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Abstract 

Mitigating the environmental risks associated with the chemical fabrication of nanoparticles is a 

pressing necessity. The green synthesis approach is considered a more secure alternative for 

nanoparticle production due to its cost efficiency, non-toxic nature, and eco-friendliness. Numerous 

elements influence the efficacy of nanoparticles; notably, the shape of these particles plays a crucial 

role, as their geometry can dictate their interactions with external factors, including biological 

organisms and water pollutants.  For synthesizing Zinc oxide nanoparticles (ZnOn), Fig leaf extract 

was employed, which possesses antifungal, anti-helminthic, and acetylcholinesterase-inhibitory 

properties. For the first time in his work, he created different shapes of ZnOn with the same co-

precipitation procedure and different calcination temperatures (200 °C, 400 °C, and 600 °C). To 

explore the impact of nanoparticle shape, a range of analytical methods has been utilized. The 

crystallite sizes of ZnOn were measured using the Debye-Scherrer method at forms of nanoflake, 

cylinder, and sphere, yielding 25.34 nm, 42.49 nm, and 43.52 nm, respectively.  Moreover, UV-vis 

spectroscopy has identified a peak absorption wavelength of around 380, and characterizes the optical 

properties of ZnOn. Spherical nanoparticles exhibited the highest photocatalytic activity efficiency, 

reaching 88% in the first 60 min for ZnOn. The investigation focuses on the degradation process of 

methylene orange. Anti-microbial characteristics against the gram-negative (E. coli) and gram-

positive (S. aureus) are examined by the MIC test for three samples of ZnOn. 
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1. Introduction 

 

Recent evidence indicates that many scientists concentrate 

more on nanoscience than in previous years, largely due 

to this domain’s exceptional physical and chemical 

characteristics. Chemical methods for generating 

nanoparticles have limited their broader applications due 

to the use of toxic chemicals.  Additionally, catalytic 

applications may lead to adverse effects due to the 

accumulation of numerous hazardous compounds 

produced by chemical methods [1]. Ultimately, the advent 

of a groundbreaking approach known as green synthesis 

has effectively addressed numerous limitations, thereby 

paving the way for innovative strategies in the production 

of nanoparticles. Furthermore, the researcher's significant 

focus on synthesizing inorganic and organic nanoparticles 
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is owing to their extensive utilization in the biomedical 

field. The green method has been applied to a diverse 

array of biological materials for the synthesis of 

nanoparticles. Bioactive molecules are identified within 

the biological extracts derived from various sources, 

including plants, algae, bacteria, and viruses. 

Biomolecules are vital in reducing and capping, leading to 

decreased metal toxicity and enhanced 

biocompatibility. Green nanoparticles are not only cost-

effective and environmentally sustainable, but they also 

eliminate the necessity for stabilizers. The surfaces of 

green nanoparticles exhibit a propensity to adsorb 

biomolecules when they come into contact with cellular 

fluids, resulting in the formation of a corona that offers an 

additional benefit [2]. The combination of marine 

resources and extracts from medicinal plants significantly 

enhances the pharmacological attributes of green 

nanoparticles, thereby increasing their potential 

applications in biomedical and related disciplines [3].  

Recently, semiconducting metal oxide nanoparticles 

have gained significant attention as catalysts for treating 

water and wastewater containing organic pollutants [4]. 

Their unique properties, such as a tunable band gap, high 

surface area, and the ability to generate reactive oxygen 

species (ROS), enable them to perform various functions, 

including antibacterial, antioxidant, and anticancer 

activities [5], as well as applications in photocatalysis [6]  

and the textile industry [7].Zinc oxide is an inorganic 

semiconductor with remarkable attributes, including 

substantial binding energy, an extensive band gap, and 

significant piezoelectric properties [8].  This exhibits three 

distinct crystalline forms: wurtzite, rock salt, and Zinc 

blend. Under standard environmental conditions, the 

wurtzite structure exhibits thermodynamic stability, 

characterized by each Zinc atom being tetrahedrally 

coordinated to four oxygen atoms [9]. Furthermore, Zinc 

oxide nanoparticles (ZnOn) are characterized by their 

non-toxic nature [10], self-cleaning properties, and skin-

friendly attributes [11]. Numerous factors, such as 

dimensions, form, stability, and others, significantly 

influence the potential applications of nanoparticles [12, 

13]. In this context, the morphology of nanostructures 

holds significant importance as it directly influences their 

photocatalytic and antibacterial characteristics. Various 

types of nanostructures (such as spheres, cubes, wires, 

plates, etc.) exhibit distinct behaviors due to variations in 

specific surface area, crystal surface energy, or light 

absorption[13, 14].   

The influence of shape on photocatalytic 

characteristics can be related to the variations in surfaces, 

because larger surfaces facilitate enhanced absorption and 

promote the separation of electron-hole pairs, thereby 

improving efficiency[15, 16]. Furthermore, nanoparticles 

characterized by sharp edges facilitate more intimate 

contact and increased disruption of the bacterial cell 

membrane. In contrast, spherical nanoparticles exhibit a 

milder interaction with the cell, which accounts for their 

application in medical fields, particularly in drug 

delivery[17, 18]. 

