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Abstract 

The present work employs Ocimum Basilicum extract as a bio-reducing and a capping agent to synthesize zinc oxide 

nanoparticles (ZnO NPs) at different temperatures (30 oC, 60 oC, and 90 oC) in an efficient, simple, and environmentally 

friendly method (green synthesis), as well as their use in treating wastewater and antibacterial activity. The samples have a 

hexagonal structure confirmed by the X-ray Diffraction (XRD), and by using the Scherrer equation, the particle size was 

calculated. UV–Visible diffuse reflectance spectroscopy reveals the characteristic absorbance peak at 373 nm and gives the 

band gap nearly 3.23 eV for synthesized (ZnO NPs) due to the quantum confinement effect. Transmission electron 

microscopy (TEM) shows spherical-shaped particles. The products (ZnO-NPs) have a good effect on antibacterial activity 

against different types of bacteria. After 7 hours, the degradation rate of methylene blue (MB) dye by synthesized ZnO-NPs 

as a photocatalyst is 92.28 % from ZnO NPs synthesized at 30 oC.  

 

Keywords: Green synthesis, ZnO nanoparticles, photocatalyst, Methylene blue (MB), Ocimum Basilicum extract.  

.  

1. Introduction 

Nanotechnology is a field that treaty with materials on Nanoscale level, where it studies the matters in size of 

(1_100) nm, The decreasing of materials size gives a lot of new physical and chemical properties, so there are 

large applications for these materials in different fields such as material science, industry, and biomedical fields 

[1], [2].  

The methods of synthesis nanoparticles are several, where the easiest and most effective way is green 

synthesis, also known as biosynthesis, which is an eco-friendly and non-toxic method, it can use organisms and 

plant or plant extracts to act as capping and reducing agents [3]. There are many advantages of biosynthesized 

nanoparticles, especially the application for biomedical purposes or environmental systems, this is due to the 

reduction or low level of toxicity, the energy and costs associated with these nanoparticles compared to those 

prepared through physical and chemical methods, so we can use them in many applications [1], [4], [5].   

Water pollution is one of the main reasons for gradually increasing environmental pollution. Therefore, there 

is a strong need for safe and cost-effective water purification methods. Photocatalytic degradation based on 

heterogeneous semiconductors is one of the safest, simplest, and most cost-effective methods for removing dyes 

and organic compounds from polluted water from industries and residences[2], [6].  

Zinc oxide nanoparticles (ZnO-NPs) have attracted exciting research importance due to their huge horizon of 

applications such as photocatalytic degradation, targeted drug delivery, antioxidant activity, antibacterial activity, 

biosensors, and eco-friendly remediation [5]–[7]. Of these, ZnO NPs are of the most important because they are 

low-cost to produce, safe, and can be prepared easily. ZnO NPs exhibit great semiconducting properties because 
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of their large bandgaps (3.37 eV), such as high catalytic activity, optics, and UV filtering properties. It can be 

used to remove Sulphur and arsenic from water [7], [8].  

The current study focuses on plant-mediated green synthesis of ZnO NPs via Ocimum Basilicum extracts at 

different temperatures and uses them in environmental applications (wastewater treatment and antibacterial 

activity).  

 

2. Experimental 

a.Materials and extract preparation:  

All the chemicals were utilized as received without further purification they include zinc acetate dihydrate 

(C4H6O4Zn.2H2O_98%) (Sigma-Aldrich_mark) was used as a precursor salt, sodium hydroxide pellets 

(NaOH_98%) (Oxford_mark), NaBH4 (SdS_mark) and methylene blue (MB).The extract of Ocimum Basilicum 

is used as a reducing and capping agent was prepared from Ocimum Basilicum leaves collected from the South 

Valley University (SVU) campus, Qena. The fresh leaves of Ocimum Basilicum were washed with tap water to 

remove dust particles, then dried in the open air and pulverized using a blender. In a 250 mL conical flask, 6 g of 

powdered leaves were soaked in 100 mL of deionized water, shaken for 2h and then filtered through a tissue 

(cloth), then centrifugated for 5 min at 15000 rpm, and the plant extract was put in an air-tight bottle and stored 

in the refrigerator at 4 ºC.  

