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Stlldie• on the StabWty o£ the Bydrosalpldde Hydrosol of 
Antimony Ia the Llght of soJDe recent Developm.eut& 

lt. L. D!Uuja ILD4 8. N. Brivaatava 

The ltabiljty of nqptive Sb1S1 ool of ~D partlt'le diatmter 87 .S A ha.• been a~~CeJ"~.alncd ln the pre­
~ oi K •, &•+, AI!+ and Th4t. The electrophollt'lic: mea•u.--nt• of th<'IIDI pttmitled the calrulation of 
iuarta potential (uoumt'd lQ be equal to the eleetro~tatic potential) u a function of ioaic "re"''h· l'nmr. the 
knowkdgt' oCt polentioJthrena"fY ofrepubion, Va, WILl c:.aJculated; the i!.llrKtion cnetgy, V .o., WUCilimated 

rrom ,phyl~h.emlcal dau. Combination of I he two CnerJiCI yielded, the pro(i\et ofinten~;tion from whido, 
Rahility ratio could~ cakulatrd. Stability ractor, F", wu al110 euimatro rrom the Derj&KlJin c:quatioD, but 
it wa1 notlatidactory ~aurn.b&ly owing to tht! n:du1ion of V .,.. 
~ ftocculatioa power• oCcatlon1 were in the onk-r AI!+> Ba•A> Mn°+> Th4+> K+-> Na+. Thorium 

brha.~~e• anomalou.•ly perhapl du.- to hydrolyai1, In ~nrral, the int~lion br:t~n tht' Sb.Ss "Partidr-a 
could br intrrp~tcd in thl!' ll«ht of the D.V.O. throry. 

The 11urvey of litera.t.ure reveals tha.t much work, mainly of qualita.t.ive nature, baa 
already been dono on Ute Sb,.81 aol• -11 • There appears, however, lack of qU&ntitativt~ data 
apeolally in the light of loD1e recent developmente on the Kta.bility of lyophobic eolloida. 
It ie, t.herefont, pTopoaed in the pre11e11t paper t.Q apply the modBrn theory of the llllbBi­
dence of lyophobic solA due to Derjaguin,10

/ 1 Verwey and Overbeeka• ~D.V.O. theory) 
to the ftocoulation reaulh of the hydrosulphide iiOl of &ntimouy uaing thlee important. 
variables. namely, particle radius a., 11urface potentieJ'I', and tho Debye-Hucbl reciprocal 
leagth K. 

EXPER1MENTAL 

{a.) Malf.riala: Sodium ohlorido, pota.Mium chlori~. ba.riUJD ch\orido, m.npneae 
ohloride and thorium nitrate UBed for coagulation st.udie& ware a.l\ of Ana.l&r grade. 
Potauium antimony tartrate a.nd aluminium chloride wme of B.D.H. quality and were 
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Dot ~ified further. OrdiD.ry diAilled water W&ll redistilled before Ulle from a.D.-ppu: 
apparat.m and was of the 11pec.ifl.c conduct!Uloe .... l.I()-6 ohm-•am•-. All other g1J&Eware11 
wen of pyrex. 

(b) ~ion of fk eol: AntimonY trill1llphide 1101 waa pn~pared by bubbling a 
a slow at.ream of hydrogen aolphidc gas through 500 m I redistilled w.ter In wb.i.eh 600 ml 
aqaeoua solution of 1 per cent pota.uium antimony tartrate was added dropwi&e. Th8 speed 
ofdropu.nd atnJam of h:ydrog.,n mlphidc Wel'e adjUBted in BUCh a IDallDel" that tho addition 
o- eaoh drop of aque..~ua tartrate solution was followed by .15· 7 bubbles ofH,.B gaa. The exce~~~ 
ofB.Bwu removed bypa.88ing a ururent of purified. hydrogen pafor half-an-hour. The in· 
tenle red-yellow 10l BQ obtained waa then dialysed in a parchment bag agaiD.IIt nmnfng 
dfltilled Water for two and a half da.ys. 

