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Abstract. Gas sensors have been widely implemented to address concerns about air pollution, 
monitor human health, and increase crop yields. Because of their high sensitivity, quick response 
time, and short recovery time, metal oxide semiconductor (MOS) gas sensors have become a 
significant topic of research in the field of gas sensing. In the last decade, many researchers have been 
working on the different types of pure and doped MOS to improve gas sensor response. The present 
research work deals with the fabrication of p-n heterojunction thin films on an alumina substrate by 
using the thermal evaporation technique for reduced gas sensing applications. In the current research 
work, ZnO is used as a functional material and MgO as a dopant. The structural, electrical, and gas 
sensing properties of fabricated p-n (CuO-ZnO) heterojunction thin films were studied. The resistivity 
of p-n heterojunction thin films was found to be 23.461Ω/m. The TCR was found to be negative for 
p-n heterojunction thin films. The morphological, elemental, and structural characterization of 
fabricated CuO-ZnO heterojunction thin films were analysed by using SEM, EDAX, and XRD 
standard tools, respectively. By using Scherer’s formula, the crystallite size of CuO-ZnO 
heterojunction thin films was found to be 36.83 nm. The fabricated CuO-ZnO heterojunction thin 
films were exposed to reducing gases such as liquefied petroleum gas (LPG), ammonia (NH3), ethanol 
(C2H5OH), and dichlorofluoromethane (R12) to determine gas response and selectivity. Fabricated 
CuO-ZnO heterojunction thin films show a maximum response to LPG gas as compared to other 
gases. The maximum sensitivity has to be found at 89.23% to LPG gas at a concentration of 300 ppm. 
Fabricated MgO-ZnO thin films also show fast response and recovery time in seconds. 

1. Introduction 
Pollution surveillance, biosensors, and agriculture are just a few of the applications for gas 

sensors in daily life [1]. Semiconductor gas sensors can detect a particular target gas by changing the 
impedance of a sensing body, which is a porous assembly of small crystals or particles of oxide 
semiconductors like ZnO, SnO2, CuO, WO3, etc. [2, 3]. Chemical and thermal properties are both 
stable over time. The sensors are mostly used to estimate real amounts as well as to run a few 
structures. A sensor is an electronic device that detects a variety of different input signals. The high 
demand for gas detection and monitoring has created a challenge. Exposure to poisonous and 
hazardous gases can result in cardiac problems, respiratory disorders, and cellular disintegration in 
the lungs, haemoglobin depletion, cognitive disability, edema, and other difficulties. Automobile 
emissions and technological waste damage the atmosphere [3, 4]. 

Gas sensors made of metal oxide semiconductors (MOS) and nanocomposites are quite popular 
because of their quick detection, ease of use, and low cost [5]. Due to their wide range of applications 
in fields such as photovoltaic panels, photocatalysts, sensors, microelectronic circuit fabrication, 
piezoelectric devices, fuel cells, display panels, optoelectronics, gas sensors, and other fields, metal 
oxide thin films and nanostructures have attracted much interest during the last decades. The 
development of thin ZnO films has sparked particular interest among them [6, 7]. 
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Nanomaterials with diameters of fewer than 100 nanometers are now being studied in a variety 
of applications. Nanoparticles have a large surface-to-volume ratio, which is advantageous for gas 
sensing [8]. In addition to noble metal ornamentation, doping can be used to improve the features of 
chemical resistance gas sensors. Certain researchers have used doping to improve MOS sensor 
properties like sensitivity, reaction time, and recovery time. Dopants include metal oxide, noble 
metals such as Au, Pt, Pd, Ag, Cu, Co, non-metallic elements, and others [9, 10]. The p–n 
heterostructures, which are made up of n-type and p-type MOSs, have been widely explored in the 
field of gas sensing core-shell nanostructures. Researchers have been looking into CuO-ZnO 
heterostructured H2S gas sensors ever since Kim et al. reported that CuO-SnO2 nanostructures were 
good at detecting H2S gas [11, 12]. 

The contact transition region formed at the interface between two semiconductors with different 
bandgap widths is referred to as a heterojunction. As we all know, P-type semiconductors and n-type 
semiconductors are two types of semiconductors. As a consequence, a heterojunction can be divided 
into two types: homogeneous heterojunctions (n-n and p-p heterojunctions) and heteromorphic 
heterojunctions (p-n heterojunctions). Heterojunctions can be found in nanoparticles, nanosheets, 
flower-like hollow microspheres, nanofibers, nanorods, and nanoneedles, among other structures [11-
13]. 

People are interested in research on heterogeneous materials and devices because the two 
materials have different chemical and physical properties, such as band structure, dielectric constant, 
lattice constant, and electron affinity, which make the heterojunction different from other types of 
materials. 

Several researchers synthesised p-n heterojunctions and demonstrated their utility in a variety 
of fields. Thermal decomposition, co-precipitation, chemical vapour deposition, sol-gel and wet-
impregnation procedures, complex-directed hybridization, and heating brass in the air have all been 
used to synthesise CuO-ZnO nanocomposites. P-N heterojunction, thin films or nanocomposites, on 
the other hand, are better for some practical applications than pure metal oxide [13, 14]. 

Thermal evaporation is the most effective technique for the fabrication of p-n heterojunction 
thin films. Vaporization of the material to be deposited, vapour transmission from the source to the 
substrate, and lastly, condensation on the substrate surface are all physical processes of film 
deposition. The process is ideally carried out under a vacuum to avoid the formation of dense films. 
In the deposition of thin films, nucleation and growth are necessary. The atoms and molecules on the 
substrate surface lose thermal energy during nucleation. The strength of the deposited film is 
determined by the physical and chemical interactions between the thin-film material and the substrate 
surface. This technique is efficient, inexpensive, non-catalytic, and requires low-temperature growth 
[6, 15, 16]. 

Zinc oxide (ZnO) is a nontoxic n-type semiconducting material with a large direct band gap 
(Eg = 3.37 eV) at ambient temperature and a high exciton binding energy (60 meV) [17]. Undoped 
ZnO typically shows n-type conductivity with a typical carrier concentration due to intrinsic defects 
of oxygen vacancies and zinc interstitials. ZnO thin films have a variety of micro morphologies and 
properties, so it's possible to improve the electrical and gas sensing properties of ZnO thin films using 
purposeful doping and appropriate synthesis processes. Many ZnO studies currently focus on doping 
elements to reduce the film's resistivity. As a result, numerous studies have been conducted on n-type 
doping. It has been shown that ZnO-coated electronics can be used for a wide range of things, which 
has led to a lot of attention in the field of gas sensors [18, 19]. 

In the present research work, the authors have emphasised the fabrication of p-n heterojunction 
thin films on an alumina substrate by using sophisticated thermal evaporation techniques. This present 
work focuses on the study of structural, electrical, and gas sensing properties of fabricated p-n (CuO-
ZnO) heterojunction thin films for reducing gas. 
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2. Materials and Methods 
2.1 Fabrication of p-n heterojunction thin films by thermal evaporation technique 

Commercially available AR grade (99.99% purity) nanopowder of ZnO and CuO were used in 
this study. For p-n heterojunction fabrication, ZnO was utilised as the base and CuO as the dopant 
material. All the films were developed on a clean alumina substrate. For fabricating thin films, all 
substrates were thoroughly cleaned with acetone and then exposed to an IR lamp for 30 minutes to 
remove contaminants. The thermal evaporation technique was used to make thin films. The system 
consists of a vacuum pump system that was evacuated to a pressure of 10-5-10-6 mbar using a 
rotational and diffusion pump setup as indicated in Figure 1. A vacuum was formed inside the 
chamber, and clean alumina substrates were placed inside the deposition chamber. A molybdenum 
boat was placed in a molybdenum boat using a conventional arrangement, and a high-voltage power 
supply was provided to the evaporation target. The fabricated thin films were then annealed in a 
muffle furnace at 650 °C for 2 hours before being used in future research. 
 

 
Fig.1 Schematic of thermal evaporation technique for thin film fabrication 

2.2 Structural Characterization 
The fabricated CuO-ZnO heterojunction thin films were characterized by XRD, FESEM, and 

EDAX to study the structural properties, surface morphology, and elemental composition analysis, 
respectively. The thickness of the fabricated films was measured using the Taylor-Hobson (Taly-step 
UK) system. 
2.2.1 X-Ray Diffraction 

On a Rigaku diffractometer (DMAX-500), an X-ray diffractometer with CuKα radiation and 
wavelength (λ) = 0.154059 nm, XRD patterns of fabricated thin films were observed. The samples 
were examined between the range of 10◦ to 80◦. The 2θ values obtained were compared to data files 
from the Joint Committee on Powder Diffraction Standards (JCPDS). Origin 9.5 software was used 
to calculate the full width of half maxima (FWHM). Debye Scherer's formula, Eq. 1, was used to 
determine the crystallite size [21]. 
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θβ
λ

Cos
KD =

       (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). 
 
By using Bragg’s formula Eq.2, the interplaner spacing was calculated. 
 

    𝑑𝑑 = λ
2𝑆𝑆𝑆𝑆𝑆𝑆Ɵ

        (2) 
 
Where, λ = wavelength of X-radiation. 
2.2.2 FESEM and EDAX 

The surface morphology of the fabricated thin films was characterized using a Field Emission 
Scanning Electron Microscope (FESEM) [Model JOEL 6300 LA GERMANY]. Image-J software 
was used to find the average particle size of the fabricated thin films. Energy dispersive X-ray 
spectrometer (JEOL-2300, Germany) was used to do the elemental analysis. 

The specific surface area calculated using FESEM images of fabricated thin films. The 
following Eq.3, was used to measure the specific surface area of thin films using the BET method for 
spherical particles [21].  

                                             d
Sw ρ

6
=

                                                   (3) 
Where,  
Sw - Specific surface area, 
d - Diameter of the spherical particles, and 
 ρ – Composite density. 

2.3 Electrical characterization 
The half-bridge method was used to determine the DC resistance of the films as a function of 
temperature. A fixed DC voltage was provided to the circuit and the thick film was series connected 
with an external load resistor, RL. The output voltage across the RL resistor was measured with a 
digital multimeter (classic 5175 DM) to determine the film resistance values. A chromel-alumel 
thermo-couple was used to indicate the operating temperature on a digital temperature indicator 
system. Equations 4, 5, and 6 were used to compute the resistivity, activation energy, and temperature 
coefficient of resistance of the fabricated thin films [21, 22]. 

mohm
l

tbR
−






 ××

=ρ        (4) 

Where,  
R= Resistance of the film at room temperature, t = thickness of the film, b = breadth of the film, l = 
length of the film and ρ = resistivity. 

  ∆𝐸𝐸 = 𝑙𝑙𝑙𝑙𝑙𝑙𝑅𝑅
𝑙𝑙𝑙𝑙𝑙𝑙  𝑅𝑅𝑜𝑜

 × 𝐾𝐾𝐾𝐾       (5) 
Where,   
ΔE = Activation energy,  
R = Resistance at elevated temperature,  
R0 = Resistance at 0°C.  
K = Boltzmann constant and  
T = Absolute temperature. 
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Where,   
∆R = change in resistance between temperature T1 and T2, 
∆T = temperature difference between T1 and T2 and  
Ro = Resistance of the film at room temperature. 

2.4 Gas Sensing Characterization 
Gas sensors have essential performance parameters such as sensitivity, selectivity, response and 

recovery time. 
2.4.1 Sensitivity  

A static gas sensing system was used to investigate the gas response of fabricated CuO-ZnO 
heterojunction thin films. For the study of gas response, liquefied petroleum (LPG), ammonia (NH3), 
ethanol (C2H5OH), and dichlorofluoroethane (R12) reducing gases were used for the study of gas 
response. To evaluate the gas response in the form of sensitivity, the electrical resistance of thin films 
in the air (Ra) and the presence of gas (Rg) were measured. The gas response or gas sensitivity was 
calculated by utilizing Eq. 7. [23] 

100(%) ×
∆

=
aR
RySensitivit

     (7)
 

Where,  
Ra - Ra-Rg, Here, Resistance of a thin film in air and 
            Rg - Resistance of thin film after exposing to target gas. 

2.4.2 Selectivity 
In a mixed gas environment, a sensor should respond to only one type of gas. The ratio of a 

gas sensor's reaction to that of another dominant interfering gas in the atmosphere determines its 
selectivity towards a specific gas. Eq. 8 was used to determine the selectivity of the fabricated CuO-
ZnO heterojunction thin films for a particular gas over others. 

100%
arg

X
S

S
ySelectivit

etgast

gas=
     (8) 

Where, 
 Sgas = sensitivity of interfering gas at an optimum operating temperature and  

  Starget gas = sensitivity of the target gas at the same temperature. 
2.4.3 Response and recovery time of thin films 

Rapid response and recovery are important for optimal operation and consistent results. Since 
the sensor's effective parameters for working at a certain gas concentration and temperature are 
response and recovery time. 

3. Results and Discussion 
3.1 Structural properties 
3.1.1 X-Ray Diffraction (XRD) 
In Figure 2, the X-ray diffraction pattern for the fabricated CuO-ZnO heterojunction thin film 
annealed at 650 oC is shown in Figure 2. The hkl parameters of the CuO-ZnO thin film are determined 
using the JCPDS Card. The XRD peaks match the reported diffraction pattern of CuO with a 
monoclinic structure (JCPDS card # 80-1917). Similarly, diffraction peaks for ZnO having a 
hexagonal structure match well with the reported XRD pattern (JCPDS card # 36- 1451). The 
prominent peak of XRD is to be found at 36.16 degrees and the maximum intensity of (1 0 1) 
reflections has been observed. The same results were reported by Al Abdullah, Khalaf, et al. [24, 25]. 
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Fig.2 XRD pattern of CuO-ZnO heterojunction thin film 

 
Table 1 Structural outcomes of CuO-ZnO heterojunction thin film 

Interplaner 
spacing (Aº) 
 

Crystallite 
size (nm) 
 

Degree of 
crystallinity (%) 

2.482079 36.83 88.76 

3.1.2 Field Emission Scanning Electron Microscopy (FESEM) 
Figure 3 indicates the FESEM micrograph of the fabricated CuO-ZnO thin film. From Figure 3, it is 
observed that the particle sizes are smaller, and the spherical shape of nanoparticles of deposited 
material has been found. The presence of tightly packed particles allows the surface morphologies to 
become more compact and continuous, which may be due to the attraction between the CuO and ZnO 
nanoparticles. Large agglomerated grains were uniformly distributed and adhered to the substrates 
well. High porosity, voids, and trapezium-shaped grains are also available in large numbers, and a 
more effective surface area has been observed for oxygen species adsorption. The large voids and 
larger surface area improved the gas sensing performance of the films [26, 27]. 
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Fig.3 SEM image of CuO-ZnO heterojunction thin films 

 
The catalytic oxidation of a gas molecule is catalysed by the reactive surface of a semiconductor 

material, which allows for indirect gas detection. CuO-ZnO heterojunctions or nanocomposites have 
a high surface-to-volume ratio, specific surface area, and increased porosity, which improves 
catalysis, gas diffusion, and mass transportation in gas-sensing materials. [13, 14] 
The average particle size of CuO-ZnO heterojunction thin films was calculated by using image J 
software. Figure 4 reveals average particle size range of fabricated CuO-ZnO thin films. 
 

