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Effect of 3.4.5-trihydroxybenzoic acid on the quality of

perovskite film and the performance of solar cells
GE Xiaoyu, CUI Can
(School of Materials Science &. Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Due to many defects in MAPbI; perovskite film and serious non-radioactive recombination,
the performance of perovskite solar cells is poor. In this paper, the additive 3,4, 5-trihydroxybenzoic acid
(GA) was added to the precursor solution to regulate the crystallization process, and the effect of GA
additive on the quality of perovskite film and the performance of solar cells was studied. The results show
that the carboxyl group in GA is dispersed into the perovskite precursor solution, and the oxygen atom in
the carboxyl group forms a strong hydrogen bond with CH;NH; ", which slows down the crystallization of
perovskite, enlarges the grain size and reduces the grain boundary, thereby improving the mobility of
carrier and inhibiting the loss of non-radioactive recombination. When the molar ratio of GA to Pbl; is
1. 0%, the perovskite solar cell has the best performance, the short-circuit current of the cell is 22. 48
mA/cm?, and the open-circuit voltage is 1.09 V, obtaining a photoelectric conversion efficiency of
16. 84%. After 800 h, the cell efficiency remains above 87. 0% of the initial efficiency. The perovskite film
with GA has more efficient photoelectric properties and is expected to be widely applied in the field of
laminated solar cells.

Key words: 3, 4, 5-trihydroxybenzoic acid (GA); additive; hydrogen bond; perovskite solar cell;

photoelectric conversion efficiency

Wk H#:2021—04—08 % iR H #1:2021—05—18

FBIUH LA A RRLAZESITH (LY17F040005)

TEFHTN - EHH1995— ), B WL e N AT AR, 322 N FE5EE 0™ K FH A L it 7 T 1 Ao
WEEE A Al E-mail: cuican@zstu. edu.cn



32 o oM T Kk ¥

e CHARBRA RO

2022 4F AT %

0 35l

T BB AT, BRBE T YL R AE R e B A 1) A — LA 4
Ak, A b 3 TF A R B B VR Ol 2% figk 3 Sk
i) R, e b K BH BB W VR I JF R £ 52 5610 AR R
PHRE HL b T DA = s b g O BB e 49 A L RE L SEBDBAR
KeHL . TR ERER TR PH BE L It (9 A SC ST B 1k
THIFEEN VI . 5Bk A B BE H i —Ff
SFEASLEF R, FER AN nip 45
F, o on o TiO, ,SnO, %5 G487 n Bl Sk 2]
B F1& % )2 p i Spiro-OMeTAD 4 p A &
TR B 28 UL 2 1 R LU LG R ik Ak B2k S0k
ABX; (A @ % & CH;NH; ", B 2 Pb?" , X 2
BT 4R A G RN L R b kL SR A R
ARG HA LS YERE . BT R m ™ 3 T
PECK R MR R B AT AT A R A
BRI PH il FhL b D00 A o] 5 3o A 7 46 L A R A%
R DG RO S S e SR A R K BH fig
Y G HL L B R O 3.8%0 P R TFE T
25. 59655 SR AR A L A T B 2 L R AT
SR o R SR P 55 A ol s 2B ] T A R K B R
HL SR — 25 M AR T AR AR

H I« 6 179K A AR e sk T kA
o U A S R R A A O i . K AR B
I ) I BR A R A HLAY T L B R
g A T AR TR A e R T . AN [
(TR IINFSIAG A TR B B BEMIL T 1) an 4R AL 1457 1) )l %
7 05 ok 48 il B Y 2 A) Pk, Wang UV K
CH;NH; PbBr; #1551 AR H 1R R s
U155 MAPDI, #5144, 356 5 A% DS B 1Y)
B R T AR D T RS I AR T2
T i 1 A O RO SR o - o | N7/ bt B I
DS ol AN 2 (RSB O VN 15+ N T 7 AN
Yan %5 A PbAc, BRI . 5 RTIRARE B
O J T ok R (A Ak o TR A S A e 1) e )
AHRT DAZE 7 45 ik R o AT A 38 05 Ak S 9 TR 265
FIE G ERT o R, e3R8 T 18, 6 IR E
JEHL BE B 3L %, Gong S 4 f & 3K N ot IR
CAPPA) YA A8 ) 308 5k 18 3 i AR A K et o A v
AR M A B . Dai 25005 A —F I 5 i I
(RO AE A SR K BH AE FL it A T I 571, &5 SR 3
B . e iy CH,-CONH, 3 A AT LU HF ok A=
Koo PR ERET S oRL I 45 f BE . DT A3 AR R
I T 438 0 2 T R 2 M L A KA A BH i Fi Tt sk R

