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B 1 (a) 2009 4F, f# Jfl CH;NH;PbBr,/TiO, (52£8) il CHsNH,PbI,/TiO, (BEZR) F0 H Ak 27 v 3t 69 A SO T 31 e 7 i 1 73k
(IPCE) 1E FHi%9); (b) 2009 4F, fdi il CH;NH;PbBr,/TiO, (5:£k) 1 CH;NH;PbI;/TiO, (HE£E) A Bt 7E 100 mW-cm 2, AM 1.5 G 4@
ST B O6 L - R AR ) (c) 2012 4 43 B TR 40 He o 1% A1 10% B9 BRI I T S AL B A FL I L i 4% 19 CHSNH3PbBr,

BT 10 A

Fig. 1. (a) The quantum efficiency (IPCE) action spectrum of incident photon to current of a photochemical cell using CH;NH;Pb-
Br;/TiO, (solid line) and CH3NH;Pbl;/TiO, (dashed line) in 2009; (b) photocurrent-voltage characteristics of CHsNH;PbBry/TiO,
(solid line) and CH3NH4Pbl;/TiO, (dotted line) under radiation of 100 mW-cm 2 and AM 1.5 in 20091%; (c) in 2012, the reflection

spectra of CH3;NH;PbBr; quantum dots on alumina mesoporous films were prepared from precursor solutions with the weight

present of 1% and 10%.
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K2 BSERT 4K WORLRY HRTEM EHR (RSF2A 2 nm) R MXg /\ A RE 51 7R 2 e 29
Fig. 2. HRTEM images of perovskite nanoparticles (size 2 nm) and MX; octahedral array diagram!/sl.
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Fig. 3. (a) UV-visible absorption spectra in toluene and (b) fluorescence spectrum at room temperature of perovskite nanoparticles:

(a) Environmental light irradiation; (b) ultraviolet light irradiation centered at 365 nm/®l.
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Fig. 4. (a) A colloidal solution of toluene under UV lamp excitation (A = 365 nm); (b) the spectral tunability of PL within the
wavelength range shown; (c) light absorption spectra and respective PL spectra of the three samples synthesized at different precip-

itation temperatures®!.
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Fig. 5. (a) Schematic diagram of reaction systems and pro-
cesses for LARP technology; (b) schematic diagram of the
starting material in the precursor solution; (c¢) typical optical
images of CH;NH3PbBr; colloid solution?.
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Fig. 6. Transmission electron microscope (TEM) images of 10 nm CsPbX; NC treated with different masses of chloride (a) and

iodide (b)P.
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BT, Duan 45 11 38 52 ot oL A S EURN 58 635
I A v A5 R - e 7E A B B L v v 1 T R A
SR ATl PR e A R A s Uk
DAY /> B A (14 2, O e A s o e SR K
TE 22 T A% 75 09 FL AT RS HE R ) Rt R 2
P B 2[RI UASSTA, DT i AR 3 b 4t 5 Fi i 1) 22
I ZE R PHBRHL I, DAk AR AE M B, DA
AR AR R A SO, I & 516 nm 926, LA
PSR RO A R g e, A E
%51 K BHAE HaL T 7E 80% RH A1 80 C Hizs S iy
JERE, JLPFBCA AR RE AR Ak, [RIRS AT LA
AT 10.85% MY e K Y) R . Zhao 55 12 58
1 18 2 VTR T B ER 0  FH B F 45 J2 (1 1 21 47
F FL R o ST N R S A R, (e AR A
AT LA 43 B, DN 0 T OB 3R0 F i f7 3k, Kok
PR TSR A BH B HL it A Y FL M RE. Ling 45 49
IS FHEZMICHERR (CsAc, CsI, CsCO;,, CsNO;)
X} CsPbly 47 R AEHALALBE, AT DUFCRMSERA R
T A 25 e, At s (R A AR, A T
WY I R 0 A YO B AR R B4R
15, 13 3] CsPbly B8k 5 7 5 K FHAE F #h 3%
H 14.1%.

