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Abstract of Thesis

In this dissertation, a series of semiconductor photocatalysts with enhanced photocatalytic Hy, production
activities under solar light irradiation were investigated. The mechanisms of enhanced hydrogen production
were clarified by investigation of photo—induced electron transfer dynamics using femtosecond time-resolved
diffuse reflectance spectroscopy, single—particle photoluminescence, photoelectrochemical techniques, and
SO on.

In Chapter 1, graphitic carbon nitride (g—CsNy) with mesoporous nanosheet structure was prepared from the
mixture of melamine (M) and urea (U). The presence of U increased the surface area and defects of nitrogen
vacancies acting as trap states in g—CsNs.. The as—obtained g—CsN,M;U, (1 and 2 denote the weight ratio of M
and U, respectively) exhibited the photocatalytic Hy production rate of 3.1 mmol g h! under A > 400 nm light
irradiation and apparent quantum efficiency (AQE) of 74% at A= 400 nm. Single-particle photoluminescence
originated from charge recombination of photogenerated charge carriers, showed longer lifetime of charge
carriers in g—C3Ns—M,U, than that in g—CsNs—M. Femtosecond time-resolved diffuse reflectance measurement revealed
that the electron trapping by the defects in g—CsNs—M,U, occurs faster than that in g-CsN,—M, leading to efficient
photocatalytic Hy production.

In Chapter 2, Au triangular nanoprisms (TNPs)/g-CsN; as a plasmonic photocatalyst for H,; production was
prepared by loading Au TNPs on the surface of g—CsN, nanosheet. Au TNPs/g—CsN, exhibited photocatalytic H,
production activity up to 53.4 umol g' h' under NIR light irradiation (A > 780 nm). Finite—-difference
time—domain (FDTD) simulation showed stronger plasmon—induced electromagnetic field in NIR region around the
tip areas in Au TNPs/g—CsN, than that of pure Au TNPs, which would increase the density of plasmon—induced
hot electrons and facilitate interfacial electron transfer from Au TNPs to g-CsN,. Transient absorption
measurements revealed that plasmon—induced hot electron transferred from Au TNPs to g—CsN,. The injected
electrons move to the active sites of g—CsN,, where H" can be reduced to H,. The charge separation at the
heterointerface of Au TNPs/g-CsN, retarded the recombination of hot electrons and holes and prolonged the
lifetime of electrons

In Chapter 3, highly exfoliated 2D MosC nanosheets with thickness of 20 nm (Mo,C) were prepared by 1iquid-phase
ultrasonic exfoliation for the first time. As a photocatalyst free of noble metals, Mo,C was hybridized on
CdS nanoparticles with diameter of 10 nm (CdS) to be the composite Mo,C/CdS, which was used for photocatalytic
H, production under visible light irradiation. Under optimized experimental conditions, Mo.C/CdS exhibited
a remarkable Hy production rate of 7.7 mmol g ' h™' which is 6—, 16— and 4-folds as high as those for bulk Mo,C/CdS,
pure CdS and Pt/CdS, respectively. The significantly enhanced activity is attributed to the rapid transfer
of photogenerated electrons from CdS to Mo,C at the heterointerface and shortened migration distance of the
electrons to the active sites in Mo,C as well as the presence of more active sites of Mo,C than bulk Mo.C.
Photoluminescence, photoelectrochemical measurements, and femtosecond time-resolved diffuse reflectance

spectroscopy results demonstrated the efficient charge separation and rapid electron transport in Mo,C/CdS




k7
MY EEOEREOEEF K NHE Y

K4 ( RUAN DAMING )
(%) K 4

& iz BEEE 57 (EERIEMFSERT)

Bl 7 Hdz AH Bz

Bl A& Eer IER #EAT

Bl A& Ee ZH
A Y g & Hiz = HESL

B A iz BAE HEHA

B A iz N TN

B A iz B HA

Bl & Hiz B 57

Bl & Hiz ZH Bt RELEMEEHEE X —)

Bl 7 Az X b GEEREUTET)
MXBEOREENOES

ARSI KBRS FCRFERAET 2 EHONMBICET 5L 0T, ZORESFEOR EEZHMEL, 7= 4 b
FOREM S FRPE B SCRE . R blE, RBEXRLFNER LI LY S NO BRI DBEY AT I 7 A%
LML DOTH D

FBETH, AVMABEEET DI 7 74T 47 =R T A T4 F@CNa)FT /o —FrEAT7=(M)E&
LT (UNREY L AR LT, AL TIXUO &R EINT 213 RIS LR A 3N+ 52 & 2R L,
g-CaNa-M1U2(1& 2 1T M & UDE &R /77) TR (> 400 nm) RS T D K SEF A TENE D i K (3.1 mmol g
hD)IZ72 5 Z & &R Uiz, F£72. 400 nmEIs k9~ 5 & IR (AQE)IXT4% TH o 7=, H—hi 1433 H> 5 g-CaNa-MxUy
% g-CsNe-ME D BERARHFMTH Y . F7o. FFEMILEBSTANE & ¥ g-CaNa-MxUy 13 g-CaNa-M L 0 & k Z
v TRENREETHDL L AR LT, ZNHOERPKREEOEDEIZFHFLELTNWD I L ERLTE,

BB TIEAET /) 7Y X A(AUTNPS) 2 g-CaNalZIERfi§ 5 Z & T T XE= v Z A AR L, KERERES
et L7z, IEARAME(>780 nm) RS T CAU TNPs/g-CaNa 1% 53.4 umol gt ht DKFERAETFEEZ R LTz,

Finite-difference time-domain (FDTD)> I = L — ¥ 2 ¥ X Y g-C3sNs DOFFIEIZ L Y Au TNPsDTE S AT O RIS HE R

i Z Y hot electronBBEN S EZIRIL L TWD 2 EVRIB S N7z, REEETBENREN 7 = & SR @ ERIHIEIC X 0w
R, EROEEORHFMILAHER I N,

HoE T, Mo.CF/ v— M EBEEIRSNC L v BRI L, CdST / Kiv & HA{L(Mo2CICAS) T 5 = & TRFEIRAE
S 2 R L 72, M02C/CdSIE7.7 mmol gt ht DKRFEFEAEIGMEZ 7R L, bulk M0o2C/CdS, CdS3 L UPYCAS L ¥ b &
EMETH oo, AMBEOEEMIZ., ~7 v RirICBT 5 @B Em o, 7/ v— MEEOBEMIZ L DIEEY A |k
~OEWBEOHEHL, EET A FOBINCERT 2 EEX 00, ZNH0RIE7 + M Ix v UVARIE, K
ERACFRE, 7 = o SRR LB ST RIE I & - TR Sz,

PlbEo X5, RiasCd o K FERATEHICESE 2RI X2 B, N7 v o 7@k, BRiEsa
WRREDZAFT I AERLNITHI ET, KRR T TOKRBRAEGEDN EOA =X LER LML
oo Ko TRMIIFEERIXE L THESH LD LRD D,




