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			Abstract

			With the rapid development of nanotechnology, much has been anticipated with copper oxide nanoparticles (CuO NP) due to their extensive industrial and commercial application. Copper oxide (CuO) nanoparticles have attracted huge attention due to their catalytic, electrical, optical, photonic, textile, nanofluid, and antibacterial activity depending on the size, shape, and neighbouring medium. In the present paper, CuO nanoparticles are synthesized by using eco-friendly and non-toxic plants extract. The CuO nanoparticles are being synthesized by bottom up approach. CuO nanoparticles are used for various anti-bacterial treatments. Green plants extract is used for the efficient synthesis of CuO nanoparticles to obtain significantly active antibacterial material.
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			Introduction

			The advances in nanotechnology have led to the great development in various fields including nanoparticles, nanotubes, and nanowire synthesis [1]. Copper oxide (CuO) nanoparticles has a wide range of applications in various fields, from energy conversion and storage through environmental science, electronics and sensors. CuO nanoparticles have received a lot of attention because they are the simplest members of the family of copper salts, and they possess a range of useful physical properties such as electron correlation effects, spin dynamics and high temperature superconductivity [2]. The increased demands with this utility have instigated a large production and use of these nanoparticles’ day by day. This bulk production and usage have raised the concern over the toxicity of these nanomaterials on the ecosystem as well as on human health. Concerns over the toxic effect of CuO nanoparticles usage has drawn a specific attraction of toxicology researchers in last few years [3]. Copper oxide NPs are synthesised by numerous physical and chemical methods including sol-gel, microwave irradiations, sonochemical, electrochemical, alkoxide based route, thermal decomposition of precursor and liquid-liquid interface techniques involving organic solvents and harsh reducing agents [4]. However, these methods always involve utilization of hazardous organic solvents, toxic reagents, non-biodegradable stabilizing agents and expensive instruments along with the tedious process control. Hence green synthesis is a better choice due to the eco-friendly approach of the synthesis [5]. Recently Many studies have been reported the cytotoxicity and genotoxicity of CuO nanoparticles through in vitro and in vivo investigation in mammalian cell line and animal 

models. The nanoparticles have also been used as nontoxic aqueous formulations for administration of cancer therapy [6]. Used CuO nanoparticles released in the aquatic environment also cause toxicity to fishes and aquatic animals. Copper and copper-based compounds are efficient biocidal properties [7], are now routinely used in pesticidal formulations [8]. Physical synthesis has been reported to have the issue of contamination however chemical synthesis is known for use of chemicals which could be harmful to the ecosystem as well as human health. Using biological agents like plants and microbes for synthesis process could be a potential solution to these problems. Recent advances in the field of science and technology, particularly nanotechnology, have led to the development a new concept of synthesizing nanosized particles of desired size and shape [9]. Of the available processes, biosynthesis of nanomaterials using green reducing agents and plants has been reported [10]. Biosynthesis process have a lot of advantages in the synthesis of nanoparticles due to cost-effective, eco-friendly and better alternative to physical and chemical methods [11]. Moreover, other chemical methods employ toxic chemicals, additives or capping agents and non-polar solvents in the synthesis procedure and are thus not suitable for their application in clinical and biomedical fields. The aim is to protect the environment and human health from toxic impacts of nanomaterials and their derived complex compounds and at the same time safely utilize nanomaterials. Environmental and biological risks for copper nanoparticles have been investigated by many researchers [12]. Data related to antimicrobial activity of CuO nanoparticles is very limited. Copper oxide is less expensive when compared to silver and gold which possess antimicrobial potential. CuO nanoparticles are potentially highly valuable antimicrobial agents since when synthesized, they possess extremely unusual crystal morphologies and high surface areas. In green synthesis of metal nanoparticles, the difficult task is to find a suitable and non-toxic natural product, as well as an eco-friendly solvent system. CuO is a p-type semiconductor material with a narrow band gap of 1.2ev Plants, algae, yeasts, fungi and bacteria can be applied as green approach for biosynthesis of metal NPs [13]. Hence, the present work has been undertaken to synthesize CuO NPs and to study their synergistic antimicrobial and activities [14].

			Discussion

			CuO NPs have been synthesized by various researchers from past few decades. One study reported the synthesis of CuO nanoparticles by reacting plant extract (fuel) with cupric nitrate as a source of copper in distilled water with constant stirring, after the formation of nanoparticles, they were placed in muffle furnace for calcination maintained at 400c [7]. Another study reported the synthesis of CuO nanoparticles by reacting plant extract with copper nitrate. Colour change of the reaction mixture was observed from deep blue to colourless and then to brick red and dark red on vigorous stirring for 24hrs at room temperature and the mixture is collected after discarding the supernatant. The collected CuO NPs can dry in a watch glass [9]. Meanwhile another study reported the synthesis of CuO nanoparticles using combustion process by reacting leaf extract with copper nitrate trihydrate in double distilled water with constant stirring. The nanoparticles are produced by removing the ash content of plant extract [2]. Another study showed the synthesis of CuO nanoparticles by reacting plant extract with CuCl2. 2H2O and NaOH in presence of nitrogen. The colour of the mixtures gradually changed from bluish to black, indicating the formation of CuO nanoparticles [6]. Another study reported the synthesis of CuO nanoparticles by reacting plant extract with copper nitrate trihydrate. Deep blue colour of the copper nitrate solution changes to dark brownish colour. Dark brownish colour indicates the formation of CuO nanoparticles [11]. Another study reported the synthesis of CuO nanoparticles by reacting plant extract with CuSO4 solution. Colour change from brownish yellow to dark brown indicates the formation of CuO nanoparticles [10]. Another study reported the synthesis of CuO nanoparticles by reacting plant extract with copper sulfate under constant stirring. The black grinded powder is the CuO nanoparticles [8]. Another study reported the synthesis of CuO nanoparticles by reacting plant extract with copper nitrate trihydrate and the green coloured solution formed was boiled so that it turns into brown coloured paste. This paste was heated, and black coloured powder is formed. This black coloured powder are the copper nanoparticles [3,15] (Figure 1). 	
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			Conclusion

			In conclusion, green synthesis of CuO nanoparticles is simple mild and environmentally friendly. CuO nanoparticles possess potent and desirable biological activities. These include good photo-catalytic, antimicrobial and antioxidant activities. In future, this green method of synthesizing CuO nanoparticles could also be extended to the fabrication of other industrially important metal oxides. 
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Figure 1: Schematic diagram of green synthesis of CuO nanoparticles from floral extract of Calotropis gigantea [15].
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