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Abstract: Nanoparticles are the tiny materials ranging from size 1 to 100 nm. Their higher surface-
area-to-volume ratio is a very important and unique property. These nanoscale materials find use in a 
variety of more different areas, such as electronic, magnetic and optoelectronic, biomedical, 
pharmaceutical, cosmetic, energy, environmental, catalytic, and materials applications. Green-synthesis 
of copper nanoparticles (CuNPs) using Calotropis gigantea leaf extract is reported in this study. Among 
all methods of synthesis plant based biological method of synthesizing nanoparticles is one of the rich 
sources due to their nontoxic, clean, cost-effective and environmentally friendly approach. Calotropis 
gigantea is a widely used plant in the traditional medical system. The plant extract having the ecofriendly 
polyphenol which acts as a reducing and a capping agent. The aim is to provide information about the 
innovation regarding synthesis of metal nanoparticles through plant mediation and their 
characterization techniques concerned. 
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I. INTRODUCTION 
Nowadays, nanoparticles are of scientific interest because they serve as a bridge between molecular structures and bulk 
volume materials. A bulk volume material should have constant physical property regardless of its size, but at the 
nanoscale, this is often not the case. [1] The nanoparticles have unexpected properties because of their small size, which 
confines their electrons and produces quantum effects. [2,3] The bulk material is compressed into tiny fragments by the 
top-down approach. There are various methods to synthesize metal nanoparticles, including sputtering, ball milling, 
radiation-induced synthesis, chemical synthesis, electrochemical synthesis, and green synthesis. [4] These metals have 
been known for their strong inhibitory effects on many biological and medicinal activities. Slightly acidic to neutral pH, 
in the range 5.5-7.0, yields the best productivity with smaller particle sizes. Increasing the reaction temperature to 80oC 
often speeds up nucleation and results in more uniform particles. [5] The chemical synthesis of metal nanoparticles using 
volatile and hazardous reagents requires high temperature and pressures, posing a risk to human exposure and 
environmental contamination. Heavy metals, including mercury, lead, and benzene, exposure can cause neurological 
damage, respiratory illness, cancer and other health issues. [6] 
The development of the “green” method of synthesizing metal particles by using plant extract has become a prime focus 
of research. This method of synthesis of nanoparticles is more preferable as it is a sustainable, productive, and 
environmental-friendly approach that bypasses toxicity. Some of the assured examples of metals showing potential 
activities for green method synthesizing nanoparticles are gold, selenium, platinum, and copper. [7,8] The plant extract 
involves leaves, stem, flowers, and root, having the eco-friendly polyphenol which acts as a reducing and capping agent. 
[9] The Calotropis gigantea which is usually known as crown flower, which are commonly occurs on wasteland. The 
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plant belongs to the family Apocynaceae which is grown widely throughout the tropical region of Asia and Africa. They 
are mostly found in wasteland. It has been used as a folk medicine in India for many years, and has been reported to have 
a variety of uses as effective in treating skin, circulatory, and neurological disorders. The Phyto active compounds present 
in the plant, such as Tannins and glycoside shows the potential abilities to fight against the toxic pathogen produce 
nanoparticles of multiple shapes and sizes by reducing metal ions, enabling nanoparticles synthesis. [10-12] 
The green synthesis of copper nanoparticles by treating with Calotropis gigantea leaf extract could have a significant 
consequence in nanotechnology and the medicine industry. [13] The phytochemicals present in leaf extract, which are 
authoritative for reducing the CuSO4, were confirmed using the colour change indication from bluish-green to brownish-
black after incubation. [14] The study focuses on the detailed characterization techniques, including UV-Vis 
Spectroscopy, X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FT-IR), Scanning Electron 
Microscopy (SEM), and Transmission Electron Microscopy (TEM) to confirm the formation of nanoparticles and their 
structural and morphological appearance. However, the study aims to investigate the synthesis of CuNPs by Calotropis 
gigantea leaf extract, which may result in the adsorption of fatal chemicals of the synthesized materials. [15] 

 
Fig 1: Conventional methods to synthesis nanoparticles. 

