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Experiments

Synthesis of Cs,SnClg:Bi: Cesium chloride (CsCl, Macklin, 99.99%); Tin (II)

chloride dehydrate (SnCl,-2H,0, Macklin, 98%); Bismuth chloride (BiCls;, Macklin,
99.99%); Hydrochloric acid (HCI, 37 wt% in water, Dongjiang Reagent Co., Ltd.,
China); Silica gel A and B (Shenzhen Looking Long Technology Co., Ltd., China). All
chemicals were used without further purification. CsCl (673.4 mg, 4 mmol) and BiCl;
(18.9 mg, 0.06 mmol) were added into 50 ml flask with different volumes HCI (9 ml,
11 ml, 13 ml, 15 ml, 17 ml), and stirring. The flask was loaded into an oil bath and
heated to 80 °C for 2 mins. 451.3 mg (2 mmol) SnCl,-2H,0 was dissolved in the 5 ml
HCI, then heated to 80 °C for 1 hour. SnCl,-2H,O was added to the flask and left for 3
hours. After cooling to room temperature, samples were centrifuged (1000 rpm, 5 mins)
and washed with ethanol three times. Sediment was dried at 50 °C in a vacuum oven

for more than 12h.

Measurements: Structure, morphology and element composition of all samples were
measured by X-ray Diffraction (XRD, D8 Advance, Cu Ko, A=0.15418nm), Field-
emission Scanning Electron Microscopy (SEM, HITACHI SU8010), X-ray

Photoelectron Spectroscope with Co Ka radiation at a scan increment of 0.02°/min

(XPS, PHI 5000V Versa Probe II); PL, PLQY and scattering coefficients were



measured by PerkinElmer LS-55 fluorescence spectrometer (PL, continuous Xe lamp),
FLS 980 spectrometer (PLQY, Edinburgh Instruments Ltd., UK). UV—vis spectra were
recorded with a UV-3600 Plus spectrophotometer (Shimadzu Co. Ltd., Japan). All were
measured at room temperature. Thermo-gravimetric analysis (TGA) and differential
scanning calorimetry (DSC) was carried out at a temperature range of 25-700 °C
(NETZSCH STA 449F3 STA449F3A-0672-M).

Fabrication of blue LED devices: Mixing silica gel A and B and sample in a mass
ratio of 1:4:1.3, then adding this mixture on the top of a 365 nm UV LED chip(Shenzhen
looking long technology co., LTD) with a luminescence efficacy of 1.12 Im/W at 40 mA.

Table. S1 Reaction Conditions of different volume of HC1

SnCl,*2H,0 Precursor
Volume (ml) CsCl (mmol) BiCl; (mmol)
(mmol) concentration* (mol/L)
10 4 0.06 2 0.200
12 4 0.06 2 0.167
14 4 0.06 2 0.143
16 4 0.06 2 0.125
18 4 0.06 2 0.111
20 4 0.06 2 0.100
22 4 0.06 2 0.091

* The precursor concentration refers to the initial concentration of the Sn?*.
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FIG. S1. Measurement results of sample synthesized at 0.200, 0.167, 0.143 mol/L: a) XRD patterns;
b) PL spectra at same measurement condition (A=362 nm). (¢) SEM image of sample synthesized

at 0.200 mol/L



Intensity (a.u.)

FIG. S2. The Rietveld refinements XRD patterns of Cs,SnCls:Bi’* synthesized at different
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Table S2 The details of PL spectra of Cs,SnClg:Bi** synthesized at different solvent volume

.. .. CIE (x,

oy st rwiom SR o
0.143 456 362 65.19 0.140 0.085 91.58
0.125 456 362 65.43 0.140 0.085 91.57
0.111 457 362 65.08 0.140 0.090 90.01
0.100 456 362 65.71 0.139 0.091 90.33
0.091 459 362 65.88 0.138 0.100 90.51

The following formula was employed to judge the color purity of Cs,SnCls:Bi3" as

this parameter is an important feature to evaluate phosphor chromaticity property:?
z\/(x -x)*+ (- )
C = = - X 100%
i/(xd—xi) +(¥a-v) (1)

where C is color purity; (x, y) and (X4, yq) is the CIE chromaticity coordinates of

luminescent material and emission peak, respectively. (x;, y;) is CIE coordinates.

The room-temperature PL decay curve of the samples was measured and fitted by
the equation (2):3
I=A exp (—t/7) 2)
Where I represent the PL intensity of the sample as a function of time; A is a constant;
t is time, and t denotes the decay time.
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FIG. S3. The XPS data of Cs,SnClg:Bi** obtained at 0.100 mol/L




100 550.6 | 100
95 fmmmmmmmmm e m e m e m e e o2

T
3
=1

80

2
(Buymwm) DSA

60

Weight (%)

T
B
=1

40 1

20
3732 01

0

T T T T T T

100 200 300 400 500 600 700
Temperature (°C)

FIG. S4. TGA and DSC spectra of Cs,SnCls:Bi*" obtained at 0.100 mol/L
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FIG. S5. PL spectra of Cs,SnCly:Bi®* (A, = 362 nm) and the photo image (inserted).

Thermo-gravimetric analysis (TGA) and differential scanning calorimetry (DSC) in
flowing N, at a heating rate of 1 °C/min were carried out to analyze thermal stability of
synthetic Cs,SnClg:Bi3". The thermal decomposition of Cs,SnClg:Bi3" starts at 373.2
°C, and the extrapolated onset temperature is 366 °C. The weight decreases to 95% at
the high temperature of 550.6 °C. It indicates Cs,SnClg:Bi’" has inherent thermal
stability compared with the typical ABX; halide perovskites and organic-inorganic
hybrid perovskite (such as CH;NH;PbCl3).4
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