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Abstract Article Info. 

This study used the green method to synthesise zinc oxide nanoparticles by 

microwave irradiation, using plant extracts of tea, coffee, and rosemary separately 

and Zn(NO₃)₂.6H₂O; this method is considered eco-friendly, rapid, and cost-

effective. The structural properties of prepared materials were investigated with an 

X-ray diffractometer (XRD), atomic force microscope (AFM), Fourier transform 

infrared (FTIR) spectroscope, and field emission scanning electron microscope 

(FESEM). Energy Dispersive X-ray (EDX) analysis was used to prove the presence 

of ZnO NPs. The electrical charge of the surface of nanomaterials was measured by 

Zeta potential, where 20 mV is adequate for ensuring physical stability. The three 

green extracts (tea, coffee, and rosemary) were 21.9, 14.7, and 15.5 mV, 

respectively. The shapes of the zinc oxide nanoparticles were irregular and 

agglomerated, and the average particle size was 59.96, 24.63, and 24.59 nm for the 

three extracts. Infrared spectroscopy using the Fourier transform (FT-IR) methods 

verified the presence of C=O, N-O, and C-H bonds; these results confirm the high 

reducing and capping capacity of ZnO NPs via biomolecules found in the plant 

extract. A UV-Vis spectrometer was used to study the light properties, and the 

energy gap was found to be 3.31, 3.26, and 3.35 eV for the tea, coffee, and rosemary 

extracts, respectively. Finally, ZnO NPs were used to inhibit the activity of many 

kinds of fungi and bacteria, both gram-positive and gram-negative. Studies have 

demonstrated their ability to penetrate the bacterial cell wall and halt the bacterial 

activity. 
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1. Introduction 
Nanoparticles are materials with a three-dimensional structure and vary in size from 

1 to 100 nanometers. This substance consists of several atoms (molecules) that create 

various structures, including crystal, spherical, tubular, and amorphous forms [1]. They 

contain significant qualities in relation to their masses, particularly the ability to increase 

their surface area to volume ratio. This property is crucial as it enables their utilization in 

various creative and advanced fields (agricultural, food processing, cosmetics, medical 

treatment, and diagnostics) [2, 3]. Metal oxide nanomaterials, such as ZnO, CuO, TiO2, 

and NiO, have garnered significant scientific interest due to their non-toxic nature, 

abundance, broad surface area, and exceptional chemical properties [4]. Furthermore, it 

has been shown that metal and metal oxide nanoparticles, such as copper, titanium and 

zinc oxides, and silver and gold metals, interact with one another. These compounds are 

among the best-known inorganic antibacterial agents [5]. One method that is both 

economical and kind to the environment is green production of nanoparticles. Green 

chemistry is important in nanotechnology through plant-mediated production of 

nanoparticles [6]. 

Recent trends in microwave-assisted oxide synthesis are becoming increasingly 

popular due to its environmentally benign nature, efficient heat transfer, and elevated 

reaction rate [7]. Compared to classical thermal procedures, the time required to create 

small particles is significantly reduced. Hence, this technology is highly regarded for its 
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ability to accelerate drug discovery and development processes [8]. Microwave chemistry 

relies on two fundamental principles: the dipolar and the electrical conductor 

mechanisms. The dipolar mechanism happens when a polar molecule aligns itself with 

the field in the presence of a high-frequency electric field. During this occurrence, the 

molecules emit sufficient thermal energy to propel the reaction in a forward direction. In 

the electrical conductor mechanism, the irradiated material acts as an electrical conductor, 

allowing ions and electrons (charge carriers) to move through the material due to the 

electric field. This movement results in polarization inside the material. The presence of 

induced currents and any electrical resistance result in the heating of the sample. The 

researchers have effectively showcased the implementation of this technique in the 

creation of nanostructures composed of silver, gold and platinum [9, 10]. The synthesis 

process determines the morphology of the nanoparticles. Nanorods, Nanoplates, 

Nanospheres, Hexagons, Tetrapods, and Nanoflowers are some examples of these 

nanostructures. Zinc oxide nanoparticles outperform other nanoparticles derived from the 

same element when it comes to killing gram-positive bacteria. Potentially harmful 

bacteria such as Salmonella, Staphylococcus aureus, and Escherichia coli pose a 

significant risk to the quality and safety of ready-to-eat foods and to be considered safe 

for human consumption [11]. 