 
II. METHODOLOGY 

2.1Chemicals and reagents 
The chemical, including Copper (II) sulphate pentahydrate (CuSO4.5H2O), was used to synthesize copper nanoparticles. 
Develop a comprehensive protocol based on all the suitable conditions and focusing on both preventive and curative 
strategies for overcoming challenges posed by various factors (temperature, time of incubation, and contamination). 
 
2.2 Plant extract preparation 
The green leaves of the plant Calotropis gigantea were collected form the local region of Nagpur, Maharashtra, India. 
The leaves were properly washed multiple times under running tap water. After complete washing, the leaves were 
allowed to dry under shade conditions. After 15-20 days, the leaves were completely dried. The dried leaves were 
collected and crushed into small pieces, and the resulting material was further processed using an electric mixture grinder 
to obtain a uniform fine powder. The freshly prepared powder of the plant Calotropis gigantea leaf was stored in an air-
tight condition for further use. 
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To prepare the leaf extract, the freshly prepared Calotropis gigantea leaf powder was weighed exactly 20 g. 200 ml of 
distilled water was poured into a conical flask, and the leaf powder was added and stirred vigorously. By using an 
Electrical Magnetic Stirrer, the mixture was heated at 80°C for 30-35 minutes under continuous stirring conditions. After 
heating, the mixture was allowed to cool down at room temperature and was filtered using Whatman no. 1 filter paper. 
For better and clearer results, the solution was centrifuged at 1500 rpm for 12-15 minutes. The resultant Calotropis 
gigantea leaf extract was stored in the refrigerator at 4°C for further synthesis of CuNPs as a precursor solution. [4,16] 

 
 
2.3 Copper nanoparticles (CuNPs) synthesis preparation 
The process of synthesizing copper nanoparticles follows: 0.05M of Copper (II)sulphate pentahydrate (CuSO4.5H2O) 
solution was prepared by dissolving copper sulphate pentahydrate in 100 ml distilled water. The freshly prepared 
Calotropis gigantea leaves extract was added dropwise in a 1:1 ratio. The reaction solution was incubated for 24 hours 
at room temperature. After 24 hours, the change in colour of the reaction from dark green to brownish-black was observed, 
which indicates the formation of CuNPs. The mixture solution was further centrifuged at 9,000 rpm for 10-15 minutes. 
The obtained palette was repeatedly washed with distilled water and 70% ethanol. The obtained precipitate was carefully 
collected and allowed to dry using an electrical Hot Air Oven at 80°C overnight. The dried CuNPs powder was collected 
and scraped off. The CuNPs were stored in an air-tight condition. [17,18] 
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Fig 2.3: Plant-based synthesis of CuNPs using Calotropis gigantea leaf extract. 

 
2.4 Characterization of copper nanoparticles (CuNPs) 
To confirm the formation of copper nanoparticles (CuNPs), the formation was characterized by discolouration from dark 
green to brownish-black that occurred at the time of incubation. [19] The mixture of CuNPs reaction with Calotropis 
gigantea leaf extract was analyse by UV-Vis spectroscopy at 200-400 nm wavelength, and XRD was measured at 2-
Theta degree. The FT-IR was observed from 4000-500 cm-1 Wavenumber, SEM and TEM were used to analyse a 
detailed high-resolution image of the sample to understand their shape, size, morphological, and topological structure of 
the CuNPs. [20,21] 
 

III. RESULT AND DISCUSSION 
Several approaches have been attempted to obtain a better synthesis of CuNPs using a biological method. Synthesis of 
CuNPs by Calotropis gigantea leaf extract has provided a clear, nontoxic, and environmentally friendly approach. [22] 
Aqueous extract of Calotropis gigantea leaf extract as a reducing and capping agent with CuSO4 stock solution showed 
the colour reaction from dark green to brownish-black mixture solution after 24 hours of incubation. The change in colour 
indicates the formation of CuNPs. The control stock solution of CuSO4 showed no colour change as compared to CuSO4 

with Calotropis gigantea leaf extract. [23] 
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Fig 3: Comparative image of CuNPs synthesized using Calotropis gigantea leaf extract. The color change from green to 
brownish-black after incubation indicates the successful formation of CuNPs. 
 
