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Abstract : Photocatalysis has drawn much attention during past decades due to the potential applications in sol-
ving the current energy and environment crisis. The spectral response in wide range and high quantum efficien-
cy are crucial to realize solar energy efficient conversion for photocatalytic materials. In the present work, we
review briefly the recent progress of photocatalytic materials in responding to the UV, visible and near-infrared
light. Some strategies to extend light response range and enhance the separation of charge carriers are illustra-
ted. And challenges and prospects for further development in this field are presented.

Key words: photocatalysis ; carrier separation;band engineer;redox

Uz #s HEA:2015-09-11 ;f&1T H A :2015-11-13

EEE : B K H i SR A R (973 31510 B33 H (No. 2013CB632401) 5 [8 5K [ S8} 245 4 B B 0T H (No.
21333006, No. 11374190) ; (L ZR Z= 1L 24 T H
Supported by National Program on Key Basic Research Projects of China( No.2013CB632401) , National Natural
Science Foundation of China(No.21333006, No. 11374190) , Taishan Scholar Program of Shandong



) e

9%

1 7]

e

PERINS S PN ST X R R B T TN et
MR EE AR IR AR, A AR DU AR nT
AR, ANBET 2 NSRRI oK, 1 ELAE
FHI R R 7= AR B K B SR i S5 AT 5 o, A 36
s AR R 5 g o IR, SR i |l A A9
RETRUAN ¢ 28 N AR A7 Rl 5 5 2 i 19 3 R R
A AL B AT LUGE > AR E R
KEHREREAL ] 5y S A7 I AL 2 BE , ANy fige 7K™ A A
i J AR A T HLBE XS PR A BILTS S S
oL 2B LRI, WA S 2 A DR RE T L B A 34 g
R S G2 P Ce Y A

PO R o 3 A BB
(1) e R OR T REAF BRI G 77 A2 L -
237N 5 (2) oA B -2 O A A B R A 3]
R ; (3) IR BT B O6 A L T A =S
TS W K A AR TR RN F R,
HEALBOR E S B0 TR B AL BE5 K R il
NS AT I (EAR Z2 e AR R4 K BH RE %
BERAIRARE, JCIE SR MU o X2 T
Ti0, ZnO 25 15 GE 0 A AL A4 R 9 17 B g (3. 2
V), O b R BHBEAR/N—18 70 (4% ) 1952 SN
IO, T o5 A PHBE 53 % LU i n] DG F0 43 % L il i)
ELLAMEHR AR B B AR . 5 — A 2
T RCRAR, A R 2R H ] A8 AR 3R TR
PR PR N s R w4 G, U TR R IE
AR X e A 193 24 R

S W e SN EE NP N e A e e R S )
S 70 B A8 e RCR T P 1Tz B
FELHAG TE R, ht k. &R (EE
J&) B2 R ORI AN B T OB AL S
AN T3 3 T LASe s Y AL AR P RE . SR
- AR AR A 1 () I AR AL I DU RE D R B
MTEAEACEREREAR o AT DR A5 T 63 e VL )
IF B S B A 003 18 B T AT 5 Y
AT 3O, LA (T 50 T2 B4R R AR G
BLE SRR B Al WOEIE [, AR R 4L 4h
JEMA A o BT ELAN XG4 ' i A B

FARIE LD o R, #0 J A £1 AP G LA R B B
FEFIAE X4 K BHBE A AR B R S A
e NERSN R DL AN LT AP i J LA 5 T, ik
AT SBAE A FEYEAEAL ARG N T R AR =
R TT W R

2 RSP AAEATH G BT R

B M Fujishima 1 Honda % ¥ T TiO, B %
AL R P AR E Y, KB e T e X —
G, H HEDCHEAA R T ReRAEE AR (—
AT 10% ) , BRI 1 HS2BR i o 3X 2 R R
PRI TR IR RN B Rk ARG,
TR R REAR 1 R BHARE A FH R, BRIt , AR
FHAS R B 7 B0 2 O AL bR AT o, A
FIAAAE GRS 2% 5 R s+ ) 42 T- Be il o
P2 EE R PG AR TAR e v M T A R G A A
B e SRR I UUR B AL R 5 H ek IRIE
TS o 4 S R T R i 280 R G B DAL
MRH R RCR
2.1 ERMKKTF