Considering the various biological characteristics of 

Ficus carica leaves and the existence of biomolecules 

contained within them, this extract was utilized for the 

environmentally friendly synthesis of ZnOn. These 

isolated bioactive compounds (such as flavonoids 

and tannins) demonstrate a wide range of health-

enhancing properties. The various components of Ficus 

carica, including its leaves, roots, fruit, and latex, are 

recognized for their significant biological and health 

benefits. The properties related to Ficus carica leaves are 

mentioned below. Nutrients in fig leaves include[19]: 

• Fiber: Comprises a substantial quantity of dietary 

fiber, which aids in the process of digestion . 

• Vitamins: Fig leaves provide a beneficial source of 

vitamins, including vitamin A, vitamin C, and 

vitamin E. 

• Minerals: Fig leaves are a source of vital minerals 

such as calcium, magnesium, potassium, and iron. 

• In addition, fig leaves have many health and medical 

benefits, including the following [20]: 

• Lower blood pressure:  Fig leaves contain a high 

concentration of potassium, which plays a crucial 

role in managing elevated blood pressure by 

counteracting the detrimental effects of sodium 

within the body [21]. 

• Heart health: The antioxidants found in fig leaves 

serve to safeguard the heart against damage caused 

by free radicals, leading to enhanced cardiovascular 

health and a reduced likelihood of heart disease [22]. 

• Anti-diabetic activity: Fig leaves have demonstrated 

the ability to lower blood sugar levels, thereby 

assisting in the management of diabetes 

symptoms[23]. 

• Weight management: Rich in dietary fiber, fig leaves 

may assist in appetite regulation and contribute 

positively to weight loss efforts[24]. 

• Bon health: Fig leaves are a source of calcium, a vital 

nutrient necessary for the maintenance of robust and 

healthy bones, as well as for enhancing bone density 

[25]. 

• Boosts immunity: Fig leaves are abundant in 

vitamins A, B1, and B2, which have the potential to 

enhance the immune system [26]. 

• Anti-bacterial activity: Fig leaves possess 

antibacterial characteristics that can safeguard 

against prevalent bacterial infections [27]. 

Methylene orange is used in this study as a probe to 

examine the photocatalytic effect, which is extensively 

used in the cotton industry. The exceptional quantum 

efficiency of ZnOn has led to its extensive application as 
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a prominent photocatalyst for organic dyes [6]. This 

research, for the first time, examines the alteration in 

shape of nano material (ZnOn) due to varying calcination 

temperatures, and explores the influence of nanoparticle 

shape on characterization, photocatalytic, and 

antibacterial properties. Furthermore, it demonstrates that 

changes in the shape of a nanoparticle can considerably 

impact its properties. Previous studies have investigated 

the dimensions of various nanoparticle shapes utilizing 

diverse synthesis techniques such as chemical methods, 

green synthesis, and others or employing different 

precursor materials [28, 29].  

This underscores the significance of this research.  

Consequently, the materials and synthesis techniques of 

the nanoparticles have been detailed for this purpose. 

XRD analysis was employed to assess the crystallinity of 

the structure. UV-Vis analysis was utilized to evaluate the 

optical properties, while FT-IR analysis was conducted to 

investigate the bonds.  

The morphology of the nanoparticles was analyzed 

using FESEM. The photocatalytic and antibacterial 

properties of them with varying shapes were examined, 

aligning with findings from another research. 

 

2.  Experimental details 

 

2.1. Materials and methods 

 

The materials used in this investigation included Zinc 

nitrate hexahydrate (Zn(NO3)2.6H2O) with a purity level 

of 99.9% and sodium hydroxide (NaOH) at 99% purity 

from the Merck brand, alongside deionized water, which 

was applied at all experiment stages. 

 

2.2.  Ficus carica (fig) leaf extraction procedure 

 

The fig leaves were collected from a garden situated in 

Karaj, Iran. The leaves underwent multiple washings with 

tap water, followed by a rinse with deionized water to 

eliminate any surface contaminants. Then, the leaves were 

cut and placed in direct sunlight to achieve complete 

desiccation.  After that, the dried leaves are crushed 

extensively and sieved twice to ensure uniformity. The 

final step involves grinding the material until a soft 

powder is obtained. To extract Ficus carica (fig) leaves, 

20 g of leaf powder was mixed with 800 mL of distilled 

water. The aqueous mixture was heated to a boiling point 

until its color transitioned to a light yellow, which 

generally takes around 20 min to achieve. Following this, 

when the mixture has cooled to ambient temperature, it is 

necessary to filter it through filter paper, Whatman 

Number 1. Utilizing a rotary pump will facilitate a more 

rapid passage through the filter. To eliminate the 

biomaterials, the solution underwent centrifugation at 

2000 rpm for 10 minutes. For subsequent synthesis, it is 

essential to store the extract in the refrigerator at 4 °C.  

 

2.3. Nanoparticle fabrication 

 

44.62 g of Zinc nitrate hexahydrate (Zn(NO3)2.6H2O) was 

dissolved in 300 Ml of double-distilled water, which 

served as the solvent. Subsequently, 6 ml of a light-yellow 

extract was added to the solution, and the mixture was 

stirred for 10 min to ensure homogeneity. Incrementally 

add NaOH (2 M) to the solution, noting that the color 

shifts from pale yellow to white until the Ph level reaches 

11. The powder was dried at 90 °C for 5 hours. The final 

step for creating the various ‘shapes’ of ZnOn related to 

calcination temperatures at 200 °C, 400 °C, and 600 °C 

for 2 hours. It's happened due to the influence of 

biomolecules on the size and morphology of ZnOn. For 

the first time, we create different ‘shapes’ of ZnOn with 

the same co-precipitation method by changing the 

calcination temperatures, according to the relation.  

