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Abstract  

Plant-mediated synthesis of nanomaterial has been increasingly gaining popularity due to its eco - f riendly nature and 

cost-effectiveness. In the present study, we synthesized silver (Ag) nanoparticles using aqueous extracts of f resh leaves of  

Ficus carica medicinal plants as bio-reducing agents. Because of the emergence of antibiotic resistance bacteria, our 

health sector is facing many problems. To overcome these problems, we have tried to synthesize silver nanoparticles 

fromthe  Ficus carica plant due to its antioxidant, anti-inflammatory  and antimicrobial properties. This method allowed 

the synthesis of  nanoparticles, which  was confirmed by XRD, ultrav iolet -visible (UV-Vis) spectrophotometry, SEM and 

FTIR. UV-Vis spectra and visual observation showed that the color of the fresh leaf extracts turned into gray ish brown 

and brownish yellow, yellow respectively, after treatment with Ag precursors. Moreover, aqueous leaf extracts were 

separately tested for their antimicrobial activ ity against Gram-positive S.aureus and Gram-negative Klebsiella bacteria. 

The results showed that the bacterial growth was inhibited by  the extracts containing Ag nanoparticles. Statistical  

calculation performed using the test showed that zones of inhibition for the two bacteria produced by  the aqueous leaf  

extracts of Ficus carica containing 1mM Ag. There were significant zones of  inhibition when using  extracts of leaves 

containing  1mM Ag precursors. It was shown that the aqueous extracts of f resh  Ficus carica leaves containing  Ag 

nanoparticles inhibited bacterial growth. In future, we will check the synerg istic effect of AgNPs, plant extract and 

antibiotics.  

Keywords: Eco-friendly, Ficus carica, FTIR, MDR pathogens, SEM, XRD 

INTRODUCTION  

                      The Infectious Diseases Society of America has highlighted ESKAPE pathogens, a group of 

microorganisms that can escape antibiotic treatment. These pathogens are a  major cause of hospital 

infections. This category, which also comprises Acinetobacter baumannii, Enterococcus fecium, Pseudomonas 

aeruginosa, and Enterobacter species, includes Staphylococcus aureus and Klebsiella pneumoniae (1). The 

persistent rise in bacteria that are resistant to current medicines is a severe issue that raises mortality rates 

and considerably contributes to treatment failure for infections. To get rid of these resistant bacterial strains, 

new antibacterial agents or chemicals that prevent resistance pathways must be developed immediately (2). 

Biological agents act as reducers, stabilizers, or both in the process of forming nanoparticles. Secondary 

metabolites serve as stabilizing agents, which aid in the environmentally friendly production of AgNPs. 

Silver ions are changed into AgNPs by flavonoids, which also regulate their size. Tannins are crucial for the 

stability of AgNPs. By making bacterial strains' membranes more permeable, polyphenols boost AgNPs 

antibacterial effectiveness (3). 

The present study synthesized AgNPs using aqueous extracts of fresh leaves of Ficus carica and then 

evaluated its antimicrobial activity, particularly against the growth of S.aureus and Klebsiella bacteria. 

Nanotechnology has aided tremendous progress in material science, allowing for the creation of novel 
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goods by manipulating matter at the nanoscale. Novel nanomaterial production strategies are still being 

investigated due to limitations associated with traditional physico-chemical synthesis protocols (4, 5). 

Biological manufacturing of nanoparticles utilizing plant extract has been deemed the most environmentally 

friendly, efficient, and cost-effective of these procedures. The nanoscale material has new, unique, and 

superior physical and chemical properties compared to its bulk structure, due to an increase in the ratio of 

the surface area per volume of the material/particle. The most widely studied nanoparticle materials are 

metal nanoparticles because they are easier to synthesize (6, 7). Moreover, these materials have a wide range 

of applications: detectors, catalysts, surface coating agents, and antibacterial/antimicrobials, among many 

others. Some of the most studied metallic nanoparticles include silver (Ag), Iron (Fe), gold (Au), platinum 

(Pt), and palladium (Pd) (8, 9 ). 

AgNPs is an interesting metal to be studied, especially in the field of health and medicine. Ag is a  

strong antibacterial and also toxic to cells. Ag has the ability to damage bacterial cell walls, inhibits bacterial 

cell growth, and disrupts cell metabolism because of the interaction between Ag ions with macromolecules 

in cells, such as proteins and deoxyribonucleic acid (DNA). The Ag ion that interacts with the cell prevents 

protein synthesis, further decreases the membrane permeability, and eventually leads to cell death (10, 11). 