(o) Elutf'OIJJ/&ot'Atie mobility fiii'IL'IIU'Pr&n&la : To measure the electrophoretio mobility, 
the a:periments were carried 0111. in a. mullified apparan•a'' uC Burton tube fitted with two 
wide aide tubee. During tho ~mont-11 cuTU:Itant current wu 1111pplied and the poten­
tial drop ac:roea the two pt. eloctrodee in the U ·Lube waa moaBUred uaing a potent.io-va.ouum 
tube yo)tmefer. ~t.s w-ere made st the sharp d.clecending boUDdary betwileD. • 
oolloidal aolutlon and &D equi-oond.uctiog aqueous solution of aaetic acid. All the rea.d­
i~~g~~were taken bet.W801136 a.nd 4:6 minute& after the addition of elect.ro1yte. The meu of 
three~ wa.s taken to ca.lcula.te mobility. The reproducibility oft.he ekd.rophoratio 
mobility wu ± 4-%. 

The ~-potential (zeta potential) W&B calculated by t-he Huokel'a'4 eqUAtion and the 
oorr!Mition for relaxation and the Henry effect were :made using the Overbook.'5 formulae 
for symmetriclrJ and u.nsymmetrieal electro]~ respectively. 

where U ill the electrophonltiomobilit.y of the pe.rticles. f, (ka) i11 identioa1 with the HeiU'y 
funotion and ~ f~(k a.), and fa (k a) and f4 (k a.) have been tabulated by Overbeek••. 
I! ia the dieleatrio ooDIItant of the ltl.edium. "'• the viaoosity of the medium, T, the abeolute 
teDI.per&tare, tJ, the radius of the particle. k. the Deb~-Hackel reciprooal length, K, Boltz. 
maDD.'a OOJlBt&nt and s, the eleotronic charge. v .&Dd v_ are the vaJe.oofeB and P• and P- the 
fr:iotiOD&l eout.ant.a of the cationa and aniom respectively. These are eaieulated. tak.i.ug the 
Jonio oonduotanoe of CI-, Na.+, Kt a.nd Ba~ to be 76.3, 50.1, 73./J and 63.6 reapeotively 
aDd t;Ja,.t of lin••, Al ~· llDd Th4 t to be 70 oh.ma-• om ... All w~k was C&l'l"ied out ba a. 
thermostat at 30±t).oOC. 

13. Bbutl&,!lr ud. Bhat~a, Ktlll. ,Qil., 1960, 171, 29. 
14-. Htk:hl, ZN n.,a.t.., 19:24, 251 204-. 
Hi. Ovubeek, Koll . .BriMJ*., I!H!, .5t. 287. 
16. Owerbcea. "Advaac:c~la Collo.ld Scicnt;e~", Vol. In, I.nt~, LondaP 1950, JMF JJ5. 
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(d) Afec&al'reme?Ua of Clle M of~~ GOlloiGIJl parliclu IDilll tu 1aelp of sleGir'DII mic:roe­
COJNI: A sample of the oolloidalaolution under investiga.tlon Wa.l!l diluted lO times. Speof­
men for electron micrograph waa prepared by allowing a IIID8.ll drop of specimen in liquid 
llllllp""sion to dry on 200 mesh copper grid sopport whiah had e&l'liel' been con~Ted -with • 
thiD fi.lm of collodion- The electron photograph was taken on Siemens Ebniekop I electron 
miaroBOOpe at 100 K.V. 

THEORETICAL 

(a) The BtabilHrl ·~and i&a ~ioft, I o C/w pest:n.C apf8r.: Aooordiq to the well 
known theory of the atability of lyophobic colloida developed independently by Derjaguin 
and Verwey and Ovarbeek. (loc. ci'-) eolloidal particlt. are snbject to forces of repulaion. 
owing to the interaction of eloot.r ical don ble l&yar11 whiah are ganarally pn!IIEilt around the 
particles and forcee of attra<ltion of the London-van der Waals type. Coagulation oor:an 
if the attraction f'orcea predomina.w over the repulsiw foree., otherwise the 101 ia lta.ble. 
More preoiaely. a oombin&tion of ene:rgiea of the London attraction fQ!'Cell with double I&}W 
repulsion foroee Jee.dB to potentia\ energy aurvea and if t.he potential energy banier V i:e 
high enoUgh (viz., Y ~ lfi KT) the colloid iast.able. The eoergy b&rrier oppoaee oollision of 
t.he particles and a portion of colliding particle!! c&D mrmount it only if the potaWal 
l.lllol'rior hiWI a low& value. It i11, t.herofore, tho 11et interaction between the colloidal pa.rti­
oJe~~ which will dotormin.e ite atability. 'l'h.is in.teraotion will conaiat of (i) potential energy 
uf f8PU.Iaion and (ii) pateo.tift.l energy of a.ttraotion. 

