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Abstract 

The current study focuses on producing zinc oxide nanoparticles (ZnO-NPs) from aqueous leave extracts 

because it is more environmentally friendly and cost-effective than traditional physical and chemical methods. 

Synthesis of aqueous extracts of Moringa Oleifera, Ocimum tenuiflorum (Tulsi), and Neem (Azadirachta indicia) 

leaves. Zinc acetate dihydrate (Zn (CH3COO)2.2H2O) was used as a precursor to biosynthesize ZnO-NPs at 

different temperatures (50, 75, and 100 
o
C) for 1 hour of the synthesis of Zinc oxide nanoparticles (ZnO-NPs) 

were characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier transforms 

infrared (UV). The presence of biomolecules such as polyphenols, carboxylic acid, polysaccharides, and amino 

acids was revealed by FTIR analysis of green synthesized nanoparticles. The results of the SEM study of green 

synthesized ZnO nanoparticles revealed that the sample exhibits a compact arrangement of homogeneous 

nanoparticles with a spherical shape and successfully unfolded it was crystalline structure nature. 
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Introduction 
 

Nanotechnology is one of the strategies that 

appears to have the most potential, as nanomaterials 

present a larger specific surface area and particular 

physical, chemical, and biological properties 

(developed due to small particle size) that are suitable 

for applications in the environmental field (Deak et 

al., 2019). When compared to traditional methods, 

which involve toxic substances and convoluted 

procedures, green nanoparticle synthesis is an 

essential component of nanotechnology that provides 

exceptional advantages for the environment as well as 

significant financial savings (Sierra et al., 2018). 

Zinc oxide, also known as ZnO, is a crystalline 

powder that can range in color from white to 

yellowish-white and is almost completely soluble in 

water. Wurtzite crystals were the most typical of their 

crystalline forms (hexagonal). The Zinc Oxide 

Nanoparticles were a type of inorganic compound 

that had the formula ZnO for their molecular 

structure. ZnO powder finds widespread application 

as an additive in a wide variety of materials and 

products, including ceramics, glass, cement, and 

rubber, amongst others (Sabir et al., 2014). 

Nanoparticles made of zinc oxide are an important 

type of metal oxide that finds widespread use in the 

field of materials science due to the unique physical, 

chemical, and biological properties that they possess. 

These properties include biocompatibility,  

environmental friendliness, low cost, and non-

toxicity (Alwan et al., 2015). 

Moringa oleifera leaves, Ocimum tenuiflorum 

leaves, and Neem (Azadirachta indica) leaf extract 

are being used in this study to develop improved and 

more reliable methods for the bio-fabrication of zinc 

oxide (ZnO) nanoparticles using green methods. 

These methods involve the utilization of Moringa 

oleifera, Ocimum tenuiflorum, and Neem leaves 

Several different characterization techniques, such as 

X-ray diffraction spectroscopy (XRD), high 

resolution scanning electron microscopy (SEM), and 

Fourier transform infrared analysis, were utilized in 

order to investigate the electrochemical activity of 

ZnO nanoparticles (FTIR). Also, the characterization 

of the ZnO-NPs and their use in the treatment of 

contaminated water, as well as the determination of 

the optimal conditions for their production using leaf 

extract. Mlitan et al., (2014) prepared the leaves of 

Ocimum tenuiflorum that were collected from three 

different locations in the Misurata region of Libya 

(Zaroge, Tamina, and Daphnia) in order to conduct 

an analysis of the proximate and minor minerals 

constituents in the samples. According to the results 

of the proximate analysis of the samples (Zaroge, 

Tamina, and Daphnia), the percentages of crude 

protein content, moisture, lipids, ash, and 

carbohydrate of the leaves on a dry weight basis were 

as follows: (9.10, 10.60, 41.30, 28.92, 10.08%), 
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(9.80, 10.40, 12.85, 14.50, 52.45%), and (9.22, 10.60, 

35.55).  

The ZnO nanoparticles were assembled by 

Ghorbani et al., (2015) by combining the Zn 

(NO3)2.6H2O and the KOH in an aqueous solution. 

The precipitated compound was calcined, and its 

properties were analyzed using transmission electron 

microscopy (TEM), UV-Vis spectroscopy, and 

dynamic light scattering (DLS). Around 372 nm was 

the wavelength at which the characteristic surface 

plasmon resonance peak was observed for the ZnO 

nanoparticles. Based on the results of the dynamic 

light scattering technique (DLS), it was determined 

that the particles had a size ranging from 20 to 40 

nanometers. On the other hand, Noorjahan et al., 

(2015) used an aqueous extract of Neem (Azadirachta 

indica) leaf to synthesize zinc oxide nanoparticles. 

When it comes to the production of nanoparticles, the 

extract of the leaf in aqueous form serves not only as 

a solvent but also in multiple other capacities, 

including those of promoter, stabilizer, and template. 

The FTIR analysis of green nanoparticles revealed 

the presence of biomolecules such as polyphenols, 

carboxylic acid, polysaccharides, amino acids, and 

proteins. Additionally, the results of the SEM 

analysis of the green synthesized ZnO nanoparticles 

showed the formation of spindle-shaped nanoparticles 

as well as nano-flakes of zinc oxide.  