The AgNPs are chemically more reactive than Ag in their bulk. Therefore, AgNPs are indicated to have 

stronger antibacterial capabilities AgNPs is an interesting metal to be studied, especially in the field of 

health and medicine (12, 13).  

Green synthesis methods for synthesizing nanoparticles using natural products can be used to 

address the problem by utilizing plants or microorganisms. The utilization of plants in the biosynthesis of 

nanoparticles involves the content of secondary metabolites as reducing agents (14, 15). The biosynthesis of 

AgNPs has been carried out by utilizing a number of plants and evaluating the antimicrobial activity, such 

as water extracts from Ficus carica. The aqueous extract of Ficus carica was obtained from the leaves which 

were first dried for further analysis of its antimicrobial activity. The aqueous extract of fresh leaf sample to 

synthesize AgNPs is important to be investigated mainly because it can be used in  medicine. Liquids  that 

use water solvents are much safer for health and the environment than using chemical solvents. Therefore, 

in this study, we used water as a solvent in medicinal plant extracts (16, 17).  In  some research, plant extracts 

and antibiotics are used in combination for better results. In future we check the synergistic effect of AgNPs 

plant extract and antibiotics (18). 

MATERIALS AND METHODS 

EXTRACT PREPARATION 

 Fresh leaves of Ficus carica  were collected from MNSUAM. A 10 g sample of leaves was 

thoroughly washed with distilled water to remove dust and surface contaminants, and then dried using 

tissue paper. The cleaned leaves were crushed and mixed with 100 mL of distilled water in a beaker . The 

mixture was boiled at 100 °C for 1 hour and allowed to cool at room temperature. The extract was then 

filtered through Whatman filter paper to remove solid residues, and the filtrate was stored in a 

refrigerator at 4 °C for future use (Fig. 1a-e).  

Table I.  Materials and reagents used in the experimentations 

Sr. No Reagent Concentration 

1 Beef Extract 0.075 g/25 mL 

2 Peptone 0.125 g/25 mL 

3 AgNO3 0.017 g/ 100 mL 

4 MHA 3 g 

5 Plant Ficus Carica (20 g) 

6 Bacterial Strains 
S.aureus and Klebsiella 

MEDIA PREPARATION 

 Muller Hinton agar was prepared by dissolving 6 g of the medium in 200 mL of distilled water, 

followed by sterilization through autoclaving. Sterile agar plates were then prepared aseptically. For 

bacterial broth preparation, 0.075 g of beef extract and 0.125 g of peptone were dissolved in 25 mL of 
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distilled water. Aliquots of 5 mL were dispensed into individual test tubes, which were subsequently 

autoclaved for sterilization. The tubes were inoculated with the selected bacterial strains  and incubated at 37 

°C for 24 hours (Fig. 1 c & d). 

NANOPARTICLE PREPARATION 

CENTRIFUGATION METHOD 

 A 1 mM solution of silver nitrate (AgNO₃) was prepared in distilled water. To this solution, 3 mL of 

Ficus carica leaf extract was added to 22 mL of silver nitrate in a sterile Falcon tube. The mixture was 

incubated in the dark for 15 minutes to facilitate nanoparticle formation. After incubation, the solution was 

mixed thoroughly and centrifuged at 1000 rpm for 15 minutes. The supernatant was carefully discarded, 

and the resulting pellet was dissolved in injection-grade water for further use (Fig. 1f). 

ANTIBACTERIAL ACTIVITY 

            Bacterial broth cultures were aseptically spread onto labeled Muller Hinton agar plates using a sterile 

spreader. Wells were prepared on two agar plates with the aid of a  sterile Pasteur pipette. Each well was 

filled with 100 µL of the prepared plant extract. For comparison, antibiotic discs were placed on two 

separate Muller Hinton agar plates as positive controls. All plates were incubated at 37 °C for 24 hours, after 

which the zones of inhibition were observed and recorded (Fig. 1g-j). 
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(i)    well diffusion assay 

      

                  (j)   Disc diffusion assay 

Fig. 1.  Brief overview of AgNPs synthesis and its antibacterial activity against K. pneumoniae and S. aureus 

