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Abstract: 
Green synthesis, an alternative to traditional chemical methods, is gaining importance due to its 

cost-effectiveness, reduced environmental impact, and broad medicinal capabilities. The present 

research describes the synthesis of Zinc oxide nanoparticles (ZnO NPs) from waste-derived expired 

drugs (Norflox TZ, Metrogyl, Betnosol and Combiflam). The crystallite size was found to range 

from 39 nm to 44 nm. ZnO synthesized using expire medicine Norflox TZ displayed the highest 

crystallinity with a hexagonal crystal structure belonging to the P 63 m c space group. The Tauc 

plot was used to compute the band gap of the ZnO NPs created from expired pharmaceuticals, 

yielding a range from 1.47 eV to 1.5 eV. The FTIR spectra indicated wavenumbers ranging from 

471 cm-1 to 3500 cm-1. The SEM images reflected the agglomeration in the prepared ZnO 

nanomaterials. The research findings revealed that ZnO nanoparticles (NPs) synthesized from 

expired medications demonstrated significant antimicrobial activity. Among the antibacterial 

results, Pseudomonas aeruginosa exhibited the highest inhibition zone (24.2 ± 1.16 mm) with ZnO 

NPs synthesized using Norflox TZ. In the antifungal analysis, Penicillium citrinum showed the 

largest inhibition zone (28.2 ± 0.68 mm) with Norflox TZ-derived ZnO NPs. These results 

underscore the potential of ZnO NPs for effective antimicrobial applications, particularly using 

Norflox TZ synthesis for enhanced efficacy. Thus, the prepared ZnO nanomaterials prepared from 

expired medicines may be useful from semiconductor industries to Biomedical applications. 

Keywords: Green synthesis, Expired medicines, ZnO NPs, Semiconductor Band gap, 

Antibacterial, Antifungal 

 

 

1. Introduction 

Nanotechnology refers to the art and science of manipulating materials at the nano-scale 

http://www.nano-ntp.com/
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regime to create unique materials with immense potential of transforming society [1-2]. 

Nanoparticles (NPs) have found extensive applications in various fields like optics, cosmetics, 

electronics, magnets, biomolecule detection, sunscreen lotions, diagnostics, and medicine [3- 

5]. Inorganic NPs like Ag, Cu, Au, TiO2, and ZnO are versatile and can be utilized for activities 

such as anti-diabetic, anti-cancer, and antibacterial effects [6-9]. ZnO NPs possess various 

biomedical properties such as antimicrobial activity and are used in beauty products, dental 

pain relief, diagnostics, and microbial pollution prevention with semiconductor properties [10- 

12]. ZnO NPs exhibit remarkable antimicrobial effects against viruses, fungi, and bacteria, 

making them suitable for food industry applications as surface coatings. Numerous methods, 

including standard ceramic, hydrothermal, bio-synthesis, co-precipitation, sol-gel, and micro- 

emulsion, are employed by researchers to synthesize NPs [13]. However, NPs produced 

through physical and chemical methods often involve toxic chemicals and are costly [14]. As 

a greener approach, Ramesh et al. prepared ZnO nanoparticles from the leaf extract of Cassia 

auriculata leaf [15]. Besides this, there are several reports of synthesis of ZnO materials using 

different synthesis methods for controlling size, morphology and band gap engineering [17- 

21]. 

Expired medicines, which are commonly discarded, often retain much of their potential 

effectiveness. The expiration date guarantees the drug will remain potent until that specified 

date. However, research shows that when stored properly, drug maintain 90% of their potency 

for at least five years after the labelled expiry date, and sometimes even longer [16]. Many 

drugs retain their original potency even a decade after the expiration date. The term "expiry" 

refers to a medication's shelf life or therapeutic effectiveness, and the disposal of expired 

medicines can lead to environmental pollution. When discarded in the open, they contribute 

to air pollution, and when disposed into water bodies, they not only contaminate the water but 

can also lead to drug-resistant waterborne bacteria. Therefore, in the present research, we 

envisioned to employ waste expired medicines to prepare the ZnO nanomaterials with the 

objective to reduce the pollution caused by the expired medicines and evaluate their properties 

for semiconductor and biomedical applications, thus aiming for waste to wealth generation. 

