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Stability and Electrokinetic Potential o£ AluminiuiD. 
Arsenate Sol 

·B. N. Ghosh and B. Ba.nd:JopadhJay 

Aluminium nn•ennte ~••l hns been pi <.>pAred with a. view to ascertaining whether ~>ny relationship exist& 
bf'\w<'<'ll t-he •tu.hility nml<•le~-trokinetio pntentinl of the colloid. A correction for surface oonduetanco e!fect.. 
appreciable for ~lnw rote of congulntinn, bas been applied by 118ing a.n expreasion: 

.!-= l +-~-
c.. ' 8 

The I ':lie z<·tn-pntt•nl-iiLl fur thr. rn.pirl rate ofcongulntion ia 11.5 mv and that for the alow ra.to is 17.6 mv, 
de~rminr<) t•lrr.t.ro-o•molil'ally. 

From cll'chophore•ia the trur;o Z('illpotr;ontiRI cnm~a nut tn bo HI. I mv. 

,\ p:ivon ralto of t'OilftUIILt.iun n£ the sol is chnra.-teril!ed hy B rlefinite va.lue of trne zeta-potential, indepen
dent of t.hr \"Dl~ncr uf tho oonnt.er-iona used. 

Thcor('ti('al nnd expl'rimcntal work, carried out during the last twenty five years, 
ha,·e lml to the. ('oJwlusion that from electrokinetic measurements the true zeta-potential 
of eolloido.l partidt•s l'an be found only when corrections due to surface conductance'·' 
a.nrl rrl.u:ation e1Teet.s5 •' arc properly introduced into the Helmholtz-Smoluchowski 
equation""· All]lrevious C:Kllerimental data. on electrokinetic potential of colloidal parti
des, in whic-h sul'h correc-tion has not been made, arc therefore of doubtful \"alidity, especi
ally i£ th3 concentration of the added electrolyte to the colloid is very low. 

Assuming that in prcsl.'ncc of equicoagulating concentrations of electrolytes, the 
specific sur£1\cc contluctancc of the colloidal particles remains constant, Ghol'h et al8• have 
derived the following equation for the c\·aluation of true zeta-potential from el~ctro
oemotic measurements: 

where Ca. raprcsents the eleotrokinetic _potential calculated by using the Smolu
chowski equation; C. the true electrokinetic potential; 8, the bulk speoific conductance 
of the electrolyte filling the pores of the diaphragm and m = 3 V,:t/C Y.R 
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V, and V m al'e the volumes of the coagula and the solution respectively cont&inl¥1 
in the diaphragm; R, the radius of the particles and X, the specific surl'a.ce 
conduotancc. 

For elr.r.trophorel'is they ha\'C usedD a similar expression: 

1 1 m' 
Cn.=-y+-y-

(where ~n.' = "lCR) which can he <lcrh·c::I directly from cqu!l.tinn of Baoth'0 or of Henry", 

Tn the present ~ommunication the rl•lmlts of our experiments on aluminium al'!lenato 
sol ha,-e been recorded. 

}jXPERll\IRNTAL 

Prepnm t ion oft h"e Sol.-To n normal !!olu ti on of di!!oclium hydrogen arsenate, taken 
in a large ht'aker, a. Imitable eXC('!I!I of normal aluminium chloride solution was added in & 

thin strt'am with conFitant stirring n.nd the sol wn.s allowed to 11ta.nd for half an hour. It 
was then tra.nsfl·rr{'(l to t'cllotlhanc hags, din.I,Vi!ed against cli~:~tilled water for 15 days-, and 
stored in a ,Jt'na ftask for anotht•r two Wet>ks. The poRitively charged milky white sol with 
a pH 3.6 had n spceific conductam·c at 2ii0 =2.46 x w-• mho. em-• and a concentration 
of 0.264 g.,'IOO ml. 

