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General Background: Nanotechnology enables the fabrication of novel materials with
unique structural and optical properties, with silver oxide (Ag20) nanoparticles being of
particular interest for catalytic, sensing, and optoelectronic applications. Specific
Background: Conventional chemical synthesis of Ag20O nanoparticles often involves toxic
reagents and harsh conditions, posing environmental and biomedical limitations.Knowledge
Gap: Despite advances in green chemistry, efficient, eco-friendly routes to control particle
size, morphology, and stability of Ag2O/Ag nanoparticles remain underexplored. Aims: This
study develops an environmentally sustainable synthesis of Ag20O/Ag nanoparticles using
Hibiscus sabdariffa extract as a natural reducing and stabilizing agent. Results: X-ray
diffraction confirmed a cubic crystal structure with an average crystallite size of 35.60 nm,
while FESEM revealed irregular spherical particles averaging 57.2 nm. Energy-dispersive X-
ray spectroscopy verified silver and oxygen elements, UV-Vis spectroscopy showed a 414 nm
absorption peak with a 2.88 eV direct bandgap, and FTIR detected characteristic O-H, C-H,
and Ag-O bonds. Novelty: This work demonstrates a cost-effective, plant-extract-based
synthesis achieving precise structural and optical control without hazardous chemicals.
Implications: The eco-friendly route supports scalable production of Ag=O/Ag nanoparticles
for applications in catalysis, biomedical devices, and optoelectronics, contributing to
sustainable nanotechnology.

Highlights:
» Plant extract acts as natural reducing and stabilizing agent.
e Nanoparticles show 2.88 eV direct bandgap with 414 nm absorption.

¢ Sustainable method enables scalable, non-toxic production.
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Introduction

Nanotechnology exists as a revolutionary science discipline between materials and engineering which enables the
creation of materials with novel properties and functions. Metal oxide nanoparticles draw extensive scientific
interest due to their distinct physical, chemical, and optical behavioral aspects which differ markedly from their
bulk counterparts. The research community shows intense interest in silver oxide (Ag>O) nanoparticles because of
their uses in catalytic reactions as well as sensors and antimicrobial and optoelectronic device applications [1]. The
traditional production methods of Ag>O nanoparticles require chemical reduction with dangerous stabilizing agents
and reducing agents resulting in hazardous environmental impact and health risks. The traditional manufacturing
methods yield toxic waste products while needing forceful reaction parameters that restrict large-scale
manufacturing. Surface contamination with toxic chemical residues acts as a constraint to applying Ag,O
nanoparticles in biomedical and environmental work. Researchers now turn to investigating different eco-friendly
synthesis approaches because of these drawbacks [2]. Plant extract-based synthesis methods now represent a
successful replacement for traditional chemical production techniques. The method complies with fundamental
principles of green chemistry through its use of sustainable resources along with its reduction of dangerous
substances. Nanoparticles produced through plant extract synthesis benefit from stabilizing properties and reducing
capabilities due to their biomolecule content which includes proteins and polyphenols flavonoids and terpenoids
[3]. The natural compounds function to reduce metal ions and simultaneously protect the formed nanoparticles by
creating surface alignment structures. The natural resource Hibiscus sabdariffa or roselle attracts interest as a
biological agent for nanoparticle synthesis because it contains multiple phytochemicals [4]. The plant calyces show
high concentrations of organic acids and anthocyanins together with polyphenols and other bioactive compounds
which help reduce metal ions while stabilizing nanoparticles. The utilization of Hibiscus sabdariffa extract results
in several beneficial aspects including cheap production conditions combined with low chemical consumption
potential and the manufacturing of biologic nanoparticles that work with different usage areas [5]. Controlling
particle size along with morphology and composition properties during green synthesis of Ag>O /Ag nanoparticles
proves difficult because these factors deeply affect their behavioral characteristics as well as their acceptable
applications. The synthesis of Ag,O /Ag nanoparticles requires a thorough examination of external variables
including precursor concentration, pH value, temperature control, and reaction duration to reach optimal
nanoparticle specifications [6]. Scientists need to study the relationships between plant biomolecules and metal
ions throughout the synthesis process to gain an understanding of how nanoparticles develop and remain stable [7].
Scientists developed a sustainable synthesis approach for Ag,O /Ag nanoparticles based on Hibiscus sabdariffa
extract that works as a reducing and stabilization agent. An environmentally friendly synthesis approach will be
developed through this study to produce nanoparticles along with efficient control over size and morphology [8].
Multiple investigation methods consisting of X-ray diffraction (XRD) together with field emission scanning
electron microscopy (FESEM) and energy-dispersive X-ray spectroscopy (EDX) and UV-visible spectroscopy and
Fourier transform infrared spectroscopy (FTIR) are used for evaluating structural and morphological and optical
and surface properties of synthesized nanoparticles [9]. The research brings value to green nanotechnology by
presenting an environmentally safe approach for synthesizing metal oxide nanoparticles that show promise in
improving numerous technological applications [10].

