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K 1 (a) ABXs BUESERE Bk RIAPRISE /I (b) P-E HETIIRIZE: (o) BRHDGAEL. HUR L. AL &
H A
Fig.1. (a) Structure diagram of ABX3 type perovskite ferroelectric material; (b) P-E hysteresis loop. (c) Photocatalysis,

piezocatalysis and pyrocatalysis of a ferroelectric semiconductor and their application.
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Fig.2. (a) Basic principle of photocatalytic water-splitting process; (b) photocatalytic reaction steps for hydrogen and

oxygen production 331,
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XA FEREATIARL, AR — MR E i R SR, T BAEA R SR 2600 N, e A
Al 2 2 FIZE ML 1 2Rk HURDRE B L 5 o 45 R LA 1
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Table 1. Photocatalytic degradation of organic compounds using a variety of catalytic methods.
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Table 2. Photoelectrochemical water splitting of ferroelectric materials in recent years,where ITO,FTO,SrTiO3,Nb-
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SrTiO3 and glass are substrate of films,PCBM is [6,6]-phenyl-C61-butyric acid methyl ester,PEIE is ethoxylated

polyethylenimine, PEDOT:PSS is poly(3,4-ethylenedioxythiophene) polystyrene sulfonate and FM is

Ing.51Bi0.325Sn0.165 as protective layer.
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K3 (a, b) XIBiFeOs# i T+8 VHI-8 V b G NREE W S MR E K (¢) AL Z ATAI+8 VFI-8 VALY J5
BiFeO; fEMR I B I AME FROR; (d) AR FEMACIRA FIBiFeOs TAE HLHK 1)) LI 5 i 35 i 28241,

Fig.3. Energy band structure diagram of the BiFeOs thin film after (a) +8 V and (b) -8 V poling; (c) External quantum
yield spectra of BiFeOs film before poling and after +8 V and 8 V poling; (d) Photocurrent—potential characteristics

of the photoelectrodes with different polarization states [?1,
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K4 (a) =F50 nm/E A1 IEBiFeOs i i 6 BH H% [ Mott-Schottky Hi 28, AHX T Ag/AgCIZs LL Ha B (1) °F-15 Hi 34 e
LR R SR AE Rk E s (b) 400-800 nmA S G K TE A FIBiIFeOaT I IWROLE s (c) =HAMEBiFeOsT
JERHMR B RETT A E s (d) BiFeOsi G RHA 1 H Ak 2= BHATIE T,

Fig.4. (a) Mott-Schottky plots for the 50-nm-thick epitaxial BiFeOs thin-film photoanodes with different
crystallographic orientations, where the flat-band potentials are obtained from the intercepts of the extrapolated lines;
(b) Absorbance measurements for these three BiFeOs thin films with incident light at 400-800 nm wavelength; (c)

Band positions for the epitaxial BiFeOs thin-film photoanodes; (d) EIS spectra of the BiFeOs thin-film photoanodes

77,
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TR N2.67 eV, (111)pc BiFeOsiHi [ 16517 B N2.57 eV, WEA(C)Fix, FHREEIEnS Y Sk
FIEBL S, P A T34 (CB)RYIE T 77, U AT DAAR 45 I 45 1 ~F- 7 B B R SRAT AN [ s 1)
BiFeOsL AT A AL B AL . tEAL, dnElA(d) R, JE 50 nmifs FhIE BiFe O i 't FH A 1 H
W BAFTE (EIS) 2o, (111)pc BiFeOs i ' BH MK Hh 1~ HA ey 18K W I AR AG I B BT 300
FIPHUE, X5 5 AR 1) HLAT 5 A% R AL
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Fig.5. Energy band diagrams for BiFeO3 photoanodes in PEC water splitting cells: a) Changes in the band structure
of BiFeOs thin films under different polarization states; (b) Linear sweep voltammetry of 50-nm-thick (111),c BiFeOs
thin-film photoanodes in different polarization states; (c) Photocurrent density versus time curves for (001),c and