The research aims to prepare zinc oxide nanoparticles in an environmentally 

friendly and inexpensive way with the help of microwave irradiation to reduce the 

synthesis time. Three plants were used in the preparation (tea, coffee, and rosemary). The 

properties of the prepared material were evaluated for application in measuring its 

biological activity on several types of bacteria and fungi. 

 

2. Experimental Work 
2.1. Biosynthesis of ZnO NPs using Plant Extracts (Tea, Coffee, and Rosemary)  

To prepare green extracts, tea, coffee, and rosemary were acquired from the Iraqi 

market. 40 g of each was separately mixed well with 400 mL of distilled water, heated to 

eighty degrees Celsius and thereafter mixed well using the magnetic stirrer for 3, 1, and 

2 h for tea, coffee, and rosemary, respectively. The watery mixture was then filtered, 

centrifuged at 6,000 rpm for fifteen minutes, and stored at 4 °C until needed. 

To prepare the initial solution, 2.97 g of Zn(NO₃)₂.6H₂O was combined with 100  

mL of distilled water with applying low-heat for 5 minutes while using a magnetic 

stirring. Then, zinc nitrate solution and each of the (tea, coffee, rosemary) extracts were 

mixed with a 1:4 ratio on a magnetic stirrer for 5 minutes. Then the solution was exposed 

to microwave (SEVERIN,230V,50 Hz,1050 W, Made in China) irradiation at a power of 

540 Watts for 5 minutes for coffee and 6˗7 minutes for tea and rosemary. The solutions 

were centrifuged for 25 min, washed 5 times in distilled water and ethanol and filtered 

with filter paper until dry. The material was placed in the furnace (Electric Matsufuruda, 

Isu Seisakusho Co., Ltd., 100 V, 20 A.,1200°C MAXI, made in Japan) for 15 minutes at 

800 ºC, and the final product was close to white in color, as shown in Fig. 1(b).  

 

2. 2. Characterization for ZnO NPs  

The ZnO NPs synthesized by the green method using tea, coffee and rosemary 

extracts were characterized with: XRD diffractometer (Aeris -Malvern Panalytical-

Netherland); atomic force microscope (AFM) (NaioAFM 2022, Nanosurf-Switzerland) 

to examine the surface morphology; Fourrier-transform infrared spectrometer(FTIR) 

(1800-sgimadzu-Japan) to identify functional groups;  Field emission scanning electron 

microscope (FE-SEM) (TESCAN MIRAIII-Czech) to provide information on the size 

and shape of the produced NPs, a spectral analysis was conducted to examine the 

distinctive peaks (EDX) to determine the microstructure and nanoscale parameters like 
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particle size and morphological-size; Ultraviolet-visible (UV–Vis) 

spectrophotometer(UV1900-shimadzu-Japan) to study the optical properties; and Zeta 

potential analyzer (Zetasizer Malvern Panalytica-Malvern) to determine the Zeta 

potential. 

2. 3. Biological efficacy method  

Using the well diffusion method, an investigation was conducted to assess the 

antibacterial efficacy of zinc oxide nanoparticles on Mueller–Hinton agar (NHA) [12]. 

Gram-negative bacteria (Escherichia coli, Proteus mirabilis), gram-positive bacteria 

(Staphylococcus aureus, Bacillus Subtilis), and fungal isolates (Candida albicans) were 

tested. Under aseptic techniques, wells, each 6 mm in diameter, were cut out of the agar, 

which was contaminated with bacterial strains, and the wells were filled with 50% 

concentration of ZnO NPs. The plates were then incubated at 37ºC for 24 hours. After the 

incubation period, the diameters of the inhibitory zones were measured in millimeters. 

