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Известно, что галогенидный перовскит APbX3 (A = CH3NH3
+, Cs+; X – ион галогена) 

является перспективным материалом с интересными фотоэлектрическими и оптоэлек-

тронными свойствами благодаря своим характеристикам переноса заряда, узкополос-

ному излучению, регулируемой длине волны излучения и высокой подвижности носителей. 

Однако, по причине неблагоприятных факторов, таких как токсичность и легкость раз-

ложения перовскита, содержащего галогениды свинца, его исследование и применение 

ограничены. Для преодоления токсичности и легкости разложения галогенидного пе-

ровскита, в этой работе подготовлен методом осаждения материал состава 

Cs2NaBiCl6:x%Mn2+ (x = 0, 1, 3, 6, 9), где ионы Na+ и Bi3+ заменяют два иона Pb2+, а матрица 

бессвинцового галогенидного двойного перовскита (Cs2NaBiCl6) легирована Mn2+. Изучено 

влияние легирования ионами Mn2+ различных концентраций на люминесцентные свой-

ства полученного относительно чистого, не имеющего других гетерофаз материала. Ко-

гда содержание ионов Mn2+ достигает 6%, интенсивность люминесценции самая высокая. 

Различные длины волн возбуждения (340 нм, 363 нм, 380 нм) и длины волн испускания (560 нм, 

582 нм, 600 нм) использовались для измерения состояния испускания и возбужденного со-

стояния подготовленного образца. Рассчитанные цветовые координаты (0,5288, 0,4665) 

принадлежат оранжево-желтой области. Результаты работы показывают, что полу-

чен неорганический галогенидный двойной перовскитный материал с большими перспек-

тивами развития. 

Ключевые слова: бессвинцовый галогенидный двойной перовскит, метод осаждения, 
Cs2NaBiCl6, оранжево-желтая люминесценция 
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Halide perovskite APbX3 (A = CH3NH3
+, Cs+; X is a halogen ion) has been proved by schol-

ars to be a material with great potential in photovoltaic and optoelectronic applications due to its 

charge transport characteristics, narrow-band emission, adjustable emission wavelength and high 

carrier mobility. However, due to adverse factors such as toxicity and easy decomposition of lead 

halide perovskite materials, its future development and research application are limited. In order 

to overcome the toxicity and easy decomposition of halide perovskite, this paper prepared 

Cs2NaBiCl6:x%Mn2+ (x = 0, 1, 3, 6, 9) by precipitation method. Na+ and Bi3+ ions are substituted 

two Pb2+ ions, and the lead-free halide double perovskite (Cs2NaBiCl6) matrix was prepared and 

doped with Mn2+. The effects of different Mn2+ doping concentrations on its luminescence proper-

ties were studied. The results showed that the prepared sample was relatively pure and there were 

no other hetero-phase. When the doping concentration of Mn2+ reaches 6%, the luminescence in-

tensity is the highest. Different excitation wavelengths (340 nm, 363 nm, 380 nm) and emission 

wavelengths (560 nm, 582 nm, 600 nm) were used to measure the emission state and excited state 

of the sample, which showed that the prepared sample was the same emission source. The calcu-

lated color coordinates are (0.5288, 0.4665), belonging to the orange-yellow region. Finally, the 

inorganic halide double perovskite material with great development prospect was obtained. 

Keywords: lead-free halide double perovskite, precipitation method, Cs2NaBiCl6, orange-yellow lumi-

nescence 

 

INTRODUCTION  

Halide perovskite APbX3 (A = CH3NH3+, Cs+; 

X is a halogen ion) has been proved by scholars to be 

a material with great potential in photovoltaic and op-

toelectronic applications due to its charge transport 

characteristics, narrow-band emission, adjustable 

emission wavelength and high carrier mobility [1-6]. 

However, due to adverse factors such as toxicity and 

easy decomposition of lead halide perovskite materi-

als, its future development and research application are 

limited [7-11]. In order to effectively solve the prob-

lems encountered at present, a new type of perovskite 

with strong stability and no lead is developed to replace 

the traditional lead halide perovskite materials. 

The researchers found that the total inorganic 

halide double perovskite structure A2MIMIIX6 （A = Cs+, 

K+；MI = Ag+, K+, Na+, Li+；MII = Bi3+, Sb3+, In3+；
X = C1−, Br−, I− [12-15]. Compared with the traditional 
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AMX3 perovskite material, the all-inorganic halide 

double perovskite material is better in terms of stability 

and photoelectric performance, and the double perov-

skite usually does not contain toxic lead elements [16-20]. 

In addition, its band gap width is relatively narrow, and 

its absorption rate of ultraviolet light is higher, so it can 

be better applied in photoelectric devices [21-27]. This 

alternative method can effectively solve the toxicity 

and instability of traditional lead halide perovskite ma-

terials. 

