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ABSTRACT 

         A facile, low cost and environment-friendly synthesis process of nanoparticles is very necessary due to the increasing 

concern for the environment. In this study, silver nanoparticles (AgNPs) were prepared from silver nitrate precursors using leaves 

from Azadirachta Indica plant, also referred to as the Neem tree. The presence of phytochemicals (alkaloids, flavonoids, proteins, 

terpenoids, etc.) in Azadirachta Indica leaf extract was mainly responsible to synthesis AgNPs. For the preparation of 

Azadirachta Indica leaf extract mediated silver nanoparticles (A.I-AgNPs), the synthesis parameters were chosen for pH 8, time 

1.5 hrs, temperature 70ºC, plant extract: silver nitrate 1:8. The as-prepared A.I-AgNPs were characterized by ultraviolet-visible 

(UV-vis) spectroscopy, field emission scanning electron microscopy (FE-SEM), energy-dispersive x-ray spectroscopy (EDX), 

and Fourier transform infrared spectroscopy (FTIR) analysis. After the addition of plant extract into the silver nitrate solution, 

the color of the reaction mixture was changed from yellow to brown to dip brown which was the visual confirmation of silver 

nanoparticles formation. The surface plasmon resonance (SPR) characteristic of A.I-AgNPs was analyzed by UV–vis 

spectrophotometer test. The SPR peak was found at 460nm which confirmed the successful formation of silver nanoparticles. 

The FE-SEM analysis revealed that most of the nanoparticles are spherical in shape with the size ranging from 45nm to 111nm 

(average 84nm). EDX analysis showed an intense peak at 3KeV that strongly proved the presence of silver elements. FTIR 

analysis of the synthesized silver nanoparticles confirmed the presence of different functional groups on the A.I-AgNPs surface 

which ensured the successful reduction and capping of silver nanoparticles. The successful preparation of A.I-AgNPs suggested 

that the chosen synthesis parameters can be further used to prepare AgNPs for various applications.  
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1. Introduction 

At present, nanotechnology has brought a revolutionary 

change in the scientific research fields that involves the 

concept of physics, chemistry, materials science, and biology 

[1]. Nanotechnology involves the fabrication of particles 

ranging from 1 to 100nm sizes [2]. Due to the tiny particle size, 

nanoparticles have unique physiochemical, optical, and 

magnetic properties in comparison with their bulk material [3]. 

As a result, nanoparticles (carbon nanotube, fullerene, 

graphene, MXene, metal and metal oxide nanoparticles, and 

so on) are used extensively in the industrial, biomedical, 

pharmaceutical, agricultural, and textiles sectors. As a metallic 

nanomaterial, the usage of silver nanoparticles is growing 

rapidly due to its relatively lower price than gold, platinum or 

palladium [4], excellent catalytic and antibacterial activity, 

good stability, and electrical conductivity [5]. Recently, 

several works have been published on physical and chemical 

approaches to synthesis silver nanoparticles. Although 

physical and chemical methods are frequently used 

approaches to synthesis silver nanoparticles, these two 

methods have some flaws such as they require higher energy, 

long time, toxic chemicals and higher cost to produce silver 

nanoparticles [6]. That’s why, recent interest has been shifted 

to the biological approach for preparing AgNPs because it is 

eco-friendly, cost effective, time shortage process, and also 

doesn’t require any toxic chemical as a reducing agent [7]. 
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Synthesis of AgNPs through biological approaches involves 

the use of microorganisms (fungi, yeast, etc.), plant extracts, 

and templates like membranes, diatoms etc. [8]. However, 

using plant parts (stems, fruits, leaves, flowers, etc.) is more 

advantageous than other greener approaches because it 

doesn’t require cell culture and also it is a simple, one-step 

synthesis process [9, 10]. Plants have a wide range of 

biomolecules like alkaloids, flavonoids, proteins, etc. and 

these biomolecules are considered as reducing and stabilizing 

agents for the synthesis of silver nanoparticles. Different plant 

origins are used to produce silver nanoparticles like Aloe Vera 

[11], Azadirachta Indica [12], Tragopogon Collinus [13], 

Polyalthia longifolia [14], Pedalium murex [15], Citrus 

aurantifolia [16] and so many. Besides using plant extract, 

different synthesis parameters such as pH of the plant extract, 

reaction time and temperature, silver nitrate, and plant extract 

concentration are also very important. Because the lower pH 

value (acidic pH) of the plant extract produces a large size of 

silver nanoparticles [17]. Furthermore, without choosing the 

suitable reaction time and temperature, silver nanoparticles 

may aggregate which reduces the quality of the silver 

nanoparticles [18].  

