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Abstract 

The expansion of dependable and ecologically-friendly methods for the green 

synthesis of nano-particles is an in-expendable necessity in the field of recent emerging nano-

technology. Without using of any further reducing or stabilising chemicals, the Pongammia 

Pinnata Leaves Extract (PPLE) is used in this study to create silver nano-particles. This 

process is effective, safe, and sustainable. UV-Visible Spectroscopy, X-ray Diffraction (XRD), 

Fourier Transform Infrared Spectroscopy (FTIR), Transmission Electron Microscopy (TEM), 

Dynamic Light Scattering (DLS) and Scanning Electron Microscopy (SEM) were used to 

examine the formation of Silver nano-particles (AgNP’s). UV-VIS Spectrum of as-prepared 

AgNP’s shows a characteristic absorption peak at 420 nm. FTIR studies ensured that the 

existence of -C=O, C-O-C and -O-H groups were identified in the as-prepared AgNP’s. The 

XRD peaks 32.36o, 38.27 o, 44.31o, 64.03o and 77.83o which were attributed to the plane of 

crystals (111), (200), (220), (020) and (311) respectively shows crystal nature with a face-

centered cubic structure of AgNP’s. SEM micrographs depicted the well dispersed silver 

Nano-particles ranging 60-160 nm. TEM micrographs confirmed the homogeneous nature of 

green synthesized silver nano-particles ranging 20-25 nm. The DLS analysis showed AgNP’s 

drifted widely from 10-120 nm with standard particle size of 75.8 nm. The green route 

synthesis of AgNP’s shows significant industrial dye effluent removal capacity, antibacterial, 

antifungal and antiplasmodial activities. 

 

Keywords: PongammiaPinnata leaves Extract, Silver nano-particles, DLS, SEM, TEM, 
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1. INTRODUCTION 

In Nano-technology, materials are modified at the atomic level to achieve special qualities 

that may be effectively manipulated for the desired applications [1]. An important study 

platform in this area is the synthesis of nanoparticles (NPs) employing a variety of 

methodologies with various types of chemical proportions, sizes, forms, and controlled 

dispersities. [2-3]. Numerous research is done on metal nano-particles because their 

distinctive electrical, optical and catalytic characteristics. A wide range of study has 

concentrated on adjusting their physico-chemical features that requires controlling their size 

and form. This is done in order to exploit and maximize chemical or physical attributes of 

nano sized metal particles [4-6]. Several approaches, including physical, chemical, biological, 

and hybrid ones, can be used to create nano-particles. (Figure 1) [7–9]. The majority of these 

methods, however, are quite costly and also involve the usage of dangerous toxic materials 

that might endanger biological systems and the environment. As a result, an affordable, 

alternative, and environmentally benign method of nano-particle synthesis is urgently needed. 

[10-11]. 

 

 

 
Figure 1. Various approaches and methods of synthesizing Nano-particles 

 

Recently, phytonanotechnology has created much attraction among the researchers to 

synthesis of well-dispersed Nano-particles and is a quick, easy, stable, and economical 

process. The benefits of phytonanotechnology include biocompatibility, scalability, and the 

potential for medicinal applications when synthesising Nano-particles utilising water as a 

reducing agent [12]. As a result, the significant need for nano-particles with implementation 

in the biomedical, materials science, dye adsorption and environmental fields can be satisfied 

by using plant-derived Nano-particles made from widely available plant components and 
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their harmless nature [13]. A review of past research indicates that silver (Ag) and gold (Au) 

can be synthesised from plant extracts found in seeds and leaves [14-16]. 

A biological process had been followed by Shankar et al., to synthesize the AgNP’s 

from a Geranium leaf concentrate (Pelargonium graueolens) [17]. Bimetallic silver/gold 

Nano-particles were synthesized from a Persimmon (Diopyros kaki) leaf concentrate and 

investigated by Song et al., [18]. Sathishkumar et al., has synthesized silver nano-particles 

from Cinnamon zeylanicum bark concentrate and studied their bactericidal potential [19]. A 

room temperature synthesis of silver Nano-particle from Calotropisprocera flower extract has 

been demonstrated by Ananda Babu et al. [20]. 

