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            Abstract

            
               
In this study, silver nanoparticles were successfully synthesized by using Phyllanthus reticulatus  leaf extract at different concentration (5, 10, 15 mL). The prepared samples were analyzed their optical, structural, surface
                  morphological properties, and along with these properties, the antibacterial properties were analyzed. The UV-vis absorption
                  spectra show SPR band around 450 nm, shift to lower wavelength due to increasing extract concentration. This shift can be
                  ascribing to a decrease in particle size. The crystallinity nature of the prepared samples is observed by the XRD profile
                  the calculated particles size by Scherrer’s formula displays a decrease in size with respect to leaf extract volume. From
                  the SEM image, it can be seen that irregular and large size particles prepared at 5-10 mL and the smooth spherical shape and
                  tiny particles were observed in the sample prepared at 15 mL. The small and spherical shape nanoparticles show good antibacterial
                  activity against gram positive and negative bacterial pathogens. The activity of large and irregular shape particles may be
                  due to the release of Ag+ ions and generation of ROS. Because of cell wall difference in bacteria, the better activity is
                  observed against gram negative bacteria.
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               Introduction

            In recent times, silver nanoparticles (Ag NPs) have been extensively studied by their distinct physicochemical properties
               (Aafreen, Anitha, Preethi, Rajeshkumar, & Lakshmi, 2019; Das, Roy, Rajeshkumar, & Lakshmi, 2019; Sunar, Rajeshkumar, Roy, & Lakshmi, 2019; Vignesh, Roy, Rajeshkumar, & Lakshmi, 2019)  and are widely used in different fields such as biosensors  (Anjum, Anitha, Rajeshkumar, & Lakshmi, 2019), optical devices  (Pranati, Anitha, Rajeshkumar, & Lakshmi, 2019), catalytic and antibacterial applications  (Chellakannu, Panneerselvam, & Rajeshkumar, 2019; Santhoshkumar, Sowmya, Kumar, & Rajeshkumar, 2019). Verities of physical and chemical methods such as laser-ablation  (Kumar, Karpagambigai, Rosy, & Rajeshkumar, 2018), chemical-reduction method  (Agarwal, Kumar, & Rajeshkumar, 2018; Shanmugam, 2017), electrochemical  (Rajeshkumar & Bharath, 2017)  and thermal decomposition  (Rajeshkumar & Naik, 2018)  have been employed for the synthesis of AgNPs. However, most of these methods are expensive and use toxic chemicals during
               synthesis, which are significantly hazardous to the environment. Viet et al. reported that the chemical methods use different
               kinds of chemical for the synthesis of AgNPs and face difficulties to control the size and the morphology of the particles
               (Agarwal, Menon, Kumar, & Rajeshkumar, 2018).
            

            In this sense, the biological method (green synthesis) is developed for the synthesis of metal nanoparticles and is a successful
               alternative to the physical and chemical methods. It is simple, low-cost, no toxic chemicals and eco-friendly method. This
               method offers several advantages over the other methods for the synthesis of AgNPs. Many works already reported that leaf
               extracts were used for the synthesis of Ag NPs such as Azadirachta indica   (Ahmed, Saifullah, Swami, & Ikram, 2016), Justicia glauca  (Emmanuel et al., 2015), Sesbania grandiflora  (Das, Das, & Velusamy, 2013) , M. oleifera  (Nayak, Pradhan, Ashe, Rauta, & Nayak, 2015) , Acalypha indica   (Krishnaraj et al., 2010) .
            

            In the present study, silver nanoparticles are successfully synthesized using Phyllanthus reticulatus leaf extract as a reducing agent. The impact of extract concentration on structural, optical, and surface morphological properties
               of AgNPs are studied and reported. In addition, the antibacterial potential of synthesized AgNPs is examined against (S. aureu ) and gram negative strains (E. coli) using the disc diffusion method. The synthesized AgNPs can be applied for antibacterial applications.
            