Addressing these challenges, here an alkaline condition 

of the plant extract (pH 8), time 1.5 hrs, temperature 70°C, and 

the ratio of plant extract and silver nitrate 1:8 was chosen as 

the optimum parameters. Furthermore, the reasons for 

choosing these specific synthesis parameters and the probable 

reaction mechanism were also discussed. For the purpose of 

synthesizing silver nanoparticles using optimum synthesis 

parameters, this work aims to use Azadirachta Indica (Neem) 

leaf as a greener source [19]. As this plant has a wide range of 

bioactive compounds like flavonoids, catechins, anthocyanins, 

quercetins, saponins, tannins, limonoids, gallic acid and other 

minor polyphenols, these biomolecules play an active role in 

reducing bulk silver to silver nanoparticles [20]. Finally, in this 

study, the UV-visible spectroscopy, FE-SEM, EDS and FTIR 

test were conducted to confirm the successful preparation of 

silver nanoparticles from Azadirachta Indica.  

2. Materials and Methods 

 

2.1 Materials 

       Azadirachta Indica (Neem) leaf was collected from 

Khulna University of Engineering & Technology (KUET) 

campus. Silver nitrate (AgNO3) was purchased from Moderna 

chemical center, Khulna. Sodium hydroxide (NaOH) and 

distilled water was kindly supplied by Wet Processing 

Laboratory of the Department of Textile Engineering, KUET.  

 

2.2 Preparation of Neem leaf extract 

      To prepare the neem leaf extract, neem leaves were 

washed thoroughly using tap water to remove dirt, dust 

particles and then cut into small pieces with scissors. 60g of 

finely cut leaves were put into 150ml distilled water and boiled 

for 1 hr. After cooling to room temperature, the leaf extract 

was filtered with Whatman filter paper and kept at room 

temperature for further experiments.  

 

2.3 Synthesis of silver nanoparticles 

      To synthesis the silver nanoparticles, at first, 90 ml of 

2mM silver nitrate solution was prepared in a 250ml beaker. 

Then 10 ml leaf extract was added into the silver nitrate 

solution and the mixture was stirred continuously by a 

magnetic stirrer at 80°C for 1.5 hrs. The formation of silver 

nanoparticles was monitored through the color change of the 

reaction mixture from transparent yellow to brown to deep 

brown color. The as prepared silver nanoparticles solution was 

centrifuged at 3000 rpm for 10 min to remove the insoluble 

materials and the supernatant was used for all the experiments.  

 

2.4 Characterization of bio-mediated silver nanoparticles 

       To confirm the Surface Plasmon Resonance (SPR) peak 

of the bio-mediated silver nanoparticles, UV-visible 

spectrophotometer test was carried out in the range of 250-800 

nm using Shimadzu Japan (model no. 1800). FTIR analysis 

was performed to identify the biomolecules of Azadirachta 

Indica (neem) leaf extract which are involved in reducing and 

stabilizing of AgNPs. For this, the supernatant of silver 

nanoparticles was dried and then placed in the attenuated total 

reflection (ATR) sample holder of IRTracer-100, Shimadzu 

Japan. The FTIR spectra as recorded at 400-4000 cm-1. The 

morphology, size, and shape of the bio-mediated silver 

nanoparticles were monitored by Field emission scanning 

electron microscope using Zeiss sigma 300 instrument 

equipped with EDS (operating voltage was 5kV). For the FE-

SEM analysis, silver nanoparticles were dried to make powder 

form. 

