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Effects of Thermal History of Cesium Lead Halide Perovskite Nanocrystals
Embedded Glasses on Structure and Optical Properties
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Abstract In order to achieve stable luminescence quantum efficiency from cesium lead halide perovskite nanocrystals
embedded glasses, this work investigated the effects of water quenching and secondary low-temperature thermal treatment
on the structure and optical properties of CsPbBr; nanocrystals embedded glasses. Results show that water quenching of
high-temperature heat-treated glass can restrain the growth of CsPbBr, nanocrystals, and significantly reduce the
photoluminescence quantum efficiency. Then, low-temperature thermal treatment can promote the growth, improve the
quality of CsPbBr, nanocrystals, and enhance their photoluminescence quantum efficiency. The research results have
certain reference value for the preparation of cesium lead halide perovskite nanocrystals embedded glasses with stable
photoluminescence quantum efficiency and the development of optoelectronic functional devices.

Key words materials; perovskite; luminescence efficiency; nanocrystals; thermal history

7l H YRECB S 0 Ty ik A Ak BT R

FHAT IR b - R - A TR ) 45 CsPhX, 40 K

HE AL 1 B8 4K (CsPbX,, X=CI,Br, ) 9y & 4 B A AT FE B 38 v i A% AL R kAR T R Y CstXeéV‘WKEEu ,

P B OE AR RE 725 B Bx A DR AR AT S CsPbX, 40 K IR BB 7 500 15 v [ T A B9
SFOUS R A TR NTOE o K CsPOX AR R WS AT TR B 2 S B BE T R By
B CsPOX @K S Rt TRCR I Z N R . il
an B S E VE S AL AR E IR, 3 CsPOX KR SO R 3 B8 2 00 b, 7 B0 0 R £k Bl 3 - | B ek 1R R 3¢

Wim HE: 2022-05-05; 8B HEF. 2022-05-31; FHAHEE. 2022-06-06
HEE&WMB . HAua =AM AR H (2021BAA206)
BEEEE . hite@whut. edu. cn

1516006-1


https://dx.doi.org/10.3788/LOP202259.1516006
mailto:E-mail:hite@whut.edu.cn

B R I8 3

$£59% F 15H1/2022 £ 8 A/ ESBFFHE

BETBK IR AR B S DL K R R AR B T A o A
CsPbX 48 K df ¥ ] B & 8w M B G i FR0R . fE R
Qb BT T BE A SR BRI R e e ) A S
B FE T CsPbX, 40 K fi A RE A% 2 7 8 A, B Ok B 7k
BT I AR

T HIBF ST 2 B, 3 38 b CsPhX, 40 K f 19 B b 3t 7
55w BT B 0 BT AL EROR[R] o AE A B A
B 55 CsPbX, 44 K i A9 41 ot 2 78 BY 58 56 0 rp o
FE A YRR 3 AR 5 T AL B A R TR R R A o AR
TE K T CsPbX, 44 K & 45 b TR B2 /Y DX ) Py 2% 28 B
CsPbX, 44 k& f , B3t 55 v CsPbX, 44 K & 76 — & i
ARG o PR, Ak TR S B B 1 R L AR
X Hrp CsPhX, 48 K i 1) fi Ak 3k B 40 K & i 5 (R &8
K S SRR M S A AE ) 5 R R T RCR A —
FEMISEI o H H CsPbX, 40K & 7 3 35 b il 2% LUK, B
B Hh RS B B R G R X CsPX, 448 K 1Y 1k 50t
2k RE Y R W AR A5 B R S AR .

E X LA ] 8, AR SC 3%k B CsPhBr, 40 K & 37k B B
B WE ST T AL B S K ¥ R R AL B B B A
CsPbBr 44 K i (1 & Ak 5 6 2= MR RE R 2 i o % BIF 5% )
T4 75 CsPbX, 94 K & /K B30 38 168 1 28 O sk o L 25 4
2 M RE 1Y 5 i B A A T B R ROk
T RCR M CsPhX, 40K 5 ok B8 38 K a8 7 B b B
H—EMNSHME.

2 5L 6

2.1 ZERE

SE 5 JFORHEL4E B,O, (43 Hr4i) L S10, (43 #r 48) . ZnO
(Gr#frat) .CaCO, (43 #7146 ) PbO (43 #746) . Cs,CO, (4
FEH99.9%) NaBr(43r#raf) . Cs,CO, M F B 7 T ik
FAT R 2w, A3t 550 0 1 [ 2 4R AT AR 22 K 50 A B
VNI
2.2 HEHHE

oW 44 SCPEE IR 41 29B,0,-29S10,-5Zn0-
5CaCO,-4Pb0-3Cs,CO.-25NaBr, % M | ik 26 il Fk i
SLE R 50 g B JRURL, ZE IR BV TR A ¥ A1 JE iAW &
HEW A6 D i Jh T 1260 C4 1 30 min, 4R )5 4% BT
1510 3% 35 A8\ B AL, B U o WU P 45 3% 5
7E 350 ‘CiB kK 3 h, 8 L EH B 8. B kS #
PEIEVI N1 em W A B H, IFAE 530 °C (3% 55 7% A8 iR
B4 505 °C) AP 15 ho FRAh PR 5 3 388 2o O Fh ik 42
B R R R — PRGSO 5 R H YR,
PR EER (AN ERES, TR &E
b PS5 T W I R 530 °C 11 Bk B RE 5 TR A
FIRA K PR H B E R (2 WS ) . XK
YU W ORE S BEAT U A A B Bk R BE 4 R
50 °C(W50) . 100 °C (W100) . 150 ‘C(W150) . 200 °C
(W200), R SRAL BRE[A] 3558 2 he R HA AL # 45
5L BRI AN 2 °C/min. B bR B B S 0

