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6.0 Abstract 

The versatile cost effective green synthesis method  is used to synthesize polymer encapsulated silver nanoparticles. The salt of Silver nitrate (AgNO3) is used to synthesize Silver nanoparticles  i.e. AgNPs. Herein, we synthesized polymer encapsulated silver nanoparticles. Polyvinyl pyrrolidone(PVP) used as encapsulated polymer material. The PVP-b-AgNPs prepared from the plant extract of water apple (Syzygium aqueum). The Bio synthesized PVP-silver nanoparticles are characterized using UV-visible spectroscopy,FTIR, XRD and HR-TEM, SAED. The confirmation of Silver Nanoparticles and PVP encapsulated Silver Nanoparticles are done by the UV spectroscopy. The crystallite size of PVP-b-AgNPs are calculated using XRD and the stretching vibrations of the PVP-b-AgNPs  are determined using FTIR,The morphology of PVP-b-AgNPs are derived by the HR-TEM and SAED. The antimicrobial activity of b-AgNPs and PVP-b-AgNPs were tested for B.subtilis, S.aureus S.typhi and E.coli. The synthesized silver nanoparticles(AgNPs) and PVP functionalized silver nanoparticles(PVP AgNPs) exhibited remarkable antimicrobial activity. The antioxidant activity of b-AgNPs and PVP-b-AgNPs gives tremendous activity against the DPPH scavenging radical. 
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6.1 Introduction:
6.1.1 Green synthesis of nanoparticles:

Nanotechnology is playing a critical rolein many significant technologies via nanoscale structures(nanoparticles) in areas of optics, electronics, biomedicalscience, mechanics, drug-gene delivery, chemical industry,optoelectronic devices, nonlinear optical devices, catalysis,
space industries, energy science, and photoelectrochemicalapplications[1].

In the last decade, biosynthesis of metal nanoparticles has emerged as a novel and dependable
method for the synthesis of nanoparticles due to a growing demand to develop eco-friendly processes in nanomaterials synthesis. Much effort has been put into the biosynthesis of metal nanoparticles by microorganisms. Klaus et al. fulfilled biosynthesis of silver-based single crystals at the cell poles of propagating Pseudomonas stutzeri AG259. Nair et al. attained formation of submicron crystallites of Ag, Au and Ag-Au alloy using liveLactobacillus strains. Li and coworkers explored synthesis of silver nanoparticles by dried Corynebacterium sp. SH09 and Aeromonas sp. SH10 isolated from gold mine. Sastry et al. attained synthesis of metal nanoparticles by fungi[2-7].

The three foremost conditions for the synthesis of nanoparticles are the selection of green or environment-friendly solvent, a good reducing agent, and a harmless material for stabilization. For the synthesis of nanoparticles, extensive synthetic routes have been applied in which physical, chemical, and biosynthetic routes are very common. Generally, thechemical methods used are too expensive and incorporate the uses of hazardous and toxic chemicals answerable for various risks to the environment[8]. The biosynthetic route is a safe, biocompatible, environment- friendly green approach to synthesize nanoparticles using plants and microorganisms for biomedical applications[9]. This synthesis can be carried out with fungi, algae, bacteria, and plants, etc. Some parts of plants such as leaves, fruits, roots, stem, seeds have been used for the synthesis of various nanoparticles due to the presence of phytochemicals in its extract which acts like stabilization and reducing agent[10]. 

The biological methods for the synthesis of nanomaterials include the extract from plants, bacterial, fungal species, and so forth. The synthesis of nanoparticles using various plants and their extracts can be favourable over other biological synthesis methods which involves complex procedures of maintaining microbial cultures and hence plant mediated biological synthesis is hiking importance due to its simplicity and ecofriendliness[11].

In the biosynthesis of nanoparticles environmentally accepted “green chemistry” concept has been applied for the development of clean and environment-friendly nanoparticles which involves bacteria, fungi, plants, actinomycetes, etc., which is said to be “green synthesis”[12].

