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ABSTRACT 
 

Copper oxide nanoparticles (CuONPs) synthesized by a completely environmentally safe and facile process using 

Ziziphus mauritiana L. aqueous plant extract as an effective stabilizing agent. Phytochemical screening of the fresh 

aqueous leaves extract showed the presence of coumarins, tannins, saponins, flavonoids, and glycosides. The 

synthesized CuO nanomaterial was characterized by XRD, SEM, EDX, TEM and surface area. This green synthesis 

route indicates that, it is efficient method than chemical method. 

Keywords: Nanotechnology, Ziziphus mauritiana L., CuONPs, Phytochemical screening. 

 

I. INTRODUCTION 

 

Nowadays CuONPs have generated a great deal of 

interest, especially in the field of gas sensing [1], 

catalysis [2] and biomedical [3] because of their 

remarkable applications.  These CuONPs fabricated 

using different synthetic routes such as ionic liquid 

assisted, microwave irradiation, sonochemical, 

electrochemical, sol-gel technique and thermal treatment 

[4-9] have been reported. Nevertheless, these routes 

have some drawbacks like the use of toxic chemical, use 

of acrimonious synthesis conditions like high 

temperature and requirement of external additives during 

the reaction time. Hence there is limited scope for the 

development of efficient, environmentally safe and 

additive free synthesis of CuONPs. Currently plant 

extract mediated nonmaterial synthesis is getting lot of 

attention with several advantages offered by chemical 

methods [10-12]. The scrutiny of the literature revealed 

some notable plant extract used for facile synthesis of 

CuO-NPs. For example, Rauvolfia serpentina [13], 

Leucaena leucocephala [14], Calotropis gigantean [15], 

Aloe barbadensis [16], Ficus religiosa [17], Albizia 

lebbeck [18] and Acanthospermum hispidum [19] have 

been reported. 

 

Ziziphus mauritiana L. (Figure 1) belongs to family 

Rhamnaceae is an annual plant which grows in tropical 

and sub-tropical regions of world. Different parts of this 

plant have been used in the traditional medicine for the 

treatment of different ailments. In this study, we report 

the use of Ziziphus mauritiana L. as stabilizing and 

reducing agent in the ecofriendly synthesis of CuONPs. 

 
Figure 1. Leaves of Ziziphus mauritiana L. 

 

 

II. MATERIALS AND METHODS 

 

2. 1. Materials 

Copper acetate monohydrate was used as a precursor. 

The fresh leaves of Ziziphus mauritiana L. were sourced 

from Sangamner college campus, Maharashtra, India. 

The collected leaves were washed with deionized water, 

cut into small pieces. All glassware’s are washed with 

distilled water and acetone and dried in oven before use. 
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2.2. Biogenic synthesis of CuONPs 

 

5g chopped leaves of Ziziphus mauritiana L. were 

transferred into 500 mL beaker containing 100 mL 

deionized water. The mixture were refluxed at 80 
o
C for 

30 minutes and cooled at room temperature and resultant 

filtrate was filtered through Whatmann No. 1. The 

filtered extract is stored in refrigerator at 5 
o
C and used 

for synthesis of CuONPs. The aqueous solution of 1 mM 

copper sulphate monohydrate was prepared in deionized 

water. Ziziphus mauritiana L. leaf extract was mixed to 

1 mM aqueous copper acetate solution in 1:9 ratios in a 

250 ml beaker with constant stirring on magnetic stirrer. 

After time of period the color of solution turns to dark 

yellow. The mixture was kept in a muffle furnace at 250 

ºC. A fine black colored material was obtained and this 

was carefully collected and packed for characterization 

purposes. 

 

2. 3. Characterization techniques 

The morphology and composition of the synthesized 

CuONPs were examined by field emission scanning 

electron microscopy (FESEM, FEI, Nova Nano SEM 

450), FESEM coupled energy-dispersive X-ray 

spectroscopy (EDX, Bruker, XFlash 6I30). Find the 

exact morphological structures and size of the CuONPs 

using transmission electron microscopic (TEM) analysis 

is done by using a PHILIPS-CM200. The crystallinity 

and crystal phases were characterized by X-ray 

diffraction (XRD, Brukar, D8-Advanced Diffractometer) 

pattern measured with Cu- Kα Radiation (λ= 1.5406 Å) 

in the range of 5–90
o
.  

