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Abstract : Researches on developing photocatalyst materials for hydrogen production from solar water splitting attract great
attentions due to the unlimited and clean characteristics of the solar energy. In this review, photocatalysts used for hydrogen
production from the solar water splitting are discussed in terms of material characteristics. In addition, various modification
techniques applied to the photocatalysts for improving hydrogen production efficiency are summarized. Finally, light charac-
teristics such as intensity, illumination density and wavelength cutoff are also discussed for the importance of hydrogen pro-
duction rate.
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Figure 1. Comparison of the band positions of various selected semiconductor materials. The visible spectrum corresponds to energies from
1.56 eV (800 nm) to 3.12 eV (400 nm).
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B = alo] FA el TiO.e} Edelo] o2 LeFHoIH 225}
N\ 4 . s AR BAS AN Bk B =

i S =3517] 93k v o 2 0] 239 H(jon-implantation)[32],
hvs 1 E] g (sputtering)[24], 4=< ¥ (hydrothermal)[25], & Z(sol-
i hvy |hv, gel)[26] 5°] AREEAL QUth ZH2be] oz =g E TS
h* h* Alzstal o]o] Fade FHA7I7] flste] S22 e
$27V neo] 22 AR BT, HFEEFEHOR AxoH
oH' VB TiOx= 7M1 84S F3A717] flell et =9=2S
. o . . . 3155t Elo|Els YR E & (precursor) Q] 4=E-3f|(hydrolysis)[29,
e & Elcton i nchmm OSSN 5314 Wt 24U, ASHESD A 5 2TNGO)
doped TiOs. It is adaped from the reference[3]. The CB TiS;[36], TiC[37]), HH7I<t stell M Eet=mbl s SoF tiedd

and VB represent conduction band and valence band, A Z([38] 59 YHS Folo] A=HA .
respectively. oy rrofet =R o A TiO, FEu)e] FhA%
B3 &L Aol 2 oEake, AT AL} HhE
FNRAL AA Saot A AAE AQSA Bk Tio, % T8O ST A SUZ AR SEw AT F
B0 AT Qi 2 WAL Foln ApABHe Forg ST TAEeR ARA A B2 =go] =X w2 Tio:
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Figure 20 4] HolZ2L AAY 22EAL ©93 4o HAr ALt Ao A st A R IS Kol Ak e,
o U Ahv)E LA e, N FEEES =Y g 9 01T SElEel Astel Aays Sashe AdE she A
A7) o A E ol Hek WekAl, F pA e w2 A U] vhwelth mepd, A feE SHom
oM WA FojFn] TiO, B Aol viste] wpg & T BT AIUALG ST SiohA= A ot
ST A9 MIBHY ERE FYAD 5 Uk AL Hojr A A AN PAE RUSAS Lfehc A=
T 9tk Eak 2hA] BAS wms Ao Axo] o]4L Lo & a9 Aoyt 7)ol e ket x| A5t
SHA Stof AL oA B Witel 29 A Aaget U S8 slos A 3748, Ti0,2 T
L AR Zo] 2 9)i Ao ok 9low, AnlHoz I} Sk 7HAPE WS o] 28-S A7) 7] Qe RS =
T2 TS ST AS B TakT Qo) thokel mER oIy =gEdE =] St =R e sk
o wolate] TiO, FEMS A 25Hs UHHES0] o= Table 1 At Fubgo] R SEEFE gEst= Ao FasH
o HolFT Sk Table 19] ol SolA & 4= o], myg  AHEL AH
S| AL BeolAe] Wt 2o aEE
AL o & et 22 GAHI(W) AR
FHERPE TOE AxsHe B2 FARTO YAE =S FUTO; /9 FEoh e e drron 2
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Table 1. Examples of the various doping materials used for manufacturing doped-TiO; photocatalysts

