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Abstract of Thesis

In this dissertation, a series of methods to enhance the photocatalytic activities for H, evolution of
semiconductor-based composites under solar light irradiation were investigated. Charge-separation, trapping
and recombination processes which were essential to explain the photocatalytic activity were carefully
investigated.

Content of each chapter is shown as below.

In Chapter 1, Au-TiO, and 3D-array were fabricated to carefully explore the multi-scattering effect on
photocatalytic activity of H, generation. 3D-array exhibited a much higher photocatalytic activity of H,
generation (3.5 folds under visible light irradiation, 1.4 folds under solar light irradiation) than Au-TiO,.
According to the single-particle plasmonic photoluminescence measurement, it was suggested that the hot
electrons generated by AuNS under visible light irradiation was responsible for the photocatalysis H, evolution
process. The enhanced activity of 3D-array is due to the elongation of light path length because of
multi-scattering in-between Au-TiO,.

In Chapter 2, a facile impregnated method was employed to synthesize products gradually varying from
N-TiO; to N-TCN-x by mixing and calcining TiO, hollow nanospheres with cyanamide. Due to the mesoporous
structure of TiO,, g-C3N4 was formed both inside and outside of nanospheres. In addition, formation of g-C3;N4
outside of TiO; small grains (3 nm) restrained their recrystallization to large particles (20 nm). Among series of
N-TCN-x, N-TCN-700 exhibited the best photocatalytic activity with H, evolution of 296.4 umol g'1 h! under
visible light irradiation (A > 420 nm) without any co-catalyst. Charge carrier lifetimes of N-TCN-x were
measured by femtosecond time-resolved diffused reflectance spectroscopy and indicated that photogenerated
electrons in CB of g-C3;Ny transferred to that of N-TiO, within several to tens picoseconds, leading to an
efficient charge separation and enhanced photocatalytic activity.

In Chapter 3 part 1, facile processes were developed to synthesize g-C3Ny4-based hybrid photocatalysts
containing different MoS, structures as co-catalyst, nanodot and monolayer. Photocatalytic H, evolution
activity of g-Cs;Ny with 3.2 wt% MoS, (MC-3.2%) is 660 umol g'1 h! under visible light irradiation, which is
7.9 times higher than that of Mix-6.4% (83.8 pmol g'1 h'l). Single-particle photoluminescence measurement
demonstrated that MoS; had a much higher quenching efficiency compared with monolayer MoS,. Detailed
charge carrier dynamics of g-C3Ng4, MC-3.2%, and Mix-6.4% measured by femtosecond time-resolved diffused
reflectance spectroscopy indicated that the electron injection took place within 1.7 ps in MC-3.2% compared to
4.0 ps in Mix-6.4% and the injection efficiencies were 73.3% and 36.1% in MC-3.2% and Mix-6.4%,
respectively. In addition, MoS, nanodots with small particle size contained more unsaturated active S atoms
than MoS, monolayer, which could adsorb more H" ions.

In Chapter 3 part 2, quaternary sulfur semiconductor Zny 4Cag ¢In,S4 (ZCIS) microspheres composed of
cross-linked nanosheets and ZCIS microspheres modified with MoS, were designed and prepared via
hydrothermal methods. Detailed characterizations indicated that the layer structured MoS; nanosheets were
mainly deposited on the surface of ZCIS nanosheet to form a 2D-2D structure which greatly increased the
contact surface area beneficial to charge transfer. It is demonstrated that ZM-3.0 (ZCIS with 3 wt% MoS;
loading amount) exhibited the fastest electron injection within only 1.1 ps and the highest efficient injection
efficiency of 70%. As a result, ZM-3.0 exhibited the H, evolution rate of 3.5 umol h™' under visible light
irradiation (A > 420 nm), which is 27 times higher than that of pure ZCIS (0.13 umol h™).
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ARG S AR SR B AR O RIS T OB RAEEE LM ESE2 2 L2 A E L, MEBEIEIZ B
THEERLRMICL2EMSEE. Fo vy P 7R, ERMEMGERICER TS T EORFEITo 7,

BB T4 T KT %G T TiOo F 22k 1-(Au-TiOy) B L N D Z Rk 1 2 5L L. eSO Ic L B /kFE A
~DLBBENBEL DB Z M U, AKFEFRARER T =R I F1XAu-TiO I L~ AR N T3.50F . KRG LS
TCLMEICHY T 2mEEEER Lz, AEEREICE V&) R+ CELER Y b2 by b U BNKREREICHES
LCWDZEEH—RFREBEL VLML, SHIC, ZRIEHERTE2ERELESEA I, SEMBHELICEY
TR DHEINT D72 OKRBIAEDENEML TWD Z LRI NI,

% % TILTiO, 2941 - % cyanamide & BEL T 5 Z & T—HON F— 7' TiO, (N-TiO,) & g-CsN4 D & K (N-TCN-x) &
AL U7, TIOW I ZEREIE T o 5 72 D g-CsNYIETiO T / R+ DWNER I L OSMTICAER T2 Z 2 60nic L, 61
NERDg-CNN I EZ L ET D7 DRBENNENVWEETHD Z L aER Lz, —HEON-TCN-XIZE W\ THRIZ
N-TCN-70023 8 & R WV KB FE BN R AR T2 & AR L, 420 nmEL L O FIHUE R T Tk FE 38 43 £ 13296.4 pmol
g W TET D T L AR LT, BRI IRIEE R SHIE &V g-CaN, DR R E F 038+ & 2 ) ON-TIO I B#+ 5 = &
TENRIRBM L KFBERENEFH L TCNWDZ EERLT,

B TIIMoS, & BIAREE & U 72 g-CoNE A AL 2 iFH L7z, FFIZ, 3.2%DMoS, % & Trg-C3N, (MC-3.2%)
Db EVKFERAENRE R L, Z OHEIT AR T T660 umol g h' TH ¥ . MC-6.4%D7.9F 12K 5T & &R
U7z, FERAMRIEEBSCEIE L 0 . MC-6.4%D BAFIEAEE R L OIRIT4.0 psB L U36.1%TH B DK L.
MC-3.2%CliX1.7 pss L UT73.3% & @i b o@mh R L TWDH Z 2 LT LT,

B T4 R AR T H D ZngsCagelnySy (ZCISHIZ DWW T, T/ v — b bR SN~ A 7 ohifB &
UMoS, & DA R EZ KRB TER L. 2 ORI 2 MET Uiz, ARUEEIZ 38V TMoS, 7/ & — MIZCIST / v —
N ORI C2D2DREEEMED Z & CHEMERESHEMLCRBY \ EMBEIELM EL VDI EERLE, £ <IT3%
MoS,% & T ZM-3.0 CITBMFEANLL psLANTE Z Y | BATEADENTONIZET D 2 & 2R L1-, EBE. ZM-3.0
DK FEFEAERE TN T T35 umol W' TH 0 . ZCISITH 2B E L 2D 2 L kR LT~

PLED X 51, RSOt ics W CEER BRI L 2EWHE, M7 v vr sk, EMESAREE
HOLMNICT 5D & T, KBRS N To8EEA MR EAE oK R AETEER L2 RBR L, Ko TR
HLimXE LTiifEdh b0 ERD 5,




