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					ABSTRACT  

					ARTICLE INFO  

					Methicillin-resistant Staphylococcus aureus (MRSA) poses a serious global health threat due to  

					its multidrug resistance, complicating treatments in both human and veterinary medicine. The  

					rising challenge of antimicrobial resistance necessitates alternative therapeutic strategies,  

					including nanotechnology-based interventions. In this study, silver nanoparticles (AgNPs) were  

					biosynthesized, optimized, and characterized using Acalypha godseffiana leaf extract, a medicinal  

					plant native to Nigeria, serving as a natural reducing and stabilizing agent. Optimal synthesis was  

					achieved using 1 mM AgNO₃ at 90ꢀ°C for 90 minutes with 1 mg/mL of plant extract. UV–Vis  

					spectroscopy confirmed AgNP formation with a surface plasmon resonance peak at 432 nm.  

					Scanning electron microscopy showed spherical, well-dispersed particles with an average  

					diameter of 37 nm. In comparison, X-ray diffraction revealed a face-centered cubic crystalline  

					structure with a mean crystallite size of 29 nm. Energy-dispersive X-ray spectroscopy detected  

					elemental silver with a prominent signal at 3.0–3.2 keV. A zeta potential of −57.5 mV indicated  

					excellent colloidal stability. FTIR analysis identified functional groups such as O–H and C=O,  

					suggesting phytochemical involvement in particle stabilization. The biosynthesized AgNPs  

					exhibited significant antibacterial activity against MRSA, yielding a maximum inhibition zone of  

					20.78 mm, a minimum inhibitory concentration (MIC) of 625 µg/mL, and a minimum bactericidal  

					concentration (MBC) of 1250 µg/mL. This study is the first to report the anti-MRSA activity of  

					A. godseffiana-derived AgNPs, underscoring their potential as eco-friendly and effective  

					antimicrobial agents against resistant pathogens.  
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					In contrast, biological or green synthesis offers a more sustainable  