         

         
               Materials and Methods

            
               Preparation of leaf extract 
               
            

            Phyllanthus reticulates leaves were collected from Ananmalai University, South India. Initially, the collected fresh leaves were washed carefully
               with tape water for several times, and then, the leaves further cleaned through de-ionized water to remove the dust and to
               avoid the contamination if any present on the surface of the leaf. The perfectly cleaned leaves were sliced as tiny pieces.
               The 5 gm of sliced leaves was boiled for 10 min in 100 mL deionized water and then filtered using Whatman No.1 filter paper.
               The filtered extract was keeping at 4 ºC by the refrigerator. This leaf extract plays an important role as a reducing agent
               in the green synthesis for the preparation of AgNPs.
            

            
               Green Synthesis of Ag Ps 
               
            

            The 0.1 M of AgNO3 was dissolved homogenously in 40 mL deionized water. The leaf extract was introduced drop by drop into
               the AgNO3 solution and at the same time, the reaction mixture was stirred at 60 ºC for 5 min. The reaction mixture colour
               is turned rapidly to dark brown, which indicates the reduction of Ag and the reduction process is saturated within 10 min.
               The brown colloidal suspension was filtered and then dried at 200 ºC in a  muffle furnace. 
            

            
               Characterization of Synthesized of Ag Ps
               
            

            The structural, optical, surface morphological properties and FTIR analysis of synthesized Ag NPs were studied. 

            
               Antibacterial activity of Synthesized of Ag N s
               
            

            The antibacterial activity of synthesized Ag NPs was studied against S. aureus (Gram-positive) and E. coli (Gram-negative bacteria) using the disc diffusion method. For the evaluation of antibacterial activity, terilized petriplates
               were filled with fresh Muller Hinton agar medium and then allowed to solidify the agar medium using a laminar airflow chamber.
               After that, the bacterial culture was spread over the plate, and five 6 mm discs were placed over the agar medium. Two discs
               were assigned for control and streptomycin (standard). Three discs were silver nanoparticles loaded with 200 μL stack solution.
               Finally, the petriplates were incubated at 36 ºC for 24 hrs. The zone of inhibition around the disc was measured; the inhibition
               zone around the disc indicates the antibacterial activity of synthesized AgNPs. The Streptomycin and solution absence of Ag
               NPs stack solution were used as a standard antibiotic as well as control.
            

         

         
               Results and Discussion

            
                  
                  Figure 1

                  UV- absorption spectra of Ag 
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                  Figure 2

                  XRD pattern of Ag NPs
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                  Figure 3

                  (a-c) SEM images of Ag NPs, (d) EDX spectrum of Ag NPs 
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                  Figure 4

                  TEM images of Ag NPs
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                  Figure 5

                  FTIR spectrum of Ag NPs

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/cc1aba58-38d2-4fd8-b677-eafb87081e69/image/bd2aefe4-5d58-475a-a85e-4807881f62cf-upicture5.png]

            
                  
                  Figure 6

                  Antibacterial activity of synthesized Ag NPs
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               Optical studies 
               
            

            UV-visible absorption spectra of AgNPs, synthesized from Phyllanthus reticulatus leaf extract of various concentrations (5, 10 and 15 mL), are shown in Figure  1. The optical analysis is the simplest way to discover the development of Ag NPs from an aqueous mixture of AgNO3 and leaf
               extract. The colorless aqueous AgNO3 was turned into dark brown when Phyllanthus reticulatus leaf extract was added into the solution mixture. The change in mixture color indicates that the formation of AgNPs. The absorption
               spectra show peak around 450 nm, indicating Surface Plasmon Resonance (SPR) between electron clouds from AgNPs surface and
               incident light photons. The absorption peak occurs at 451 nm when the addition of 5 mL leaf extract, while for 10 mL leaf
               extract, the absorption peak shifts to 450 nm and a further increase in the leaf extract to 15 mL, it shows a significant
               change in the occurrence of absorption peak (at 448 nm) in the spectra.
            

            The similar pattern is also observed for various researchers in different leaf extract of different concentration since the
               obtained results are well agreed with previous reports  (Gomathi, Rajkumar, & Prakasam, 2018; Kathiravan, 2018). The variation in the occurrence of absorption peak plays a vital role in the size of Ag NPs. In this work, the absorption
               peak shifts towards shorter wavelength while increasing the extract concentration, due to the reduction of particle size in
               accordance with the concentration of possible biological reducing agents in the Phyllanthus reticulatus leaf extract. Moreover, along with the peak shift, the intensities of the peak increase with the increase in extract concentration
               which can be attributed to the scale of production of Ag NPs increasing.
            