Pongammiapinnata plants are rich in vitamins, saponins, flavanoids, phenols and alkaloids 

among other biologically active substances. P. pinnata leaves were chosen because of its 

beneficial effects on keloid tumours, hypertension, pectoral illnesses, anaemia and its 

antibacterial, antiulcer, antifungal, anti-inflammatory and antioxidant characteristics [21-22]. 

P. Pinnata leaves are a natural, affordable, and renewable resource that can be used to create 

metal oxide Nano-particles in an aqueous media without the need of harmful solvents or 

hazardous materials [23]. 

Many research works have been done on AgNP’s. AgNP’s are used in a variety of 

fields because of their unique properties, including rapid biomedical diagnosis, scanned 

imaging, drug delivery, regeneration of tissues, and the progression of new medical products, 

as well as the textile, food, and cosmetic industries, as well as the fields of catalysis, sensors, 

biology, coatings, plasmonics, optoelectronics, anti-microbial activities, DNA sequencing, 

SERS, clean water technology, energy production, and storage of information. Because of 

their exceptional protection against a variety of pathogens and therapeutic properties, AgNP's 

are also utilised as anti-infection agents, sedatives, travel agents, treatment plants, agriculture, 

etc. AgNP's have also been used in inks, pastes, electronic gadgets, adhesive, etc. due to their 

strong conductivity. [24-38].Since this concentrates from Pongammia Pinnata Leaves worked 

as both a reducing and stabilising agent, the focus of the current work is on the synthesis of 

novel AgNP's using a faster, one-step, and ecologically friendly process. 

 

2. RESOURCES AND TECHNIQUES 

2.1 RESOURCES 

PongamiaPinnata Leaves were gathered in IIT Madras campus, Tamilnadu. Analytical grade 

sample was used without any additional purification in addition to deionised water, Silver 

Nitrate (AgNO3), Sodium hydroxide (NaOH), Ethanol (C2H5OH). 

 

2.2 TECHNIQUES 

2.2.1 Making of Pongamia Pinnata Leaves Extract. 

 

Fresh PongamiaPinnata Leaves are collected and then washed repeatedly with tap 

water and again by distilled water to get rid of the dust.  After being dried for 5 to 10 days at 

room temperature in a covered area, the clean, fresh leaves are pulverized in a professional 

blender. The fine powder is stored at room temperature for further use. In a 250 ml of conical 

flask, 10 grams of leaf extract powder were taken and to this 100 ml of double distilled water 
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is added and it is heated at 80OC for 30 minutes. Then the solution was strained using 

Whatman filter paper and kept aside for further process. The obtained Concentrate was in 

pale brown colour and adjusted the pH at 11 by adding 0.1M of sodium hydroxide solution. 

 

2.2.2. Preparation of Silver Nanoparticles. 

 

 
Figure 2. Green approach to synthesizing Silver Nano-particles 

 

 50 ml of Pongamia Pinnata leaves Extract were placed in a 250 ml conical flask, and 

100 ml of 0.1 M AgNO3 solution were gradually added at room temperature under static 

condition. The colour change was observed and the time taken for the reaction to occur was 

noted.  As soon as silver nanoparticles (AgNPs) forms(figure.2), the colour of the solution 

changes from pale brownish to reddish-brown. Further the solution is centrifuged and the 

precipitate is Concentrated and dried in electrical oven for 24 hours at 100OC. The green 

synthesized AgNP’s is formed at uniform particle size and stored for further characterization 

and uses. 

