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Abstract: In this work, we studied the optical properties of undoped and Zn-doped CaSnO3 
nanoparticles.  XRD patterns revealed the formation of the orthorhombic CaSnO3 structure, 
with a pronounced shift for doped samples. Fourier-transform infrared spectroscopy 
identified the presence of Ca-O and Sn-O vibrations. The bandgap of CaSnO3 was found to 
be 4.5 eV, with variations observed upon doping. Scanning electron microscopy images 
showed a polygonal morphology with size variations. In Zn doped Zn-doped CaSnO3, PL 
spectra showed a peak shift towards the visible region compared to the undoped sample. 
Among the Zn concentrations, 0.02M Zn-doped CaSnO3 exhibited specific capacitance of 
2880 F/g, as measured from the CV curve. 

Keywords: Zn doped CaSnO3, Co-precipitation, Structural properties, Optical properties, 
Electrical properties. 

 
 

Introduction 
Luminescent materials have attracted 

significant attention because of their potential 
applications in various fields, including 
photocatalysis, solar cells, and biomedicine. 
CaSnO3 is a promising luminescent material due 
to its chemical stability, low cost, and non-
toxicity. Luminescent properties of CaSnO3have 
been enhanced by doping with several rare earth 
elements (e.g.Sm, Nd, Er, Eu, Tm, Yb, Pr, and 
Tb) [1-7]. In recent years, researchers have 

focused on CaSnO3 particles doped with 
transition metals for applications such as 
batteries [8], efficient photocatalysts for the 
degradation of organic dye [9], piezoelectric 
properties for high-temperature applications 
[10], magnetic and electrochemical applications 
[11], photocatalytic activity [12], and memory 
devices [13]. Manoharan et. al., recently 
reported that hafnium (Hf4+)-doped 
CaSnO3 perovskites exhibit a co-existence of 
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ferromagnetic and diamagnetic nature [14]. To 
the best of our knowledge, there are few studies 
available on supercapacitor applications of 
CaSnO3 nanoparticles [15,16]. Hence, in the 
present work, we study the effect of doping by 
Zn on the structural, optical, morphological, and 
electrochemical properties of CaSnO3 particles. 

Experimental Methods 
Undoped and Zn-doped CaSnO3 

nanoparticles (with various Zn concentrations of 
0.01, 0.02, and 0.03 M) were prepared by the co-
precipitation method using CaCl2, SnCl2.2H2O, 
NaOH, and ZnCl2 precursors. First, 0.4M 
SnCl2.2H2O and 0.8M CaCl2 were mixed well 
with the assistance of a magnetic stirrer. Next, a 
4M NaOH solution was added dropwise to the 
former solution (pH 12). The whole solution was 
stirred at 65˚C for 45 min and then filtered, 
washed, and dried for 24 hours. The resulting 
product was at 900˚C for 6 hours. For Zn-doped 
CaSnO3 appropriate amount of  ZnCl2 was added 
into the precursor solution. 

The structural, molecular vibrational, surface, 
optical, and electrical properties of undoped and 
Zn doped CaSnO3 nanoparticles were examined 

by PANalytical XPERT-PRO diffractometer 
(λ=1.5406 Å; 10˚-80˚) patterns, PerkinElmer 
FTIR spectrometer (Spectrum Two, Model 
C92107, resolution 4cm-1) spectra, CARL ZEISS 
(EVO 18) scanning electron microscopy, 
Shimadzu (UV-2700) UV-visible spectroscopy 
(200-800 nm), and electrochemical workstation 
(CH 1604E; three-electrode system) CV, 
respectively.  

Results and Discussion 
The XRD pattern of Undoped CaSnO3 

nanoparticles, calcined at 900 ºC, is given in Fig. 
1(a). The XRD pattern exhibits a prominent peak 
at 2θ=32.08º, corresponding to the (112) plane of 
the polycrystalline orthorhombic CaSnO3, 
consistent with the JCPDS card No.77-1797. 
Some sharp peaks are detected at 2θ  
46.04º(004), 22.57º(002), 56.60º(132), and 
57.55º(312), which also match theJCPDS card 
No.77-1797. For Zn-doped samples, the major 
crystalline peak is shifted to a lower 2θ, 
indicating the incorporation of Zn into the 
CaSnO3 lattice. 

 

 
 
 

 
 

 
 

 
 

 
 

FIG.1. Zn-doped CaSnO3 nanoparticles (a) XRD patterns and (b) FTIR spectra. 

The average crystallite size (D) was 
calculated using the Scherrer formula [17]: 

ܦ = ௞ఒ
ఉ ௖௢௦ఏ

            (1) 

where k =0.9, λ =1.5406Å, β is the FWHM, and 
θ the diffraction angle.  

