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Abstract— Organic-inorganic perovskite solar cell is highly promising technology among all known photovoltaic technologies for its 

increasing power conversion efficiency, material abundance, low cost and simple synthesis technique. The perovskite materials mainly 

CH3NH3SnCl3 (MASC) and CH3NH3ISnCl2 (MAISC) are synthesized using chemical synthesis process as Sn-based perovskite materials 

because of its simplicity. The Sn-based perovskite materials have been characterized for structural properties and morphological structure 

by using technique X-ray diffraction (XRD) and scanning electron microscope (SEM). The MASC having cubic crystal phase (a=b=c & α = 

β = γ = 90°) and MAISC having tetragonal structure (a=b=c & α = β = γ = 90°) with average grain size are 40.9 nm and 40.62 nm The SEM 

structure shows some irregular crystal growth having average particle size ~ 334.68 μm for MASC and ~ 464.88 μm. 

Index Terms— Perovskite, Sn-based, MASC, MAISC, XRD, SEM, Grain size 

——————————      —————————— 

1 INTRODUCTION                                                                     

rganic-inorganic perovskite solar cell is most efficient 
solar cell because of its higher power conversion, low 
cost and availability of compound in nature. The light 

absorbing perovskite materials are sandwiched between hole 
transport layer (HTL) and electron transport layer (ETL) and 
these two layers maintains air stability of perovskite materials 
[1][2]. The general compound formula of perovskite com-
pound is ABX3, A is aliphatic or atomic ammonium and B is 
divalent metal cations such as Pb2+, Sn2+, Cu2+ etc. and X is 
the halogen such as Cl-, Br-, I- [3][4]. the most of the perov-
skite solar cells are focused on methylammonium lead trihal-
ide (CH3NH3PbX3) and formamidinium lead trihalide 
(H2NCHNH2PbX3) as perovskite absorber where X= I-, Br-, 
Cl- [5]. The perovskite materials have been well known for 
many years but first incorporation into solar cell is reported in 
2009, where 3.81% power conversion efficiency has been 
achieved [6]. The power conversion efficiency has been devel-
oped rapidly within 2 years and the long-term power conver-
sion efficiency reached ~ 6.54% in 2011 using 2~3 nm sized 
perovskite (CH3NH3PbI3) nanocrystal [7]. Organic-inorganic 
perovskite solar cell consists of promising photoactive materi-
al in photovoltaic application for its higher power conversion 
efficiency and its outstanding optoelectronics properties, 
charge carrier mobility, charge carrier diffusion length and 
dielectric properties [8][9]. In 2015 Heo and Im reported 
~18.3%-19% power conversion efficiency by varying thickness 
500 nm ~900 nm for the hybrid perovskite structure 
(CH3NH3PbI3-XClx) [10]. According to NERL the perovskite 
solar cell has been achieved maximum power conversion effi-
ciency 25.5% [11] in 2021.  

Though lead-based perovskite solar cell achieved highest 
efficiency but toxicity of lead is major concerns. Among differ-
ent perovskite structures, in replacement of lead ecofriendly 

Sn –based perovskite (CH3NH3SnX3) solar cell is new chal-
lenge for researcher in photovoltaic application because of its 
abundance in nature, environment friendly, ideal band gap 
and crystal structure similar to lead-based perovskite 
[12][13][14]. However, lead-free Sn-based halides perovskite 
absorbers have low toxicity, narrow direct band gaps, high 
optical-absorption coefficients, high mobilities, low exciton-
binding energies, long charge-carrier life times and good sta-
bility. Therefore, Sn-based perovskite structure having attrac-
tive properties in photovoltaic application under standard 
operating conditions [15]. Lead free perovskite solar cell par-
ticularly using perovskite absorber CH3NH3SnI3 is achieved 
power conversion efficiency 6% with band gap 1.23 eV [16]. 
The Sn-based perovskite solar cell have been achieved 8.3% 
power conversion efficiency for fresh device [17]. Moreover, 
Nishimura et al., found the conversion efficiency of 13.24% by 
depositing the precursor on Florine doped tin oxide (FTO) 
substrate in 2020 [12].  

