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THE MODIFICATIONS OF STABILITIES CRITERION
OF ABI3 PEROVSKITE SOLAR CELL MATERIALS

ABSTRACT

Perovskite solar cell materials has been raised a widespread concern recently in the field of
solar photovoltaic applications. However, the stability of its perovskite phase is one of the two
major priorities when facing commercial production. In the paper, the current stability criterion
tolerance factor model is studied by author. The reason of the deviation of tolerance factor when
applying to the perovskite stability criterion is analyzed, and the modified method is put forward.
Considering the definition of tolerance factor and Shannon radii, the author suggests that the
optimization of the tolerance factor should take into account a new set of revised cationic radii
and additional geometric factors defined as octahedral factors. After the calculation using the new
optimization model, 31 of the 32 known iodides were judged successfully and the accuracy of the
tolerance factor criterion was improved. In addition, in the map of perovskite structural stability
drawn with the calculated tolerance factor and octahedral factor, the boundary line of the stability
formation of perovskite phase is explored and given, and the stability criterion of inorganic iodide
perovskites and organic-inorganic hybrid iodide perovskites are given. And the modified criterion
was used to prejudge the mixture of unknown mixtures.

Moreover, the author discusses the reason why perovskite solar cells cannot be in long-term
stabilized in the outdoor working environment from the theoretical point of view. Combining with
the experiment has been proved, this paper presents a packaging method which has been proved
to improve the working stability of perovskite solar cells.

Key words: perovskite, perovskite stabilities criterion, tolerance factor, Octahedral factor
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RE R NFAL R P i B BRI BEE LSRR A e, ANFTEAEREIR Choth. 7740
RIRAEED IR H Al 05 RBE 2 I AP LA A ST 308 R i BE IR AR JE IR, K RH B
fZHE RAE KBESEE TS REVR T UGBTI KA, JEA BT A R o o D) v DU A it e
A DA RS EE K SR A H AR s SR I A AR 3R — B 2 B I e AN ] A0
A 5 T Y 22 A fa it AHELERIM 5, KFHRERA SRS WA, WRABRIZ AR H
AN, (RIS P A rh e 22 4 B AR . R PH BE R TRaE i O F BB AL S RN B RO G RE Fe 4
HLRE, o O AR A LR B B = A S B4 P . o K B A L PO R A 4 R R D
e KA, 170 E BT AT AR BA B8 HI 228 P REA R E  FI BRI, SRS vl g e ) 2 xof T
TE ) B3 5158 FH AR LB A8 K FH e RO 1R A BR A2 B i it ik — 20 A Je e B e AR I
RME L RS ERATAKH AE F it ) R U R SR L3R P A 1) iy i k7 e ARASE T AR
55 ARG it AR, B PR T DUE BB BEFE R 22% AL S PR RER DL, AR
AL/ TN G ERAT K RH E HLH AN 2 iy vl 5 AR 2 SRR B RE F i ) — N A F%

1.2 $5EKH K FHRER ISR

1. 2.1 F5%K0 K BH g Lt AL RHE 5

FH S B S5 44 1) & ol A v P 2 2 R 1 A BH R Rt ]l T L MR BB A (S At AT D7 7 b B
ARG J7. TR RAS, R ATARAIITR T2, (4 - SR A IR
FeHERE . XY SR LR T s R S BRI R R AR SRS & . R4 HR
AT, SR SR AN TR RS, AE SR B s AN A T A TR S, PR 45
1) 4 e 1 A A0 AL RS A K BH R LT TR 2 E R S A SRR B3R T B B . Rk, H T &6t
FOH I PERE R DA I IR AS ER0 45 M) & s AL W K BH RE FaIth K BHRE 46 #e3% (PCE) &4
Rt 22%, TAEXT R K RH B8 HE It 2% 1 BE SR B A N 5 I ER S AR - B e AR AR A
[ K BH B HEL 1 152 6 T O BH B8 4% 40 0K mT ik B — MR R H I 1 23.6%0.

TRAES R A =162 A BN ABX3 4L, Forb A A7 B0 R B 7 A2/ NI HL
FHES -, Bilans: CHaNHz+, X 7B X E T2 RIS 7. X PR R R fe i
o HL o B = A i H A R R R R 2, BT DA AT DU TRT L (AL 22 7= Y, Xt 2 H RTET AL K B
BE VB AR I . MAPBI3 B 75 4) 1.5Ev H'& &5 A BTiR TR & Y6 AR K BH BEW ISR KL o

1. 2. 2 F5RHOKBH e H VAR A2 e 1

FER K BH B8 HE VAR S 56 Hh R I H 1K PH BRI e ROR R T I R 2 A NEN R IR % B
A58 LA N A i K BH B FEth 38— AR E R RE . SRTT, S T HEN AR B R K BH B8
M (PV) AZREERS (R PR REE L 25 SEMIIElE, AR gt Sk i A e g
I 25 FER ARG . X &3 H i ey TR S A A 4R A BT T I R
B BR IR, RIZ RSP TEIER I A A B AT 2 R AR M o 2R A I E DA A
KIHEAH AR fERESR, INmRBOZE AT E
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A EEARSEH BX6 J\ TR AOAR G FHAR AR R IR, AR “ NI AT AR 2R 7 BRI B AR 4%
i 2R 2 i RIS U 7 i R T SRR B R A A MT L, AR PR T
HAL A BLARSE R K] BX6 )\ T A A A 41 e B X8R AR Rl N R 75

1.3 JUAEiRE M : ZRETF

X AN RE A 7 F0 70 25 T o 5 PR 5 R FE AL S s — AN R S R Bkl T
RS T SR TN o TFENURIU 2 00 B 2 (e v 1 BATTRE T e 1 —
ANCARTAR KR IR EE I B RE ST o ABAEAE R THSEHLZ /i) LA SR i b g 2 A A

1-1 F55KAAH SR A A5 2
FARM AR MM E TEMmE R, RRRTPNETF SRS E N A0,0,0),
B(1/2,1/2,1/2), X(1/2,1/2,0) . FEASGEHIATAN BX6 J\[HIARTE =24 23 () S A BEEE M G, A
fr 8 AL T BX6 \ TR R A b e, Befr %k 120, o BARFOAS AR 25T 5 AL B
X IR Z BAEEWT R R R

a= \-ERA_X =2Rp_x = 2(Rp+ Ry) (1-1)

R ARETEFRIEHER NG H . w7 EELE N, P2 AR FE.
RNT BB A A7 E XN FEE 75 BX6 \EARECAL IULECREEE, Goldschmidt 7E 1926
FEEH R THEAHT (O IS, MREmfReEAE R ZEPUTER. T 58T
FRMKARRIEN:

R, +Ry
V2(Rs + Ry) (1-3)