While nanoscience and technology are progressively seeking environmentally friendly 

synthesis methods for novel nanomaterials, previous attempts have been made to synthesize 

metals, metal oxides, and chalcogenides nanoparticles using expired medicines [17]. It is 

believed that although a drug may lose its therapeutic effectiveness, its chemical properties 

remain intact, and under suitable physicochemical conditions, it can produce nanomaterials. 

As a result, we have chosen to employ a green synthesis method to create ZnO NPs from 

commonly used expired medicines such as norflox TZ, metrogyl, betnosol, and combiflam, 

which are otherwise treated as waste. This innovative approach is of paramount significance 

as it tackles the hazardous effects associated with the disposal of such medicines which include 

air contamination upon outdoor disposal and the potential alteration of waterborne microbes, 

rendering them resistant to certain medications. Furthermore, nanomaterials synthesized using 

this approach exhibit enhanced efficacy due to functionalization by the residual 

pharmaceutical ingredients, leading to significantly higher functional potential. 
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2. Materials and Method 

2.1 Collection of expired medicines 

After analyzing the manufacture and expiry dates, 4–6-month-old medicine was collected from 

various pharmacy outlets in Patna, Bihar, India. 

2.2 Preparation of the expired medicine extract 

Based on molecular weight, 4–6-month expired Metrogyl, Norflox TZ, Betnosol, and 

Combiflam tablets were dissolved slowly in 200 mL sterile distilled water and 5 mL N/20 HCl 

was added to ensure a better degree of dissolution through gentle heating over a steam bath of 

up to 40°C until a light-yellow color appeared in the conical flask. The expired pharmaceutical 

extract was allowed to cool to ambient temperature before being kept for future research. 
 

Fig1. Visual observation of ZnO nanoparticles synthesis using waste Expire medicine 

2.3 Synthesis of Zinc nanoparticles 

To begin the experiment, a beaker was filled with 100 ml of extract from expired medicine. 

The pH of the solution was carefully adjusted to a range of 4 to 6 using sodium bicarbonate 

(NaHCO3). After that, the mixture was stirred for an hour at 70 °C. Following the conclusion 

of the stirring, a freshly produced solution of zinc chloride salt was added, and the continuous 

stirring was kept at the same temperature for another hour. After attaining the ideal 

thermodynamic conditions for further reactions, a tiny amount of sodium hydroxide (NaOH) 

pellets was added to bring the pH to 6. After two hours of stirring, the solution developed a 

distinct yellow colour, indicating the effective synthesis of ZnO nanoparticles (ZnO NPs). The 

precipitate that resulted was rigorously filtered before being dried in a hot air-dry oven at 60°C 
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for 2 hours. The dried nanoparticles were safely kept in an airtight container for future research 

and their properties were measured using modern scientific tools. 

2.4 Characterization of green synthesized ZnO NPs 

Optical properties of ZnO NPs were characterized based on UV absorption spectra 

(PerkinElmer Lamda 950) with the wavelength range of 300-500 nm, and X-ray diffraction 

(XRD) analysis was performed on an X-ray diffractometer (PAN analytical XRD) operating 

at 30 kV and 40 mA. All the sample was scanned from a 20 to 70-degree diffraction angle. 2 

mg of ZnO NPs was mixed with 200 mg of potassium bromide (FTIR grade) and pressed into 

a pellet for FTIR characterization. The sample pellet was placed into the sample holder, and 

FTIR spectra were recorded in FTIR spectroscopy instrument (PerkinElmer Frontier) at a 

resolution of 4 cm-1. 

2.5 Antimicrobial activity of green synthesized ZnO NPs 

The well diffusion method tested the antibacterial and antifungal activity of synthesized ZnO 

NPs against 4 bacteria such as Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia 

coli and Bacillus cereus and 4 fungal strain Aspergillus niger, Candida albicans, Fusarium 

oxysporium and Penicillium citirinum. Bacterial strains were grown and maintained on 

nutrient agar medium, while fungi were maintained on potato dextrose agar (PDA) medium. 

Each strain's new overgrowth culture was swabbed uniformly onto the various plates. 30 ml 

of ZnO nanoparticles solution impregnated disc were placed on the plates and the varied levels 

of zonation generated around the well were measured. 

