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i T B & A A0 B AN I R E T, CsPbIBry JCAHLES Bk A 2 — Fh A A Rl 5% 19 A BH B el 1 o
okt L. (02 B AT HE 1Y CsPbIBry #5857 K FH 8 F 20 0 1%, 3222 i R 2 1 45 11 CsPbIBry #58K 1 I Il
B2 DAL A SGE K BEER 2T 4k £ (CA) LA CsPbIBr, 454k 57 B IR 14 %5 i ik 3 CsPbIBr, §55k 87 45 &
S AR, DA £ T i 1 CsPbIBry £58K 9 fE. SCEG A5 SRR, CA g C=0 JL 11 5 i SR (435 1) Ph2+ 0] £
7R S PR ELAE SRR AR 25 CA A G 1 A1 SR A7 YRR B2 38, fff CsPbIBry 858k 1 45 it i %
B R AG, DT A8 1 3808 L b B R L AR RS R L SR B /0 11 #5 J5T fE CsPbIBr, £56k 9 5. [W R, CA
(R34 A S 25 82 5 T CsPbIBry 858k A Rese M. FIBRMORHZVE Ry 25 /& i J2 M5l i, 145 45460 FTO/
Ti0,/CsPbIBr, £S5k 1 I /5 J2 (15 3 CsPbIBr, #54k 5™ K FHAE L . 7F 100 mW /em? G B, CA-CsPbIBr, £5
BRA K BH AE H M A SRR B 7.52%, LR B CA Y CsPbIBry 854k B L 32 & T 40%. [R i, # CA-CsPbIBr,
B R K PH RE F L AE 25 SRR T A 800 b, IBCRAIIRFFHIR(E Y 90% LA I, R E AR & KR e .

K@ BERLLEZ, CsPbIBr, 55k, FUE Mk, S5k KFHAEH b

PACS: 88.40.H-, 82.45.Wx
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FE k. B, TPl 8™ CsPbX; (X = I, Br)
KPAREHL LA B AT — MG IS 6101,

f£ CsPbXs TTHLESERT 41 kL, CsPbl; £5%K
WA B/ (172 eV £ 47), L CsPbls 54k 5™ K
FHRE R ' H e 4 a8 3 Ay (11121, {H CsPbl #58K
WA IR AR PRI 22, ARPREL S SRyt B A T () A E A5 K
W45 (2.83 V). X KIRH T CsPbly #5488 K
PH g HL Mt Y & 8. CsPbBry 56k Fa e PR T, B3
WHRSE (2.3 eV £247), B CsPbBrs #5815 K
FHRE F vt 1 ' R A 4 R4 R IR AT (9190, 25 2% AR
FETERIRCR, CsPbIBr, #54k5 H T H A 4 i
SEPERE S YA BR (2.03 eV 2 47) T #A N —
PR A AT 5% 1 A BHBE H ftb W 6 A4 L 1617, 2016 4F
Ma 55 18] SR I XUJE A Z5 & 25 45 CsPbIBr, F54K8™
JIE T 2026 1Y CsPbIBr, F54KA™ A FHHE F it e FL 4%
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Rk 4.7%. 2019 4, Subhani %5 !  SmBr,
B4 T 15 51 )2 5 CsPbIBr, 455k 8™ 2 FL i, fii
CsPbIBry F5Ek A" A FH AE HL L (1) ' FRL AL S 0R 2 1
#] 10.88%. ESR CsPbIBr, F5EKH™ K FHAE FE i i ff
PR T 8RR, B HACRE 2 I B ARAS, 5
PRI (EAR bR A B K 22 1H. CsPbIBr, 54k 8™ K BH
A FEL Tt ' RS 0 RO A TG 1 — A i PR o
) CsPbIBry £5EK0 I 45 2%, AR 7E R i,
AT FE HL P 5 R 7™ A e A TR, 4R
CsPbIBr, F5EkH™ 55 it i kit — 4425 CsPbIBr,
FLERD R BH BE L G M RR A e —.

