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the pa cun.•e is to be rais~d can be shown from the fact that at p,. = 3 fa~+= I x xo-~ N), 

ax •===o and at about Pa=4 (an+=I x Io-"' NJ, the ax+.._, 0.5 x to-" N as observed from 
the curves ; consequently with the disappearance of 9 x ro-~ equivalents of H+ ions we 
are getting only o.s x 10-' equivalent of K+ ions in the intermicellar solution. For 

the neutralisation of any acidic suspension, weak or strong, the concentration of tlie 
catio11 of the added base will always exceed or at least be approximately eql1al to the H+ 
ions disappearing from the solution, and this c.m only happen by raising the p. curve 
as c1 whole. 

The author's thanks are due to Dr. S. K. Mukherjee, Reader in Applied Chemistry, 
for his continued interest in the work and to Prof. P. B. Sarkar, Head of the Di!partrnent 
of Chemistry, for the constant encouragement l"eceived. 
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AN ANALYSIS OF THE ~EUTRALISATION CURVES OF THE 
COLLOID.AL ACIDS. PART IV 

Bv S. L. GuPTA 

The features of the conduclowehic titration curves of the colloidal acids have been discas~ed with 
teierence to oar previous theoretical findings on the features of the potentiometric titration carves. 
The changes such titration curve~ undergo, when a dial"idic base is used for titrating the colbiJal acid 
instead of a monoaddic base, have be-en brought out. An attempt has also been made t 'show the eldeat 
of agreement between oar method of calculation and some published eJtperimental informations on 
the ncnttalisation of colloidal "'l.gl sols with hydrogen as the counter-ions. 

Condttctollletric TitTation Curves.-·The nature of the pote~tiometric titratioo 
curve~ of the colloicl?l acids has already been analysed in detail (Gupta, this 
]ouf'naJ, 1956, 33, 587; 1957, 31, 63). The assumptions iuvolved iu the deduction of 
the equations representi:cg potentiometric titration cm ves of particular ~hapes nec
essarily and simultaneously fix \1P conductometdc titration cLtrves of definite and corres
ponding patterns. It has been assumed that ,only lhc free ions and the colloidal particles 
are the carriers of electricity and the adsorbed ions do not contribnte to the eondrictivity 
under normal field strcngtl1 used iu the conductivity measurements. Under such 
circumstances, the expected nature of the specific cond nctivity-conc<:ntration c;urves will 
be e-xhibited 'by curves Af, B' and C', correspondjng to poteutiometl'ic curves A4 Band C 
in Fig. 1., and by A' and B' to, those corresponc.liug to A nud B in Fig. 2, respectively. 
A brief descriptio':! o.f the theoretical curves sho"-u in r:igs. I and :2 i~ given below. 
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FIG. I I•'to. 2 

CDNCENTRIJ,TION OF ADDED BASE. CONC~NTII.ATION OF ADDED ~5£ 

Curve Bin Fig. I presupposes that the activ.! groups on the surface of the colloidal 
acids are strongly ionisable and wholly intermicellar, i.e., there is uo ion adsorption 
(d. Fig. I , Part I, loc. cit. i. · 1'his condition impl_ies a behaviour almo5t identical with 
that obtained from any soluble strong acid, the initial Ps corresponding to the total 
acidity present in the suspension. ·rhe monovalent alkali metai ions simply replace the 
free H+ ions and, consequ~ntly, the expected nature of the conductivity curve (~urve B') 
is ideo tical with that obtained in the neutralisation curve of any strong acid, 

Curve C in Fig. I shows the potentiometric neutralisation curve of colloidal acids 
with strongly ionisable groups with ion,.:adsorbing prop~rties, i.e., the active groups are 
partly micellar and partly intermicellar. As the adsorbed ions do not contribute to the 
corrductivity, the uentralising branch of the specific conductivity curve becomes flatter 
as in C' in Fig. I. If it is supposed tbat the intermiceilar acidity in C is equal 
to the total acidity present in B, then tbe CUI"Ves will start from the same point and the 
total d1·op in the conductivity in C' will be the same as occms in B'. This means that 
the drop in B' has simply been spread out in C'. 'rhe end-point indic11.Les neutralisation 
of both n1icellar and intermicellar acidities and the subsequent slope is. identical with 
what is obtained when alkali is added to neutral salt solutions. 

Curve A in Fig. I shows the neutralisation of an imaginary colloidal suspension 
where the active groups are wholly micellar. The intermicellar H+ -ion couce11tration 
is due simply to the dissociation of water molecules. Thus, the fJ• curve starts from 7. 
The initial conductivity in A' is therefore negligibly small, i. e., equivalent to tbat 
present in the conductivity water. The addition of alkali does not raise the ~ndnctivity 
significantly until the end-point is reached bacause the competition due to small con
centration of H ~ ions in the iotemJicellar solution is evidently very weak in this stretch, 
anq most of the ·added cations of the base are exchanged for H+ ions and adsorbed in 
the micellar positions. When the neutralisation of tl1e micellar acidity is compiete, 
the c·urve rises up as when alkali.is added to pure water. 

