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Abstract: The scope of nanotechnology in the field of chemistry offers many applications and one of major 

applications is the synthesis of metal and metal oxide nanoparticles in the green manner. Copper (Cu) is 

nontoxic and have many medicinal and other importance. It is a cheaper and good antibacterial and antifungal 

agent and widely used in the catalytic and sensors. Various methods have been reported in literature for the 

synthesis of copper nanoparticles (CuNPs). The biological/green methods taking part the copper salt and plant 

extracts are more efficient, very low cost and better alternatives over such methods. The chacterisation methods 

used for analysis of CuNPS are very important in the evaluation of their functional aspects. The common 

characterization techniques are Fourier transform infra-red (FTIR) spectroscopy, UV-Visible spectroscopy (UV-

Vis), Scanning electron microscopy (SEM), Transmission electron microscopy (TEM), X-ray diffractometry 

(XRD), Dynamic light scattering (DLS) etc.  
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1. INTRODUCTION  

Recently, nanotechnology has used in the different 

fields like pathogenic diseases, drugs, cancers, 

synthesis of magnetic nanoparticles, carbon nano 

tubes, nanofilms, nanoscale transistors,  nanowires, 

catalysis, biological labeling, sensors etc [1]. The 

applications of nanotechnology in the fields of 

nanoparticles and nanomaterials are emerging very 

rapidly [2,3]. In general, nanotechnology deals with 

the size 1-100 nanometers for any atom, molecule or 

materials and makes the material faster, smaller, and 

durable and stronger [4]. Nanotechnology is 

concerned with an opportunity to enhance the new 

technology and processes in industries as 

environmentally friendly but it need the development 

and commercialization. The green nanoparticles 

synthesised from green or biological methods have an 

excellent chemical composition and sizes. Such 

particles are considerably used in the fields like 

medical biology, microbiology, electronics and 

cleaning technologies [5-8]. Copper is a nontoxic 

metal and has identified as a safe inorganic material. 

Copper nanoparticles (CuNPs) are used in the 

different fields, including agricultural, engineering 

and industrial fields [9]. CuNPs show remarkable 

catalytic, electrical, optical and antimicrobial 

properties. Presently, the researches have been 

focused on the useful properties of CuNPs in 

nanomedicines due their antimicrobial activities [10-

14]. The biosynthetic approach for the manufacture of 

copper nanoparticles is an efficient, very low cost, 

simple and eco-friendly as compared to other 

conventional methods [15].  

 

2. GREEN SYNTHESIS AND 

CHARACTERISATIONS OF CuNPs 

Currently, the green processes have been applied 

for the synthesis of metal nanoparticles better 

alternatives over the conventional physical and 

chemical methods [16]. Green synthesis of 

nanoparticles is highly efficient, environmentally 

friendly and low cost and requires very less 

instruments/chemicals [17,18]. In these methods the 

plant extracts, microorganisms and natural polymers 

have been applied [19-22]. The collected parts of the 

plant are washed carefully using distilled water. Now 

these parts are cutted into small pieces and make them 

homogeneous. Such leaves are mixed with required 

amount of distilled water and then boiled at a specific 

temperature. Finally, the volume of the contents 

reduced about ten times by boiling and this is used as 

plant extract. A certain amount of plant extract mixed 

with copper sulphate solution for ten to twelve hours 

(Fig.1). The reduced size of copper is now subjected 

to the characterizations [23-29]. The characterization 

techniques used to analyse the copper nanoparticles 

are UV-visible, FT-IR, FESEM, TEM, XRD, DLS, 

AFM [28-29] etc (Table 1). 
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              Fig. 1 Green Synthesis of Copper Nanoparticles (CuNPS) 

 

Table 1 Characterization methods for CuNPS 

UV-

Visible 

Ultraviolet-Visible spectroscopy is based on the dissolution of nanoparticles in a suitable solution and 

the absorption of wavelength surface plasmon resonances. 

FT-IR Fourier transform infra-red spectroscopy is used to the presence of various functional groups and bonds 

on the synthesized CuNPs and it also explains the surface chemistry of nanomaterials.  