[l

IKFN T 19.01%,

ARSCKE 3,4, 5- = FRH R (GAD TN E) £5 4K
RS AR5 8 v o) 4 o B S A T GA TP
A MAT P U EE . 7T LAUR 92 5 8K 1 45 & 11 2
FE s RGASE GA XTS5 BT AR 5T 5t LA SO I 5 2F
PERBRYSE MR . AR SCE A T8 0700 5 i 9K (A T A EA R
FH O 5 s A, DT 48 o 5 Bk WA 1 o i,
I FA) TAR ] A  Jo = S R R R T S
2%,

1.1 RE#HHEIRF

3.4, 5- =R (GAL99. 00% , Fil$r T
FIABRAFD s — LT (DMSO, 99. 00 % . Sigma-
Aldrich) s N, N-—"F 3% B it iz (DMF, 99. 80%, 7§
LSRR A BRA A 5 b4 (PbI, . 99. 9926, 74
LR A R A R B3 ik # (MAIT,
99. 50 %6 , 74 % 5 SRR B A PR 7D s K (CB,
99. 80% , Aladdin) ; Z, i (99. 80% , Aladdin); 2,2’,
7,7 PN, N-Z(4- AR IR I A 3 19, 9" IR — 75
(Spiro-OMeTAD , 99. 80 % . P4 22 52 345 BH 5 A PR 2
A s SEECPLG Al B 2548 AL 800 2 7DD s il 45 2
AL T B B S (ITO, 1L 7 2R b B B R A BR A
A s HR (Ag»99. 990, bRt 4 B A FRA FD
1.2 $5$K% KPHEERMAIH &

AFET TTO/ SnO; /Perovskite/ Spiro-OMeTAD /
Ag TERPFRIES R K PHBE F Tt i 45 44 K 1l 25 A5 k™
KPARERL ML, 55— 20 F 20l 1) TTO S H 37 3 2
JERMKR 280 25788 57K I UE R L L PR I S P
HE B UE 10 min, WEUESE 5 78 840 R & vEAL
ALFE 20 min, B LA ALY . B O
WG B 1TO JEJE F L 4000 r/min (3 B iE &
SnO, WBIFIREE 30 s, LR 72 544 1TO 371 il &
1E 150 C Ry & Lm# 30 min, B ] #]#5 SnO,
HFARHZ . 50 =20 TR B AR R ORI I W TE T
URGS AT 15 s I, SR HI T 59 A 13 B i 3 10 35 o
0. 7 mLZBEN RS FIZE I E R A PLE . Tié
WA EFE NG L 100 °CAin#k 10 min Ji5 Bp A4
B RS R AR S R A R
£ 8% 461. 0 mg ¥ Pbl, 1 159. 0 mg ) MAI ¥ #%
fE 635. 0 pL i DMF F1 71. 0 pL % DMSO 184 ik
b BT A5 B K A SRV - SR S FE T IR AR %
WH A 21 GA # K. GA 5 PbL, 1B /K
FbAr A 0.0.5%.1.0%.2. 0%, 2B DU, e ks



% 14

FHEAE, 3,4, 5 = IR IR XS AR T B 2 K FH 8 H Tt P BE 1 5 T 33

AL s 25 A% i )2 R i) #% 2 72. 3 mg [ Spiro-
OMeTAD % F 1.0 mL RIS H1.520. 0 mg AR
ST 1.0 mL Z WSRO HL 288 L 9 4T 5
MEIE (4-tBp) R 17. 5 pL 3 TRCESFAY 1. 0 mL S8
B, BOE e AR B 2R 80.0 nm 1 Ag
YER BRHLAR .
1.3 MK SR

