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Identification of product formation sites from desorption
dynamics in steady-state CO oxidation over platinum
and palladium single crystal surfaces
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The oxidation of carbon monoxide is one of the model reactions leading to new
concepts of surface reactions as well as a practically important catalytic process. This
~ thesis involves the first observation of clear changes in the spatial and velocity
distributions of desorbing product CO; in CO oxidation on platinum metal catalysts
around critical kinetic conditions separating the active region from the inhibited region
by CO. It has proposed a model that these changes are due to site-switching for CO,
formation. This work has opened a new field in which the surface reaction dynamics
can be studied on individual sites at steady-state conditions.

The velocity and angular distributions of desorbing product CO; were studied in
steady-state CO oxidation on Pt(110), Pd(110), Pd(100) and Pd(111) by
cross-correlation time-of-flight techniques in a wide range of reactants pressures and
surface temperatures. Clear composition changes were first found in the velocity
distributions around the kinetic transition region commonly on all the surfaces. The
velocity distribution curves commonly involved two desorption components, a fast
one and a slow one. The translational temperature of the fast component was much
higher than the surface temperature. The value depends on the surface structure. A
model was proposed for the structure dependence of this translational temperature. On
the other hand, the slow component showed a Maxwellian distribution at the surface
temperature. It was proposed to be formed on surface structural defects. A model for
site-switching for CO, formation was also proposed.

The thesis consists of five chapters as described below.

Chapter-1 mainly describes the historical background of the spatial distribution
measurements and the motivation of these measurements. CO oxidation on Pt-group
metals has served as a model catalytic reaction as well as an important process for
pollution control.

Chapter-2 based on the experimental set-up and procedures for angle-resolved
kinetics and time-of-flight (TOF) measurements under steady-state conditions. The
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angle-resolved measurements were performed by inserting double slits before a mass
spectrometer for the detection of molecules desorbing along a desired angle. The
equipment was designed to control the steady-state reaction conditions precisely and
to measure desorbing product CO, in an angle-resolved form.

Chapter-3: The site-switching for CO, formation on Pt(110) is presented. The
angular distribution of desorbing product CO; in the plane along the [001] direction
split into a two-directional way collimated at £25° from the surface normal direction,
indicating the formation on inclined terraces with a (111) structure on (1x2) domains
in the active region. On the other hand, in the inhibited region, the normally directed
component was enhanced, suggesting the surface structure change into the (1x1) form
and CO; formation on it. The translational temperature of the fast component was
maximized to 1900+100 K at around +25°, supporting the two directional desorption
from the inclined terraces. On the other hand, in the inhibited region, the translational
temperature of the fast component peaked in the normal direction. Models for the
reaction site switching and different desorption components in both active and
inhibited regions were discussed.

Chapter-4: The results concerning the composition change for the CO,
formation on palladium surfaces are described. On the following low-index palladium
surfaces, CO, desorbed mostly along the surface normal direction under all the
experimental conditions studied.

Pd(110): The translational temperature of the fast component decreased from
3000 K to 2500 K with increasing CO pressure. In the active region, CO, mostly
desorbed as the fast component. The fraction of the fast component suddenly
decreased at the kinetic transition point from about 0.9 in the active region to about 0.3
in the inhibited region. No characteristic desorption of the surface with inclined
terraces was found. The fast component flux of desorbing product CO; sharply peaked
at the surface normal direction as cos'®@ in both active and inhibited region, where 8
is the desorption angle (polar angle). N

Pd(100): Only the single component was observed in the velocity distribution
curves at oxygen pressure of 3x107° Torr. The slow component was found at oxygen
. pressure above 3x107 Torr and below 520 K of the surface temperature. The fast
component showed the translational temperature of 1500 K throughout the kinetic
transition region. In the lower pressure region, the CO; flux peaked sharply along the
surface normal direction in a cos’ @ form in both active and inhibited regions.

Pd(111): The translational temperature of the fast component increased from
1800 K to 2550 K with increasing the surface temperature in the range of 473 to 873 K.
The fraction of the fast component was around 0.5 in the active region and 0.1 in the
inhibited region. The composition change in desorbing CO; was slow comparatively
with the other two palladium surfaces. The fast component showed a cos’ @
distribution. } A

The composition change around the kinetic transition region is explained by the
localization of reactive surface oxygen atoms to O, dissociation sites with decreasing
oxygen density, especially in the inhibited region. On the other hand, the distance of
the activated CO, complex to a reactant oxygen atom is proposed to be a major factor
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in determining the repulsive force operative towards nascent CO, from the site,
yielding the structure dependence of the translational temperature.
Chapter-5: This chapter described the summary of my investigation with an

outlook of the future of my work.
The concept proposed for site-switching is applicable to other surface reactions

and will be useful in evaluating the catalytic activity on each reaction site.
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