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Abstract 

The plant-mediated synthesis of metal oxide nanoparticles is an eco-friendly and sustainable approach for hazardous 

chemical- and energy-expending protocols. Chemically synthesized methods often use toxic reagents and are biological 

hazards, whereas physical methods require special equipment and may lead to the loss of control of the particles. In this 

work, fresh Senna alata leaf extract was used to synthesize SnO₂ nanoparticles via a green route as reducing, stabilizing, 

and capping agents. A metal precursor (1.0 M tin chloride) was utilized. The prepared nanoparticles were characterized 

via X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), and ultraviolet‒visible (UV‒Vis) spectroscopy to investigate their structural, 

morphological and optical properties. As derived from the XRD measurements, a major peak was detected for the 

[002] plane, and the average crystallite size was 8.25 nm, with a d-spacing value of approximately 0.2575 Å, 

corresponding to nanocrystalline SnO₂, which confirmed its successful formation. The FTIR analyses revealed 

characteristic molecular vibrations related to structures of SnO₂. Scanning and transmission electron microscopic 

evaluations revealed crystallites with distinctive morphologies of SnO₂ nanoparticles. The absorption edge is 

approximately 300 nm, and the bandgap energy is estimated to be 4.57 eV via optical characterization. The preferred 

[002] orientation, nanoscale crystallinity and wide bandgap make the synthesized SnO₂ nanoparticles multifunctional. 

These properties render them excellent candidates for optoelectronic and environmental sensors, energy storage 

applications, and anticorrosion coatings, providing a versatile architecture for designing next-generation 

nanotechnologies. 
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1. Introduction 

Metal oxide nanoparticles have emerged as versatile 

materials for applications in catalysis, sensors,  

optoelectronic devices, and environmental remediation 

[1]. Various metal oxide semiconductors have been 

attempted for this purpose, including titanium dioxide 

(TiO₂), zinc oxide (ZnO), tin dioxide (SnO₂), strontium 

titanate (SrTiO₃), niobium-pentoxide (Nb₂O₅ ) and 

barium stannate (BaSnO₃). Among them, SnO₂ has 

exhibited promising features because of  its combined 

properties [2]. These advantages include excellent 

transparency in the visible region (since 1991), enormous 

chemical and physical adsorption of species,  thermal 

stability under air up to 5000 °C, and workability at quite 

low temperatures. Tin dioxide, with a wide band gap of 

3.6–3.8 eV, is an n-type semiconductor that has been 

widely used in gas sensing, catalysis, transparent 

conductive films, lithium-ion batteries, optoelectronic 

devices and environmental cleanup [3]. 

https://creativecommons.org/licenses/by/4.0/
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The charge carrier mobility is faster in SnO2 [4]. SnO2 

photoanodes have undergone substantial advancements 

since SnO2 was originally used in DSSCs. These 

advancements include morphological regulation, doping 

with diverse species, surface alternations, and hybrid 

structures with other oxide semiconductors [5]. Vilas et 

al. [6] successfully synthesized tin oxide (SnO2) via a 

microwave-assisted method. The photo conversion 

efficiency of the DSSC based on the pH variation in SnO2 

was also studied. The DSSC assembled using the SnO2 

photoanode at pH 12 exhibited a higher energy conversion 

efficiency than the other SnO2 photoanodes at pH 8, 9, and 

10. 

SnO₂ and other metal oxide nanoparticles can be 

prepared via a number of typical methods, such as sol-gel 

[7], precipitation [8], electrochemical [9], sonochemical 

[10], solid-state [11], alcohothermal methods or 

microwave-induced synthesis routes [13]. However, such 

methods are commonly performed in the presence of 

toxic organic solvents and reducing agents that may be 

harmful to both environmental and biological systems. 

Thus, much attention has been drawn to the design of 

alternative synthetic methods employing safe, non-toxic, 

and biocompatible materials in aqueous media [14]. 

Recently, the biological synthesis of metal oxide NPs via 

plant extracts has become one of the most promising 

methods, and it has been reported as a green or sustainable 

alternative to conventional chemical and physical 

methods [15], [16], [17], [18]. Plant extracts may act as 

reducing and stabilizing agents during NP synthesis [19]. 

This green synthesis technique provides an affordable, 

scalable and environmentally friendly route to 

metal/metal oxide nanoparticles. 

