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O.a. The S~abiUty aa.d Electroldaedc PoteatJal of 
Ferric Hyclro:dde Sol 

lli.nnalenda Maitra. 

A fairly pwe and •lable !en-ie o~ sol !las been p~ by a olitfu modilkatiou of Gnham'•IIICibod, 
with a view lo alll%rtainlng lhll cxiatmce of any rela.tilln between the stability and. electrakiueticpote:DtW. 
'nJe !nat &eta potrutial band lOr rapid rue ol aaplalionil 30.7 m.v. aacl thai ror~ m:idepu 
46.5 tn.\". 

A systematic invOBI:iigat.ion hall been undertaken to ..acertain if a. relation betweea 
the true ~eta. Potentia.! a.rul ru.tt~ of coagulation, 11.1 BUggested by Ghoeh,',• holds in the oue 
of ferric h~oxide 1101. With 1ihie objoct iu view, u. b.u been made ofthe following 
equationa, which permitted the evaluation of true zeta potentia.! of ferric hydroxide Bol 
for the rapid rate of coagulation and that for ferric oxide gal. 

(1) For Eleotroounoaia: Ghosh• wggeM.ed t~ equation, 

I 1 1 -f. = f X m.S (1) 

where.t • .,. the apparent zeta potential. 
(; .... the true zota potential, 
S ""' tho speoifi.c bulk conductan~ of the RUpernat&nt 80lution 

a.nrl m= ~. ('a.' repreAents the phaae volume ratio of the liquid to solid form
a-(r 

ing the diaplu-a.gm. ·x· is the specific 8IU'faee ~ta.nee and 
'r' iA the radiua of the pa.rticlell.} 

(2) For Microoa.tu.phoreail!, the expreasion given by Ghosh et tal.• ia 

I = _ _!_ X m•.!.. 
u. u s 

(2) 

-whero Ua = Tho appa.ront mobility of the pa.rt.icle!, 
U-= the trutl mobility of the pa.rtidee. 

whem ':It' Js th& o~pecifl.c surface conductanoe &nd 'R', the radiUJ 

of the p&rticlM. 

EXPERIMENTAL 

Pnpa.zuliow.o/ tAe aol: P'errlc Hydroxide aols oa.n be obtained both in the poeitiftly 
and ~tively .,barged l!lt.a.te8. P011itively charpiBola a.re generally prepared eltbeZ by 
pat)tiutlon of a fr68h.ly formed gel or by 1ihe hydrolyala of ferric a&lt., ofQDi-nlen* aniona. 
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A alight lllouiJlcatlun uf t.lw moLI1od nf Hmluuu,, Iu,wovor, furn;11hod t~ hyt.lruKul of tho 
de~~ iro<l q11a.li t.y. 

To a 1!'eCl 3 ~~~,1\lliou (80 gm_ in 51KI c-o- cunduot.ivity water) it111.dd(lc.l a. ~~&tura.ted solu
tion of (NH.) 1C03 • drop by drop with vigQrutl8 atrirring nntil }l&ma.nent, prooipit&te l~~o 
obta.imd. Tho procipit.&te ill pephtod with 11. diluto IIOhttion of FoCI 3 (l %). The volume of 
t-ho 11ul t.htbl prepared i11 mad.eu}Jto nne litro by conduol ivity water. By repoati~ t.he abuve 
prn('.O((ure. four litl"G.i uf t.he 110lare 11To}WLI'6Cl a.ncl tho WhuktlrJl i11 Kuhjeclod to e11nt.inu .. ur. 
llot-diftly"i" (-ll;-/i.~0) fur 20 llo.y11. It i11 culloc:torl in a Jblta. Ouk and Bllowerllo ago f1.1.r :!II 
rla.)'lt bufore uee. The aul i11 p}ltit i-vttly ehaTKtlfl· Il-K pH i11 4.41 arul thn II})CCIH\C t·unducll\llCf! 
&t· 2f.a ia 2.1)() X Jl)-~ JDh0fem. 

Eqllironglllniilt{l M~mttna of Pl-lf~Jrolytr11. C.)Agulating cc11LCJ(>nt.rll.ti«m of diff(lr(!llt 
oleat·mlyt-e~~ "hioh al'O jwtt ~ruftkient tol1ring ahuut r.uagulation nf a tlefinit('! volume of tho 
Fenio Hydroxide Aol in ot]ual timtOK .llrf' lttrmocl tupaic:o&Kt•lating cc•D<'.entra.tinnl! anfl are 
determitlfld in th~ following m&IU\(\J'. 