In the frame work of the D.V.O. theory the potential~ of repulsion. v. and 
potential enersy of attraction, V"' between two equal small &pherical part.ic.IM of racli1111 
a, oleotrioal potential ¥', 6UI.Bl.l.eat interparticle diBtance H •• a.re roapectively given by 
followillf simple approximat-e oquatiolliJ, 

v .... [a "'1'- up (-Tu)]/ u+2 (for amaD value ofTJ 
and 

V"'- -A/12 u (u <I) 

(3) 

(i) 

where " ia the dielectrio coDBtan.t of the medium uf the colloidal110lution, u-=H.fa, T =K a 
and A the va.n der W a.als or Hamaker oonsta.nt. K ia the Debye-Huckel parameter denoting 
t.he rooiprooal thiokntl88 of the double layer. Here tho electrical potential, '1', has been. 
&8lllJDed to b& equal to the eleotrok:inetio potential(() BB the latter qua.n&ity is importet 
from the !ltandpoint of atabai~;y. The oorreotion for the retardation of the Loado.n-van 
der Waala foroes given by Bahenkel and Kitohner'' bu been neglected u in the preaem 
eyatem the range of interest ia within the validit-y of t.he formula. 

For the present eyatem of lyophobic colloid in which, excopt electroatatic repuleion 
and VS.ll der Waa.la attJ-aotion, other energies oan be neslected, tha total energy of'intemo­
t;ion. Vis simply the aom of the repulsive and attractive energiee., i.e., 

V =a e 1p• exp (-Tu)fu + 2-.Af12 u {li) 

17. Schen1eii.Dd Kltclu!cr, TN~~~. F.-16g S<K., 1960,58. 161. 
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Thie potential eDeZl!Y ofinteraotionfor slow ~ion, lloOCOr1liug to Fuoha'a'1 tr.t.menl;, 
~ zelated to ~b& stability mtio, W ae followa, 

(6) 

Unfortunately int~gration of t.he right-hand e~eeeion cannot be done directly alld. 
therefo~, value of W ha~~ tu be obtained by graphical integration lUling the plata of u:p 
( V ~)/rf' againat B. 

An apPl'oxima.te equation'' as given below may also be UBOd for the value of atablity 
ratio of lyophobio colloids. 

W = exp ( Y ... :kT)J::! K a (7) 

Here Ym is tiM mas.imum in t.he potential onergy curves.) 

Dwjaguin (loc. cit.) hat1 able, described " formula. foT the BtabiliLy of lyo}lhobio 
colloidal particles, which is n.a follows, 

J' = a clJ'/"2 kT (1:1) 

where F i11 the stability factor o.nd t,hr> utbor i.tlrms have tho Ut1U1tol mBaningH. 

For tho theoretical ~lculati•m of van der Waahl attraction conll'tant, .A, use may be 
made of the Hamak(,rR equation : 

(D) 

W'b.ere q is the number of atoms (moletmlt'B) in em! of the IIUblit.anc:e oom~g U1e 
parti.clel, and .A ia the I.Qndon eon~:~ta.nt which ca.n be ca,Wulated from the following equa­
tions, (see SrivalrtaYa."') 

Slater-Kirkwood•r equation: ((10) 

Blater-Ki:rkwood. and Moolwyn-Hugh.lll!~ equation; ).._1H 1 =7.8 X 1o-~• 11 P'SJII (11) 

Neageba~ eqw.tion : Ax= -1.62 x to""' p k (12) 

where Pit~ the number of va.len(ly elootrollH in Lhe outer lthell, P the polarirability and k the 
dl.magnotie IUIICept.ibility. 