Table 2 Outcomes form FESEM 
CuO-ZnO Thin Films Particle size (nm) Specific Surface Area m2/g 

 Annealed at 650 ºC 135 76.406  
 

 
Fig. 4 Particle size distribution 

Advanced Materials Research Vol. 1172 73



3.1.3 EDAX 
Figure 5 reveals the EDAX spectra of fabricated CuO-ZnO thin films. From Figure 4, it is clear 

that the film shows Zn, Cu, and O according to the EDAX outcomes. The mass percent and atomic 
weight percent of Zn, Cu, and O are nearly identical. From the EDAX spectra, it is found that atomic 
weight percentages of Zn, Cu, and O are nonstoichiometric. The atomic and weight percentages of 
analysis of film elements are tabulated in Table 3. 

 

 
Fig. 5 EDAX of CuO-ZnO heterojunction thin films 

 
Table 3 Elemental Composition of CuO-ZnO heterojunction thin films 

Element At. Wt. % Mass % 
 

Zn 
Cu 
O 

26.87 
05.08 
68.05 

55.46 
10.18 
34.36 

3.2 Electrical Properties 
3.2.1 Resistivity 

The resistivity of material plays an important role in gas sensing, because it directly impacts 
the gas sensing characteristics of films. The resistances of CuO-ZnO heterojunction thin films were 
plotted against temperature in Figure 6. The resistance of fabricated CuO-ZnO thin films declines as 
the temperature of the film rises, showing that the films are semiconducting. The decrease in 
resistance could be produced by an increase in charge carrier drift mobility as temperature rises, or 
by lattice vibrations as temperature rises, when the atoms are generally close enough for charge 
carriers to migrate and conduction is induced by lattice vibration [20, 21]. Because oxygen is released 
in CuO-ZnO thin films, the resistivity of the film decreases with rising temperature [27-29]. The 
resistivity of fabricated CuO-ZnO thin films was found to be a 23.461 Ω/m. 

74 Advanced Joining Technologies and Innovative Materials



 
Fig. 6 Resistance versus temperature of CuO-ZnO heterojunction thin films 

3.2.2 Activation energy 
The activation energy of the fabricated CuO-ZnO heterojunction thin films was calculated using 

an Arrhenius plot for low and high temperature regions. Figure 7 illustrates the variance of log R 
versus the reciprocal of temperature (1/T) of the CuO-ZnO thin film. Figure 7 depicts two separate 
linear regions for fabricated the CuO-ZnO heterojunction thin films, indicating two different 
activation energies, one for higher temperatures and the other for lower temperature regions. Because 
material passes from one conduction band to another, the activation energy in the lower temperature 
region is always lower than the energy in the higher temperature region [27, 29]. From Figure 7, the 
activation energy for fabricated CuO-ZnO thin film at the low temperature region was found to be 
0.10932 eV and at the high temperature region was found to be 0.40032 eV, respectively. The increase 
in conductivity at low temperatures is related to the mobility of charge carriers, which is determined 
by the defect concentration that occurred due to doping. As a result, the region of low temperature 
conduction is often referred to as the conduction mechanism. The activation energy decreases in this 
region because a modest amount of thermal energy is sufficient to activate the charge carriers and 
allow them to participate in the conduction process. In other words, defects in the lattice that are 
loosely linked can simply migrate. As a result, an increase in charge mobility can be attributed to a 
rise in conductivity in the lower temperature region, the same result reported by Garde, A. S. et al. 
[29]. 
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Fig. 7 Arrhenius plot of CuO-ZnO heterojunction thin films 

3.2.3 Temperature coefficient of resistance (TCR) 
Eq. 4 was used to compute the TCR of a fabricated CuO-ZnO heterojunction thin film. It was 

found to be -0.004413/°C. The negative sign indicates that the fabricated thin films of CuO-ZnO have 
semiconducting properties. Table 3 summarizes the electrical results of the CuO-ZnO thin film. 

 
Table 4 Summary of electrical results of fabricated CuO-ZnO heterojunction thin films 

Resistivity 
 (Ω/m) 

TCR  
(/oC) 

 

Activation energy ( eV) 

LTR HTR 
23.461 -0.004413 0.10932 0.40032 

3.3 Gas sensing properties 
The gas-sensing properties of the fabricated CuO-ZnO heterojunction thin films were 

investigated in this study using a locally developed gas system. The developed system was used to 
inject the target gases such as dichlorofluoromethane (R12), ammonia (NH3), ethanol (C2H5OH), and 
liquefied petroleum (LPG) onto the surface of fabricated CuO-ZnO thin films. The fabricated CuO-
ZnO thin film has been used as a sensing element. At different working temperatures, the fabricated 
thin film's resistance was measured in the ambient condition as well as in the presence of gas (at 
various ppm quantities). 
3.3.1 Sensitivity 

Eq. 7 was used to investigate the sensitivity of the fabricated CuO-ZnO heterojunction thin 
film. The results in Fig. 8 reveal the gas sensitivity of a fabricated CuO-ZnO thin film at various 
temperatures to LPG gas. At a working temperature of 50 °C and a gas concentration of 300 ppm, the 
fabricated CuO-ZnO thin film exhibited a maximum sensitivity of 89.23% to LPG gas, among other 
selected reducing gases. The variance in sensitivity to LPG gas was observed to be relatively small 
above 50°C. As the temperature rises, the sensitivity of CuO-ZnO thin films drops continuously to 
LPG gas. From Figure 8, it is observed that the fabricated CuO-ZnO thin film shows very little 
sensitivity to R12 gas. It was also observed that the sensitivity of the fabricated CuO-ZnO thin film 
varied as the temperature rise for ammonia and ethanol. 
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Fig.8 Sensitivity of fabricated CuO-ZnO thin 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. An optimum operating temperature was noted in order to measure the 
selectivity of a sensor for a specific target gas. Selectivity of the fabricated CuO-ZnO thin films was 
determined by using Eq. 8. 

The sensor's sensitivity to the target gas should be higher than that to the other selected gases. 
Other gases such as NH3, ethanol, and R12 were also tested on the CuO-ZnO thin film. In our lab, 
these gases were readily available. Figure 9 shows the selectivity of the fabricated CuO-ZnO thin film 
for selected reducing gases. At 50°C, LPG gas has the maximum selectivity against all other tested 
gases, including ethanol, NH3, and R12. 

 
Fig. 9 Selectivity fabricated CuO-ZnO thin film for selected gases at 50°C. 
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3.3.3 Response and recovery time 
The response and recovery time of the fabricated CuO-ZnO thin film are depicted in Figure 10. It has 
a response time of 9 seconds and a recovery time of 17 seconds to LPG at a concentration of 300 ppm 
and an optimum temperature of 50 oC. It's possible that the quick response is due to faster gas 
oxidation. Its high volatility explains why it reacts quickly and recovers quickly from its initial 
chemical state. The small amounts of surface reaction products and their high volatility account for 
the rapid response to LPG and its return to its original chemical state [29, 30]. 

 
Fig. 10 Response and recovery time of fabricated CuO-ZnO thin film for LPG gas. 

3.3.4 LPG gas sensing mechanism for CuO-ZnO heterojunction thin film 
LPG is a complex gas composed primarily of methane, propane, butane, and other 

hydrocarbons. The surface reaction of composite metal oxide semiconductors is used in the sensing 
part of the sensors. In air, molecular oxygen is chemisorbed as O2 -, O -, or O2 -, depending on the 
operating temperature [29, 30]. Electron transfer reactions, also known as redox reactions, are the 
major part of the sensing response. Gas sensing is concerned with oxygen vacancies, which serve as 
adsorption sites for gas molecules passing through the atmosphere. As the sensor is exposed to LPG, 
the adsorbed oxygen ions bind with the sensor, forming H2O and CO2. Figure 11 depicts a possible 
LPG sensing mechanism in pictographic form. 

 
Fig. 11 Schematic of CuO-ZnO LPG gas sensing mechanism 

78 Advanced Joining Technologies and Innovative Materials



Figure 11 depicts the schematic of the CuO-ZnO LPG gas sensing mechanism. LPG molecules 
were oxidised with adsorbed oxygen ions, resulting in CO2 and H2O. As a result, oxygen evolves into 
electrically neutral atoms that are trapped behind the negative charges (electrons). The energy 
released during the decomposition of LPG molecules will be enough to cause trapped electrons to 
hop into the conduction band of activated ZnO, increasing the film's conductivity. The change in 
conductivity of the fabricated thin film was recorded as a response to the LPG gas in the form of a 
change in resistance [30, 31]. 
3.3.5 Spillover effect in p-n (CuO-ZnO) heterojunctions thin film 

CuO, which has a lot of oxygen, has p-type conductivity with holes, while ZnO, which also has 
a lot of oxygen, has n-type conductivity with electrons. A deep charged depletion layer forms across 
the grain boundaries of ZnO and CuO in a gaseous environment, resulting in p-n heterojunctions. The 
electron associated with this charged species was extracted from the bulk material's conduction band, 
causing the film's resistance to increase. As a result, at the border, a potential barrier emerges, 
generating a continuous chain of p-n junctions. Figure 12 depicts the band diagram of the 
heterojunction of p-type (CuO) and n-type (ZnO) semiconductors at equilibrium. The electrons 
spilled over from the donor CuO to ZnO, where they were caught in the potential well, because of the 
discontinuity in the conduction band. When a film is exposed to reducing LPG gas, the gas molecules 
are oxidised by adsorbed oxygen ions (O-, O2-, and O2-), resulting in oxygen desorption [32, 33]. The 
reaction of LPG gas with adsorbed oxygen ions at 50 oC, where the film was, exhibits the highest gas 
response. 

 

 
Fig. 12 Energy band diagram of p-n heterojunctions at equilibrium 

Conclusion  
The CuO-ZnO heterojunction thin film could be fabricated on an alumina substrate using the 

thermal evaporation technique. High sensitivity to liquefied petroleum gas at low temperature is a 
prominent property of the fabricated CuO-ZnO thin film. The nanostructured nature of the fabricated 
CuO-ZnO thin film was validated by the structural characterization. From Joint Committee on 
Powder Diffraction Standards data, the structure of ZnO is a hexagonal wurtzite phase and crystalline 
structure, and CuO is a monoclinic structure. By using Scherer’s formula, the crystallite size of CuO-
ZnO heterojunction thin films was found to be 36.83 nm. The Field emission scanning electron 
microscopy micrograph shows high porosity, voids, and trapezium-shaped grains as well as small 
particle size. The specific surface area found to be 76.406 m2/g. Energy dispersive X-ray analysis of 
the fabricated thin film showed the presence of Zn, Cu, and O as the only detected elements. The 
elemental analysis reveals that films are nonstoichiometric. At a working temperature of 50 °C and a 
gas concentration of 300 ppm, the fabricated CuO-ZnO heterojunction thin film exhibits the highest 
sensitivity to liquefied petroleum gas. Response and recovery times are also found to be quick in 
seconds. 
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A B S T R A C T   

Rare earth elements have seen a rise in demand in recent years due to their distinctive properties and diverse 
applications. Rare earth-based nanomaterials can be synthesized using techniques such as hydrothermal, sol
vothermal, electrode position, and atomic layer deposition methods. REMOSs nanoparticles have found use in 
trace gas sensors, batteries, magnetic storage devices, photovoltaic cells, catalysts, energy conversion, engi
neering, medicines, food, agriculture, cosmetics, textiles, and antennas. This review elaborates the various 
synthetic pathways, applications and future prospects of rare earth metal oxides.   

1. Introduction 

Rare earth elements (REEs) are the lanthanide series of the periodic 
table, which includes atomic numbers 57 to 71 and contains lanthanum 
(La) to lutetium (Lu) along with scandium (Sc), and yttrium (Y). Pro
methium (Pm) is a radioactive and extremely rare element of the 
lanthanide family. Nuclear transformations are the most common source 
of promethium (Pm). The difference between the unpaired and paired 
electrons in the 4f shell divides rare-earth into light rare earth elements 
(LREE) and heavy rare earth elements (HREE). Rare earth elements are 
divided into two categories: heavy rare earth elements and light rare 
earth elements. The heavy rare earth elements include europium, gad
olinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, 
lutetium, and yttrium. The light rare earth elements include lanthanum, 
cerium, praseodymium, neodymium, promethium, and samarium as 
shown in Fig. 1. 

REE’s global situation, from their applications in high-tech products 
to their occurrence in diverse types of economic deposits on land and in 
the water, their behaviour in various geological systems, state-of-the-art 
chemical characterization techniques, and recycling. Other topics, such 
as their usage in agriculture and medicine, as well as their environ
mental implications, REMOSs are very important in technologies like 
television, wind turbines, LED light bulbs, and cell phones. REE and 
their alloys have seen a surge in use in a variety of technological devices 

in the last three decades, including computer memory, DVDs, 
rechargeable batteries, autocatalytic converters, super magnets, mobile 
phones, LED lighting, superconductors, glass additives, fluorescent 
materials, phosphate binding agents, solar panels, and MRI agents. 
These elements are crucial components in all high-tech devices. For 
example, Nd is widely used in super magnets for disc drives, Ce is an 
important component of autocatalysts, and all REE are used in flat-panel 
televisions. Several REE compounds may be found in smart-batteries, 
which are used to power all electric and hybrid vehicles. These ele
ments contribute to various technical advantages, such as lower energy 
consumption, higher efficiency, downsizing, speed, durability, and 
thermal stability, due to their unique physical, chemical, magnetic, and 
luminous properties. Their demand has risen in recent years, especially 
for energy saving gadgets (green technology) that are faster, lighter, 
smaller, and more efficient. These technologies are also assisting in the 
reduction of the size and efficiency of analytical instruments [1]. 

Environmental consequences such as radioactive potential, acidifi
cation, eutrophication, solid waste creation, water use, gross primary 
energy footprint, toxicity, and any other regional or global impact 
should all be considered. The majority of REEs, on the other hand, are 
likely to be utilised in energy conservation, efficiency, and renewable 
energy technologies. Rare earths with large volumes, low reserves, and 
significant dispersion are the rare earths most at risk. Rare earth ele
ments are essentially concentrated at extremely low levels in the ground 
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and then disseminated in small amounts into various devices. As a result, 
unless the materials are retrieved, they are more likely to be lost when 
the equipment is disposed of. Rare earth recycling and recovery is 
difficult because it takes a lot of energy to collect, reprocess, and make 
new products that can be used to replace the parent metals at the right 
price [2]. 