HBBETAEN—ART A SLEX R &5 NSRRI A2 B ULRCR AdE, =2
T EEN . FBEF = IEABBLT
(L BT LR LHE
(2> A BT NI ER R
(3)  BEREAN A RE 75 78 LA A A5 ERAT 454
FEAN (1-2) o, RAER AL By X ZEXNKE FE 2. BERETRRT A
o7 LR PR BT RS 1 OR/NBE T 5 BA BXe JMEZR IR\ A S e (0 /NI UL R BE Rt
HES R A IAR E VR . IR =1 RRORIBEL ) A LB I 11 0 B K/ 5 R ke
B By XA B AR B B B\ T AR /N SE SR DL . A 0.8<t<1 I — i 0L T oK
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—F MBI 5T HERRERRBAIRERERR

B2 ABX3 KAL) g s (AN R T AN R S M A . s b, i1 2R 4Lk
HIRTRTT AHES A VE 2 2 BE 1 di AR B B A IR AR A SR AR AL S 4, I SE RS ERAT A AL 54
AE GO A . RIE — NG ERE AR R TR B e H 5 IR G RE R AR
B [FIRETE R ORIEAE 2 BT PR B A R AT FR A S5 WD RE s 18 28 7 b 2 i 0 28 3R B 25
JE PR A ERE AR I AR EE o BIAEAEBR th e P AN IR P DR 185 AR A AR E 1, B
IEORESS SR M AE AR NIZAT SR RIS AT IR P e R AR 2 - ik, JRATR TE580 L &9
S R AR B TERR I W A0 A . BbAb, $5ERTHE <58 A (0 45 KA g AR S X
NFERPRPEHESS TE BIE SO OAE R EEAN R JT 2640, 42 R DU OB IR PR RE h iz A Rt
TRAFLESS PR SN BE J1 o AT BT 185 ERA MRS E T R A 40 2 28 TR 5 B R S
CLIRAL

2.1 $5EKH HHLEHI K MAPDI3 $55K% FEH9 B 4L FE

F T i A DR F ST 7 AR T A A )\ TR ST 7 A5 KA AR 540 45 5 1A i AL ) T4 K/
CeH B AL BT X A7 BT B B 1 (1) DR /N L A TR A B I N TR /) e 7 A B
Xof E (T RH B ] DA o5 AR R . 29 A A7 B 7 R BH 5 A R/ B El i A ) T A K /) e
g A BB XN B TR L A AL E R, sk A ) AR 3R 47 TS A AR R £
FEAE 25 AL E X N B8 AR AR AR KT 1% A A7 B LB 0547 B 5 BTk 1 B
X LB I B T R T 4 N TR 548 o [RIRERG, QSRR A AL BT N 2 1 K/
NTRERAE, AT HEAERMEE A ES A A EX R BT KADETE
W A LB T RN N E B T By XX R/ N A B, = AR r
A b 5 2 S B T7 b RECE RHT 5 R IES R AL S0 - X A 1) e A S BT R 6
RS AR AN . RIE RS, SR FAEm TR R a /IR X—4Rnir 7H
Rk X AN [ i AR 2R () S R AR AT LU T/ R BH B FRLb, FEVHBR 1 25 R IX e AN [RI A5 2K
A7 A 2 TR] P 2 6 R i Tl it A ) R4 RO B AR RS I 1) AR Ui P PT R as i ) s . an St B
X AL BT PR S5 R e A 0 N TR A /N FD A A7 6 2 ) BH B - K /N 2 TR 22 B
KK SRR ERATTA G RN A AL E X RBH &7 S8 s e i\ T AR A VCEC Y . TR #
ANVCEC RIS R, BT EU Ay By X O R4S & 1 BUES T BRI & 0 A E T 45560
Ao

HENEYNAEZE T (Tolerance factor) iz b-&1al RS ERH St 45 K () g
PRTEE I fads, S8 — AR, XANMBRE R (t=1) 8k 20977 s8R
R MY B, FURRIETE T4 i 4k )\ AR AR (0.7 <t<0.9). [, BFrERTIER
Barb, R RO R R E BIAG S P A B IR B TR AN BRI — N, A R R
IR T 28 — A HI WAL A P e 15 T2 BROS B  AHAG &40

BRI T CAR R A8k 1k &40 & MAPDI3, 78 =55 N A77E IU 5 i AR 45 ek 1™
Ho BEEIRPEIBRAR, SR IR AR PR 2 U5 o &5 R 0Bk s 55 1) Ji IR 2 il % 3L P B
Bl in A B A R 5 Al . TR IR PR T, BT S5 M A TR B R 1 32 AR
SEKEAE, MAPBIS [ SR RSE MR FRPERE T S b, ZMPRMEM DGR (0-100°C) fREAR
FH 147 0 77 FH R0 ST 5 AF 5 R S g Ak A2 AN K AT 8 7 LA FH 7 o o T8 A2 ol T &5 R AR T 15 5
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BRIt Ab, 5T MA KB 25 AT MAPDIS X — b &) I FAPE e AN AR M 2 30— Se it 5%
NSRBI FA BT BUR MA ST, 10 H ATIX —J7 AT L D —2e k. iR A
AL L IR B B - (R /N, R R S FAPDIS AN 7E =R i — A B IR AL A 45
B R DY 5 AR AOAS BRET A o EAE IR BRI A /N T ARG R AR 2L R B v A
T R AR K /N7 AR R o AR T DU AR AR (150°C) B JCRAER— 1R
LSBT, FFAE IR V50 B 5 IR R % 2B A AR MR AR 17,

2.2 AR EAFFHRETF pa L35 A7 18

2. 2. 1 FSERE AL S 75 2 I8 1P e 22

7% 2 R AR TR AN S AL VAN AL M B R AR E PR TR B . AEIR R
P, B 1A e v G 3 SO < e AR L i 3R D1 B AR AL 2 B R AR KR E A A 70 7 1 1
B, EATERBCT ROREEORAY, AR AR R SR A D T R A A AE L ST
HAAE 2004 FE LA, AT 192 A~ ABO3 L&A 121 MEAITE I K< H
e AR AL ST, FERII 192 MESW, 163 NMEAY) (85%) JZTT L
17 AU, MR A B R 7 ¢ A A5 AE 0.8< t <1 AT A, AT LE A ) W2 5 4
955 1) S IR AUR T TS SR AR Ik &4 Rl — 1 UM A ABFS A4 2L (K16 )
I AEL, EAEAAIE ©0.85 I, THELTR K 62 MR (95%) e ILmhISE LI

P p AL D EICR F oAl ABX3 2544 Lt 7S A A5 R0 A di A 45 M #0K - 3: BUL & i B
PR, I HLIR b K BH e HL R R FH e 0% o A2 R ILANL-TENL AL B ERAT R FH g
WAL Z T, AL-TEHLA SRR B AN 2l 15 1Y) T WU R0 A ) © 218 oAt 52 FH 7 [+
W IT T — BT A D9 K BE 75 T BAS 8 $5 R AH IR 28—, 2 B R T 5 g
T SRR N S o SRTT, T AR Lt i, AR 8 PR A ST v 1
1T E AN AL S VIS B AH T -