 

2.3 Characterization of Silver Nano-particles   

2.3.1 UV-Visible spectrophotometric analysis  

The early step of Nano-particle generation was confirmed by UV-Visible is 

spectroscopic study of synthesized Ag nano-particles. The produced Ag Nano-particles were 

examined with an Elico SL210.  UV-Visible Spectrophotometer utilising a scan UV-Visible 

Spectrophotometer in the range 190 nm to 800 nm. 

 

2.3.2 FT-IR Spectroscopic analysis  

The FT-IR spectrometer was utilized to study about the functional group of the plant 

Concentrate and greenly produced Ag Nano-particles. The study of peaks at particular wave 
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numbers is the foundation of the spectroscopic method. According to FT-IR data, both the 

plant Concentrate and the produced Nano-particles contain functional groups. Utilizing 

Perkin Elmer equipment, the FT-IR characterization was carried out between the frequency 

range of 400 and 4000 cm-1. 

 

2.3.3 X-ray diffraction analysis (XRD)  

The crystal structure and average size of the particle of the produced adsorbents were 

investigated. XRD pattern was measured by X-ray diffractometer (BRUKER D8 

ADVANCE) of characteristics AgK radiation (λ=1.541Å) in the range 4º to 80º at a scan rate 

of 0.02º per/min with time constant of 2 minutes. 

 

2.3.4. Scanning Electron Microscopy (SEM)  

The porosity, particle size distribution and of the adsorbents are all detailed by the SEM 

examination. Using JEOL-6390LA equipment, the surface morphology of as-prepared 

AgNP’s was captured. 

 

2.3.5 Transmission Electron Microscopy (TEM)  

 For determining the particles measurement and morphological identities of AgNP’s 

and other metal nano-particles, TEM (JEOL –JEM 2100) is recognised as the best electron 

microscopy technique. 

 

2.3.6 Dynamic Light Scattering (DLS) 

 The average size of the produced Ag Nano-particles was determined using DLS 

(Spectroscatter 201). 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization study of the green synthesized silver nano-particles. 

Water-soluble components in Pongamia Pinnata leaf Concentrate were performing an 

important function in the formation of AgNPs from silver monovalent ions. The colour 

change confirmed preliminary evidence of Nano-particle formation. The homogeneous 

mixing of leaf Concentrate and aqueous AgNO3 solution turned pale brown to reddish-brown. 

 

3.1.1. UV- Vis Absorption Spectroscopy of Silver Nano-particles. 

Using the concentrate from Pongamia Pinnata leaves, the green method for producing 

Ag Nano-particles was disclosed. Metal Nano-particle production in aqueous solution can be 

verified using UV-Vis spectroscopy [39]. The UV-Vis spectrum of colloidal solution of 

AgNP’s was shown in figure 3. At 420 nm, a broad band appeared, signifying the production 

of AgNP’s [40–41]. 
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Figure 3. - UV-Vis spectra of (i) PPLE and (ii) PPLAgNP’s 

 

3.1.2 Fourier Transform Infrared (FT-IR) Spectroscopy 

 
Figure 4. FTIR Spectra of a) PPL Concentrate and b) PPLAg NPs 

 

The FT-IR study was done to analyse the main functional groups that are present in 

the Pongamia Pinnata leaf concentrate and are in charge of producing AgNP’s(Figure:4). The 

reduction of silver ions to AgNP’s may be caused by these functional groups. The role of 

various functional groups in PongamiaPinnata leaves Concentrate in the reducing and 

stabilising processes of Nano-particle production was assessed using the spectrum of leaves 

Concentrate as a control. Investigation was done on the absorbance bands at 3635, 2100, 
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1645, 1380, and 1116 cm-1 in leaves Concentrate. The hydroxyl group elements O-H 

stretching vibration caused a broad band at 3635 cm-1.  The peaks at 1645 and 1380 could be 

attributed to bonds comprising -NH2 groups of protein amino acids and -C=O groups of 

flavonoids and tannin respectively. 