Okiki et al., (2015) studied assessing the 

nutritional and phytochemical constituents of the 

leaves of Moringa oleifera. The proximate analysis of 

dried leaves of Moringa oleifera showed that it was 

highly rich in protein (28.00±0.33%) and 

metabolizable energy (2625.25±79.30 Kcal/Kg), with 

appreciable levels of fat (3.88%), ash (9.88%), crude 

fiber (12.57%) and carbohydrate (37.87%). 

Pinto and Nazareth (2016) used a variety of 

methods, including chemical, physical, and 

biological, to prepare the ZnO particles. The green 

synthesis was accomplished through the utilization of 

an aqueous solution containing Ocimum tenuiflorum 

(Tulsi), Phyllanthu Emblicaca (Gooseberry), Neem 

(Azadirachta indica) extract, and zinc nitrate. The 

nanoparticles were characterized by using FTIR, 

XRD, and SEM. The size of the particles that were 

synthesized ranged from 10 to 30 nanometers (nm). 

The XRD analysis of each of the prepared samples 

revealed the presence of zinc oxide in nanoscale 

form, as indicated by a distinctive peak in the 

analysis. The structure of the zinc oxide nanoparticles 

appeared to be elongated and floral when viewed 

through a scanning electron microscope (SEM). ZnO 

nanoparticles were found to be present, as 

demonstrated by the IR spectra. Antimicrobial 

activity was also observed in the samples that were 

synthesized. 

 The zinc oxide nanoparticles were synthesized 

by Thirunavukkarasu et al., (2016) utilizing an 

aqueous extract of Moringa oleifera obtained from 

the leaf, blossom, and bark. The green synthesis sol-

gel method was used for the preparation. X-ray 

diffraction (XRD), scanning electron microscopy 

(SEM), ultraviolet-visible (UV-Vis), and Fourier 

transform infrared spectroscopy (FTIR). Was all 

utilized in order to investigate Zinc Oxide 

Nanoparticles. The results of an analysis using              

UV-visible spectroscopy showed that the band gap 

energy was highest in the near-visible region at a 

wavelength of 286.5 nm. This value was 4.3 eV. The 

use of Moringa oleifera bark to produce ZnO 

nanoparticles resulted in the strong appearance of 

peaks in XRD, which demonstrated the crystallinity 

of the particles. The synthesis of green nanoparticles 

was investigated by Khaing et al., (2018), who used 

an aqueous solution of Neem (Azadirachta indica) 

leaf extracts along with zinc nitrate solution in their 

research. In addition, we analyzed them by 

employing techniques such as spectroscopy                  

(UV-Visible), FTIR, EDXRF, XRD, and scanning 

electron microscopy (SEM). They discovered that the 

FT-IR spectrum of the aqueous neem extract showed 

the presence of O-H     stretch of 3377.41cm
-1

 from 

the extract of Neem leaves, and they found that the 

typical absorption peak of the Zn-O bond was 

identified at 832.30 cm
-1

. The high crystallinity was 

clearly indicated by the strong peaks in the XRD 

pattern, and the size of the ZnO nanoparticles at 100 

degrees Celsius was found to be 37.79 nm and 24.60 

nm respectively. The green ZnO that was synthesized 

was found to have formed nanoflakes and 

nanoparticles in the shape of spindles, according to 

experiments using a scanning electron microscope 

(SEM). 

Researchers from Pal et al., (2018) investigated 

the process of precipitating ZnO nanoparticles from a 

natural precursor known as Moringa Oleifera 

(Drumstick) leaves. Using UV-VIS spectroscopy, we 

were able to establish both the formation of ZnO 

nanoparticles as well as their characterization. They 

performed an X-ray diffraction examination and 

found that the produced nanoparticles have a 

hexagonal wurtzite structure with an average grain 

size of 52 nm. In addition, ZnO nanoparticles that 

have been artificially produced have been used as 

photocatalytic agents in order to break down the 

organic dye. Titanium appears yellow in visible light 

and can be made to do so by exposing it for one hour 

to visible light. The yellow titanium dye was nearly 

completely destroyed by ZnO nanoparticles. The 

chemical contents of the aqueous extract of Neem 

(Azadirachta Indica) leaves were investigated by 

Garba and Mungadi (2019). The findings indicated 

that there was a presence of tannin in the amount of 

1.4%, oxalate in the amount of 1.41mg/100g, phytate 

in the amount of 6.12mg/100g, saponin in the amount 

of 22.55%, cyanogenic glycoside in the amount of 

2.05mg/100g, an alkaloid in the amount of 12.22%, 

trypsin inhibitor in the amount of 6.25%, flavonoid in 

the amount of 32.06%. 

Neem (Azadirachta indica) and Tulasi (Ocimum 

tenuiflorum) leave extracts to serve as the bulk 

molecules that Ajayan and Hebsur (2020) use to 
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produce zinc oxide nanoparticles. With the help of a 

particle size analyzer and scanning electron 

microscopy, the newly created particles were 

examined to determine their dimensions and form. 

