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the $a curve is to be raised can be shown from the fact that at pu = 3 lg5* = 1x1073 N,
ax *=0 and at about pr=4 {ax* =1 X107* N}, the ax * = 0.5% 10~ N as observed from
the curves ; consequently with the disappearance of g x 10™* equivalents of H* ions we
are getting omly o.5%10°* equivalent of K* ions in the intermicellar solution. For
the neutralisation of any acidic suspension, weak or strong, the concentration of the
cation of the added base will always exceed or at least be approximately equal to the H*
jons disappearing from the solution, and this can only happen by raising the pa curve
as a4 whole, )

The author's thanks are due to Dr. S. K. Mukherjee, Reader in Applied Cheinistry,
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AN ANALYVSIS OF THE NEUTRALISATION CURVES OF THE
COLLOIDAL ACIDS. PART 1V

By 8. L. Gurra

The features of the condnclouzetric titration carves of the colloidal acids have been discossed with
teference to our previous theoretical findings on the features of the potentiometric titration curves.
The changes such titration curves nndergo, when a diacidic base is used for titrating the coll>ilal acid
instead of a monoacidic base, have been brought out. An attempt has also been made t » show the extent
of agreement between onr method of calculation and some published experimental informations on
the neuntralisation of colleidal AgT sols with hydrogen as the connter-ions,

Conductometric Tilralion Curves,—The pature of the potentiometric titration
curves of the colloidal acids has aIrea&ly been analysed in detail (Gupta, this
Journal, 1956, 33, 587; 1057, 3%, 63). The assumptions iuvolved in the deduction of
the equations representing potentiometric titration cumives of particular chapes oec-
essarily and simultaneously fix up conductowmetrie titration cuarves of definite and corres-
ponding patterns. It has been assumed that only the free ions and the colloidal particles
are the carriers of electricity and the adsorbed ions do not contribute to the conductivity
under normal field strength used in the conductivity measurements. Under such
circuinstances, the expected nature of the specific conductiﬁty-mnccntrtion curves will
be exhibited by curves Al, B and C’, correspondjng to potentiometric curves A;Band C
in Fig. 1., and by A’ and B’ to those corresponding to A and B in Fig. 2, respectively.
A brief description of the theorectical curves shown in Tigs. 1 and 2 is given below,
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Curve B in Fig, 1 presupposes that the active groups on the surface of the colloidal
acids are strongly ionisable and wholly intermicellar, i.e., there is no ion adsorption
(cf. Fig. 1, Part I, loc. cit.!.” This condition implies a behaviour almost identical with
that obtained from any soluble strong acid, the inmitial pa corresponding to the total
acidity present in the suspension. The monovalent alkuli metal ions simply replace the
free H* ions and, consequently, thie expected nature of the conductivity curve (curve B')
is identical with tha! obtained in the neutralisation curve of any strong acid.

Curve C in Fig. 1 shows the potentiometric neutralisation curve of colloidal acids
with strongly ionisable groups with ion=adsorbing prop:rties, 4.e., the active gronps are
partly micellar and partly intermicellar. As the adsorbed ions do not contribute to the
corductivity, the neutralising branch of the specific conductivity curve becomes flatter
as in C"in Fig. 1. If it is supposed that the intermiceilar acidity in C is equal
to the total acidity present in B, then the curves will start from the same point and the
total drop in the conductivity in C’ will be the same as occurs in B". This means that
the drop in B’ has simply been spread out in . ‘The end-point indicates neutralisation
of both micellar 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. 1 shows the neutralisation of an imaginary colloidal suspension
where the active groups are wholly micellar. ‘The intermicellar H* -ion concentration
is due simply to the dissociation of water molecules. Thus. the $g curve staris from 7.
The initial conductivity in A’ is therefore negligibly 'small, i. e., equivalent to that
present in the counductivity water. The addition of alkali does not raise the conductivity
significantly until the end-point is reached bacause the competition due to small con-
centration of H* ions in the intermicellar solution is evidently very weak iu this stretch,
and most of the added cations of the base are exchanged for FI* jons and adsorbed in
the micellar positions. When the mneutralisation of the micellar acidity is compiete,
the curve rises up as when alkali is added to pure water.

