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X FLE

TXFE OB

(RS E R E IR 5 TRAEBE, [ 200240)

(2019 4E 3 1 5 HYH; 2019 4E 4 A 4 HUEE M)

A HL-TCHLAR A B KA A AL FH B 1 420 B 7 BRI A A F S AR B9 e 2 AN AR e 1, T2 JoHLES
R A MARA b i e e o3 R R ). (HJE, LB SR TR IR AR AT, A5 AR S L = IE P 6 A
ARSCLL CsPbILBr 4 TEHLEG ERET % G, W58 AS ) i B 1 88 1) A7 AL B £k 26 1T Ak BT T 5 SR S AR E P A 68
JCHLPERE AR R SUG 45 SRR, A DL AR A 4 I T 2 O B B AR RS E PR b, Y AR T B Ak
if, CsPbI,Br 2 JoALES PR 2 B M fe CE B RR AR S V. Bl A LAl T 8k Ay Ak P B2 A9 38 I, %5 BRI A A2 P i
— ek I B E AR T B b B CsPOLBr W BRI, $5 Pk R R E T BB T XA e A 2 f
A0 BELAS, AT DLARAS O R AR AR B2, & H A ILBH B 2 RERE 4 v A TCMLAG B i A8 JE 1, SURERR

HHIERTERE.

R AGEROTRPHAE L, IR, ek
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BT HIE K 2D F5EK8T. Wang &8 P iE 5 A
PLEHE X CsPbly 4 TCHLAS ERA™ #E 47 R AL 3,
SEBE T AE CsPbly 2 TCHUAS BT R A S5+ 2
A HLEHES . 1R By F R TR e oLk
WA VRASE P R [l oA etk 1 A ER T 1Y)
FIEHFE, BF I TR, Yoo il Park
WA R G PEAL T AL A e e e 1) i S BE X T
A HL-TCHL 2% A 85 KA F, O F, i [l 58087 ) 52 i
R IR B e Bl B L RE 1, Xy [T 8007 ) el B
R AR ICEI CsPbLBr AW X4, % H Mg
AL, PRI T BRI = ML TR X A R Y
HEATRIAAL PR, PRI )B4 B B X B Bhn™ v
HREASF FRAR A PR 20 . SIS R W Ik B B
i Witk T8 (butylamine iodine, BAT) 7] L) I
FHR SR IR AR E M. TR A b 2H S
TRIE T AR M HIX TG P RE RS2, 150 AL
AR 24 mg/mL.

2.1 HPbI,,  BI&K

¥ PbL, 5 HI (57%wt) #% 1 = 1.4 /R HEIR
A, BT NN-H IR EEE (dimethylformamide,
DMF) 1, JKIGHERE 2 h. vKis B 45 3 5 7= B e
70 °C THEZE. W78 K 50 4 e N BT AR 1) ] {4 3k
3 N o =2 R SN R ) 5 N S AT N
AT 50 C fEIEA T4

2.2 AiRECH

WAL iR L 2 1 ¢ 1% Csl, HPbI,, ,,
PbBr, 184, T DMF H, JEJ§ 0.5 mol/L CsPb
L,Br AjIRAVA .

SRy AN TR B Bl e o 5 R 2 R T Y 5
M), R4 2 T AD BRI %) 28 3 VAR JE, TRC T AT A
1) 2 mg/mL i ft. £ # (ethylammonium iodide,
EAI) 4 415 (EtOAc) %W ; 2) 2 mg/mL flifk
W (propylammonium iodide, PAI) Z. & £ B %
#; 3) 2 mg/mL BAI LR OBRIFW; 4) 4 mg/mL
BAI ZFRZBEA; 5) 8 mg/mL BAI ZFROFRIAT.