2.2  5ERW K Z

i TR S e B, KRSk
KL IE s EZE, B e 1B A B o 2s
HLFREPE, JF HAEGR B SAST r #i 2) T &
BAEA. FEid 2L, BRE R TR
K 1 e A AL 22 AL (CVD) /Y 7 BBk
I-VI Al TV i SRR T Bl Waleed 45 144
F1 Tavakoli 4§ 2 F|FH CVD W) nhil e T
Hn A PLA R KL SR gk R IRl T BT
AT I FHAE AL CVD 32, DA BHAR S8 AR RS AR P 356
1) 4 SR AR K A 58 DA v 28 B A 7 MR A A K R 2k 7
BAEZAMET, h iUk P 38 (MAT) 5 Pb/Sn 4
J& Z AN SR, SR R AT LA P RAE
T, TEASERT MRS & 8 2 (Rl AL Ab, A FHAR
FALER IR B P A — RO X T 4EFRES
BRE KL 19 A 1, MAT J3 0620 1) 9 B g i
BEERA R L ARG RN X, SEbr bl i I 4
& BLLE P s R £ ) 7 g ke A i R . i 3R B
Pb/Sn 4 J& 1 S 28 ad - - [ i B3 . MAT 5
Pbl,/Snl, Z 8] 5 R Mi46 R PbL,/Snl,, $RJ5 %
B ERE KL

B T KR EEBAR, CVD ket
FEER 90K 2 A W B PRI ME. Zhang %5 140 48 T
fit I TCHLAE AL TR A B Hl 25 CsPbXs 99K,
Hr X AR TR, XGRS, HEA5
M)A KDy 1], FEAE IE S S A R 45 5, AT 4
CsPbBr; fll CsPbly ¥ B A GBEUR GG, HA 55
SR O H B A BETTR.

Zhang 45 1L fifi F CsCO4 VE MU, K H 5
175 WA/ 15 B Y 1 A W o R - R
A5 120 C T4 1 h, BJREAERSTINAZE 150 C,
HE| CsCO3 5 OA W54, I Y- IR
#, T2 & # A5 EK ™. SR 5K ODE #l PbX,
BT =8P, £ 120 CWES K TS 1 h,
B i 5 — 5 B (% (OLA) F1 OA 78 120 °C &
ST EA =TT, BETHE ] 150 <C, +F
SE 1 h. B P ATl TR kS VR PR T A B =
i, I A — 2 BRIy, X R A AT K i
B, BIA[ 53] CsPbCl, 8Y CsPbBr; #5454k 544 >k
2. X T CsPbly Bl 4%, WIEEAE Pbl, 56 25,
P = HURIR R THE 2 250 °C, FHHRETE A SRR
He- PR ER VAT, FHAE 510 min JE I KA,
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Y1 nm

Fl7 0 (a) & Pb 85 BRI 44 K 2k 72 BH b S Ak AR W7 L A [R] S i

iif ] 9 A= K% B0 A SEML %, Hovp

(a;) 0 min, (ay) 20 min,

(a3) 40 min, (ay) 80 min; (b) & Pb Fl (c) & Sn FHEkH" A K 28 78 AR S fb FR W 1 AR A0 SEM. &5 140

Fig. 7. (a) The sideview SEM images of Pb perovskite nanowires on anodic alumina film for different growth time, in which

(a;) 0 min, (ay) 20 min, (az) 40 min and (a;) 80 min; the overlook SEM images of Pb containing (b) and (c) Sn containing perovs-