The Engineering Demonstration System (EDS) experiments only use 
rare-earth elements from the lanthanide class that are not radioactive. 
Many rare-earth elements are found in greater abundance in the earth’s 
crust than conventional commercial elements. Thus, the earth’s crust 
has more yttrium, cerium, lanthanum, and neodymium than lead [1,2]. 
Carl Axel Arrhenius discovered rare earth elements in Sweden in 1787 
when he discovered ytterbite, a black stone containing yttrium. All 15 
lanthanides, as well as yttrium and scandium, were classified as rare 
earth elements by the 1920 s. Rare earth elements are a set of 17 
chemical elements that are present in the earth’s crust and are therefore 
rare. The lanthanides, as well as scandium and yttrium, make up this 
group of elements [2]. 

The physicochemical properties of all rare-earth elements are 
similar, making separation challenging in the past. Their atomic struc
ture determines their common properties. Each outer electron has two, 
while the next inner shell has eight or nine electrons. Many physical and 
chemical properties are unchanged when electrons are added to the 
inner shells. Rare earth metals are all soft and malleable, with a striking 
silver shine. When metal powders are finely split and exposed to the air, 
they oxidise quickly. The metal will not spontaneously burn when pre
sent in solid lumps but will oxidise slowly, similar to how other metals 
rust [3,4]. Rare earth metals and compounds are in high demand, and 
their chemical, catalytic, electromagnetic, magnetic, and optical prop
erties are vital in a wide range of applications. Metallurgy, petrochem
icals, fabrics, and agriculture are just a few of the classic industries that 
use rare earth. In several high-tech industries, such as hybrid automo
biles, wind turbines, compact fluorescent lamps, flat-screen televisions, 
cell phones, hard disks, and defence technologies, they are also 
becoming increasingly essential. Rare earth elements are used a lot 
because they have high transition numbers, which cover a wide range of 
wavelengths from near-ultraviolet to infrared [4,5]. 

Yttrium is a significant rare earth element, and ensuring a supply for 
future generations is necessary. Because of the strong similarities in the 
outer electronic layers between yttrium and lanthanides, yttrium oxide 
is classified as a rare earth oxide. It has a high melting point (2450 ◦C), a 
high free energy formation, good dielectric properties, and good optical 
properties, including a high refractive index. These materials’ physical 

and mechanical properties can be dramatically altered by varying their 
composition or introducing imperfections. One thing is certain: yttrium 
will never be found in nature as a free element. On the Ellingham chart, 
yttrium oxide has a free energy of formation of 1817 kJ/mole, which is 
exceptionally low. Yttrium can be found in bastnasite, monazite, xen
otime, and ion-absorption clays. It can also be found in uranium ores, 
samarskite, and fergusonite, but yttrium is rarely recovered from these 
materials. It can also be found in nearly every other rare earth mineral. 
Yttrium has a wide range of applications, like as an electrolyte in solid 
oxide fuel cells (SOFCs) for distributed power generation, as well as in 
gas turbines for stationary power generation, where it is employed for 
thermal barrier coatings on the turbine blades, efficient microwave fil
ters, and to make the high-temperature superconductor yttrium barium 
copper oxide (YBCO), commonly used in alloys that enhance the hard
ness of aluminium and magnesium alloys, and as a catalyst in ethylene 
polymerization [6–10]. 

Oxides are increasingly essential as future electronic mater
ials in information and communication technology, with
applications in data storage and processing, optics, magnetic,ener
gy conversion, and power converters. Rare-earth metal oxide 
semiconductor (REMOSs) films have recently received increased interest 
as gate dielectrics in metal–oxidesemiconductor (MOS) devices, owing 
to their high dielectric constant (k value), wide band gap (Eg), and 
excellent physical and chemical stability in contact with silicon sub
strates. Three methodologies are reported in recent articles, namely 
doping modification, nitriding treatment, and composites, which can 
provide some insights for the long-term growth of MOS devices in in
tegrated circuits [11–13]. 

Rare earth metal oxide semiconductors (REMOSs), rare earth sul
phides, rare earth hydroxides, and their composites are currently the 
most investigated rare earth based nanomaterials. Environmentally safe, 
cost-effective, and scalable synthetic techniques can be used to make 
rare-earth based nanomaterials with substantial electrochemical char
acteristics [14]. 

Rare-earth based nanomaterials have a low specific capacitance 
when compared to other transition metal oxides. Furthermore, the 
properties of rare-earth based nanomaterials, such as inferior conduc
tivity, small specific surface area, and weak cycle stability, restrict their 
use in superconductors. Fortunately, the electronic conductivity of rare- 
earth based nanomaterials may be increased simply by altering their 
form and size, whereas other metal oxides require a conductive phase to 
couple with. Furthermore, a nanostructuring rare-earth-based material 
increases the surface area to volume ratio, allowing for the exposure of 
additional active areas. The active sites and high-energy crystal planes 
are exposed in a particular shape, allowing the material to be easily 
reduced and oxidised, resulting in a longer cycle life. There are also ways 
to improve the pseudocapacitance and cycle efficiency of nanomaterials 
made from rare earths by mixing them with other transition metal 
oxides. 

To the best of our knowledge, publications on rare-earth metal oxide 
semiconductor-based nanomaterials are quite rare and are being used in 
a wide range of applications. In order to encourage future advances in 
this field, this review thoroughly covers the many synthesis techniques 
and applications of REMOSs nanoparticles, as well as the obstacles and 
possibilities that will face the material’s future development. 

2. Types of rare earth metal oxides Semiconductors: 

Now a day’s, rare earth metals are used in the form of nanomaterials 
in many diverse applications. Rare-earth based nanomaterials are cate
gorized in three types such as rare earth sulphides, rare earth hydroxides 
and composites of sulphides and hydroxide [14–18]. 

2.1. (REOs): 

The rare earth elements broadly divided into two types. Fig. 1 shows 

Fig. 1. Classification of rare earth elements.  
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that the classification of rare earth elements. Many researchers now days 
are work on listed rare earth elements by using various synthesis tech
niques and also prepared their oxide for the study of different applica
tions. Rare-earth oxide surfaces are important for catalysis, and it was 
recently shown that they have inherent hydrophobicity. The surface 
chemistry of these oxides at low temperatures, on the other hand, is 
largely unknown [19–21].Rare earth oxides like CeO2 and La2O3 are 
pseudocapacitor materials. CeO2 is a new electrode material that pre
sents a number of challenges. REOs surfaces play a significant role in 
catalysis and are used to catalyze a wide range of on-surface reactions, 
such as the conversion of syngas (CO + H2) to alcohol, CO oxidation, NO 
to N2 conversion, and the water–gas shift reaction, as well as the 
oxidation of alcohols [21,22]. Sato, Satoshi, et al. (2009) investigated 
the fundamental properties of REOs calcined at various temperatures. It 
has been reported with increasing calcination temperature, the crystal 
structures of Lu, Yb, Tm, Er, Y, Ho, and Dy oxides changed from 
monoclinic to cubic, but those of Sc, Ce, La, Pr, Nd, Sm, Eu, Gd, and Tb 
oxides remained unchanged. In the measurement of NH3 adsorbed on 
the REOs at 25 ◦C, no acidic sites were found. CO2 was adsorbed on the 
REOs, with CO2 desorption peaks varying with the strength of the basic 
sites. Surface basic sites in light REOs like La2O3, Pr6O11, Nd2O3, and 
Sm2O3 desorbed CO2 at temperatures below 500 ◦C, whereas structural 
carbonate degraded above 500 ◦C. Heavy REOs with weak basic sites 
include Dy2O3, Ho2O3, Y2O3, Er2O3, Tm2O3, Yb2O3, and Lu2O3. The 
basic characteristics of REOs are due to lanthanide contraction, which 
means that the strength of the basic sites reduces as the radius of the rare 
earth cation reduces [23]. 

2.2. Rare earth sulfides: 

The most extensively explored and widely utilized rare earth sul
phide in research is rare earth sesquisulfide, which can be denoted as 
RE2S3. It is a wide band gap semiconductor material with tunable band 
gap via doping. RE2S3 has a complicated structure and a variety of 
crystal shapes. It has a complex structures and a variety of crystal 
shapes. Light rare earth RE2S3 has three distinct crystal forms, such as α, 
β, and γ but heavy rare earth RE2S3 has many crystal forms, including δ, 
ε, and τ. By varying the temperature, the three crystal forms of RE2S3 α, 
β, and γ can be changed [14,24]. Rare earth sulphides (RES) have 
attracted attention in recent decades due to their intriguing physi
ochemical properties. RES been used as paints, photonic materials, and 
thermoelectric candidate materials. Rare earth sesquisulfides can be 
found in a variety of crystal forms, including structures of α, β, γ, δ, and 
ε. By sulfurizing rare earth compounds with H2S or CS2 gas at a lower 
temperature, rare earth sulphides could be synthesized at a lower tempe 
rature.To decrease the sulfurization time and examine the optimum 
sulfurization conditions of rare earth sulphides, YUAN Haibin et al. 
(2009) synthesized rare earth sulphides powders by sulfurizing their 
oxide powders with CS2 gas. 

2.3. Rare earth hydroxides: 

Hexagonal crystal structures are common in rare earth hydroxides, 
such as La(OH)3 and Nd(OH)3. Gd(OH)3. Hexagonal RE(OH)3 (h-RE 
(OH)3) nanostructures, a rare earth hydroxide, have been synthesised 
using a variety of techniques, including precipitation, microemulsion, 
and hydrothermal procedures. Metal hydroxides have larger theoretical 
specific capacitances than their oxide equivalents, according to recent 
research. Due to the strong attraction between the interlayer anions and 
the host layer, h-RE(OH)3 is difficult to delaminate, unlike other hy
droxides. Pre-intercalation with a long-chain surfactant (such as dodecyl 
sulphate) is necessary to facilitate the delamination of h-RE(OH)3. Due 
to its unusual structure, h-RE (OH)3 is more likely to develop a two- 
dimensional (2D) layered structure than rare earth oxides and rare 
earth sulphides, allowing it to increase active sites for electrochemical 
processes. With the inclusion of OH in the electrolyte, h-RE(OH)3 stores 

charge by deprotonation (i.e. O–H bond breaking) processes [14,16,24]. 
Rare earth hydroxides, like other hydroxides, can form a 2D layered 
structure, which improves the movement of electrolyte ions, and as a 
result, they have steadily drawn the interest of researchers in recent 
years. 

2.4. Thick and thin films of rare earth Oxides/Materials: 

Rare earth materials as thin and thick films are an interesting 
research topic. A great number of articles on thick and thin films of rare 
earth-transition element alloys suited for various applications have been 
published. Because of the high reactivity, producing pure rare earth 
metal thin films has proven to be extremely difficult. Thin films of rare 
earth hydrides and rare earth oxides were created instead of pure rare 
earth metal thin films, and they were occasionally mistaken for metals. 
When the chemical problem was solved, however, it became clear that 
the actual inaterials generated, hydrides and oxides, were highly inter
esting research subjects in and of themselves. Because these materials 
have so many intriguing features, the majority of the results in the 
literature are focused on them. 

Thin films of hydride and oxide are ideal for electron diffraction and 
electron microscopy studies. The oxides, in particular, provided a lot of 
new facts on topics like phase transitions, defects, and twinning mech
anisms due to their polymorphism. The exceptional quality of these 
refractory materials’ thin films, as well as their stability, regular thick
ness, and well-defined textures, as well as the ability to heat them with 
an electron beam and produce phase transitions directly within the 
electron microscope via pulse annealing or other methods, allowed for a 
number of direct observations not possible with other materials. With 
the advent of high-resolution electron microscopes, it was possible to 
obtain lattice images that directly project the crystal potential in these 
materials at resolutions as low as 2 A◦, revealing details such as grain 
boundaries, twin planes, defect mechanisms, and coherent intergrowth 
of different phases or chemical compounds. As a result of the early at
tempts to manufacture and study pure rare earth metal thin films failing, 
fundamental crystallography has benefited the most. With the advent of 
even more powerful instruments like the high resolution scanning 
transmission electron microscope (STEM), it has become possible to use 
even raw thin films containing metallic parts, hgdrided parts, and oxi
dised parts, to distinguish their components through chemical analysis 
and interpretation of electron loss spectra, and finally to get on the 
metals. In this way, some progress has been made. Even when the most 
modern tools are utilized, it is still essential to be aware of all the pitfalls 
that a researcher may fall into while working with thin films containing 
rare earth materials [25,26]. 

3. Synthesis techniques of rare earth metal oxides 
semiconductors 

Over the last decade, significant progress has been achieved in the 
controlled manufacturing of rare earth oxide nanoparticles. The design 
of size and form controlled nanoparticles, such as nanorods, nanoplates, 
nanopolyhedrons, and other nanostructures, has been the subject of 
numerous studies. Rare earth elements have a unique electrical layer 
structure and atomic radius, as well as chemical properties that are 
distinct from those of conventional elements. As a result, nano-rare earth 
oxide powder synthesis and post-processing techniques differ from those 
of other elements. The problems in synthesizing highquality mater
ials with controlled size and shape, as well as finding
robust pathways in many systems, con
tinue to make the preparation of rare earth ox
ide nanoparticles with suitable features a major task. 

Rare earth elements have a distinct structure and properties. Due to 
their excellent redox capabilities and environmentally acceptable 
qualities, rare earth-based nanomaterials, particularly rare earth oxides, 
hydroxides, and sulphides, have attracted a lot of interest. 
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Hydrothermal, sol gel, CVD, electrodeposition, atomic layer deposition, 
micro-emulsion method, thermal decomposition, sonication, and elec
trochemistry physical vapour deposition, sputtering, thermal oxidation, 
and combustion methods are ecologically benign, easy, and low-cost 
techniques that can be used to synthesize rare earth-based nano
materials [14]. 

3.1. Hydrothermal: 

The hydrothermal process uses water or an alcohol-water mixed 
solution as a solvent in a highly sealed autoclave, which is then heated to 
a certain temperature to create a high temperature and high pressure 
environment. Under normal conditions, it is insoluble or insoluble at this 
time. The reactants dissolve and react, and then intense convection is 
generated, driven by the temperature differential of the solution in the 
autoclave, to form a supersaturated solution that then crystallises out. 
The process can produce nanopowders with uniform dispersion, narrow 
particle size distribution, good crystal shape, and controllable appear
ance, but it necessitates high temperature and high pressure equipment, 
which is costly, inefficient, and dangerous to use. One of the most 
essential and well-established processes for nonmaterial synthesis is 
hydrothermal synthesis. It deals with aqueous chemical processes in a 
closed, heated device, such as an autoclave or a bomb calorimeter. 

