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ABSTRACT 
An eco-friendly approach has been taken in the present study to synthesize copper nanoparticles from their salts (CuSO4) using Amaranthus spinosus. The leaf extract of Amaranthus spinosus involves the reduction of copper ions and also acts as a capping agent. Initially, the synthesis of copper nanoparticles was confirmed by visual observation, i.e., colour change (dark green colour), and it was characterized primarily by UV-vis spectroscopy and Fourier Transform Infrared spectroscopy. Further, the formation of the crystalline phase was analyzed by X-Ray Diffraction pattern. The size and morphology of the synthesized Copper nanoparticles was characterized by Field Emission Scanning Electron Microscopy and the elemental composition was analyzed by EDAX. The results of the present study confirmed that the leaf extract of Amaranthus spinosus is capable of producing nanoparticles. 
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1. INTRODUCTION 
Nanotechnology plays a key role in different aspects of science and technology, and it is applied in all fields as well as for environmental remediation. In addition, bio-nanotechnology is a recent trend in studying nanoparticle synthesis using biological approaches, which is a clean and eco-friendly method. Traditionally, metal nanoparticles were synthesized by means of physical and chemical methods, but these methods usually explore large areas and employ harsh chemicals, creating environmental degradation that includes contamination from the chemicals and the use of hazardous products. Thus, the interest in green fabrication approaches for metal nanoparticle synthesis is increasing, and nanoparticles have been found to be relevant to numerous emerging technologies. 
Phytomediated synthesis of metal nanoparticles has gained great attention because of the growing need to design environmentally benign processes for material synthesis. The advantages of using plant and plant-derived materials for the biosynthesis of metal nanoparticles have interested researchers to investigate mechanisms of metal ion uptake and bioreduction by plants and to understand the possible mechanism of metal nanoparticle formation in plants. Considering all of the above, the present study is aimed at synthesizing copper nanoparticles using Amaranthus spinosus.
2. METHODOLOGY
The present work is primarily concerned with the synthesis of copper nanoparticles. Secondly, the syntheisized nanoparticle was characterized by various techniques.
2.1 Collection of sample 
[image: 1]The leaves of Amaranthus spinosus were collected from Kalayarkoil, Sivaganga District. The leaves were washed thoroughly with tap water, and rinsed with distilled water then allowed to air dry at room temperature. 
                                                          Figure1: Amaranthus spinosus Leaves.
2.2 Synthesis of Copper Nanoparticles 
The 5 gms of leaves were used in mortar and pestel crine with 100 ml of deionized water for 30 minutes. The extract was cooled down and filtered with Whatman filter paper no. 1, and the extract was stored in a refrigerator at 4°C. The CuNPs were prepared by adding 10 ml of an aqueous extract of plant material to 50 ml of a 1 mM aqueous solution of copper sulphate. The reaction mixture was centrifuged at 5000 rpm for 15 minutes, and the residue was dried at room temperature. 
2.3 Characterization of Copper Nanoparticles
The optical properties of the synthesized copper nanoparticles were measured and confirmed using a Systronics 118 (UV-vis double beam spectrophotometer) with a wavelength range of 200–800 nm and a resolution of 2nm. FTIR analysis was used to determine the functional groups present in the leaf extract that are responsible for the reduction of copper ions, with a spectrum range of 400–4000 cm1. The NICOLET iS5 from Thermo Scientific, USA, captured the FTIR spectrum. X-ray diffraction spectroscopy (PW3040/60 X'pert PROPANalytical, Netherlands) was used to determine the crystalline structure of the copper nanoparticles. A Field Emission Scanning Electron Microscope (FESEM) (Quanta 250-FEG Co. Ltd.) at an accelerating voltage of 10.0 kV was used to examine the size and morphology of the synthesised CuNPs. The sample's spectrum was examined using energy dispersive absorption X-ray spectroscopy (EDAX) on Oxford IE150 equipment.
3. RESULTS AND DISCUSSION
Nanotechnology deals with the production, characterization, and manipulation of materials at the nanoscale. The synthesis of copper nanoparticles through a green method has attracted great interest in this area. Among the various methods, the biological and green methods are considerably preferred for the biosynthesis of copper nanoparticles using plant extracts that possess phytochemicals with strong antioxidant properties. Plants provide a better platform for nanoparticle synthesis as they are free from toxic chemicals and provide natural capping agents. Moreover, the use of plant extracts also reduces the cost of microorganism isolation and culture media, enhancing the cost-competitive feasibility of nanoparticle synthesis by microorganisms. Keeping all this in mind, in the present study, copper nanoparticles were synthesized using Amaranthus spinosus. 
