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1. Introduction

In recent years, halide lead based perovskite has attracted wide attention due to its
advantages such as narrow band emission, high quantum efficiency, high carrier mobility
and adjustable emission wavelength, and has become the most potential material in the
optical field[1-6]. LED devices prepared by this material have higher color purity, wider
color gamut value and larger color rendering index, so they have a wide range of
applications in lighting and display fields[7-8]. However, there is heavy metal Pb in this
material, which is very harmful to human body. After Pb enters the body, it will cause
damage to the digestive system, nervous system and endocrine system of the body, which
seriously limits the practical application of this material. This paper attempts to prepare
lead-free halide perovskite by hydrothermal method to find non-toxic and stable
perovskite luminescent materials.

2. Experiment

Cs2NaBiCl6:x%Mn2+ microcrystals were prepared by hydrothermal method.
Weigh 2 mmol CsCl, 1 mmol NaCl, and 1 mmol BiCl3 in the polytetrafluoroethylene
liner reactor, then use a pipette gun to transfer 12 mL concentrated HCI into the liner
reactor, cover the liner with a lid, put it into a high-pressure reactor and tighten it. Then
the high-pressure reactor was placed in an electronic constant temperature drying oven,
and the temperature was raised to 180 °C at 3 °C/min. The reactor was kept for 12 h, and
then slowly cooled to room temperature within 48 h. After the solution was cooled to
room temperature, the samples in the reactor were extracted and cleaned for several times.
Finally, the samples were put into a constant temperature drying oven and dried at 70 °C
for 6 h. The samples were successfully obtained and collected.

The data of all samples were collected by TD-3500 X-ray diffractometer (XRD).
The measurement parameters were 20 mA, 30 kV, and the measurement range was
10°-70°. In order to confirm the phase structure of the sample, it is analyzed by
comparing with the standard PDF card of the substance.

The emission (PL) spectra and excitation (PLE) spectra of the samples were
measured by Hitachi F-7000 fluorescence spectrophotometer.

3.Results and discussion
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Figure 1 XRD pattern of Cs:NaBiCls:x%Mn?"

X-ray diffractometer was used

for qualitative analysis of the doped

Cs2NaBiCl6:x%Mn2+ sample, and the results were shown in Figure 1. The results show
that the diffraction peaks of all samples are in good agreement with the standard crystal
structure map, indicating that the synthesized Cs2NaBiCl6:x%Mn2+ is pure phase, no
impurities are generated, and the doping of Mn2+ does not change its original crystal

structure.
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FIG. 2 Excitation and emission spectra of CsNaBiClg before and after doping

Fluorescence spectrophotometer was used to measure the excitation spectra and
emission spectra of the samples. The results show that the undoped sample has two
excitation bands at 300nm and 367nm, but the intensity of the excitation bands is low.
After the addition of Mn?*, the intensity of the excitation band at 300nm and 367nm is
obviously enhanced. After doping, all the samples showed yellow emission band with
about 584nm as the center. The wavelength of emission before and after doping is similar
to that of undoped sample.

Based on the above research, Cs,NaBiCls:x%Mn?" broadband yellow phosphors
were prepared by hydrothermal method with Cs;NaBiCls matrix as the center, which
showed high emission intensity and demonstrated its application potential as a new
luminescent material. However, it is still necessary to further study the luminescent
properties and stability of Cs,NaBiCls under different doping elements, so as to explore
its application potential.
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