When measured with a particle size analyzer, the zinc 

oxide nanoparticles that were generated using neem 

and Tulasi had an average size (diameter) of 101.6 

and 122.4 nm, respectively. ZnO nanoparticles 

produced from Neem recorded a flakes-like or 

flower-like appearance when observed by scanning 

electron microscopy (SEM), and their sizes ranged 

from 100 to 300 nm. The ZnO-NPs that were 

produced from the Tulasi leaves extract recorded 

ovoid forms and sizes that ranged from 70-400 nm. 

The synthesis of zinc oxide (ZnO) nanoparticles was 

performed by Sharma et al., (2020) using the green 

synthesis method. They used various parts of the 

Neem tree, such as the leaves, bark, twigs, and fruits, 

for the synthesis of ZnO nanoparticles, primarily by 

two methods: one that involved soaking and the other 

involved boiling. After the nanoparticles that were 

generated were characterized, the XRD technique 

was utilized, and the results revealed that the size of 

the particles ranges from 16 nm to 31 nm. In addition, 

the produced nanoparticles have a crystalline 

character, which allows them to be controlled and 

exact, and they have well-defined sizes and forms of          

a variety of different configurations.  

ZnO nanoparticles were synthesized and 

described by Yasotha et al., (2020) using an 

environmentally friendly synthesis approach that 

involved the extract of Ocimum Tnuiflorum leaves. 

They discovered that the acquired results show that 

the crystalline size, shape, and composition meet the 

common values and will be useful for applications 

involving antibacterial treatment. Before 

characterization, the ZnO-NPs created by Adam et 

al., (2021) were subjected to heat treatment at 

temperatures of 300, 350, 400, 450, and 500 degrees 

Celsius. These temperatures were used during the 

preparation and synthesis of the ZnO-NPs. Methods 

include Fourier transform infrared spectroscopy,           

X-ray diffraction, and (UV-Vis). They discovered 

that the FTIR analysis reveals an absorption band at 

(422-497 cm
-1

), which was associated with the 

stretching of Zn-O, and the intensity of the O-H bond 

(3417 cm
-1

) decreases with increasing calcination 

temperature. Both of these findings are related to the 

stretching of    ZnO. As the temperature rises, the 

XRD spectrum reveals a discernible improvement in 

the electron characteristics and bond formation of the 

material.  

 

Materials and Methods 
 

Moringa Oleifera, Ocimum tenuiflorum, and 

Neem (Azadirachta indicia) leaves were collected 

from the Faculty of Agriculture, Benha University, 

Qalyubia Governorate. Leaves were washed 

thoroughly with water and were allowed to dry in the 

air at room temperature. 

Chemicals: - Zinc acetate dihydrate 

(Zn(CH3COO)2·2H2O)                                        

ammonium carbonate (NH3)2CO3, methanol were 

obtained from El-Gomhouria Com and El-Nasr Com.   

 

Preparation of green leaves extracts: Green leaves 

of Moringa Oleifera, Ocimum Tenuiflorum, and 

Neem (Azadirachta Indicia) extracts were prepared 

by the method described by pal et al., (2018). 

Green synthesis of ZnO nanoparticles using 

green leaves: Ten mL of extract from green leaves 

was combined with 50 mL of a solution containing 

twenty percent NaOH 20%. After that, 5 mL 

solutions of that mixture were added to 50 mL of 

distilled water in a beaker with a capacity of 250 mL, 

and the mixture was stirred for an hour. After that, 

solutions of zinc acetate (2.1 grams dissolved in 100 

mL of water) and ammonium carbonate (0.96 grams 

dissolved in 100 mL) were simultaneously and drop 

wise put into the beaker while being stirred. After the 

completion of the reaction, the suspension was 

allowed to remain stirred at room temperature for                   

a period of one hour. In the end, the precipitate was 

filtered and washed repeatedly with an ammonia 

solution before being repeatedly treated with ethanol. 

The precipitates were then dried in a vacuum for                   

a period of 12 hours before being calcinated in a hot 

air oven at a temperature of 350 degrees Celsius for a 

period of 5 hours. The zinc oxide nanoparticles were 

collected and kept for future use in a vacuum storage 

facility (pal et al., 2018). 

 

Chemical composition of green plants under 

investigation:  

Moisture, ash, crude protein, and crude fat 

content were determined according to the method 

described by A.O.A.C (2019). The total 

carbohydrates were determined by difference. 

 

Characterization of zinc oxide nanoparticles: - 

X-ray diffraction spectroscopy (XRD): 

provides the calculation for determining whether or 

not ZnO nanoparticles are, on average, crystalline. 

The intensity of the rays that have been diffracted is 

displayed as a function of the diffraction angles on 

the diffractogram. The spectra provide an illustration 

of the intricate characteristics of the crystal planes. At 

the Egyptian atomic energy authority in Nasr City, 

the testing of the samples was performed in an XRD 

with the model number XRD-6000. The                     

Debye-Scherrer equation was utilized in order to get 

an accurate reading of the nanoparticles' sizes 

(Jayachandran et al., 2021). 

