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The present work is focused on the theoretical investigation of catalytic properties of
small gold clusters supported on the hexagonal boron nitride (h-BN) substrate. In particular, I
have performed systematic investigation how support affects physical and chemical properties
of gold. Currently, an extensive research is devoted to understanding the catalytic properties of
gold. Such an interest is stipulated by the fact that gold nanoparticles are active even at room
temperatures [1] that makes them unique catalysts for many industrial applications. One of the
most important factors in gold nanocatalysis is a support effect. It was demonstrated that metal
oxide supports [2,3] (such as, MgO, TiO,, Al,O;, Fe;0;, etc.) can considerably influence the
catalytic properties of the supported gold nanoparticles and modify (enhance or suppress) their
reactivity. On the other hand it is commonly believed that inert supports, such as h-BN, do not
affect the electronic and geometrical structures of the supported nanoparticles, and hence, such
nanoparticles can be considered as pseudo-free. In spite of intensive theoretical and
experimental studies the origin of catalytic activity of supported gold nanoparticles remains
highly debated and poorly understood, because it depends on many factors [3,4] (size,
geometry and electronic structure of nanoparticles, charge transfer from/to the surface,
interface effects, presence of defects, etc.). Surprisingly, catalytic activity of gold clusters
supported on h-BN surface has never been studied theoretically, in spite of the fact that
experiments demonstrate high catalytic activity of gold clusters supported on h-BN [4]. Thus,
there is an urgent need to elucidate activity of small gold clusters supported on the inert h-BN
surface. In the present work, I clarify whether the origin of catalytic activity of small gold
clusters supported on h-BN derives from the gold itself, or the ‘inert’ h-BN support is not inert
for gold and can modify its catalytic properties. In order to answer this question, I have studied
theoretically the structural, electronic, and catalytic properties of Au and Au, supported on the
pristine and defected h-BN surface.

In Chapter 1, a detailed research history of nanocatalyst and the objectives of the present
research are presented as general introduction. In Chapter 2, an overview of the basic
theoretical methods used for calculations is given, while in Chapter 3, the methodology on
how to choose various important parameters and approaches used for calculations is described.
In Chapter 4, the adsorption, activation, and dissociation of O; on Au atoms supported by

h-BN are discussed. It is demonstrated that adsorption and catalytic activation of O, on Au and
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Au, supported by h-BN can be affected by the interaction with the h-BN support via electron
pushing and donor/acceptor mechanisms. It is shown that even weak interaction of Au and Au,
with the defect-free “inert” h-BN surface can have an unusually strong influence on the
binding and catalytic activation of the molecular oxygen. This effect occurs due to the mixing
of the 5d orbitals of the supported Au and Au; with the N-p, orbitals. Although the defect-free
h-BN surface does not act as a good electron donor for the supported O,-Au, it promotes an
electron transfer from the Au to O,, pushing electrons from the gold to the adsorbed oxygen
(Fig). In the case of defected h-BN surface Au and Au, can be

trapped effectively by N or B vacancy and impurity point e

defects. Strong adsorption on the surface defects is §§
accompanied by the large charge transfer. to/from the Ot Ot ' O—b@
adsorbate. The excess of the positive or negative charge on

the supported Au and Au, can considerably promote their

catalytic activity. Such a phenomenon can be particularly
Fig. Isosurfaces of the electron

important for understanding the mechanisms of the catalytic g;"i{g difference in O Au induced

activity of the supported small gold particles in oxidation o T

reactions employing molecular oxygen.

In Chapter 5, the mechanism of CO oxidation by O, (2CO + O, — 2CO,) on Au atoms
supported on the pristine and defected h-BN surface has been studied. CO oxidation occurs on
Au atom supported by pure h-BN and Vg@h-BN, and at interface boundary for
Au-Vy@h-BN, where Vg and Vy denote vacancy defects for B and N atoms, respectively. It is
shown that catalytic reaction 'of CO on free and supported gold atom proceeds via two
different pathways for CO oxidation: a two-step pathway where two CO, molecules are
formed independently and self-promotion pathway where oxidation of the first CO molecule is
promoted by the second CO molecule. Interaction of Au with the defect-free and defected
h-BN surface considerably affects the CO oxidation reaction pathways and barriers. The
influence of h-BN support on the supported Au atom results in decrease of the CO oxidation
barrier. )

On the basis of my theoretical studies, 1 have made an important conclusion that pristine
and defected h-BN support cannot be considered as an inert support for small gold clusters.

General conclusion and future perspective are presented in Chapter 6.
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1%, SNV TIRRISESEE R ERWN—F, BRI LT A X2/h S < LTS Ll
BEHERBBMICEKRTHZEBMLNTEY., BFRFET THAEESHZ RI 7O TENEE
EbLEL . BEEZL OERRE - BIMRORRE 2> TWVW3B, SHhi O RISOEIRHEIC
SONTIE, BREEROMEELEE L TWA Z ENEBRFEICL OV RBRINTWEN, 20K
Bz oWTIRHDICBAEIN TV S LTS VEY, BFICREERERICHERFLZEE, &3
BLF OMBHEE~DOEEBITZI LA LENLDEEZ LN TVWAD, HRMELEETHY,
EEOEBOHFEZOWTITILS bhro T oz,

AL TILAREELR RN E 7 5 R 7 —DOETEEICES Y RITTREEOFEICER
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L7 72WSER7e h-BN Btk &, BRB2FZATORMEEA LT 4 D h-BN EIRIZEZ TR
F—% AR LT, &7 TR —~DBESFORBERLEY 5 RAZ— LTI 5BESTF DR
BECOW TR ARERHELSER L, €7 7 X ¥ —OfMBEMHE~DOERDREEZEBRL TV
%, BmHBEICIAMEREGEER L -BEFOFENEET 0 75 A SIESTA ZRIA L
TWBHR, EEECEVWHEZEBRT LD, BEST. €7 7 XA F%—, BN 2RRICHE
TRABICLELRDNRTA—F—OKELETIRE, HERTHIAEEL{To = L TERE
BEEML, BELBREBREL VWS, AHEICLY, FURRETO 122 ZRETFICE
BLUT-BRAHYREDOBEANE S T A —OfENE EIT2 ETROADRZ L. BiR
KRR HIBEITIIER L L7 TR —DRICRVVETFBENDY, &7 T RF—LKE
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BRENWBETEX, BROFEBTENOLME~DODEFBENBEIN, BESTFV L VEHE
LENBZEEFHLMIL TS, FFiZ, REMEER1ES TR — L REBRFES T L O
BERIZRIETRL lelectron pushing ZhR] L4411, FEEEROFRMOPRL LTH
LWEES 2B L, YD FOEBRMRACEERMRAZ S TV ARIEIEFEMmEIN D,

INEETAHIC, FHII. FEEEEZEZIONTVAEKRTH->THET T X EX—DOftETE
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