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obtained at higher concentrations. FTIR analysis confirmed the role of
hydroxyl and carbonyl groups in reduction and stabilization. This eco-
friendly method offers a scalable alternative for AgNP production,
demonstrating potential applications in medicine, catalysis, and
environmental remediation.

1. Introduction

Silver nanoparticles (AgNPs) have gained significant attention due to their unique physicochemical properties,
such as antimicrobial activity, catalytic efficiency, and tunable optical properties [1]. These characteristics make
AgNPs highly valuable for applications in medicine, catalysis, environmental science, and electronics. However,
conventional chemical synthesis methods for producing AgNPs rely heavily on toxic chemicals, often leading to
environmental pollution and posing health risks. Additionally, these methods lack precise control over
nanoparticle size and shape, which are critical for optimizing their performance in specific applications [2].

Green synthesis methods have emerged as sustainable and environmentally friendly alternatives. Among
these, honey-mediated synthesis is particularly promising. Honey, a natural product rich in sugars, enzymes, and
phytochemicals, serves as both a reducing and stabilizing agent, enabling the eco-friendly synthesis of
nanoparticles [3]. Honey not only facilitates the reduction of silver ions (Ag*) into metallic silver (Ag®) but also
stabilizes the nanoparticles, preventing aggregation and ensuring their uniformity. This approach eliminates the
need for hazardous chemicals, aligns with green chemistry principles, and offers the additional benefit of
producing biocompatible nanoparticles suitable for medical and environmental application [3].

Although silver nanoparticles hold immense potential across various fields, conventional chemical synthesis
methods involve toxic chemicals and produce hazardous byproducts, raising environmental and health
concerns. Furthermore, these methods often lack the precision needed to control nanoparticle size and shape,
limiting their effectiveness in specific applications. There is a clear need for a green and sustainable synthesis
method that uses natural and renewable resources, ensures biocompatibility, and allows for precise control over
nanoparticle characteristics [4].

This study aims to develop a sustainable synthesis method for silver nanoparticles using honey as a natural
reducing and stabilizing agent. It seeks to characterize the synthesized nanoparticles using UV-Vis spectroscopy
and FTIR, optimizing parameters such as honey concentration, light exposure, and reaction time to achieve
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uniform nanoparticle size and stability [5]. Additionally, the research explores potential applications of honey-
mediated silver nanoparticles in fields such as medicine, catalysis, and environmental remediation.

2. Research Method and Material

This study employed a honey-mediated green synthesis method to produce silver nanoparticles (AgNPs) while
focusing on optimizing synthesis parameters and analysing the resulting nanoparticles' properties. The process
was guided by an analytical framework designed to evaluate the impact of key parameters such as honey
concentration, light exposure conditions, and reaction time on the size, shape, and stability of AgNPs. UV-Vis
spectroscopy was utilized to monitor the surface plasmon resonance (SPR) peak, indicating nanoparticle
formation, while Fourier-transform infrared (FTIR) spectroscopy was used to identify the functional groups
involved in the reduction and stabilization processes

The experimental system was carefully designed to ensure precision and reproducibility. Honey, rich in
natural reducing and stabilizing compounds, was used as the eco-friendly agent, while silver nitrate (AgNO3)
served as the precursor for silver ions. Raw and unfiltered honey was diluted in distilled water to prepare
solutions of 1%, 5%, and 10% concentrations, representing varying reducing agent strengths. A fixed volume of
10 mL of honey solution was mixed with 10 mL of AgNO3 solution under continuous magnetic stirring to ensure
uniform interaction between the reactants. The reaction mixtures were then subjected to three different light
exposure conditions: UV light using a UV lamp, natural sunlight, and darkness created by wrapping the flasks in
aluminium foil. The reaction times were varied across intervals of 30 minutes, 1 hour, 2 hours, and 4 hours to
examine the effect of duration on nanoparticle formation and stability.