𝑍𝑛(𝑁𝑂3)2(𝑎𝑞) + 2𝑁𝑎 → 𝑍𝑛(𝑂𝐻2(𝑆)) + 2𝑁𝑎𝑁𝑂3  (𝑎𝑞)                 

→ 𝑍𝑛(𝑂𝐻2)(𝑠) →∆   𝑍𝑛𝑂(𝑠) + 𝐻2𝑂(𝑔) 

 

3. Results and discussion 

 

3.1. Strategies for Characterization 

 

This study investigates the morphological, optical, and 

structural characteristics of zinc oxide nanoparticles 

(ZnOn) synthesized under three distinct shapes. Structural 

analysis was performed utilizing X-ray diffraction (XRD) 

with CuKα radiation (λ = 1.54060 Å) within a 2θ range of 

10° to 85°, employing a step size of 0.05°. This allowed 

for a detailed assessment of crystalline structure and phase 

identification. Furthermore, field emission scanning 

electron microscopy (FESEM) was employed to evaluate 

the surface morphology and particle size distribution of 

the ZnOn samples.  

The Data alignment  from XRD and FESEM provides 

a comprehensive understanding of the relationship 

between the nanoparticle’s form and the resulting 

structural and morphological properties of the ZnOn. 

Figure 1 presents a comprehensive schematic detailing the 

entire process from initial material extraction to final 

nanoparticle synthesis.  

This visual representation clarifies the distinct stages 

involved, outlining reagent usage, reaction conditions, 

and purification techniques. Crucially, the figure also 

illustrates the analytical methodologies employed to 

characterize the synthesized nanoparticles, including 

techniques used to determine size, morphology, 

composition, and crystalline structure, ensuring a 

thorough understanding of the material's properties. 
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Figure 1. Schematic diagram for the synthesis of ZnOn 

 
Figure 2. pattern of XRD related to ZnOn in various shapes synthesized via fig leaf extract 

 

3.1.1. X-ray diffraction analysis 

  

Figure 2 illustrates the XRD patterns obtained from ZnOn 

that were generated at three separate forms of nanoflake, 

cylinder, and sphere.  Peaks associated with ZnOn were 

detected in three samples; they exhibit complete 

compatibility with the JCPDS standard card (No. 01-089-

7102).  

Various distinct peaks have been identified at the 

following angles:2ө= 81.397°, 76.955°, 69.032°, 67.873°, 
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66.314°, 63.809°, 56.545°, 53.872°, 47.515°, 39.222°, 

35.31°, and 34.36° corresponding to (1 0 0), (2 0 0), (1 0 

1), (1 0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2), and (2 0 1). An 

elevation in calcination temperature results in an 

enhancement of crystallinity.  

Further investigations conducted by other scholars 

have substantiated this conclusion [7]. The crystallite size 

of ZnOn, defined by its (h k l) orientations, can be 

estimated using Scherrer's formula (equation 1) [30].  

𝐷 =
𝐾𝜆

𝛽 𝐶𝑂𝑆ө
                                                                (1)                                                                                                                              

In this context, the wavelength of the employed 

radiation is denoted as λ, the Bragg angle is represented 

by θ, and the shape factor is defined as K = 0.9. β 

represents the full width at half maximum (FWHM) of the 

X-ray diffraction (XRD) peak [31].  

The nano-crystallite sizes of ZnOn-sphere, ZnOn-

cylinder, and ZnOn-flake are determined to be 43.53 nm, 

42.49 nm, and 25.34 nm, respectively. The alteration in 

calcination temperature led to the deformation of the 

nanoparticles, which did not significantly impact their 

crystallinity, as evidenced by XRD analysis[32]. 

Furthermore, the purity of the nanoparticles was 

demonstrated in three distinct forms.  

Additionally, the deformation of the nanoparticles 

influenced their crystallite size, with sharper nanoparticles 

exhibiting smaller crystallite sizes compared to those with 

smoother shapes [33].  

Similarly, the green synthesis of ZnOn has been 

successfully carried out using different natural substances, 

such as Ficus benghalensis extracts [34], Mulberry Fruit 

[35], Myrtus communis plant extract [36], Citrus sinensis 

extract [37] . 

 

3.1.2. FT-IR analysis 

 

FTIR analysis is known for its ability to identify 

functional groups. Changes in morphology cause 

variations in peak intensity, shifts, and bandwidths. As a 

result, increasing the specific surface area of nanoparticles 

correlates with higher peak intensity. Furthermore, 

morphological changes affect peak shifts due to 

modifications in the chemical environment around 

functional groups.  

Additionally, nanoparticles with irregular shapes or 

surface imperfections show broader bandwidths [35]. 

Figure 3 presents the FTIR spectrum features associated 

with the functional groups of ZnOn, with a wavelength 

range from 400 to 4,000 cm-1[36].  