Curv~ D' in Fig. z shows what the. specific conductivity cprve would have been if 
the acidity in C were wboliy intermicellar, i. e., in that case both the bra.oches of D' 
would be parallel to B' with the height of the point of intersection of the two branches 
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slightly raised due to higher concentration of the c:atio11S in t.he intermicellar solution 
and of the l"olloid anionic constituents ou the surface of the colloidal partiCles (cf. Kruyt, 
"Colloid Science", Vol. I, 1952. p, 239, Fig. 25). 

Curve A in Fig. 2 is dn~: to the neutralisation of a colloidal suspension with wholly 
intermicellar but weakly ionisable functional groups. In this case there is no ion adsorp. 
tion. 'rbe corresponding specific conductivity curve !ctuve A'l shows a small initial 
drop, characteristic of a weak acill, a flat run due to bu!Jering action of the neutralisa
tion curve and finally another bend, signifying .:nd of the ncutralisatiou, the final slope 
corresponding to the alkali line. These curves there( ore consist of three seg n.ents. 

Cnrve Bin Fig. 2 shows the neutralisation of colloidal acids with weakly ionisable 
groups and with built· in micellar acidity, i. e .• wilh iou-adsorping capacities. As inC' in 
Fig. I, here also the small initial drop spreat1s out in n' dne to simultaneous ion adsorp
tion. The rl!st of the curve B' is identical with that of curv~ A'. Au experimental 
verification of this type of cun;e was published in the case of a clay sol (Sol C)' in Part 
II (loc. cit.). • 

A compari5on between curve C' in Fig. 1 and curve B' in Fig. 2 shows that there is 
an extra buffering p01·tion between the two extreme IJrancbes in the latter curve, due to 
the weak acid buffering in the corresponding potentiometric curve. Theoretically, by 
gr3dually diminishing the extent of buffericg, C' in Fig. I can be obtained from B iu 
Fig, 2. The middle stl'etch of curve B' in Fig. 2 in that <.:a;e will reduce to the point of 
intersection of the two branches in curve ·c, in Fig. I. The smaller the buffering, the 
smaller is the length of the middle po;rlion of the specific conductivity curve. This c:ao 
be seen from the alkali-titration curves of the three Agl sols with hydrogen as co\1nter•ioos 
(DeBruyn aud Overbeek, Ko!loid Z., 1938, 81. 186, Figs. 2a, zb and 7). This also 
shows that the mel'bod of preparation of the colloidal acids has also a large say on their 
performances. 

N eutralis!!.tion Curves with Alkaline EaTth Hyd1oxides 

The expression for the Donnan equilibrinm between micellar and intermicellar 
solutions iu the case of bivalent cations of the titrating b.1se, sly Bau-, may be repre
sented by 

by analogy, because it is difficult to deduce au equat~on for the bivalent ions by rigorous 
calculations considering each aggregate unlike what obtains in the case of monovalent 
ions. The above equation is. however, Sltfficiently exact if the nJicellar acidity is 
considered as a whole as one unit. Substitution fro1n the electroneutrality relation
ships in the above equation gives corresponding relationship!$ as were obtained in the 
case of alkali metal ions (Part I, loc. cit.). 

In the case of the titr;ation of a colloidal ~cid, where the functional groups are 
sh·ougly ionisable with ion-adsQtbing capacities, correS(Jonding to case. C, {a), io Part I 
(loc. cit.), and tOotbe.potentiometric curve C in Fig. I, rei.netnbering, 
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and 

one gets hy substitution in the Donnan relationsbip and simplification 

b =c .. - + Ct + J{,. - X 
X 

€G9 

where 2(a118•• ) .. is given by the first two terms and -z(a&,.>+ )r by the last three terms of the 
right baud side of the above cqttatiou. The corresponding relation for the monoacidic 
bases, say NaOH, already deduced (Part I, loc. cit.), is 

b =c.- + Cr +K.; 
X 

-x 

where (axa+la and {aya+)r are gi..-en rcspccth.·ely by lhc first two terms and the last three 
terms of the right hand side of equation !2l. As nsual, the specific conductivities (~~:) 

in the two cases are given by 

and 

K= UH+(aR>h + 2U-.o,.,.(an~•+lr+ VoH-(anu-h+ l'n-(24Jia•+ + an+-aoH-lr 
IOOO 

K = l/H+faH+),+2U!I:a+(as .. +lt+ VoH-{aon-)r+ Vn-(24Na.++aH+-aoR-l1 
:1000 

where the symbols have their usual signHicauces. 

