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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)3 Sol and the Peak Point of the t-C Curve in 

the Aspect of Charge Density and Ionic Strength 

Arvind Kumar aud Abani K. Bhattacharya 

During lllo •letermination of electrophoretic velocity of Fe(OH).s 80lo.t dill'crent stages of di.alyllll!, o. 
gr•'«luo.l incri'II.SI' iK at first ulmervoo UJ> t.o a certain atagc ofdialj'Ris, followed by a decreo.1111 a.fter o.Lt.o.inment 
of tl1e {ll'o.k ]Joint. The M]J('Cific cunducto.ncc of tho &ul, proportional to the concentration of the residual elec­
trolyt.o u.t dilJcrunt stages nf diu.ly11is, whon plotted ago.inRt the o]ectrophoretic velocity, which .is proportional 
to the zeta-potential, provides a. characLeriHtic peak point. This obaervaLion has been ezplained by deriviDg 
o. relation connecting the cledruphoretic velocity, U, the ionic strength, iEe:t', and the charge on tho 
colloida.l pa.rticles. The conoentro.tion of the electrolyte in the colloidal system a.t the peak point has been 
auggestod as corrt'>~pnoding to the critic&l stability conccntr&tiuD •a' of the, 1101, reported earlier iD 
Bhatto.cb.a.rya'a cq11Bt.ions. 

Kruyt1 , Frcundl irh and R'>nam. and Elisafofi9 studiod tho effect of adding increasing 
amounts of different electrolytes on the stro!l.ming potentials of glass capillaries and 
P-..~wis' mouurc1l the electrophoretic velocity of oil-water emulsion particles in aqueous 
solutions. It was observed by them tha.t C-potontial at first increased to a maximum 
and then decreased on further addition of the electrolyte. Fre1mdlich a:nd Rona'" and 
Elis!:l.foff3 further observ-ed that the nature a.ml 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 explamed such observations on 
the basis of selective adsorption of the cations and anions. Since electrophoretic velor.ity, 
U, is directly proportional to the C-potontial according to the equation: 

our studies have been based on U-sp. conductance curves, which are ano.logous to the 
C-0 curves, studied by tho foregoing authors. 

I. KoUoitl z. 1018. 22. 81. 
2. 8iln11,1Jtlbe.r. PreU88. A.i:all. Wia11., 1020, 20, 307. 
3. Z. plL!Iaibd. C~m.., 1912, 79, 385. 
4:. Ibid., 1915, 89, 91. 
6. Ku.r:aard al., J. CoUoid 8~ •• 1955, 10, 561. 
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Our results on tho variation of tho electrophoretic velO'City ofFo(OH)
3 

snla.t diftorent 
stages of dialysis lmdcr constant current conditions a..re reported herein. The technique 
employed wo.s the moving boundary method, using the equicondueting solutions of 
lithium chloride a.s the supcrno.tant liquicl for obtaining grcator sharpness in tho descond­
ing boWldo.ry, as communicated earlier&. 

On corta.in assumptions iL has been possihlo to explain our observo.tions by deriving 
tho relation: 

where U = oloctruphorotic velority, a= rhargo rlNlRit.y, e = clcrtronic charge, E = t.he 
fieldstrongth, "J = theviscoility of Lhc mt•dium, N =the Avugndro numbor, D::::::; dielec­
tric constant, and l.l'rz" is the ionic strmgth. 

The value of 'a' nt the ponk point hns boon d.otcrminrrl both graphically and poton­
tiometrica.lly, but it has bocn fowHl to be a n:ry Rmall qunnlity. 

l!:Xl'Ell.ll\IENTAJ, 

Tho electrophoretic velocity was dote.rmined under a constant current by the 
procedure described earlicr7• 

Coagulation of tho sol was studied by two methodR: (i) photoclertric nnd (ii) 
electrophoretic. In the former, the variation of light oxtinction with time, 11rodurcd by a 
certain quantity of the electrolyte, w·as mcasurcil in a Gallomkamp photoelectric colori­
meter. The time of coagulation at the same stage of aggroga tion of pn.rticlcs was <lctormined 
by plotting fP-t curves for different concentrations of tho olectrolyto o.ddc<l, as communi· 
cated. oa.rlier8 • In the electrophoretic method, tho movement of tho boundary in 
Burton's U -tube ceased after a certain period by aclding variable quantities of electrolyte 
to the sol. The time interval for the zero velocity wasnut~d. Equieonducting solution of 
lithium chloride was takon as the supornatant liquid. 

The sol was graduaJiy freed of excess of the electrolyte by dialysis till the! poak point 
in ,_0 curves was obtained. At this stage of dialysis, tho concentration of c.hlorido ions 
(counter ions) was dctcrmin.od potentiometrically with the help of a concentration coli of 
Ag/AgCI electrodo9 • Bhattacharya's equation'0

, connecting the electrolyte concontratiou 
and time of coagulation, was also verified although 'a' was so small a quantity. 