kite nanowires on the anodic alumina film[,

BRI 75%] CsPbIA54k A" 44k £k, %t T+ CsPbBry 45
BRI L, 0 SN i BE Ao R B, AR R T A
PRZER PRI HRE P AR 4R FIE K b A% e
W 7 1 ODE 2k OLE B, [ 2: 728 18 | {H
YKL T, Bl L bl e S
CsPbBr; 454, A T4 ik, (o HIE —E 7
DERS
T8, SR AR A B PR PEXT T4k
WOtE A B EEEM, BRAVL-THL R S
B ANERE , (S b A S R e B ST
VAPERN S TA A S R f2oE P R Tt
Zhu 55 W FEGRBOCER 7 AR T AHCHESE, AT
30 3 3R TR T PR R AR 4 o 45 [ S vk AR R A
38 AP A B AJAG 15 I 1 PR A A BT AR OK R,
(] Ef i PRARE T AR SR SO 2 AR 5 18 6 A v i
J R B, 1SSl PbAcy-3H,0 7K 1 11 Tt R 4%
(PbAc,) [FZSHBEIURRTEB ISR -, AR5 F
PbAc, A #EAE CHNH; X (X = 1/Br/Cl g%
IR G HTIRAAR) IR 20 h DL B AT RLARAE
o O o 1) R S AL R K R, K BE AT LLIA
@J 20 pm, Jf HAEHE i b 52w PR, A i T
TeEEHE A LEGOK, WE 8(a) Fis. AHRNAY XRD
aﬁnlzl 8(b) izs, Bl R BIH i CH;NH;PbL,
YK £k oM 4l DU J5 A B CH3NH3PbBrg il CH,
NH3PbCly NN I AH. TERES Y525, Shoaib
85 1T 3 R B A SR AR AN E VR T 1B K A T

JE L, ATLAS B Z 8 K CsPbBrs 49Kk, HAR
FILAGK, KEFAJLZK, HOEs RN, ™
Yk v o ) BRSO HLELAE R %) R 1w ATEH A Y
BRI, R BAT R A th & OLBUROE, Famdy
R 25 ns, AT LLSCIE i BT A OGS AR X S A
YREL A G FRI AR B L e N
HAT 4400 A /W B 5 06 B B2 R 252 s AR bR
FA) M 37 RS

(a)

400 nm
——

500 nm
—

) o)

2|8 (004)(220)

=) =)

:j =4 (121) 3 As:grown CH3NH;3PbIs

o)

= (001) (002)

.E’ ) ‘ , As-grown CH3;NH;PbBrs

g (001)

3 (002)

i l As-grown CH3NH3;PbCly
10 20 30 40 50 60

20/(%)

5 8 (a) CH;NH,PbIL; 49K 454 SEM 19 (b) = i1k
WS Bk 4K LY XRD [ 3 191

Fig. 8. (a) SEM diagram of CH3NH;Pbl; nanostructurel!?);
(b) XRD pattern of the three halide perovskite

nanowires!'?.
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F£ Zhu 45 DL fF 58 (3R |, Baton 45 48 Ji3E
AV LV A A AR K 4G B A B R A K R R B
HE AR %) (B RO AN A e i RS M. A TRr P
WEER AGE BE R (50 °C) 1Y Cs X- B3 0 ok
A% CsPbXs. W& 9(a) 7R, 76 12 h By RO
H, PEAE T 2P CsPbBry JEZS, fLHRAKLL | 45K
RPN A HA R BN 2—40 pm, 58
JER 0.2—2.3 pm. 4K 11 #Y CsPbBry Y XRD &
T st TAR SR AT, O EANLE R B P,
F1 CsBr S50 1R RN 4 g, anf&l 9(b) s, fr
AR B AKR L B, AT LA e T B OGIE
It HAEMEAAEUR S o A RS e . ik
T, 41K % CsPbBrs 14 & ) Fabry-Pérot J#1,
WITARE R B N 5 wJ-cm 2, 94K B b i R 1 i i
K72k 1009 + 5, FEEEBK sl T, BOGRT i4E
Rt 1 h, AT 109 A6 W, Rl 5% T
2, WO LIRS K

CH;3;NH;Pb X i 5 7F 3% T P i e 18, AT
JEEANE T CHyNHE B F 9 8. MR ST

(b) 290} As-grown CsPbBrs
110 020
wn
= 002] 1200 004
=5 A
,g Cubic CsPbBrjs
3
~
>
=
n
g . . . . .
*E ' rthorhombic CsPbBrj
=
{ L wi, s I ' ‘ A Lgn. "
10 15 20 25 30 35 40 45 50
260/(°)