2.3 SRME%E

¥ TiOy/FTO £JEF 70 C k& bk,
1 CsPbIL,Br i SKAARF M AE 3000 r/min % T JiE

530 s, BEURTEILIK b, MR ATIRIRTHEIE, 78 150 C
TR K 4 min 15 BIGAR A ESER AR A Rk
BE R BLER TROE VR 5 2 TCHLAS Bk TR 1w, o
B3R 3000 1/min, BEWRMTEIDA 30 s, Frfs A
100 °C FiR:k 4 min. FRE2S7ULHAEL (0.1 mol /L
Spiro-MeOTAD S A%, 0.035 mol /L AU T L4
(Li-TISF) Z i i W 0.12 mol /L 4-40 T & it i
(tBP)) BEWR TA5 AR )2, HAiels &0
BB H A 500 v/min, BELRITEA 2 s; SR 5 e
4 4500 r/min, FELRETEN 25 s, B2 7UEHE.
o J 3 Ak AR R BRI O XA 28 7 U i /2= TR
Ag G @, Hib Ag J2EEE N 100 nm.

2.4 TEBENNRK

FHE AN AT WL 435656 B THI 5 W B OGP . ]
X A ST (X-ray diffraction, XRD) il Fr il %
i) CsPbL,Br MY fh R4 1. 34 i 7 sl
(scanning electronic microscopy, SEM) il CsPb
LBr MR LS. 1 CRERETE AM 1.5G,
100 mW /em? FRIfERBHOGIRA Bl , D 5508
9 3 ADGIE. G IERCE (incident photon-
to-electron conversion efficiency, IPCE) t IPCE
IS

3 EBERLHITH

3.1 $RELFREAEIEENZI

XF#iiil CsPbL,Br MR TASRIRREE (1 Bk b
T3 2R Ah- T LI XRD Sk #2545 AN ]
B B ER AT R SRS S A . 1] 1 (a) WK,
i bR AR I RS A R LIRS T AT K A
A%, S1E 670 nm 224 —WOGh, 23 CsPbl,Br
FHER MRS, BERHAE I R O R AR Y I
Br #7235, K 1(b) &8 EAIL PAI, BAI Zb# )5
AT XRD 3% -5 oAb B — 20, AN R BREE Y
FHHLBAE FXt CsPbL,Br 854k AbBRRT , Jf-4 & A=
BT HIE A 2D FHERe I, FURFERS R R
TR T BHES Famdetl, X —M Gt 5 e i pr o 45
FARFFA, BTSSR CstIH & F i H AR
T, Noy KA BT

R T RGN B R X 5 A R RS M 1
SO PN TS ) B R AL T i i A O LS ks A
HTRER 25 CAHXBEE (relative humidity,
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B 1 KRALFR . EAI, PAI I BAI AL 35 Y CsPbL,Br &
(35% RH, 48 h); (d) XRD K # (35% RH, 48 h)

(a) ZEAMAT WL OGIE (Bidil); (b) XRD B3 (c) 25T WO

Fig. 1. (a) UV-vis spectra and (b) XRD patterns of CsPbL,Br films under EtOAc, EAI, PAI, BAI treatments, respectively. After
placed in 35% RH for 48 h, (c) UV-vis spectra and (d) XRD patterns of CsPbI,Br films under EtOAc, EAI, PAI, BAI treatments,

respectively.

RH) J 35% BYPAE 48 h. siliad (] 1(c) Ze4haT Ik
WIS &I, RACFE . EAT F1 PAI Zb 35 (9 CsPb
LBri#f JEI7E 450 nm 2247 H B 6 FAW I, 2 0 i
JE E 28 & AR AR 7R 291 1] BAT 403 % CsPbI,Br i
JIEE 1% Wiz 5 397 1l CsPbI,Br 18 BE AH b T B 2 28 4k .
K 1(d) XRD &% g 7R 5 BAT ZbBEAN, HA 4
HITE 10°H B & ARATT ST, 5 285 A] WO 1%
SR —F P LA R R, 5 EAL PALAM L,
BAT 4bBEREGS = 4 TOHLES B0 RS e A e .
FEF UL Evhe, #E— 850 BAT ¥ BEXT b
RIS 1 CsPbL,Br 4 TCALES Bk MR A 14 1 52 i)
KL, %8 BAL R CERE R B 530 0 0, 2,
4,8 mg/mL, #EFTXFHSLE, Z5 R MK 2 s,
K 2(a) WA R E BAI 25 Y CsPbL,Br
FEf W AT T ZR AR B, GIE B BAT &b B RE X
CsPbLBr i BRICH M. K] 2(b) 27~ X4 1 B 7E
35% RHZ AW EE Tk E 48 hm, RALH Y
CsPbL,Br # E7E 450 nm &b 1 3B 564 6 FHM I

