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A B S T R A C T   

The present research provides an outline for the synthesis of organic-inorganic hybrid perovskites such as 
(CH3NH3)2CuCl4, CH3NH3PbCl3, and CH3NH3SnCl3 by using Ultrasonic radiation assisted method. An X-ray 
diffraction study reveals the presence of crystalline phase in the Cu, Pb and Sn based perovskites. The optical and 
electrical properties were carefully examined using UV–Vis diffuse reflectance spectroscopy. The optical band 
gaps of the synthesized sample were estimated using Tauc’s plot. The current-voltage characteristics of all the 
samples demonstrate increase in photocurrent under UV light compared to darkness. The findings indicated that 
the addressed samples are improved in the visible absorption region and were in good agreement with earlier 
research. The photo-induced mechanisms that result in the remarkable charge separation efficiency of these 
materials are fundamental properties that provide insight into the special features of such a material which has 
driven this to the forefront of photovoltaic research.   

1. Introduction 

Perovskite has acquired much attention in recent years and has made 
remarkable advances in energy storage, contaminant degradation, and 
optoelectronics because of its superior optoelectronic and catalytic 
properties, that have allowed it come forefront (Noel et al., 2014). 
Perovskite compounds, which might be classified into inorganic perov
skite and organic-inorganic hybrid perovskite, are all materials with an 
ABX3 structure (Dey et al., 2021). Crystal structure of ABX3 perovskites 
(A=organic cation, B=divalent metal cation, X=halide) include BX3 
octahedral cations surrounded by the methyl ammonium cation (A) (C. 
C. Vidyasagar et al., 2018) Recently both inorganic and 
organic-inorganic hybrid perovskites have been reported to have ad
vantages in energy application, but hybrid perovskites are frequently 
regarded as being preferable for their tunable optoelectronic properties, 
high absorption coefficients (Li et al., 2021), long carrier diffusion 
length (Kumavat et al., 2019), defect tolerance etc. (Haug et al., 2014). 
Miyasaka et al. reported the first usage of organo-metal halide perov
skites in solar cells in 2009 (Kojima et al., 2009). They obtained 3.81% 

and 3.13% power conversion efficiency (PCE), respectively, using 
CH3NH3PbI3 and CH3NH3PbBr3 as photovoltaic cell visible-light sensi
tizers. Numerous research has already been done on the advancement of 
perovskite solar cells. Previously, Hagfeldt and colleagues had achieved 
a maximum efficiency of 20.8% (Xu et al., 2017). The most significant 
skyrocketed power conversion efficiency of organic-inorganic hybrid 
perovskite reported to date is 26.1% (NREL report 2022). It has been 
exemplified by the certified power conversion efficiencies achieved by 
them so far. According to theory, in organic-inorganic hybrid perov
skites, the effective mass, intrinsic mobility, recombination lifetime, and 
diffusion length of the two types of carriers is comparable which is 
responsible for their excellence in the photovoltaic field (Kumar and 
Babu, 2021; Liu et al., 2023). The main causes of this noteworthy 
progress are enhanced film deposition methods and device structural 
design. It is generally known that the presence of compact, homoge
neous perovskite films with a significant amount of crystallization is 
essential for devices’ stability, repeatability, and performance. On ac
count of this, organic-inorganic hybrid halide materials can be used to 
provide better optical and photovoltaic performance to realize 
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commercial applications. In an ideal world, individual materials would 
be optimized using a variety of synthetic procedures known to create 
better crystals with the necessary microstructure (Manukyan et al., 
2016; Hao et al., 2014; Serrano-Lujan et al., 2015). 

The structure of perovskite crystals is frequently described using the 
phrase "tolerance factor" (Balachandran et al., 2021). Despite substantial 
studies into such basic concepts, this is obvious that such a process of 
forming perovskite crystals in good correlation with Goldschmidt 
tolerance factor poses several distinct obstacles for investigators. How
ever, as this property is essential for the construction of solar cell de
vices, a technique is still necessary to synthesize perovskites on the nano 
and microscale level with high homogeneity. With a conversion effi
ciency of more than 15%, on-chip perovskite solar cells have a lot of 
potential as innovative, large-scale, competitive photovoltaic devices 
(Vidyasagar et al., 2018; Li et al., 2021). The outcomes display that the 
spectral properties are almost the same, indicating which photovoltaic 
operating mechanism is distinct and provide increased diffusion lengths 
(1 m). Most of the performance differences between the devices may be 
attributed to the recombination rates due to the carrier’s conductivity of 
the devices being essentially the same. These findings offer a special way 
to improve the performance of perovskite solar cells (Ke et al., 2021; Liu 
et al., 2022). 