 

Dislocations are imperfections in a crystal, 
associated with the misregistry of the lattice in 
one part of the crystal with respect to another 
part. Unlike vacancies and interstitial atoms, 
dislocations are not equilibrium imperfections 
[17]. In fact, the growth mechanism involving 
dislocations is a matter of importance. The 
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dislocation density (δ) was calculated by using 
the formula: 

ߜ = ଵ
஽మ             (2) 

Stresses in the film are one of the most 
important unfavorable factors affecting the 
structural properties and can result from a 
geometric mismatch at boundaries between the 
crystalline lattices of the films and the substrate 
[18]. These stresses can cause microstrain (ɛ) in 
the films, calculated using the formula  

ߝ =  ఉ௖௢௦ఏ
ସ

            (3) 

The crystallite size was found to be 50 nm for 
undoped CaSnO3, 0.01 M, and 0.02 M Zn-doped 
CaSnO3 nanoparticles. For 0.03M Zn-doped 
CaSnO3, however, it approximately doubled to 
98 nm. The higher crystallite size is useful for 
photovoltaic applications. A similar trend is 
reflected in the dislocation density and  
microstrain values, as shown in Table 1. The 
dislocation density and microstrain increased 
with an increase in doping upto 0.02 M and then 
decreased for 0.03 M Zn-doping. This indicates 
improvement in the crystalline nature of the 
nanoparticles. 

TABLE 1. Crystalline size, dislocation density, and microstrain in the undoped and Zn-doped 
CaSnO3nanoparticles. 
Sample Concentration Crystallite size (nm) Dislocation density (1015) Microstrain (10-3) 

Undoped 
CaSnO3 - 50 0.39 0.68 

Zn-doped 
CaSnO3 

0.01M 50 0.40 0.68 
0.02M 49 0.41 0.69 
0.03M 98 0.10 0.34 

 

The vibrational characteristics of the undoped 
and Zn-doped CaSnO3 nanoparticles are shown 
in Fig. 1(b). Some weak bands appear around 
400-670 cm-1 and a strong band is observed at 
635 cm-1, attributed to the presence of Sn-O 
stretching vibrations [19, 20]. The peak 
appearing at 564 cm-1is due to Ca-O vibrations. 
FTIR analysis confirms the presence of metal 
oxide vibrations, consistent with findings in the 
literature. For 0.01 M Zn CaSnO3 nanoparticles, 
FTIR peaks reappear around 630 cm-1, 485 cm-1, 
1619 cm-1, and 1286 cm-1,owing to SnO6 
vibrations, Zn-O stretching, C–H stretching 
vibration, and carbonate vibrations, respectively 
[20-22]. Similarly, 0.02 M and 0.03M Zn-doped 
CaSnO3 nanoparticles show peaks around 485 

and 670 cm-1, due to the Zn-O vibrations, further 
confirming the incorporation of Zn into CaSnO3 
lattice, as shown in the XRD patterns. 

The optical characteristics of undoped and 
Zn-doped CaSnO3 nanoparticles are shown in 
Fig. 2. It is observed that CaSnO3 nanoparticles 
reach maximum absorbance at 245 nm. This 
result is in agreement with the report on CaSnO3 
nanoparticles [19]. Upon Zn doping, the 
absorption shifts toward shorter wavelengths, 
indicating a blue shift for all Zn concentrations 
compared to CaSnO3. Additionally, the 
absorbance slightly decreases in the visible 
region. 

 

 

 

 

 

 

 

 

 
FIG.2. UV absorption spectrum for the undoped and Zn-doped CaSnO3 nanoparticles. 
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The bandgap energy was calculated by the 
following equation: 

(ℎ߭ߙ) = ൫ℎ߭ܣ −  ௚൯௡   (4)ܧ

where ‘a’ is the absorption coefficient, ‘hυ’ is 
photon energy, ‘A’ is a parameter that depends 
on the transition probability, ‘h’ is Planck’s 
constant, and the exponent ‘n’ depends on the 
nature of the transition during the absorption 
process. The value of n is 1/2, 3/2, 2, and 3 for 
direct allowed, direct forbidden, indirect 
allowed, and indirect forbidden transitions, 
respectively [23]. 