					Introduction  

					alternative, being eco-friendly, cost-effective, and suitable for scalable  

					applications.8Nanoparticle synthesis approaches are broadly  

					categorized as either top-down or bottom-up. The top-down approach  

					involves the breakdown of bulk materials into nanoscale structures. In  

					contrast, the bottom-up approach assembles nanoparticles from  

					individual atoms or molecules. Nanoparticle synthesis approaches are  

					broadly categorized as either top-down or bottom-up. The top-down  

					approach involves the breakdown of bulk materials into nanoscale  

					structures, whereas the bottom-up approach assembles nanoparticles  

					from individual atoms or molecules.9 Chemical and biological synthesis  

					methods typically employ the bottom-up strategy, while physical  

					The global rise of antimicrobial resistance, particularly  

					among Gram-positive pathogens such as methicillin-resistant  

					Staphylococcus aureus (MRSA), represents a significant public health  

					challenge. MRSA is implicated in a broad spectrum of infections,  

					ranging from superficial skin lesions to life-threatening systemic  

					diseases, and its resistance to multiple classes of antibiotics  

					significantly complicates treatment strategies.1 The increasing  

					prevalence of MRSA highlights the urgent need for alternative  

					antimicrobial agents that are not only effective but also environmentally  

					sustainable.2 Nanotechnology is a rapidly advancing field with diverse  

					applications in medicine, environmental science, renewable energy, and  

					drug delivery.3,4 Its contributions to drug encapsulation and targeted  

					delivery have enhanced therapeutic efficacy while minimizing systemic  

					toxicity.5 Nanoparticles can be synthesized through chemical, physical,  

					or biological methods. Although chemical synthesis allows for large-  

					scale production, it often results in the generation of toxic by-products.6  

					Physical methods, while effective, are typically energy-intensive and  

					yield comparatively lower quantities of nanoparticles.7  

					10  

					techniques generally align with the top-down approach. Among  

					bottom-up methods, green synthesis has gained attention for its minimal  

					environmental impact, relying on biological sources such as enzymes,  

					microbes, and plants.11 Plant-mediated synthesis is particularly  

					promising due to its rapid reaction rates, ease of handling, and the  

					enhanced stability of the resulting nanoparticles.12 Plants are rich in  

					phytochemicals like flavonoids, tannins, polyphenols, terpenoids, and  

					ascorbic acid that function as both reducing and capping agents during  

					nanoparticle formation.13 Compared to other green methods, plant-  

					based approaches are more scalable, energy-efficient, and  

					environmentally sustainable.14 Silver nanoparticles (AgNPs) have been  

					extensively studied for their excellent electrical conductivity, chemical  

					stability, and wide range of biological activities, including antibacterial,  

					antifungal, anticancer, antioxidant, antiviral, and anti-inflammatory  

					effects.15 The physicochemical characteristics of AgNPs, such as size,  

					morphology, and surface charge, are influenced by various synthesis  

					parameters, including pH, temperature, silver ion concentration, and the  

					nature of reducing and capping agents.16  
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					Acalypha godseffiana, an ornamental and medicinal plant, is rich in  

					bioactive compounds such as flavonoids, alkaloids, polyphenols, and  

					tannins, which contribute to its antioxidant, antimicrobial, and anti-  

					inflammatory properties.17 These phytochemicals make A. godseffiana  

					a promising candidate for the green synthesis of silver nanoparticles  

					(AgNPs), serving dual functions as both reducing and capping agents.  

					Although numerous studies have investigated plant-mediated synthesis  

					of AgNPs, there is limited research on the systematic optimization of  

					synthesis parameters using A. godseffiana extract. The present study  

					aims to synthesize, optimize, characterize, and evaluate the antibacterial  

					efficacy of AgNPs synthesized using A. godseffiana leaf extract. Key  

					synthesis parameters, including pH, temperature, reaction time, extract-  

					to-silver nitrate (AgNO₃) volume ratio, and AgNO₃ concentration, will  

					be systematically varied to determine optimal conditions. The resulting  

					nanoparticles will be characterized using a comprehensive suite of  

					analytical techniques: UV–Visible spectrophotometry, Scanning  

					Electron Microscopy (SEM), Energy-Dispersive X-ray (EDX) analysis,  

					Fourier-Transform Infrared (FTIR) spectroscopy, Zeta potential  

					analysis, Dynamic Light Scattering (DLS), Thermogravimetric  

					Analysis (TGA), and X-ray Diffraction (XRD), to evaluate their optical,  

					structural, and morphological properties.  

					with deionized water to remove unbound or residual biomolecules. The  

					final black solid residue was collected, dried, and stored in a clean  

					container for further characterization.19  

					Optimization of various parameters for silver nanoparticle synthesis  

					The effects of six operational parameters, silver nitrate concentration,  

					plant extract concentration, contact time, volume ratio, pH, and  

					temperature, on the formation of silver nanoparticles (AgNPs) were  

					systematically investigated. The synthesis process was monitored using  

					a UV-Visible double-beam spectrophotometer. All experiments were  

					conducted under batch conditions. The concentration of silver nitrate  

					(AgNO₃) was varied between 0.002 M and 0.01 M, while the  

					concentration of A. godseffiana methanolic leaf extract ranged from 1  

					mg to 5 mg. The Effect of contact time was studied by monitoring the  

					reaction at intervals from 10 to 90 minutes. To assess the influence of  

					volume ratio, different ratios of AgNO₃ solution to plant extract were  

					tested. Additionally, the Effect of pH on nanoparticle synthesis was  

					evaluated by adjusting the reaction mixture from pH 3 to 11.  

					Temperature effects were assessed at five distinct levels: 45ꢀ°C, 60ꢀ°C,  

					75ꢀ°C, 90ꢀ°C, and 105ꢀ°C. In each case, the parameter of interest was  

					varied while all other factors were held constant to isolate its influence  

					on AgNP formation20  

					Furthermore, the antibacterial activity of the synthesized silver  

					nanoparticles  

					was  

					evaluated  

					against  

					methicillin-resistant  

					Characterization of green-synthesized silver nanoparticles  

					Visual inspection  

					The reduction of metal ions was visually inspected for color change in  

					the reaction medium of AgNPs.  

