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Determination of Crystallographic Planes on the Surface of Supported

Metallic Crystallites
A. Corma,* M. A. Martin, and J. Pérez

Instituto de Catélisis y Petroleoquimica, C.S.I.C., Serrano, 119, Madrid 6, Spain

The percentage of metal surface atoms with different co-ordination numbers is calculated for Pd/y-Al,04

catalysts from gas chemisorption measurements.

The activity and selectivity of metal-supported catalysts are
frequently related to metal dispersion. This, however, is only
a rough approximation, since even ‘structure insensitive’
reactions can take place at different rates on points of the
metal crystal with different co-ordination numbers.* Thus, a
more realistic relation has to take into consideration not only
the dispersion or crystallite size of the metal but also the
proportion of metal surface atoms with different co-ordina-
tion numbers. If we could develop a simple method for
finding this proportion it should then be possible to find how
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Figure 1. Comparison of number of surface atoms measured by
(a) O, and H, and (b) CO and H, chemisorption considering a
statistical distribution of planes (O = Pd/ALO; 0.47%; O =
Pd/ALO; 0.9%; A = Pd/ALO, 4.75%,) from ref. 2 and con-
sidering the percentage of crystallographic planes shown in
Table 1 (solid symbols).

the differences in metal co-ordination on supported metal
catalysts affect the catalytic activity, and hence enable
catalysts with the maximum number of metal atoms in the
desired co-ordination to be prepared. We report a method
for calculating this proportion from gas chemisorption
studies on metal-supported catalysts, in this case Pd/y-Al,O;
catalysts. Details of the experimental procedure and catalyst
preparation can be found elsewhere.?

The experimental results in Figure 1, (a) and (b), open
points, show that for Pd/y-Al,O; the number of metal surface
atoms, calculated from H,, O,, and CO chemisorption data
[assuming, as is usual, that there is a fixed distribution of
metal atoms in different co-ordinations: 339 each in (111),
(110), and (100)], depends on the type of gas chemisorbed.
These results indicate that the assumption made is not correct
and that in this metal-supported catalyst there are preferen-
tial orientations of crystal growth as has been established by
high resolution electron microscopy for some systems.?

The preferential growth will depend on factors including
the method of metal deposition, reduction and/or activation
procedure, nature of the support, etc.

In the case of metals with face centred cubic structure the
most probable surface plane orientations of low Miller index
(high co-ordination number) are (111), (100), and (110),* and
if one takes their partial contribution to the total metal
surface of the supported metal as x, y, and z respectively, it
is possible to write equations (1)—(3), where Og, Hg, and

Oy/Hg = Ax 4+ By 4 Cz €))
COg/Hg = A'x + By + C'z (2)
l=x+y+z 3)

COg are the number of atoms of O and H, and molecules of
CO adsorbed per gram of metal. 4, B, C and A’, B’, C’ are
the stoicheiometries for O and CO chemisorption on planes
(111), (100), and (110) of Pd monocrystals reported in the
literature:® 0.25, 0.5, 1; 0.5, 0.7, 1, respectively. Now by
carrying out appropriate adsorption experiments with Ho,
0,, and CO and solving the system of equations it should be
possible to calculate not only the total number of surface
atoms but also the fraction of them lying in each of the three
most probable crystallographic planes mentioned before. The
system of equations can be solved by finding the x, y, and z
values which minimize the function given in equation (4).

Table 1. Percentages of crystallographic planes from three-
planes fitting.

Catalysts 9% (111) 9 (100) % (110)
0.47 2 71 27
0.90 52 10 38
4.75 32 0 68

a Percentage of Pd (wt%) on ALO,.
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¥ = |Oy/Hy —Ax —By —Cz|+|COs/Hs — A'x
—B'y —C’z| @)

Calculations were done for three Pd/y-Al,O, catalysts in
which chemisorption measurements with three gases (H,, O,,
and CO) had been carried out (unfortunately, most chemi-
sorption studies have only dealt with two gases), and the
results are given in Table 1. It can be seen that two crystal
surface orientations are in clear majority on these catalysts,
and that by considering the three planes in the percentage
given in Table 1, the number of surface atoms measured is
now independent of the nature of the gas used for the
measurements [Figure 1(a) and 1(b), solid points].
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