Rare earth oxides can be synthesised using a simple hydrothermal 
process by precipitating rare earth hydroxide gels in basic solutions like 
NaOH, KOH, etc., at room temperature or at high temperatures. A simple 
hydrothermal approach, unlike vapor–liquid-solid or template-confined 
methods, can absorb specific reactant molecules or enhance nano
particle growth in a certain direction. Consequently, hydrothermal 
methods have been found to be useful for making low-dimensional 
materials such as nanorods, nanowires, nanotubes, and nanoparticles 
[27]. 

Mai et al. devised a hydrothermal method for the synthesis of ceria 
nanorods, nanocubes, and nanopolyhedra by varying the temperature 
and NaOH content from 0.01 to 9 mol/L. Ceria nanorods were made at a 
high base concentration (6–9 mol/L) at a low temperature of 100 ◦C, 
while ceria nanopolyhedra were made at a very low NaOH solution 
(0.01 mol/L) at temperatures ranging from 100 to 180 ◦C. High tem
peratures (140–180 ◦C) and a high NaOH content were used to create 
ceria cubes. Hydrothermal treatment was carried out for 24 h in a very 
representative hydrothermal reactor, a stainless steel autoclave with a 
Teflon liner. Centrifugation was used to collect the white precipitates, 
which were then washed with deionized water and ethanol. After drying 
in the air at 60 ◦C overnight, yellow powders were obtained. At 1000 ◦C, 
the final calcination phase took 4 h [28]. Xu et al. demonstrated a simple 
hydrothermal synthesis technique for dysprosium and holmium hy
droxide nanotubes [29]. These hydroxides must be separated, washed, 
dried, and calcined at high temperatures of 300–600 ◦C to obtain the 
final rare earth oxides. Wang and Li wrote about how to make single- 
crystal lanthanide hydroxide nanowires (RE = Y, La, Nd, Sm-Tm) [30]. 

Yang and colleagues reported a PVP-assisted easy hydrothermal 
process technique for making monodispersed CeO2 hollow spheres from 
nano-octahedron building blocks. The synthesis technique included 
intense magnetic swirling of 0.099 g CeCl3⋅7H2O and 0.178 g PVP in 19 
mL of deionized water, followed by adding 1 mL of formamide and 0.1 
mL of H2O2 and stirring for 30 min. The yellow solution was transferred 
to a Teflon-lined autoclave and heated for 24 h at 180 ◦C. The collected 
light brown products were cleaned with distilled water and ethanol after 
cooling to ambient temperature, and then dried in an oven at 70 ◦C for 6 
h to obtain CeO2 hollow spheres. The hollow spheres have a pore size 
distribution of 3 to 15 nm and a diameter of 120–140 nm. The Oswald 
ripening method was used to create unique shaped hollow spheres from 
a nano-octahedron composite with an average edge length of 20 nm. The 
smaller crystallites in the centre disintegrated slowly, while the larger 
ones acted as growth seeds and continued to expand. After a long time 
and a lot of mass transfer, the hollow spheres finally formed [31]. The 

hydrothermal synthesis of rare-earth oxide nanocatalysts containing Ce, 
Pr, and Tb are depicted in Fig. 2 [32]. 

3.2. Precipitation 

The precipitation method involves adding a precipitation agent to a 
rare earth salt solution, or hydrolyzing the solution at a specific tem
perature to generate insoluble hydroxides, hydrated oxides, or salts that 
precipitate out of the solution, and then removing the solvent. The 
original ions in the solution are then washed away, and the necessary 
oxide powder is formed by roasting, decomposing, or dehydrating. 
Oxalic acid precipitation, carbonic acid precipitation, hydroxide pre
cipitation, homogeneous precipitation, complex precipitation, and other 
techniques of precipitation are used. For research and industrial pro
duction, the precipitation method is the most widely utilized technique. 
The benefits of this technique are inexpensive raw material costs, low 
equipment requirements, a simple process, simple operation, precise 
chemical composition control, and easy preparation of ultrafine pow
ders with homogenous components. It is convenient in particle shape 
and size, and it can make high-purity products, but it is difficult to filter 
and agglomerate [33,34]. The flow of the precipitation synthesis method 
is shown in Fig. 3. 

3.3. Co-precipitation 

The co-precipitation technique has a strong history in the synthesis 
techniques of different materials. Two salt precursors, such as oxalates, 
carbonates, and hydroxides, are commonly dissolved in a common 
medium and precipitated out with a precipitant after pH adjustment. 
The precipitates are then calcined at high temperatures to obtain the 
final product [35]. The procedure of co-precipitation is quick and 
straightforward. However, in order to produce high-quality nano
particles, the essential factors such as feed solution and precipitant 
content, temperature, mixing duration and medium pH must all be 
carefully monitored. The majority of rare earth nano-oxides generated 
via co-precipitation are nanoparticles, and only a handful has been re
ported for the production of other specific shaped nanostructures. 

Higashi, Kenji, et al. Synthesis and sintering of rare-earth-doped 
ceria powder by the oxalate co-precipitation method. By mixing rare 
earth/cerium nitrate solution and an oxalic solution, rare earth/cerium 
doped ceria powders with a composition of Ce0.8RE0.2O1.9 (RE = Yb, Y, 
Gd, Sm, Nd, and La) were synthesized. The oxalate solid solutions were 
generated by dropping the mixed 0.20 M nitrate solution into oxalic acid 
solutions ranging from 0.025 to 0.75 M, for example, in the Ce0.8Y0.2O3 
sample. Plate like particles with an average aspect ratio of 2.2–2.4 was 
produced from the oxalate. The oxalate converted into fine poly
crystalline oxides with a particle size of 10 nm after being heated for 1 h 
at 600 ◦C [36]. The example of co-precipitation method is shown in 
Fig. 4. 

3.4. Micro-emulsion 

Another low-temperature method of producing mono-dispersed rare 
earth oxide nanoparticles in the range of 1 to 100 nm is the micro- 
emulsion method. Micro-emulsion is liquid systems made up of water, 
oil, and surfactant that are homogeneous, transparent, and thermody
namically stable. Although oil and water are incompatible, surfactant 
molecules can form an interfacial film between the water and oil phases, 
resulting in spontaneous mixing of the two phases. Co-surfactant is 
frequently used to ensure the interfacial layer’s flexibility. This 
approach has the potential to develop micro-emulsion carriers that can 
improve drug loading capacity, solubility, and bioavailability, and 
hence could have an impact on the pharmaceutical sector [37,38]. 

Bumajdad et al. [39] reported the formation of ceria nanopowder 
from heptane-micro emulsified aqueous solutions of CeCl3 or Ce(NO3)3 
utilizing several surfactants such as AOT, DDAB, DDAB, and BRrij 35. In 
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the presence of surfactants, they discovered nearly agglomerate-free 
nanosized ceria crystallites with a size range of 6–13 nm. Ceria with 
large specific areas (ca. 250 m2/g) were seen in batches containing AOT 
or (DDAB + Brij 35)-stabilized microemulsions, but they agglomerated 
heavily when calcined at 800 ◦C (13–28 m2/g). The double-calcined 
DDAB was able to create ceria with a high initial surface area (144 
m2/g) and good thermal stability (45–55 m2/g at 800 ◦C).The Example 
of micro emulsion method as shown in Fig. 5. 

3.5. Microwave assisted synthesis 

Microwave assisted synthesis technique has several advantages, 
including time savings, cost savings, and environmental friendliness. 
Because of these advantages, microwave-assisted synthesis has piqued 
the interest of synthetic chemists and researchers. Microwave irradia
tion interacts with compounds selectively based on their microwave 
absorbing capability, allowing microwave energy transfer on specific 
molecules directly without thermal gradient effects, and causing 

superheating of solvents and super saturation of reactants. The quick 
heating has an impact on molecular mobility and collision, which could 
lead to an increase in chemical reaction rate and, as a result, a reduction 
in reaction time. It has been coupled with several traditional methods for 
creating inorganic nanomaterials, including as hydrothermal, sol–gel, 

Fig. 2. Flowchart of hydrothermal synthesis technique for CeO2, PrO2 and TbO2.  

Fig. 3. Flowchart of the precipitation synthesis technique.  

Fig. 4. Graphical flow of co-precipitation technique.  
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solvothermal, and combustion processes, to speed up the reaction and 
save time [40–42]. 

Cao et al [43] used a programmable microwave oven to develop a 
template-free microwave aided hydrothermal technique for synthesis of 
ceria hollow spheres. In terms of temperature control, reaction time, and 
experiment feasibility and reproducibility, the programmable micro
wave outperforms the ordinary microwave. The ceria precursor was 
made by heating a mixture of Ce(NO3)3⋅6H2O, urea, and water to 170 ◦C 
in 2 min and keeping it there for 30 min. After that, the precursor was 
cooled, separated, and ethanol washed. The nanomaterial precursor was 
transformed to required ceria nanostructures by calcination at 500 ◦C for 
2 h. Microwave heating was also thought to distribute heat consistently, 
resulting in ceria nanoparticles with uniform shapes and sizes. The 
development of hollow structures has been proposed as a self-templated, 
self-assembly process with an Ostwald ripening growth mechanism. 
Microwave synthesis and optical properties of uniform nanorods and 
nanoplates of rare earth oxides is shown in Fig. 6. 

3.6. Sol-gel 

Sol gel is a critical process for producing inorganic materials and 
plays a vital role in inorganic synthesis. Organometallic compounds or 
organic complexes produce a sol at low temperatures, then form a gel 

under certain conditions, and then undergo heat treatment. That is, the 
ultrafine nanopowder with bigger specific surface and better dispersion 
may be obtained by preparing the homogeneous solution, the sol, the 
gelation process, the drying of the gel, and the heat treatment process of 
the xerogel. The procedure may be performed in mild conditions, and 
the resulting powder is larger than the surface and has strong dis
persibility; however, the reaction time is longer, taking several days to 
complete, and it is difficult to meet the criteria of large-scale 
manufacturing [44]. Another typical soft chemical technique for syn
thesizing solid materials like metal oxide from solution state precursors 
is the sol–gel process. It usually entails converting liquid precursors to a 
colloidal suspension known as a sol and subsequently, at low tempera
tures, to a multiphase network structure known as a gel. The size of a sol 
particle is determined by the solution composition, temperature, pH, 
and other factors, whereas the quality of a gel is primarily determined by 
the hydrolysis and condensation processes, which are influenced by 
metal ion electronegativity, precursor types, pH, solvent, and tempera
ture. Calcinations at high temperatures are frequently required to 
generate high-purity and high-crystalline nanostructures. In fact, 
depending on the qualities of the final products, sol–gel chemistry can 
form materials such as films, powder, thick ceramics, bulk and nano
particles, and so on [45–47]. 

The non-aqueous sol–gel technique has been used to synthesis rare 
earth mesoporous structures in recent years. Sol–gel chemistry has the 
advantage of producing metal oxides from homogeneous precursors, as 
opposed to furnace-based techniques such as hydrothermal, co- 
precipitation, or solvothermal methods, which are primarily based on 
inhomogeneous reacting materials. This allows for good control of 
complex inorganic metal oxides involving three or four metal pre
cursors. Creating a homogeneous precursor at room temperature, on the 
other hand, does not ensure a homogeneous end result. Moreover, phase 
segregation occurs during the synthesis of several sol–gel methods 
shown in Fig. 7 [27,47]. 

Yuan and colleagues used Plutonic P123 as the template and ceric 
nitrate and zirconium oxide chloride as the precursors to make ordered 
mesoporous ceria-zirconia solid solutions using a sol–gel technique 
combined with evaporation-induced self-assembly in ethanol. Under 
optimal temperature and humidity conditions, a series of mesoporous 
Ce1-xZrxO2 with various Ce/Zr ratios was produced. The TEM revealed 
a vast area of Ce1-xZrxO2, implying a long-range organisedmesos
tructure. High-crystalline pore walls formed of multiple nanocrystallites 
with well-defined lattice planes were seen in the Ce1-xZrxO2 structure. 
The nanocrystallite was about 3–4 nm in size. Ce1-xZrxO2 solid solu
tions, which are highly ordered and porous, have demonstrated to be 

Fig. 5. Formulation of micro-emulsion based hydrogel.  

Fig. 6. Flow chart of microwave assisted synthesis technique.  
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excellent catalytic supports for Pt in CO oxidation and cyclohexene 
hydrogenation [48]. 

Hu et al. proposed a sol–gel method for fabricating ceria hollow 
microspheres from cerium nitrate using polymeric templates on a large 
scale. PSAA colloids were spread equally in water to electrostatically 
adsorb Ce3+ ions onto the surface. After precipitating Ce(OH)3 with 
NaOH, cerium hollow spheres were calcined at 773 K for 3 h to obtain 
cerium hollow spheres [49]. 

Reddy and his team synthesized. Yttrium Trioxide (Y2O3) by sol–gel 
technique [50]. Author reported the cubic phase crystalline structure of 
Y2O3has been confirmed by X-ray diffraction. The creation of an uneven 
plate-like structure with variable grain orientation has been confirmed 
by SEM pictures of Y2O3. In the range of 10–97 percent RH, the humidity 
sensing characteristics of Y2O3 were investigated. The humidity sensor 
device made of Y2O3 pellets is subjected to various RH levels. At normal 
temperature, the Y2O3 exhibits a 60-second response time and an 80-sec
ond recovery time. Y2O3 nanostructure humidity sensor is a promising 
device for industrial applications. 

Richard, Diego, et al.reported the Pechini-type sol–gel (PSG) tech
nique was used to successfully manufacture fine-grained nanocrystalline 
In-doped yttria powders [51]. The resulting materials crystallise in a 
cubic bixbyite structure, according to our findings by authors, and the In 
impurities are substituted at the cationic sites. The EIS tests revealed 
that the PSG samples had greater conductivities at grain interiors than 
the reference pellet made from Y2O3 commercial powder, and that the 
resistivity of the PSG samples is unaffected by in doping. These findings 
are supported by PAC spectroscopy of 111In(111Cd)-doped yttria crys
tals. The analysis of dynamic hyperfine interactions as a function of 
temperature revealed that the electron availability near the impurities 
responds differently depending on the sample fabrication process. These 
findings pave the way for a better understanding of the structural and 
electrical aspects of sol–gel processing. 

3.7. Solvothermal: 

The solvothermal technique is similar to the hydrothermal method in 
terms of nanomaterial synthesis, has been widely used in the production 
of accurate metal oxide nanostructures and microstructures. The 
composition of the reagents and solvents, as well as temperature and 
pressure, are key factors in solvothermal reactions. The reaction me
dium is the distinction between hydrothermal and solvothermal pro
cesses. Organic solvents like ethanol, CCl4, or mixed solvents are used in 
solvothermal synthesis, whereas aqueous solutions are used in hydro
thermal processes. Many scholars prefer to combine these two methods 
and refer to them as the hydro/solvothermal method for discussion 
because they have comparable synthetic rules and principles. Hydro
thermal methods, on the other hand, are typically employed to make 
hydroxides, oxides, or oxyhydroxides, whilst solvothermal methods can 
be used to make non-oxide compounds like nitrides, chalcogenides, and 
so on. Solvothermal synthesis is important for the production of novel 
materials, especially those with unique structures and characteristics 
[52–55]. 