2 o.c. of t-he 1101 and 2 c.a. of tho olool.mlyto 11ulut.ilrn lUll takan in llfoii&J'ale clean and 
dry t~ tubes. The oleotrolyte (oqual volume) i11 lit11t wldod to tho oolluid and tho m1x
t.UI8 poured bac:k again into the firxt tu~ 111t1 tha.t the mi.xing ie t.hurrrugh- Any un1)8(;e11111Ll')" 
jerking iH avoided n.nd the mixtura loft to itaalf fur ll\ minuf:ell. If the colloid C<>&fSU'ated. 
thoro W"oUJd be formed & llhBrp boundary, oolow Vtbich Would be the coagula and above 
which the traRHpll.rtmJ. liquid. Tl~ minimuJn couc,-ntratinn <•f Lhe olootrolytto •·hid• jwrt 
c&WIII8 ootnplote floccula.tion of the 11ul. wit-h l!ep&J'ation of a clear mtmifiiOWI ia talu:n a.N thto 
aquieoagulating concentration- Trying with difl'p.l'(,nt. cnncentratiuna of tLe llllm(l ~t."httlytf' 
arxl re~~ing tho pructHt for otht:r t~lectrulyteH lUI woll, tho eX&(It Ta.lu- (Jf equit"U&gulating 
concentrationa aro found out. 'nle following e~oagulants are ~1. KCI, ~04 • K,Fe(eN-,1 

and mixturefl uf KCl and K..S01 • and K.801 and ~Fe(CN)._ 

Equigtlatin!J COJIUf!trationl of Phetrnlyre•: Since Ferric Oxide avl EtR to ~ 111hton a 
auitable amount of eleotrnlyte i1 added, concent_atioD.I!I of different electrolytes cuntain-'118 
counter iona of diffwent vsloncy, which cause a givon a.mount uf the 111101 to Bet in a dt>finite 
bme have been dotcrmined ThBHe concontrationll of di.fl'ert-nt ekoctrnlyteH III& l>l ll., d , 11lli· 
gela.tlng concent.ratloiUI nnd o.re detenninod in the following wn.y. 

2 c.e. of the 11olandfl.:i c.c.of elootrolyt-o o.ro mixed with oatlh ut.h11r &K u1tua.l ancl allow· 
od to a~aud uru.li~turbod. Th~ cfmoontra.tiun~ Hf oloot.:rulyt(lfl which <'li.UIKl tba sul tu set in 
]5 minutes a.re taken as tho flCJUigol~~.ting coueentro.ti«>nH. 1hu time t•f ge'at.ion ill det~l D1i1:l.tl 

by c.ll'ef-illy tilting tho tellt tub63, containing tho BOl oleetrulyto mixtnro Klight ly f. urn 
timoto t.ime. Tho ulootrolyteH uBCd aro Kt'l, J<..HO~. K,FoWN)e and mixturet~of K('l 
and K..':4.o, and K)IO, and K;Fo(CN)1 . 

Elul~ie ~l8 tcitk F~ Oxi~ U11f1}1llt&lll :!5°: A«leflnito volume (21'i e.c.) 
of tho Ferric Oxide Hol il pipotted into a. alea.n dry bottle &nd to it is added equal volumo 
of elootrolyte of tno dei!irf){l colJ.C)8nt.ration. After allowing tJlO minme~ to atlllld fur I 1'i 
minutes t.ho coagula. a.ro Fl6p&r&t.ed frum tho SUpe!'n&t&nt. Holutiun by ('(.ID.trifugiJlg the rni:nure 
a.t a rto.~itablo KpJeCl (2/iOO r.p.m.). The entire coagula are then transforred intn the U-tube 
wi~h n.l ittlo !iuperna.tant 110lntlun and"' rliaphro.gm i11 made therein hy oontrifu~ing the ays. 

3. Gr:!h:un, J. CIII!'J~. Soc., 1862, 15, 149, 
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t«nat. u-..rit.a.blospood (2:i00r.p.m.) for20-30 minutes. For a parli(Jular IIBt of QPerJmeo.tB, 
the v01um~ of the diaphr&.gm with thoU-tube ls ma.intainod the !:lame by adjWiting itli ti:pl8 
of rota.t.ion.. Tb..i8 eneu.rea the eoll.lltancy In tho value of 'm' u ,umlng that • x• _rema.i:oed 
oonetant at the oquicoagulat.ing point;. The U-Lube cont.a.inin.g the diaphragm is filled with 
the 11upernata.nt liquid and eleotroosmotic velocity ia mea11Ured. by the moving air bubble 
method of Mukherjee d al.• 

EZectrCXHmolic .Ea:.perip.m-18 toi/.,\ a Ferric Ozide gel CK 26a: Thooe have boon p:rcduced 
by mixing 6 ml. of the Ferric Oxide 110! with l.li ml. of the electrolyte solutioo of the 
requisite cunooutration a.nd allowing the mixture to IIOt t-o a gel in the U-tube. Elee1zo
~otio 61periments are now performed wit-h the diaphragm of th4, Ferric Oxide gel, in 
contact with the HUJ.lern&ta.nt solution, ha.ving the l!'peCific conducta.nco of the gel. 