Previous experimental and theoretical studies 
indicated that CaSnO3 is a direct bandgap 
semiconductor [24, 25]. Hence, in this work, we 
use n = ½, consistent with CaSnO3 direct 

bandgap semiconductor nature. The bandgap of 
the CaSnO3 sample was found to be 4.5 eV, 
aligning closely with the 4.2eV value reported 
by Mizoguchi et al. [26] and Sumithra et al. 
[27,]. For Zn-doped CaSnO3 concentrations  
0.01, 0.02, and 0.03 M, the bandgaps are 
approximately 4.9 , 3.7, and 5.0 eV, respectively. 
The spectra show a blue shift for all 
concentrations compared to undoped CaSnO3 
nanoparticles due to increased crystallite size. 
The blue shift is attributed to the Burnstein–
Moss effect [28]. The donor Zn atoms provide 
additional carriers that  shift the Fermi level into 
the conduction band so that the energy gap 
becomes larger. The optical absorption is slightly 
changed by increasing the Zn concentration as 
reflected in bandgap energy. 

 
FIG. 3. Tauc plots for the undoped and Zn-doped CaSnO3 nanoparticles. 

SEM images of Zn-doped CaSnO3 particles 
are shown in Fig. 4. All samples show a flower-

flake-like morphology attached to each other. 
The average size is approximately 1.6 μm. 

 
FIG. 4. SEM images of Zn-doped CaSnO3 nanoparticles. 
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The photoluminescence (PL) properties, 
recorded with the excitation λ = 245nm, are 
shown in Fig. 5. An emission peak appears at 
305 nm for the undoped CaSnO3 nanoparticles. 
The possible defects that contribute to PL 
characteristics are oxygen vacancies. Secondary 

emission peaks at 408 and 431 nm, attributed to 
oxygen defects, exhibit blue emission properties 
[27]. For the Zn-doped samples, the emission 
peak is observed at 310 nm, showing a red shift 
compared to undoped  CaSnO3 .  

 
FIG.5. PL emission spectra of CaSnO3 and Zn(0.01, 0.02, and 0.03M) doped CaSnO3 nanoparticles. 

The CV measurements for Zn-doped CaSnO3 
nanoparticles (scan rates: 10, 50, 100,and 200 
mV/s in 0.5M Na2SO4 solution; potential range: -
1.6 to +1.6V vs Ag/AgCl electrode) are shown in 
Fig. 6. For the undoped sample (scan rate of 10 
mVs-1) an oxidation peak is observed at 0.92 V, 
and a redox peak is seen at -0.61 V. Anodic and 

cathodic peaks appear at -0.29 V and -0.63 V, 
respectively. It is noticed that the peak shifted 
towards a high potential with respect to scan 
rate. From the measurements, the specific 
capacitance was calculated according to the early 
report [29].  

 
FIG.6. CV data of (a) CaSnO3, (b) 0.01M, (c) 0.02M, and (d) 0.03M Zn-doped CaSnO3 nanoparticles.
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At a scan rate of 10 mV s-1, the CaSnO3 
nanoparticles have a specific capacitance of 
about 572 F/g, decreasing with increasing scan 
rates (167.2 F/g at 50mV/s, 94.6 F/g at100mV/s, 
and 71.1 F/g at 200mV/s). For Zn-doped CaSnO3 
(0.01, 0.02, and 0.03 M), the CV curves display 
varying loop shapes with changing Zn 
concentrations.The specific capacitances at 10 
mV/s are 634 F/g, 2860 F/g, and 2880 F/g, 
respectively, decreasing similarly with higher 
scan rates. Among the samples, the 0.02 M and 
0.03 M Zn-doped samples exhibit the highest 
capacitance values, suggesting that Zn-doped 
CaSnO3 is an effective supercapacitor electrode 
material. 

Conclusion 
This paper reports on the structural, 

molecular vibrational, surface, optical, and 
electrical properties of Zn-doped CaSnO3 
nanoparticles synthesized via the co-
precipitation method. XRD analysis confirms the 

formation of an orthorhombic CaSnO3. The 
polycrystalline peak shift indicates the 
incorporation of Zn in the CaSnO3 lattice. 
Fourier transform infrared spectroscopy 
identified the presence of Ca-O, Sn-O, and Zn-O 
vibrations at 564, 635, and 485 cm-1, 
respectively. Optical absorption spectra show a 
blue shift across all Zn doped concentrations 
compared to the undoped sample, with 
absorption in the visible region decreasing as Zn 
concentration increases. The bandgap of for the 
CaSnO3 is 4.5 eV, , while Zn doping yields 
bandgaps of 4.9, 3.7,and 5.0 eV for Zn 
concentrations of 0.01, 0.02, and 0.03 M, 
respectively. SEM images depict Zn-doped 
particles as flower-flake-like structures with an 
average size of 1.6μm. In Zn-doped CaSnO3, PL 
spectra show a peak shift towards the visible 
region compared to the undoped CaSnO3.CV 
analysis identifies Zn-doped CaSnO3 with 0.02 
M and 0.03 M Zn as optimal for use as 
supercapacitor electrodes. 
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