In this paper, Na+ and Bi3+ were selected to re-

place two Pb2+ ions, and the lead-free halide double 

perovskite (Cs2NaBiCl6) matrix was prepared and 

doped with Mn2+. By adjusting the doping concentra-

tion of Mn2+, a series of characteristics were carried out 

on its phase, luminescence properties, micro-morphol-

ogy and element composition. Finally, the inorganic 

halide double perovskite material with great develop-

ment prospect was obtained. 

EXPERIMENT AND CHARACTERIZATION  

The samples of Cs2NaBiCl6:x%Mn2+ (x = 0, 1, 

3, 6, 9) were synthesized by precipitation method, the 

required drugs were accurately weighed according to 

the stoichiometric ratio, 3 mmol BiCl6, 3 mmol NaCl, 

6 mmol CsCl and corresponding doping ratio of 

MnCl2·4H2O were put into a beaker, stir, add 12 ml 

HCl, stir for a certain period of time, pump and filter, 

rinse the beaker with anhydrous ethanol, and then put 

it into a 70 C air drying box for about 4 h. Finally get 

the required sample. 

In order to characterize the relevant properties 

of the samples, TD-3500 X-ray diffractometer (XRD) 

was used to measure the Cs2NaBiCl6:6%Mn2+ sample, 

which is the most luminous, with an operating voltage 

of 30 kV, a current of 20 mA, and a test Angle range 

of 10-70°. The emission and excitation spectra of 

Cs2NaBiCl6:x%Mn2+ (x = 0, 1, 3, 6, 9) samples were 

measured by the Hitachi F-7000 fluorescence spectro-

photometer at different excitation wavelengths and 

emission wavelengths. The GeminiSEM 300 field 

emission scanning electron microscope (SEM) was 

used to observe the microstructure of the sample and 

analyze the elemental composition of the sample. 

RESULTS AND DISCUSSION  

Cs2NaBiCl6 has a typical face-centered cubic 

structure, with alternating combinations of [NaCl6]5- 

octahedrons and [BiCl6]3- octahedrons forming a ste-

reo-structure. According to the principle of similar 

electric neutrality and ionic radius, doped Mn2+ will re-

place the site of Bi3+ to form [MnCl6]4-. Fig. 1 shows 

the XRD pattern of Cs2NaBiCl6:6%Mn2+. The upper 

curve is the pattern of the measured sample, and the 

black line at the bottom is the standard PDF 05-9059 

card of Cs2NaBiCl6. It can be found that each measured 

peak is aligned with the standard one. In summary, it 

is shown that the prepared sample phase structure is 

consistent with the expected, the material is relatively 

pure, and there are no other impurity phases. 

 

 
Fig. 1. X-ray diffraction pattern of Cs2NaBiCl6:6%Mn2+ 

Рис. 1. Дифрактограмма Cs2NaBiCl6:6%Mn2+ 

 

 
 

 

Fig. 2. SEM (a) and EDS (b) spectra of Cs2NaBiCl6:6%Mn2+ 

Рис. 2. Спектры СЭМ (а) и ЭДС (б) Cs2NaBiCl6:6%Mn2+ 

 

The morphology of Cs2NaBiCl6:6%Mn2+ was 

observed under scanning electron microscope. As 

shown in Fig. 2 (left), the double perovskite sample 

prepared by precipitation showed uneven microstruc-

ture. In addition, EDS spectra of Cs2NaBiCl6:6%Mn2+ 
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samples were also analyzed, as shown in Fig. 2 (right). 

The detection shows that between 0-1 kV, the first two 

peaks are carbon and oxygen, which are the elements 

contained in the conductive adhesive used in the prep-

aration of the test sample. The elements corresponding 

to the subsequent wave peaks are corresponding to the 

elements required for sample preparation, among which, 

due to the low doping content of manganese, they are not 

shown in the energy spectrum. In summary, the ele-

ments of the measured samples are basically consistent 

with the designed and prepared samples. 

 

 
а 

 
b 

Fig. 3. The excitation spectrum of Cs2NaBiCl6: x% Mn2+(x = 0, 1, 

3, 6, 9) when the emission wavelength is 582 nm (a); the lumi-

nous intensity of different doping concentrations at the same 

emission wavelength (b) 

Рис. 3. Спектр возбуждения Cs2NaBiCl6:x%Mn2+( x = 0, 1, 3, 6, 

9) при длине волны излучения 582 нм (а); интенсивность све-

чения при различных концентрациях легирующего вещества 

при одной и той же длине волны излучения (b) 

 

Cs2NaBiCl6 is a standard cubic phase crystal 

structure with a wide direct band gap. As shown in 

Fig. 3a, the excitation spectra obtained when the mon-

itoring wavelength is 582 nm, it can be found that 

Cs2NaBiCl6 fluorescent materials with different dop-

ing concentrations of manganese ions have a main ab-

sorption peak centered on the wavelength of 363 nm. 

