Problem 12-04 Membrane equilibria, Donnan potential

Aqueous solution of a polyelectrolyte NaP (c; = 0.015 mol dm™) and low-molecular electrolyte

NaBr (c, = 0.005 mol dm®) is separated from the compartment of the same volume filled with pure

water by a semipermeable membrane. Both electrolytes are completely dissociated. At the tempera-

ture of 28°C

(a) Calculate how many per cent of NaBr passes from the solution into water.

(b) Calculate how many per cent of NaBr would pass from the compartment containing NaBr and
NaP, in case that the initial concentration is ten-times greater than in case (a).

(c) Calculate the value of Donnan potential for both cases.

[() 80 % (x, = 0.004 mol dm™®) , (b) 96.875 % (x, = 4.84375-10"° mol dm®);
(C) E(a) =0.036 V, E(b) =0.089 V]

Solution:

NaP =Na*+P~ ¢1 = 0.015 mol dm™

NaBr = Na* + Br- ¢, =0.005 moldm™
Balance: at the beginning in equilibrium

Left Right Left Right

P+ C1 0 C1 0
Na* CL+Cy 0 CL+Cr—X X
Br Cy 0 Cr — X X

Donnan equilibrium condition for NaBr:
(Cna* Iieft * (Cgr-)Lett = (Cna+ IRight * (Cgr-Right
(C+Cy—X)-(Cp —X) =X-X

(@) (0.015+0.005—x,)-(0.005—x,) = X2

0.0001-0.025 x, + X2 = X2

Yo = 0.0001

0.025

xa mol dm2 passed from the left compartment to the right one, i.e.
0.004

.é— — = 0
100 5 =100 0.005 80 %

=0.004 mol dm™3

(b) ¢, =10¢,, =0.15 mol dm®
(0.15+0.005 - x,,)-(0.005 - x,) = X{
0.000775-0.16 X, + X} = X2

Xy = —0'000%75 = 4.84375-10° mol dm™®
From the left to the right compartment passed x, mol dm 3, i.e.
-3
X . .
10020 —100. 28437510 7 _ o5 67505
Cy 0.005

(c) lons Na™ and CI™ pass from the Left to the Right compartment, T = 301.15 K

Zcation = 1, Zanion = 1,
y§a+(p,_)+ RT In (aNa+),_ + 2yt F-o :y§a+(pp)+ RT In (aNa+)p + 2yt F-op



or

© . O
/JNa+(pL) - /uNaJr ( pP)
a4 _
E = g0y = RT | (@ya )L _RT i GL* G2 =X
¢ _8314:30115 0.015+0.005-0.004
@~ 96485.3 0.004
8.314-30L.15 0.15+0.005—4.84375-10~2

n
06485.3 4.84375-1073

=0.036 V

=0.089 V

®) =

/Jgr(pL)‘i‘ RTIn(ag,-) —2g--F-oL= Iugri(pp)'F RTIn(ag,-)p — 25~ -F-0p
© - O
Hg- (PL) = g (pP)
RT . (e RT =~ x

E=pp—¢ = In
LG F (ag- ). F Cyr —X

. 8314-30L15  ~ 0.004
96485.3 0.005—0.004
8.314-30L.15 4.84375-107°
96485.3 0.005—4.84375-1073

=0.036 V

=0.089 V
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