Materials and Methods

A. Materials

The precursors used for the synthesis of Ag,O/Ag nanoparticles included silver (I) nitrate AgNOs where the
minimum assay of Ag is 99.8% with maximum limits of impurities of Cu below 2.0 ppm, SO4 below 20.0 ppm, Fe
below 2.0 ppm, Cl below 10 ppm, and Pb 2.0 ppm from Daejung, Korea. Hibiscus sabdariffa extract was obtained
from dried calyces of the plant.

B. Methods

Preparation of Plant Extract: Hibiscus sabdariffa extract was obtained from dried calyces of the plant and
evaluated in the dried form and ground into fine powder. From the powder, 1 gram was weighed and in a clean
beaker, 2 grams of the powder was dissolved in 100 mL distilled water. The mixture was heated to 50°C for 1 hour
with continuous stirring at 700 rpm to facilitate the extraction of Hibiscus sabdariffa. After heating, the mixture
was cooled to room temperature and filtered using vacuum filtration and filter paper to remove residues. The
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filtrate, which contains Hibiscus sabdariffa extract, was used in the synthesis approach as a natural reducing and
stabilizing agent.

Green Synthesis of Ag>O/Ag nanoparticles: silver (I) nitrate AgNO; dissolved in 100 ml distilled water at 25 °C
under vigorous stirring at 700 rpm for 1h. to form two clear solutions, with one molar. Slowly add the Hibiscus
sabdariffa extract to the solution while continuously stirring, allowing Hibiscus sabdariffa to act as a reducing and
stabilizing agent for silver ions. Adjust the pH of the solution to an alkaline range (~12) by adding NaOH drop by
drop, facilitating the precipitation of metal oxides. Stir the reaction mixture for 1h, maintaining the temperature at
around 70-80°C. A color change into a dark brown hue solution indicates the formation of the Ag,O/Ag
nanoparticles. The precipitate was washed, dried at 100°C for 4 hours, and calcined at 400°C for 2 hours.

C. Characterization Techniques

Different techniques were used to analyze the synthesized nanocomposites. The X-ray Diffraction (XRD) analysis
was conducted using a PANalytical X Pert PRO diffractometer equipped with Cu Ko radiation (A = 1.54060 A),
operated at 40 kV and 30 mA. The diffractogram was recorded in the 26 range from 10° to 80° with a step size of
0.02° at a scanning rate of 1°/min. Fourier Transform Infrared (FT-IR) spectra were obtained using a Bruker Alpha
IT FT-IR spectrometer in the range of (4000 to 400) cm™ at a resolution of 4 cm™'. The sample was mixed with
potassium bromide (KBr) to form pellets for transmission measurements. The recorded spectra were analyzed to
confirm the presence of characteristic bonds of Ag>O/Ag, particularly the Ag -O stretching vibrations. The optical
properties of the nanocomposites were studied using a Shimadzu UV-2600 UV-Vis spectrophotometer. The
absorption spectrum was measured in the wavelength range of 200 to 800 nm. The sample was dispersed in
ethanol, and the absorbance was recorded. The optical band gap energy was calculated using the Tauc plot method
by plotting (ahv)? against photon energy (hv), where a is the absorption coefficient. The surface morphology and
elemental composition of the synthesized nanocomposites were analyzed using a model TESCAN Mira3. The
FESEM was operated at an accelerating voltage of 10 kV, and high-resolution images were captured at various
magnifications to observe the particle size and distribution. For EDX analysis, the same device was used to
perform elemental composition analysis at 20 kV to detect the presence of copper (Ag), and oxygen (O) in the
sample. The elemental ratios of Ag were calculated to confirm the formation of the nanoparticles.