b.Green synthesis of zinc oxide NPs 

ZnO nanoparticles were prepared with some modifications according to [5], [9]. The modifications are found 

in the extract kind, the concentration of metal salt, and the extract and reaction time.   For the preparation of ZnO 

NPs, the green route was used. The vessel containing an aqueous solution of 25 ml of extract from Ocimum 

Basilicum (6%) was under continuous stirring. A solution of zinc acetate dihydrate (C4H6O4Zn.2H2O) (20 ml, 1 

M) was added dropwise to this solution under continuous stirring. The sample's ph was then raised to 11 by 

adding NaOH (1 M) solution dropwise, resulting in an off-white solution. Finally, the mixture was heated to 30 
o
C, 60 

o
C, and 90 

o
C for 1 hour. When the temperature was higher, the colour became white, and we left the 

mixture for the next day for aging. After that, the solution was centrifuged and washed with distilled water many 

times and alcohol and dried at 35°C then calcined at 500°C for 2 hours. Hereafter, the prepared samples will be 

termed as A1, A2, and A3 for samples synthesized at 30 °C, 60 °C, and 90 °C respectively.  

3. Characterization 

The crystal structures of pure ZnO, pure MgO, and Zn1-xMgxO nanocomposites were analyzed by (Philips, 

PW 1710) X-ray diffractometer with CuKα line (λ = 1.54183Å) in the range 2θ from 10
◦

 to 90
◦

. The data 

derived from investigating XRD peaks of ZnO NPs were carried out to calculate the crystallite size and the lattice 

strain based on both Scherrer formula and Williamson–Hall model. The functional groups of tested samples were 

recorded by FTIR spectrum (JASCO FT-IR 4100) in the range of wavenumber between 4000 and 400 cm
-1

. The 

morphology of the synthesized samples was carried out by a High-Resolution transmission Electron Microscope 

of type (Philips, EM-2100 PW 1710 Japan). JASCO 670 UV spectrophotometer was used to measure the UV–

Vis’sabsorption spectrum of the samples in the range from 200 to 800 nm. A photoluminescence study was 

performed using a fluorescence spectrophotometer (JASCO 860j0) under an excitation wavelength of 320 nm. 

 

a. Photocatalytic activity  

The photocatalytic activities of the ZnO nanoparticles were studied by the degradation of Methylene blue 

(MB) under UV-visible irradiation. In this experiment, 0.1 g of ZnO catalyst was added into 100 ml of 10 ppm of 

MB solution in a reaction vessel, then 20 ml of sodium borohydride (NaBH4_10 mM) solution as a reduction 

agent. After that, the mixture was exposed to ultraviolet light (TUV 8W G8T5, λ= 254 nm) with continuous 

stirring. At regular intervals, aliquots (5 ml) of the reaction solution were centrifuged to separate the powders and 

analyzed by a UV–visible spectrophotometer. Where the degradation rate can be calculated using the following 

equation:  

 

                         (1) 

where, A0 = the absorbance value at t =0, and At = absorbance at time (t) [10]. The following equations can be 

used to determine a kinetics of photocatalyst degradation of MB dye in the presence of ZnO NPs:  

                                                                    (2) 
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where k is first order rate constant (min
-1

) [11]. 

 

b.Antibacterial activity  

The inhibitory effect of ZnO NPs on food pathogenic bacteria was tested using the disc diffusion method. To 

test the inhibitory effect of ZnO nanoparticles, four strains were used in the present study; two of Gram-positive 

bacteria (Bacillus cereus DSMZ 345, Staphylococcus aureus ATCC 29213) and two of Gram-negative bacteria 

(Escherichia coli O157:H7 ATCC 43895, and Salmonella enterica serovar Typhimurium ATCC 23564. The 

strains were obtained from the Cairo Microbiological Resources Centre (Cairo-MIRCEN), Egypt. Working stock 

cultures were kept at −70 °C in 15% v/v glycerol/brain–heart infusion (BHI) broth. For routine work, strains 

were cultivated on BHI agar and stored at 4 °C on slants. Five samples of different concentrations of the zinc 

oxide solutions were used: 10, 20, 30, 40, and 50 µg /ml. 