Green synthesis of nanoparticles has many potential applications in environmental and biomedical fields. Green synthesis aims in particular at decreasing the usage of toxic chemicals. For instance, the use of biological materials such as plants is usually safe. Plants also contain reducing and capping agents. Here we present the principles of green chemistry, and  plant-mediated synthesis of nanoparticles and their recent applications. Nanoparticles include gold, silver, copper, palladium, platinum, zinc oxide, and titanium dioxide[13].

An environment-friendly synthesis process has been developed with the aid of Syzygium aqueum (water apple) leaves extract. Pulverized leaves of Syzygium aqueum (water apple) are mixed with a universal solvent such as water for the preparation of Pd nanoparticles supported on activated Bentonite[14].

The Myrtaceae comprises about 131 genera and 5500 species that are characterized by their abundant antioxidants, mainly flavonoids, flavonols, anthocyanins, ellagitannins as well as phenolic acids[15]. Among its genera, Syzygium is a large genus that includesabout 1100 species, many of which had been taxonomically confused with the genus Eugenia[16].Five species selected from Syzygium (S. aqueum, S. cumini, S. jambos, S. malaccense, and S. samarangense) from the leaves and stems were the best phenolic and flavonoid sources [17-21].Several species belonging to the genus Syzygium have been extensively studied for their phytoconstituents as well as their biological activities; among them, S. cumini, S. samarangense, and S. jambos. The reported pharmacological activities includeantioxidant, antiviral, anti-diabetic and hepatoprotective properties[22-23].

Syzygium aqueum is widely used in folk medicine. A polyphenol-rich extract fromits leaves demonstrated a plethora of substantial pharmacological properties. Theextract showed solid antioxidant properties in vitro and protected human keratinocytes(HaCaT cells) against UVA damage. The extract also reduced the elevated levelsof ALT, AST, total bilirubin (TB), total cholesterol (TC) and triglycerides (TG) inrats with acute CCl4 intoxication[24].

The Water rose apple, Syzygium aqueum, a member of family Myrtaceae, is native to Indonesia and Malaysia but is presently widely distributed in the tropics. Several biologically active compounds have been isolated from the plant, among them, epigallocatechin, epigallocatechin gallate, vescalagin, castalagin, and samarangenins A and B[25]. Several plant parts have been used in folk medicine. Substantial antihyperglycaemicactivities were reported from the leaf extract and its individual components myricitrin, myrilgalone G and B, phloretin and europetin 3-O-rhamnoside from plants grown inMalaysia[26].Water apple belongs to a species of brush cherry tree and is found in tropical countries. It can be harvested from the July to December, and thus it is easily utilized. Aqueous fruit extract of water apple (Syzygium aqueum) was used for the first time as bioreductant to synthesize stable AgNPs[27].
The ultrafine size ranging from 1 to 100 nm is known to be nanoparticles (NPs). Within the list of the NPs, metal nanoparticles(MNPs) are discovered for their optical, electrical and photothermal properties[28].
Nanotechnology is a rapidly growing field for producing tools using particles on the order of about a nanometer (10–9 m) in scale. Nanotechnology offers significant improvements to benefit the life sciences, healthcare, and industrial technology[29]. An eco-friendly process for the synthesis of metallic nanoparticles is an important step in nanotechnology. Recently, the use of eco-friendly nanotechnology for the development of selective and sensitive detection methods in the analytical and biological sciences has become increasingly important[30-31].



A number of approaches are available for the synthesis of silver nanoparticles viz. a photochemical method[32], thermal decomposition of silver compounds[33], an electrochemical method[34], and recently via a green chemistry route[35-36]. Apparently, many of the nanoparticles synthesis methods are expensive and selectively involve the use of hazardous chemicals. The hazardous chemicals can cause contamination on the surface of the nanoparticles similar to the adverse effects of metals in applications. Above all, the biosynthesis of nanoparticles is highly favoured on account of its environmental friendliness, and is a method which has attracted considerable attention for materials synthesis[37]. Plant leaves or plant seed extracts contain reducing sugars (aldoses), terpenoids, amino acids, and other organic compounds[38], which are vital to cause changes in nanoparticle formation. Some of the extracts are composed of reducing agents, complexing agents and stabilizers which have an effect on the size and shape of the forming nanoparticles. In previous work, they have demonstrated that noble metal nanoparticles reduced by biomass had excellent performance for photochemical catalysis and selective hydrogenation[39-40].

