic phosphate intorgranic salt

2].

Different studies on permeability, permselectivignd fixed charge density of various inorganic [pitate
membranes have provided reasonably clear pictutbeofunctioning of these membranes in contact sithple
electrolyte solutions [3-18].

In this work, membrane potentials through silvéoshlphate parchment supported membrane for a intdeval of
concentrations and different temperatures have Ilstedied. The results have been analyzed by theatékb
equation for the membrane potential [19]. The atidn energy and the mobility ratio of ions in thembrane have
also been obtained.
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MATERIALSAND METHODS

Preparation of Membrane

All the reagents used were of AR grade (BDH) andirtisolutions were prepared in doubly distilled evat
Parchment supported silver thiosulphate membrarseprgpared by the method of interaction describe8itdiqi

et al. [3-6]. First parchment (Supplied by M/s Baand Tatlock London Ltd.) was soaked in distilledter for

about two hours and then tied to the flat mouthadfeaker containing 0.2 M silver nitrate solutidimis was
suspended for 72 hours in a 0.2 M sodium thiosuplsalution at room temperature. The two solutioese

interchanged and kept for another 72 hours. Inwyg fine deposition of silver thiosulphate wasaded on the
surface of parchment paper. The membrane thusnalstaias well washed with deionized water for threaeal of

free electrolytes. The membrane was then cut imtiocalar disc form and was clamped between twé ¢ells of an
electrochemical cell. The membrane before the measents had been aged by about 24 hrs immersi@rMnin

the testing electrolyte.

Membrane Potential Measurements

The potential developed by setting up a concenmmatell of the type described by Siddiqi et al. [Ffhe membrane
potential was obtained by taking the same elededy different concentrations on the two sidethefmembrane,
such that the concentration ratic= 10. The potentials were monitored by Knick DagiPotentiometer (No. 646).
All measurements were carried out using a watemnthstat at different temperatures (36D The solutions were
vigorously stirred by a pair of magnetic stirrerlte maintained uniform in both the half cells. Turé-univalent
electrolytes examined were sodium chloride, potmssthloride, and ammonium chloride. The salt sohgiwere
prepared from AR reagents (BDH) without furtherification and using doubly distilled water

SCE Solution Membrane Solution | sSCE
G Diffusion potential G

Donnan potential Donnan potential

Nomenclatee

E., : MembranePotentialin millivolts

u, andu_: Mobilities of cationand anion respectivly, in the membrane

C, and C, : Concentraibnsof theelectrolye solutionson either sideof themembrane
X : Charge densityexpressedn equivalens per liter

R: Molar gasconstant

T : absoluteemperatueof the system

F : Faradayconstant

K : Constant dependontheviscosity of thesolutionand structural details of the membrang
a and S : Parametersndependetnof salt concentraibn
AE,, :Reducedmembranepotential

1Y%

t_.,p - Apparenttransfererwe number for co—ionin a negativelycharged membrane
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RESULTSAND DISCUSSION

Membrane potentialsAE,,) through silver thiosulphate membrane for a witterival of concentration and different
temperatures have been studied. The results haaredrealyzed by the Kobatake equation for membratengal.
This equation shows a relationship between the manebpotential and three parametersaXandp which can be
evaluated from experimental values. The paranfeisrrelated to the fixed charge density in the memé and a
factor which depends on the viscosity of the solutind the structural details of the membrane whie parameter
a is related to mobilities of cations and anionserEfore, the Kobatake equation could be used tcidglte if the
variations with temperature are due to the elegfeokolution or to change in the membrane structiifee
experimentally determined membrane potential vaheesss silver thiosulphate membrane in contadt different
concentrations of various 1:1 electrolytes at dife temperatures are shown in Figures 1a, 1b, 1c.

Figure 1 Membrane Potential vs. log (1/C;) in contact with different concentrationsof: (a) NaCl, (b) KCI, and (c) NH4CI
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The values of apparent transparent number of cec@aulated from the membrane potential measuresmamd
using the Nernst equation (1) are given in Tabkeslb, and 1c:

AE, =@-2t ) Ino 1)
Table 1 Apparent transference number of co-ionsfor various electrolytes at different concentrations
(a) NaCl

(C/C) M Lapy
2 30°C [ 40C [ 50C | 60°C | 70C
1.0/0.1 0.46% | 0.457 | 0.45Z | 0.44% | 0.43¢
0.5/0.05 | 0.438| 0.431 0.430 0.426 0.4p2
0.2/0.02 | 0.371] 0.373 0.369 0.360 0.355
0.1/0.01 | 0.315| 0.30% 0.304 0.301 0.299
0.05/0.005| 0.244 0.243 0.239 0.228 0.223
0.02/0.002| 0.18 0.167 0.173 0.172 0.169
(a KCl
Lap
(CJICL) M

30°C | 40C | 50C | 60C | 70°C
1.0/0.1 0.437| 0431 0420 0411 0442
0.5/0.05 0.403] 0.39% 0.389 0.387 0.383
0.2/0.02 0.328] 0.328 0.328 0.329 0.380
0.1/0.0: | 0.26€ | 0.26¢ | 0.26¢ | 0.27( | 0.25¢
0.05/0.00! | 0.23< | 0.22¢ | 0.22<¢ | 0.22¢ | 0.22¢
0.02/0.002| 0.17§ 0.170 0.175 0.1y2 0.372

