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Abstract 

Copper is a metal which is cheap and more abundant in nature can be harnessed for many applications. The 

present work reports the green synthesis of copper nanoparticles (Cu NPs) from an extract of Azadirachta 

indica (Neem) leaves as reducing/stabilizing agent. The morphology and stability of the green synthesised Cu 

NPs were investigated by FESEM, FTIR and UV-Visible spectroscopy. FESEM images confirmed the 

formation of monodisperse and highly crystalline Cu NPs which are nonhomogeneous in particle size and 

shape. The formation of copper nanoparticles was confirmed by UV-Vis absorption spectroscopy showing 

maximum absorption peaks between 615-630nm and FTIR showed the presence of biological molecules 

responsible for reducing Cu+ ions. Different concentrations of aqueous copper sulphate salt were taken 

maintaining the concentration of the leaf extract and concluded that the concentration of copper sulphate salt 

does not play a major role in the formation of the nanoparticles. The green synthesised Cu NPs were stable for 

a long time. 
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1. Introduction 

In recent years there has been a rigorous research in 

the field of nanomaterials synthesis and their 

properties as the nanomaterials show exclusive 

properties at sizes below 100nm that vary from 

their bulk counterpart [1, 2].  For bulk materials 

larger than one micrometre the percentage of atoms 

at the surface is less compared to the total number 

of atoms of the material. Whereas in the 

nanomaterials large number of atoms are present on 

the surface because of the large surface area due to 

which they show very interesting and sometimes 

unexpected properties. Owing to their outstanding 

properties the nanomaterials are being utilised in 

the fields of energy conversion, chemical 

manufacturing, sensors, environmental aspects, 

biotechnology etc. [3, 4]. For all these applications, 

the synthesized nanoparticles should possess 

adequate size distribution, crystallinity and 

morphology. For this purpose, interest in the 

synthesis of noble metallic nanoparticles (MNPs) 

like silver (Ag), gold (Au) and copper (Cu) has 

increased recently which exhibit novel chemical 

and physical properties due to small physical 

dimensions [5]. The metal nanoparticles have 

unique electronic, magnetic, chemical and 

mechanical properties due to their small size and 

large surface area. The MNPs show an interesting 

optical behaviour known as surface plasmon 

resonance (SPR) as the nanoparticle diameter 

becomes comparable with, or smaller than the 

wavelength of incident light. This behaviour 

depends upon the size, shape as well as dielectric 

environment of metal nanoparticles [6, 7]. Among 

the noble metals, the copper nanoparticle (Cu NP) 

synthesis has attracted more attention due to its 

catalytic property, high stability, excellent 

electrical conductivity and low cost compared to 

Au and Ag [8-10]. Copper metallic NPs also 

support Plasmon resonance in visible region of the 

solar spectrum. Cu NPs have many applications as 

sensors [11-13], antimicrobial systems [14, 15], 

heat transfer systems [16], catalyst [17-19] and 

super strong materials [20, 21]. Cu NPs can be 

synthesised using chemical, physical and biological 

methods. The physical and chemical methods are 

complicated, require specific equipment, produces 

toxic residues and relatively high material cost. In 

the last few years the biological methods of NP 

synthesis have attracted great attention due to its 

simple, direct, nontoxicity and eco-friendly 

characteristics. The biological method of NPs 

synthesis carried out by various sources 

actinomycetes, fungal, bacterial, yeast, viruses, 

algal [22–27] and plant extracts. Plants are 

reservoir of phytochemicals such as polyphenols, 

flavonoids, terpenoids, alkaloids, vitamins, 

polysaccharides, saponins and proteins which act as 

reducing, capping and stabilizing agents for the 

biosynthesis of NPs and have the property to 

minimize the agglomeration of NPs [28]. Green 

synthesis of Cu NPs using various plants including, 

Jatropha curcas (JC), Celastrus paniculatus, Allium 

sativum, Azadirachta indica have been reported 

[29-33]. In fact, pure metallic Cu NPs in an aqueous 

phase is still a challenge for the researcher. 

Furthermore, it is of interest to obtain 

monodispersed Cu NPs by a simple and green rout. 