3. Results and Discussion  
3. 1. X-ray Diffraction Examination 

XRD analysis was performed on the white powder following material preparation 

to assess its crystalline structure. The spectra were acquired using Cukα radiation at 40 

kV and 40 mA. The XRD pattern was gathered at 2 from 10-80 degrees. Fig. 

2 displays the X-ray diffraction (XRD) patterns of zinc oxide NPs synthesized using the 

three green extracts (tea, coffee, and rosemary). The XRD patterns revealed several 

noticeable peaks appearing at 2θ angles of 31.7 º, 34.4 º, 36.2 º, 47.5 º, 56.5 º, 62.86 º, 

a 

b 

Figure 1: (a) Steps of preparing the plant extract and combine it with zinc nitrate to 

prepare zinc oxide NPs (b) Zinc oxide NPs powder synthesized by green synthesis. 



Iraqi Journal of Physics, 2025                                                         Amenah Isam and Zainab J. Shanan 

 67 

6.3º, 67.96 º, 69.1 º, 72.55 º, and 76.99 º corresponding to Miller indices of 100, 002, 101, 

102, 110, 103, 200, 112, 201, 004, and 202. Well-defined peaks with no impurities were 

observed. Similar results were obtained by other reported studies [11, 13-15]. The 

diffraction peaks were successfully matched to the hexagonal wurtzite crystal structure 

(JCPDS number 897102) [16]. In addition, the clear and focused diffraction peaks 

observed suggest that the produced ZnO NPs contain a high-quality crystalline structure 

using all three extracts. The average crystal size for zinc oxide NPs synthesized using tea, 

coffee, and rosemary extracts was determined using Scherer's formula, yielding values of 

22.64 nm, 25.37 nm, and 24.88 nm, respectively 

Crystal size(D) =
Кλ

βcosθ
                                                                                                                          (𝟏) 

where К is the form factor (0.94), λ is the X-ray wavelength of the incident radiation 

(0.154252) nm, β is the full width half maximum, and θ is the Bragg's angle [17]. While 

The length of the dislocation lines per unit volume of the crystal can be defined as the 

sample dislocation density (δ), which can be calculated as [18]  

δ =
1

D2
                                                                                                                                                          (𝟐) 

For the specified peak, strain rate (ε) was determined using the relation [18]:  

ε =
βcosθ

4
                                                                                                                                                    (𝟑) 

The dislocation density (δ), the crystal size values, and other structural properties 

of the biosynthesized zinc oxide nanoparticles with the microwave are displayed in Table 

1. The variation in crystalline size and dhkl values may be associated with different factors 

such as surface defects, strain, and dislocations. In other words, the decrease in crystalline 

size corresponds to an increase in the dislocation density values. 

Figure 2: XRD patterns of microwave biosynthesized ZnO NPs by (a)tea, (b) coffee, and (c) 

rosemary extracts. 
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Table 1: Diffraction angle(2Ө), FWHM (β), planes distance (d), crystallite size(D), miller 

indices(hkl), dislocation density(δ), and strain (ε) of synthesized hexagonal ZnO NPs by 

(a)tea, (b)coffee, and (c)rosemary extracts. 

(a) 

2θ 

(Deg.) 

FWHM 

(Deg.) 

dhkl 

Exp.(Å) 

D 

(nm) 
(hkl) 

dhkl 

Std.(Å) 

δ ×1015 

(line/m2) 
𝜺 

31.7730 0.3546 2.8141 23.3 (100) 2.8137 1.84 0.0015 

34.4208 0.3782 2.6034 22.0 (002) 2.6035 2.07 0.0016 

36.2411 0.3546 2.4767 23.6 (101) 2.4754 1.80 0.0015 

47.5414 0.3783 1.9110 23.0 (102) 1.9110 1.90 0.0015 

56.5721 0.4019 1.6255 22.5 (110) 1.6245 1.98 0.0015 

62.8605 0.3782 1.4772 24.6 (103) 1.4772 1.65 0.0014 

66.3593 0.4492 1.4075 21.1 (200) 1.4069 2.24 0.0016 

67.9669 0.4728 1.3781 20.3 (112) 1.3782 2.43 0.0017 

69.1017 0.4492 1.3582 21.5 (201) 1.3582 2.17 0.0016 

72.5532 0.3546 1.3019 27.8 (004) 1.3017 1.29 0.0012 

76.9976 0.5201 1.2374 19.5 (202) 1.2377 2.62 0.0018 

(b) 

2θ 

(Deg.) 

