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ABSTRACT 
This paper presents a plant-mediated method for synthesizing ZnO nanoparticles. The nitrate 
derivative of zinc and plant extract from the native medicinal herb Cayratia pedata were used to 
successfully synthesize the nanoparticles. The plant extract was allowed to react with 0.1 mM of Zn 
(NO3)2.6H2O at several concentrations, while the reaction temperature was kept at 55◦C, 65◦C, and 75◦C. 
The resulting yellow paste was completely dried, gathered, and sealed for additional examination. An 
absorption peak peculiar to ZnO nanoparticles was detected at 320 nm in the UV visible spectrometer 
(UV-Vis). The existence of ZnO nanoparticles in their aggregated form is revealed by the 
characterization performed with a Field Emission Scanning Electron Microscope (FESEM). The average 
size of the nanoparticles was calculated to be 52.24 nm based on the X-ray diffraction (XRD) pattern. 
The composition of zinc and oxygen is revealed by the Energy Dispersive Spectrum (EDX) 
measurements, which show high energy signals of 78.32% and 12.78% for zinc and oxygen, 
respectively. Analysis using Fourier Transform-Infra-Red (FT-IR) spectroscopy reveals that the Zn–O 
bonding absorption peak lies between 400 and 600 cm-1. The development of nano ZnO is confirmed by 
the several characterization techniques used. The enzyme glucose oxidase was immobilized using the 
produced nanoparticles. When glucose oxidase was immobilized using the green produced ZnO 
nanoparticles, a relative activity of 60% was achieved. A comparison between native ZnO and the green 
produced ZnO was also conducted. It was discovered that this green synthesis approach was both 
economical and environmentally beneficial. 

 
1.  Introduction 

 

Because of its use in biotechnology, chemistry, and 

medicine, nanotechnology has grown significantly during the 

last ten years [1–3]. Advancements in this area have led to new 

developments in nanoscience, specifically in the areas of drug 

delivery, gene transport, nanomedicine, biosensing, and more 

[4, 5]. The high surface-to-volume ratio of nanoparticles is one 

of their distinctive characteristics that makes them so intriguing 

[6]. Because atoms on the surface of nanoparticles are often 

more active than those at the center, this property makes them 

more reactive than the bulk material [7, 8]. These nanoparticles 

can be synthesized chemically, physically, or biologically. 

Numerous physical and chemical techniques, including as 

lithography, hydrothermal, sol-gel synthesis, and laser ablation, 

call for specialized tools and trained personnel. They are also 

harmful to health due to their poisonous effects. The green 

synthesis process yields nanoparticles that are non-toxic, 

biodegradable, and reasonably priced [9–12]. Because it uses 

natural resources like leaves, roots, and flower extracts as well 

as microorganisms like bacteria, fungi, algae, etc., this 

environmentally friendly synthesis method uses fewer harmful 

compounds [13–15].  

Recent research demonstrates the importance of 

environmentally friendly metal oxide nanoparticle synthesis, 

where metal oxides such as zinc, gold, copper, silver, nickel, 

and others are becoming more and more significant [16–18]. 

Our goal is to synthesize nanoparticles that may be used to 

create optical biosensors, which prioritizes materials with 

favorable optical characteristics such as chemiluminescence, 

photoluminescence, optical absorption, and optical emission 

[19, 20]. Among the many metal oxides, ZnO nanoparticles 

have a wide bandgap, good optical transmittance, strong 

electron mobility, and a substantial exciton binding energy [21, 

22]. The development of sensors makes use of ZnO's optical 

characteristics [23–25].  

The plant Cayratia pedata, also called the "Birdfoot 

Grapevine," is a member of the Vitaceae family and is the 

subject of the current study's green synthesis process for 

synthesizing ZnO nanoparticles [26]. The southern region of 

India is home to the native, endangered medicinal plant 

Cayratia pedata. Mostly found in tropical forests, it is a woody 

climber with a cylindrical stem. The plant's leaf has long been 

used to cure scabies, inflammation, and ulcers [27]. Alkaloids, 

tannins, phenolic chemicals, flavonoids, and terpenoids are 

abundant in the plant extract [28]. The antibacterial [29], anti-

ulcer [30], anti-inflammatory [31], anti-arthritic [32], anti-

diarrheal [33], anti-oxidant [34], and anti-nociceptive [35] 

qualities of the plant's crude extracts vary in strength. The 

synthesis of ZnO nanoparticles from Cayratia pedata has never 

been attempted before. But in the past, Cayratia pedata was 

employed as reducing agent to create silver nanoparticles [36].  