Howovor, the value of .A obtained from equation (9) it for interaction between two 
1olid Sb1S1 puticlee in vacUum. Therefore, to oaloulate the interaction botllo'llCIII. 8b,.S. 
solid pa.rticles in water a eorrection hall been Dl.&de and inter&crt.ion wu calcula.ted from the 
U}ll'eMion (Zoe:. IM.) 

18. Fudu, ~- P-\JI:ri.l:,. 1934, •• 734. 
19, K.niyt "CoUoid Scicoc;c", Eheviez'1 ~~~ 19.521 -Vol. I, p.fC :185, 
20. Hamaker, P~. 19!7, 41, IMS. 
21. Srivut--, ~- j. a-., 1965, J. 376. 
22. Slater ud Kirkwood. PV~ . .Rn., !931, 37. 682. 
23. Modwyn-HIJihc-, "PbYIIical Chemiali'T''. Perpmoo, Loodao, 19S71 Pill'= 383. 
2.4. ~. ~.l"'ppit. 1937, 117. 7§. 
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.4 = (..tiSbsB, -Sb.S,- AIH.O-H10)~ (13) 

Here it ma.y be mentioned that in the caleulation of A certain physioo-cb.emica.l 
data. IIUCh er.a 81.1.808ptibility a.nd polarizsbility will be needed which areo applicable for pure 
eryst.alline antimony HUlphide particle&. The colloidal pa.rtielea are, however, not stoichio­
metric unitl9 and are aggregated molecular apecies with ad8orbed. iolll!. Therefore, the dat& 
of the cry1:1t&lline t~pcciee may be applied to oolloid&l pa.rticlea as a. :finlt approximation ollly. 

RESULTS 

8i~ of IM paTt.it-k of Sb1H1 sol: A typical el.ectrun micrograph of8bji
11 

sol pa.rtic.le11 
i~~S gi1.·cn in. Fig. I Bnd from tlu~ pa.rtieJe o~~izo distributioo curve the meo.n particle .radius wa.s 
found to be •t:J.75.X. 

Fig. I FJutron micrograph of Sb.:a S, sol. X 160.000 

Tlat. Zf!la y.Jimlial.s : The oonoenLratiun and _pH ofth.e5U~~ diluted 1101 which ~'BB di&­
lysed. for two and a half days aga.inl!t Blow nmning distilled wat-er \\"ere 1.1 x w-a gma{ml 
and 3.4·±0.05 respectively. The experimental va.lueobtained for tho mobility of the above 
antimony t.risulphide 11101 was 6.6.,.JJJeCjvoltfcm. The zeta, pot-ential cal.cruJat-ed from t.h.ia 
value waa 99.7 mV at 3000. 

The mobility and tbe ~-pot.entialll of 8b,.S1 partialu all a function of log molar 
cunceotratiou o! difterentelectrolyt.Ell!, viz., NaCI, KCJ, lin OJ 1 • Bacl 1 , AICl sand Th(.N01)

4 

are givm in Figs. 2 a.nd a reBJ:~e«~t.ively. In general, it iH aeen that the mobility and the 
{·potential dflel"eR88ae the coucentration of eleotrolytea incrO&I!ell. With NaCl and KCI 
the fall of the t·potential is almost linear thruughout, but with lfnCI,, Ba011 a.nd AlC11 
ib is e0 mparatively elow &t the initia.l l!lta.gea a.nd then becomea sharp. Th(N01)4 shows 
altogether different. behaviom; ita mobility (ae alao C·potential) fint inor&Uell with 
inoreaee of electrolyte conoen.liration and then fall.!. st.eBply &iter a cert.&in c.oneentration. 