Table II. Antibiotic susceptibility pattern 

Organisms AMP TET CIP GEN AMK AZM LVX DOX 

Klebsiella 

Staph aureus 

R 

R 

R 

R 

R 

R 

R 

R 
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R 

R 
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Table III.  Zones of inhibition diameters (cm) for 40 µL of AgNPs against bacteria 

Test Organism Sr. No 

 

Zone of inhibition (cm) 

Well Diffusion Disk Diffusion 

 

S. aureus 

1 1.9 0 

2 2 0 

3 1.8 0 

Average  1.9 0 

 

K. pneumoniae  

1 1.3 0 

2 1.4 0 

3 1.2 0 

Average  1.3 0 

 AgNPs concentration Zone of inhibition (cm) Antibacterial activity result 

S. aureus 40 µL 1.8 - 2.0 Strong Inhibition 

K. pneumoniae 40 µL 1.2 - 1. 4 Moderate Inhibition 

RESULTS 

             The present study revealed that the tested leaf extracts of Ficus carica showed antibacterial 

activity against two bacterial strains: Gram-negative Klebsiella and Gram-positive S.aureus. Aqueous 

extracts of Ficus carica containing AgNPs showed antibacterial activity against antibiotic resistant 

bacteria. The results of antibiotic susceptibility test indicated that the bacterial isolates showed 

multidrug resistant pattern. The zone of inhibition was greater for concentrated dilution of silver 

nanoparticles. Using 100 µL of Ficus Carica AgNPs extract resulted in a larger zone of inhibition 

measuring 2 cm against S.aureus and 1.4 cm against Klebsiella in the well diffusion assay.  In  comparison 

with the disc diffusion results, there was no zone of inhibition observed against the bacteria. However, 

AgNPs showed better results against  MDR bacterial strains.  

X-RAY DIFFRACTION 

                    X-ray diffraction is a potent method for characterizing nanoparticles that can provide details 

about their crystal structure, crystalline phases, and crystallographic characteristics. It is used to distinguish 

phases, ascertain the crystal structure, and calculate the size of the crystallites in nanoparticles. Based on the 

XRD graph, the characterization of Ficus Carica  AgNPs  reveals important details regarding their 

characteristics. The strongest peak in the XRD is located at 110 on the y-axis and 35 on the x-axis. This peak 

can be used to calculate the average particle size of the nanoparticles. XRD data confirms that the crystalline 

structure of AgNPs have average size of 55 nm (Fig. 2). 

 

 

Fig. 2. X-ray Diffraction Patterns of Ficus Carica AgNPs 

0 

20 

40 

60 

80 

100 

120 

0 20 40 60 80 100 

Zahid pc
Typewritten text
422



 
Pak Euro Journal of Medical and Life Sciences. Vol. 8 No. 2 

 

 

Copyright © 2025 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

UV-VIS SPECTROPHOTOMETRY 

 The absorption spectra of Ficus carica AgNPs solution were analyzed for the UV -Vis 

spectrophotometry in the wavelength range of 200-800 nm. After 1 day, the UV-Vis spectrum of the 

nanoparticle solution was measured. Using UV-Vis spectrum, the optical characteristics of biosynthesized 

Ficus Carica Ag NPs were examined. UV-Vis spectrum shows a prominent absorption band at the 

wavelength of 400 nm. The absorbance values are quite low 800 nm showing that the nanoparticles have 

little absorption in the near-infrared range. The UV- Vis spectrum of Ficus Carica AgNPs was 2.7 at 400 nm 

(Fig. 3a).  

SCANNING ELECTRON MICROSCOPY 

               Scanning Electron Microscopy (SEM) is a technique used to obtain high -resolution images of the 

surface of a sample. We can see that particles are held together due to weak physical forces. The AgNPs 

displayed a variety of nano sizes and irregular forms, ranging from spherical to hexagonal and elongated 

structures, according to the SEM pictures. The nanoparticle surfaces seemed to be mostly smooth, with just 

irregular surface characteristics and aggregation (Fig. 3b). 