					Staphylococcus aureus (MRSA) using minimum inhibitory  

					concentration (MIC) and minimum bactericidal concentration (MBC)  

					assays. To the best of our knowledge, this is the first report to  

					demonstrate the antimicrobial efficacy of green-synthesized AgNPs  

					derived from Acalypha godseffiana against MRSA. This study  

					contributes not only to the growing body of research in green  

					nanotechnology but also introduces a novel plant-based approach for  

					combating antimicrobial resistance associated with multidrug-resistant  

					pathogens.  

					UV-Vis spectroscopy  

					The synthesized silver nanoparticles derived from Acalypha  

					godseffiana were characterized using  

					a

					UV-Vis double beam  

					spectrophotometer (LI-2800 Ex, Lambda Scientific, China) over a  

					wavelength range of 200–800 nm at multiple time intervals, with  

					distilled water employed as the blank. 21  

					Materials and Methods  

					Zeta analyzer  

					Analytical grade silver nitrate and Methanol were purchased from  

					Ceman Scientific LTD, Nigeria. All aqueous solutions were prepared  

					using double-deionized distilled water.  

					The size distribution and surface charge (zeta potential) of AgNPs were  

					measured using a Zetasizer Nano ZS (Model: Nano ZS, Malvern  

					Instruments Ltd., Malvern, UK) via dynamic light scattering (DLS).  

					Samples were diluted with phosphate-buffered saline (PBS) (0.15 M,  

					pH 7.2) before analysis, with a scattering angle of 90° maintained for  

					particle size distribution measurements. 22  

					Collection, Identification, and Extraction of Acalypha Godseffiana  

					Leaves  

					Fresh, healthy leaves of Acalypha godseffiana were collected on 10th  

					September 2023 from the botanical garden of Bayero University, Kano,  

					Nigeria (approximately 11.9837°ꢀN, 8.4776°ꢀE). The plant was  

					identified and authenticated by Dr. Baha’uddeen Said Adam,  

					Department of Plant Biology, Bayero University Kano, and a herbarium  

					accession number (BUKHAN 0352) was assigned. The leaves were  

					thoroughly washed first with tap water and then with distilled water to  

					remove dust and visible impurities. They were then cut into small pieces  

					and air-dried at room temperature until brittle. The dried leaves were  

					ground into a fine powder using an electrically driven mechanical  

					blender. A 62.5 g portion of the powdered sample was subjected to  

					Soxhlet extraction with 250 mL of Methanol for 3 hours. The resulting  

					extract was concentrated using a rotary evaporator at 40ꢀ°C. The  

					concentrated extract was poured into a Petri dish to a thickness of 4–5  

					mm and dried in an oven at 50ꢀ°C for 18 hours. The dried extract was  

					subsequently stored in a refrigerator at −4ꢀ°C until further use. 18  

					2.4.3 Scanning electron microscopy  

					The particle size and microstructure of the silver nanoparticles (AgNPs)  

					were examined using high-resolution scanning electron microscopy  

					(SEM) (Model: JSM-7600F, JEOL Ltd., Tokyo, Japan). The AgNPs  

					were dispersed in deionized water at a concentration of 1 mg/mL,  

					homogenized using a sonication bath, and a drop of the resulting  

					suspension was deposited onto a glass substrate, air-dried, and  

					subsequently gold-coated before imaging. SEM analysis was  

					complemented by energy-dispersive X-ray (EDX) spectroscopy to  

					confirm the elemental composition of the nanoparticles.23  

					Fourier-transform infrared (FTIR) spectroscopy  

					Fourier-transform infrared (FTIR) spectroscopy was used to identify  

					functional groups involved in nanoparticle synthesis, using an FTIR  

					spectrometer (Model: IR Affinity-1S, Shimadzu Corporation, Kyoto,  

					Japan). AgNPs samples were mixed with potassium bromide (KBr) in  

					a 1:100 ratio, finely ground, and compressed into a pellet. The spectra  

					Green Synthesis of Silver Nanoparticles  

					were recorded in the range of 400-4000 cm⁻¹ at a resolution of 4 cm⁻¹.  

