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On the pH Dependence of Transport Behavior
of Weak Acids and Weak Bases across
Ion-exchange Membranes
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We have pointed out that the transport
behavior of weak acids and bases across ion-
exchange membranes depends remarkably on
the solution pH®». It is noticed that there is
a range of pH at which the maximum trans-
port takes place. This behavior is due to the
suppression of dissociation of acids in the
lower pH range, and to the contribution of
the competitive transport of hydroxide ions in
the higher pH range, in the case of weak acids
for example. In this communication, this
problem is treated in general and some useful
conclusions are derived.

Let us consider the three-component system
consisting of strongly dissociated ions A-,
e.g., chloride ions, weak acid ions B-, and
hydrogen or hydroxide ions. It is assumed
that the concentration of each component of
the sample solution remains unchanged in
course of the electrodialysis experiment and
all the electrolytes which are adsorbed in the
membrane are in the dissociated state. Then,
the permselectivity coefficient 7%, ., is defined
and written in terms of constant or known
quantities as follows:
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where ¢t transport number, C concentration,
K=Kg/Kw, Kz and Kw dissociation constants
of weak acid BH and water, and

(B Y(S), (oS

are permselectivity coefficients* which are
constant independently of experimental con-
ditions, and the absence and presence of bar
above symbols refer to the solution and the
membrane phase respectively. Subscript By
means total acid molecules in dissociated and
undissociated states, and B weak acid ions.

The ratio of transport numbers which ex-
presses the relative amount of weak acid
transferred across an anion-exchange membrane
is

G.1op

Fig. 1. Transport of boric acid across an
anion-exchange membrane.
O Experimental, —— Theoretical
Experimental conditions ; A five-compart-
ment cell, 0.33mA./cm?, 1hr.; Mem-
branes, heterogeneous ones made from
Amberlite IR-120 or IRA-400; Stock so-
lution, 0.05 M H3BO;, 0.05M NaCl, NaOH
(for adjustment of pH).

* These are practically dependent on the current
densities. T'R is known from the electrodialysis experi-
ment in the pH range higher than pKp+1, where

TH=(18/1a)/ (CB,/Ca)=T'}.
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The experimental verification of these ex-
pressions was obtained in the case of boric
acid across an anion-exchange membrane as
shown in Fig. 1. The experimental procedure
was the same as that in the preceding papers’.
The transport number #z is the amount (equi-
valent®¥) of boric acid transferred across the
anion-exchange membrane by passage of the
electricity of 1 faraday. The theoretical curve
was drawn according to Egs. 1 and 2, in which
quantities were estimated as follows; T& is
2, T’El is  0.2%, féj+-f-u~'r}-on. the transport
number of anions across the anion-exchange
membrane***, is 0.7 and Kg is 7.3 X 10-10%¥

This treatment leads us to the following
general conclusion. The minimum pH at which
the appreciable transport of a weak acid
occurs depends primarily on its dissociation
constant and nearly equals to pKg—1, and the
maximum transport takes place in the pH
range between pKg+1 and 12~13. The smaller
is T{" and the larger are C, and Cg, the
higher is the maximum pH. The same treat-
ment can be applied to weak bases. The
details will be presented in near future.

The authors express their thanks to Mr.
Katuya Yanase for his experimental cooper-
ation.
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** Only the dissociation of boric acid in the first step
was considered. Further dissociations are so weak (dis-
sociation constants 1.8x10-'% and 1.6x10-14) that these
contributions are neglected in the pH range smaller than
13 and 1n the larger pH range the contribution of hy-
droxide 1ons becomes overwhelming.

*#% Sirictly, it contains the contribution of the trans-
port number of anions across the adjacent cation-exchange
membrane.