Plant mediated biological synthesis is hiking importance due to its simplicity and ecofriendliness[41]. Silver in its pure form was known to keep the microbes at bay. The antimicrobial property of silver isintensified if they are transformed into a nanoparticles, making it useful in effectively eliminating various microbes. As a natural material, silver is known to be safe to man and produce little to no allergic reactions when tested for curing various diseases[42]. The silver nanoparticles (AgNPs) act on a broad range of target sites both extracellular as well intracellular. In fact microbes generally have a harder time to develop resistance to silver then they do to antibiotics[43].

Silver nanoparticles are among the most important nanomaterials, being used as antibacterial agents[44] as well as components of cosmetics, electronics, biosensors, food additives, industry, paints, and medicines[45]. Biological materials that have proven useful for synthesis of metal nanoparticles include Hibiscus rosasinensis[44] and Foeniculum vulgare[46].

Many nanoparticles such as gold, silver, zinc oxide, iron have been synthesized very easily by adopting a green approach. The phytocompounds present in the plant extract such as polyols, terpenoids, polyphenolsare responsible for metallic ions bioreduction[47-50].


Silver nanoparticles can be extracted from many medicinal plantssuch as Saccharum officinarum[51], Helianthus annus[52],Cinamomum camphora[53], Oryza sativa[54],Aloevera[55], Capsicum annuum[56], Medicago sativa[57], Zeamays[58], Magnolia Kobus[59]in the biological and pharmaceutical field.

A strategic approach was developed to synthesize silver nanoparticles from AgNO3 using Melastoma malabathricum fruits extract. The reaction of silver ions with the organic compounds in the fruits extract proceeded smoothly at room temperature without any additional capping agent[60].

Green synthesis of silver nanoparticles (AgNPs) is non-toxic and eco-friendly than commonly usedphysicochemical methods. The study focuses on synthesis, characterization, antibacterial andantioxidant activity of AgNPs synthesized using aqueous extract of Moringa stenopetala (M.stenopetala) leaves[61].

The antimicrobial and multi-drug resistance (MDR) of human pathogens made as problematic issue which needs to discover new natural alternates to overcome this problem[62]. AgNPs seem to be alternative antibacterial agents to antibiotics and have the ability to overcome the bacterial resistance against antibiotics. Therefore, it is necessary to develop AgNPs as antibacterial agents. Among the several promising nanomaterials, AgNPs seem to be potential antibacterialagents due to their large surface-to-volume ratios and crystallographic surface structure[63].

Novel green chemistry synthesis of silver nanoparticles(AgNPs) is introduced as a low cost, rapid and easy to use.Aqueous fruit extract of water apple (Syzygium aqueum) was used for the first time as bioreductant to synthesize stable AgNPs[64-65].




Figure:6.1 Synthesis of nanoparticles by plant extract:
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Modification of silver nanoparticles by polymers and surfactants revealed high microbial activity against Gram-negative and Gram-positive bacteria[66].

The nanoparticles were synthesized chemically and it was stabilized by Polyvinylpyrrolidone (PVP)[67]. Polyvinylpyrrolidone (PVP) PVP, also known as povidone or polyvidone, is a polymer(C6H9NO)n soluble in water. PVP is composed of polymerization of monomer N-vinylpyrrolidone. It is light, flaky, and hygroscopic powder. It absorbs approximately40% of water by its mass. It consists of outstanding moistening properties. Hence, it makes films forming a compelling coating agent. PVP with its exclusive physico- chemical properties like solubility both in water and organic solvents, biocompatibility, chemical stability and non-toxicity makes it a potential biomaterial in many considerable medical and non-medical purposes. PVPis extensively used in various medical products, cosmetics,and haircare products. The popular uses of PVP in a pharmaceutical industry include manufacturing of drugs as a common ingredient in tablets, granules, pellets, softgelatine capsules, gels, hydrogels, films and coatings, membranes and mats of nanofibers, powders, syrups, oral or injectable solutions, coatings for medical devices,contact lenses and many others [68-69].