					Silver nanoparticles (AgNPs) were synthesized using Acalypha  

					godseffiana leaf extract following a green synthesis protocol. A 10⁻³ M  

					solution of silver nitrate (AgNO₃) was prepared by dissolving the salt  

					in 90 mL of deionized water in a 250 mL reaction vessel. Subsequently,  

					10 mL of the plant extract solution (1 mg/mL) was added dropwise to  

					the silver nitrate solution under continuous stirring at 1200 rpm using a  

					magnetic stirrer. The reaction was allowed to proceed at room  

					temperature for 1 hour. Following incubation, the mixture was  

					centrifuged at 6000 rpm for 20 minutes, and this process was repeated  

					three times. After each centrifugation, the resulting pellets were washed  

					24  

					X-ray diffraction (XRD)  

					The crystalline structure and phase composition of the silver  

					nanoparticles (AgNPs) were characterized using an X-ray  

					diffractometer (Model: X'Pert PRO, PANalytical B.V., Almelo, The  

					Netherlands). The AgNP suspension was deposited onto a glass slide  

					and dried on a hot plate at 50ꢀ°C. XRD analysis was conducted using  

					Cu-Kα radiation (λꢀ=ꢀ0.154187ꢀnm) operated at 30ꢀkV and 20ꢀmA. Data  
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					were collected over a 2θ range of 30°–80° at a scan rate of 0.03°/s.  

					Phase identification was performed using X'Pert HighScore software.25  

					1A  

					Thermo gravimetric analysis (TGA)  

					Thermogravimetric analysis (TGA) was conducted to assess the thermal  

					stability of the synthesized silver nanoparticles (AgNPs) using a TA  

					Instruments  

					Q

					Series™ DSC/TGA system (Model Q600, TA  

					Instruments, New Castle, DE, USA). Approximately 5ꢀmg of the sample  

					was placed in a platinum crucible and heated from room temperature to  

					800ꢀ°C at a constant rate of 10ꢀ°C/min under a nitrogen atmosphere with  

					a flow rate of 50ꢀmL/min.26  

					Antibacterial Activity of the Nanoparticles  

					The antibacterial activity of Acalypha godseffiana-mediated silver  

					nanoparticles (AgNPs) against methicillin-resistant Staphylococcus  

					aureus (MRSA) was evaluated using the disc diffusion method. A  

					standard MRSA strain (BAA-1720), obtained from the American Type  

					Culture Collection (ATCC), was sourced from the Microbiology  

					Laboratory, Bayero University, Kano. Sterile paper discs (6ꢀmm  

					diameter) were impregnated with the test solutions and placed on  

					Mueller-Hinton agar (MHA) plates previously inoculated with 30ꢀμL of  

					an MRSA suspension (4 × 10⁵ CFU/mL). Ampicillin and fusidic acid  

					were used as the negative and positive controls, respectively. The zone  

					of inhibition (ZOI) around the discs was measured in millimeters for  

					silver nitrate (AgNO₃), plant extract, and AgNPs. The minimum  

					inhibitory concentration (MIC) and minimum bactericidal  

					concentration (MBC) of the AgNPs were determined following  

					standard procedures. Briefly, the green-synthesized AgNPs were  

					serially diluted to concentrations of 5000, 2500, 1250, 625, 312, and  

					156ꢀμg/mL. Equal volumes of each concentration were added to  

					MRSA-inoculated Mueller-Hinton broth (MHB) at a final bacterial  

					concentration of 10⁸ CFU/mL and incubated at 37ꢀ°C for 24 hours. The  

					MIC was defined as the lowest concentration at which no visible  

					bacterial growth was observed. To determine the MBC, 30ꢀμL aliquots  

					from tubes showing no visible growth were plated onto MHA and  

					incubated overnight at 37ꢀ°C. The MBC was recorded as the lowest  

					concentration that yielded no bacterial colonies on the agar plates.27  

					1B  

					Figure 1: (A) Visual inspection of color change as AgNPs are  

					synthesized, (B) UV–Visible spectra of AgNPs  

					Optimization of conditions for the synthesis of silver nanoparticles  

					Effect of pH.  