  
  

      
   

Where:     D = the average crystalline size in A
o
. 

                  K = the Scherrer constant (0.9). 

                   λ = X-ray wavelength (1.5406 A
o
) s. 

                   β = peak width of half maximum.  

                   θ = the Bragg diffraction angle. 
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Scanning electron microscopy (SEM) The 

morphology of the produced nanoparticles, including 

their size and shape, were analyzed with scanning 

electron microscopy (SEM) in accordance with the 

approach developed by Ajayan and Hebsur (2020). 

In the laboratory of the Mansoura Faculty of 

Agricultural University, the samples were analyzed 

using a scanning electron microscope with the model 

number JEOL JSM 6510 lv. 

Fourier transform infrared spectroscopy 

(FTIR) was performed to study the surface functional 

group present in ZnO-NPs according to the method of 

(Shamhari et al., 2018). The analyzed samples were 

measured within a range of 450-4000 cm
-1

. The 

samples were carried out in the Fourier transform 

infrared spectroscopy in the Benha Faculty of Science 

model Nicolet™ iS10. 

UV Visible Spectra Analysis was done for 

preliminary confirmation of green synthesized ZnO 

nanoparticles. The samples were recorded as a 

photograph of the UV-Vis spectra model V-670 of 

ZnO in Benha Faculty of Science, according to the 

method of (Ajayan and Hebsur 2020). 

 

Estimation of optical band gap: For the 

purpose of determining the optical characteristics of 

amorphous semiconductors, several models are 

utilized. The Tauc model is the one that is used the 

most frequently. This model enables us to obtain the 

band gap energy Eg from E(ε) 1/2 as a function of the 

incident energy E. To calculate the Tauc optical gap 

associated with the thin films, an extrapolation of the 

linear trend seen in the spectral dependence of (hv) 

1/2 is performed across a specific range of photon 

energies h. This allows for the gap to be calculated. 

At the point where this linear extrapolation meets the 

abscissa axis is where the Tauc optical gap will be 

found. In many amorphous semiconductors, the 

absorption coefficient (α) near the band edge displays 

an exponential dependence upon the photon energy. 

This dependence typically obeys the empirical 

relation developed by Bensaada Laidani et al., 

(2008). 

 (𝜶𝒉𝝂) = 𝑩(𝒉𝝂 - 𝑬𝒈 )𝒏 

 

Where:               (𝛼) is the absorption coefficient 

             (𝒉𝜈) is the photon energy in electron 

volts unit 

               (B) is a constant. 

 (𝛼 = 4𝜋𝑘/𝜆); 𝑘 is the absorption index. 

                             (𝜆) is the wavelength in nm. 

                           (Eg) is the optical energy gape 

                             (n) is an index that can have   

                                 different values. 

       

Results and Discussion 

The present work reveals that the synthesis 

ZnO-NPs via a simple and cost-effective precipitation 

approach employing green leaves extracts such as 

Moringa Oleifera, Ocimum Tenuiflorum, and Neem 

(Azadirachta Indicia), XRD, FTIR, SEM, and UV 

studies confirmed the production of ZnO 

nanoparticles. The emergence of a white precipitate 

plainly demonstrates the synthesis of ZnO-NPs in the 

reaction mixture.  

Chemical composition of green leaves under 

investigation: The data on the proximate of the 

biomass samples are tabulated and presented in  

Table (1). The proximate analysis obtained resulted 

in the proximate analysis like moisture content being 

higher in Ocimum Tenuiflorum leaves 

(10.60±0.01g/100g). While the ash was found higher 

in Ocimum Tenuiflorum (14.50±0.01g/100g). but, 

Moringa Oleifera has a content of higher crude 

protein (13.5±0.01g/100g). On the other hand, the 

higher crude fat and carbohydrate contents for Neem 

(Azadirachta Indicia) were found to be 

(7.96±0.01g/100g), (62.36±0.18g/100g). These 

results are different from those reported by Okiki et 

al., (2015), Mlitan et al., (2014) and Garba and 

Mungadi (2019).  

 

Table 1.  Chemical composition of green leaves (g/100g) on the dry weight basis: 

Green leaves 

Components (%) 

Moisture Ash Crude protein 
Crude 

Fat 

*Total 

carbohydrate 

Moringa Oleifera 9.37±0.01
c
 8.60±0.01

c
 13.50±0.01

a
 7.30±0.01

b 
61.23±0.01

b
 

Ocimum 

Tenuiflorum 
10.60±0.00

a
 14.50±0.01

a
 7.42±0.01

c
 6.52±0.01

c
 60.96±0.02

c
 

Neem (Azadirachta 

Indicia) 
9.50±0.01

b
 11.62±0.01

b
 8.56±0.01

b
 7.96±0.01

a
 62.36±0.18

a
 

LSD at 0.05 0.02 0.02 0.03 0.04 0.37 
 a, b & c: No significant difference (P>0.05) between any two means, within the same column and with the same superscript 

letter. 