Factors affecting green synthesis of CuNPs: 
Various limitations play a key role in identifying the characteristics of CuNPs synthesis, including temperature, 
incubation time, pH, and concentration of extract. It can affect the desired structure and morphology of CuNPs. Therefore, 
maintaining proper parameters could obtain unique properties of CuNPs synthesized by Calotropis gigantea leaf extract. 
[24] 
 
Temperature: The solution temperature was maintained to impact the property of CuNPs synthesized by Calotropis 
gigantea leaf extract. Generally, the plant-based synthesis is performed at ambient temperature below 100◦C. [25] The 
study suggested that mixture solution be maintained at room temperature for 24 hours, with increase in the temperature, 
the reaction mixture rate increases, reducing metal ions to form the nanoparticles, may form small size of copper 
nanoparticles. The size of CuNPs formed is an average size of 35 nm. With a change in temperature, the size of particles 
may vary. The report indicates the effect of temperature in the size of CuNPs synthesized by Calotropis gigantea leaf 
extract. [26] 
 
Incubation time: The green synthesis of CuNPs with respect to the time of incubation may undergo aggregation and 
affect the properties of CuNPs synthesized by Calotropis gigantea leaf extract. [27] By comparing fresh and aged CuNPs, 
a change in shape, size, chemical bonding of the CuNPs was observed. The size of fresh CuNPs increased with aging 
under moderate conditions. It was observed that the aggregated CuNPs were oxidized highly compared to fresh prepared 
CuNPs synthesized by Calotropis gigantea leaf extract. However, incubation time does not highly influence the size of 
the nanoparticles, considering the other factors such as concentration of plant extract, pH, and temperature effect more 
on the formation of CuNPs. [28,29] 
 
pH: The pH of the green synthesized copper nanoparticles mixture solution by plant extract is one of the factors affecting 
the shape and size of CuNPs. The ideal pH of the reaction mixture solution ranges from 7 to 9. The particles synthesized 
in an acidic condition of pH < 7 were relatively larger. An alkaline condition is favourable for synthesizing CuNPs, as 
evident from the synthesis of CuNPs occurring at the alkaline condition of pH > 8, which produces small-sized 
nanoparticles. It produces loosely agglomerated particles with sharp copper nanoparticles CuNPs with a small particle 
size.[30] 
 
Concentration of plant extract: Plants containing metabolites and biomolecules as reducing agents and capping agents 
are the better choice for green synthesis of metal nanoparticles. The metabolite compositions depend on the part of the 
plants and their types. [31] Therefore, the amount of plant extract and the variety of biomolecules present in the plant 
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extract plays a crucial role that can affect the synthesis rate of molecules for the instant reduction of metal ions and the 
stabilization of nanoparticles. [32] An increase in concentration of plant extract speeds up the reaction rate of metal ions, 
which increases the formation of nanoparticles of CuNPs. In this study, the plant Calotropis gigantea leaf extract was 
used. The plant leaf contains phytochemical properties contain in the leaf extract, which are reliable for the stabilization 
and reduction of the CuNPs. The leaf extract of the plant Calotropis gigantea was prepared by grinding the leaf into fine 
powder. The plant extract was used in a ratio of 1:1 with CuSO4 stock solution dropwise. The addition of plant extract 
dropwise can lead to speeding up the reaction. The mixture solution was incubated at room temperature for 24 hours. The 
study provides information about the interaction of metal ions and concentration of plant extract used. [33-35] 
 
