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Abstract 
Co-precipitated pure SnO2 and Sn0.94Cu0.02Zn0.04O2 nanoparticles were created. PXRD 
investigation of the structural characteristics revealed that the produced samples are in the 
nanoscale range. The structure of all synthesized samples is tetragonal. All of the samples' 
aggregated nanoparticles may be seen by SEM morphology. The EDAX spectrum verified the 
elemental analyses and attested to the materials' cleanliness. By using FTIR measurement, Sn-
Cu-Zn-chemical O's bonding was confirmed. By using photoluminescence spectroscopy, 
oxygen vacancies and surface flaws created during the synthesis process are identified. 
Keywords: pure snO2, sn0.9cu0.02Zn0.04O2, nanoparticles, PXRD investigation, EDAX 
spectrum, FTIR measurement 

 
1. Introduction 
A variety of fundamental categories of useful materials, including polymers, magnetic, 
dielectric, and semiconductors, are available. Due to their exceptional characteristics, 
semiconductors are among the most fascinating materials. Numerous semiconductor oxides 
were available, including FeO [1], TiO2 [2], CuO [3], NiO [4], SnO2 [5], and PbO [6]. Their 
extensive and intriguing features have sparked interest in these materials for study. SnO2, an 
n-type semiconductor oxide (Eg=3.6 eV) in the midst of these, is projected to have a variety 
of uses in photodetectors [7], catalysis [8], gas sensors [9], transparent conducting electrodes 
[10], solar cells [11], rechargeable Li-batteries [12], and optoelectronic instruments. [13]. 

 
There are a few systems for the synthesis of SnO2 nanoparticles, for example, spray 

pyrolysis [14], laser removal procedure [15], sol-gel [16], wet chemical method [17], co- 
precipitation [18], hydrothermal [19], strong state calcination [20]. Most importantly, co- 
precipitation has, for the most part, utilized as a strategy to combine SnO2 nanoparticles due to 
its simplicity, high capability, and minimal effort. 

 
Doping is a procedure that assists in enhancing the benefits of semiconductors. It 

guaranteed that the immediate exchange between the semiconductor oxides with doping 
particles make changes from their characteristic property. SnO2 nanoparticles have viably 
doped with a few TM (Transition Metal) particles, for example, Cu [21], Ni [22], Mn [23], Fe 
[24], Co [25], Cd [26] and Mg [27] that acquires a surprising change the SnO2 nanoparticles. 

 
Among these transition metal ions, Cu and Zn are concentratingon this work due to its 

fascinating property. Also, the Cu doped SnO2 nanoparticles and the stunning expressions were 
discussed elaborately [28, 29]. From these results, it proved that Cu and Zn transition metal 
ions would be perfectly suitable for the SnO2 doping process. 

 
To make this article very captivating, we have arranged pure SnO2 and (Cu and Zn) co- 

doped SnO2 nanoparticles using the co-precipitation technique. The structural, morphological, 
elemental and optical qualities examined. The outcomes show that the (Cu and Zn)- co-doped 
particles bring a significant impact on the SnO2, which drives the material to reasonable for 
optoelectronic devices. 
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2. Experimental Details 
 Chemicals 
Tin chloride pentahydrate (SnCl
chloride pentahydrate (ZnCl2.5H
synthesis procedure. All the chemicals

 
 Preparation Method 
Pure SnO2 and Sn0.94Cu0.02Zn
strategy. The appropriate measure of tin chloride pentahydrate (SnCl
dihydrate (CuCl2.2H2O), and 
D.D. water. This arrangement mixed for five hours, and then 2.16 g of NaOH included until it
arrives at a specific PH level. Dark precipitated were collected and washed with ethanol. This
washed precipitated was dried in an incubator for 12 hours and afterwards kept into t
for 1 hr at 500 ºC. 

 
 Characterization Techniques
Crystalline nature and its structure confirmed by usingPowder X
method. They instrumented 
radiation (λ= 1.5418 Å). Shap
SEM(Carl Zeiss Model EVO18) and EADX(Amepek EDAX PV6500) analysis. Sn
chemical bonds make assured from FTIR (Thermo Nicolet 380) spectroscopic analytical
instrument. Structural defects and
Photo Luminescence. 