FHEAM] WA Y6 1 (U-3900, Hitachi) %145
PRI 1) Y M WA B AT I 35 P 491l Fl - Sl
1 (S-4800, Hitachi) %45 B4 i IR 2 12 S b 47 3%
ik s F X B2 417 51X (D8 Discover, Bruker) Xif 18 i
I PESE R R AT 20 M1 s FH FLS 920 BIFR 25/ Ik 25 9¢
FeEIEL(FLS 920, PicoQuant) Xi 458k 7 1 J& v 1)
B E A KA R AR R Ak e TR
(VersaSTAT4, Princeton) Xt #5144 F, ey 4% % v, B 70
B s FHR BROGAEEL 3 5 42 (94022 A, Newport) Xif
FHERAT K BH A F, b 1 1) H O 2 FE-HL R (T -V Ry
PEFEATINGE 03 A e bs Ak A v . A
TR R 48 (QEX10 A, PV Measurement) Xif
K PHRE#S A AP 72508 (EQE) #E 1 7illli

2 HR5ITE

2.1 GA RMINFIXE5ERH H R 1 BE A0

fii H} XRD.SEM., 84011 WL O 3 X 45 4k
TR P BE AT IR A M. B 1 (a) S 0.0.5%,
L OO 2. 0% GA JBEIR FLIR BE T il 5545 21 19 45 5Kk
WY XRD 7T 43 B3 b JCuR I GA BRE SR
7 control £, MK 1 Ca) W] A, FF A K& & B 7
14. 24°,28. 35°F1 31. 75°kb i 7~ H =4~ F AT G
S35 T MAPbBI; 5 8K 8 #) (110), (220) F01
(310) =™ b 1 . 3% A M B H A 2% B i, 3 EL AR
GA JEHAA ok As XRD 47, (M GA BIF5%EK
WA (110D S T A7 S 0ot 45 31 i 5 1 2 7
XRD 55 B A HE T+ B 145 4K A 5 1 o - %) A R A
S BERW TS R 1B A R TR TR Y
BRI ATPER B 1) S5 Bk AR (110) fig G
a9 (FWHM) X LB INAS[E GA & 855k~
(110) e fly 2 4296 . 19 4B 2% GA JR Wi IR 45 T
YA i T, Hoh 30 1. 0% GA i} FWHM Ay {
/N, Has AL . RIS 382 GA FFR
S35 B R TG 1) T AR 5 A T X S R 1 45
Atk BEA ek . R T RE S GA Wi e 5k
RTAKAA Y DME F1 DMSO ¥ b, i 153 43 ¥ 3L 7F

i B ABIES B2 T R TS ERT SR
AR T8 R RT3

(110) (220) (310)
k n \ 2.0% GA
A . A“__‘
’;:\ J‘ 1.0% GA
= A A N
f:d
291 L n | 0.5% GA
.. 0
.y A\
L control
. Sk A
10 15 20 25 30 35 40
260/(°)
(a) #4KH MBI XRD
0.17
0.16
=
£
i
=
o015t A
[ J
0.14 L L L L
control 0.5% GA 1.0% GA 2.0% GA
GABERIRE/%

(b) (110)RT IR 58
B 1 $5E0H IR XRD B (110) REITH X B £ 5%

K 2(a) AT A Al i GA Ab B 85 B A f
5 A=l DL ISOETE & . 7 400~900 nm JEHEIA .
JITAT S BRE RS A R AR — B, AR A
BRTEIE E cerey \THI AT

E ey =1240/2
Forb A DB BRAT IR A G RO B IG

K 2(h) AR GA SR B SR R A i
BrXH EE I T RAAS Y W (L 779 nms R T
INATRIE GA R B BRI IR A 7 B 2108 1,59 eV,
RWIIIN GA 5 IHA B PSR 1 B TE R