3.1 Characterization of CuNPs by UV-Visible Spectroscopy 
The UV-Visible spectroscopy confirms the formation of CuNPs synthesized by Calotropis gigantea leaf extract, the 
mixture solution changed from bright blue to greenish-brown by the addition of CuSO4 to Calotropis gigantea leaf 
extract. [36,37] The change in colour indicated successful synthesis, whereas UV-Visible spectra analysis determines the 
particle size, ranging from 300 to 700 nm. In the study, UV-Visible spectroscopy analysis to confirm the CuNPs 
formation, monitoring the reduction of copper ions within the plant extract. The successful validation of CuNPs via UV-
Visible spectroscopy, disclosing the highest peak observed at 430 nm absorbance, corresponds to the evidence by the 
appearance of the surface plasmon resonance band of copper nanoparticles. [38] 

 
Fig 3.1: UV-Visible spectra of CuNPs 

3.2 XRD analysis of CuNPs 
The crystalline nature of CuNPs synthesized by using Calotropis gigantea leaf extract was confirmed through XRD 
analysis, with characteristic patterns indicating a face-centred cubic (FCC) crystal structure. The Bragg reflections were 
observed in the XRD pattern at different 2theta values. The main peaks observed at approximately 31.85° (2 theta) plane 
- (110), 38.18° (2 theta) plane - (111), 47.26°(2theta) plane - (200), and 74.45° (2theta) plane – (311) sets of lattice planes. 
In case the dominant CuNPs crystalline plane, the 38.18° peak is unusually high, suggesting it may arise from bio-organic 
residues/amorphous copper nanoparticles phases from the plant extract used for synthesis. The 47.26° peak at plane - 
(200) confirms the FCC copper nanoparticles. The study indicates the presence of crystalline CuNPs with an approximate 
particle size of 35 nm. Hence, the XRD patten confirms the formation of copper nanoparticles. [39] 
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Fig 3.2: XRD analysis of CuNPs 
 
Functional group analysis of CuNPs by FT-IR 
CuNPs synthesised by Calotropis gigantea leaf extract undergo FT-IR spectroscopy, which is widely utilized to identify 
surface functional groups in CuNPs ranging a wavelength range of 4000-500 cm-1, confirming absorption peaks at (3288, 
2926, 1385, 1065, and 518 cm-1) respectively. The spectral profiles of all samples indicated the existence of O—H 
stretching Alcohols groups, C—H stretching Alkane groups, C—N bending amine group from protein and amine, C—O 
stretching Alcohol and phenolic group, Cu—O/ Cu—N vibration metal-oxygen/nitrogen bond, confirming the CuNPs 
formation. The Calotropis gigantea leaf extract exhibited characteristic absorption peaks at 3320 and 1635 cm-1, 
confirming the characteristic of O—H stretching from Phenol and Alcohol form plant metabolites and C=O stretching 
from Amine group from proteins or aromatic compounds. [40] 

 
Fig 3.3: FT-IR spectra of CuNPs 

3.3 Structural analysis of CuNPs by SEM  
CuNPs synthesized with Calotropis gigantea leaf extract determine changing shape and size depending on the CuSO4 
concentration. The Scanning Electron Microscopy (SEM) technique is used to analyse the characterization to visualize 
the most advantageous results for size, shape, and stability of CuNPs. The surface morphological images were obtained 
with 100 % form of CuNPs by reducing metal ion with Calotropis gigantea leaf extract. The study proves the formation 
of the CuNPs and their morphological dimensions demonstrating the average size of particles ranging from 50 to 100 
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nm. The structure was observed at 2 μm, showing that the size and shapes of the CuNPs proved to be spherical. The 
CuNPs synthesized by Calotropis gigantea leaf extract showed size and shape, which were confirmed by Scanning 
Electron Microscopy (SEM) analysis. [1,41] 
 

 
Fig 3.4: Structural analysis of by SEM. The image shows the surface morphological structure and spherical shape of 

the CuNPs. 
 