The minimum {-potentia.1 that O()Uld be conveniently measured wa1 about 60 mV 
below which there was v.iaible 1:loccula.tion of tho so1 partiolelf, 
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Calt:Mialion of -. dcr Wfllll« ~ : To oalcol&te ..,.,n der Waala ooD.Iia.nt, one re­
quires the value of London oonat&nt which wu calculated uing the IUaoeptibOity of oJUI 

•• 
I ...., 

I 

t .. 
i 
I 

L. 
....... --.-..... -........ -......................... -,......, ... .. ..... '----~ 

~ ........... ·--- .... ..,. .. -.. .. ~ 
gram formula. wt. 3• = - 8.6 X 10-.,, v = ~y and P = 2.3M x 10-1 (oak alated from 
ClatuiUB-Mosotti equation using reftaotive indez da.ta of Sb.,S

1
•s). With the proper Gb.olce 

of w1itll. the va.lues uf the London Constant oalaulatol from equatiunot(lO), (11) and (U) 
are o.a fuUuws, 

~~~~~ o.7J7 xw-:.., 

A~~::~M = 2-!.fUxiU-s7 args em', aod 

Nuw by liwiius q (8.228 x 10••) from the de.oaity (4:.64), the 118& of equation (D) permiu the 
calculation ofvan der Waals oonstent for t:~b .. B• &om eaoh of t.be.three equatJoDII. Similarly. 
the oorre-pondiDg oonstant for 1rater is given by Verwey .ad Ov.beek /(loc. oil.) (see alao 
Watillon") and heDCe the net attraotjon constant of Sb.S. ,l*ltiolea iD water ..._ be 
ostimated from equation (13). The ronlta are aummariled in Table I. 

TABLE I 

Value of•tJu VIJ7' det' Wrv.d.t COMtanl r..akwlGJetl.from di./l!rrMI epa~iotu 'Wifltl 
M = 339.7, P = 2.335xiQ-IS colmol., q-= 8.226xl0 21 ~'oo. 

Eql&atioa As~~:.s,-s!¥1; a:IO•m Af~aO-H,.O :~10'1 ASII.Ss in H.O z1011 

uJI!IIJ (vac.) (vac) 
(ers) (er&) (erg) 

S-K t.t89 5-" 1.816 
S-K-M 16.46 7.70 lO.lJ 
N 9.61 5.61 1.32-t 

25. "Ha.od-book of Oha:a. 1111ci PliYI-''• f!ln:l., editio11, Chemical R.~ PabtiUiul Co.. 1961-62. 
P• 2683. 

26. btlmWi..Z Criliad T..,_• Vol. VII, page J9. 
"n. Watlllon AlldJoaeph--Pet!t. III. ltlw. ~. s.j. -'·• Calope l!IH;01 It 14-5. 
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It is found that the value of the London con.sts.nt calculated from B-K-M formula yields a. 
comparatively high va.lue. Therefore, in the present calculatiolU the value of AB-IHf h.&a 
been neglected a.nd for further oa.lculationa the maa.n value from the remaining two for· 
mulae (=Lli7 xlo-•• ergs) ha8 been used. 

An estimaee of &1at 81abilily fa#Jr, F from Darjagvi" equatioa: The value of the faot.or 
wu oa.lcula~ frotn equation (8) for diRen;nt electrolytes and t·he l'e811.1t8 haft been depi­
cted graphically in Pig. 4:. 

Pllltntial. !71UW CMI'VM. In Fig. 6 turve I BhoWII tho net- J:IOtenl.ial energy of int-er&c· 
tion ofthe SlJ,.Ros 1101 oc.rr.,punding to (·puteu.Lia) =99.7 mV. This ba8 an energy ma.xi-

•• 

... 
• 

.. 
.. ...... .. ._ ... ,.--.. 

·~--·· ...... g .... ,··~·-~ •• .....,, 

.. ~-~~~-~~~=~:a~--~~~==6-=--~~-----------J 
II I ~ ·----~ - .... r. ...... .~ .... ••:... ...... ,.-.s. ----. ... -· 

mum. V m aalcula.ted. from ~ua.tion (5) UKing the va.lne l)f lhe van der Waals constant A= 
l.57xl0-'• ergs equa.l to 2-l.I kT. 

