Temperature Variations in an
Oscillating Chemical Reaction

MosT chemical recactions in homogencous mixtures are
characterized by monotonic changes in the concentrations of
the reactants. But the kinetic rate law also predicts oscillating
chemical reactions' and such chemical systems have recentty
been discovered®=®. These systems are especially uscful in
the study of phcnomena which are far from thermodynamic
equilibrium.

In such reactions measuremecnts of the temperature can
provide information about somc fcatures of the oscillating
process.  The behaviour of the temperature as a funciien of
lime in a chemical system containing H;C(COOH),, KBrO;,
Ce;(S0,); and H,S0, was investigated witha thermistorcovered
with a thin silicon rubbe. alm and is shown in Fig. 1. (The
initial concentrations are given in the legend.) At first, the
temperature incrcased with an approximate cocflicient ef
0.14 caloric cm~? min~!. As soon as the oscillating stule was
reached the temperature also began to oscillate about an
alinost constant value. The change of Ce* 1o Ce** was
accompanied by an increase in tempceraturc and the oppusite
change was accompanied by a decrease. The surroundings of
the reaction vesscl were not kept at constant temporature.
During one particular period, approximately 0.025 calorie cm” e
of hcat was produced and absorbed.

The temperature oscillation can be considered in the following
way. The entropy, S, of the system can be regarded as @
Liapunov function’, which is always dcfinite in the mathe-
matical sensc; the same holds for dS/dr. As wcll as the
cquilibrium states (given by dS/dr=0) therc may be other
states for which dS/dt~0 holds and in which tho sysicin
might stay for a longer time. This time is probably given by
a quality factor (a measure of the proximity dS/dr s to zero).
If the oscillating state is of the second type, it would, in the
limits of extrapolation, show reversibility during oscillaion.

The oscillation of the temperature around a nearly constant
value means that there is almost no overall heat production.
Therefore the converted chemical energy within one cycle
might be expected to appear, for example, as mechanical energy
associated with the formation of gascous CO, (ref. 8). The
rate of production of CO; in the ascillating state (Fig. 1) is
roughly 10-7 m cm * min~' and is about two 10 six’times
higher in the preceding lag phase. This could, in a sense, be
considered as an eflicient conversion of chemical to mechanical
encrgy. Conversely, one might expect an oscillatory staie (and
correspondingly a spatial state®'°, c.g. perhaps a membranc)
in a system which far from thermodynamic cquilibrium
converis energy very efficiently*®.
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Fig. 1 Temperature T as a function of time in the chemical
system containing H,C(COOH), (0.2 M); KUrQ, (0.06 M);
Ce1(S04), (0.002 M); H,S0, (solvent 2 N).
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