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Abstract: The development of green, environmental , sustainable chemical processes is currently a huge
challenge for environment, energy and chemistry. Solar-driven photocatalytic chemical fuels preparation
degradation of pollutants and transformation of high value-added products is an effective pathway to solve
the current energy and environmental problems. In recent years, metal halide perovskites as an emerging
and high-efficiency photocatalyst have gained widely interest. In this paper, we systematically reviewed
the research advances of metal halide perovskites in photocatalytic hydrogen evolution, photocatalytic
CO, reduction and photocatalytic organic transformation. The photocatalytic mechanism of metal halide
perovskites and the key challenges in photocatalysis applications are described, and the further develop-

ment of metal halide perovskites photocatalysis is analyzed and prospected.
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LI A R 0 0 o 5 A B B RB AR A R + 237
kJ/mol ;

HOH

Et,ﬁ'ﬁ@%ﬁﬂﬁ@m[&ﬁ%%k? 1.23 eV ( <1000
nm) , EDOGHEAAT B A7 AR T HY/H, 138
JEHL (0 V us. NHE, pH =0) 8 #r 5 T %
0,/H,0 BIE AL (1.23 V vs. NHE,pH =0)
IERE DR B K% MHPs 44
FFaEPER 2 MR, H BT MHPs G AL BT S0 3 %
PR AL S K % W (40 HBr A1 HI) V5 R R BiAK £
i 1 Bl A 1 7 X S B AR TR 1R B AT R Y
GERIRASE . N T HE R MHPs AOGHE AL AT S0 %
SR FH AT TR A 2 1 S TR A A, A
BT 153 B FE R A%, SR 2 43 T RE RS i
P MHPs 196 o R7 1 DL R 48 T S A 5 p R
P, TR A B0 Y RE L DT e A T IR S5 44

0, + H,, AG = +237 kJ/mol, (5)
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(b) —s— MAPbDI;
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6(a) i, GO VE A i far 2 I #8 FRAL S 44 m] LA
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MAPbBIL, 28— B EiLVE R (bt e e v
#1200 h, 1525 F GO B A, MAPbL,/rGO Ky
Hr s A5 938.9 wmol + g™+ h™' J&4[ MAPbI,
(1 67 £5, G 6(b) iz, F4fblih, Zhao 557 Kt 1GO
5 TCHVESERE Cs, AgBiBr, B &, fli13 Cs, AgBiBr,/
rGO B M & R A4 T4l Cs, AgBiBr, #2711 80
7, G RR E MEIR E) 120 h, HETEENE,
rGO Jy B AS B R R K}, 24 vGO 5 MHPs & & 125
A A 3 232 1 (] B Al 25 BRI MHPs (14 ' WU g
73, PR SE BRI A s B ] GO Y 1 DL
GRS B SO0 B
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#1700 () MAPbBr, /Pt-Ta, 05 /PEDOT: PSS (AL T NI R HoEH 44 (81
Fig.6 (a) - (b)Schematic illustration of the H, evolution using MAPbL;/rGO and its photocatalytic H, evolution activities of MAPbl; , MAPbL,/

Pt, and MAPbI,/rGO!®! .

() Schematic illustration of the H, evolution using Pt/TiO,-MAPbI; through a nanoscale electron-transporting

channel ™7, (d) Schematic illustration of the reaction mechanism for MAPbBr; with Pt/Ta,O5 and PEDOT: PSS as the electron- and hole-

transporting motifs, respectively. And schematic energy level diagrams of MAPbBr; , Ta, O5 and PEDOT: PSS for HBr splitting reaction

Z 8 F] GO 2% MHPs A CHE S T 5
i) , Zhao %5 ™ il £ T MA, Bi, L,/ Pt, Pt 1}y Bh Ak
PR TOCEEIR T ER AR, 115 MA,Bi,1,/Pt 1)

[81]