Detailed analysis of CuNPs by TEM 
Transmission Electron Microscopy (TEM) analysis confirms spherical shape of copper nanoparticles synthesized by 
Calotropis gigantea leaf extract. TEM analytical technique for characterization of nanoparticles is commonly used to 
obtain quality measures of particles such as size, shape, and detailed morphology. TEM analysis provides better resolution 
and additional analytical measurements. The shape and size of the CuNPs at 50 μm and 5 μm proved the spherical shape 
and approximately the size of particles up to 35.16 nm. The study confirms the formation of copper nanoparticles 
synthesized by Calotropis gigantea leaf extract with detailed analysis of particles morphology by using characterization 
techniques. [1,42] 
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Fig 3.5: Detailed morphological analysis of CuNPs by TEM. The image analyses the average size 35.16 nm of CuNPs 

ranging at 50 μm and 5 μm. 
 

IV. CONCLUSION 
The sustainable synthesis of copper nanoparticles (CuNPs) using Calotropis gigantea leaves extract demonstrates 
promising attributes. The green synthesized copper nanoparticles are uniform in their shape and size, and the reaction 
was observed by a colour change from bright blue to greenish-brown after 24 hours of incubation. Characterization 
techniques, including UV-Visible spectroscopy, XRD, FT-IR, SEM and TEM confirm the purity, chemical bonding, and 
structural demonstration of CuNPs. The green synthesized CuNPs focused on healthcare aspects in the field.  The study 
concludes that the CuNPs synthesized by Calotropis gigantea leaf extract are promising and biologically significant. [43-
45] 
 
Declaration 
The authors declare that they have no known competing financial interests.  
 
ACKNOWLEDGEMENT 
The Corresponding author, Prof. Dr. Bhuvaneshwari A. Mehere, is thankful for their collaborative efforts during the 
research work and writing the paper. The work is supported by the Department of Biochemistry, Dr. Ambedkar College, 
Deekshabhoomi, Nagpur (DACN) for furnishing lab facilities during the research work. Thankful to Rashtrasant Tukadoji 
Nagpur University (RTMNU), India. 
 

REFERENCES 
1. D. Letchumanan, S. P. Sok, S. Ibrahim, N. H. Nagoor and N. M. Arsh, “Plant-Based Biosynthesis of 

Copper/Copper Oxide Nanoparticles: An Update on Their Applications in Biomedicine, Mechanisms, and 
Toxicity,” Biomolecules, vol. 11, no. 4, p. 564, 2021. 

2. R. M. Mohamed, F. A. Harraz and A. Shawky, “CuO nanobelts synthesized by a template-free hydrothermal 
approach with optical and magnetic characteristics,” Ceramics International, vol. 40, no. 1, pp. 2127-2133, 
2014. 

3. S. H. S, S. Singh and R. Y. Parikh, “Bacterial Synthesis of Copper/Copper Oxide Nanoparticles,” Journal of 
Nanoscience and Nanotechnology, vol. 8, no. 6, pp. 3191-6, 2008. 

4. J. Sivakumar, C. Premkumar, . P. Santhanam and N. Saraswathi, “Biosynthesis of Silver Nanoparticles Using 
Calotropis gigantea Leaf,” African Journal of Basic & Applied Sciences, Vols. 265-270, p. 3, 2011. 



I J A R S C T    
    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, July 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-37727   201 

   www.ijarsct.co.in  
 

 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
5. S. L. Valan, A. E. De Cruz, P. J. Jacob and S. Djearamane, “Sustainable Synthesis of Copper Oxide 

Nanoparticles Using Aquilaria Malaccensis (Agarwood) Leaf Extract as Reducing Agent,” International 
Journal of Technology, vol. 5, no. 13, pp. 1115-1125, 2022. 