3.1 Synthesis of Copper Nanoparticles 
Copper nanoparticles have received attention due to their physical, chemical, and biological properties that are attributed to their catalytic activity and bactericidal effects (Pham et al., 2009). They are used as catalysts, and they are used in electronic items as conductors. Figure 2 shows the results of the present study, which indicated that the addition of leaf extract of Amaranthus spinosus resulted in the formation of a dark green colour solution after the incubation, which indicated the green synthesis of copper nanoparticles (CuNPs).[image: synthesis of CuNPs] 
           Figure2: Synthesis of Copper Nanoparticles using Amaranthus spinosus
3.2 Characterization of Copper Nanoparticles 
The UV-Vis absorption spectra of CuNPs prepared from leaf extracts of Amaranthus spinosus are shown in Figure 3. The absorption band of CuNPs occurs at 567 nm. The absorption bands for CuNPs have been reported to be in the range of 500–600 nm (Sathyavathi et al., 2010). The absorption peak ascribed to the surface plasmon resonance of Cu particles formed here. The intensity of the peak increases as a function of time in both cases.

[image: D:\Backup- HP- 04.09.2021\1.PRIYA\3. M.Tech projects\M.Tech- Muthumani P- 2023\Phase I- 30.3.2023\a. UV-Spectroscopy- CuNPs Muthumani- 30.3.2023.png]
           Figure 3: UV- Visible Spectrum of CuNPs
Results of the FT-IR study of biosynthesized CuNPs showed sharp absorption peaks located at 3305.9, 2890.6, 1570, and 1276.2. The absorption peak at 3,388.6 cm1 is assigned to N-H stretching in amines and phenolic compounds. The absorption peak at 1,570 cm1 is close to that reported for native proteins, which suggests that proteins are interacting with green synthesized copper nanoparticles. The absorption peak at 1,276.2 cm1 is assigned to the ether arising from C-O stretch. The results of the FTIR spectroscopic study confirmed that the carbonyl group of amino acid residues present in the leaf extract of Amaranthus spinosus has a strong binding ability with copper, suggesting the formation of a layer covering copper nanoparticles and acting as a capping agent to prevent agglomeration and provide stability to the medium. These results confirm the presence of possible proteins acting as reducing and stabilizing agents.
X-ray diffraction (XRD) is an effective technique used to determine the crystalline phases present in materials and study the structural properties of these phases. Evidence of the synthesis of crystalline CuNPs was detected by XRD. Figure 4 shows the XRD pattern of CuNPs, and the peaks were detected at 110, 111, 200, and 220.
[image: 5]
Figure 4: X-ray Diffraction image of CuNPs
FESEM analysis shows uniformly distributed copper nanoparticles on the surfaces of the cells (Figure 5). The copper nanoparticles were spherical in shape, with particle sizes ranging from 20 to 100 nm. The larger CuNPs may be due to the aggregation of the smaller ones, according to the FESEM measurements.
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Figure 5: Field Emission Scanning Electron Microscopy image of CuNPs
Energy dispersive analysis of X-rays (EDAX) is a chemical microanalysis technique. EDAX analysis was used to determine the elemental composition of the CuNPs. The technique utilizes X-rays that are emitted from the sample through bombardment by the electron beam to characterize the elemental composition of the CuNPs. EDAX analysis gives the quantitative and qualitative status of elements that may be involved in the formation of nanoparticles. Figure 6 shows the elemental profile of nanoparticles synthesized using Amaranthus spinosus, and it confirms that the synthesized nanoparticles are copper nanoparticles. Specific elemental peaks at 1.00, 8.00, and 9.00 keV for copper No other metallic peaks were detected, which indicated that it was composed entirely of copper (Saranyadevi, 2010). Hence, the present study confirmed that the synthesized nanoparticles were copper nanoparticles.
[image: EDAX- CuNPs]
Figure 6: Energy Dispersive Analysis of X- rays image of CuNP
The results obtained from the characterization techniques strongly confirmed that the produced nanoparticles were copper nanoparticles. In the future, the biological activity of the copper nanoparticles will be evaluated.
4. CONCLUSION
The present study highlights the importance of eco friendly methods for the synthesis of copper nanoparticles using plant extract. The exploitation of reducing agents in nanoparticle synthesis has opened a crucial pathway that threatens environmental sustainability and also limits the uses of these noble materials towards biological applications. The use of hazardous chemicals and the amount of capital involved in the synthesis process lead to an energy-intensive process, which eliminates conventional methods from being environmentally friendly. Therefore, an attempt was made to synthesize copper nanoparticles using Amaranthus spinosus. 
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