The absorption band near 11455 cm-1 indicates a 

strong vibrational bond between Zinc and Oxygen [37]. In 

addition, the nanoparticles show absorption peaks at 1630 

cm-1 and 3422 cm-1, indicating O-H bonds and their 

vibrational modes [38].  The fig leaf extract displayed 

peaks at 3448 cm-1 and 1636.22 cm-1, signaling strong O-

H bonds and weaker C-H bonds linked to aromatic 

compounds. These peaks, with slight shifts across three 

nanoparticle samples, suggest the presence of extract 

bonds within the nanoparticles.  

The spectral range of 2926 cm-1 relates to the C-H 

bonds typical of alkanes [39], while bands at 1628 cm-1 

reflect the stretching modes of carbon-carbon (C-C) 

bonds. The spectrum from 720 cm-1 to 986 cm-1 shows the 

stretching vibrations of aromatic C-H bonds [40].  

The observed bands are associated with biomolecules 

in the fig leaf extract, such as polyols, flavonoids, and 

proteins, which play a key role in the bioreduction and 

stabilization of ZnOn, as noted in previous studies [5].  

The results suggest that changes in nanoparticle 

morphology influence  peak intensity. As the surface 

asymmetry of nanoparticles increases, there is a 

corresponding rise in peak intensity and shift. Polar 

functional groups, including (–OH, –COOH, –NH2, 

C=O), induce the most significant alterations in FTIR 

[38].  

In this research, cylindrical nanoparticles, the most 

asymmetric configuration, exhibit higher peak intensity 

and a greater shift.  In addition, a slight shift was observed 

in the peaks. Similar findings have been reported by Shen, 

Lazhen, et al [39, 41]. 

 

3.1.3. Ultraviolet-visible spectroscopy 

 

Figure 4 indicates the UV-Vis spectra of ZnOn at various 

shapes. The absorption peak of ZnOn is displayed around 

370 nm [40] .   

The absorption peak of green nanoparticles of ZnO at 

different shapes is obtained around 385 nm.  The findings 

indicate that variations in the morphology do not influence 

absorbance.  

The movement process of an electron transitioning 

from the valence band to the conduction band introduces 

an absorption peak. In addition, the band gap energy of a 

semiconductor is influenced by size and morphology [41]. 

Therefore, according to the values obtained from XRD 

analysis, the size of the nanoparticles increased with 

increasing calcination temperature. It's proven by the 

other study [33, 42]. Consequently, with increasing size, 

diminishing surface particle, the band gap of the 

nanoparticles decreased so that using the Tauc 

relationship, the band gaps of ZnOn-flake, ZnOn-cylinder, 

and ZnOn-sphere were 2.1, 1.6, and 1.38, respectively.  

Similar findings have been observed in related 

research [43]. The band gap is calculated using Tauc’s 

equation (Figure 4)[44]. The Tauc’s equation is derived 

from the subsequent relationship, which is shown in 

equation (2)[45]. 

(αhν)2 = k(hν − Eg)                                                      (2)                                                                                                                
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Here, the symbol α denotes the extinction coefficient, 

𝐸𝑔 The energy gap, the constant (k), exhibits varying 

values depending on the specific transitions involved; hν 

is the energy of a photon  .The measured band gaps for the 

samples. Furthermore, it demonstrates that the shape of 

nanoparticles is adapted to the band gap [46]. 

3.1.4. FESEM analysis 

 

Figure 5 indicates the surface structure of ZnOn samples. 

Micrographs indicate a significant degree of 

agglomeration among ZnOn, which exhibits a particle-

like morphology characterized by irregular shapes.  

 
Figure 3. The FTIR spectrum is related to ZnOn via fig leaf extract at three types of shapes 

 
Figure 4. a)  The UV-Vis spectra of ZnOn and b) the calculated band gap of ZnOn at various shapes 
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Figure 5. FESEM images of ZnOn synthesized by fig leaf extraction at (a)flake, (b)cylinder, and (c) sphere 

 

This observation aligns with the findings of Sedefoglu 

[47], who discussed the synthesis of ZnO nanostructures 

through a green synthesis method. The significant surface 

energies associated with ZnOn result from the clustering 

of nanomaterials or the formation of larger nanoparticle 

entities [48].  The calcination of ZnOn at a temperature of 

200 °C results in a nanoflake architecture (ZnOn-flake) 

that appears almost regular in form. Modifications to the 

temperature during the calcination process result in 

changes to the morphological characteristics [47]. 

Observations indicate that  ZnOn exhibits a hexagonal 

cylindrical morphology at a temperature of 400 °C (ZnOn-

cylinder). The shape of ZnOn has been observed to be 

spherical at 600 °C (ZnOn-sphere). The average diameter 

of nanoparticles is estimated using the log-normal 

distribution equations (3-5). 

