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Studies on the Electrophoretic Velocity of Colloidal Particles
by the Moving Boundary Method. Part IV. Critical Study of the
Influence of Dialysis on the Electrophoretic Velocity of
Fe(OH); Sol and the Peak Point of the {-C Curve in
the Aspect of Charge Density and Ionic Strength

Arvind Kumar aud Abani K. Bhattacharya

During the determination of electrophoretic velocity of Fe(()H), sol st different stages of dialysl, o
gradual increase is at first observed up to a cortain atage of dialysis, fullowed by a decrease after attainment
of the peak point. The specific cunductaneo of the sol, proportional to the concentration of the residual elec-
trolyto ut differunt stages of dialysis, whon plotted sgainst the olecktophoretic velocity, which is proportional
to the zeta-potential, provides o characteristic peak point. This observation haa been explained by deriving
o rclation connecting the electruophoretic velocity, U, the ionic strength, $Xc2?, and the charge on the
collvidal particles. The eoncentration of the electrolyte in the colloidal system st the peak point has been
suggestod as correspomling to the critical stability concentration ‘e’ of the, sol, reported earlier in
Bhattacharya’s equation5.

Kruyt’, Freundlich and Rona2. and Elisafoff? studied the effect of adding increasing
amounts of different electrolytes on the stroaming potentials of glass capillaries and
Powis* moisured the electrophoretic volocity of oil-water emulsion particles in aqueous
solutions. It was observed by them that {-potontial at first increased to a maximam
and then decreased on further addition of the electrolyte. Freundlich and Ronaz and
Elisafoff3 further observed that the nature and valency of cations, such as heavy metals
and basic dyes, showed a more remarkable effect on the increase of {-potential as the con-
centration of the added electrolyte was increased. They explained such observations on
the basis of selective adsorption of the cations and anions. Since electrophoretic velocity,
U, is directly proportional to the {-potential according to the equation:

U = Belliny

our studies have beon based on U-sp. conductance curves, which are analogous to the
t-C curves, studied by the foregoing authors.

1. Kolloid Z, 1018, 22, 81.

2. Sitzungsber. Preuss. Akad. Wiss., 1020, 20, 307.
3. Z. physikal. Chem., 1912, 79, 385.

4. Ibid., 1915, B9, 91.

6. Kumar e al., J. Colloid Sci., 1955, 10, 561.
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Our rcsults on the variation of the electrophoretic velocity of Fe(OH), solat different
stages of dialysis under constant current conditions are reported herein. The technique
employed was the moving boundary method, using the oquiconducting solutions of
lithiurn chloride as the supernatant liquid for obtaining greater sharpness in the descond-
ing boundary, as communicatod earlior®.

On certain assumptions it has been possible to explain our vbservations by deriving
tho relation:

v = Fo | 1600DRT
n \| 16re?N?*§Zcz"

where U = electrophoretic velocity, o = charge demsity, e = clectronic charge, E = the
field strongth, = the viscosity of the medium, N =the Avogadro numbor, D = dicleo-
tric constant, and }Zcz® is the ionic strength.

The value of ‘a’at the penk point has been detormined hoth graphically and poten-
tiometrically, but it has been found to be a very small quantity.

EXPERIMENTAL

Tho electrophoretie velocity was determined under a constant current by the
procedure desecribed earlier?,

Coagulation of the sol was studied by two methods: (¢) photoclectric nnd (i3)
electrophoretic. In the former, the variation of light oxtinction with time, produced by a
certain quantity of the electrolyte, was measured in a Gallomkamyp photoelectric colori-
meter. The time of coagulation at the samestage of aggregation of particles was dotormined
by plotting ®-¢ curves for different concentrations of tho olectrolyte added, as communi-
cated oarlier®. In the electrophorotic method, the movement of the boundary in
Burton’s U-tube ceased after a certain period hy adding variable quantities of electrolyte
to the sol. The timeinterval for the zero velocity wasnoted. Equiconducting solution of
lithinm chloride was takon as the supornatant liquid.

