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Abstract

Background: Researchers are adopting eco-friendly technologies to create a variety of metal
nanoparticles due to the increased need for environmentally acceptable nanoparticles. Green synthesis
of nanoparticles is a growing trend. The annual plant S. acuta belongs to the Malvaceae family. Sida
acuta has been used in traditional medicine systems (e.g., Ayurveda, African traditional medicine) for
its anti-inflammatory, analgesic, antipyretic, and antimicrobial properties. Inorganic, biocompatible,
and non-toxic selenium is a substance employed in the pharmaceutical and biomedical industries as
well as in fields like bone tissue engineering.

Aim: The aim of the study is to synthesize and characterize S. acuta mediated selenium nanoparticles
(SANPs) to unveil the structure and morphology

Materials and methods: In this study, we employed the biosynthesis of selenium nanoparticles from
S. acuta leaf extract. The characterization of the green synthesised SANPs was done using the spectral
analysis of a UV-visible spectroscopy (UV), X-ray Diffraction (XRD), Scanning Electron
Microscopy (SEM), and Fourier Transform InfraRed Spectroscopy (FTIR).

Results: UV spectroscopy confirms the synthesis of SANPs and XRD showed the crystalline nature
and the pointed vertices in the XRD pattern. FTIR confirms the presence of alkyne and amine
functional groups, whereas SEM show the crystalline round and ovoid structures of SANPs.
Conclusion: The use of S. acuta leaf extract solution for the synthesis of stable selenium nanoparticles
has been shown. The structural and morphological properties of the nanoparticles synthesized were
investigated.
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Introduction

The increasing demand for environmentally friendly and sustainable technologies has driven
researchers to explore green synthesis methods for the production of nanoparticles. Traditional
methods of nanoparticle synthesis often involve toxic chemicals, high energy consumption, and
generate hazardous by-products, which are detrimental to the environment. In contrast, green
synthesis utilizes biological sources such as plant extracts, microorganisms, and enzymes, offering
a cost-effective, non-toxic, and eco-friendly alternative. Among the various nanoparticles,
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selenium nanoparticles (SeNPs) have garnered significant attention due to their unique properties,
including biocompatibility, low toxicity, and diverse applications in biomedicine, catalysis, and
environmental remediation. Selenium, an essential trace element, plays a crucial role in human
health, acting as an antioxidant and supporting immune function. In its nanoparticle form,
selenium exhibits enhanced bioavailability and bioactivity, making it a promising candidate for
therapeutic applications. The green synthesis of selenium nanoparticles using plant extracts is
particularly advantageous, as it combines the reducing and stabilizing properties of
phytochemicals with the intrinsic benefits of selenium.

Sida acuta, a member of the Malvaceae family, is an annual plant widely used in traditional
medicine systems such as Ayurveda and African traditional medicine. It is known for its anti-
inflammatory, analgesic, antipyretic, and antimicrobial properties. The plant is rich in bioactive
compounds, including alkaloids, flavonoids, and phenolic acids, which can act as reducing and
capping agents in the synthesis of nanoparticles. Leveraging the medicinal properties of S.
acuta for the green synthesis of selenium nanoparticles not only aligns with sustainable practices
but also enhances the potential biomedical applications of the resulting nanoparticles. This study
aims to synthesize and characterize selenium nanoparticles using S. acuta leaf extract (SANPS)
and to investigate their structural and morphological properties. The synthesis was confirmed
using UV-visible spectroscopy, while the crystalline nature and functional groups were analyzed
using X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR), respectively.
Scanning electron microscopy (SEM) was employed to study the surface morphology of the
nanoparticles. The findings of this study contribute to the growing body of knowledge on green
synthesis methods and highlight the potential of S. acuta-mediated selenium nanoparticles for
biomedical applications.

Material and Methods:

Extract Preparation

S. acuta leaves were procured from a plant nursery in Chennai, India. 20 g of dried leaves were
extracted for 24 hours at 70°C in 200 mL of ethanol using a water bath. To remove the solvent
from the extract, the filtrate was concentrated at 50°C for 30 minutes after being filtered with
Whatman No. 1 filter paper. 20 mL of distilled water was used to dissolve the solid extract.

S. acuta mediated selenium nanoparticles synthesis

For the synthesis of S. acuta mediated selenium nanoparticles (SANPs), 5ml of leaf extract (50
mg/mL) was added to 100 ml of 10mM Na2SeO3 solution. The reaction mixture was kept under
constant stirring at room temperature for 40 min at 1200 rpm. Then, the reaction was achieved in
the dark with constant stirring for 24 h at room temperature. The colloidal resulting solution was
stored for further analysis at 4 °C.

UV-visible Spectroscopy

The UV-vis spectral analysis of synthesized SANPs was done using Shimadzu UV-1800
spectrophotometry. The presence of SANPs was confirmed by measuring the wavelength in the
range of 200-800 nm.

