
ISSN: 2455-2631                                                   March 2022 IJSDR | Volume 7 Issue 3 

IJSDR2203002 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  15 

 

Study of Electrical, Structural and Gas Sensing 

Properties of ZnO Nanoparticles Synthesized By 

Green Synthesis Method 
 

1*Archana A. Chaudhari, 2Umesh. J. Tupe, 3Arun V. Patil, 4Chandrakant. G. Dighavkar. 

 
1, 3, 4 Research Centre in Electronic Science and Department of Electronic Science, MGV’s,   

Loknete Vyankatrao Hiray Arts, Science and Commerce College Panchavati, Nashik, Affiliated to SPPU, Pune, Maharashtra - 

422003, India. 
2Department of Electronic Science, VADP’s Arts, Science & Commerce College, Shirsondi, Tal-Malegaon, Dist-Nashik, 

Affiliated to SPPU, Pune, Maharashtra – 423208, India. 
3Department of Physics, MGV’s, Arts, Science and Commerce College, Manmad, Dist. Nashik, Affiliated to SPPU, Pune, 

Maharashtra- 423104, India 
4Departmet of Physics, MGV’s, Arts, Science and Commerce College, Surgana, Dist. Nashik, Affiliated to SPPU, Pune, 

Maharashtra- 422211, India 

 

Corresponding author: ahbendale@kkwagh.edu.in 

 

Abstract: Plant-based nanoparticle synthesis provides a number of benefits over traditional physico-chemical processes and 

can be used for a variety of purposes. ZnO nanoparticles (NPs) were synthesized by using a novel green synthesis method. 

Green-synthesized ZnO NPs have gained a lot of interest because of their intrinsic qualities such as efficiency, eco-

friendliness, and less expensive. Wheatgrass extract and a zinc nitrate derivative were used to synthesize the nanoparticles. 

Wheatgrass extract was used in this study to synthesis green zinc oxide (ZnO) NPs. Wheatgrass extract acts as a capping 

agent, as evidenced by its appearance on the surfaces of ZnO NPs. The nanoparticles were successfully synthesized using 

the Nitrate derivative of Zinc and Wheatgrass extract. After successfully synthesis of ZnO NPs thick films were prepared 

by screen printing method and prepared films were used for gas sensing applications. The structural and morphological 

properties of synthesized ZnO NPs were studied by x ray diffraction and field emission scanning electron microscopy tools 

respectively. Using Scherer's formula, the crystallite size was determined to be 24.03 nm. The electrical properties of the 

ZnO thick films were investigated by measuring resistivity, TCR, and activation energy at lower and higher temperatures 

regions. The prepared ZnO thick films were exposed to methane (CH4), carbon dioxide (CO2), and nitrous oxide (N2O) gases 

to determine sensitivity and selectivity. The films show a maximum sensitivity to CH4 gas as compared to other gases. The 

maximum sensitivity has to be found at 82.76% to CH4 gas at a concentration of 50 ppm and operating temperature was 

60 °C. Prepared ZnO thick films also show fast response and recovery time in seconds 
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1. Introduction  
 The use of nanomaterials in photovoltaic panels, photonic, bioscience, photocatalytic degradation, optoelectronic 

nanotechnologies, and biosensing has led to a significant growth in nanotechnology over the last decade. Development in this 

subject has opened up new vistas in nanoscience, especially in the realm of gas sensing [1-3]. The high surface-to-volume ratio of 

nanoparticles is one of the distinctive qualities that makes them so fascinating [4]. Because atoms on the surface are more active 

than those in the interior, nanoparticles are more reactive than bulk materials [5, 6].  

 Physical, chemical, and biological approaches are used to produce ZnO nanoparticles. The approaches included 

hydrothermal, sol-gel, physical deposition, chemical deposition, electrodeposition, thermal deposition, RF sputtering laser ablation, 

lithography, and other physical and chemical processes. These approaches necessitate specialised equipment and manpower. 

Furthermore, they have health-harming harmful consequences. The green synthesis technique yields nanoparticles that are cost-

effective, non-toxic, and sustainable. This environmentally friendly synthesis process uses less harmful chemicals. Good electron 

mobility, significant exciton binding energy, a wide bandgap, and high optical transmittance are all characteristics of ZnO 

nanoparticles [7-9]. Sensor development takes advantage of ZnO NPs. ZnO is harmless, affordable, and among the few oxides that 

exhibits quantum confinement behaviours in an experimentally accessible size range. It also has high transmittance, excellent 

thermal stability, and high conductivity. ZnO shows n-type semiconductors nature. [10, 11]. 