AgNP’s peaked at 3431, 2927, 1612, 1103 and 668 cm-1respectively. Flavonoids, 

xanthonoids, and other phenolic compounds which were thought to be the primary reducing 

agent for silver ions—were found to include OH stretching, as seen by the wider peak at 3338 

cm-1. The reduction of the silver ions (Ag+) by OH-based products which were found in 

leaves is thought to be the cause of the change in OH stretching frequency from higher (in 

Concentrate) to lower (in Ag NPs) frequency [42–43]. The biomolecule found in the leaf 

concentrate was in charge of the decrease in silver salt, as evidenced by the production of 

AgNP’s. 

 

3.1.3. X-Ray Diffraction (XRD) 

The X-ray diffraction (XRD) research was used to determine and confirm the 

crystalline structure of the produced AgNP's. (Figure 5) depicts the appearance of a 

diffraction pattern at 2θ = 32.36º, 38.27º, 44.31º, 64.03º, and 77.83º that corresponds to the 

monoclinic phase AgNP’s planes (111), (200), (220), (020), and (311), respectively. In the 

diffraction images, no distinctive peak caused by any impurity was seen, pointing to the 

creation of pure crystalline AgNP’s. The Debye-Scherer Equation (1) was used to analyse the 

average size of crystalline AgNP’s [44]. AgNP’s are confirmed by a strong peak with the 

(111) plane diffraction at 2θ = 35.4º and 38.27º. In samples of AgNP’s, the average crystallite 

size is less than 21 nm. 

D = kλ/ β cos θ                      ˗˗˗ (1) 

Where, k represents shape factor and is about to be 0.89. θ is the diffraction angle, β 

denotes full width at half maximum, and λ denotes wavelength of X-ray radiation (0.154 nm). 

The standard crystallite measurement was estimated about to 24.84 nm in size. 

  

 
                                                                2-theta (degree) 

Figure 5. XRD image of Green synthesized Silver Nano-particles  
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3.1.4. Scanning Electron Microscope (SEM) 

 The surface morphology of the silver nano-particles is displayed in Fig. 6. According 

on the image J program's calculations, the diameter of Ag Nano-particles appears to range 

between 60 and 160 nm. 

  

 
Figure 6. SEM image of Green synthesized Silver Nano-particles 

3.1.5 Transmission Electron Microscope (TEM) 

Using a TEM, the thorough morphological and size assessments of greenly produced 

AgNP’s were examined. According to the TEM image (Fig.7), the biosynthesized AgNP’s 

were agglomerated, linked to one another, and spherical in shape, which is also consistent 

with the SEM result. The estimated size of AgNP’s is observed between 20 and 25 nm. 

.  

Figure 7. TEM image of green synthesized silver Nano-particles. 
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3.1.6 Dynamic Light Scattering (DLS) 

 Dynamic Light scattering (DLS) is the most often applied technique to determine the 

distribution of AgNP's size in its prepared state. The obtained result AgNP’s particle size 

shows the size variation range lies between 10 and 120 nm with highest size variation around 

75.8 nm as shown in fig. 8. Comparatively the size variation diagrams in DLS analysis have 

good symmetry and reveals the homogeneity of resultant AgNP’s. 

 
Figure 8. Dynamic Light Scattering Data of AgNP’s 

4. Conclusion 

By utilizing the phyto components found in the PongammiaPinnatta Leaves 

Concentrate, the current work has successfully illustrated an environment-friendly, green 

method for production of AgNP’s (PPLE). The colour shift of solution observed from pale 

brown to reddish brown and an absorption peak at 420 nm in the UV-Visible spectral range 

were the key indicators that silver Nano-particles had formed in the PPLE medium. 

According to the FTIR spectrum, the phytochemicals in the PPLE fulfil the twin functions of 

forming and stabilizing AgNP’s. The creation of phase-pure AgNP’s with fcc symmetry is 

indicated by XRD analysis. The generation of well-distributed AgNP’s with a size variation 

of 60–160 nm is proved by SEM analysis. The synthesized AgNP’s were confirmed by TEM 

examination to be between 20 and 25 nm in size and to have an aggregation tendency. 

