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1. Here are the relevant half reactions that lead to the balanced net reaction along with the oxidation
numbers for all the elements in the original schematic reactions.
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2NiO(OH)(s) + Cd(s) + 2 H2O  →←  2Ni(OH)2(s) + Cd(OH)2(s)
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3CuS(s) + 8NO3
–(aq) + 8H+(aq)  →←  3Cu2+(aq) + 3SO4

2–(aq) + 8NO(g) + 4H2O(l)
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2Ag(s) + 3HS–(aq) + 2CrO4
2–(aq) + 5H2O(l)  →←  Ag2S3(s) + 2Cr(OH)3(s) + 7HO–(aq)

 

2. This works as a propulsion reaction because a dense solid turns into a large number of moles of
gases at high temperature in a small volume, meaning a HUGE pressure increase that provides the
force necessary to propel the Shuttle, just as the reaction that appeared on Exam 1 propelled the
Lunar Excursion Module.  (There’s more to the boosters than this reaction, however.  Aluminum
powder is added as well, making the final products N2(g), H2O(g), HCl,(g) and Al2O3(s).  As an
additional exercise, see if you can write the net reaction for NH4ClO4 + Al giving these products.
It’s tricky, because two elements are oxidized: Al and N.)  But here’s the simpler reaction, broken
down as in problem 1 above.  Note that it’s helpful to break ammonium perchlorate into its
principle constituent ions, ammonium, NH4

+, and perchlorate, ClO4
–, and note that the number of

moles of these ions must be the same because they are coming from the same NH4ClO4 molecule.

2Cl
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0
 + 4O2

0
 + 2e–    Cl is reduced and O is oxidized
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0
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     N is oxidized and O is reduced

2NH4ClO4(s)  →←  N2(g) + Cl2(g) + 2O2(g) + 4H2O(g)

 

The detailed half reactions are more than I asked for, and the net reaction isn’t all that tough to
balance without them, but I hope you can see how the half reactions work here.  In the first one, the
Cl atom oxidation number change, from +7 to 0, says that the two Cl atoms together require 14
electrons.  The total of eight O atoms, each going from –2 to 0, release 16 electrons.  Thus, two
electrons appear as a product in this half reaction.  Similarly, in the second half reaction, the two N
atoms, each going from –3 to 0, release a total of six electrons.  The four O atoms, each going from
0 to –2, require a total of eight electrons.  Thus, this half reaction requires two electrons as reactants.
The non-obvious step in this problem is including some of the O2 produced in the first half reaction
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as reactants in the second.  Clearly, the net reaction water product has to have its hydrogens coming
from the ammonium ion, and the oxygen in water has to come from somewhere!  These half
reactions, however, are more formalities than realities, in that the real reaction does not occur in two
distinct half-reaction steps as we’ve imagined here.

3. We first turn to Table A5.5 and write down the two relevant standard reduction potentials:

Ag+(aq) + e–  →←  Ag(s) Eo = 0.80 V

Zn2+(aq) + 2e–  →←  Zn(s)     Eo = –0.76 V

These values tell us that the spontaneous reaction under standard conditions must be

2Ag+(aq) + Zn(s)  →←  2Ag(s) + Zn2+(aq)     Ecell
o  = 0.80 V – (–0.76 V) = 1.56 V

because this is the combination that leads to a positive Ecell
o .  Reduction happens at the Ag electrode,

and oxidation happens at the Zn electrode; the Ag electrode is positive.  But we are not at standard
conditions: the cell potential is 1.50 V, not 1.56 V, and [Ag+] = 0.05 M, not 1 M.  Thus, we turn to
the full Nernst equation, with n = 2:

Ecell = Ecell
o  – 0.0591 V

n  log 
[Zn2+]

[Ag+]2
     or     1.50 V = 1.56 V – 0.0591 V

2
 log 

[Zn2+]

(0.05)2

We solve this last expression for [Zn2+] and find [Zn2+] = 0.27 M.  Now we add NaCl to the silver
half cell.  This doesn’t alter [Zn2+], but it drops [Ag+] down to the saturation concentration for
AgCl.  We look up Ksp for AgCl in Table A5.4 and do a quick solubility calculation for a solution
saturated with AgCl with no excess Ag+ or Cl–:

Ksp = 1.6 × 10–10 = [Ag+][Cl–] = x 2     or     x = [Ag+] = 1.26 × 10–5 M

We substitute this concentration into the Nernst equation and find the new cell voltage:

Ecell = 1.56 V – 0.0591 V
2

 log 0.27
(1.26 × 10–5)2

 = 1.29 V

Note that it makes sense that the voltage should drop if [Ag+] is lowered: the reaction is
spontaneous toward products, and Ecell

o  is large, meaning K for the net reaction is very large.  (You
might want to calculate it.  You should find K = 5.48 × 1052.)  This tells us that at equilibrium,
[Ag+] should be very small indeed; at equilibrium, Ecell = 0.

4. We can combine the two half-reactions in the problem into a net reaction between Tl(s) and
Tl3+(aq), and find that reaction’s Ecell

o  value:

–2 × Tl+(aq) + e– →← Tl(s) Eo = –0.3363 V

Tl3+(aq) + 2e– →← Tl+(aq) Eo = 1.25 V

Tl3+(aq) + 2Tl(s)  →←  3Tl+(aq)     Ecell
o  = 1.25 V – (–0.3363 V) = 1.59 V

Since Ecell
o  is positive, this reaction at standard conditions is spontaneous as written.  Thus, we

conclude that Tl3+(aq) is unstable in the presence of Tl(s).  Note, by the way, that we had to
multiply the oxidation half reaction by 2 to combine it with the reduction half reaction to yield the
net reaction, but we did not multiply the reduction potential by 2!  No matter how the half reactions
are manipulated to combine into a net reaction, Ecell

o  = Eo(reduction half reaction) – Eo(oxidation
half reaction).  To find the equilibrium constant, we note that the net reaction involves a two-electron
transfer, so that n = 2.  We calculate a K considerably larger than 1:

K = enFEcell
o /RT = e(2)(96485 C mol–1)(1.59 V)/(8.314 J mol–1 K–1)(298.15 K) = 5.66 × 1053


