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Abstract. Nanotechnology becomes the most innovative and interesting field for researchers in last 
decade. Nanotechnology deals with particles of size 1-100 nm. Recent advances in science and 

nanotechnology leads to the wide applications of metal and metal oxide nanoparticles in several fields. 

Copper oxide (CuO) nanoparticles have a large potential due to its distinct properties and environment 

friendly behaviour. There are several methods to synthesize CuO nanoparticles but due to environment 

benign process, availability of plants, non-toxicity and cheap process we prefer green approach. In this 

paper we synthesize CuO nanoparticles via green route in which Aloevera leaf (Aloe Barbadensis) extract 

used as reducing and capping agent. The formation of CuO can be found with naked eyes. The 

phytochemicals present in leaf extract plays an important role in synthesis. In synthesis process copper 

sulphate penta hydrate (Cu(So4)2.5H2O) use as metal precursor salt and NaOH used to maintain the pH of 

the solution. The synthesis process has been carried out at temperature 50 0C. The synthesized 

nanoparticles thereby obtained characterized by various analytical techniques like FESEM with EDX, 

XRD, FTIR and UV-Visible. The surface morphology of spherical shape revealed by Field Emission 
Scanning Electron Microscope (FESEM), elemental analysis by Energy Dispersive analysis (EDX), 

Fourier Transform Infrared (FTIR) revealed the different groups attached with CuO nps, the structure and 

average particle size of 5-6 nm estimated by XRD and the Optical properties revealed by UV-Vis 

spectroscopy. 
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Introduction 

Green approach becomes the most pronounced and effective method for synthesizing 

nanoparticles due to its non-toxic features, environment friendly behavior, recyclability 

and cost effective methods as compared to other physical and chemical methods. The 

Green route involves different biological agents like bacteria, fungi, algae but plant 

extract method proved himself more effective than other biological agent by various 

studies (Waris et al., 2021; Bandeira et al., 2020; Yashni et al., 2020; Gour and Jain, 

2019; Lai et al., 2019; Reddy, 2017). In green approach plant extract serves as reducing 

and capping agent for synthesization of nanoparticles of desired shape and morphology. 

The concentration of phytochemicals present in plant extract, pH of solution ,Reaction 

temperature are the different parameters which affect the synthesis process of metal or 

metal oxide nanoparticles (Akintelu and Folorunsi, 2020). Metal and Metal oxides have 

a large scope for various fields like Physics, Chemistry, Environment science ,material 

science and  many others. Copper (Cu) is very important element for humans, plants, 

and animals, and involved in the functions of human immune cells which are 

responsible for the killing of pathogens (Latorre et al., 2019). 
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Due to the abundance and vast properties of copper we report CuO nanoparticles via 

Green method by using Aloevera plant leaves extract. The phytochemicals works as 

reducing and stabilizing agent. The phytochemicals which are present in aloevera are 

protein, carbohydrates, phenols, tannin, steroids, terpenoids and glycosides which 

perform the reduction mechanism of nanoparticles (Bista et al., 2020; Chakraborty et 

al., 2020). The property of nanoparticles varies with their size and morphology. Copper 

oxide nanoparticles proved their importance as antibacterial activity, in magnetic phase 

transitions, gas sensors, as a catalyst and also in the field of superconductivity 

(Anantharaman et al., 2016; Ahamed et al., 2014; Sutradhar et al., 2014; Srivastava, 

2013; Durán et al., 2011; Ren et al., 2009). It had been also reported that the copper 

oxide nanoparticles had more thermodynamic stability than pure copper and also have 

high dielectric constant (Ahamed et al., 2014). The synthesis of CuO nanoparticles also 

reported by green synthesis of CuO NPs by Arjuna bark extract (Yallappa et al., 2013), 

Malva sylvestris leaf extract (Awwad et al., 2015), carica papaya (Sankar et al., 2014), 

Lxiro Coccinea plant leaves (Vishveshvaret al., 2018), Moringa Oleifera leaves (Galan 

et al., 2018), Juglans regia leaf extract (Asemani and Anarjan 2019) and many more. In 

this paper plant extract mediated synthesized CuO nanoparticles were reported and 

characterized by different techniques. 

Materials and Methods 

Materials used are: (1) Copper Sulphate pentahydrate Cu(SO4)2.5H2O as precursor 

salt; (2) Aloevera leaf extract as reducing and capping agent; (3) NaOH Pallets to 

maintain pH; (4) Whatmann filter paper 12 for filtration; and (5) DI water as synthesis 

medium. 

 

Preparation of Aloevera leaf extract 

Fresh leaves of Aloevera collected from local region wash thoroughly with tap water 

and again washed thoroughly with Double distilled water to remove the contaminating 

particles then after removing its thorns Leaves cut in to fine pieces and leave them to 

dry for 15 days after that using Grinder found a fine powder.  200 m.l. D.I. mixed with 

25 gm aloevera leaves powder and stirrer for 45 minutes at 60 
◦
C and after filtering we 

get the aloevera leaf extract. 

 

Synthesis of CuO nanoparticles 

For synthesis of CuO nanoparticles  Cu(So4)2.5H2O (2.5 gm) mixed in 100 ml D.I. 

(Solution A) and 4 gm NaOH Pallets dissolved in 50 ml DI (Solution B) then  mixed 

solution A and Solution B with 20 ml aloevera leaf extract. The whole mixture was 

stirred at 50 
◦
C for 3 hours in Glove box to avoid the environment contamination. The 

solution becomes blackish in Colour after 3 Hours which shows the formation of 

nanoparticles. Leave it for 10 days. After thoroughly washing with DI water, filtering 

and drying in oven overnight we found CuO nanoparticles in powder form. 