 

4. Results and Discussion 

4.1. Thermal analysis  

 Thermal analysis spectra of Zn1-xMgxO nanocomposite 

Studying the Thermal Gravimetric (TG) and Differential Scanning Calorimetry (DSC) curves is displayed in 

Fig. 1 for ZnO NPs at 60 
o
C as an example. In Fig. 1, the TG curve shows that, at 180 °C the weight loss reaches 

(25.5 %) due to the removal of water from the surface of the sample, and from 200 to 450 °C there is a slight 

weight loss, which can be attributed to the removal of the organic compound. The synthesized ZnO-NPs after 

that became more thermally stable, so 500 °C was chosen as the suitable temperature for calcination [12], [13]. 

The total weight loss from the sample was nearly 29.6%. In the DSC curve, the endothermic peak appears at 

146.7 °C due to the evaporation of water molecules on the surface of the ZnO-NPs [14]. 

. 

 

 

Fig. 1. TG and DSC curves of synthesized ZnO NPs (A2). 

 

 

 

 

 

 

 

 

 



  Hussein S. A. et al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Phys. Vol. 51 (2023) 

 

60 

4.2. Structure and morphological analysis 

4.2.1. XRD Analysis   

The XRD pattern of the green synthesized ZnO nanoparticles is shown in Fig. 2, which indicates the single–

phase hexagonal structure of ZnO with lattice constants (a = 3.24170 and c = 5.18760 Å) [5], [8].  In the pattern, 

there is no impurity peak, which shows a complete decrease of the precursor into NPs and pure crystalline ZnO 

NPs [6]. Also, from Fig. 2, with increasing temperature, the crystallinity increased [5].From Scherrer’s equation, 

the average crystallite size of synthesized ZnO could be determined as:   

                        (3)  

where D is the average crystal size (nm), k is a constant equal to 0.94, λ is the Cu-Kα radiation wavelength 

(1.54060 Å), ◦is the full-width at half maximum (FWHM) of the peak (in radians), and θ is the Bragg angle 

(degree) [15], [16]. The average crystal size for A1, A2, and A3 was (25.573319, 25.012259, and 24.8009) nm, 

respectively, which decreased with temperature.  

The crystal size is used to estimate the number of defects and vacancies in the crystal, which is known as the 

dislocation density and can be calculated using the following equation [17]:   

                           (4)  

where δ is the dislocation density and D is the average crystallite size.In general, we conclude that as temperature 

rises, particle size decreases because the conversion of Zn
2+ 

ions into Zn(OH)
2
 occurs more quickly due to 

thermally agitated OH ions, leaving no free ions to aggregate and decrease particle size [18]. 

 

Fig. 2. XRD patterns of ZnO nanoparticles were prepared at different temperatures 

(A1, A2, and A3). 

 

4.2.2. Morphological analysis and EDX spectra 

TEM micrographs were thought to be a better instrument for evaluating size and morphology since they 

provide actual pictures from which measurements could be obtained [19]. Figure 3 gives information about size 

and morphology of synthesized ZnO nanoparticles (A1, A2, and A3) where indicated that spherical shape 

particles.   

The EDX (energy-dispersive X-ray spectroscopy) show the presence of Zinc and Oxygen elements and no 

contaminants were identified under the EDX detection limit [20], which is seen in Fig. 4. 
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Fig. 3. TEM images for ZnO nanoparticles (A1, A2, and A3), respectively. 

 

 
 

Fig. 4. EDX of ZnO NPs (A2) 

 

4.3.FTIR spectra  

The functional groups existing on synthesized ZnO NPs can be identified by Fouriertrans form infrared 

spectroscopy (FT-IR spectroscopy), which is categorized in the range 400– 4000 cm−1
, where is plotted as shown 

in Fig, 5. Figure 5 indicates that the main absorption bands at 3418 cm
-1 

represent the O–H stretching vibration of 

water, The peaks observed at 2337 cm−1 
represent the vibrations representing C-H that are adsorbed from alkenes 

[14]. The peaks recorded around 1518 cm
-1

 are probably from the bending vibration of the C=O bond [14], [21]. 