W, %53 BAI ALY CsPbI,Br v ik 34 JC B 4%
fb. & 2 (c) FEl 2(d) 7~ 2 mg/mL 1 4 mg/mL
BAT &b P9 85 8K 8™ 3 B FE 43 0] 2 5% 56 h A1 64 h
J&, 7 450 nm A EUA Y & I, 1 8 mg/mL
BAT (4B ARA I R B 521 & ARARAE. x5
BBl A BAL b PR B 9 $2 5, 454Kk 2% 14 AL FH
BT R EAH15 CsPbL,Br £54k4 i iR 2 1
B . K 3(b)—(d) 1) XRD K% %, Tt
BAT Ab R ASERT MR AE 48 h i B & AHAERAE 1
(10°), T 4 mg/mL F1 8 mg/mL BAT &b 353 51| 7E
56 h Fl 64 h B, XRD 455 5240 WL
IG5 R—3 Fibsegh 2 Fur A Pl BAT 4b
P CsPbL,Br #5881, F54K0 2 244 HILFH & T
FEAL I iR 08 1 2 5 R AR E M P HR AR
ML, BA Ry iEL B CsPbL,Br 75 [ i
TR & FHRFIFIGSREE HEARZE BAT AbFEAY CsPbI2Br
Bof fff Jo 1) & AH I T iR, 3 B X S i SL AR 1 BA X
F CsPbL,Br 55k (1 B A i B AT 5 5.
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(a) 0h —— 0 mg/mL BAI (EtOAc) (b) 48 h —— 0 mg/mL BAI (EtOAc)
—— 2 mg/mL BAI (EtOAc) —— 2 mg/mL BAI (EtOAc)
—— 4 mg/mL BAI (EtOAc) —— 4 mg/mL BAI (EtOAc)
(

—— 8 mg/mL BAI (EtOAc)

400 500 600 700 800 400 800
Wavelength /nm Wavelength/nm
56 h —— 0 mg/mL BAI (EtOAc) (d  64h —— 0 mg/mL BAI (EtOAc)

—— 2 mg/mL BAI (EtOAc)
—— 4 mg/mL BAI (EtOAc)
—— 8 mg/mL BAI (EtOAc)

Absorbance/arb. units

Absorbance/arb. units

—— 8 mg/mL BAI

EtOAc)

T T T
500 600 700

—— 2 mg/mL BAI
—— 4 mg/mL BAI
—— 8 mg/mL BAI

EtOAc)
EtOAc)
EtOAc)

_~ o~~~

400 500 600 700 800 400 500 600 700 800
Wavelength /nm Wavelength /nm
2 £ 35% RH &SR, R EE BAI AP 5 CsPbLBr i B 76 A [F) 2 8 I 8] i (9 58 S0 7T DLW IS5 (a) O by (b) 48
(c) 56 h; (d) 64 h

Fig. 2. UV-visible absorption spectra of CsPbl,Br films under different BAI treatments exposed to 35% RH environment in air after

various exp

osure time: (a) 0 h; (b) 48 h; (c) 56 h; (d) 64 h.