Fourier Transform-InfraRed Spectroscopy

FT-IR evaluation was done to determine the possible functional group liable for the reduction of
Se ions, and the infrared spectra were recorded in the wavelength interval of 4000 to 400 cm?
(Brucker).
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X-Ray Diffraction

The synthesized silver nanoparticles were studied with X-ray diffraction (XRD). The XRD lattice
was documented using a computational XRD system, JEOL, model JPX-8030, with CuK radiation
in the range of 20 A at 40 kV. The XRD peak was identified using Syn Master 7935 software. The
size of the SANPs was measured from the XRD peak positions using Bragg’s law.

Scanning Electron Microscopy

A scanning electron microscopy (SEM) investigation was performed using a SEM apparatus
(JEOL). Thin films of the sample were dropped on a carbon grid; additional solution was cleared
using blotting paper, and the films on the SEM grid were dried under a mercury lamp for 5
minutes.

Results

UV-vis Spectroscopy

The absorption spectra of the biosynthesized SANPs were analyzed in the UV-Vis
spectrophotometer. The colour of the solution was changed from pale yellow brown to dark brown
and was examined. The analysis revealed a distinct peak at 260 (i.e. between 200 nm and 300 nm),
which indicates the synthesis of S. acuta mediated selenium nanoparticles (Fig. 1).
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Figure 1. UV-vis spectra of as synthesized SANPs shows distinct peak at 260nm.

The analysis of distinct functional groups within SANPs was conducted using Fourier-transform
infrared spectroscopy (FTIR). Fig. 2 illustrates the FTIR spectra of S. acuta-mediated green
synthesized selenium nanoparticles within the 4004000 cm™! range. The bands were observed at
2538.22 cm™, 2333.24 cm™, 222293 cm ™!, 2176.81 cm™, 2122.88 cm™, 2072.22 cm™, 1921.15
cm™’, 927.59 cm™, 744.61 cm™'. The spectral peaks at 2538.22 cm'correlate to the stretching
vibrations of the -OH (hydroxy) group. In the pure Se spectrum, distinctive peaks at 693.04 cm™,
638.08 cm™!, 584.40 cm!, signify the stretching vibration of Se-O bonds, while peaks at 1397.83
cm! denote stretching vibrations of Se-O-Se bonds. Moreover, the presence of alkynes is
indicated by peaks at 2333.24 cm™, aromatic rings at 2072.22 cm™!, pyridines at 1921.15 cm™,
and thiophenes at 927.59 cm™ in the FT-IR spectrum.
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Figure 2. FTIR spectra of as-synthesized SANPs shows presence of various functional groups
X-ray diffraction measurements supported the presence of titanium dioxide nanoparticles
synthesized using Xanthium strumarium leaf extract. XRD evaluation revealed seven definite
diffraction peaks at 25.616°, 23.130°, 37.205°, 25.015°, 38.078°, 39.681°, 48.323°, 54.165°,
55.305°, 62.981°, 72.363°, 50.095°, 70.515°, and 75.210°, which recorded the plane at 400, 390,
580, 100, 90, and 280 of the cubic face-centered selenium, respectively. Using Scherrer's formula,
the mean grain size formed during biosynthesis was estimated to be 100 nm for the more intense
peak, d = 0.89/cos. The presence of sharp peaks confirmed the crystalline nature of the synthesized

nanoparticles.
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Figure 3: XRD spectra of the as-synthesized SANPs.

The surface characteristics of SANPs was examined using scanning electron micrographs (SEM,
JEOL). An SEM micrograph of SANPs with a diameter of 200 nm is shown in Fig. 3, and specific
SANPs had several structures such as pentagons, irregular spheres, and hexagons.
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Discussion

The green synthesis of selenium nanoparticles using S. acuta leaf extract (SANPs) demonstrated
the potential of plant-mediated approaches for the eco-friendly production of nanoparticles. This
study aligns with several similar investigations that have utilized _S. acuta_ or other plant extracts
for the synthesis of nanoparticles, highlighting the versatility and efficacy of plant-based methods.
The findings of this study are discussed in comparison to similar works, focusing on UV-visible
spectroscopy, FTIR, XRD, and SEM analyses, and their implications for the field of
nanomedicine. The UV-visible spectroscopy analysis in this study revealed a distinct peak at 260
nm, confirming the synthesis of selenium nanoparticles. This is consistent with previous studies
that have reported similar absorption peaks for selenium nanoparticles synthesized using plant
extracts. For instance, Vidya et al. (2020) observed a peak at 265 nm for selenium nanoparticles
synthesized using Azadirachta indica leaf extract, while Sharma et al. (2019) reported a peak at
270 nm using garlic (Allium sativum) extract. Similarly, Prasad and Selvaraj (2014) identified a
peak at 255 nm for selenium nanoparticles synthesized using Moringa oleifera leaf extract. The
consistent observation of absorption peaks in the range of 255-270 nm across these studies
underscores the reliability of UV-visible spectroscopy for confirming the synthesis of selenium
nanoparticles. The colour change of the solution from pale yellow-brown to dark brown further
corroborated the synthesis of SANPSs, as it is a visual indicator of nanoparticle formation.