FWHM 

(Deg.) 

dhkl 

Exp.(Å) 

D 

(nm) 
(hkl) 

dhkl 

Std.(Å) 

δ ×1015 

(line/m2) 
𝜺 

31.8663 0.2776 2.8060 29.8 (100) 2.8137 1.13 0.0012 

34.4831 0.3171 2.5988 26.2 (002) 2.6035 1.45 0.0013 

36.3070 0.2578 2.4724 32.4 (101) 2.4754 0.95 0.0011 

47.5871 0.3370 1.9093 25.8 (102) 1.9110 1.51 0.0013 

56.6865 0.3172 1.6225 28.5 (110) 1.6245 1.23 0.0012 

62.9510 0.4163 1.4753 22.4 (103) 1.4772 2.00 0.0015 

66.4996 0.4163 1.4049 22.8 (200) 1.4069 1.92 0.0015 

68.0855 0.4163 1.3760 23.0 (112) 1.3782 1.88 0.0015 

69.1759 0.3766 1.3569 25.6 (201) 1.3582 1.52 0.0014 

72.5857 0.3965 1.3014 24.9 (004) 1.3017 1.62 0.0014 

77.0065 0.5749 1.2373 17.7 (202) 1.2377 3.21 0.0020 

(c) 

2θ 

(Deg.) 

FWHM 

(Deg.) 

dhkl 

Exp.(Å) 

D 

(nm) 
(hkl) 

dhkl 

Std.(Å) 

δ ×1015 

(line/m2) 
𝜺 

31.8438 0.2749 2.8080 30.1 (100) 2.8137 1.11 0.0012 

34.4905 0.3093 2.5983 26.9 (002) 2.6035 1.38 0.0013 

36.3295 0.3094 2.4709 27.0 (101) 2.4754 1.37 0.0013 

47.6209 0.3609 1.9080 24.1 (102) 1.9110 1.73 0.0014 

56.6609 0.3609 1.6232 25.0 (110) 1.6245 1.60 0.0014 

62.9511 0.4125 1.4753 22.6 (103) 1.4772 1.96 0.0015 

66.4400 0.3953 1.4060 24.0 (200) 1.4069 1.73 0.0014 

67.9696 0.3781 1.3781 25.3 (112) 1.3782 1.56 0.0014 

69.1554 0.3781 1.3573 25.5 (201) 1.3582 1.53 0.0014 

72.6442 0.4640 1.3005 21.3 (004) 1.3017 2.21 0.0016 

77.0096 0.4641 1.2373 21.9 (202) 1.2377 2.09 0.0016 
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3. 2. Atomic Force Microscopy (AFM)  

High-resolution surface topographic images from AFM were used to study surface 

morphology, as shown in Fig. 3. This widely used approach efficiently measures 

nanoparticle size and dispersion. The 3D scans showed a folded mountainous structure, 

maybe created by metal bonds or oxide layers [19]. AFM scanning was done by drying 

ZnO NPs on a clean glass plate. Average values of grain size were derived based on 

sample measurement location, as shown in Fig. 4, which depicts the surface shape of 

ZnO NPs generated with plant extracts. The grain size of ZnO NPs synthesized by (tea, 

coffee, and rosemary) extracts averaged 59.96, 24.63, and 24.59 nm, respectively. The 

shape of the nanoparticles was cohesive and semi-spherical. The results were close to 

those presented by Rajeshkumar et al. [20]. 

 

3. 3. Fourier Transform Infrared Examination 

FTIR was used to assess the presence of phytochemicals on the surface of ZnO NPs. 