The peaks around 1065 cm
-1

 represent the stretching vibration of C–O attributed to zinc acetate [17].The band 

centered at 1070 cm
-1

 is attributed to the C-O-C [22]. The band at 870 cm
-1

 refers to C-H. The Zn–O complex is 

represented by the band between 400 and 560 cm
-1

 [6], [23]. The figure confirmed the synthesis of zinc oxide by 

using the green method.  

4.4. Optical properties  

The optical properties of ZnO nanoparticles synthesized by the green method are calculated by using UV–

Visible diffuse reflectance spectroscopy in the range of 200–800 nm, as shown in Fig 6. The absorbance peaks 

are nearly identical to each other, which is also clear in the result of the crystal size. All prepared samples cleared 

absorbance peaks at nearly 373 nm. Where the figure shows all the absorption peaks of the samples less than that 

of bulk ZnO (388 nm) [17], this is attributed to a reduction in particle size [18]. Figure 7 indicated that the 

diffused reflectance spectra for the samples exhibited a significant rise at 380 nm and had high reflecting 

characteristics beyond around 437 nm. This was owing to the increased probability of photons lacking the 

necessary energy to interact with electrons or atoms reflecting [14]. We can use the result of UV–Visible 

spectroscopy to determine the optical bandgap of samples. Where it is estimated using Tauc's equation: 

 

                                                (5)  
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Where A is a constant, һ𝜈 is the energy of the photon, 𝛼 is the absorption coefficient, and 𝐸𝑔 is the energy 
bandgap. For calculating the band gap, the draw relationships between (𝛼һ𝜈)2𝑜𝑛 the y-axis and  (һ𝜈) on the x-
axis is as shown in Fig. 8, where the bandgap is determined by extrapolating the linear portion of the graph on the 
x-axis [17], [18]. So, the bandgap of samples is (3.216, 3.226, 3.220 eV) for (A1, A2, and A3), respectively. 
From the bandgap values, it is indicated that there is a decrease in values from about the bulk value of ZnO NPs 
(3.37 eV). In Table 1, the relatively small increases in a and c in the cell parameters may be attributed to the 
evident decrease in ZnO NS band gap values from bulk (3.37 eV). As a result, any change in the lattice 
parameters results in a change in the electronic band gap [24]. 

For the results, it showed that the difference in extract kinds and the concentrations of extract and metal salt 
from the last study [5], [25],led to disagreeing in the behaviour of the particle size and the optical properties. This 
work indicated, XRD results show that the particle size decreases with temperature and there is high absorbance 
peak at 30 oC. 

 
 

 
Fig. 5. FTIR spectrum of ZnO nanoparticles green synthesized (A1, A2, and A3). 

 

Fig. 6. UV–Visible absorbance spectroscopy                                   Fig. 7.  UV–visible diffuse reflectance of ZnO of 

ZnO nanoparticles (A1, A2, and A3)                                                           nanoparticles (A1, A2, and A3) 
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Fig. 8. Energy gap of the ZnO nanoparticles synthesized (A1, A2, and A3).  

 

TABLE 1. The result of obtained by Scherrer’s equation and Dislocation density (δ) and Strain (ε). 

 

Sample  Temperature  

(◦C) 

Scherrer (D) 

(nm) 

Dislocation density 

(◦)(nm
-2

) 

 

a (Å)  

 

c (Å) 

 

Eg (eV) 

A1 30 
◦

C  25.57  1.529×10
-3

 3.24  5.19  3.22  

A2 60 
◦

C  25.01  1.598×10
-3

 3.24  5.19  3.23  

A3 90 
◦

C  24.80  1.626×10
-3

 3.25  5.21  3.22  

 

4.5. Photocatalytic activity of ZnO NPs  

Under UV light irradiation (lamb), the photocatalytic activity of green-produced ZnO NPs is tested in 

degrading MB dye. The degradation rate of MB dye was estimated by equation (1). Figure 9 gives the UV-visible 

spectra of the degradation rate for MB at the diverse time (1– 7h) for synthesized ZnO NPs with different 

temperatures. It indicated that with an increase in the irradiation time, the colour of MB would be decreased. 