 

3. Results and Discussion 

3.1 UV-visible analysis 

Figure 2 (a-d) shows the absorbance spectra of synthesized ZnO nanoparticles using expired 

medicines. The ultraviolet (UV) area exhibits strong absorption notably at 322 nm for 

Metrogyl, 269 nm for Norflox TZ, 247 nm for Betnesol, and 251 nm for Combiflam. This 

absorption peak in the UV range could be caused by the conversion of incident radiation into 

surface plasmons at the particle-medium interface. The width of the peak shows that ZnO NPs 

formed from expired drugs have a uniform distribution and a wide range of sizes [18]. The 

form, size, and dielectric properties of the surrounding media all influence the surface plasmon 

resonance (SPR) phenomena in ZnO NPs. A Tauc plot analysis, Fig. 3 (a-d) was used to 

determine the band gap. The Tauc plot is given by the following equation: 

αhν = B (hν − Eg)
n  

(1) 
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Fig. 2 Absorbance of Zinc oxide nanoparticles derived from various expired medicines. 

ZnO NPs synthesized from expired pharmaceuticals Metrogyl, Norflox-TZ, Betnesol, and 

Combiflam have determined band gap values of 1.5 eV, 1.47 eV, 1.5 eV, and 1.48 eV, 

respectively. These values are lower than those reported by Klinton Davis et al. for sol-gel- 

synthesised ZnO NPs [19]. The use of a green production process and the use of expired 

medications such as Metrogyl, Norflox-tz, Betnesol, and Combiflam are likely to have 

contributed to the observed decrease in the band gap of the resultant ZnO NPs. The novelty of 

this present research is that such semiconductor nature of energy band has been found using 

waste expire medicine as reducing agent. The range of band gap obtained in the present study 

reflects the semiconducting behaviour of ZnO nanoparticles. Among the four samples ZnO 

NPs synthesized using Norflox-Tz exhibited the lowest band gap. The reason for such a 

decrease may be due to the decrease in crystallite size in accordance with the Brus effective 

mass model [23-26]. The relationship of band gap with the particle size may be given as 

follows: 

E = Ebulk + 
ℏ2π2 

( 
1 

+ 
1 

) − 
18e2 

, (2) 
g g 2er2 me mh 4π𝛜0𝛜r 
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Fig. 3 Band gap of ZnO NPs synthesized by expired medicine (a) Metrogyl (b) Norflox-TZ 

(c) Betnosol (d) Combiflam 

3.2 X-ray diffraction (XRD) analysis 

The phase formation of ZnO NPs was confirmed through data analysis of X-ray diffraction 

(XRD). The X-ray diffraction patterns of ZnO NPs mediated by expired medicines exhibited 

strong peaks at room temperature. In Figure 4, the indexed XRD profile of ZnO NPs displays 

several distinct Bragg reflections with 2 theta (2θ) values of 31.80°, 34.20°, 36.03°, 47.29°, 

56.36°, 62.63°, and 67.70°, corresponding to lattice planes (100), (002), (101), (102), (110), 

(103), etc. in expired medicines Metrogyl, Norflox-tz, Betnesol, and Combiflam. These XRD 

peaks were associated with the diffraction planes of a hexagonal crystal structure belonging to 

P 63 m c space group. Figure 4 (b) reveals that ZnO NPs produced via Norflox-Tz mediation 

exhibit a higher degree of crystallinity. The presence of broad peaks indicates the formation 

of very small particles with a crystalline behaviour. Besides, ZnO NPs synthesized by Norflox, 

the same synthesized using Metrogyl also shows a moderate degree of crystallinity. The 

diffraction parameters have matched with the COD ID 2300116 (Crystallography Open 

Database). 

The following equations have been used to calculate the structural parameters of ZnO [24]: 
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nλ = 2dsinθ , (3) 
1 4  h2+hk+k2 l2 

d2 = 
3 

( 
a2 ) + 

c2 , (4) 

Using the planes (100) and (002) the lattice constants a = b, and c were found to be 3.246 Å 

and 5.182 Å, repectively. Table 1 illustrates the d-spacing and hkl values against each 2θ 

values. The calculated values resemble with the ideal XRD parameters of ZnO. Hence the 

phase formation of ZnO can be easily defended. 
 

Fig. 4 XRD spectrum of ZnO NPs synthesized by expired medicine (a) Metrogyl (b) Norflox 

TZ (c) Betnosol (d) Combiflam 

Table 1: XRD parameters of ZnO (Norflox-Tz) 

2Theta d-calculated Hkl 

31.80 2.811 1 0 0 

34.20 2.591 0 0 2 

36.03 2.468 1 0 1 

47.29 1.904 1 0 2 

56.36 1.629 1 1 0 

62.68 1.469 1 0 3 

67.70 1.380 1 1 2 

The size estimation of nanoparticles and strain values was derived from the line broadening of 

the (100), (002), (101), (102), (110), and (103) reflections using the Williamson-Hall plot 

equation [27, 28]: 

β cos θ = Kλ/D + 4ε sin θ, (5) 
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where β is the full width at half maximum, λ is the wavelength of X-rays. 
 