(111),c BiFeOs thin-film photoanodes with different polarization states under zero bias (0 V vs. Ag/AgCI)[0l,
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(BRI 2, DRI R) P2k F v B3R AT ey A OOk 42K P e B 5 S S v, I T R 2 A
B R RL X AL AR A A B o SR K IR FE FTO BB A IS A KR (K1 Sn: TiOo 4 K AR, 7E
450 °CiB K Ji, I A I -EE i AE FTOBIR/SN:TiO2 L ¥k 7 — )= BiFeOs i I, il 2% ik 72 K AR4
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Fig.6. (a) Schematic representation for the growth mechanism of Sn:TiO.@BiFeOz nano rods; (b) Photocatalysis
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performance of TiO, Sn:TiO; and BiFeOs:@Sn:TiO2 NRs. Schematic electronic band diagram of (c) positive poling

BiFeO; and (d) negative poling BiFeO3(®.
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Fig.7. (a) Electron energy levels of BiVO4/BiFeOs photoanode and the structural representation; (b) The photocurrent
density curves of three different structures of BiVO4/Co-Pi, BiVO. and BiVO4/BiFeOs; (c) Photocurrent density
versus potential curve at three statuses of ferroelectric polarization; (d) Long-term photostability of three photoanodes

at 0.6 V (V vs.Ag/AgCl) 1031,

3.2 BioFeCrOs HIYGAEMN,
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Fig.8. Schematic illumination and variations of the photocurrent density with applied voltage (vs Ag/AgCl) in 1
mol/L Na»SO4 at pH 6.8 under chopped simulated sunlight illumination (AM1.5G) of SrTiO3/CaRuQO3/Bi2FeCrOs
sample: (a) before,(b) after negative (Pup,-25 V) and (c) and positive poling (Pgown,25 V) [*3]; (d) Schematic diagram

of the experimental setup and () photocurent versus potential (vs RHE) curves of SrTiO3/SrRuOs3/Bi,FeCrOs/NiO[6,
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{EHARAE-0.97 V B HLFA T 16 L3 N-1.02 mA/em?® s 411 8(b)FTa~, kBB AL TG ) H AR
(+P)isHs, TAEEARA R Y-1V I, GRS B A-2.02 mA/em?, LA BRAL BIRE SR P4
KLt+P A RT3 50 IR K B e . il 8(c) s, MK T, BlRibs m)
FAR IR (PR, 6 A FL 02 P i 2 PR IR 55-0.85 mA/em? o 3X 1 B BiaFeCrOe ¥k HLAR AL 5 M
T SO AE BT IE R, AR A AR T BB 45 4 I BT eSO R FARN R BH e e 4t
AL A T

BisFeCrOs 451 344 15 & 7K MU HE Mih HE 06 FL AL IS 2% HH I 1Y SR Dok BRI L &R
DB AR F AR R P LA 52 A A BR A AT B R 3 0 5 S BT ORI R R, i T -
JON IR AR, EE L T SRR A AR DL R A A, AT BRI T AL
PERE o DRI 300 55 7648 FH A1) 75 28300 50 3 11 AL BN e 1k mod it 15 B IR 2 R A AR g O 1081, ik
IS A 2 F AR TR R A A - RO AR G, AT DA n BUARE A SFAROGRH AR
HGHEAL S SEPERE o 0T TG FHARAA BT 5, 02 0] 8 ) i o 77 SR AE T Bevh— M REAT R PERE R
AT TAL R RE AR, AR ROZ R I AT A A M P A e B WA 3 rL I A A
HAE R i S& A R P ALE B 3 i A, RO P ARLE 2. P A SR L AR
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(NiO) LA N5 Sk &y, FAFERA 3.6 eV, FEHEAY NiO HIM A 1R & 106235 WP (10 nm
214 80%, 20nm BN 75%), FHXTEAR AT FH AR (120 Qem)FE & T AL E, BRI NiO & &
ERPE S5 &5 209, B’ 8d) Arm, 2019 4 Huang Wei % AN & 71
SrTiO3/SrRuO3/BirFeCrOs/NiO )i 45121, FFH PLD RG/EE 1) StTiOs 2 1 FAEK TR ik
SrRuOs. YA )Z BirFeCrOs Az /L2 NiO, HA4 NiO JZHIJEEEAN 10 nm £ 20 nm. 7
300 K i, 10 nm 2 20 nm & 5 [ NiO FE ) HL-5: 3751 9~0.13 S/em #1~0.25 S/em. @ E