Applications for the produced nanoparticles include drug 

discovery, sensors, lasers, and more. Depending on the 
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application, the synergistic effects can be quantified. Shape and 

size are crucial in applications that use the anticancer [37], 

antibacterial [38], antimicrobial [39], antityrosinase [40], and 

antibiofilm [41] properties of nanoparticles. For instance, 

spherically shaped ZnO NP is much easier to release Zn2+ ions 

than rod-shaped ZnO NP, and tiny particles are more 

permeable to bacterial membranes [42–44]. Additionally, it has 

been discovered that ZnO nanoparticles are a superior catalyst 

that may be regenerated with reduced activity degradation [45]. 

The characteristics of nanoparticles can be applied in a wide 

range of fields. However, in order to further improve glucose 

oxidase as a biosensor, these nanoparticles were specifically 

produced to encapsulate the enzyme. There have been previous 

reports of immobilization through the use of the green 

synthesis approach [46]. However, this is the first study to use 

green synthesized ZnO nanoparticles to immobilize the 

glucose-specific enzyme glucose oxidase.  

 

1.1  Mechanism of the plant-mediated technique  
 

To transform the metal precursors into metal 

nanoparticles, the phytochemicals found in the plant extract 

can function as reducing agents. Because they are toxic-free 

and antioxidants, phytochemicals can have both lowering and 

stabilizing effects [47]. Terpenoids, flavonoids, phenolic 

compounds, aldehydes, and alkaloids are among the vital 

phytochemicals that have aided in the reduction process. 

Different plant extracts have varying amounts of these 

phytochemical lowering agents. Thus, the synthesis of 

nanoparticles is significantly impacted by the content of the 

leaf extract. The synthesis, stability, and amount of 

nanoparticles formed are influenced by variables such pH, 

temperature, contact time, metal salt concentration, and 

phytochemical profile of plant extract [48]. In order to stabilize 

the metal ions following reduction by plant extracts, literature 

suggested encasing them in an organic covering in three stages.  

1. Activation phase: includes nucleation of reduced metal 

ions and reduction of metal ions,  

2. Growth phase: contributes to the stability of 

nanoparticles,  

3. The last stage is comprised of the produced 

nanoparticles [49].  

The activity of phytochemicals causes metals like copper, 

silver, gold, titanium, zinc, iron, and nickel to create their 

metal oxides. Metal ions reach the growth and stabilization 

phase through the action of phytochemicals. Finally, the 

joining of metal ions due to oxygen production creates a 

distinct shape.  

Plant extract preparation, mixing the metallic solution with 

the plant extract, and the creation of biocompatible 

nanoparticles are the steps in the plant-based extraction 

mechanism of nanoparticle synthesis. After that, the 

nanoparticles were characterized using FTIR, SEM, TEM, 

XRD, and other techniques; the specifics are covered in the 

next session.  

 

2.  Materials and methods 
 

2.1  Materials 
 

A taxonomist from the Agriculture University, Hisar 

recognized a fresh Cayratia pedata var. glabra plant that was 

obtained from forest of Tamilnadu. Fusion Biotech, New 

Delhi, supplied the substance utilized in the analysis, zinc 

nitrate hexahydrate (99.8% purity).  

 

2.2  Methods 
 

To get rid of dust and other debris, the plant's leaves are 

thoroughly cleaned with distilled water. After being cleaned, 

the plant portion is allowed to air dry at ambient temperature. 

Fifty grams of leaves were weighed and collected for 

examination. After being cut into little pieces, they were 

crushed with a mortar and pestle while enough water was 

added. To investigate the impact of concentration variation in 

sample preparation, the extract is made at two distinct 

concentrations: Sample A (25 gm in 50 ml) and Sample B (25 

gm in 100 ml). After 15 minutes of boiling, which weakens the 

cell membrane, the extract was processed by filtering it 

through Whatman No. 1 filter paper. After centrifuging it for 

five minutes at 2400 rpm to get rid of the debris, the 

supernatant is removed for additional testing.  

 

2.3  Green synthesis of nanoparticles  
 

The study uses modified processes from earlier green 

synthesis work to synthesize ZnO nanoparticles, as shown in 

Table 1. For the current work, the crucial elements of each of 

the techniques described here were taken into account. This 

study attempted to reduce the complexity of the processes 

performed, the quantity of chemicals employed, and the time 

required for the analysis without compromising the quality of 

the synthesized nanoparticle, in contrast to other synthesis 

procedures where zinc nitrate was considered the precursor.  