Chen and his team also focused on solvothermal synthesis for single- 
crystalline-like hollow nanostructures. Cerium chloride heptahydrate 
was dissolved in anhydrous ethanol, then proxyacetic acid was added as 
the oxidant in the manufacture of CeO2 hollow nanocubes. The resulting 
slurry was placed in a Teflon-lined steel autoclave and cooked in the 
oven at 160 ◦C for 9 h. The white-brown goods were collected and 
cleansed after cooling. The final product, ceria hollow nanocubes, was 
made under vacuum for 24 h at 60◦Celsius. The same cerium precursor 
CeCl3⋅7H2O was used in the CeO2 hollow nanocrystals production. The 
capping agent was PVP, the solvent was a water–ethanol combination, 
and no oxidant was used. The resultant mixture was also sealed in a 
Teflon-lined steel autoclave with a capacity of 20 mL and heated at 
160 ◦C for 24 h. The rest of the washing and drying procedures were 
identical to those used with the ceria hollow nanocubes. The catalytic 
activity of the final CeO2 hollow nanocubes and nanostructures for CO 
oxidation was higher than that of commercial CeO2 powder. A 

Fig. 7. Schematic of sol gel technique.  
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combination mechanism of directed attachment and Ostwald ripening 
was proposed for the synthesis of hollow nanocubes. A dissolution fol
lowed by a recrystallization process was hypothesized as the mechanism 
for the latter nanostructure creation [53,54]. 

Yang, Jun, et al. has described a solvothermal method for generating 
homogeneous Y2O3:Eu3+ microspheres on a large scale and with ease. 
The spheres were made up of nanoparticles that were randomly aggre
gated. Their development was thought to be the result of an isotropic 
growth mechanism. Temperature, ethylene glycol, and CH3COONa all 
had a role in the creation of such structures. Instead of acting as a sol
vent, ethylene glycol served as a capping agent to limit the rate at which 
nanoparticles grew in different directions. Without the presence of 
CH3COONa, no solid product was produced [55]. Example of sol
vothermal synthesis method is depicted in Fig. 8 [56]. 

3.8. Thermal decomposition 

Thermal decomposition of rare earth complexes such acetate, oleate, 
carbonate, and acetonate has been demonstrated to be a viable method 
for producing monodisperse, single crystalline, and high-dimension rare 
earth oxide nanocrystals. It’s also the most effective approach to make 
high-quality nanoparticles smaller than 10 nm, which is useful for cor
e–shell architectures. Organic surfactants were thought to serve a vital 
function in shape and size management. They operate as a capping 
agent, preventing nanoparticle development and aggregation while also 
controlling nanocrystal growth through a selective absorption action. 
This method is relatively new compared to the methods previously 
covered, however it is gaining popularity due to its excellent control 
over nanocrystalline characteristics. Despite its many benefits, thermal 
decomposition has a number of disadvantages, including a high oper
ating temperature (usually between 250 and 330 ◦C), a high cost of 
metal precursors, different surfactants, and potentially hazardous 
byproducts [57–59]. 

Cao was the first to use a thermal decomposition approach techni
que to synthesis rare earth nano-oxides. He described the colloidal 
synthesis of squire Gd2O3nanoplates using oleylamine, oleic acid, and 
octadecene as solvents for the thermolysis of gadolinium acetate. 0.75 
mmol gadolinium nitrate hydrate was dissolved in a solution containing 
oleylamine, oleic acid, and octadecene at 100 ◦C with stirring under a 
pressure of 20 mTorr in a conventional synthesis. The resultant solution 
was then heated to 320 ◦C for 5 min and then cooled to room temper
ature under Ar flow for 1 h. The precipitant adopted was a 1:1 combi
nation of hexane and acetone. Under an Ar flow, the 
nanocrystalscrystallised and dried. These single-crystalline nanoplates 
had consistent shape and size and could self-assemble into superlattice 
structures [60]. The typical thermal decomposition method for the 
synthesis of lanthanum oxide is portrayed in Fig. 9 [61]. 

3.9. Sonochemical method 

Sonochemical synthesis is a synthetic method that uses ultrasonic 
radiation (20 KHz-10 MHz). This approach allows for the creation of 
unique materials at room temperature, under low pressure, and with a 
quick reaction time. The strong ultrasound interacts with molecules to 
cause chemical changes in this approach. Ultrasound irradiation cannot 
directly interact with chemical bonds and break them because of the 
lower frequencies. Sonochemistry is caused by a physical phenomenon 
known as acoustic cavitation, which is connected to the development, 
growth, and implosive collapse of bubbles. Acoustic cavitation creates 
intense, transitory circumstances that allow chemical processes to take 
place and new materials to be synthesized. Metal nanoparticles, metal 
sulphides, metal alloys, and metal oxides, among other nanomaterials, 
have all been produced using the sonochemical approach. In sono
chemical synthesis, the regulating parameters are sonication time, pH, 
temperature, ultrasound power, solvent, and gas pressure [62–64]. 

Zhong et al. adopted a simple sonochemical technique to synthesis 

Fig. 8. Solvothermal synthesis technique.  
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the flowerlike Y2O3. He reported that various factors might alter the 
structure growth. Commercial Y2O3 was dissolved in diluted HNO3 (10 
wt%) to prepare a solution for the synthesis. The mixed solution was 
sonicated for 30 min at 35–50 ◦C after evaporation, mixing with H2O, 
and agitation. After that, the solution was filtered, washed, and dried, 
producing the flower like Y2(OH)5NO3⋅1.5H2O. Calcinations of 
Y2(OH)5NO3•1.5H2O at 600 ◦C produced a Y2O3 flowerlike product. 
Several essential parameters, including time, precursor concentration, 
pH, and ultrasonication, were used to control the flowerlike structure. 
The flowerlike structure was retained in the 2 h response time, according 
with time-dependent experiment. The flower structure had totally 
changed after 2 h [65]. The example of Sonochemical synthesis is shown 
in Fig. 10 [66]. 

3.10. Other miscellaneous synthesis 

While the methods outlined above are common in lab-scale and 
industrial-scale synthesis, there are many more traditional and non- 
traditional methods for creating rare earth oxide nanomaterials that 
merit our attention. Ball milling, thermal evaporation, spray pyrolysis, 
electro deposition, chemical vapor deposition (CVD), pulsed laser 
deposition, and other techniques are among them [67–72]. During the 
preparation of thin films of REMOSs the nanoparticles were synthesized 
in different ambient conditions. Thin films have a wide range of appli
cations in technological advancements. Physical and chemical thin-film 
deposition techniques can be split into two parts based on the nature of 
the deposition process. Physical vapour deposition (PVD), laser ablation, 
molecular beam epitaxy, and sputtering are examples of physical tech
niques. Gas-phase deposition methods and solution techniques are 
among the chemical procedures. Chemical vapour deposition (CVD) and 
atomic layer epitaxy (ALE) are gas-phase techniques, while spray py
rolysis, sol–gel, spin, and dip-coating use precursor solutions. 

Spin coating was used to deposit thin films for decades, and it is now 
the most used process for producing uniform thin films of photosensitive 
organic materials for gas sensing applications with thicknesses in the 
micrometre and nanometer range. Spin coating is a simple and quick 
way to make thin, uniform organic films from solutions. It’s a technique 
for applying thin films on flat substrates in a consistent manner. In a 
nutshell, an excess of a solution is applied to the substrate, which is 
subsequently rotated at a high speed to disseminate the fluid using 
centrifugal force. A spin coater is a machine that is used for spin coating. 
Unlike many other film deposition techniques, spin coating is a 
reasonably simple and cost-effective method of processing (especially 
with regard to equipment costs). It provides a simple method for 
creating films of any composition. Repeatability is one of the most sig
nificant aspects of spin coating. Changes in the parameters that deter
mine the spin process might cause significant changes in the coated 
films. 

4. Applications of rare earth metal oxides Semiconductors: 

Rare earth luminous materials can be used in a variety of applica
tions. Industrially, they can be used to make metal and glass, but they 
can also be used for medical imaging, radar or computer screens, and 
everyday lighting fixtures. The application of rare earth nano-powder 
modified epoxy resin has significantly improved high temperature 
resistance, toughness, strength, and other properties in the application 
of electronic circuit substrates and packaging materials, and overall 
performance has been significantly improved and improved, with a 
small amount of material and low price. It can be used to increase the 
high temperature resistance, anti-ultraviolet, anti-aging, anti-radiation, 
and other properties of organic silicon materials, allowing them to better 
fulfill the unique needs of electronic and electrical appliances. The YBCO 
superconductor, which is made from nanoscale Y2O3, is a unique thin 
film material with great performance, max hardness, ease of production, 
application potential, and a wide range of applications. Rare earth 
luminescent nanomaterials are a new type of material with stable 
chemical and physical properties that can withstand the effects of high- 
power electron beams, high temperature resistance, strong ultraviolet 
light and high-energy radiation, and bright colors, high colour purity, 
and narrow emission bands; high conversion efficiency, strong light 
absorption, and fluorescence lifetime can be reacquired. The rare earth 
ion luminous compounds are also used in biomedicine and the energy 
sectors. In high-energy ion detectors, rare earth ions are employed. 
Scintillators are a group of materials that are related. These scintillators 
can be used in many different ways to detect cosmic rays in biomedical 
tests [73,74]. 

REOs such as Yttrium oxide (Y2O3), Lanthanum oxide (La2O3), 
Cerium oxide (CeO2), Praseodymium oxide (Pr6O11), Neodymium oxide 
(Nd2O3), Samarium oxide (Sm2O3) Europium oxide (Eu2O3), 

Fig. 9. Example of thermal decomposition of technique.  

Fig. 10. Sonochemical synthesis of Y2O3e.  
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Gadolinium oxide (Gd2O3), Terbium oxide (Tb4O7), Dysprosium oxide 
(Dy2O3), Holmium oxide (Ho2O3), Erbium oxide (Er2O3), Ytterbium 
oxide (Yb2O3), Lutetium oxide (Lu2O3), Scandium oxide (Sc2O3) and 
Thulium oxide (Tm2O3) are employed in a variety of applications, 
including solar cell, optics, catalysis, ceramics, accuracy investment 
casting, glass fusing, and glass polishing, photocatalysis and other ap
plications [75–93]. 

The use of lanthanoid absorptions for the production of photo
protective materials able to selectively attenuate different wavelengths 
is receiving increasing interest when it comes to the wide variety of uses 
of RE materials. Light absorption can sometimes result in the controlled 
conversion or breakdown of organic molecules, allowing RE-based ma
terials to be used as photocatalysts. This section covers photoprotective 
and photocatalytic systems based on RE ions, with a focus on UV 
attenuation in biological systems and the ability to perform sunlight- 
activated processes using customisedphotocatalysts. The most investi
gated RE-containing material for photoprotection and UV absorption 
has been ceria nanoparticles (CeO2). A variety of techniques are used to 
get materials with the right particle size, morphology, and structure for 
certain applications [74,94,95]. 

Nano-rare earth is being used in high-performance ceramics. Ce
ramics with electrical components (electronic sensors, PTC materials, 
microwave materials, capacitors, thermistors, etc.). Y2O3, La2O3, Nd2O3, 
Sm2O3, etc., are used as ceramic materials. Ceramics sintered with nano 
Y2O3and ZrO2 at a lower temperature, for example, have high strength 
and toughness and are used in wear-resistant devices such as bearings 
and tools; multilayer chip capacitors and microwave devices made of 
nano Y2O3, Nd2O3, Sm2O3 and other materials have significantly 
improved performance [65]. The various applications of rare earth el
ements [96–99] have been listed in Table 1. 

Food toxin (AFB1) detection using an electrochemical immunosensor 
modified with Sm2O3 nanorods. It has been shown that the electro
phoretically deposited n-Sm2O3 film may be employed to immobilise 
Ab-AFB1 and BSA, as well as to inhibit non-specific binding sites of Ab- 
AFB1 in order to detect aflatoxins. This immunoelectrode’s exceptional 
sensing performance has been paired with high thermal stability, good 
repeatability, and long-term stability [100]. This research has shown a 
new way to use rare earth metal oxide materials in clinical tests, anti
body screening, and proteomics research. 

In the neurological and hormonal systems of humans and other 
mammals, the important neurotransmitter dopamine plays a key func
tion [101]. Due to its specialized position as a neuromodulator in the 
brain circuit, central and peripheral neuronal systems, dopamine is 
responsible for the physiological settings for memory, mobility, and 
attention [102]. Abnormal variations in dopamine levels or concentra
tions in the body can lead to abnormalities and diseases such as senile 
dementia, epilepsy, and Parkinson’s disease [103]. Hypertension, 
asthma, and cordial violations during cardiac surgery are all caused by 
insufficient dopamine levels in the body. With its functional significance 
in mind, a quantitative approach for the precise measurement of dopa
mine in the sense of diagnosis and continuing surveillance of neuro
logical imbalances must be established [104]. The numerous analytical 
estimation approaches for detecting dopamine levels appear to be 
complicated, expansive, and time consuming. The enzyme-based elec
trochemical biosensor approach is an excellent technology for rapid 
detection, ease of use, and simplicity in this regard [105]. Using a so
lution casting method, a dopamine biosensor was created by immobi
lizing the enzyme Tyr on the surface of the Au-La2O3/ITO electrode. The 
constructed electrode Tyr/Au-La2O3/ITO could be an effective bio- 
interface for biosensors and bioelectronics using rare earth metal 
oxide nanoparticles [106]. 

Nanotechnologies have changed the face of science and technology 
in every discipline. It is concerned with the research and application of 
extremely small objects on the nanoscale (1–100 nm). Cerium is a 
common rare earth metal with various surface defects, primarily oxygen 
vacancies, resulting in the coexistence of two oxidation states: cerium 

(III) and cerium (IV), allowing for redox catalytic activity. Biosynthesis 
of nanoparticles has gotten a lot of attention since it is an environ
mentally beneficial process that uses plant extracts, microorganisms, 
nutrients, and other natural ingredients to make nanoparticles. Bio
synthesized cerium oxide nanoparticles are thus non-toxic and 
biocompatible with living cells and tissues [107]. The contemporary 
context necessitates medical advancement due to an increase in the 
prevalence of lifestyle diseases, and the desire to provide treatment for 
life-threatening diseases such as cancer, HIV, and other disorders grows. 
Because of their unique redox capabilities, cerium oxide nanoparticles 
have been widely exploited in the field of biomedicine for cancer 
treatment, antimicrobial agents, bio-scaffolding, and biosensor device 
construction. These nanoparticles are also employed in solar cells, fuel 
oxidation catalysis, chemical mechanical polarisation, and corrosion 

Table 1 
Applications of rare earth elements.  

