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* A galvanic cell consists of a Cr’*/Cr half-cell with unknown [Cr’"] and a Ni**/Ni half-
cell with [Ni*] = 1.20 M. The electromotive force of the cell at 25 °C was measured
to be 0.55 V. What is the concentration of Cr’" in the Cr’*/Cr half-cell?

From the standard reduction potentials,

Cr'f(aq) + 3¢ > Cr(s) E°=-0.74V
Ni**(aq) + 2¢" > Ni(s) E°=-024V

The most negative is reversed to give an overall reaction and cell potential of
3Ni**(aq) + 2Cr(s) © 3Ni(s) + 2Cr'*(aq) E°=(+0.74—-0.24) V=0.50 V

From the Nernst equation for this 6 electron reaction,

E=EO_E an=Eo_R_ nm
nF nF  [Ni2t(aq)]3

(8.314 ] K 1 mol™1)(298K) _ [cr3+(aq)]?
6 X 96485 mol~1 T (1.20)3

=(0.50 V) —

Solving this gives,

[Cri(aq)] =3.8x10° M

Answer: 3.8 x 10° M

Calculate the equilibrium constant of the reaction at 25 °C.

The equilibrium constant is related to the standard cell potential through:
, RT
E’=—InK
nF
Using E°=+0.50 V,

(8.314 ] K1 mol~1)(298 K) |
6 x 96485 mol~1

050V =

Solving this gives:

K=5.5%x10"

Answer: 5.5 x 10>
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Calculate the standard Gibbs free energy of the reaction at 25 °C.

The Gibbs free energy change is related to the standard cell potential through:

AG’ = -nFE°
=-6 % (96485 mol™") x (0.50 V) = -290 kJ mol™

Answer: -290 kJ mol™

Express the overall reaction in the shorthand voltaic cell notation.

Cr(s) | Cr’*(aq) || Ni**(aq) | Ni(s)