 

Table 1: Modified methods from other research that served as our study's references. 
 

Sl 

No. 

Plant/fungi/ bacteria 

(Concentration), 
Filtering process/pre heating Working temperature and condition References 

1 
Brassica oleracea L. var. 

Italic (8g in 80 ml) 
At 70◦C for 20 min 

Heated at 70◦C for 20 min + centrifuged at 6000 

rpm for 20 min + dried at 80◦C for 6 h + calcinated 

at 450◦C 

[50] 

2 
Deverra tortuosa (crude 

extract of 25 ml) 
At 60–80◦C 

Heated at 60◦C overnight + paste collected and 

heated at 400◦C for 2 h 
[51] 

3 
Euphorbia petiolata (50 g 

in 500 ml) 
At 80◦C for 30 min 

Heated at 80◦C for 2 h + centrifuged at 6000 rpm + 

annealing at 400◦C for 2 h 
[52] 

4 Punica 
At 40◦C at pH 3 and filtered with 

Whatman filter paper (0.22 m) 

Heated at 80◦C + centrifuged at 1000 rpm for 10 

min annealing at 400◦C and 500◦C 
[53] 

5 Mussaenda frondosa (1:10) At 100◦C for 4 h 
Stirring at 450–500 rpm + mix heated at 400◦C for 

10–30 min in magnetic stirrer 
[54] 

6 
Eucalyptus globulus Labill 

(20 g in 100 ml) 

At 60◦C in oven and cooled to 

room temperature 

Centrifuged at 5000 rpm for 1 h + calcined at 

400◦C for 2 h 
[55] 
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The obtained homogenous leaf extracts were mixed with 5 

ml of 10 mM Zn (NO3)2.6H2O and agitated for 20 minutes at 

65°C. After turning light yellow, samples A and B were 

gathered and heated for the entire night at the same 

temperature until a thick yellow paste was produced. After 

being fully dried and calcined for two hours at 400°C, this 

paste was gathered and packaged individually for additional 

analysis. The process of calcination, which is temperature-

dependent, eliminates the contaminants from the sample and 

yields a pure version of the NP [56]. To finally prove that the 

sample was ZnO nanoparticles, it was evaluated and measured 

using a variety of techniques, including UV visible 

spectrometer, SEM, XRD, EDX, and FT-IR. For temperatures 

above and below the working temperature, 55°C and 75°C, this 

process was repeated. Zinc nitrate and plant extract did not 

react during the experiment at 55◦C, which led to the creation 

of nano ZnO. Furthermore, it produced ashes due to the 

excessively high temperature of 75◦C when employed as the 

operating temperature. But without any negative effects, a 

yellow color shift was seen at 65°C. Furthermore, the sample's 

identity as ZnO nanoparticles was verified during 

characterization. Therefore, temperature has a significant 

impact on how nanoparticles form.  

 

2.4  Characterization of ZnO nanoparticles  
 

UV–visible spectroscopy  
The absorption spectra of ZnO nanoparticles produced at 

different temperatures and concentrations were used to observe 

the optical properties of the nanoparticles. An Ultraviolet–

Visible Spectrometer with a wavelength between 200 and 800 

nm is used to characterize this. Spectroscopy can also be done 

using UV light for LEDs. There are three kinds of them. The 

wavelengths of UV A are 400–315 nm, UV B is 315–280 nm, 

and UV C is 280–100 nm. The former can be used for generic 

applications and is more cost-effective, while the latter is more 

environmentally friendly. Because UV-LEDs are application-

specific, we decided to analyze them using UV-visible 

spectroscopy.  
 

Scanning electron microscopy  

The pictures of the biosynthesized ZnO nanoparticles were 

captured using a Nova NanoSEM 450 analyzer with an 

acceleration voltage of 10 KV. The manufactured particles 

were combined with acetone and allowed to dry on a glass 

slide to create a thin layer for the analysis before the FESEM 

images were taken. 

X-Ray Diffractogram: The Bruker AXS D8 Advance X-

Ray Diffractometer is used to analyze the crystalline material 

utilizing Cu k-alpha radiation with a wavelength of 1.5402 Å. 
 

Energy dispersive spectrometry  

The composition and elemental data of the nanomaterial 

were obtained using energy dispersive spectroscopy.  
 