*The difference gave total carbohydrate  
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Yield percent of prepared ZnO Nanoparticles 

from green leaves at different temperatures: The 

current study demonstrates that the preparation of an 

aqueous extract from the green leaves of Moringa 

Oleifera, Ocimum Tenuiflorum, and Neem 

(Azadirachta Indicia) can be used to produce zinc 

oxide nanoparticles (ZnO-NPs) at three different 

temperature ranges (50, 75, and 100 degrees Celsius) 

for one hour. The outcomes that were achieved are 

detailed in Table (2). According to the findings from 

their research, the temperature ranges had an effect 

on the yield percent of ZnO-NPs that were extracted 

from the leaves of Moringa Oleifera and Ocimum 

tenuiflorum. According to these findings, the amount 

of ZnO-NPs that could be isolated from Moringa 

Oleifera amounted to 0.727% of the total yield. The 

temperature was determined to be (50 degrees 

Celsius), and the concentration of green leaves was 

found to be 10 grams per 100 mL of the leaves. The 

yield percent of ZnO-NPs extracted from Ocimum 

Tenuiflorum was 0.775% when the conditions were 

optimal. However, at a temperature of (100
o
C) and               

a concentration of 10g/100 mL, it was discovered that 

the yield percent of ZnO-NPs recovered from Neem 

(Azadirachta indicia) was 1.05%. The similarities 

between these results and those reported by (Khaing 

et al., 2018). 

 

   

Table 2.  Yield percent of prepared ZnO Nanoparticles from leaves of Moringa Oleifera, Ocimum tenuiflorum, 

and Azadirachta Indicia at different temperatures. 

Plant leaves 
Concentration 

(g/100mL) 

Yield percent (%) at different temperatures 

50
o
C 75

o
C 100

o
C 

Moringa oleifera 
5 0.59 0.68 0.63 

10 0.72 0.71 0.68 

Ocimum tenuiflorum 
5 0.71 0.76 0.65 

10 0.78 0.65 0.54 

Neem (Azadirachta 

indicia) 

5 0.65 0.96 0.97 

10 0.77 0.91 1.05 

 

Morphology and size distribution:  

In order to evaluate the crystal structure of the 

nanoparticles, the powder X-ray diffraction patterns 

(XRD) of ZnO-NPs that were biosynthesized 

utilizing Moringa Oleifera, Ocimum Tenuiflorum, 

and Neem (Azadirachta indicia) were analyzed. The 

results that were obtained from the analysis of the 

various leaves are presented in Figure (1). The 

findings from the Moringa Oleifera leaves extract are 

presented in Table (3). The characteristic peaks of 

ZnO-NPs can be seen in these patterns the angles of 

31.75 degrees, 32.99 degrees, and 34.51 degrees. 

Using the Scherrer formula and the data that was 

received from the X-ray diffraction patterns, it was 

possible to calculate the size of the crystal. The 

Moringa Oleifera ZnO-NPs were found to have an 

average size of 8.56 nm as a result of this experiment. 

The samples were also estimated with the help of 

origin software from the contribution to the intensity 

of the amorphous and crystallized fields by utilizing a 

single line fitting. The findings presented here are 

consistent with those reported by (Adam et al., 

2021). 

 

Table 3.  The Structure and geometric parameters of ZnO-NPs from Moringa Oleifera leaves extract 

 

 

 

 

 

 

 

 

 

 

Peak 

Index 

Peak 

Type 
Area Intg 

(a.u.) 

FWHM 

(degree) 

Max 

Height 

(a.u.) 

2th 

(degree) 

Area 

IntgP 

(a.u.) 

D 

(nm) 

D 

Average 

(nm) 

1 Gaussian 144.2567 0.93573 144.8283 31.75727 14.94835 8.49003 

8.56905 

 

2 Gaussian 59.1556 0.80776 68.73316 32.99436 6.12990 9.83508 

3 Gaussian 142.7893 1.07618 124.6464 34.51107 14.79629 7.382035 
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The results that were achieved from the X-ray 

diffraction of the nanoparticles that were generated 

from the extracts of Ocimum Tenuiflorum leaves are 

listed in Table (4). The ZnO-NPs Ocimum 

Tenuiflorum leaves came out to have an average size 

of 12.10 nm as a result of the experiment. The results 

of the investigation were consistent with those that 

were reported by (Yedurkar et al., 2016) and 

(Sierra et al., 2018). (Sharma et al., 2020) found 

that the particle size of the Ociumum Tenuiflorum 

zinc oxide nanoparticle was determined to be 28.13 

nm. The results presented here are in contrast to those 

that were found and reported by (Sharma et al., 

2020). 

 

  Table 4.  The Structure and geometric parameters of ZnO-NPs from   Ocimum Tenuiflorum leaves extract 

Peak 

Index 

Peak 

Type 
Area 

Intg 

(a.u.) 

FWHM 

(degree) 

Max 

Height 

(a.u.) 

2th 

(degree) 

Area 

IntgP 

(a.u.) 