Bl 9 g CsPbBry #1KR &K M5 RAE  (a) HI PbL, 7E
8 mg/mL CsBr i Z [ W H T 50 °C in#4 12 h 75 2 1y
CsPbBrs 44 K £ f1 4 Kk A /9 SEM EI%, LI R H 10 pm;
(b) CsPbBry (2 {) 1 XRD & £, 57 77 (41 () Fl 1E 3¢ &b
(¥ ) CsPbBr; M5 XRD &l 3% 19

Fig. 9. Structural characterization of single crystal CsPbBr;
nanowires: (a) SEM images of CsPbBrj nanowires and
nanoplatelets with a scale of 10 um obtained by heating
Pbl, in 8 mg/mL CsBr ethanol solution at 50 °C for 12 h;
(b) XRD pattern of CsPbBrj (black), standard XRD pat-
tern of cubic (red) and orthorhombic (blue) CsPbBrs*l.

PbAc, 5k B ERLE, P8 MBI T, H3
Pb X ikF| 5 CHNH YLIE (i i, i — 2t
TIANZE S CH;NH,Pb X, I T CH,NH;Pb X,
(45 ] S — 2 AR A G, 2B T AR A Ak
JE (BRI CRAEE T R ). e P 2 T 0 1 7R AR 1) 7
ALBRA Ty i v 8 ] 4 LS R CsPb Xy 90K 4R
ORIz 8 LARG ) 42 B A JE AL S ik
YKL il £, BV FH 2 T80 1 7R A A Ay £ 2 A
ARB| K—HEH K. CsPbX, 9K Lk i ihia 4 5
B Ak A NS TR R T BN, R
150—250 C LT M 5—10 min A% LR
FY T P ERELA, TR ESE & 8] CsPbX;
FLei b, REOL AR A SRS R Ak
2 19, WA L CsPb X B5EKA 9k &k i AR/ N T
12 nm , KEERK R 5 nm . HIEFRIFRE, Bohas
FEAARZ R4, BIINak B Ak .

13, Wang 45 PO 5 iR T 85500 90K 4 kL
HY - HL -4 AL A2 0 R A 2 e S T 4 4 R
SR TR R BE AR R, (R e Fn
S Bly AR T 3 T i, R I I R SR PR R R
T HR 4 R IR S AR i it T S F CsPbl,-
CsPbBry 5 i 25 94 K ZE B 51 19 11 AL F A 1) O rELER
WEs, ZOCH AT A BRERM T BoRth T
125 mA-W- 9 &5 i 7 BE DL K 0.7 A1 0.8 ms [P
W THF T ] Tong 45 BY g 38 7 3 4 422
M CsPb,Br; | CsPbBr; BAHZE, S8 T CsPbBry
YK 2% (CsPbyBrs—CsPbBry 4+ PbBr, 1) HJ H 41
R A K CsPhyBry( 4B L5 H) (1945 H FIFE 1S 5
CsPbBrs YRR IR K 1 B . i TAAE AL
VF it A B HE I F 002 S AR, XA E T CsPbBry
i HT CsPb,Bry (1 4 LA9OK & BB A4
K. BT A KA 9 CsPbBrs 44 K £k 350
il n i 6.44 AW 1 = i 57 B AT 2 1012 Jones
(ORI R, I ELHOR AR | 405 5 B RSEBE 50k, AT L
AR S SR AN KA R 3 i B, R
IEE (FHXHBEE 45%) T AI{R-AF 60 KA L.

2.3 ESSERE MR

SEYEM—AEARAR EE, —ZERRE A RS T
R, ZHEGUR R R RST A IL A ROK, TR —
JZEULZE IR JLAUOKREULH9K), 90K Fr kG
V, Hohve e R, RG] AR 45ROt
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FL A, BIAGR RIS  KPHBE R A . A S5
Wi . TN & 05 — e Kb R n] LIGE 33 A BEHL
PR B A2 G Ok il 4 2.