 

3. Results and Discussion 

 

3.1 Analysis of synthesis process and formation mechanism 

of A.I-AgNPs 

A simple two steps synthesis process of silver 

nanoparticles was shown in Fig. 1. The reaction process was 

conducted for 1.5 hrs at 70°C with 1:8 (v/v) ratio of plant 

extract and silver nitrate by maintaining an alkaline 

environment (pH 8). Longer reaction time (1.5 hrs) and 

higher temperature (60°C) means that biomolecules of the 

plant extract react with silver ions sufficiently and form more 

and more silver nuclei resulting in smaller size nanoparticles 

[21]. The higher pH (8.5) imparts higher electrical charges on 

nanoparticle surfaces causing the strong repellent force 

between the nanoparticles that helps to prevent aggregation 

[22]. A sufficient amount of plant extract and silver nitrate 

concentration may result in decreasing the size of the 

nanoparticles. That’s why 10 ml and 90 ml of plant extract 

and silver nitrate was chosen. Dhar et al. used 1:9 (v/v) ratio 

of Phyllanthus emblica fruit extract and silver nitrate [23], 

Pilaquinga et al. suggested pH 8, temperature 60°C, time 50 

min and 1:10 ratio of plant extract and AgNO3 as an 

optimum synthesis parameter to synthesis AgNPs [24]. 

Perveen et al. [25], Nguyen et al. [26] and Mohan Singh 

Mehata [27] maintained alkaline environment (>pH 7) for the 

synthesis of silver nanoparticles.  

Azadirachta Indica leaf extract contains many 

phytochemicals like flavonoids, terpenoids, gallic acid and 

other polyphenols. Due to the alkaline condition (pH 8, as 

shown in Fig. 1), the hydroxyl groups of these 

phytochemicals play an important role in the reduction of 

silver ions into silver nanoparticles. The probable formation 

mechanism of silver nanoparticles is illustrated here for 

gallic acids, as demonstrated in Fig. 1. Gallic acids are an 

excellent free radical scavenger [28], hence it has tendency 

to release electrons through resonance. During the electron 

transfer process, an unstable complex medium is formed due 

to the electrostatic interaction [29] between silver ions and 

the –OH groups of the phytochemicals. This unstable 

medium quickly turns into quinoid structure due to the 

oxidation reaction and leads the reduction of silver ions into 
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silver atoms (nuclei) [30]. This subsequent oxidation and 

reduction process is known as the nucleation stage. After the 

nucleation stage, the silver atoms (nuclei) act as a template 

for crystal growth which finally turns into specific sizes and 

shapes of nanoparticles (spherical, nanorods, nanowires, 

etc.) [29]. The quinoid structure attaches to the silver 

nanoparticles’ surface to protect the nanoparticles from 

further aggregation.  

 

Fig. 1 Overall procedure of preparing A.I-AgNPs with 

mechanism. 

 

3.2 UV-visible Spectrophotometer test 

         The addition of the plant extract into the silver nitrate 

solution caused the color change of the reaction mixture from 

pale yellow to brown to deep brown after 5 minutes, 30 

minutes, and 90 minutes, respectively, as shown in figure 

2(A). The color change of the reaction mixture happened due 

to the localized surface plasmon resonance characteristics 

(LSPR) of silver nanoparticles, which is the consequence of 

conduction electrons oscillation [31]. LSPR of silver 

nanoparticles absorbs and scatters the electromagnetic wave 

in the visible range [32]. That’s why the color change of bio-

mediated AgNPs was noticed. This color change is the visual 

confirmation of Ag+ ions reduction into silver nanoparticles 

[33]. 

The surface plasmon resonance characteristic (optical 

property) of AgNPs is confirmed by the UV-vis test. In Fig. 

2(B), silver nitrate doesn’t show any peak, whereas plant 

extract shows the peak at 265 and 320nm, which was induced 

due to the π → π* transition of the benzoyl ring from neem 

leaf extract [34] confirming the polyphenolic compounds in 

the neem leaf extract. The synthesized silver nanoparticles 

showed a peak at 460nm that confirmed the successful 

preparation of silver nanoparticles. Similarly, Samari et al. 

observed the plant extract’s wavelength at 282nm and 

322nm due to the π → π* transition [35], Murthy et al. [36], 

and Ali and Abdallah [37] observed the wavelength of silver 

nanoparticles at 450 nm and 461 nm respectively.  

 

 

 
Fig. 2 (a) Color change of the reaction mixture after 5 min, 

30 min and 90 min; (b) UV-vis test of AgNO3, Plant 

extract and A.I-AgNPs. 

 

3.3 FE-SEM and EDX analysis 

        The size, shape, and surface morphology of the bio-

mediated AgNPs were analyzed by the Field emission 

scanning electron microscope, as shown in Fig. 3(A) and (B). 