Fig 5. W-H Plot of ZnO NPs (a) Metrogyl (b) Norflox TZ (c) Betnosol (d) Combiflam 

Table 2- W-H parameters of ZnO NPs 

 

 

 

 

 

 

The slope gradient, 4 ε Sin(θ), represents strain effects, while the y-intercept, (K λ) / D, 

indicates the crystalline size of ZnO NPs mediated through expired medicine. The crystallite 

size and strain value of ZnO NPs mediated through expired medicine Metrogyl, Norflox-TZ, 

Betnosol and Combiflam is illustrated in Table 2. Figure 5 shows the W-H plots of ZnO 

Sr.No ZnO NPs through expired medicine Strain (× 10-4) Crystallite Size (nm) 

01 Metrogyl 2.22 40.9 

02 Norflox-TZ 2.19 39.92 

03 Betnosol 2.55 41.02 

04 Combiflam 2.87 43.46 
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nanoparticles. 

3.3 Surface analysis using Scanning Electron Microscope (SEM) 

In order to obtain the SEM micrograph of the sample, powder form of ZnO NPs derived 

through expired Metrogyl and Norflox-Tz was sprinkled on the carbon coated Cu grid by 

sprinkling a very small amount of the sample on the grid. Since, ZnO synthesized using 

Metrogyl and Norflox-Tz has the highest crystallinity, the SEM investigation of these samples 

have only been done in the present study. 
 

Fig 6(a-b): SEM micrograph and histogram of ZnO synthesized by expired medicine (a) 

Metrogyl (b) Norflox TZ 

In order to make the material conductive, it is coated with gold using sputtering coating 

machine. And hence, SEM micrograph of the ZnO NPs mediated through Metrogyl and 

Norflox-Tz is obtained. Figure 6 (a) and (b) represents the morphological image of ZnO 

nanoparticles synthesized through Metrogyl and Norflox-Tz respectively. From the figure it 

can be inferred that the sample shows flower-like structure [27]. Agglomeration in the NPs is 

seen and also the distribution of nano structures is not uniform. The approximate crystallite 

size of ZnO NPs synthesized through Metrogyl and Norflox-Tz was found to be 46 nm and 45 

nm respectively. For the estimation of particle size ImageJ software was utilized by scanning 

various surface area and analyzing it one by one [28]. The related histogram of the material is 

also shown by figure (a1) and (b1). Interparticle interaction is almost same in both the cases. 
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3.3 FTIR Analysis 

The FTIR spectra, which involve a spectral range of 500-4000 cm-1, provide the functional 

groups involved in the synthesized ZnO NPs. The Zn-O wavenumbers found in the ZnO NPs 

are consistent with previous research [29-30] and are shown in Figure 7. 
 

Fig 7. FTIR spectrum of ZnO NPs (a) Norflox TZ (b) Metrogyl (c) Betnosol (d) Combiflam 

The wavenumbers between 471 and 885 cm-1 indicate ZnO stretching vibrations. The 

significant peak seen between 3370 cm-1 and 3495 cm-1 corresponds to the O-H band and the 

C=O stretch, indicating the presence of aliphatic carboxylic acid molecules. The existence of 

an aromatic ring is shown by the wavenumbers between 1554 cm-1 and 1558 cm-1. A band 

between 1028 cm-1 and 1033 cm-1, represent C-O stretching vibrations. The doublet absorption 

between 2927 cm-1 and 2931 cm-1 corresponds to aromatic aldehyde C-H stretching vibrations. 

The metal oxide vibrations present in the FTIR spectra indicate the phase formation of ZnO 

nanoparticles and it is in accordance with the XRD results. Table 3 displays various FTIR 

vibrations in ZnO nanoparticles. The existence of terpenoid group chemicals in the extract of 

expired pharmaceuticals is suggested by the observed bands. The FTIR measurement shows 

that alcohols, ketones, aldehydes, and carboxylic acids are encapsulated within the synthesized 

nanoparticles. 
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Table 4: FTIR vibrations of ZnO. 