0. Bbal.n.aga.r and :Bhattacharya, thiJI Journal, 1959, 36, 23. 
7. lclUTI, Kolloid z .• 19110, 170. 29. 
B. J. Colloid 8oj., 19511, 11, 124. 
9. l!ukherjee et al., thia Journal, 1931, 7, 33. 

10. Kumar d al., thia Jwmal, 1062, 39, 361. 
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•TARLE I 

Cataphoretic volocity and sp. conductance at diff. atagea of clialy1ia. 
Supcmatnnt liquid = oquiconducting LiCl son. DescEJDding 'buoundary, sharp. 

Dia.lyscd for. Sp. cond.uc. (mhos). 

7 da.ys I. 56 X lo-t 

9 0.117 • 
10 0.'72 

II 0.65 

12 o.r>D 
13· O.lili 

16 0.50 

Velocity of dlli!Cilnding 
bouncla.ry (cm/BCC/unit 
pot. grad). 

41Xlo-!l 

52 

55 

63 

fi.4 

50 

45 

Cr cone. a.t 
peak (mlfJlitre). 

6.8 

• Vido Jo'ig. I. 

TABLE II 

CrH'!]Itlatimt of the sol with KCI (by photoelectric colorimeter). 

a = 6.8 mM/litre. 

Cono. of tho lfO. 
electrolyte a 
(m.Jijlitrc). 

Time of lj&. (1/0)-'-'. Cone. of the lfO. 
electrolyte 0 
(mMJlitre). 

Timl'of 
coagnla· 
tion (1). 

1/1. ( 1/0)-1.1. 
coagula· 
tion (1). 

A. Sol dialysed for 7 do.ye. tJ>=45. (Fig 2, cnrve i). B. Sol dia.Jysed for 9 tla.ys. IP=45. (~ 2, ourve ii). 

280 0.0035 IOmin. 0.100 0.0036 300 0.(M:33 9.0mio. 0.111 0.0033 

260 0.0038 15 0.066 0.0039 280 0.0035 17.5 0.(5'7 0.0036 

240 0.0041 24 0.04:1 0.0042 200 C.0038 27.0 0Jl37 0.1)()39 

220 0.00-i.'; 40 0.025 0.0048 240 o.oon 44.0 0.022 O.OM2 

200 0.1)(11)() 62 O.CIO 0.0061 220 0.(1(1.(5 66.5 Q.OIJ 0.11\."45 

180 O.Oil5ii 94 0.010 0.0057 

C. Bol dia.lyed for 10 days. 41=40. (Fig. 2, curve iii). D.Sol. dis lysed fur 11 da.ys. 41=38. (Fig. 2, ourve i11). 

70 0.0142 1.5 0.666 0.015 47.0 0.0210 17.5 0.057 O.OU5 

61i 0.0153 3.6 0.285 0.017 45.0 0.0222 31.0 0.032 0.1)')....61 

60 0.0166 9.0 0.111 0.018 42.6 0.023U 47.5 0.021 0.0280 

65 0.0181 14.0 0.071 0.020 40.0 0.0260 65.0 O.Olli 0.0301 

50 0.0200 20.0 0.050 0.023 

E. Bol dia.lyeed for 12d'l)'ll. <1>=;15. (Fig. 2, curve 11). 

40.0 0.0250 8.50 0.117 0.0302 

3'7.5 0.0266 12.25 0.081 0.0325 

33.0 0.0285 25.00 0.040 0.0355 

32.0 0.0307 33.50 0.029 0.0388 

32.0 0.0312 46.00 0.021 0.0430 

41 denotes ooa.gul.a.tion &tage expressed :ill tranemillllion. 
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TABLE III 

Coagulation of the sol with electrolylu (dialysed for l:J days). 
a =6-BmM /litre. 

•0. IJO. £. ljt. (lfO)-g, •0. IJO. 
A. With Do•CI2• tl>=28. (Fig. 3, ourvo a.). ll. With AIC11 • 

,_ 1ft. (1/0)-. 
t1>= 24. (Fig. 3a, cune b). 

37.5 0.0266 4.5 min. 0.222 0.0325 250 0.0040 2.6 min. 0.400 0.004,1 
35.0 0.0285 7.6 0.133 0.036li 240 0.0041 6.0 0.160 o.oou 
32.5 0.0307 13.0 0.076 0.(1')88 230 0.00~ 11.0 0.000 0.00t4, 
30.0 0.0333 19.0 O.Oli2 o.ot30 220 O.OOiJ> 16.5 0.000 O.(J(Ke 
27.5 0.0363 26.G 0.037 0.0483 210 0.0047 21.0 0.047 0.004Q 

TADLE IV 

Caa:~uJation ofFo(OHh BfJl with. electrolytes (eledrotJkorelic mef1,c.d). 
a=6.:.?·1- m . .l/ /litre. 

•o. lfO. ••t. 1Jt. (1/0)--a. •c. 110. ••t. Ift. (1/0>-. 
A. With KCI (!!'is -1-, curvo A). ll. WiLh DaClm (l'ig. 4, curve B). 

