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Summary

Model processes are described whereby the co-ordination
numbers of cations and anions at the surface of the corundum
(a-Al,03) structure can be changed whilst still preserving
electrical neutrality. A number of distinctive atom groupings
can be generated in this way and speculations are made regard-
ing their potential as active centres for heterogeneous catalysis.
It is proposed that changes in surface co-ordination number

can be induced by replacing Al** by Cr®* ions, and that the
catalytic characteristics will change non-uniformly as the
chromium content of the phase a-Cr Al,_,O; is progressively
increased.

The understanding of many aspects of the reactivity
of solids depends upon a precise knowledge of the posi-
tions of atoms within crystals, and structure determina-





Y.M.de







494

than d3(Cr3*). Such d?-d* couples could be useful centres
in dehydrogenation or oxidation-reduction reactions.

(c) In the Cr,0,4 double-octahedron of Fig. 6, the two
‘“east-west” oxygens at Level 2 and the two ‘“north-
south” oxygens at Level 1 together form an exposed
group of four anions. They are well placed for reductive
attack by hydrogen and hydrocarbons. High-tempera-
ture hydrogen exchange reactions may proceed on such
centres.

(d) A symmetrical four-atom group (Fig. 7a) of two
oxygen ions at Level 2 and two cations at Level 3 occurs
on each of the surfaces illustrated in Figs. 2-6. A similar
four-atom group, but with the oxygen ions recessed (i.e.
two oxygen ions at Level 4 and two cations at Level 3)
occurs in the surfaces shown in Fig. 5 and Fig. 6. An
especially accessible variety of this structure occurs in
Fig. 6. These centres are likely to be important for low-
temperature hydrogen-deuterium equilibration by a
heterolytic mechanism. The symmetrical transition state
shown in Fig. 7b superimposes on Fig. 7a.

a b

Fig.7. (a) Arrangement of atoms in an element of the corundum sur-
face. (b) Transition state for the heterolytic mechanism of H,—D,
exchange

These descriptions of potential catalytic centres are
speculative. However, they serve to bring out the point
that mere increase of the concentration of a solute ion
without a change of the bulk phase can lead in principle
to marked variations of catalytic activity. It has already
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been shown that, in Hy-D, equilibration, a progressive
increase in chromium content in the solid solution
a-Cr Al,__ 0O, is not matched by a monotonic increase in
catalytic activity. Special activity is associated with the
concentration range in which Cr—Cr cation pairs form in
appreciable numbers, demanding that the formation of
particular kinds of active centre be considered.®

Conclusion

Attention has been focussed in this discussion on four
prototype surfaces of the corundum structure parallel
to the c-axis. Each preserves an electrically neutral
condition, yet each shows unique characteristics. The
surface formed by cleavage parallel to the basal plane
can also adapt by adsorption or re-organisation, and it
may be discussed using similar arguments to those al-
ready described. The cleaved surface of anionsin that case
is atomically flat, and is not likely to be electrostatically
stable: however, the interesting features specific to
accessible cation pairs will not develop in modifications
of the virgin basal plane surface. The incorporation of
foreign ions into solid solution in a-Al,O, will affect the
relative concentrations of the different surface features
described. By taking the example of a-Cr Al,_, O, it is
shown that in general one would not expect the varia-
tions of catalytic activity with concentration of solute to
be linear, and there is already experimental evidence in
this direction. More experimental data are now required
on the activity of such standard systems in a variety of
catalytic reactions. One may then hope ultimately to
use particular catalytic reactions as probes for different
kinds of surface feature on corundum and other simple
close-packed structures.
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