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Luminescence Properties of all Inorganic Perovskite CsPbBr,

Quantum Dots and Film Synthesized by Cesium Acetate
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(State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering, Jilin University, Changchun 130012, China)
# Corresponding Author, E-mail; zbl@ jlu. edu. cn

Abstract; In order to optimize the influence of reaction process on the quality of synthesized perovs-
kite quantum dots( QDs) and the QDs thin films, cesium acetate is used as the raw material for the
synthesis of precursors because of its better solubility than cesium carbonate. A series of properties
of quantum dots and films prepared under different conditions were characterized. CsPbBr; all-inor-
ganic perovskite quantum dots were synthesized by heat-injection with different reaction temperatures
and reaction times. The CsPbBr; quantum dot films were prepared via different spin coating rates
and annealing times. X-ray diffraction, absorption spectrum, fluorescence lifetime and TEM tests
were carried out on the prepared QDs and the photoluminescence properties of the QD films were
characterized. CsPbBr; all-inorganic perovskite quantum dots were prepared by using cesium acetate
with better solubility as the raw material for synthesis. It is found for the reaction temperature of 180
°C and the reaction time of 5 s, the quantum dots have smaller size of 8 nm and longer fluorescence

life of 8 ns with high crystal quality and absorption characteristics. CsPbBr; QD films prepared with
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rotation coating speed of 3 000 r/min and annealing time of 10 min have higher photoluminescence

intensity and smaller full width at half maxima. Compared with quantum dot materials synthesized

from cesium carbonate at the same conditions, quantum dots synthesized from cesium acetate as raw

materials and the QD films have better optical properties.

Key words: perovskite; CsPbBr;; quantum dot; XRD; PL
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B AR BOSREE A AF R G AE CsPhBr, B5ERH &7 SR W) TEM BHR, ROSIIR TR 5 s, ROV EE : (a) 160 °C, (b)

180 °C,(¢)200 °C,(d)220 C,

Fig.1 TEM images of CsPbBr, perovskite quantum dots synthesized for different injection temperatures. Reaction time is 5 s,

reaction temperatures: (a)160 C,
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Kl 2(a) . (b).(c) N 180 CRMIEET, X
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Fig.2 TEM images of CsPbBr, perovskite quantum dots synthesized for different reaction time. Reaction temperature is 180 °C ,

reaction times: (a)5 s, (b)10 s, (c¢)15 s.
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A A A i A A
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= s
=
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[ ! ‘I cead L
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20/ (°)

P13 AR SR ) AN ] B B BE 2% 4F F & LAY CsPbBry
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Fig.3  X-ray diffraction patterns of CsPbBr; perovskite quan-
tum dots synthesized for different reaction temperature
and same reaction time. Reaction time is 5 s, reac-
tion temperatures are 160, 180, 200, 220 °C, re-

spectively.
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W 4 %5 BBARMERT BT JCPDS 045 1 ( No.

18-364) H137. J7 4 CsPbBr, HYHREZE A4 AT 1, A )
g AR 8] A A S AT 35 )@ T a7 AR 4l
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T S 08 7 R 8 3 A A AN K5 204 s o s ) 34 m &2
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- A :
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| ‘| T N
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20/ (°)
P 4 R[] B ik B A ] Rz I 18] 25 44 R 43 JC B CsPb-
Bry BGERA 1 A3 Y X SR ERATT S PR3, SO B Ay
180 °C, BT[] 53534 5,10,15 s
Fig.4 X-ray diffraction patterns of CsPbBr; perovskite quan-
tum dots synthesized for different reaction time and

same reaction temperature. Reaction temperature is

180 °C, reaction times are 5, 10, 15 s, respectively.
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3, AT LA BB H SO 3R R Y T e S EOE B
T RS R 2 BRSO 5

Absorbance

560 55‘0 660 6‘50
A/nm
K5 AN[E B BE R 43 8 CsPbBry B5 8k 6™ 5 1~ A3 Y
W' 1, BN S TR] A 5 s, R N i BE 43 531 A 160,
180,200,220 C,
Fig. 5  Absorption spectra of CsPbBr; perovskite quantum
dots synthesized for different injection temperature.

Reaction time is 5 s, reaction temperatures are 160,

180, 200, 220 °C, respectively.

3.3.2 R B AT B IR R A BOK A
e

&l 6 SRy AN ] s g B[] T £ s B WSO 3
AT LK IR S IS A B AR AL RN TR, 7E 520 nm 22
Ao IR K 180 °C, S BE N E] 15 s
B, 9 A R AT 0 e A R AT A% A L R R
RN IRLE A PP A B S B A A, R 1) e Tk
BERW T = A TR AT BRI, DR I
AR [ NEEU R S

—180C5s
—180 C 10 s
—180 C 15 s

Absorbance

| | 1 |
450 500 550 600 650 700
A/nm

Fl6  A[E BN E] R 45 ) CsPbBry B5 8Kk 6™ 5 1~ 1 Y
WIS | RN TR R 180 C, R i B Tl 4331124 5,
10,15 s,

Fig. 6 Absorption spectra of CsPbBr; perovskite quantum

dots synthesized for different reaction times. Reac-

tion temperature is 180 °C , reaction time is 5, 10,

15 s, respectively.

