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The bacterial infection and generation of free radicals inside the body are serious threats to 
human health globally and researchers show their serious concern for these issues. Thus, 
in this study, an attempt has been made to control bacterial growth and scavenge the ABTs 
free radicals. ZnO-NPs were synthesized by an economical method, and the characteristics 
were investigated using a range of analytical techniques. These methods included FTIR, 
SEM, EDX, XRD, and TEM. The agar-well diffusion process has been followed to control 
the growth of selected bacteria and the ABTs free radicals have been scavenged using a 
standard protocol. The effect of the dose on both activities has been studied where the 
results has explore that the effectiveness of the ZnO-NPs gradually increases with 
increasing concentration. 
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1. Introduction  
 
Multi-drug resistant bacteria (MDR) are strains of bacteria that have developed resistance 

to multiple antibiotics. This poses a significant public health concern as it makes treatment of 
infections, caused by these bacteria, much more difficult [1]. Metal oxide nanoparticles (MO-NPs) 
have been studied as potential tools for combating MDR bacteria due to their unique 
physicochemical properties [2]. Investigation has indicated that MONPs exhibit significant 
inhibition against multidrug-resistant (MDR) bacteria. The mechanism underlying this 
phenomenon is believed to involve the interaction among the nanoparticles and the bacterial 
membrane [3]. The enhanced surface area as compared to volume of MO-NPs enables them to 
interact more efficiently with the bacterial cell membrane, disrupting its integrity and ultimately 
causing the destruction of the organism [4].  

The ZnO is a semiconductor known for its affordable cost and possesses a band gap 
energy of 3.37 eV. It has garnered significant attention due to its distinctive characteristics and 
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promising applications across multiple domains [5]. ZnO typically exists in two forms: hexagonal 
wurtzite and cubic zinc blend [6]. The ZnO-NPs are less than 100 nanometers in size and exhibit 
enhanced properties such as increased surface area, higher reactivity, and unique optical as well as 
electronic properties compared to their bulk counterparts [7,8]. These properties make ZnO-NPs 
attractive for usage in electronics, medicine, cosmetics, and textiles [9,10]. Besides this, ZnO-NPs 
had gained attention because of their biological efficacy and showing promising activities in fields 
such as medicine, biotechnology, and agriculture [11,12]. 

This research study was conducted to apply a user friendly and economical process for the 
preparation of ZnO-NPs. Various techniques, including XRD, SEM, TEM, EDX, and FTIR, were 
employed to examine the ZnO NPs shape, content, and functional groups. Furthermore, tests for 
antioxidant and antibacterial properties were performed to evaluate the possible uses of ZnO-NPs. 
The individual techniques used in our study may have been previously explored; however, this 
manuscript has presented a comprehensive investigation that combines structural, bacteriostatic, 
and antioxidant profiling of Zinc Oxide nanoparticles in a single study. This holistic approach 
provides a deeper understanding of the nanoparticles' multifaceted potentials, their interplay, and 
how they collectively contribute to their overall efficacy. 

 
2. Research procedure 
 
2.1. Reagents used 
The regents used are ZnCl2.2H2O, KOH, agar nutrients, ABTs, ethanol and distilled water.  
 
2.2. Formation of ZnO-NPs 
In a titration flask, a solution containing 80 mL of ZnCl2.2H2O (40 mM) was made and 

mixed with 15 mL of ethanol. Stirring constantly, the mixture was heated for 20 minutes at 60°C 
on a hot plate. After that, the reaction mixture was gradually mixed with 5 mL of 1 M KOH 
solution dropwise until a pH of 10 was reached. For half an hour more, the reaction was agitated 
under heating condition. After the synthesized ZnO-NPs were finished, the supernatant was 
decanted and allowed to settle. The final product washed three times in a row in warm distilled 
water. At the end, the product was dried at 100 °C in an oven and storing it properly for the next 
round of experiments. 

 
2.3. Instrumentation 
The crystal structure, surface morphology as well as elemental and chemical compositions 

of ZnO-NPs, were studied by XRD (Panalytical X’pert pro), TEM model JSM-1200, EDX (INCA 
200) coupled with SEM, SEM model JSM 5910, and the FTIR (model: Nicolet 6700), respectively 
[13–15].   

 
2.4. Bactericidal assay    
In order to investigate the activity of ZnO-NPs against bacteria using a standard procedure 

[13]. The bacteria were uniformly spread onto agar plates using sterile swabs, and bore-holes were 
made, which were equipped with different volumes (ranging from 20 to 100 μL) of NPs 
dispersion. The NPs dispersion was prepared by sonicating 0.001 g in 0.001 L of DMSO. The 
plates were incubated at 37°C and after 24 h the clear zone was measure as the activity of NPs.   

 
2.5. ABTs inhibition assay 
The antioxidant capability of ZnO-NPs was assessed through the ABTS assay. Initially, 7 

mM ABTS with 2.5 mM K2S2O8 was combined to prepared a stock solution. Subsequently, the 
working solution for the nanoparticles was generated by combining equal portions of the two stock 
solutions, followed by an overnight incubation in dark. The distilled water was added to this 
solution for dilution to achieve an absorbance reading of 0.45 at 405 nm using a 
spectrophotometer. Typically, 0.0001 L of ABTS solution was combine with 50-300 μL of 
nanoparticle solutions, and DMSO was added to attain a total reaction volume of approximately 3 
NPs dispersion. The absorbance (Ai) of the reaction mixture was recorded, and the percentage 
scavenging potential was computed using the provided formula (eq.1): 
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                  (eq. 1) 

 
 
3. Results and Discussion 
3.1. XRD analysis 
ZnO-NPs X-ray diffractogram (Fig. 1) showed distinct and strong diffraction peaks at 

different 2θ positions: 31.90°, 34.45°, 36.27°, 47.59°, 56.63°, 62.97°, and 68.11°. The diffraction 
patterns produced by the corresponding miller planes, especially (100), (002), (101), (102), (110), 
(103), and (112), were matched by these peaks [16]. These distinctive peaks demonstrated the 
hexagonal crystal structure of the ZnO NPs and were consistent with reference card 01-079-0205. 
The crystallite size and lattice strain was found to be 25.84 nm and 0.323%, respectively. 
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Fig. 1. XRD pattern of ZnO Nanoparticles. 
 
 
3.2. SEM analysis 
As shown in Fig. 2, SEM analysis of the ZnO-NPs was carried out at low and high 

magnifications. A notable degree of agglomeration was seen in the low magnification SEM image, 
suggesting the production of big particles on the flat surface. These particles formed an irregular 
network due to their intimate interconnections. In addition, the particles varied in size and shape, 
with most of them seeming almost spherical. The average size of the estimated particles was 99.62 
nm, and they ranged in size from 88 to 121 nm. 

 

 
 

Fig. 2. SEM Images of ZnO Nanoparticles at Low (a) and High (b) Magnifications. 
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3.3. TEM analysis 
The TEM pictures shown in Figure 3, both at low (a) and high (b) magnifications, provide 

a thorough understanding of the morphology of the prepared NPs. They show a wide variety of 
particle forms and architectures. The TEM image at low magnification revealed two unique 
regions: one was where increasing surface energy caused particle fusion, which resulted in the 
merging of particles and the development of a sheet-like structure. This fusion process was also 
seen in the TEM image (b) at extreme magnification. In another area, upon closer examination, it 
was possible to see boundaries between the tightly spaced particles. The particles maintained their 
unique morphological features in spite of this relationship, even if they lacked distinct forms. Most 
of the particles in the sample had a roughly spherical appearance, although some had a randomly 
distributed polyhedral morphology. The particle sizes are ranging from 25 to 60 nm, were also 
shown by the TEM examination, with the smaller particles getting closer to the ZnO-NPs' 
crystallite size. Furthermore, compared to the particles seen in the TEM image, the grains seen in 
the SEM photos looked to be two to three times larger. 

 

 
 

Fig. 3. TEM micrographs (a and b) of ZnO Nanoparticles. 
 
 
3.4. EDX analysis 
The existence of Zn in the sample was evident from the sharp signals at 0.9, 08.70, and 

09.60 keV in the Fig. 4. In addition to this, another single at 0.24 keV was attributed to the O in 
the samples, which revealed the formation of ZnO. Based on the EDX analysis, Zn and O had 
percent weights of 80.3 and 19.7, respectively. This implied that the sample was predominantly 
made up of Zn, which was consistent with the preparation of the sample. The investigations further 
confirmed purity of the sample without any impurities. 

 

 
 

Fig. 4. EDX Analysis of ZnO Nanoparticles. 
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3.4. FTIR analysis 
The extending band of the O-H functional group was visible in the Fig. 5 in the ranges of 

3539-3376 cm-1 [17]. The O-H functional group bending vibration was visible at 1626.92 cm-1. A 
sharp peak at 1379.56 cm-1 is due to the vibration of M-OH. The peak at 1027.44 cm-1 was caused 
by O-Zn-O extending pulsation within the crystal structure but the bands at 673.71 and 478.33 cm-

1 were because of Zn-O stretching and bending vibrations [18]. 
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Fig. 5. FTIR Analysis of ZnO Nanoparticles 
 
 
3.5. Antibacterial analysis 
To determine if ZnO-NPs could limit the growth of dangerous strains including S. aureus 

and E. coli, which are known to cause serious illnesses, an antibacterial experiment was 
conducted. Table 1 presents a tabulation of the associated data, whereas Fig. 6 presents the 
experimental photos. The findings show that as the ZnO suspension concentration in the wells 
grew, so did the growth inhibitory activity. This implies that ZnO-NPs may be more effective 
against the tested bacterial strains at higher concentration [19]. ZnO-NPs also showed a stronger 
growth inhibitory impact against E. coli than S. aureus. This variance may be explained by the 
different ways that ZnO-NPs react chemically in aqueous settings as well as the ways that the 
bacterial strains' outer membranes differ chemically [20,21]. The strong linkage among the Zn2+ 
and E. coli surfaces were due to phospholipid and lipopolysaccharide, whereas the week 
interaction with S. aureus was due to the partial negative charge imparted by teichoic acid [20,22].  

 
 

Table 1. The bactericidal results of ZnO-NPs extracted from the agar well diffusion experiment. 
 

 
Species 

 Volume of ZnO-NPs in μL  
-ve control 

20  40 60 80 100 

S. aureus 0.5 01 04 07 10 00 

E. coli 1 02 07 10 14 00 



666 
 

3.6. Antioxidant analysis 
The ABTs radical inhibiting potential of ZnO NPs was evaluated. The percentage RSA of 

the samples was determined and listed in Table 2. The obtained results were compared with the 
antioxidant potential of ascorbic acid which had been used as a standard. The study showed a 
gradual increase with elevating concentrations of both samples in the current experimental 
procedure. The increase in antioxidant activity at higher concentrations might have been 
contributed by the larger number of ZnO-NPs that generated more ABTs radicals. At elevated 
concentrations, more ZnO NPs were available to come into contact with free radicals, which could 
enhance the scavenging and trapping of free radicals, effectively reducing their levels and 
preventing further damage to cells and tissues [23]. 

The maximum activity percentage was reported at 300 μg for ascorbic acid (99.56%) and 
ZnO-NPs (98.01%). The sample concentration that inhibit 50 percent of the free radicals is terms 
as IC50 and greater effectiveness in scavenging free radicals is indicated by a lower IC50 value. The 
synthesized ZnO-NPs showed considerable antioxidant activity, as indicated by their IC50 value of 
83.89 μg/μL, which was marginally greater than that of ascorbic acid (77.35 μg/μL)[24]. 

 
 

Table 2. Antioxidant activity of ZnO-NPs against ABTS free radicals. 
 

 
Sample 

Concentration 
(µg/µL) 

Activity 
(%) 

IC50 
(μg/µL) 

Variance 
(S2) 

STD 
Dev. 

 
 
ZnO-NPs 

50 
100 
200 
300 

40.23 
54.02 
81.34 
98.01 

 
 
83.89 

 
 
2.26 

 
 

1.51 

 
 
Ascorbic acid 

50 
100 
200 
300 

41.34 
55.78 
83.55 
99.56 

 
 
77.35 

 
 
2.25 

 
 

1.51 

 
 
4. Conclusion  
 
This study aimed to synthesize biologically potent ZnO-NPs to address challenges 

associated with drug-resistant strains and free radical generation. The synthesis process employed 
a straightforward and cost-effective method applicable to various nanoparticles. The ZnO NPs' 
strong crystalline structure was confirmed by XRD analysis, and the particle morphology's uneven 
distribution was shown by SEM observation. The ZnO-NPs were found to have a high degree of 
purity and elemental composition, with no obvious contaminants. The results showed that the 
antibacterial activity was more against E. coli at higher volumes, perhaps because of differences in 
cell wall composition. Furthermore, the nanoparticles demonstrated antioxidant efficacy against 
ABTs free radicals that was dose-dependent. 
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