This study reports a green route for the synthesis of 

Cu NPs using Azadirachta indica leaf extract in 

aqueous medium which is simple, nontoxic and 

eco-friendly. The green synthesized Cu NPs were 

characterised using UV-Visible 

spectrophotometry, Fourier transform infrared (FT-

IR) spectroscopy and Field emission scanning 

electron microscopy (FESEM). The surface 

plasmon resonance of the synthesized Cu NPs are 

studied in detail which helps to foresee its energy 

harvesting property. 

 

2. Experimental 

2.1 Preparation of Plant Extract 

Azadirachta indica (Neem) plant extract was used 

for the synthesis of copper nanoparticles. Fresh 

leaves of Azadirachta indica were collected, they 

were surface cleaned with running tap water to 

remove debris and other contaminated organic 

contents, followed by double distilled water and air 

dried at room temperature. About 15gm of finely 

cut leaves were taken in a beaker containing 200 ml 

double distilled water (DDW) and boiled at 700C 

for 40 minutes using magnetic stirrer until the 

colour of the leaf extract changes to green. 

Furthermore, the extract of the leaves was kept at 

room temperature for cooling, filtered using 

whatman filter paper no.1 covered with aluminium 

foil and stored at room temperature for the 

synthesis of Cu NPs. 

 

2.2 Synthesis of Copper Nanoparticles 

For the synthesis of Copper Nanoparticles copper 

sulphate (CuSO4.5H2O) salt of GR grade is taken.  

Two samples having different concentrations of 

copper sulphate salt were prepared, sample A 

having 35mg copper sulphate salt and sample B 

having 2.5gm copper sulphate salt dissolved in 

100ml double distilled  water at room temperature. 

The two samples were thoroughly mixed using 

magnetic stirrer at 700C. While stirring in sample A 

10ml (Sample C) and 20ml (Sample D) of green 

plant extract was added drop wise using burette 

very slowly until the blue colour of copper sulphate 
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solution changes completely to white colour 

indicating the formation of Cu NPs. Similarly using 

the same procedure 10ml (Sample E) and 20ml 

(Sample F) of green plant extract was added to 

Sample B until the colour changes from dark blue 

to light blue colour indicating the formation of Cu 

NPs which was confirmed by UV-Vis spectroscopy 

measurements. All the prepared samples were 

characterised using UV-VIS spectrophotometry in 

the visible range 200-800nm. The chemical binding 

of the synthesised Cu NPs were analysed using FT-

IR spectrometer. The reduction of Cu ions to Cu 

NPs and the uniformity of the synthesised Cu NPs 

were confirmed by FESEM images. All the 

characterizations were performed at Central 

facilities for research and development, Osmania 

University, Hyderabad. 

 

3. Results an Discussion 

3.1 SEM Analysis 

The FESEM analysis was carried out to evaluate 

the surface morphology and uniformity of the green 

synthesised Cu NPs. The FESEM images shown in 

Fig.1 with different magnifications confirmed the 

formation of Cu NPs. Mono-dispersive and highly 

crystalline copper nanoparticles are obtained.  The 

FESEM images also demonstrated the 

nonhomogeneity of the particles in terms of their 

size and shape. All the possible spherical and 

irregular shapes such as truncated hexagonal, 

cylindrical, and triangular shapes of Cu NPs with 

varying particle sizes were found in the 

micrographs. Due to high surface area Particles 

were found to moderately agglomerate resulting in 

the formation of medium-sized particles. From 

geometry, it is clear that the sizes of small 

individual particles are less than 100 nm in 

diameter, while the composite particles in lower 

resolution would appear higher in particle. Copper 

has a closed packed structure and they have a 

tendency to agglomerate due to high surface energy 

and high surface tension of the ultrafine 

nanoparticles. 

 

(a) (b) 

(c) 
(d) 

Fig. 1 FESEM images of Cu NPs prepared with 35mg of CuSO4 salt and 10ml (a), 20ml (b) leaf extract 

and (c), (d) with 2.5gm of CuSO4 salt and 10ml, 20ml leaf extract at different magnifications. 
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3.2 UV-Visible Analysis 