This research is significant because it offers a low-

cost, environmentally sustainable alternative to 

conventional SnO₂ nanoparticle synthesis routes, which 

often involve toxic chemicals. By using Senna alata, a 

widely available medicinal plant, this study introduces a 

novel and underutilized green resource for nanomaterial 

synthesis. This study contributes to the growing field of 

green nanotechnology and supports broader efforts 

toward safer and more sustainable functional 

nanomaterials for use in energy, environmental, and 

electronic applications. 

In recent years, researchers have explored the use of 

plant-based materials for the biosynthesis of metal oxide 

nanoparticles. Abiodun et al. [20] stressed the importance 

of incorporating green-synthesized copper oxide 

nanoparticles into the counter electrode of monolithic 

dye-sensitized solar cells (MDSSCs) as eco-benign and 

even dispersing materials, suggesting their potential as 

promising nanomaterials for DSSC applications. Abiodun 

et al. [21] reported that the potential of incorporating 

green-synthesized iron oxide nanoparticles into MDSSC 

counter electrodes was due to their excellent 

biocompatibility and even dispersion. 

The present work demonstrates the green synthesis of 

SnO₂ nanoparticles from fresh leaf extract of Senna alata. 

The extract is rich in many other bioactive 

phytochemicals that could serve as reducing and 

stabilizing agents in the formation of nanoparticles. The 

plant-mediated synthesis approach presented here 

provides a cost-effective, environmentally friendly 

alternative to chemical synthesis. The as-prepared SnO₂ 

nanoparticles have been extensively studied in terms of 

their structural, morphological and optical characteristics. 

Analytical tools such as X-ray diffraction (XRD), FT-IR, 

scanning electron microscopy (SEM), transmission 

electron microscopy (TEM) and UV–Vis spectroscopy 

were used for the characterization of the crystals to 

investigate their crystal orientation, functionalization, 

surface morphology/particle size distribution and optical 

absorbance behavior, which were discussed in detail. 

Therefore, the main aim of this work was to establish the 

green synthesis of SnO₂ nanoparticles from a fresh Senna 

alata leaf extract as natural reducing and stabilizing agents 

and to reveal their optical, structural, morphological 

properties via different advanced analysis instruments. 

 

2. Materials and Methods 

This section describes the materials and experimental 

procedures used to synthesis and characterize the 

prepared samples. It gives a structured description of the 

raw materials, synthesis methodology, and analytical 

techniques used to ensure that the results are reproducible 

and reliable. 

 

2.1. Materials 

Candlestick plant leaves (Senna alata) were harvested 

from a plant growing on a farm in the Baale Yaku 

neighbourhood of Ogbomoso, Oyo State, Nigeria. 
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Distilled water was used as the solvent, while analytical-

grade tin chloride was utilized without undergoing 

additional purification. 

 

2.2. Methods 

Fresh Senna alata leaves were obtained from a rural 

area (a farm in the Baale Yaku neighbourhood of 

Ogbomoso, Oyo State, Nigeria). The leaves were first 

rinsed with clean water to remove dust and surface 

impurities. Distilled water was selected as the solvent for 

extracting phytochemicals from Senna alata because of its 

high efficiency in dissolving bioactive compounds. 

Distilled water is also widely regarded as a safe, effective, 

and environmentally friendly solvent for plant extraction. 

The fresh leaves of Senna alata were ground well with an 

electric blender, and the extract was then filtered through 

Whatman no. 1 filter paper. The green color extract was 

obtained and stored in a flask. 

A total of 1.0 M tin chloride was dissolved in 100 mL 

of distilled water in separate beakers and stirred with a 

magnetic stirrer for 120 s. In a typical procedure, plant 

extract (Senna alata) leaves in aqueous solution were 

added dropwise at a ratio of 1:10 to a tin chloride solution 

[22]. A color change was observed, and the resulting 

mixtures were then centrifuged with a centrifuge model 

800 manufactured via fly change cooling technology and 

then decanted (the liquid was separated from the solid 

particles that settled at the bottom of the container). The 

pellets were then removed from the centrifuge tubes, 

which were completely dried in an oven at 60 °C for 24 h. 

The pellets were light yellow in color, which confirmed 

the synthesis of tin oxide nanoparticles (Figure 1). 