Mra i R AHES T 45 MA,BLI, 27 1 14 £, It
A, Li SO0 Ak e ey A5 S A 1 A Ok R A
T8 A SRR L, BRR TiO, 5 MAPDL, FUREZ
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AHVCHC , A58 4 TiO, 75 MAPbL, MBIEALF] Pt 2
[ ST — 2R 4K H i £ i i T, DA T 8 35 b 2 T
T MAPbL, 5 Pt Z 8] i) H fof (& 5 50% , 4E R PR
WE 6(c) iR, it PUTIO, Z [H ) &,
Pt/TiO,-MAPbI, AN ZHRAR L T W — 45 T Y
Pt/MAPbL, $2F+ 17 89 £%,35%] 7 300 pmol - g~ -
h™', B W FR0K (Apparent quantum efficiency ,
Mae :Nelectmn/Nphmon)%ijj 70% (A =450 nm) ,7&H]
SR TR T AR BT, S, b
ATk — 20 1 2 oK v ey 1% e 1 1) B8 23 il
FIA Pu/Ta,04 F PEDOT: PSS 1 A A: vy, T i
SHIB1=R 1D/ A WA 3 TR IR I= I B b A s SR a1 b) A
SN RSB, W 6 (d) TR,
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(455 fir . I HEEUR B TE PO T Aok &
B, Ni, C 472 7F MAPbI, 21 J5 2 68 B L7
THR BT As g, 68 Ni, C XA 30 71
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Fig.7

(a) Ni;C/MAPbL, )& HEKRE ; (b) Ni; C/MAPbL, 1 MAPbL, AYYGECA 66T ; (¢) Ni, C/MAPBL, 1 MAPbL, K%

(a) Schematic diagram of Ni;C/MAPbI; photocatalyst preparation process. PL(b) and time-resolved PL(c) spectra

based on Ni,C/MAPbI, and MAPbI,. (d)Cycling photocatalytic HER performance over 15% Ni, C/MAPbI, 7.



1066 K ot

S ¢

41 %

ARAT T B AT S R A R AR E T (2 061
pmol + g_1 - h™',156 h), EdFEEFEES TR
of B ff R BUR LRI MHPs JEAT 20245 | —J5 1, {2 ok
T MHPs PG A #0000 F 19 [l SME Fi BE T 5 55—
DI, BT ROR I HEG AR RS T
B AR
4.1.2 @itay TARMRAK B AFEF kM
It 4y TAENT MHPs Y6 R AL A 254
HEATRTR I S R A BB VT T, AT LA — 2P
FEF+- MHPs (5GBTS0
CAWFR R, 165 A PRl g R 5 (Br Al
1) (% MHPs 1, J6AR 200K 58454 19 & Br X
SRR B T X AR M G,
£ MHPs ™50 23R8 1 19 704, ] LUA 880 51 50
AT AL SRR, 40, Huang 55K
FHOGHE B pd 3 28481543 51 LA MAPbBr, Fl CsPbBr,
ARG B 1 RO B 58 R VR B B N 1Y)
MAPbBr, 1,"*H1 CsPbBr, 1" WF 1 1ERE
Jy#ifE MAPbBr, 1 #l CsPbBr,_ 1 E. A& .0

(a) hv A

o

H*

L.
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&l 8
MAPbBr, e LA ZHLEE

B 5E 2B W s ) T AR BE 454, 18] 8 (a) T
TN T IR 0 B S5 R 02 (' A 1 1 R
1673 7% , f# % MAPbBr, ,1/Pt Fll CsPbBr,  1/Pt
TEHIFN HBr/ HI 7K ¥ b 23 3R 90 1 48 v 1) D Ak
Bra %, 390 2 604. 8 wmol + g' - h™' Al
1120 pmol + g™ - h™', {HfH T MHPs B & i
TRGEFGPE T, b Y 23 KR R 160 R B TR Y
HERmE ™ AR IR e 45 M B 2 i AT
1M1 32 BB TR 2 b R 3R i R PRI A s it
— 4R, BT, Tao 25 R Br 3B BUL T HY
Jr 3l 4 T MAPb(T,_Br,),(x=0~0.2), fEA
i FH AL FI RS0, MAPD (1, ,Br, | ) 5 FOOEAE
TS R 5 1 471 wmol - g7' - h™', 4240
MAPbI, 1140 1%, %5 B2y pR PG 3 AT 22 B By Ak
R ERIET . (1) T Br B FH 1 TR
/N, 24 Br B ffe 1A, ff £5 Br—Pb—Br g ) Horp—
A~ Pb—Br #ERA WL LK Ph 258 T MA* {2
H#ET MA "o H [] Ph 3252 ; (2) Pb—Br KT AIG
T Pb—H Wi, IR HEA Y 55— HIEW

—~
=

CsPbBr;-1/Pt-TiO,

) 800+
600
400+

2001

Amount of Hy (pmol -g™)

(a) MAPbBr, 1 /Pt B Sl IR A BREE#™T; (b) CsPbBr,/Pi-TiO, BIYGHEIL AT & 82 E #E1 ; (¢) MAPbBr, 1 K-

Fig.8 (a)Band gap funnel structure of MAPbBr; I near the surface in MAPbBr, 1 /Pt enhancing the photocatalytic H, evo-
lution on the Pt particles loaded on the surface of MAPbBrs_XIt[%]. (b) Long-term H, generation of CsPbBr;/Pt-TiO,

photocatalyst under visible light irradiation'®

MAPbBr, 1.