𝑓(𝐷) = (
1

√2𝛱𝛿𝐷
) 𝑒𝑥𝑝 [

𝑙𝑛2(
𝐷

𝐷0
)

2𝛿2 ]                                          (3)                                                                        

〈𝐷〉 = 𝐷0 𝑒𝑥𝑝 (
𝛿2

2
)                                                               (4)                                                                                     

𝛿𝐷 = 〈𝐷〉[𝑒𝑥𝑝(𝛿2 − 1)]
1

2                                             (5)                                                                                                                  

 

The parameters Dand 𝛿0 were derived from equations 

3-5. Furthermore, these equations were employed to 

calibrate the data. As the shape changed from flask to 

sphere, the average diameter of the nanoparticles was 

23.43,75.3, and 86.4 nm, respectively. These results are 

consistent with the particle size identified through X-ray 

diffraction (XRD) analysis. The reason for that is that at 

lower temperatures, the influence of biomolecules on the 

morphology of nanoparticles with a greater surface area 

becomes more pronounced. Consequently, with rising 

temperatures, the nanoparticles undergo growth and 

increased aggregation, resulting in alterations to their 

shape [49]. This research introduces an innovative 

approach that leverages the characteristics of 

biomolecules by varying the calcination temperature to 

obtain diverse morphologies suitable for medical or 

photocatalytic applications. This occurrence has also been 

reported in several other research studies [50-52].  
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Figure 6. EDS analysis for ZnOn generated by fig leaf extract. a) ZnOn-flake, b) ZnOn-cylinder, and c) ZnOn-sphere 

 

3.1.5. EDS analysis 

 

EDS analysis determines the material's elemental 

constituents. Figure 6a-c present the EDX spectra of 

green-synthesized samples at three different nano shapes.  

In this study, the purity percentages of Zinc (Zn) and 

Oxygen (O) were assessed as follows. For the sample 

designated ZnOn-flake, the concentrations were 

determined to be 72.15% for Zn and 27.85% for O. For 

the ZnOn-cylinder sample, these values changed to 

71.55% for Zn and 28.45% for O. Furthermore, ZnOn that 

have a spherical shape showed purity percentages of 

71.18% for Zn and 28.82% for O. The fact that Zn and O 

both have peaks that are matched in size means that the 

purity of the ZnOn in all three forms has been confirmed, 

while the near identical percentages of the two peaks show 

that the morphology of the Nano particles does not 

influence the amount of surface elements present. Many 

researchers have confirmed the same findings in their own 

studies [53]. In addition, Figure 6 shows EDS spectra for 

various forms.  A lot of research has been conducted on the 

green synthesis of ZnOn, and a few notable examples can 

be mentioned. Irshad, Muhammad Atif, et al. used Ficus 

benghalensis extracts to generate ZnOn. They used 

different analyses, such as EDS, to analyze the 

nanoparticles  of zinc oxide and confirm their presence 

[34].  

3.2. Photocatalytic activity of ZnOn 

 

In recent decades, nanoscale metal oxide semiconductors 

have been developed for use as catalytic materials, 

demonstrating significant potential in solar water 

purification. The efficacy of transition or d-block metal 

ions in extensively researched semiconductors has been 

notable, positioning them as highly effective components 

in the creation of photocatalytic materials [54]. Various 

elements play a significant role in enhancing the 

photocatalytic process, such as  the  Dye solution 

concentration, the Quantity of catalyst, the pH, and the 

structural characteristics of the photocatalyst's surface 

[55].   Furthermore, numerous research efforts have 

enhanced the performance of photocatalysts through re-

engineering; for instance, a method to transform a 

heterogeneous type-11 photocatalyst into a perovskite-

based Z-design has demonstrated increased efficiency of 

a perovskite-based photocatalytic system for CO2 

reduction [56]. Additionally, a separate study carried out 

in 2025 revealed that the incorporation of trace amounts 

of Zn and Al either as impurities or through doping 

significantly improved the catalytic activity of Nb2O5 in 

hydrogen evolution reactions (HER)[57].   Another study 

illustrates the effects and benefits of defect (oxygen 

vacancy) engineering in TiO2-based photoelectrodes, 

showing that this heterogeneous configuration provides 
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enhanced performance relative to reference systems (e.g., 

defect-free TiO₂ or simpler heterogeneous structures).  

TiO2-x-MoS2 electrodes exhibit a 13-fold enhancement in 

photoelectrochemical activity when compared to 

unmodified TiO2 nanorods and demonstrate a low 

overpotential. This improvement is attributed to the 

accelerated electron transfer kinetics at their interface, a 

decrease in the charge recombination rate, an increase in 

charge carrier density, and a highly wettable surface [58, 

59]. The other paper reports that strontium  Sr-doped in 

ZnOn leads to modifying particle morphology and 

influencing photocatalytic dye degradation[60]. In other 

studies, the best photodegradation activity for the drug 

Sulfasalazine with ZnO–NiO was observed at pH ≈ 6.5, 

close to the pH_pzc (point of zero surface charge) of the 

composite [61]. Extract is another factor that influences 

photocatalyst activity due to compounds such as 

flavonoids, tannins, polyphenolics, and –OH groups, 

suggesting they would modify particle size, shape, and 

defect on the surface of the particle. As a result, alterations 

occur that increase production of reactive oxygen species 

(ROS), which contribute to the photocatalysis. Several 

other studies have examined this area [62]. 

In this article, the role of the extract and temperature 

is also explained in the section related to FESEM analysis. 