Doping materials Preparation method Ref.
Photoreduction (125 W Hg lamp for 1 h): TiO, particls are suspended in a mixture of hexachloroplatinic
Pt | acid in methanol. After photoreduction, Pt-TiO, particles are filtered, washed with distilled water, and | [21,22]
dried at 100 C for 24 h.
Au Titanium butoxide dissolved in absolute ethanol is added to solution including HAuCls-4H,O, acetic acid [23]
Metal and ethanol. The resulting suspension is aged for 48 h, and then dried, grinded and calcined at 650 C.
Reactive magnetron sputtering (99.99% titanium target, 99.9% iron pieces in the reaction chamber) with
Fe . . . f [24,25]
a gas mixture (argon and oxygen) during discharging
A Silver nitrate/reduction agent (sodium citrate tribasic dihydrate) at 80 ‘C, then TIP and HNO; are added and [26]
€ | maintained at 50 C for 24 h. The prepared sol is dried at 105 C for 24 h and calcined at 300 C.
N | TiO, powder in the ammonia atmosphere at 600 C for 3 h [27]
* TiN oxidation at 450-550 C for 2 h in air [28]
Nonmetal C Tetrabutyl orthotitanate is hydrolyzed in the presence of ethanol, water, and nitric acid, and then the tita- [29.30]
nium hydroxide is dried at 110 C and calcined in air at 150-200 T. ’
S | Titanium disulfide (TiS;) oxidized and sintered at 300-600 C. [31]
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Figure 3. Illustration of the one photon (a), and the two photon (Z-
scheme) water splitting (b), on a single and a dual semi-
conductor photocatalyst[4].
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Figure 4. Band positions of various tungsten based binary oxide semiconductors[4].
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Table 2. Examples of H,-production from metal sulfide photoca-
talysts under visible light irradiation

Materials Hz-production ng.h.t Ref.
rate condition
300 W Xe,

ZnxCuxS 450 pmol/h-g <420 nm [63]
.| 300 W Hg,

CdixZn,S ~2,000 pmol/h-g ~400 nm [64]
350 W Xe,

CdixZn,S ~830 umol/h-g <430 nm [65]

300 W X

(Z0055Cu005)1-CS | ~1,690 pmol/hg | 0 nme’ [66]
300 W Xe,

Cu-ZnS shell ~15 pmol/h-g <420 nm [67]
300 W Xe,

Cu-doped Znln,Sy4 ~760 umol/h-g <430 nm [68]
350 W Xe,

CdCuyZn xS ~1,170 pmol/h- g ~430 nm [69]
300 W Xe,

CuS-Zn,Cd; S ~1,500 pmol/h- g <420 nm [70]
350 W Xe,

CdS-Zn,xCd,S 2,128 umol/h-g ~400 nm [71]
350 W Xe,

CuS/ZnS nanosheet 4147 pmol/h-g ~420 nm [67]
2.5. 2&251=(metal sulfides)

FEYRE FEohE Suh7)5olut Uzt ZHe mels)
of Zof A7F Ers] A EI YUtk 53], ofdgslE
(ZnS)Z Foi71eof ofsto] A A& we] FAgskaL of7]
H AATE 22 SAYE 7HAAL Qlof E&dl AR HhE-
ol A Wi = S Hol= 540l e Aoew gl
FET =2 3 sholth61,62]. £33, 5533 ekE FSA
R A B PG YIotel TheFe A7t 13 A
253 itk Table 2= 7R R E thoFsl S43s12
FEWE 83 E2df it A oAlE A2 sk
Kol Qe ZnSe| w]7hA-2 3.66 eVE H| 1A F Ho|H

7HAE ol ot 7S &olstAl s7] fisted, FEl(Cu)et 7}
E8(Cd) 59 554 % A FA =Yet= theFet Axt
| F2 a&5%3skE 5
A= AHEE= AR 94 7] A|(precursor) S -] o i@}s}oq 3}
Hol ZAo g utel 18 H(solid solution) S AHE3FS]
on, 129 IS Edlo] Ztzlo] ZEAEZ 0 AHE
=4 AT A Y ek 4
H oA thefstAl Hary
o, ol g A}w v o] Fuh WHAIES TIA]
L geRAlR At S dEhal Qlok
Z|1to| ®11% Zhang et al[72]¢] Zuto]| A= ZnSe} 2|3
Sh=(CuS)= A Adhe U4l E(nanosheet) FEE + DA &
Aoz Azxslo] o7)H AAE AH Ao F(interfacial charge
transfer, IFCT) 7@ o2 A5t o wj$ =& 534,147
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Table 3. Summary of possible semiconductor photocatalyst materials
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Near IR 700-10,000 1.77-0.12 GaAs (1.42 eV), CdSe (1.70 V), InP (1.35 eV), Si (1.11 eV), Ge (0.66 eV)
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