ARk, M AETCHLES R AR AR oI ARG
PR 0500 SFe i v TOALAES R 110 2 i I i R AR e

SR T AMTRI I HR. 5GP s iy & 2

EAUE REA BE S Bk BT IR A P i B T R AR B
(AE EAEFH, BRI B kA BRIk 2 v g 45 i ik
R TR B8 | B0 | RO R KA =
Fr A5 ERT . Ren 45 2058 5 23R £, —F% (PEG)
AN CsPbBry RijSRIAH, il 1T 45) 30 | Bl
[ =5 BT i CsPbBry #5K4™ B, fff CsPbBry #5%K8"
K PHBE HL L A RCE B 4.36% 7 5] 7.8%. Li 4 24
PR IR e B (PVP) fin A %] CsPbl, Fi SR A&
VW, e T R A R E PR CsPbls 85k
R, R ¥ 7w il A 3 338.7 ns, ¥ AL B
1t 1.5 pm. Fr4HAE R CsPbI, #5455 K FHAE LG
LB BRUR A B 10.47%, - EL7E 32 5 10 2 A
THERFIL AL SRR E R, Peng %5 22 AR R T3
GYR L M (PEL) FE AT INFk CsPbl,Br 5
BRI, i CsPbI,Br 858k H™ A BHAE H 1 (8%
R 13.48% = 2] 15.48%.

AR SCH IS IR 2T 4 R (CA) 1 M A m ) hm A
CsPbIBr, 5 K 5 7 3K (4 %5 W, CA DU 55 i)
C=0 5 SRR Y P> 2 B 4850 14 A1 B
YEH LS CA BIMABIHERY CsPbIBry #5580 Hif 4K
IREE TR E AR B IR T CsPbIBr, F54KH™ A4 i
WA GEHUY BT G | SR O RS R
(%) 15 Jt i CsPbIBry #54KH . FIRRM BHZAE 2
TR )= A U, &S5 H°h FTO/TiO, /854K
W /B2 R . CsPbIBry 455k B A I E H 1th
JIT 2 2t 3 H S B CRAR B 7.52%, AT CA 1)
CsPbIBr, £58k# L= T 40%. [AlE, CA Aghn
A B4 T CsPbIBr, £5%kH K T2 25 K PHAE
Tt YRR e 1.

2 SLIRER A

#0.367 g PbBry(99%) F10.259 g CsI(99%) 7£
70 C Pl HPHAE T 1 mL —H T (DMSO)
H ARG 0.016 g CA (B531hE (M,) =~ 40000,
LMt 39%), WP R, £ B CsPbIBr, 54K
W HTAR AT .

FTO P53 AR VEGRDK I T | 55
PIBEH R AT UE, TEVE T FTO 355 H N, Ik
+. S5, $ FTO BFEETE UV-Og F5E FALEE 15 min.
¥ 0.15 M X (L BEPR R 3% ) — 5 9 S8R BR iR £ %
VSO LR B AL BLS B FTO B3R 1E (4500 1/min,
45 s), SRJSTE 450 °C TALEE 30 min, 7£ FTO 355
T W TiO, BH 2. ¥ LR B TiO, ik
(Dyesol18NR-T)(Z B S TiO, R E & H N 15:1)
JiE 1 3] TiO, £ % 2 I (4000 r/min, 30 s), R )5
1E 450 °C FALHE 30 min, JEBAFLZ.

¥ FTO/TiO, W H] 70 °C, R e Uk 56
CsPbIBr, 5 Bk 8™ 1if 3K 14 17 W Uk 3| Ti0, J2 & M
(4& 1500 r/min Ji€ 5 s, #RJ5 2500 r/min JiE 20 s),
SRJGAE 200 °C F AL 10 min, JE & CsPbIBr,
FEERHT 2. AT SCTBHEe T, mTIRAR T A CA TE
1 CsPbIBrs, 554k 7 | CA-CsPbIBr, %7~ .
B PR (BRI R 24 B R B E5 6k
JEFRTE, 90 °C FALH 10 min, JERURRJZ HLHY.

