Problem 12-09 Membrane hydrolysis, Donnan potential

Aqueous solution of a polyelectrolyte M,R (M* is univalent low-molecular cation, R* a high-

molecular anion) of concentration 0.0065 mol dm was separated by a semipermeable membrane

from the same volume of pure water. The membrane is permeable for M*, non-permeable for R” .

In equilibrium established at the temperature of 39.8°C the pH in the right compartment containing

initially pure water was 8.5. In the aqueous solution the polyelectrolyte is completely dissociated.

Calculate

(a) the charge z of the high-molecular anion,

(b) pH of the polyelectrolyte solution in equilibrium,

(c) the membrane potential in equilibrium.

The ionic product of water at given temperature is Ky = 3.795-10 ' (standard state ¢ = 1 mol dm3).
[a) z=7; (b) pH =4.92; E = 222.2 mV]

Solution:

MR =2zM"+R"

HyO = H* + OH

o = 0.0065 mol dm™

¢o = 0.0065 mol dm™3

Balance: at the beginning in equilibrium
Left Right Left Right
R* Co 0 Co 0
M* Z Co 0 ZCo— X X
OH” Kw/X X
H* X Ku/X

Donnan equilibrium condition (passing ions are M* and OH"):
c(M™)Left - €(OHT) et =C(MT)Right - ¢(OH ™ )Right

K K K
(zco—X)—L=x? | Ccop=—w W
X Cyr X

K
(@) (pH)right =—log TW =85
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Kw =1078° = X = m: 1.2:10° mol dm™®
X 10785
3 10-5)3
o e Xt 10405, @210 12001527
Co Kw | 0.0065 3.795-1071

(b) (pH)Left =—log x=—log1.2-:10™° = 4.92
(c) lons M* and OH™ pass from the Left into the Right compartment,
Zcation = 1, Zanion = 1, T =312.95 K
Hps (PLeg) + RTIN (@) et + 230 F - OLet = Hyge (Pright) + RT IN (@, ) right + 2y * F - Pright
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Hyp+ (PLeft) = Hyp+ ( pRight)
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E = Pright — PLeft = RT (apy+ ) Left _RT 2% —X
F @y right  F X

_8.314-31295 7.0.0065-1.2-107°
06485.3 1.2.107°
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