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ABSTRACT: We report the synthesis and characterization of the 
MASnxPb1-xBr3 (MA=methylammonium, nominal x=0, 0.2, 0.4, 0.5, 
0.6, 0.8, 1) solid solution. The original synthetic method developed 
allowed to obtain single-phase materials with homogenous Sn/Pb 
distribution. All the samples prepared are cubic and the unit cell 
linearly reduces by increasing the x value. The optical response indi-
cates a linear trend (Vegard’s law) of the band gap by increasing the 
Sn-content moving from 2.20 eV (x=0) to 1.33 eV (x=1), thus extend-
ing the light absorption into the near-infrared. 

The replacement of Pb with environmental friendly metals in or-
ganohalide perovskites for photovoltaics applications seems to be a 
required step in order to develop this promising technology. In ad-
dition, further modulation of the absorption spectrum (in particular 
towards the IR) is of interest for the implementation of organohalide 
perovskites in devices such as tandem cells. 

Tin represents an excellent candidate element for lead replace-
ment even though the problems related to Sn2+ oxidation by air 
should be considered in device design. However, Sn2+ has an ionic 
radius very close to that of Pb2+, thus making possible a complete 
solubility at the perovskite B-site with small lattice distortions. 

Currently, very few examples of Pb-Sn systems have been reported 
in the literature. Hao et al.,1 described the CH3NH3SnxPb1-xI3 (in the 
following CH3NH3=MA) system showing a non-linear trend in the 
energy band gap between the two end members. On the other hand, 
the same system, investigated later by Ogomi and co-workers2, re-
vealed a linear trend of the energy band gap by varying the x value. 
A detailed computational study of the mixed Sn-Pb MASnxPb1-xI3 
perovskites indicated a continuous and monotonic variation of the 
energy levels with the band gap energies shifting towards the near-IR 
spectral region as the Sn content in the perovskite increases.3 These 
computational results are in very good agreement with the experi-
mental data reported in ref. 2. Finally, solar cells made with the 
MASnxPb1-xX3 (X=I and Cl) perovskites were studied by Zuo et al., 
confirming an increased performance through broadened absorp-
tion and improved solution-cast film morphology due to the mor-
phological modulation offered by Sn2+ incorporation. However, in 

this paper the determination of the band gap of the mixed composi-
tions was found to be challenging due to the ease of Sn oxidation.4 

In view of the consideration reported above, it is clear that there 
is an urgent need of organohalide perovskites where Pb is replaced 
by environmental-friendly metals such as Sn and, in addition, to ex-
tend the series of mixed Pb/Sn perovskites reported so far. In this 
Letter we report the synthesis and the characterization of the 
MASnxPb1-xBr3 system. 

Samples of general formula MASnxPb1-xBr3 
(MA=methylammonium, x=0, 0.2, 0.4, 0.5, 0.6, 0.8, 1) were synthe-
sized according to a general and original procedure we developed. In 
a typical synthesis, a proper stoichiometric amount of Pb acetate and 
tin bromide (sum of them resulting in 0.076 mol of metal precur-
sors) are dissolved in an HBr excess (0.089 mol) under continuous 
mechanical stirring under nitrogen atmosphere. About 0.03 mol of 
hypophosphoric acid are added to the solution and inert atmosphere 
is maintained in the reaction environment in order to prevent Sn 
oxidation. Then, the solution is heated to 100°C and the corre-
sponding amine solution (40%wt in water) is added in equimolar 
amount. The solution is then cooled down to 46°C at 1°C/min, un-
til the formation of a precipitate, which is immediately filtered and 
dried under vacuum overnight. All the reagents were purchased 
from Sigma Aldrich in pure form and were used without any further 
purification. The crystal structure of the samples has been character-
ized by room temperature Cu-radiation X-ray Powder Diffraction 
(XRD) acquired with a Bruker D8 diffractometer. The optical diffuse 
reflectance spectra of the different perovskites were measured from 
0.8 to 4.5 eV (250-1500 nm, with steps of 1 nm) by a Varian Cary 
6000i equipped with an integrating sphere. For this kind of meas-
urements polycrystalline powders were compacted into pellets of 
about 5 mm in diameter and reflectance spectra were calibrated us-
ing a standard reference disk. The elemental composition of the sam-
ples was determined by Energy-dispersive X-ray spectroscopy using 
an INCA Energy 350 X Max detector from Oxford Instruments 
linked to an EvoMA10 (Zeiss, Germany) scanning electron. Cobalt 
standard was used for the calibration of the quantitative elementary 
analysis. All the samples manipulations were carried out under inert 
atmosphere. 
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First of all, since we are dealing with a solid-solution, it is manda-
tory to check the actual stoichiometry of the samples with respect to 
the nominal composition and to explore the homogenous distribu-
tion of Sn and Pb in the material. For this reason, all the synthesized 
samples underwent careful elemental analysis by means of EDX. Ta-
ble 1 reports the nominal and experimental (determined by EDX) x-
values. Standard deviation in the analysis was ±5%. Element map-
ping confirmed the homogeneous Sn/Pb distribution in all the sam-
ples. 