. (¢) Schematic illustration of the H, evolution using MAPbBr, and K-
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H,, BAh, 8/NE Br B 752 T+ 1 AR5 A AR Y
FsEE, (145 MAPb (1, ,Br, , ), RGBT SR
EVEIAE] 252 h,

IR HLE RE AT B TCHL S 750 A (7 B
T 242 TH MHPs Fa e vk 1 FH g0
AT, Wang 251 5@ 534k CsPbBr, 15 (Quantum
dots,QDs ) K I BC A% B2 IR, i %) , JF R X
MOCAEAHT 07 % #2871 T CsPbBr, QDs AR E
P, BN E 2B HEAL 160 h, WNIEIS (b) F7R,
—J7 ], FR ARy B K R A 55 B T
TE—7E IR EE RN P ARG EATAE 5 3 — 5 i, Hemi B
FRPERELAT T QDs AR AR AL - 0] SME i Y fiE

J1, B, a8 2 00 Ak 2 T G AR % R, AT LA SE
MHPs YA Ak A 40 38 5 A6 A A B R 1 G
A, Zhao 257" R K B2 FIYL KBr filifL)2
PIFR WG 25 G 1 J57 1l % T K-MAPbBr, @ KBr,
H5[Mo,S,; 15~ Ak M4 &, 45 K-MAPbBr,/
[Mo,S,, 15~ 3K TR @ Mo febr & tkge, o
— LG R B, K™ 18 2% ] DUAT & il Ph° Al
Br® BREG I P Al K-MAPbBr, #8745 1 5 4 4 it
b P A A e e v, HAE I ALEE & 8 (¢)
FirR

RIRVZH 43 () MHPs SGAAOAT S0 BB B 25 7 36
1rp, HATHS A 25 R 58 4B T MHPs 76

&1 MHPs E£REISEFH THRELTS R

Tab.1 Summary of the photocatalytic H, evolution performances using metal halide perovskite under different experimental con-
ditions
Reaction Light source Activity . Splitting Ref./
Catalyst . . . Stability AQE/% .
system (A/nm) (Hy/(pmol < g™ - h™) efficiency/ % year
Solar simulator
MAPbL;/Pt  Aqueous HI 57.0 >160 h N/A 0.81 (2016) 7]
(A >475)
. Methanol/ 300 W Xe lamp
CsPbBr,/Pt-TiO, N/A >160 h N/A N/A (2019) te8]
Watervapor (A >420)
300 W Xe lamp 1.5
MAPbL,/rGO  Aqueous HI 939 >200 h N/A (2018) [®]
(A >420) (A =450 nm)
) 300 W Xe lamp ~70%
MAPbL,/Pt-TiO, Aqueous HI 7 300 >12 h 0.86 (2018) (701
(A >420) (X =420 nm)
10 W LED lamp
MAPbI;/MoS, NSs Aqueous HI 2 061 >156 h N/A N/A (2020) 7"
(380 <A <780 )
. 300 W Xe lamp 0.16
Cs, AgBiBry/1GO Aqueous HBr 48.9 >120 h N/A (2020) [
(A >420) (A =450 nm)
. 300 W Xe lamp
MA;Bi,Iy/Pt Aqueous HI 169.21 >70 h NA 0.48 (2019) [#0]
(A >400)
MAPbBr,/
300 W Xe lamp 16.4
Pt-Ta,0s/  Aqueous HBr 1050 >4 h N/A (2019) 181
(A >420) (A =440 nm)
PEDOT: PSS
) 300 W Xe lamp 16.6
MAPbL;/Ni;C  Aqueous HI 2362 >200 h 0.91 (2019) [#2]
(A >420) (A =420 nm)
MAPbL,/ 300 W Xe lamp 23.2
Aqueous HI 3472 >200 h 1.2 (2019) [#)
Black phosphorus (A >420) (A =420 nm)
MAPbBr; _ 1./ Aqueous HI/ 300 W Xe lamp 8.1
2 604.8 >30 h 1.05 (2018) [#0]
Pt HBr (A >420) (A =450 nm)
CsPbBr, 1./ Aqueous HBr/ 300 W Xe lamp 2.15
1120 >50 h N/A (2019) [87)
Pt K1 (A >420) (A =450 nm)
K-MAPbBr, @
300 W Xe lamp 18.3
KBr/Mo;S3;  Aqueous HI 7.84 >200 h N/A (2020) [V
(A >420) (A =450 nm)