The results were analyzed and recorded in the frequency range 400-4000 cm−1with 

4 cm−1 resolution to determine the specific functional groups of botanical constituents 

that caused the reduction and stability of ZnO nanoparticles. The FTIR spectroscopy of 

ZnO nanoparticles synthesized by the three extracts (tea, coffee, and rosemary) with the 

assistance of microwave radiation is shown in Fig. 4. and Table 2. Strong peaks around 

420.49 – 471.7 cm−1 referring to the Zn-O band in ZnO. These results agree with those 

of Mohammadian et al. [21] and Rini et al. [22]. As per research, the vibration bands are 

found between 2852.37–2927.5 cm−1 to (CH2) [13, 23]. Also, the other peaks between 

1052.49 –1066.03 cm−1  refer to C-O. These results are in agreement with other published 

results [21, 24, 25]. The peak at 1537.38 cm−1 corresponds to the stretching of C–H 

bonds, at 3419 - 3443 cm−1 represents the stretching of the O–H bonds. These results 

agree with other reported studies [21, 24, 26, 27]. The peak at 1687.67 cm−1 corresponds 

to H2O [28]. 
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Figure 3: AFM images of zinc oxide NPs synthesized by: (a)tea, (b)coffee and 

(c)rosemary extracts. 

 

a 

b 

c 
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Figure 4: FTIR analysis for zinc Oxide nanoparticles synthesized with three different 

extracts: (A) tea, (B) coffee, and (C) rosemary. 

 

Table 2: FTIR analysis for ZnO NPs synthesized by (A) tea, (B) coffee, and (D) rosemary 

extracts. 

 

 

 

 

 

 

 

 

 
3. 4. Field Emission Scanning Electron Microscopy (FESEM) 

The produced ZnO NPs shape and atomic ratio were examined using filed emission 

scanning electron microscopy. The FESEM images of ZnO NPs generated using tea, 

coffee, and rosemary extracts with microwave irradiation at magnification 1 μm and 500 

nm are shown in Fig. 5. It was observed from the figure that the ZnO NPs agglomerated 

into irregular shapes. The morphology of nanoparticles has a pivotal impact on their 

effectiveness against infections. Due to their ability to readily infiltrate the cell wall of 

pathogens, spherical nanoparticles are highly effective in their antibacterial effect [29]. 

ZnO NPs show modest aggregation, typical of green nanoparticles. Due to their increased 

surface area and strong attraction, biosynthetic nanoparticles aggregate or agglomerate 

[30]. The stability and aggregation of NPs are significantly impacted by ecological 

factors. During creation, nanoparticles adhere to one another and spontaneously form 

asymmetrical clusters [31]. Optimizing nanoparticle manipulation requires calibrating 

growth factors to achieve the desired size and shape. The growth factors are plant extract 

or biomass concentration, salt concentration, growth or reaction time, temperature, and 

solution pH [26]. This result was close to other reported studies [11, 32, 33]. 

Band Type A B C 

O-H stretch 3419.35 3446.68 3443.26 

CH2 
2924.10 2920.68 2927.51 

2852.37 - - 

H2O Scissors - - 1687.67 

C-H - - 1537.38 

C-O 1066.03 1076.28 1052.37 

Zn-O 471.73 420.49 420.49 
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3. 5. Energy Dispersive X-ray (EDX)  

Energy dispersive X-ray (EDX) analysis was conducted to examine the 

characteristics of ZnO NPs in more detail, as shown in Fig. 6. The presence of ZnO NPs 

a 

b 

c 

Figure 5: FESEM images of zinc oxide NPs synthesized by (a)tea, (b)coffee, and 

(c)rosemary extracts. 
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biosynthesized by (tea, coffee, and rosemary) extracts assisted by microwave radiation 

was verified using EDX analysis and examining its constituent elements. Zinc, oxygen, 

and gold existed in all the samples. The EDX spectra showed two strong zinc peaks and 

one oxygen peak. Fig.6(a) demonstrates the EDX spectrum of the ZnO NPs synthesized 

with tea extract; the data revealed the percentages of Zn of (76.38%) and O of (23.6%), 

where Zn peaks were at (1.1 and 8.6)  keV while oxygen at 0.51 keV. Fig.6(b) shows the 