BRI BT R S AR S5 R R AT 4 S A 4
L1 W38 (SEM, Hitachi S-4800 %) 1 X-5i4k
Y (XRD, Bruker D8 Advance) #1750#H7. 2k
FH INVENIO B~ A8 e 27 4h (FTIR) J6 i AX
(Bruker) #EAT£LAMEREN. 2040 AT UL IR (UV-
Vis) ik A5G ECE S (PL) Y6 435 H UV-3700
SRR FLS920 %G EF It K FH
fiE HL Y A G H PEREAE 100 mW /em? #5548 K BH O
ST, M Keithley2400 £ IR 700 . L)
B AR R 0.09 cm?. FERGAS  WE N 1V &
AT T FEL it P BTG 1 4 7000, AR A 0.1—
10% Hz.

3 #X5it#m

CA MM Ferp&4F KEK C=0 BRER. T
C=0 EfedI i O A MM HF, 2 CAIEA
CsPbIBr, S5k BRI W, C=0 5 H A%
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Fig. 1. FTIR spectra of CA, CsPblBr, precursor, and CA-CsPbIBr, precursor samples.

BB/ Po> ] LUK A RFUME EAER. KB 1 & CA,
CsPbIBr; [ 3% & & CA-CsPbIBr, fif S8 A # 5 1)
FTIR #f£k. CsPbIBr, Al CA-CsPbIBr, fif X {4 £
i A2 53 7K CsPbIBry T IKAA W FIVE A CA 1Y
CsPbIBr, B 3K /& 7% W% B 6L 5 b, W R & )5
TRk A&, 1R CA TPy C=0 J&H iy fif
45 PR 6 B 1750 cm !, 1] CA-CsPbIBr, £
m C=0 B ReH M 4g IR shide 2 ) 1 1739 cm 1,
CsPbIBr, Hij 9K A FE 5 78 U A7 B %A U6 B X 4
B CA-CsPbIBr, FefiH C=0 5 P2 {77 &1
FHE AR B3 X A BAE BRI ] CsPbIBr, 45
BRI S R, BRARSS R, [, CAVEA
CsPbIBry 25 B4 Hij BK 44 175 Y RE i 15 I i TR B2
M RELAS T 5 iz gk 58, Xt SRR
CsPbIBr, FHEK A4S & 5.

BB ERT AT IR I MO LR 2 FTO/TiO, £
I RAS R BT SRR BTSRRI AE 200 °C Rk
PRI BT LS R 45 S . 5] 2 J& CsPbIBr, £5
B HTORAAREALE 200 °C T ARG ERIHE] %) XRD
ik, 47 [ 2 X5 W 1 CsPbIBry 2585 B IR . M
K 2(a) AT LA H, 4li CsPbIBry 55 4k i A 58 44 i
BARE T ORE, HH XRD i R W7 204
15.07°, 21.51°, 30.15° &% 37.67°4b H B T X Wi 57 0
FHESELA (100), (110), (200) Kz (211) b B9 5
W R ARG P iR E A5, (R S DATE B R 2 pupk 3
[l CsPbIBr,y HIIRMAE T CL B i T /D 54k
HH R 45 44 . T CA-CsPbIBr, Hij 8K 4 ) XRD
B A AT, 28 CA MIiNAX) CsPbIBr,
2 S A S BRI VE . TRIR, IR 2(a) AT LA
L FTERIARIE R P AR CA, 4l CsPbIBr, 7E#b
PR FR S . 200 °C FALBE 3 min, BEAY BT

AR LS, XRD #IZR7E 20 S 15.01°F1 30.16°
R 3 B 8 08 % 1% 7 ARG KA (100) T (200)
AT (A7 R0, 26 I 3 min FAA0 B AT LATE K
i CsPbIBry £5EKA" AR, SHAKE PRI E]IAF)] 6 min
ff, XRD 12 Fis R 2 W R 9k A fE o8 e 8
CsPbIBr, #5845 i . H1& 2(b) FTLAE H, in
A CA Ji, CsPbIBry 5 5k " 45 i 3 5% B A8 48 .
200 °C #A4LFE 3 min, CsPbIBr, 554k 45 i JE i
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Fig. 2. XRD curves of (a) CsPbIBr, and (b) CA- CsPbIBr,
perovskite films annealed at 200 °C with different times, the

insets are the photos of corresponding perovskite films.
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B PORb PR R 10 min 5, BRI A58 4
A5k CsPbIBry F5EAH K. X sb4E L0 CA Ay
ABESH S AR CsPbIBr, SEKHT Y45 & . ik
(A2 St KA I IR /D | A RS R ) e
SRR i A g 241,

E 3 ZFT KR AE W A CA J5, CsPbIBr,
FEER T 45 fadt FE7 Z K] . CsPbIBr, i BRI
A CAJ5, T CA f C=0 5 Pb2+ Z [A[ A 555k
(A B AR, FTSRAAR I T ) 22 B 2 TR B T
([PbX,,Jv, y=1,2,3,4) 7€ CA /3 FHE E kAW
B SRR EEBR T (P X, )Y BYIE ShET L. [
CA MBS [ Al SR AR, BERE 0, 3t 25k 55
FTORGAR R S T3 1. I, @ e DR B 3
) CsPbIBr, B3R AR GEIE i CsPbIBryfh 4
S5 . Xt CsPbIBry Fif SR HE 4T HAA0FE | iy 5K {4
B a4 1 DMSO #5050 T-#8 &, BrsR iR i 55
FE] A A A BN, AT AE B CsPbIBry #58K8™ i
B, T CA WFETEIRSS T ATIKIAR TP B 111
iz sl It CsPbIBry 55k i 1 (1) 1 B3 2R 45
i &5 AR ). BRI A 435 ol oA I T
JT i ) RS 8. e 28 s 45 i BE Y CsPblBr,
FEERW RS, A KBEL5 I CA Ak A CsPblBr,
BEERH A%, W ZE CsPbIBr, F585H B i
S ZZ 1A 129, CsPbIBry 858k 5™ B 1 i CA 43
TR UK 73+ BHE 2, Reig 4 il oK o+
ZEk CA ZHE AR 2 NG B 17K 2 F 3R
FLERE LRSS . I, CA N ARENS WL
CsPbIBr, #5EkH IR A Fee PE.

-

K 4 RWAFAEIRFE R 30 °C MIXHEE N 85%
123 S H ) CsPbIBr, Al CA-CsPbIBr, 454k 5™ i
TEAS RN E] 5 B XRD #£R. /KT BIFFAEREs
HICHL CsPbX; 858K 0 #H ) 55 8K AHFE A2 . A
E 4(a) R EIRE R T LIE ) 4l CsPbIBry, £5%k
W IRAE 30 °C. MIXHEE 85% Y23 S M5 o v 77
90 min, FREEE HHERLAS M . XN A XRD
ot W] CsPbIBry A5 f 37 7 AHES BK 0 fh iR 45
¥4 58 46 A S AR B Bk 454 . X 1B 4li CsPbIBr,
5 R E e R R B b B S5 A RS MR 25 T
CA-CsPbIBr, 52K I i 2 B A0 S 1 B2 1k
mE 4(b) frzs, BIEFE 30 °C . AHRHEE 85% HIFR
BEhIt ¢ 120 min, BRI EREANE. XINH) XRD
2R CA-CsPbIBry AR R IFHAT IS ERH™ iy
R 25 #4). CA-CsPbIBry #54K 8 2L A7 I8 S s 1
B EEFRJE CA 43 T1E CsPbIBr, £54KH i 1fi
TERL TR BHPY)Z P, AP 7K 53295 CsPblBr,
FHERD RPN | A AR ZE RO T P A AR AR A1,
CA 1 C=0 5 Pb**#HEAEHREWS Eifk CsPbIBr,
FHER AT i LR AL B R BC AL P25 B
XL AEISHE B CA-CsPbIBry 558k it fa i o 1261,

1 5(a) & 5(b) ZUTARE] FTO/TiO, HEIEHY
4fi CsPbIBr, Fl CA-CsPbIBr, #54k5" 51 SEM Mg
R 4 B2 X B CsPbIBr, il CA-CsPbIBr, £5
BRI SEM FE A, 8 5(a) FMH4l CsPbIBr,
FEERE I 2L HLRE | Sk SE/ SRR S A
CA J&, CsPblBr, #5EK 4™ B5 i 25045 21 B b e,
3 T B0E R SR RS ek R D

