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The importance of adsorption measurements
during surface catalysis has previously been em-
phasized by one of the present authors.? The
mechanism of the water-gas shift reaction on ZnO
and MgO was studied by means of infrared tech-
niques during the course of the reaction. It was
found that a surface formate is formed on both of
the catalysts as the reaction intermediate. The
rate-determining step of this reaction was the de-
composition of the surface formate.

When carbon dioxide and hydrogen were con-
ducted onto ZnO at 150°C, the surface formate
could be observed by infrared spectroscopy. The
isotope shift of the C-H (and C-D) stretching
vibration band was observed by employing deu-
terium gas. It was, however, difficult to find the
surface formate in a mixture of carbon monoxide
and water vapour on ZnO, though the surface
OH group and CO(a) were found to be formed
at a considerable rate. The dependence of
the optical density of the infrared spectrum of the
surface formate upon its coverage was obtained
from a comparison of the spectroscopic and vol-
metric measurements on the adsorption of formic
acid. The coverage of the surface formate during
the overall reaction was obtained from the optical
density.

The rate of the decomposition of the surface
formate (v) was examined by means of infrared
spectroscopy at the reaction temperature (230°C),
forming the surface formate by introducing a known
amount of formic acid vapour. Then the rate of
the dehydration decomposition (v') was oatained
by the following equation; 2'=vXs, where s is
the selectivity, ([CO]/[CO]+[CO,]), of the de-
composition of the surface formate. It was then
compared with the rate of the overall reaction
(H,+CO, — CO+H,0), v, as measured by
gas chromatographic analysis for the carbon
monoxide produced. The two rates were in rea-
sonable agreement within the limits of experi-
mental error, provided the coverage was the same,
which leads us to the conclusion that the surface
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formate is the reaction intermediate of the water-
gas shift reaction and that its dehydration decom-
position, step (2) in the following scheme, is the
rate-determining step.

Rate of overall Rate of

Run reaction (v'') dehydration (') Coverage
ccfg-hr cc/g-hr
1 0.023 0.022 0.35
2 0.028 0.025 0.35
3 0.030 0.029 0.41
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When a mixture of carbon monoxide and water
vapour was introduced over MgQO, we confirmed
the formation of a surface formate on the catalyst
by means of infrared spectroscopy in a manner
similar to that used in ZnO, as has been found by
Scholten.?? However, it was found that the sur-
face formate could not be easily observed from a
mixture of carbon dioxide and hydrogen on MgO.

We measured the rate of the dehydrogenation
decomposition of the surface formate by infrared
spectroscopy at 280°C in order to compare it with
the overall reaction rate, as measured by gas-
chromatographic analysis, for the carbon dioxide
produced. As was the case over ZnO, the two
rates were in reasonable agreement within the
limits of experimental error if the adsorption of
surface formate was the reaction intermediate of
the reaction on MgO; the rate-determining step
was the step of the dehydrogenation decomposi-
tion of the surface formate, step (1).

In the water-gas shift reaction over both ZnO
and MgO, the change in the adsorptions of
water, carbon dioxide, carbon monoxide, and
hydrogen did not considerably influence the rate
of the decomposition of surface formate under
the reaction conditions employed.
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