nanocluster
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(10) 7w
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CO,+ 6H"+ 6e— CH,O0H+H,0, (9)
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B H ffi—A~ CO, 43332 — IR AL CO,/
CO,” AMAFRERMBR KRR L2(-1.9V
vs. NHE,pH =7) , M ZHBFMZ 1 CO, it
S W) ELAG A () RE B 3 &2, IR T 7R 44 ) 2% 1
A F T RO A AT
HE A CO, B R N AFAE 8 AN A
P2, AL 9 (b) B - (1) 2B A 6 0 e DG
K3 (2) M f 28 R T B A g 2 AR R T

T (3) F(4) MR- 5O HE G (5) 6
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Fig.9 (a)Schematic illustration of CO, photoreduction on a

semiconductor. ('b) Process of CO, photoreduction

with water' ™’

4.2.2 RAE CO, ERWFFRBEIE

2017 4F, Xu 7 R4 i T CsPbBr, QDs
P fEfk co, R MMHRE, DL R LER/ KAE R
%), CsPbBry QDs JGfiEfk CO, i #5123, 7
pmol + ¢~' + h™' WA JF Y CO CH, H,, H
CO, MIEBEMEMIL R B IT 99. 3% , i# L CsPb-
Br, QDs 54 8M (GO) B4 ik TR T
f) 53 B FIAEHT , CsPbBr, QDs/GO B L7 15 B 3 R
AHELT CsPbBry QDs 48 F+ 1 25.5% , 41l 10(a) |
(b) fii7s o JLFAE Rl —HHA], Hou 4E 9 BF5E TR
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Fig. 10

yield of the CO, reduction products after 12 h of photochemical reaction

bulk CsPbBr, (¢) and CsPbBr, QDs(d) .

i F4liZl s> MHPs XF CO, FOH3RBE J1 4855
FHOE JFH RN, S AR A 1 S A
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Fb4li CsPbBr, NCs #2551 2. 43 f5f1 6.5 £i5, an &l
11(d) (Ce) Fron, B A LA R Z 4E b 6 5
MHPs 21 & B B4t 2 4 FHOb ik co, i )5

(a) Schematic diagram of CO, photoreduction over the CsPbBr; QDs/GO photocatalyst. (b) Photocatalytic performance :

") " Calculated densities of state diagrams of

HRA T, Xu %706 CsPhBr, QDs 4 €
TEE-NH, /v fL g-C,N, NSs(PCN) b, WK 11(c)
ffi7R, —7J7 1, CsPbBr, QDs 5 PCN W3 ] A
HiG RERHES, F22F T A B 0 43 B %
B, AN 11 (F) Fr7n s 53— 75T, PCN 5 CsPbBry
QDs 78 718 18] 9 )i, N—Br 4, %} CsPbBr,; QDs iz
FNELVE 5271 T R RS E P, ik
CsPbBr, QDs i, CsPbBr, QDs/PCN f) %44k
CO, 5 RTEF] 149 wmol » g™' « h™", 20 G2
g-C,N, 99K A B AT CsPbBr, QDs Y 3 /5 H1 15 175,
U, Lin 2% 3 5 707 28 KI5 7E Ti, C, T, NS,
( MXene ) [ 3% T 4% % CsPbBr,NCs, CsPbBr,/MX-
ene ZHK G544 i 2 4R T T OU AR BUR F IR B AL
& A M MXene [ 7] {# CsPbBr,/MXene [