B 3 CA-CsPbIBry £58k 1™ 45 i IR (1) I8 il ad i m & ]

Fig. 3. Schematic illumination of the formation procedures of CA-CsPblBr, perovskite film.
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[} CsPbIBr, F5EkH 5. X LT SRR EA A T 05
BRI 5 25 AL i 2 B S T4 ke, i e A%
i, VB ER T REE PN LS THT 1 %ﬁEA AHH T4
T SR K PHRE F b () e FL M RE . 18] 5(c) A
f) CsPbIBr, 1 CA-CsPbIBr, £54k8 E ) XRD h
£k, WTLIF H, PifP CsPbIBry $5458 5 H XRD i
LRHRLE 26 M 15.01°, 20.85°F1 30.16°4% H BLEH WA
SRR XFRE ST 5 A (o AH)CsPbIBry #5%K6 Y (100),
(110) F1 (200) fh . (H2, K 5(c) 7T LI H,
CA-CsPbIBr, #5841 XRD 7 5 04 5 B B I

T4l CsPbIBr, 58k5°, 2B CA BmA$E S T
CsPbIBr, $58K0 145 i B2 X F 22 H T CA
ABEAE T CsPbIBry 855K 145 5 2, MR 45
Al TR A A AR AR T R S B, R A
TE LB e /0 1 e o £ AR . 53 4h, CA-CsPblIBr,
(1) XRD [k 38 Hh B Al 2% oo, oA 3
XPRE CA A5, R ITINARY D i CA B it
A CsPbIBr, $5k8"™ 1§k, i34 T CsPblBr,
FHERD RS it AURN R 1T

(a) —— 0 min
—— 90 min
wn
=
g
=
¢ dWMMNM
o
2]
~
>
B
‘B
<)
3 ‘ -
s |
|L_._._._;\_._..‘._-A-...J|-—\.._H.-._._~'\._,_
10 15 45
29/ . )
(b) —— 0 min
—— 120 min
w
=
g \ J
3
- Y Y S —_——
—
@
S~
>
2
‘B
=]
8 .
- }
L 2. ._J‘L —

10 15 20 25 30 35 40 45
20/(%)

Fo4 ATRIRES 30 °CL AEXTIRIE S 85% 2SS FRbE
ARl E] 258 (a) CsPbIBry Al (b) CA-CsPbIBr, #58k4m I 1Y
XRD £k (3 [ 0 % 1% i CsPbIBr, Al CA- CsPbIBr,M8 A7)
Fig. 4. XRD curves of (a) CsPbIBr, and (b) CA-CsPbIBr,
perovskite films stored in the air with a temperature of 30 °C

and a relative humidity of 85% (the insets are the photos of
CsPbIBr, and CA-CsPbIBr, perovskite films).

CsPblBrs,
TiOy
FTO 500 nm

(¢c) —— CA-CsPbIBr,
—— CsPbIBr, |

Intensity /arb. units

10 1.5 2.0 2.5 3.0 3.5 40
20/(%)

& 5  (a) CsPbIBr, & (b) CA-CsPbIBr, $54k %" I ) SEM

B8R, 4 (€] 2 40 SEM B8 F; (c) CsPbIBr, & CA-CsPbIBr,

FSERET K XRD £k

Fig. 5. SEM images of (a) CsPbIBr, and (b) CA- CsPbIBr,

perovskite films, the inset are the cross-sectional SEM im-

ages; (¢) XRD curves of CsPbIBr, and CA-CsPbIBr, per-
ovskite films.

&l 6 s 2l CsPbIBr, il CA-CsPbIBr, 52k 4"

LA AT WL OGS RS PLOGIE. ATLLE
i, 4li CsPbIBr, Fl1 CA-CsPbIBry EL A #H [] 1Y 1
e, A CA M B 520 CsPbIBr, £54k
WA, (H2, ;1T CA MA3RE T CsPbIBr, 45
PR MY ot N EUE RS, At CA-CsPbIBr, 5
R B 1) S A B R T4 CsPbIBry #54K 8™ .
[, & 6 for, CA-CsPbIBr, 554k Y PL G
T BA 4 T4l CsPbIBr, 454k 6™ 15, %81 CA
IMAKFKIFE D T CsPbIBr, F58k - b () e 4R it 2
EEAL BAN, FBRET CsPbIBr, 4543, CA-CsPbIBr,
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Fig. 6. UV-Vis absorption and steady-state PL spectra of
CsPblIBr, and CA-CsPbIBr, perovskite films.