T —oa— control

—0—0.5% GA

—~ —e—1.0% GA

z ——2.0% GA

=

=

=

= "

Bl %00

400 500 600 700 800 900

P/mm
(a) BRING ARG PR HERR ) 52 5h- 7T BB 1%



34 W BT K % ¥ MOHARRRERD 2022 4F B AT %
40
o control
o 0.5%GA ——
* 1.0%GA PR~} 188 nm
A 20%GA 30f
g ¢
& 20+
=

fER/eV
(b) WA R E

B2 REE GA B ENSRy EEN
S 50T TR S 1 e B B
& 3 AR WA SEM BE /-, MK 3R]
AL B GA UShnE B3 in . 856K B ) fokr ROT
B, 4 GA RN 2. 0% i, ik R ~FAS

B BT /IN . 32 T 1 OR B i R R R R B Y
GA S8 TR0 AT gk i b R O IR T 5
MA I i SO D T SR (R 45 AR R S 4 B
TEEERT SR A A L SRS TS K R A i
WY GA INFI =4 R 1 oy B B A% st
MASINAS A GA B 45 ) MAPbBIL, @ﬂ%ﬂﬁanﬁﬁ
PG AR B R UL O T LA L 7E GA I &
A 1.0 V6 SR A Ve IS 1) R R ST e s SF- 3 ok
RSF257 305. 0 nm, B F ARSI GA [ control
FE i B9 fiok R ) (188. 0 nm)

(a) WA FHINGAKIMAPLI3 i i (b) #IN0.5%GAKIMAPbI, # 5t

1 pm

(c) %I 1.0% GAFIMAPDL i it (d) #n2.0% GAIMAPHI HE

B3 HMAEE GA #I&HEESKT BB SEM BH
2.2 KPAgEEMAYSLE LS HT
A 5 R GA B ELH" K FHfE
Wiy J-V g ek fagi ik 1. S
() AL B GA IR B 36, 28040 19 )6 i 5 46
FOR(PCE) MR, HAiisin 1. 020 GA 54k
TR BHEE R () PCE TA %] T #5916, 84 %0, HLI

(a) THMGAHIFEERD (PR :188 nm)
40p

R ~F:235 nm

A

R RS /nm
(b) #AN0.5% GARIEEER ™ (CFHIR~F:235 nm)

40

SR 305 nm
30

20

A

-

\\\“ 200 300 400 500 =600
FERLR F/nm
(0) ¥R IN1.0% GARIA5EED™ (S5 R ~F:305 nm)
40
SEHIR 220 nm
300

AN ANNANNAN
0 100 200 300
SRR S /nm

(d) ¥R IN2.0% GARIESERT (PR ~F:220 nm)
RMAEE GA & FT1§ MAPDL; 54k HEER
i R~F gt E

400 500 600



% 14

FHEAE, 3,4, 5 = IR IR XS AR T B 2 K FH 8 H Tt P BE 1 5 T 35

BERE [ sc A 22. 48 mA/em? S HL T Vo 1. 09 V,
WFEHF FF 4 68.43% ., 24 GA Wik — 4
RE 2. 0%}, K FHAR H th 1) % PCE KR B2 T %
XA R A GA K58 R WM. 3T B G177
TEFN AT 5 09 e A2 70 DR R AT [l el ok
GA W BHAT T 2t + 1A% 5 . 5 308 0 2% FE 1Y T R
A FEEERT KRR A PCE B R F%, &l 5
(W RRINT 1.0% GA BYH M AA RN GA 1
SR IE R TV i, NEH AT LA 1, iR
Iy GAJ5 b IR i B i/ SR GA fig i
TSR SRR 2 5 D TR

25
20 - ,
— (7
5
515t R
< r
£ o
& 10 Eff*o'
g o control Adw
g o 0.5%GA “ag
'EJ o
o 1%GA A
5t m S
A 2%GA £
O.
[N
0 1 1 1 1 1 D“O. ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2