The sol was gradually freed of excess of the electrolyte by dialysis till thé peak point
in {-C curves was obtained. At this stage of dialysis, the concentration of chloride jons
(counter ions) was determined potentiometrically with the help of a concentration cell of
Ag[AgCl electrode®. Bhattacharya’s equation’®, connecting the electrolyte concentration
and time of coagulation, was also verified although ‘e’ was so smalla quantity.

6. Bhatnagar and Bhattacharya, this Jouraal, 1959, 36, 23.
7. Idem, Kolloid Z., 1960, 170, 29.

8. J. Colloid Sci., 1056, 11, 124.

9. Mukherjee e al., this Journal, 1031, 7, 33.
10. Kumar et al., this Journal, 1062, 39, 361.
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*TABLE 1

Cataphoretic volocity and sp. conductance al diff. stagea of dialysia.
Supernatant liquid = equiconducting LiCl son. Descending buoundary, sharp.

Dialysed for. Sp. eonduc. (mhos). Velocity of deacending CI~ cone. at
boundary {emjsecjunit peak (m M [litre).
pot.grad).

7 days 1.565 104 41%10-3

) 0.87" 52

10 0.72 55

11 0.66 83 6.8
12 0.h9 b4
13. 0.55 &0

16 0.50 45

* Vido Fig. 1.

TABLE 1I
Coagulution of the sol with KCl (by photoeleciric colorimeter).
¢ = 0.8 mM/litre.

Cono. of the 1/0, Time of 1je. (1/C}—2. Conc.of the 1/C. Time of . (1)6)—a.
electrolyte 0 coagula- electrolyte C cosgula-
(mM/litre). tion (I). (m M [litre). tion ().

A. Bol dialysed for 7 days. p=45. (Fig 2, curve i), B. Bol dialysed for 9 days. Pp—=45. (Fig 2, curve ii).

280 0.0035 10 min. 0.100 0.0038 300 0.0(33 9.0 min. 0.111 0.0033
280 0.0038 15 0.066 0.0039 280 0.0035 17.6 0057 0.0038
240 0.0041 24 0.041 0.0042 260 €.0038 210 0037  0.0039
220 0.0045 40 0.026 0.0046 240 0.0041 490 0.022  0.0042
200 0.0050 a2 0.cie 0.0061 220 0.0046 66.5 9013 0.0045
180 0.0055 94 0.010 0.0057

C. Bol dialysed for 10 days. ¢p=40. (Fig. 2, curve iis). D.Sol. dislysed for 11 days. ¢p=38. (Fig. 2, surve iv).

70 0.0142 1.5 0.660 0.015 47.06 0.0210 17.5 0.067 0.0245
85 0.0153 3.6 0.285 0.017 45.0 0.0222 al.o 0.032 0.0281
60 0.0186 9.0 0.111 0.018 42 5 0.0235 415 0.021 0.0280
55 0.0181 14.0 0.071 0.020 40.0 0.0250 85.0 0016  0.0301
30 0.0200 20.0 0.050 0.023

E. Bol dislysed for 12days. =35. (Fig. 2, curve v).

40.0 0.0250 8.50 0.117 0.0302
215 0.0266 12.25 0.081 0.0326
35.0 0.0285 25.00 0.040 0.0355
325 0.0307 33.50 0.020 0.0388
32.0 0.0312 46.00 0.021 0.0430

¢ denotes coagulstion ptage expressed in trensmission,
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TABLE III

Coagulation of the sol with electrolyles (dialysed for 13 days).
a=6-8mM/litre.

“0. 1C. L. 11, (1/C)—a.  *C. 1C. :. 1. (1C)—g,
A, With BaCl,;. p=28. (Fig. 3, curve a). B. With AlCly. = 24. (Fig. Ja, curveb),
375 0.0268 4 5min. 0.222 0.0325 250 0.0040 2.5 min. 0.400 0.004]
35.0 0.0285 7.5 0.133 0.0365 240 0.0041 6.0 0.180  0.0043
325 0.0307 13.0 0.078 0.0388 230 0.0043 11.0 0.000 0.0044
30.0 0.0333 19.0 0.052 0.0430 220 0.0045 16.5 0.060 0.004¢
27.5 00363 265  0.037  0.0183 210 0.0047 210 0.047  0.0049
TABLE 1V
Coagulation of Fo(OH)g a0l with electrulytes (electrophorelic metked).
a=06.24 m.M [litre.
0. 1e. "oy 1. (1C)r—a.  *C. 1jC.  *eL 1. (1/0)—a.
A, With KCI (Fig 4, curve A). B. With BaCl, (Fig. 4, curve B).
00 0.0104 58min. 0.017 0.0112 20.00 0.0500 37.0min. 0.027 0.072
80 0.0125 o4 0.013 0.0136 18.05 0.0538 55.0 0.020 0.080
64 0.0158 73 0.013 0.0174 17.30 0.05677 63.0 0.015 0.(9)
48 0.0208 89 0.011 0.0242 1595 0.0820 75.0 ¢.013 0.103