MK:rocataphoretic E:r.peri'Pll.fmU llrit}& Ferric OzUU particleB at 2u": 'Ihe mobility of the 
coUuidal ps.rtlcle1:1 waa det-ennined by mea.1111 of & mic.rocataphorctio appamtUB, d66Cribed 
by Ch.u.kraborty and GhOBh5. The microscope with which the particle~! are observed in the 
oall carried a. miorometer II('Ble in t.he eye piece. With the help of the soa.Ie, pa.rtie1es of the 
de;~irod 11izo can be ~~ele«lted very 011.8ily. Tho avenge "time taken to oover a given distance 
for dirocL 1\nd rovertte motion is ullfltl for ca.lcula.tion. 

lJISCUSSION 

Fig. 1 M~nt111 tho plot of the reciproea1 of the apparent zeta. potcm.tial agaiDBt. the 
fBCiproeal of the bulk specific Conductivity, (equatioo-1) at the eqbicoagolat.iog eonct'Ilt(&o 
tion of the olect.rolytl'lll W!Oll. It will be observed that the plot providetl a. straight line in 
agr&emont with the equation ufOhoAh. For rapid rate of ooa.gg.la.tion(timeofccagu1ation-15 

ELECTRO OSMOSIS OF FERRIC OXIDE SOL. 
·os 

minutea) the va.lne of the ap~ent zeta. potential, obtained from eloctrooamotic measure· 
mentll va:ries from 18.8 to 27.1 m.v. and the true zeta potential obtained from the inter-

4. Mukherjee, T1ril ]lllUUi, 1927, t, 493. 
3. Chakraborty and Ghosh, nil ]wmal, 1963, 4tw ·125. 
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cept. on tho reciprocal of tlw l'pparent zeta. putonth'l axi11 is ::n.:i m.v. From t-he valuo of the 
~rue &lectropb.ore~ic lllobility U, (Fig. 2) t·ho true z.et.a 110tentia.l of the Fertl~: Oxide 10~ 
ID. t~~ pre8ence of equiooa.gulating ounccn~ra.tion of different. elec1·rolytes ill t:alculated 
nlid•z1ng Smoluehowski's tHl'U&tion for eloetrophoreaia. 'Ihi'!! is found to be 3(1.1 m.v. It may 

08 

t 
'It 

I 

Q 0'4 
>( 

-I::P 

0 

UICAOCATAPHORESIS OF 
FERAIC OXIDE PARTICLE$ 

-=·=zo'=----=-c:-ici·-·-:60 ---aO--r·b- -r2 
ti(IQ-3-

FIG. 2. 

therefore be concludod that t·llo agroomeut bet.'l\--eon Lho valu.os uhzuo zeta poto.otial ubtain
ed by tWo different methods ie quite ~tiflf•otory and the moan value 30.7 m.v. may b& 
ta.ken to represent the tnae zeta. potential of FDI"r ic Os:ide aol, in the zune of rapid coagula
tion. 

Since mi.crooataphoretic es:pel'ilD81.ll-8 are oot po~~~tihle with Ferric O::ride B"ls. tho zeta 
putential of the gels have been me&IIUJ'ed. by elec,t,r()()IIIIJ.Otic method only. A plot of the 
Telliproaal of the a-pparent r.et.a potential againllt the reoip!'ocal of the bulk apeoific oonduati
vity (Pig. 3) y.ield a. good straigJlt.line, the-reby justifying the a.pplica.tiun oC the equation·2 

ELECTRO OSMOSIS OF FERRIC OXIDE GEL. 
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0 f Ghosh, to the diaphragm of Ferrie Oxide gela. From the inten:ept., the b:ue zeta poten
tial of ll'l!llTic Oxide gel in too preBIIIloe of eqo.igelating ooncentra.tioru~ of dHJcent electro· 
Jytc. is ealeulated. It .ia found to be 46.6 m.v. TbWI it may be concluded that the seta 
pot-ential at "·hioh a 1101 Eta to a. gel i11 higher than at which the aol ooagulatell, tbe time 
required for gelatiOn or ooagulation boing the II&IDfl iu each cue. 

Thus, a given ra.te of ooagulation of the Ferric HydroXide 1101 ia ch&Ia.oteril!ed by a 
definite value of true zeta. potential. wbich 111 indepondent of the valency of the counter 
ions ui!Od. 

The anthor 6ll:pre811811 his grateful t.hanb to Prof. B. N. Otu,sh, D.Bc., F.N.I., Depart
mont uf Cbemistr;y, Uoivenity of (',ak-utta, for the laboratory f&allities. 
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