T
(a) —— 8 mg/mL BAI (EtOAc) (b), —— 8 mg/mL BAI (EtOAc)
1
£ £ '
E — 4 mg/mL BAI (EtOAc) E — 4 mg/mL BAI (EtOAc)
3 3
2 z
~ ~
b= —— 2 mg/mL BAI (EtOAc) B —— 2 mg/mL BAI (EtOAc)
z z
£ £
= l — 0 mg/mL BAI (EtOAc) = : — 0 mg/mL BAI (EtOAc)
1
10 20 30 40 50 60 70 10 20 30 40 50 60 70
20/(°) 20/(%)
() 8 mg/mL BAI (EtOAc) (@) —— 8 mg/mL BAI (EtOAc)
1 1
2 ! K Ao 2 ! AA_ y W -
I — 4 mg/mL BAI (EtOAc) E — 4 mg/mL BAI (EtOAc)
g I g A |
E E
B 2 mg/mL BAI (EtOAc) B
—_— m; m
=2 g = —— 2 mg/mL BAI (EtOAc)
g g
- B
\ h — 0 mg/mL BAI (EtOAc) ' — 0 mg/mL BAI (EtOAc)
1 1
1 1
10 20 30 40 50 60 70 10 20 30 40 50 60 70
20/(°) 20/(°)
Bl 3 7 35% RH A SHIE T, ARIHSE BAL AL PG CsPbI,Br 8 B 26 A [A] 5 22 1) (8] Bf 19 XRD 3% (a) 0 h; (b) 48 h; (c) 56 h;
(d) 64 h

Fig. 3. XRD patterns of CsPbL,Br films under different BAI treatments exposed to 35% RH environment in air after various expos-
ure time: (a) 0 h; (b) 48 h; (c) 56 h; (d) 64 h.
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fiiHH SEM WS Rk B R AL RS CsPbl,Br
W LSRR . anlEl 4(a) AN 4(b) Fas, CsPb
1,Br R0 WA A ALY, (HR SR ok R/
A, SRR SEZ) K 50 nm, BB, A
WY BAT AbFE S, CsPbLBr 54k ik K /N%
A B I, (AR ORIV BN A), R
A AR . X B BAI ARG & T S A
FRAA, (R AR E— D3 R BAT AR
A BFEM. I H BAI 4 H 5 ) CsPbl,Br j# A
HL T U R B T S AR 22 5 iR AR
M 4(c) RN 4(d) AT LIE H, & BAT ¥ N
#] 4 mg/mL f1 8 mg/mL, FEEKA kLK /NFRA
HE— LN A5k, BAT e B i s 22 10 1 30
SRR E, 3 A AILBH B T A R T Ak
i VAR T R S I ) L 2A TR

2BAI-CsPbl,Br
200 nm

Pristine-CsPbl,Br
200 nm

8 BAI-CsPbl,Br

200 nm

4BAI-CsPbl,Br
200 nm

4 AR ¥ FE BAI A5 CsPbL,Br 3# 5 () SEM &l %
(a) 0 mg/mL; (b) 2 mg/mL; (¢) 4 mg/mL; (d) 8 mg/mL
Fig. 4. SEM images of CsPbl,Br films under the various
BAI (EtOAc) treatments: (a) 0 mg/mL; (b) 2 mg/mL;
(c) 4 mg/mL; (d) 8 mg/mL.
3.2 =R MERENK
Fiz1 FTO/Ti0,/CsPbl,Br/Spiro-MeOTAD/
Ag WRIGRFAA A1 AL, XF EAS Rk BAT 4k
S ) CsPbLBr #5867 K FHAE I RE. a3 1

FE 5 Fis, MUKW BAL (2 mg/mL) b3
CsPbl,Br #ERS, £OURSEAK, BEIZ 5%
PR B ARE AR FF T 0K 2 BAT Ab BRIk B 4 15
F] 4 mg/mL Ml 8 mg/mL A}, #5{FRCRIA B T .
X FZIR N BATALHR AN G, 856K K1
B HLBH T 208 R 2 BELRS H o (4 £, DT (75 2
% HL U S RRAIC (6 1, v Sk S B L R
Uy NIFEEHLE, FF NI T, PCE Mot
B, TR L T T R

=
w

190000900000200000000094,,,
")
%

—
=l
L

—9—0 mg/mL BAI (EtOAc) ° %
1—e— 2 mg/mL BAI (EtOAc) s

4 mg/mL BAI (EtOAc) ?
—o— 8 mg/mL BAI (EtOAc)

Current density/mA-cm—2
wt
©

0

T T T T T
0 0.2 0.4 0.6 0.8 1.0
Voltage/V

[# 5  AEHE BAI 4L B CsPbI,Br 55 8k 67 K BH g f it fk
R 2

Fig. 5. Voltage-current characteristics of CsPbl,Br per-
ovskite solar cells under different BAI treatments.