 

 

 

 

 

 

 

Table 1. Nominal and experimental x-values for the MASnxPb1-xBr3 system 

together with the a lattice constant determined from XRD and the Eg value. 
  
As it can be appreciated from Table 1, all the mixed Sn/Pb samples 
show an actual Sn-content lower than the nominal one. Therefore, 
in the following discussion, we are going to use the experimental 
determined stoichiometries. 

Figure 1. XRD patterns for the MASnxPb1-xBr3 solid solution (see Table 1). 
Vertical red bars refer to the reference structure for the MAPbBr3. 

 

All the samples synthesized are single phase according to the XRD 
patterns. Phase analysis was carried out with the published crystal 
structures of the two end members which are both cubic (space 
group Pm-3m)5,6. This unit cell has been found to properly describe 
the XRD patterns for all the members of the solid solution. The 
trend of the cubic lattice parameter obtained from the Rietveld re-
finement of the XRD patterns is reported in Figure 2 while the val-
ues are reported in Table 1. 

 

Figure 2. Cubic a lattice parameter vs. x for the MASnxPb1-xBr3 solid solution. 

 

According to the plot of Figure 2, the MASnxPb1-xBr3 solid solu-
tion follows the Vegard’s law with a progressive reduction of the lat-
tice parameter by increasing the amount of Sn2+ ion due to its smaller 
ionic radius (1.35 Å) with respect to that of Pb2+ (1.49 Å)7. A contin-
uous solid solution between the two end members (MAPbBr3 and 
MASnBr3) is then confirmed. A similar trend was not observed in 
the MASnxPb1-xI3 systems reported in ref. 1, most probably due to a 
poor control of samples stoichiometry and/or Sn oxidation state. 

Figure 3 reports the vis-NIR diffuse reflectance spectra obtained 
on the samples considered in the present work. The positions of op-
tical absorption edges, as determined from the extrapolation8,9 of the 
linear part of [F(R) h]2 where F(R) is the Kubelka-Munk function 
F(R) = (1-R)2/2R, are reported in Table 1. 

Figure 3. Diffuse reflectance spectra for the MASnxPb1-xBr3 solid solution. 

From Figure 3 it is possible to note a progressive shift of the ab-
sorption spectrum at longer wavelengths as the Sn amount increases 
in the samples. In addition, the shape of the absorbance spectrum 
becomes broader as the x value increases. The band gap moves from 
2.20 eV in MAPbBr3 (a value in accordance with literature10) to 
about 1.33 eV in MASnBr3. The absorbance spectrum covered by 

Nominal   
x-value 

Experimental x-
value 

a (Å  Eg (eV) 

0 0 5.9303(2) 2.20 

0.20 0.09 5.9274(2) 2.00 

0.40 0.23 5.9249(3) 1.93 

0.50 0.34 5.9232(3)   

0.60 0.41 5.9211(3) 1.86 

0.8 0.67 5.9137(4) 1.75 

1 1 5.9082(4) 1.33 
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the samples reported here is not covered by Pb hybrid perovskites 
and such a sensitivity in the area of NIR spectral region is useful for 
all-solid-type tandem cells. 