6. E. M. Ali and B. M. Abdallah, “Effective Inhibition of Candidiasis Using an Eco-Friendly Leaf Extract of 
Calotropis-gigantean-Mediated Silver Nanoparticles,” Nanomaterials, vol. 10, no. 3, p. 422, 2020. 

7. A. D. Karthik and K. Geetha, “Synthesis of Copper Precursor, Copper and its oxide Nanoparticles by Green 
Chemical Reduction Method and its Antimicrobial Activity,” J. Appl. Pharm. Sci., vol. 3, no. 5, p. 11, 2021. 

8. M. C. Crisan, M. Teodora and M. Lucian, “Copper Nanoparticles: Synthesis and Characterization, Physiology, 
Toxicity, and Antimicrobial Applications,” Appllie Science, vol. 1, no. 12, p. 141, 2022. 

9. S. Ponarulselvam, C. Panneerselvam, K. Murugan and S. Thangamani, “Synthesis of Silver nanoparticles 
Catharanthus roseus Plasmodium falciparum Antiplasmodial activities,” Asian Pacific Journal of Tropical 
Biomedicine, vol. 2, no. 7, pp. 574-580, 2012. 

10. B. Damodaran, P. Nagaraja, . V. Jain and M. P. Manuja Vira, “Phytochemical Screening and Evaluation of 
Cytotoxic Activity of Calotropis gigantea Leaf Extract on MCF7, HeLa, and A549 Cancer cell line,” J Nat Sc 
Biol Med, Vols. 131-8, no. 10, p. 8, 2019. 

11. A. K. Alzubaidi, W. J, A.-K. A. Al Ali and S. Albukhaty, “Green Synthesis and Characterization of Silver 
Nanoparticles Using Flaxseed Extract and Evaluation of Their Antibacterial and Antioxidant Activities,” 
Applied Sciences, vol. 4, no. 13, p. 2182, 2023. 

12. V. Sharma, S. Kaushik, P. Pandit and D. Dull, “Green synthesis of silver nanoparticles from medicinal plants 
and evaluation of their antiviral potential against chikungunya virus,” Applied Microbiology and Biotechnology, 
vol. 2, no. 103, pp. 881-891, 2019. 

13. G. Meroni, J. F. S. Filipe and P. A. Martino, “In Vitro Antibacterial Activity of Biological-Derived Silver 
Nanoparticles: Preliminary Data,” Veternity Science, vol. 7, no. 1, p. 15, 2020. 

14. Anand Kumar Keshari, R. Srivastava, P. Singh and V. Bah, “Antioxidant and antibacterial activity of silver 
nanoparticles,” Journal of Ayurveda and Integrative Medicine, no. 11, pp. 37-44, 2020. 

15. S. Singh, N. Kumanr, M. Kumar, J. and A. Agrawal, “Electrochemical sensing and remediation of 4-nitrophenol 
using bio-synthesized copper oxide nanoparticles,” Chemical Engineering Journal, vol. 313, no. 1, pp. 283-292, 
2017. 

16. M. Nasrollahzadeh, S. Mohammad Sajadi , A. R.-V. and S. M. Hussin , “Green synthesis of CuO nanoparticles 
using aqueous extract of Thymus vulgaris L. leaves and their catalytic performance for N-arylation of indoles 
and amines,” Journal of Industrial and Engineering Chemistry, vol. 99, pp. 113-9, 2021. 

17. S. Sampaio and J. C. Viana, “Optimisation of the green synthesis of Cu/Cu2O particles for maximum yield 
production and reduced oxidation for electronic applications,” Materials Science and Engineering, vol. 263, p. 
114, 2021. 

18. J. Thanuja, G. Nagaraju and H. Naika, “Biosynthesis of Cu4O3 nanoparticles using Razma seeds: Application 
to antibacterial and cytotoxicity activities,” SN Applied Sciences , vol. 12, no. 1, pp. 1-12, 2019. 

