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ABSTRACT

A coarse hydrogen mica sol. has been prepared and its electric charge has been found to be
negative. The concentrations of electrolytes containing counter ions of different valency which
coagulate the sol. at a given rate have been determined. The values of apparent electrokinetic
potential {; of the sol. in the presence of thesg equicoagulating concentrations of the electro-
Iytes have been determined by the electro-osmotic and the microcataphoretic methods. From
these apparent values of {; the true zeta ({) potential has been found by applying surface con-
ductance correction according to the equations of Ghosh and of Henry and Booth. The
results lead to the conclusion that a given rate of coagulation of the sol. is characterized by a
definite value of the true { potential independent of the valency of the counter ions used.

From early days, attempts have been made to correlate the stability of colloids
with the electrical charge of their particles or the potential of the double layer sur-
rounding them. Thus according to Hardy (1900a, b), a colloid coagulates when
it is isoelectric with the dispersion medium. Powis (1915) and Ellis (1912) consider
the lowering of the electrokinetic potential below a certain critical value to be
essential for the agglomeration of the colloidal particles. There are, however, some
inherent difficulties in the measurement of electrokinetic or zeta potential and these
have been discussed in detail by Verwey and Overbeek (1948). Bikerman (1940) and
Rutgers (1940) have pointed out that the Helmholtz-Smoluchowski equation does
not enable us to calculate the true value of zeta potential owing to the existence
of surface conductance. The evaluation of true zeta potential of the colloidal
particles from the electrophoretic or electro-osmotic measurements has been re-
ported by Ghosh (1953, 1954, 1955a, b) and Ghosh and co-workers (1954, 1953, 1954,
1955). They have shown that the true { can be found from the equation

1 1 1
L=t

where {, = apparent electrokinetic potential calculated from Smoluchowski equatiofm,
8 = specific conductivity of the intermicellar solution in bulk. For electro-osmosis

3V (x )
"= (V—z) (rf
where X is the specific surface conductance of a colloidal particle, r its radius and
-‘é is the ratio of the volume of the solid particles to that of the liquid in the
2

diaphragm. For electrophoresis likewise m = :(—; . Recently Ghosh and co-workers

(1)

by using the above equation have determined the true { potential of several
sols. in the presence of equicoagulating concentrations of various electrolytes.
They have arrived at the conclusion that a given rate of coagulation of a
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colloid is characterized by a definite value of its true  potential, independent
of the valency of the counter ions used. It may be pointed out here that according
to Powis the I potential must fall below a critical value before coagulation can
start while Ghosh and co-workers conclude that there is & narrow zone of
zeta potential where the rate of coagulation increases rapidly with the decreasing
values of . In this paper the method of evaluation of true { potential has been
extended to the hydrogen mica sol.

Preparation of the sol. :

Sheets of muscovite mica, procured from the market, are first washed with
distilled water, dried in air and then cut into small pieces. These are then ground
to a fine powder in an agate mortar. The powder is sieved through a 200 mesh
sieve to eliminate the coarser particles. 10 g. of the above material is shaken with
500 c.c. distilled water in a large stoppered bottle in a mechanical shaker for about
two hours. This is then allowed to stand for about 8 hours. After this period
the top 10 cm. of the supernatant suspension is siphoned off. This process is re-
peated several times to obtain a suspension of particle size of about 0-2x and lower.
This suspension is next treated with an approximately N/20 hydrochloric acid to
obtain hydrogen mica. The hydrogen mica thus obtained is washed with distilled
water by decantation. This is then treated with hydrogen peroxide and warmed
on water bath so that any organic matter present may be removed. Finally the
hydrogen mica is subjected to prolonged electrodialysis till the current becomes
feeble and the pH of the supernatant suspension attains a constant value
4-7. Several lots of pure hydrogen mica prepared in this way are mixed together
and stored in a three-litre jena bottle. After allowing it to age for 2 weeks, during
which it has been shaken frequently, it is used for our experiments,

Determination of equicoagulating concentration :

In these experiments an electrolyte solution (2 c.c.) is mixed with 2 c.c. of
colloid. The mixture is allowed to stand for 20 hours and then centrifuged exactly
for 2 minutes under a regulated speed. The supernatant liquid is examined for
transparency or opacity. The equicoagulating concentration is such that the super-
natant liquid becomes just transparent after centrifugation.

Measurement of L, by the electro-osmotic method :

The apparent zeta potential ({,) of hydrogen mica sol. at the equicoagulating
concentrations of the different electrolytes have been measured both by the electro-
osmotic and the electrophoretic methods.

Electro-osmotic method :

The coagula with each electrolyte are prepared by mixing 250 c.c. of the sol.
with 250 c.c. of an electrolyte solution. The final concentration of the electrolyte
in the mixture represents its equicoagulating concentration. The mixture is allowed
to stand for 20 hours. After that period the coagula are separated from the super-
natant liquid by centrifuging and taken up with a small amount of the supernatant
liquid and thoroughly mixed up. It is then transferred to a U tube and centri-
fuged for a suitable period at a definite speed, so that the volume of the diaphragm
was the same in each measurement. The U tube with the coagula as diaphragm
is connected with the other parts of the electro-osmotic apparatus which is similar
to that used by Mukherjee and co-workers (1927). The electro-osmotic experiments
have been carried out at 35°C. The value of D used is 74 and has been calculated
from the empirical equation

D = 80—0-4 (t—20°).
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The electrokinetic potential recorded in Table I represents the average values ob-
tained in duplicate experiments and their reproducibility is within +3 per cent.

