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Effect of Glass Network Structure on Optical Properties of
CsPbl; Perovskite Quantum Dots Glass

YAN Jinhua', XIA Jiazhi', CHEN Tao', MAN Tao* XU Zhousu', LIU Xiaofeng3, ZHANG Hangl, QoIU Jianrong2
(1. Institute of Intelligent Optoelectronic Technology, Zhejiang University of Technology, Hangzhou 310014, China;
2. College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China;
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Abstract: CsPbl; quantum dots doped borosilicate glasses were prepared by a high-temperature melting—heat treatment technology
with Cs,0, Pbl, and Nal as precursors. According to the results by X—ray diffraction and transmission electron microscopy, CsPbl;
quantum dots are precipitated in the glass substrate. The emission peak and absorption edge appear a red shift, the photoluminescence
intensity and quantum yield firstly increase and then decrease, and the photoluminescence decay lifetime of quantum dots gradually
increases with increasing the heat-treatment temperature or B,O; concentration. Also, the two-dimensional (2D) network structure in
the glass increases, and the mobility of Cs", Pb* and I” ions increases with the increase of B,O3 concentration, which is beneficial for
the precipitation of CsPbl; quantum dots and the passivation of surface defect. The tunable red light emission of CsPbl; quantum dots
doped borosilicate glass could have potential applications in the visible band lasers and white light-emitting diodes (LED).

Keywords: quantum dots; glass network structure; borosilicate glass; crystallization
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Fig. 1 Photographs of different glass samples after heat treatment at 550 C for 4 h under daylight(a) and UV lamp(365 nm) light(b)
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Fig. 2 Photographs of SiB26 glass samples at different heat-treated temperatures for 4 h under daylight(a) and UV lamp(365 nm)

light(b)
(0] Element Mass fraction/%
B 3.59
0 46.33
r F 0.62
i Na 1.15
Si 23.87
.g Ca 2.57
5 Zn 11.36
= I 1.80
Cs 427
Pb 4.44
Zn
ZnPb Pb Pb
A4 AL
9 12 15 18
Energy/keV

(@

. " SiB38-560

, ' SiB38-550

Intensity

+ " SiB26-550

(200) -
JCPDS#01-080-4039 (220)
| || I L 1 1 L
10 20 30 40 50
20/(°)

(b)

3 SiB38-550 BLIEHE S A E RO X B4k AE1E(a) 1 SiB26-550. SiB38-550. SiB38-560 FXIEAL Fi ) XRD #(b)
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Fig. 4 Images of transmission electron microscope (a), high resolution transmission electron microscope (b~d) and selected area

electron diffraction (e) of SiB38-550 glass sample
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Fig. 5 Absorption spectra(a), emission spectra(b)(The inset shows the effect of heat treatment temperature on the integrated
fluorescence intensity), excitation spectra(5-c) and fluorescence decay curves(d) after heat treatment at different temperatures
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Table 1 Optical properties of CsPbl; quantum dot glass

) Averaged
Normalized Central Quantum
Sample No. | . fluorescence .
intensity wavelength/nm | yield/%
lifetime /ns
SiB26-520 0.015 630 3.92 1.1
SiB26-530 0.289 650 5.93 16.1
SiB26-540 0.878 672 24.07 38.6
SiB26-550 1.000 680 64.23 50.5
SiB26-560 0.457 691 67.05 41.3
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Fig. 6 Absorption spectra(a), emission spectra(b)(The inset shows the effect of B,O3 concentration on the integrated fluorescence
intensity), excitation spectra(c) and fluorescence decay curve(d) of the sample glass with different B,O3 concentrations

R2 CsPbl; ET RlIEAFHE
Table 2 Optical properties of CsPbl; quantum dot glass

Sample No. Normalized intensity Central wavelength/nm Averaged fluorescence lifetime/ns Quantum yield/%
SiB23-550 0.061 676 19.83 18.2
SiB25-550 0.595 679 28.49 46.0
SiB26-550 1.000 680 64.23 50.5
SiB29-550 0.645 695 124.35 40.1
SiB32-550 0.281 706 182.77 29.3
SiB35-550 0.177 708 256.55 222
SiB38-550 0.113 714 313.01 19.6




25055 4

e S PR A RXT CsPOLy B ERH B T m BDG A BU R © 981 -

SRR 35 o T T 4 ) X 5 6t T BT R T
S, 4> RE A SiB23. SiB26. SiB32 fil SiB38
(] Fourier 2L 4% 4 (FT-IR) Y& 1% (B 7a)F1 Raman 7%
W (& 7b).

Bl 7a w1, FEAELE 4 AR FT-IR MR, fir
F 460 e BRI HE AREATIR AT I X 2 [ SO, ] DY i 4 7T
(1) Si—O—Si (25 fRz12 2, 7F 650 em'~750 cm™!
7 B A, X6F R[SIO4] DU THIAA B TT A Si—O 25 iR Bh> >
F[BO;] = AT B—O =Rz >, 7
1000 cm ™ 57 B BT PR AT U6, FoF 187 [ S04 VY T 1A 26
JGH Si—O SFRAREN™ * > RIIBO, U A 7t 1
B—O SOMFRRES 2, A1 T 1400 e B AR
X FBOs]) = T T B—O figtaht'™*h =),

/\/
_,_/\4
—— SiB38 [BO:] [Si0,]
[BO;] Bo,1|sio,] | —~_|.
g SiB32 m g
g B [Si0,]
= | —— SiB26
//\’
— sz
2 000 1500 1 000 500
Wavenumber/cm™!

(2)

K 7b 1, fF7E 4 > Raman 5REWE, 20T
450 cm'~500 cm™ it AT 1) [SiO,] Y T A4 B TT I
Si—O—Si 2 #i$Rzh™> 2 PURI[BO;) = 1 T # 6 14
B—O #Ezh*> 732, 7£750 cm™ PHITII[BOs) =T 5
FeP" 2RIBO, MY T 4 75 ) B—O—B {HiZEdREn>> 1,
#£1 080 em™" FHIEAI[SIOL DY T4 AT Si—O—Si %
SRR 3 7 1450 em™! B2 [BOs | = 1%
T B—O RSP, BEE B0 SEN, AT
750 cm™' B I[BOs] = AT H T AIBO, WY 4 A 7T )
B—O—B f4itiRahismil B waghn, RIUIEBIHEMLS
H[BO; ] FI[BO,] A TCIZHIE %, £ 1 080 cm™' PRI
[SiO4]VUTHIA B TTH) Si—O—Si SO FRHGEIRS IR FE
TEIZETIR N, 2R BTEBIE NS P [Si04] A EA KR o

i . [SiO,]

W\\/
SiB32 | '

\»\-ﬁ/\\..,../

g SiB26 \N‘/\J

SiB23 \»//\\'/

2000 1700 1400 1100 800 500 200

Wavenumber/cm™

(b)

&7 REHKEHLN) SiB23. SiB26. SiB32 A SiB38 K i HIE ] Fourier £ZLAMZE T 1 (a)F1 Raman i (b)
Fig. 7 FT-IR spectra (a) and Raman spectra (b) of glass sample of SiB23. SiB26. SiB32 and SiB38 without heat-treatment
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