XPS The X-ray photo electron spectroscopy is based on escaping of electrons from nano surface under 

vacuum conditions and formation of spectra. It is basically used for qualitative, quantitative as well as 

semi quantitative analysis. 

XRD X-ray diffraction techniques are used to observe the interatomic distances between nanoparticles by 

using Bragg’s equation. It is based on the reflected X-rays which pass through the powdered 

nanomaterials.  

DLS Dynamic light scattering technique depends on interaction of light with nanoparticles and used to 

determine the particle size between 2-500 nanometers.  

FESEM Field Emission Scanning Electron Microscope (FESEM) method is related to morphological behavior 

of nanoparticles and the surface characteristics of nanosurfaces. 

TEM Transmission electron microscopy is used in the characterizations of all nanoparticles and provides 

compositions, morphology, particles size and crystal behaviors.  

AFM Atomic force microscopy explains the dispersion and aggregation of nanoparticles with their size, 

shape and structures.  

 

3. RECENT STUDIES 

 Recently, copper (Cu) nanoparticles have been 

synthesised, characterised and applied in various 

fields by different researchers. Patil and coworkers 

[30] have considered important role of CuNPS in the 

advancement of nano sciences. They have synthesised 

CuNPS by using a novel reducing agent and 

characterised by using XRD, SEM and XPS. The 

synthesised CuNPS were mixed with commercial 

CuNPS to observe the optimum sintering energy.  

Bogoslovskaja [31] et al. reported the antimicrobial 

effect of CuNPS with varyning their size and phase 

compositions. The CuNPS were found very effective 

to inhibit gram positive and gram negative bacteria 

(Staphylococcus albus and Escherihia coli). 

Gondwal and Pant [32] have synthesized CuNPS by 

using the leaves extract of of Cassia occidentalis. The 

formations of CuNPS have been confirmed by UV-

Vis spectra. The morphological and other 

characteristics features of CuNPS were determined by 

using transmission electron microscopy (TEM), 

scanning electron microscopy (SEM) with X-ray 

energy dispersive spectrophotometer (EDX) and X-

ray diffraction (XRD). The freshy synthesized CuNPS 

showed effective antimicrobial activity for 

Escherichia coli and Salmonella typhi. Mahmoodi 

[33] et al. considered the potential antimicrobial 

nature of copper nanoparticles and revealed that the 

CuNPS possess potent antimicrobial activities to treat 

infectious deseases.  

 

  

 

 

 

 

 

Collection of suitable plant materials 

Washed with distilled water and cut into equal and 

small pieces 

A homogeneous plant materials mixed double distilled 

water and boiled at specific temperature 

The content is mixed with CuSO4 

Separation, purification and characterization of 

CuNPS 
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 Mandava [34] has demonstrated the increased 

antimicrobial activity of some conventional 

antibiotics i.e. ampicillin, amoxicillin, gentamicin 

and ciprofloxacilin, when mixed with copper 

nanoparticles. He has evaluated the effectiveness of 

ampicillin with CuNPS and incorporated the 

mechanisms for this activity of CuNPS. Gopinath [35] 

et al. has considered an efficient greener method for 

synthesis of copper nanoparticles using leaf extract of 

leaf extract of Nerium oleander  copper sulphate. The 

nanoparticles have been well characterized by using 

UV-Vis Spectrophotometer and FT-IR. The potential 

antimicrobial activity of CuNPS has been observed 

for Escherichia coli, Staphylococcus aureus, 

Klebsiella pneumoniae, Salmonella typhi and Bacillus 

subtilis. Jayandran [36] reported the green synthesis 

of copper nanoparticles by using the lemon extract. 

The method was found cost effective and environment 

friendly. The copper nanoparticles have been 

characterized by using the analytical techniques like 

UV-Vis, IR, XRD, SEM and TEM. He had found a 

higher antimicrobial activity of copper nanoparticles 

synthesized from lemon extract to destroy different 

bacterial strains 

 

4. CONCLUSIONS:  

 The conventional methods are generally used to 

synthesize metal nanoparticles are suffering with high 

cost, poor efficiency and needed harmful chemicals. 

This review represents the greener method used for 

CuNPs by using some locally available biomasses as 

reducing agents. It covers characterization techniques, 

antimicrobial activities of CuNPs with some current 

studies. 
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