Results and Discussion

The X-ray diffraction (XRD) technique is employed to characterize the crystal structure of the prepared samples.
Bragg's law Eq 1 can be applied to calculate the interplanar spacing (d) of lattice planes [11].

nd = 2d siné ...........1

Where n is the order of the diffraction peak, A is the wavelength of incident X-rays, d is the interplanar spacing,
and 0 is the angle of incidence. This relationship is crucial for determining d in various crystal structures. The
Debye-Scherer Eq 2 was used to calculate the average crystallite size. It is employed to measure the size of crystal
particle fragments.

D = (kA)/(B cosB) ... 2

Where D is the crystallite size (nm), K is the crystallite's dimensionless form factor (0.94), X-ray wavelength (A =
0.154060 nm), 0 is the Bragg diffraction angle (Radian), and B is the FWHM of the selected peak are all given
(Radian) [12]. The X-ray diffraction (XRD) patterns of Ag>O/Ag nanoparticles are shown in Fig. 1. The XRD
patterns of Ag,O/Ag nanoparticles identified a cubic crystal structure of Ag,O according to the entry
crystallography open database (COD) [96-431-8189] and a cubic crystal structure of Ag according to the entry cod
[96-110-0137]. The three strongest peaks (20); 32.78°, 38.07°, and 54.87° correspond to planes and crystallite
sizes of (111) plane:46.12 nm, (200) plane:29.73 nm, and (202) plane:30.96 nm, respectively. The average
crystallite size is 35.60 nm. This result agrees with [13].
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Figure 1. XRD pattern of Ag,O/Ag nanoparticles.

The FESEM images in Fig. 2 (a-b) show the surface morphology of the Ag>O/Ag nanoparticles. The FESEM
images represent Ag,O/Ag nanoparticles with irregular spherical shapes. The image at 200kx magnification
displays enhanced surface details compared to 100kx magnification. Based on the provided scale bars the
determined average particle size is approximately 57.2 nm.

SEM MAG: 100 kx Det: InBeam
WD: 4.49 mm BI: 7.00

View field: 2.08 um Date(midfy): 10/08/23

SEM MAG: 200 kx Det: InBeam I

WD: 4.47 mm Bi: 7.00 200 nm
View fleld: 1.04 ym | Date{midly): 10108123

(b)
Figure 2. FESEM images of Ag,O/Ag nanoparticles (a) 100 kx and (b) 200 kx.
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Fig. 3 a and b show the energy-dispersive X-ray (EDX) spectrum of AgrO/Ag nanoparticles. Also, give a
quantitative result corresponding to silver and oxygen elements in a weight percentage (W%) and an atomic
weight percentage (A%). The EDX spectrum of Ag,O/Ag nanoparticles confirms several elemental compositions;
Silver (Ag L al) at 3.01 KeV with 84.66 W%; 53.78 A%, Oxygen (Okal) at 0.540 KeV with 4.41 W%; 12.42
A%, Chlorine (Cl kal): at 2.6 KeV with 2.95 W%; 5.69 A% and potassium (Kkal) at 3.35 KeV with 4.41 W%;
7.74 A%, and Carbon (C kal) at 0.277 KeV with 3.57 W%; 20.37 A%. The presence of Ag and O confirms the
formation of the Ag,O/Ag nanoparticles structure synthesis by the green method. This result agrees with [14-15].
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Figure 3. EDX spectrum of Ag,O/Ag nanoparticles.