From Fig. 3(B) of the SEM analysis, the AgNPs size was 

found from 45nm to 111nm (an average of 83nm). The 

micrograph analysis showed most of the particles are 

spherical in shape and elongated in some places, as shown in 

Fig. 3(B). The micrograph also showed agglomeration of 

silver nanoparticles at some places. This agglomeration can 

be attributed to the Ostwald’s ripening theory. According to 

this theory, higher surface energy of smaller particles enables 

the movement to the larger particles having lower surface 

energy that leads to the crystal growth of nanoparticles [38]. 

For this reason, aggregation and increase of silver 

nanoparticles happened. However, silver nanoparticles 

showed clear boundary of nanoparticles in the aggregated 

areas that ensured the presence of biomolecules on the 

nanoparticles’ surface as a stabilizing agent [39].  

The chemical composition of bio-mediated silver 

nanoparticles was confirmed by EDX analysis, as 

demonstrated in Fig. 3(c). Due to the surface plasmon 

resonance characteristics, silver nanoparticles display optical 

properties in the 2-3.4 keV range [38, 40]. In this experiment, 

the prepared silver nanoparticles showed the elemental silver 

signal at about 3keV which strongly proved the presence of 

silver. Other peaks of carbon and oxygen confirmed the 

presence of biomolecules on the surface of the silver 

nanoparticles. The peak of Au appeared due to the gold tape 

of the SEM machine. 
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Fig. 3 (a) FE-SEM analysis of A.I-AgNPs with 40KX 

magnification; (b) A.I-AgNPs size analysis by FE-SEM 

with 75KX magnification; (c) EDX analysis. 

 

3.4 FTIR analysis:  

       The obtained FTIR peaks of green synthesized silver 

nanoparticles are shown in Fig. 4. The FTIR spectroscopic 

analysis was conducted to confirm the presence of possible 

functional groups of the biomolecules in neem leaf extract. 

The functional groups of the biomolecules are mainly 

responsible for reducing the silver ions into silver 

nanoparticles. The obtained peak of our prepared silver 

nanoparticles was noticed:  

➢ 3382 cm-1 can be assigned to –OH or N-H 

functional groups. 

➢ 2850 cm-1 is observed from the presence of C-H 

bond of aromatic compound. 

➢ 2360 cm-1 indicates the possible presence of C≡N 

and C≡C bonds.  

➢ 1620 cm-1 can be attributed to alkenyl C=C 

aromatic ring or the C=O linkage in aldehydes. 

➢ 1405 cm-1 corresponds to C-N vibration and O-H 

bending modes.  

➢ 1080 cm-1 corresponds to C-H alkene and C-O 

stretching ether linkage.  

➢ 616 cm-1 corresponds to represents the halo 

compound of C-Br and C-I respectively. 

These observed peaks of functional groups mostly come 

from the polyphenolic groups such as flavonoid, terpenoids, 

gallic acids, alkaloids etc. that are present in the neem leaf 

extract. The obtained results are in good agreement with the 

literatures [40, 12]. From FTIR analysis, it can be concluded 

that the phytochemicals of Azadirachta Indica leaf extract 

participated in reduction and capping process.  

 

 
Fig. 4 FTIR analysis of A.I-AgNPs. 

 

4. Conclusion  

In this work, we presented a simple, rapid, and one pot 

green synthesis of silver nanoparticles from Azadirachta 

Indica (Neem) leaf extract. As neem leaf extract was used in 

the synthesis process, no chemicals were used for the 

reduction of silver ions. Therefore, the presented synthesis 

work is 100% environment friendly, cost effective, and 

energy efficient. During the synthesis process, color change 

of the reaction mixture was observed that is the visual 

confirmation of silver nanoparticles formation, which is 

further confirmed by UV-visible spectrophotometer. The 

FTIR analysis confirmed the presence of biomolecules on 

silver nanoparticles surface, which ensured that the reduction 

process was completed by the neem extract’s biomolecules. 

SEM image confirmed the average size of 83.3 nm of silver 

nanoparticles. EDS analysis ensured the presence of 

elemental silver. The successful preparation of silver 

nanoparticles with the synthesis parameters ensured the 

further applications of A.I-AgNPs. 

 

References 

[1] Moteriya, P., Chanda, S., Green Synthesis of Silver 

Nanoparticles from Caesalpinia pulcherrima Leaf 

Extract and Evaluation of Their Antimicrobial , 

Cytotoxic and Genotoxic Potential ( 3-in-1 System ), 

Journal of Inorganic and Organometallic Polymers 

and Materials, Vol. 30, pp. 3920–3932, 2020.  