 

2.3. Characterization techniques 

X-ray diffraction (XRD) (model: JEOL JBM-7600F) 

was used to determine the crystallographic structure. The 

functional groups and component compositions of the 

nanoparticles were determined via a Cary 630 FTIR 

spectrometer (Agilent Technology). The surface 

morphology was determined via SEM (model: Rigaku) 

and high-resolution TEM (model: Verios 460 l). The 

optical properties of the SnO2 nanoparticles were analysed 

via UV‒vis spectroscopy (model: JASCO-V670) in the 

range of 200–900 nm, and the optical bandgap was 

estimated from the optical absorption spectrum. 

 

3. Results and Discussion 

This section discusses the results obtained from the 

structural, morphological, and optical analyses of the 

synthesized SnO₂ nanoparticles. The data are interpreted 

to establish relationships between the synthesis process 

and the resulting material properties, and the findings are 

compared with reported studies to assess consistency and 

performance. 

 
Figure 1. Synthesis of SnO2 NP. 

 

Table 1. Structural Parameters of Colloidal SnO2 Nanoparticles. 

Peak     2θ (°)   FWHM     Intensity (a.u)        Sin θ           Cos θ              d (Å)        hkl        L (nm) 

  1          27.0       1.057              200               0.2334      0.9723         0.33       002      8.08  

  2          28.0       1.057              100               0.2419      0.9702         0.32       101      8.10  

  3          36.1       1.057               30                0.3709      0.9205         0.20       200      8.14  

  4          51.2       1.057               50                0.4320      0.9018         0.18       220      8.68  



Science, Engineering and Technology  Vol. 6, No. 1, pp. 90-97 

 

 

93 

3.1. Structural characteristics of the synthesized 

SnO2 nanoparticles 

3.1.1. XRD characterization of the synthesized SnO2 

nanoparticles 

X-ray diffraction measurements of the tin oxide 

nanoparticles were carried out, and the results are shown 

in Figure 2. The following miller indices, [002], [101], 

[200] and [220], were assigned diffraction angles of 27.0 
o, 28.5 o, 36.1o and 50.4 o, respectively, which confirmed 

the presence of SnO2 crystals with tetragonal Romarchite 

structures. The most prominent SnO2 peak [002] 

reflection was observed at a diffraction angle of 2θ = 

27.0°, confirming the presence of SnO2 crystals. Two 

other dominant diffraction peaks are located at 28.5° and 

50.4° and correspond to the crystallographic planes [101] 

and [220] of the tetragonal Romarchite structure, 

respectively. 

 

Figure 2. XRD patterns of the SnO2 nanoparticles. 

Additionally, a weak SnO2 diffraction peak is located 

at 36.1° and corresponds to the crystallographic planes 

[200]. The X-ray diffraction (XRD) pattern exhibited 

sharp and well-defined peaks, which were in excellent 

agreement with the standard JCPDS card no. 41–1445, 

and was characterized as a symmetric tetragonal rutile-

type crystal phase of SnO₂ nanoparticles (romarchite). 

The peak broadening and relatively low intensity of the 

observed peaks are indications of nanosized crystallites. 

The average crystallite size and interplanar spacing (d-

spacing) based on the data in Table 1 were computed to 

be approximately 8.25 nm and 0.2575 Å, respectively. 

These values are well correlated with the observations 

from earlier studies [23], ]24]. 

The nanoscale structure and [002] orientation 

enhance the sensitivity for gas sensing applications. This 

is in agreement with the work of Miller et al. (2014) [24], 

who studied nanoscale metal oxide-based heterojunctions 

for gas sensing. The high surface area and nanostructure 

make it suitable for heterogeneous catalysis and 

photocatalysis (e.g., degradation of pollutants under UV 

light). 

 

 

3.1.2. FTIR characterization of the synthesized SnO2 

nanoparticles 

To determine the structural properties of the SnO₂ 

nanoparticles prepared from fresh Senna alata leaf extract 

in aqueous media, Fourier transform infrared (FTIR) 

spectroscopy was used, and the results are depicted in 

Figure 3. The FTIR spectrum revealed a number of clear 

absorption bands corresponding to the functional groups 

attached to the surface of the nanoparticles. The bond 

types and wavenumbers in the colloidal SnO2 

nanoparticles are shown in Table 2. The striking peak at 

1622.00 cm⁻¹ is attributed to the vibration of nitrate 

anions (NO₃⁻). The wide absorption peak at 3482.00 cm⁻¹ 

was assigned to the O–H stretching vibration of either the 

surface hydroxyl group or adsorbed water [25]. The 

1050.00 cm⁻¹ band is attributed to the asymmetric 

vibration of C–O stretching, and the vibration at 2926.00 

cm⁻¹ indicates –C–H stretching vibrations. 