 When methane (CH4) gas is thoroughly mixed, it becomes extremely flammable and can produce explosives. In tight or 

improperly ventilated spaces, CH4 can potentially displace oxygen, resulting in asphyxiation. CH4 is a gas that has a 20-fold greater 

impact on climate change than carbon dioxide. Because of its extreme volatility and flammability in the air and in enclosed spaces, 

CH4 gas is dangerous and can cause asphyxia [12, 13]. As a result, an efficient and cost-effective methane gas sensor is required.  

 The aim of the present work is to synthesize ZnO nanoparticles using novel green synthesis method and to investigate the 

electrical, structural and gas sensing properties of synthesized ZnO nanoparticles. 

 

 

http://www.ijsdr.org/
mailto:ahbendale@kkwagh.edu.in


ISSN: 2455-2631                                                   March 2022 IJSDR | Volume 7 Issue 3 

IJSDR2203002 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  16 

 

2. Materials and method 

2.1 Synthesis of ZnO NPs using green synthesis method 

2.1.1. Materials 

Fresh wheatgrass extract was collected. The chemical Zinc nitrate hexahydrate AR grade (99.99 % purity) used for the analysis was 

purchased from Merck®. 

2.1.2. Preparation of extract 

To eliminate dust and other particles from wheatgrass leaves, they are carefully washed with distilled water. The leaf is then kept 

at room temperature after being washed. 20 gm of wheat grass pieces were weighed and taken for analysis. 20 gm of wheat grass 

pieces were kept in 100ml distilled water and then boiled for 10 min. at 60 °C temperature. 

The synthesis procedure of ZnO NPs is shown in Figure 1. 

 
Figure 1 Steps of synthesis of ZnO NPs 

2.1.3. Preparation of thick films 
In current research work, synthesised ZnO nanoparticles were used for the preparation of thick films. By using standard screen 

printing technique ZnO films were prepared on clean glass substrate. For the preparation of films 70% and 30% ration of inorganic 

material and organic material were taken respectively. Inorganic material consist ZnO NPs while organic material consist ethyl 

cellulose powder and butyl carbitol acetate (BCA). To make thixotropic paste mortar and pestle were used. After preparation of 

thixotropic paste, paste was employed for the preparation of thick films using screen printing set-up. After successfully preparation 

of thick films were dried under IR lamp for 30 minutes and then annealed at 300 °C using muffle furnace for 2 hrs and used further 

study. 

2.2 Structural Characterization 

The synthesized ZnO NPs were characterized by XRD, FESEM, and EDAX to study the structural properties, surface morphology, 

and elemental composition analysis respectively.  

2.2.1 X-Ray Diffraction (XRD) 

On a Rigaku diffractometer (DMAX-500), an X-ray diffractometer with CuKα radiation and wavelength (λ) = 0.154059 nm, XRD 

patterns of synthesized ZnO NPs were observed. The 2θ values obtained were compared to data files from the Joint Committee on 

Powder Diffraction Standards (JCPDS). Debye Scherer's formula, Eq. 1, was used to determine the crystallite size [14, 15]. 

       



Cos

K
D 

    (1) 

Where,   

D= Crystallite size, K= Scherrer constant (0.9), β = Full width of half maxima (FWHM), 

 λ =wavelength of X source (0.154059 nm). 
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By using Bragg’s formula Eq.2, the interplaner spacing was calculated. 

      d=λ/2SinƟ      (2) 

Where, λ = wavelength of X-radiation. 

 

2.2.2 FESEM  

The surface morphology of synthesized ZnO NPs were characterized using a Field Emission Scanning Electron Microscope 

(FESEM) [Model JOEL 6300 LA GERMANY].  

 

2.2.3 EDAX 
Energy dispersive X-ray spectrometer (JOEL-2300, Germany) was used to study the elemental analysis of synthesized ZnO NPs. 

 

2.2 Electrical Characterization 

The electrical characterization were investigated using parameters like resistivity, thermal coefficient of resistance and activation 

energy at high and low temperatures. 

Equations 3, 4 and 5 were used to calculate resistivity, temperature coefficient of resistance (TCR), and activation energy, 

respectively [14]. 
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Where,  

ρ = Resistivity of prepared film, R = resistance at normal temperature,  

b = breadth of film, t = thickness of the film, L = length of the film. 
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Where,  

∆R = change in resistance between temperature T1 and T2,  
∆T = temperature difference between T1 and T2 and Ro = Initial resistance of the film sample 

∆𝐸 =
𝑙𝑜𝑔 𝑅

𝑙𝑜𝑔  𝑅𝑜
 × 𝐾𝑇                                       (5) 

 Where,  

ΔE = Activation energy, R = Resistance at elevated temperature, R0 = Resistance at 0°C.  