EDX spectrum of the ZnO NPs synthesized with coffee extract revealing the percentages 

of Zn (78.13%) and O (21.87%), while the peaks for zinc were at (1.1, 8.6) keV, and 

oxygen at 0.5 keV, Fig.6(c) demonstrates the EDX spectrum of the ZnO NPs synthesized 

with rosemary extract, where Zn peaks were at (1.1 and 8.6) keV, while O at 0.5 keV, 

with Zn percentages of (77.27%) and O of (22.73%).  The peaks and data obtained agree 

with previous works [24-26, 28]. 

 

 

 

a 

b 

c 

Figure 6: EDX for zinc oxide NPs synthesized by (a)tea, (b)coffee, and (c)rosemary 

extracts. 
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3. 6. Optical Examination 
The reduction of metal ions and the formation of nanoparticles are represented by 

a peak absorption that is correlated with the surface Plasmon resonance (SPR) and gathers 

oscillations of conduction band electrons in reaction with electromagnetic waves [26]. 

Surface Plasmon resonance absorption bands are created when the free electrons in metal 

nanoparticles undergo recombination modifications and resonate with light waves [34]. 

The optical absorption spectra of ZnO NPs prepared with the three extracts (Tea, Coffee, 

and Rosemary) are depicted in Fig. 7. The measurement was conducted at room 

temperature. The spectra displayed distinct peaks at wavelengths of 370, 380, and 374  m, 

characteristic of ZnO nanoparticles for tea, coffee, and rosemary extracts, respectively, 

due to the SPR band of NPs. These phytochemicals are highly capable of stabilizing metal 

ions in the nanoscale dimension and reducing them, for being antioxidants and free of 

toxic substances. The presence of a distinct peak indicated the formation of ZnO 

nanoparticles with a uniform size distribution; by way of generalization, the highest 

absorption peak for ZnO nanoparticles falls within the range of 300 to 380 nm [26]. Since 

NPs' optical characteristics depend on their size, shape, aggregation, and componentry, 

they can be characterized utilizing the UV–Vis spectrum [35]. Results demonstrated that 

the energy band gaps for ZnO NPs synthesized by tea, coffee, and rosemary extracts were 

(3.31, 3.26, and 3.35) eV, respectively, as calculated according to the following formula: 

E =
hc

λ𝑚𝑎𝑥
                                                                                                                                      (𝟒) 

where h= (6.626 × 10⁻³⁴ Js) represents the Planck constant, c = (3 × 10⁸ m/s) represents 

the speed of light, E represents the band-gap energy, and λmax ₓ represents the maximum 

absorption [36]. 

It was noted that the band gap energy of the synthesized nanomaterials was 

consistently greater than that of their micron-sized counterparts across all sample groups. 

Low-dimensional crystallites' quantum mechanical phenomena cause nanomaterial band 

gap broadening. In these length scales, the energy levels overlap and become quantized, 

resulting in an expansion of the materials' band gap [37]. Also, particle size and 

configuration may cause the absorption peak to shift. However, this causes a wide ZnO 

particle size distribution. Decreasing the size of nanoparticles leads to an increase in the 

energy gap [18]. The results are close to other reported studies [21, 26, 27, 38-40]. 
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Figure 7: Absorption curves as a function of wavelength of microwave biosynthesized ZnO 

NPs by (a)tea, (b) coffee, and (c) rosemary extracts. 

