Chemistry 232 Tutorial #3 (and test!)

1.

When heated to about 300 °C, zirconium oxide (ZrQ,) becomes a solid electrolyte due to mobile
Q% ions. The mobility of the O’ ions is increased by doping ZrO, with small amounts of CaO,
introducing “holes” (missing O ions) in the crystal lattice into which O ions can diffuse.

Zirconium oxide solid electrolytes are widely used as electrochemical sensors to monitor oxygen
levels during the operation of internal combustion engines. Obtaining the correct air:fuel ratio is
important to maximize engine performance and to reduce the emission of pollutants.
A schematic diagram of the zirconium oxide cell

Pt(s) | O,(g, 0.20 bar in air) | ZrOu(s) | Ox(g, poz) | Pt(s)
is shown below. One side of the zirconium oxide electrolyte is exposed to air, providing a

reference oxygen pressure at approximately 0.20 bar. The other side of the electrolyte in contact
with the engine exhaust. Porous platinum serves as the electrodes.

a) Write the anode reaction, cathode reaction, the overall cell reaction and the Nernst equation
for the cell.

b) Calculate the cell voltage for an engine with a “lean” air:fuel mixture (too much air) that
gives pos = 0.05 bar in exhaust at 300 °C.

¢) Calculate the cell voltage for an engine with a “rich” air:fuel mixture (too much fuel) that
gives poy = 107° bar in exhaust at 300 °C.

d) Why is platinum used for the electrodes?

€) Why are the electrodes porous?



The potentials of electrochemical concentration cells, such as ZrO, oxygen sensors and pH cells,
depend logarithmically on the concentration of the detected species. The logarithmic relation has
important consequences for the precision of electrochemical concentration measurements.
Suppose a 0.002 volt error is made in the measurement of potential of the pH cell

Ag(s)| AgCl(s) | CT™(aq), H'(aq, pHeer=7.00) | | Cl(aq), H'(aq, aw) | AgCl(s)| Ag(s)

For each of the following cell potentials, calculate the corresponding errors in the calculated
hydrogen molality (use 4+ = 1) at 25 °C.

Elvolt: -0.355 -0.237 -0.118 0.296

Assume errors in the temperature and reference pH are negligible.

This question compares the thermodynamics of a direct chemical reaction with the
thermodynamics of the same reaction in an electrochemical cell. Significantly different amounts
of work are obtained depending on how the reaction is carried out.

Plan A (Direct Chemical Reaction)

a) Calculate g, w, AU, AH and AG for the following reaction at 25 °C and 1 bar. Are ¢ and AH
identical? Data: AHg,"(H>0, 1) = ~285.8 kJ mol™! AGs"(H,0, ) =-237.1 kJ mol™

Hy(g) + %2 Ox(g) » H0()

b) Suppose the heat from the reaction is used to run a heat engine operating between 500 K (the
hot reservoir at Ty) and 300 K (the cold reservoir at 7¢). Use the Carnot relation

£=1 - (To/Ty)

for the efficiency of a reversible heat engine to calculate the maximum amount of work that can
be done on the surroundings.

Plan B (Electrochemical Reaction)
a) Calculate ¢, w, AU, AH and AG for the following reaction at 25 °C and 1 bar
Ha(g) + %2 Oxg) > H20()
carried out in the fuel cell Pt(s) | Hy(g, 1bar) | KOH(aq) | | KOH(aq) | 0,(g, 1 bar) | Pi(s).
b) Are g and AH identical? Explain.

¢) Comparc the amount of work that can be done on the surroundings using plan A and plan B.
This result is one of motivations for fuel cell research and development in many laboratories.
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