Fourier transform infrared spectroscopy  

The chemical bonds in the manufactured nanoparticles are 

revealed by the infrared absorption spectra generated by this 

characterization method. The analysis for this was conducted 

using the FT-IR Spectrophotometer-Thermo Fisher-Scientific 

Nicolet iS50. 2.4.5.  
 

Immobilization of enzymes  
The generated nanoparticles were utilized to immobilize 

the enzyme after being verified as nano ZnO by a variety of 

characterization techniques. A straightforward adsorption 

technique was used to immobilize glucose oxidase on produced 

ZnO nanoparticles. 1 mg of GOx was added to 0.1 M sodium 

acetate buffer at pH-5 for the adsorption procedure. After 

adding 0.5 g of ZnO nanoparticles to the aforesaid solution, it 

was incubated for the entire night at 30°C while being 

constantly stirred. Other pH values, including 3, 7, and 9, were 

tested in the experiment. In order to ascertain the amount of 

enzyme activity upon immobilization, the glucose oxidase 

activity was measured using the test kit. The assay relied on the 

enzymatic reaction of immobilized glucose oxidase with the 

substrate glucose to produce hydrogen peroxide. Colorimetric 

measurements of the hydrogen peroxide reaction with 

fluorescent peroxidase substrate are made at 570 nm.  

 

3.  Results and discussion 
 

3.1  UV-visible spectroscopy  
 

Zinc ions in the fluid are reduced to ZnO by secondary 

metabolites found in plants. In addition to its reducing 

properties, the plant extract also has stabilizing properties. By 

analyzing the UV-visible spectrum between 280 and 800 nm, 

this was verified. The ZnO nanoparticle-specific peak in the 

spectra was observed at 320 nm. The wavelength range of the 

absorbance peak for ZnO nanoparticles is reported to be 

between 310 and 360 nm [57].  

 

 
Figure 1: UV-Vis spectra of two distinct concentrations of ZnO 

nanoparticles. 

 

Because Sample A contains a higher percentage of plant 

extract, it exhibits greater absorption. Sample B is represented 

by the graph in Figure 1 that shows a smaller absorption peak. 

Two absorption peaks are visible in sample B alone. When 

sample B was first taken for the study, it has a somewhat 

greater absorption peak. As time progresses, the nanoparticles 

settle near the bottom of sample B's lowest graph, resulting in a 

decrease in absorption. Sample A was taken into consideration 

for additional characterization since it had greater absorbance 

as a result of its higher concentration. Using Eg = 1240/λ eV, 

the bandgap energy was computed and found to be 3.8 eV, 

which is similar to the energy bandgap values for ZnO 

nanoparticles that have been previously reported [58, 59]. 

 

3.2  FESEM analysis  

As seen in Figure 2, FESEM pictures were captured at 

various magnifications to investigate the size and form of the 

synthesized nanoparticles. The agglomerated form of the 

nanoparticles is confirmed by the surface morphology. 
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Numerous scholarly works document the impact of surface 

shape and its correlation with ZnO's synergistic action [60]. 

The majority of the particles' horizontal shape was discovered, 

and XRD was used to validate this. 

  

 
Figure 2: FESEM picture of ZnO nanoparticles at different magnifications. 

 

3.3  XRD analysis  
 

The crystalline nature of ZnO nanoparticles is revealed by 

XRD. The diffractogram displays the diffracted rays' intensity 

as a function of the diffraction angles. The spectra display the 

crystal planes' specifics. Table 2 describes the different angles 

at which the lattice planes (100), (002), (101), (102), and (110) 

were formed. To determine the nanoparticles' size, the Debye-

Scherrer equation was utilized:  

 
oλ
A

βcosθ

k
D   

 

where k is the form factor or Scherer's constant (0.9), θ is 

Bragg's diffraction angle, β is the XRD peak full width at half 

maximum, D is the average crystalline particle size, and λ is 

the x-ray wavelength (1.5406 Å).  

 
Table 2: Outcomes of XRD study at different angles of diffraction. 

Sl. No. 2Ө FWHM (β) 
Miller 

indices 

Particle size 

(D) 

1 31.57 0.00229 (100) 60.29 

2 34.24 0.00229 (002) 60.29 

3 36.07 0.00233 (101) 59.26 

4 47.36 0.00243 (102) 56.83 

5 56.42 0.00278 (110) 49.74 

6 62.69 0.00299 (103) 46.22 

7 67.77 0.00325 (112) 42.54 

8 68.91 0.00324 (201) 42.70 

 

The average crystallographic size of the synthesized 

nanoparticles was calculated using Scherrer's formula and was 

52.24 nm. The peaks and the ICDD card number 01-079-0207 

matched. With lattice parameters a (= b) equal to 3.2568 Å and 

c equal to 5.2125 Å, the nanoparticles were found to have a 

hexagonal form, which is consistent with values previously 

reported [61, 62].  