PVP is one of the significant capping agents that havebeen utilized in nanotechnology to overcome drawbacksassociated with conventional methods of preparation ofnanoparticles such as their toxicity, size, and agglomeration.Hence, ecofriendly nanoformulations are obtainedusing PVP having more applicability [70-71]. In variousresearches, PVP has been employed as a capping agentaround metal nanoparticles such as Iron (Fe), silver (Ag),gold (Au), zinc (Zn), etc. [72].

6.2 Material and methods:

6.2.1 Plant material and chemicals 
Silver nitrate was purchased from Sigma-Aldrich. The leaves of Syzygium aqueum were collected from ambika nursery,Saraswati, Taluka, Dist. Patan, Gujarat, India. Analytically, all purchased chemicals have been used as, with no further purification method. Polyvinyl pyrrolidone (PVP MW 40,000) was purchased commercially and used without further purification.  Antimicrobial pathogens obtained from MTCC Chandigarh, Punjab, India Throughout the study,mili-Q System (ultra pure water) was used for the preparation of solution.

6.2.2 Leaf extract preparation 

To begin the process of making the plant extract, we need 10g of fresh Syzygium aqueum leaves. The deionized water was used to thoroughly clean leaves and get rid of any bad odours. The leaves were then ground in a grinder after being dried on filter paper and compelling. Add 100 ml of ultrapure water after that. The mixture was brought to a boil by being heated to a temperature of between 600 and 700 °C. Then, the mixture was cooled and filtered with Whattman filter paper. Preliminary results show a yellowish colour. The silver nanoparticles are formed by the leaf extract solution.

6.2.3 Synthesis of Silver Nanoparticles

We used silver nitrate solution andSyzygium aqueum leaf extract as a green synthesized and boiled it for one hour at 60°C. with constant stirring[73]. After an hour, the mixture had transformed from a pale yellow colour to a dark brown colour. After cooling for another 20 minutes, the reaction mixture was centrifuged at 10,000 rpm for another 20 minutes at room temperature. To remove any leftover contaminants, the precipitates were cleaned with deionized water and then dried at 70–75°C for four hours.

6.2.4 Synthesis of PVP formulated silver nanoparticles 

0.2 gm of PVP (Polyvinyl pyrrolidone) was dissolved in 100 ml of ultra pure water and stirred for 1 hr at 80°C. The leaf extract-derived AgNPs solution was then gradually supplemented with the new solution. After an hour, the colour went from dark brown to light brown. It took 15 minutes to centrifuge the reaction mixture at 6000 rpm after 10 minutes at room temperature. Using deionized water, the precipitates were washed and then dried in an oven for two hours at 70°C.
6.2.5 Characterization of green AgNPs and PVP functionalized AgNPs
Different instrumentation techniques were used to characterizesynthesizedb-AgNPs and PVP functionalized b-AgNPs. The synthesis of AgNPs was confirmed using a UV-visible spectrophotometer (Perkin-Elmer USA). FTIR analysis was performed in the 400–4000 cm-1 region with a resolution setting of 5 cm-1 to confirm the functional biomolecules associated with the produced b-AgNPs and PVP functionalized b-AgNPs. XRD analysis was performed to ensure purity using a Rigaku D/max 40 kV X-ray diffraction spectrometer. High resolution Transmission Electron Microscopy (HR-TEM) was used to analyze the structural morphology of the produced nanoparticles.
6.2.6 Anti microbial activity
Silver nanoparticles and PVP-functionalized b-AgNPs were examined for biological properties against gram-positive and gram-negative bacteria strains. Agar diffusion techniques were used to test the antimicrobial efficacy[74]. In the Petri dish plate, the nutritional agar medium was evenly spread, and a 10 mm diameter disc was placed in the centre of the sectioned sections. We employed 100 µL of silver nanoparticles and PVP-functionalized b-AgNPs to test the efficiency of nanoparticles. The culture medium was kept at 37°C in an aerobic atmosphere for 24 hours. The creation of zones on petri dish plates can be linked to the antimicrobial capabilities of b-AgNPs and PVP-functionalized b-AgNPs.