 
Lead free tin-based perovskite materials CH3NH3SnCl3 

(MASC) and CH3NH3ISnCl2 (MAISC) was synthesized for 
basic properties. Then the synthesized CH3NH3SnCl3 and 
CH3NH3ISnCl2 was characterized by using X-ray diffraction 
for structural properties and scanning electron microscopy for 
morphological structure. The Sn based perovskite absorber 
CH3NH3SnCl3 and CH3NH3ISnCl2 was synthesized using 
following procedure and characterized them. 

 

2 EXPERIMENTAL PROCESS 

2.1 Reagents 

CH3NH2 (40% mono) was purchased from Qualikems, HI 
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(67% in H2O), HCl (32% in H2O) and tin (II) chloride-2-
hydrate were purchased from Merck. 

2.2 Synthesis of CH3NH3I and CH3NH3Cl 

The perovskite materials are synthesized using chemical 
method, vapor-assisted method, dual source evaporation 
method and sequential deposition method. Among these syn-
thesis process chemical synthesis process is effective. 

Methylamine (CH3NH2) was reacted with hydroiodic acid 
(HI) in 1:1 molar ratio. The three-arm flask was filled with 
CH3NH2 and HI was added dropwise with methylamine so-
lution. The flask was put on ice bath and the methylammoni-
um iodide (CH3NH3I) solution was kept 3 hours in ice bath. 
The CH3NH3I (MAI) solution was collected and evaporated at 
60℃. After evaporation the crystalline (MAI) was washed sev-
eral times by diethyl ether and dried. 

Again, methylamine (CH3NH2) was reacted with hydro-
chloric acid (HCl) in 1:1 molar ratio. The flask was put on ice 
bath and the methylammonium iodide (CH3NH3Cl) solution 
was kept 3.10 hour in ice bath. The CH3NH3Cl (MAC) solu-
tion was collected and evaporated at 55 ℃ by using rotary 
evaporator. After evaporation, the crystalline MAC was 
washed several times by diethyl ether and dried crystal of 
MAC was collected [18]. Figure 1 shows the dried MAI and 
MAC. 

 
 
 
 
 
 
 
 
 

 

2.3 Synthesis of CH3NH3SnCl3 and CH3NH3ISnCl2 

Equimolar CH3NH3Cl and tin (II) chloride dihydrate was dis-
solved into N, N-dimethylformamide separately. According to 
stoichiometric, the prepared solution was added and the solu-
tion of CH3NH3SnCl3 (MASC) was obtained. 

Similarly equimolar CH3NH3I and tin (II) chloride dihy-
drate was dissolved into N, N- dimethylformamide separate-
ly. The prepared solution was added and the solution of 
CH3NH3ISnCl2 (MAISC) was obtained. 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

2.4 Film Deposition 

The solution of CH3NH3SnCl3 and CH3NH3ISnCl2 was 
deposited onto a clean glass substrate by spin coating process 
at 1500 rpm for 30 seconds and then deposited film was kept 
at room temperature. 

 

2.5 Characterization 

The X-ray diffraction (XRD) method was used to investi-
gate structural properties of synthesized materials determined 
using “GBC EMMA” XRD arrangements and for morphologi-
cal structure, SEM measurement was investigated using 
“Evo18, curl Zeiss”. 

 

3 RESULTS AND DISCUSSION 

As demonstrated in this document, the numbering for sections 
upper case Arabic numerals, then upper case Arabic numerals, 
separated by periods. Initial paragraphs after the section title 
are not indented. Only the initial, introductory paragraph has 
a drop cap. 

3.1 X-RAY DIFFRACTION (XRD) 

The XRD spectra shows the peak position of synthesized 
MAC and MAI both in crystal and after deposition as shown 
in figure 3. The studies XRD pattern of crystal CH3NH3I and 
film deposited film by solution of CH3NH3I confirmed te-
tragonal structure. For crystal CH3NH3I the XRD pattern de-
pict that the sharp peak in 2θ angle were 24.772º, 29.467º, 
31.457º and 57.267º. For film the peaks analyzed in 2θ angle 
were, 24.772º, 30.007º and 56.984º. For both crystal and film 
indicates the plane (100), (110) and (211). For crystal 
CH3NH3Cl the XRD pattern depicts that the planes were (1 0 
0), (1 1 0), (2 0 0), (3 1 0) in 2θ =17.66269º, 22.9399038º, 
29.2536055º and 58.5745192º.  For film the orientation was (1 0 
0) in 2θ = 17.9113461º [19] [20][21]. 
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Fig. 1. Synthesized (a) CH3NH3I and (b) CH3NH3Cl 