19. J. K. Sharma, M. S. Akhtar, S. Ameen, P. Srivastava and G. Singh, “Green synthesis of CuO nanoparticles with 
leaf extract of Calotropis gigantea and its dye-sensitized solar cells applications,” Journal of Alloys and 
Compounds, vol. 632, pp. 321-325, 2015. 

20. P. Kemala, R. Idroes, K. Khairan, T. E. Tallei, M. Ramli and R. EFendi, “Green synthesis of silver nanoparticles 
using Calotropis gigenta and its characterization using UV-spectroscopy,” Earth and Environmental Science , 
vol. 951, no. 10, pp. 1755-1315, 2022. 

21. J. Singh, T. Dutta , K.-H. Kim, M. Rawat, P. Samddar and P. Kumar, “Green synthesis of metals and their oxide 
nanoparticles: Applications for environmental remediation,” J. Nanobiotechnology, vol. 1, no. 16, pp. 1-24, 
2018. 



I J A R S C T    
    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, July 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-37727   202 

   www.ijarsct.co.in  
 

 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
22. T. H. Tran and V. T. Nguyen, “Copper oxide nanomaterials prepared by solution methods, some properties, and 

potential applications: A brief review,” International Scholarly Research Notices, no. 856592, p. 14, 2014. 
23. A. Joshi, A. Sharma, R. K. Bachheti and A. Husen, “Plant-mediated synthesis of copper oxide nanoparticles and 

their biological applications,” In Nanomaterials and Plant Potential; Springer: Berlin, Germany, vol. 1, no. 8, 
pp. 221-237, 2019. 

24. J. K. Patra and K.-H. Baek, “Green nanobiotechnology: Factors affecting synthesis and characterization 
techniques,” J. Nanomaterial, vol. 6, p. 12, 2014. 

25. D. R. Baer, “Surface Characterization of Nanoparticles: Critical needs and significant challenges,” Journal of 
Surface Analysis, vol. 3, no. 17, pp. 163-169, 2011. 

26. S. Saif, A. Tahir and Y. Chen, “Green synthesis of iron nanoparticles and their environmental applications and 
implications,” Nanomaterials, vol. 11, no. 6, p. 209, 2016. 

27. I. A. Mudunkotuwa, J. M. Pettibone and V. H. Grassian, “Environmental implications of nanoparticle aging in 
the processing and fate of copper-based nanomaterials,” Environmental Science & Technology, vol. 13, no. 46, 
pp. 7001-7010, 2012. 

28. S. A. Akintelu, . A. S. Folorunso, F. A. Folorunso and A. K. Oyebamiji, “Green synthesis of copper oxide 
nanoparticles for biomedical application and environmental remediation,” Heliyon, vol. 6, no. 7, p. 04508, 2020. 

29. K. Rajesh, B. Ajitha, Y. Reddy, Y. Suneetha and P. Reddy, “Synthesis of copper nanoparticles and role of pH 
on particle size control,” Materials Today Proceedings, vol. 6, no. 3, pp. 1985-1991, 2016. 

30. Z. Singh and I. Singh, “Copper Oxide Nanoparticles Synthesized at Different pH Pose Varied Genotoxic Effects 
in Allium cepa,” Asian Journal of Biological Sciences, vol. 3, no. 12, pp. 1996-3351, 2019. 

31. D. Berra, S. E. Laouini, B. Boubaker and O. M. Ridha, “Green synthesis of copper oxide nanoparticles by 
Pheonix dactylifera L leaves extract,” Digest Journal of Nanomaterials and Biostructures, vol. 4, no. 13, pp. 
1231-1238, 2018. 

32. E. Nagaraj, K. Karuppan nan, P. Shanmugam and Venugopal, “Exploration of Bio-synthesized Copper Oxide 
Nanoparticles Using Pterolobium hexapetalum Leaf Extract by Photocatalytic Activity and Biological 
Evaluations,” Journal of Cluster Science, vol. 1, no. 30, pp. 1157-1168, 2019. 