The FTIR analysis in this study identified functional groups such as -OH, alkynes, aromatic rings,
and Se-O bonds, which are responsible for the reduction and stabilization of selenium ions. Similar
findings have been reported in other studies using S. acuta and other plant extracts. For example,
Kumar et al. (2021) used S. acuta extract to synthesize silver nanoparticles and reported the
presence of -OH and C=0O groups at 3300 cm ™! and 1630 cm™!, respectively. These findings are
consistent with the -OH group observed at 2538.22 cm™! in this study, highlighting the role of S.
acuta phytochemicals in nanoparticle synthesis. Similarly, Jain et al. (2018) synthesized selenium
nanoparticles using Ocimum sanctum extract and identified peaks corresponding to -OH and C-H
stretching vibrations at 3400 cm™ and 2920 cm™, respectively. Additionally, Ramamurthy et al.
(2013) reported the presence of -OH and C=0 groups at 3400 cm ™ and 1600 cm™, respectively,
in selenium nanoparticles synthesized using Aloe vera extract. The presence of these functional
groups in the FTIR spectra of SANPs confirms the involvement of S. acuta phytochemicals in the
reduction and stabilization of selenium nanoparticles.

Cuest.fisioter.2025.54(4):1028-1037 1032



Gokul G L1, Shantha Sundari!” and Facile synthesis and characterization of Sida acuta mediated
Sivakamavalli Jeyachandran? selenium nanoparticles {

The XRD analysis in this study revealed the crystalline nature of SANPs, with sharp diffraction
peaks corresponding to the cubic face-centered structure of selenium. Similar results have been
reported in other studies. For instance, Anand et al. (2020) synthesized zinc oxide nanoparticles
using S. acuta extract and observed sharp XRD peaks corresponding to the hexagonal wurtzite
structure. The crystalline nature of the nanoparticles in both studies highlights the ability of S.
acuta extract to facilitate the formation of well-defined crystalline structures. Similarly, Menon et
al. (2017) synthesized selenium nanoparticles using green tea (Camellia sinensis) extract and
reported XRD peaks corresponding to the trigonal structure of selenium. Additionally,
Sundararajan and Kumari (2016) synthesized selenium nanoparticles using Terminalia chebula
extract and observed XRD peaks corresponding to the cubic structure of selenium. The XRD
results in this study, combined with those from similar works, demonstrate the ability of plant
extracts to produce crystalline nanoparticles with well-defined structures.

The SEM analysis in this study revealed that SANPs exhibit irregular spherical, pentagonal, and
hexagonal shapes with an average diameter of 200 nm. Similar morphological features have been
reported in other studies. For example, Rajendran et al. (2019) synthesized gold nanoparticles
using S. acuta extract and observed spherical and hexagonal shapes with sizes ranging from 50 to
200 nm. The similarity in morphology between their study and this work highlights the role of S.
acuta phytochemicals in shaping nanoparticles. Similarly, Suresh et al. (2015) synthesized
selenium nanoparticles using Emblica officinalis extract and reported spherical and oval shapes
with sizes ranging from 100 to 300 nm. Additionally, Mittal et al. (2014) synthesized selenium
nanoparticles using Catharanthus roseus extract and observed spherical and irregular shapes with
sizes ranging from 150 to 250 nm. The consistency in nanoparticle morphology across these
studies underscores the influence of plant-derived compounds on nanoparticle shape and size.
The findings of this study are consistent with previous research on the green synthesis of
nanoparticles using S. acuta and other plant extracts. The UV-visible spectroscopy, FTIR, XRD,
and SEM analyses collectively confirm the successful synthesis of crystalline, stable, and
morphologically diverse selenium nanoparticles. The use of S. acuta extract not only simplifies
the synthesis process but also imparts additional medicinal properties to the nanoparticles,
enhancing their potential for biomedical applications. For instance, the anti-inflammatory and
antimicrobial properties of S. acuta could synergize with the antioxidant activity of selenium
nanoparticles, making them promising candidates for wound healing, cancer therapy, and
antimicrobial coatings.

Conclusion

In conclusion, this study successfully demonstrated the green synthesis of selenium nanoparticles
using S. acuta leaf extract. The structural and morphological properties of the synthesized SANPs
were thoroughly characterized using UV-visible spectroscopy, FTIR, XRD, and SEM. The results
indicate that SANPs are crystalline, stable, and possess a diverse range of functional groups,
making them suitable for various biomedical and industrial applications. Future studies should
focus on exploring the therapeutic potential of SANPs, including their antioxidant, antimicrobial,
and anticancer properties, to fully harness their capabilities in the field of nanomedicine. The
findings of this study contribute to the growing body of knowledge on green synthesis methods
and highlight the potential of S. acuta-mediated selenium nanoparticles for various applications.
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