 

3. 7. Zeta potential (ZP) determination 

Zeta potential is an essential tool for quantifying the electric charge of the surface of 

nanomaterials [41]. Zeta potential measures electrostatic repulsion between particles of 

the same charge in a dispersion. A high zeta potential guarantees stability for tiny 

molecules and particles, preventing aggregation in solutions or dispersions [42]. The 

parameter ZP is quite advantageous in forecasting the stability of dispersions including 

solid lipid nanoparticles. According to the literature, zeta potential values greater than 30 

mV are beneficial. Physical stability is achieved when voltages exceed 60 mV. The 

temporary physical stability is 20 millivolts, with acceptable values ranging from -5 to 

+5, indicating rapid aggregation. However, this is not true for high molecular weight 

stabilizers, which work primarily through steric stabilization. In this instance, a zeta 

potential of 20 mV or less is adequate for ensuring physical stability. Before the 

examination, ZnO nanoparticles were dispersed in water and thoroughly mixed to assess 

their stability [43]. The measurements of the material appeared as in Fig. 8. The ZP values 

for the biosynthesized ZnO NPs by the three extracts (tea, coffee, and rosemary) were 

(21.9, 14.7 ,15.5) mV, respectively. 
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Figure 8: The zeta potential of zinc Oxide nanoparticles synthesized using the extracts of 

(a)tea, (b)coffee, and (c)rosemary.  

 

3. 8. Antibacterial results 

Three processes normally explain bacteria-NP interactions: the first forms highly 

active hydroxyls and the second deposits NPs on bacteria. Finally, NPs accumulate in the 

cytoplasm or periplasmic region of bacterium cells, disrupting cellular processes and 

membrane organization [39]. ZnO NPs were manufactured utilizing extracts derived from 

tea, coffee, and rosemary. The bacteria used in the study were shown to be susceptible to 

the quantity of nanoparticles that were formed; nanoparticles' antibacterial activity is a 

size dependent ability, and the property improves with the reduction of particle size. Table 

3 displays the measurements of the inhibition zone of bacterial growth [20, 32]. ZnO NPs 

impede bacterial growth in numerous ways. These processes worked similarly 

efficiently against gram-positive (Staphylococcus aureus, Bacillus Subtilis), gram-

negative bacteria (Proteus mirabilis, Escherichia coli) and Candida albicans, except for 

zinc oxide nanoparticles synthesized by coffee extract, which did not provide any activity 

against bacterial E. coli, as shown in Fig. 9. ZnO NPs inhibited E. coli at an inhibition 
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zone of 12.15 mm, whereas conventional medicines had a range of 15–20 mm inhibition 

zone. The inhibition zone against Staphylococcus aureus for ZnO NPs was 15-18 mm and 

this result was close to that of Rad et al. [40]. While The activity against B. subtilis was 

good, as evidenced by a zone of inhibition measuring between 19 and 21 mm, when 

compared to the positive control Tetracyclin, which displayed an inhibition zone of 28.50 

mm [11, 25, 32]. The best nano ZnO was prepared using tea and rosemary extracts.  The 

best results were in rosemary. but between coffee and tea, the proportions were varying 

in preference depending on the type of bacteria. 

 
Table 3: Bacterial pathogen-fighting capabilities by ZnO nanoparticles. 

Zone of inhibition (mm) 

Samples ZnO 

NPs 

S. aureus 

(+) 

B. Subtilus 

(+) 

E. coli 

(-) 

proteus mirabilis 

(-) 

C. albicans 

1-Tea 15 19 12 21 11 

2-Coffee 11 20 0 9 10 

3-Rosemary 18 21 15 19 11 

 

Figure 9: Zones of inhibition for antibacterial and fungal infections activity created by ZnO 

Nps (a) Bacillus subtilus, (b) staphylococcus aureus, (c) Escherichia coli, (d) Proteus 

mirabilis and (e) Candida albicans. 