H T URR Y ) B 22 M B, e A AR A
KA AR U — 5 WIS BRI BIFFE 40U, 4K
JCHEALATRLRRL F- R — AT 100 nm, A7 265
ZAE 10 nm DL o X FHOK RSE R R, 94K
R BA R WA, 16 AL 2 R T 1T
PR R SEO0H X S G AL  FEAA F H R
BT, WHE C 8 E FIE AR Z5 , gk
L IR VIR B KA ST A R N A S
LA ORGSR g i R
AT L 2R T RRURI T 22 (93 MR 7 A5, A TR
AR O 1 73 B AR AT 1
2.2 RARENELT

AR R DU B AR 24
HOCHEA TS i —MA 0T e X2, R
PRI S Z TR JU 58 1Y) S BT 45 RE A% i 12
BT AE ST AL 1 23 B AR S A R R TR K
o — Iy, @A AR TR Ru P, Au
I Ag 55 5t 4 B AN KORL - ] DL i HOG i b TS
PEOT S R ITOK BE R — AR T SR, BT



5513 il

U, 2 - F0 RGO G R 1 (Y 5 0 3

BT IR A fi S SR ALY B R A i
48 o R G . D — T, — R B
LR S A= S SR LSl [ p S R NE B
HLL , BEAE RAAI S 3l ) 27 3 & T A 1) S g ok
o L, 54 Rk T REWS UM IR i H, 51
CO, G PEN fi o Dai 88 AR A5 — 1 J5t 21 %5 32
W HRITIEMESE T 2 SR TR Ag. Au Pt fl Cu %5
SR ANK AN | S B T 1A 3% T I FfF 3 26 45 T 141
TEAE S AL A (AR 2 TE 18, 5 3504 T8 Ty bR 5511
A5 OB BEEA BR T  rEsT

BT 4 I oKL T, 4 4R AR ) T RuO, il
IrO, S5t 4 FHAE B A0 590 DA 1= e fE AL A ek i 1k
RE L BT EmAKR T, 48 A AL B i
A FAVFN = FA ] (1) H 1oy 5 7% B A A 5 T AL LN
ALY SR B B AT B T LI S U R
AL BB S R AIG A A S ) 3 HEL AV, $R A A AL
O BTSN 5 . i1 T 48 Ak Dl Ak 571
REfEA PO 25 7/ TR R B AL ) e 8 W] i
P15 4 B AL ) AR A G A A A R SRR
o SR, 54 8 TR AEHBIR I it A7 1 /)N, SR AT
B Bk B B AR X — i
BB Bl , A RESCR Co F Ni 55 HIE
AL BT SRR Y B AL 0022 ke o U 4 )
FALPIN CoO, \NiO, F1 MnO, 25 FHATE b 420 52 1 1
AL 700 200 s e A 1) B AL ) LA 0
FL R T E B R A G A RE

TRSEMP BN A S50 , B4 oK A S5 gl FH AR
SUASCHEA R B AT . A SR )2
PRL, BA B S O R H RS RE I AR
ORIV AN 3 S SO = N Sl N I 5
(4.42 V) b3 Lk A B HLA I (- 0. 08
vs 0.0 eV), BEB 22k SRS g 7777
PR DA A 2 — s 2 B U 0 B kAR 5F) , e i
T 5T B A S EAE . Fln, Yo #]
R HRE T —Fh TiO,/MoS,/graphene & H 1K R,
REAE IR R TiO, 1Y 7™ A PR RE , He i 15 P Bl 45
T S0 ) F USRI A v 15 P P R B A5
AP Huang %5 A 1 K B4 07 3 % T gra-
phene/TiO, AK & A 1R 7 , 3 18 I8 425 52 I A1 kLI
S S [ R4 1] 4 KL~ [) 2 TR 1) 3 R , A XS

