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Fig. 1. XRD patterns of Cs,AgNaj4In; ,Clg:aBi** phos-
phors.
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Fig. 2. X-ray photoelectron spectroscopy of Cs,AgjsNaj In
Clg, CsyAggsNag 4Ing 93Cl:0.02 Bi*+ phosphor powder.
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Fig. 3. Rietveld refinement of XRD pattern of CsyAgsNag4
Ing 9g7Clg:0.013Bi3*.
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Fig. 4. SEM image of Cs,Ag¢Nag 4Ing ¢5;Cls:0.013Bi3*.
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Fig. 5. (a) Excitation and emission spectra of CsyAgyNagInggs;Cl:0.013Bi** phosphor at room temperature;
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wavelength dependent excitation spectrum of CsyAgy ¢Nag 4Ing 937Cl:0.013Bi%*, from 250 nm to 450 nm; (c) emission spectra of

CsyAgj¢Nag 4In; ,Cl0:2Bi*t phosphor at room temperature; (d) emission fluorescence intensity versus Bi** doping concentration;

(e) curve of lg(I/z) versus lg(z) for CsyAg¢Nag In; ,Clg:aBi3* .
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Fig. 6. (a) Temperature dependent spectrogram of Cs,Agg¢Nag Ingz7Clg:0.013Bi*+; (b) the fitting results of the function between

the half peak width of fluorescence spectrum and temperature; (c) stereogram of STE emission; (d) curve of In(ly/(I-1)) versus

1/(kgT) for CsyAgy¢Nag 4Ing gg7Clg:aBi*+.
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Fig. 7. (a) Attenuation curve and fluorescence lifetime and

(b) quantum efficiency for sample Cs,AggsNagInggs;Clg:
0.013Bi%*.
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Luminescence properties of Bi** doped leadless double
perovskite Cs,Ag,¢(Na, JnCl;’
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(Xingiang Condensed Phase Transition and Microstructure Laboratory, School of Physical
Science and Technology, Yili Normal University, Yining 835000, China)

( Received 29 June 2024; revised manuscript received 2 August 2024 )

Abstract

We need to develop a low energy consumption, green and environmentally friendly process for preparing
double perovskite fluorescent powders, and incorporate other metal ions into the matrix to obtain a new type of
luminescent material with high quantum efficiency. In this study a microwave solid-state method is used to
prepare Bi3* doped lead-free double perovskite Cs,AgjNag4InClg fluorescent powders. This method does not

require ligand assistance and is environmentally

friendly. The crystal structure and morphology are e f 9 9 o
characterized by X-ray diffraction and scanning o={}:o=-#+"\}——$~ O-o
electron microscopy, and the luminescence performance o ‘?) ‘3’ (?’ &

is studied by excitation spectroscopy, emission o r%%%o
spectroscopy, time-resolved spectroscopy, and quantum & ‘% ‘j}” &
efficiency. The results are shown below 1) The i 2 o Osoﬁ L\ /| PAN
CszégoﬁNaMInClﬁ is a cubic crystal belonging to the I A N |
Fm3m space group, and its grain morphology is CsaAgo.¢NagInClg
irregular. 2) When the optimal doping concentration of 566 o

Bi** is 0.0013 mmol, the emission center wavelength of Aex = 562 nm

CsyAgy¢Nag4InClg material is 562 nm, the average

fluorescence lifetime reaches 2.60 ps, and the quantum é

efficiency attains 45.28%. 3) When the concentration of _;

Bi?* ions exceeds 0.0013 mmol, a significant concentra- §

tion quenching effect occurs, which is mainly due to g

the electric quadrupole electric quadrupole (g-q) E

interaction between Bi*" ions. 4) The chromaticity

coordinates of the CsyAg,¢NaynCl; doped Bid* Exeitation Bmission
phosphor are located in the yellow-light region, making 200 300 100 500 500 700
it a potential yellow phosphor for warm white light Wavelength/nm

emitting diode (LED) applications.

Keywords: lead free double perovskite, microwave solid-state method, Bi** doping, yellow fluorescent powder
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