Potential energy curve& of colloidal particles a.& a. !unotiun of distance between their 
surlaoes in the pr68erlae of KOI, BaCl., A!Cl~ and Th(N08)• an! shown in Fig~~. 6 to 9 

•• 

.. ..... ___ __._ .. _____ _ ... - ... ,...,_... ._ .. _ .. _._. _ .. _ 

.. 
l•)-~· =-.. . . . ·!f• ....... . .... 

...,, ________ ..-.-., ____ ..... 
_.., 

reapeoUTely. In l!'ig. 7 a do1otod U1U'V& without relaxation oorrection to C-potentfal= 
84.76 mV (a.ftor oorrootion C=S0.8) bas &lao been given. Thfs gives an idea. of the masn'· 
tude of .-ror likely to be iotl'oduced if relaxation is not t•ken into aoeou.at. 
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Log w flgtlifllll log c. 
Stability ra.tiu Vr'88 oa.lculated. by graph.iO&llntegratiouuf equation (6), u well•• fru:m 

an li'Ppl'OXima.te equation {7). In Fig. c; a typloal our" U of e~ (V,kT)fB'" .,.m.t 1 b.., 

... 
.. 

t. T!"Til .. f -. - ... ' : : : : : 

,.. .. ~.-.__,__.,~m•• ---.-..... 

.... 

.. 
II 

. -"'·-· - . 
..... - ..... .....-.s-•s--.....llft.-.- .. --"'" 

bi.en drawn to ca.loalate tho Rta.bility faotor Win tho a.bacnce of eleotrolyt&fl, .which cQlll.e& 
olit to be 2.5xiO•: t.he wluo of W oalculated fr1dll approximate eqtlation (7) i11 4.25 x IO•a. 

In Fip.IO and l I, tho lllln"M fur lug W RgainHt- log Oe are given for varying 
0 orwentrationll of the elect.rol_vteA, 

~... ...... _ ...... .. 
... _,. ..................... ~ •·-.H. ··---...... . 

.. ...., ... .,_._...,' ·--·····--·---·--..---... ... - ................. 
In general all the curve& have similar aha pee and almost the aame &lopes in the lower 

part of the slow cOagu.la.tion r&Dgll. The only ~t.ion i8 tho ourve obt.aiDcld with 
Th(N01)., where the ability ratio ar-t inanlueB with the in.oreue of thoriuJD nitn.te 
eonceatration -.nd afte:r oertaiD. coooentr&tion the nature of the curve ~ the 
geoaral form. The renlta.nt lta.bility ratio obta.ined by the two different methoda ehows 
that val11e1 of W obtained from the lllethod of apPI"oximate equation are higher than tht.e 
oalculated frODl graphio&l integration. 

To oalcmla.te the ooaguation concentration of varioua ll&lts wbioh are uted to eoagu­
late the Sb.SJ 101 the estrapola.tion of the Uoeu portion of loti W vei'IIU8Joa Ce ciJI'Ve Wall 
JD&de to loa Ce .W ...... ,bere log W =- 0, dlllll!lliug the n.J.ld.it.y of tb.tt equatiDDia'l•: 

28. OttQriJJ llld W.u-be, E.U- .r,;t., 1960, lftt !18; 1960, US, 122. 
29. Ottewill.M Wilkin•, r,_. FtmJq s.., I960, 110. 1!.2~ I!HI2, 5I. 608; ur ~~~Mr.-.. -t .a. 

OoJ.asDC> ]96Q 1 111 61i3. 
so. hiA. ~.a.. .BWjftl, 1912, .. S4. 
Sl, :Reeri~ aad Qverberk, ~- Ftt~Mip .5:..1 1~, ... 74, 
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log W = K,- K, log Ce. The values oht:.a.ined in this manner are given in table II. A 
compa.rison 0 f the coagulation concentrations given in table II shows that the va.loo is 
slightly higher when calculalied by the approximate equation(7) tb.a.n that by the graphi­
cal int6gration. The flocaula.ting concentrations eo obtained were o~ from the 
turbidity data~~~. The aoagulat ing concentrations obtained from the turbidity llle68Ul'ement. 