 
3. Results and Discussion 
 Powder X-Ray Diffraction
The pureness and crystalline structure
X-ray diffraction procedure. Figure 1 shows the diffraction peaks of (a) pure SnO
Sn0.94Cu0.02Zn0.04O2 nanoparticles.
a tetragonal structure and match with JCPDS card No (41
different impurities influences were perceived, this means the prepared samples have high
crystallinity and virtue. The crystallite size of the samples assessed utilizing the Debye
Scherrer recipe [30]. 

The average crystallite

Where λ, θ and β are the
half maximum, correspondingly.
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(SnCl2.5H2O), Copper chloride dihydrate (CuCl
.5H2O) and Sodium hydroxide (NaOH) were used for the entire

chemicals were obtained from sigma–aldrich (with

Zn0.04O2 nanoparticles have incorporated by
strategy. The appropriate measure of tin chloride pentahydrate (SnCl2.5H2O), copper chloride

 Zinc chloride pentahydrate (ZnCl2.5H2O) dissolved
arrangement mixed for five hours, and then 2.16 g of NaOH included until it

arrives at a specific PH level. Dark precipitated were collected and washed with ethanol. This
washed precipitated was dried in an incubator for 12 hours and afterwards kept into t

Techniques 
Crystalline nature and its structure confirmed by usingPowder X-ray diffraction (PXRD)

 by PAN analytical X'Pert, PRO diffractometerwith
Å). Shapes and ions presence of the nanoparticles confirmed through

SEM(Carl Zeiss Model EVO18) and EADX(Amepek EDAX PV6500) analysis. Sn
chemical bonds make assured from FTIR (Thermo Nicolet 380) spectroscopic analytical
instrument. Structural defects and oxygen vacancies were affirm using Varian Cary Eclipse

Ray Diffraction Analysis 
structure of the synthesized samples assessed through
Figure 1 shows the diffraction peaks of (a) pure SnO

nanoparticles. The diffraction patterns exposed that all 
a tetragonal structure and match with JCPDS card No (41-1445). No individual peaks of

impurities influences were perceived, this means the prepared samples have high
crystallinity and virtue. The crystallite size of the samples assessed utilizing the Debye

average crystallite size (D) =                  (1)

the X-ray wavelength, Bragg diffraction point
correspondingly. 

1: Powder X-ray diffraction patterns of 
SnO2, (b) Sn0.94Cu0.02Zn0.04O2nanoparticles. 
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The crystallite size 
concentration. The crystallite size
12 nm, respectively. Additionally PXRD pattern shows that 2θ of diffraction peak changes
marginally to the lower angle, which recommends that Cu and Zn consoli
lattice. Micro-strain of the prepared
Table 1 gives the peak position, crystallite size, d
unit Cell volume of (a) pure SnO

Micro

Table 1. Peak Position, Average crystallite size (D), d
parameter and Unit cell

 

 
Samples 

Peak 
Position, 
2 

 
Crystallite

D

A 26.78 
B 26.66 

 
 Surface Morphology Analysis
The morphology changes of the prepared nanoparticles analyzed by SEM examination. Figure 2
shows the exact morphological
Sn0.94Cu0.02Zn0.04O2 nanoparticles. Morphological pictures of 
nanoparticles are in the agglomerate state of

 

Figure 2: SEM image of (a)

Figure 2 (a) shows the SEM pictures of pure SnO
and huge aggregate states 
agglomerate shape increments
affirmed that the readied samples are in the nanometer range and well crystalline 
Furthermore, it means that (Cu
of the SnO2 nanoparticles. 

 
 Composition Analysis 

A compositional investigation isimportant to screen the concentration of components
existing of the prepared sample. Figure 3 (a and b) shows the EDAX spectra of pure SnO
Sn0.92Cu0.02Zn0.04O2 nanoparticles. This EDAX examination existed that tin, oxygen, copper,
and zinc components just with no different debasements. From figure 3 (a) we confirmed t
only the pure SnO2 nanoparticles was observed no

 decreases somewhat with expanding 
size for pure SnO2 andSn0.94Cu0.02Zn0.04O2 nanoparticles

12 nm, respectively. Additionally PXRD pattern shows that 2θ of diffraction peak changes
marginally to the lower angle, which recommends that Cu and Zn consolidation into the SnO

prepared nanoparticles determined by the following
Table 1 gives the peak position, crystallite size, d-value, micro-strain, lattice parameter and

SnO2 and (b) Sn0.94Cu0.02Zn0.04O2 nanoparticles.

