Problem 12-07 Membrane equilibria, Donnan potential

To 0.1 dm® of the solution of pepsin (Cu®*)1 P?®" of concentration 4-10° mol dm 2, such amount of
solid CuSO, was added, that the resulting concentration of the sulphate ions was 5-10 mol dm 2. This
solution was then dialyzed at 32°C against 0.4 dm® of pure water. Calculate the equilibrium
concentrations of Cu?* and SO, ions in the pepsin solution and the Donnan potential. All electrolytes
are completely dissociated.

[co+ = 1.25:10° mol dm™®; ¢, » = 8.55:10* mol dm'®; E = -2.522 mV]
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Solution:

(Cu®")1 PP =10 Cu*" + P cp=410° moldm®  (we denote (Cu*")y P? =P)

CuSO, = Cu®* + SO,> ¢1=510°mol dm®
Balance: at the beginning in equilibrium
Left Right Left Right
P207 Cp 0 Cp 0
cu® 10cp+ ¢4 0 10 Cp + C1 — N/Vien N/Vright
SO~ C1 0 C1— Vi N/Vright

Vier=0.1dm® | Vgigne = 0.4 dm®

n = amount of passing ions Cu** a SO,*

Donnan equilibrium: (Copzr * Coo2)Left = (Cg+ * Cso,2-)Right
(€1 —Nn/Vier)-(10 cp + €1 — NIV ert) = (N/VRight) - (N/VRight)

NViex =n/0.1=10n

N/Vrigt =N/0.4 =2.5n

ci-(10cp+¢1)—10n- (10 cp + ¢1) =10 n - ¢; + (10 n)? = (2.5 n)?

(100 —6.25) n*—~10n - (10 ¢cp + 2 C1) + C1-(10 Cp + C1) = 0

93.75n?—10n - (10-4-10° + 2.5.10°) + 510 %(10-4-10° + 510°) =0

93.75n*-0.104 n+2.7:10°=0

. —0.104+(0.1042 —4.93.75-2.7 -10-5)1/2
- 2.93.75

1.n=6.9510" ... (Cogz+)Left = €1 — N/Ver =5-10° — 6.95-107%/0.1 = ~1.95:10"° mol dm>
this value has no physical meaning
2.n=4.1447-10" mol

(Copze)Left = €1 — NMVie =5:10°° — 4.1447-10%/0.1 = 8.553-10" mol dm®

(Cso,2 Jreft = 10 Cp + €1 — NIV iert = 10-4-10°° + 5:10 °~ 4.1447-10 */0.1 = 1.255310 * mol dm
(Cop2+)Right =N/VRigne = 4.1447-10%/0.4 = 1.036-10 > mol dm®

(Cso,2 IRight = NVrignt = 4.1447-10°%/0.4 = 1.036-10°° mol dm®



Donnan potential

lons Cu** and SO,? pass from the Left compartment into the Right one, T = 305.15 K
(CUP")iet = (CU*)right Zo2+ =2

'“gu2+(pLeft) +RTIn (aCu2+)Leﬁ + ZCuz+ -F “PLeft = ,ugup, (pRight) +RTIn (aCu2+)Right + ZCu2+ -F -¢Right
< - ,,©
,UCu2+ ( pLef[) = 'uCu2+ ( pRight)

RT | (@c 2 et _ RT | &=/ Vien
2F (aCu2+)Right 2F n/VRight

_8.314-305.15 8.553-10~*
2-96485.3  4.1447-107%/0.4

E= PRight — PLeft =

=-0.002522 V

or (SO et = (SO )right Zop =2

ﬂgoi‘ (PLeft) + RTIN (ag02-)eft = Zg02- - F - @Left = ﬂ;}oi‘ (Pright) + RT In (g 2-)Right — Zsoz- - F  Pright
’USGOE_ (PLeft) = 'uSeOﬁ_ ( pRight)

RT | (8502 JRight  RT In[ n/VRight }

2F  (aggz et F \10Cp +C—n/Vieq

-4
_8314-30515 4144710 7/04 _ 100500y
2.96485.3 1.2553.1073

E= PRight — PLeft =