Wavenumbers Vibration mode 

471-886 ZnO stretching 

1028-1033 C-O stretching 

1554-1558 C=C stretching and C=O stretching (aromatic) 

2927-2931 C-H stretching 

3370-3495 O-H and C=O stretching 

3.4 Antimicrobial activity 

Antimicrobial activity was performed by agar well diffusion method, with slight 

modifications. Freshly prepared molten Muller Hinton Agar (MHA) media was used for 

bacterial culture and Potato Dextrose Agar (PDA) media was used for fungal culture. Both the 

media were poured to uniform depth of 5 mm and allowed to cool at room temperature [33- 

35]. After solidification, wells were made in MHA media by 6 mm sterilized cork borer. 1-2 

drops of media were poured in the bottom with the help of sterile micropipette. 1-2 ×107 

cfu/mL of test microorganisms were spread on the surface of MHA media using a glass 

spreader. 30 μL of ZnO-NPs concentrations were filled in three wells. DMSO was also used 

as negative control. The plates were then incubated for 24 h at 37 °C for bacterial culture and 

48 h at 25 °C for fungal culture. 

3.4.1 Antibacterial activity 

The experiment was carried out using the agar disc diffusion technique. [36] ZnO NPs were 

tested for antibacterial activity against common infectious bacteria, including Pseudomonas 

aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), and 

Bacillus cereus (B. cereus). Figure 8 shows the antibacterial activity of the synthesized ZnO 

NPs. 
 

Fig 8. Antibacterial activity of ZnO nanoparticles (a) P. aeruginosa (b) S. aureus (c) E. coli 

(d) B. cereus 
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Fig 9. Graphical representation of disc method of zone inhibition of ZnO nanoparticles 

The findings clearly reveal that the nanoparticles had an antibacterial effect that varied with 

dosage (Tables 5 and 6). All four ZnO NPs synthesized from expired medications were 

effective against P. aeruginosa, S. aureus, E. coli, and B. cereus. Notably, ZnO NPs 

synthesized using Norflox TZ and Metrogyl were more effective compared to those 

synthesized using Combiflam and Betnosol. The gram-negative bacterium P. aeruginosa 

exhibited the largest zone of inhibition, while the gram-positive bacterium B. cereus showed 

the smallest zone of inhibition. Previous research has indicated various modes of nanoparticle 

activity against gram-positive and gram-negative bacteria, which have been linked to 

differences in structural composition. A graphical representation of the zone of inhibition is 

shown in Figure 8, and Figure 9 presents the graphical inhibition zone for the bacteria analyzed 

in this study. The zinc oxide nanoparticles demonstrated the capability to inhibit microbial 

growth, as evidenced by their in-vitro antimicrobial activities [30-31]. 

Table 5. Antibacterial activity of synthesized ZnO nanoparticles against pathogenic bacteria. 

S. No. Name of Bacteria Zone of inhibition in mm 

Norflox TZ ZnO NPs (30mg/ml) Metrogyl ZnO NPs (30mg/ml) Control 

1. P. aeruginosa 24.2 ± 1.16 22.0±0.88 --- 

2. S. aureus 10.2 ± 0.88 8.1±0.58 --- 

3. E. coli 17.4 ± 1.16 15.5±1.00 --- 

4. B. cereus 6.0 ± 0.58 5.0±0.58 --- 
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Table 6. Antibacterial activity of synthesized ZnO nanoparticles against pathogenic bacteria 

S. No. Name of Bacteria Zone of inhibition in mm 

Betnosol ZnO NPs (30mg/ml) Combiflam ZnO NPs (30mg/ml) Control 

1. P. aeruginosa 14.2± 1.10 11.5 ± 0.91 --- 

2. S. aureus 7.22 ± 0.88 6.0 ± 1.16 --- 

3. E. coli 14.0 ± 1.00 12.1± 0.88 --- 

4. B.cereus 3.5 ± 058 3.0± 0.58 --- 

3.4.2 Antifungal activity 

The experiment was carried out using the agar disc diffusion technique. ZnO NPs were tested 

for antifungal activity against common infectious fungi such as Aspergillus niger (A. Niger), 

Candida albicans (C. albicans), Fusarium oxysporum (F. oxysporum), and Penicillium 

citrinum (P. citrinum). The antifungal activity of ZnO NPs was evaluated and is displayed in 

Figure 10, with the inhibition data provided in Tables 7 and 8. Among the four fungal strains 

studied for antifungal activity, A. niger showed zones of inhibition measuring 26 mm, 22 mm, 

20 mm, and 0 mm; C. albicans showed 18 mm, 16 mm, 14 mm, and 12 mm; F. oxysporum 

showed 18 mm, 18 mm, 16 mm, and 18 mm; and P. citrinum showed 28 mm, 26 mm, 24 mm, 

and 18 mm for ZnO synthesized using Norflox TZ, Metrogyl, Betnosol, and Combiflam, 

respectively. 
 