4 % i

AR SCHRGE T RIS K B 19 248 EAL PALL
BAT 2 [fi b 6 4 ToHLAS Bk i v By v v 5 A e
SEPEMRZ . SCU0 25 R e I K e 5 £ £k BAT mT LA
R S AR IR e M. LR R T B SR R T
ER AN, A MLA B 1 e A ) 2% T EL P R A
22, WA BREE S BRI, T8 LA Loy )2 Kt
s, IR B ESERD F IR . T, 3
ATt — 2 45 2 1 AL B BAT B9k, X oAb 21
Jo S R VRS AR E P, R P BAT MR B R
Xf CsPbl,Br WA M i 4 bl B . 2 L4 mT g

# 1  RFEVKEE BAI 4 ¥ CsPbl,Br #5880 K FHRE LIt OGRS (B 32 MEEM ()

Table 1.  Photovoltaic parameters of CsPbI,Br perovskite solar cells under different BAI treatments (average of 32 devices).
RS Jo/mA-cm ? Uye/V FF/% PCE/%
0 mg/mL BAI 15.7 £ 0.13 1.05 + 0.015 69 + 3 11.4 + 0.6
2 mg/mL BAI 15.8 £ 0.1 1.07 £ 0.01 68 + 1.8 11.6 + 0.4
4 mg/mL BAI 143+ 0.1 1.05 + 0.01 68.5 + 2.2 10.3 £+ 0.37
8 mg/mL BAI 10.7 £ 0.14 1.04 + 0.013 66 £ 2.7 75405
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5¥E CsPbL,Br #58k0 {#ER L A HLei K )z
SERA G XT AR BAT ALY CsPbI,Br £5
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SPECIAL TOPIC—Perovskite optoelectronic devices and physics

Organic ammonium salt surface treatment stabilizing all-
inorganic CsPbl,Br perovskite
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Abstract

All-inorganic perovskite cesium lead halides with superior stability, suitable bandgap and high absorption
efficient have become a promising candidate for photovoltaic application. In all-inorganic cesium lead halide
perovskites, CsPbX; (X = Br, I) exhibits excellent photoelectric properties, which are similar to those of
organic-inorganic hybrid perovskites. The CsPbl; faces a challenge of unideal tolerant factor for perovskite
phase while CsPbl;_,Br, has better tolerant factor. Among them, CsPbl,Br is one of most popular candidates
because of its good thermal stability. Nevertheless, CsPbl,Br shows instability due to the phase transition
caused by moisture and lower efficiency because of defects. For all inorganic perovskite devices, the alkyl chain
length of surface treatment agent should be taken into account when using organic cationic passivation method.
In this paper, CsPbl,Br perovskite is treated with different organic ammonium salts to enhance its phase
stability. The experimental results show that a-phase CsPbI,Br is more stable with the increase of the alkyl
chain length. Butylamine iodine (BAI) among three kinds of surface treating agents is proved to have the best
defect passivation and phase stabilization effect. With the increase of alkyl chain length, the hydrophobicity of
the organic molecular layer increases, which plays a crucial role in protecting optically active CsPbl,Br.
Meanwhile, it is found that the stability of perovskite is enhanced with the concentration of the BAI solution
increasing. This should be related to the organic cation termination formed on the surface of CsPbI,Br film.
Solar cell devices based on the CsPbl,Br thin films treated with different concentrations of BAI are assembled
and then the effect of organic ion surface treatment on the photoelectric performance of batteries is further
explored. The experimental results show that when the concentration of BAI is relatively high (4 mg/mL and
8 mg/mL), the device’s photovoltaic performance decreases especially the photocurrent obviously decreases,
while the post-treatment process using 2 mg/mL BAI will enhance not only the phase stability but also the
photovoltaic parameters after defect passivation. Considering both humidity resistance and device efficiency,
this work demonstrates that the CsPbl,Br thin film with suitable BAI treatment can improve the wet stability

of perovskite, and enhance the photovoltaic performance.

Keywords: inorganic perovskite solar cells, moisture stability, alkyl ammonium salt
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