D 

(nm) 
D 

Average 

(nm) 

1 Gaussian 
193.8282 0.658384 276.5701 31.79155 29.14793 12.06649 

12.10629 2 Gaussian 
153.835 0.666174 216.9377 34.45515 23.13375 11.92541 

3 Gaussian 
153.835 0.644474 462.548 36.26756 47.71833 12.32697 

 

On the contrary hand, X-ray diffraction was 

performed on the nanoparticles that were extracted 

from Neem Azadirachta indica leaves, and the results 

are given in Table (5). The ZnO-Nps Neem 

(Azadirachta indicia) leaves came out to have an 

average size of 23.68 nm as a result of the 

experiment. The results of the inquiry were consistent 

with those stated by (Khaing et al., 2018). These 

findings are quite similar to those that were reported 

by (Noorjahan et al., 2015) they discovered that the 

particle size of Azadirachta Indica zinc oxide 

nanoparticles was determined to be 24.7 nm. These 

findings are very promising. 

 

Table 5.  The Structure and Geometric Parameters of ZnO NPs from  Neem (Azadirachta indicia) leaves extract  

Peak 

Index 

Peak 

Type 

Area 

Intg 

(a.u.) 

FWHM 

(degree) 

Max 

Height 

(a.u.) 

2th 

(degree) 

Area 

IntgP 

(a.u.) 

D 

(nm) 

D 

Average 

(nm) 

1 Gaussian 0.4471 0.3345 128432.10 31.72497 17.93681 23.75002 

23.68173 

2 Gaussian 0.4289 0.3359 92719.29 34.40506 13.69759 23.65108 

3 Gaussian 0.4665 0.336 210443.58 36.2159 30.65584 23.64408 
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Fig. (1) XRD patterns of nanoparticles of ZnO-NPs from different leaves extracts 

 

Scanning electron microscopy (SEM) 

analysis: Following the confirmation of the XRD 

data, the sample was prepared for the SEM analysis. 

SEM photographs of ZnO nanoparticles at various 

resolutions are shown in Figs (2), (3), and (4), which 

illustrate the SEM results of ZnO nanoparticles 

extracted from the green leaves of Moringa Oleifera, 

Ocimum tenuiflorum, and Neem (Azadirachta 

Indicia). The produced products are spherical and 

crystalline, according to detailed structural 

characterizations. There are no holes and the particles 

have a flakes-like shape. The SEM pictures of zinc 

oxide nanoparticles show a dense collection of 

homogenous nanoparticles with a spherical form. It 

was discovered that the particles are not aggregated, 

but rather distributed, and that the average size of 

nano zinc oxide derived from Moringa Oleifera, 

Ocimum tenuiflorum, and (Azadirachta Indicia) was 

(64, 74, and 51 nm), respectively. The achieved 

results differ from those provided by (Pal et al., 

2018), although the data acquired from Moringa 

Oleifera are the same. A particle size analyzer and 

scanning electron microscopy were used to examine 

the size and morphology of zinc oxide nanoparticles 

synthesized from Azadirachta indica and Ocimum 

tenuiflorum leaf extracts. In scanning electron 

microscopy (SEM), the average size of neem and 

OcIimum tenuiflorum was 101.6 and 122.4 nm, 

respectively, and size ranged from 100-300 nm for 

ZnO-NPs generated from Ocimum tenuiflorum leaves 

extract recorded ovoid shape and size ranging from 

70-400 nm (Ajayan and Hebsur 2020). 
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          Fig. (2) SEM micrograph of ZnO-NPs nanoparticles from Moringa Oleifera leaves extract 

 

 

 

 

 

 

 

 

 

 

       Fig. (3) SEM micrograph of ZnO-NPs nanoparticles from Ocimum Tenuiflorum leaves extract 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4) SEM micrograph of ZnO-NPs nanoparticles from Neem (Azadirachta indicia) leaves extract 

 

Fourier transform infrared spectroscopy 

Analysis (FTIR): functional groups can be provided 

on the surface The FTIR spectra of functionalized 

Moringa Oleifera leaves extract are given in Fig (5), 

with the peaks at 3405, 2365, 1562, 1409, 1020, and 

928 cm
-1

, respectively, assigned to N-H stretching, 

O=C=O stretching, N-O stretching, O-H bending, C-

O stretching, and C=C bending. The data are identical 

to those reported by (Pal et al., 2018). While the 

FTIR spectra of functionalized Ocimum Tenuiflorum 

leaves extract are presented in Fig (7), the peaks 

detected at 3418, 2366, 1568, 1410, and               

1019 cm
-1

, respectively, are attributable to N-H 

stretching, S-H stretching, N-O stretching, S=O 

stretching, and C-N stretching bending. The findings 

are consistent with those published by Pal et al., 

(2018) and Yasotha et al., (2020). 

FTIR spectra of functionalized Neem 

(Azadirachta indicia) leaves extract are given in Fig 

(5), with peaks found at 3374, 1567, 1410, 1016, and 

924 cm
-1

, attributed to N-H stretching, N-O 

stretching, S=O stretching, C-N stretching, and C=C 

bending, respectively. The data are the same as those 

reported by (Pal et al., 2018). These findings are 

similar to those published by Khaing et al., (2018), 
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who discovered in the FT-IR spectrum of aqueous 

neem extracts the existence of O-H stretching the 

frequency at 3377.41cm
-1

 from Neem leaves extract 

and the typical absorption peak of Zn-O bond at  

832.30 cm
-1

. The strong peaks in the XRD pattern 

clearly demonstrated the nanoparticles' great 

crystallinity. At 100°C, the crystallite size of the ZnO 

nanoparticles was determined to be 37.79 nm and 

24.60 nm, respectively. 

