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1. INTRODUCTION 
ZnO NPs have captured the interest of numerous 

researchers in recent years due to their distinctive optical 

and chemical behaviours, which can be easily modified 

by altering the shape. ZnO NPs, a member of the large 

family of metal oxide nanoparticles, are employed in a 

variety of cutting-edge applications, including those in 

the fields of electronics, communication, sensors, 

cosmetics, environmental protection, biology, and 

medicine.
[1]

 Along with its antibacterial, antifungal, 

acaricidal, pediculicidal, larvicidal, and anti-diabetic 

actions, ZnO NP has enormous potential in biological 

applications such as biological sensing, biological 

labelling, gene transport, drug delivery, and 

nanomedicine.
[2-5]

 Researchers have recently begun to 

choose environmentally friendly methods of creating 

NPs since they are inexpensive, can be created in 

ambient air, are non-toxic, compatible with the 

environment, and are simple to use because the produced 

particles are highly uniform
[6-8]

 Numerous researchers 

have become interested in ZnO NPs in recent years 

because to its unique optical and chemical behaviours, 

which can be easily changed by changing the form. A 

range of cutting-edge applications, including those in the 

sectors of electronics, communication, sensors, 

cosmetics, environmental protection, biology, and 

medicine, use ZnO NPs, a member of the broad family of 

metal oxide nanoparticles.
[9]

 ZnO NP has significant 

promise in biological applications such biological 

sensing, biological labelling, gene transport, drug 

delivery, and nanomedicine. These biological 

applications include antibacterial, antifungal, acaricidal, 

pediculicidal, larvicidal, and anti-diabetic properties.
[10]

 

Due to their low cost, ability to be produced in ambient 

air, lack of toxicity, compatibility with the environment, 

and ease of use, researchers have recently started to pick 

environmentally benign methods of producing NPs. Due 

to its low temperature fabrication, less contamination, 

and increased photocatalytic activity, sol-gel is still the 

most straightforward approach for synthesising TiO2 and 

ZnO as films or nanopowders.
[11]

 A versatile and 

efficient process, photocatalysis can be tailored to match 

a variety of applications for disinfection in both water 

and air matrices. Nevertheless, photocatalytic surfaces 

are being created and approved for use in goods with the 

designation &quot;self-disinfection.&quot;
[12]

 TiO2 was 

modified by adding another metal oxide-based 

semiconductor in a variety of ways, including dye 

sensitization, metal- or non-metal-doped TiO2-based 

nanostructures, and metal- or non-metal-doping TiO2. 

These modifications made TiO2 effective in absorbing 

solar energy in a wide spectrum from UV to visible. 

There is evidence that coupled semiconductors make 

efficient and effective photocatalysts.
[13] 

Theoretically, 
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the pairing of different semiconductor oxides tends to be 

advantageous for processing a wide range of solar energy 

(both ultraviolet and visible regions) and for achieving 

more effective electron-hole pair separation, leading to 

the achievement of a higher photocatalytic operation.
[14]

 

Numerous composites made of TiO2 and other inorganic 

oxides have been found, including ZnO, SnO2, SiO2, 

In2O3, Cu2O, MgO, WO3, and MoO3.  

 

One of the most well-known herbal teas with only one 

ingredient is peppermint tea (Mentha piperita), which is 

prized for its revitalising flavour and aroma. It is a 

perennial herb that is indigenous to Europe and has 

spread into many other nations, including the northern 

United States and Canada.
[15]

 With a focus on NP 

development at various temperatures, we created ZnO 

NPs that were codoped with TiO2 and Ag throughout our 

research using green methods using MP leaf extract. This 

is the first time MP leaf extract has been used as a 

reducing and stabilising agent in an environmentally 

friendly way to prepare Ag/ZnO nanocomposite.
[16]

 The 

reduction of methyl orange (MO) by an Ag/ZnO 

nanocomposite and its catalytic activity.
[17]

 

 

2. MATERIALS AND METHODS 

2.1 Materials 

The following chemicals, which were purchased from 

the chemical company, were used in the hydrothermal 

method to create the proposed title composite materials: 

titanium isopropoxide (C12H28O4Ti), silver nitrate 

(AgNO3), zinc acetate (ZnC4H6O4), 0.1 M aqueous 

NaOH solution, and double-distilled water from Mentha 

piperita (MP) plant leaves. 

 

2.2. Plant extracts preparation  

5 g of Mentha piperita leaves were properly cleaned with 

lots of distilled water before being gently rubbed with 

alcohol to sterilise both surfaces. In 100 cc of distilled 

water heated to 50 C, these leaves were heated for 30 

minutes. The extract was then filtered using Whatman 

filter paper No. 1 and a vacuum filter with 0.2 mm pore 

size. The finished filtrate was kept in a cool, dry location 

for later use. 