[2] Mandal, A., Ray Banerjee, E., Introduction to 

Nanoscience, Nanotechnology and Nanoparticles, E. 

Ray Banerjee (Ed.), Nanomaterials and 

Biomedicine, Springer Singapore, Singapore, 1–39. 

2020 

[3] Madkour, L. H., Introduction to Nanotechnology 

(NT) and Nanomaterials (NMs), Advanced 

Structured Materials, Vol. 116, pp. 1–47, 2019 

[4] Dong, X. Y., Gao, Z. W., Yang, K. F., Zhang, W. Q., 

Xu, L. W., Nanosilver as a new generation of silver 

catalysts in organic transformations for efficient 

synthesis of fine chemicals, Catalysis Science and 

Technology, Vol. 5, pp. 2554–2574, 2015 

[5] Yousaf, H., Mehmood, A., Ahmad, K. S., Raffi, M., 

Green synthesis of silver nanoparticles and their 

applications as an alternative antibacterial and 

antioxidant agents, Materials Science and 

Engineering: C, Vol. 112, pp. 110901, 2020 



T. K. Paul, et al /SCSE Vol. 2, 2025, pp 25-30 

29 

 

[6] Ahmed, T., Ogulata, R. T., A Review on Silver 

Nanoparticles -green Synthesis, Antimicrobial 

Action and Application in Textiles, Journal of 

Natural Fibers, pp.1–22, 2021 

[7] Hasan, M., Ullah, I., Zulfiqar, H., Naeem, K., Iqbal, 

A., Gul, H., Ashfaq, M., Mahmood, N., Biological 

entities as chemical reactors for synthesis of 

nanomaterials: Progress, challenges and future 

perspective, Materials Today Chemistry, Vol. 8, pp. 

13–28, 2018 

[8] Rafique, M. S., Sadaf, I., Rafique, M. S., Tahir, M. 

B., A review on green synthesis of silver 

nanoparticles and their applications, Artificial Cells, 

Nanomedicine and Biotechnology, Vol. 45, pp. 

1272–1291,2016.  

[9] Umar, Z., Bello, U. R., Mathur, A., Tailor, G., 

Chaudhary, J., Singh, S., Modulation of Biofilm with 

synthesized silver nanoparticles from Azadirachta 

indica, Current Research in Green and Sustainable 

Chemistry, Vol. 4, 2021.  

[10] Kumar, S., Basumatary, I. B., Sudhani, H. P. K., 

Bajpai, V. K., Chen, L., Shukla, S., Mukherjee, A. , 

Plant extract mediated silver nanoparticles and their 

applications as antimicrobials and in sustainable 

food packaging: A state-of-the-art review, Trends in 

Food Science & Technology, Vol. 112,pp. 651–666, 

2021 

[11] Logaranjan, K., Raiza, A. J., Gopinath, S. C. B., 

Chen, Y., Pandian, K. , Shape- and Size-Controlled 

Synthesis of Silver Nanoparticles Using Aloe vera 

Plant Extract and Their Antimicrobial Activity, 

Nanoscale Research Letters, 2016 

[12] Manik, U. P. P., Nande, A., Raut, S., Dhoble, S. J. J., 

Green synthesis of silver nanoparticles using plant 

leaf extraction of Artocarpus heterophylus and 

Azadirachta indica, Results in Materials, Vol. 6, pp. 

100086, 2020 

[13] Seifipour, R., Nozari, M., Pishkar, L., Green 

Synthesis of Silver Nanoparticles using Tragopogon 

Collinus Leaf Extract and Study of Their 

Antibacterial Effects, Journal of Inorganic and 

Organometallic Polymers and Materials, Vol. 

30,pp. 2926–2936, 2020. 

[14] Kumar, V., Bano, D., Mohan, S., Singh, D. K., 

Hasan, S. H., Sunlight-induced green synthesis of 

silver nanoparticles using aqueous leaf extract of 

Polyalthia longifolia and its antioxidant activity, 

Materials Letters, Vol. 181, pp. 371–377, 2016 

[15] Anandalakshmi, K., Venugobal, J., Ramasamy, V., 

Characterization of silver nanoparticles by green 

synthesis method using Pedalium murex leaf extract 

and their antibacterial activity, Applied Nanoscience, 

Vol. 6, pp. 399–408, 2016 

 [16] Costa, J. J., Hosseinzadeh, H., Saha, D. K., Mahmud, 

S. U. Al, Uddin, B. M. M., Ratan, Z. A., Green 

Synthesis of Silver Nanoparticles using Citrus 

aurantifolia (Bangladeshi Lemon Leaf) Extract and 

Its Antibacterial Activity, 2021 IEEE International 

Biomedical Instrumentation and Technology 

Conference (IBITeC), IEEE, pp. 29–32, 2021 

[17] El-Seedi, H. R., El-Shabasy, R. M., Khalifa, S. A. 

