FERE: ¥IB% ¥ XX 2024 %= F 54 % 11 H1: 117311

SCIENTIA SINICA Physica, Mechanica & Astronomica

it X

ChERE ) Atk
SCIENCE CHINAPRESS

physcn.scichina.com
CrossMark

& click for updates

BIOR RS i AR A T 321842 Tl CsPbLBri5sEAf
25 R R Mt EE

IHE, TAS, B EEE, 2T

i KA SRR B, BN 121003
*PR RN, A, E-mail: wggiang@bhu.edu.cn; L7, E-mail: mfn@bhu.edu.cn

WA H3: 2024-01-18; 4332 H #1: 2024-04-03; F2% H i H #: 2024-08-15
B X AR R (G5 2180518 1)L T #E JT H i Wi H (45 : LZ2019003) %t Bl

THE wTAEAMRFNEEEFAENER, THCSPOLBrEEAA L 9 & —F 5B A B b th A7 £, 3 B CsPbl,
Brifh sk # f it 8 5 ¥t — 7 3% 5 CsPbL,Brh sk 7 A FH &b B ot o B PR RE B K $8 22— AR SCHE 3 aT KA R R T2
J4ZCsPOLBrof sk 7 By 4 A2, M B ¥ 4% B CsPbL,Bréssh# Rk fE R &. #4-F A K5 B fm A CsPbL,Briy
WARER, 4-F AL KRB #9-SHAE F 5 5 I 4K+ Po’ 18 42 3 o B2 A0 fF R (R 2 T 30 38 AR V8 0 P RRARRL F 89 242,
BOTRHBELERBEE K E, BT HHRT SRR EERGERAEKRER. RONEFRZ AR REE
KEESEYBREMR T A E@mE " 56D 8 E T ECPbLBreash g K. F7 4 3% oy 8% 2 0 = X % fr B CsPbl,
BreG k7 A FH &E W BUAT 14.08% 1 8 06 L AR 4 i 2. 3 0 45 R 5 R 45 o S PV R B AR 1 PR — A 4R T AL4S
A E P A FERE Wt Ot B B YR O

LA M A, %%, CsPLBra sk, o i i

PACS: 61.66.Hq, 68.55.Ac, 81.15.Rs, 89.30.Cc

il

ERBE5 K. X ERCIE 1 CsPI A5 ERAT K FH A i i ()
B2 R AN SZBR R ], FIBrf 7 BRI T 2 25 42

1 35l

F T LA 5 e B R E T AR S ' T PR R
TeHLCsPbX; (X=Br, DEERH #HEHL FRAESAREA
Sz |z e, Hoh, JEHLCsPOI A ERE IR
A, W RE 775, DR T ) 2% R CsPO LS AR A PH
H b LU I 21 % RO L B 4 R Y {H A CsPOl
BEARH 25 Z R T/ (~0.81), SUfs H g bk e Mh i 2,
TE 2R 5 R W 5 e 78 s BR AT B (~2.83 e V) I AR

HLCsPOX B4R M f2 e . Rk, BB &EW K
(~1.9 eV) I m A E PE I EHLCsPOL BrES 6 51 2 A
AT R SR, JEAER, JEHLCsPbLBrb Sk K FH g
MAAR R R R, Hot R Tk 17% ",

RUE CsPOLBrB Ak AR BHBE FEith LTS T 8
R, {H 5 IR RUR (Z124.4%) M LR A 5K
223X S ER fy T CsPbLBrid R {4 78 Hi i B8 45

IR TSR, FRTE, HYLK, 2 AR A TR 1 TENLCsPOLBrEG AR 45 b St L PERE. P EIRbS: MBI 3% ROCH, 2024, 54: 117311
Wang G Q, Wang D S, Chen K F, et al. Colloidal engineering of the precursor solution for the crystallization control and performance enhancement of
CsPbl,Br perovskite (in Chinese). Sci Sin-Phys Mech Astron, 2024, 54: 117311, doi: 10.1360/SSPMA-2024-0016