Curve D’ in Fig. 1 shows what the specific conductivity curve would have been if
the acidity im C were wholiy intermicellar, i. e., in that case both the branches of D’
would be parallel to B’ with the hejght of the point of intersectian ‘of the two branches
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slightly raised due to higher coucentration of the cations in the inlermicellar solution
and of the colloid anionic constituents on the surface of the colloidal particles (ci. Kruyt,
“'Colloid Science’’, Vol. I, 1952, p, 239, Fig. 23).

Curve A in Fig. 2 is duc to the neutralisation of a colloidal suspension with wholly
intermicellar but weakly ionisable functional groups. In this case there is no ion adsorp-
tion. 'I'be corresponding specific conductivity carve (curve A’) shows a small initial
drop, characteristic of a weak acid, a flat run due to buffering action of the neutralisa-
tion curve and finally another bepnd, signifying end of the neutralisation, the final slope
corresponding to the alkali line. These curves therelore consist of three segn.ents,

Curve B in Fig.' 2 shows the neutralisation of collaidal acids withh weakly ionisable
groups and with built-in micellar acidity, i. e.. wilh ion-adsorping capacities. As in C' in
Fig. 1, here also the sniall initial drop spreads out in B’ due to simultaneous ion adsorp-
tion. The rest of the curve Bis identical with that of curve A’. Amn experimental
verification of this type of curve was published in the case of a clay sol (Sol C) in Part
1T (loc. cit.). , ’

A comparison between curve C" in Fig. 1 and curve B’ in Fig. 2 shows that thereis
an extra buffering portion between thie two extreme branches iu the latter curve, due to
the weak acid buffering in the corresponding potentiometric curve. Theoretically, by
gradually diminishing the extent of buffering, C” in Fig. t can be obtained from B in
Fig. 2. The middle stretch of curve B’ in Fig. 2 in that case will reduce to the point of
intersection of the two branches in curve C’ in Fig. 1. The smaller the buffering, the
smaller is the length of the middle portlion of the specific conductivity curve. This can
be seen from the alkali-titration curves of the three Agl sols with hydrogen as counter-<ions
(De Bruyn and Overbeck, I{olloid Z., 1038, 8% 186, Figs. za, 2b and 7). 'This also
shows that the method of preparation of the colloidal acids has also a large say on their
perfermances,

Neutralisation Curves with Alkaline Earth Hydroxides

The expression for the Donnan equilibriuin between micellar and intermicellar
solutions in the case of bivalent cations of the titrating base, say Ba®*, may be repre-
sented by

V(EP.“;IL)‘ = J(E"m
(an+) (2 fi+)a

by analogy, because it is difficult to deduce an equation for the bivalent ions by rigorons
calculations considering each aggregate unlike what obtains in the case of monovalent
ions. The above equation is. however, sufficiently exact if the micellar acidity is
considered as a whole as one unit. Substitution from the electroneutrality relation.
ships in the above equation gives cdrreSponding relationships as were obtained in the
case of alkali metal ions (Part I, loc. cit.).

In the case of the titration of a colloidal gcid, where the functional groups are
strongly ionisable with ion-adsarbing capacities, corres_ponding to case. C, {a), in Partl
(loc. cii.), and to-the.potentiometric curve C in Fig. 1, retneinbering,
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(ar+k = v, alapass)t = Cr + {1 -5 2lapet)a = b = G = I%_'! + x
and
wn+le = Ca — b+ C1 + (Ryfx) — x
ane gets hy substilution in the Donnan relationship and simplification
x\’4Cn(C1 + K» —x)+x* —x° K
b=Co — . x +C+ = -« e (1)

2(Cr + IS:" - x)

where 2(an.+ )a is given by the first two terms and 2(ap.s+ )r by the last three terms of the
right haud side of the above equation. The corresponding relation for the monoacidic
bases, say NaOH, already deduced {Part I, loc. cit.}, is

L]

b=c.—-”—-c"-—+c;+’f_; - o (2)
C'i+’K—'r

where {axa+)a and {axa+): are given respectively by the first two terms and the last three
terms of the right hand side of equation {2). As nsual, the specific conductivities (x)
in the two cases are given by

= Un+lag)i+2U pe(ana+)i + Vor-{ane-)r+ Fn-(2an+ + 2a+ —aow-)r
1000

K

and

= Unlane)+ 2Uxar(anas)s + Vor-{@on-)t+ Va-(2axs+ + amg+ — aon-)s
1000
where the symbols have their usual significances.