(1) AHUHETAZEIN, Pl A A SLEX R A HLE T 17 A PR ER
AR RN — A B TR 3

(2 ®T A SEX AL TR AR, RE SR A RHEE R AR & K
B, RN 1A R I AT SR8 8 A A R 2 P RERY o

(3) BUE M AL AR A F R A BE KA 24, R B B 1. A S A AN IR
WHIRALERS, 3T s e 5, B TR AN AT AL (R B AR AR AN AT R

(4) th Shannon % AHIfEMIFHES ¥ Shannon 257 2R AU H A RsE i &
Y, DAY A 55 Shannon 1422 iy i B ) < s s A6

MR FERIBAEY), 53 A 4 B AR LR P N, (HEEY) (DL KR4
Y 5 TR RIS B R M S . B, IR 5 D52 200, BRI )
% B A AR A T IRMSCOR FH BEMRMAC ) 5 AL, TOTU B b AL M5 BR S M TR S A e M R A
B, MAh, FEH R LIREE 3 ANEE 4 IR AL E AR Y s AL Z R AL 2 22 R, TTRE
HH AR A AT B g AL 2 TR A 25 SR R T2 22 AR K I

2.2.2 7 ABI3 TCALMLA 4 1 R FR 1

T SIS B R R A BB RS R AR K BOA) R #ER 4 . Cheetham CLZiiE B
AT BAS R H A KRB0 0.8 /N t /T4 T 1(0.8<t<1). XANER 54 ML
PO FACITE BAS B B 040 2 AR AL o 3 EL L A 2 I E B KA AH A 45 A A8 s 2 2 T T LT
RHIE AL SARRAE, BT PSR T MBSO E & PE . R, BOREE 1 i 2 5 (L
W) BITEH RG34 FReEH TS R .
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MR 25 2R TR NI 28— 2B 2 X ABI3 Z5H TS HLIAL YR 1 28 2 5 48
0.8<t<1 MG H 45 F 2 75 5 SEIG B AHUCAC . S a6 B B B0 B R VR T TE ML A 45 # %
P (ICSD), il DA I SCHR IR 2R o 7ESRER HP ARSI T 32 éi AR REAE 0 75 A e LML Y 1 ABI3
WEY. MR, 8 Pk &W7E =i KSR IR SR 48 (RbDyl3, RbTmis, CsCals,
RbSnI3, CsDyl3), Al ¥l 24 MEAWITE TP AT BE BT AH. AL 3= B % mT
L FH T K BH B FRI A R A EAT T — DA RS B L BRI X 5 B P 3 R T R AR
W AH BRI & Z5 A 2 15 2 T AR N AXE S5 IS 7 B HEMERR, B AR S5 F ) BXs T i
A E AL AR 2 i HLAE = ANE R - 3EAT A

fEVHE AR >R H Cheetham SCHRERE 1 Shannon 23T 115 ABI3 Z5F 1 2iid:
VT AR BT B 2-1 FoRFEZ R T t A H i H A 2R T 2N USR58 A7
WA i R A A S R EAFAEIE T T 6AR B R SR A, 4168 X5 R R iz Ak S ) 2 bR
HORIEAERS AR M. W (= M FoRIRS 1 APDIs A1 ASnIz AL &Y B SR A . Bt m] W,
AR AR EES AR M E R A T LB B B X AR . WSS SR B mT AL BT
BRI 32 MGG DIRAE T A R T A AR, (2 IEEE— DR R IS i T
H 2 A0 W A2 T B RE BRI F TG AR R FH 2R 1 4 I B o AR S R A, AT IS A 7
AL b By 6T TR b S A7 7 5 R L 7 TR PRI 50 £ o e 1 B A1 o

0.75 0.8 0.85 0.9 0.95 1 1.05 1.1
Tolerance factor, t
2-1 ABI3 LA E -+

THE R ALA VAR RLAE )\ AR AR & OB )\ A 2R R DL R i T BXe J\ T
A S S5 R H T HUE T A FRARTE A THLEUE ) DU 5 485 44 O IR R G0 S 7R 25 8K A N ik
ERE R ISU AR . HA A — 5 L 7S B Bk G5 1 AX3 - SRS 1R FH A ]
2-2 PINIHBEHFHERR DT e —SSAE LML FE AFAE BXe J\ AR SL I (1) 1 58 tH AR PE A5 EKA AHTE
P IR P02 45 3 N A K BH RE H T F5 B2 S R AR T 1R 1 IX e A ) B AR TE T2
B B AR R 5 (ER PR A At AT i g BB B AT R T K BH B FE VB IR S £k AH 40 S 1 e
B K CHHTF R IHE U R AR SR, AT DUIX S8 A AN BE T 6 AR BA R FR Ny
A K BH e HL i A R} o T B R, X TS R 5 U 7 B AR AR T S R AR L,
P L)\ T AR ] L 4% o 2 3ok R 5 B TG 248 R BRUEL7E A S50 AR N FH I AR e 5 AR A
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2.3 REBEFFHRENT BFIML

AR B FHREEL T, RAEREHT ABIs 45 EHL S AR M e e
(PSR E 4R 2 0.8<t<0.9. TEIFEM 32 ML AWM AR E FH A 8 NMFTELIERE P . (22 24
ARG R ISR M L &b 9 MBETEE N . Htk, BATATDMES, 7EfE
2 B R - HIHERT ABI3 S5t oAU &P A B 8540 FH AR E I, 72%0) ABIS 454 I TEHLAL
B B AR AR M T A W LE A CERE U s AR [ A e mT DA B 72%) . 1K —
TR R AR AR T 2 R T A YR A S R A A e PR I HE R 2R 1 o (H A 240
G A B FETE NI, FRATT NI I5E 21 1 25 8 PR - U N BB TG L 2 ANAE RS BRAT AR
REWEY . REMAYHETAE KK A CLEN NG HEE T, Bt R s 23R 7%
FHRAZ R, TR — A5 R 0 e LA & 25 R 48 B [ T

M IR AT S 2515 B, Gk DA 2 R 1 PR A — AN R BB T ) S R A 1 AR E
PESE — A0 03 S A AN R L B 46 A, 1T HAR Ge IR e 5 R DD AR B A ) R A S Bk A AR
PER 23 2R T IYE IR R AL &4 ABIs A ERY AHAREME . X T AR &L S 4S
BRAT ARAS 2 AT 3 B A 2 R THE AR R 401 TN LY, (HFRERH f 2, X T Hr A
TRAFER AHAL S AR e YA — 8 RE BB 7 AL TN RS B R A5 20 T

TEJE ST, MEE Kl 5] N B & A E A« S () A2 P o RN A P 11D 22 )
B R Z 7RG 1525 B AL R A B R (02 55, S50 2 i el ki1
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FZE TSR B AR E IR

3.1 REMERIE

B B RS T S R EE A LA BB A A T R IR X ) o IR (X
H>KJ5 T Shannon 12 1% 2R+ 1€ Lo

(1) B T2 K. BT/ Shannon 422 2.20A %1% 1.28, H K42 1.35.