 

 

    Fig. (5) FTIR of ZnO NPs nanoparticles from different leaves extracts 

 

UV-Visible absorption spectrum Analysis: 

UV-VIS absorption spectroscopy was used to 

investigate the optical characteristics of ZnO-NPs 

produced utilizing various extracts derived from 

green leaves. Natural extracts were obtained from 

Moringa Oleifera, Ocimum Tenuiflorum, and Neem 

(Azadirachta indicia), and the results are shown in 

Table (6) and Fig (6). Furthermore, a similar 

absorption edge was detected in natural extracts 

Moringa Oleifera, Ocimum Tenuiflorum, and Neem 

(Azadirachta indicia) at 374.41 nm, 374.60 nm, and 

373.26 nm, respectively. The electrical transition 

from filled valence bands to empty conduction bands 

relates to ZnO absorption in the U.V range (Musleh 

et al., 2019). These absorption edge values 

corresponded nicely with the data obtained by (Shaat 

et al., 2019). 
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    (c) Neem (Azadirachta indicia) leaves extract 
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        Table 6. The UV-Visible absorption spectrum analysis in green leaves extracts under investigation 

Neem (Azadirachta 

indicia) 

Ocimum 

Tenuiflorum 

Moringa Oleifera Green leaves extract 

373.26 374.60 

 

374.41 UV-Visible absorption (nm) 

 

 

Fig. (6) UV-VIS absorption spectra for leaves extracted from pure ZnO-NPs 

 

Estimation of optical band gap: The optical energy 

gap (Eg) in the wavelength between 300 nm to 700 

nm of pure ZnO-NPs has been estimated from the 

UV-Visible absorption spectrum using the Tauc 

relation was an illustration in the following equation:  

(𝜶𝒉𝝂) = 𝑩(𝒉𝝂 - 𝑬𝒈 )𝒏 

 

The opptical energy gap in ZnO is allowed 

to be a direct energy gap, therefore n=1/2. 

Extrapolating the linear portion of (hv)
2
 in the y-axis 

against h, which intersects with the photon energy 

axis, yields an estimate of the optical energy gap. The 

acquired results are shown in Table (7) and Fig. (7) 

for the Eg of the produced ZnO-NPs samples. The 

calculated values of Eg for the samples Moringa 

Oleifera, Ocimum Tenuiflorum, and Neem 

(Azadirachta indicia) were 3.06 eV, 3.04 eV, and 

3.14 eV, respectively. These values were consistent 

with the calculated values (Shaat et al., 2017). 

 

 

 

(a) Moringa Oleifera leaves extract                    (b) Ocimum Tenuiflorum leaves extract 

 

 

       (c) Neem (Azadirachta indicia) leaves extract 
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Table 7.  The estimation of the optical band gap in green leaf extracts under investigation 

Neem (Azadirachta 

indicia) 

Ocimum Tenuiflorum Moringa Oleifera Green leaves extract 

3.14 3.04 3.06 Optical energy gab (ev) 

 

    Fig. (7) Optical energy gap (𝑬𝒈) for different leaves extracts 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

  (a) Moringa Oleifera leaves extract                (b) Ocimum Tenuiflorum leaves extract                     

 

 
    (c) Neem (Azadirachta indicia) leaves extract 
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 تخميق وتهصيف جديمات أكديد الزنك النانهنية من أوراق بعض النباتات

 إبراهيم محمد عبد العميم 2فرحات فهدة عمي فهدة 2إيناس عمي دويدار 1,2
 مصر -جامعة بنها -كمية الزراعة –قدم الكيمياء الحيهية 2

 مصر -جامعة بنها  –طب الكمية  –قدم الهدتهلهجي  –المعمل المركزي 1,2
 حيث تعج مؽ التقشيات الحجيثة التي تجخل في مجالات عجيجة الأخزخ لمجديسات الشانؾنية جدءاَ ميؼ في تقشية الشانؾ يسثل التخميق 

تديج مؽ سظح تساسيا مع الأجدام  وبحلػوارتفاع ندبة سظحيا الى حجسيا نغخاَ لتشاىي صغخىا،  ويخجع ذلػ الى خؾاصيا الكيسيائية والفيديائية
عؽ  وىؾ عبارة ZnOوىؾ مخكب غيخ عزؾي لو الريغة الجديئية  لحلػ فإن اليجف مؽ ىحه الجراسة تخميق جديسات أكديج الدنػ الشانؾنية الأخخى 

يؾجج عجه طخق مختمفة لتخميق أكديج الدنػ الشانؾنية، ولكؽ تعج طخيقة التخميق  تقخيبًا،مدحؾق بمؾري أبيض مائل لمرفخة قابل لمحوبان في الساء 
ىحه الجراسة أحجث الجراسات حؾل تخميق جديسات أكديج الدنػ الشانؾنية  تبيئياَ. تشاول والآمشة، سخيعة وأقميا تكمفة، الخزخاء مؽ أبدط الظخق 