Bl B AR i AT 0 A8 o
2.3 HRHREFE

SR A 25 #4401 A (ST A449F 5, Netzsch, )
XEFE S HEAT T I T) FPEBE 73 B o B TEAE S i WSO
K HIE Ab - L4y St ot E 3t (Lambda 7508,
PerkinElmer, 32 ) #1703k o #E 5 19 & 66 3% R H
S5 % 4 6 1 9 G (PL) G A H#E A7 I, & K
400 nm, WK HE B 0.5 nm. FE 5286 7 A %
6] 43 B 9¢ 6 6 3% AL (TRFLS, SpectraPhysics, 3¢ [{ )
PEAF NI, Bk e bk ve o 184 fs, Pk whBE B A 2 nl, &
SEWE N 1 kHz, P K 9 400 nm. il X528 A7 5
(D8 Advance, Bruker, 78 [ ) il i 3¢ 55 #F & 1 X 5 26
fi1 8 (XRD) & §#% . Raman ¢ % % H 0% 36 R &
Raman Y6 % /¥ (LabRam HR Evolution, Horiba Jobin
Yvon, 2 ED) R, B K 633 nmo BEESHE LB K
6 R R 4 % 5Ot B A AL (C13534,
Quantaurus - QY Plus, Hamamatsu, H 7<) 3E47 M,
W3 & % K R (400£5) nm, B 7 %% I 5k
WER 1% A | AN T

3 GiRHKE

Bl 1A R EE 5 i XRD E 1% 5 Raman 638 o
& 1(a) A FH 5 3R A i (1) XRD &3 . #ab 35
F #E 5 B9 XRD 7 55 1§ 5 CsPbBr, i 1 1 17 5 % (PDF#
75-0412) DL, YW F AL eh A il T CsPbBr 402K i o
FEF(200) 1 A7 B 08, {8 Scherrer 28 20350 =P
Prkife b (13.440.4) nm. PACHE S, BE 8 RE SO
95 3 S TR AL B CsPhBr, 44 K 5y 7Y & 1 (6] BE 5
SEEIRAR A BRI KSR kA S, W
FE b W50 K 5 W 100 4 i . W 150 A & 19 (200) & 1
5 5 0 N F B & 9 30. 4788 3 & 30.6°.30.6°.30.6°,
30. 57,30, 47, Hi4x 5 A9 A7 S 06 35 ) K AR R O 1) S
sl R, 3% T (200) &b AT 565 06 113 10 SF ok 42 P
FEM A AY (13,440, 4) nmJs/NE] (12, 9£0. 3) nm (W
eGSR E 8 % (12.940.3) nm (W50 #£ 5 ) .
(13.1+£0.3) nm (W100 #£ & ) . (13.2+0.5) nm
(W150 ¥ &) . (13.4+£0.5) nm (W200 ¥ &) .
[ 1Ca) i XRD A7 5 1 33 25 S Ui B, $44h 34 1) 7K ¥4 Ak
BRI T B3 op CsPbBr, 48 >k & K oK, S 2ot 3
CsPbBr, 44 K fib 19 RSP0/ o #E R #4b 3 72
Bifi 5 Rk B BE Y T, B3 CsPbBr, 94 K i 1Y AiF
S 0 2 1) /N FR BE O ) A% Bl (RIS R ORE RS B AR K
M R A FE B S 200 °CH, CsPbBr, 44 K & 18 477 5t
I 55 ok R sE 5 F RE S P CsPbBr, 49 K & 19 37 59 1% 5
A A 2

[ 1(b) A #A A4k R J5 B 385 FF 5 (19 Raman Y635 . B
BEFE i Raman JG 1% 5 5% 55 4 5 i 340 sk 2% U0 AE OC o
K 1(b)H,69 cm ' 125 em '.310 em "&b ) Raman
43 W K U8 F CsPbBr i 44 i [ PbBr, | /A TH 4 8% 25

1516006-2



B R I8 3

$£59%5 F15H/2022 F 8 A/ EBFFHE

(110)  (200) @

211) (220
(210() ) (220)

10

Intensity /arb.units

I

I

I

I CSI:bBr3 | PDF#75-0412

20 30 40 50
20/(%)

Intensity /arb.units

50 100 150 200 250 300 350
Wavenumber /cm™!

P AT RS RE B R AL LR  (a) XS LATH 1 ; (b) Raman Stk

Fig. 1 Structural characterization results of different glass samples. (a) X-ray diffraction patterns; (b) Raman spectra
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Optical properties characterization results of different glass samples. (a) Absorption spectra; (b) photoluminescence spectra;
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(c) photoluminescence quantum yield and Urbach energy; (d) photoluminescence decay curves
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Table 1  Fitting results of luminescence lifetimes of different
glass samples

Sample A, ©,/ns A, w/ns A, w;/ns t,/ns
F 0.29 1.83 0.39 13.73 0.32 93.67 80.61
W 0.47 1.07 0.37 6.94 0.16 61.42 48.30
W50  0.55 1.27 0.32 7.85 0.13 65.46 49.80
W100 0.36 1.90 0.36 13.11 0.28 93.92 79.69
WI150 0.29 1.62 0.39 11.97 0.32 90.98 79.03
W200 0.33 1.72 0.38 12.14 0.29 91.47 78.39
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