(2) E PR/ | Pauling #1971 7% 2.66, 03.16, F3.98. X&EWREELY
A& @A A RS S, B DE KT g A B2 NI g n, T A
DR 7 (R A ) 6 A S R R 28 ) 3 P P 0 59

TERE, B H P 260 T A A R A 4 v 19 2% B L 11 1R 2

(1) BHETFEIEYA R W THEKMUY, HRER Shannon MM ZE, T p. do fX4
J& T B — AR RIS 1242

(2) BRAELAEFHMTRHE BRI UTHE R : —ME S EE A LR =28 B 5 A =i
B YIABX3IH L B EITAETE 43 %A%, ILALABXSHFE < 4L4 (X=CI, Br, D). X2 H
TEHES T RSTBROC. HARLFTER 2, Rl & BXe /A5 25 5E 1142 & FH B (1K
/NVCHECEE, 5252 R HIPETE e B R Al e B R S ) S R

3.2 [HEFIZIEHE

PLTETEZE B A i H S oK =48 1 Shannon 242 2 A AL R S P E AT B 00, S5
TR NIRRT, KR IZ I TR e TR T R B R B rh S B ) R R A R X
PR W Shannon Ml &A1&, FHE—RINe S A3t S Hut T Ric e, A&
fk.Shannons 245 45 RIS B B - 2 0 10 2™ AV 1 98 o F 5200 2 4 J Rk
N2 BA 5 5 2 TRl 2 B R B KO A2, I BN Te 300 I 11 (F Shannon & 1242 2 A/ . X
TR, FEERR AN JC R AR TR RIS 24 A Shannon 42 2 A i f
Shannonf# <, Dshannon. #1556 I AN J 52 8] FRUES (AR A2 H 4= A el o 18 n 0 3
Atk T p DX DX R <5 Ja R LE LR BRI o T el 0 b T < S AR 7 T A 28 1 R
FIZEAEAR AN, FTRABEAN AR K o AERIX — 28RO T4/ B 7 AES DXMIFIX ) < 20 Uk 55

N T L AR ES R A AR A AT AL I Shannon 42 L TH A B 1, B T
71 7% Dshannonf - 5 [ 12 1 i) i 22, 75 ZER A5 R0 A vh 8 22 2 (0 < Jm A s A P A 27 ) B A
BEAT 7 EHTUR S . BTSSR R B IR A R TR e A ARSI SE A A T AR
SEASERA FHAMXaZE 4 M-X AL S B A B . IE AN AT RT3 B 1Y), BB B ¥ 42 s PH &
THERET AT T6RCALIBXeM AL, K ikBAL B AT A TEBXe A ol o 9T AT
W AR A T B-X AL A i B, B EIRM-XAE R (RS TE e Ak 5 SMIXe )\ TS
M-X{L A s . M2 iR MER s, XEm R KERuR. iwEEFrBAL
BEXT NN e IT R AT IR, 75 B L RE I ABXBE [ A s . it AR
TRV AZAPDIBI R, AR BB FIMITERIEFESIER Ny Cr, Ge, Pbo SEIG R E IR A K
Ji I ¢4 A Crystal Works# 75 ICSDE U 4 it AT 2RI, R 1% 58 IR 2L — Mot 3R ) Bl AT
BRI T IINEAL . S 38 ML S AT TR

FETHEE R T AT RS MEEEE (ICSD) H AR 25 M Bt LL S AR SGSCik i 2
ENEOEHE o R T — MU B R SE K 75  2 DAR %A

8 7 22 W
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(1) EDTFEAS A B0 188 B T

(2) IE2M & @ 75 B 5 /S I BAL S 9 o H At SR T A7 4 M B B8 7

(3) A WIHISE A 5 AE S EANIE 5 KSR N

TR R LR A g R b, FRATTERIN T 4 J8 -RAL P 1 P TC A7 J2 22 T ) B 8 e o Ak 4
B . 2 M3-1 P H X e B K M . N TS B 4, W,
7 B4 2 iR - Shannon 25 1242 MM-X B i 2 BT .

R3-1 HEM-XLEEE K ENRZE
27 SEIAHEK FREE FHFENAEYEHE

Pb-1 3.23 0. 06 10
Pb-Br 2.90 0. 06 4
Pb-ClI 2.71 0.1 6
Pb-F 2.43 0.03 9
Cr-l 2. 88 0.04 4
Cr-Br 2. 68 - 1
Ge-1 2.97 0.07 4

OS2 56 R 575 3 K (1) P 24048 S5 DShannon HEAT LLEE, 6T BTG 51 N 2% FE S (1 &AL
VI s, WENKETaMIE. RN TEY, BT, BrfafE R s &
FItE S REBL T & W 5 Shannonfg £, RIShannon & 7422 AR % . X FiFRE X 4
JEICECd, Ti, I8 AT A 1 SEFRE 5 Shannon$g KA LLI& > 70.075-0.1 °A. %t TdIX 4
BRI S, B RO 0 0 2 S5 N EU I 2000 B &, RSPk S
Shannon K ) Z 0K A2 K . PIX ) 438 th7E SEPR S H B A Shannnonf# K R L HY
WR 22, Po-Brig KA T ME 555 £ L H Shannon 8K 40.21°A.

2R Shannonfi K 5 S Brt-S50 v (A0 A 10 BRI i 22 SRV T A E B 2 389 () A0 27
ISEN B RS s IR 3K 1% 3 B0 S8 TT 3 AN B 11 3R T0 3R I FEL AR T A RR AR I AT &
Shannonf & 5 SZhr b SV I Z A8, BRI AFAE IEM OSSR B3 18R &R I R B 1k
2485 92 bkl B Dobserve FliDShannon [ ZE ) X R B . WEHATUUE H, WANEEZ A
—AMHIME, BN EIM-XEL AU ZE () T R B  {E 5 Shannon B () 2 FEEUR . X R
Shannon e+ A1 Sz o I 8K 1 i 22 28 /047 — #8707 i 148 F B i b 0 B 128 7 1 - B0M-X
s B LA 1 G

0.1
0.05
<L T e e &
S~ O o ? ‘
S -0.05 t
E .01 et d_
@ ®e r Wig™ |
-0.15 4 _h_l_.— o
& ® iy @ Fluorides
A -02 A H
°
| -025 v B Chlorides |
8 -03 A Bromides ||
DO 0.35 romides ||
-0.4 5 ® lodides |
-0.45 T T T
0 1 2 3 4
A

B3-1 fL=AEM-Xoo 3 HL fa P 22 {H 5 Shannon B &
IREELETUYIN B TR BE RS W 22, R s AR E VERFE THE . T T 5
i 22 DA S A T S TR AR+ B 88 7 AN B 1, BT A T LR B 4z i Shannonti# 1, ANFA(E

9o 22 W



@) X FXALY
NI/ SHANGHAI JIAO TONG UNIVERSITY $ESKT A BRALER AR ABI3 FaE MBI 1L
— AR IE R BE — AN R R 2 RS A E T A Shannonf# KAE IE . ST,
AR BOR AT 5 g A S R R (R G, RN TR — K Gt e i &
WA TR L I S B AR

I AR BH B A2 1 A% 5 A 2B LT 1 2 B B A 50 o BH S AR IR 2242 T LU 2 i
THEH R — MU B I R 2 &, TR, IR I TR R ot &
FIBS T N1, 285° A, SEAbMrbiside1. 85° A, WALMIMIZ:1.96° A, BUALYIELZ:2. 20° A)
BATTAT CAHE— 2515 3% £ B BA B X B IM T 2 1 BH & 8 1IE 243
R3-2 M= R IR F/SEALE BIFH B FEIEY AR 5 Shannon & B