 

2. 4. Phytochemical Screening 

The fresh aqueous extract of Ziziphus mauritiana L. 

leaves were investigated for the presence of 

phytochemicals viz. coumarins, saponins, tannin, 

flavonoids, and glycosides by standard biochemical 

method [20]. 

 

III. RESULTS AND DISCUSSION 
 

3.1. Structural & crystallographic analysis 

The CuONPs fabricated from Ziziphus mauritiana L. 

leaves extract were confirmed by the characteristic 

peaks observed in the XRD patterns, as shown in Fig. 2. 

XRD analysis evinced prominent diffraction peaks at 

32.59º, 35.47º, 38.69º, 53.41º, 61.45º and 75.19º 

corresponding to (110), (002), (111), (020), (113) and 

(222) of face-centered-cubic structure of copper oxide 

nanoparticles with a monoclinic phase (JCPDS No. 45-

0937). The XRD pattern exposed that synthesized 

copper oxide nanoparticles are crystalline in nature [30]. 

 

 

Figure 2. X-Ray diffraction pattern of synthesized CuO-

NPs at room temperature 

3. 2. FE-SEM microphotographs 

From the FESEM image as shown in Fig. 3 the 

synthesized CuONPs present uniform and define 

spherical morphology. Each CuONPs possesses the 

average particles size of 20-45 nm. It is noticed that 

green synthesis of CuONPs produces the small and 

uniform size of spherical particles. 

  
Figure 3. FE-SEM microphotographs of CuO-NPs 

deposited on a carbon strip. 

 

3. 3. TEM images  

 

Figure 4 shows the TEM images of synthesized CuONPs. 

The low magnification TEM image reveals almost 

similar spherical morphology of CuONPs as seen in 

FESEM image. From TEM images, the average particle 

size is estimated to be 20-45 nm spherical particles, 

which is consistent with the FESEM results.. Therefore, 

the morphological characterizations confirm the 
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spherical morphology of CuONPs biosynthesized from 

the leaves of Ziziphus mauritiana L. plant. 

   

Figure 4. TEM images indicating the presence of 

spherical CuO-NPs recorded at various magnifications. 

3. 4. EDS studies  

The composition of synthesized CuONPs has been 

analyzed by investigating the energy-dispersive X-ray 

spectroscopy (EDS), as shown in Fig. 5. EDS spectrum 

displays the Cu and O peaks. The quantitative data 

confirms the formation of CuO instead of other copper 

oxide in the synthesized materials by green synthesis of 

Ziziphus mauritiana L. plant. 

 
Figure 5. EDS spectrum of synthesized CuO-NPs. 

 

3. 5. Specific surface area and porosity studies                         

The considerable parameters such as particle size, shape 

and density are related to the specific surface area 

measurements (m
2
∙g

−1
) Fig. 6 exhibit BET plots of 

CuONPs. The specific surface area of CuONPs 

calculated using the multipoint BET-equation is 14.98 

m
2
/g. Assuming that the particles have solid, spherical 

shape with smooth surface. 
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Figure 6. BET plots of CuONPs. 

 

Figure 7 shows the typical BJH desorption pore size 

distribution curves of CuONPs. From the curves, we can 

see that most of the micropores with a size smaller than 

36.19 nm, the pore size of which estimated from the 

peak position are about 3.711 nm possesses a relatively 

narrow pore size distribution. Therefore, these particles 

are actually grain clusters and small polycrystalline in 

nature. 
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Figure 7. BJH desorption pore size distribution curves 

of CuONPs 

 

3. 6. Phytochemical screening 

The results of qualitative phytoconstituents analysis of 

aqueous leaf extract of Ziziphus mauritiana L. are 

shown in table 1. Phytochemical analysis of Ziziphus 

mauritiana L. leaves revealed and highlighted the 

presence of tannins, saponins, coumarins, flavonoids, 

and glycosides which may be responsible for the 

efficient stabilizing agent of nanoparticles. 
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Table 1. Phytochemical screening of aqueous leaves 

extract of Ziziphus mauritiana L. 

 

IV. CONCLUSION 
 

In present work a new green protocol for the synthesis of 

CuONPs using aques extract of Ziziphus mauritiana L. 

leaves is developed, which is ecofriendly method and a 

promising, low cost & without using any toxic 

chemicals.  Average size of synthesized CuONPs is 5-40 

nm. 
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