6.2.7 Anti Oxidant properties
6.2.7.1.DPPH radical scavenging activity
b-AgNPs and PVP-functionalized b-AgNPs were tested for anti-oxidant capabilities using the DPPH technique[75]. Because of its significant anti-oxidant capabilities, ascorbic acid was adopted as a standard. Ascorbic acid solutions of various concentrations (20,40,60,80,100,120 g/mL) were created for the experiment. To make DPPH, 20 mg of DPPH was weighed and dissolved in 100 ml of methanol. One millilitre of DPPH solution was mixed with one ml of b-AgNPs and PVP functionalized b-AgNPs and 1 ml of standard ascorbic acid solution, and the mixtures were incubated separately for 30 minutes. The absorbance was measured with a UV-visible spectrophotometer at 517 nm. Calculating free radical scavenging inhibition was done using the formula below.
% of Antioxidant activity =   Absorbance of control  – Absorbance of sample)   ˣ  100
Absorbance of control

6.2.7.2 Super oxide anion radical scavenging assay:
Alsubki et al. discovered the radical scavenging ability of super oxide anion radicals[76]. By reacting with super oxide radicals formed from the phenzinemetho sulphate, NAD system, we were able to detect the NBT-induced purple formazan (NBT-induced purple formazan). It was done using this approach, in which a mixture of NBT (1 mM), NADH (1 mM), and PMS (0.1 mM) was incubated for 5 minutes at room temperature with various quantities of b-AgNPs and PVP encapsulated b-AgNPs, and the absorbance at 560 nm was determined. The percentage of inhibition was established by comparing it to a separate control number that had been previously determined. The ability to scavenge was measured using an equation.
.
Scavenging effect (%) = [(Ac-As)/Ac] X 100
Where , Ac is the absorbance of the control and As is the absorbance of the sample or standard.
	
6.3 Result and discussion 
6.3.1 b-AgNPs characterization
The darkening of the precursor solution to a dark brown colour and the formation of brown precipitation on the inner surface of the reaction flask show that the synthesis of b-AgNPs was effective following the addition of a generous quantity of Syzygium aqueum leaf extract. Previous attempts to synthesize b-AgNPs using water apple (Syzygium aqueum) callus culture extract had similar success[77]. The colour of a nanoparticles is determined by the surface Plasmon resonance (SPR) of that particle[78]. It is shown in great detail in Fig. 6.2 and Fig. 6.3 how AgNPs were synthesized using Syzygium aqueum leaf extract.
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Fig.6.3[A]  Plant Leaves of Syzygium aqueum ,   Colour change of Nanoparticles  [B]  At Initial time   [C]  After 1 hr formation of b-AgNPs  [D] PVP-b-AgNPs

6.3.2 UV-visible spectroscopy:
The stabilizing agent method was followed by a reduction of Ag ions before the AgNPs were formed. For b-AgNPs, a 451nm band in the UV-visible spectrum was observed in the UV-visible spectrum (Fig. 6.4 A, B, and C). This absorption band is due to the plasma resonance absorption of silver nanoparticles. Nanoparticles of Ag have a surface Plasmon peak of 400-500 nm[79]. In the synthesis of b-AgNPs, the leaf extract of Syzygium aqueum acts as a reducing-cum-surface capping agent.
Polymeric nanoparticles can be made in a variety of ways; depending on the application and the sort of medicine they are to contain[80]. These nanoparticles can be utilized in nanomedicine to encapsulate bioactive compounds. Polymer-based nanoparticles are preferred because of their ability to be used in medication delivery systems. These nanoparticles have properties such as controlled/sustained release, sub cellular size, and biocompatibility with tissues and cells[81]. The structural organization of nanoparticles separates them into two subgroups: nanocapsules and nanospheres[82].
The surface was clearly visible in the UV-visible spectrum. The light brown colour is caused by the nanoparticles' plasmon resonance, which is encapsulated. b-AgNPs and PVP encapsulated b-AgNPs absorbance peaks range from 447 nm to 458 nm[83]. These findings are in line with earlier research in this area[84]. According to research, the SPR of most metallic compounds depends on their size and form[85].
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Fig.6.4  UV –Visible Spectrum of  [A] Plant Extract [B] b-AgNPs  [C] PVP-b-AgNPs     