FHE 5 JNBCAZ Shannon & 742 ML P42 MU ETFE SR

Pb 1.19 1.03 0.98 0. 99
Cr 0. 80 0. 70 0. 72 0. 82
Ge 0.73 0.77 - -
Sr 1.16 1.18 - -
T 1.03 0.95 - 0.93
¥b 1. 02 0.93 1.05 0. 86
Dy 1.07 0.97 - -
Sn 1.15 0.97 -

Y AT I, o6 T AR A A A M s AT 35 5 TS5 8 B 0 R A B S 1
AR AL S kAT BTN E S5 PR REAT 1A

3.3 MfmEv/LMER: J\EERETF

WR R BT, AW 2 A8 S 5R (B 88 78 = 4442 1M A Shannon
AR ICIETE 7 N AL S PIABXEE M A ERY M AE e . B BT AR R ARYEAL B
6 5E HIRH & T B9 K /N5 B Xe TR K /N DL BC TR 5E fY, (BB A 75 18 21 BAL B B A B
BT R 5L NECAL 3R 5 RNARTT G, BBz B X N B 7 K NBE T aE & N
AN B T A T AR RO 2B KN o NI HE I r ) 23 (6K

Thote = 0411y (3-1)

BRI TR AR 4, (B B SIE TR SERRB, B B A B B T8 2N T
0. ALK RIS T A B h L R A7\ T AR, X T Bk 5 (0 LA R R
1R 78 5 3 — I 0 B R RV E R REHE T« B P MR, 2010, 55A %0
0.52A. HIH/NTOAIHIIA B TR R, H SR 2 TR A Bk HI 0 FL AR . A
T, B T AR\ B T4 N0.90A, ¥ 4 AT AT AT 6k HTBL LA ROB (1
B I B2 I 04101 9 T R SR B 6 B 7 OB B /I 75 X\ T
R IR T AT R T AR

u—R‘s
Rx (3-2)

S 25 20 PR TR\ i L R 9 6 2 A 1 b — A L A i 22
BRI A B RIB R BTN AR B . 6 T UL 07 2 R TR\ R 7
J TS T IR 1 & I 3- BRI K 34T . For T Pb, Cr, Gelf b & Mtk Fi 2
7 B B BT A F A, LA e 2 K 2 B L B T4 I A2 VT B S
990 9 £ R 75 2 2RI T PR B AT 2 W) SR A SR W A 1

% 10 71 22 W
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K33 BRIEBRSRY HNBE AR EF 5\ HEREF
WA KTt JANITE:NPS S
CsPbl3 0. 89 0. 47
CsYbls 0.92 0.43
CsDyl3 0.91 0. 44
CsSnls 0.91 0. 44
CsCal3 0.93 0.42
CsTmls 0.92 0. 44
RbTmI3 0.88 0.43
RbDyl3 0.88 0. 44

R3-4 PEEEBRSHT AR AEDR 5 /\EEHEF
&Y HHRHAFt JANEIRZNPS S
CsCrl3 1. 00 0.32
RbSnl3 0. 87 0. 44
RbPbI3 0. 86 0. 47
RbCrl3 0. 96 0.32
CsMnl3 0. 99 0.33
CsNil3 1.04 0.26
TIMnl3 0. 94 0.33
RbGel3 0. 96 0. 36
TIGel3 0.92 0. 36
CsVI3 0. 99 0.31
CsMgl3 0.98 0.33
CsTil3 1. 00 0. 30
RbVI3 0.95 0.31
RbTil3 0. 96 0. 30
CsCrl3 0. 86 0.53
RbCal3 0. 89 0. 41
KCals 0.88 0. 41
TIFels 0. 96 0. 30
TICdI3 0.92 0.37
KTml3 0. 86 0.43
CsGels 0.92 0.36

KTil3 0.95 0. 30
TIPbI3 0.85 0. 47
RbYbl3 0.88 0.43

FEVH A DR AN IR )5, A Yre-p 854 0 BRI E3-2n. Bt
[ i RS AFAERE IS R AT B, L8 S5 R TN S ICIEIE S AR, 5 (= #)
TR TRARE A WL- TN LA ES SR AR i, AL 35T R R TOVE T A 8 A HL-TE WL A A4S
BRI o RELRAENE N DT 1R PR R 26 70 A2k . 7E I "PMAPDIsFTAGelstb & w3l
PRvEe AR, Befg S T RN F B ERAT G5 A FE — MR E I X IR TR . X — X
A PRI IO RE SO Rk o 35— SR AROKOT 2 SRR IR R 7 (K W BB KT 20 2, 3o

%11 7 22 W



e e X A N
N £/ SHANGHAI JIAO TONG UNIVERSITY $EER AR PHBEES AR ABI3 FaE MR

BEERH MR BTG R u K T70.41. fEIX KPR N, BT S sk & ABIsHR
TAE T BRI A IS . TN S, X —0 S LRrEUES T A ABOS
(K173 FRBUEARIT (NS SRS B A 1) TR PR iR IR 73 2 R0.4258) o B4k,
T )NHRE TP =041, FARNZAITEL B FZIERE, BATT AR BT 55
KRR T, AT LS RO PIBAL B B G AR . T RUT R I TR AR A 3-5 TR
BN RER—FRESFEL, N TEARFEIEREMTEREN S, BESRELLEED
A Ft=0.875. X THZHFFKT0.875MEY, AANCTHIPIABISHEAAY) (RDPDI3,
RbSnI3, KTmls, TIPbI3, CsSrT3, NH4PbI3) [H & E — MEA YIRS ERT A . X T XL
AR FRSE M, A — LR H AT R AL Y2 i HAh R A P A oo R B R
(NaPbl3, KSnl3, NasSnI3) . FH$HEEIF =N RAFMEYHEETHERE DR T2 5 K e
PR F/NF0.875, (T RLrZEM. w2 HEEYKPDE, BT HArk
BRI SCFERXAME ST, BT AR B A S TG TS5 0 7 A B
KT AL S R 5 R4 T2 R ) ) TR BB 7 1 B ZEFRATT T 550 140 P 3 v I A i 1) S L
BAR FRR, AEEARE B HEN & NAZAFE— AN\ AR 71 R . 75 24 BA B X SR BH
T RN R T-0.4 145 (R B B8 1-2FAR R /INE, 2 A\ A ()L AR TR S 808 E 16 )\ R4 45
WIAZAFAE . AETHR R ME—— ANV HAAR Fu K T0.47 I BIUE Y2 CsSrls, & 1\ A 11t
BB AZ0.53. BT DA SARER I Ak J\ TR R 1R B KB, 7T BAZE0.53 BA B R IEAT IR FL
X T2 R 1) BRAE VB G v (1) 2546 43 A 3R TG PR A AL R IR B B RR, B
T IX B WA AP F 5 2 N Tk T0.92 H VAR Fu KT0.41. QiR
REERMAZE T, FEIEERFABBI I I TG ER RS T E R — N B R IAN B
XoF I [T BH B8 R — NN AR I BA B LR BH B T AR B K IR Jo 2 A R R I BH
FECs+, TERCALE120F 42 N1.88A, U1K Cs+ 5 —MEE 18 Ui /2 )\ T AR AL AL ) 5 Fn 7% 22 A
T e/ N 242 BIBA B B () 0 2% I PH B FRC XS, 54 BAL B X R TR /A :