Lead perovskite solar cells are well known for their excellent power 
conversion efficiencies. However, toxicity of lead which has substantial 
toxicological effects on human health increases environmental harm and 
water-soluble lead halide perovskites in water have several risk factors 
that affect chemical poisoning in the food and serves as a barrier to 
perovskite solar cells’ large-scale production and marketing. It is crucial 
to develop Pb-free perovskite in order to increase the competitiveness of 
perovskite solar cells (Kumar and Babu, 2021). Researchers are striving 
to create better-stability, flexible materials using lead-free components 
(Cu2+, Sn4+ and Sb3+). In 2015, it was shown how to prepare two hybrid 
perovskites of cupric bromide, (p-F-C6H5C2H4–NH3)2CuBr4 and 
(CH3(CH2)3NH3)2CuBr4, and how to make the first copper-based per
ovskites-based solar cells. The PCE of the solar cells prepared was 0.50% 
and 0.63%, respectively. These devices are known for their great air 
stability, resulting in less than a 5% reduction in performance after a day 
in air with 50% humidity and no encapsulation (Vidyasagar et al., 2018; 
Kadhim and zamil Manshad, 2019; Ma et al., 2016). 

Additional work shows that Cl is necessary to increase crystallinity 
against copper reduction and stabilize the perovskite MA2CuClxBr4-x. 
The Cl/Br ratio modification can be used to alter the optical absorbance 
from visible to infrared. A better power conversion efficacy was ach
ieved utilizing MA2CuCl2Br2 as a sensitizer with a band gap of 1.90 eV, a 
216 (Acm− 2) Jsc and, a 256 mV Voc. These results demonstrate the 
realization of copper perovskite solar cell devices. As shown, perovskite 
preparation is important for applications in solar cells since a little 
variation in radius may cause the optical absorbance of perovskite to 
increase or decrease. As a result, researchers are constantly looking for 
new substances and generating new methods to enhance the charac
teristics of perovskites so as to attain better efficiencies. Cu-based pe
rovskites have been shown to have a two-dimensional structure, in 
contrast to the normal three-dimensional structure of lead-based pe
rovskites; this variance is caused by smaller ionic radii of Cu2+ ion. This 
ion is more stable in the atmosphere than Sn2+. Powders of 
(CH3NH3)2CuCl4 were created to replace environmentally benign Pb2+

as a light absorber on mesoporous metal oxides. Future research will 
concentrate on developing lead-free ((CH3NH3)2CuCl4 perovskites), 
highly effective, and eco-friendly synthetic organic inorganic hybrid 
halide perovskite materials because CH3NH3SnCl3 is unstable in the 
ambient atmosphere (Noel et al., 2014; Hao et al., 2014; Li et al., 2015; 
Koh et al., 2015; Xu et al., 2015; Wang et al., 2016; Ramavenkateswari 
and Venkatachalam, 2016). 

In the current study, we suggest a ultrasonic assisted method to 
synthesize and compare the fundamental characteristics of perovskites 
based on Cu, Pb and Sn for use in energy conversion devices (Bhooshan 

et al., 2016; Moyez and Roy, 2018). A promising alternative for lead 
halide perovskites for solar applications is reported. Additionally, a 
higher emphasis on lead-free perovskites is suggested. 

2. Materials and methods 

Methylamine 40% (CH3NH2), Copper chloride (CuCl2 2H2O), N, N- 
Dimethyl formamide and Lead chloride acquired from S D fine-chem. 
Limited (Mumbai, India). Tin chloride and HCl (55–58%) were pro
cured from Merck. We have used analytical grade chemicals throughout 
the experiments. 

