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1. Introduction 

Due to their fascinating (unique 
electrical, physical, chemical, and magnetic) 
properties that differ from those of their 
corresponding bulk form, nanomaterials have 
received a lot of attention. In studies relating to 
their underlying mechanism, such as the size 
effect and the quantum effect, as well as 
towards the use of these materials, enormous 
efforts are being made towards the 
development of nanoscale sized materials. The 
semiconductor's band structure changes as 
particle size decreases; the band gap widens 
and the margins of the bands break into 
distinct energy levels. These 'quantum scale 
effects' do exist [1-11].  Tin oxides are made 
using a variety of techniques, such as thermal 

evaporation of oxides, quick oxidation of pure 
tin, chemical vapor deposition CVD spray 
pyrolysis, and air-evaporation of tin grains. The 
cassiterite structure of SnO2 [12-15]. Metal 
oxide semiconductors are an affordable and 
reliable gas sensor technology. SnO2 has been 
garnering a lot of attention among the many 
metal oxide semiconductors due to its high 
conductivity, transparency, and gas sensitivity. 
Out of all the approaches, the co-precipitation 
method is the easiest, cheapest, and doesn't 
require high pressure or temperature . By 
adjusting the pH of the medium, the 
precursor's concentration, and the 
precipitating reagents, the size and form of the 
particle can be adjusted in this approach. 
Filtration and repeated washing were effective 
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ways to remove impurities from the 
precipitate, and eventually the particles started 
to aggregate. As a result, emphasis has been 
placed on employing the co-precipitation 
process to create pure and extremely 
crystalline SnO2 nanoparticles. 
 
2. Experimental  
2.1. synthesis of tin oxide nanoparticles 

Tin chloride (SnCl2.5H2O) was used in 
the precipitation process to create SnO 
nanostructures. To create Concentrated 
solution, each precursor was first dissolved in 
50 ml of deionized water. Drop by drop, urea 
(50ml) is added to the solution. 50 cc of NaOH 
solution were steadily added while being 
vigorously stirred until pH reached 14. 
Precipitates were collected, and deionized 
water was used to rinse them repeatedly until 
the pH  approached 7. The washed precipitates 
were then dried at 100 °C for 16 hours 
repeatedly.    The precursors were then 
calcined for 3 hours at 450 °C. using X-Ray 
Diffractometer (XRD) analysis. 
2.2. Adsorption of Tartarazine dye yellow 
on Tin oxide surface  

  Adsorption is a tried-and-true but effective 
method for removing organics or heavy metals 
from aqueous solutions. For the purpose of 
developing adsorption operations, the 
equilibrium isotherm of a specific adsorbent 
serves as a representation of its adsorbent 
qualities. a standard response to the In 
deionized water, tartrazine yellow dye (1000 
ppm) was produced. 10 ml of dye solution were 
mixed with 0.001 g of SnO2 nanoparticles, 
which were then heated for around 30 minutes 
at various temperatures of 288 K, 298 K, 308 K, 
318 K, and 328 K.  A UV-visible absorption 
spectrophotometer was used to quantify the 
dye concentration in the filtrate after the 
solution had been filtered. [16-17]. 

Qe = ( C₀_ Ce)Vsol/M                                 (1) 

  Where by Qe (mg/g) denotes the 
equilibrium adsorption capacity, C and Ce 
denote the initial and equilibrium 
concentrations of Tartarazin yellow dye, 

respectively, and M denotes the mass of the 
SnO nanoparticles (g). Tartarazin yellow's 
volume is thus designated as V sol. 
 2.3 Characterization  

The PANalytical X'Pert X-ray 
diffractometer was used to identify the phase 
and determine the size of the crystallite (CuK_ 
target, = 0.154nm). Data from XRD were 
gathered in employing step scan mode, step 
width of 0.020, and step time of 2.40 s, in the 2 
range of 20-800. Model Jeol JSM6010LV field 
emission scanning electron microscope A 300-
mesh Sn grid was covered with a total of 20 L, 
which was then allowed to dry at ambient 
temperature. To determine the emission's 
energy gap, SnO2 nanoparticles' 
photoluminescence (PL) emission was 
monitored. With a 5kV accelerating violation, 
the TEM model Jeol JSM-6010LV detected 
sample morphologies at magnifications of 500 
X and 60 kX.For around 15 minutes[18-19], 
TEM studies the sample SnO2 nanoparticle 
powder discrete in the deionized and sonic 
water. 
 
