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Abstract 
Green synthesis of zinc oxide nanoparticles (ZnO NPs) using plant extracts provides an eco-friendly and promising substitute to conventional methods of chemical synthesis. The present study focuses on the fabrication of nano-sized ZnO particles by using zinc acetate as a precursor molecule and leaf extract of Aegle Marmelos as a reducing and capping agent. The morphology and structural properties of these ZnO NPs were characterized by UV-Visible (UV-Vis) Spectrophotometry, X-Ray Diffraction (XRD) analysis, Scanning Electron Microscope (SEM), and Fourier-Transform Infrared (FT-IR) Spectroscopy. The nanoparticles have a particle size of 51.17 nm and were in the hexagonal wurtzite phase which was confirmed by XRD analysis. and SEM analysis confirmed that the nanoparticles were irregularly spherical. The antibacterial properties of the nanoparticle against Staphylococcus aureus and Escherichia coli.This method of synthesis of ZnO NPs from Aegle marmelos is simple, eco-friendly, cost-effective, and convenient and, therefore, is expected to have applications in bio-remediation, drug deliveries, catalysis, and other medical fields. 
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I. Introduction 
Nanoparticles exhibit better physical, chemical as well as biological properties than their bulk counterparts because of which they have gained significant interest in the research field (1). Some of these properties include better biocompatibility, UV-blocking properties, absorption of solar radiations, lower melting points, ability to form suspensions, superparamagnetism in magnetic materials, easy diffusion at elevated temperatures, and better electrical conductivity (2). This has augmented research on the synthesis that allows desirable control of the size and shapes at the nanoscale for various industrial, environmental, chemical, biological, and medical applications. Some of these applications include drug and gene delivery using nanoconjugates, tissue engineering, bio-sensing, bio-labeling, use as antimicrobial agents, detection of pathogens, hyperthermia tumor destruction, bone regeneration due to migration, proliferation, and adhesion capabilities, medical imaging, phagokinetic studies, synthesis of nanocomposites, nanomedicines, nanoceramics and nanopolymers (3,4). Ionic metal oxide nanoparticles, particularly zinc oxide nanoparticles have kindled much interest due to their wide variety of physical and chemical properties and also their antimicrobial properties (5-10). Among the metal oxide nanoparticles, ZnO nanoparticles have allured researchers due to their broad spectrum of antibacterial activity and easily tuneable chemical behaviors. ZnO NPs have potential implementations as bacteriostatic agents, coating agents, ZnO-coated carbon nanotubes (CNTs), ZnO nanowires, bio-imaging, and also in catalysis, drug and gene delivery systems and cosmetics (11,12). ZnO NPs exhibit some special characteristic properties like high photocatalytic activity, excellent thermal and chemical stability, and UV filtering, anti-corrosive and luminescence properties (13). In this study, plant leaf extracts of Aegle marmelos having remarkable therapeutic properties are used as surface stabilizing agents for the 'green synthesis' of ZnO NPs having antibacterial properties. The structural properties of the synthesized NPs have also been analyzed using standard characterization experiments.
II. Materials and methods 
A. preparation of plant extracts 
Fresh leaves of Aegle marmelos were collected and washed thoroughly with running tap water followed by distilled water. The leaves were air-dried and crushed using a sterile pestle and mortar. These crushed leaves (10 g) in 100 mL of distilled water stirred for 2 hr on a magnetic stirrer with a hot plate. The extract was filtered in a separate conical flask. 
B. Preparation of ZnO NPs 
50 mL of 0.01 M zinc acetate solution was prepared to which 10 mL of the obtained plant extract was added. This mixture was stirred for 3-4 hours at 800 rpm and 60˚C using a magnetic stirrer until the color of the mixture gradually changed from white to light yellow. Add sodium hydroxide dropwise with constant stirring. After stirring, the solution was centrifuged at 5000 rpm for 5 min. The supernatant was discarded and the pellet obtained was washed and dried in a hot air oven for 2 days at 80˚C. The dried pellet was collected in a sample bottle and used for characterization.
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Fig.1.(1) Aegle marmelos leaves extract. (2) stirring at hot plate (3) After centrifugation.  (5) transferred in petry dish (5) ZnO powder. 
III. Results and Discussions 
A. UV-Visible Spectral Analysis 
The absorption spectra of ZnO NPs were recorded using double-beam UV-Vis Spectrophotometer Fig 2. The absorption spectrum for the sample was recorded in the range of 200-800 nm. The absorption maximum was obtained at 350 nm which confirms the synthesis of ZnO nanoparticles. The band gap, energy was calculated using equation Eg = 1240/λeV and found to be 3.54 for ZnO nanoparticles synthesized from using Aegle marmelos leaves extract. 
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Fig.2. UV-Vis spectrum of synthesized ZnO NPs 
B. Fourier Transform Infrared (FT-IR) Spectroscopy 
FT-IR Spectroscopy was used to identify the chemical bonds present in the synthesized NPs. An FT-IR Spectrometer operating in the percent transmittance (%T) mode at a resolution of 4000-400 cm-1 was used to obtain the IR spectrum. The presence of ZnO NPs is indicated by the absorption peak at 460.99 cm-1 due to the stretching vibrations of Zn-O. The other chemical bonds present in the nanoparticle are depicted in the graph Fig.3. The broad stretch of the absorption band at 3319.49 cm-1 corresponds to the O-H stretching of alcohol or phenolics from the plant extract. The absorption at 2922.16 cm-1 is attributed to C-H stretching from the aliphatic functional groups from the phytochemicals. The other peaks depicted correspond to the other functional groups present in the phytochemicals from the plant extract. The presence of prominent peaks from the phytochemicals leads to the conclusion that the phytochemicals successfully act as capping agents for the ZnO NPs. These phytochemicals interact with the surface of the NPs and aid in their stabilization. Similar results have also been previously reported where ZnO NPs have been synthesized using Solanum torvum L. (14) and Bauhinia tomentosa (9) leaf extracts.
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Fig.3. FT-IR Spectra of synthesized ZnO NPs 
C.  X-Ray Diffraction (XRD) Analysis 
XRD spectrum of the synthesized NPs was obtained for 2θ values ranging from 20-90˚ using an X-Ray Diffractometer at λ=1.5406 A˚. The prominent peaks were observed at 2θ values with lattice planes at 32.714o (100), 34.491˚(002), 35.85˚(101), 45.61˚(102), 59.57˚(110), 62.78˚(103), 68.77˚(112), 69.89˚(201)Fig.4.The sharp diffraction peaks obtained indicate a good degree of crystallinity of the NPs. The absence of other prominent diffraction peaks other than those attributed to those of the NPs indicates the good degree of purity of the synthesized ZnO NPs (15). The crystallite size of the NPs was calculated as 27.43 nm which was obtained using the Debye-Scherrer formula. 
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where k is a constant equal to 0.90, λ is the wavelength of the incident X-ray, β is the FWHM in radians, D is the crystallite size and θ is the Bragg's angle in radians. According to previous literature, a crystallite size of less than 100 nm produces broadened diffraction peaks in the case of NPs since such particles have very less parallel diffraction planes. Peak broadening is a common phenomenon in small crystallite-sized NPs and this crystallite size calculated is the measure of the smallest precise regions or coherently diffracting domains present in the individual crystal. Particle size is the total size of the particle comprising all the crystals (16). 
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(Fig 4) XRD Spectrum of synthesized ZnO NPs
D. Scanning Electron Microscope (SEM) analysis 
The external morphology of the synthesized NPs was examined using SEM. The SEM image Fig 5 revealed that most of the synthesized NPs were irregularly spherical. the NPs interact with each other through Van der Waals interactions which causes them to come relatively close to each other, leading to aggregation. This aggregation of NPs also affects their stability. A similar aggregation effect has also been observed in previous literature where ZnO NPs have been synthesized using Cardiospermum halicacabum leaf extracts (17).
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                                   Fig.5. SEM image of the synthesized ZnO NPs 
E. Antibacterial activity 
The antibacterial activity of synthesized zinc oxide nanoparticles against pathogenic microbes was shown in Table 1. The zone of inhibition increases with concentrations of 25, 50, and 100 µg/ml. The highest zone of inhibition was observed at 100 µg/ml with Escherichia coli, and Staphylococcus aureus.  