4. Conclusions  
The process of ZnO NPs biosynthesis using microwave radiation by plant extracts 

(tea leaves, coffee, rosemary) was carried out successfully. The important role of 

microwave radiation has been proven in reducing the energy consumed, effort expended, 

and high prices by reducing the preparation time of the required material and protecting 

it from exposure to changes in the environment surrounding the material. The main 

advantages of microwave-assisted synthesis are purity from pollution, speed, efficiency, 

reduced work effort, substantially accelerated reaction rate, high yield, cost-effectiveness, 

and concentrating the radiation energy directly without dispersion.  It was concluded from 

XRD tests that the average crystal size of zinc oxide NPs was that the prepared material 

was well crystallised and the size of the crystals was within the nanoscale range. The 

FTIR test revealed that the plant extracts (tea, coffee, and rosemary) contained most of 

the functional groups that aided in reducing zinc oxide nanoparticles. The agglomeration 

and aggregation of the material were observed from the field emission scanning electron 

microscope (FESEM) images, and the zeta potential results confirmed this. UV and 

a b c 

d e 
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visible measurements revealed direct energy gaps for all the prepared samples. Finally, it 

was found that all the prepared samples were inhibitory to gram-positive and gram-

negative bacteria and fungi; however, the samples prepared from rosemary and tea 

extracts gave the best results in terms of properties and application.   
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  النانوية أكسيد الزنكجسيمات الخواص الفيزيائية والتأثير الميكروبي للتخليق الحيوي السريع ل

 بواسطة تشعيع الميكروويف 
 

 1شنان اسمزينب جو  1الشمري امنة عصام
 العلوم للبنات، جامعة بغداد، بغداد، العراق قسم الفيزياء، كلية  1

 الخلاصة 
في هذه الدراسة تم استخدام الطريقة الخضراء لتصنيع جزيئات أكسيد الزنك النانوية عن طريق تشعيع الميكروويف، وذلك باستخدام  

، والتي تعتبر سهلة الاستخدام وسريعة  Zn(NO₃)₂.6H₂Oالمستخلصات النباتية لكل من )الشاي والقهوة وإكليل الجبل( بشكل منفصل و 

تحويل   ، الذرية مجهر القوة  السينية، وفعالة من حيث التكلفة. تم دراسة الخواص التركيبية للمواد المحضرة بواسطة تقنية تحليل حيود الأشعة 

ولمزيد من التفاصيل، تم استخدام تحليل الأشعة   .والمجهر الإلكتروني لمسح انبعاث المجال فورييه للتحليل الطيفي للأشعة تحت الحمراء

ملي فولت    20السينية المشتتة للطاقة لإثبات وجود أكسيد الزنك. تم قياس الشحنة الكهربائية لسطح المواد النانوية بواسطة جهد زيتا حيث أن  

(  15.5،  14.7،  21.9وإكليل الجبل( فقد كانت )  كافية لضمان الاستقرار الجسدي. وبالنسبة للمستخلصات الخضراء الثلاثة )الشاي والقهوة

،  24.63،  59.96حجم الجسيمات  كانت أشكال جسيمات أكسيد الزنك النانوية غير منتظمة ومتكتلة، وكان متوسط    .ملي فولت على التوالي

-Cو  N-Oو  C=Oوجود روابط   (FT-IR) فورييهأثبت التحليل الطيفي للأشعة تحت الحمراء باستخدام طرق تحويل    نانومتر.  24.59و

H  وتؤكد هذه النتائج قدرة الاختزال والتغطية العالية لأكسيد الزنك ،NPs    .بالإضافة  عبر الجزيئات الحيوية الموجودة في المستخلص النباتي

لفحص الخصائص البصرية، حيث تم تحديد فجوة الطاقة بقيمها   (UV-Vis)والمرئية  إلى ذلك تم استخدام مطياف الأشعة فوق البنفسجية  

لتثبيط    ZnO NPsأخيرًا، تم استخدام    ( فولت عند استخدام مستخلصات الشاي والقهوة وإكليل الجبل على التوالي.3.35،  3.26،  3.31)

ة وتوقف  نشاط العديد من أنواع الفطريات والبكتيريا، سواء إيجابية الجرام أو سلبية الجرام، وقد ثبت أنها يمكن أن تدخل جدار الخلية البكتيري

 ا. عمل البكتيري

 
 الأنشطة البيولوجية.   ، المجهر الالكتروني الماسح ، المستخلصات النباتية   ، تشعيع الميكروويف ، التخليق الحيوي  الكلمات المفتاحية:


