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First-principles investigations of NO chemistry on Cu surfaces and sintering-resistant properties of
Sr3Ti207-supported Pd: towards the development of novel NOx purification catalysts(SiZRE (< § T
BNODIEE., B&LU, SrsTi:07 IZHEEF SNz PADBALILIFICET 2E—REEFREFEICLS
R #FHLL NOx S DREREIZRAI+T)

Title

The development of novel NOx catalysts for the automobile three-way catalyst (TWC) converter plays a key
role in environmental protection. Finding (i) alternative materials to replace the rare and expensive platinum
group metals (PGMs) or (ii) minimum use of PGMs are of great interest. A mechanistic understanding of catalytic
behaviors from advanced computational studies is undoubtedly required. In this thesis, I provide density
functional theory (DFT) studies on the adsorption and dissociation of nitric oxide (NO) on Cu surfaces, which is a
catalytic model for NO reaction on Cu catalysts. I reveal the role of the intermolecular interactions among
adsorbed NO and of NO with a common gas in TWC, i.e., water (H20) in NO chemistry on Cu surfaces. Moreover,
by using machine learning enhanced global optimization (GOFEE) and DFT-based thermodynamics, I study the
stability of the SrsTizO7 (STO-327)-supported Pd catalyst under the TWC operating atmosphere to reveal the
electronic metal-support interaction (EMSI) mechanism and sintering-resistance properties.

Firstly, I study the formation of NO trimer on Cu(111) by van der Waals density functional (vdW-DF) method.
This is motivated by a recent experimentally peculiar finding that NO thermodynamically adsorbs in a trimeric
configuration rather than monomeric or dimeric ones on Cu(111). The stability of NO trimer arises mainly from
the hybridization among 2m* orbitals of NO. The relatively weak interaction between the NO and Cu substrate
allows partially occupation of 2m* orbitals, resulting in additional intermolecular bonding among adsorbed NO
molecules.

Secondly, I study the co-adsorption of NO and H20 on Cu(111) and provide theoretical insights into the
interactions that contribute to stabilization of the mixed NO-H20 complexes as compared to the pure NO and H20
clusters on Cu(111). The attractive NO-Hz2O interaction originates mainly from the direct hydrogen bonding
between H20 and negatively charged NO upon adsorption on Cu(111). Moreover, the direct hydrogen bonding also
induces an additional back donation process from Cu(111), further strengthening the NO-H20 co-adsorption.

Thirdly, the role of hydrogen bonding between NO and H20 in promoting the NO dissociation on Cu(110) is
clarified. I find that an upright NO adsorbed at a short-bridge site (SB-N*O) and a side-on NO at a hollow site
connecting two short-bridge sites (N*0*) are the two most stable molecularly adsorbed states, and the latter is the
precursor for the dissociation process. The hydrogen bonding between H20 and N+O+ plays a decisive role in
lowering activation energy for N-O bond cleaving.

Fourthly, the configuration change from SB-N+O to N*O* on Cu(110) under repulsive interaction with the tip
apex is studied. I find that not only the repulsive interaction but also the rigidity of tip apex at reduced tip-surface
distance play important roles in inducing the configurational change of adsorbed NO. The obtained insights are
beneficial for the development of atomic manipulation or molecular switching.

Finally, I reveal the composition and stability of small Pd clusters supported on STO-327 with emphasis on the
influences of Pd oxidation state and cluster sizes on their EMSI. Under oxidative regime, Pd2* is stable and the
EMSI is further enhanced from metallic to oxidized state by additionally interfacial O - Sr/Ti bonds with STO
surfaces. More importantly, compared with conventional y-Al2Os, STO-supported PdxOy clusters display a
stronger EMSI, thus a higher stability against sintering process due to a better charge transfer from the support
materials. The formation of highly anchored and stable PdO clusters with some magic clusters in terms of
stability is proposed as the main origin for the sintering resistance under oxidative conditions.

In summary, the (i) intermolecular interaction of adsorbed NO on Cu surfaces and (ii) the precise atomic
composition and EMSI of the novel sintering-resistant STO-327-supported Pd catalysts are studied in this
dissertation. The obtained results may be helpful to design the novel NOx catalyst for TWC converter.
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