©2024 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSPMA-2024-0016
www.scichina.com
physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2024-0016&amp;domain=pdf&amp;date_stamp=2024-07-08

TS, PEFREE Y D)% RICE 2024 4E 54 B 11 M

T FR R R AR AR, N 2 S FE A LR, Ul
CsPbLBrib &kl IR G 2, 4 dhAN5e 3, AT 5] Ak
T F A A, 7E L P R R B R B R
[RlUk, 812 CsPbLBrs Sk 1 45 db i FE 2 & 1R
PEERA R R, AR G, REEt— bRt
CsPbLBril kA A FH Ak L Fa g, Baizg Al
W% CsPbL,Bri SR A 5 ¥ 1 il F 4% il CsPb L Breb 2K 1™
gt St R, B 7GR PR, S5 S I CsPbL,Br
FEARHT L, T4 2% (I CsPOL Bra £ H™ K FH g FLIB IR
PR A I S . Wang5 A\ UOE CsPbLBrf BRAA
HOIN (FOIE 28 — R R S 8 (CDC R i sfl, i
CDCI5 CsPbl,Brif 344 21 47 8] 1 AH EAE A I8 42 85 4K
W dn i F], W& T4 A D B
CsPbLBrES £k B,  Jir 2H ¢ 1) CsPb L, Brb £k K FH g
HA I L AR R R i 16%.

AR, CsPbLBril BRAAR A T (1 0 EE AL 2 1 Jof 2 5
M CsPbLBrb £ i 45 i ik T2 A 45 i o 2 ) — > St [R]
U CsPOLBrff BE A4 VA W AN 2 BLIE AV, T
AR 4> Bk 2. PR, 355 CsPbL, Brif SR AR VA v i
A 25 KA R VE IO B 85 A 80 S B 4 i 2. ARSCHE
CsPbL,Briilf SR A4 7 7 H I\ 4- AR L KR 5y (MOBT),
JHIIMOBT 5 CsPbL,Briif B A4 21 473 1) 5 AH LA FH %
[ N e Sl AR R UL A RS AN N TRV E
CsPbLBri &k H™ i A B A A A K 2. il 46 T 8K
B R0 IR B B CsPOLBreS ARA L. iR L 1A
R T R A, (R T . 458, P
B (T 45 AL B R B i CsPOILBrib £k 7™ A BH A i it X
2T 14.08% 11 B 3R,

2 MRIRFE

#0.213 g CsBrAl10.46 g PbLiA -1 mL - F JE T AK,
(DMSO)HF il %1 M CsPbLBriff k. 45, 1£.-
IR BT IR AA T P N4 wt% FIMOBTIR NG, $it 4k
T,

S FHFTO 3 ML B B 4 Oy 3¢ H R U i 48 5 B AT K B
RE M. 275G, K FTO S BB HEAT e I k. SR )5,
TEVE T IFTO S LI A U V-0, 40 B A oAb
15 min. JEIHEEKE0.15 mol/L I M ( 2 Bt P ER ) — 57
P EERIR IR £ B UTAR B AL 3 /5 FTO T FE B 3K
[fil, 450°C F #Ab#30 min R TiO, % 2. Bt ek

EIETIONEUH R R M TARTION FLZ, FH#E450°C T #k
ARFE30 min. 7£2000 r/min¥%# T, K CsPbLBril S A%
YT BITIO,)Z 3R I, 280°C T # AL H8 minfF . CsPbl,
Brii Bk 2. ), 18I SR K 1R 2 CsPbL,Bri
KA E 21, 100°C R AL 15 minff Bk Ak, 755
T 25 T A 2 Bk HE CsP L Brf K47 K A i FLit.