2.1. Synthesis 

In a typical synthesis, a 250 mL round bottom flask was filled with a 
combination of 28 mL of methylamine (CH3NH2) and 15 mL of hydro
chloric acid (HCl), it was then cooled in an ice bath to avoid the for
mation of thick vapors caused by the dropwise addition of HCl. The 
reaction mixture was then kept at 0 ◦C and agitated for almost 2 h at 500 
rpm. The reaction mixture was added to the petri dish, which was then 
sited in an oven fixed to 70 ◦C for around 4 h. Methyl ammonium 
chloride appears as a white crystal in the final product. The double- 
necked 100 mL RB flask is used to transfer this CH3NH3Cl product. In 
a further experiment, to ensure that PbCl2 had completely dissolved, a 
standard solution of 0.3 M PbCl2 in N, N-dimethyl formamide was pre
pared and stirred continuously for 2 h at 80 ◦C. After complete disso
lution, the prepared 0.3 M PbCl2 solution was loaded up in the burette 
and drop-wisely added to methyl ammonium chloride (CH3NH3Cl) in 
DMF that was kept in an RB flask by sonicating at 60 ◦C. The color of the 
mixture varied from pale yellowish to dark brown (yellow when adding 
CuCl2, orange when adding SnCl2) as the addition of PbCl2 increased. 
The reaction specimens were placed onto the petri dish, and it was 
heated to 80 ◦C to evaporate the N, N-dimethyl formamide. The crystals 
were centrifuged to obtain solid, which is annealed at 70 ◦C. The final 
product of lead perovskites material is obtained after complete drying. 
Cu and Sn-based perovskites (SnCl2 or CuCl2 6H2O) have been synthe
sized using a similar process (Fig. 1). The reaction mechanism proposed 
for CH3NH3PbCl3 formation is  

3CH3NH3Cl + PbCl2→CH3NH3PbCl3 + 2CH3NH3Cl↑                               

When the sample is annealed at 80 ◦C, the CH3NH3Cl by-product, 

Fig. 1. As-prepared samples for solar cell applications in the laboratory.  
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which is unstable, can readily escape from the sample. 

3. Results and discussions 

3.1. XRD analysis 

To confirm that the reaction proceeds by the above-mentioned 
equation, a better understanding of the structure of the final products 
is required. As aforementioned, a liquid of N, N-dimethyl formamide 

was used to dissolve the CH3NH3Cl and CuCl2. The production of Cu- 
based perovskites was observed using the X-ray diffraction (XRD) 
technique. All of the peaks with matching phases at 9.36◦, 17.62◦, 
19.05◦, 22.28◦, 24.47◦, 28.65◦, 31.13◦, 34.65◦, 35.88◦ and 38.54◦ are 
attributed to the diffraction planes (001), (110), (002), (111), (201), 
(003), (221), (220), (202) and (004) which is in good agreement with 
the literature (Cortecchia et al., 2016). The XRD pattern showed no 
unreacted precursor or CuO peaks, which confirmed the samples’ purity 
as prepared. The XRD patterns of (CH3NH3)2CuCl4 at different Cu 

Fig. 2. Displays the XRD pattern of the (CH3NH3)2CuCl4 with different concentrations of Cu.  

Fig. 3. Displays an inset view of the XRD pattern peaks (110), (002) and (111) of (CH3NH3)2CuCl4 material.  
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concentrations are revealed in Figs. 2 and 3. It is determined that no 
doped Cu ions exist in CuO or other species since Cu-doped samples do 
not exhibit unique peaks (Fig. 2). Although (CH3NH3)2CuCl4’s XRD 
pattern is unaltered, the peak positions have been somewhat altered 
about 0.3 M Cu concentration, moving to the right slightly (at a higher 
angle). This shifting of the peak reveals the incorporation of Cu into the 
(CH3NH3)2CuCl4 lattice (Fig. 3). Peak intensities for all of the doped 
samples slightly dropped as the Cu content enhanced; which could be 
due to the crystal structure is unaffected by Cu doping, which alters only 
the crystallinity. The production of a sTable 3-dimensional crystal 
structure of perovskite is often indicated by values for t and r from 
Goldschmidt tolerance factor, so for copper perovskite it suggests that 
perovskite has been crystallized in a lower dimension that is 2-D 
(Balachandran et al., 2021). 

