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Studies on the Electrophoretic Velocity of Colloidal Particles 
by the Moving Boundary Method. Part V. Influence of 

Dialysis on the Electrophoretic Velocity of Fe(OHh 
and Sb~S3 Sols in the Aspect of Therm.odynamic 

Potential of the SysteiD and '-Potential 

Arvind Kumar and Aba.Di K. Bb:lttacharya 

The effect of dl'creaaing electrolyte concentration duriog dialysis on the eleetrophomic velocity of 
lyophobic sols has been atu<lied. Tho increaBO in el!XItrophoretic velocity up to a certain ata.ge oF dia.lyais haa 
been o.ttrilout.t>cl to the invl'r&e rl'"la.tion betweon the electrophoretic velocity and ionic alirength. The peak point 
obacrn<l in C .c curvt"'l ii inli<'rpretcd to denote the stable stage of the aol in equilibrium with a critica.l 
amount of the cii'Ctrulyt.c. At tho peak point. duJ!k or d(/rk is t.ero,which iB the criterion Cor a mnimum &B 

wPilss fur lbr ccpailibriuiDIIt't.wl'l'n the cha.rge on the colloidal particlee and the counter ions in the double lo.ycr. 
Tho riRl' o.nd f•~ll of electroph.orct.io velocity during dia.lysiB have been ellplained by the conoept of the thickneBs 
of the double layer and the thermodynamic and C -potentials. 

The clopondr.nco of electrokinetic phenomenon on the concentration and nature of 
cloctrolyte is not yet perfectly W\derstood, because ~he ,.potential seems to be a function 
of tho n11. tnre and concentration of ions in the mobile double layer and theN ernst potential 
dillorence hetween the solill and liquid phases is influoneed by adsorption of ions. The 
Nernst potential, e, which is the potential difforenco over the whole double layer, depends 
on the acth•ityof the p'Jtential-detormining ion, such as Ag• for silvor particles, as ha11pons 
in tho caso of elect.rodo p:>tentials. Tho double layer in the colloidal solutions may be con· 
sidcred analog(JUS to the ionic atmosphere whore a distribution equilibrium is set up, which 
is very much inftu(.-nl!ed by increasing or decreasing the concentration of electrolytes, thus 
varying tho t·potential or the electrophoretic velocity of colloido.lparticles. In ourstudies 
on the electrophoretic velocity of Fe( OH h and S b283 sols at difforen t stages of dialysis, it has 
been observed that tho electrophoretic velocity or the t-potm1tial at first increases to a 
maximum and then decreases by continued dialysis. Kruy~·. Freundlil'h o.ndRona12

1 and v. 
Elisil8.foff! explained that the electrophoretic boha vi our shol\-:ing a maximum was due to the 
adsorbabilityand valency of the anions, such as OH- o.nd Fe(CN)6t-, in t~ systems, which 
they investigated. A moro convincing explanation of this behaviour of sols seems to be 
possible if wo consider the combined role of the changes in the thickness of tho double layer 
and the thermodynamic potential of the system as the concentration of the electrolyte 
varies in the course of dialysis. 

In this communication, the variations of the electrophoretic velocity or C-potential 
during dialysis of Fe(OH)3 and Sb8S J sols have been explained by the concept of the thick­
ness of the double lay-er and thermodynamic and C-potentials. 

L Kolloitl Z., 1918, ZZ, 81. 
2. BilzuRftlber. Preus.s • .Akad. ~Viu., 1920, 20, 397. 
3. Z. phy.sii«JZ. Ohern.., 1012, 79, 385. 
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EXPERUlENTAL 

Tho electrophorotic velocity was determined uncler constant curror.t by a. procedure 
doscribod oa.rlier4. Equiconducting sulutions of LiCl, NaCl, and BaCia were taken as tho 
supernatant liquid for Fe(OH)

3 
soln.ndnfCH~COOH, HCI, and H 11HO• for Sb,. 83 sol to form 

tho boundary layor in Burton's U-tubc!l. 

TAULI<: I 

Cataphoretic velocity and ~op. ~ondurtance nt rliff. slcl(JtS of dirl!ysiB af Fc(OH)3 .sol 

with equico11ducti?tg B11per11alant liquid. 

Dwysod for. Sp. conduc. •Velocity of t-Potential. •Velocity of 
(days) (mhoa) de!!C~ncling dei!Cending 

boundary. b<Junda.ry. 

(·Potential. •Velocity of t-Potential 
descending 
boundary. 

A. LiCI (l'"ig. 1, curve II). D. Na.Cl (l<'ig 1, curve I). C.BaCI,. (l!'.ig I, curve Ill). 

7 1.80X lO-t 31Xlo-' 0.1137 v 30Xl0-5 OJI43V 19X 10""5 0.022V 
10 1.18 36 0.043 -1.3 O.O!il 23 0.027 
12 0.82 lil O.IHJl 58 O.IJOO 30 0.035 
13 0.69 411 0.11-17 50 n.u.;o 26 o.o:u 
15 0.60 33 11.038 3ft 0.1)45 2:! 0.026 

TABLE II 

Oatapk!'retic velocity a11d 8p. rond'l.lctance at cliff. stages of die~lysis nf Sb11S3 sol with. 

equ iconcluceing 81.t.parnalanl liquid. 