Where the decrease in the MB peaks (662 nm) refers to the concentration of the dye. At 1 h, without ZnO NPs, 

the degradation rate was 18%, but when the nanoparticles (0.1 g) were added, the degradation rate reached 

59.58%. It is clear that the NPs have a good effect on the dye. Table 2 refers to the degradation rate of 

synthesized ZnO NPs at different temperatures. Table 2 shows that A1 is the best one where degradation for the 

MB reaches 92.28%, at 7 h. A first order rate constant (k) value was determined from the plot of ln (At/Ao) vs. 

irradiation time (t) (Fig. 10) to study the effect of UV irradiation time on the degradation process and was found 

to be 0.2239 min-1 and R2 = 0.935, which refers to the fitted line's correlation coefficient [26]. Figure 11 

indicates the bar graph of the degradation rate of MB dye for samples (A1-A3) with respect to irradiation time (1 

and 7h).  
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Mechanism of Photocatalytic activity Methyl Blue (MB): Figure 12 shows themechanism of photocatalytic 

activity of Methyl Blue (MB) by synthesized ZnO NPs. Photoelectron (e-CB) and photo-induced holes (h+VB) 

are generated when a photon (light) reacts with ZnO nanoparticles. To oxidize organic dyes like MB, 

photoelectrons are held by adsorbed O2 as electron acceptors, while photo-induced holes are absorbed by 

negative species like OH- or organic pollutants. The photocatalytic reaction mechanism for this is as follows:  

                                        (5)  

 

                                                               (6)   

(7) 

 

          (8)   

 

           (9)  

 

The degradation of organic contaminants in wastewater into less hazardous minerals like CO2 and H2O is 

aided by active oxygen species (O2•, O-2) and hydroxyl free radicals (•OH, OOH•).  

According to these studies, photocatalyst ZnO NPs are extremely suited for environmental purification 

procedures [27]–[29] 

These results show that ZnO NPs synthesized by a green method, using the extract of Ocimum Basilicum, are 

not only excellent for use in the degradation of contaminants in water, but they are also proving the harmfulness 

of green synthesized ZnO NPs against the bacterial strains studied it investigations reported in the literature (see 

Table 3). 
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Fig. 9. Photocatalyst activity of produced ZnO NPs (A1, A2 and A3). 

 

TABLE 2. Degradation rate of synthesized ZnO NPs (0.1g) (A1, A2 and A3). 

Sample  Time (hour)  
Degradation rate (%)  

A1 1  59.58  

A1 7  92.28  

A2 1  53.56  

A2 7  92.11  

A3 1  48.4  

A3 7  90.59  

The mixture without ZnO 

NPs 

1  16.49  
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Fig. 10. Kinetic study for A1.  

 

Fig. 11. Bar graph of degradation rate of MB dye for samples (A1, A2 and A3) with respect to irradiation time  

(1 and 7h).  

 

Fig. 12. Mechanism of degradation of MB dye by synthesized ZnO NPs. 
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TABLE 3. Green synthesis studies of ZnO NPs and their application in photocatalytic activity. 
 

year NPs Extract Catalyst 

(g) 

NPs size 

(nm) 

Pollutant Degradation 

time (min) 

Reference 

2017 ZnO Eucalyptus 

globulus  

0.025 11.6 MB  50 (98.3% 

degradation) 

[27] 

2018 ZnO E. tirucalli plant 0.020 20 MB 120 (40% 

degradation) 

[28] 

2020 ZnO Azadirachta 

Indica (Neem) 

5 25.97 MB 200 (80% 

degradation) 

[30] 

2021 ZnO SyzygiumCumini 0.2 10-12.5 MB 180 (91.40% 

degradation) 

[31] 

2022 ZnO Ocimum 

Basilicum 

0.01 25 Rh-B 100 (91.4% 

degradation) 

[32] 

2022 ZnO Ocimum 

Basilicum 

0.1 25.57 MB 420 (92.28% 

degradation) 

This work 

 

4.6. Antibacterial activity   

The effect of the ZnO NPs on different gram-positive and gram-negative bacteria with different doses (10, 20, 

30, 40 and 50 µg /ml) was shown in Table 4. Figure 13, for example, shows the inhibition zones for 

Staphylococcus aureus (ATCC 29213) at various doses of ZnO NPs (A1, A3). From Table 4, with the increasing 

concentration of the ZnO NPs, the inhibition zones will increase.  