Fig. 2 shows the UV-spectra of the green 

synthesised Cu NPs. In all experiments, addition of 

plant extract of Azadirachta indica into the conical 

flask containing aqueous solution of copper 

sulphate led to the change in the colour of the 

solution. This change in colour is due to the 

interaction between conduction electrons of metal 

NPs and incident photons [34]. In sample A 

containing 35mg of aqueous copper salt when 10ml 

and 20ml of green plant extract was added the 

colour changed from blue to white indicating the 

formation of Cu NPs which was confirmed by the 

UV-Vis spectroscopy absorption peak at 630nm for 

10ml of leaf extract and an absorption peak at 

615nm for 20ml leaf extract and for both the 

samples the absorption has increased in visible 

region [35, 36].  Similarly, for the sample B 

containing 2.5gm aqueous copper salt the colour 

changed from blue to light blue after adding 10ml 

and 20ml green plant extract indicating the 

reduction of copper ions to Cu NPs which was 

confirmed by the UV-Visible absorption peaks at 

615nm for 10ml and 800nm for 20ml leaf extract. 

Further an increase in the absorption is observed for 

20ml green plant extract. The electronic spectra of 

the Cu NPs arises 
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Fig. 2  UV-Visible Spectra of Synthesized Cu NPs collected for different concentrations of the plant 

extract. 

 

due to the excitation of surface plasmon resonance 

phenomena [37].  The characteristic surface 

plasmon resonance peak of Cu NPs is around 

560nm [38] for particle diameters ranging between 

10 and 40nm. Whereas the smaller particles of sizes 

less than 20nm show a resonance peak at lower 

wavelengths with increased absorbance indicating 

the onset of nanoparticle formation. The variation 

in its bandwidth and the shift in the resonance are 

thus exciting parameters to characterize the metal 

nanoparticles. Small metal nanoparticles exhibit 

the absorption of visible electromagnetic waves by 

the collective oscillation of conduction electrons at 

the surface [38]. This is known as the surface 

plasmon resonance effect. The interest in this effect 

is the possibility of using it as a tracer for the 

presence of metal nanoparticles with a simple UV-

visible spectrometer. The size dependence of the 

plasmon resonance for particles smaller than 20 nm 

[38] is a complex phenomenon. 

 

3.3 FT-IR Spectroscopy 

FT-IR Spectroscopy analysis was carried out to 

identify the possible biomolecules in green plant 

extract which are responsible for the reduction and 

stabilisation of Cu NPs. The FTIR spectra of the 

green synthesised Cu NPs are shown in Fig. 3 for 

all the samples. The broad peak at 3260 cm-1 

corresponds to the hydroxyl (-OH) functional 

groups in alcohols and phenolic compounds, 1640 

cm-1 represents the aromating bending of alkene 

group (C=C), 1500 cm-1 corresponds to (C-H) 

bending of alkane, 1320 cm-1 (C-O-C) stretching of 

ether group, 1100 cm-1 (C-O) stretching, 700 cm-1 

represents the deformation vibration of (C-H) 

bonds in phenolic rings respectively. These results 

of FTIR analysis of the green synthesised Cu NPs 

indicated a unique set of the biochemical markers 

such as phenols, aromatic rings, aldehydes, alkenes 

and alkanes [39]. The flavonoid biomolecules 

transformed enol-form to the keto-form by 

releasing a reactive hydrogen atom and that can 

reduce Cu2+ ions to form Cu NPs. These 

biomolecules stabilize NPs by chelating with metal 

ions with their carbonyl groups or π-electrons [40]. 

Thus, results conclude that the surface of green 

synthesized Cu NPs were capped and stabilized by 

flavonoid and other phenolic compounds in the 

Azadirachta indica leaf extract. 
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4. Conclusion 

In summary, this study presented a simple, cost-

effective and eco-friendly green synthesis of Cu 

NPs using Azadirachta indica (Neem) leaf extract 

which acts as both reducing/stabilising and capping 

agent. Though the change in the colour of the 

aqueous CuSO4 solution after the addition of the 

leaf extract confirmed the formation of Cu NPs, the 

same was confirmed by the UV-Vis spectroscopy 

absorption peaks between 610-630nm for all the 

samples. FTIR results confirmed the presence of 

functional groups responsible for the reduction of 

Cu+ ions to Cu NPs. The green synthesised Cu NPs 

were stable for a very long time in the aqueous 

medium. Finally, we conclude that there was no 

effect of the concentration of CuSO4 salt in the 

solution, the quantity of the plant extract in the 

solution plays a major role for the formation of 

nanoparticles. 
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