AgNP’s have a size variation of 10 to 120 nm, according to DLS study, with an standard 

particle measurement of 75.8 nm. As a result, there may be a lot of potential for the 

environment-friendly and non-toxic, AgNP’s to be used in various biological and chemical 

applications. In comparison to the traditional chemical and physical methods, the PPLE is the 

promising source for the fusion of AgNP’s, according to the overall results. 

 

5. Acknowledgment 

The authors acknowledge the measurement support provided through STIC, SAIF –CUSAT, 

Cochin, India for the electronic microscopic studies. 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 11 (Nov) - 2022

http://ymerdigital.com

Page No:709



 
 

The Department of Chemistry, IIT Madras, Chennai, India, provided measurement support 

for the XRD experiments, which the authors gratefully scknowledge.. 

The Department of Analytical Chemistry at the University of Madras (Guindy Campus), 

Chennai, India, provided measurement assistance for the author’s DLS studies. 

 

6. References 

[1]  H. Gleiter, Acta Mater. 48 (2000) 1–12. 

[2]  Q, Limin, G, Yueying, M, Jimin., Synthesis of ribbons of silver nanoparticles in 

lamellar liquid crystals. Colloids Surf A.; 157 (1999) 285–294.  

[3] V.Kumar, S.C, Yadav, S.K, Yadav. Syzygiumcumuni leaf and seed extract 

mediated  

biosynthesis of silver nanoparticles and their characterization. J 

ChemTechnolBiotechnol.; 85 (2010) 1301–1309.  

[4] A.P. Alivisatos, Semiconductor clusters, Nano crystals, and quantum dots, Science 

271 (1996) 933-937.  

[5] S. Coe, W.K. Woo, M. Bawendi, V. Bulovic, Electroluminescence from single 

monolayer of Nano crystals in molecular organic devices, Nature 420 (2002) 800–

803.  

[6] M. Bruchez, M. Moronne, P. Gin, S. Weiss, A.P. Alivisatos, Semiconductor 

nanocrystals as fluorescent biological labels, Science 281 (1998) 2013–2016. 

[7] A. G. Ingale and A. N. Chaudhari, “Biogenic synthesis of nanoparticles and potential 

applications: an eco-friendly approach,” Journal of Nanomedicine and 

Nanotechnology,  4 (2) 2013. 

[8] P. Mohanpuria, N. K. Rana, and S. K. Yadav, “Biosynthesis of nanoparticles: 

technological concepts and future applications,” Journal of Nanoparticle Research, 

10(3), (2008) 507–517.  

[9] D. K. Tiwari, J. Behari, and P. Sen, “Time and dose-dependent antimicrobial potential 

of Ag nanoparticles synthesized by topdown approach,” Current Science., 95(5) 

(2008) 647–655.  

[10] R.C, Mucic, J.J, Storhoff, C.A, Mirkin, R.L, Letsinger. DNA directed synthesis of 

binary nanoparticle network materials. J Am Chem Soc. 120 (1998) 12674–12675.  

[11] M. Sastry, A. Ahmad., M.I, Khan, R. Kumar.,  Biosynthesis of metal nanoparticles 

using fungi and actinomycete. Curr Sci.; 85 (2003)162–170. 

[12] M. Noruzi,. Biosynthesis of gold nanoparticles using plant extracts. Bioprocess 

Biosyst. Eng. 38, (2015) 1–14.  

[13] P. Singh, A strategic approach for rapid synthesis of gold and silver nanoparticles by 

Panax ginseng leaves. Artif. Cells Nanomed. Biotechnol., 44(8) (2016) 1949-1957. 

[14] R. Thombre, F. Parekh, N. Patil., Green synthesis of silver nanoparticles using seed 

extract of Argyreia nervosa. Int J Pharm Biol Sci.; 5(2014)114–119.  