            
               Structural studies 
               
            

            Figure  2 shows the XRD pattern of green synthesized Ag NPs, Phyllanthus reticulatus  leaf extract used as a reducing agent. From the spectra, it can be clearly observed that the diffraction.
            

            peaks at 27.72 ͦ, 32.17 ͦ, 39. 22 ͦ and 46.17 ͦ are related to (210), (122), (123) and (231) planes of the silver crystal.
               It is strongly suggested that the synthesized NPs are mixed phases (cubic, face-centred cubic) of Ag NPs. The absence of peaks
               related to other Ag compound was observed, indicating the phase purity of the synthesis Ag NPs. Similarly, the same XRD patterns
               were observed for green synthesized Ag NPs using Ocimum canum leaf extract by  (Jayaseelan & Rahuman, 2012). Suman et al. reported that the biphasic nature Ag NPs was obtained when the Morinda citrifolia root extract introduced as reducing agent  (Dipankar & Murugan, 2012). Dipankar et al. reported that the diffraction angle (2θ) at 27.72 ͦ is belonged to the face-centred cubic structure of
               AgNPs  (Suman, Rajasree, Kanchana, & Elizabeth, 2013).
            

            At 5 mL leaf extract, the Ag NPs are predominantly grown through (1 2 2) plane and also grown along (2 1 0), (1 2 3) and (2
               3 1) planes. The similar grown pattern is also observed for 10 mL leaf extract, but the full-width half maximum (FWHM) of
               (1 2 2) is slightly decreased than the previous case. While increase leaf extract to 15 mL, the crystallites turn its growth
               predominantly to (2 1 0) planes. In addition, FWHM of (210) plane considerably reduced and other regular planes retained its
               growth even though the change in a preferred orientation. The reduction in FWHM of dominant peak obviously represents a  decrease
               in particle size, which can powerfully support the results (decrease in particle size) observed in the optical studies.
            

            The average particle size of AgNPs is calculated using Scherrer’s formula from FWHM of predominant peaks. 

            
               D = 0.94λ/β cosθ 
               
            

            Where λ is the wavelength of XRD (1.5406 Å) used in this study, β is FWHM of predominant peak and θ is Bragg’s diffraction
               angle. The average particle size is 31 nm for 5 mL leaf extract.
            

            The value of particle size decreased to 27 nm for 10 mL of leaf extract. The introduction of leaf extract into the solution
               mixture further increased to 15 mL, as the result particle size drastically decreased to 22 nm. This decrease in particle
               size can be ascribed to Zener pinning effect; the rapid growth of particle having large defects gives the way to stop the
               periodic extension of crystallite growth as large size  (Rajkumar et al., 2015) .
            

            
               Surface morphological studies 
               
            

            SEM images of 5, 10 and 15 mL leaf extract synthesized AgNPs are shown in Figure  3 a, Figure  3 b and Figure  3 c, respectively. The surface morphology of AgNPs is obviously illustrated from the SEM images. In the case of 5 mL extract
               a synthesized sample, most of the particles are undefined shape, because of the combination of number particles and only a
               few of them is roughly spherical shape AgNPs. There is no significant changes observed in throughout SEM image of 10 mL extract
               synthesized sample. But, entirely different morphology is observed by the sample synthesized from 15 mL leaf extract and the
               image contains smooth and spherical shape Ag NPs. Majority of the image are having small size Ag NPs. However, we can see
               large size particle which can be attributed to aggregation of a large number of smallest once. The EDX image was recorded
               to affirm the formation of Ag NPs. The EDX image is given in (Figure  3 d). From the image, it is noticed that the strong energy peaks are emerged and associated to the anticipated element Ag.
            

            Figure  4 shows TEM images of green synthesized AgNPs. TEM analysis clearly illustrates the size and shape of AgNPs. It exposes that
               Ag NPs are well segregated and mainly spherical in shape. However, a few of them is found to be irregular in shape. From the
               TEM image, it can conclude that the AgNPs are in nano-size, roughly spherical in shape with an average diameter of 30-20 nm.
            