T AR RS R G KA R B AR A T
A AR AN, A SRS ARG R
Hh i A B, (B 4R AR R
TR A SO, (R AR S Bk AT B AT
PEFATR B e PR AR B AR A b R A T Y
T RCR K R T A5 Y, B AL TELA R
KAL) I 0S5 A B RN, AT R
Hu BN T 25 4 RE Y, TR R AR B &
WS FRE B AR R T B A /S YT O B
1M HLE BA RAF e AR e B9 G AFok,
SR FO0 5 B GHLE 7R f 28 T
FHVFZ N Po-58,

o 77 B o) 28 4 i AR BSR40 K AR
T = NSRBI A W e 5 il 45, H R s AR
R, 38 2 SO AR T R IDRDRS B R, TR R
BISI Z a5 k. 38 nT DR FH B 78 & 19 a7
JR 1000 By 5k B A0 S0 B v T A AR G R A
B, 5 R A8 SR 4R S K BH fE H L I
W2, TSEHUR BHR 4R ) 15%. J3MA T LA
i 3 AR TORR < AL B R TSR A ot ik 2 i
I, DI ARAT AH N 1 — e 55k T ASE.

Swarnkar %5 BT 8 T B ES ER AT 0K S A
FE AR TN ERL GO BUR ST AR TAE 58 it 1 0%
PR FEHGEE T TR R I RS Bk 4 >k
An AR, b AT 2 BB — 8 0 K b R R AR Y B
BEILFAHIA). 7E Swarnkar 55 BT 58 AG3EAH I, Beke-
nstein 45 01 & o 2 ISR 9K IR 3t i

TRG BOKAR GG rL PR RE I Z T eSS A e —if. ik
TIWESE T JCHIL B 4t AL DS R G KA ), TERH 44
KR T LRI ] b M 2 A DR A SSCI 1) gt
FOREERE, B ZGHERT | N Rk SR
i T PbBr, HIMER FIM LA % T ODE | SRS
PR (90—130 C) HHAMEEFREL I 48 K
F. AR RNV B R D T TR AR AR AR R TR
HBAZ AR BN T2 AT BRA [R] A S5 g i B e i
T TR R BERUEAR, 7R NIRE R 150 C
1 N S Sy N B SRV N B X A VR 3
90—130 °C i}, A& AR MK R S8l e
90 °C VAR, A= s i g oKk B . il LR A
fiX, FESLE A SR AR R I A, WAl 10 FR.

Chen 55 O ANUHRFE T T BEXT — 4E 555K 0™ 44
KR AR IR, AT T A FRIARE L | 3 R
X RE b AR K s 2 E I R ) I ELAE SR AR R 2
T, HilE T BB RS R 40 pm, Fe/NEREAL
LYK — 4k (CHoNH;),PbBr, 555k 44K F-.

Wang 55 03] [l 58 3R AR AR Ge A K
AL, 559678 B 51T - IS 0 AH BLAPE AT R 2R
YIRS IEAA AR E A FIER, H R T
TETCHITY S #5 4k 2 m [ h AR = 18] 19 AH B4R
FH ST IR (36 0. Niu 25 64 fefi Y H 3 e 1k
YR ALy, TR 4L 2 Y i T
R S BT % v o A HL A TE LTS A L
A, HES S ARG — 4k R R e B
SRANRIRC R ST AT 53 M AE A 25475, MoS,, h-BN
He B CVD A K ki AR Bk 4K
CH3NH;Pbl,, a0/l 11 s, 18 11(a)—(c) 43510
A1 8 M5, MoS,, h-BN (Al gk BN) JeAk AR

/10 CsPbBry ARG M RN EESE M BT SE () 7E 150 C, TR SR R H (K 8—10 nm PRI T5 K, (b) 75 130 C T, B
TN RS2 20 nm, JEEE R JLAS B L (293 nm) IS SR R ST A (o) 7E 90 C R, WA R T 2 AR gik v A K