For characterization, UV-Vis spectroscopy was performed in the range of 300-600 nm to identify the SPR
peak, typically observed between 400-450 nm, which provided insights into nanoparticle size and uniformity.
FTIR spectroscopy was employed to detect functional groups such as 0O-H, C=0, and C-O vibrations, which play
crucial roles in the reduction and stabilization processes. The systematic variation of honey concentration, light
exposure, and reaction time enabled a detailed understanding of their influence on the synthesis process. This
eco-friendly approach ensures a sustainable, cost-effective, and scalable method for producing silver
nanoparticles with potential applications in medicine, catalysis, and environmental remediation.
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Fig. 1 Different colors of solution AGNPs

3. Result and Discussion

Fig. 1 represents the absorbance spectra of a sample under three different lighting conditions: UV light, sunlight,
and no light. The x-axis represents the wavelength (nm), and the y-axis indicates absorbance. The UV-Vis spectra
confirmed the successful formation of silver nanoparticles (AgNPs) with characteristic surface plasmon
resonance (SPR) peaks observed around 400-450 nm. The results showed that UV light produced the highest
peak intensity, indicating efficient nanoparticle synthesis due to its high-energy photons accelerating the
reduction of silver ions. Sunlight also facilitated nanoparticle formation, though less effectively than UV light,
while the dark condition resulted in significantly reduced activity due to the absence of light energy. A 5% honey
concentration was chosen as it provided the optimal balance between sufficient reducing agents for nanoparticle
synthesis and avoiding aggregation that could occur at higher concentrations, such as 10%. Nanoparticles were
confirmed using multiple methods such as UV-Vis spectroscopy, where SPR peaks indicated the nanoscale
nature of the particles.
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Fig. 2 Graph represent UV-Vis Spectrum of light condition

Fig. 3 represents the absorbance of effect honey solutions at concentrations of 1.0%, 5.0%, and 10.0%
on the synthesis of silver nanoparticles (AgNPs), with absorbance peaks between 400-450 nm confirming
their formation through surface plasmon resonance (SPR). The 10% honey concentration showed the
highest peak intensity, indicating a greater density or size uniformity of nanoparticles due to an
abundance of reducing agents. However, high concentrations can also lead to particle aggregation,
reducing stability. The 1% concentration resulted in the lowest peak intensity, likely due to insufficient
reducing agents. The 5% honey concentration provided a balance, achieving adequate SPR intensity,
uniformity, and stability, making it the optimal choice for synthesis. Nanoparticles were confirmed where
the SPR peaks indicate nanoscale particles.
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Fig. 3 Graph represent the concentration of honey solution

The FTIR spectrum analysis highlights the functional groups involved in the honey-mediated
synthesis of silver nanoparticles. Fig.3 shows the broad absorption peak at 3307.14 cm™ corresponds to
0-H stretching vibrations, indicative of hydroxyl groups presents in water, alcohols, or phenolic
compounds within honey [1]. These bioactive molecules play a crucial role in reducing silver ions (Ag*) to
metallic silver (Ag®) during the synthesis. The peak observed at 1634.76 cm™ is associated with C=0
stretching vibrations, commonly linked to carbonyl groups found in organic acids or proteins. These
groups contribute to the reduction process and serve as capping agents, stabilizing the nanoparticles.
Furthermore, the peak at 1219.13 cm™, attributed to C-O stretching or C-O-C vibrations from esters,
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ethers, or polysaccharides in honey, indicates additional stabilization by forming a protective layer around
the nanoparticles, preventing aggregation. The presence of these functional groups confirms honey’s dual
role as a reducing and stabilizing agent in the synthesis of silver nanoparticles. This stabilization directly
influences the nanoparticles' optical properties, including the Surface Plasmon Resonance (SPR) peak
detected in UV-Vis spectroscopy [13]. The chemical interactions identified through FTIR analysis provide
complementary insights to optical characterization, demonstrating the effectiveness of honey as an eco-
friendly and efficient medium for producing stable silver nanoparticles [24]
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Fig. 4 FTIR of Silver Nanoparticles

4. Conclusion

This study successfully demonstrated the green synthesis of silver nanoparticles (AgNPs) using honey as a
natural reducing and stabilizing agent, with the optimal concentration identified at 5% for achieving balanced
nanoparticle formation and stability. UV-Vis spectroscopy confirmed the presence of SPR peaks around 400-450
nm, characteristic of nanoscale silver particles, while FTIR analysis highlighted honey's functional groups as key
to the reduction and stabilization processes. UV light was found to be the most effective condition for
nanoparticle synthesis compared to sunlight and dark environments. This eco-friendly, cost-effective approach
addresses current challenges in conventional nanoparticle synthesis by eliminating toxic chemicals and
leveraging sustainable resources. The results have significant implications for antimicrobial applications,
environmental remediation, and medical advancements, providing a scalable, green chemistry-based solution to
meet the growing industrial demand for nanoparticles while reducing environmental impact.
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