 

Analysis of CuO nanoparticles 

The CuO nanoparticles thereby obtained were characterized by different analytical 

techniques. X-Ray Diffractometer (XRD) reveals the average crystalline size, Field 

Emission Scanning Electron Microscope (FESEM) reveals the morphology of 
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nanoparticles, detection of elemental composition by Energy dispersive spectroscopy 

(EDS), Optical properties by UV-Visible spectroscopy (UV-Vis), and the presence of 

different functional groups revealed by Fourier Transform Infrared (FTIR) 

spectroscopy. 

Results and Discussion 

X-Ray Diffraction (XRD) 

The crystalline size and structure can be revealed by X-ray diffraction technique. The 

XRD pattern recorded for a wide range of angles from 10
0
 to 80

0
 which is shown in 

Figure 1.The XRD pattern shows the diffraction peaks at 32.63, 35.60, 38.65, 49.08, 

53.36, 57.96, 61.52, 66.47, and 67.58 which indexed to diffracting planes to (-110), 

(111), (200), (-202), (020), (202), (-113), (-311), and (113) as reported by Sharma et al. 

by JCPDS file no.45-0937 (Sharma and Kumar, 2020).The observations are in good 

agreement with data files. The average particle size was estimated by Debye Scherrer 

formula as D=0.9λ/βcosθ, where λ=1.5406 Å wavelength of incident X rays, β defines 
the Full width at half maximum (FWHM) in radians and θ shows the diffracting angle 
in radians. The crystalline size determined with respect to two intense peaks found 

between the ranges of 30
0
 to 40

0
 which provides the crystalline size 5-6 nm. 

 

 
Figure 1. XRD pattern of CuO np’s. 

 

Scanning Electron Microscope (SEM) 

The morphology and structure of synthesized nanoparticles were revealed by 

FESEM images as shown in Figure 2 and Figure 3.The SEM images reveals that the 

synthesized nanoparticles are of spherical shape with aggregation due to large surface 

area and high surface energy (Pakzad et al., 2019). The elemental analysis revealed by 
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EDS pattern (Figure 4). The signals appeared in EDS pattern revealed the existence of 

Cu and O in our sample with atomic weight percent of 75.73 % and 24.27% 

respectively as shown in Table 1. 

 

Table 1. Atomic weight percentage of EDAX spectrum. 

Spectrum Number Element Series Weight (%) Atomic (%) 

1 Cu K 92.53 75.73 
2 O K 7.47 24.27 

Total 100 100 

 

 
Figure 2. SEM micrograph of CuO np’s. 
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Figure 3. SEM micrograph of CuO np’s. 
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Figure 4. EDS spectra of CuO np’s. 

 

UV-Visible Spectroscopy 

Ultraviolet and visible spectroscopy is used for optical measurements and further 

quantitative analysis of the samples for band gap. UV-Visible spectroscopy is based on 

Beer-Lambart law to calculate the Plasmon resonance and oscillation of conduction 

electrons with electromagnetic waves. In this spectroscopy incident beam get splitted in 

two parts half travels with sample and remaining half travels through reference material. 

The light absorbed by the sample explores the surface Plasmon resonance (Akintelu et 

al., 2020). UV-Visible spectra revealed the absorbance peaks in absorbance spectra at 

220 nm (Renuga et al., 2020) and 388 nm (Figure 5) which is in good agreement with 

the results reported by the different researchers (Gebremedhn et al., 2019). The SPR 
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band at 388 nm may due to the cause of smaller size (Velsankar et al., 2020). It also 

revealed the red shift in wavelength which explains the newly formed nanoparticles of 

different size and shape (Gebremedhn et al., 2019). 

 

 
Figure 5. UV-Visible spectra of CuO np’s. 

 

FTIR Spectroscopy 

Figure 6 shows the FTIR spectra of synthesized CuO nanoparticles in the range 

4000-400cm
-1

. FTIR spectra revealed the functional groups which are attached with the 

surface of nanoparticles. The broad peaks in the range of 3300-3600 cm
-1

 corresponds 

to the presence of stretching vibrations of hydroxyl groups (O-H). The peak at 1613.66 

cm
-1

 reveals the presence of C-C-vibrations. The peak at 932.80 cm
-1

 shows the C-H 

bending. The interesting result provided by the peaks found at 701.48 cm
-1

, 594.92 cm
-1

, 

515.12 cm
-1

 and 483 cm
-1

.These peaks shows the presence of Cu-O vibrations and also 

verifies the purity of CuO nanoparticles (Siddiqi and Husen, 2020; Velsankar et al., 

2020; Pakzad et al., 2019; Rajendaran et al., 2019). 
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Figure 6. FTIR spectra of CuO np’s. 

Conclusion 

In this paper, CuO nanoparticles were successfully synthesized by an ecofriendly and 

cost effective approach (Green synthesis) by using Copper sulphate penta hydrate 

(Cu(So4)2.5H2O) as precursor salt and aloevera leaf extract as reducing and capping 

agent. The crystalline size of 5-6 nm revealed by XRD analysis SEM reveals the 

morphology of nanoparticles of spherical shape. EDS pattern reveals the elemental 

composition of sample which is in good agreement with other results. The optical 

characteristics revealed by UV-Visible spectroscopy which shows absorption peaks at 

220 nm and 388 nm. FTIR spectra reveals the functional groups which are attached with 

the surface of nanoparticles FTIR peaks at 483 cm
-1

, 515 cm
-1

 strongly prove the 

existence of CuO stretching in our sample. Due to cost effectiveness and environment 

friendly nature the Green route for synthesization have a remarkable potential in the 

field of nanotechnology. 
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