Measurement of L, by the electrophoretic method :

The values of {, have also been measured by the microcataphoretic method.
We have used Abramson type of cell. In a microcataphoretic method, when the
motion of the individual particles has to be followed, it is essential that the colloid-
electrolyte mixture should be suitably diluted. For this purpose, 20 c.c. of the sol.
and 20 c.c. of an electrolyte solution, the final concentration of which represents
the equicoagulating concentration, are mixed together and allowed to stand for half
an hour. It is then centrifuged and 10 c.c. of this clear supernatant liquid is used
for diluting 10 c.c. of another lot of colloid-electrolyte mixture of the same electrolyte
concentration.

The diluted colloid-electrolyte mixture is introduced into the flat rectangular
middle chamber through the funnel by opening the stop-cocks. When the middle
chamber is filled up, the stop-cocks are turned so as to connect the chamber with
the electrode vessels which have already been half filled with a dilute agar-agar gel
containing the supernatant liquid separated from the colloid-electrolyte mixture.
The remaining portion of each of the electrode vessels is filled with a dilute CuSO,
solution in contact with a copper electrode. The agar-agar gel prevents the diffusion
of copper sulphate solution into the cell. Abramson, Moyer and Gorin (1942) have
reported that slight changes at the electrodes may cause considerable variation in
voltage. The current is therefore maintained constant during the measurement
by including an adjustable resistance in the circuit in series. A combined milli
and micro ammeter, made by the Cambridge Instrument Company, has been used
throughout the measurements. The measurement of the movement of the par-
ticles has been made by placing the microcataphoretic cell under a powerful micro-
scope provided with a micrometer eye-piece scale and always at 0-211 depth of
the microcataphoretic cell. It has been shown by previous workers that in a wide
flat cell of thickness greater than 0-5 millimetre, the levels at which the streaming
of the liquid due to electro-osmosis is zero, are 0-211d and 0-789d, where d =
total depth, The velocity of the particles at these levels is, therefore, their true
electrophoretic velocity.

Electro-osmotic data for slow coagulation of hydrogen mica sol.

TaBLE I
Time = 20 hours Temp. = 35°C.
3V, x
= 35 m.v. —221X _ 4.67x10-6
{=35m.v m Vol 4.6
: . Sp. conductivity of Values of {; (m.v.)
Lot Equlcoagul:t(,)mg supernatant solution calculated from
Electrolyte concen ; lon at 35°C. Smoluchowski’s equa-
in (N) S 106 tion (Experimental)
NaCl 2:25x 10-3 N 34-04 22.9
NaCl 30 X 10-4 N
& & 845 12-3
BaClg 136X 10-4 N
BaClg 178X 10-4¢ N 4-75 80
AlCl, (containing
Hél() 1-30X 10-4 N 3.91 64
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Electrophoretic data for slow coagulation of hydrogen mica sol.

Taswe IT
Time = 20 hours m = 7’—% = 3:26 X 10~7
{ =35 m.v. Temp. == 27°C.
. . Sp. conductivity Values of {z (m.v.)
Electrolyte E&lﬁg:ﬁ%’; htiif)l::g of supernatant calculated from
in (V) solution Smoluchowski’s equa-
8Sx 108 tion (Experimental)

NacCl 2-25 10-3 N 29-43 36-4
NaCl 30 X10-¢ N

& & 6-868 32:4
BaCl, 1-36X 10-4 N
BaCl, 1-78X 10-4 N 3-853 . 25-2
AICl4 (containing HCI) 1-3 X10-4 N 3-476 21-9
NaCt 3:0 X10-¢ N

& (i) & 6-337 27-4
AICI, 85 X 10-5 N
NaCl 1-87%X 10-4¢ N

& (ii) & 5-192 27.2
AlCl, 1-00X 10-¢ N

Discussiox

The experimental values of {,, at the equicoagulating concentrations, deter-
mined by the electro-osmotic and the electrophoretic methods have been recorded
in Tables I and II. A straight line is obtained when the values of 1/{, obtained
from electro-osmotic experiments are plotted against the corresponding values
of 1/S. Similarly for electrophoresis a pﬁ)t of 1/, against 1/8 also yields a straight
line. Although the electrophoretic and electro-osmotic lines have different slopes
yet they meet the 1/{, axis at the same point. This linear relationship indicates
that the theory underlying the derivation of equation (1) is very probably sound.
It also leads to the conclusion that although the values of {, are different for
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different electrolytes at their equicoagulating concentrations, yet the true value
of { is the same for all of them. This conclusion is also confirmed by data on
electrophoretic measurements. Furthermore, it is evident from Fig. 1 and the
data in Tables I and II that, for a given electrolyte at a given concentration,
the values of {, found by electrophoretic method is greater than that found by
the electro-osmotic method. Therefore, the surface conductivity correction which
is to be applied to £, found by the electrophoretic method to obtain true { is much
less than what is to be applied to {, found by the electro-osmotic method. From
Fig. 1 the value of true { is found to be 35 m.v. and the values of m for the
electro-osmotic and the electrophoretic lines are 4-67% 1076 and 3-26 %1077 res-
pectively. We may conclude from our experimental results that a given rate of
coagulation of the hydrogen mica sol. is characterized by a definite value of true
{ potential independent of the valency of the counter ions used.
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