SRZGNIIE, 10 nm [ NiO 27K AT ZE 05108 1.2x10%em? 5 0.7 em?V's ! 1 20 nmNiO

Hi

[R)25 PR FE AT ZN 1.5%10% em™ 55 1.1 em?V s o W& 8(e) TR, fEIXFh n-BixFeCrOg/p-NiO
FRREOCHE TARE S, 1R 1.23 V BB T HOGRRE A& R, B3 04 mA/em?®, £ 4 /)
AT AR FERS E 1, HAEFR R PR I R 3RS 7 s O L R (~3.7%) . B4k,
A +P 1] BiaFeCrOe I 156 FHAR ' Bt 2 FE g /N T JE 5 R3S R U RE . B -P 1) BiaFeCrOs
FEAE A [ i Hs. 1 D R 64 25 38 . DAL T DU B 2k B RS IR s - R B

BRI IR R CHE AR

3.3 PYJ5HH BaTiOs £k A G fELL

EATGURE L B TV ) 43 T ST LTS B 0 L B K BRSO 24 A4 22 A A
7 EE [ EUOL, S A D R R B AN B 5 e AT OB . 3% 1 XFLE T BaTiOs 58k
PR I e A B 7 i Ak B A PR 8 okl B C O A PE RE  BaTiOs A2 — 32 4 (R 2k s b
H DU AR B, Ak BLE A 120 oCM), YR 1w T HL T LR I B IR T 40K
PR (2R THT BE A2 98 R (RINH%, BaTiOs Y 5k HAH AL A A3 7 NI AR 3160, BaTiOs 7 B 3.18
eV, AT UATEYCIRER S T A MUY kL, an 20 FH ZERR 7], 2013 4 Cui Yongfei S5 NAFFT T
A BH G RE S U 75 #H BaTiOs 8k RGN KM At SR Gkl 41 2 FHI B BB i e ts). 765
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A RN AR, BRYEZD P B BH B TR AT RETE Bk s R AR e R T b AR R AR A A
M 5 355 R (M ek oy S AR R T 454, 53277 AR Y £ 1) BaTiOs 49K ARAHLL
VU770 R BaTiOs A0k R I it (e il AR & 3 1. W1 R I 9(a) 1 9(b) i, K& 1
() Ag LA 22177 sUTERE BaTiOs RN, AR B AR LT I Ag K BRI 2 T # i G
RHRPHZRL) 1.5 65, St Bt — D, GublE 45 A e e, AR
I RAERIRI BN 77238 3R A (Kobs) N 0.087 min' o 33T b7 75 IR FE A A 1) BaTiOs. 3B K5
VU7 Bk HAR N £ BaTiOs. Ag-BaTiOs IR KJ5 Ag-BaTiOs MMM (o2, K IIE KA
Ag AUKFTRLIR 7 T LARAL BaTiOs G HEALIERE « IS AR i LU AR AR i B o i Ak
W, XU IE S VY A BaTiOs MIELBIE In, i didk 7 Hou ikt fE. Tk
P BRIBAYS Ep WIAEAE, BREMRIAT LA 2l 2 257 SO B, Ep oA T 5 BUBU Y PN 45
AL 25 TR LA S22, A 0 B AR ol -2 Ok L n o vl 7 0 2 (R el SR A 1 e
T2 Ao AL, RGBT I B S I GBI R K, X AR R LA R T Y
#H BaTiOs Rk LMo

2018 £ Song Wenjia 55 Nilid J5l 7~ /1 B A5 W £ | BaTiOs Kk AL R BDEHEIL A
I T SO FRU8Y, 24 BaTiOs £k FARALAR 1] FELARIRL, Y6 PR A J5R J IV E 42k F W 3 1 )
DIH Aghit i Ag, A RBRRATAT TRE R T IN ZCR K 3 £ Sl m HUa
I, G S B AT AZEBR U R T Po* A6y PbOy, 1Bk AR ALT-AT T it 2 THD A I
A REds Pb* 440N PbO2.