K% P2z MBS T MOBT 2> T i34, A
Gaussian09% - 7EB3LYP/6-31G* 40 /K F X MOBT
S FEEREATE. R FUV-370048 4h-1] 043560k
FETt. Smartlab SE X-SFZRATHHYANS-480037 K 43
T R TR S IR SR ARG R S TR SR
fiE. FHESCALAB 250Xi%4 % Fi T RIS AT X- 4 266
HL P REBE (XPS) /4T, 43 7 FH Perkinelmer féf B M5 6 21
AM(FTIR) G HEAXAFLS920% 3 't WA 3k 47 41 41 St i
A E R G (PL) Y g k. H 4k %% 43 BT 7E Solar-
tron1287/1255 AL % R Gt AT. FEAMILSBIHUK FH G
(100 mW/cm B 5 T, FIKeithkey2400% 525 #1035
FEL I 9 0 L R

3 RS

# PbI, A1 CsBri& T-DMS O 5 il % CsPbI,Brif
IR YA, Pb™ 51 AIBr HMC AL AR FF 501 1 B DK A4 v
W TERL T H[PLX,, " (X=Br, D KB ARF. —
WA O I8 CsPOLBrf A A, Wi 1(a) iR,
FEIER I — 2 B O R, X P BB T Ik R
J9 3 B CsPb 1, Bril e A v 2 I PR T 20 Bk &, T
ANREIERHEER. S4MOBTHI A CsPbLBrif ix {4k
WG, HTERMN RS, XERPMOBTHIIN
NS R DR A4 V5 VR HR TR R AR b T 5 M RR SE A T AR
. JE B J 2 EUR J7 VR B T MOBT I A X
CsPbLBrlf SR 4 I8 VR A kL 7 RF Je o3 A (R 5%, &5
RuE1(b)FR. HE1(b)ATLAE H, CsPbLBrif ik
TR AR T R SF E A IE1000 nm A2 A7,
MOTBINA BT SRR 5, 1000 nms A7 i A4k 1
AR IS, EBEIL T 1-5 nmf /N RS RAARL T,
oD RSE300 nm e A7 I RRL . IX R BIMOBTIY)
TN HI SRR R B Rk R AR T i, RS
e NS I = o IS v N VAL T D S B 5
MOBTINA 5 2 CsPbI,Brf SR 74 7 W AL T 70 i,
RSP R, 1 265 MOBT 43 25 6 e i b AT

117311-2



TS, PEFREE Y D)% RICE 2024 4E 54 B 11 M

—

With MOBT

,\
Z
w
o
!

Intensity (%)
3

o
1

-- With MOBT
—— Without MOBT

5 -
1 10 100 1000
Size (nm)

Intensity (a.u.)

—— CsPbl Br precursor
—— MeOBT-CsPbl,Br precursor

4.04

136

140 ' 144 ' 148
Binding energy (eV)

(e)

Control CsPbl Br precursor

Transmittance (a.u.)

eOBT-CsPbl,Br precurs

Transmittance (a.u.)
Transmittance (a.u.)

I
C-S S!H

T T T T * T
1000 1500 2000 2500 3000

Wavenumber (cm™)

T T —

3500 1000 1100 2800 2900
-1 &

Wavenumber (cm™)Wavenumber (cm™")

B 1 (M) (a) BTSRRI T 12 /R 808 s (b) BT SK AV IR A kL RO 43415 () MOBT 231 HL %4 (d) CsPbl,Br
ATOKAA . MOBT-CsPbLBriif JX {4 ) XPS Pb4flé; (e) CsPbI,Briii KA. MOBT-CsPbl,BriifJx{4 ZMOBTI{JFTIR %

Figure 1 (Color online) (a) Tyndall effect photographs; (b) size distribution of colloids in precursor solution; (c) electrostatic potential of MOBT

molecule; (d) XPS Pb4f peaks of CsPbl,Br precursor, MOBT-CsPbl,Br precursor; (e) FTIR spectra of CsPbl,Br precursor, MOBT-CsPbl,Br precursor,

and MOBT.
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Figure 2 (Color online) (a) Photos and UV-vis absorption spectra of CsPbl,Br precursor films with and without MOBT; (b) photos of CsPbI,Br
precursor films with and without MOBT during a annealing process at 280°C; XRD curves of CsPbl,Br precursor films (c) without and (d) with