Conversely, the photocatalytic performance of 

nanoparticles is influenced by their shape and size, which 

can impact the separation and recombination of electron-

hole pairs[63]. Furthermore, the other study demonstrates 

that the shape of the nanoparticle is sensitive to its size; so 

the sharp crystals possess much higher activity than the 

flat crystals in the oxygen evolution reaction, which, in 

combination, leads to the morphology dependence of 

photocatalytic activity [64, 65].  Therefore, modifying the 

structure and morphology of nanoparticles (through 

nanocomposites and doping) can enhance photocatalytic 

efficiency. This has been demonstrated in previous studies 

[66, 67]. 

This study focuses on the breakdown of organic waste 

and cleansing environmental contaminants. In Figure 7, 

the absorption spectra related to the degradation of methyl 

orange (MO) under Xenon radiation, employing the 

samples of ZnOn as a photocatalyst, are displayed. The 

study investigates the photocatalytic activity and 

photodegradation of ZnOn samples for degrading (MO) 

dye when subjected to 50 W xenon lamp radiation, as 

illustrated in Figure 8(a). (ZnOn) are applied as a single-

material photocatalysis. To prepare a (MO) solution at a 

concentration of 15 ppm, dissolve 0.0015 g of the dye in 

100 mL of deionized water. Following this, incorporate 

0.0036 g of ZnOn-sphere into 50 mL of (MO) and 

maintain stirring for 30 minutes in a dark environment to 

optimize its effectiveness. An identical procedure was 

conducted for the ZnOn-flake and ZnOn-cylinder. 

 

Figure 7. Photocatalytic activities of ZnOn utilizing fig leaf extraction for ZnOn-flake, ZnOn-cylinder, and ZnOn-sphere samples 
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Figure 8. (a) The percentage of degradation for ZnOn in different forms. (b) plot of ln(𝑐

𝑐0⁄ ) related to three sa 

 

The analysis revealed that ZnOn-flake exhibits a 

greater ability to degrade color than the other two ZnOn 

types. This enhanced performance may be linked to their 

crystal structure and the larger surface area presented by 

the nanoflakes, as presented in Figure 5.  

The plot related to the percentage of degradation for 

three samples of ZnOn is depicted in Figure 8 a. One can 

ascertain the efficiency of degradation by employing 

equation 6. 

𝜂 =
𝐶−𝐶0

𝐶0
× 100                                                                     (6)                                                                                                                    

Where C0 represents the initial concentration, while C 

indicates the concentration at a particular time [68]. Figure 

8b illustrates the relationship between ln(𝑐0/𝑐) and 

irradiation time for all samples analyzed. Furthermore, the 

graph of ln(Ct / C0) against irradiation time investigates 

the kinetics of the photocatalytic reaction, as illustrated in 

Figure 8b for three samples, ZnOn.  The linear 

relationship can be expressed through the following 

equation (7) [69, 70]. 

   ln (
𝐶𝑡

𝐶0
) = 𝑙𝑛 (

𝐴𝑡

𝐴0
) = 𝐾𝑡                                                (7)                                                                    

𝐶ₒ and 𝐶 present the initial absorbance of the dye before 

degradation and the absorbance of the dye at time "t" after 

degradation, respectively. The slope of this linear equation 

is represented by k and was used to calculate the 

homogeneous constant.  The decolorization efficiencies of 

ZnOn in nano flake, cylinder, and spherical shapes are 

recorded as 63.83%, 63.1%, and 53.39%, respectively.  As 

previously stated, this was also demonstrated in the 

current study. The more defined surface of the 

nanoparticles facilitated the oxygen evolution reaction 

and enhanced the photocatalytic activity [64]. In the 

photocatalytic degradation process, the absorption 

wavelength decreases noticeably, corresponding to an 

increase in the illumination level [71]. The mechanism 

underlying photocatalytic activity is succinctly outlined as 

follows. ZnOn exposed to radiation from a xenon lamp 

results in the free electrons being excited. The excitation 

process generates pairs of electrons and holes, with the 

holes in the valence band and the electrons occupying the 

conduction band. The generation of OH radicals occurs 

through the secondary interaction between positive holes 

and electrons, leading to the breakdown of organic 

pollutants [72, 73]. Figure 9 illustrates the mechanism of 

ZnOn photocatalytic activity. Additionally, Table 1 

compares different study results related to the 

photocatalyst activity of ZnOn.  

 

3.3. Anti-bacterial test 

 

The antibacterial mechanism of ZnOn can be explained by 

two primary mechanisms: 1. The generation of reactive 

oxygen species (ROS), 2. The interaction between 

nanoparticles and bacteria leads to damage to the bacterial 

cell wall and the release of Zn+2 [81].   Numerous research 

studies have unequivocally demonstrated that water-

soluble ZnOn are capable of generating a range of reactive 

oxygen species (ROS), such as hydroxyl radicals (•OH), 

superoxide anion (O2
•−), and hydrogen peroxide 

(H2O2)[82, 83]. The responses of ZnOn to bacterial agents 

are illustrated in equations 12-16[84].   

