Demonstration 15-1

The Belousov-Zhabotinskii reaction is a cerium-catalyzed oxidation
of malonic acid by bromate, in which the quotient [Ce3*]/[Ce**]
oscillates by a factor of 10 to 100.%

3CH,(CO,H), + 2BrO; + 2H* —

Malonic acid Bromate

2BrCH(CO,H), + 3CO, + 4H,0

Bromomalonic acid

When the Ce** concentration is high, the solution is yellow.
When Ce3* predominates, the solution is colorless. With redox
indicators (Section 16-2), this reaction oscillates through a
sequence of colors.?

Oscillation between yellow and colorless is set up in a 300-mL
beaker with the following solutions:

160 mL of 1.5 M H,SO,
40 mL of 2 M malonic acid
30 mL of 0.5 M NaBrO; (or saturated KBrO,)
4 mL of saturated ceric ammonium sulfate,
(Ce(S0,), * 2(NH,),S0z ~2H,0)

After an induction period of 5 to 10 min with magnetic stirring,
oscillations can be initiated by adding 1 mL of ceric ammonium
sulfate solution. The reaction may need more Ce** over a 5-min
period to initiate oscillations.

A galvanic cell is built around the reaction as shown in the
figure. The quotient [Ce3*]/[Ce**] is monitored by Pt and
calomel electrodes. You should be able to write the cell reactions
and a Nernst equation for this experiment.
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Apparatus used to monitor the quotient [Ce3+}/[Ce**] for an oscillating
reaction. [The idea for this demonstration came from George Rossman, California
Institute of Technology.]

In place of a potentiometer (a pH meter), use a computer or
recorder to show the oscillations. Because the potential oscillates
over a range of ~100 mV but is centered near ~1.2 V, the cell
voltage is offset by ~1.2 V with any available power supply.!?
Trace a shows what is usually observed. The potential changes
rapidly during the abrupt colorless-to-yellow change and gradu-
ally during the gentle yellow-to-colorless change. Trace b shows
two different cycles superimposed in the same solution. This unusual
event occurred in a reaction that had been oscillating normally for
about 30 min.!"
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