As shown in Fig. 3b, the excitation spectral intensity is 

relatively close when the doping concentration of man-

ganese ions reaches 6%. The excitation spectral inten-

sity reached the highest, and then the luminescence in-

tensity gradually decreased with the increase of doping 

concentration. 

 

 
a 

 
b 

Fig. 4. The emission spectrum of Cs2NaBiCl6:x%Mn2+(x = 0, 1, 3, 

Fig. 4. The exitation spectrum of Cs2NaBiCl6:x%Mn2+(x = 0, 1, 3, 

6, 9) with an excitation wavelength of 336 nm (a); the luminous 

intensity of different doping concentrations at the same excitation 

wavelength (b) 

Рис. 4. Спектр излучения Cs2NaBiCl6:x%Mn2+(x = 0, 1, 3, 6, 9) 

при длине волны возбуждения 336 нм (а); интенсивность све-

чения при различных концентрациях легирующего вещества 

при одной и той же длине волны возбуждения (b) 

 

Fig. 4a shows the emission spectrum of 

Cs2NaBiCl6:x%Mn2+(x = 0, 1, 3, 6, 9) fluorescent ma-

terial at an excitation wavelength of 336 nm. It can be 

seen from the figure that the undoped Cs2NaBiCl6 ma-

trix has a very low luminous intensity and almost no 

absorption peak. This is in line with the fact that the 

inherent parity transition prohibition with double per-

ovskites results in low luminous efficiency [27]. With 

the continuous increase of manganese ion doping con-

centration, its luminous intensity first increases and 

then decreases. When the doping ratio reaches 6%, the 

luminous intensity reaches the maximum as shown in 

Fig. 4b. This emission band is due to the doping of 

manganese ions, which breaks the parity forbidden 

transition, and the d orbital of manganese ions has an 

energy level transition from 4T1 to 6A1 [28], which also 
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produces a relatively obvious orange-yellow photolu-

minescence. 

 

 
Fig. 5. Spectra of Cs2NaBiCl6:6%Mn2+ at different excitation and 

emission wavelengths 

Рис. 5. Спектры Cs2NaBiCl6:6%Mn2+ при различных длинах 

волн возбуждения и излучения 

 

Different excitation wavelengths (340 nm, 

363 nm, 380 nm) and emission wavelengths (560 nm, 

582 nm, 600 nm) were used to measure the emission 

state and excited state of the sample (as shown in Fig. 5), 

and it was found that the excitation spectrum and emis-

sion spectrum were not offset, indicating that the pre-

pared sample was the same emission source. 

All the prepared samples were placed under 

the three-purpose ultraviolet analyzer for preliminary 

observation as shown in Fig 6a. It was observed that 

the samples with different doping concentrations 

showed different intensity of orange-yellow light at 

254 nm and visible light, but the luminous intensity 

was stronger in visible light mode. The color coordi-

nates of the data measured in the excitation spectrum 

are added to the analysis system, and the color coordi-

nates obtained from the calculation plot (0.5288, 

0.4665) are also in the orange-yellow region, as shown 

in Fig. 6b. 

 

 
a  

b 
Fig. 6. Photos and coordinate analysis diagram of Cs2NaBiCl6:x%Mn2+ under ultraviolet analyzer 

Рис. 6. Фотографии и схема анализа координат Cs2NaBiCl6:x%Mn2+ в ультрафиолетовом анализаторе 

 

CONCLUSION  

In this paper, a series of Cs2NaBiCl6:x% 

Mn2+(x = 0, 1, 3, 6, 9) double perovskite fluorescence 

materials were prepared and synthesized by precipita-

tion method [29, 30]. Through the characterization of 

various instruments and the analysis of data, it was 

found that the obtained sample phase is pure and al-

most free of other impurities. The obtained samples are 

basically consistent with the elements of the experi-

mental design. The luminescence of the sample comes 

from the same excitation source. With the increase of 

manganese ion doping concentration, the luminous in-

tensity of the sample increases, reaching the highest at 

6%, and showing a strong orange-yellow light, but 

with the increase of Mn2+ doping concentration, due to 

the concentration quenching effect, the intensity de-

creases. The preparation method has the advantages of 

simple process, low raw material cost, short reaction 

time and pure material ratio. Therefore, Cs2NaBiCl6: 

x% Mn2+ fluorescent materials have great application 

potential in the preparation of LED devices and lumi-

nous display agents. 
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