6.3.3 FTIR- Fourier transformed infrared spectroscopy:
Syzygium aqueum leaf extract contains major metabolites such as vitamins, nucleic acids, proteins, and amino acids involved in the formation of b-AgNPs. In recent investigations, polysaccharides have been found to work as reducing and stabilizing agents[86]. When AgNPs were formed, proteins did not serve largely as reducing agents. According to certain research[87], these macromolecules may play an important role in later stages of the creation of b-AgNPs, such as surface coating. Many secondary metabolites, including phenols, alkaloids, terpenoids, saponins, and so on, are effective reducing agents and can be used in all phases of b-AgNPs synthesis. FTIR spectroscopy shows the chemical behaviour of b-AgNPs and b-AgNPs encapsulated in other materials (FTIR). FTIR can also be used to determine the chemical structure of b-AgNPs and PVP-b-AgNPs. Functional groups in molecules can be identified using FTIR. Biomolecules that are involved in the creation of b-AgNPs and PVP-b-AgNPs can be studied using FTIR to discover which molecules are serving as coating or stabilizing agents[88]. The biomolecules responsible for the silver ions in Syzygium aqueum leaves aqueous extract and the capping agent that keeps biodegradable b-AgNPs stable were identified using FTIR measurements. b-AgNPs and PVP-b-AgNPs peaks were observed in the FTIR spectra (Fig.6.5 A and B) at 1089 cm-1, 1371 cm-1, 1632 cm-1, 2087 cm-1, 1450 cm-1, 646 cm-1, 565 cm-1, 3410 cm-1, 3138 cm-1, 1632 cm-1, 837 cm-1, while PVP-AgNPs peaks were recorded at 3402 cm-1, 3224 cm-1, 2079 cm-1, 2378 cm-1. In contrast to the biosynthesized AgNPs, the FTIR spectra of the pneumatic extract showed high peaks at 1089, 1361, 1632, 1637 cm-1 and lesser peaks at 2079, 2087, 1450, 1361, 646, 654, and 565 cm-1. Both AgNPs and PVP-AgNPs have the same C-H bonding vibrational peaks at 1371 and 1361 cm-1. The OH stretching of phenolic groups is associated with the conspicuous band attributed to 3410 and 3402 cm-1. The N-H stretching of amines was the primary cause of the 1371 and 1450 cm-1 peaks. Due to the presence of metal carbonyl stretching polymer, the bands at 1632 and 1632 cm-1 can be traced to C=O stretching (Fig. 6.5). When the stretching vibrations associated with –OH and CH/CH2 groups are integrated with the aliphatic hydrocarbon group in polysachcharide, proteins, and poly phenols are molecules attached to the Ag surface, the presence of the peaks at 1632 and 1637 cm-1 was observed[89-91]. Analyzing the FTIR spectrum, researchers found that Ag+ ions could be reduced by the addition of oxygen and phenolic compounds could be oxidized by the addition of oxygen. b-AgNPs and polymer-capped b-AgNPs were both produced using an extract from Syzygium aqueum leaves as a reducing agent. The results are in line with previous studies on the topic[92].
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Fig. 6.5 FT- IR Spectrum of [A] AgNPs [B] PVP- AgNPs
6.3.4 X- Ray diffraction

Powder X-ray diffraction confirms the production of b-AgNPs and polymer-capped b-AgNPs (XRD). Figure 6.6 shows the XRD patterns of b-AgNPs and polymeric b-AgNPs powder. Face-centered cubic (FCC) crystalline structure phase of silver is well-indexed by all diffraction peaks, which are in good accord with JCPDS file no.89-3722. At 27.740 (111), 32.170 (200), 38.090 (220), 36.2 (310), 46.23 (220), 77.410 (311), and 85.570 (322), indicative of significant diffraction peaks were detected, reflecting the FCC structure of silver. All of the peaks are in the same place, which is consistent with silver. The product's crystal structure may be seen in the XRD pattern, which has a strong peak[93].
The bioconjugate between the polymer component and the formed polymer-capped b-AgNPs was modified by the PVP polymer in terms of phase change. The nearing of nanocrystal development is indicated by the significant reflection at (111)[94]. According to the Debye-Scherrer equation, the average crystal size of b-AgNPs generated in the bioreduction and PVP capped b-AgNPs is 17 nm.
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                              Fig . 6.6 XRD pattern of  PVP AgNPs