A concrete numerical example will help to clear the position. The values in the
following example have been chosen in such a way that the results approach the experi-
mental curves of Van Qs, reporled by Kruyt (“'Colloid Science’”, Vol. I, 1952, p. 179,
Figs. 42 and 43), as closely as possiblz. Supposing in a colloidal acid suspensior with
strongly ionisable grcups, we have the vilues: C; = 1.3%X10™*'N, Ca = 7 4 x10™*N, and
K. = 107** then the total colloidal acidity becomes Ct + Ca = 8.7x107*N. The
following limiting values of the equivalent conductivities at 18° have been assumed for
the different ionic species: Ump+ = 315.2 Uni+ = 43.16, Usse+ = 55 and
Vor- = 173.8 ohms™’cm?, together with an arbitrary value of 20 ohms™em® for ¥r-,
i.e., for the charge on the intremicellar surface of the colloidal particles. Assuming
any value of ‘x", i.e, (an+), the corresponding values of ‘b’, (ans+)s, {ana+ )s, (aRa®)
(@Ba**)s, (aor )1 and x can be calculated by evaluating the termg of the equations (1) and
(2). The results are shown in Tables I and II. The theoretical potentiometric curves
{b-px) and conductometric curves (b-«} are shown in Fig. 3.
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TanLe 1
pu -3.886 4.0 4.5 5.0 6.0 8.0 9.0 10.8
tayt )r X 10t 1.3 1.0 .0.316 o1 o.or ‘lnegligihle)
{@on-tf x 101 { negligible ) o.ur o.1 Lo
(Axa* £ X rod no 0.3 0.984 1.2 1.29 L3I 1.4 .1,3
(axat)a X rof 0.0 1.707 5.6 6.83 7-343 74 74 74
b X 101 0.0 2.007 6.584 .03 8.633 8.7t 8.8 9.7
x X yof 4.35 3.51 1.68 r.09 o.85 oy 1.03 2.99
TanLe 1I
il 3.886 4.0 4.5 5.0 6.0 8.0 9.6 0.0
{an* 2 > 104 1.3 1.0 0.316 o.r 0.0 (negligible.)
2(dor ~)1 % 10! { negligible ) 0.01 o.r ¥.0
2lan?)t X 12! o0 03 n.oR4 1.2 1.29 1.31 1.4 2.3
2(0e™a X 10! 00 3.827 6.582 7.156 7.38 7.4 74 74
b X 10f 0.0 4.127 7.566 8.356 8.67 871 8.8 9.7
K X 10° 415 3.57 1.8 1.24 1.00 1.00 1.20 3.6

The shape of the curves bears a striking resemblance to the potentiotnetric and
conductometric titration curves with caustic alkali, obtained by De Broyn and
Overbeek (loc. cit., cf. Fig. 71, in the case of an AgI sol with hydrogen as the connter-
ions and speciaily to the specific conductivity curves with NaOH and Baf{OH),, obtained
by Van Os (loc. cil.), for the same sol. The small weak acid-buffering in the above
meutioned potentiometric titration curve of De Bruyn and Overbeek suggests that the acid
colloidal AgI sols, though fairly strong, are mot comparable to mineral acids in Lke disso-
ciating powers of their intermicellar acidic groups, i. e., H-I {Ag-I) on the surface of
the Agl lattice of the colloidal particles, ip this case. Consequently, instead of a
sharp point signifying the end of neutralisation in the specific conductivity curve, a very
small middle flat portion has been obtained in their experiments, as well as in these of
Van Os.

Fi1G. 3

9
CONCENTRATION OF ADDED BASE IN NORMALITY X D4

The Ba(OH), curve of Van‘Os shows a greater amount of drep in specific cenducti-
ytiv at the end-point than that obtained with NaOH.' ‘This has been possible because
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the Ba** ions in the intermicellar solution bave an agregating eflect on colloidal sus-
pensions which produce a slight diminution in the value of ¢ and increase in the value
of Ca by a correspounding amount towards the end-point. This happens with gradual
accumulation of Ba®* jons in the intermicellar solution, i.e., with increase of {am %*):.
The same thing was also observed in the case of the potentiometric titration with
Ba(OIl1', of a clay sol sol, C;, to which we have already referred in Part II {loc. cit ).
Changes in the state of aggregation during (awm®*) titration can produce large changes in
the features ¢f the titration curves, which we shall have occasion to deal with in detail,
in our future communications.

Incidentally, the conductometric Litration 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
featurcs as the Agl liydrosols, may be analysed analogously.
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