() NH,CI

Lapy
(GICOM =5 Ta5¢ | 50C | 60C | 70C

1.0/0.1 0.418| 0.412 0.406 0.405 0.3p9
0.5/0.05 0.386] 0.384 0.381 0.376 0.3[77
0.2/0.0. | 0.31< | 0.31¢ | 0.31< | 0.31¢ | 0.311
0.1/0.01 0.271] 0.266 0.268 0.266 0.263
0.05/0.005| 0.211] 0.212 0.211 0.215 0.219
0.02/0.002| 0.155 0.15% 0.152 0.1%5 0.150
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In Figures 2a, 2b, and 2¢,AEmr| versus G for low external concentrations at different temaperes has been
drawn. The value of intercept is equal topjllh ¢ (Equation 2), from whicly may be evaluated at each given
temperature:

1 o-1 1 C
|AEmr| :(_) lna—( ) (1+—_20') (_2) (2)
B apo B X
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(c) NH,CI
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Figure 2 En vs C; in contact with different electrolytes (at low concentrations)

Figures 3a, 3b, and 3c show._Jjfas a function of 1/Cat high values of the salt concentration. Fromitkercept of
these straight lines (Equation 3), the value af each temperature was determined.

1 1 {(1+,8—20',8)(a—1)a}(x) .
= . A
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(b) KCI
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Figure 3 1/t..pp VS 1/C; in contact with different electrolytes (at high concentrations)

By means of equation (4) the values of mobilityaatf ions in the membrane phaséw were calculated.

a=— @)
u, +u.

Onceo andp values are known, the fixed charge in the membeaah@wv concentrations gand high concentrations
X. can be obtained from the slopes of the straigleslirepresented in Figures 2a, 2b, 2c, 3a, 3b3anthe values
of a, B, (u/uw.), X¢, and X% are shown in Tables 2, 3, and 4
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Table2 Valuesof a, B, X4, and X for NaCl electrolyte at different temperatures

0| «a B [ (uu) | Xe(eq. P [ Xe(eq. 1
30 | 0527] 1.421 1.114 0.087 0.022
40 | 0.534] 1.301 1.144 0.088 0.023
50 | 0.536] 1.347 1,154 0.090 0.024
60 | 0.53¢ | 1.37( | 1.16f | 0.09¢ 0.02¢
70 | 0.540] 1.364 1.174 0.095 0.026

Table 3 Valuesof a, B, X4 and X, for KCl electrolyte at different temperatures

(°C) o B (udu) | Xa(eq. 1) | Xc(eq. M
30 0.580| 1.382 1.381 0.073 0.025
40 0.581| 1.356 1.387 0.075 0.023
50 0.584| 1.396 1.404 0.079 0.021
60 0.590| 1.375 1.439 0.081 0.020
70 0.594| 1.375 1.463 0.083 0.019

Table4 Valuesof a, B, Xq, and X, for NH,Cl electrolyte at different temperatures

)] «a B| (u/u) | Xa(eq.?) | Xc(eg. )
30 | 058 [ 1.30¢ | 1.40¢ | 007F 0.027
40 | 0.588] 1.304 1.427 0.077 0.025
50 | 0.593| 1.292 1.457 0.081 0.022
60 | 0.597| 1.297 1.481 0.084 0.021
70 | 0.605] 1.264 1.532 0.087 0.018

From Tables 2, 3, and 4, we note that the valuéseomobility ratio of the ions in the membrane gau/u.), are
increased with temperature, it will be seen thatthe present study the following order exists: ;8H> KCI >
NacCl. In case of NaCl, mobility ratio values argvland the differences among them are also low. dkder may
apparently lead to the conclusion that the ion Ez&ie controlling factor; the larger ion diffusesthe membrane
phase more slowly than the smaller one and thelolamobility.

The plots of In X% of various electrolytes against 1/T are shown igufe 4 from which values of energy of
activation E are obtained and are given in Table 5
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Figure4 Plotsof In X against 1/T of variouselectrolytes at different temperatures

The activation thermodynamics parameters, enthafimgtivationAH*, entropy of activatiodS' and free energy of
activationAG* have been estimated using the alternative formrdiehius equation given below
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oy = 1 KBT+as°? AH®* .
TR T T (3)

Whereh is Planck’s constant anfi; is Blotzmann constant. The plots oflinXb vs 1/T of various electrolytes at
different temperatures for silver thiosulphate meameextracts gave straight lines as shown in Figureh4. values

of AH®F and A5 were calculated from the slopes and intercepspeetively and are listed in Table 5. Where its
found that the activation energy is equal to epalf activation £, HﬂH”':)_ The data of present study indicate

that electrolyte permeation gives rise negativeje/alof&.‘:"”:: for all the electrolytes used. The negative vailfie

ot
AS5™ indicates electrolyte diffusion with partial imnility increases in a relative manner with increasealence
and hydrated ionic size of the permeating species.

Table 5 Experimental activation energy and other thermodynamic parametersfor various electrolytes

Electrolytes Ea AR AS' AG
kJ mol* | kI mol* | JK*mol* | kJ mol*
NacCl 1.99 1.99 -259 79
KCI 2.89 2.89 -257 80
NH,CI 3.31 3.32 -255 79
CONCLUSION

The membrane potentials across parchment suppsihted thiosulfate membrane have been measuredoamd to
increase with temperature. The mobility ratio af thns in the membrane phase are also increaskdemiperature
with the following order: NHCI > KCI > NaCl. This order may apparently leadhe conclusion that the ion size is
the controlling factor. The thermodynamics paramseteH*, AS* andAG*, have been estimated using the alternative
form of Arrhenius equation. The negative value\sf indicate electrolyte permeation with partial immiizzition in

the membrane, the partial immobility increases imelative manner with increase in the valence & itns
constituting the electrolyte.
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