Equicoagulatinu Concentration of ElectrolytM.-C'hloride, sulphate, and citrate of 
potasl!ium and mixtures of KC1-K,S04 and KCl-K-citratc were used as electrolytes. Time 
allowed for coagulation was 15 mine. for rapid rate and 18 hours for slow rate, followed 
by centrifuging for 2 minutes at a com~tant speed in each co.se. The minimum concentra
tion of an electrolyte, which just produ(·ed a clear supernatant solution by the abaTe pro· 
cedure, when mixed with an equ!LI \'olu me of sol, was taken as the equicoagulating concen
tration. 

Eledro-osmot-ic Experiment at 25".-The sol (300ml) was mixed with an eqU&l 
volume of an electrolyte of requisite com:entration. After the prescribed time the mil:
ture was centrifuged. The coagula separating were transferred to a U-shaped· tube 
and by centrifuging a compact diaphragm was obtained, the \'olume of which was kept 
the same in each experiment. The velocity of electro-osmotic Bow of water was measured 
by the moving-bubble met.hod of Mukherjee et al'". 

J;lectropkoretic JPxper1ment at 25".-A.modified form ofBurton'sU-tubeapparatus's 
was used. Two reversible Ag{AgCl electrodes were used when the supernatant solution 
contain~d Cl ions and platinised platinum electrodes were used when K-citrate was selected 
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rtll a coa.g1dn.nt. Equal volumes {40 ml) of the sol and the electrolyte solution of requisite 
concentrntion were mixed and after ha.l£ an hour the mixture was centrifuged at a slow 
speed to separa.te the big llartides. The supernatant mixture was used in filling the lower 
p&rt of tht' r-tubl'. The upper part of.the apparatus was filled with a clear supernatant 
solution, ohlaint'd lJy centrifuging the equicoagulating mixture of the sol and elec~olyte 
after it had h1>cn allowed to stand for 2-l hours. The distance moved by the colloid-super
natant liqnid houndary under a given current in a given time was measured. 

The pH and specific conductance of the supernatant solution in ea.ch case were also 
meaflured. 'J'ht' pH was found to remain pTBctica.lly the same, viz., 4.0 . 
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It ma.,\' be notic1•d from }'ig. (I cnn·us I and II) that there is a linear relationship 
between I :{u. ami I.·S. F1·om the inll,l'l"l'}Jt.a.nd slope of Ute:,;traight line, the1.-a.lues for{ and 
~' have bctm found. The true zdu.-potunt.ial co melt out to be 11.5 mv for the rapid and 
li.6 nw for the :dow ratc11 of coagulation. The variation of,&, found by Ut!ing electrolytes 
conb\ining l·ountcr-ions of difi<,rl·nt valt!Hc-y, it~ quite small, e.g. M.20 mv to 11.50 mv for 
rapid cou.gulu.tion. The corret·tinn for the 1111rfu.ce comlutta.ncc uffe1·t i:,; tbul! small for rapid 
coagulation. It is, however, quite marked for the slow rato of coagulation 1vhere Ca. deter
mined by cloctro-osrnotic method, \'&J'ies from 10.!)0 mv to 17.30 mv. 

For the slow coagulation, the sttrfu.cc-eonducto.nce effevt i1:1 tdigbtly ·leSS!lronounced. 
in the electrophoretic method them that in the electro-m;motic method. In this region ,,. 
is found to vary from 12.4 to I 7.9 mv. For slow coa.gula.tion alRo, a. linear relationship bet
ween l/Co. and 1 jS has boon found. The value of true zeta.-poteutio.l, found from the 
intcrcc1•tion 1/Ca -u.ld~ il! HU mv. (ville l"ig 1, 9urvu Ill). 



~- N. GHOSH AND 8. BANDYOPADHYAY 

It may be pointed out that the electrophoretic as well a.s the ele:Jtro·olimotic mothoj 
leads tothesameval11e, namely 17.9 mv (average of 17.6 and 18.1 mv) of true ele::trokiue
tic potential in the region of slow coagulation. Thus a. given rate of coag11la.tion is charac
terised by a definite value of true zeta-potential. 

From the results we may conclude that a critical zone of zeta·pot~ntials exists for any 
observ&ble coagulation to occur by the addition of electrolytes to aluminium arsenate sol. 
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