It demonstrates that the lattice parameter has drastically altered. 
This means that Cl is present at specified points within the perovskite 
crystal. While a 3:1 ratio is ideal for Cl doping, reaction/fabrication 

factors can change the actual concentration in the final product. The 
color quickly shifted from yellow to dark brown as the two precursors 
were combined. The peaks at 12.60◦, 22.60◦, 25.10◦, 34.50◦, 39.55◦, 
42.01◦, 45.20◦, and 47.85◦ are all assigned to the diffraction planes 
(110), (211), (220), (202), (310), (312), and (224), respectively, as 
revealed in Fig. 4. 

The purity of the samples is confirmed by the disappearance of 
unreacted precursor or PbO2 peaks in the XRD pattern. No more peaks 
for PbO2 were found, and the non-reacted PbCl2 is responsible for a 
minor peak of around 2θ=13.6 ◦ (shown by arrows). The Sn-based 
perovskite materials’ powder XRD pattern is shown in Fig. 5. The syn
thesized CH3NH3SnCl3 has a perovskite structure, as shown by the 
diffraction peaks of 2θ, which are 11.2◦, 27.1◦, and 58.1◦ The (001) and 
(312) planes on the SnCl2 PDF card correspond to the peaks of 2θ 11.2◦

and 58.1◦, respectively, showing that SnO2 may not be present. The 
investigational X-ray diffraction patterns of CH3NH3SnCl3 are shown in 
Fig. 5. When exposed to air, the undesired SnCl2 hydrates, but when 

Fig. 4. Displays the XRD pattern of the CH3NH3PbCl3 material.  

Fig. 5. Shows the XRD pattern of the CH3NH3SnCl3 material.  
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Fig. 6. The W-H analysis of (CH3NH3)2CuCl4, CH3NH3PbCl3, and CH3NH3SnCl3 crystals. The strain is calculated from the fit’s slope, while the crystalline size is 
calculated from the fit’s y-intercept. 

Fig. 7. Shows the FTIR spectra of the (CH3NH3)2CuCl4 material.  
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exposed to oxygen, the unstable Sn rapidly oxidizes. Insufficient 
nucleation avoids the formation of the required perovskite amorphous 
phase. 

For the crystals (CH3NH3)2CuCl4, CH3NH3PbCl3, and CH3NH3SnCl3, 
we also calculated the lattice strain. Using the William-Hall Method, the 
strain is calculated from the fit’s slope, and crystallite size is calculated 
from the fit’s y-intercept. However, when utilizing the William-Hall 
method, the sizes of the crystallites for (CH3NH3)2CuCl4 are frequently 
larger than those for CH3NH3PbCl3 and CH3NH3SnCl3 crystals. The 
difference in crystallite size between Scherrer’s equation and William- 
Hall is negligible since Scherrer’s equation employs the greatest 
intense peak whereas William-Hall employs an average of several peaks. 
This demonstrated that the micro-strain is inversely related to the size of 
the crystals (Fig. 6). 

3.2. FTIR analysis 

FT-IR spectroscopy was used to analyze each sample. The stretching 
vibration of N–H is shown in Fig. 7 by a distinct band at around 3447 
cm− 1. It is known that the bands in sample at 2925 cm− 1 are C–H 
stretching bands. This C–H stretching vibration is related to the CH3

+

group of the organic cation. The band at 1626 cm− 1 is obtained by the 
bending vibrations of N–H with symmetry and asymmetry. At 1459 
cm− 1, the C–H bond’s symmetry and asymmetry vibrations are seen. 
The stretching vibrations of the C–N bands may be detected at 1255 
cm− 1 in the spectra. Strong alkyl halides have a C–Cl stretch, which is 
shown by the slight hump at 666 cm− 1. Thus, the (CH3NH3)2CuCl4 
samples are analyzed using FTIR to confirm the existence of all func
tional groups. 

According to Fig. 8, the stretching vibration of N–H is represented 

Fig. 8. Shows the FTIR spectra of the CH3NH3PbCl3 material.  

Fig. 9. Displays the FTIR spectra of the CH3NH3SnCl3 material.  