 

2.3 Synthesis of Pristine ZnO, TiO2/ZnO, Ag/ZnO 

Nanocomposites 

Green MP leaf extract was used to prepare zinc oxide 

nanoparticles. Using a weighing scale, 20 g of zinc 

acetate dihydrate and 80 g of sodium hydroxide were 

weighed for the preparation. Then, 80 g of sodium 

hydroxide was dissolved in 100 mL of distilled water, 

and 20 g of zinc acetate dihydrate was dissolved in 150 

ml of distilled water. For approximately five minutes 

each, the solutions were agitated continuously with MP 

leaf extract. After thoroughly combining, a solution of 

sodium hydroxide was added to the zinc acetate solution 

while being continuously stirred with a magnetic stirrer 

for about five minutes. Then, a burette was filled with 

100 ml of ethanol and titrate drop wise to the solution 

containing both sodium hydroxide solution and zinc 

acetate. After the reaction, white precipitate was formed, 

which is calcined and powdered ZnO is prepared. The 

doped TiO2/ZnO, Ag/ZnO can be prepared by the same 

method (Fig 1). 

 

 
Fig. 1: Images of a) ZnO NPs b) TiO2/ZnO NCs c) Ag/ZnO NCs. 

 

2.4 Characterization 

Characterization of NPs had been done by X-ray 

diffraction (XRD) and Fourier transformed infrared 

spectroscopy (FTIR). Morphology of prepared samples 

was analysed by field emission scanning electron 

microscopy (FESEM) and high resolution transmission 

electron microscopy (HRTEM) was used to investigate 

the particle size. Anti-bacterial assay has been 

performed. Anti-diabetic activity was also investigated 

suggesting probable mechanisms for their potential 

medicinal uses. Induction of cytokines and other 

regulatory genes associated with diabetes had been 

studied in response to ZnO treatments in animal models 

utilising ELISA and RT-PCR techniques. 

 

2.5 Photocatalytic activity 

The following procedure was used to determine the 

photocatalytic activities of the as-prepared catalysts 

(ZnO, TiO2/ZnO, Ag/ZnO) on the degradation of methyl 

blue dye in an aqueous solution under visible light. The 

degradation pool typically consists of a 50 ml methylene 

blue (MB) aqueous solution (50 ppm), and with that, 0.5 

g of the as-prepared nanomaterial was blended in the 

same beaker. The blended solution was shocked in the 

darkroom for 60 min and adjusted its pH level to 

different values (4, 6 and 8) by using NaOH solutions 

before ultraviolet ray irradiation to achieve 

adsorption/desorption equilibrium. After that, the 

solution was exposed to visible light under constant 

stirring. At regular intervals, a specific mixture solution 
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(5 ml) was collected and filtered via a syringe filter. 

Eventually, the breakdown of methylene blue was 

investigated by using a UV-7504 PC to determine the 

absorption at 642 nm (CANY Shanghai). To replicate the 

solar spectrum, a xenon lamp (50 W, CEL-HXF300) was 

employed.
[18]

 

 

2.6 Antioxidant activity –DPPH assay 

The Liyana-Pathiranan and Shahidi method was used to 

conduct the DPPH free radical scavenging experiment. 

To 1 mL of 0.135 mM DPPH in methanol solution, 

varied quantities of the synthesised Zno NPs and 

aqueous leaf extract (100–500 mg in methanol) were 

added. The reaction mixture was kept at room 

temperature for 30 minutes in the dark. At 517 nm, 

absorbance was determined spectrophotometrically.
[19]

  

    

3. RESULTS AND DISCUSSION  

3.1 XRD analysis 

The X-ray diffraction pattern of the synthesis ZnO 

nanorods and ZnO nanoflakes is displayed in Fig.2(a). 

The exceptional quality of the synthetic ZnO nanorods is 

demonstrated by the strong and distinct diffraction peaks. 

The hexagonal structure of ZnO with fine crystallinity 

can be indexed to all of the diffraction peaks in the XRD 

pattern.The ZnO planes (100), (002), (101), (102), (110), 

(103), (112), and (201) are respectively indexed to the 

diffraction peaks at 2° (degree) of 31.76, 34.43, 36.267, 

47.569, 56.62, 62.88, and 69.12. Applying the relation, 

the lattice parameters have been derived.  

1/d
2
 = 4/3[(h

2
 +hk+k

2
 /a

2
 )]+l

2
 /c

2
 

The calculated values, a=3.248 Å and c=5.215, Å match 

well with the stated standard values, a=3.249 Å and 

c=5.206 Å (JCPDS no. 36-1451). Using the semi-

empirical formula D=k / cos, Scherer's average particle 

size (D) is derived. Where is the full width at half 

maximum (FWHM), 1.5406 is the X-ray wavelength, 

0.94 is the form factor, and is the Bragg angle in degrees. 