  

Fig. 3 (a). UV-Vis spectrum of Ficus Carica AgNPs;                (b). SEM images of AgNPs biosynthesized by Ficus carica 

FOURIER TRANSFORM INFRARED SPECTROSCOPY 

             FTIR analysis plays a crucial role in the analysis of various materials and compounds. FTIR 

spectroscopy is a powerful characterization method for the investigation of interactions between plant 

extract and AgNPs. Functional groups were identified by FTIR spectroscopy that is responsible for the 

reduction process. The IR bands of leaf extract of Ficus carica were identified 3269.62 cm -1 for O-H group, 

1636.62 cm-1 were identified for C=O,958.41 cm -1 identified for C=C, 906.80 cm -1 and 648.04 cm-1 were 

identified for C-Cl (Fig. 4). 

 
                                                           Fig. 4. FTIR spectrum of Ficus carica leaf extract 
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DISCUSSION 

               Antibiotic-resistant bacteria are a major problem in healthcare today. To overcome these 

problems, we have tried to synthesize AgNPs from Ficus carica plant due to its antioxidant, anti-

inflammatory and antimicrobial properties (19). Antibacterial activity was shown by an inhibition zone 

which was characterized by a clear zone between the wells (containing samples) and a certain distance. 

Formation of inhibition zones around the wells shows bacterial sensitivity to antibacterial ingredients. It was 

clear that the Ficus Carica extracts containing AgNPs that had the antibacterial activity. Biosynthesized 

AgNPs were analyzed for their antimicrobial activity against Klebsiella and S.aureus by well diffusion 

method. It was observed that microbial growth of Klebsiella and S.aureus  was dependent on AgNPs 

concentration to some extent. 

 According to earlier research, AgNPs are chemically produced that is hazardous to the 

environment. In this study, we created NPs using environmentally beneficial Ficus carica, which inhibits the 

growth of bacteria. The zone of inhibition ranged from 1.8 to 2 cm for S.aureus and 1.2 to 1.4 cm for 

Klebsiella. These results indicated that the AgNPs synthesized using mixture of extract have stronger activity 

than standard antibiotics (20). AgNPs were synthesized from silver nitrate solution using Ficus carica leaf 

extract. AgNPs were prepared and characterized by color change from greenish to brownish black. The 

prepared AgNPs were characterized by XRD, UV- Vis spectrophotometry, SEM and FTIR analysis (21, 22). 

The strongest peak in the XRD is located at 110 on the y-axis and 35 on the x-axis. This peak can be used to 

calculate the average particle size of the nanoparticles. XRD data confirms that the crystalline structure of 

AgNPs have average size of 55 nm (23, 24). 

The absorbance values are quite low 800 nm showing that the nanoparticles have little absorption in 

the near-infrared range. The UV-Vis spectrum of Ficus Carica  AgNPs was 2.7 at 400 nm (25, 26). Scanning 

Electron Microscopy (SEM) is a technique used to obtain high-resolution images of the surface of a sample. 

The AgNPs displayed a variety of nano sizes and irregular forms, ranging from spherical to hexagonal and 

elongated structures, according to the SEM pictures. The nanoparticles surfaces seemed to be mos tly 

smooth, with just irregular surface characteristics and aggregation (27, 28). Results of FTIR analysis were 

recorded in the range of 3500-100cm-1. Functional groups were identified by FTIR spectroscopy that is 

responsible for the reduction process. The IR bands of leaves extract of Ficus carica were identified 

3269.62cm-1 for O-H group, 1636.62cm-1 were identified for C=O,958.41cm -1 identified for C=C, 906.80cm -1 

and 648.04cm-1 were identified for C-Cl (29, 30). These bacterial isolates were further re-used in antimicrobial 

activity test of disc diffusion assay and well diffusion assay. The results of antibiotic susceptibility test 

indicated that the bacterial isolates showed multidrug resistant pattern. The results of well diffusion test 

indicated that the bacterial isolates show antibacterial activity against multidrug resistant pattern. In future 

we check the synergistic effect of AgNPs plant extract and antibiotics (31). 

Conflict of interest: 

The authors have no conflict of interest. 

Authors’ contribution: 

MN Conceptualization, experimental design; MBA Assisted in experimental work; SMSP Microbiological 

assays and data interpretation; SK Assisted in statistical analysis, literature review; SM Antibacterial assay, 

laboratory support, and data collection; SS Microbial culture preparation and handling; FB Manuscript 

drafting, figure/table preparation, proof editing; UQ methodology, referencing, formatting of the 

manuscript; MB plant collection, extract preparation, laboratory support; MU microbiology experiments, 

critical manuscript review. 