تعديد بيجف  إستخجام مدتخمرات أوراق السؾريشجا وأواق الخيحان وأوراق الشيؼ حيث تزسؽ العسل البحثيالسدتخمرات الشباتية  باستخجامات
وغيخ سامة، والتي لا تدبب أضخارَا  الججيجة الرجيقة لمبيئة خلال دورة حياتياستبجال السشتجات الحالية بسشتجات الشانؾ إ البيئية وتذجيعستجامة الإ

وتجفيفيا ثؼ عسمية الظحؽ  ولتحزيخ جديسات الشانؾ تؼ تجسيع الأوراق الخزخاء تحت الجراسة ومؽ ثؼ غدميا جيجًا .لمبيئة أو لرحة الإندان
 .ػ الشانؾنيةوحفغيا لحيؽ الإستخجام ثؼ عسل السدتخمرات لتخميق أكديج الدن

وتؾصيف جديئات أكديج الدنػ الشانؾنية لمتأكج مؽ وصؾليا لحجؼ الشانؾ حدب الجراسات الدابقة وذلػ  لأوراق الشباتاتدراسة التخكيب الكيسيائي  وتؼ
 .وفجؾة الظاقة الأشعة فؾق البشفدجية ،بإستخجام الأشعة الديشية، السجيخ الإلكتخوني الساسح، مظياف الأشعة تحت الحسخاء

(، 0.01±9.37أوضح التخكيب الكيسيائي أن ندبة الخطؾبة لأوراق السؾريشجا، وأوراق الخيحان، وأوراق الشيؼ ىي عمى التؾالي )
( 0.01±11.62( و )0.01±14.50(، )0.01±8.60جؼ مادة جافة بيشسا ندبة الخماد ىي )100( جؼ/0.01±9.50( و)10.60±0.00)

( 0.01±8.56( و )0.01±7.42(، )0.01±13.50وراق الأشجار عمى التؾالي، وكحلػ ندبة البخوتيؽ ىي )جؼ مادة جافة لأ100جؼ/
( 0.01±6.96( و )0.01±6.52(، )0.01±7.30عمى التؾالي، وندبة الجىؾن ىي )تحت الجراسة جؼ مادة جافة لأوراق الأشجار 100جؼ/
( 0.18±62.36( و )0.02±60.96) ،(0.01±61.32)جؼ جافة عمى التؾالي ، بيشسا سجمت ندبة الكخبؾىيجرات اعمى ندب فكانت 100جؼ/
 جؼ مادة جافة لأوراق الأشجار السؾريشجا، وأوراق الخيحان و أوراق الشيؼ.100جؼ/

، نانؾميتخ 8.56كان متؾسط حجؼ الشانؾ و لأوراق السؾريشجا  أعيخ البشاء البمؾري فديشية كانت نتائج تؾصيف جديسات الشانؾ للأشعة البيشسا 
السدتخجمة في  الشانؾوكان متؾسط حجؼ جديسات نانؾميتخ.  23.68نانؾميتخ، بيشسا كان متؾسط حجؼ الشانؾ لأوراق الشيؼ  12.10ولأوراق الخيحان 

أعيخ مظياف الأشعة تحت كسا . لشبات السؾريشجا والخيحان والشيؼ عمى التؾالينانؾميتخ(  64، 84، 51) الجراسة بالسجيخ الإلكتخوني الساسح ىي 
الحسخاء السجسؾعات الؾعيفية الفعالة لأوراق أشجار الشباتات تحت الجراسة، والأشعة فؾق البشفدجية يؾضح طيف الامتراص لأكديج الدنػ 

، 374.50) السحزخة مؽ مدتخمرات الأوراق لشبات السؾريشجا والخيحان والشيؼ، وتؼ الحرؾل عمى أقرى امتراص عشج الظؾل السؾجي 
لشبات  الكتخون فؾلت( 3.14، 3.04, 3.06) كانتلسعخفة أعمى نظاق تكافؤ وفجؾة الظاقة  نانؾمتخ(، عمى التؾالي ، 373.09، 374.70

 . السؾريشجا والخيحان والشيؼ عمى التؾالي
الشتائج الستحرل عمييا مؽ دراسة تخميق وتؾصيف جديسات الشانؾ بإستخجام أوراق الشباتات تحت الجراسة  إنوبحلػ يسكؽ خلاصو القؾل 

وكحلػ فجؾة  وطيف الأمتراص السختمفة مؽ أوراق السؾريشجا وأوراق الخيحان وأوراق الشيؼ أنيا تعظي متؾسط حجؼ الشانؾ والسجسؾعة الؾعيفية الفعالة
سسيتيا بالسقارنة بالظخق التقميجية  وانخفاضتظؾيخ أفزل الظخق لتخميق جديسات أكديج الدنػ الشانؾنية الأقل تكمفة  الظاقة وبيحا يحقق اليجف مؽ

 سؾاء الكيسيائية أو التظبيقية الأخخى.

  