3. Results and Discussion 
3.1. XRD analysis  
  The generated SnO2 nanoparticles' X-ray 
diffraction pattern, which is shown in Figure 1, 
confirms that they are polycrystalline. The 
earlier researchers [20] found similar X-ray 
diffractograms for SnO2 nanoparticles made in 
various ways. Diffraction angles and line 
intensity were more precisely quantified using 
the diffraction profile. The JCPDS file of SnO2 
(JCPDS 41-1445) reports the expected peaks 
(110) (101) and (211) as the identifying peaks 
for SnO2 nanoparticles. It has been determined 
from the diffraction profile that  The 
synthesized SnO2 nanoparticles have a 
tetragonal, polycrystalline structure with a 
preferred orientation along the (110) plane. 
The peak (110) experiences a markedly faster 
increase in intensity than the other peaks. 
Utilizing the relation, the lattice parameters 'a' 
and 'c' for the tetragonal-shaped SnO2 
nanoparticles were evaluated . 
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Using Debye Scherrer's formula, the crystallite 
size (D) of the SnO2 nanoparticles was 
calculated. 
D=0.9λ/βcosθ                                                                                                               
(2) 
where is the whole width at half maximum 
(FEHM) of the corresponding peak of the XRD 
pattern and is the wavelength of the radiation 

source (CuK). The aforementioned relation was 
used to compute the lattice constants from the 
observed 'd' spacing, (hkl) planes, and the 
results are in good agreement. Between 20 nm 
and 27 nm is the range for the average 
crystallite size (D) calculated from the XRD 
spectra using Scherer's formula. 

 
 

Figure1. XRD diffractogram of SnO2 nanoparticles. 
 

3.2. TEM analysis  
Figure 2 displays a TEM image of 

nanoparticles in various sizes and shapes. The 
particles ranged in size from 25 nm, with an 
average size of 29.7 nm. The aggregation of 
smaller nanoparticles into larger particles may 
have dimensions that match those found in the 
XRD study. Due to the large number of parallel 

lattice surfaces inducing diffraction, XRD 
measurements of crystallite size are reliant on 
the expansion of Bragg's reflections. Although 
the size distribution is not taken into account, 
the Scherrer equation parameter k 
approximates the crystallite shape factor, 
leading to size figures that are different from 
the TEM . 
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Figure 2. TEM analysis of SnO2 nanoparticles. 

3.3. SEM characterization                                                                           
The form and growth characteristics of 

aggregates of the as-prepared SnO2 
nanoparticles were examined using scanning 
electron microscopy (SEM) at various 
magnifications. SnO2 particles with nanoscale 
dimensions are interconnected in Figure 3 (a, 
b), which demonstrates substantial 
agglomeration along with numerous small 
spherically shaped particles. Actually, this 
agglomeration is made up of much larger 
grains that are between 100 and 200 nm in 
size  .The relative rates of the nucleation and 
growth processes, as well as the degree of 

agglomeration, largely determine the particle 
size and dispersion of nanoparticles. It is 
interesting to note that SnO2 particles are 
small and can aggregate with other finer 
particles to create larger clusters as 
magnification increases.  The particle size 
and dispersion of nanoparticles are mostly 
determined by the relative speeds of the 
nucleation and growth processes, as well as the 
degree of agglomeration. It's interesting to 
observe that although SnO2 particles are small, 
as magnification increases, they can join forces 
with other, smaller particles to form larger 
clusters.  

 

 
Figure 3. SEM micrographs of the SnO2 nanoparticles. 

 
3.4. EDX characterization  

Figure 4 displays the EDX spectrum of 
SnO nanoparticles. The EDS technique is used 
to determine whether there are tin particles in 

the tin oxide produced sample. SnO2 has been 
measured using a SEM (JSM-6510, SAI Labs, 
TIET Patiala) on a scale of 0 to 14 KeV 

 

a b 
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Figure 4. EDX spectrum of SnO2 NPs. 

 

 
 
 

 
Figure 5 (a-d). X-ray mapping of SnO2 NPs 

 
Adsorption isotherms 

Adjusting the adsorption isotherm to 
the adsorption results to determine how the 
dye and adsorption interact is the primary step 
in the adsorption analysis. In this paper, the 
Freundlich and Langmuir models were taken 

into account. The linear Freundlich adsorption 
process is shown in the formula below [21]: 
 log(𝑄𝑒)=log(𝑘𝑓)+(1𝑛) log(𝐶𝑒)               (3) 
  The adsorption capacity and adsorption 
intensity are represented by the so-called 
Freundlich constants Kf and n, respectively. 

b 

c d 

a 
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According to Figure 7, The kf and n are 
calculated from the intercept and slope, 
respectively (0.832). This outcome is in line 

with the physically verified adsorption [22]. 
The Freundlich isotherm model better 
describes the adsorption (R2 = 0.8903). 