[15] H. Bar, D.K, Bhui, G.P. Sahoo, P. Sarkar, S. Pyne, A. Misra. Green synthesis of silver 

nanoparticles using seed extract of Jatrophacurcas. Colloids Surf. A 348 

(2009).212−216.  

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 11 (Nov) - 2022

http://ymerdigital.com

Page No:710



 
 

[16] S.S. Shankar, A. Rai, A. Ahmad, M.Sastry,. Rapid synthesis of Au, Ag, and bimetallic 

Au core−Ag shell nanoparticles using neem (Azadirachtaindica) leaf broth. J.Colloid 

Interface Sci.; 275 (2004) 496–502.  

[17] S. S. Shankar, A. Ahmad and M. Sastry, “Geranium Leaf Assisted Biosynthesis of 

Silver Nanoparticles,” Biotechnology Progress, 19(6) (2003)1627-1631.  

[18] J. Y. Song and B. S. Kim, “Biological Synthesis of Bimetallic Au/Ag Nanoparticles 

Using Persimmon (Diopyros Kaki) Leaf Extract,” Korean Journal of Chemical 

Egineering, 25(4) (2008) 808-811.  

[19] M. Sathishkumar, K. Sneha, S. W. Won, C. W. Cho, S. Kim and Y. S. Yun, 

“Cinnamon Zeylanicum Bark Extract and Powder Mediated Green Synthesis of Nano-

Crystalline Silver Particles and Its Bactericidal Activity,” Colloids and Surfaces B: 

Biointerfaces, 73(2) (2009) 332-338.   

[20] S. A. Babu and H. G. Prabu, “Synthesis of AgNPs Using the Extract of 

CalotropisProcera Flower at Room Temperature,” Materials Letters, 65(11) (2011) 

1675-1677.  

[21] L.M.R. Al Muqarrabun, N. Ahmat, S.A.S. Ruzaina, N.H. Ismail, I. Sahidin, 338 

Medicinal uses, phytochemistry and pharmacology of Pongamiapinnata (L.)  Pierre: a 

review, J. Ethnopharmacol. 150 (2013) 395–420.   

[22] Z.I.Sajid, F. Anwar, G. Shabir, G. Rasul, Khalid M.  Alkharfy, A.H. Gilani., 

Antioxidant, antimicrobial properties and phenolics of different solvent extracts from 

bark, leaves and seeds of Pongamiapinnata (L.) Pierre, Molecules 17 (2012) 3917–

3932. 

[23] S. Selvama, R. Rajiv Gandhi, J. Suresh, S. Gowri, S. Ravikumar, M. Sundrarajan,  

Antibacterial effect of novel synthesized sulfated b-cyclodextrincrosslinked  cotton 

fabric and its improved antibacterial activities with ZnO, TiO2 and Ag  nanoparticles 

coating, Int. J. Pharmaceut. (2012) 366–374. 

[24] S. Naidu Krishna, P. Govender and J. K. Adam, Nano silver particles in biomedical 

and clinical applications, J Pure Appl Microbio, 9(Spl. Edn.), (2015) 1-10.  

[25] N. Gokarneshan and K. Velumani, Application of nano silver particles on textile 

materials for improvement of antibacterial nishes, Global J. Pharm. Sci., 2(2017) 1–4. 

[26] M. Carbone, D. T. Donia, G. Sabbatella and R. Antiochia, Silver NPs in polymeric 

matrices for fresh food packaging, J. King Saud Univ., Sci., 28(4) (2016) 273–279.  

[27] A. A. Sorescu and M. R. Ion, Green synthesis of AgNPs using plant extracts, Science 

Conference, , 4(1) (2016) 386-391. 

