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Yttrium Stabilised Zirconia (YSZ) is an important material in SOFCs, oxygen sensing and
catalysis.  Simulation  techniques,  including  both  inter-atomic  potentials  and  Density
Functional Theory (DFT) models, have been applied to investigate various properties of this
material.  Catalytic  partial  oxidation  of  methane  over  YSZ  is  investigated  and  a  novel
mechanism  of  oxidative  C-H  bond  activation  is  proposed  and  parallels  drawn  with
experimentally derived reaction pathways[1].

The ability  of YSZ to act as an fast  ionic  oxygen conductor  is important  to many of its
applications. We present results of calculations designed to explore the effects of surfaces and
defects  on  the  ionic  conductivity  of  YSZ  materials,  presenting  evidence  that  oxygen
conduction may be significantly enhanced at the surfaces of the material.

Calculations  using electronic structure techniques are carried out to examine the catalytic
properties of YSZ. Initially potential surface active sites are characterised, building on the
work  of  Xia  et  al[2,3].  The  surface  model  is  then  shown to  strongly  adsorb  and  activate
molecular oxygen, carbon dioxide and water from the gas phase. The energetics and electron
movements in these surface interactions are described.

A novel mechanism of methane C-H bond activation is reported over YSZ, activated by the
presence  of  an adsorbed partially  reduced O2 species.  The mechanism is  investigated  in
detail, including the use of two electronic structure techniques to allow mechanistic details to
be proposed and activation energy estimated. It may be that this mechanism is more generally
applicable to oxidative C – H bond activation over many metal oxide materials.

Transition state for H3C-H bond cleavage over YSZ showing Bader charges & spin density surfaces.
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