% H meso-n-i-p H 25 ¥, VLT 25 19 CA-
CsPbIBr, £ K4 B Ry S W e b1 L, 20 %< 2544 R
FTO/TiO,/CsPbIBr, S5k I /i J2 i ik 3 T AL
PR R FHRE F . Pk 2 B 25 UL i 2 R
A AER. 78 100 mW /em?(AM1.5) B BH
RGN HOG LR RE. K 7(a) B AUER
CsPbIBr, Fll CA-CsPbIBr, 55 %k ™ A BH & . 1th 75
T ) FR S 1] 48 S5 AT DA B 6 H U 25 B -HE s
(JV) #hek. i VIR R IR SR (V,,). 5
FEHEE (J.) AR F (FF) AR ERSeR
(PCE) %1773 1. [AIi}, [A)4E 10 e -2t 2
By T3 1. & 7(a) MIFE 1 £, 4 CsPbIBr,
PR R FHBE B DGR RS, I Il 4 A5
() L 1 % = PCE A 5.34% (V. = 1.07 V, J, =
10.62 mA /cm?, FF = 0.47). 24 CsPbIBr, £5%k# i
A CA J&, it vEGE i 4. CA-CsPblBr,
FEERHT A PHAE FEL it (1) i 5 PCE 35 8 7.52% (V.
Joo X FF 43 51 #2755 5] 1.08 V, 10.88 mA /cm? fll
0.64), M4l CsPbIBry £54KH™ K FH AE FL R 2 &
T 40%. [FH}, CsPbIBry 58k K BH fi H 1t 2 1
HB IR AR RO, AR i LR (D) o 22%. 4 CA
PSS, v 3R i %00 B 2 0855, CA-CsPblBr,
PR K FHRE LY HI S 7%.

i F R4k, CA-CsPbIBr, #5%4k 8™ K BH
FIE FH L ) ' FRL A R SBORR I T S LR SRR T 41z
TE 1) o R AR A PSR, AR SCHRE T —

B AR A v CsPIBry 45 kA I 3 1 4 7
A 4R OIS B K FH RE FL it F M e AR AL T
— SR . AR E X R A T O AL (i T
FE4F), CA-CsPbIBr, £5Ek 4™ K BH g H fth (1) ' H 1

(a)

Current density/(mA-cm~2)

0. -'&
CsPbIBr; (forward) "*::h
3+ = CsPbIBr; (reverse) %, Y
CA-CsPblIBr, (forward) R ¢

= CA-CsPbIBr; (reverse) hli_r_u
O 1 1 1 1 I\
0 0.2 0.4 0.6 0.8 1.0
Voltage/V
1500
Ryec (b)
1000 A CsPbIBr, Crec
g -ty
S - L]
N - =
) 2 3
500 &  CsPbIBr, .
- e LY T Ll
» o - !
; . 3
n
NI AN W
0 500 1000 1500 2000 2500 3000
Z'/Q
1.0 pu- A ()
= » —--I‘.___—_:‘_—_::_-::__._ .
.
= 0.8F
O
[al)
T 06F
B
=
E 04}
3
4
0.2 « (CsPbIBry
+ CA-CsPbIBry
0 . . . .
0 200 400 600 800
Time/h

¥l 7 (a) CsPbIBr, fl CA-CsPbIBr, 45 4k 4 A BH AE B b 75
TE 1] 12 1] 45 48 A% 4 R DA B Ol o U B -HL TR (- V) e
2&; (b) CsPbIBr, il CA-CsPbIBr, #58kH™ K FHBEH It Nyquist
M £e; (c) &8 B, K% £ CsPbIBr, Al CA-CsPbIBr,
5 BRI FH B L TH 549 D' v 2 45528 S L N 1] £ 72 A o

