Problem 12-05 Membrane equilibria, Donnan potential

A membrane permeable for ions Ca®* and CI', but not for high-molecular ions R*, separates the
inner compartment of the dialysis cell at the beginning containing the polyelectrolyte RCI in
concentration ¢; and CaCl, in concentration (C2)o = 200 mmol dm, from the outer compartment
containing only calcium chloride solution in concentration (cs)o = 300 mmol dm™>. In equilibrium,
established at the temperature of 27 °C, the concentration of Ca?" in the inner compartment was
found to be 230 mmoldm™. (a) What is the concentration of RCI in the inner compartment?
(b) Calculate the equilibrium Donnan potential.

[(a) ¢1 = 125 mmol dm*; (b) E = 2.07 mV]

Solution:
C(RC')in,o =C RClI = R" + CI
¢(CaCly)in, o = ¢2 = 200 mmol dm CaCl, =Ca** +2CI’

¢(CaCl)out0 = C3 =300 mmol dm®
¢(CaCly)in, equit = C4 = 230 mmol dm™>
c¢(CaCl,) = c(Ca™)

Balance: at the beginning in equilibrium

in out in out
R+ C1 0 C1 0
Ca™* Ca Cs Co+ X Cs— X
ClI 2C+C 2C3 2C+Cc+2X 2C3—2X

cs=230mmoldmS=c,+X = X=0C4—Cp=230—200=230mmoldm

Donnan equilibrium condition for CaCl,:
2 2
(CCaZ*)in : (Ccr)in = (CCaZ+ )out : (Ccr )out
(Co+X)-(2¢o+ ¢ +2X)?=(Cs3—X)-(2¢c3—2x)°
(200 + 30)-(400 + c; + 60)* = (300 — 30)-(600 — 60)*
c1 = 125 mmol dm™

(b) lons Ca?* and CI” pass through the membrane from the outer to the inner compartment
(T =300.15 K)

(Ca2+)out —> (Ca2+)in Z 2

ca2t =
ﬂgaz+ (Pout) + RTIn (8,20 Jout + 22 - F - Pout = ﬂ§a2+ (Pin)+ RTIn (a2 )in + 22+ - F - @i

ﬂgm(pout) = ﬂ;a(pln)

a2 -
E = in —out = RT In (B2 Jour = RT In G X
2F (A2 )in - 2F  Cr+X
E= 8.314-300.15 In 300-30
2-96485.3 200+30

or (Cli)out —> (Cr)m Z = 1
,Ugr(pout)"‘ RT In (acr)out _Zcr -F “Pout = ,U(e;r(pin) +RTIn (acr)in - ZC|- -F “Pin
,ug, (Pout) = ,ug, (pin)
a~- —
E =0 — oy =— RT In (@c- Jout __RT In 2C3 —2X
F (ag-din F  2c,+c +2x
——8'314'300'15-In 600-60
96485.3 400+125+60

=0.00207 V

=0.00207 V