ZnO+hγ→ 𝑒− + ℎ+                                                                              (12) 

ℎ+ + 𝐻2𝑂 →.OH+𝐻+                   (13) 

𝑒− + 𝑂2 →.𝑂2
−                                                                        (14) 

.O2 + H+→ 𝐻𝑂2
.         (15) 

𝐻𝑂2
.  + 𝐻+ + 𝑒− → 𝐻2𝑂2 (16) 

Conversely, functional groups like (OH, –COOH, –

NH2, C=O-) play a crucial role in the interaction between 

nanoparticles and the bacterial cell wall [85]. Studies have 

demonstrated that altering the configuration of 
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nanoparticles can enhance bacterial activity. The efficacy 

of doped ZnOn in addressing bacterial infections and 

enhancing hygiene across multiple domains [60, 86].   

Moreover, enhancing the surface area of nanoparticles 

results in a rise in reactive oxygen species (ROS) 

production, a phenomenon documented in numerous 

studies [83, 87]. The morphology and functional group of 

ZnOn (from FT-IR analysis) whether flake, cylinder, or 

sphere coupled with their diminutive size, contribute to an 

increase in surface area, changing in the functional group 

on the surface, thereby augmenting their antibacterial 

properties. Conversely, nanoparticles exhibiting a more 

irregular shape demonstrate superior penetration 

capabilities into the bacterial cell wall. As demonstrated 

by Alshraiedeh, Nid'A. H., et al. in 2022, the destructive 

efficacy of flake nanoparticles surpasses that of spherical 

nanoparticles [88].     This study used Escherichia coli strain 

ATCC 25922 and S. aureus ATCC 25923 to examine their 

properties.  The minimum inhibitory concentration (MIC) 

was determined by broth microdilution in 96-well 

microplates (Figure 10). 

ZnOn + hν → 𝑒𝐶𝐵
− + hVB

+   (8) 

O2 + 𝑒𝐶𝐵
− →. 𝑂2

−  (9)                                                                                                                             

ℎ𝑉𝐵
+ +𝐻2𝑂 → 𝑂𝐻 .  (10) 

. 𝑂𝐻 + 𝑀𝑒𝑡ℎ𝑦𝑙𝑒 𝑜𝑟𝑎𝑛𝑔𝑒 → 𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (11)        

                                                                                   

 

Figure 9. Mechanism of ZnOn photocatalytic activity 

 

Table 1. The efficacy of Zinc oxide nanoparticles' photocatalytic activity using different extracts, compared to the results of this study over the first 60 

minutes of the process 

Method Botanical extract Organic pollutant Nanoparticle shapes  Light source 
Duration of 

process (min) 

Efficiency 

(%) 

Ref.  

Green Amomum longiligulare Methylene green Semi spherical UV 60    38 [74] 

Green Corymbia citriodora leaf Methylene blue ------- Visible light 60 About 50 [75] 

Green Garcinia xanthochymus Methylene blue 

 

spongy cave 

UV-various pH 

UV-various  

masses of ZnOn 

60 

 

60 

About 45 

 

About 45 

 

[76] 

Green Leaf Alchornea laxifora Congo red                      quasi-hexagonal UV                                  60                           87 [77] 

Precipitation 

Sol-gel 
----- degrading phenol Spherical Nanorod UVA 

60 30 

50 

[78] 

Chemical ------ Methyl Orange Spherical UV-Vis 60 47 [79] 

Green Equisetum diffusum D  
Methyl Orange 

Methyl Blue 

spherical Sun 

light 

60 

60 

72.63 

70 

[69] 

Green Wild olive leaves 
Formic acid- 

Sodium formate 

Spherical and 

hexagonal 

UV ------ 80 [80] 

Green Fig leaf extraction Methylene orange 
flake                      

cylinder 

sphere 

Xenon-various 

shapes 

60 60 

73 

88 

This 

study 

.

.
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Figure 10. 96-well microplates for the antibacterial analysis 

                      
Figure 11. The MIC test for three ZnOn via fig leaf extract in different nanoparticle forms: A)flake, B)cylinder, C) sphere 

 

Table 2. the comparative findings concerning ZnOn derived from various synthesis methods or extracts 

Method 

 

Botanical 

extract 

Type of test 

 

Types of bacteria Nanoparticles 

shape 

Particle 

size(nm) 

Efficiency Ref 

Green Calendula officinalis 

leaf 

disc 

diffusion 

S.aureus 

K.pneumonia E. 

coli. 

spherical 28.23 35.2 ± 0.9 

23.6  ± 0.1 

13.5  ± 0.1(mm) 

[93] 

hydrothermal  ------ disc 

diffusion 

S.aureus 

 

nanofiber 51.35 16 

(mm) 

[94] 

Green Cymbopogon citratus MIC E. coli 

S.aureus 

rod-like 20-24 92.07 ±0.13 

88.13±0.35µg/ml 

[95] 

Green Viscum album leaf disc 

diffusion 

S.aureus 

 

quasi-spherical 13.5 40±0.3 

( mm) 

[96] 

Co-precipitation  ----- MIC S.aureus Spherical 35 4 mg/ml [97] 

Green Equisetum diffusum D MIC L. monocytogenes  

E. coli 

B. bronchiseptica  

S. epidermidis 

spherical 57.94 ±1.8 30 

70 

90 

20 

[69] 

Green Ulva fasciata MIC S.aureus 

 

Flower & 

sphere  

77.81 22.5 

µg/ml  

[98] 

 

0

10

20

30

40

50

C
o

n
c

e
n

tr
a

ti
o

n
 o

f 
Z

n
O

n
(m

g
/m

l)