BaTiO; H AR M = A e . 2018 4E Li Jing %5 Al % 7 BaTiOs 44, 44
JEAE 800 °C fmy HA IS Al s BaTiOs KL 5 A E dh BaTiOsx, MM T BaTiOs@
IE i BaTiOsx 2745 #415). BaTiOs W& A K I 0, R m T T WG mmiies, %

BTG RE L AT WOGIRES N, 5 /N AT AR # 62.49% 1) R 15 Gkt

=
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2019 4F Kevin V. Alex %5 ATEHH Ll £ T 500 nm-BaTiO3/67 nm-MoOs 5 it 45, MM &
R T HOGHEACRM, W o), T BaTiOs ARk AL ARE AT AT MoOs 2 544
() B A M B A, thl T BaTiOs fl MoOs IAEH 4592 5, 1F BaTiO3/MoOs FHiA7
FEFR ] MoOs Z N HLYg, EM B BOGAE R -2 700, B MoOs if#%, /XA BaTiOs
TR, B 9 dFTR, FERINAT GRS T, FEESTE | /NI A ERE T 86%HIF P B, HAk
ot BaTiOs [T 1.7 5, /& MoOs HIEf 3.2 £5. 4l 5 VOBMLIED T B &L, 7=
JREE DGR TR T 5% 1ZSEg it — D U AN A S5 5 ] LR 4 v OB
HRCR .

AT LRI BaTiOs S MA@ 2F S AR BB E, 2018 4 Huang Xueyan
SN T S/ BRI R A, ARG SR TR HL - SO IR A B R IR T O
LR & 9(e)Frar, CdS WRHAE BAT VU7 2R HUAH I BaTiOos 49K Bk |, 1T BaTiOs £k
FLIEE S FCIRAR AL A (520, CdS_ A=A 8 7T DA i 78 3 R T 9 2 5 AU J5
K2 BaTiOs B BK %, AT YETEIAAE BaTiOs G0KER Hh i S L 125 7O SR AT Yot
R, BRI Hy RAK. CdS RAWRE S, JERTF- S E S IREE 4, 41 CdS
(A YEAR . A& 9(D)fF7”, BaTiOs-CdS(20 wt%) 52 &4 8L Hii i) BaTiOs 5; CdS F I

R e A TR, ARG CdS AL AR 9.7 1. £ IDCN T, BaM

m

BHE R B G HR Z0E Z N 483 pmolh'g™, £E 32 /NI APHFR I 2 I 1 4 A\ = 1) )
e, DRIF RAFIIRRENE
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HEALTRNS 2 PH B OB BRFPER) (c) Glass/500 nm-BaTiO3/67 nm-MoOs 57 51 45 i BE 7 45 K FI B 170

BRI (d) 1Z5 AR AT LG RTAT W67 R R 20 B % P B B IZCR IEH; (o) 7T ILJG(A>400 nm)

BT BaTiOs-CdS EaMBHIDGAEZ - 70 0 8. BR 71T LSO E SRR 2’ () B
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Fig.9. (a) Schematic of BaTiOs-Ag composites with the effect of free carrier reorganization on band structure and
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photoexcited carriers, and (b) photodecolorization profiles of RhB with different catalysts under solar simulator*3l;
(c) Schematic representation of the 500 nm-BaTiOs/67nm-MoOs3 heterostructure on glass substrate, and (d) its
photodecolorization profiles of RhB under UV—visible and visible light (sun light) “4; (e) Schematic of photoinduced
hole and electron migration in BaTiO3-CdS composites and photocatalytic hydrogen process under visible light
(A>400 nm), and (f) its photoelectrochemical properties of pristine CdS, pure BaTiOs; and BaTiO3-CdS (wt 20%)

compositel19l,

2015 4F Yang Weigang 5 N\l /K HGETFE B & TIO AR ZERTHAEK T 5nm EEMEA H
KAL) BaTiOs )2, M3k T TiO.@BaTiOs #5245 M0, W& 10(a)fin, ek stk
Wl e A R Re, KRS E VOGHEMEWVERE. BT BaTiOs Bkt Er KIAFLE, 11153
TiO2 N HERI LT SN 2y B S AR 4. 5561 TiO2 YK ZEAHLEL, TiO@BaTiOs ()t H
T SRR T 67%. 18T 15 TiO.@BaTiOs 575t 45 LI HL %70 A, BEJT TiO2 A1 TiO,@BaTiOs
PR B FRTE NG B, R B BaTiOs Bk bl Ak 2 R a1 6 A H -2 7Okt
[ 73 B R I R IEE R 58 | TiO@BaTiOs G HEAL I RE . W&l 10(b) Pl S AL AR AL
WAL, B AR AT A FE AR (BRI +P) I TiO2-BaTiOs Y BH AR il G M4k I 25 N 0.74 2
=1E] 0.96 mA/cm?, T 29.7%, AHR, BRHEMATE A TiO, i (HP-P) TiO2-BaTiOs Y& PHR I )6
AL L 25 R PR 2 0.65 mA/cm?, FAMIR T 12.2%.