In the present study, gram-positive bacteria (Staphylococcus aureus ATCC 29213, Bacillus cereus DSMZ) 

showed a higher response to the ZnO nanoparticles as compared to gram-negative bacteria (Escherichia coli 

O157:H7 ATCC, Salmonella enterica serovar Typhimurium ATCC 23564). In addition, S. aureus ATCC 29213, 

B. cereus DSMZ showed the highest (31 and 26 mm respectively) and E. coli O157:H7 ATCC, and S. enterica 

serovar Typhimurium ATCC 23564 showed the lowest (18 and 9 mm respectively) zones of inhibition at a 

dilution of 50 g/µl, which is clear in Table 4. Furthermore, the antibacterial activity of ZnO samples A2 and A3 

was much stronger than that of ZnO sample A1. This could be simply explained as smaller particles A2 and A3 

normally have a larger surface-to-volume ratio, which provides a more efficient means for antibacterial activity. 

The result is reported to show that there is efficient antibacterial activity for biosynthesis. ZnO NPs have a large 

surface area, which gives good contact between microorganisms and nanoparticles, so it is clear that there exists 

an inverse relationship between antibacterial activity and nanoparticle size[33]. The study shows that the 

inhibition zone can be increased by increasing the concentration of ZnO nanoparticles in the discs. These results 

achieve better results than other investigations reported in the literature [22], [29], [34] [35]. 

 

Mechanism of Antibacterial activity: Reactive oxygen species such as H2O2, hydroxyl radicals, singlet 

oxygen, and Zn+2 ions produced on the surface of ZnO, which may permeate the cell, are responsible for the 

antibacterial action [36]. Figure 14 indicates the bar graph of the inhibition zone for different ZnO NPs samples 

(A1-A3) against positive and negative gram.  
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TABLE 4. Antibacterial activity of ZnO NPs clears against negative and positive type of bacterial.  

 

Samples 

µg/ml  

Inhibition zone (mm)   

Ceftriaxone  

CRO  

30 mcg  

Staphylococcusaureus 

ATCC 29213 

(Gram +Ve ) 

Bacilluscereus 

DSMZ 

(Gram +Ve ) 

Escherichiacoli 

O157:H7ATCC 

(Gram -Ve )  

Salmonellaentericaserovar 

ATCC 23564  

(Gram -Ve ) 

A1 10  17  19  8  0   

 

0  

20  27  20  9  6  

30  23  23  10  6  

40  25  24  12  8  

50  27  28  14  11  

A2 10  23  10  12  0   

 

0  

20  25  20  13  0  

30  27  22  13  9  

40  30  26  15  9  

50  31  26  18  9  

A3 10  22  12  13  12   

 

0  

20  25  16  16  13  

30  25  22  17  17  

40  29  25  18  17  

50  29  27  19  19  

 
Fig. 13. Inhibition Zone for Different Samples of ZnONPs (A1 and A3) samples to Staphylococcus aureus ATCC 

29213) and Escherichia coli O157:H7 ATCC of A2. 

 
 

https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
https://www.sciencedirect.com/topics/food-science/staphylococcus-aureus
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Fig. 14. Bar Graph of Inhibition Zone for Different ZnO Nanoparticles Samples (A1, A2 and A3) against 

positive and negative gram.  

 

Conclusions 

The present work ZnO NPs with different temperatures have been successfully prepared by green synthesis 

using extract of Ocimum Basilicum as a reducing and stabilizing agent. To study the samples, several 

equipment's were used to characterize ZnO NPs samples, such as thermal analysis, UV–Visible diffuse 

reflectance spectroscopy, FTIR spectra, XRD analysis, TEM analysis, and EDX spectra. All ZnO samples were 

found in the crystalline hexagonal wurtzite phase and their crystallite size lie in nano-sized structure between 

25.01 and 24.8 nm. ZnO NPS exhibit band gap between 3.22 and 3.23 eV below the standard value (3.37 eV) due 

to changes in lattice parameters. Finally, the produced sample would be used in two applications: photocatalysis 

and antibacterial activity. It has good behaviour against MB, and positive and negative gram.  
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