MIC test

  E. coli

 S. aureus

ZnOn-flake ZnOn-cylinder ZnOn-sphere

A B C 

https://doi.org/10.57647/ijc.2026.1601.10
https://www.sciencedirect.com/topics/physics-and-astronomy/hydrothermal-synthesis


 

      10.57647/ijc.2026.1601.10 

169 Samadi et al., Iran. J. Catal., 2026; 16(1) 

Initially, 100 μL of Mueller-Hinton Broth was 

dispensed into a 96-well microplate. Subsequently, 

various concentrations of the submitted sample, ranging 

from 0.02 to 50 mg/ml, were established in the wells 

through a serial dilution technique. Finally, 100 

microliters of bacterial suspension with a concentration of 

106 was added to the wells. To further validate the 

accuracy of the test, both negative control wells 

(comprising culture medium and solvent) and positive 

control wells (consisting of culture medium, solvent, and 

bacteria) were incorporated into the experimental design. 

Then the plates were incubated at 37 °C for 24 hours. 

Following this interval, the wells were assessed for the 

presence or absence of bacterial growth. The minimum 

concentration of the substance that effectively suppressed 

the development of the microorganism was identified as 

the MIC concentration. The Minimum Inhibitory 

Concentration (MIC) method results for (E. coli) the three 

samples ZnOn-flake, ZnOn-cylinder, and ZnOn-sphere 

are noted as 12.5, 12.5, and 50 mg/ml, and for (S. aureus) 

are determined as 8, 9.5, and 32 mg/ml, respectively.  By 

minimizing nanoparticle size and increasing their surface 

area relative to volume, the antibacterial properties were 

enhanced, a finding corroborated by other research [89].  

This study indicates that cylinder-shaped and nanoflake 

nanoparticles exhibit the highest antibacterial properties. 

In contrast, spherical nanoparticles demonstrate the least 

effect, a finding consistent with other research 

observations [90]. Furthermore, the antibacterial activity 

of ZnOn is generally stronger against S.aureus (Gram-

positive) than E.coli (Gram-negative), which may be due 

to differences in cell wall structure and sensitivity to 

reactive oxygen species (ROS). This result has been 

proven by another research [91]. Because S.aureus (gram-

positive) has a thick peptidoglycan layer but lacks a 

protective outer membrane, while E. coli (gram-negative) 

has an outer membrane rich in lipopolysaccharides (LPS) 

that acts as a barrier and reduces the penetration of ZnOn 

and reactive oxygen species (ROS) [92].  Figure 11 shows 

the approach used in the MIC analysis for three different 

samples against two types of bacteria. Additionally, Table 

2 presents the comparative findings concerning ZnOn 

derived from various synthesis methods or extracts. 

 

4. Conclusion 

 

For the first time, this study synthesizes three different 

shapes of ZnOn with the same co-precipitation method, 

only with changing calcination temperatures (200 °C, 400 

°C, and 600 °C). The impact of shapes is evaluated on 

characterization, photocatalyst, and anti-microbial 

activity. Because the shape plays a vital role in the 

applications of nanoparticles. Moreover,  the findings of 

this study indicate that fig leaf extract represents a cost-

effective, swift, non-toxic, and readily available approach 

for the synthesis of nanoparticles.  The biomolecules in 

the fig leaf extract are crucial for the capping and 

stabilization processes involved in synthesizing ZnOn. 

The extract derived from fig leaves has been employed in 

producing ZnOn, which was subsequently produced in 

three nanoparticle shapes: flake, cylinder, and sphere.  

Besides exploring the photocatalytic activity associated 

with methylene orange (MO) degradation, the 

antibacterial capabilities of all three samples concerning 

E.coli and S.aureus were investigated. The reported 

efficiencies of photocatalytic activity for ZnOn in varying 

shapes of flake, cylinder, and sphere are 63.83%, 63.1%, 

and 53.39%, respectively. Results demonstrate that the 

sharper surface of nanoparticles increases photocatalyst 

activity. Various methods of characterization have been 

applied to analyze the optical and structural attributes of 

ZnOn, among which X-ray diffraction (XRD), field 

emission scanning electron microscopy (FESEM), 

Fourier-transform infrared spectroscopy (FTIR), and 

energy-dispersive X-ray spectroscopy (EDS) are 

particularly noteworthy.   The findings on reactive oxygen 

species (ROS) production obtained from Energy 

Dispersive Spectroscopy (EDS) demonstrated the weight 

percentages of Zinc and Oxygen in three distinct ‘shapes’ 

of ZnOn. MIC test showed anti-microbial activity against 

Gram-negative (E. coli) and Gram-positive (S. aureus) 

bacteria for three ZnOn samples. The findings showed 

that the morphology of nanoparticles has a significant 

relationship with the production of reactive oxygen 

species (ROS), which affects their antibacterial activity. 

As the size of nanoparticles decreases, the increased 

surface area resulting in the production of reactive oxygen 

species also increases.  In addition, this research 

demonstrated that green ZnOn may serve as an 

appropriate option for nanostructures (including 

nanocomposites, doping, etc.) and enhance efficiency in 

photocatalysis and anti-microbial applications. The ZnOn 

is effective against s. aureus bacteria owing to its cell 

wall, so they can be destroyed easily.  
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