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Catalytic reaction involving oxygen has been one of the most studied branches of research field owing to
its eminent occurrence in a wide variety of situations. In this study, using density functional theory (DFT)-based
analysis, we investigated oxygen interaction on three different catalytic environmments: (1) Oz molecular
interaction with a non-metal surface, i.e. Oz molecule interaction with g-CsN4, (2) interaction as an interstitial
within a bulk, i.e. interstitial O ion and its migration in bulk PrsNiQOs, and (3) its vacancy in a metal oxide
environment, i.e. O vacancies in HfQz.

02 molecular interaction with graphitic carbon nitride (g-CsN4) was first investigated to determine how
the adsorbate interacts with this easily synthesized carbon-based substrate apart from graphene. Of the
different possible adsorption sites analyzed, it was determined that the Oz moelecule is merely physisorbed on the
surface in a position near the 2-coordinated N atoms. The interaction was deduced to be due to the valence band
top (VBT) of the surface and its lowest unoccupied molecular orbital (LUMO). This interaction caused surface
corrugation and was eventually determined to be a more stable surface structure than the planar. However, this
surface corrugation did not provide a more stable interaction with the adsorbate, Influence of two types of
dopant, ie a non-metal, B, and a metal, Pt, on O2 interaction was analyzed. Of the two dopants, Pt doping still
provides good interaction with Oz which was attributed to a better interaction of the o* orbitals of the O2
molecule with the d orbitals of the metal on the surface than the o orbitals of the metal-free surface.

The interaction of an interstitial O (Owmt) ion and its migration was analyzed on a PrzNiO4 bulk structure
which is composed of interlayer structures of perovskite NiQOs and rocksalt structure PrzQOz. The interstitial sites
within the Prz02 bilayer of the bulk enabled the possibility of acquiring interstitial atoms and with which, the
occurrence of repulsive interaction between the Oine and the bulk apical O atoms. This causes a seemingly tilted
nickelate octahedral of the bulk and is considered a factor in the structural transition between temperature
dependent structures. Furthermore, the presence of Oint may produce different Ni oxidation states (Ni2+/Ni3+)
within the bulk and is an assumed source of p-type conduction along the basal O and Ni atoms containing plane.
Twe mechanisms for O ion migration were investigated: (1) interstitial migration, and (2) Q ion migration
through interstitialcy. The second mechanism was found to be more favorable due to less Coulomb interaction
between the migrating O ion and the bulk O ion which is one of the sources of the activation barrier for
migration. To determine the cause of high ionic and electronic comductivity of PreNiOs and Pr:NiQ4-based
structures, the effect of doping on two types cation sites was analyzed: (1) a large cation dopant substituting for
Pr, and (2) a smaller cation dopant substituting for Ni. Results show that Pr provides smaller lattice parameter
than La, and with which could lead to ease in O ion migration. On the other hand, Cu doping could enhance
electronic conductivity as compared with Ga. However, increased Ga doping shortens the lattice parameter, and
with these, doping Ga shows favorable characteristics as an electrolyte material

The effect of O vacancies on the electronic property of HfO2 is evident by the occurrence of a defect state
just below the Fermi level as ocbserved in the density of states (DOS) plot of the system. These states was further
determined to be localized at the Hf atoms at the vicinity of the vacancy, and that creating a row of these
vacancies would create a conduction path such that when electron trapping cccurs, band passing the Fermi level
are generated thereby causing the system to change from an initially insulating material to a metallic material.

These results somehow paved the way for understanding the mechanism of resistive switching observed in
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ReRAM devices. The mechanism proposed is based on O vacancy migration between the electrode and the oxide
material interface that is triggered by set and reset pulse voltages. Furthermore, it is also shown that a single
atom intrusion within the row of oxygen vacancies cuts the conduction path and changes the material back to
insulator.

The presence/removal of O on catalysts for different catalytic environment is shown to be a major factor
in the functionality of a device. Understanding an O atom’s interaction with its catalytic environment was

proven to be a powerful method in designing materials.
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