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Stability and Electrokinetic Potential of Aluminium
Arsenate Sol

‘B. N. Ghosh and 8. Bandyopadhyay

Aluminium arsennte fol hos heen prepared with & view to ascertaining whether nny relatlonship exists
between the stability and clectrokinetic potential of the colluid. A eorrection for surface conductance éfect,
sppreciable for £low rate of congulation, has been applied by using an expression:
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The trjte zetn.potentinl for the rapid rate of congulation in 11.5 mv and that for the slow rate is 17.6 mv,
determined eleciro-osmotically.

From clectiophoresis the true zetapotential comes out to bo 18.1 mv,

A given rate of coagulation of the aol is charactericed by a definite value of true zeta-potential, indepen-
dent of the valency of the ecounter-ions used.

Theoretical and experimental work, carried out during the last twenty five years,
have led to the conclusion that from electrokinetic measurements the true zeta-potential
of eolloidal particles can be found only when corrections due to surface conductance %4
and relaxation eflects®? are properly introduced into the Helmholtz-Smoluchowski
equation™?. All previous experimental data on electrokinetic potential of colloidal parti-
cles, in which such correction has not been made, are therefore of doubtful validity, especi-
ally if th2 concentration of the added electrolyte to the colloid is very low.

Assuming that in presence of equicoagulating concentrations of electrolytes, the
specific surface conductance of the colloidal particles remains constant, Ghorh et al®. have
derived the following equation for the evaluation of true zeta-potential from electro-
osmotic measurements;
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where [s represents the electrokingtic potential calculated by using the Smolu-
chowski equation; {, the true electrokinetic potential; S, the bulk specific conductance
of the electrolyte filling the pores of the diaphragm and m =3V, %/({V,R
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V., and ¥, are the volumes of the coagula and the aolution respectively contained
in the diaphragm; R, the radius of the particles and %, the specific surfar
conduotance.

For electrophoresis they have used?® a similar expression:
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(where i’ = %/ R) which can be derived directly from equation of Booth™ or of Henry™,

Tn the present communication the results of our experiments on aluminium arsenato
gol have been recorded.

EXPERIMENTAL

Preparation of the Sol.—To a normal splution of disodium hydrogen arsenate, taken
in a large beaker, a snitable excess of normal aluminium chloride solution was added in s
thin stream with conatant stirring and the sol was allowed to stand for half an hour. It
was then transferred to cellophane bags, dialysed against distilled water for 15 days, and
stored in a Jena flask for another two weeks. The positively charged milky white sol with
g pH 3.6 had a specific conductance at 25°=2.46 X 10™ mho. em™" and a concentration
of 0.264 g./100 ml.

Egquicongulating Concentration of Electrolytes,—Chloride, sulphate, and citrate of
potassium and mixtures of KC1-K,SO, and KCI-K-citrate were used as electrolytes. Time
allowed for coagulation was 15 mins. for rapid rate and 18 hours for slow rate, followed
by centrifuging for 2 minutes at a constant speed in each case. The minimum eoncentra-
tion of an electrolyte, which just produced a clear supernatant solution by the above pro-
cedure, when mixed with an equal volume of 80l, was taken as the equicoagulating concen-
tration.

Electro-osmotic Ezperimen! at 25°—The sol (300ml) was mixed with an equsl
volume of an electrolyte of requisite concentration. After the prescribed time the mix-
ture was centrifuged. The coagula scparating were transferred to a U-shaped tube
and by centrifuging a compact diaphragm was obtained, the volume of which was kept
the same in each experiment. The velocity of electro-osmotic low of water was measured
by the moving-bubble method of Mukherjee et al'®.

Electrophoretic Ezperiment at 25°,—A modified form of Burton’s U-tubeapparatus
was used. Two reversible Ag/AgCl electrodes were used when the supernatant solution
contained Cl ions and platinised platinum electrodes were used when K.-citrate was selected
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g8 a coagulant. Equal volumes (40 ml) of the sol and the electrolyte solution of requisite
concentration were mixed and after half an hour the mixture was centrifuged at a slow
speed to separate the big particles. The supernatent mixture was used in filling tha lower
pert of the U-tube. The upper part of the apparatus was filled with a clear supernatant
solution, obiained by centrifuging the equicoagulating mixture of the sol and electrolyte
after it had been allowed to stand for 24 hours. The distance moved by the eolloid-super-
natent liquid houndary under a given current in a given time was measured.

The p¥ and specific conductance of the supernatant eolution in each case were also
mearured. The pH was found to remain practically the same, viz., 4.0,
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FIG. 1

DIBCUSSION

It may be noticed from Fig. (1 curves I and 11) that there is a linear relationship
between I;{, and 1:8. From the interceptand slope of thestraight line, the values for { and
m have been found. The true zeta-potential comes out to be 11.5 mv for the rapid and
17.6 mv for the slow rates of coagulation. The variation of £, found by using electrolytes
contnining counter-ions of dificrent valency, is quite smell, e.g. 8.20 mv to 11.50 mv for
rapid congulation. The correction for the surface conductance offect is thus amall for rapid
coagulation. 1t is, however, quite marked for the slow rate of coagulation where {4, deter-
mined by eclectro-osmotic method, varies from 10.90 my to 17.30 mv.

For the slow coagulation, the surface-conductance cHout is slightly lesspronounced
in the electrophoretic method than that in the electro-osmotic mothod. In this region a
js found to vary from 12.4 to 17.9 mv. For slow coagulation also, & linear relationship bet-
ween 1/0, and 1/§ has been found. The value of true zeta-potential, found from the
interception 1/{, -axis is 18,1 mv, (vide Fig 1, curve 11I).
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It may be pointed out that the electrophoretic as well as the eleztro-osmotic methogd
leads to the same value, namely 17.9 mv (average of 17.6 and 18.1 mv) of true elestrokine-
tic potential in the region of slow coagulation. Thus a given rate of coagulation is charac.
terised by a definite value of true zete-potential.

From theresults we may conclude that a critical zone of zeta-potentials exists for any
observable coagulation to occur by the addition of electrolytes toaluminium arsenate sol,
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