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Catalytic reaction of small Pt clusters involving oxygen has been one of the most intensive research
studies in Pt-based heterogeneous catalysts that play a vital role for the development of diesel oxidation catalyst
(DOC). Moreover, there are still many major issues in DOC such as oxygen poisoning that has not been solved
vet and this issue needs to be addressed properly. For that purpose, a thorough investigation on the mechanism
of bonding interaction between small Pt clusters and oxygen was conducted in order to find the best solution to
avoid oxygen poisoning and if possible reduce Pt loading in DOC. Most of the current work here is carried out on
non-supported Pt clusters excluding chapter 2 of this work.

Chapter 2 investigates geometric structure effect on small Pt clusters by performing NO adsorption
process on two isomers of Pts clusters {tetrahedron and planar rhombus). The adsorption process was carried on
isolated Pts and Pts/Al»O3 surface. The study shows that certain Pt isomer could have weaker Pt-N bond
(tetrahedron), while the other one might exhibit stronger Pt-N bond (planar rhombus). Under the support
presence, the most preferable NO adsorption site on isolated Pts cluster (tetrahedron) can be switched to another
site, while at the same time the bonding strength of Pt-N bond is also reduced significantly. In planar rhombus
structure, the most preferable adsorption site for NO remains same. In general, NO is more favorable to be
adsorbed on Pts cluster with planar rombus configuration whether in conditions with and without the support.
However, tetrahedron-structured Pts cluster is much stronger adsorbed on Al:O3 surface as compared with
planar-rhembus-structured one. Hence, the Pts/Al203 configuration using tetrahedron-structured Pts cluster has
greater stability at their bonding interface.

Chapter 3 discusses Oz dissociative adsorption process on the isclated Pts and Ptio clusters by taking into
consideration cluster reconstruction effect. Both clusters acquire similar geometric structure, tetrahedron, where
the Ptio cluster is a bigger representative size of Pts cluster. The concept of interstitial bonding orbital (IBQ) is
introduced to explain the mechanism that initially triggers geometry reconstruction in small Pt clusters,
particularly Ptio. In brief, when oxygen adsorbs on the clusters the IBO strength will be weakened and the
clusters would start to undergo atom rearrangement that leads to cluster reconstruction. Moreover, cluster that
could undergo structural deformation is found to promote oxygen dissociation without experiencing energy

barrier like the one observed in Ptio cluster. Further analysis provides that the main key to avoid any



considerable rise of energy barrier is by maintaining the equilibrium of attractive and repulsive intramolecular
forces between atoms. Any perturbation (such as adsorbed oxygen) that disrupts the equilibrium of these forces
is the main culprit that holds responsibility for the rising energy (barrier) fluctuation during O= dissociation
process. In summary, oxygen that dissociates on the cluster that has more flexible structure is more likely to
experience lower or no activation energy barrier,

In chapter 4, core-shell Ni@Pt cluster is proposed as prospective catalyst candidate for DOC. In
comparison to pure Pt cluster of similar size, core-shell Ni@Pt cluster is able to reduce Pt-O bonding strength.
Based on the calculation result and existing experimental data, the global trend of Pt-O bonding strength in the
clusters follows successive order of bridge (or hep-like) > 'fcc-like > vertex site where tﬁe vertex sites are
presumed to harbor “metastable” oxygen atoms. Furthermore, surface reconstruction that induced by adsorbed
oxygen could abruptly change the distribution pattern of the first nearest neighbor (INN)} Pt-Pt bond in the
clusters. Qualitatively, the calculated 1NN distribution pattern is similar with the ones observed in EXAFS data
of Pt nanoparticles where the amplitude of INN Pt-Pt bond distribution of surface atoms would decrease as more
oxygen absorbed on the clusters. Lastly, the influence of oxygen-induced surface reconstruction on the stability
of bonding interaction at corefshell interface was also investigated. The result shows that the bonding
interaction of Pt(core)-Pt(shell) bonds in pure Pt cluster ecan be changed into more attractive and repulsive
bonding depending on Pt-O bonds configuration. However, in Ni@Pt cluster case, the hybridization between 3d
orbitals of Nifcore) and 5d orbitals of Pt(shell) under oxygen presence would always impose repulsive bonding

character, hence, weakening their Ni(core)-Pt(shell) bonding strength.
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