Fig 10. Antifungal activity of ZnO nanoparticles against (a) A. niger (b) C. albicans (c) F. 

oxysporium (d) P. citrinum. 
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Fig 11. Graphical representation of disc method of zone inhibition of ZnO nanoparticles 

against various fungi. 

Table 7. Antifungal activity of synthesized ZnO nanoparticles 
 

 

SI. No. 

Zone of inhibition in mm 

Name of Fungi Norflox TZ ZnO NPs 

(30mg/ml) 

Metrogyl ZnO NPs 

(30mg/ml) 

Control 

1 A. niger 26.2± 1.16 22.4± 97 --- 

2 C. albicans 18.4± 1.10 16.4± 1.12 --- 

3 F. oxysporium 18.4± 1.14 18± 0.98 --- 

4 P. citirinum 28.2± 68 26.4± 0.88 --- 

Table 8. Antifungal activity of synthesized ZnO nanoparticles 
 

 

SI. No. 

Zone of inhibition in mm 

Name of Fungi Betnosol ZnO NPs 

(30 mg/ml) 

Combiflam ZnO NPs 

(30 mg/ml) 

Control 

1 A. niger 20.6± 0.62 --- --- 

2 C. albicans 14.6± 1.12 12.2± 1.10 --- 

3 F. oxysporium 16 ± 1.08 18.4± 0.88 --- 

4 P. citirinum 24.6± 0.98 18.4± 0.92 --- 

The reasons behind antimicrobial growth inhibition can be attributed to the membrane lysis 

occurring as a result of interaction between the ZnO NPs and negative charges on the cell 

membranes of the organism (bacteria and fungi), enhanced membrane permeability, 

internalization of NPs due to loss of proton motive force and uptake of toxic dissolved zinc 
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ions as evident from literature reports.[37, 38] 

4. Conclusions: 

In this study, a simple and environmentally friendly method for producing Zinc oxide (ZnO) 

nanoparticles (ZnO NPs) using extracts from expired pharmaceuticals (Norflox-TZ, Metrogyl, 

Betnosol, and Combiflam) as novel agents for reduction and stabilization was introduced. This 

approach has the potential to be a cost-effective and efficient solution for addressing 

environmental waste issues. X-ray diffraction (XRD) examination indicates the successful 

formation of ZnO nanoparticles with hexagonal crystal system (ZnO NPs), where the average 

crystallite size has been found ranging from 40 to 44 nm. The highest crystallinity and the 

lowest crystallite size was recorded for ZnO NPs synthesized using Norflox-Tz. UV-visible 

spectra revealed absorption peaks in the UV area and reduced band gaps for ZnO NPs ranging 

from 1.47 to 1.5 eV, which may reveal the semiconducting behaviour of nanoparticles. The 

FTIR spectroscopy studies revealed the molecular oxide bonds ranging from 471 to 885 cm-1. 

The research findings also highlighted the antimicrobial efficacy of ZnO nanoparticles (NPs) 

synthesized from various expired medications. The antibacterial activity showed that P. 

aeruginosa had the highest inhibition zone (24.2 ± 1.16 mm) when treated with ZnO NPs 

synthesized from Norflox TZ, while B. cereus displayed the smallest inhibition zone (6.0 ± 

0.58 mm). For antifungal activity, P. citrinum exhibited the largest inhibition zone (28.2 ± 0.68 

mm) with Norflox TZ-derived ZnO NPs, whereas C. albicans showed lower inhibition zones, 

with values as low as 12.2 ± 1.10 mm for Combiflam-synthesized ZnO NPs. These findings 

indicate that ZnO NPs synthesized using Norflox TZ and Metrogyl were more effective against 

a range of microorganisms compared to those from Betnosol and Combiflam. The study 

supports the potential of ZnO NPs as strong antimicrobial agents with semiconductor 

properties emphasizing the importance of further research to optimize synthesis for enhanced 

activity and its possible applications. 
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