            
               FT-IR analysis
               
            

            Figure  5 shows the  FT-IR spectrum of synthesized AgNPs. The spectrum was recorded in the range of 400- 4000 cm-1 to find the possible
               bio-molecules dependable for the reduction and stabilization of AgNPs from hyllanthus reticulatus leaf extract. The bands at 1111 cm-1, 1046 cm-1, 1626 cm-1, 2923 cm-1, 2848 cm-1, 3430 cm-1 were observed from the spectrum.
               The spectrum exhibits a strong band at 3430 cm-1, which can be due to –OH stretching vibrations representing the presence
               of hydroxyl groups as phenols and H-bonded alcohols. The strong band at 1626 cm−1 is mainly attributed to the secondary amine,
               N-H stretching vibrations of proteins. The stretching peak located at 1389 cm-1 is ascribed to stretching vibration of C–H
               rock alkenes. The small bands at 1111 cm-1 and 1046 cm-1 specify the presence of carboxylic acids, C–O stretching alcohols
               and esters. The small intense peaks at 2923 cm−1and 2848 cm−1 can be attributed to the presence of C–H stretching vibrations
               and secondary amines. Hence, the FT-IR spectrum of AgNPs exhibits the absorption peaks related to the presence of amine, hydroxyl
               group and proteins. These compounds work as a reducing agent to the formation of Ag NPs in green synthesis.
            

            
               Antibacterial studies
               
            

            The antibacterial efficacy of Phyllanthus reticulatus leaf extract synthesized AgNPs were examined against S. aureus (Gram-positive) and E. coli (Gram-negative bacteria) using the disc diffusion technique. The photographic image of the zone of inhibition is shown in
               Figure  6. The control disc doesn’t show any inhibition zone around the disc in all cases. The synthesized AgNPs resists the growth
               of the bacteria around the disc, which clearly shows synthesized AgNPs possess antibacterial activity against both gram positive
               and gram negative bacteria. 
            

            Ag NPs synthesized at a higher extract concentration of leaf extract holds better inhibition zone than the others, since the
               antibacterial activity strongly depends on the size and shape of the particles. At lower extract concentrations (5-10 mL),
               asymmetry in shape and large size particles are grown, which have less surface area. The spherically symmetry and small size
               particles are got the highly interacting surface, which makes contact with more bacteria. Naturally, nanoscale particle quickly
               attached to the cell membrane and significantly distort its regular task such as permeability and respiration.
            

            Ag NPs are the source of slow-release of Ag+  ions, which also interact with phosphorus-containing compounds like DNA as well
               as sulfur-containing protein in the cell wall membrane. These are the main factors for the antibacterial activity of asymmetry
               shape and large size NPs. Better, antibacterial activity is observed on gram negative bacteria, the thick cell wall membrane
               of gram positive bacteria made up of peptidoglycans resists the enter of NPs into the bacteria. While gram-negative bacterial
               are got thin cell wall membrane, made up of peptidoglycans and lipopolysaccharides, which includes sulfur-containing protein.
               This protein interacts with Ag NPs and directly affects the respiration system.
            

            Addition to this, the generation of reactive oxygen species (ROS) such as superoxide anions (O -), hydroxyl radicals (OH)
               and hydrogen peroxide (H O) inhibit the growth of bacteria. These ROS can easily penetrate into the cell wall, damaging bacteria
               severely and eventually died.
            

         

         
               Conclusion

            In this work, silver nanoparticles have been successfully synthesized from Phyllanthus reticulatus leaf extract at different concentration (5, 10, 15 mL). From the absorption spectra, it. Can see that the SPR band shifts
               to lower wavelength when the extract concentration increases, which can be a result of a decrease in particle size. The XRD
               studies show the good crystalline nature of synthesized Ag NPs. SEM image exhibits small and spherical shape Ag NPs at 15
               mL leaf extract. EDX spectrum confirms that the synthesized sample is Ag NPs. The synthesized samples are having good antibacterial
               action against disease, causing bacterial pathogens.
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