1070 - - S ! 415

BT IHFERIEE) 110.6 pmol - ¢! - h™', ik, BTG PR AL A, T2 #E T CsPbBry QDs H1)
Li b w5 2,267 2= 8 SRR TR ADGMARR, 75 0] W% IR
MERE (Ni( tpy) ) 44 7E CsPbBry QDs BRI, 40/ T, CsPbBr,-Ni (tpy) AJ LA A M CO, ik 5y
CsPbBr;-Ni(tpy) 2645 . BT Ni(tpy) TR CO Ml CH, , AR EL 1 724 wmol « g~', 24l
RATLIA] LU R S A A7 A, HRE A AE S e CsPbBr, QDs /Y 26 fi%,

(a) “7'(""\,";.{!—, co (b) CO, (¢)
O-QakV S n "_4 2
S Py / ( 4 CO, fixatio”
00000 00 CsPhBr, N
© («c H;0 00k \\ nanocrystal [ﬂ , CO.,CH,
| .

< @ gl i Separatjy,

o o Amorphous TiO,

<«

—~
o
=
—~
-
=

(e

~

% i\a » 3 —— CsPbBr;
: 5 20 = —— 20 CPB-PCN
&= 0 :
=1 L -
? o0 N é
s =z 10 g
5 g CH =
= 4
£~ £ :
s 0 ‘ ‘ ‘
- 450 500 550 600 650
5 ) )
3 e e, e e e, A/nm
(Ov '3\2;0 \7;0 \7;0 \7}0
4{9 e/\/o 3@0 8(}0 ’()‘0
(900 7 “ 9 9 Y Y

v Y

11  (a)CsPbBry/Pd NSs Jt44k CO, AL, (b) CsPbBry/a-TiO, JGEAL CO, ¥ FAHLH™!; (¢)20% CsPbBr,
QDs/PCN [JE5 7 5 (d) CsPbBr, 55 CsPbBr,/Pd NS YefiAk CO, 35 HL T HE2%E L7 5 (e) CsPbBr, 5 CsPb-
Bry/a-TiO, MGHEM CO, SEJF =53 ' 5 () CsPbBry QDs 5 20% CsPbBry QDs/PCN 5O ERAET

7] (b) A schematic illustration on the

Fig. 11 (a)Sketch of the composite material and their corresponding band alignments
enhanced charge separation and CO, fixation in a-TiO,-encapsulated CsPbBr; nanocrystal ™. (¢) TEM image of 20
CPB-PCN™). (d)Electron consumption rates under visible light illumination( >420 nm) or1, (E) Photocatalytic CO,

reduction test results'™'. (f) PL spectra of CsPbBr, and 20 CPB-PCN'™!,
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Fig. 12

SRR L (d) B2 AN R B 11 )™

(a) Optical image of Co@ CsPbBr,/Cs,PbBr, in pure water. (b)Band structures for CsPbBr,/Cs,PbBr; and Co@ CsPb-

Br,/Cs,PbBry NCs derived from the LSV and UV/Vis diffuse reflectance spectroscopy measurements. The yields of CO

and CH, generated from photocatalytic CO, reduction in pure water based on undoped and Co-doped CsPbBr;/Cs,PbBr,
with various doping concentrations(c¢) and pristine CsPbBr,/Cs,PbBr,, Co: CsPbBr,/Cs,PbBrs and CsPbBr;/Cs,PbBr,
with mixing different metal cations(d) as photocatalysts after 20 h of irradiation under 300 W Xe-lamp, with the light

intensity of 100 mW + em 2%,

TETC 5 <0 b W 45 2k /™ 5 T, Kuang 55 X
Cs,AgBiBr, NCs' '™ Fi Cs,Snl NCs"" ™ 5% 1 1k
CO, W JEPERBUEAT TAFSE 38 1 FAE G il 45 1)
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M BN TR CO, VIR, 16 1] UL
W6 h AT LB CO, iR 5 CO I CH, , fi
b= 5 4 14. 4 pmol + g 7' F19.6 pumol + g7,
SO R I8 2 P AL BRI Cs, AgBiBr, NCs 3
THI P BCAA 2% B AT AR o8 PN S O AR 380 1) M
BRRE T, Wl g A ] 7 A A 2 AR )2 R
R 15 Cs,AgBiBr, NCs [ B L FIHFERE S T
6.5 155,155 105 wmol + g ="' I8 1t 7 BA Y YR AH 1=
JEAEE T Sn Ji T3t %E’J Cs,Snl,/SnS, 1T 71 5
R4 K T 6 BT AE SnS, 1 F i, R PR T %
AT 1 BB ROR, {15 Cs,Snl,/SnS,
£ 3 h WOBHLL CO, IR AYRR (6. 09 wmol -

