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Abstract  

In the current research, Zinc oxide nanoparticle solution was prepared at different concentrations. A minimum 

particle size between (52.31 - 134.3 nm) was obtained. The structural and optical properties were determined 

as functions of concentration. Results of the Field Emission Scanning Electron Microscopy (FE-SEM) 

indicated that as the concentration of zinc oxide nanoparticles decreased, their size also decreased.  

Antibacterial activity for Zinc Oxide nanoparticles was tested by the extent of killing Staphylococcus aureus 

isolates, and using a lower Zinc Oxide nanoparticle concentration revealed 50% more activity than higher 

concentrations. 
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Introduction: 

Nanotechnology is a trendy topic for research in 

today's scientific and technological breakthroughs 

because it has so many new applications in medical 

procedures, food processing, inventive fabric 

compounds, and agricultural production [1,2]. High 

levels of advancement are used to establish the 

features and goals of both natural and artificial 

systems [3]. This study is interested in materials that, 

because of their nanoscale size, produce novel and 

significantly enhanced physicochemical and 

biological properties, as well as unique phenomena 

and functionalities [4]. Nanoparticles (NPs) often 

have bigger surface areas than macro-sized particles 

due to their nanoscale size [5]. 

NPs are known as controlled or managed particles 

(1–100 nm) at the atomic level, and they differ 

significantly from bulk materials in terms of size-

related properties [6,7]. Because of their special 

properties, NPs have larger structures than their 

counterparts despite their small size. Because of this, 

they may be helpful in applications involving 

 
JBAAR  

Journal of Bioscience and Applied Research 
https://jbaar.journals.ekb.eg 

SPBH 

mailto:tabarak.amar1204a@sc.uobaghdad.edu.iq
https://jbaar.journals.ekb.eg/


Journal of Bioscience and Applied Research, 2025, Vol.11, No. 1, P.270-280        pISSN: 2356-9174, eISSN: 2356-9182       271 

nanomedicine and highly desirable biosensors [8]. 

The size, content, crystallinity, and shape of metal 

nanoparticles (NPs), such as silver, zinc oxide 

(ZnO), titanium dioxide (TiO2), as well as their 

chemical, mechanical, electrical, structural, 

morphological, and optical characteristics, are the 

main characteristics that can be altered by reducing 

their size to the nanoscale [9].  

These changed characteristics allow the NPs to 

interact with cell biomolecules uniquely and 

facilitate their physical entry into cellular structures 

[8]. The increased fraction of atoms at the surface of 

nanostructured materials results in increased surface 

reactivity. As a result, nanomaterials have become 

more significant in bionanotechnology and the basic 

and applied sciences in recent years. Numerous 

scientists have examined ZnO's diverse forms and 

exceptional nanoscale antibacterial capabilities 

against a broad range of bacterial species [10–15]. 

The antibacterial properties of ZnO formulations at 

the micro and nanoscale are currently being studied. 

When reduced to the nanoscale region, ZnO particles 

show notable antibacterial properties. The zinc oxide 

nanoparticles can show several bactericidal 

processes after interacting with the bacteria's surface 

and/or core [14,16]. These rare compounds, mostly 

used in the food sector, are highly toxic and easily 

interact with microorganisms to act as antibacterial 

agents. Thankfully, some investigations have 

demonstrated that ZnO-NPs are safe to use as 

antibacterial agents, are toxic to microorganisms,  

and are highly compatible with human cells [17].  

Additionally, they do not harm human cells [18,19]. 

They can be used safely as antibacterial agents, are 

poisonous to microorganisms, and have good 

biocompatibility with human cells [17]. The high 

specific surface area-to-volume ratios of 

nanoparticles are primarily responsible for their 

diverse antibacterial properties [20]. However, 

because of their peculiarities in physiochemistry, 

they have been the focus of more discussion. 

Understanding this important global health issue 

would be aided by research into ZnO-NPs as an 

antibacterial agent [21]. 

Experimental:  

Staphylococcus aureus isolates were chosen and 

prepared for testing in the present bioactivity 

application. Staphylococcus aureus isolates were 

cultured in nutrient broth for 24 hours. Following an 

overnight incubation, the isolates were diluted to 

McFarland standard. A diluted bacterial suspension 

of 0.1 ml was placed on Muller Hinton agar plates 

and distributed evenly, as shown in Figure 1. 

Different concentrations of ZnO Nanoparticles 

solutions were prepared by dissolving powdered 

ZnO nanoparticles in deionized water to produce 

(9.0 × 10−1) mol/L; which then reduced to (5.0, 1.0, 

1.1 and 1.6) × 10−1 mol/L, by the dilution equation, 

homogenized by vortex mixer, and added to the 

plates. After a final 24-hour incubation period at 37 

°C, the development of growth inhibitory zones was 

investigated. 
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Figure1: Staphylococcus aureus bacteria isolates before treatment 

 

Results and discussion: 

To investigate the phase structure for the ZnO 

nanoparticles that were produced powder, XRD 

patterns of ZnO NPs were characterized as shown in 

figure 2. The X-ray pattern reveals a polycrystalline 

structure of the ZnO Nanoparticles with 11 peaks 

obtained at diffraction angles in the diffraction 

pattern: 31.8° (100), 34.4° (002), 36.2° (101), 47.6° 

(102), 56.6° (110), 63.3° (103), 66.6° (200),68.3° 

(112), 69.2° (004), 72.8° (201) and 77.2° (202).  This 

refers to a hexagonal Structure [22-23].  

concentration. 

Field Emission-Scanning Electron Microscopy is a 

convenient method to investigate the samples' 

structure due to its important role in many 

applications. Figure 3 illustrates FE-SEM images of 

ZnO nanoparticle solutions, where the surface is 

covered with particles of different shapes 

(nanosheets, star shapes and rods) uniformly 

distributed over the entire surface. 

 

 

Figure 2: X-ray Diffraction of ZnO Nanoparticles at 9.0 × 10
−1
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Figure 3:  FE-SEM images of ZnO Nanoparticles at (a) 1.6 × 10−1 M, (b) 1.0 × 10−1 M & (C) 

9.0 × 10−1M concentrations. 

 

 

 

By looking carefully at the images of Figure 3, it is 

possible to observe a regular distribution of 

nanoparticles at low concentrations. The particle 

size distribution gradually changes from small to 

larger clusters. The particle size value obtained from 

FE-SEM measurements indicates that at (1.6 × 10−1 

M) concentration, the size is in the range of 52.31 to 

134.3 nm (Figure 3-a). At higher concentration (1.0 

× 10−1 M), it is in the range (52.13 - 210.0 nm) 

(Figure 3-b), and it is between (26.23 to 379.3 nm) 

at (9.0 × 10−1M) as presented in Figure 3–c. These 

results confirm the fact that small particle size is 

obtained at low concentration. The figure also shows 

that there are some particle agglomerations. Our 

a b 

c 
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findings are in good agreement with research cited 

elsewhere [24]. 

The FTIR spectrum of ZnO Nanoparticles solution 

at 9.0 × 10−1 M concentration within the 

wavenumbers range (400 to 4000 cm−1) is shown in 

Fig. 4. Peaks at 559,670 and 813 cm−1 are 

characteristic absorption of ZnO bonds and refer to 

hexagonal ZnO phase; corresponding with XRD. 

The peak at 3428 cm−1 is attributed to the O-H 

absorption. The range (2907 and 2936 cm-1) is 

related to C-H, and the peak at 2359 cm-1 is 

attributed to the absorption of C=C.  The peaks at 

1659, 1458, and 1557 cm-1 are attributed to the 

absorption of C=O, and finally, the 1103 cm-1 peak 

is related to C-N [25]. 

The Energy Dispersive X-ray (EDX) spectra of ZnO 

Nanoparticles were recorded and analyzed, as shown 

in Figure (5). Elemental compositions for the final 

samples are shown in the tables and the figures. All 

of the investigated samples' EDX spectra verified the 

presence of oxygen and zinc atoms in the thin layers, 

indicating the thin film formation. For the final 

samples, the weight percentage of zinc, oxygen, and 

carbon was found to be 48.2%, 36.8%, and 14.9% at 

a concentration 9.0 × 10−1 mol/L, as shown in Figure 

(5-a). At a concentration 0.5 × 10−1 mol/L, the 

percentage of zinc, oxygen, and carbon was found to 

be 48.1%, 36%, and 16%, as shown in figure (5-b). 

However, at a concentration 1.0 × 10−1 mol/L, the 

percentage of zinc, oxygen, and carbon was found to 

be 39.5%, 41.4%, and 19%, as shown in figure (5-

c). At a concentration 1.1 × 10−1 mol/L, the 

percentage of zinc, oxygen, and carbon was found to 

be 31.7%, 40.6.4%, and 26%, as shown in figure (5-

d). At a concentration 1.6 × 10−1 mol/L, the 

percentage of zinc, oxygen, and carbon was found to 

be 31.5%, 42.4.4%, and 26%, as shown in figure (5-

e).  

 

 

 

 

 

Figure 4:  FTIR spectrum ZnO Nanoparticles at 9.0 × 10−1 M concentration. 
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Element Atomic % 
Atomic % 

Error 
Weight % 

Weight % 

Error 

C 14.9 0.7 4.6 0.2 

O 36.9 0.7 15.1 0.3 

Zn 48.2 0.5 80.4 0.8 

 

Element Atomic % 
Atomic % 

Error 
Weight % 

Weight % 

Error 

C 16.0 1.5 4.9 0.5 

O 36.0 1.9 14.7 0.8 

Zn 48.1 1.1 80.4 1.8 

 

a 

b 
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Element Atomic % 
Atomic % 

Error 
Weight % 

Weight % 

Error 

C 19.0 1.4 6.6 0.5 

O 41.4 1.4 19.1 0.6 

Zn 39.5 1.0 74.4 1.9 

 

Element Atomic 9% 
Atomic % 

Error 
Weight % 

Weight % 

Error 

C 26.0 0.3 10.2 0.1 

O 40.6 0.3 21.2 0.1 

Zn 31.7 0.1 67.7 0.2 

 

c 

d 
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Element Atomic % 
Atomic % 

Error 
Weight % 

Weight % 

Error 

C 26.0 1.2 10.2 0.5 

O 42.4 1.5 22.2 0.8 

Zn 31.6 0.7 67.6 1.6 

 

Figure 5: The EDX spectrum of ZnO Nanoparticles at different concentrations. 

       

 

 

Figure (6) represents the absorbance of ZnO 

Nanoparticles colloidal was recorded as a function 

of ZnO Nanoparticles and it’s increased with 

concentration; a result that agrees well with Beer-

Lambert laws. It was observed that the peak in a 

range of (378 to 386) nm, and the absorption in this 

region is due to the formation of zinc oxide 

nanoparticles [26].  

As concentrations increased, there was a red shift in 

the absorption peak. All of the samples showed an 

inclination to redshift, which was explained by the 

formation of shallow levels inside the band gap as a 

result of particle aggregation in the lattice [27]. 

The antibacterial activity of ZnO nanoparticles at 

various doses appears in Figure 7 (9.0, 5.0, 1.0, 1.1 

and 1.6) × 10−1 M against Staphylococcus aureus 

isolates. The activity of ZnO Nanoparticles is related 

to the generation of free radicals induced by heat, 

which causes peroxidation when the radical interacts 

with the bacterial cell membrane. The resulting 

highly active oxygen molecules can oxidize organic 

compounds, leading to the disintegration and 

elimination of bacteria. The results showed that the 

concentration of ZnO Nanoparticles at 1.6 × 10−1 M 

had better antibacterial effects than other 

concentrations.  

 

e 
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Figure 6: The absorption spectra of ZnO Nanoparticles at different concentrations 
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Figure 7: Antibacterial effect of Zinc oxide Nanoparticles at different concentrations 
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Conclusions: 

The present research has indicated that a smaller and 

more uniform dispersion of nanoparticles of zinc 

oxide can be obtained at lower concentrations, in 

addition to the antibacterial effect of the lower 

concentration is 50% more than that of the other 

concentration. 

Conflict of interest: NIL 

Funding: NIL 

References: 

1. Deshmukh SK, Kochar M, Kaur P, Singh PP, 

editors. Nanotechnology in agriculture and 

environmental science. CRC Press, Taylor & 

Francis Group; 2023. 

2. Al-Mashhadani, T. A., and F. J. Al-Maliki. 

"Optimized Characteristics of Silver 

Nanoparticles Synthesized by Chemical 

Reduction and Embedded in Silica Xerogels." 

Iraqi Journal of Applied Physics, vol. 18, no. 3, 

2022, 

https://www.iraqoaj.net/iasj/article/243277. 

3. Belay T, Worku LA, Bachheti RK, Bachheti A, 

Husen A. Nanomaterials: Introduction, 

synthesis, characterization, and applications. In 

Advances in smart nanomaterials and their 

applications 2023 Jan 1 (pp. 1-21). Elsevier. 

4. Ahire SA, Bachhav AA, Pawar TB, Jagdale BS, 

Patil AV, Koli PB. The Augmentation of 

nanotechnology era: A concise review on 

fundamental concepts of nanotechnology and 

applications in material science and technology. 

Results in Chemistry. 2022 Jan 1;4:100633. 

5. Sajid M, Płotka-Wasylka J. Nanoparticles: 

Synthesis, characteristics, and applications in 

analytical and other sciences. Microchemical 

Journal. 2020 May 1;154:104623. 

6. Abdel-Mageed HM, AbuelEzz NZ, Radwan 

RA, Mohamed SA. Nanoparticles in 

nanomedicine: a comprehensive updated review 

on current status, challenges and emerging 

opportunities. Journal of microencapsulation. 

2021 Aug 18;38(6):414-36. 

7. Yameny, A. A Comprehensive Review on 

Nanoparticles: Definition, Preparation, 

Characterization, Types, and Medical 

Applications. Journal of Medical and Life 

Science, 2024; 6(4): 663-672. doi: 

10.21608/jmals.2024.419629 

8. Pushpalatha C, Suresh J, Gayathri VS, Sowmya 

SV, Augustine D, Alamoudi A, Zidane B, 

Mohammad Albar NH, Patil S. Zinc oxide 

nanoparticles: a review on its applications in 

dentistry. Frontiers in Bioengineering and 

Biotechnology. 2022 May 19;10:917990. 

9. Al-Mashhadani, T. A., and F. J. Kadhim. 

"Photoluminescence Properties of Silver-

Dysprosium Co-Doped Silica Obtained by Sol–

Gel Method." Journal of Sol-Gel Science and 

Technology, vol. 106, no. 2, 2023, pp. 553–560, 

doi:10.1007/s10971-023-06098-7. 

10. Adams CP, Walker KA, Obare SO, Docherty 

KM. Size-dependent antimicrobial effects of 

novel palladium nanoparticles. PloS one. 2014 

Jan 20;9(1):e85981. 

11. Kumarage V, Siriwardane IW, Sandaruwan C, 

Kandanapitiya MS, Kottegoda N, 

Jayewardenepura G. Nanotechnology 

Applications in Biomaterials; A review. J. Res. 

Technol. Eng. 2022;3:32-54. 

12. Sirelkhatim A, Mahmud S, Seeni A, Kaus NH, 

Ann LC, Bakhori SK, Hasan H, Mohamad D. 

Review on zinc oxide nanoparticles: 

antibacterial activity and toxicity mechanism. 

Nano-micro letters. 2015 Jul;7:219-42. 

13. Hemeg HA. Nanomaterials for alternative 

antibacterial therapy. International journal of 

nanomedicine. 2017 Nov 10:8211-25. 

14. Hoseinzadeh E, Makhdoumi P, Taha P, Hossini 

H, Stelling J, Amjad Kamal M, Md Ashraf G. A 

review on nano-antimicrobials: metal 

nanoparticles, methods and mechanisms. 