References: 

1. Mironova AV, Karimova AV, Bogachev MI, Kayumov AR, Trizna EY. Alterations in antibiotic 

susceptibility of Staphylococcus aureus and Klebsiella pneumoniae in dual species biofilms. 

International Journal of Molecular Sciences. 2023;24(10):8475. 

Zahid pc
Typewritten text
424



 
Pak Euro Journal of Medical and Life Sciences. Vol. 8 No. 2 

 

 

Copyright © 2025 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

2. Thuy DB, Campbell J, Thuy CT, Hoang NV, Voong Vinh P, Nguyen TN, Nguyen Ngoc Minh C, Pham 

DT, Rabaa MA, Lan NP, Hao NV. Colonization with Staphylococcus aureus and Klebsiella pneumoniae  

causes infections in a Vietnamese intensive care unit. Microbial Genomics. 2021;7(2):000514. 

3. Noor M, Bibi M, Shah SM, Saeed MT, Noor AR, Anjum A, Saeed S, Sharif H. Green synthesis of silver 

nanoparticles using morus alba extract and their antibacterial properties. Kashf Journal of 

Multidisciplinary Research. 2025;2(05):1-3. 

4. Habibullah G, Viktorova J, Ruml T. C urrent strategies for noble metal nanoparticle synthesis. 

Nanoscale Research Letters. 2021;16(1):47. 

5. Bamal D, Singh A, Chaudhary G, Kumar M, Singh M, Rani N, Mundlia P, Sehrawat AR. Silver 

nanoparticles biosynthesis, characterization, antimicrobial activities, applications, cytotoxicity and 

safety issues: An updated review. Nanomaterials. 2021;11(8):2086. 

6. Bamal D, Singh A, Chaudhary G, Kumar M, Singh M, Rani N, Mundlia P, Sehrawat AR. Silver 

nanoparticles biosynthesis, characterization, antimicrobial activities, applications, cytotoxicity and 

safety issues: An updated review. Nanomaterials. 2021;11(8):2086. 

7. Shahzad Shirazi M, Moridi Farimani M, Foroumadi A, Ghanemi K, Benaglia M, Makvandi P. 

Bioengineered synthesis of phytochemical-adorned green silver oxide (Ag2O) nanoparticles via 

Mentha pulegium and Ficus carica extracts with high antioxidant, antibacterial, and antifungal 

activities. Scientific Reports. 2022;12(1):21509. 

8. Devika C, Singhalage ID, Seneviratne G. Modification of nutrient agar medium to culture yet -

unculturable bacteria living in unsanitary landfills. Ceylon Journal of Science. 2021;50(4). 

9. Bao Y, He J, Song K, Guo J, Zhou X, Liu S. Plant‐extract‐mediated synthesis of metal nanoparticles. 

Journal of Chemistry. 2021;2021(1):6562687. 

10. Xu X, Cölfen H. Ultracentrifugation techniques for the ordering of nanopart icles. Nanomaterials. 

2021;11(2):333. 

11. Menichetti A, Mavridi-Printezi A, Mordini D, Montalti M. Effect of size, shape and surface 

functionalization on the antibacterial activity of silver nanoparticles. Journal of Functional Biomaterials. 

2023;14(5):244. 

12. Alharbi NS, Alsubhi NS, Felimban AI. Green synthesis of silver nanoparticles using medicinal plants: 

Characterization and application. Journal of Radiation Research and Applied Sciences. 20 22;15(3):109-

24. 

13. Pratiwi D. Biosynthesis and characterisation of silver nanoparticles utilising tin (Ficus carica) leaf 

extracts: A review. Journal of Material and Metamaterial Sciences. 2025;1(1):13-20. 

14. Al-Malki WF, Alharbi NS. Ficus Plant-Mediated Silver Nanoparticles: Synthesis, Optimization, 

Characterization, and Biomedical Applications. Journal of Pure & Applied Microbiology. 2025;19(1). 

15. Ohiduzzaman M, Khan MN, Khan KA, Paul B, Zilani MN, Hasan MN. Crystallographic structure, 

antibacterial effect, and catalytic activities of fig extract mediated silver nan oparticles. Heliyon. 

2024;10(11). 

16. Razak Darakli MA, Abou Hassan MA. Green Synthesis of Silver Nanoparticles Using Figs (Ficus carica 

L.) Leaves Extract Syrian. Nanosistemi, Nanomater iali, Nanotehnologii. 2024;22(2). 