[28] X. Y. Dong, Z. W. Gao, K. F. Yang, W. Q. Zhang and L. W. Xu, Nanosilver as a new 

generation of silver catalysts in organic transformations for efficient synthesis of ne 

chemicals, Catal. Sci. Technol., 5(5) (2015) 2554–2574.  

[29] C. Caro, P. M. Castillo, R. Klippstein, D. Pozo and A. P. Zaderenko, Silver NPs: 

sensing and imaging applications, in SilverNPs, IntechOpen, 2010.  

[30] M. Balamurugan, S. Saravanan and T. Soga, Coating of green-synthesized silver NPs 

on cotton fabric, J. Coat. Technol. Res., 14(3) (2017) 735–745. 

[31] S. J. Oldenburg, Silver NPs: properties and applications, Sigma-Aldrich Co., 

2014.  

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 11 (Nov) - 2022

http://ymerdigital.com

Page No:711



 
 

[32] H. Wei. Plasmonic silver NPs for energy and optoelectronic applications, Advances in 

Nanomaterials and nanostructures, 229 (2011) 171–184.  

[33] M. Qasim, N. Udomluck, J. Chang, H. Park and K. Kim, Antimicrobial activity of 

silver NPs encapsulated in poly N-isopropylacrylamide-based polymeric NPs, Int. J. 

Nanomed., 13 (2018) 235. 

[34] X. Yang, Y. Yu and Z. Gao, A highly sensitive plasmonic DNA assay based on 

triangular silver nanoprism etching, ACS Nano, 8(5) (2014) 4902–4907.  

[35] Z. Huang, Z. Li, R. Chen, G. Chen, D. Lin, G. Xi, Y. Chen, H. Lin and J. Lei, The 

application of silver nanoparticle based SERS in diagnosing thyroid tissue, in Journal 

of Physics: Conference Series, IOP Publishing., 277(1) (2011)  012014.   

[36] J. Pulit-Prociak and M. Banach, Silver NPs–a material of the future Open Chem., 

14(1), (2016) 76–91. 

[37] H. Zhang, Application of silver NPs in drinking water purification, 2013.  

[38] K.Chaloupka, Y. Malam and A. M. Seifalian, Nanosilver as a new generation of 

nanoproduct in biomedical applications, Trends Biotechnol., 28(11) (2010) 580–588. 

[39] D. Unni, C. Aromal, S.A. Vidhu., Murraya Koenigii leaf-assisted rapid green 

synthesis of silver and gold nanoparticles. Spectrochim. Acta Part A Mol. Biomol. 

Spectrosc. 78 (2011) 899–904. 

[40] U. BJagtap, U.B. Bapat., Green synthesis of silver nanoparticles using 

Artocarpusheterophyllus. Lam. Seed extract and its antibacterial activity. Ind. Crop. 

Prod. 46 (2013) 132–137. 

[41] A.M. Awwad, N.M.Salem, A.O.Abdeen, Green synthesis of silver nanoparticles using 

carob leaf extract and its antibacterial activity. Int. J. Ind. Chem., 4 (2013) 29. 

[42] J.L.López-Miranda, J.A.Cervantes-Chávez, A.R.Hernández-Martínez, R.Pérez, R 

Esparza, M. Estévez-González., Mat. Res. Exp., 6(6), (2019) ,065066.  

[43] D.Latha, P.Prabu, G. Gnanamoorthy, S. Sampurnam, R.Manikandan, C.Arulvasu, 

V.Narayanan., Mat. Res. Exp., 6 (2019) 045003 

[44] S.C. Paul, S. B. Mithun., Md. RaniNath. S.I.S. KantiPaul, J.N, TaniaSabnamBinta 

Monir, S. Dewanjee and M. AbdusSalam.  Silver Nanoparticles Synthesis in a Green 

Approach: Size Dependent Catalytic Degradation of Cationic and Anionic Dyes.,36 

(3) (2020) 353-360 

 

  

 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 11 (Nov) - 2022

http://ymerdigital.com

Page No:712