Table 2. Summary of Bond types and Wavenumbers in 

Colloidal SnO2 Nanoparticles FTIR Spectrum. 

             Peak         Wavenumber (cm-1)             Bond type  

 

             1                    3482.00                          OH stretch  

             2                    2926.00                          C-H stretch  

             3                    1622.00                          NO3
- stretch 

             4                    1050.00                          C-O stretch 

Several molecular vibration frequencies, including 

NO3- (1622.00 cm-1, VNO3
-), OH (VOH, 3482.00 cm-1), 

C–O (VC-O, 1050.00 cm-1) and C–H (VC-H, 2926.00 cm-

1), are shown in Figure 3. These functional groups are in 

accordance with the results obtained by [26]. 
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Figure 3. FTIR spectrum of SnO2 nanoparticles synthesized 

using fresh Senna alata leaves and water as the solvent. 

 

3.2. Morphological characteristics of the 

synthesized SnO2 nanoparticles 

3.2.1. SEM characterization of synthesized SnO2 

nanoparticles 

SEM images of the prepared SnO₂ nanoparticles are 

shown in Figure 4 at 9000× and 10000× magnifications. 

The micrographs revealed homogeneous surface coverage 

with fairly consistent morphology. Most of the 

nanoparticles are spherical and have good dispersion, with 

some of them being partially agglomerated into irregular 

clusters. Individual crystallites can be easily recognized 

owing to their distinct boundaries and preferential 

rounding at edges. Under lower magnification (9000×), 

several microcracks are observed, which indicate poor 

interparticle adhesion and better surface characteristics 

[27]. The microscopic mean grain size was determined to 

be approximately 20 nm on the basis of the intercept 

procedure. This grain size is larger than the size of 

crystallites determined via Scherrer’s equation, which 

could be attributed to the agglomeration of smaller 

crystallites during the formation of nanoparticles. 

 
Figure 4. SEM images of synthesized SnO2 nanoparticles 

using fresh Senna alata leaves and water as the solvent. 

3.2.2. TEM characterization of synthesized SnO2 

nanoparticles 

TEM images of the prepared SnO₂ nanoparticles are 

presented in Figure 5, which shows that the particle size 

varies from 20 nm to 100 nm. By analysing the TEM 

micrographs, it was possible to carry out a statistical 

analysis of the grain sizes, and a distribution of well-

dispersed (i.e., nonagglomerated) nanoparticles was 

found with a relatively small dispersion between 9–11 nm. 

These values match the particle sizes estimated from the 

XRD pattern well and confirm the coherence of the 

structural analysis. Moreover, there are some clear lattice 

fringes in the images, indicating that single-crystalline 

SnO₂ nanostructures were obtained. The average particle 

sizes are in good agreement with the values from previous 

research [28]. 

 

Figure 5. TEM images of synthesized SnO2 nanoparticles 

using fresh Senna alata leaves and water as the solvent. 

 

3.3. Optical characteristics of tin oxide (SnO2) 

nanoparticles 

3.3.1. Optical Absorbance Spectra of SnO2 

Nanoparticles 

Figure 6 shows an absorbance‒wavelength plot of 

SnO2 nanoparticles synthesized from fresh Senna alata 

leaves and water as the solvent in the UV‒Vis‒NIR 

region, with distinct absorption edges. The SnO2 

nanoparticles absorb UV light, whereas they are 

transparent in the visible region of the solar spectrum. The 

absorbance‒wavelength plot of the SnO2 nanoparticles 

shows maximum absorption at approximately 300 nm. 

Additionally, the plot reveals two other minor peaks 

corresponding to 400 nm and 670 nm. The plot also shows 

that the SnO2 nanoparticles have a higher absorption 

coefficient within the UV region of the solar spectrum. Its 

ability to absorb UV light makes this material suitable for 

coatings to block or absorb harmful UV radiation (e.g., in 

windows or protective films). 
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Figure 6. Absorbance‒wavelength plot of synthesized SnO2 

nanoparticles using fresh Senna alata leaves and water as the 

solvent. 

