#4438 M Kot R Vol. 43 No. 8
20224 8 A CHINESE JOURNAL OF LUMINESCENCE Aug. , 2022

XEHS: 1000-7032(2022)08-1188-10

A/ BT DURS R 52 5 WS D 0 i e P g
REH,E W, R WE M, K £, HEE, T A

(R K e 5 FRHE B, WiT 6t 310018)

FEEE . A WA 0BG Bk LR S 1 e A VR RE B2 8 02 G T . AR, WEBE 45 22 1 R e R o 4 o R B
HA A AL R A, 5 EREAT T R A B R AR o FEAS AR b, K W AR D 1) 2 S AR 4 (NaCD 1Y
5 R T B PV R o e — 25 VRO AR AR R A K Y NaCl/CsPbBr 85 5K &2 G IR R 7 il B b gl A
FY R M TR (DMIS O ) I VR A6 A FG il A 45 7 RO 7 PR . WF 98 389, NaCLAT DMSO 1 b IR 7F AT DL 4 52 4 1
JE v R T 550 4R o M 0 O A SR 9 0 K G o 2 DMSO I B A4 A B L O 12 2 I R W S R o R A
MYERC KT, 90t FRORIE 48.2% . ILAM 4545 T NaCl I R & M AL Ak 4 S R S5, T il 4 1) 52 4 3 e .
A GO AR E M o IZ BT R AT ) T A S T AR s A E A S ] S e R

X 8 R SRR RS K SAbE; BOGrERE Rk
hESES: 0482.31 XERERIRAD : A DOI: 10.37188/CJL. 20220129

In-situ Synthesis and Performance of Sodium Chloride/

Cesium Lead Bromide Perovskite Composite Film

DAI Ke-cheng, ZHAI Yue', WU Na, MEI Hang, ZHANG Hong, ZHU Qiang-qiang, WANG Le’
(College of Optical and Electronic Technology, China Jiliang University, Hangzhou 310018, China)

# Corresponding Authors, E-mail: zhaiy@cjlu. edu. cn; calla@cjlu. edu. cn

Abstract: All-inorganic cesium lead halide perovskite film has received extensive attention due to
their excellent photoelectric properties. However, the poor stability of the perovskite film and the
use of numerous expensive as well as toxic organic solvents during the preparation process severely
hinder its commercial application process. In this work, aqueous solution is used as the solvent to
prepare a perovskite precursor solution containing with sodium chloride (NaCl). The in-situ NaCl/
CsPbBr, cesium lead bromide perovskite composite film is obtained by a one-step solution method,
and dimethyl sulfoxide (DMSO) solution is introduced to optimize the crystal structure and optical
properties of the composite film. It is found that the synergistic effect of NaCl and DMSO can change
the morphology of the crystal grains, improve the phase purity and enhance the fluorescence emis-
sion of the composite film. The composite film exhibits the optimal green light emission with the
48. 2% photoluminescence quantum yield when the volume ratio of DMSO and the precursor solution
reaches to 1: 2. In addition, benefiting from the effective combination of NaCl and the optimized
crystal structure, the prepared composite film has the enhanced stability. The design is beneficial to

the preparation of flexible, large-area and high-stability display fluorescence conversion films.
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Tab. 1 Reagents needed for the preparation of different pre-

cursor solution

CsBr/mg  PbBr,/mg  NaCl/mg H,0/mL
PS 85.1 146. 8 0 30
PS+NaCl 85.1 146. 8 3 000 30
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Fig.1 (a) Schematic diagram of in—situ synthesis NaCl/CsPbBr, perovskite composite film. (b) DMSO synergistic preparation

process
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PS/mL PS+NaCl/mL DMSO/mL
S1 60 0 0
S2 0 60 0
S3 0 30 30
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Fig.2 Fluorescence microscope images of S1(a), S2(b) and S3(c) perovskite films prepared with different precursor solutions.

(d)Fluorescence microscope image of S3 perovskite film with excitation of blue light.
T 9 & O e 5 BR R IIE W] T NaCl/CsPbBr, 85 8K 6 SR, B NaCl B9 & G DL & DMSO W B 51 A,
EA M IE R (E 2(d)) . I T X 0 1R O T AR, X — B AT LA
Kl 3(a)~(c) iy SEM IS 52 B0 A 6] J5oRE 470 1 e B0 A o 6 1 2 W R vhoi g2 38, g 7 3
Be L 25 7 °F il £ /) ST, S2 F1 S3 I Y 26 Tl B - b 3IE W] NaCl/CsPhBr, 55 £k 7 & & 45 44 1 JE B,
BLHIE SRR AE 5 B IO 45 R — 8. BRECT S3 MR h A B AEAR T Mok AT T R

