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Localized surface plasmon resonances (LSPR) is the phenomenon described as the collective oscillation of valence
electrons for establishing a resonance between the photons and surface electrons of nanoparticles, driven by the
electromagnetic field of incident light. Since the discovery of LSPR, a new regime has been opened in plasmonic
field.

Chapter I summarized general introduction and some recent works in designing of plasmonic photocatalysts and
their applications, focusing attention on three interrelated examples of (1) hydrogen molybdenum bronzes
(HiMoOs3-y), (2) hydrogen tungsten bronzes (HxWOs-y), and (3) oxygen vacancy doped molybdenum tungsten oxide
(MoxW1xOs-y). The purpose of this thesis and the outline of this thesis were included in this chapter.

In chapter II, a well-crystallized, high-surface-area plasmonic MoOs-x was synthesized by combining evaporation
induced self-assembly (EISA) process and the following hydrogen reduction in certain temperature. We
demonstrated that such plasmonic nanocrystal with a large surface area could be used as a highly efficient catalyst
that dramatically enhanced the dehydrogenation activity from ammonia borane (NH3BH3; AB) under visible light
irradiation compared to the traditional MoO3s-x.

In chapter III, a well-crystallized plasmonic MoxW1-xOs-y hybrid was obtained by a non-aqueous method. The
LSPR absorption intensity of MoxW1-xOs-y was significantly higher than that of monometallic MoOs-x, WOs3-x due to
the presence of crystal vacancies. It was also demonstrated that such plasmonic MoxW1-xOs-y could be used as a
highly efficient catalyst that dramatically enhanced the dehydrogenation activity from AB under visible light
irradiation.

In chapter IV, a plasmonic Pd/MoxW1-xOs-y hybrid, Pd nanoparticles (NPs) anchored on a plasmonic MoxW1xOs-y
support, was developed by a solution-processed impregnation-reduction method. Such a Pd/MoxW1xOs-y hybrid
displayed dramatic plasmon-enhanced photocatalytic performance in the dehydrogenation of ammonia borane
(NHsBHs) solution under visible light irradiation.

In chapter V, Ru NPs supported on hydrogen molybdenum bronzes (Ru/HxMoOs-y), which was prepared via a facial
H-spillover route, was developed for the reduction of toxic p-nitrophenol (PNP) into useful p-aminophenol (PAP).
Under visible light irradiation, Ru/HxMoOs-y hybrid displayed superior catalytic activity in the photocatalytic
reduction of PNP relative to dark condition due to LSPR effect of HxMoOs-y.

In chapter VI, bimetallic RuPd NPs anchored on hydrogen molybdenum bronzes (RuPd/HxMoOQs-y) was developed
by a simple impregnation method, followed by Hz reduction method. Photocatalytic activity of Ru/HiMoOs-y hybrid
for the reduction of PNP to PAP under visible light irradiation could be dramatically improved by alloying with Pd
atoms owing to the synergetic effect between HxMoOs-y and RuPd alloy NPs.

In chapter VII, bimetallic PACu/HxMoOs-y catalyst was developed for efficient CO2 reduction to CO in water under
solar light. Plasmonic PdCu/H:MoOs-y achieved high selectively of 100% for CO from COz photoreduction.

Chapter VIII is the general conclusion of this thesis. A short perspective on the challenges and new directions in
the development of highly active Mo-based plasmonic catalysts is also proposed.

This thesis shed light on the design and development of highly active Mo-based plasmonic materials for achieving

high catalytic activity in various chemical reactions under visible light irradiation.
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(1) IYNBI—<LERERLESRE (Pd, RO T ETOAKZEAELF—"—Z2FMHTHZ &Ik, BEXER
EY 7T U Mo0s) BT HFIEEARB L TWD, ZDO XS RBREXERE ) 77 VBIWIIRE 7 A€
FE0G (SPR) A F8BL L. AT BT ARAMEIR O SEIZ 6t LRV A 7R3 Z 2B 6202 LTV D,

(2) HAHT 7L — b E2RM LEARFEA OB 7ot 2k, BREMEATLIMEXBENEY 757
B2 G 2 FIEERE L T\ D, @mEREMEZ AT 2MARBEIE Y 77 U EREY Mo0s-) 13, AIHDEHS T o
T =T AT 2 (NHsBHs) 2> B O KRFAERSRIZ BV THERD MoOs-, & bl U CEN - ABS 42 9 2 L & R LT
W5,

(3) BRI 7T VB E v 7 AT > (N & F—745 2 ik ) BEICBERMEINEA SN EATR
e Mo Wy ,05,) G RLT 2 FIEZBAE L T D, ZOX 5 @A Mol 0;,) b SPR B EAZRHL L, A 5HIT
FROMEIE D AT K LB —HLEL D MoOs R W03 (T FERFRVIERIN 2 /R T~ Z & 2B S LTV D, Fio, il LTT
VERETRT DB OKFARRSICIT AT E A Mo0;-, R0 W0y, & ELilie U C IR IR S T CEN - st 2 m 4 2 &
FRHLTWS,

(4) BEXIEAT Y 75 VR b (HMo0, ) IZHHEF L7= Ru F /R 7-38 L OV RuPd F /R AR, KFicEEh 5
p=hu7 ) — VOB AN T TERWEREZ R T EE RH L WD, (L FHEREMED—D>Th D p
=t 7z /)= VOREMTRELEDFICBWOTCEETH Y, HMo0;, ® SPR ZWFEEZFIH LT Z OIS ERET 5
BB DR G 24T - T D,

(5) MFEXRPMEY 757 WY HMo0s-,) (THREE L7z PdCu 7/ Rr F-lMEAS, COp OB TTSUGIC AR RS T ¢
WEMEZ R T Z L 2R LT 5, IERIER(LOJFRINYE & S CO,DFETIUSIEZ ) —2 7 I A MU —OBLEN D
HHETHY . HMoOs, D SPR ZHRZFIH L T Z O % BREY AT RE 22 AR B DR 24T > T B,

LLED X 51, K33 Mo & Ekisr & L7cRIb s 3838 2 Kl 77 X 2 360 (SPR) 2 1if 70> L 72 3T L UMl &
ERBEROEA~DIS A 21T > THR YD . MEENT: « ABERE S O JE8E - JEHEIZKE SHET 2NETH 5.
F o TARRIH LFRE L TIEDH S 6D L8 5,