BE/V
(a) BHIAR FEG AR K FHEE Fa it (K- Vi %

E
E 3
= m 9
= 10 - Ch %
il @ control-R 2%
ﬁ o control-F DE L
sl e 10%GAR B8
o 1.0% GA-F B
B Q
0 1 1 1 1 1 E 0
0.0 02 0.4 0.6 0.8 1.0 12
BV

(b) FEHRANBLIRANT. 0% G A48 P78 A BH Bl Pl I S - 4%
5 GAfEUMIARPREERIME J-V BB RATHM 1. 020
GAMRMIERS J-V #iZk
R 1 GAEIREISEHAT KA RBAL RIS
GAYR TFR IR RIS SEH T Ot FsieR

BE/%  Ve/V Jo/(mA/em?) FF/%  PCE/%

control 1. 05 21.91 65. 77 15.13
0.5 1.08 22.44 67. 67 16. 45
1.0 1. 09 22.48 68. 43 16. 84
2.0 1.06 21. 90 61.58 14. 30

Pl 6 JEAEAHXTIRRE S 25 00 28 SRS T L 4T
IR 1. 0% GA i #1521 i g PR TR e 1
D, SE56 R B W I T 1,020 GA 1 K FH fiE L 3t

K2 TFHEMEFMI. 0% GAHIKPEEER A
ERAZEGETINENNKRSH

Rl THIE HREE ST ﬁ;ﬁ

77 [a] Vo/V  Jo/(mA/cm?) FF/% PCE/Y,
control-R 1. 05 21.91 65.77 15.13
control-F 1.05 22.63 58. 47 13.91
1.0% GA-R  1.09 22.48 68. 43 16. 84
1.0% GA-F  1.09 22.08 68. 80 16. 63

PCE I LA IR GA B Lt 2/ MR 2 FEA7 I
800 h 5. W1 1.0% GA 9 KFHRE A i) PCE
WIHARFFLE 87. 000 LA I XK GA A Ei K
TG AT 57 7 3R T LABT 1R B 8K AT 87K 7373k« A
iR 1 BRI AR RE 1

—— control
| —e—1.0%GA

A — B %
£ 5 =

<
o

0.0
0

200 400 500 800
I [l /b
B 6 FTHRMBEFMIOY GA HIEFTBEHRT
K BR&E FE it 1 B8 TE 1 i b %

2.3 GA &Izt KPE#E R MAEARVIES

H LA B3PI, R0 1. 020 GA 9 K FHAE
HPERE I E . DU X AN 1. 0% GA (e &
HEA G GA (R 5 R BR 734 GA 5200
X BHBEHL WO GAR PERE A HLEE

7 () B 7 T 85 Bk K BH i F, L Y &b 1 54K
HR(EQE). W LLAE WL i 1.0% GA By b 7E
400~600 nm {5 [l A (9 016 13 i 1 g A £ T, 53R 1
() J-V REERrh T SETHHYI G . — 7 T NS
ROV o Y 2 1 SR PE R /L 55— T T AT RS
THRFEIE MUK /BRI 5 AR R ER 7%
fift FFCE LR 2 AR Ead d Ak 2E BT
M3z (Electrochemical impedance spectroscopy, EIS) 3
WF5E GA B A5 Ek 0 W 2= e R 132 . EIS
SEMEIAEE R LA 1.0 V B9 E R ST,
7(b) 42 WrE (Nyquist) 8 R3804 Y 45550 i B A
Horpfe 5 42 B H A A2 4 L BH (R ) » Fa AR 27 BT
T8 RN, U0 R) TRRAR S A R R TS R
WRPHBEHL M FL AT AR RE 1. 455 3R 3 45 2R, 7]



36 o oM T Kk ¥

e CHARBRA RO

2022 4F AT %

LA HARAEAL A 28 1 Fa g A& 4 FRL BH Ry 7258 QL I
M1.0% GA J& % 4 s BB B F R, 298 3875 Q.
UL TN GA J& 2 PR REAS 2 0l 3% . BLiR
HESHILE 3,