 

  

 
Fig. 2. Synthesized CH3NH3SnCl3 and CH3NH3ISnCl2 
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Figure 4 represents the XRD spectra for synthesized MASC 

and MAISC. The peak position of synthesized MASC are ob-
tained at angle 2θ =11.50º, 25º and 38º which corresponds to 
the plane (100), (111) and (002). The peak position of synthe-
sized MAISC are obtained at angle 2θ =20.42º and 29.98º 
which relates to the plane (220), and (410) [22]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The lattice parameters of the prepared crystals were calcu-

lated via "Full Proof" software and listed in Table 1. It is ob-
served that all the synthesized Sn-based perovskites possess a 
cubic crystal phase MAISC and tetragonal crystal phase for 
MASC with a variation in lattice parameters which is caused 
by the structural deformation due to the variation of halide 
ions stoichiometry. 

 
 
 
 
 

 
The grain size of synthesized materials has been calculated 

from the X-ray diffraction pattern using the Debye -Scherrer 
equation [23]. 

 
Crystallite size, L = Kλ/(β cosθ )                 (1) 
 
Where β, λ, K are full-width half-maxima, X-ray wave-

length, and Scherrer constant (~0.89), respectively. The grain 
size 33.4 nm, 40.2 nm and 49.1 nm for synthesized MASC and 
39.334 nm and 41.915 nm synthesized MAISC. 

 
For crystalline material, dislocation density (ρ) is the meas-

urement of number of dislocations per unit volume and can be 
calculated by following equation [24]- 

 
ρ = 1⁄L^(2 )                    (2) 
 
The dislocation density for MASC 0.00089 nm-2, 0.00062 nm-

2 and 0.000414 nm-2 and for MAISC are 0.00065 nm-2 and 
0.00057 nm-2, as demonstrated in Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The grain size is increasing and dislocation density decreas-

ing with the shifting of peaks toward the higher value in both 
MASC and MAISC. 

 

TABLE 1 
LATTICE PARAMETERS AND VOLUME FOR SYNTHEISZED MATERI-

ALS 

Synthesized 

Materials 

    Lattice parameters 

(Å) 

(α = β = γ = 90°) 

Cell Vol-

ume 

(Å3) 

a b c 

MASC 7.64 7.64 4.73 276.76 

MAISC 12.2

8 

12.2

8 

12.28 1852.8 

 
 

Fig. 3. XRD pattern of MAC and MAI 

 

 

Fig. 4. XRD pattern of synthesized CH3NH3SnCl3 and 
CH3NH3ISnCl2 

 

 

Fig. 5. Grain size and dislocation density for synthesized MASC and 
MAISC 
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3.2 SCANNING ELECTRON MICROSCOPE (SEM) 

The SEM image shows some crystal growth for both MASC 
and MAISC as shown in figure 6. The histogram shows the 
irregular distribution of grain size with diameter. The average 
grain size are 334.68 μm for MASC and 464.88 μm for MAISC 
[16]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 CONCLUSION 

The two Sn- based perovskite materials CH3NH3SnCl3 and 
CH3NH3ISnCl2 are synthesized. The structural properties for 
both MASC and MAISC are determined by XRD. The MASC 
having cubic crystal phase phase (a=b=c & α = β = γ = 90°) 
and MAISC having tetragonal structure (a=b=c & α = β = γ = 
90°). The grain size of the synthesized materials is calculated 
using Debye -Scherrer equation average grain size are 40.9 nm 
and 40.62 nm for MASC and MAISC respectively. Again, it has 
been observed that the grain size increasing with the shifting 
of peak position and dislocation density decreasing. The SEM 
structure shows some irregular crystal growth having average 
particle size ~ 334.68 μm for MASC and ~464.88 μm for 
MAISC. 
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