20194FLiu Zhirong%s A EFTOREFS Il % T TiO.@BaTiOsZ e 4514, FEAE LYK EE )
BaTiOs/# K [ 42 K T Ag204M K ki T, TiO@BaTiOs/Ag 0| £ i 2 U I 10(c) Fron o0, o B 4=
KA TIOL KA MR AF (¥ bk, 2k WL T REE D7 (RS E (K AL 4 BIFTOHIAR |- TiOoJ& FnZl
Pk, BaTiOsR 42k, AQORpZLl- 3k, TEpin-i-p4itl, 1EBaTiOaf M P A I A71E
fRIATIOM N HLlg . tnE10(d) s, JeAE - O EE N I ER T 0 5, B FTOIL#,
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X AGOIER , K I TiO@BaTiOs/AgO S 4  2 AIHE 5 1 e A= B -2 0k 1 40 B9 AR 24
Ko AQORFEWHETR, Al LA :300 nmZE|900 nm ¥ K BH G H 3 T itk . TEAREE
JEAE T BaTiOs 8k A AL 45 ] F AR, LBk AR BRALIAERTT [ AT N HEL 3% 7 1) — 30, 2 35 3 ik
Tt . 7EH 0.8 V (vs Ag/AQC) I {5, TiO.@BaTiOs/Ag20 H ' L It % [ 15 £1)1.8
MA/cm?, X2 TiO 4N KA e LT 2 FE 192,665 o %45 #rh, BaTiOs%k H L [ i FH 1 1 #en i 2
SARTIOMpAL - SARAQORI Y AL RS, AgOXEIN T YEMR SO G REVE ], n-i-p4h#4 P HL 37 Al
BRERAIB A 3G I T 728 7O ) 70 B AT R A4R, BRI TiIO@BaTiOa/Ag20 2 A L 57 1
SEHEALEERE . IXRE— D UL, Bk B AL L B AR AE S5 2 AR O AL P B T THI

HAT @ ATt
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o
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TiO,@BTO. ¥IUATIO.@BTO/AG0. Bk HMALTE I TIO A TiO@BTO/AG0 VU 4l K A B4 471 4 ' FlL 7 — Fi 34
EH}@%[GG]O

Fig.10. (a) Energy band diagram of nanowire photocatalytic reaction of TiO.@BaTiOz NWs. (b) Photocurrent density
versus potential curve of TiO,@BaTiO3 nanowires at three polarization statuses [°l; (c) Scheme of the fabrication
process of TiO,@BTO/Ag20 nanorod array, and (d) photocurrent—potential curve in the dark and under Xe lamp

irradiation of the different photoanodes (661,

20194ELin YangZs A il & T [ B A5 (100) A1 (112) &4 T I Cu0 40 K kL, & BLIX A fi
HAMRE B ZEN23 mV, 7] L7423 kViem A 37120, 75 Cu ORIk I & Tl Bk — 254k
K T BaTiOs#K/IER, JERCU0@BaTiOs & A 4544, S8 5K JL 5 6 G K i KBRS 4 16—
2. 7E10 mW/em?if) ] OGRS T, e 423 ] B3R 58 H1 150 mg I Cu,0@BaTiOs FH /K HER &2 4 1
A LA 73 /i3 26.5 mg B 7K PR 1, AR R W e U K /KPR 0T 3R 45 Cu,0@BaTi Os,
BaTiOsZN AN T T EEHRE B 73 B AR FL -8 7O, Cu08 73 5 S5 1 - R 23 X7y il i # 21 (111)
HI(100) & 11 77 A58 T S LA AR AR [ L o 1% AR N Fi A 7 i /K 3R 2 1 3 i S 5%