33. A. A. Mary, A. T. Ansari and R. Subramanian, “Sugarcane juice mediated synthesis of copper oxide 
nanoparticles, characterization and their antibacterial activity,” Journal of King Saud University - Science, vol. 
4, no. 31, pp. 1103-1114, 2019. 

34. S. Mourdikoudis, R. M. Pallares and N. T. Thanh, “Characterization techniques for nanoparticles: Comparison 
and complementarity upon studying nanoparticle properties,” Nanoscale, vol. 10, no. 27, pp. 12871-12934, 
2018. 

35. H. C. A. Murthy, B. Abebe, . C. Prakash and S. Kumar, “A review on green synthesis of Cu and CuO 
nanomaterials for multifunctional applications,” Material Science Research India, vol. 15, no. 3, pp. 279-295, 
2018. 

36. K. S. Dayana and R. J. Mani, “Green synthesis of Copper Oxide nanoparticles using aqueous leaf extract of 
Calotropis gigantea,” Strand Reseach , vol. 8, no. 10, pp. 467-472, 2022. 

37. T. M. D. Dang, T. T. Thu Le, . E. Eric Fribourg-Blanc and M. Chie, “Synthesis and optical properties of copper 
nanoparticles prepared by a chemical reduction method,” Advances in Natural Sciences: Nanoscience and 
Nanotechnology,, vol. 2, no. 1, pp. 2043-6262, 2011. 

38. Stephanie Marín Gamboa, E. Rodriguez, V. V. Martines and J. V. Baudrit, “Synthesis and characterization of 
silver nanoparticles and their application as an antibacterial agent,” International Journal of Biosensors & 
Bioelectronics, vol. 5, no. 5, pp. 166-173, 2019. 

39. E. Urnukhsaikhan, . B.-E. Bold and A. Gunbileg, “Antibacterial activity and characteristics of silver 
nanoparticles biosynthesized from Carduus crispus,” Scientific Reports, pp. volume 11, Article number: 21047, 
2021. 



I J A R S C T    
    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, July 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-37727   203 

   www.ijarsct.co.in  
 

 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
40. P. V. Nagime, S. Singh and N. M. Shaikh, “Biogenic Fabrication of Silver Nanoparticles Using Calotropis 

procera Flower Extract with Enhanced Biomimetics Attributes,” Green Synthesis and Applications of Metallic 
Nanoparticles, vol. 16, no. 11, p. 4058, 2023. 

41. S. Wu, S. Rajeshkumar, M. Madasamy and V. Mahendran, “Green synthesis of copper nanoparticles using 
Cissus vitiginea and its antioxidant and antibacterial activity against urinary tract infection pathogens,” Arif 
Cells Nanomed Biotechnology, vol. 1, no. 48, p. 1153, 2020. 

42. J. Thanuja, G. Nagaraju and H. Naika, “Biosynthesis of Cu4O3 nanoparticles using Razma seeds: Application 
to antibacterial and cytotoxicity activities,” SN Applied Science, vol. 1, no. 12, pp. 1-12, 2019. 

43. M. Thiruvengadam, I.-M. Chung, T. Gomathi and M. A. Ansari, “Synthesis, characterization 
andpharmacological potential of green synthesized copper nanoparticles,” Bioprocess and Biosystems 
Engineering, vol. 11, no. 42, p. 1769–1777, 2019. 

44. S. Thakur, S. Sharma, S. Thakur and R. Rai, “Green synthesis of copper nano-particles using Asparagus 
adscendin’s Roxby. root and leaf extract and their antimicrobial activities,” International Journal of Current 
Microbiology and Applied Sciences, vol. 4, no. 7, pp. 683-694, 2018. 

45. A. Purniawan, M. I. Lusida, R. W. Pujiyanto and A. M. Nastri, “Synthesis and assessment of copper-based 
nanoparticles as a surface coating agent for antiviral properties against,” Sci. Rep, vol. 1, no. 12, p. 4835, 2022. 

 