17. Fayyaz Z, Farrukh MA, Ul‐Hamid A, Chong KK. Elucidating the structural, catalytic, and antibacterial 

traits of Ficus carica and Azadirachta indica leaf extract‐mediated synthesis of the Ag/CuO/rGO 

nanocomposite. Microscopy Research and Technique. 2024;87(5):957-76. 

18. Begum MY, Alhamhoom Y, Roy A. Study of antimicrobial and DNA cleavage property of 

biocompatible silver nanoparticles prepared by using Ficus carica L. Materials Research Innovations. 

2021;25(3):147-54. 

19. Khan AU, Hussain T, Abdullah, Khan MA, Almostafa MM, Younis NS, Yahya G. Antibacterial and 

antibiofilm activity of Ficus carica-mediated calcium oxide (CaONPs) phyto-nanoparticles. Molecules. 

2023;28(14):5553. 

20. Kumar B, Smita K, Galeas S, Guerrero VH, Debut A, Cumbal L. One-pot biosynthesis of maghemite (γ-

Fe 2 O 3) nanoparticles in aqueous extract of ficus carica fruit and their application for antioxidant and 

4-nitrophenol reduction. Waste and Biomass Valorization. 2021;12:3575-87. 

21. Denissen J, Reyneke B, Waso-Reyneke M, Havenga B, Barnard T, Khan S, Khan W. Prevalence of 

ESKAPE pathogens in the environment: Antibiotic resistance status, community -acquired infection and 

risk to human health. International journal of hygiene and environmental health. 2022;244:114006. 

22. Li T, Wang Z, Guo J, de la Fuente-Nunez C, Wang J, Han B, Tao H, Liu J, Wang X. Bacterial resistance 

to antibacterial agents: Mechanisms, control strategies, and implications for global health. Science of 

The Total Environment. 2023;860:160461. 

Zahid pc
Typewritten text
425



 
Pak Euro Journal of Medical and Life Sciences. Vol. 8 No. 2 

 

 

Copyright © 2025 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

23. Restrepo CV, Villa CC. Synthesis of silver nanoparticles, influence of capping agents, and dependence 

on size and shape: A review. Environmental Nanotechnology, Monitoring & Management. 

2021;15:100428. 

24. Malik S, Muhammad K, Waheed Y. Nanotechnology: a revolution in modern industry. Molecules. 

2023;28(2):661. 

25. Sahu MK, Yadav R, Tiwari SP. Recent advances in nanotechnology. International Journal of 

Nanomaterials, Nanotechnology and Nanomedicine. 2023;9(1):015-23. 

26. Mohammed N, Nawar SH, Etawy MS, Nassar GE, Hassabo AG. Nanotechnology and its applications 

in industry and product design. Journal of Textiles, Coloration and Polymer Science. 2024;21(2):273-84. 

27. Roszczenko P, Szewczyk OK, Czarnomysy R, Bielawski K, Bielawska A. Biosynthesized gold, silver, 

palladium, platinum, copper, and other transition metal nanoparticles. Pharmaceutics. 

2022;14(11):2286. 

28. Burlec AF, Corciova A, Boev M, Batir-Marin D, Mircea C, Cioanca O, Danila G, Danila M, Bucur AF, 

Hancianu M. Current overview of metal nanoparticles’ synthesis, characterization, and biomedical 

applications, with a focus on silver and gold nanoparticles. Pharmaceuticals. 2023;16(10):1410. 

29. Qin Z, Zheng Y, Wang Y, Du T, Li C, Wang X, Jiang H. Versatile roles of silver in Ag-based nanoalloys 

for antibacterial applications. Coordination Chemistry Reviews. 2021;449:214218. 

30. Caballero-Díaz E, Pfeiffer C, Kastl L, Rivera-Gil P, Simonet B, Valcárcel M, Jiménez-Lamana J, Laborda 

F, Parak WJ. The toxicity of silver nanoparticles depends on their uptake by cells and thus on their 

surface chemistry. InBio-Nano Interfaces. Jenny Stanford Publishing. 2024: 249-264.  

31. Montes-García V, Squillaci MA, Diez-Castellnou M, Ong QK, Stellacci F, Samori P. Chemical sensing 

with Au and Ag nanoparticles. Chemical Society Reviews. 2021;50(2):1269-304. 

 

Zahid pc
Typewritten text
426