					pH is a critical factor influencing the synthesis, size, stability, and  

					optical properties of silver nanoparticles (AgNPs). In this study, the  

					formation rate of AgNPs increased progressively with rising pH,  

					reaching a peak at pH 11. Notably, at pH 9, the synthesized  

					nanoparticles exhibited high stability, demonstrated by a sharp  

					absorbance peak at 447 nm (Fig. 2A), leading to their selection as the  

					optimum pH for nanoparticle synthesis using Acalypha godseffiana leaf  

					extract.30 The enhanced nanoparticle formation under alkaline  

					conditions is attributed to the increased availability of deprotonated  

					functional groups, such as phenolic and hydroxyl moieties, which act as  

					effective reducing and stabilizing agents.31 The distinct absorbance  

					peak at 447 nm further confirms efficient reduction and uniform  

					nanoparticle distribution at this pH. Moreover, the observed stability  

					suggests strong electrostatic repulsion between particles, preventing  

					aggregation. These findings align with previous reports indicating that  

					higher pH values promote faster nucleation and improved control over  

					nanoparticle size in green synthesis.32  

					Results and Discussion  

					Green synthesis of silver nanoparticles  

					A distinct color change in the reaction mixture evidenced the initial  

					indication of silver nanoparticle (AgNP) synthesis. Upon the addition  

					of Acalypha godseffiana leaf extract to a oneꢀmM silver nitrate (AgNO₃)  

					solution, the solution's appearance changed from colorless to golden-  

					brown (Fig. 1A). This visual transformation suggests the reduction of  

					silver ions (Ag⁺) to elemental silver (Ag⁰), leading to the formation of  

					silver nanoparticles. Such color changes are widely reported in green  

					synthesis approaches, wherein plant extracts serve as natural reducing  

					agents to facilitate metal ion reduction. The development of the  

					characteristic brown color is attributed to the excitation of surface  

					plasmon resonance (SPR) in the silver nanoparticles. It serves as an  

					initial qualitative confirmation of nanoparticle formation.28  

					Effect of Time  

					Visual/UV-Vis spectral analysis  

					Reaction time plays a crucial role in the synthesis of silver nanoparticles  

					(AgNPs) using Acalypha godseffiana leaf extract. As the reaction  

					proceeded, a gradual color change from colorless to golden brown was  

					observed, indicating the reduction of silver ions and the formation of  

					AgNPs. UV-Visible spectroscopic analysis showed a progressive  

					increase in the surface plasmon resonance (SPR) peak intensity over  

					time, with a prominent peak at 430ꢀnm observed at 90 minutes (Fig.  

					2B). This increase in peak intensity corresponds to enhanced  

					nanoparticle formation and stability. The absorbance of the SPR peak  

					is a function of contact time, increasing with longer reaction durations.  

					Maximum absorbance was recorded at 90 minutes, which was therefore  

					considered the optimal reaction time for AgNP synthesis. These  

					findings are consistent with earlier reports indicating that prolonged  

					reaction times facilitate continuous nucleation and growth of  

					To further verify the synthesis of silver nanoparticles, UV-Visible  

					spectroscopy was performed. The analysis revealed  

					a

					distinct  

					absorption peak at approximately 432 nm (Fig. 1B), characteristic of  

					the surface plasmon resonance (SPR) phenomenon exhibited by silver  

					nanoparticles. This SPR peak results from the collective oscillation of  

					conduction electrons at the nanoparticle surface when excited by  

					incident light, serving as a definitive marker of nanoparticle formation.  

					Moreover, the position and sharpness of the SPR peak provide valuable  

					information regarding the nanoparticle size and dispersion, with a sharp  

					peak indicating the presence of small, well-dispersed particles. These  

					spectroscopic results corroborate the observed color change and  

					confirm the successful green synthesis of silver nanoparticles using  

					Acalypha godseffiana extract.29  

					nanoparticles, resulting in higher yield and improved optical properties.  