S.S. Chigari et al.                                                                                                                                                                                                                               



Journal of Hazardous Materials Advances 12 (2023) 100368

7

by a distinct small hump at 3447 cm− 1. Additionally, the main peak 
positions between 3578 and 3505 cm− 1 are connected to N–H stretch 
vibrations, which may be related to the NH3

+ group of the organic cation. 
The sample included the C–H stretching bands at a range of 2928 cm− 1. 
This stretching vibration of C–H is related to the CH3

+ group of the 
organic cation. The band at 1602 cm− 1 is obtained by the bending vi
brations of N–H with symmetry and asymmetry. The bond vibrations of 

C–H are shown to have both symmetry and asymmetries at 1463 cm− 1. 
The spectra show stretched C–N vibration bands at 1126 cm− 1. The 
C–Cl stretch is represented by the slight hump at 448 cm− 1, which is 
associated with strong alkyl halides. As a consequence, the FTIR data 
demonstrate that all functional groups are present in the CH3NH3PbCl3 
samples. 

According to Fig. 9, a distinct band at 3434 cm− 1 represents the N–H 
stretching vibration. The stretching vibrations of N–H, which might be 
connected to the NH3

+ group of the organic cation, are also linked to the 
significant peak positions between 3434 and 3221 cm− 1. At 2929 cm− 1, 
C–H stretching bands were found. The CH3

+ group of the organic cation 
is coupled to this stretching vibration of C–H. The band is formed at 
1634 cm− 1 by the symmetry and asymmetry bending vibrations of 
N–H. At 1469 cm− 1, the symmetry and asymmetry of the C–H bond 
vibrations are displayed. The spectra at 1008 cm− 1 exhibit stretching 
C–N vibration bands. The little hump is associated with strong alkyl 
halides and corresponds to the C–Cl stretch at 578 cm− 1. As a conse
quence, the FTIR analysis reveals that the CH3NH3SnCl3 samples contain 
all functional groups. 

3.3. Optical properties 

As seen in Fig. 10, UV–Visible spectroscopy is a useful non- 
destructive method for calculating the band gap energy of perovskites. 
To study the optical properties of charge carriers produced by photons, 
metal-organic halide perovskites were used. Methylammonium cations 
occupy the gaps left by the metal halide octahedra in the structure of 

Fig. 10. Shows the UV–Visible spectra of (CH3NH3)2CuCl4 at different Cu 
concentrations. 

Fig. 11. Tauc’s plot of (CH3NH3)2CuCl4 (a), CH3NH3PbCl3 (b), CH3NH3SnCl3 (c) and UV–Visible spectra of (CH3NH3)2CuCl4, CH3NH3PbCl3 and CH3NH3SnCl3 
crystals (d). 
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organic-inorganic halide perovskite, which are made up of a framework 
of corner-sharing octahedra. The excitonic absorption peaks of the 
metal-organic halide perovskite could be turned into a variety of ab
sorption spectra, and when metal atoms and halogens changed, the 
absorption spectrum in visible light changed significantly. For instance, 
the band gap in CH3NH3PbCl3 (ABX3) varied from 2.03 to 2.0 and 2.03 
to 2.3 eV, respectively, when Cu and Sn are replaced for the B sites. The 
recombination of lower energy hole-electron pairs is thought to be the 
cause of the band gap narrowing when secondary energy levels are 
added between both the valence band and conduction bands. The 
analysis found that the interaction between the inorganic matrix and 
MA+has an impact on the electronic structure of (CH3NH3)2CuCl4, 
CH3NH3PbCl3, and CH3NH3SnCl3. It suggests that the band is signifi
cantly influenced by both the MA+distribution and the phases. 
Furthermore, compared to (CH3NH3)2CuCl4 and CH3NH3PbCl3, 
CH3NH3SnCl3 has a wider band gap. The perovskite samples absorb in 
the red at and above 700 nm, it is the desired property in optoelectronic 
and energy appliances. This demonstrates that the range of light that 
halide perovskite can absorb in wider than the visible spectrum. Ac
cording to Tauc’s relation, the following equation relates the optical 
band gap energy that exists inside the bands of any material, absorbing 
incident photon energy (hν) and the absorption coefficient (α) (Yathi
sha et al., 2016). 

Ahν = A
(
hν − Eg

)n (1)  

Where n is an index, v is photon frequency, and A is a constant. Both the 

direct and indirect transitions have n = ½ and 2, respectively. The 
semiconductor ABX3 has a straight band gap in this instance. The band 
gap was determined by Tauc’s plot Fig. 11. 

