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Some examples of how electron microscopy can provide a link between 
the speculative kinetic mechanisms of the thermal decomposition of solids 
and physical reality have been given 1 , and the use of electron microscopy 
in determining the processes involved in chemical reactions between 
solids, using the pyrotechnic reaction between antimony and potassium 
permanganate (KMn04) powders as an example, has been discussed2. As part
of this latter study, electron microscopy was used to examine the thermal 
decomposition of single crystals of KMn04. The kinetics of this reaction 
have been studied extensively3 and the mechanism propose d for the decomp
osition, known as Prout-Tompkins model4 has been used to account for the 
decomposition of several solids3 

The model is based on the idea that the formation of product nuclei 
promotes the formation of further nuclei in a manner analogous to branch
ing chains in homogeneous reactions. This behaviour leads to the rate of 
reaction being proportional to both the amount of product formed(•) and 
the amount of unreacted material (1 - o<.), and is known as autocatalysis. 
Such behaviour is usually recognised by the characteristic S-shaped curve 
obtained when the fractiooal decomposition(•) is plotted against time, 
at constant temperature3, 4 • Much discussion centred originally3 on the 
nature of the branching process in solids, leading to the interpretation 
that reaction is initiated at crystal dislocations, where the activation 
energy for breakdown of the KMn04 is lowered. Product formed then causes
strain in the lattice, which leads to cracking and generation of new 
defective surfaces. Hence the accelerating reaction rate. 

Crystals of KMn04 are not only unstable to heat, but also to radiat
ion5, so it is difficult to find crystals with smooth surfaces (Fig. 1 ) 
and there is often some initial surface decomposition (Fig. 2). Before 
examination in the SEM, crystals were sputter coated with a thin layer of 
gold to minimise charging. No effects attributable to the metal coating, 
the electron beam at up to 30kV (twice the accelerating voltage normally 
used), or the evacuated atmosphere of the microscope were detected. Some 
crystals were then partially decomposed (<290° C) on a hot-stage optical 
microscope (HSM) before examination in the SEM. The cracking, predicted 
by the model, was seen to be perpendicular and parallel to crystal faces, 
leading eventually to peeling of layers as shown in Figs. 3 to 6. Samples 
heated in air (Figs. 3 & 4) and in nitrogen (Figs. 5 & 6) showed only 
slight differences. Some areas of rounded surface suggest partial melt
ing. The thickness of the layers of partially-decomposed material and 
the sizes of the mosaic blocks varied from sample to sample. On further 
heating on the HSM, violent fragmentation of the crystals occured. Therm
al measurements, using isothermal differential scanning calorimetry6, 
show that reaction in air consists of several overlapping exothermic 
stages, while in N2 there are also some endothermic contributions. The
Prout-Tompkins model, although confirmed overall by SEM observation, 
must result from averaging of many complex processes. 
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