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Abstract

Noble metal nanocatalysts are of vital importance in many fields of chemical, food, energy and
environmental industry. The development of nanoscience in recent years demonstrated that the
catalytic activity and selectivity of noble metal nanocatalyst is strongly dependent on controlled
synthesis of noble metal nanocrystals with a specific size, shape and composition. It was very
important to gain deeper understanding of structure-activity mechanism on the surfaces in catalysis
at the atomic scale. Based the well-defined nanostructures, how to enhance the utilization of noble
metal while keeping the catalyst performing efficiently, selectively and stably is the core issues in
the development of noble metal catalysts.

In this thesis, following projects will be studied and discussed in detail: 1) Well-defined Pd
nanoparticles for the study the facet dependence in the hydrogenation catalysis of olefins; 2)
Mechanisms for CO oxidation on Pt-Fe(OH)y interfaces was studied by using periodic density
functional calculations.; 3) The formation mechanism of atomically dispersed palladium-titanium
oxide catalyst was investigated by theoretical calculation. And hydrogenation mechanisms of C=C
and C=0 and CO oxidation was explored. This will be divided into five chapters, with the main
research results summarized as follows:

Chapter 1. Briefly review on the surface and interfacial structure and catalytic performance
on hydrogenation and CO oxidation in catalysis. My research signigicance and research project
during the Ph. D. period are also demonstrated.

Chapter 2. Different exposed facets have various atom arrangements, resulting in different
adsorption and activation energies for various substrates. Our calculations revealed that under
hydrogen pre-saturated condition, Pd(111) facets exhibit no activity for trans-stilbene with the x
bonded mode, while Pd(100) facets show high activity for trans-stilbene. The hydrogenation of C=C
bond still follows the stepwise mechanism, i.e. Horiuti-Polanyi mechanism. For the first
hydrogenation step, the E-R type mechanism preferentially occurs such that both facets exhibit
similar barriers towards a given substrate. The difference in reactivity between {111} and {100}
might originate from the stability of SHI and its subsequent hydrogenation. A more open surface as

well as the olefin with a smaller steric hindrance would help to stabilize SHI, thus facilitating the
1]



whole hydrogenation. On the other hand, the bulky olefin, i.e. trans-stilbene, forms unstable SHI
over the compact {111} facet so that the barrier of the second hydrogenation becomes hard to be
conquered.

Chapter 3. The sub-5 nm iron hydroxide-platinum hybrid nanoparticles are highly efficient
for CO oxidation. Our calculations show that The Fe(lll)-OH-Pt interfaces are preferentially
occupied by CO, inhibiting the activation of O,. CO oxidation could begin with the coupling
between CO and OH. This indicates that OH present in Fe(lll)-OH-Pt is active and liable to
oxidizing CO into CO,. The created interfacial vacancies Fe-o-Pt favor the adsorption and
activation of O, and exhibit low activity for CO oxidation under room temperature. CO oxidation
is found to be a structure sensitive reaction. A weak Fe(ll1)-OH bond at the Fe(OH),/Pt(111)
interface results in a high activity towards the CO + OH reaction; however, it renders the interfacial
vacancy preferentially occupied by CO, inhibiting the activation of O,. On the other hand, Fe(OH)x
together with the Pt(332) or (322) is able to effectively activate both CO and O, thus enhancing the
low-temperature reactivity of CO oxidation. The roles that the adsorbed water plays in adsorption
and activation of O have been considered. On one hand, it can stabilize O adsorption by forming
OOH species; on the other hand, the O-O bond breaking can be facilitated by the coexistence of
water.

Chapter 4. Atomically dispersed Pd catalyst (Pd1/TiO2) on ultrathin TiO, nanosheets with Pd
loading up to 1.5% were fabricated with a room-temperature photochemical strategy. The formation
mechanism of atomically dispersed palladium-titanium oxide catalyst was first investigated by
theoretical calculation. Once exposed to UV, electron-hole pairs were generated on TiO2(B)
nanosheets. Electrons were trapped in Ti-3d orbitals to form Ti®* sites, and holes broke Ti-O bonds
between glycolate and TiO, leading to the formation of -OCH>CH>O- radicals. the OH group in —
OCH2*CHOH attacked its nearby Pd site by replacing one CI, leading to the formation of
PdCI4/TiO; intermediate, The remaining CI- on PdCI1/TiO. could be easily removed by using H»
treatment, giving rise to H* and CI-. Different from homolytic dissociation to H atoms, Pd:/TiO;
activate H, in a heterolytic way. One of the H atoms moved to nearby oxygen on EG to yield O-H?%",
leaving the other H atom with Pd as Pd-H%. Two possible pathways beginning with either H> or H%*
transfer were considered. The favorable pathway beginning with H* transfer from Pd to C=C , only

0.47 eV barrier was required for the H% transfer from Pd to the terminal CH, to make the half-
v



hydrogenated intermediate. Then the half-hydrogenated intermediate added H®" from nearby O-H
group. Isotopic experiments were comducted to prove the mechanism. Due to the unique H:
activation pathway, Pd:/TiO, also performed well in the catalytic hydrogenation of aldehydes.
Chapter 5. Whether atomically dispersed catalysts are active or not in CO oxidation is still a
debate. It may be critical to expose Ti®* sites adjacent to Pd atoms. The Ti-Pd site prefers to bond to
O, over CO. Electron transfer reaction between Ti®* and O, formed superoxide ions (O2), CO then
bonds with the O, species and forms CO, by overcoming a barrier of 0.77 eV, leaving an oxygen
atom on Ti®*-Pd site. This occur via a Langmuir—Hinshelwood scheme (L—H scheme). The second

CO easily reacts with the resulting Ti-O-Pd, with a small activation barrier of 0.28 eV.

Key words: Catalytic hydrogenation; CO oxidation; Atomically dispersed catalysts; Density

functional theory calculation
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