					33  
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					2B  

					2A  

					2C  

					2D  

					2E  

					2F  

					Figure 2: Effect of various parameters on synthesis of AgNPs (A) pH, (B) Time, (C) Temperature, (D) Concentration of AgNO3, (E)  

					Concentration of Plant extract, (F) Silver nitrate to plant ratio  

					Effect of Temperature  

					the production of smaller, well-dispersed nanoparticles. At  

					temperatures beyond this point, decline in absorbance and  

					Temperature significantly influences both the kinetics of silver ion  

					reduction and the physicochemical characteristics of the synthesized  

					nanoparticles. An increase in absorbance and solution color intensity  

					was observed with rising temperature, indicating enhanced nanoparticle  

					formation up to a certain point. Optimal synthesis occurred at 90ꢀ°C,  

					where a sharp SPR peak was detected at 431ꢀnm (Fig. 2C), suggesting  

					a

					nanoparticle stability was noted. The improved nanoparticle synthesis  

					at elevated temperatures is attributed to the accelerated reduction of Ag⁺  

					ions by phytochemicals in the A. godseffiana extract, promoting rapid  

					nucleation and limiting aggregation. These results corroborate previous  

					studies where higher temperatures enhanced reaction kinetics and  
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					particle uniformity.34 Accordingly, 90ꢀ°C was selected as the optimal  

					temperature for AgNP synthesis using A. godseffiana.  

					Effect of silver nitrate concentration  

					The concentration of silver nitrate also had a marked impact on AgNP  

					synthesis. Increasing AgNO₃ concentrations led to a rise in both SPR  

					peak absorbance and wavelength, indicating greater nanoparticle yield  

					and improved stability. Among the tested concentrations, oneꢀmM was  

					identified as optimal, exhibiting maximum absorbance at 447ꢀnm (Fig.  

					2D). Although the absorbance initially increased up to 0.6ꢀmM, a  

					subsequent decline was observed at 0.8ꢀmM and above, accompanied  

					by a reduction in peak wavelength and nanoparticle stability. These  

					suggest that excessively high precursor concentrations may lead to  

					particle agglomeration or suboptimal reduction efficiency. These results  

					are consistent with earlier findings that optimal silver ion concentration  

					is critical for controlling particle size, uniformity, and colloidal stability  

					during green synthesis.35  

					3A  

					Effect of plant extract concentration  

					The concentration of Acalypha godseffiana extract significantly  

					influenced the synthesis and characteristics of silver nanoparticles. An  

					increase in extract concentration was associated with a corresponding  

					rise in both particle size and spectral intensity. However, the optimal  

					extract concentration was identified as 1ꢀmg/mL, at which the  

					synthesized nanoparticles exhibited a sharp surface plasmon resonance  

					(SPR) peak at 447ꢀnm (Fig. 2E), indicating the formation of small,  

					stable, and well-dispersed particles. These findings suggest that lower  

					extract concentrations favor more uniform nanoparticle formation,  

					likely due to controlled reduction and capping by bioactive  

					compounds36  

					Effect of volume ratio of silver nitrate to plant extract  

					The volume ratio of silver nitrate to plant extract also had a pronounced  

					impact on nanoparticle synthesis. Variations in the AgNO₃:A: A.  