3.4 U5 AH PbTiOs F1 SrTiOs &k A A [ e AL

VU7 Al POTiOs &3 A HIBRHEAT R, KT 2.75 eV, JBH & 4F N2 RIFH4 %k, 14
A EREST T B — i OB, it Cu. Fe B T52%, T LU SRZ AR LI IR
Fo s O AR 22123, R, R DAAE PhTiOs R IHIZE M Ag. Pt 4k 118, ol 4%
TiO@PbTiOs % 5E 45 F 124, JTHT LL A 52 25 AR i 1 145 44 B B AL A% - 2020 42201 K% Liu
Yong Z5 A4 T8k HAR AL TR BT (001) F TH ) 5L B POTIOs 90K, TIESKE T2 i h 43 1
JAE - O B R B IR B R R A Ep MY i 11 AR, BTk BT
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R R T IEVORGE AT, PR WA R SR IR ALY Ep JF S ECHLRE S#h: ZBRil
T LA /D (I, S8 gk )R BERT RTS8 nghok i BN R s 22 AV, WE 11(b) s,
JEHESAE N AR b SR TR R AR A K R R g i g n, B as T HO AR T
- O B 3 S R ARG I A ) E AR . AN, 7R POTiOs 92K v L 3R i 2 18] 4=
K SiO A1 L JZ AT LA R 40K Fr 2210 e e A B i Bk R B Ak 7 . 20 JT R B 1 Bk R AR
3 B 5 i PTG A AR - O 23 B IR s e 2], 2018 4 Li Wei 458 A il £ 17(001)
A Y] POTiOs SR ARy, FEEHRMRSAEK T Tio, B RN, 4 POTiOs [8k Bk 1L
T 1H] TiO AR A 5, 1% (POTIOs/TiO2)- 40K P AE AT {0 AT WG, FL 708 FH AL WK Klobs
49 0.053 min (B 11(c)); 48k EMALTE M) TiOo S, Z(PbTiOs/TiOo) /il /K P2 AE AR
(K3 2N 132.6 pmol/h/g (B 11(d)).
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JE BT RS E AR AR T 1 PTIOs/ TiO2 92K A IR HE AL 70 g HH 22 T AR T 5 H A Klons (R Kowp)s (d) JefiEAL

Fig.11. (a) Schematic of energy band in thinner (001)PbTiO3 (PTO) with smaller built-in voltages (AV) and thicker
nanosheet with larger AV; (b) Correlation between surface photovoltaic value measured by Kelvin probe force
microscopy (KPFM) and nanosheet thickness!*?l; (c) The reaction rate of blank control and photodegradation of MB
under visible light (A> 420 nm) irradiation with (001) PTO, TiO2 and heterostructured TiO2/PTO composites; (d)

their Hz evolution rate of water splitting under visible light (A > 420 nm) irradiation[6].

SrTiOs BRARAT L RE LI Wi FEAR , FLAE N VR HY B = 18 28 26 AF 1 8 oy R A i e AR I 4
ANV TR HIAE . 2004 £E Haeni £ Natrue BRI SCE R, 29 19 XU {1 B A8 AT PLAE

SITiOs fE =R F#A NIY J7 8k A, 7E DyScOs 8k A EAE KA 50 nm JEE1#)(100) SrTiOs

A HE B IR R AR T kAt A . U201 AR, e ORI Bk AR AR AR AR L,

VU5 AH SrTiOs #K A BRAIEARSS, H ek il . BRIBE ST T TAE M AN e . RE

gk,  SITiOs &F A MDCHEM B, HER NHEFTEER 5-8 cm?Vis?t, @ik KT Tio,
I TFT AR 0.1-4 cm?V s 14, FLEk s A0 38 a6 (i A 35082 ) TAR(E A 3RA T — 2B 0 7. 2017
- Wu Fei 58 ANfE FTO B EE Bl 780 TIO 9KEL, IRt —BRE T —)Z 10 9K R
(¥ 5 DU 75k AR Y SITiOs #ifiEE, 3873 T TiO2@SITiOs i 7t 45 71 7E TiO2@SrTiOs £5#4H,

