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New applications of angle-resolved desorption
to surface phase diagrams in CO oxidation and
reaction pathways of NO + CO reaction on noble metals
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The Angle-Resolved Steady-State measurements were successfully applied to study
surface phase diagrams in CO oxidation and also to study the reaction pathways in NO+CO
reaction on noble metals.

Surface phase diagrams in CO oxidation on Pt(110) and Rh(110) were constructed by
following the angular and velocity distributions which were sensitive to the surface
structure and reactant density around the reaction site. These diagrams are the first
examples of phase diagrams based on the desorption dynamics studies. ‘

Angle-Resolved method to study the reaction pathways in NO + CO reaction on noble
metals showed a great advantage over other techniques since the nitrogen removal pathway
via N,O intermediate produces N, sharply emitted into inclined way and in the pathway
through N(a) recombination process N is collimated to the surface normal direction.
The thesis consists of six chapters as described below;
Chapter-1: mainly describes the background of studied subjects, its research status and the
importance of these studies for the society. It also describes a brief history and advantages
of using Angle-Resolved measurements.
Chapter-2: describes the technical set-up of the Ultra-High Vacuum system and procedures
for angle-resolved kinetics and time-of-flight (TOF) measurements under steady-state
conditions. It involves also the description of the data treatment.
Chapter-3: This chapter describes the extensive desorption dynamic studies of product
CO,; in steady state CO oxidation on Pt(110). The spatial and velocity distributions were
studied in a wide range of reactants pressures and surface temperatures as well different
crystal azimuths. In the active region, where the surface was highly reconstructed into the
missing-row form, CO, desorption split into two directional lobes collimated along 25°
from the surface normal in the plane including the [001] direction, indicating the CO,
formation on inclined (111) terraces. The translational temperature was maximized at the
collimation angle, reaching about 1900 K.

The spatial and velocity distribution of desorbing CO; from inclined terraces were
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fully analyzed, and desorption dynamics was successfully used to survey the surface phase
boundary. The resultant diagram was examined by LEED observations under the same
conditions. The differences in the diagram between the two methods suggest a high CO,
production capacity of the (Ix2) domains. The distribution change from an inclined
desorption to a normally directed one was abrupt at the CO pressure where the half-order
LEED spot already disappeared. This switching point was more sensitive than LEED
towards the complete transformation from (1x2) to (1x1) and was then used to construct a
surface phase diagram for working reaction sites in the pressure range from 1x107 Torr to
1x10™* Torr of oxygen.

Chapter-4: In this chapter, the studies of angular and velocity distributions of desorbing
product CO, in steady-state CO oxidation on Rh(110) are described. The results are
correlated to the surface structures observed by LEED under the same conditions. In the
limited CO pressure range in the active region, where the reaction was fairly first-order in
CO, the angular distribution in the plane including the [001] direction abruptly changed
from a normally directed form into bi-directional lobes collimated at +24° from the
surface normal. At the same time, the CO; productivity was enhanced, and the (1x2) LEED
pattern due to the missing-row structure was observed. The translational temperature of
desorbing CO, was maximized at these collimation angles reaching 1500 K. The
meta-stable (1x2) missing-row structure was proposed to be responsible for this CO,
formation. On the other hand, in the inhibited region, where CO retarded the reaction,
desorbing CO, was thermalized to the surface temperature.

[ also present in this chapter the LEED data under steady-state CO oxidation on Pd (110).
The data were taken in order to understand why no bi-directional CO, desorption could be
found on this surface in the course of the reaction. Finally, proposed the factors, which may
obscure the observation of the inclined CO, desorption from the missing-row reconstructed
surfaces. _ :

Chapter-5: In this chapter I discussed different reaction pathways in steady-state NO+CO
reaction on Pd(110) and Rh(110) surfaces. The reaction pathways were examined by
measuring the angular and velocity distributions of the reaction products i.e. N, CO, and
N;O. The CO, desorption sharply collimated along the surface normal on both surfaces. On
the other hand, N, desorption on Pd(110) sharply collimated along 40° off the surface
normal in the plane along the [001] direction below 600 K, showing the translational
temperature of about 3600 K. Above this temperature, the normally directed desorption
with a broad distribution was relatively enhanced with increasing the surface temperature.
On the other hand on Rh(110), desorbing N; sharply collimated along the surface normal,
and possessed the translational temperature of about 2500 K. The inclined N, desorption on
Pd(110) is considered to originate from the decomposition of the intermediate N,O(a) —
N2(g)+0O(a), and the normally directed N, desorption on Rh(110) is proposed to be due to
the associative desorption of adsorbed nitrogen atoms, 2N(a) —Ny(g).

Chapter-6: summarizes the results of my investigation with an outlook of the future of my
work. In this thesis, I showed that angle-resolved desorption measurement can be used to
study the surface phase diagrams and reaction pathways of particular catalytic systems.
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to surface phase diagrams in CO oxidation and
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