F P25 ELATBA . 0 s O AL TG 1
2.3 ¥ESEK-FEURRE

FIRME G R R AR RS ek Sk
T B s, A PT B w8 200 1 19 70 2 AR RO
fRTE . AN SRR AT AR VS, BT AR K
I A0 5 Jie 2, S v 7 DSt 7 8 0 v 1 2 0
] Tt (BRI 2 AR B | AR A O
LB FAR 2 AR A0l o B A = 1 SR
oo [RIEE, 2SRk Z [0 1) i g 5 A% T LAFE B AT
AT AN i b, DT AR B I R
B AR, ATEMMBIE T KREE SR
PR R, 3R B 5 TS g i TR 23 B A= 3
Vi TR S AL G 0
2.4 SiEMEMNEIMLELTR

MG MR B R R 2 — AR
THEEGHE, B, B/ TE A S50 Bk
RIEPEE IS — D EERE . WY
I N T RS T i, e R )
TE L P-N 25 B84 FH ot 4 1l 7 A1 28 /X i 8
BT — AR W RS f AR R A B gt EL A R
AR K AL ORI R A — i
AR AL HE S RE A IR Sl AR HL T RO AR 45 7O 6 A
S 7 1) 3 B, DT 4 v Lo B A R, IRl
Huang PREIZH 38 12 18] B 1 /K O 5 LT BiOIO,
YK A%, BENE 7E R AN R F 10 min X H 3L 1%
(MO) SZBUSE 0 fhiEfR " o B 1 45 T3E T
WL AT B8 (1 7R LR, BiOTO, p A2 75 X
T Bi*T R I BHES T BiOs /S A 45 K A 10, =
PSRBT B, 1 T BiO, B TT Jay 408 19 1 AR 4
AHELHRTH , 17 105 = 1 4 (14 (AR R0 2040 B &, T2
BT VR o Bl R AR e o B2k iz
TCHERR AL (1 1 R W A R Tl , 30K
R R mB TR . Hoe AR R
Bi,0,[ BO, (OH) ] 44k ™, K, B, 0,, Br'™ 113k
RIEAR IO . Dai T84
I R I, K B, 0, X (X =Br, C1) (K R &
[001 ] 75 1] 28 747 8500 it g /s, TR 3K — T [l 47
ALY, L 5 R T B M TR
IR IR A T, AT T L2 38 o A 7 1) 2 g 2 7
BRI B PR A AR A R EL A AR 1Y



. e

9%

TCHEALTE 1, B E A T BR— RO 1 HAER R
JEXELASE AN RAL o PRI, # RO B T L,
AR R AL AR, i — 25 i v i et
BOCHEALTE PR AA ORI

MO u CO+H,0
-

o LN 1 PP 1 1

K1 BiOIO; e A 28R T 7E N i L A T a2 %
7S T TR ¢ BT Y 1 Sk s it i
977 1) (R A SCRRE37 1)

Fig.1 Schematic diagram of the transfer of charge car-

riers under the build-in electric field of BiOIO;.

The electric field direction is along the ¢ axis.
Reproduced from Ref. [37] with permission.
Copyright 2013 Wiley Online Library
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Fig. 2 Light absorption spectra and band gap of
(ZnO), (GaN),_, solid solution with the

change of Zn concentration. Reproduced from
Ref. [59] with permission. Copyright 2011
Royal Society of Chemistry
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Fig.3 UV/Vis diffuse-reflectance spectra of AgCl, Ag-
AgCl, and N-TiO,. Photo decomposition of MO
dye in solution over Ag-AgCl and N-doped TiO,
under visible-light irradiation. Reproduced from
Ref. [67] with permission. Copyright 2008
Wiley Online Library
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