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Abstract

Abstract

Methane is the main constituent of natural gas and an important type of feedstock for
making of fuel and chemical. However methane is very stable and its activation often
needs high temperature. Therefore, it is significant in theory and practice to investigate
the efficient catalysts for methane activation, especially at low temperature. Recently, it
had reported that CeO,-based nano-catalysts exhibited good performances for methane
activation at low temperature, but both the nature of the active sites and the mechanisms
for methane activation are not clear. Hence, we here employ the density functional theory
(DFT) methodto investigate C-H activation of CH; onCeO, and CeO,-doped with
different metal cations. Main results are obtained as follows:

1. The clusters (CeOy)n(m=1-3) as models were used to investigate the C-H
activation of CH4 and the mechanism over them. It was found that the C-H activation of
methane on these clusters obeyed the mode of nucleophilic addition, in which the
transition state was displayed with tetra-center structure. The electrons were transferred
from the clusters to the anti-bonding orbital of CH4, weakening and activating the C-H of
methane. The bridge oxygen-site of the clusters displayed the higher activity toward the
C-H activation of methane than the terminal oxygen-site, and the three-fold bridge
oxygen-site showed the greater activity for C-H activation of methane than the two-fold
bridge oxygen-site. These can be explained with the charge population of the involved Ce
and O sites of the clusters. The larger charge population at the O site and the less charge
population at the Ce site the clusters showed, the greater activity the clusters activated the
C-H of methane with. Moreover, the activity of the cluster for C-H activation of methane
was increased with the size of the cluster. However, if the environment around the
clusters were modeled with solvent effects, not only lowered the C-H barrier of methane,
but also decreased the activity difference between the active sites of the clusters for C-H
activation of methane.

2. It was found that each of the Pd doped clusters PdCeO42' and PdCe2062' had three
different structures that are stable, giving the changed influences on C-H activation of
methane. The C-H activation of methane over these Pd doped clusters showed far lower
activation barrier than the clusters (CeO,),, and(PdO),(m=1-3), revealing a synergistic
effect from Pd and Ce in the dope clusters where Pd-O was the preferred active site. With
NBO analysis, it was recognized that the C-H activation of methane was originated from
the electron transfer from methane to clusters (PdO),,(m=1-3), which was opposite to the

case of the cluster (CeO,)m(m=1-3). However, the net electron transfer between the

1I



Abstract

cluster PdCeO,* (PdCe,06>) and methanewas that the electrons moved from the clusters
to methane, and methane activation on both the clusters PdCeO42' and PdCGzOﬁz_ obeyed
the modes of nucleophilic addition in which the tetra-center structured transition states
were found.

3. For the C-H activation of methane over the cluster models upon metal cation (La’",
7+, V5+) doped CeO,, it was found that the barrier of C-H activation of methane was
much decreased relative to the cluster (CeO;)n(m=1-3). The doped site (M-O) of the
doped clusters was the active site for the C-H activation of methane and the activation
obeyed the addition modes in which the transition state was tetra-center structured.
Furthermore, the net electron transferring from the clusters of La®" and Zr*" doped ceria
to methane was noted (nucleophilic activation), while the opposite result was showed for
V>* doped ceria cluster (electrophilic activation). These revealed that the ceria cluster
showed the varied charge properties after doped with higher or lower or the same valence
of metal cations, which was accompanied by a significant influence on the mechanism of

C-H activation of methane.

KEY WORDS: CeO;,doped, methane, C-H activation, mechanism, DFT
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Fig 1.3 Frontier orbital interactions of oxo insertion and peroxo insertion
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Fig 1.4 Unit cell(a) and primitive cell(b) of ceria
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