					Godseffiana extract ratio altered the size, shape, and distribution of the  

					resulting AgNPs. As the proportion of plant extract increased, both  

					color intensity and absorbance values decreased. This is likely due to  

					the formation of polydispersed nanoparticles at higher extract volumes,  

					resulting in peak broadening and shifts in the SPR band. The optimal  

					silver nitrate-to-extract ratio produced a well-defined SPR peak at  

					441ꢀnm (Fig. 2F), indicating the best balance between reduction and  

					stabilization processes37  

					3B  

					Figure 3: (A) Zeta potential of AgNPs (3B) DLS of AgNPs  

					Characterization of Synthesized AgNPs  

					Zeta potential  

					Zeta potential analysis revealed that the silver nanoparticles synthesized  

					using A. godseffiana extract carried a strong negative surface charge,  

					indicating excellent colloidal stability. While the instrument-reported  

					average zeta potential was –14.6ꢀmV, detailed distribution analysis  

					showed that the dominant nanoparticle population had a potential of –  

					57.5ꢀmV (Fig. 3A). This value exceeds the ±30ꢀmV threshold typically  

					associated with stable nanoparticle suspensions.38 The high negative  

					charge promotes electrostatic repulsion between particles, minimizing  

					aggregation and supporting uniform dispersion. Such stability is  

					advantageous in biomedical and catalytic applications, where  

					aggregation could hinder nanoparticle efficacy.39 Minor populations at  

					-14.6ꢀmV and -3.23ꢀmV reflect slight heterogeneity, but they do not  

					significantly detract from the overall colloidal integrity.  

					Scanning Electron Microscopy (SEM) Analysis  

					SEM imaging revealed heterogeneous surface morphology, with  

					irregular and aggregated particles distributed across a rough matrix  

					(Fig. 4A). Although AgNPs are often spherical, the synthesized  

					particles exhibited substantial agglomeration, likely due to  

					phytochemicals from A. godseffiana acting as natural capping agents.  

					Some rounded nanoparticle features were visible; however, their fused  

					appearance suggests limited dispersion and possible structural  

					42  

					deformation.  

					These morphological traits reflect the partially  

					crystalline nature of green-synthesized AgNPs and are consistent with  

					particle coalescence mediated by biological stabilizers.  

					Energy Dispersive X-ray (EDX) Analysis  

					The energy-dispersive X-ray (EDX) spectrum of the silver  

					nanoparticles synthesized using A. godseffiana extract confirmed the  

					presence of elemental silver, with a prominent peak at 3.0–3.2 keV (Fig.  

					4B), indicative of successful nanoparticle formation. In addition to  

					silver, other elements detected—such as C, O, P, S, K, Ca, and Cl are  

					attributed to phytochemicals in the plant extract. These components  

					likely functioned as natural reducing and stabilizing agents, supporting  

					effective biological capping of the nanoparticles. The presence of  

					chlorine further suggests the minor formation of AgCl, corroborating  

					the XRD findings.43 Collectively, the EDX results reinforce the green  

					synthesis mechanism by confirming both nanoparticle formation and  

					Dynamic Light Scattering (DLS) Analysis  

					Dynamic light scattering (DLS) analysis revealed a multimodal size  

					distribution among the synthesized AgNPs.  

					A

					dominant peak  

					corresponding to particles in the 30–50ꢀnm range was observed (Fig.  

					3B), representing the primary nanoscale fraction. This size range aligns  

					with the expected morphology of AgNPs and is suitable for applications  

					in antimicrobial and drug delivery systems. Larger peaks in the DLS  

					spectrum are attributed to agglomerates, which are common in plant-  

					mediated synthesis and do not compromise the integrity or functionality  

					of the core nanoparticles.40,41 The 30–50ꢀnm population also  

					corresponds well with findings from UV-Vis and XRD analyses,  

					confirming consistency across characterization techniques.  
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					the involvement of plant-derived biomolecules in nanoparticle  

					stabilization.  

					The X-ray diffraction (XRD) pattern of silver nanoparticles synthesized  

					using A. godseffiana extract and silver nitrate displayed distinct  

					diffraction peaks at 38.14°, 44.32°, and 64.51° (Fig. 6A), corresponding  

					to the (111), (200), and (220) crystallographic planes of face-centered  

					cubic (fcc) silver, in agreement with the JCPDS file No. 04–0783.  