Using an XRD pattern processing programme, profile 

fitting was used to determine the value of FWHM.
[20]

 

 

The calculated values are a=3.248 Å and c=5.215 Å, the 

values are in good agreement with the reported standard 

values a=3.249 Å and c=5.206 Å (JCPDS no. 36-1451). 

The average particle size (D) are calculated using the 

Scherer’s semi empirical formula D= k λ / β cosθ Where 

λ is the wavelength of the X-ray (1.5406 Å), k is the 

shape factor (≈ 0.94), β is the full width at half maximum 

(FWHM) and θ is the Bragg angle (degree). The value of 

FWHM was obtained by performing profile fitting using 

an XRD pattern processing software. It was determined 

that the typical crystallite size was 31 nm. According to 

Fig. 2(b), ZnO nanoparticles and TiO2 have diffraction 

peaks that are present at 2 (degree) of 27.900, 40.451, 

and 50.602 on average in the (101), (200), and (004) 

diffraction planes that correspond to TiO2 (JCPDS No. 

36-1451).
[21]

 The majority of the diffraction peaks in the 

XRD pattern are also crisp, symmetrical Gauss peaks, 

which is yet another sign of the great crystallinity of the 

TiO2 and ZnO particles in the composite samples. The 

outcomes are also linked to other studies.Additionally, 

Fig.2c reveals that the Ag/ZnO XRD pattern exhibits 

several additional reflections at 2 = 38.1°, 44.4°, 64.9°, 

and 77.2°, which correspond to the (111), (200), (220), 

and (311) reflections of the face-centred cubic silver NPs 

(JCPDS 870717) immobilised on the surface of the 

ZnO.
[22]

 

 

 
Fig. 2: XRD images of (a) ZnO (b) TiO2/ZnO (c)Ag/ZnO nanocomposites. 
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3.2 SEM analysis 

 
Fig. 3: SEM images of pristine (a) Zno NPs b) TiO2/ZnO NCs c) Ag/ZnO NCs. 

 

The SEM micrographs of the nanoparticles created using 

MP leaf extract are shown in Fig.3a. According to a 

topographical view, the aggregates' surfaces appear to be 

rough and the nanoparticles appear to be grouped 

together. It can be inferred from SEM pictures that the 

green method's nanoparticles are fully clean and that the 

plant extract has a remarkable capacity for ZnO NP 

synthesis. 

 

The effective preparation of ZnO nanoparticles has 

crystallite sizes ranging from 8 mm to 40 nm. The 

product made using the green approach allowed for the 

observation of the changed precursor's effect.
[23]

 It has 

been unequivocally established from the SEM pictures 

that the synthesised TiO2/ZnO powder is in nanoscale 

form. As shown in Fig. 3b, the particle size of the 

synthetic TiO2/ZnO powder is approximately 84.98 nm. 

The SEM result, which showed that the synthesised 

TiO2/ZnO nano-powder exhibits good crystallinity, is 

consistent with this outcome. It is regarded as a 

successful outcome because the synthesised TiO2/ZnO 

particle size is less than 100 nm. Additionally, ZnO 

particles were widely scattered on the surfaces of the 

produced TiO2 bulks, which would be advantageous to 

enhance the catalytic activity of the TiO2/ZnO composite 

photocatalysts in general. TiO2 particles are the primary 

constituents of the TiO2/ZnO composite samples. 

Additionally, the samples contain small amounts of 

aggregated nanoscale particles made from TiO2 and ZnO 

crystalline grains.
[24]

 

The findings in Fig. 3c show that silver nanoparticles are 

mono-dispersive, highly crystalline, and spherical in 

appearance.
[25]

 The samples acquired from the SEM 

image have greater grain sizes. This indicates that the 

high surface energy and high surface tension of the 

Ag/ZnO nanoparticles contribute to their propensity to 

aggregate. A larger surface is produced by the finer 

particle size.
[26]

 The catalytic activity of nanoparticles is 

improved by area. 

 

3.3 FTIR analysis  
The analysis and results of the FTIR spectra of the as-

prepared ZnO, TiO2/ZnO, and Ag/ZnO nanocomposites 

are shown in Fig.4. The transmissions at 506 and 561 

cm
-1

 were shown in Fig.4a. It was discovered that these 

transmissions were caused by a symmetric bending 

vibration of Zn-O in the ZnO NPs and TiO2/ZnO NCs, 

respectively.
[27]

 The presence of bands at 1591 cm
-1

 or 

3581 cm
-1

, which correspond to the surface H-OH 

bending vibration and O-H stretching vibration, 

respectively, indicates that there was hydroxyl-group 

adsorption on the ZnO surface, resulting in ZnO 

production. The stretching bond of Zn-O-Ti and Ti-O-C 

exhibited in Fig.4b corresponds to the peak seen at 829 

cm
-1

 and 1384 cm
-1

.
[28]

 The distinctive peaks of ZnO and 

Ti-O were also visible in the overlapped form in TiO2- 
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and Ag-loaded ZnO composite. There is no evidence for 

the formation of Ag–O. Hence it could be a metallic 

silver (Ag-Zn-O) present in the nanocomposites. 

