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1. A galvanic cell is constructed in which a Br2|Br+ half-cell is connected to a Co2+|Co halfcell. (total 8 pts)
Br2(l) + 2 e-  2 Br-, E° = 1.065V
Co2+ + 2 e-  Co(s), E° = - 0.28V
a) Please write down balanced half equations, (make sure which is anode and cathode),
and overall cell reaction. (6 pts)

Each equation is 2 pts.
-1 pt for every unbalanced equations.
No points for wrong anode and cathode.
b) Calculate the cell potential, assuming that all reactants and products are in their
standard states. (2 pts)

No partial points.

2. The standard reduction potential of an MnO4-, Mn2+ half-cell is E°cell = 1.49V. This halfcell is combined with a Zn2+| Zn half-cell (E°cell = -0.76V) in a galvanic cell, given that
[Zn2+] = [MnO4-] = [Mn2+] = [H3O+] = 1M. (total 15 pts)
a) Write down balanced half equations and the overall cell reaction. (5 pts)
MnO-4 + 8 H3O+ + 5 e-  Mn2+ + 12 H2O (2 pts)
Zn  Zn2+ + 2 e- (1 pt)

2

MnO-4 + 16 H3O+ + 5 Zn  2 Mn2+ + 24 H2O + 5Zn2+ (2 pts)

b) Calculate the cell potential, assuming that all reactants and products are in their
standard states. (2 pts)
E° = 1.49 – (-0.76) = 2.25V
No partial points
c) Suppose that the same reaction as above is operated at pH 2.00 with [MnO4-] = 0.35M,
[Mn2+] = 0.0020 M and [Zn2+] = 0.015M. Calculate the cell potential Ecell at 25°C. (5
pts)
From the equation Ecell = E°cell – (0.0592V /n) log Q
E(MnO4-, Mn2+) = 1.49 V – (0.0592 V / 10) log (0.002)2/[(0.35)2(10-2)16] = 1.32V
+2 pts for right answer
If a student got n value right (shown from the work), but wrong answer, give 1 pt
E(Zn|Zn2+) = - 0.76 V - (0.0592 V / 2) log (1)/(0.015) = -0.814 V
+2 pts for right answer
If a student got n value right (shown from the work), but wrong answer, give 1 pt
Ecell = 1.33 – (- 0.814) = 2.144V
+1 pt for Final answer right
d) Calculate the equilibrium constant for the redox reaction at 25°C using the cell potential
calculated in part (b), and explain what the K value (answer) implies. (3 pts)
Log K = (n/0.0592V) E°cell = (10/0.0592) (2.25V) = 380
K = 10380 (2 pt)
Large equilibrium constant implies that the strength of permanganate ion as an oxidizing agent
and that of zinc is as reducing agent. (1 pt)

3. Complete the energy level diagram for the Cu|Cu2+ || Ag+|Ag galvanic cell. (total 7 pts)
a) On the diagram, 1) indicate which is the anode and cathode. 2) write down the half cell
equations next to anode and cathode position. 3) draw in which direction electron flows.
(5 pts)

(-)

(+)

2 pts for anode and cathode
2 pts for right half cell equations
1 pt for direction of electron flow.

b) This reaction is spontaneous. If this spontaneous reaction ends, explain what will happen
to the energy levels of the anode and cathode. (2 pts)
Electrons will continue to flow from Cu to Ag+ until the energies of the electrons in both halfreactions have become equal to one another and there is no longer a driving force for the reaction
to occur

4. Corrosion takes place in real life situations, for example, iron gets rusted, which is the
sign of corrosion.
a) Sacrifical anode is a way of preventing iron corrosion. Explain what it is. (3 pts)
By using another metal that is harder to reduce than iron, that sacrificial metal will be oxidized
in preference to iron. Then iron can be protected as other metal gets oxidized instead.

b) Choose two possible sacrificial anode, referring to the standard reduction potentials
table give below. Explain Why. (3 pts)

If a student chose any two from Cr, Zn, Mn, Al, Mg, La, Na, Ca, Ba, K and Li, give 1
pt each.
From comparing Standard reduction potential, one that gets more readily oxidized than
Fe2+ + 2e-  Fe (E0 <-0.41V) can be used as a sacrificial anode. (this kind of
explanation will get 1pt)
5. The following reduction potentials are measured at pH 0 in aqueous solution: (total 4
pts)
IO3- + 12 H+ + 10 e-  I2 (l) + 6 H2O
I2 (l) + 2 e-  2 I-

E0 = 1.195 V
E0 = 0.5355 V

a) Write chemical equation of iodine disproportionation. (2 pts)
6I2 + 6H2O  10 I- + 2IO3- + 12 H+

b) Calculate the standard potential difference. Does iodine disproportionate
spontaneously in acidic solution? (2 pts)
E = 0.5355 V – 1.195 V = -0.6595 V : non spontaneous reaction.

