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Abstract

Heterogeneous catalysis is an important branch in catalysis, in which the
catalyst and reactants are in different physical phases. In this thesis, we have
carried out extensive first-principles calculations to explore the selected
heterogeneous reactions catalyzed by the noble-metal nanoparticles. The
major results of the thesis fall into two categories: (1) the discovery of the
scaling relations for predicting the catalytic activity of nanoparticles; (2)
the computational characterization of the catalytic activity and mechanism
for specific catalytic reactions. For the first category, we have made efforts
to develop the scaling relations for binary noble-metal nanoparticles. The
obtained results show that the scaling relation not only holds at the nanoscale,
but can also be unified with those obtained for the extended surfaces. Our
findings shed new light for the efficient screening of nanoparticles with
superior catalytic properties. The second part of the thesis summarizes our
studies on different catalytic systems. One of the focuses is to study the
catalytic properties of the single Pd-doped Cu55 nanoparticle toward H2
dissociation and propane dehydrogenation. The possible reaction mechanisms
and effects of the single and multiple Pd doping on the catalytic activity have
been extensively examined. Our calculations reveal that single-Pd-doped Cu55
cluster bears good balance between the maximum use of the noble metal and
the high activity, and it may serve as a promising single-atom catalyst. We
have also systematically studied the reduction process of graphene fluoride
catalyzed by the Pt-coated metallic tip under different atmospheres, aiming
to provide a feasible strategy for scanning probe lithography to fabricate
electronic circuits at the nanoscale on graphene fluoride. It is found that the
tip-induced reduction of graphene fluoride with assistance of pure hydrogen
atmosphere is facile despite the release of hazard hydride fluoride. The ethylene
molecule is predicted to be an excellent acceptor for fluoride abstraction
from graphene fluoride, but the corresponding defluorination cycle can not
be recycled. Our calculations have finally revealed that under the mixture
hydrogen and ethylene atmosphere, the Pt-coated tip can effectively and
sequentially reduce graphene fluoride with the release of relatively harmless
reduction product, fluoroethane. The proposed cyclic reduction strategy is
energetically highly favorable and is ready to be employed in experiments. Our
theoretical studies provide yet another convincing example to demonstrate the
power of the density functional theory for studying the nano-catalysis. It should
also been mentioned that the present calculations are restricted to relatively
small-sized clusters due to the limited computational resources. It is highly
desirable to further study complicated interfacial systems and to provide a full
picture of heterogeneous catalysis with the aid of ab initio molecular dynamics
simulations in the future.
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