Ry_min = 0.41R, = 0.41x 2.20 = 0.904 (3-3)

ERAERNTERZE T, i EZRE T RA0.93. fRiks—AE/NHIBALE X
IR S s X0 43 e e N B S S IR [T e W ANTIR NP S R B P WP RS FSWAN
T PR3 AR T AN RETE BAR A8 RIS BB AH o Bt ASRATT LI 5, o T 17 B A B LSS Bk
LS, FEW L\ TARRE T HIE RO T, ERTRE BRI R AR B T80.93, WIERARE
B E0.93 8 KRB 78l 2N /5 25 S8 A H B 2R G H B S 1

%12 T1 22 W
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"”q, s/ SHANGHAI JIAO TONG UNIVERSITY SEERA A PHBEER 41l ABI3 F2E MFEM 1L
0.55
X
0.50 ;
MAPbI,
23 XX © A A o
X 045 :
2 Xo @ A A o
% Xix @
© i e
= s
o 0.40
e}
2
x xx Hybrid AGel,
X X
X X
0.30 XXX
X
0.25
0.7 0.8 0.9 1 1.1 1.2

Tolerance Factor, t

K3-2 ALY ABIs I 45 K 0 A

F3-5 FEWLNECALIE MIBAL B AT LG R P B T

H 7 baIETS Tl Ak 4 )\ T A IR ) FH =T
I FHE 7R K TS T 0.90 Ca, Sr, Pb, Sn, Yb,
A2 0. 45 5 Dy, Sm, Tm

3.4 RENG

X T A ERAT AR O LA LY, Sl 48 3 A7 AN Gy S n] AR A 324> LR A ABIs A 2L Y
A S RI31 ML SRS A IR TUE MRS 1. X+ RbYbls, X—fb&
POAE A Y\ T AR DR A 30 A0 5 22 B 0 I A PEES AR AT A AR T R IX, (B LN T R BLR
WX A AR S P JEIR I AR E IS R, & T AR ML 54 . BARXT T RbYbIs
WA DTIHIRE 15 T RS B5 Bk ML S R e W 22, 18t T A S AR S 70 A [l rh Ak A2
LFARGEMALE, AIREE TEIEFRIT SR, 2 PR mai i S s,
SEAL ST AR S 3 A B TR AE IE

% 13 T 22 W



) S1ANGHAL JIAO TONG UNIVERSITY SESKH K PABEE ARl ABI3 FaE MR L

@) X FRdrt

FME FH-THRLERT BE AR E TR

4.1 HBFYE [RIE

FELGER /3 F e v, A LR CEAS B0 AH 45 R4 o i i A 17 B0 B BH B8 73 L T A LR
BT o AR5 SR 10 s AR SOR 2 FH B T F N A AL 23 EAT 1018 o TEIE A HLRH B8 7 1) St
FUHREUE B AT DT S SR A A HLFHES 1 R . AALEEF (CHaNH3, MA+) iR Ik
(FA+, H2N-CH=NH2). Hr, RAEH—FAYLHEE 0N 7E LA C 2 pi it i
WEBARATT A SR S5 4. MAPDI3,MASNI3,MAGels,FAPbI3, FASnI3. X T B & [7 T H LAk 4
—FE A5 53 A B T RE 75 T BORR 8 B B0 AR A G R M 2 T 70 A2 I BRH S, RfiAss
RPEH 5 I E AT E A s . H AT R A DI A P T A B A AL S P ot
FUH LR, BT DL AR A 0000 2R G (R HE R PR T R R e o BAEXT T O A AT 0 4
JEAFH T TR R A AR 1 ) A AT AR AR, AR T (IR I FH T T R N 46 4 5
HBEAT P AT B 2546 A Bk AR A e

e T BRI R B IR A TR HLE S A IR KN, Cheetam 5 7S # A1 1RH T 264
R LR AN T RIS TN 0B85 7REFAN:

FAeff = T'mass T Tion (4-1)

Hr Rmass J& 7> T O 250 T RN S EEEE T IFEE, Rion &% 511
Shannon & 1-2-1% 1. 46A.

F4-1 Y HEFRBEFEETHE

ANBE TR ETErA AR

MA 2.16 CH3NH3

FA 2.53 H2N-CH=NH2
NH4 1. 46 NH4

EA 2.74

FEAE FIXEE AR MO0 T, FFX B A BN N B R Z AT SR i B &S 2 142
TSRS ERA S5 A4 (1 7 2 DR R\ T A A 57, RT RAKT AT & 85 R0 ALt A, A
TEAER 3-2 Z5R A R

4.2 RS RALFIE

AR RIZ, HTAENBRE R0, B DM S B R B s m, AbfE
KZ BTN AT Z B FHAE R A o i\ TR B T B A7 B R X A7 B R B TR R
A TAS AR o B A HYFIES T0 3 B & A A MU AL S0 T e LA & P ) 43 T8 DA
RE 75 T A e 5 R AH B 09 & R AR I S %) MAPDI3,MASNI3 73534 0. 95 F1 0. 97 11
HREFTEAE . XPMEE DRI AR AHZE ) . SEBR b, MASNI3 J& CUAT 1 7E = I
KA ME—REIE T AN R A HLE (A R 45 1 L ) o 1X — S 5 57 H 1) MASNI3 125
B FHE S B TAULED, 278 H Bl S vy 25 2 il 1 e .
{H& FAPDI3 F1 FASNI3 (A A FF KT 1, 4372 1.03 #1 1.06. XML REF KT 1 1k
B AT B6AELE S AR AR R e e S Bk AR AL S, AT BB R B IR KT 1 ik
ST DL A AR A . (B2 EAPDI3, EASNI3 PMY S ANRETE B ERAT AH, A TR0 25

% 14 71 FH22 W



, *‘; SHANGHAI JIAO TONG Uvaum Y %@#E}_tﬂﬁ /'&*7]'14 ABI3 *g'/I- |‘$#—U?E'ﬁl:'ﬂﬂ

”l?%wﬁlmﬁlm,L&%%Tﬁf@”l?ﬁ@%h@ XA X TH M-k
MU 2976 1.06-1.07 Z 8], T— AN RS FAEN A 7 B RIFBH S 7 &4
NH4Pbl3, HZ&EZHNFHMETEN 0.79, A TREHRIX AN, R IESE IR s
Rkt AR,