C. With AIC)y (Fig. 4, ourve C).

20 0.0500 40 0.025 0.072
19 0.0526 G2 0.019 0078
18 0.0555 63 0.015 0.084
17 0.0588 71 0013 0.u92

*C cxpressed in mM{litre.
##%/ denptes time of coagulation for zoro elecirophouretic velucity.

DISCUSSION

It will bosoen. (TableIand Fig. 1) that theo value of U or {-potential gradually increases
to a maximum at different stages of dialysis from A to B and the potential falls from B to C
(Fig.1). The U-sp. conductance curves are similar to the {- C curves of Freundlich and
Rona? and others3. The peak of the curve has been found toappear in the case of manysols
and henceit suggestsa vory significant characteristic of the state of the sol wherc du/dk
(where % stands for the sp. conductance of the sol) or d{/dc becomes equal to zero. Thiscan
therefore be interproted as the state of equilibrium betweon the charge of the sol particles
and the concentration of the counter ions in tho ionic environment required for the stability
of the sol and hence can be assumed to bo connected with critical stability concentration ‘c’
of the electrolyte for the sol ixi Bhattacharya’s equations.

C =a 4 (mx1/t)/(n-Hft) or (1/C)—a = (nt/m)+1jm.
Theoretical support to this equation was offered by Ghosh**,
The electrophoratic velocity, U, according to Helmholtz and Smoluckhowski® is
given by
- U

*11. This Journal, 1058, 35, 67,
12. Buil. Akad. Sci., Gaceview, 1903, 182.
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where ¢ i8 the diclectric constant, {, the zeta-potential, E, the field strongth, and n, the

viscosity of the medium. It isalso known that tho charge density
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according to Debye and Hiickel, d being the thickness of the double layor, and other
symbols having the usual significance (vide supras). Assuming the analogy between the
colloidal particles and charged ions moving in the iovic environmént, we may connect
equations (i) (¢¢) and (iif) to derive the rolation botween tho electrophoretic velocity
U and jonic strength (vide supra).

Qoa

Cl

4+
[ a2
o
M.‘:‘J:ﬂ-‘—‘—.‘ﬂ b
) = T [ F & = (] 13 & ]
Time in min. = TIme sn min, -
FIG. 3. Coagulation with BaCl, and AlCI,, FIG. 3a. Coagulation with KCI, BaCl;, and AlCl,.
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FIG. 4. Coaguiation with KCl by photoclectric method.

If thefield strength £ (under constant current), 5, the visosity of the medium, and «
are‘assumed to remain constant, it directly follows that U is inveraely proportional to the
jonie strength. Undor such conditions, the portion AB of the curvo can be explained till the
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limiting equilibrium between the charge on the colloidal particles and its counter ions in
tho ionic environment of the double layer is reached at the peak of the curve. Further
lowering of concantration of the electrolyte by dialysie may disturb this equilibrium and
lower the charge density. After this stage U dopends ob o, magnitude of which is in the
decreasing order. Hence U or { gradually falls after the peak point and the ol tends to
become less stable. If these assumptions are admissible, the concentration at the peak
point may be visualised to correspond to the critical stability concentratior ‘@’ of
Bhattacharya’s oquation, where (1/C)—a is linear with ¢, but when the value of ‘a’
becomes very small due to continued dialysis, ‘a’ can beneglected, when 1/C vs. ¢ should
be linear. This has been nctually observed. Further work is in progress.
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