a.re given in table I II. Here the values obtained from log dtfdE versus log 0 8 curves are the 
values for rapid fl.oceulation and those from E Vel'SUR log Ce ourves are th.e values a.t the 
t.b:eshold for rapid flocculation. The~~e flocculation re~~t~lta have been diRCnRAed in detail 
elaewher~·. 

TABLE Jl 

F.lrrtmlytr ~:atinn Q)~tralion 

molt-s/]iln: 
-d loti! w /d log c. 

NaCI 
KCI 
BaCia 
NaCJ.. 
AICI5 

for W from .-qn. (7) for W from ~phieal 
inLqrnlion 

fnr W from lOr W from 
r.qn. (7) graphical in-

15.2 

tesn.rion 

12.5 
7.8 

16.6 
16.6 
7.8 

Th (~03)4. 

3.4X 1()-01 
2.!1X J()-11 

4.9X 1o-. 
!t.OX lo-t 
2.2X J()-4 

:!.!'lXI~ 

3.0XIO""""" 
2.3X ID-
4.6X lfr"' 
4.7x ur• 
2.1X Jo-• 
5.:zx 1114 

9.0 
22.0 
22.5 
12.5 
16.1 15.2 

TABLE III 

TM ~i:".fl CO?&Ceft.tnuioR. from the turbidity fJ'It49Ur!mewl for J11111Uifll! 8b181 IOl. 

El~:etrolyte 

NaCI 
KCI 
MnC11 

BaCI1 

AlCI5 
Th (N0s)4 

Floeculating concentra.lioa in mole• per litre. 
from las dt/dE u. fl"Drft E ""'· 11118 C. 

long Ce curYft CW"\11:! 

6.60X JQ--'0 !'1.90X IQ-<1 
5.2X 10-111 3.1X IQ-11 
J.IXIIr! 4.fXIO._. 
a.ox llt"4 s.~x t()-4 

1.4-X t()-4 &.ox •~ 
1.2x JQ-3 5.ox J()-ot 

The valnes of log W are plotted againBt C-potentialll for different eleotrolytea in 
Fig. 12. The general11hape of tbo curves is aocording to the t.rend 9J10ated tberootioaUy. 

DISCUSSION 

The order of flocculation power a.s ascertained from the lltsbility results 11o11 welle.a 
from electrophoresis data ie: A.l:s. >:Ba"+ > lln"-t > Th'+ > K• > Na+. From Schuhe· 
Hardy rule the floooulal;ing conoea.tra.tiona of di.Jrerent eleotrolytel would be expeoted to be 
in the ratio of 1 : (!)8: (1)11; (l)', where the dooomiuatol' is the valeocy of the oounter ion; 

32. D:all:!ia and Srivastava, (r. 6or p.61UIIM). 
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hst~oo t.sking t.Iw monovalent ion A8 IIICJ, lho ratio ahoukl be lUO: J .0 : 0.] 3 : 0.(124- E~peri­
meotally the ratio for Na .. , K .. , Mn·~. &••, Alh lUlU Th"'t waa found to be JOO: 76.6: 
1.56: l6:J: 0.7 : 1 .79. ThUB, a marked deviation from 8obulr.e-Hardy rule OCCUI'B Parti­
oularly witJ1 t.hOI'ium.. The nature of thorium ion in 110lution ia oompHa&tfd and jt appean 

i . 

-... ~.­.......... __ ,..__..... . 
•. -... ....... •..a.-a--.. • ·-..•--..... 

l'l'fNI ..... ._.. 

that t-ho ion p:rollont in the :z}H rn.n~ :1 to ·1- w11.11 not a. simple t~tra.valent ~JIEICit>R hnl­
cont.amina.t611 -with ioDH of clifteronl vnlenciel M a rl'lltnlt. of hydJnlJ11iltn.~. 

RavOI"R&I of charga 11·ith pulyvaltml iuM a... Ullt.IR&lly 6X])8Cted with <'ulluillK if! abflflnt. 
in tho pi'eiiOn.t wurk. Thi11 iM in c.mrnrmit y wit.b tl~oe work of 'fioelatra.h,!li who Riluwed tl1at 
in acld AOlntioJUI whon pH i11 ]o\11 tl1<1 f(IVOJ'NLl nf chiiJ'ge W&H abJ!ent or at Wt difficult. 
Thia WIIJI &1110 pointed c1nt bylfuti_j.;,vic and ecrworkeraS'J who Hhowed that. th61'6Vlll'MJ. nf 
chargo IJt obviati.Yl uwing, in nil probabilit-y, to the :pn!~tence of the insoluble hydroxid6 of 
