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Recently the three-parameter model introduced
for fitting equilibrium data for strongly acidic
(strongly basic) solid and liquid ion exchangers'?
was extended to weakly acidic (basic) and com-
plex-forming resins.> The present paper deals
with the influence of ionic strength on the para-
meters of this model, and for this purpose the
study by Soldatov and Novitskaya on the Soviet
weak acid resin KB-4 containing carboxylate
groups was chosen.* The measurements were car-
ried out at four ionic strengths ranging from 0.02
to 2.5 mol dm™* in the aqueous phase.

Experimental

Samples were shaken to equilibrium at 295-
297 K. After phase separation pH was measured
in the aqueous phase, while the resin was titrated

Table 1. Parameters in eqgns. (8) and (9) for the
system H*—Na* on KB-4 resin calculated from eqns.
(11a—c). T=296+1 K. log K from eqgn. (10) is also
given.

I/mol dm=3  logx(H) log=(Na) logx, logK L a L4 L
1 1 1
1 02 08
0.02 452 575 553 527 0 _
0.10 457 5.75 5.61 5.31 Fig. 1. logx (@) and pH (O) plotted against o for the
0.50 4.69 5.75 577  5.40 two ionic strengths: /=0.02 and /= 0.10 mol dm-3.
250 4.97 575 6.15 5.62 The curves have been calculated from the model

with the parameters given in Table 1.
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with standard alkali to determine the amount of
acid in that phase. The pH was measured with a
glass electrode calibrated against standard buff-
ers.

The model

The model has been described elsewhere (see
Refs. 1-3). According to the model any molar
property Y can be expressed by:

)

where y,,ys and y,, are the quantity Y in pure A,
in pure B and in the mixture, respectively. x,,xg
are the equivalent fractions of the two compo-
nents in the resin.

In ion exchange, data are often plotted against
x4 or xg. It is then useful to introduce the equa-
tion:

Y = yaxi + ypXp + 2y Xaxp

Y = yaxa + yprp + Bxxp (2
in which B is an empirical constant. By fitting
data Y = f(x) to eqn. (2) by least-squares meth-
ods the parameters y, and yg as well as the empir-
ical constant B are obtained. With a knowledge
of these quantities, the parameter y,, is obtained
from:

Y = 5(ya + yp + B)~ 3)

Application to ion exchange equilibria

Consider the reaction:
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0 1 02

Fig. 2. log» (@) and pH (O) plotted against o for the
two ionic strengths: /=0.50 and /=2.50 mol dm™3.
The curves have been calculated from the model
with the parameters given in Table 1.

0.8

H* + NaR = HR + Na*. “4)

The equilibrium quotient, %, for reaction (4) is
given by

Table 2. Comparison between experimental and calculated pH values for the system H*—Na* on KB-4 resin at
different ionic strengths. T=296+1 K. Data obtained by interpolation of Fig. 1 in Ref. 4.

o 1=0.02 1=0.10 /=0.50 1=2.50

pH pH pH pH pH pH pH pH

exp calc exp calc exp calc exp calc
0.10 5.30 5.46 4.90 4.82 4.20 4.25 3.80 3.84
0.28 6.40 6.31 5.80 5.67 5.20 5.10 4.70 4.70
0.48 6.90 6.98 6.40 6.33 5.85 5.74 5.30 5.31
0.68 7.50 7.56 6.80 6.90 6.20 6.28 5.70 5.77
0.87 8.30 8.21 7.50 7.53 6.85 6.87 6.20 6.26
0.92 8.50 8.47 7.80 7.78 7.10 7.1 6.50 6.46
0.97 9.00 8.95 8.20 8.25 7.60 7.56 6.90 6.88

s(pH) = £0.10 s(pH) = £0.08 s(pH) = £0.07 s(pH) = +0.05
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% = xyg[Na* )z [H']. )

The ratio between the activity coefficients for the
two cations is expected to be kept constant by the
ionic medium used and can thus be included in x.
In the following expression:

o = nop-/Sy = Xnar (6)
o is the number of millimoles of OH™ added,
nou-» divided by the capacity of the sample, S,
expressed in mequiv. In the pH range covered in
the present study a can be set equal to xy,g. From
eqn. (5) we obtain:

1-a

logx = log (T) + pH + logl. (7

From experimental data a(pH), logx can be ob-
tained from eqn. (7). When these data have been
fitted to the model, pH can be calculated from
eqn. (7) for chosen a values. In the pH range
studied [Na*] = 1.

From eqns. (2) and (3) we then have:

log» = log#(Na)a + logx(H)(1—a) + Ba(l—a)
(8)

logx,, = 4[logx(Na) + logx(H) + B]. )

%(Na) is the limiting value of » when a=1 and
®x(H) that for a =0. The integral free energy of
reaction (4) given as a thermodynamic equilib-
rium constant, K, is obtained from:

1
logK = f logxda = 3[logx(Na) + logx(H)
o + logx,]. (10)

Results

By fitting eqn. (8) to the experimental data by
least-squares methods the parameters of the
model were obtained for each ionic strength.
Each parameter was then studied as a function of
I'"2, By linear regression the following expres-
sions were obtained:
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logx(H) = 4.47 + 0.31VI
logw(Na) = 5.75 + 0.04

logx, = 5.47 + 0.43VI. (11a—)
In Table 1 the parameters from eqns. (11a—) are
given together with log K, calculated from eqn.
(10).

In Figs. 1 and 2, logx and pH are plotted
against o for the four ionic strengths studied. The
curves ware calculated from the model using the
parameters in Table 1. In Table 2 experimental
and calculated pH values are compared.

The standard deviation in pH, s(pH), is used as
a measure of the goodness of fit, and is given in
Table 2 for each ionic strength. From Table 2 it is
evident that the fit in pH is about +0.10 for
I1=0.02 and decreases to +0.05 for /=2.5.

The experimental data in Table 2 were ob-
tained by reading from a graph, with an esti-
mated accuracy of 0.05 and 0.10. This shows that
the 5 parameters in eqns. (11a—) instead of the
maximum of 12 give a satisfactory fit both with
regard to composition and ionic strength.
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