Fig. 7. (a) Photocurrent density-voltage (JV) curves of
perovskite solar cells based on CsPbIBr, and CA-CsPbIBr,
perovskite films measured under forward and reverse scans;
(b) Nyquist plots of CsPbIBr, and CA-CsPbIBr, per-
ovskite solar cells; (c) variation of PCE of perovskite solar
cells based on CsPbIBr, and CA-CsPbIBr, perovskite films

stored in ambient air.
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% 1 CsPbIBr, fl CA-CsPbIBr, 5k A FAfE H b 57 T Hi far &4 i BELR IE 1) AU [ AR O S L S 80

Table 1. The recombination resistances (R,..) and photovoltaic parameters of perovskite solar cells based on CsPbIBr, and

CA-CsPbIBr, perovskite films measured under forward and reverse scans.
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Enhancing quality of CsPblBr, inorganic perovskite
via cellulose acetate addition for high-performance
perovskite solar cells”
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Abstract

CsPbIBr, perovskite has been considered as a promising candidate for the light-harvesting material of
perovskite solar cells (PSCs) due to its acceptable band gap and high stability. Nevertheless, the efficiency of
CsPblBry-based PSC still lags behind that of its homologs and is far away from the theoretical value. This can
be attributed to the poor quality of CsPbIBr, perovskite film. Therefore, it is highly desirable to improve the
quality of CsPblIBr, perovskite film for enhancing the photovoltaic performance of CsPbIBry PSCs. In this work,
cellulose acetate (CA) is used as a polymer additive that is introduced into CsPbIBr, precursor solution for
improving the quality of CsPbIBr, perovskite film via controlling crystallization process. The interaction
between the C=0 group of CA and Pb?' in the precursor solution and the enhanced viscosity of precursor
solution induced by CA addition reduce the crystallization rate of CsPbIBr, perovskite. As a result, a compact
CsPbIBr, perovskite film with high crystallinity, large grain size, and low density of defect is prepared. The
remarkably improved quality of CsPbIBr, perovskite film upon CA addition can be attributed to the relatively
slow crystallization rate. The slow crystallization rate allows the perovskite film to have enough time to form
perfect perovskite crystal structure with large-size crystal grain and low density of defects. Furthermore, the
oxygen functional groups of CA can passivate the undercoordinated Pb?**, which effectively suppresses the
defects and traps induced by Pb%** in CsPbIBr, perovskite film.

The stability of CsPbIBr, perovskite film is also greatly improved by CA addition. The added CA does not
participate into the CsPbIBr, perovskite crystal but distributes at the grain boundaries and, or, interfaces area
and forms a moisture barrier around perovskite grains, which obviously enhances the stability of CsPbIBr,
perovskite film in the ambient air.

The carbon-based CsPbIBr, perovskite solar cells with a configuration of FTO/TiO,/perovskite film/
carbon are fabricated by using the carbon layer as both the hole-transport layer and the back electrode. Under
the illumination of 100 mW /cm?, the PSC based on CA-CsPbIBr, perovskite film delivers a high conversion
efficiency of 7.52%, which is increased by 40% compared with the efficiency of the device based on the pure
CsPbIBr, perovskite film. In addition, the PSC based on CA-CsPbIBr, perovskite film shows a hysteresis index
(HI) of 7%, while the device based on pure CsPbIBr, film displays a higher HI of 22%. This result demonstrates
that the CA addition can effectively suppress the hysteresis effect of inorganic PSCs. The stability of the PSC
based on CA-CsPblBr, perovskite film is investigated by tracking the variation of the efficiency with time in
the ambient condition. The fabricated PSCs without any encapsulation are stored in the air. The photovoltaic
performance is measured once a day. The efficiency of the PSC based on CA-CsPblBr, perovskite remains more
than 90% of its initial value after being stored in the air for 800 h, showing an excellent long-term stability.
Therefore, this work provides a facile and effective method of improving the quality of CsPbIBr, perovskite
films, which is expected to be helpful in developing high-efficiency and stable carbon-based inorganic PSCs.

Keywords: cellulose acetate, CsPblBr, perovskite, stability, perovskite solar cells
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