 

2.3 Measurement of film thickness 

The thickness of prepared ZnO thick films was estimated using weight difference method [16].  

2.4 Gas sensing study 

The gas sensing study were conducted in a static gas system under standard controlled environments conditions. The different CH4 

gas-sensing tests were performed. The sensors were exposed to various CH4 gas concentrations (50, 100, 150 and 200 ppm) and at 

various operating temperatures (30, 60, 90, 120, and 150 ° C).  

To investigate the gas sensitivity, the electrical resistance of thick films was measured in air (Ra) and in the presence of CH4 gas 

(Rg) by using the equation 6 [15, 16]. 

S% =| (Rair-Rgas)/Rair | ×100          (6) 

Where, Rair - Resistance in air 

 Rgas – Resistance of presence of gas. 

 

3. Results and Discussion: 

3.1 Structural and morphological  

3.1.1 X-Ray Diffraction (XRD) 

According obtained XRD pattern, diffraction peaks were observed at 31.64°, 34.31°, 36.12°, 47.43°, 56.48°, and 67.35°. This pattern 

closely resembles the hexagonal wurtzite polycrystalline structure of conventional ZnO (JCPDS card No. 36-1451) [17], which 

contains lattice planes (hkl) of (100), (002), (101), (102), (110), (103), and (112) as shown in Figure 2. The Debye–Scherrer equation 

was used to calculate the crystallite size of ZnO NPs, which was found to be 24.03 nm. The high purity of the synthesised ZnO 

adopting the green synthesis method was confirmed by the observed ZnO spectrum in different phases. The development of major 

and small diffraction peaks in the XRD analysis demonstrated that ZnO has a high crystallinity [18]. 
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Figure 2 XRD pattern of ZnO NPs 

 

3.1.2 Scanning Electron Microscopy (SEM) 

The surface area and pore volume of the ZnO NPs, determined by the Brunauer, Emmett and Teller (BET) technique [19].  The 

specific surface area was found to be 1.264 m2/g by using SEM image and BET technique. The morphology of the ZnO NPs obtained 

by FESEM are shown in Figure 3. ZnO NPs showed a spherical shape [20]. SEM images of ZnO NPs synthesized employing the 

green synthesis approach revealed the growth of spherical nanoparticles with significant aggregation [21]. 

 
Figure 3 FESEM micrograph of ZnO NPs 

 

3.1.3 Energy Dispersive X-Ray Analysis (EDAX) 

The energy dispersive X-rays Analysis (EDAX) tool, as shown in Figure 4, was used to determine the proportionate elemental 

composition of ZnO NPs.  
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Figure 4 EDAX spectra of ZnO NPs 

EDAX indicated the existence of only two elements: zinc and oxygen, in synthesised zinc oxide nanoparticles.  

Table 1 summarizes the element's atomic and weight percentage compositions. EDAX analysis revealed the purity of the synthesised 

ZnO NPs. The nature of the ZnO NPs found to be nonstoichiometric [21, 22]. 

 

3.2. Electrical  
 

3.2.1 Resistivity 
The DC resistance of the films was determined as a function of temperature using the half bridge technique [14, 15]. Figure 5 

shows that the resistance of prepared ZnO thick films decreases dramatically from room temperature to a specific temperature, but 

drops steadily at higher temperatures. The resistance attains a constant minimum saturation level with respect to temperature. At 

room temperature, the resistivity of prepared ZnO thick films was calculated using Equation 3. The resistivity of ZnO thick films 

was found to be 185584.3 Ω-m. It is also observed that the resistivity of the prepared ZnO thick film decreased as the temperature 

increased. 

 
Figure 5 Resistance versus temperature of ZnO thick films 
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3.2.2 Thermal coefficient of resistance (TCR) 
Equation 4 was used to compute the TCR of prepared ZnO thick films. TCR was negative for the thick films, indicating 

films semiconducting in nature [14, 16]. The TCR of prepared ZnO thick films was found to be -0.004205 /°C. 

 

3.2.3 Activation energy 
Figure 6 shows an Arrhenius plot of Log Rc versus 1/T for prepared ZnO thick film. In a high-temperature region, the activation 

energy is higher than in a low-temperature region [14, 23]. The action energy at higher and lower regions of the prepared ZnO thick 

film is determined using Equation 5 [23]. The action energy was found to be 0.5332521eV in the higher region and 0.1857917 eV 

in the lower region. 