Dialy&~~d fur. Sp.coruluc. • Velocity of ~-Potential. •Velocity of 
(days) (mhos) descending descending 

boundary. boundary. 

~-l!utcntia.l. •Yl•locity of C-Potential. 
descending 
boundary. 

A. Acetio acid (Fig. 2, ourve II). H. HCl (l<'ig 2, ourvo Ill). C. H 8 S0tflo'ig. 2,curve I). 

3 ll.OOXIO-t 25X I0-!1. o.03uV 23XlQ-5 0.027V 32X lo--' 0.038 v 
6 3.80 32 0.038 30 0.035 40 O.Q.l.7 
7 2.25 48 0.057 48 0.057 00 0.071 
8 2.00 41 0.04!) 3D O.o-ll u OJJli7 
9 1.70 38 0.045 34 0.040 40 0.047 

*EKpi"Ba&ed iD"cmJBCo.Jpotent.ial gr3diont. 

DISCUSSION 

According to our observations (Tables I and II), the oloctrophorotio velocity or 
C-potentia.l of Fe(OH)3 and Sb,.S11 sols is gradually increased to a maximum (vide Fig. 1 

and 2) and thon it falls as the electrolyte concan tra. tion is decreased by continued dialysis . 

• 4. 'Bhatnagar and Bho.t.t&cha.rya., Kolloid Z., 1960, 170, 29. 
6. Mukherjee d al., thi8 J11fM'711JI, lD38, 13. 372. 



ELECTROPHORETIC VELOCITY BY THE MOVING BOUNDARY METHOD :Mi 

Tho nppenrnnce of the peak suggests a state of equilibrium with a. critical amount of 
elortrolvto in the bulk of the solution for the stability of the sol. Hence if the concentration 
of tho ;ledrolytc in the bulk falls below this limiting value by continued dialysis, this 
oquilibrium will be disturbed to doC'reaa"c the stability of the sol. According to the prevailing 
view, a RrhcmntiC' rl.'presontation of the dependon('e of the {-potential on the thickness of 
tho (huhle Inyl.'r and the Nemst potential will elucidate the variations in the electro­
phor('tir. wll1C'ity or C-potential observed lluring dialysis . 
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FIG. l. Variation of C·polienti&l duri.Dg dial;ytria or Fe(OB)saol. 

o.O"'II 

a.-

....,. 

t ....,. IWI'IO 

11.11• 

-
..... z. • 

Sp. eollduda~~~:e + 
FIG. 2. Va.riation of ,.potential during dia.lysia of Sb1 S1 sol. 

. If£, the potential at A, is assumed to be the Nemst potential of the solid surface, t:,., 
the p:>t.entia.l at the boundary limit, and £ 1 , of the diffused double layer at B, it readily 
follows from Fig. 3 that 
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In the colloicl RyAtem (., ,-,.al is a.ssnmorl to romo.in fixed with a certain limit of electrolyte 
co:r.~entra.tion6 , while tho thickness of tho d·mhlelayor and the potential ,.3 at B simultane­
ously decrease 1\B tho elortrolyto cnncentra.tion incroa.Ros. Tho C -potential therefore 
doC'roases at high concentrations ofthe electrolyte n.ml increases at low concentrations to 
o. CBrtain limit, as is shown by thopoa.k point in thoC·O ~urve. Any further loss of electrolyte 
by dialysis will disturb tho equilibrium of the diJlnsocl d•Juble lu.yor and a. now condition of 
equilibrium will be sot np for th3 loss stablo sol n.ftor tho peak prJint. Sinre the concentra­
tion of tho olo'..'trolyl;o in tho c:Jlloitld system will ho.vo boon considl3rably reduced due to 
continued dialysis after tho peak point, the thil:'knoss of tho rlouble layer will bo wider and 
e:3 may also reduce to pro\·idc a lower C·IJ•Jtontial for the now condition of equilibriwn, as 
is sbo1m in Fig. 3 (c). Our observations on the changes in the electrophoretic velocity 
ofFe(OHh o.nd Sb,.S3 sols during dialysis a.ro in agreement with the assumptions made in 
regard to the p':>tentio.ls discussed abovo. By applying the same a.ssumptions, it may be 
plssible b oxpla.in tho ob~ervatiuM of tho workors'"3 already cited, who had studied thG 
effect of gradually increasing tho amount of electrolyte on the ,.potential of oil-water 
emulsion !Lnd 9trea.ming p ·)tentia.l of the glass-water system by & process, which was the 
reverse of dialysis. 

Thanks of the authors a.ro due to the Council of Scientific and Industrial Researc-h, 
New Delhi, for awarding a junior research fellowship to one of them (Arviml Kumar) to 
work on this problem. 
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