Ak, —Uf & Ge AN BHE T I AL ES BRE AL & W)t L B UE SEAmA T 25 0 B
BERRIX, WE3-20T%. MAGels, FAGels, ACGels & tiKanatzidis 4T il B AT fr) 5 #2Y.
H g E—MeahaEACHE 1, HPERUATA RS, X TAC ( CH3C(NH2)2.)
HIHSE LR EW T : EACHHIHE THF, CAC-NLFEE K N1.305A, Fifkisay
N PR IR T AE LA B T B8 ey, Rmass=1.305 A, FRocEml b, AR 4-1)
A EASACHHLIH S T BRI & 7 12 2082.77A, @ K FMARIFAB AL E T B2 .
T DAL =R S 0 A R T/ 1041, BEMAEIEATERE 2 T RIX

BEAh, ACGel3HI A Z N Fit 55 N1.17, B 2 BRI a4 GelH & T L & #i %
B S Rl A\ TR, BRAE )\ TH AR HP A = AN I Ge- L 244 iR 5 = MK I Ge- Ik 2
Gt (BRI ANERRR (0 S5 M A AT AL S Ge B B AL &, e e S 14 )\ T A R 41
I A28 AR U AT M . T B TR S5 A GeBH B AL EIER, BTU T
A HL-TEHLAACET R Ak S 5 BB 25 DR 40 R\ T4 DR 0408 22 A 8 Sy EL AR 1 4
P AT 48 /N R T i R M

%t%ﬁ %%mﬁﬁﬁﬁﬁfz‘I%$¥1mxmml%5%ﬂﬁﬁwmﬁﬁﬁ
Ait, WX T AN EARAAS T S0 5 0 HE S P MIIE. RAERA
ﬁﬁ&%ﬁmﬁﬁ BAVA fetig st H it iX — B 0 AR W, (H2XF— AR A
AH-TEHLAAAL B PIRET T AR R 8 S R ML S TR, X — S5t a] DLAE A
WL IGUELLTRA TN T XA R EE — NV HIW . tesh, T AN TEHLAA SR A
W PS5 B TR 75 2 )\ THHR R 7238 KT 0,41, %7 )\ IHAREE 704 o A 31
TLET LB A ATETCHLTE A, B DL\ A I3 5 T M- TEA LA S R R &
Ve E .

F4-2 EXEH RIS S5 30

Pb Sn Ge Cr Mn Fe Cd Ti V Ni Ca Sr Mg Yb Tm Tm
K 12 13
Rb 14 14 16 17 18 19 19 20 21 13 22
Cs 14,26,27 23,25 16 27,28 28,29 19 30 20,3132 32 42,43 21 22
Tl 33,34 35 35 18
MA 36 37 38
FA 36 36 38
AC 38

4.3 KB

XA ERE AL SRS E PRI, AT B R R B T e . A BT
Part T A A A ALY I TR S SRR 0 i, R — A RTEER AR A F 25 RE AR &
SRR T K BH e HI VR AL RL R Z R ES SR A S =, e IR AT AL A T 1
HOBTHIEATERE, HERYERPTRRR. O THEEHEF IR PR A T Shannon 2
T BIAHERAIE AL NI AR AR R B T LR, RS- 1 PRl I (10 A R 7
o SRR 2 B HHE A A0 K B A A7 B ) BH R B 2 IR~
P TB IR ST B 8 A0 s 2K I B T AT C AL, £ TCSD udis 28 mh fsk P P ASL DL

% 15 71 22 W



N2/ suANGHA JIA0 TonG $ESKT A BRALER AR ABI3 FaE MBI 1L
ﬁmﬁ%ﬁﬁ%?%ﬂﬁ?lﬁ%?z&ﬂﬂc%‘fﬁﬁ’}&k, FH B P S5 (B I 5 BH B B IE A%, 28
AN T R\ TR R T2 FE R, AR I\ TR B S B X IS AT H B R e R
A7 BH B 14D D R F 0 o B P M e ik IS A S B S % AN AT K ABT s
AL EE R T ORI SEM BEEAT S5 M A B G, IR H T 0T EH L 7]
BE 5 T R e B R AL S D W 4% 52 Uy ek BARF t KT 0.875 A\ H T
KT 0. 41 X THH- AR RS A, BT B 5T S8 uE A g Mt 590408 s,
HAFER T A BTN E R 8. ChEINT Cheetam ZHf 5838 1 78 & BT A HLRH
HBrARERE A, X HET O A YL R AR AT 2. RS
RI T E B R B TAEE—A LR 1,06, LA 575 2050 2 )\ AR 73y K
F 0. 41,

% 16 U1 22 7



B SeanHAL A0 ToNo UNIVERSITY SESKH K PABEE ARl ABI3 FaE MR L

SBRE 5T KMHRERMEUFREN

AT 85 B S B A Rt AR BE 7532 ML 06 DR Ml R 7 DR S B PR 3R A K P e e
RCR A ERE™ R BH g HL IR 2 IR E 1

ESERAT KR fiE FL it (AL A ReE PR AR € SONTEAN R S ATRE R, A5 F i
PO LR AR — REME A OB R T ES PR AR e B AR E VER U, A2 MR+
SYEEE . NI DU AT (MAPDI3) g5l H A4 15 A AT R & AR 1) e B 5 F

Pb[3 (S) + CH3NH3I (ﬂq) hd CH3NH3PbI3 (S) (571)

PR (51D, W05 IE [ dE A7 2 F R i e O F a0 SRR A
) 22 BEAT UL B AR AH PR L K A AR R o T A S B A A5 ™ K BH A FEL I A4 )
Kebd, MR R A S W TR LA R 23K, 40 MAPBBr3, MAPbI2CI, AhAiT& A4k
7 AR AN A R 25 B 1 2 B AN R, R OB ()2 50 R0 AR e R R 52 4 A AR

— ke, AW E R L R CH3NH3PbI3.  B%%, 4nfE PbI2 /8% CH3NH3T 5 Hofh
Wordstr, SRIGM AT v AR 6005 M BREN R BL (5-1), 58U B 745 kA S h 1) 4y
fift, DRI PRARES R R PH RS H it (AL R e P o 28 RP O 0 R A P S SR A B AL B
A DAAE 6 28 A T B2 A i LA AL 2 P i

WARLAS B Bt (R0 W [ VE FHAEAS [R) (R 558 264 T 5 S 04 [R] (R B 8 52 M 5 2K K FH g
AR E Y I . BN, FEKE K PHREHIE 5 2 LA R IO R R s A=A
KAy, RANE, AR AR, W, WINRD AR . AT I EERTEE S
NESERT AT RE R A A iR I N RE R, TEGS A H RT O RS ERAT K PH BB FEIh R AR e M S G
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THE MODIFICATIONS OF STABILITIES
OF ABI3 PEROVSKITE SOLAR CELL MATERIALS

Currently, there are two key issues for the application of PSCs in industry: power
conversion efficiency and device stability. As previously illustrated, the present
research on PSCs mainly focuses on high performance via different device structures,
fabrication methods, and various analogues. Based on the rapid progress in this field,
several reviews or feature articles have thoroughly described the emergence of
perovskites in solar cells, future directions to improve efficiencies, and recent
developments in perovskite solar cells such as materials design, novel cell structures,
and underlying mechanisms. However, the stability of PSCs, which restricts their
outdoor photovoltaic applications, is often ignored in studies. The issues of the
degradation of perovskite and the stability of the devices should be urgently addressed
to achieve good reproducibility and a long lifetime for PSCs with high conversion
efficiency. Without studying the stability, we cannot transfer these exciting
achievements from the laboratory to industry and outdoor applications.