 
Figure 6 Log Rc versus 1/T of ZnO thick films 

              Table-1: Electrical outcomes of ZnO thick films 

 

Thickness of 

film (µm) 

Resistivity 

(Ω-m) 

TCR 

(/°C) 

Activation energy (eV) 

HTR LTR 

26 185584.3 -0.004205 0.5332521 0.1857917 

 

3.3 Gas sensing study 
The gas-sensing properties of the prepared ZnO thick films were investigated in this study using a locally developed static gas 

system. The developed system was used to inject the target gases such as CH4, CO2 and N2O onto the surface of ZnO thick films. 

The synthesised ZnO NPs was used as a sensing element in the form of thick film. At operating working temperatures, the resistance 

of thick films was measured in the surrounding condition as well as in the presence of gas at different ppm. 

 

3.3.1 Sensitivity 
Equation 6 was used to determine the sensitivity of the prepared ZnO thick films. The results in Figure 7 reveal the gas sensitivity 

of a thick film at different operating temperatures to selected gases. At an operating temperature of 60 °C and a gas concentration 

of 50 ppm, the thick film revealed a maximum sensitivity of 82.76% to CH4 gas, among other selected gases. 
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Figure 7 Sensitivity of ZnO NPs thick film 

3.3.2 Selectivity 
The ability of a gas sensor to distinguish between various target gases is a critical feature of a successful gas sensor [15]. An 

optimum operating temperature was noted in order to measure the selectivity of a sensor for a specific target gas. 

 
Figure 8 Selectivity of ZnO NPs thick film  

Figure 8 shows the selectivity of the prepared ZnO thick film for selected gases. At 60°C, CH4 gas has the maximum selectivity 

against all other tested gases. It is also observed that, the prepared ZnO thick films shows less sensitivity to CO2 gas as compare to 

other. 

 

3.3.3 PPM variation 
Figure 9 shows the methane gas ppm verses sensitivity of ZnO thick films. From figure 9, it is observed that the thick film shows 

maximum sensitivity to 50 ppm methane gas concentration. After increase ppm variation the sensitivity decreases. The sensitivity 

found to be low ppm is key parameter to the development of gas sensor.   
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Figure 9 Methane gas PPM variation 

3.3.4 Response and recovery time 
Rapid response and recovery are essential for the effective operating and satisfactory performance. Since the sensor's effective 

parameters for working at a certain gas concentration and temperature are response and recovery time [25]. Figure 10 shows the 

response and recovery time of ZnO thick films. At a concentration of 50 ppm and an optimum temperature of 60 oC, it responds in 

12 seconds and recovers in 52 seconds to methane gas. 

 

 
Figure 10 Response and recovery time of ZnO thick films 

 

3.3.5 CH4 gas sensing mechanism 

The sensor resistance rapidly drops after exposure to the target gas and then settles down. The equilibrium resistance value denotes 

the value of sensor resistance that corresponds to the completion of the sensing process [26]. The nonstoichiometric nature of n-

type semiconductors causes them to act as donor states, giving conduction electrons. The chemisorption of oxygen from air on the 

surface and at grain boundaries, therefore, has a significant impact on the overall surface resistance of these films. The chemisorbed 

oxygen clings to the surface and captures conduction electrons, resulting in a negatively charged species. Surface resistance rises 

as a result of the process. The trapped electrons are released due to an interaction between the gas molecules and the negatively 

charged chemisorbed oxygen species in the presence of a reducing gas, resulting in a decrease in material resistance [27]. 

The surface resistance of ZnO, which is a common n-type semiconductor gas sensing material, dominates its gas sensing 

capabilities. Initially, oxygen would be absorbed on the ZnO surface in surrounding atmosphere. Absorbed oxygen then functions 
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as a trap, trapping electrons from the conduction band of ZnO due to its strong electronegativity. As a result, a depletion area 

emerges on the surface, causing in a rise in ZnO resistance. When the sensor is exposed to ambient CH4, the CH4 molecules react 

with adsorbed oxygen, releasing trapped electrons back into the conduction band and resulting in a decrease resistance [28]. 

 

4. Conclusions 

ZnO nanoparticles were successfully synthesized by green synthesis method using Zinc nitrate hexahydrate and wheat grass pieces. 

ZnO thick films of synthesised NPs successfully prepared by using standard screen printing technique. The thickness of prepared 

film found to be in µm range. SEM analyses revealed that the synthesized ZnO was spherical in shape with large agglomeration of 

particles. The specific surface areas found to be 1.264 m2/g. The crystallite size and purity of the sample are investigated by XRD. 

The crystallite size was found to be 24.03 nm Using Scherers formula. The prepared ZnO thick films show a maximum sensitivity 

to methane gas. The maximum sensitivity was to be found at 82.76% at a concentration of 50 ppm and operating temperature was 

60 °C. Prepared ZnO thick films also show fast response and recovery time 12 and 52 seconds respectively. 
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