Sr. 
No. 

Atomic 
No. 

Rare Earth 
Element 

Applications 

1. 57 Lanthanum(La) Camera lenses and hybrid car batteries, 
studio lighting, laptop batteries, Electro 
microscopic tracer. 

2. 58 Cerium (Ce) Catalysts, ceramics, glasses, TV colour, 
Screen fluorescent lighting, Catalytic 
Converter, Carbon-arc Lighting. 

3. 59 Praseodymium 
(Pr) 

Ceramics, glass goggles for glass blowers 
and welders, motion picture industry for 
studio lighting and projector lights 

4. 60 Neodymium (Nd) IR filters, Specialised goggles for glass 
blowers, NIB magnets (PC, hand phones, 
medical equipment motors, wind 
turbines and Audio systems). 

5. 61 Promethium 
(Pm) 

Space craft and guide missiles atomic 
batteries 

6. 62 Samarium (Sm) Cancer treatment, carbon arc lighting for 
studio lighting and projection, Absorbers 
in nuclear reactors, magnets for 
headphones, and pickups for electric 
guitars. 

7. 63 Europium (Eu) Control rods for nuclear reactors, 
Compact fluorescent bulbs, anti-forgery 
marks on euro bank notes. 

8. 64 Gadolinium (Gd) MRI, Colour TV picture tubes, 
Microwave. 

9. 65 Terbium (Tb) Green phosphors in fluorescent lamps 
and color TV tubes. Speaker UV lights for 
euro bank notes, Magnet for wind turbine 
and hybrid car motors. 

10. 66 Dysprosium (Dy) Nuclear reactor control rods, Medium 
source rare –earth lamps MSRs) within 
the film industry, Compact discs and hard 
discs, Speakers, Used in dosimeters for 
measuring ionizing radiation. 

11 67 Holmium (Ho) Solid state lasers for non-invasive 
medical applications, Yellow or red 
colouring for glass, cubic zirconia, 
nuclear control rods,Used in medical, 
dental, and fiber-optical applications 

12. 68 Erbium (Er) Photographic filter, Colouring agent in 
glazes and glasses, laser for Skin (remove 
tattoo) Nuclear reactor control rods. 

13. 69 Thulium (Tm) Portable x-ray machine for medical use, 
Euro banknotes for its blue fluorescence 
under light to defeat counterfeiters. 

14. 70 Ytterbium (Yb) Fibre laser amplifiers, Catalyst, Stress 
gauges to monitor ground deformations 
caused by earthquakes or underground 
explosions, Source of gamma rays 

15. 71 Lutetium (Lu) Detectors in positron emission 
tomography, used in magnetic bubble 
memory devices. 

16. 39 Yttrium (Y) Garnets, High temperature 
superconductor YBCO, microwave filter, 
provide the red colour in television tubes.  
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prevention, in addition to biomedical fields. These nanoparticles have 
extraordinary capabilities, allowing them to be used in a wide range of 
medicinal, agricultural, and environmental applications. Because of its 
high antimicrobial efficiency, cerium oxide nanoparticles can be used in 
the production and commercialization of antimicrobial PPE (personal 
protective equipment), surgery suits, sanitizers, and other products 
[108–112]. 

Thulium oxide (Tm2O3) nanoparticles have catalytic, electrical, op
tical, and electrochemical applications. The nanostructured thulium 
oxide Tm2O3-based electrode provides a cost-effective technique and a 
novel promising platform for rare earth metal oxide material applica
tions in electrochemistry and bioelectronics. Thulium oxide films have 
good conductivity and are stable in acidic and alkaline environments. As 
a result, it can be utilized as a modified electrode. Jay Singh et al. (2013) 
reported the optical and electro-analytical properties of the hydrother
mally produced nanostructure Tm2O3 in the presence of AA. This study 
also demonstrates a very promising platform for the quick and precise 
quantification of AA in pharmaceutical and clinical samples using rare 
earth metal oxide material [113,114]. 

Motor vehicle exhaust is one of the most common sources of pollu
tion in today’s world. Catalytic purification is a widely utilized method 
of purifying car emissions on a global scale. Nano-rare earth catalysts are 
a novel type of high-efficiency car exhaust purification catalyst created 
by combining the high surface activity of nanomaterials with the 
properties of rare earth catalytic promoters in the catalyst. This catalyst 
combines the benefits of nanomaterials and rare earths into one pack
age. Car exhaust can be properly purified with this device. Table 1 lists 
many other important applications for rare earth elements. 

5. Conclusions and future perspectives: 

The current research is a review of previous research on rare earth 
metal and rare earth metal oxide semiconductor (REMOSs) synthesis 
techniques and applications. Rare earth oxide nanoparticles have seen a 
tremendous increase in the last decade in terms of synthesis methods 
and uses. These studies show how to synthesise nanoparticles with a 
variety of properties and complex functions via a variety of synthetic 
techniques, including physical, chemical, biological, and hybrid 
methods. Rare earth nanoparticles have a wide spectrum of mono
disperse or well-defined crystalline sizes, as well as sophisticated crys
tallite morphologies, compositions, and crystal structures. When used in 
catalysis, optics, sensors, and biological applications, well-controlled 
nanoparticles usually display good stability and great performance. 
High volumetric energy density, which can improve pseudo capacitive 
efficiency, environmentally friendly nature and abundant reserves, 
excellent redox properties, and rare earth oxides easily produce oxygen 
vacancies, which are conducive to the transport of electrolyte ions are all 
advantages of rare-earth-based nanomaterials. These are some of the 
notable benefits of nanostructures and nanocomposite made of rare- 
earth elements. 

Rare earth nanoparticles are a novel class of material with predict
able chemical characteristics and promising applications. They play a 
critical role in advancing modern society and raising of people living 
standards both today and in the future. The growth of rare earth ele
ments into technology advancement, the ecology, and economic do
mains has resulted in a major increase in global demands. Over the next 
decade, global demand for autos, electronic goods, energy-efficient 
lighting, and catalysts is predicted to surge. The future of these tech
nologies depends on REMs in future. The need for rare earth magnets is 
predicted to expand as the requirement for rechargeable batteries rises. 
Laparoscopic lasers, magnetic resonance imaging, and positron emission 
tomography scintillation detectors are projected to become more com
mon as medical technology advances. Rapidly green technologies, 
including as electric car batteries, photovoltaic systems, and wind tur
bines, as well as others where REE are broadly utilized, are likely to 
generate great growth and demand for these metals in the near future, 

despite rising prices. REMs may be used in future military and naval 
arsenals to improve efficiency and handling. Modern treatment appli
cations for REMOSs nanoparticles are being explored at an exponential 
speed, and upcoming technologies like nanotechnology may be lever
aged in the future to improve their use in medicine. 
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doped borosilicate glasses as radiation shielding material, Radiat Eff. Defects 
Solids 175 (5–6) (2020) 458–471. 

[90] Costa B.C., Guerreiro-Tanomaru J.M., Bosso-Martelo R., Rodrigues E.M., Bonetti- 
Filho I. and Tanomaru-Filho M. . Ytterbium oxide as radiopacifier of calcium 
silicate-based cements. Physicochemical and biological properties. Brazilian 
Dental Journal 29(2018) 452-458. 

[91] Zhang D., Lin W., Lin Z., Jia L., Zheng W. and Huang F. . Lu2O3: A promising 
ultrawidebandgap semiconductor for deep UV photodetector. Applied Physics 
Letters 118(21)(2021) 211906. 

[92] X.Y. Zhang, M. Xu, S.Z. Cao, W.B. Chen, W.Y. Yang, Q.Y. Yang, Enhanced thermal 
conductivity of diamond/copper composite fabricated through doping with rare- 
earth oxide Sc2O3, Diam. Relat. Mater. 104 (2020), 107755. 

[93] D. Ghosh, N. Choudhury, S. Balaji, K. Dana, A. Dhar, Synthesis and 
characterization of Tm2O3-doped Lu2O3 nanoparticle suitable for fabrication of 
thulium-doped laser fiber, J. Mater. Sci.: Mater. Electron. 32 (4) (2021) 
4505–4514. 

[94] D.S. Filho, C. Paulo, et al., Amphiphilic cerium (III) β-diketonate as a catalyst for 
reducing diesel/biodiesel soot emissions, Appl. Catal. A 360 (2) (2009) 210–217. 

[95] S. Filho, C. de Paulo, O.A. Serra, Rare earths in Brazil: historical aspects, 
production, and perspectives, Quim. Nova 37 (4) (2014) 753–760. 

[96] L.M. Suli, et al., A review of rare earth mineral processing technology, Chemical 
Engineering Research Bulletin (2017) 20–35. 

[97] M. Humphries, Rare earth elements: the global supply chain. Congressional 
Research Service, The Library of Congress, Washington, 2013. 

[98] R. Tharumarajah, P. Koltun, Cradle to gate assessment of environmental impact of 
rare earth metals. Proceedings of the 7th Australian Conference on Life Cycle 
Assessment, 2011. 

[99] C.H.E.N. Zhanheng, Global rare earth resources and scenarios of future rare earth 
industry, J. Rare Earths 29 (1) (2011) 1–6. 

[100] J. Singh, A. Roychoudhury, A highly efficient rare earth metal oxide nanorods 
based platform for aflatoxin detection, Journal of material chemistry B 1 (35) 
(2013) 4493–4503, https://doi.org/10.1039/c3tb20690d. 

[101] G.D. Stuber, M.F. Roitman, P.E.M. Phillips, R.M. Carelli, R.M. Wightman.Rapid 
dopamine signaling in the nucleus accumbens during contingent and 
noncontingent cocaine administration, Neuropsychopharmacology 30 (2005) 
853-863. doi:10.1038/sj.npp.1300619. 

[102] Shao-wen hao and Qun-hua jin. “Association between the +104T/C 
polymorphism in the 5’UTR of GDF5 and susceptibility to knee osteoarthritis: A 
meta-analysis”.Spandidos publications Molecular medicine reports (2012) 485- 
488. doi.org/10.3892/mmr.2012.1179. 

[103] M.L. Huffman, B.J. Venton, Carbon-fiber microelectrodes for in vivo applications, 
Analyst. Royal Society of chemistry 134 (2009) 18–24. 

[104] H. Beitollahi, H. Karimi-Maleh, H. Khabazzadeh, Nanomolar and selective 
determination of epinephrine in the presence of norepinephrine using carbon 
paste electrode modified with carbon nanotubes and novel 2-(4-oxo-3-phenyl-3, 
4-dihydro-quinazolinyl)-N′-phenyl-hydrazinecarbothioamide, Anal. Chem. 80 
(24) (2008 2008,) 9848–9851. 

[105] B.J. Venton, Q. Cao. Fundamentals of fast-scan cyclic voltammetry for dopamine 
detection. Analyst 145(2019) 1158-1168. 

[106] Ankur Srivastava, Gargi Mishra. A highly efficient nanostructured Au@La2O3 
based platform for dopamine detection.Material Letters 308 part B (2022) 
131231. 

[107] Kshitij RB Singh, VanyaNayak, TanushriSarkar and RavindraPratap Singh. 
Cerium oxide nanoparticles: properties, biosynthesis and biomedical application. 
RSC Advances 10 (2020) 27194-27214. 

[108] K.R.B. Singh, M. Fernandes, T. Sarkar, P. Sridevi, Infect. Non, Infect. Dis. 4 (2019) 
1–7, https://doi.org/10.24966/inid8654/100027. 

[109] A. Corma, P. Atienzar, H. Garcia, J.Y. Chane-Ching, Hierarchically 
mesostructured doped CeO2 with potential for solar-cell use, Nat. Mater. 3 (6) 
(2004) 394–397. 

[110] T. Zhang, Y. Xin, Z. Ren, F. Qi, C.K. Law, Catalytic oxidation of methane over PdO 
in wire microcalorimetry, Combust. Flame 160 (1) (2013) 149–154. 

[111] K. Reed, A. Cormack, A. Kulkarni, M. Mayton, D. Sayle, F. Klaessig and B. Stadler 
Environ. Sci. Nano1(2014) 390–405. DOI: 10.1039/c4en00079j. 

[112] V.K. Ivanov, A.B. Shcherbakov, A.V. Usatenko, Structure-sensitive properties and 
biomedical applications of nanodispersed cerium dioxide, Russ. Chem. Rev. 78 
(9) (2009) 855, https://doi.org/10.1070/rc2009v078n09abeh004058. 

[113] J. Singh, M. Srivastava, A. Roychoudhury, D.W. Lee, S.H. Lee, B.D. Malhotra, 
Optical and electro-catalytic studies of nanostructured thulium oxide for vitamin 
C detection, J. Alloy. Compd. 578 (2013) 405–412. 

[114] M. Kouda, T. Kawanago, P. Ahmet, K. Natori, T. Hattori, H. Iwai, K. Kakushima, 
A. Nishiyama, N. Sugii, K. Tsutsui, Interface and electrical properties of Tm2O3 
gate dielectrics for gate oxide scaling in MOS devices, J. Vacuum Sci. Technol. B, 
Nanotechnol. Microelectron.: Mater., Process., Meas., Phenom. 29(6)(2011) 
062202. 

A.S. Patil et al.                                                                                                                                                                                                                                  



www.ijcrt.org                                            ©  2022 IJCRT | Volume 10, Issue 2 February 2022 | ISSN: 2320-2882 

IJCRTL020023 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 159 
 

SYNTHESIS AND CHARACTERIZATIONS 

OF CUO-ZNO NANO COMPOSITE BINARY 

OXIDE THICK FILMS AS H2S GAS SENSOR 
 
 

*1Umesh J. Tupe, 2 M. S. Zambare, 3A. V. Patil, 4C.G. Dighavkar, 5Amol S. Patil 

1Department of Electronic Science, VADP’s Arts, Science & Commerce College, Shirsondi,  

Tal – Malegaon, Dist-Nashik, Affiliated to SPPU, Pune, Maharashtra – 423208, India. 

2Research Centre in Electronics, Department of Electronic Science, Fergusson College, Pune, (M.S.), 

Affiliated to Savitribai Phule Pune University, Pune, India. 