The optical properties of the Ag,O/Ag nanoparticles were investigated using a UV-Vis spectrophotometer. The
absorption spectrum with the wavelength range (190-1100 nm) of the electromagnetic spectrum and energy
bandgap for the direct electronic transitions of the Ag,O/Ag nanoparticles are shown in Fig. 4. The nanoparticles
demonstrate nanocrystalline characteristics, Ag-O/Ag displaying an absorption peak at 414 nm, falling in the violet
region of the visible spectrum with a maximum absorbance of approximately 0.8. The absorbance decreases
significantly right after its peak while maintaining a stable low value (below 0.2) throughout the visible and near-
infrared spectrum from 570 to 1170 nm. The direct allowed energy bandgap (E;) is accessed using Tauc's equation
3 by plotting (ahv)? vs hv via extrapolating a straight line on the energy axis [16].

ahv =B (hv —Eg)" ......... 3

Here: Eg is the energy gap between direct transitions, B is a constant dependent on the material type, hv is photon
energy, equal to 1240 eV /A, and the power coefficient is symbolized by r; The computation is based on potential
electronic transitions, where a factor of (1/2) represents direct allowed transitions, while (3/2) represents a direct
forbidden transition. The analysis of the curve using the indicated arrow demonstrates that the direct bandgap
energy of Ag,O/Ag nanoparticles approaches 2.88 eV. Traditionally observed in Ag,O semiconductor
nanostructures, the measured bandgap value matches the absorption edge from the UV-Vis spectrum. The
Agy0O/Ag nanoparticles would engage with incoming radiation through surface plasmon resonance because silver
nanoparticles demonstrate powerful visible spectrum plasmonic responses. This result agrees with [17].
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Figure 4. Optical properties (a) Uv-Vis absorption spectrum and (b) Energy bandgap (Eg) of Ag,O/Ag
nanoparticles.

Fourier Transform Infrared Spectroscopy (FTIR) was used to investigate the functional groups and chemical bonds
of the Ag>O/Ag nanoparticles. The FTIR spectra shown in Fig. 5 reveal significant functional groups. The FTIR
spectrum of Ag,O/Ag nanoparticles shows multiple distinctive absorptions and functional groups across the
wavenumber range of 4000-450 cm™. The intense wide band located at 3430 cm™ represents O-H stretching
vibrations that stem from either surface hydroxyl groups or adsorbed water molecules. The infrared signal at 2873
before 2927 cm™ arises from C-H vibrations. The band at 1632 cm™ corresponds to the bending mode of water
molecules that are bound to the surface. The C-O stretching vibrations likely produce two peaks at 1385 cm™ and
1102 cm™. Ag-O bond vibrations appear in the wavenumber range below 1000 cm™ while also being located
around 515 cm™ which validates the formation of Ag,O nanoparticles. These functional groups verify the
productive synthesis of Ag>O/Ag nanoparticles together with surface-adsorbed organic chemicals and water on the
surface. This result agrees with [17-18].
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Figure 5. FTIR spectra of Ag,O/Ag nanoparticles.
Conclusion

The study presented Hibiscus sabdariffa extract successfully as an environmentally friendly reducing and
stabilizing agent for the production of AgrO/Ag nanoparticles using green synthesis. The extensive study
confirmed the creation of cubic structured nanoparticles, which presented controlled dimensions in size. The XRD
examination validated the crystal pattern and discovered crystallite elements with an average dimension of 35.60
nm through FESEM imaging, revealing irregular spherical shapes measuring 57.2 nm. The optoelectronic device
applications are feasible because Ag,O/Ag nanoparticles exhibit a 2.88 eV bandgap combined with 414 nm
absorption spectrum properties. The different functional groups evident in the FTIR spectra show that the
nanoparticles received successful surface modification treatments. The environment-friendly production method of
Ag,0O/Ag nanoparticles becomes an encouraging pathway for large-scale industrial applications since it reduces
environmental damage.
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