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thus

zy = Biz2 (Brza + Boz1) 1 0

1S 22y (2y2) + w92) T ete.

Since the standard states are the same
as with I:
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The reaction can be written:
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The thermodynamic constant of (9)
is the same as that of (1), Ky, because
of (8). An equilibriutn quotient Ay for
(9) may be defined by: ‘
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and from (10) and Gibbs-Duhem’s law
we can derive:

din g, = Bzy~1dIn Ayy;

din g, = — Bz, 7Mdin Ay, (1)

To find y,, Vs 91 @nd g, one need only
make one graphical integration, either
finding one of 9, andy, with (6) and the
other with (4), or one of g, and g, with
(11) and the other with (10).

The other set of activity factors can be
found from (8).
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Hégfeldt, Ekedahl and Sillén have
recently developed equations for calcu-
lating the activities of the components in
ion exchangers 1, 2,

For multivalent ions there is a choice
whether to consider (I) equivalents BajR,
AlR etc. or (II) molecules BaR, AlR,
etc. Dependent on the choice, different
mole fractions (I f,8,; II x,x,), equilibrium
quotients (I »; II 1), and activity factors
(I y179 II g49,) should be used.

There are in literature very few measure-
ments on ion exchange equilibria with
multivalent ions. We have applied our
formulae to two sets of measurements 3,%
on the exchange H* (= 1)—Ba2+ (= 2)
on Dowex 50. Marinsky 3 used Dowex
50 which had been treated with 6 C
NaOH at 95°C for 48 hours, whereas
Duncan and Lister 4 mention no pretreat-
ment of their resin.

Fig. 1 gives log 4y as a function of g,
not of z, to facilitate the integration of
equation (11). (For the numbers of equa-
tions see Hogfelt at al?). The equi-
librium quotient A, from Duncan’s and
Lister’s measurements is seen to differ
considerabl from Marinsky’s, which is
probably due to the pretreatment.

In Fig. 2 a and b, the g values have been
calculated both from 4y with (11) and from
%y (Fig. 3) with (6) and (8). The devia-
tions are small. They are of course due to
the fact that the smoothed curves s, (f)
and 2, (f) are not exactly equivalent.

It is interesting to note that Marinsky’s
values give a maximum in the activity
factor g, of BaR,, (and a minimum in
g;) not far from the composition of the
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Fig. 1. Log Ay, as function of Fig. 2. Activity factors g, and Fig. 3. Log %y, as function of B.
B for Bat+ —H+ exchange on gy. O: from (6) and (8), O: O: Marinsky, O: Duncan and
Dowex 50. O: Marinsky 3. from (11). Fig. 2 a gives g Lister.

D: Duncan and Lister 8.  from Marinsky’s measurements

and 2 b from Duncan’s and
Lister’s.

compound BaR4(HR); proposed by Ma- II, with molar sizes BaR, and HR, and
rinsky and Coryell 8. At almost the same the corresponding equilibrium quotient
composition, Duncan’s and Lister’s values 15 and activity factors g, and g,, rather
give & minimum in g, (maximum in g;)! than I (with BajR, %y, y; and y,). The

Fig. 3 gives x4 (f), and Figs. 4—5 give curves obtained with II, by the way,
y1 and p, calculated from (6) and from resemble more those for univalent ions1
(11) and (8). This way of representation (where I and II are of course identical).

Figs. 4—5. Activity factors y, and

ys. O: from (11) and (8), O:

from (6). Fig. 4 gives y from
Marinsky’s measurements and

1 Fig. & from Duncan’s and Lister’s.
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In this case it seems preferable to use



