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Abstract of Thesis
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Development of Defective Molybdenum Oxide Catalysts for Photothermal CO-2

Title Hydrogenation
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In order to achieve a carbon-neutral society, there is an urgent requirement to develop energy-efficient catalytic
technologies to convert carbon dioxide (CO32) into useful compounds. The exploitation of unused industrial waste
heat and inexhaustible solar energy is important for the construction of energy-efficient catalytic reactions that
help to achieve carbon neutrality. Defective molybdenum oxides (HxMoOs-y) have oxygen vacancies as sites for
COz2 reduction and surface plasmon resonance in the visible light region. Based on these two synergistic effects,
HxMoOs-y has the potential to achieve COz reduction under mild reaction conditions with visible light irradiation.
In this paper, HMoOs-y with a high concentration of surface oxygen vacancies and strong plasmonic absorption in
the visible light region were synthesized through particle shape control and heterovalent ion doping strategies
and applied to COz hydrogenation under mild reaction conditions. The COz hydrogenation reaction was promoted
by visible light irradiation of the catalyst, and the reaction enhancement mechanism through surface plasmon
resonance was elucidated.

In Chapter I, the basic principles and conventional research methods for the conversion of CO: into
high-value-added chemicals by three photocatalytic materials: photocatalysts, photothermal catalysts, and
plasmonic catalysts are presented. In particular, defective molybdenum oxides with unique chemical properties,
such as oxygen vacancies and surface plasmon resonance, are investigated, as well as applications for CO2
reduction reactions based on their chemical properties, their challenges and ways to enhance their functionality.
The objectives of the thesis and an overview of the chapters are also proposed.

In Chapter II, Pt/H:MoOs-, catalysts were synthesized by using four different morphologies (bulk, belt, sheet,
and rod) of MoOs, immobilizing Pt on them and subjecting them to hydrogen reduction. Among the catalysts
examined, Pt/H:MoOs-y (sheet) with a thickness of a few tens of nanometres had the highest number of surface
oxygen vacancies, strong LSPR absorption, and the best CO production rate under dark and visible light
irradiation conditions at 140 °C. Furthermore, the catalytic activity and LSPR absorption was stably maintained
due to the reversible redox reaction and regeneration of oxygen vacancies in the HxMoOs-;, which has been
confirmed by X-ray photoelectron spectroscopy (XPS).

In Chapter III, Ru/HxMo0Os-y catalysts were synthesized by immobilizing Ru on nanosheet a-MoOs and the
following Hz reduction process. Ru/HxMoOs-y showed excellent methane production rate and high selectivity in
CO:z hydrogenation under Vis-NIR light illumination, as well as a considerable light enhancement effect
compared to dark conditions. Comprehensive analysis showed that the prepared Ru/H:MoOs-y has a significant
number of oxygen vacancies on its surface that facilitate the chemisorption and deoxygenation of COs.
Furthermore, the charge transfer of hot electrons generated by visible light irradiation and the increase in
catalyst surface temperature effectively promoted the CO2 hydrogenation reaction.

In Chapter IV, Pt nanoparticles were immobilized on Mo-doped WO3 and subjected to a hydrogen spillover
process to develop Pt/HxMoWOy catalysts with abundant oxygen vacancies and strong LSPR absorption in a wide
near-infrared region. The Pt/HiMoWOy catalyst displayed excellent photo-induced electron transfer and
photothermal conversion efficiencies under Vis-NIR light irradiation and excellent CO production rates in COz
hydrogenation even under mild reaction conditions of 140 °C. Based on the combined analysis it was deduced that
oxygen vacancies in the bridging positions formed in the Mo-O-W bond activate COsz, while Pt nanoparticles
activate Hz. Based on this, it was demonstrated that the CO2 hydrogenation reaction occurs through their
cooperation (the so-called reverse Mars-van Krevelen mechanism through oxygen vacancies in the lattice).

In Chapter V, A summary of this thesis.
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LTI, R REIEHSCRE LR F—E U 7R POTEICL Y, REIRFERMGIEE N E <, AIEEHEEICE
WEHE T T XE MG (SPR) WU A RO XERE ) 77 b HMo0s-,) &Gk L. iAn7e RS CTo b ix
32 (C0) ARF I ~DIER%EIT > TW5, KBTI TO X HIcEmHIE NS,

1) RFRROELRD 4 DD Mo0; V7K, ~L MR — IR, =y FR) 28 L. £ b2 Pt #EEL
KRFRITLT D Z LT XD Pt/HMoOs, il 2 G ik L T 5, $at nm OJE 7% o> — MIRD Pt/HMoOy 1, #FT
L7-fiii o h CRE B HIRE RN R B % <. FUY SPR HERINAZ A L, 140 C& W\ 5 EZR ST C0,
RFACSS GEARYET A > 7 N ER) IZBWTHAT PR L OIS F TR b &V CO EREEZ /R L T3,
E BT, HMoOs, #EE R OEEFE R MR AN EE - HAESH D 2 LT, MEE & SPR H BRI 2N Fifse S
LT L%E, XBMIEEBFHIBICEVHERLTVD,

2) T— MR aMo0sIZ Ru ZEENL L, KFEAC LA == o RA%EKEDZ &12L 0 Ru/HMoO,, il ARk LT
W5, Ru/HMoOs-y 1, AR~ ITIRAM LIRS T T CO, AKFALSIR IR TEILTZ A ¥ U AERGEEE & @ 2 4 IX
Framrl, BITT L TRE M EIRERT, Ko XTOREREN S, % L7z Ru/HMo0,, 1X
CO, DAL - BLEAR UL 2Rt T DB R EREICEZS AL TVWAZ EEHELMNMI LTS, & 5T, A
PRI LVAELEF Y b=y b OEWBE & ABERTIEE O EFIZ L0 | CO KFESIGD RN
REENAZ EEHLNIZLTND,

3) Mo R—Y U7 LIt Z v T AT WO IZ Pt T/ RiTH2BEEL, KFAENLA—N"—TawRXE2RHT &
2L BEAREESR KM & IR IR SPR SR YEIR N % 713 Pt/HMoWO, filtf % BH%E L T\ 2, Pt/HMoWO,
fili 1% 800 nm 13T DT ARSI ENT IS 3% SPR WRIN & 7= e B B2k L OWEE B2~ L, CO,
REACS I GERPES A7 RO I8V T 140 C W 2 IR ISSM THEN T CO EREE 2 /RT, £
To. IHOHTE L OEEREN S, Mo-0-W #EE 1T S LA BAGNLE DR K EHS CO, G L, Pt F /Kt
B H 2IEMHE L, 2o OBEIEN (Wb 28 TR K% I3 21 Mars-van Krevelen #f#) 1245V CO,
RFACIEREITT D2 E 2 BN LTND,

PlEoX oIz, RisC T, R BRHEESCERFETCE F—E L 7R POFIEICE D, REMBBEXRBIRENE L,
AR SEREIER 2 R T SPRIGIRUIN & RS RAERLE U 77 R LM & A AL L IRFN 72 SO St C D CO7K SR AL S it~ D Jis H
1o Tnb, Eio, E~ORIBEIRATNT X 0 COKFSIEDIREZ KB & & BT, SPRENT 2 SUSE RS D
R EAT > T D, ZALD DRRITHIERIEBE L OJRRYE & S 500,58 T HK /0¥ — TEHT B 7o O O b B
FICRKRELFEHETIRRETH Y, FRUERITIREV, Znbid, ML, = X —Z5H5 Bl /) 5 o 5
W, CHEICKRESERTI2AETH D, Lo T, AU LR E LTHES 2 b0 L5805,