3.4. Electrical properties 

Cu, Pb, and Sn-based perovskite pellet’s current-voltage (I-V) prop
erties were studied while making excellent electrical contact with a 
silver paste. Fig. 12 displays the I-V characteristics of perovskites made 
of Cu, Pb, and Sn. When analyzing the electrical properties of perov
skites made using a simple solvent-based method, resistance, and cur
rent intensity are two crucial variables. It proves that all prepared 
perovskites have non-linear characteristics in both light and dark envi
ronments. In the dark, the lead-based perovskite’s current intensity was 
equivalent to that of the perovskites made of Cu and Sn (Fig. 12a). 

The bandgap of a material has a significant impact on the power 
conversion efficiency (Raj et al., 2023). It determines the energy of 
photons from sunlight that the material can absorb. Excitons are formed 
in the material when photons with energies greater than the bandgap 
energy are absorbed. When these electron-hole pairs are separated and 
gathered at the device’s contacts, they can then help in the creation of 
electrical current. It may ineffectively absorb low-energy photons if the 
bandgap is too small. It might miss out on a sizable chunk of the solar 
spectrum if the bandgap is too high. Achieving high power conversion 
efficiency in solar cells requires optimizing the bandgap for the sun 
spectrum. 

The electron moves from the valence band to the conduction band 
more quickly with a narrower band gap, which results in a higher cur
rent intensity. The I-V properties of Cu, Pb, and Sn-based perovskites are 
displayed in Fig. 12b when they are subjected to UV–visible radiation. It 
reveals that upon exposure to UV-visible radiation, all samples of Cu, Pb, 
and Sn-based perovskites show a considerable rise in the current range 
(curves shift to the less potential side). This demonstrates that as UV- 
visible light is absorbed, electrons from organic cation molecules in 
the crystal interact and produce electron-hole pairs. On the contrary 
hand, the remaining electrons in the conduction band carry a greater 
intensity of the current. Figs. 11 and 12 display the band gap energy 
and current range results (in both light and dark conditions). The 
intrinsic defectiveness in Cu, take the role of Pb and make the conduc
tivity of electricity better. Additional carrier electrons are drawn into the 
conduction band when Cu and Sn replace Pb. The (CH3NH3)2CuCl4 
perovskite that was synthesized proves that UV–Visible light absorption 
generates more electron-hole pairs than CH3NH3PbCl3 and 
CH3NH3SnCl3 do by significantly increasing conductivity under 
UV–Visible light conditions (Fig. 12b). 

4. Conclusion 

In summary, this research showed the alternative option that have 
evolved over the years to replace hazardous metals like Pb and Sn due to 
the possible adverse impact on both people and the environment. The 
methyl ammonium chloride and appropriate amounts of CuCl2, PbCl2, 
and SnCl2 were dissolved in DMF using sonication to produce the 
(CH3NH3)2CuCl4, CH3NH3PbCl3, and CH3NH3SnCl3 perovskites respec
tively. The peak intensities of all the samples were verified by the XRD 
data to be sharp, including a narrow FWHM, as well as being in a highly 
crystalline form at their initial state of production. The two different 
concentrated Cu-based perovskite samples had identical crystal struc
tures when compared to one another, however, we observed a slight 
variation in the XRD peaks. According to Tauc’s plot, which compares 
CH3NH3PbCl3 with CH3NH3SnCl3, the optical band gap of 
(CH3NH3)2CuCl4 is significantly smaller. The I-V characteristic mea
surements demonstrate that (CH3NH3)2CuCl4 exhibits a more photo
sensitive behavior than CH3NH3PbCl3, and CH3NH3SnCl3. Our findings 
provide information on electrical and optical characteristics. The find
ings also present a new method for examining the perovskite material’s 

Fig. 12. I-V characteristic curves of (CH3NH3)2CuCl4, CH3NH3PbCl3, and 
CH3NH3SnCl3 at dark conditions (a), and UV–Visible illumination (b). 
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constrained optical characteristics. Before constructing a photovoltaic 
device, material optimization that results in optical improvement is 
essential. Therefore, hybrid halide perovskite, from our perspective, will 
dominate photovoltaic and optoelectronic applications. 
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