thorium fonnttd 6R a rewlr nf hyo:lruly"is_ 

The at-ability of the colloid h~ ~n firllt ostimated by Da.rja~in's formula (equation 
8 and fig. -l). Ac:cording to theoretical u:peotation F l!hould bo higher than 10 for a 
oolloid to be Bta.bJe. But for the preRent ey8t-em t-ho value ofF is not leM tho.n l/5 even for a 
reuona.bly flocoolated JIIJI tJJtaminod within 50 rninutea after preparation. This i11 inetmaia­
tent with th6 Ueriagnin thf•ury. In L-ho a.ppli('6tion of I>Mjaguin'11 f'qU&tion (tl) only nne 
approximation i11 ulled, ,.,.hid1 i11 not. expect-ed to afl'oct tlw r«•sult-s so much. Hu the rea~~on 
for this !li&erepo.ncy BOOm!! to lie in the neglo<:t uf tho van dtlr Wan.IR attra.ctivo forOOfl aml 
Debye-Hnckel p&r&mot81' wltith &lllo plo.Y" an imp:»rtRnt pMt in tho Rtability &I! di~~ettMed 
he fore. 

Tho potential onorgy h!U'rior or t h6 origiDll.l Rh.A5 Rol i11 24.1 kT whi('h i11" re&R(ma.bly 
high value to llhow that. t-he 11111 iH 1¢ahlo. The potential t'llel'gy pro6lel'l11.11 giTen in figW'61' 

6 t.o D f01 fuur diff61'81lt eloot.rulyt-8111 (viz .. KCI, BaCt., AlCl! a.nd Th(NO_s)
4

) a.rv in guod 
agreement with t-he theoretical eXpoct.ati.oo. The v.Jue of Vm in each caa& l!hoWR the 
range of alow floooulation till the V m decroo11e11 t-oo. sufficient-ly luw value "'hich i11 a thJ'ell­
hold of rapid coagulation. 
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The stability factor, W, of tho initial sol is 2.1)xiO". The other limit approaohes 
noa.rly Zero on tho addition of electrolytes. The values of the stability faotors in the zone 
of slow coagula.tion are compamble with th.oHD obtained by Ottewill and co-workers (loe. 
cit.) on Agl and arachidic &eid syst.ems. Except for thorium the geoemlllhape of the log 
Wand E curves for slow ooa.gulation ia in keeping with tho theory. It is obvious from 
the curvos that the higher the value of T, the higher is the t -potential a.t which ftoccnlation 
ca.n ooour. 

Tho fi.I'Bt approximation that baa t.o he made in t.he calculation of the electrostatic 
repulsive energy is the identification of 'l' with C and the combination of large potentialA 
with IIIILHll T, but B~ pointed out by Overbeek (loo. cit.) the errore introduoed may not be 
ee~:ious. Anothet pa.ramoter which has to be accurately known in order to apply the D.V.O. 
theory correctly to any system is the Hamaker oonBt&Jlt., A, the value of which, cakul&ted 
here from pby11ico-cbemioal data, isl.li7 x 10-•• &gw, a.nd. i11 well wit·hin tho range suggested 
l>y Overbeek. 

In conclusion it may be al!llerted that. tho D.V.O. theory for mna.II apherioal co&idal 
l)&[tielee seems to be applicable reasonably well t() the vresent system in so far as it gives 
a. eati11footory interpretation of tho intoraction between the Sb.S3 colloidal particles. The 
value of the ll!t.a.bility f&ctor of the aol &I! dorluced on the baai11 of the D.V.O. t.beory is in 
&ce<>rdanoe with the high value of %.eta potentials a.n.d low v&lue of the particle radius. 
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