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Stability and Ele~trokiaetlc Potential of Nickel 
Ferrocyaaide Sol 

B. N. Ghosh and S. BandJ'opa.dbnlr 

A woll-dialyoed niokol ferrocyanide 1101 has bern proparcxl a.nd the olec:trokinetio potcmtial baa t-n 
deltlrmined hy electro-osmotic ao wrll ... electrophoretic method•- Correction for surface conductance hall 
been "'!'Plied by using an equRtion of tho form 1/Co= 1/C+ mfS. The true C-potcmtial forr&pid rate of c""gu
lation ha.s btoen fonnd oo bo somewhat loss than that obtained for the alGw rate. The data leo.d to tho COil

cluo'on that 8 given rote of coagulation is oharCit'terioed by .. definite valne oftrue c-ptte!Uial, indepe.Ddent 
r.f valency of tho coagulating ions "-'.. 

All prc.wiouf< OX[lt'rirnental t'viclon<·es in favour of or against Powie' thaory' of critical 
coagulation potential and Hardy's theory• of coagulation at thE isoelectric point are 
of doubtful \'alidity owing to the neglect of surface conducta.nce3•' a.ndrelaxation'-7 effect&. 
Ghosh~~ al. 8-' 0 luwe shown that the true olectrokinetic potential of AJJ.,."!J,, TiO., and Agi 
sols can be detcrminnd in 11resence of oquicoagulating concentra.tiollll of electrolytes and 
have concluded that a given rate of coagulation of a colloid is characterised by a definite 
\'alue of true zeta-potential, independent of the vn.lency of the counter ions u9ed_ For 
electro-osmoF-is, Gho~h'' haR ded.ured the exptession: 
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wh&e Ca represents the apparent electrokinetic potential calculated from the electro
osmotic data., using the SrnoluchowRki equation;'· the true electrokinetic potential; 8, the 
bulk specific conductance of the electrolyte, filling the pores of the diaphragm; m is equal 
to 2 o< :t f dl. x repre11ents the specific 6urfn.c8 conductance, r, the average radius of a typical 
pore ill. the diaphragm, a.nd 

o( = : . ~~ ~ 
R being the rn.dillB of the spharical particles forming the diaphi:agm. V, and V1 represent 
the volumes of the solid and liquid Ieo,pectivBly in the diaphragm. 
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A similar expression: 

1 I m' 
c .. ·=T+s 

has been used by Gbo11h IIJld Ray'" for elect10phoresiR, whore m' rP.proRents X/CR. The 
above equation can be deriYed directly from tho equations of Booth'' and Henry'' 
tmder conditions in which rc R is suffit'iontly latge, IC being the rhomt'tcriHtic term of the 
Dl'bye-Hiil'kel equation. 

The pl'l'l!ent communication records our l'Xp<'limontal results on nickel forrocyanide 
sol. 

Nickel ferrocyanidc sol wos propa.red by addition of a de<•inormal solution of nickel 
chloridtl to au excess of a. !lol'iuorma.l pota~sinm fcrrocyanide solution with constant 
stin·ing and dia.lysing thl' rcRulting sol ajr;&inRt distillOll water for one month. It was 
then stoted in a Jena flask for two w~kR. Tho negatively charged dirty green sol had a 
pH o£7.32, sp. cmulucta.ncc at 2a• =8.1\f\ x w-• mho, and concentration=0.31 y.flOOml. 

Determination of th• Equiroag,latinu Concentratir.n.-KCI, BaCI., and AICI3 and 
mixtures of BaCl.-KCI and AlC13-KCI were used as el'O'ctrolyUs for coagulation. 

The time allowed for the rapid rate of coagula.tion wnsl5 mins. and for the slow ra.te, 
18 hours, followed by centrifuging at a constant lp'3ed fm 2 mins. in each ca.se. The :nini
mum concentration of an electrolyte, which, when mixed with on eqn~l volume of the sol, 
produced a clear supt'lrnatant liquid in the prescribed time, was taken as the eqnit'oagnlat
ing concentration, the exact value of which waR determined by trial. 

Elertro-oJJmotit Ezperirnewt at 25° 

Nickel ferrocya.nide sol {100 ml) wad mixed with a.n equal volume of an electrolyte 
of the desired concentration a.nd after the prll&cribed time {l5mins. or 18honrs) t~i~
ture was centrifuged and the coagula were transfercerl into a U-&ha.pe<l tube. The vol~e 
of the diaphragm was kept the same in each experiment by regulat-ing the time of centrifng
ing the U-tube. The supernatant liquid, separated from the coagula., was used for filling 
the U-tube. Mukherjee's moving-bubble method'' was followed in measuring the electro
osmotic velocity. 

Elootrophoretic E:r:periment a.t 25" 

In this experiment, the aol (:20 ml) wa.s mixed with a.n electrolyte {20 ml) of the desir-
ed concentration for slow rate of coagul&tion. After half an hour, the bigger particles were 
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separated from the mixture by centrifuging at a suitable speed for two minutes. The sol
electrolyte mixtme wn.s tlren used for Iilli~ the lower part of n. modified form of Burton's 
U-tube &)>pa.ratus' 6• Supernatant liquid, prepared by mixing the sol and alectrolyte, fol
lowed by centrifuging after 2~ hours, was used and Agf.AgCI electrodes were introduced 
into ea<'h limb of the U-tube. The movement of the colloid-liquid boundary was noted 
under a known current and the average value of the upward and downward motion was 
taken. 

Spe<"ific conductance and pH of the !1Upernatail.t si>lutioDB were mca&ured. The pH 
values of dilfereut solutions were found to remain J•ractically the same (4.65). 

lliHC!"SKION" 

U willlw noticod from Fig. 1 (l:urn"' 1 and II) that a linear relationship between 
lj{,.o.Jul I /S eltists both for tho 11low and tho rapid rateH of coagulation. The extrapolated 
vahms of true {·J>otential for ra.J>i<l ancl Klow ra.tt>s of coagulation are 17 and 22 mv 
rest>crti\·el.v. For slow coagulation. tlu• slo]>o of thll 1<traight line obtained by plotting 1/Ca, 
round b.v electro·OBJllOtic Jnl•thod againHt I; • .;;, iH greater than that of the line obtained 
~y J)\otting 1/{a, found by tht> elo(:trophor·etil' ml'thod. The correHponding values of m 
~nd rn' arc 3.12a X J0-6 o.nd 2.27 X liJ-6 roHpoctively. 
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It may be mentioned that for slow coagulation, the true C found by electro-osmotic 
method is in complete agreement with. that fottnd by the electrophoretic mt~thod. It may 
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therefore be concluded that for nickel ferrocyanide sol, a given rate of coagulation is 
characterised by a. definite value of true zeta-potentia.], independent of the va.lency of the 
counter ions used. 

It ma.y also be pointed out that for o. change in time of coagulation from 15 minutes 
to 18 hours, the corresponding change in true zeta-potential is quite small (17 to 2l! mv). 

The a.uthors thank the authorities of the C.H.J.R ... for the award of a. senior rU~~C&re:h 
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PHYSICAL CHEMISTRY LAIIUIU.TUR!E~. 

UNlVl!BSITY COLLEQIIS 01' f!CIENCE & 
TBCII!fOLOOY, VAL01:1"rA.·9. R<C1iot4 Awgusl 7, 11162. 