Table 1: Zone of inhibition (mm) at different concentrations of ZnO nanoparticles

	Sr. No.
	Name of bacterial species
	25 µg/ml 
	50 µg/ml 
	 100 µg/ml 
	Control 10 µg/ml  

	1
	Staphylococcus aureus
	3 mm
	5 mm
	8 mm
	9 mm

	2
	Escherichia coli
	2 mm
	4 mm
	7 mm
	10 mm
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Fig.6. Antibacterial activity of ZnO nanoparticles.
4. Conclusion 
The biosynthesis of zinc oxide nanoparticles using leaf extract of Aegle marmelos proves to be a cost-effective and eco-friendly method for the synthesis of nanoparticles. The synthesized zinc oxide nanoparticles were characterized using UV-Vis Spectrophotometer, FT-IR, XRD, and SEM. SEM analysis showed that the nanoparticles are irregularly spherical. FT-IR analysis shows that the peak at 460.99 cm-1 is the characteristic absorption of the zinc oxide (Zn-O) bond which confirms the formation of zinc oxide nanoparticles. XRD analysis confirms the formation of nanoparticles with a crystallite size of 27.43nm and in the hexagonal wurtzite phase which is the form with the highest stability of zinc oxide at ambient conditions. The anti-bacterial property of the synthesized nanoparticles against Escherichia coli and Staphylococcus aureus. The nanoparticles synthesized using this method are expected to have more extensive applications in bioremediation, catalysis, drug delivery systems, and other medical fields.
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