Figure 4 reports the trend of energy gap Eg as a function of Sn 
content (x) for the MASnxPb1-xBr3 solid solution (red circles). 

Figure 4. Trend of energy gap Eg as a function of the Sn content for the 
reflectance spectra for the MASnxPb1-xBr3 solid solution (red circles). Black 
circles are the values for the MASnxPb1-xI3 solid solution taken from ref. 2, 
while blue circles are the SOC-GW calculated values for the MASnxPb1-xI3 
solid solution taken from ref. 3 

 

In Figure 4 we compared the experimental values for the band gap 
of the MASnxPb1-xBr3 system determined in the present work to-
gether with the experimental values extracted from the experimental 
investigation of the MASnxPb1-xI3 solid solution of ref. 2 (black cir-
cles) and the calculated values for the MASnxPb1-xI3 system reported 
in ref. 3 (blue circles). In particular, the plotted calculated values 
from ref. 3 are those from the SOC-GW theory with optimized 
atomic and cell parameters.3 

First of all, we note that our data for the MASnxPb1-xBr3 solid so-
lution show a continuous and linear reduction of the band gap as 
the Sn content increases. With respect to the experimental data for 
the MASnxPb1-xI3 system2 there is a different slope in the variation of 
the Eg, in particular for the data above x=0.50. On the other hand, 
the calculated and optimized values reported by Mosconi et al. for 
the I-based system, show a very similar trend in the reduction of the 
band gap value with the Sn-content with respect to the actual data 
we report for the Br-system. In addition, the comparison of the ex-
perimental band gap values for the MASnxPb1-xBr3 solid solution and 
the calculated values for the MASnxPb1-xI3 system highlights a quite 
rigid shift of the order of 0.5-06 eV which has been found as the 
constant difference in MAPbX3 system passing from I to Br anion.11 

Such results are in agreement with the nature of the calculated band-
structure of the Sn/Pb mixed systems.3 

The difference in the experimental band gap trend with the Sn 
content between the MASnxPb1-xX3 solid solutions (X=Br and I) 
could be due to a partial oxidation of the Sn in the samples with 
higher x-values reported in ref. 2, as indicated by the Authors. In the 
present case much care has been made in order to avoid any oxygen 
contamination and the XRD patterns of the sample before and after 
the optical measurements were found to be superimposable. The 

data reported here further confirm the linear reduction of the band 
gap with Sn-content increase in the MASnxPb1-xX3 systems thus rais-
ing some doubts on the quality of the samples and data reported in 
ref. 1. 

 

In the present paper we reported, for the first time, the synthesis 
and characterization of the MASnxPb1-xBr3 solid solution for nomi-
nal x= 0, 0.2, 0.4, 0.5, 0.6, 0.8, 1.  

XRD data confirmed the formation of single-phase materials with 
cubic symmetry for all the compositions with a linear reduction of 
the unit cell by increasing the Sn content (in accordance with the 
Vegards’s law) and confirming the formation of a complete solid so-
lution between the end members. EDX analysis showed that, with 
the synthetic method employed here, the final Sn stoichiometries are 
smaller than the nominal ones. Optical data revealed a progressive 
red shift of the absorption spectrum along with the increase of the 
Sn content and a broadening of the absorption edge. The band gap 
calculated from the diffuse reflectance spectra shows a linear reduc-
tion by increasing x shifting from 2.20 eV in MAPbBr3 to about 1.33 
eV in MASnBr3. The trend of the band gap variation with Sn-con-
tent is in partial agreement with previously reported experimental 
data for the MASnxPb1-xI3 solid solution and in very good agreement 
with calculated values for the same system. 

The present results provide a new series of organohalide perov-
skites with reduced amount of Pb (or Pb-free) and with a range of 
optical band gap moving towards the near IR spectral region where 
hybrid organic-inorganic perovskites are sought in order to design 
all-solid-state tandem cells.  
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Diffuse reflectance spectra for the MASnxPb1-xBr3 solid so-

lution showing a continuous gap shift towards the NIR spec-

tral region. 

 

 

 