100

[1.0% GA———stmemnny
80| o . e

- R
o -
Jf COlltrol/ -

60 -

J
»
]

SMEET %

1
. \
0_"/‘ 1 1 1 1 “‘L;’"‘:,—l
300 400 500 600 700 800 900
B/mm
(a) TCENDIBA N .0%G A& FTA454KH™ ARH Al F i ST AR i 2

5000
—o— control
—e—1.0% GA
4000
&
R 3000
2000
1000

0

0 > 500 T 100 6 éoo T3 (I)oo
7/Q
(b) TEHRMNBLIRANT.0% GAFIESERE™ ABH BE Ha L ) AL 22 PR BTNy quist B

(c) AL BEBTIL A F RO
B 7 FTHRMEFEML 0% GA #IFMESH%T
K PHEEEE fth B FE S B
=3 T KPR MM B FERSH Q
B R, R,
control 33.6 7258.0
1.0% GA 33.4 3875.0

& 8(a) s T UM GA 45 Bk 5 1 )6 3k
KICPLMHRZE SR . B 1. 06 GA BYESEKD
() PL WA B AT &R A8 Ak, AR AR I GA (155
BRAT W ASA B (0 HE BN AR L X 5 22 FT A S 45 SR A
WA . (BRI 1. 0% GA (RE Sy PL IR B 25
FERA T GA 1S LLRES , AR PL 2 Ig 5528 %
2 R TE AT IR R N 1. 026 GA {454k

A B SR B 2k A — R R P ] 1 AR A A
THEG . IHIAE GA FRIERY S 115 55 Bk
R MA B I SURE IR TR BT A A R L f
FHTESERE MR Y B . 18 8 (h)JZIRN 1.0 GA
B BRAT IR P 5% 25 26 0k (PL Decay) 8], AH L
AR 7 i o 1o B RO AR A5 A 25

1u>:Amm@n§)+yo

H IO MBI T F7 6w, A N AR, o WE5EK
W P 2 T T .y, WIRTH SRR R
B RALA LI AT LA L AR IR 1Y) 75 Ay e R
W GA B 80. 4 ns, MM 1. 0% GA J&, %
AR 92. 0 ns, #E—UE T GA 1] LIk 54k
R B AR

—o— control
——1.0% GA

FEBURIEIREE (au.)

650 700 750 800 850
WA /nm
(a) BT

1.0% GA

KBRS (au.)

control

60 80 100 120 140 160 180 200
B (&) /ns
(b) AT E

B8 FTiRMmERM 1L 0XNGA Hl&BEHT HEREN
RASMBRER S EE
25 LIRR Gl BRI GA ZE T 45K IR 25
Ar RIS T R R el T R A R L 4R
BT R AR . KSR RE AT HGE R R TS ERTR
B A R, il P9 LB P Y0 2 T B R R PO ST PR 7 i
LR TORFHAE R IR

3 % it

RSB AL AR SR AT AR P NI GA S8



% 14

BH A 3.4, 5 =R BRI ONTAY BROA YR A MK BH BE HRL T P RE A 52 TR 37

T BT 28 R bR R O R S AT . T AR R
FEEEBUT

a) JER M GA FRINn] LLFE K 55 Bk 7 5 1 45
IR 1S1 I N T T AN W 2 7 PN o e B
T GA Sk E] 1. 020 i, F5 Bk A R i A R ~F 3k F]
TR,

b) TSR TR T A B T S A AR
7 16. 84% 1) PCE, L&A U GA B KA BE
WG FERRCRIET T 1.3%. KIFRER BT E
PEALA T W T 78 2520 AR R 128 SOARBE
TAEHL 800 h J&, PCE 4K IH £ £5 7 9] 1f 20 % 1
87.0%,

o TEMINE & GA J5 . A R = T 85k K
BFRE Rt P £ £ B B 7 [R] P 7E — R B2 I oD
TR R I TARRR S B A AR T R
THm.

S 30k

(1]t . Fraeli 5l e & e [M]. SR ERKR
AL, 2019 1-10.