P 3 I TIAS [ T K ] 46 B9 S 1Ca) (S2(h) 1S3 (o) B BB 8B (1 SEM IR, e v 2 A B4 T&1 A I 61 75 WL IR 5 () ~

(i) S3 I H B AN SfRE Y 9T 2 mapping B4 .
Fig.3 SEM images of S1(a), S2(b) and S3(¢) perovskite films prepared with different precursor solutions, and the illustration

on the lower left is the macro-photo of films. (d)—(i) Element mapping images of single grain in S3 perovskite film.
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Fig.4 (a)-(b)TEM and HR-TEM images of S3 perovskite films. (¢)XRD patterns of S1, S2 and S3 perovskite films.
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Fig.5 Emission spectra(a), photoluminescence quantum yield (PLQY) (b) and time-resolved fluorescent spectra(c) of ST, S2

and S3 perovskite films.
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Tab. 3 Fluorescence lifetime values of S1, S2 and S3
perovskite films
7,/ns A% 7,/ns A, 1% 7, /ns
S1 0.9 73.71 1.0 26.29 0.9
S2 5.8 48.91 23.0 51.09 19.7
S3 4.2 53.42 28.3 46. 58 24.8
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FH X IR SE F AP BE RS IR . 7 90 "CHRAbHR A& 1
L Ad FHAS TR Fe B9 DMSO 45 PS+NaClRiT 3K (AR
P50 09 124 1: 3 1: 2 0 1: 1) 5] 46 Wi A XRD [&]3%
WME 6(a) Jin . BRarJ7AHE) NaCl b IR fiT G sh 5
CsPbBr B4R AH JC A AT S e ] LA I rh 4k 2]
FH DMSO 1 AN 2 5% i fie 2 NaCl/CsPbBr, #5 4k

W2 A HBEIIE . A, NaCl fi AR i) & 1 177 5 04
SRR DMSO FH iR & 4= 7 3 B ik As . 24
DMSO 5 PS+NaCl 3K i AR B LU AR T 1: 3 B, (200)
i 1T R G (10 97 558 U iR 3 G 3 B o, 3X 5 A il
DM SO it il #5 1) S2 8 15 1) o 5 A7 559 06 5t T — B0
24 DMSO 5 PS+NaCl g SR R B Eb /5 F 1: 2 1),
NaCl f 4% 14 F5e 58 77 G 0 2 78 kg AL I 119 (222) it T o
X — 45 #4975 Ak U BT DMSO B ] 2 £ 52 i NaCl/
CsPbBr, 54k 0 &2 A W B v NaCl fh iR 9 B K 72 .

B A FH 2 R OGS A% 9 i 1R R
I ) 4 56 5 Y 4 A I3t 0t D o A2 45 Y P 11 28 6 1
PEAT 20T, B 6(b) & 365 nm G & T 3 Y 26
RGOSR B B A AR A SO I A
— [ 5 K SR LR B U 3 R % DMSO
AN 526 nm BEFEF] 522 nm. A, HoE
St S 3 it 5 DMSO W JE 110 188 R 52 0 2 348 o
Je U /D B B 7E DMSO 55 PS+NaCl AT SR A FR He
120 A TR O K S i B TR B AR5 Ut
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Fig.6  XRD patterns(a) ,

emission spectra(b) , photoluminescence quantum yield(c¢) and time-resolved fluorescent spectra(d)

of NaCl/CsPbBr, perovskite composite films prepared with different volume ratios of DMSO and PS+NaCl precursor solu-

tion(volume ratios is 1:4, 1:3, 1:2 and 1:1 respectively).

iR S B R 522 nme 6T A B fOE B S A5 4K
W ERL R I T i 48 28 A OC . A XRD K35 (&
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28. 4°4k CsPhBr, BHER A" FH AT 5T 04 Y o7 B 140 1 ] K
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6(c) K TE 365 nm HI & T A5 19 52 G T RS 114 2%
e TRCREE R, 4 DMSO 5 PS+NaCl R 3K i (4 1
o 1:4.1:3.1:2F0 1: 1 B}, NaCl/CsPbBr, 85 £k " &2
B 90 B T R0CR 0 0 N 29. 5% .43, 4%
48. 2% M 22. 7%,

E 6(d) A 7E 375 nm G & T 345 1 29O =
WG TE o BT 1R IR 2 AT TT LA FH XUHR £ ek £k
RGP A5 M Far R AR, WA
DMSO F & 1 38 fin, 38 B5% 1) - 35 75 A 52 B0 4 e
KGN a3, - 24 75 A B 43 51 o 31.2,38. 2,
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B0 A gk AR () BT 5 Y L N 104 1
58.41% BN E) 1:2 19 71. 81%, i 5 2% i T 7 K
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Tab. 4 Fluorescence lifetime values of NaCl/CsPbBr, per -

ovskite composite films prepared with different vol-

ume ratios of DMSO and PS+NaCl precursor solution

7,/ns A,/% 7,/ns A, % Tdvg/ns

1:4 7.5 41.59 34.8 58. 41 31.2

1:3 6.4 28.31 40. 16 71. 69 38.2

1:2 7.1 28.19 42.8 71.81 40.6

1:1 4.2 53.42 28.3 46. 58 24.8
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B % i
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FI54 0 , 75 DMSO 5 PS+NaCl ¥ iz i i 4 1 1 h
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Fig.7 Fluorescence microscope images of NaCl/CsPbBr, perovskite composite films prepared at different temperatures
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