Micro-strain (                           (2) 

Table 1. Peak Position, Average crystallite size (D), d-value, Micro-Strain (
cell of (a) Pure SnO2, (b) Sn0.94Cu0.02Zn0.04O2 nanoparticles.

Crystallite 
Size 

D (nm) 

 
d- Values 

(Å) 

 
Micro- 
Strain, 
ɛ (10-3) 

Lattice 
parameters

a=b c

13 3.328 3.121 4.7071 3.1971
12 3.342 3.926 4.7263 3.2123

Analysis 
The morphology changes of the prepared nanoparticles analyzed by SEM examination. Figure 2

morphological shapes of the prepared samples (a)
nanoparticles. Morphological pictures of both the samples show that readied

agglomerate state of the group. 

of (a) pure SnO2, (b) Sn0.94Cu0.02Zn0.04O2 nanoparticles.

Figure 2 (a) shows the SEM pictures of pure SnO2nanoparticles that contain enormous
 of nanoparticles. For Sn0.94Cu0.02Zn0.04O

increments and structure change into grain boundaries.
affirmed that the readied samples are in the nanometer range and well crystalline 

(Cu-2%, Zn-4%) Co-doped ions have effectively

A compositional investigation isimportant to screen the concentration of components
prepared sample. Figure 3 (a and b) shows the EDAX spectra of pure SnO

nanoparticles. This EDAX examination existed that tin, oxygen, copper,
and zinc components just with no different debasements. From figure 3 (a) we confirmed t

nanoparticles was observed no impurities identified. 

 (Cu-2%, Zn-4%) 
nanoparticles is 13 to 

12 nm, respectively. Additionally PXRD pattern shows that 2θ of diffraction peak changes 
dation into the SnO2 

following expression [31]. 
strain, lattice parameter and 

nanoparticles. 

Strain (ɛ), Lattice 
nanoparticles. 

 
parameters (Å) 

Unit 
Cell 

Volume 
(V) c 

3.1971 62.345 
3.2123 62.140 

The morphology changes of the prepared nanoparticles analyzed by SEM examination. Figure 2 
(a) pure SnO2 and (b) 

both the samples show that readied 

nanoparticles. 

nanoparticles that contain enormous 
O2nanoparticles the 

boundaries. These results 
affirmed that the readied samples are in the nanometer range and well crystalline nature. 

effectively modified the state 

A compositional investigation isimportant to screen the concentration of components 
prepared sample. Figure 3 (a and b) shows the EDAX spectra of pure SnO2 and 

nanoparticles. This EDAX examination existed that tin, oxygen, copper, 
and zinc components just with no different debasements. From figure 3 (a) we confirmed that 
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Figure 3: EDAX analysis
 

For Sn0.94Cu0.02Zn0.04

components present in the as-
investigation of the pictures
marginally rich in Sn and O contrasted
synthesis sample were given in Table 2.

 
Table 2. 

(b) Sn0.92Cu0.02

Samples 
Weight

Sn
A 41.81
B 38.60

 
 Fourier Transform Infrared (FT
Figure 4 shows the room temperature FT
Sn0.94Cu0.02Zn0.04O2 nanoparticles.
vibrations of Sn–O and Zn-O obligation of 
647 cm−1 identifies with the O
presence of SnO2 as a crystalline peak. This adjusts with the consequences of the PXRD
investigation. From range, the peak focused at 1640
to O–H bending vibrations of a

 
 
 
 
 
 
 
 
 
 

Figure 4: FT-IR spectrum
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analysis of (a) pure SnO2, (b) Sn0.94Cu0.02Zn0.04O2 

0.04O2 nanoparticles, the atomic rates of Sn,
-arranged powder are 38.60, 54.60, 2.50, and 4.30. The essential

pictures additionally demonstrated that prepared
contrasted with Cu and Zn. The atomic weight

were given in Table 2. 

 Weight percentage of (a) Pure SnO2 and 
0.02Zn0.04O2nanoparticles using EDAX analysis.