MOBT during a annealing process at 280°C.
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Figure 3 (Color online) SEM images of CsPbl,Br perovskite films obtained from the precursors (a) without and (b) with MOBT; (c) XRD curves of
CsPbl,Br perovskite films obtained from the precursors without and with MOBT.
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Figure 4 (Color online) Schematic illustrations of the modulation of colloids and crystallization of CsPbl,Br precursor induced by MOBT addition.
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Figure 5 (Color online) (a) UV-vis adsorption spectra, (b) steady-state PL spectra, and (¢c) TRPL spectra of CsPbl,Br perovskite films obtained from
the precursor with and without MOBT; (d) SCLC measurements of the electron-only devices based on CsPbl,Br perovskite films obtained from the
precursor with and without MOBT.

X I il 2 CsPO L BrG £k B 1 Sk FE 04T 0 Hr. 5 (b) =2 T-4liCsPbLBrG 4L H i, MOBTHIT R A4 B CsPbL,Br
DUR R 2 A B R T S R0 I I AR S PLYGS . AHXT EEERA I A PLI 38 FE B B 3 v, 1 ELUE A FH 658 nmF%

117311-6



FHRS, PEERE: WY D) R0

2024 4E ES4E 11

FEMER P K652 nm. XK MOBTHI I 4 T A 1
CsPbL,Br &k H 5 4 IRk B R s b, RS R &
SRR, T A A n. @k A 2> BEPL
(TRPL) &5 5 KA IR 175 kAT 20 4. B15(c)
F 4l CsPbL,Brib £k B fE ATMOBT R B A4 B [ CsPbI,
BriGEkH B TRPLE . @ it Xt & 5(c) BT s I TRPL i 12
TR, THE HMOBTHT IR AA ¥ 1 B CsPbL, Brh £k A
JEFN 4 CsPbL B BRI 7 35 2 1 75 i 79 Joll /2 58.9
F114.7 ns, 32U BPIMOBT i 3R 4 F i ) CsPbL,Bri
BRI S P PR o S 2 e A AR ) o T DA
SCLCEHHATHE— 5 . K5 akn 4 il o f 1
A 5 (d) A E TR, BT INAR I A - LA
LR W EIS(A) TS, R LR FR G T AN N LR A
SR B T TR A PR PR gy SR IBE PR SRS 85 B2 (V) 7T LA
i RN=2¢, 60 Ve /gL ATV, Hothg, &, L5 R
SEREARHAT. B HEERL AT N U R
FE. BN Ve (R BRSBTS .
5(d) AT LAHE HH 2 CsPOIL Bréb &k B FTMOB T i 9% 1< JE
F ) CsPLBrA KA 5 ) Vpy 73501l 7 1.07410.62 V. 15
HIMOBT i} 3R A4 T B () CsP LB 41 1) it b B 2 3%
A BB LSRR CsPOL Bra kA IE A A T 2H 5

(a) 18

-
3
|

-
N
1

—=— Without MOBT
“I—e— With MOBT

©

o
|

_Devices  V_(V) J_(mA cm®) FF PCE (%)

Without  1.15 14.36 0.54 8.92
With 127 1584 0.70 14.08

w

Current density (mA cm’z)

o

00 02 04 06 08 10 12
Voltage (V)

(c) 8000
—=— Without MOBT
—e— With MOBT

6000 -

—"—¢

= 4000

-Z" (ohm)
%
N
%‘m
o}
P4
27

—n—u—y
_m ~u_
.

2000 ,/
[

T T T
2500 5000 7500
Z' (ohm)

T T
10000 12500

T R S R PH B FEI.