3Department of Physics, MGV’s, Arts, Science and Commerce College, Manmad, Dist. Nashik 423104, 

India 

4Departmet of Physics, MGV’s, Arts, Science and Commerce College, Surgana, Dist. Nashik 422211, 

India 

5Department of Electronics, SSR College, Silvassa-396230, India 

 

Abstract:  

CuO and ZnO nanoparticles were synthesized using cost effective precipitation and green synthesis 

methods respectively. Synthesized nanoparticles were used to establish CuO-ZnO binary oxides thick 

films. Thick films have been developed by standard screen printing technique on a glass substrate. The 

structural characterizations of films were studied using FESEM, EDAX and XRD. The electrical 

characterization of thick films were studied using resistivity, activation energy and temperature coefficient 

of resistance (TCR). The XRD plots matched perfectly with JCPDS card number 80-1916 and 80-0074 

for CuO and ZnO respectively and found that ZnO has hexagonal structure and CuO has monoclinic 

structure. Hydrogen sulphide gas sensing mechanisms of these films were investigated at various operating 

temperatures and PPM concentrations of gas. The 5% ZnO doped CuO binary oxide thick films shows 

maximum sensitivity of 78.8% sensitivity to 100 ppm of H2S gas at operating different temperature 500 C. 

The films also showed a rapid response time of 8 seconds and recovery time of 20 seconds. 

Keywords: Synthesis, Nanoparticles, Binary oxide, Sensitivity, H2S gas. 
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1. Introduction 

Because of the increased concentrations of poisonous gases in the environment due to industry, 

inorganic farming, cars, and other sources, the development of efficient gas sensors for the detection of 

harmful gases is critical. A gas sensor is a device that can tell us about the chemical composition of the air 

around it [1].Over 68 years ago, Brattain and Bardeen reported that gas absorption on the surface of a 

semiconductor can cause a change in the material's resistance. Since then, Seiyama et al 1962 and Taguchi 

1970 have made persistent and effective efforts to use this change for gas detection [2, 3]. Metal oxides 

are one of them, and they are considered feasible materials for gas sensor applications due to their high 

stability, sensitivity, and ability to detect a wide range of target gases. Metal-oxide gas sensors have a 

number of drawbacks, including a long response time, low conductivity, a high operating temperature, and 

a slow recovery time. Gas sensors based on Metal Oxide Semiconductors have been utilized to monitor 

flammable and harmful gases in both residential and industrial environments. Because of their wide range 

of applications, low cost, reliability, small size, and low power consumption, gas sensors are in high 

demand [3, 4]. The two types of metal oxide semiconductors (MOS) are n-type and p-type. Electrons make 

up the majority of charge carriers in n-type MOSs, whereas holes make up the majority of charge carriers 

in p-type MOSs. MOS-based sensors work on the principle of resistance changes when exposed to the 

target gases or humidity. Oxidizing gases raise n-type semiconductor resistance while lowering p-type 

semiconductor resistance, whereas reducing gases do the opposite. Resistance decreases when p-type films 

are exposed to oxidising gases, but resistance increases when exposed to reducing gases. The resistance of 

n-type films increases when exposed to oxidising gases, while resistance decreases when exposed to 

reducing gases. When target gases combine with oxygen species, free electrons are produced [4-6]. 

Although p-type MOS has its own advantages, such as superior catalytic properties and lower humidity 

and operating temperature dependence [7, 8], N-type MOS has better sensitivity to target gases than p-

type MOS. Traditional fabrication techniques have improved, allowing for the production of low-cost 

sensors with good response and dependability. Researchers wanted to create a highly sensitive gas sensor 

that could respond quickly and recover quickly. The detecting performance of MOS gas sensors is 

influenced by operating temperature, specific surface area, crystalline size, crystal structure, and resistivity 

quality. During the last few decades, extensive research has used doping methods to improve the 

characteristics of MOS. Doping and flaws have played a key role in enhancing material structural, 

electrical, optical, and mechanical properties over the years. Due to the deployment of sophisticated 

production and characterization technologies, we are mechanical properties by altering the fundamental 

structure at the nano-scale. Such research and discoveries are necessary to address technological, 

economic, and environmental challenges [9, 10]. 
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2.  Experimental work 

2.1 Synthesis of copper oxide nanoparticles using precipitation method: 

Cupric acetate [Cu (CH3COO). H2O] was used as a source of copper. Cupric acetate (7.9 gm) and NaOH 

pellet (5.4 gm) were dissolved separately into distill water (100 ml). The solution of cupric acetate and 

distill water stirred continuously at 80 oC for one hour using magnetic stirrer. Initially the cupric acetate 

greenish color and PH of solution is 5.29. Figure 1 (a) indicates the PH of cupric acetate and distills water 

solution. During the stirring NaOH solution mix drop wise in the cupric acetate solution still PH of solution 

reached at 11.20. Figure 1(b) indicates the PH of cupric acetate solution after added NaOH. After that the 

formation of obtained compound filtered using whatman filter paper 41 Figure 1(c). Using silica crucible 

the obtained compound was sintering at 400oC for 2 hours. After that nanoparticles of CuO obtained shown 

in Figure 1 (d). 

 

Figure 1 (a): The PH of cupric acetate and distills water solution, (b): The PH of cupric acetate solution 

after added NaOH, (c): Filter obtained compound using whatman filter paper 41 and (d): Obtained copper 

oxide nanoparticles after sintered at 400oC. 

 

2.2 Synthesis of ZnO nanoparticles using green synthesis method  

The nanoparticles of zinc oxide synthesis by green synthesis method using zinc nitrate Zn 

(NO3O2.6H2O). Zinc nitrate is a source of Zn. In this experiment 0.02M of Zinc nitrate hexa hydrate in 

250 ml beaker and dissolved it into 50 ml distilled water, i.e. 5.94 gm of Zn (NO3O2.6H2O) in 50 ml 

distilled water. During the addition of zinc nitrate in distilled water constant string is necessary after that 

aqueous leaf extract of corriandrum is introduces into above solution of zinc nitrate in the following 

particular set of addition of this extract into the solution. The obtained precipitate is dry at room 

temperature of 15-18 hrs then power of 240 pale white colored is dry on hot plate at 80- 90oC for 5 hrs and 

after that pale white colored nano composites of ZnO is obtained. The flow chart of the experimental work 

performed for synthesis of ZnO nanoparticles using green synthesis method mention in Figure 2. 
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Figure 2: Synthesis of ZnO nanoparticles using green synthesis method 

2.3 Preparation of pastes of additive and functional materials for thick films 

Inorganic material 70% and organic material 30% were taken to prepare ZnO doped CuO binary 

oxide thick films. Inorganic material consists of synthesized nanoparticles of functional materials such as 

CuO. Organic part consists of ethyl cellulose (8%) and butyl carbitol acetate (92%). The ethyl cellulose as 

used as temporary binder and BCA used drop wise to prepare paste with a proper viscosity and Wt. % 

additive at different concentration (1%, 3% and 5%) were added in the functional base inorganic material 

for preparation of nanocomposites binary oxide thick films. 

2.4 Thick film preparation method 

In the current research study, 120 mesh nylon screens were used to develop thick film. A 1.25 cm 

x 2.50 cm rectangular window was developed using standard lithographic techniques on the screen. Paste 

or ink is an important part of thick film printing. The paste is evenly pressed to the top of the screen using 

mechanical drainage. The paste forms a layer on the surface of the substrate. Layer work is done by the 

components of the paste. The paste contains nano sized functional metal oxide material, ethyl cellulose 

and temporary binder likes BCA as a solvent.  Using squeegee paste is put on glass substrate using screen 

printing setup. Ones films are prepared it kept in ambient condition for settle down. The films were 

exposed to infra-red radiation for approximately 30 min. The organic solvents were removed by this 

exposure. Ones material pasted on the substrate becomes stable films are ready to use for further process. 

The next phase involves the heat treatment of the prepared thick films. After firing approximately 350 oC 

into the muffle furnace, the film's fine material becomes a solid composite. This process is called firing. 

Figure 3 shows the steps for preparation of CuO-ZnO binary oxides thick films. 
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Figure 3: Steps for binary oxide thick film preparation. 

2.5 Static system for study electrical and gas sensitivity 

The D.C. resistance of the thick films was measured by using half bridge method as a function of 

temperature in home-built static measurement system as shown in Figure 4. The gas sensing study was 

also carried out using static gas system to sense H2S gases. The binary oxide thick films were used as 

sensing component. The resistance of the sample was measured in an air atmosphere as well as in the 

presence of gas (at ppm level) of interest at different operating temperatures. The resistance (Ra) of the 

sample in air and (Rg) in gas atmosphere was measured by using half-bridge method [11-13].  

 

Figure 4: Schematic diagram of electrical and gas sensitivity static system. 
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2.6 Characterizations of CuO-ZnO binary oxides thick films 

2.6.1 Electrical characterizations 

2.6.1.1 Resistivity - The resistivity of the films was determined using following equation 1 [11], 

mohm
l

tbR








 


                                      ..... (1) 

Where, t = thickness of the film sample, b = breadth of the thick film resistor in cm 

2.6.1.2 Activation energy - The activation energy of thick film samples is calculated from Arrhenius plot 

using the equation 2 [11, 12], 

    R=Roe-∆E/KT                                                     ..... (2) 

 Where, Ro = the constant, ΔE = the activation energy of the electron transport in the conduction 

band (eV), K = Boltzman constant and T = Absolute temperature. 

2.6.1.3 Temperature coefficient of resistance (TCR) - TCR was calculated by using the equation 3 [12], 
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                                              ..... (3) 

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. 

 

2.6.2 Structural characterizations 

The developed thick films were characterized by SEM, EDAX and XRD to study the surface 

morphology, elemental composition analysis and structural properties respectively. The thickness of the 

thick films was measured by using Taylor-Hobson (Taly-step UK) system. The thickness of the films was 

observed in the  m range [11]. 

 

2.6.2.1 Scanning Electron Microscopy (SEM) - It is convenient technique to study surface morphology. 

Scanning Electron Microscopy (SEM) {Model JOEL 6300 LA GERMANY} was utilized to characterize 

the surface morphology. The magnifications of all SEM images are taken at 5000X. Average particle size 

and diameter of nanoparticles were determined using Image-J software of SEM images of thick films. The 

specific surface area of thick films was calculated using BET method for spherical particles using the 

equation 4 [12]. 

d
Sw



6


          ………..                           (4)              

2.6.2.2 Energy dispersive X-Ray analysis (EDAX) – It is powerful analytical technique which provides 

X-ray distribution images, line scans and point analysis of trace elements of micro-volumes. EDAX give 

ratio of expected compounds of the elements present in the film. First, the entire sample was scanned for 

SEM and then the elements were detected by EDAX. The elemental analysis was carried out carried out 

using energy dispersive X-ray spectrometer EDAX (JOEL-2300, Germany). The specimen image can be 
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obtained along with the elemental analysis of the selected area/features and distribution of selected 

elements.  

2.6.2.3 X-ray diffraction (XRD) – XRD tool was used to determine the crystalline structure and 

preferential orientation of the crystallite material and also to determine the crystallite size. For thick films 

low angle XRD was used X-ray generator [Miniflex Model, Japan] Rigaku diffractometer (DMAX-500) 

was employed. The XRD gives d values which were used for identification of different phases and 

corresponding structure of the material present in the developed films. The experimental (observed from 

X-ray data) d values are compared with the standard data (JCPDS/ASTM data files). 2θ was carried out to 

examine the final compositions of the CuO-ZnO nano composite binary oxides thick films. The crystallite 

size (D) was estimated by Debye Scherer’s formula equation 5 [11, 13]. 





Cos
D

9.0


                                   ….. (5) 

Where, β = Full angular width of diffraction peak at the at half maxima peak intensity.  

λ =wavelength of X-radiation. 

 

2.7 Investigate gas sensitivity  

The H2S gas response of thick films was studied in test assembly. The electrical resistances of nano 

composite binary oxide thick film in air (Ra) and in the presence of H2S gas (Rg) were measured to find 

the sensitivity (S) given by the equation, 

             S% =
𝑅𝑎−𝑅𝑔

𝑅𝑎
×100                                           …… (6) 

Where, Ra is the resistances of the CuO-ZnO thick film in air and Rg is the resistances of the CuO-ZnO 

thick film in gas atmosphere. 

3. Result and Discussion 

3.1 Electrical Characterization 

3.1.1 Resistivity 

Resistance determines using home built characterization system. The DC resistance of films was 

determining by using half bridge method. Readings of temperature verses voltage were taken with the 

interval of 10oC temperature. The operating temperature range of thick films was 30oC to 350oC. The 

resistance of nano composite binary oxide thick films decreases with increase in temperature. This 

confirms the semiconductor behavior of ZnO: CuO nano composite binary oxide thick films by obeying 

R= R0e
-∆E/KT in the 30 oC to 350 oC temperature interval [11- 14]. 
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Figure 5 shows the change in resistance of 1 wt. %, 3 wt. %, and 5 wt. % additive (ZnO) added 

CuO thick film samples with respective change in temperature. 

 

3.1.2 Activation Energy of ZnO: CuO nano composite binary oxide thick films 

The activation energies of prepared ZnO: CuO nano composite binary oxide thick films in the 

low temperature and high temperature films were calculated using Arrhenius plot.  

 
Figure 6 shows Arrhenius plot 1 wt. %, 3 wt. %, and 5 wt. % additive (ZnO) added CuO thick 

film samples. 
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In both cases i.e. heating and cooling cycles plot is found to be reversible and obeys the Arrhenius 

equation. 

Table 1: Activation energy of ZnO: CuO thick film. 

 
 

The Activation energy for 1 wt. % for ZnO: CuO binary oxide thick film found 0.3750 eV and 

0.0619 eV at low and at high temperature respectively. The Activation energy for 3 wt. % for ZnO: CuO 

binary oxide thick film found 0.6636 eV and 1.4211eV at low and at high temperature respectively. The 

Activation energy for 5 wt. % for ZnO: CuO binary oxide thick film found 0.7050 eV and 0.9456 eV at 

low and at high temperature respectively. 

 

3.1.3 TCR of ZnO: CuO nano composite binary oxide thick films 

The temperature coefficient of resistance (TCR) of ZnO: CuO nano composite binary oxide thick films 

are calculated by using equation 3. 

 

Figure 7: TCR of ZnO: CuO nano composite binary oxide thick films 
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Table 2: TCR of ZnO: CuO nano composite binary oxide thick films 

ZnO additive (wt. %)  

ZnO: CuO thick films 
TCR / 0 K 

1 -0.01087 

3 -0.01227 

5 -0.01294 

 

Temperature coefficient of resistance is found negative to ZnO: CuO nano composite binary oxide 

thick films samples. The negative sign indicate the semiconductor behavior of the prepared thick films. 

High resistivity of thick film samples corresponds to a low TCR value [12].  

Table 3: Electrical outcomes of ZnO: CuO nano composite binary oxide thick films 

 

Table-3 Present electrical characterization of ZnO: CuO nano composite binary oxide thick films 

sample. Table 3 indicates the different values of thickness and other electrical parameters for each of the 

ZnO: CuO nano composite binary oxide thick films sample. 