					Additional peaks at 32.32° and 34.39° were attributed to chlorargyrite  

					(AgCl) and muscovite, respectively, likely originating from residual  

					phytochemicals or plant-derived capping agents.46,47 The average  

					crystallite size, estimated using the Debye–Scherrer equation, was  

					approximately 29.0ꢀnm, confirming the formation of nanoscale  

					particles.48 The dominant (111) reflection suggests a preferred growth  

					orientation, which is characteristic of silver nanoparticles. The presence  

					of secondary phases further supports the role of bioactive compounds  

					in the extract in nanoparticle stabilization. Overall, the sharp diffraction  

					peaks indicate good crystallinity and practical green synthesis of  

					AgNPs 53  

					5A  

					4A  

					5B  

					4B  

					Figure 4: (A) SEM image of AgNPs; (B) EDX of AgNPs  

					Fourier-Transform Infrared (FTIR) Analysis  

					The FTIR spectrum of A. godseffiana leaf extract exhibited strong  

					absorption bands at 3325ꢀcm⁻¹ (O–H stretching), 2922ꢀcm⁻¹ (C–H  

					stretching), 1634ꢀcm⁻¹ (C=O stretching), and 1035ꢀcm⁻¹ (C–O  

					stretching) (Fig. 5A), indicating the presence of phenolics, flavonoids,  

					and other bioactive compounds.44 Following nanoparticle synthesis, the  

					O–H peak at 3325ꢀcm⁻¹ showed reduced intensity, and the C=O peak at  

					1634ꢀcm⁻¹ shifted (Fig. 5B), suggesting interaction with Ag⁺ ions.  

					Additionally, the emergence of new peaks at 407, 418, and 578ꢀcm⁻¹,  

					corresponding to Ag–O and Ag–N vibrations, confirmed the formation  

					of AgNPs.45 These spectral changes indicate that biomolecules present  

					in A. godseffiana played key roles in both the reduction of silver ions  

					and the stabilization of the resulting nanoparticles.  

					Figure 5: Fourier-transform infrared spectroscopy (FTIR)  

					spectra of (A) Acalypha Godseffiana plant, (B) Synthesized  

					silver nanoparticles  

					Thermo gravimetric Analysis (TGA)  

					The thermal stability of the biosynthesized silver nanoparticles was  

					evaluated using thermogravimetric analysis (TGA). The TGA curve  

					revealed that the predominant weight loss occurred between 350ꢀ°C and  

					450ꢀ°C (Fig. 6B), indicating the decomposition of organic constituents,  

					X-ray Diffractometry (XRD) Analysis  
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					6A  

					6B  

					Figure 6: (A) XRD spectrum of AgNPs; (B) TGA curve of AgNPs  

					primarily phytochemicals from the A. godseffiana extract that acted as  

					capping and stabilizing agents.50 Minimal weight loss was observed  

					below 350ꢀ°C and beyond 450ꢀ°C, suggesting that the majority of  

					thermally labile compounds degraded within this intermediate  

					temperature range. The stable residual mass above 450ꢀ°C corresponds  

					to the metallic silver core, confirming the formation of thermally stable  

					nanoparticles. This thermal profile demonstrates the robust thermal  

					stability of the synthesized AgNPs and underscores the critical role of  

					A. godseffiana phytochemicals in nanoparticle stabilization during  

					biosynthesis.51  

					nitrate, A. godseffiana extract, and the synthesized AgNPs were  

					7.2ꢀmm, 10.33ꢀmm, and 20.78ꢀmm, respectively, demonstrating a  

					substantial enhancement in antibacterial activity by the nanoparticles.  

					These findings underscore the potent anti-MRSA potential of the  

					biosynthesized AgNPs, which was further supported by minimum  

					inhibitory concentration (MIC) and minimum bactericidal  

					concentration (MBC) assessments (Table 1).52 The AgNPs exhibited a  

					MIC of 625ꢀμg/mL and an MBC of 1250ꢀμg/mL against MRSA. These  

					results align with previous studies reporting strong antimicrobial  

					performance of green-synthesized AgNPs, thereby validating the  

					effectiveness of A. godseffiana as a promising bio-reducing and  

					stabilizing agent for silver nanoparticle synthesis. 53  

					Antimicrobial study against methicillin-resistant Staphylococcus  

					aureus (MRSA)  

					The antibacterial efficacy of A. godseffiana-synthesized silver  

					nanoparticles (AgNPs) against methicillin-resistant Staphylococcus  

					aureus (MRSA) was assessed using the disc diffusion method.  

					Ampicillin (10ꢀμg) and fusidic acid (10ꢀμg) were used as negative and  

					positive controls, respectively. The zones of inhibition (ZOI) for silver  
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