g Ay Cs,Snlg H-FET 5.4 fiF, i
JEF DA P i S O 235 W %) SR T A 2 R )
R 25 0 HA & M B T Cs,Snlg A B (19 2%
MTFIEBHEREAL, M E R EEE R EA
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Geyer 55" SR FH#A I L1 & T RT3 5510
Cs;Sh, Br, NCs , 75l #8478 v R FH = IR He il iz
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Tab.2  Summary of the photocatalytic CO, reduction performances using metal halide perovskite under different experimental

conditions
] Light source Rcvon” Products Ref.
Catalyst Reaction system | Stability
(A/nm) (mol - “1ye (Selectivity/% ") year)
acetonitrile/ 300 W Xe lamp
CsPbBry QDs/g-C5N, 149 CO(100) >6h  (2018)[7
H,0 ( >420 nm)
150 mW - cm 2
CsPbBr; @ ZIF-67 H, O vapor " o 29.6 CO, CH, >18 h  (2018) 7!
(AM 1.5G)
150 mW + em ™2 CO, CH,, H
CsPbBr; QDs ethyl acetate 23.7 N : >12h  (2017) 17
(AM 1.5G) (99.3)
150 mW - cm 2 CO, CHy, H,
CsPbBr, QDs/GO ethyl acetate ¢ 29.8 o >12h (2017) ™
(AM 1.5G) (99.1)
sthyl acetate/ 150 mW + cm 2 CO, CH,, H
CsPhBr; NCs/a-TiO, e aceie e em 64.5 v >30h  (2018) 7
isopropanol (AM 1.5G) (95.5)
300 W Xe lamp Cco, CH,, H,
CsPbBr; QDs ethyl acetate 20.9 >8h  (2017)0%]
(AM 1.5G) (99)
150 mW + cm 2 CO, CH,, H
CsPbBr,NCs/Pd NSs H,0 vapor e em 33.9 oo >9h  (2018) 97
( >420 nm) (93.5)
300 W Xe lamp CO, CH,
CsPbBr; NCs/MXene ethyl acetate 110.6 >5h  (2019)%]
( >400 nm) (100)
100 mW + cm 2 CO, CH
CsPbBry QDs/Ni( tpy) ethyl acetate/H,0 e em 1252 ! >16h  (2020) %]
( >400 nm) (100)
300 W Xe lamp CO, CH,
CsPbBry QDs/UiO-66(NH, ) ethyl acetate/ H,O 18.5 >12h  (2019)!1%]
( >420 nm) (100)
300 W Xe lamp CO, CH,
MAPbI, @ PCN-221(Fe_ )  ethyl acetate/ H,0 112 >80 h  (2019) "1
( >400 nm) (100)
100 mW - cm ™2 269. 1 CO, CHy,, other
CsPb(Bry 5/Cly 5)5 NCs ethyl acetate ’ >27h  (2019) 01
(AM 1.5G) (99)
100 mW « cm > €O, CH
Co@ CsPhBr, /Cs, PhBrg QDs H,0 e 27.1 ! >20h  (2019)[10%]
( >400 nm) (100)
. 300 W Xe lamp CO, CH,
Cs, AgBiBrg NCs ethyl acetate 2.7 >6h  (2018) 014
(AM 1.5G) (100)
150 mW + cm 2 CH
Cs,Snlg NCs/SnS, NSs H, O/methanol vapor m e 6.09 4 >9h  (2019)015]
( >400 nm) (100)
300 W Xe lamp CO
Cs3Sh, Bry NCs octadecene 127.5 >4h  (2020) 01
(AM 1.5G) (100)

a. R is the rate of electron consumption for the reduced product; R

[2R(CO) +8R(CH,) ]
R

electron

b. Selectivity for CO, reduction = x100%

electron

FIh BT MHPs B3R AR E P22 | 18 W R I

Wbt s g5 M PR FIVE N CO, MITEMF], N2 R 2
fig  OHE  FAEESE Hiks R e B4

ML4 8 i AL Sk A RHME AL L, BT
MHPs YefEfL CO, i R =4 2 iR 6 R4E, W

electron

=2R(CO) +8R(CH,) +2R(H,);