B 9K AR 1

Fig. 10. Study on the influence of reaction temperature in the synthesis of CsPbBrjs colloid: (a) Formation of green-emitting

8-10 nm nanoplatelet at 150 C; (b) at 130 °C, a blue-green emitting nanoplatelet with a side size of 20 nm and a thickness of several

unit cells (about 3 nm) was formed; (c¢) at 90 °C, blue-emitting nanoplatelet and layers of several hundred nanometers were ob-

served(01],
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Fig. 11. CH3NH;PbI; grows on (a) graphene, (b) MoS,, (c¢) h-BN substrate; (d), (e), (f) Raman spectral images corresponding to

(a), (b), and (c).
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Liu % 07 A28 7 — il 25 856K 90K 7 AN
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IR TURR 8 2 W AP R S8 B, S R
Kpa gk fr, B SV I ik dE A i ik
R St A PR ASAHDTRR BY vk, HLAG (0 R v 4l
KA I A B 1) P 68 114 5 e T = 4 7 A 1
e, (Bl F R niE A, s 8155 94K
235 b E T BEAS RORE P A K 1) A5

Dou % P4 £V 26138 T RV W 5 s il 25 2
AR (CHgNH;),PBL,, @& 13 frs, I H I8
T — AR AR RHI AN £ S50 (058 7 ). AT
il £ 10 2 B KT A K AR BE A L4 oK B L
TR, Horh Ead 29 1.6 nm (+ 0.2 nm),
& 13(a) FE 13(b) Fr7s B LA B2 FBUZ 909 K
FnRIREE 0500 1.6 1 3.4 nm (£ 0.2 nm), THUR
SRR EE S 1.4 nmbBo. XA B2, A HGE
W T RERAGH, JF FL L2 A FOULIEE BE T R S B .

Niu 45 1 F1 Yaffe 4 0 Hz 18 AL 7% 72 il
AW (C,HNH,),Pbl, Jf HIRGE T e 10e#
J. AT AT R B A B R R 2.4 nm () 4B HL-
TEHLASERT Ak, 18 14(a) B HOGERIE, 4
Bk 2.4 eV, I Hfil#5 MFE 5 B AR 3R 1456
FAHEAR R, 7 3 2 R AL 1 SR AT DLk
F 25%, I HA S EBUR G, B3 b a4
B 490 meV HF45 G RE. RV 10 RS
KA AR ES R 1 7 5, (ARG T
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Fig. 12. (a) Schematic diagram of intercalation between halide nanosheet and methyl ammonium halide; (b) comparison of the

thickness of halide crystals before and after conversion to halide perovskite; (
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(2) LA B2 AFM B, [ 250 1.6 nm; (b) BUZ 9 AFM EZ,

c) optical properties of various halide perovskites/™.
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Fig. 13. (a) The AFM image of several monolayers, with a thickness of about 1.6 nm; (b) AFM image of double layers with a thick-

ness of 3.4 nm4,
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Y (AR AT T RS0, A TR e A L3 ]
DLER R R W B, T LA S AR AR R 0EAT: 1)
LRI, (9K R 59K Z 8] Jif

SERIENE; 2) B ITAHBRARAT, B Z 9K
Fs 3) R RAK I, B R TR 45
PRI, AT & B0 PR e /i B R i 2 AR R ok
WY i CsBr XUz 4%, ARG ERE™ i
¥R F s R sl 72BN oG, JE AL T Ruddles-
den-Popper -1 K7 2. 18 15 X 94 K S AL EUR
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“10 pm

B 14 (a) LB R V% 2 4 19 (C,HNH;),PbI, % 2% B & 1) (b) Si/SiO, I+ (C,HNH,)2 PbBr, - 4k &b & [ 15 37 0 2 K 1%