M., Saeed, A., Shah, A., Shah, R., Iftikhar, F. J., 

Abdel-Daim, M. M., Omri, A., Hajrahand, N. H., 

Sabir, J. S. M., Zou, X., Halabi, M. F., Sarhan, W., 

Guo, W., Metal nanoparticles fabricated by green 

chemistry using natural extracts: biosynthesis, 

mechanisms, and applications, RSC Advances, Vol. 

9, pp. 24539–24559, 2019 

[18] Akintelu, S. A., Olugbeko, S. C., Folorunso, A. S., 

Oyebamiji, A. K., Folorunso, F. A., Potentials of 

phytosynthesized silver nanoparticles in biomedical 

fields: a review, International Nano Letters, Vol. 11, 

pp. 273–293, 2021 

[19] Gupta, S. C., Prasad, S., Tyagi, A. K., 

Kunnumakkara, A. B., Aggarwal, B. B., Neem 

(Azadirachta indica): An indian traditional panacea 

with modern molecular basis, Phytomedicine, Vol. 

34, pp.14–20, 2017. 

[20] Islas, J. F., Acosta, E., G-Buentello, Z., Delgado-

Gallegos, J. L., Moreno-Treviño, M. G., Escalante, 

B., Moreno-Cuevas, J. E., An overview of Neem 

(Azadirachta indica) and its potential impact on 

health, Journal of Functional Foods, Vol. 74, 

pp.104171, 2020 

[21] Liu, H., Zhang, H., Wang, J., Wei, J., Effect of 

temperature on the size of biosynthesized silver 

nanoparticle: Deep insight into microscopic kinetics 

analysis, Arabian Journal of Chemistry, Vol. 13,pp. 

1011–1019, 2020 

[22] Gull, A., Bhat, N., Wani, S. M., Masoodi, F. A., 

Amin, T., Ganai, S. A., Shelf life extension of apricot 

fruit by application of nanochitosan emulsion 

coatings containing pomegranate peel extract, Food 

Chemistry, Vol. 349, 2021. 

[23] Dhar, S. A.; Chowdhury, R. A.; Das, S.; Nahian, M. 

K.; Islam, D.; Gafur, M. A. (2021). Plant-mediated 

green synthesis and characterization of silver 

nanoparticles using Phyllanthus emblica fruit 

extract, Materials Today: Proceedings, Vol. 42, 

1867–1871. doi:10.1016/j.matpr.2020.12.222 

[24] Pilaquinga, F., Amaguaña, D., Morey, J., Moncada-

Basualto, M., Pozo-Martínez, J., Olea-Azar, C., 

Fernández, L., Espinoza-Montero, P., Jara-Negrete, 

E., Meneses, L., López, F., Debut, A., Piña, N., 

Synthesis of Silver Nanoparticles Using Aqueous 

Leaf Extract of Mimosa albida (Mimosoideae): 

Characterization and Antioxidant Activity, 

Materials, Vol. 13, pp. 503,2020. 

[25] Perveen, R., Shujaat, S., Naz, M., Qureshi, M. Z., 

Nawaz, S., Shahzad, K., Ikram, M., Green synthesis 

of antimicrobial silver nanoparticles with 

Brassicaceae seeds, Materials Research Express, 

Vol. 8, pp. 055007, 2021 

[26] Nguyen, V. P., Le Trung, H., Nguyen, T. H., Hoang, 

D., Tran, T. H., Synthesis of Biogenic Silver 

Nanoparticles with Eco-Friendly Processes Using 

Ganoderma lucidum Extract and Evaluation of Their 

Theranostic Applications, Journal of 

Nanomaterials, Vol. 2021, pp. 1–11, 2021 

[27] Mehata, M. S., Green route synthesis of silver 

nanoparticles using plants/ginger extracts with 

enhanced surface plasmon resonance and 

degradation of textile dye, Materials Science and 

Engineering B: Solid-State Materials for Advanced 

Technology, Vol. 273,pp. 115418, 2021 

[28] Sandhir, R., Khurana, M., Singhal, N. K.,  Potential 

benefits of phytochemicals from Azadirachta indica 

against neurological disorders, Neurochemistry 



T. K. Paul, et al /SCSE Vol. 2, 2025, pp 25-30 

30 

 