Current drug metabolism. 2017 Feb 

1;18(2):120-8. 

https://www.iraqoaj.net/iasj/article/243277


Journal of Bioscience and Applied Research, 2025, Vol.11, No. 1, P.270-280        pISSN: 2356-9174, eISSN: 2356-9182       280 

15. Mashhadani, T. A., Kadhim, F. J., and Hashim, 

N. A. "Optimization of Surface Plasmon 

Resonance Band of Copper Nanoparticles 

Doping in Silica Xerogels." Iraqi Journal of 

Applied Physics, vol. 20, no. 2B, 2024, pp. 465–

468, 

https://ijapiq.com/index.php/ijap/article/view/6

5. 

16. Mohammed, I., Nafea, M., Jawad, R., Abd, D., 

Aljoubory, H. Evaluation of the effect of green 

synthesis of Zinc oxide nanoparticles on 

Candida albicans. Journal of Bioscience and 

Applied Research, 2024; 10(3): 518-529. doi: 

10.21608/jbaar.2024.380628 

17. Sirelkhatim A, Mahmud S, Seeni A, Kaus NH, 

Ann LC, Bakhori SK, Hasan H, Mohamad D. 

Review on zinc oxide nanoparticles: 

antibacterial activity and toxicity mechanism. 

Nano-micro letters. 2015 Jul;7:219-42. 

18. Wang J, Wang S. A critical review on graphitic 

carbon nitride (g-C3N4)-based materials: 

Preparation, modification and environmental 

application. Coordination Chemistry Reviews. 

2022 Feb 15;453:214338. 

19. Sun JH, Dong SY, Feng JL, Yin XJ, Zhao XC. 

Enhanced sunlight photocatalytic performance 

of Sn-doped ZnO for Methylene Blue 

degradation. Journal of Molecular Catalysis A: 

Chemical. 2011 Feb 1;335(1-2):145-50. 

20. Reddy AJ, Kokila MK, Nagabhushana H, Rao 

JL, Shivakumara C, Nagabhushana BM, 

Chakradhar RP. Combustion synthesis, 

characterization and Raman studies of ZnO 

nanopowders. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy. 

2011 Oct 15;81(1):53-8. 

21. Yen HJ, Liou GS. A facile approach towards 

optically isotropic, colorless, and thermoplastic 

polyimidothioethers with high refractive index. 

Journal of Materials Chemistry. 

2010;20(20):4080-4. 

22. Macdonald EK, Shaver MP. Intrinsic high 

refractive index polymers. Polymer 

International. 2015 Jan;64(1):6-14. 

23. Prabhakar RR, Mathews N, Jinesh KB, Karthik 

KR, Pramana SS, Varghese B, Sow CH, 

Mhaisalkar S. Efficient multispectral 

photodetection using Mn doped ZnO nanowires. 

Journal of Materials Chemistry. 

2012;22(19):9678-83. 

24. Rao NS, Rao MB. Structural and optical 

investigation of ZnO nanopowders synthesized 

from zinc chloride and zinc nitrate. Am. J. 

Mater. Sci. 2015;5(3):66-8. 

25. Koole R, Groeneveld E, Vanmaekelbergh D, 

Meijerink A, de Mello Donegá C. Size effects on 

semiconductor nanoparticles. Nanoparticles: 

Workhorses of Nanoscience. 2014:13-51. 

26. S. Vijayakumar, C. Krishnakumar, P. Arulm

ozhi, S. Mahadevan, N. ParameswariBiosyn

thesis, characterization and antimicrobial 

activities of zinc oxide nanoparticles from 

leaf extract of Glycosmis pentaphylla (Retz.) 

DC Microb. Pathog., 116 (2018), pp. 44-48. 

27. A. J. Reddy, M. K. Kokila, H. Nagabhushan, 

J. L. Rao, C. Shivakumar, B. M. 

Nagabhushan, and R. P. S. Chakradhar 

(2011). Spectrochim. Acta A 81, 53 

 

 

https://ijapiq.com/index.php/ijap/article/view/65
https://ijapiq.com/index.php/ijap/article/view/65