3 AEARMNEBNEFRBRLEXEGH
=AU
3.4.1 R BEMETEERREETGY
FESOGIUR Z 5, 96 B B K ik 5
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TR 25T R NE s [ AH [R] B 75 1% CsPhBr, 854k
Wit SURE S B B R B E . K] DLE
£SO N i e d VA 2 NS S R NI e e i U ) o0
JE LT[R s B KA, 160,200,220 C 4544 F
B BRE S 96 A i, T 180 °C 214 T A
FIRE S 2 i, M 8 ns, MR E R 160
C W, RN AT S, BTSRRI L, R8O
FEOTECHE o T Y O I Ao B T A POk
F Atz N 3R BT e e A i
JEINPR, TSR o R AR B % 1
I, AR 2 AR RS, Bl T A, AN TE
AR E A T FarHZER /N, 180 CHMAH T A
BUAIRE S SRS T BRGSOk SR
KRBT ARG GBS, 8 B LA
B 3k — 245 b 5 XRD R AELE R (K 3)
FHAF

Decay

t/ns

FL7  ASIRSON I B R G U CsPbBry 85 8K07 i 1 1Y
P A, KNI E] R 5 s, SO R BE 4300 O 160,
180,200,220 C .,

Fig.7  Fluorescence lifetimes of CsPbBr, perovskite quantum

dots synthesized for different injection temperatures.
Reaction time is 5 s, reaction temperatures are 160,

180, 200, 220 °C, respectively.
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SRR R PR LR R (L R R S B AR 22 K
WS T REAR RS &, B U T RO

—180°C5s
—180 °C 10 s
—180 C 15 s

En

o

a

| 1 1
0 25 50 75 100

t/ns
8 N[ ] R A SRS CsPhBr, $54KH™ HF A
FEHF, SR EE R 180 °C, RS H] 43514 5,
10,15 s,
Fig. 8 Fluorescence lifetimes of CsPbBr, perovskite quantum
dots synthesized for different reaction time. Reaction

temperature is 180 °C , reaction time is 5, 10, 15 s,

respectively.
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RAHUOGF, LA, AR 8 ALY AR AR
St 8¢ B e R (%) SR B T IR B A T Bt T4 B ke
Farege , KAEAEW IR A .

.
> &-n=1
n=2
n=3

Ko FhEkE &5 s LR R

Image of perovskite QDs luminescence mechanism

110 SR AR TR) S ek A B T A5 PL A
T AT LUE B, B RN R A T AR A
WSS PL GGG K R LTRS W (5 B BT I Ao 1
M\ 507 nm 34 % 523 nm,, YBAREEN 160 CHT &
TS PL G H 30T 440 02 ROV R FE AT,

Fig.9

TR EEBRG AR e 2 U R, B
B ARG AI S B, %A RS WO
(K 5) prisdsie— ., RV E R 180 °C B fr
X 1) 2 S5 B fe K, A R 180 °C A s I & A
TR A RS RN BRI fe
AR BRI K B A RS RE R iR
A TEM MK (1) FriS 458 &, T\
AT LR IR, SR R K 180 °C I AR S B R b
WA P~ ST R 2, i AR O GBUR RO IR

—160 C5s

. 180 C 5s

= —200C5s

=z —220C5s
S
é
k=
=
=

o
| |
400 500 600
A/nm
K10 AFE SRR T A B CsPbBr, £58k 8™ T A1

FHEAR Y PL OGIE , WIS (AR 5 s, B i BE 53

529 160,180,200,220 C.,
Fig. 10 PL spectra of films prepared by using CsPbBr, perovs-
kite quantum dots synthesized for different reaction
temperatures. Reaction time is 5 s, reaction tempera-

tures are 160, 180, 200, 220 °C, respectively.
3.5.2 BB BEIE a2 R LA R

B 11 2k BBl R 180 °C I, A [) 2 1 sk []
A SR T A5 A S ET X B PL G

PL intensity/a.u.

400 560 660
A/nm
it ARSI SRz st 18] 45 B2 CsPbBry 458k it 1
R £ IR PLOGRE, SOV D 180 °C, %
LIR30 5,10,15 s,
PL spectra of films prepared by using CsPbBr; per-

& 11

Fig. 11
ovskite quantum dots synthesized for different reac-
tion times. Reaction temperature is 180 °C, reac-

tion time is 5, 10, 15 s, respectively.
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ST A LASM 2% R 25 A O, R AR S 2 A
BCRAR, EBUR GRS , ROGIERETE , ok hy
1 000 r/min B, EASI45) M 25 S BORE OB EUR O
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I P 3 G B
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5 —— 3 000 r/min

< =4 000 r/min
e
é
=
=

| | |
450 500 550 600 650
A/nm

BI12 A[EERR R T il 45 B9 CsPbBry #5EKE™ 5 £
REERY PL G, i ¥k % 53 5 1000, 2 000,
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Fig. 12 PL spectra of CsPbBr, perovskite quantum dot films
prepared for different spin rate. The spin rates are

1 000, 2 000, 3 000, 4 000 r/min, respectively.
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=5 min
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PL intensity/a.u.

45‘0 560 55‘0 660
A/nm
F13 ANRDER K )T i 45 649 CsPbBry B58KE™ & 1 i
JEERY PL OGS 3B ] 5353008 5,10, 15,20 min,,
Fig. 13 PL spectra of CsPbBr, perovskite quantum dot films
prepared for different annealing time. The annealing

time is 5, 10, 15, 20 min, respectively.
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