 

3.4  EDX analysis  
 

The existence of zinc in the oxide form is confirmed by 

the high signal for zinc and oxygen that the EDX showed. The 

EDX provides significant peaks of 78.32% for zinc and 

12.78% for oxygen, whose weight percentage peaks are similar 

to those previously reported for the fabrication of ZnO 

nanoparticles [63]. This information provides the composition 

of each element present in the analyte. For zinc, two prominent 

peaks were found at 1 eV and 8.6 eV, while for oxygen, the 

signal was visible at 0.5 eV [64, 65]. The elemental makeup of 

the produced chemical is confirmed by these values, which are 

particular to zinc and oxygen. Figure 4 illustrates the presence 

of traces of several chemicals, such as sodium, in addition to 

zinc and oxygen. 

 

 
Figure 3: Synthesized ZnO nanoparticles' X-ray diffraction spectrum. 

 

3.5  FT-IR analysis  
 

The synthesized ZnO nanoparticles' composition and 

functional group synthesis are revealed by FT-IR. 

Additionally, it implies that phenolic chemicals, alkynes, 

terpenoids, and flavonoids combine to synthesize ZnO 

nanoparticles. The FT-IR spectra of the synthesized ZnO 

nanoparticles in the 400–4000 cm–1 range are shown in Figure 

5. The reduction of zinc ions to ZnO, which was seen as bands, 

was caused by the functional groups. Every band represents a 

different stretching mode.  
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O-H stretching of phenolic compounds is represented by 

the wide band seen at 3275 cm–1 [66]. The existence of the 

alkene group was identified at 1624 cm–1 [67], while the 

amines' C–N stretching bonds are represented by the band at 

1313 cm–1 [68]. The presence of Zn–O stretching bands is 

responsible for the several sharp bands at 491 cm–1 and 435 

cm–1; the bands between 1000 and 1300 correlate to the C–O 

stretching of esters and carboxylic functional groups [69, 70]. 

 

 
Figure 4: EDX spectrum of synthesized ZnO nanoparticles. 

 

 
Figure 5: FTIR spectrum of synthesized ZnO nanoparticles. 

 

3.6  Immobilization of enzyme 
  

As seen in Figure 6, GOx activity was greater than 50% at 

all pH levels. At pH 3, the least amount of activity was seen. 

However, when sodium acetate was utilized as the buffer with 

green produced ZnO nanoparticles, the maximum activity of 

roughly 60% was noted at pH 5. After thereafter, there was a 

minor drop in activity from pH 5 to pH 9. The enzyme activity 

when adsorbed utilizing native ZnO yielded the highest relative 

activity of 68% when compared to the relative activity at 

different pH levels. The enzyme activity previously reported 

for the immobilization of a cysteine-functionalized enzyme 

employing ZnO nanoparticles was comparable to this result 

[71]. In contrast to the green synthesis technique, natural ZnO 

showed the least activity at pH 7. However, the maximum 

activity for both ZnO nanoparticles was noted at a pH of 5. 

This might be expanded to optimize a number of additional 

parameters, such as concentration, temperature, etc.  

 

 
Figure 6: Glucose oxidase's enzyme activity profile employing native 

and green manufactured nanoparticles at varying pH values. 
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4.  Conclusions 
  

The paper describes a straightforward, economical, and 

environmentally friendly process for synthesizing ZnO from 

the plant Cayratia Pedata leaf extract. It was discovered that 

the green synthesis approach, which uses less chemicals to 

synthesize the nanoparticles, is more environmentally friendly 

than the traditional methods. Through wet chemical synthesis, 

nano ZnO of different sizes was produced; the average size 

was 52.24 nm. The size and structure of ZnO, whose 

composition and purity were established by EDX tests, are 

confirmed by SEM analysis. FT-IR spectroscopy was used to 

analyze the stretching and bonding, while XRD analysis was 

used to look into the average size and shape of the synthesized 

nanoparticles. When utilized for enzyme immobilization, the 

synthesized ZnO nanoparticles provided a relative activity of 

60%, or 88.2% of the activity when compared to natural ZnO 

immobilization. 
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