6.3.5 HR-TEM Analysis
High-resolution transmission electron microscopy (HR TEM) can all be determined using high-resolution transmission electron microscopy (HR TEM). TEM can be used to determine the precise size, shape, and morphology of produced silver nanoparticles [95].
PVP-b-AgNPs that were produced in the range of 4 nm to 13 nm were captured in the high-resolution TEM picture (in line with XRD data). Spherical, well-spread, and homogeneous particles were discovered. Chemically reduced Ag ions were made zero-valent by coating them with biological molecules (extracted from Syzygium aqueum leaf extracts) that contain surface-bound hydroxyl groups. Particles appeared agglomerated as a result of this[96].
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Fig. 6.7  HR-TEM image of PVP- b-Ag NPs observed at  50 nm[A],100 nm[B],5 nm [C].
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D.
Fig. 6.7 [D]  Selected area electron diffraction (SAED) pattern of  PVP-b-AgNPs
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Fig.6.8   The  size distribution curves from the TEM analysis and SAED pattern of PVP functionalized b-AgNPs
The single plots in Fig. 6.7 revealed ring patterns that were shown by the SAED pattern (D). The XRD findings are consistent with this conclusion. The TEM-derived curve for size distribution is shown in Figure 6.8. Particle sizes range from 8.75nm and above. Another factor that contributes to PVP–Ag nanoparticles size modification is Syzygium aqueum leaf extract polyphenolic compounds (components such as flavonoids and flavonols). As a result, a wide range of particle sizes are produced. Because of hydrogen interaction between hydroxide groups of diverse phenolic compounds, accumulations are produced[97].


6.3.6 Antimicrobial activity of b-AgNPs and polymeric capped b-AgNPs
   As illustrated, biogenic silver nanoparticles have proved their outstanding antibacterial activities in recent literature. Additionally, using water apple leaf extract and polymer capping, our study team created nanoparticles (19.37 nm) that were then tested on gram positive bacteria (Salmonella typhi,E. coli)) and gram negative  bacteria (Bacillus subtilis, Staphylococcus aureus).
The antibacterial activity of AgNPs produced from water apple leaf extract, polymer-coated AgNPs, and extract was tested using a disc diffusion experiment in this study. The antibacterial activity of PVP-AgNPs (polymeric nanoparticles) was shown to be strong against all tested bacterial pathogens at a 100 µL concentration (Fig. 6.9 A& B). Values in millimetres (mm) were obtained for the growth inhibition zones (Table 6.1). As shown in table 1, the maximum zone of inhibition for S. typhi is around 20 mm. ForE.coli,B. subtilis and S. aureus, the zone of inhibition was about 18 mm, 17 mm and 19 mm, respectively. It has been found that the suspension possesses antibacterial action against bacterial pathogens after it has been treated with AgNPs and PVP AgNPs nanoparticles. According to the findings, S. typhi was shown to be more sensitive than other pathogens. Antibacterial efficacy against gram-positive and gram-negative bacteria has long been shown with AgNPs[98]. As a result of the conformational changes induced by AgNPs on cell walls, which result in enhanced membrane permeability and thus bacterial cell death, PVP-AgNPs are more active[99].
Table : 6.1

Antibacterial activity of plant extract, silver nanoparticles of Syzygium aqueum leaves and PVP capped silver nanoparticles.