 

3.3.2. Optical transmittance spectra of the 

SnO2 nanoparticles 

The transmittance–wavelength relation shown in Figure 

7 clearly shows sigmoidal behavior with the onset of 

transmittance at approximately 300 nm. Hereafter, the 

transmittance gradually increases with increasing 

wavelength in the range of 300–420 nm (UV) due to the 

strong absorption of UV light by the SnO₂ nanoparticles. 

Notably, the plot shows slight attenuation peaks at 

wavelengths of approximately 490 nm, 525 nm, 630 nm 

and 670 nm. These absorption dips can be related to 

electronic transitions or retained phytochemicals 

remaining from the plant-based synthesis, which again 

adds to the optoelectronic action of the nanomaterial. 

These slight attenuations were due to the scattering of the 

absorbed light. This result also corroborates the 

absorbance results. 

 

Figure 7. Transmittance‒wavelength plot of synthesized SnO2 

nanoparticles using fresh Senna alata leaves and water as the 

solvent. 

3.3.3. Optical energy bandgap spectra of SnO2 

nanoparticles 

Figure 8 shows the Tauc plot that was used to estimate 

the optical bandgap of these synthesized SnO₂ 

nanoparticles from the absorption edge. The absorption 

coefficient (α) was calculated as the absorbance/film 

thickness, where h and ν are Planck’s constant and the 

frequency of incident light, respectively. For a direct 

bandgap semiconductor, i.e., SnO₂ here, the curve of 

(αhν)² versus the photon energy (hν) should show good 

linearity, and the extrapolation to the energy axis gives us 

an estimation of its bandgap value. The estimated 

bandgap of the synthesized SnO₂ nanoparticles was 4.57 

eV. This value is in agreement with the reported literature 

data for SnO₂ nanomaterials [29] and supports the optical 

properties of the material. The wide bandgap and 

absorption edge of 300 nm in the UV range make this 

material ideal for UV photodetectors or UV light sensors 

(e.g., solar-blind UV detection, flame sensors, or UV 

monitoring systems). The wide bandgap enables UV-

driven photocatalytic activity for water splitting and 

organic pollutant degradation. The wide bandgap and high 

visible transparency make the material a promising 

candidate for transparent conducting oxide applications in 

displays, solar cells, and smart windows, with a nanoscale 

size that enhances optical clarity and conductivity. 

 

Figure 8. (αhv)2-Energy plot of synthesized SnO2 

nanoparticles using fresh Senna alata leaves and water as the 

solvent. 

 

4. Conclusions 

The present work has shown an efficient green 

protocol for the synthesis of SnO₂ nanoparticles through 

the aqueous extraction of freshly collected leaves of 
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Senna alata. Characterization of the synthesized 

nanoparticles was performed via UV‒Vis 

spectrophotometry, XRD, FTIR spectroscopy, SEM, and 

TEM. Optical studies revealed that the absorption edge is 

approximately 300 nm and that the estimated direct band 

gap is 4.57 eV. XRD also revealed the formation of SnO₂ 

with a well-defined peak corresponding to the [002] 

lattice plane, and the FTIR data revealed molecular 

vibration frequencies typical of SnO₂ architectures. 

Morphological analyses by SEM and TEM provided 

additional evidence for the formation of well-crystallized 

SnO₂ crystallites with a size and shape characteristic of 

nanoparticles. The results reveal the potential use of plant-

mediated synthesis as a green, clean, and low-cost method 

for the one-phase production of highly crystalline SnO₂-

based nanomaterials with excellent optical properties. 

The combination of a dominant [002] orientation, 

nanocrystallinity, and wide optical bandgap imparts 

multifunctional characteristics to the synthesized SnO2 

nanoparticles. These properties collectively open 

pathways for applications in optoelectronics, 

environmental sensing, energy storage, and protective 

coatings, establishing the material as a versatile platform 

for future nanotechnology-driven innovations. 

Future research could investigate doping these green-

synthesized SnO₂ nanoparticles with other metal or 

nonmetal elements to improve their functional 

characteristics for specific applications. Investigating 

their performance in specific devices, such as gas sensors, 

photocatalysts, or solar cells, would help to validate their 

practical application. Furthermore, expanding the green 

synthesis technique and evaluating its repeatability and 

cost feasibility in commercial settings would be 

significant. 
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