[2] Hartono N, Sun S, Gelvez R, et al. The effect of
structural dimensionality on carrier mobility in lead-
halide perovskites[ J]. Journal of Materials Chemistry
A, 2019, 7(41) . 23949-23957.

[3] Zhang L. M, Sun L, Guan Z X, et al. Quantifying and
elucidating thermally enhanced minority carrier diffusion
length using radius-controlled rutile nanowires[ J |. Nano
Letters, 2017, 17(9) . 5264-5272.

[4] Correa B, Abate A, Saliba M, et al. The rapid evolution
of highly efficient perovskite solar cells[J]. Energy &
Environmental Science, 2017, 10(3). 710-727.

[5] Kojima A, Teshima K, Shirai Y, et al. Organometal
halide perovskites as visible-light sensitizers for
photovoltaic cellsJ]. Journal of the American Chemical
Society, 2009, 131(17): 6050-6051.

[6] National Renewable Energy Laboratory (NREL). Best
Research-cell Efficiency Chart [EB/OL]. [2020-12-01].
http://www.nrel.gov/ncpv/.

[7]Fan J] D, Ma Y P,
Thermodynamically self-healing

Zhang C L, et al

1D-3D hybrid
perovskite solar cells[ J]. Advanced Energy Materials,
2018, 8(16). 1703421.

[8] Liang P W, Liao C Y, Chueh C, et al. Additive

enhanced crystallization of solution-processed perovskite

for highly efficient planar-heterojunction solar cells[]].
Advanced Materials, 2014, 26(22). 3748-3754.

[9] Zhu L F, XuY Z, Zhang P P, et al. Investigation on the
role of Lewis bases in the ripening process of perovskite
films for highly efficient perovskite solar cells [ ] ].
Jourmal Materials Chemical A, 2017, 5(39).: 20874-
2088]1.

[10] Tang M X, He B L, Dou D W, et al. Toward efficient
and air-stable carbon-based all-inorganic perovskite
solar cells through substituting CsPbBr; films with
transition metal ions [ J ]. Chemical Engineering
Journal, 2019, 375 121930.

[11] Wang P, Xie J S, Xiao K, et al. CH3NH;PbBr;
quantum dot-induced nucleation for high performance
perovskite light-emitting solar cells[ J]. ACS Applied
Materials &. Interfaces, 2018, 10(26);: 22320-22328.

[12] Yan Y F, Xiao C X, Wang C L, et al. Employing lead
thiocyanate additive to reduce the hysteresis and boost
the fill factor of planar perovskite solar cells [ ] ].
Advanced Materials, 2016, 28(26) . 5214-5221.

[13] Gong X, Zheng L Y, Zhang X T, et al. Efficient
perovskite solar cells through suppressed nonradiative
charge carrier recombination by a processing additive
[J]. ACS Applied Materials &. Interfaces, 2019, 11
(43): 40163-40171.

[14]Dai S Y, Zhu L Z, Hu L H, et al. Promoting
perovskite crystal growth to achieve highly efficient and
stable solar cells by introducing acetamide as an
additive[ J]. Journal of Materials Chemistry A, 2018, 6
(21): 9930-9937.

[15] Chen H, Liu T, Zhou P, et al. Efficient bifacial
passivation with crosslinked thioctic acid for high-
performance methylammonium lead iodide perovskite
solar cells[ J]. Advanced Materials, 2020, 32 (6):
1905661.

[16] Li X, Chen C C, Cai M L, et al. Efficient passivation
of hybrid perovskite solar cells using organic dyes with
COOH functional group [ J ]. Advanced Energy
Materials, 2018, 8(20). 1800715.

[17] Tsai H, Nie W Y, Cheruku P, et al. Optimizing
composition and morphology for large-grain perovskite
solar cells via chemical control [ J]. Chemistry of
Materials, 2015, 27(16): 5570-5576.

[18] XieJ S, Yan K Y, Zhu H Y, et al. Identifying the
functional groups effect on passivating perovskite solar
cells[J]. Science Bulletin, 2020, 65(20): 1726-1734.

(REHRE:XE£)