(¢) (C4HgNH;),PbBr, [ 4t TEM E/4 df 4 24

Fig. 14. (a) Mechanical spalling method for the preparation of (C,HoNH;),Pbl, optical images™; (b) dark field optical image of two-
dimensional (C4HoNH;),PbBr, crystal on Si/SiO,; (¢) TEM image crystal of two-dimensional(C,HoNH;),PbBr,?!.
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DASE 2 38757 251 o ], S8 MAPD X, 5 16445
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B RCEIAFR AR HE B, FEAR DR AL i T
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BT KA SRy B B AR AR, O
AR S 0 2 20 RO 4R e T I R AR R S
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e A RN 5 40K AR T AR R NN
SEIATBRIE A O, [FE, bk i Ak
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THIPE RN (7 nm) 7T LIAH LI, T2y
W AE CsPbBry 858k ke 3 2 /EH]. CsPbBr;y
FERA 9K AR R/INE 4—12 nm AEfUAT, &
S FRER 2 2.7—2.4 eVB39,

ek i R Y ) R A e P 22, IR
B — 7 T RS ER AR 23 SRR, 25
T K A S ER MRS AR E , BTk
WA AR Z PR E548, BN SR T2 | H
TRl 2 | 28 AR i 2 LA ZE vh)2 A4 KIHAE
FL L R LA, A 2 TR B, DRI 7 3
b TR E AR, LA B S ER AT S5 A8 () B 0 T
BB K S MBS R AR AR UE PR LLAR,
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REWNRZ, TERUBK5EFE, A 27 1k e 54k
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A DK 30 E b il DA 4 ol F R A A 4 T
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K SR R S, TEES R 25 H i B T AR Bk
AOFE . TRIE, BER B i S AR 2F T 54K 8™ A FL AL
¥ TiO, BB A, I HAER I I SISk,
P ARG P RE I [R5 T Heik, gk
F AN 15(a) i, You %5 B0 3 T ffi ] PIN 4%
(8L /08 ALY /NIO, /855K /ZnO/AL), il
K 15(b) Fizx, Hoh ZnO 2R E LS 2 MEZ,
N7 1E R A, OF B AT 280 S5, 7E iR as <
fitiff 60 K, JerL A AT MR FRECR Y 90%.

Gold
Spiro-MeOTAD

mp-TiOy
bl-TiO-
— FTO

Glass/ITO

B 15 (a) F5ERH K FHAE L M 25 1 (9 7R R &L, bt i i
BOE R ES B B 55 R S 2 B T A 4L TiO, )2 (mp-TiO,)
HO TR (0 (b) B R B4 2 A B E /4 ) AL W /NIO, /45
W /Zn0O /A1)

Fig. 15. (a) Schematic diagram of perovskite solar cell
structure, in which the smooth and dense perovskite cover-
ing layer completely covers the top of mesoporous TiO, lay-
er (MP-TiO,); (b) overall equipment structure of glass/indi-
um tin oxide /NiO,/ perovskite/ZnO /Al

3.2 ERIREKMA
3.21 MREAR

SR P YIS BRET T B DR R
B RADCESOLIERE, I HARE T HABLOKRARL
HA B Ar B AR AR 52 A%, fil
HAORHOtR A B AR H ATESREHOEAR
MBPRE L AT LA S FEALES B O a8 TR 5 45 Bk
W HOG R MRS RIS LAl LA S SR b1k
AL ATHEAR A e S BURCR M A S0, A BASER

W S A T ARG, AT LR A SRR A5
. HAE BB 1Y H R TR RSk, B 28Xt
HAEWOCAS Th R AT T 2 A E. Fu 45 BY
WERA T CH3NHPb X, 558K O A% E it A B
i3k 220 nJ-cm 2, AHY T8I TR EMRE 1.5
1016 cm®, I H AN AR FR0R AT DR 100%.
AT BT XA HL-TCH LA ES R AR L HOE A% T
PRIR I A PRl PR LA e Pk 25 1) [P LR A T i3, 3
I TEAIUES Bk IR A i A e 48 1) i o 4%
HA RIRse M s Ek gk ik, fE=iR T A
A BRSO BB S A ST R, I AR ]
LYK (420—710 nm) 7] 4.

