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Section 107, Cell Potential, Free Energy and Equilibrium
Problems and Worked Answers

Electrochemistry

Section 107- Cell Potential, Free Energy and Equilibrium

For each pair of standard cell potential and electron stoichiometry values below, calculate a
corresponding standard free energy change (kJ).

(@) 0.000V,n=2

(b) +0.434V,n=2

(c)—2.439V,n=1

Solution
AGO = - nFE:e”
(a) AG° = — nFEy = — (2) (96485 —=) (0.000 V) = 0 J/mol = 0 ki/mol

(b) AG® = — nFELy = — (2) (96485 ——) (+0.434 V) = — 83749 J/mol = — 83.7 k}/mol

(€) AG°= — nFEgy = — (1) (96485 ——) (—2.439 V) = + 235327 J/mol = + 235.3 ki/mol

For each pair of standard free energy change and electron stoichiometry values below, calculate a
corresponding standard cell potential.

(a)12 ki/mol,n=3

(b) -45 kJ/mol,n=1

Solution
o AG°
cell = — nF
o _ _AG _  (12k/mol)(1000J/k)) _
(@) Ecen = nF ~ (3)(96485C/Nmol) 0.041V
o _ _AG _ (=4 Kki/mol)(1000J/k)) _
(b) Ecey = nF (1)(96485 C/V mol) =+047V

Determine the standard cell potential and the cell potential under the stated conditions for the
electrochemical reactions described. State whether each is spontaneous or nonspontaneous under each
set of conditions at 298.15 K.

(a) Hg() + S* (aq,0.10 M) + 2Ag*(aq, 0.25 M) — 2Ag(s) + HgS(s)

(b) The cell made from an anode half-cell consisting of an aluminum electrode in 0.015 M aluminum
nitrate solution and a cathode half-cell consisting of a nickel electrode in 0.25 M nickel(ll) nitrate
solution.

(c) The cell comprised of a half-cell in which aqueous bromide ion (1.0 M) is being oxidized to aqueous
bromine (0.11 M) and a half-cell in which AI** (0.023 M) is being reduced to aluminum metal.

Solution
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0.0592

All reactions are at 298.15 K and useE, = E2; — % In Q=E2 — — log 0Q:
(@) anode: Hg(l) + $*7(aq, 0.25 M) —> HgS(s) + 2e~ Eioge = —0.70V
cathode: 2 x (Ag*(aq, 0.25 M) +e~ — Ag(s)) E hoge = 0.7996V
overall: Hg(l) + S~ (aq) + 2 Ag* (aq) — 2 Ag(s) + HgS(s)
Ei = Elirode — Eanoge = 0.7996V — (=0.70V) = 1.50V (spontaneous)
£ £ 0.0592 V l 1,43V (spont )
= - o = 1. spontaneous
cell cell 2 g 010 X 0‘252 p
(b)
anode: 2 x (Al — AP**(ag, 0.015 M) + 3e7)) E. oge = —1.662V
cathode: 3 X (Ni**(aq, 0.25 M) +2e~ — Ni(s)) E ihode = —0.257V
overall: 2AI(s) + 3Ni?* (aq, 0.25M) — 2AI**(ag, 0.015 M) + 3Ni(s)
Ell = Eohode — Eanoge = —0.257V — (=1.662V) = 1.405V (spontaneous)
o . 0.0592 V 0.0152
Eoi = Ecan — — log 0258 1.423 V (spontaneous)

(c) Oxidation occurs at the anode and reduction at the cathode.

anode: 3 x (2Br~(agq, 1.0 M) — Br,(aq, 0.11 M) + 2e7) E, .4 = 1.0873V

o

cathode: 2 x (AP**(ag, 0.023 M) +3e~ — Al(s)) Ecithode = —1.662V

overall: 2A1** (ag, 0.023M) + 6Br~(aq, 1.0M) — 2AI(s) + 3Br,(aq)
Eyi = Eoihode — Eanode = —1.662V — 1.0873V = —2.749V (nonspontaneous)

. . 0.0592 V 0.113
Ecell = Ecell - 6 lOg 02321 06

= —2.733 V (nonspontaneous)

107-4 Determine AG and AG” for each of the reactions in the previous problem.
Solution
Alluse AG° = —nFE;e“ and AG = —nFE.; (a) AG° =-289 ki/mol, AG=-276 ki/mol; (b) AG° =-813.4
kJ/mol, AG =-823.8 kl/mol; (c) AG° = 1591 ki/mol, AG = 1596 kJ/mol

107-5 Use the data in Appendix L to calculate equilibrium constants for the following reactions. Assume 298.15
K if no temperature is given.
(a) AgCl(s) = Ag*(aq) + CI” (aq)

(b) CdS(s) = Cd**(aq) + S (aq) at377 K
(c) Hg** (aq) + 4Br~(aq) = [HgBry]*"(aq)
(d) H,0(l) = H"(aq) + OH (aq) at 25°C
Solution
Alluse K = enFEce"/RT with zell = zathode - Ez:node
(a)
anode: Ag(s) — Ag*(aq) + e~ E;oge = 0.7996V
cathode: AgCI(s) + e~ — Ag(s) + Cl™(aq) Elthode = 0.22233V
overall: AgCl(s) = Ag*(aq) +ClI” (aq) E.,, = —0.5773V

n=1landK = e 224707 = 17 x 10710
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(b)

anode: Cd(s) — Cd**(aq) + 2e” E, o4 = —0.4030V
cathode: CdS(s) +2e~ — Cd(s) +S*~(aq) Elthode = —1.17V
overall: CdS(s) = Cd*"(aq) +S* (aq) E.y = —0.77V

n=2andK = e ¥4 = 26 x 10721

anode: Hg(l) + 4Br~(aq) = [HgBr,]*> (aq) E,oqe = —0.21V
cathode: Hg?* (aq) + 2e~ — Hg(D) Elthode = 0.851V
overall: Hg?* (aq) + 4Br~(aq) = [HgBr,4]*" (aq) E., = 0.641V
n = 2andK = e*% = 4693 x 10%
(d)
1 o
anode: 5 X (Hy(g) — 2H*(aq) + 2e7) E.oge = OV
cathode: Hg?* (aq) +2e~ — Hg(l) Elthode = 0.7973V
overall: H,0(l) = H*(aq) + OH (aq) E., = —0.8277V
1
n = E(Z) andK = e73222 = 10 x 107
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