A coucrete numerical example will help to clear the position. The values in the 
following example have been chosen in such a way that the r:esults approach the experi
mental curves oE Van Os, reported by Kntyt (''Colloid Scie'nce'', Vol. I, 1952, p. 179, 
Figs. 42 and 4j), as closely as possibb. Supposing in a colloidal acid suspensiott with 
strongly ionisable grc.ups, we have the v . .Jues: c, = r.3 x ro-•N, c. = 7 4 x Io-'N, and 
K .. = I0-14 then the total colloidal acidity becomes Cr + C. = 8.7 x ro-•N. Tbe 
following limiting values of the equivalent conductivities at r8° have been assumetl for 
the different ionic species: UH"' = ~15.2• UNa+ = 43-16, u,.:s.,•+ = 55 and 
Voa- = I7J.8 ohms-1cm2

, together with an arbitrary valLte of :ao ohms-1 cm! for VR-, 
i.e., fat the charge on the intremicellar surface of the colloidal particles. Assnming 
any vatu@ of 'x•, i.e. (aa+)r, the corresponding values of 'b', (aN .. +),, {aNo+ ),., (4Ea••)t 

(a&~+).,, (aoH h and K can. be cslcula:ted. by evaluating the tt>rtn!Ji 'of the equations (I) and 
(2). The results are shown in Tables I and II. The tQeoretical poteutiometric curves 
(b-p.) and con.dLlctometric cnrves (b-K) are shown in Fig. 3· 
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'fAIU.E I 

#>ll ·J.S86 4-1'> 4-5 5·" 6.0 8.0 g.o IO.Q 
14H+ )r X l(li .1-3 I.O .O.Jr6 0.1 o.o:r -In e g I i g i b I e.) 
faon- ~f " lUI I negligib I e ) o.•.JI o.r r.o 
(4-.ro• l x· ro4 n,o O.J n.984 J ,:;l 1.29 I.,ll l.4 2.J 
(D.-a+). )( rol 0.0 I.']O'] s.6 t:-.SJ 7-343 7-4 1-4 7-4-
b X 1ol o.o 2.00'] 6.,;84 S.OJ B.liJJ 8.']1 8.8 9-i 
rr x 10& 4-35 3 • .:;.1 J ,68 r.o9 o.Bs o84 I,OJ 2.99 

TARI.E II 

/'n 3-886 4-0 4-5 5·0 6 . .J S.o 9·0 ID.D 

(au+ f X lOt I.J 1.0 0.316 o.r o.or ( n e g 1 i g i b 1 r. ) 
2(4oll "JJ x 1ol I n e g l i g i b e 0.01 o.r f.O 
zlallll1•)( x Ivl o.o o.J 0.91!4 1.2 l--29 I.JI I-4 2.J 
2(a ... ,H)a X lOt 0.0 J.827 6.582 '].1_;6 7-38 7·4 7-4 7-4 
b X 10t o.o 4.127 7-.=#i ti.Jsl'i 8.67 ~ 71 8.8 9-7 
rr x Jolo 4-l5 3-57 r.S I .24 r.oo I.OO lri!C ].i6 

The shape of the curves bears a striking resc:mblan..::e to the potentiometric and 
conductometric titration curves with caustic alkali, obtained by De Bruyn and 
Overbeek (loc. cit., cf. Fig. il, in the case of an Agl so] -with hydrogen as tbe coonter
ions and speciail]r· to the specific conductivity curves with NaOH and Ba(OH)2 , obtained 
by Van Os Ooc. cit.), for the same sol. The small weak acid-buffering io the above 
meutioued potentiometric titration curve of De Bruyn and Overbeek suggests that tb·e ·acid 
colloidal Agl sols,.though fairly strong, are not comparable to mineral acids in lhe disscl
ciating powers of their intermicellar acidic grou'-'s, i. e., H-I (Ag-1} on the surface of 
the Agl lattice of the colloidal particles, in this case. Consequently. instead of a 
sharp point signifying the end of neutralisation in the svecific conducti<;•ity curve, a very 
small middle flat portion has been obtained in their experiments, as well as in those of 
Van·os. 

FIG. 3 

0 1"2 II 4 56 B 9 
COIIIC~IliTifltTfON OF ADDED BASE lit/ ~MALI'T'P' ~I~ 

The Ba(OH)2 carve of Van•Os sb_ows a greater amount of drop in specific coJJducti
ytiv at the end~poiil.t than that obtained with N aOH. · 'rhis bas beeJJ. possible because 
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tbc BaH ious iu the intermir:c11ar solution have an agregating effect on colloidal sus
pensions which 1)roduce a slight diminution in tile valne of Ct and increase in the value 
of c. by a corresponding amount towards the end-point. This happens with gradnal 
accll!uulation of Ha2

• ions in the intermicellar solntion, i.e., with increase of {aua 1 +)!. 
The same thing was also observed in the ca:;e of the potentiometric titration with 
Ba(OH;2 of a clay sol sol, C 1 , to which we have already referred in Part II (loc. cit). 
Changes in the state of aggregation dltring (a ... 2+) titration can produce large changes in 
the features vf the titration curves, whicl1 we shall have occasion to deal with in detail, 
in om: future communications. 

Inddentally, the conductometric titration curves of a sulphur sol with H + ions as 
the counter-ions, described by Pauli (J. Coll. Sci., 1947, 2, 33), which have the same 
featnrcs a,; the Agl hydrosols, may be analysed analogously. 

The nnthor acknowledges his indebtedness to Dr. S. K. Mukherjee, Reader in 
Applied .Chemistry, and to Prof. P. D. Sarkar, Head of the Department of Chemistry, 
Calcutta University, for the colfStant encouragemeDt received. 
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