The tolerance factor is a widely used predictor of perovskite stability. The recent
interest in hybrid perovskites for use as solar cell absorbers has lead to application of
the tolerance factor to these materials as a way to explain and predict structure. Here
we critically assess the suitability of the tolerance factor for halide perovskites. We
show that the tolerance factor fails to accurately predict the stability of the 32 known
inorganic iodide perovskites, and propose an alternative method. We introduce a
revised set of ionic radii for cations that is anion dependent, this revision is necessary
due to increased covalency in metal-halide bonds for heavier halides compared with
the metal-oxide and fluoride bonds used to calculate Shannon radii. We also employ a
2D structural map to account for the size requirements of the halide anions. Together
these measures yield a simple system which may assist in the search for new hybrid
and inorganic perovskites.

Predicting the most stable structure for a given chemical composition is an
ongoing challenge in chemistry, particularly for solid state non-molecular inorganic
compounds. The advent of modern computational methods has significantly advanced
our ability to successfully predict the structure of a previously unknown
composition.1,2 These computational approaches, however, remain time intensive,
and are not suitable for all compounds. In contrast, simple geometric approaches to
the understanding and prediction of stability in ionic solid state structures have been
used for around a century. In such approaches, the constituent ions are assumed to be
hard spheres, and, following the methodology of Shannon, their radii can be assumed,
with remarkable success, to be constant for a given charge state and coordination
number. A simple calculation of ratios of ionic radii can assess whether spheres of
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a particular size can pack together in a particular structure. The perovskite structure is
one of the most widely studied solid state structures, and its understanding has been
greatly aided by the use of geometric approaches.

The tolerance factor alone, whether calculated using the revised radii in Table 1 or
indeed the standard Shannon radii, is not sufficient for predicting the structures
adopted by inorganic ABXs compounds. In the following discussion, geometric ratios
are calculated using the revised radii shown in Table 3-1 for the B site cations. The
tolerance factor assesses whether the A cation can fit within the BX3 framework of
corner sharing octahedra (referred to as the ReO3 structure) that is found in the cubic
perovskite. However, another important consideration is whether the B site cation is
of the correct size to be coordinated by six anions; i.e. whether the B site cation can fit
in the octahedral hole in the anion sublattice.

To assess the applicability of Shannon radii to non-oxide/fluoride compounds, and
to quantify any deviation from Dshannon upon moving to heavier anions, a general
survey was undertaken of experimental bond lengths in metal halide compounds, not
limited to perovskite compounds. Given that the motivation for this work is predicting
stable halide perovskite structures, we considerM—X bond lengths where the metal M
is a candidate for the B site of the ABX3 halide perovskite structure. The perovskite B
site is octahedrally coordinated by halide anions, so we limit our search to compounds
containing MXe octahedra, where M is a metal from a selection to be defined shortly,
and X is a halide.

Thus, in the perovskite structure, assuming the hard sphere model for the ions, B
site cations with radius smaller than 0.41rx cannot be coordinated octahedrally
without the anions overlapping. For the oxide and fluoride perovskites, the radius of
the octahedral cavity (0.55 A and 0.52 <A respectively) is such that only a few
cations, for example Ps+, Ass+, and Si4+ are too small to fit within, and these cations
are never found on the B site of oxide or fluoride perovskites. However, the
octahedral cavity formed by six iodide anions is 0.90 <A in radius, and many potential
B site cations are smaller than this, as can be seen from Table3-1. To assess the fit of
the B site cation into the Xe octahedron, several authors have utilised the octahedral
factor p.

Then The author propose an adaptation to the traditional tolerance factor approach
for use with halide perovskites in general and hybrid iodide perovskites in particular.
Using revised ionic radii, that take into account greater covalency in some
metal-halide bonds, and a structure map approach, a system of classification can be
devised that can correctly categorise 31 out of 32 inorganic iodide perovskites. Such a
system also seems to apply to the hybrid perovskites, although the Ge(ll) compounds
are clear exceptions due to their stereoactive lone pair. The author conclude that only
a handful of cations may be successfully placed on the B site of an iodide perovskite:
Pb, Sn, Yb, Dy, Tm, Sm, Ca, Sr. The Pb and Sn containing hybrid iodide perovskite
compounds are very well studied.

The use of geometric ratios and stability maps is more challenging for hybrid
perovskites than pure inorganic perovskites for a number of reasons which have
already been discussed. In addition to the difficulties in representing the chemistry of
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these materials using geometric models, a further issue is that confidence in any
system of structure prediction depends on a large number of data points. Only a small
number of hybrid materials in the perovskite structure have been characterised, so it is
difficult to assess the validity of any proposed system; a very large number of stability
criteria will give perfect categorisation of the few existing materials, but that does not
necessarily imply any physical basis for the criteria or any predictive power for
unknown structures.

From the results in Fig.3-2, we tentatively assign a limit to the stable perovskite
region at t less than 1.06. Whilst the stability limits for the iodide perovskites could be
defined with some confidence due to the relatively large number of compounds
available, any such limits applied to the hybrid perovskites must be less certain due to
the smaller number of compounds available to test the model, as well as the challenge
the hybrid structure presents to the assumption of the hard sphere model.

There is still more work to do to explore the list of compounds in Fig.3-2, but
overall we feel that while there is still great scope for optimization of existing
materials, there may be little opportunity for discovery of entirely new, effective
hybrid solar absorber perovskite materials. The search for further hybrid solar
absorber materials may therefore have to extend beyond the simple perovskite
structure, whether that is towards recently reported double perovskites, or to more
diverse hybrid structures.

The chemical stability of PSCs, which refers to a series of chemical reactions of
the perovskite films under different atmospheres and conditions, is the major factor
affecting the stability of PSCs. Methylammonium lead iodide can be taken as an
example to illustrate the chemical stability of perovskite. The chemical equations
should be always taken into consideration.

Generally speaking, there are two major routes for the decomposition of
CH3NH3Pbls. First, if Pbl2 and/or CH3NH3l combine with other components, then the
chemical equilibrium can drive reaction (1) in the negative direction, leading to the
decomposition of perovskite in the films and thus decreasing the chemical stability of
the PSCs. Second, the perovskite in the film can directly degrade into other chemicals
under certain conditions.

The synergy of degradation by the materials themselves under different
environmental conditions leads to different problems that affect the chemical stability
of PSCs. Typically, PSCs are susceptible to the following four factors: oxygen and
moisture, UV light, the solution process (solvents, solutes, additives), and temperature.
This review mainly focuses on the recent studies regarding the relationship of the
chemical stability of PSCs with the aforementioned factors and the corresponding
possible solutions, combined with our own understanding of the stability of PSCs.
The aim is to provide a better understanding of the most important factors that should
be taken into consideration in outdoor applications, and how to control the stability of
PSCs in different conditions.
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