	Test sample
	Concentration 

(In microliter)
	                Inhibition zone(in mm)

	
	
	E.coli

	Salmonella typhi

	Bacillus subtilis
	Staphylococcus aureus

	Plant extract
	100
	15
	18
	15
	15

	Peniciline
	100
	13
	16
	14
	16

	AgNPs
	100
	17
	18
	16
	18

	PVP-AgNPs
	100
	18
	20
	17
	19











Fig. 6.9A The assay of the minimum inhibition of PVP-b-AgNPs against the bacterial strains.
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Fig. 6.9B Antimicrobial study of b-AgNPs And PVP-b-AgNPs  against pathogenic bacteria



6.3.7 Antioxidant properties of b-AgNPs and PVP Capping b-AgNPs


6.3.7.1 DPPH radical scavenging activity
Antioxidants are known for their hydrogen-donating abilities, which allow them to scavenge DPPH. Different concentrations of b-AgNPs and PVP-capped b-AgNPs on DPPH radical scavenging activity are illustrated in Fig. 10A. "b-AgNPs and PVP-capped b-AgNPs have free radical scavenging properties that increase in concentration." PVP-capped b-AgNPs, on the other hand, exhibit a 52.94 percent increase in antioxidant activity at 120g/mL. In the same concentration, the standard ascorbic acid demonstrated 50.19 percent inhibition. activity of AgNPs, summarized before, allowed us to conduct our current research[100].



Fig.  6.10 [A]  DPPH radical scavenging activity

6.3.7.2 Super oxide anion radical scavenging assay

Because it is a precursor to more reactive oxygen species, the super oxide anion radical has a well-documented negative impact on living beings. It causes tissue necrosis and a wide range of illnesses, including cancer[101]. As can be seen in Figure 10 B, this study looked at the antioxidant activity of b-AgNPs, PVP-capped b-AgNPs, as well as Vitamin C. Antioxidant scavenging activity was 44.56 %, 46.32 %, and 45.41 % reduced by b-AgNPs and PVP-capped b-AgNPs at a concentration of 120 g/mL compared to Vitamin C's (45.41 percent). An increase in the concentration of nanoparticles resulted in an increase in the suppression of superoxide. b-AgNPs have been shown to have antioxidant-scavenging activities prior to this investigation [102].
	



Fig.6.10 [B] Super oxide anion radical scavenging assay






6.4  Conclusion: 
This study utilized organic components from Syzygium aqueum leaves as potential reducing and stabilizing agents for the production of AgNPs. In order to enhance the biocompatibility of b-AgNPs without the use of harmful or toxic compounds, they were functionalized with PVP. The generation of b-AgNPs and polymer b-AgNPs was confirmed using advanced characterization techniques (UV-vis, FTIR, HR-TEM, XRD). There were nano-sized b-AgNPs of 8 nm and 12 nm in the polymeric AgNPs that were synthesized and then tested.
The biomedical efficacy of the nanoparticles was evaluated using their antioxidant and antibacterial properties, respectively. It is possible that the biosynthesized b-AgNPs and PVP-capped b-AgNPs could be used as free radical scavengers in the treatment of various disorders, such as cancer. When compared to traditional antibacterial medications, PVP-b-AgNPs demonstrate greater action at lower concentrations against E.Coli, B.subtilis, S.aureus, and S. typhi, with greater sensitivity for S. typhi than forE.Coli,S. aureus and B.subtilis, according to our observations. Made PVP-b-AgNPs are a better choice for antibacterial drugs in the therapeutic biomedical field because they work well against infections. 
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AgNPs	20	40	60	80	100	120	31.14	42.18	43.92	46.839999999999996	48.08	50.2	PVP-AgNPs	20	40	60	80	100	120	33.260000000000012	43.39	45.760000000000012	48.28	49.660000000000011	52.94	Ascorbic acid	20	40	60	80	100	120	32.46	42.21	44.349999999999994	47.17	48.1	50.190000000000012	Concetration µg/ml

Innhibition %


AgNPs	20	40	60	80	100	120	31.630000000000031	35.809999999999995	36.700000000000003	38.25	42.120000000000012	44.56	PVP-AgNPs	20	40	60	80	100	120	32.879999999999995	37.260000000000012	38.74	41.160000000000011	43.91	46.32	Ascorbic acid	20	40	60	80	100	120	32.18	36.220000000000013	37.339999999999996	38.730000000000011	43.309999999999995	45.41	Concetration µg/ml

Inhibition %
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