Weight Percentage of the prepared Nanoparticles (%)

Sn O Cu Zn
41.81 58.19 - - 
38.60 54.60 2.50 4.30

Infrared (FT-IR) Spectroscopy 
Figure 4 shows the room temperature FT-IR transmission spectra of (a) pure SnO

nanoparticles. Functional groups lessthan 1000 cm
O obligation of the readied nanoparticles [32]. The peak begin at

identifies with the O–Sn–O connect a functional group of SnO2

as a crystalline peak. This adjusts with the consequences of the PXRD
e peak focused at 1640-1650 cm‐1 found on the material assigned

vibrations of a weakly‐bounded water atom [33]. 

spectrum of (a) pure SnO2, (b) Sn0.94Cu0.02Zn0.04O2

2380 cm−1 determines the sign of environmental CO
expansive consumed scale at 3448 and 3428 cm-1, which

(b) 

(a) 

3428 

3448 

3500 4000 

 

 nanoparticles. 

Sn, O, Cu, and Zn 
arranged powder are 38.60, 54.60, 2.50, and 4.30. The essential 

prepared nanoparticles are 
weight percentage of each 

analysis. 

Nanoparticles (%) 

Zn 
 

4.30 

IR transmission spectra of (a) pure SnO2 and (b) 
cm−1 licensed to the 

the readied nanoparticles [32]. The peak begin at 
2, which affirms the 

as a crystalline peak. This adjusts with the consequences of the PXRD 
found on the material assigned 

2 nanoparticles. 

determines the sign of environmental CO2 from the 
which is ascribed to 
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the vibration of a retained water particle and is consonant with the previous report [35, 36]. 
From this, we confirmed that the synthesized chemicals were successfully present. 

 
 photoluminescences spectroscopy 
The PL outflow spectra give basic data about the surface imperfections, impurity influences, and 
exaction structure [37, 38]. Figure 5 shows the PL spectra of a) pure SnO2 and b) 
Sn0.94Cu0.02Zn0.04O2 nanoparticles. Cause for the emanation properties is dependent on the 
combination strategy. The pure SnO2 and Sn0.94Cu0.02Zn0.04O2 nanoparticles have comparative 
peak emissions. However, the peak intensity decreased for Sn0.94Cu0.02Zn0.04O2 nanoparticles. 
Quenching effect will be the purpose behind the decrease in peak intensity [39]. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: PL spectrum of (a) pure SnO2, (b) Sn0.94Cu0.02Zn0.04O2 nanoparticles. 
 

The emission spectra partitioned into three fundamental extents, portrayed by the 
accompanying qualities: the initial segment comprises of a sharp ultraviolet band situated at 
357 nm (3.47 eV) because of the natural deformities in SnO2 nanoparticles. A subsequent 
district incorporates discharge groups around 488, and their bandgapenergy is 2.54 eV. These 
violet and blue band emission have created by the recomination of profoundly caught charges 
and photogenerated electrons from the conduction band. Broad green emission band retained 
at 532 nm (2.33 eV) can ascribe to radiative recombination from an imperfection, for example, 
oxygen vacancies [40]. 

 
4. Conclusion 
By using a straightforward Co- precipitation technique, pure SnO2 and 
Sn0.94Cu0.02Zn0.04O2 nanoparticles were effectively created. PXRD spectroscopy validated 
the structural analyses. Where the Sn0.94Cu0.02Zn0.04O2 nanoparticles' crystallite size 
drops, this indicates that the Cu and Zn ions were effectively doped into pure SnO2 
nanoparticles. By using SEM analysis, morphological alterations were detected. Compared to 
pure SnO2, Sn0.94Cu0.02Zn0.04O2 nanoparticles have a more restricted structure. Again, the 
lack of contaminants found by EDAX analysis demonstrates that our dopant ions were 
successfully incorporated into pure SnO2 nanoparticles. By using FTIR spectroscopy, 
functional group analyses were carried out. Significant emission at 357 nm was shown by PL 
tests, although it became less intense as dopants were added to the pure SnO2 nanoparticles. In 
summary, the effect of adding (Cu-2%, Zn-4%) into pure SnO2 nanoparticles brings reduce in 
crystalline size, makes changes in morphological shapes, and shows intensity reduction in PL 
spectroscopy and the prepared nanoparticles will be suitable for spintronics and optical 
instrumentations. 
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