
Supplementary information

The properties, photovoltaic performance and stability of Visible to Near-IR all 
inorganic perovskite 

Adva Shpatz Dayan1, Xinjue Zhong2, Małgorzata Wierzbowska3, C. E. M. de Oliveira4, 
Antoine Kahn2, Lioz Etgar1,*

1 Institute of Chemistry, Casali Center for Applied Chemistry, The Hebrew University 
of Jerusalem, Jerusalem 91904, Israel.
2Department of Electrical Engineering, Princeton University, Princeton, New Jersey 
08544, USA
3Institute of High Pressure Physics, Polish Academy of Sciences Sokołowska 29/37, 
01-142 Warsaw, Poland
4The Center for Nanoscience and Nanotechnology, The Hebrew University of 
Jerusalem, Jerusalem 91904, Israel

* lioz.etgar@mail.huji.ac.il

80:20 70:30

50:50 40:60

60:40

20:80

30:70

a b c

d e f

g

Compression between iodide and bromide

400 450 500 550 600 650 700 750 800 850 900 950 1000
0.0

0.5

1.0

1.5

2.0

2.5

Wavelength (nm)
400 450 500 550 600 650 700 750 800 850 900 950 1000

0.0

0.5

1.0

1.5

2.0

2.5

Wavelength (nm)

400 450 500 550 600 650 700 750 800 850 900 950 1000
0.0

0.5

1.0

1.5

2.0

2.5

A
bs

or
ba

nc
e 

(A
.U

)

Wavelength (nm)
400 450 500 550 600 650 700 750 800 850 900 950 1000

0.0

0.5

1.0

1.5

2.0

2.5

Wavelength (nm)
400 450 500 550 600 650 700 750 800 850 900 950 1000

0.0

0.5

1.0

1.5

2.0

2.5

Wavelength (nm)

400 450 500 550 600 650 700 750 800 850 900 950 1000
0.0

0.5

1.0

1.5

2.0

A
bs

or
ba

nc
e 

(A
.U

)

Wavelength (nm)

400 450 500 550 600 650 700 750 800 850 900 950 1000
0.0

0.5

1.0

1.5

2.0

2.5

3.0

A
bs

or
ba

nc
e 

(A
.U

)

Wavelength (nm)

 Iodide
 Iodide + Bromide

Fig. S1 Comparison of the absorbance spectra between films with only iodide CsSnyPb1-yI3 (0<y<1) and 

films with mixture of bromide and iodide (0<y<1, 0<x<3).  The films are without encapsulation at 

different ratios of Pb:Sn in room conditions (37% humidity, 180C).
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Fig. S2 XRD patterns of different ratio of Pb:Sn after degradation (a) 30:70 CsSn0.7Pb0.3I2.44Br0.56 (b) 

50:50 CsSn0.5Pb0.5I2.6Br0.4.The measurements after degradation were taken after leaving the samples for 

48 hours at room environment conditions. ( -CsPbI3 cubic phase, -CsPbI3 orthorombic phase, -𝜋 𝜒 𝛼

CsSnI3, -SnO2, -SnI2, -PbI2,  -CsI).𝛿 𝛽 𝛾 𝜏
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Fig. S3 (a) Absorbance spectra of CsSnyPb1-yI3 (0<y<1) films encapsulated at different ratio of Pb:Sn. 

(b) Magnification of the absorbance spectra in the range 600-1000 nm. 
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Fig. S4 Absorbance spectra of CsSnyPb1-yBrxI3-x (0<y<1, 0<x<3) films encapsulated for different ratio 

of Pb:Sn under continuous 1 sun illumination, 18 °C and 27% humidity. (a) CsPbI3 (b) 80:20 - 

CsSn0.2Pb0.8I2.6Br0.4 (c) 70:30 - CsSn0.3Pb0.7I2.4Br0.6 (d) 60:40 - CsSn0.4Pb0.6I2.2Br0.8, (e) 50:50 - 

CsSn0.5Pb0.5I2Br1 (f) 40:60 - CsSn0.6Pb0.4I1.8Br1.2 (g) 30:70 - CsSn0.7Pb0.3I1.6Br1.4 (h) 20:80 - 

CsSn0.8Pb0.2I1.4Br1.6 (i) CsSnI3.
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Fig. S5 Absorbance spectra of CsSnyPb1-yI3 (0<y<1) films encapsulated at different ratio of Pb:Sn under 

continuous 1 sun illumination, 26 °C and 16% humidity. (a) 80:20 - CsSn0.2Pb0.8I3 (b)70:30 - 

CsSn0.3Pb0.7I3 (c) 60:40 - CsSn0.4Pb0.6I3, (d) 50:50 - CsSn0.5Pb0.5I3 (e) 40:60 - CsSn0.6Pb0.4I3 (f) 30:70 - 

CsSn0.7Pb0.3I3 (g) 20:80 - CsSn0.8Pb0.2I3
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20:80
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Fig. S6. SEM micrographs of fresh films, and films after degradation (48 h) for 20:80 

(CsSn08Pb0.2I1.4Br1.6), 50:50 (CsSn0.5Pb0.5I2Br1) Pb:Sn ratios.
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Fig. S7 Photos of CsSnyPb1-yBrxI3-x (0<y<1, 0<x<3) films without encapsulation at different ratios of 

Pb:Sn in room conditions (37% humidity, 180C). The change in the color of the film can be observed 

with time.
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Fig. S8 Photos of CsSnyPb1-yI3 (0<y<1) films without encapsulation at different ratios of Pb:Sn in room 

conditions (37% humidity, 180C). The change in the color of the film can be observed with time
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Fig. S9 Ultraviolet photoemission spectroscopy (UPS) measurement of the ratios: 80:20 

(CsSn0.2Pb0.8I2.6Br0.4), 70:30 (CsSn0.3Pb0.7I2.4Br0.6), 60:40 (CsSn0.4Pb0.6I2.2Br0.8), 20:80 

(CsSn0.8Pb0.2I1.4Br1.6).

Fig. S10 Energy diagram of complete device (energy level of PTAA was taken from references 1), the 

perovskite composition is CsSnyPb1-yBrxI3-x (0<y<1, 0<x<3)
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Fig. S11: Hysteresis curves (forward and reverse scan) of CsSnyPb1-yBrxI3-x with 80:20 Pb:Sn ratio.

Table S1: The Delta in the PV parameters of the cells before and after illumination. 

Pb:Sn ratio ΔVoc ΔJsc ΔFF ΔPCE

 80:20 0.170 6.95 22.51 5.48

 70:30 0.100 4.91 15.66 2.48



 60:40 0.087 0.33 8.86 1.77
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Fig: S12: Stability of full devices. (A),(B),(C) under continuous 1 illumination. (D),(E),(F) shelf life 

stability , the cells were stored in the glove box between measurements. 
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