SITiOs [FlIf FAT fa F T IE B S AIDY 7 Bk AR K HR %4 . 5 TiO.@BaTiOs %5245 M 24, SrTiOs
[k B AL AL T TiO2/SITiOs FHEIRET 4544, ) T L2 7O I 4325, SITiOs [
R IE R A M T HIR T2 FTO Ak, HOGA B 773 7O B 70 B8 R (Mseparation) T2 5 2]
87.7%. £ AM1.5G R P YIRS R, 7£ 1.23V (vsRHE)H3A R, £ 1 M [¥) NaOH HiL K
H, TiO.@SrTiOs Yo PHR ) L % B IR 2] 1.43 mA/em?,  E[RZE 2614 T TiO, 49K 2k 1% HaL
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PVDF/Cu/NaNbO3/PVDF [ e ii5 4t m B El; (d) ASFERAL S N NaNbOs/PVDF i 5 1) 5 H 7t 2 FE—H [
gy,
Fig.12. (a) Band bending of FTO/NaNbO; for negative polarized; (b) current-potential curves of photoanodes with
different polarization conditions [54; (c) Band bending of PVDF/Cu/PVDF-NaNbO; for negative polarized; (d)

current density versus time curves of NaNbOs/PVDF films with different polarization conditions (271,
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XNbO3(X=Na; K; Li)tl28k DMK A —. NaNbOs & n BELHLAR
WSk, B RIFEIR T IE8 2 MG P 7K - i ses 4544 . 2017 4 Singh Simrjit 55 Ai#
KGRI T NaNbOs KBk, A/ FTO SHIIE B, BT T 9K ek s MR i) st 2
PERE,  A9K B r VI 1 Bk P AR A P Kk RV (R G AL RO 3 i 7%-23% 4. &l 12(a)
Fi7, NaNbOs YUK EEAE M7 8k ARG J5 2 S/ v b Jod T A RE T 25 /Y, T FL AT 1)
R R, BEMBGE TR EARCR . W 12(0)F, SESRGERAELE, TR
RSO 1V B, Bk R TR [ FTO BESHE Fr (-P)H) NaNbOs 94K [ BHAR H G FEILA 0.31
FemF] 0.51 mA/em?, T8k FEAR A5 5] ARV (+P) IR AH REFR) O R IR IR ) 0.09 mA/em?®s 4 T 1A
12(c)Fi7~, Singh Simrjit % AfE PVDF ZEPEA i B Il £ T 4 PVDF/Cu/NaNbOs/PVDF J:
BHARU2T, R 75T HE% 51 R I Bk AR AL NaNbOs TR I Y IR AT N sem, @it in 5 v
i L 4 NaNbO;3 78 5= A2 72 BRI AL « 4nE 12(d) A7, 75 100 mW/em? R85 X7 HESF R A

TAE M N 1 VI, Bl LTS ] PVDF 3 A (-P)I ' BB A6 A Ak 1 R A e R 12

i

> N

TG G IR ETIA 1 mA/em?®, TTEK AR AL AR ) R AR VAL (+P) IS 16 B A B4 6 A 35 A 9 0.35
mA/cm®. BT PVDF/Cu/NaNbO3/PVDF St SH AR H S I A0 T Rt g, R s A R ml e — 2
PR F~26% )G HLIA .

FER R GORIR R, 2 SARGK L (NW) 3 EHES MRS 552 50, BRIV ETA
AR SR/ AR IR ST TR, AT AR S 6 B AR IR E 2 e s ThRe, W&
YK 22 0] DLIEAT A 0 B far ARt 251200, R IR AT (KNDOs )& — Fh & LR A5 ERA 84k, oA
FBRBIERE, HRAGER R, ORI i DR ORI R, ST A T A
et T2, AFEE RS, GG R R34 SR — SRR E A, R,
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Fig.13. (a) Schematic understanding of free carrier reorganization and photo-excited carrier separation in ferroelectric,
pyroelectric and piezoelectric materials under the influence of ferroelectric, pyroelectric and piezoelectric effects
respectively [19]; (b)Degradation reaction kinetic rate constants (Kqps) of methyl orange over BCT-0 and BCT-0.2
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under UV light, ultrasonic vibration and the simultaneous assistance of ultrasonic vibration and UV light!**1; (c)Kps
(i.e. k) of the RhB solution over the KNbO3 nanosheet (NS) and nanotube (NC) under different conditions®%; (d)The
RhB dye solution degradation activity and (e) the amount of hydrogen evolution of ZnSnOz.x nanowires as a function