LM i e SN TR R R A PR D R o —

JEF= R LAREAR A W1 7= 0 %%%E’Jﬁiﬂiﬁi
RS AT, E AR RIS (e 2t
JCLE IR T 1 AL O KU RS, H OCHE AL R R
AR SR, 3R DAL IR R XF CO, Bl I B 45
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FAR™ W0 ) 1 SO AR E 1k 45 07 T AT A 4

REGFETH = 18]
4.3 RELENHFEL

MHPs 745 MLY% Ak b 22250 S A 5 1]
—JECHEALAE WL AL 22 TR A, 15 20 0 B L Y
H bR 4 s A A M5 e fb 2= R e il
HBEf# N CO, \H,0 /Ny FAb & W s o hLEh 55,
R A SR I
4.3.1 RABICH U AR

ANYIRIRG VA R I IME R S P
FHF-Bt, 2017 4F, Chen %17 B R IE T CsPbl,
QDs Yfifl = R4k 3 ,4- 205 — 4S8 WEW) ( TerEDOT)
PIRE , RFH 1,4-2R R 84 5 F1F i 32

R WG IRES T, 6 28 oG B My AT A=
Yy, {8 TerEDOT %A FAH AT R A RN A R
3,4-20% S HEWY (PEDOT) , T & 13 (a) Fizm,
W REH AT A (L 13 (b)), T 3,4-24
4B (EDOT) (48 AL HL 343 T CsPbL, QDs #1
WIRE N5, I CsPbI, QDs A BEXT #L4R EDOT
TGRS W e EDOT 3 4 K i
AL A3 TerEDOT (14 480 Ak HEL 357 T 47 B (]
WAk, B FRA RN AR PEDOT B —@ R
HLPE , 76 PEDOT Xt CsPbl, QDs ¢ I #4740 7 $2
T H AR P A [ Bt ths TT DA ST 5 E A0 g ] 453
HP (1 B £ 5 () BT, AT 13 () B, 3Tl
TG SN XT MHPs 547 i 007 J 24 1 TR e 1 1Y
S Tan %' 5 1 CsPbBr, NCs 7E 4% LED 8
TR G R M, E U R I L5y F
] ARk 200 ku, WA 13 (d) iR, R R
YRR T CsPbBr, NCs HOGE LG8 T
7 AFINRAG E M A RN LED ##0F351% 118
R YE, AN, CsPhBr, NCs YGAEAL B4 F 3
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(a) CsPbl, QD J&A#E{LE A TerEDOT HLEE; (b) EDOT  TerEDOT £ CsPbl, QDs HYREZ 4544 ; (¢ ) PEDOT £ CsPbl,

QDs JG BIFES ; (d) CsPbBr, NCs SefILIE 2458 A RN HLEEL; (o) CsPhBr, NCs-S A M 10 &G (0) 26T

CsPbBr, NCs-3RIE LR HI A LED &6 .
Fig. 13

(a) Ilustration of the proposed mechanism for photocatalytic polymerization of TerEDOT over CsPbl, QD under visible

light illumination. A indicates the electron acceptor. (b)Energy diagram of EDOT, TerEDOT and CsPbI, QDs. The ar-

rows indicate the electron transfer direction. (¢)TEM image of CsPbl, QDs encapsulated by PEDOT!”'. (d) Proposed

reaction mechanism of the perovskite photoactivated polymerization of styrene. (e)PL spectrum and inset images of a

perovskite-polystyrene nanocomposite film prepared after a 14 h photopolymerization reaction. (f) Spectral characteris-

tics and inset image of red and green-emitting perovskite-polystyrene nanocomposite films and their combination with

blue LED to form a white light-emitting downconversion device
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Fig. 14

(a) Corresponding schematic of the proposed selective photocatalytic benzyl alcohol to benzaldehyde oxidation process

over the FAPbBr,/TiO, hybrid!"'®’. (b) Image of MO degradation using CsPbCl, QDs'"™’. (¢) XRD pattern of fresh

and ethanol soaked CsPbBr; (1] " (d) Preparation diagram of CsPb(Br, _ Cl ) ;-Au nanoheterostructures and the mecha-

nisms for the photocatalytic degradation of Sudan Red II"'"!. (e)Synthetic process of the Ag-CsPbBr,/CN ternary as-

sembly( not to scale). (f)Photocatalytic degradation rate constant k'
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