i TAERE AR B TV 2 SR R A K
a3 BRIHE, 21 ARG R L O a8 04 i 3 B Bk AR
PE. Liu S8 B2 RH <@ B il v 03— F
AREIEAERR (RGT) 5«A M b A415m 77
251 £ RS AR 9 K LR IOE 2 (PNW) FH4E &
FEERA 40K LR MAPD X, W& LA 5 A=K, AT LA
K il 2 T R S . 2@l R W, F5Ek0 40K 4L
WOLHR EAT RIFHOGHEERE, FrLLia 17 it i
4 x 107 Ok b, ARSI BCE B R R S OBEER
R RESEZS, MG AN T B i T B A T
PEARE L

A AR R AR R R L T
YEAP R, (HAH 2 4R G IR M BEAR SR 3¢
I%; TEHUESERT MRS IR G 8550 AR L, A5
e PR E . S MR S ERAT IO G RR AR E PR — 4>
PR 2R 5 OV SR R R AT R A R 1Y R T Y
SN, JF H3EINSOE s 0 ik o 58 B R S B AR, (1
re i 2 ORI Y TR N, V2R
KRG IR B ) J5 s, SR A st b L5 854k
W1 PR 2 EC S — AR .

I3 —J7 TP O S S R TR )2 S s AT
S 30 2 B R G ok SE AR IO AR RS 25 0 B =2 A
MRS, SRRSO R B — 2P R R
FHIZ W LA, 5] 40 8 Ak A S8 0 sl At 4 i AR Ak
OGO 7= N O A ) iy 53],

it , Evans 55 B R IE T 1 U S8 B0 8 220 K
WS R AORIEO LR . AT TR T 458k0 40Kk 4k
AT AR, 9IRGB R 200—500 nm,
TE 77 K, 10 7 mbar (1 mbar = 100 Pa) BIFE T,
WKLY B ERK TS AR L, fREERK N
450 nm 1Y% LLREUCBOCERE R OGRE, EE MR
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0.5 MHz B SGEF O VR R bk b ot i
fbIE, 19 38 B 3Ot 8 7E 450 nm K 4B A
1 W o, XS R BRI, itk asak s gk
20T DAE AR R S AR TR, IR AR
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BRI L O IO RS ) K S M T2

322 AAX=_MWE

B T R SR AL &) Tl 45 . PERELT,
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K. Song 45 B9 $RIE T A TCHL S 4 K1 L ES AR T 4N
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A7 Akl 1 TR B A P 5 K0 K FH 8 Pl Tt i 5 it
T

W 55 87 % R Bk B 0 Ak v LA 200 A 35 5 ek
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B Ak 25 60 77 A ) R B O R AR A BE S B, A
AN H Bk I Y B AR TSl T T
4 ToHl CsPbBry #5EKH™ ) iR 2 4% 55455 LED,
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Abstract

Metal halide perovskites, which have aroused the enormous interest from scientists recently, are widely
used in a variety of areas such as solar cells, light emitting diodes (LED) and lasers. Nanomaterials exhibit
distinguished optical and electrical properties because of their quantum confinement as well as strong
anisotropy. The metal halide perovskite nanomaterials have the advantages of adjustable band gap, high
quantum efficiency, strong photoluminescence, quantum confinement and long carrier-lifetime. Besides, as a
result of the low-cost fabrication and the sufficient raw material reserve, they have a broad prospect in
photoelectric applications. But on the other hand, the poor stability of metal halide perovskites, due to the
defect trap states and grain boundaries on the surface, cast a shadow towards their practical applications. The
moisture, oxygen and ultraviolet of the environment will degrade their photoelectric performances significantly.
In this review, we introduce the synthesis and growth mechanism of metal perovskite nanomaterial quantum
dots, nanowires and nanoplatelets, and present their novel photoelectric properties and applications in various
photoelectric devices. Finally we summarize the emerging challenges and discuss the next-generation

photoelectric applications.

Keywords: metal halide perovskites, nanomaterials, synthesis and growth mechanism, photoelectric

applications
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