Problem 11-01 Calculation of the cell potential, y . # 1

Calculate the potential of the electrochemical cell

6 Cu(s) | CuCly (c = 0.014 mol dm™®) | Cl, (p = 120 kPa) | Pt @
at 25°C. Standard reduction potentials of the half-cells are

u u) =Vu. , o|ClH) = 1. .
ES(Cu?|Cu) = 0.337 V, E®(CL|CI") = 1.36

Standard states: Cly(g) the state of ideal gas at the actual temperature and at pressure of
p* = 101.325 kPa; under actual conditions the chlorine can be taken as an ideal gas;
electrolyte: infinite dilution, ¢ = 1 mol dm>.

The mean activity coefficient calculate from the Debye-Hiickel law (A =1.172 dm*? mol ).

Decide if you use the limiting or enhanced form.

[E =1.1872 V (3 = 0.67121 — from extended D-H, because 0.001 < | <0.1)]

Solution:
" ~ RT
1.© Cu(s)=Cu® (ag) + 2 e E; = ES(Cu|Cu?") — 55 INag,q.
ES(Cu|Cu®") = — E®(Cu*|Cu) =-0.337 V
. . RT a3
2.®Cl,(g) +2e=2CI (aq) E,=E®(CLICI") - == In——
2F ac,
ES(CLICI) = 1.36 V
a. o, -a2
E=E; +E, = E9(CUZ|CU) + ES(Ch[CI) — ~L | Jov "%y

2F acy,

acy, ~ % (fugacity coefficient ¢ = 1)
CuCl, = Cu* +2CI
Co2+=C , C-=2C ,2c=2 , za=1
acye 82 = youe - (Coper 1¢) 73 (o 1eM)2=p3-4(c/c)® , c*=1moldm’

lonic strength:
=05 (Couze - 22+ Cg - 15 =05 (4c+2c)=3¢c=3-0.014 = 0.042 mol dm™®

For ionic strength 0.001 < | < 0.1 the extended Debye-Hiickel law
(at 25°C A =1.172 dm*? mol *?)

2oz, AN 2114720042 _

Iny, = = =-0.398673

1441 1++/0.042

% =0.67121

RT In 73-4(c/cst)3
2F P, / P
8.314-298.15  0.671213-4-0.0143

2964853 " 120/101325 | O-337+1.36+0.16423

E = — E®(Cu?"|Cu) + ES(CL|CI") —

E=-0337+136-
E=118723V