of time under applying light and ultrasonic vibration simultaneouslyt?!,
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Fig.14. (a) Schematic illustration of photoinduced generation of an elec-tron—hole pair in semiconductor that transfers
to the surface for CO; photoredox; (b) Conduction band, valence band potentials, and band gap energies of various

semiconductor photocatalysts relative to the redox potentials at pH 7 of compounds involved in CO; reduction ['38],
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ARG A P CHa FRHCE - 8] i 2k 1661,
Fig.15 (a) Schematic diagram of polarization-field enhanced separation of photogenerated charge carriers; (b)
Diagram for the band energy levels of SrBisTi4O1s; (c) the corresponding rates over SrBisTi4O1s, BisTizO12, P25 and

BiOBr; (d) CHs yield curves of SrBisTisO1s with different annealing temperatures [166],
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Fig.16. (a) Dielectric response at 204 K of a CH3NH3PbI; crystal, showing that . dominates the dielectric response;
177)

(b) P-E hysteresis loop obtained from integration of €im over applied electric field ['77],
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Fig.17. (a) Schematic diagram of the water-splitting device based on CH3NH;3Pbl; film. (b) A generalized energy
schematic of the perovskite tandem cell for water splitting. (¢) J-V curves of the perovskite tandem cell, and the

NiFe/Ni foam electrodes in a two-electrode configuration. (d) Current density-time curve of the integrated water-

splitting device [7"],
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Fig.18. (a) Schematic diagram of FTO/m-TiO/CH3;NH;Pbl3/Spiro-MeOTAD/Au/Catalyst  integrated
photoelectrolysis device with perovskite photoelectrode; (b) photocurrent verus potential comparison diagram of
perovskite photoanode with Ni catalyst and Ni catalyst under simulated light!®®l; (c) Energy and work function
matching of FTO/PEDOT:PSS/CH3;NH;Pbl;/PCBM/PEIE/Ag; (d) Photocurrent verus potential diagram of

photocatalytic device switchingf®l.

2018 £ Zhang Hefeng <% NFJEE 157k CH;NH3PbLs JGHEAL SR 45H,  FEANFEM BT b 5 8K
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The progress and prospects of photocatalytic devices with perovskite
ferroelectric semiconductors
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Abstract

There are two type of perovskites, i.e ABOs-type oxides and ABXs-type (X=F, ClI, Br
and 1) halides. Both of them exhibit rich physical properties and excellent photoelectric
properties, such as ferroelectric and photocatalytic properties. This paper introduces the
preparation methods of ferroelectric semiconductor (i.e. BiFeO3; and MAPbI3) and their
heterogeneous junctions for photocatalytic application, and summarizes the research
progress and applications of photocatalytic devices. Various researches about oxide
photocatalytic devices have been carried out. At first, several methods have been
develped to absorb more visible light, such as reducing the band gap of ferroelectric
materials, preparing junction composed of ferroelectric layer and light absorption layer
with narrow-bandgap semiconductor, and growing nanosheet, nanorods or other
nanostructures with large specific surface areas. Second, some electric fields are
introduced to effectively separate light activated electron-holes pairs. In addition to
external electric field, an inner electric field can be introduced through the ferroelectric

polarization perpendicular to the surface and/or the energy band bending at the
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ferroelectric/semiconductor interface. Thirdly, the degradation of dyes, the
decomposition of water into hydrogen and the conversion of CO; into fuel have been
realized in many photocatalytic or photoelectrocatalytic devices. Fourthly, the synergies
of ferroelectric, pyroelectric and piezoelectric effects can largely increase the
photocatalytic efficiency and the energy conversion efficiency. Furthermore, MaPbl;
and other halogen perovskites show excellent semiconductor properties, such as the long
carrier diffusion length and long minority carrier lifetime which may originate from
ferroelectric dipoles. MAPDI; can be applied in photocatalytic devices with a high
energy conversion efficiency by optimizing the photocatalytic multi-layer structure and
adding a package layer that prevents electrolyte to decomposite MAPbDI3. Finally, we
analyze the challenges of the high-efficiency photocatalytic devices and look forward
to their application prospects.

Keywords: photocatalytic, ferroelectric polarization, electron-hole pairs, energy conversion efficiency
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