i) £ B CsPOL,Brh £k I 4H i 45 #4 N FTO/
TiO,/ B R /B H AR ¥ K PH B8 FEL. K BHBE FEIR B FE
PERELE AM LSRR B 6 (655 100 mW/em?)HE 5 ik
AT, B4 0 K BH BE FEth 1 ) FRL IR 2 B - L R (J-)
M2k a6 (a) AT, Fh ' e il 24t 1) K BH R FELt %
Sy T E6(a). HE6(a)rl LLEH, 2iCsPbl,Br
BERET K PHAE I PR RE A . JFRE R (V) K
PR () MR T (FF) 3l £&1.15 V,
14.36 mA cm “H10.54, Jt LR (PCE) A 48.92%.
T FHMOBT i X AR T 15 1 CsP L Brb £k ™ i 2H 2 ) K
FHRE FE b Ik RE I S 3R, V.., Jo, FEFIPCEZ) 513 i £
127V, 15.84 mA cm™>, 0.70F114.08%. HLMHAMET2L
F(EQE)M & (K6(b))F WIMOBT Hi it [ EQE{H W & K
T 4iCsPbI,Bri 4k B, HEQEWE M 41 H K
MOBT Hi, i 55 % FEL 7 25 2 915,37 mA em >, 5J-Vilh
LR N TH— B ITMOBTE AN K FH A
Tt HL P R S R IR L, X BT 4 2R Rt AT T LAk A
FHPTIE (EIS) FIMott-Schottky k.  EI6(c) A T2 %5 H
M Nyquist i 2%, 6 B2 X B 1 28 25 L. H 6 (c)
Nyquist #f £ 7] DL H MOBT B jth fty 5 1 52 & i B B

(b) 1.0-
i 15
0.8 . =
’ L12'g
—~ o
R 0.6 <
w s E
8 0.4 — \8
le B
©
02 l, 8
—=— Without MOBT =
—e— With MOBT
0.0 : - - 0
300 400 500 600 700
Wavelength (nm)
(d)
..............
&5 |5 e
L -
=]
Z = Without MOBT
“"Q e With MOBT
125V
8
112V b
\ L] - .
T T T T T
0.00 0.25 0.50 0.75 1.00 1.25
Voltage (V)

6 (MBI R) A & 14 H MOBTHICsPbLBrl X4 ] % ) CsPbLBrif £k i A BH At L L K (a) J-VEH 2K, (b) EQE & AHRAR

STHLEE, (c) NyquistEFi(d) Mott-Schottky i 28

Figure 6 (Color online) (a) J-V curves, (b) EQE and integrated current density, (c) Nyquist plots, and (d) Mott-Schottky curves of the devices based
on CsPbl,Br perovskite films obtained from the precursor with and without MOBT.
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Colloidal engineering of the precursor solution for the crystal-
lization control and performance enhancement of CsPbl,Br
perovskite

WANG GuiQiang*, WANG DongSheng, CHEN KaiFei, CHANG JiaRun &
MENG FanNing"

School of Chemistry and Materials, Bohai University, Jinzhou 121003, China
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Inorganic CsPbl,Br perovskite has been considered as a promising light-harvesting material for applying in photovoltaic
devices due to its high thermal stability and suitable bandgap. The high-quality CsPbl,Br perovskite films are the key
factors for fabricating high-performance CsPbl,Br perovskite solar cells. Herein, a high-quality CsPbl,Br perovskite film
is fabricated by controlling the crystallization process of CsPbl,Br perovskite by engineering the colloidal clusters of the
precursor solution. Due to the strong coordinated interaction between the —SH group of 4-methoxybenzenethiol (MOBT)
and the CsPbl,Br precursor component, MOBT introduction triggers the disassembly of the large colloidal clusters that
can act as the crystal nuclei to promote perovskite crystallization, which therefore reduces the nucleation rate and retards
the crystal growth of CsPbl,Br perovskite. As a result, a high-quality CsPbl,Br perovskite film with large grains, high
crystallinity, and few defects is obtained. The as-assembled carbon-based CsPbl,Br perovskite solar cell without hole-
transport layer delivers a high power conversion efficiency of 14.08%. These results demonstrate that the colloidal
engineering of the precursor solution is a promising strategy for promoting the quality of inorganic perovskite and the
performance of the resulting PSCs.

colloidal engineering, crystallization modulation, CsPbl,Br perovskite, photovoltaic performance
PACS: 61.66.Hq, 68.55.Ac, 81.15.Rs, 89.30.Cc
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