 

 
Fig. 4: FTIR images of pristine (a) Zno NPs b) TiO2/ZnO NCs c) Ag/ZnO NCs. 

 

3.4 Photocatalytic degradation of methylene blue dye 

The utilisation of ZnO NP, TiO2/ZnO, and Ag/ZnO NCs 

for photocatalytic activities is influenced by the optical 

absorption in the UV region and corresponding photo 

efficiency. By degrading 10 ppm of MB at pH=6, the 

photocatalytic activity of ZnO, TiO2/ZnO, and Ag/ZnO 

NCs was assessed. The impact of the catalyst's 

irradiation period on the methylene blue absorbance for 

ZnO, TiO2/ZnO, and Ag/ZnO NPCs is shown in Fig.4(a). 

It is evident that increasing the catalyst's irradiation 

period from 1 hour,2 hour, 3 hour and 4 hour causes the 

first slopes of the curves depicting the rate of absorbance 

to rise significantly.  

 

The comparison of all the molar concentrations of ZnO 

particles produced using the green approach is shown in 

Fig. 4, and it is evident from this comparison that the 

1:0.1 M concentration results in the highest 

photocatalytic activity. In contrast to ZnO and TiO2/ZnO 

NPCs, the ZnO /Ag NPCs created using the green 

approach exhibit increased catalytic activity, as shown 

by the figure. The development of nano composites 

during green synthesis may be the cause. Ag/ZnO 

nanocomposites' improved catalytic performance is 

mostly attributable to their increased surface area than 

other structures, which may also be the cause of their 

improved catalytic activity. As a result, the ZnO NPs 

surface produces more negative surface charges, which 

easily bind and destroy the methylene blue molecule. 

Positive surface charge on the surface of the ZnO is the 

cause of the low degradation of methylene blue by the 

material. Since methylene blue is a cationic dye, the 

positive charge on the ZnO surface does not pay 

attention to attract the molecule.
[29] 
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Fig. 5: Photocatalytic degradation  of pristine (a) Zno NPs b) TiO2/ZnO NCs c) Ag/ZnO NCs against methylene 

blue. 
 

3.5 Antioxidant Activity   
The substance known as an antioxidant shields cells from 

harm caused by free radicals. The DPPH approach is a 

rapid, accurate, and extremely promising way to find out 

whether the produced nanoparticles have any antioxidant 

properties. Antioxidants scavenged the DPPH radical by 

donating a proton to generate the reduced DPPH [30]. 

The decline in absorbance at wavelength 517 nm can be 

used to measure the colour change from purple to yellow 

after reduction. Fig.6. compares and displays the 

antioxidant activity of pure ZnO, TiO2/ZnO, and Ag/ZnO 

nanoparticles. It was discovered that increasing the dose 

concentration from 100 to 500 g/ml enhanced the 

antioxidant property of the nanostructures as-prepared. In 

comparison to pure ZnO (50.630.50) and TiO2/ZnO 

(54.200.90), Ag/ZnO showed high inhibitory properties 

at the highest concentration of 500 g/ml, 58.100.20%. 

The nanoparticles in order of their antioxidant capacity 

are MP-Ag/ZnO, MP-TiO2/ZnO, MP-ZnO, and Pure 

ZnO. Hence higher antioxidant properties are shown by 

the MP-Ag/ZnO nanocomposites, which may provide an 

option in nanomedicine. 

 
Fig. 6: Antioxdant activity of Synthesised 

nanocomposites. 

 

4. CONCLUSION 

Ag and TiO2 co doped ZnO nanocomposites 

physiochemical characteristics as well as their 

photocatalytic activity were investigated in this study. 

The sizes of the newly formed crystalline nanostructures 

were between 13, 15, and 16 nm. By using FTIR 

analysis, their functional groups which match the XRD 
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spectrum were discovered. According to surface and 

morphological studies, Ag-loaded TiO2 has a spherical 

shape, while the remaining particles are clustered 

nanoparticles. Subsequently, the Ag/ZnO nanocomposite 

outperformed other nanocomposites at pH 6 because of 

its photocatalytic behaviour, which showed a greater 

degradation ratio. Ag/ZnO nanocomposite also showed 

increased performance in terms of antioxidant activity 

when compared to pure and TiO2 loaded ZnO 

nanostructures. 
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