International, Vol. 146, pp. 105023, 2021 

 [29] Rajeshkumar, S., Bharath, L. V., Mechanism of 

plant-mediated synthesis of silver nanoparticles – A 

review on biomolecules involved, characterisation 

and antibacterial activity, Chemico-Biological 

Interactions, Vol. 273, pp. 219–227,2017. 

[30] Alahmad, A., Feldhoff, A., Bigall, N. C., Rusch, P., 

Scheper, T., Walter, J.-G., Hypericum perforatum 

L.-Mediated Green Synthesis of Silver 

Nanoparticles Exhibiting Antioxidant and 

Anticancer Activities, Nanomaterials, Vol. 11, pp. 

487, 2021 

 [31] Jana, J., Ganguly, M., Pal, T., Enlightening surface 

plasmon resonance effect of metal nanoparticles for 

practical spectroscopic application, RSC Advances, 

Vol. 6,pp. 86174–86211, 2016 

[32] Ider, M., Abderrafi, K., Eddahbi, A., Ouaskit, S., 

Kassiba, A., Silver Metallic Nanoparticles with 

Surface Plasmon Resonance: Synthesis and 

Characterizations, Journal of Cluster Science, Vol. 

28, pp. 1051–1069, 2017 

 [33] Velmurugan, P., Hong, S. C., Aravinthan, A., Jang, 

S. H., Yi, P. I., Song, Y. C., Jung, E. S., Park, J. S., 

Sivakumar, S., Comparison of the Physical 

Characteristics of Green-Synthesized and 

Commercial Silver Nanoparticles: Evaluation of 

Antimicrobial and Cytotoxic Effects, Arabian 

Journal for Science and Engineering, Vol. 42, pp. 

201–208, 2017. 

[34] Veisi, H., Azizi, S., Mohammadi, P., Green synthesis 

of the silver nanoparticles mediated by Thymbra 

spicata extract and its application as a heterogeneous 

and recyclable nanocatalyst for catalytic reduction of 

a variety of dyes in water, Journal of Cleaner 

Production, Vol. 170, pp. 1536–1543, 2018 

[35] Samari, F., Parkhari, P., Eftekhar, E., Mohseni, F., 

Yousefinejad, S., Antioxidant, cytotoxic and 

catalytic degradation efficiency of controllable 

phyto-synthesised silver nanoparticles with high 

stability using Cordia myxa extract, Journal of 

Experimental Nanoscience, Vol. 14, pp. 141–159, 

2019 

 [36] Murthy, H. C. A., Desalegn Zeleke, T., Ravikumar, 

C. R., Anil Kumar, M. R., Nagaswarupa, H. P., 

Electrochemical properties of biogenic silver 

nanoparticles synthesized using Hagenia abyssinica 

(Brace) JF. Gmel. medicinal plant leaf extract, 

Materials Research Express, Vol. 7, No. 5, 055016., 

2020 

[37] Ali, E. M., Abdallah, B. M., Effective inhibition of 

candidiasis using an eco-friendly leaf extract of 

calotropis-gigantean-mediated silver nanoparticles, 

Nanomaterials, Vol. 10, No. 3, pp. 1–16, 2020 

[38] Gommes, C. J., Ostwald ripening of confined 

nanoparticles: chemomechanical coupling in 

nanopores, Nanoscale, Vol. 11, No. 15, pp. 7386–

7393, 2019.  

[39] Hamedi, S., Shojaosadati, S. A., Rapid and green 

synthesis of silver nanoparticles using Diospyros 

lotus extract: Evaluation of their biological and 

catalytic activities, Polyhedron, Vol. 171, pp. 172–

180, 2019. 

[40] Jebril, S., Khanfir Ben Jenana, R., Dridi, C., Green 

synthesis of silver nanoparticles using Melia 

azedarach leaf extract and their antifungal activities: 

In vitro and in vivo, Materials Chemistry and 

Physics, Vol. 248, pp. 122898, 2020. 

 

 

 

 

 

 