 
 
 

 
Figure 7: the frendlesh isotherm model at 298 k. 

 
The following formulation demonstrates how 
the data complies with the Langmuir 
adsorption isotherm: [23]: 
 

Ce/Qe=1/(qmax) Kl+ Ce/(qmax)           (4) 
The Langmuir constant (KL) is 

measured in mg/L, while the maximum amount 
of Tartarazin yellow dye (q max) is measured 
in mg/g. The separation factor that shows and 
refers to the dimensionless constant (RL). 

Rl= 1/(1+KlCi)                                              (5) 
 

Effect of contact time  
In a series of tests, contact time and 

equilibrium time were measured using 0,01 g 
of SnO2 NPs in 10 mL of dye (10 ppm). The 
mixture was shaken at 298 K at 185 rpm. The 
first 30-45 minutes, adsorption happens quite 
swiftly. The tight connection between the 
active SnO2 nanoparticles and the dye is what 
causes the quick adsorption. After 30 minutes, 
as demonstrated in Figure 8, the dye's 
adsorption rate stabilizes due to the 
nanoparticles' surface. 
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Figure 8. Effect of time on adsorption of dye onto the SnO2 NPs. 

 
Effect of adsorbent mass 

The effectiveness of the adsorbent was 
established by adding different amounts of 
SnO2 NPs to 10 ppm of dye (0.01 g, 0.05 g, 0.1 g, 
and 0.15 g). The mixture was shaken at 298 K 
at 185 rpm. The graph illustrates the 

association between mass and the quantity of 
adsorption. First, the adsorption speed is 
extremely fast in nanocomposites because of 
the increase in active sites. Figure 10 
demonstrates the increase in dye adsorption. 
through an increase in the bulk of SnO2 NPs. 
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Figure.10 Effect of adsorbent mass on adsorption of dye onto  the SnO2 NPs. 

 
Effect of Temperature          At specific temperatures of 288 K, 298 K, 

308 K, 318 K, and 328 K, the temperature 
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influence of dye adsorption on the SnO2 NP 
surface was investigated [27,28]. The amount 
of dye adsorption solution grows as the 
temperature rises. The endothermic process is 
the result, and the average value of ΔH° is 
positive. This illustrates how absorption and 
adsorption work. The rate of diffusion 
increases as a function of temperature, the 
diffusion molecules are absorbed in the holes, 
and the adsorbent and the strong link are all 
connected. Thermodynamic parameters offer 
precise information on changes in the inherent 
energy caused by adsorption, therefore they 
should be examined appropriately. In this 
analysis, the free energy of adsorption (ΔG°), 
entropy (ΔS°), and enthalpy (ΔH°) were utilized 
to quantify the following adjustments in order 

to anticipate the mechanism of adsorption [23-
28]:                                                            

ln(𝐾𝑒) = −Δ𝐻 𝑅𝑇 + Δ𝑆 𝑅                            (6) 
Ke=Qe/Ce                                                      (7) 
ΔG=ΔH _ TΔS                                                (8) 

 
Ke is the equilibrium constant, R is the 

gas constant (8.314 J/mol K), and T is the 
temperature in Kelvin (K). Figure 11 shows a 
van't Hoff plot between ln K and 1/T. The 
reaction was endothermic, as evidenced by the 
ΔH, which was 7.630514 kJ/mole determent by 
slope. The intercept's ΔS value of 20.8 J/mole 
indicated that the adsorbed particles were still 
moving steadily on the surface. Both 
absorption and adsorption applied. 1.415 
KJ/mole at 298 K, the positive Δ G value, 
indicates non-spontaneous adsorption 

 
Figure 11. the van't Hoff plot between ln K and 1/T. 

 
 4. Conclusions 
  Simple chemical method has been used 
to create SnO2 nanoparticles. The tetragonal 
crystalline structure of the SnO2 nanoparticles 
was confirmed by the XRD investigation. 
Simple chemical method of SnO2 nanoparticles 
has the potential to provide a wide range of 
optoelectronic devices and solar cell 
applications. A number of characterizations 
were used to describe the synthetic tin oxide, 
including FTIR, XRD, SEM, EDAX, and UV-Vis. 
The XRD technique was used to study the 
structural characteristics. Chemical 

precipitation has been used to successfully 
create pure SnO2 core-shell nanoparticles. X-
ray diffraction investigation confirmed that 
pure SnO2 had a tetragonal structure. The 
creation of core-shell structures and spherical 
shape are both confirmed by TEM micrographs. 
FT-IR spectra were used to determine whether 
the substance contained any elementary 
particles. However, more research is required 
to determine whether the preferred optical 
properties make some materials a preferable 
choice for optoelectronic devices. 
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