06 0.0104 58min. 0.017 0.0112 20.00 o.orJOO 37.0min. 0.027 0.072 
80 o.o12u 6-1 0.015 0.0136 IH.Oii o.rr.3o aa.o 0.020 0.080 
6-i 0.0156 73 0.1113 0.0174 17.30 0.0577 63.0 o.ou; 0.1.01 
4S 0.02011 89 0.011 0.0:!4:! I:Lu;:; O.IJ620 75.0 0.013 0.103 

C. With AJCJ3 (J.o'ig. 4, ourvc C). 

20 0.0500 40 O.O:!:i 0.072 
1!1 0.0526 u:! 0,019 0.07H 
18 0.0565 63 0.015 O.Ost 
17 0.0588 74 0.013 0.1192 

•O expressed .in mJI{litrc. 
••t denotes time of oo..gulation for zero electrophoretic velocity. 

DISCt:SSIO~ 

It will bo seen (Tu.ble land Fig .I) thu.t tho va.luo of U ur '·potential gradually inrroaaes 
to a maximum at different stages of dialysis from A tuB and tho potential fallsfrom B to C 
(Fig.l). The U-sp. conductance cun·cs are similar tl1 the C- 0 curves of Freundlich and 
Rona.• and others3 . The peak of the curvo has boon found to appear in the case of many sols 
a.nd henceitsuggostsavory significant characteristic of tho state of tho sol where du/rD: 
(where k stands for the sp. conductance of the sol) or d'fdc becomes equal to zero. This can 
therefore be interpreted as tho state of equilibrium botweon tho eho.rgoo£ the sol particles 
and the concentration of tho counter ions in tho ionic cnvironmentroquircdfor tho stahility 
of the sol and hence can be asBvmed to be eonnactod with critical sta.bility concentration 'o' 
ofthe electrolyte for the sol it, Bhattacharya's equation'. 

0 = a + (m X lft)/(n+Ift) or (1/0)-a = (nl/m)+I/m. 
Theorotica.l support to this equation was offered by Ghosh11 • 

The electrophoretic velocity, U, according to Helmholtz and Smoluck.howski"' is 
given by 

(i) 

'11. This Joaf7l.fll, 10li8, 35, 67. 
12. BuU. Alcatl. /:lei., Clau~. 1903, 18.2. 
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wbero e is tho diolectrio const.a.J\t, t, the zeta-potential, E, the fi.eld strongth, and 11 , t.he 
"Viscosity of the medium. It is also known that tho charge dcn11ity 

where K - 1/rl II 

... 

CIDJ 

etK 
a = 4-n:- (ii) 

I s.,aJ¥tcz• 
/'loooDRT 

D 

,. 
SpecijiG conduclaRM + 

FIG. 1. Desoending bo'IUldary. 

(iii) 

c 

.. u 

TirM i3 min. + 
FIG. 2, Coagula.tiotl with KCJ at dift', stases o£ dialysis., 
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according to Dobye and Hiickel, d being tho thickness of tho double la.yor, and other 
symbols having the usual significance {flitle supra). Assuming the analogy between the 
colloidal particles and charged ions moving in the ionic environment, we ma.y connect 
equations (i) (ii) and (iii) to derive the relation between tho electrophoretic velocity 
U and ionic strength (vide Bl£pra). 

,. 
~ Ul -

.. .. .. .. .. 
Time in min. + 

FIG. 3. Coa.gula.tion with Ba.CI2 a.nd AICI8• 

30 

-

t 

1/' • 

a.u 

G.lll ~ ~~ 

Tlme in min, + 
FIG. 3a. CDB~ulo.tion with KCI, BaCJ., and AI~. 

FIG. 4. Coaguia.tion with KCI by photoolectric method. 

If the field strength E (under constant current), "1• the visosity of the medium, and a 
are 'assumed to remain constant, it directly folio"" s that U is inversely proportional to the 
ionic strength. Undor such conditions, the portion AB of the curve caa be explaiDed till the 



ELECTR.Ol'liORETIC VELO::ITY OF COLLOIDAL PAR.ol'ICLES BY MOVING BOUNDA.Ry 839 

limiting eqnilibrium between the charge on the colloidal particles and itl!l counter ions in 
tha ionic environmon.f. of the double la.yer is rea.ched at. the peak of the curve. Further 
lowering of oonc~ntra.tion of the electrolyt.e by diu. lysis may disturb this equilibrium a.nd 
lo\\er the chn.rgc density. After this stage U dopends on a, magnitude of which is in the 
decreasing order. Hence U or C gradually fallR after the peak point o.nd the B'll tends to 
become lesR stable. If thoso RBsumptions are admissible, the concentration at the pea.k 
poin.t may be visualised to correspond to the critical stability ooncentratio:t~ 'a' of 
Bha.ttaf'har:nt's equation, "·here (1/C)-a is linear with. t, but when th'!l value of 'a' 
becomes vory 1nnall 1lue to cC:ntinued di~t.lysiR, 'a' can be neglected, when 1/0 vs. t should 
be line~r. ThiR lu1.s boon n.ctually observed. Fnrther work is in progress. 
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