 

3.2 Structural Characterization 

3.2.1 SEM analysis of ZnO: CuO nano composite binary oxides thick films 

 

Scanning electron microscopy (SEM) is one of the most popular and widely used techniques for 

the characterization of nanomaterial’s and nanostructures. For the study of ZnO: CuO nano composite 

binary oxides thick films thick films thick film SEM magnification is 5000. The SEM images show the 

morphology of ZnO: CuO nano composite binary oxide thick films. wt. % of additive increases the change 

in surface morphology also found to be increasing in the SEM images. The particles grain size decreases 

with increases doping percentage of ZnO in the CuO. SEM results indicate the formation of particles with 

different shapes and sizes. The image shows, larger particles or grain agglomerates. SEM results also show 

particles have large porosity showing large numbers of voids. These voids are responsible for the 

adsorption of the gas molecules [15, 16]. 
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Figure 8 (a), (b) and (c) shows SEM images of 1 wt. %, 3 wt. %, and 5 wt. % additive (ZnO) 

added CuO thick film respectively.  

The 2D images with high magnification were used to study surface morphology of these films. The specific 

surface area calculated by using SEM images. The diameter (d) of ZnO: CuO nanoparticles were measured 

by using Image J software. The rate of adsorption and desorption increases with large surface area of the 

films as well as nanoparticles of materials produced maximum chemisorption’s. Using BET method, 

specific surface area of ZnO: CuO nano composite binary oxides thick films were calculated by equation 

4 [12, 16]. 

Table 4: Specific surface area of ZnO: CuO nano composite binary oxide thick films. 

ZnO additive wt%  Specific surface area in  m2/g 

1% 1.3389 

3% 2.2935 

5% 2.7796 

 

From above Table 4, it has been observed that the specific surface area of ZnO: CuO nano composite 

binary oxide thick films. 

 

3.2.2 X-ray diffraction 

The hkl parameters of CuO and ZnO match with JCPDS Card 80-1916 and 80-0074 respectively. 

Hence it clearly found that the structure of CuO is monoclinic and structure of ZnO is hexagonal for all 

percentage. Prominent peak of XRD found is at 38.71 which indicates [200] for 1wt. %, prominent peak 

of XRD found is at 35.63 which indicates [111] for 3wt. %, and prominent peak of XRD found is at 38.77 

which indicates [111] for 5wt. %, Better crystallinity found because the maximum intensity of prominent 

peaks. The crystalline nature of the thick film material is confirmed by XRD. Average crystallite size was 

calculated from XRD pattern and using Debye-Scherrer equation 5 [12]. The crystallite size was found to 

be as 39 nm, 32 nm and 31 nm for 1 wt. %, 3 wt. %, and 5 wt. % respectively. 

X-ray diffraction studies were conducted to understand the crystal structure and phase of ZnO: 

CuO nano composite binary oxide thick films. The CuKα radiation range is 20˚ to 80˚ for ZnO: CuO nano 

composite binary oxide samples. Following Figure 9 shows X-ray diffraction pattern obtained for 1 wt. %, 

3 wt. %, and 5 wt. % ZnO: CuO thick films. 
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Figure 9: X-ray diffraction pattern of ZnO: CuO thick film samples 

 

Table 5: Crystallite size for 1 wt. %, 3 wt. % and 5 wt. % concentration of ZnO added CuO thick film 

sensors 

 

 

 

 

 

 

3.3. Gas sensing characterization  

3.3.1 Study of H2S gas sensing characterization of ZnO: CuO nano composite binary oxides thick 

films samples 

The prepared ZnO: CuO nano composite binary oxides thick films samples were used as a H2S gas 

sensor. Resistance of the film is measured in the form of voltage using half bridge method. This method 

is applied at different operating temperatures in H2S gas atmosphere for ZnO: CuO nano composite binary 

oxides thick films samples. The H2S gas was injected with different concentration level in ppm at normal 

atmospheric conditions.  

 

3.3.2 Sensitivity on operating temperature with different concentration of H2S gas in ppm. 

The H2S gas sensing behavior of ZnO: CuO thick films were studied by using home-built static 

measurement system. The ZnO: CuO nano composite binary oxides thick films sample resistance was 

measured by using half bride method with temperature in the H2S gas atmosphere.  

ZnO additive concentration (wt. %) Average crystallite size (nm) 

1 39 

3 32 

5 31 
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Figure 10: Sensitivity of ZnO: CuO nano composite binary oxides thick films sample 

Time interval of operating temperature is 50oC during the measurement of gas response. For measurement 

of H2S gas sensitivity the temperature range varied from room temperature (35oC) to 250oC. The gas 

sensitivity of the ZnO: CuO nano composite binary oxides thick films sample were calculated using 

equation 6. The concentration of H2S gas in the current gas sensing study were taken in part per million 

(ppm). Here four concentrations 100 ppm, 200ppm, 500ppm and 1000 ppm of H2S gas were used. Figure 

10 shows the variation of % sensitivity for 1 wt. %, 3 wt. %, and 5 wt. % additive (ZnO) added CuO thick 

film samples. The 5% ZnO doped CuO binary oxide thick films shows maximum sensitivity of 78.8% 

sensitivity to 100 ppm of H2S gas at operating different temperature 500 C. 

 

3.3.3. Response time and recovery time of ZnO: CuO nano composite binary oxides thick films 

sample 

The thick film sensor is kept at 500C optimum temperature. Then, H2S gas is insert using syringe 

in the glass dome of the gas sensing system for measurement of response time.  

 

Figure 11 Response and recovery time of ZnO: CuO binary oxide thick film 
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From the time plot it is found that response time is 09 seconds whereas recovery time is 20 seconds 

to ZnO: CuO binary oxide thick film for H2S gas at concentration 100 ppm and at 50 oC optimum 

temperature. 

 

3.3.4 H2S gas sensing mechanism for ZnO: CuO nano composite binary oxides thick film 

sample  

        ZnO is n-type semiconductors and CuO is a p-type semiconductor. Addition of ZnO into CuO makes 

ZnO: CuO nanocomposites binary oxide causes create p-n hetero junction that will promote high electrical 

resistance in the air [15, 16]. After exposure to H2S gas, CuO is concerted into CuS phase shown in 

following reaction-  

CuO + H2S = CuS + H2O  

The effect of this reaction drastic increase electrical conductance result in decreases resistance of 

the film. The increase in percentage of ppm of Hydrogen gas sulfur atomic fraction increases which 

enhanced the sensitivity of the film because Cu decreases in these reaction and effect in change the 

resistance [17, 18]. 
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Abstract: 

Lead halide perovskites have emerged as one of the leading photovoltaic materials due to their long 

carrier lifetimes, high absorption coefficients, high tolerance to defects, and facile processing methods. 

Which makes them now already comparably efficient to silicon-based photovoltaics. High efficiency, 

flexibility, and cell architecture of the emerging hybrid halide perovskite have caught the attention of 

researchers and technologists in the field. This article provides a comprehensive review on 

characteristics of perovskite materials; pervoskite material preparation and synthesis method and recent 

progresses are reported. Sol-Gel is a low cost, well-established and flexible synthetic route to produce a 

wide range of micro- and nanostructures. Small variations in pH, temperature, precursors, time, 

pressure, atmosphere, among others, can lead to a wide family of compounds that share the same 

molecular structures. In this work, we present a general review of the synthesis of LaMnO3/ 

LaCrO3based on Sol-Gel approach. 

 

Keywords - Perovskite,Sol-Gel, nanoparticles, specific surface area, LaMnO3 / LaCrO3. 
 

1. Introduction:  

Every day, conventional, non-renewable fossil fuels energyconsumption rapidly increaseswhich 

causes humiliation of the environment through global warming, acid rains, increase in carbon dioxide 

content in the environment, smogetc. Eco-friendly energy resources such as solar, wind and tidal, and 

hydropower make best replacement for the fossil fuels so that, the utilization of conventional energy 

source can be avoided. Solar photovoltaic technology is one of the emerging renewable 

technologies.Recently, an emerging Photovoltaic solar cells based on organometal halide perovskite 
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materials which provide high efficiency and stability with low cost becomes attractive alternative to 

conventional photo voltaic Solar cell. The perovskite material has ability to achieve power conversion 

efficiency close to Cadmium Telluride (CdTe). The efficiency of methyl ammonium lead halide 

perovskite sensitized solar cells advancement from 3.8% to 22.1% within a very short period of research 

and development [1]. 

Perovskites shows diversity of electric, optical, and magnetic properties. Perovskite oxides 

shows variety of electrical properties and a variety of solid-state phenomena from insulating, 

semiconducting, metallic, and superconducting characters. Therefore, they are very interesting to be 

studied and applied in a large scale. The family of perovskite material consists large number of oxide 

forms, such as transition metal oxides with the general formula of ABO3. The oxide perovskite materials 

are broadly synthesized and studied for wide applications in different technological fields.  

Pervoskite was initially discovered by German geologist Gustav Rose in 1839 in Ural 

Mountains, and named after Russian mineralogist Lev A.Perovski, Lev Perovskihad discovered a cubic 

crystal structure with chemical composition CaTiO3. This structure was named calcium titanium oxide 

(CaTiO3) which had calcium ion (Ca2+) at the corners, titanium ion (Ti2+) BCC (body cubic-centred) and 

oxygen (O2−) at the FCC (face cubic-centred) in a cubic crystal. Between both the cation, i.e. calcium 

and titanium, calcium ion was bigger in size. Perovskites exhibit general configuration ABX3 which 

represents A as cation of bigger size, B as cation of smaller size, whereas X represents negative ion 

mostly of oxygen or halogens. In perovskites crystals, cation A is located between BX6 octahedron 

connected through apex angle while cation B, possessing six fold coordination, is surrounded by an 

octahedral of anions [2,3].In 1926, V. M. Goldschmidt, who was the first which synthesize and study 

perovskites materials, which were CaTiO3, NaNbO3, SrTiO3, and BaTiO3. In 1986, high temperature 

superconductivity in ceramics and perovskites was discovered by J. G. Bednorz and K. A. Muller [4,5]. 

 

2. Overview of  Perovskite materials : 

The chemical formula of perovskite material must have neutral balanced charge; therefore, the 

sum of total charges at A and B sites cations must be equal to total charges at O site (oxygen) of 

anion(s). A suitable charge distribution is to be achieved in the forms of A3+ B3+ O3 or A4+ B2+ O3 or A1+ 

B5+ O3
.  

Based on ionic size limitations for the required cations and anions, a stability and formability 

range for ABX3 perovskite with a cubic crystal structures can be achieved byfollowing fundamental 

requirement, which are given as:  The average ionic radii of A- and B-sites cations must be greater than 

0.90 Å and 0.51 Å, respectively, and The value of tolerance factor must be lies in the range of 0.88–

1.09.If the tolerance factor equal to unity i.e., t = 1.0 then it is indication ofideal perovskite crystal [6,7]. 

To form a perovskite structure, radius of ions A, B and X must obey the following rules: 

Rule of Tolerance Factor (TF):  0.81 <  𝑇𝐹 =
𝑅𝐴+𝑅𝑋

√2(𝑅𝐴+𝑅𝑋)
< 1.110 

Rule of octahedral factor (OF):  0.44 <  𝜇 =
𝑅𝐵

𝑅𝑋
< 0.9 
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Where, 

RA, RB and RX are ionic radii for A, B and X ions, respectively. 

Following figure 1, shows structure of an ideal ABX3- type perovskite with a cubic crystal 

structure.Where A and B are cations with different electronegativity and size while X is an anion that is 

bonded to both A and B. It is important that,an atom has lower electronegativity and bigger atomic 

radius than atom B, due to symmetrical purposes of the crystal cubic structure. Any material with same 

crystal structure is called perovskite material. Depending on cations and anion they exhibit different 

properties like super conductivity, ionic conductivity, high thermal power etc..[8-10] 

 

Figure 1: The generals perovskite cubical crystal structure ABX3,  

Where, Aand B are cations and X is an anion. 

3. Synthesis methods of perovskite material: 

There are various methods are reported to synthesis of the perovskites structure which are: solid 

state reaction, co-precipitation, hydrothermal, alkoxide hydrolysis, metal-organic processing, sol-gel, 

electro spinning, electrochemical, microwave synthesis, physical vapour deposition, molecular beam 

epitaxial, the Pechini process, chemical vapour deposition, chemical solution deposition, Combustion 

Methodetc.[11-14]. 

Athayde, D. Souza, D.F. Silva, A. Vasconcelos, D. Nunes, E.H. da Costa, J.C.D. reported that,  

Alkoxide, alkoxide-salt, and Pechini methods are the most popular Sol–Gel-based techniques used in the 

synthesis of perovskites. Sol-Gel method is one of the simplest techniques to synthesize high-quality 

nano and microstructures. The Sol-Gel Pechini method became the most used due to its versatility in 

preparing perovskite membranes, depositing dielectric films for the production of capacitors and 

multicomponent oxide materials.  Sol-Gel is a low cost, well-established and flexible synthetic route to 

produce a wide range of micro- and nanostructures. Small variations in pH, temperature, precursors, 

time, pressure, atmosphere, among others, can lead to a wide family of compounds that share the same 

molecular structures. [15]. 
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3.1Sol-gel method: 

The Sol-gel method is frequently used to synthesize nanomaterials. High stability and selective 

sensitivity of ABO3-type perovskite materials have an advantage that could be controlled by selecting 

suitable A and B atoms or by chemical doping. NiTiO3, CoTiO3, BaZrO3, LaMnO3, MnTiO3, PbTiO3 

are some examples of common perovskite oxides. The Sol-gel process is one of the techniques among 

several reported techniques for preparation of perovskite materials. It is an appropriate technique for 

synthesis of dense nanomaterials with homogeneous texture and uniform morphology [60-61]. 

Parashar, M. Shukla, V.K. Singh, R. et. al. [16] describe that The Sol-Gel method involves the 

use of a colloidal solution (Sol) that evolves into a gel-like network including both a liquid and a solid 

phase as a result of several chemical reactions. It can be divided into two types: aqueous or hydrolytic 

and non-aqueous or non-hydrolytic. The aqueous Sol-Gel process can be described in five steps: 

hydrolysis, condensation, aging, drying and crystallization. 

 Sol-gel process gel is a chemical route used to synthesize glassy or ceramic materials at 

relatively low temperatures, based on wet chemistry processing, which involves the preparation of a sol, 

the gelation of the sol and the removal of the liquid existing in fine interconnected channels within the 

gel. It is combination of physical and chemical processes which includes following processes hydrolysis, 

condensation, polymerization, gelation, drying, and densification etc. The principle of Sol-gel method is 

based on a compound reaction between metal cations and a chelating agent (such as citric acid, or 

ethylene glycol also ethylenediaminetetraacetic acid (EDTA), oxalic acid, tartaric acid or glucose). The 

molar ratio for metal ions and chelating agent should be 1:1. It shows high reproducibility and an 

enhanced degree of homogeneity of the reaction mixture. In this method metal alkoxides as starting 

material, which is derivative of the alcohol ROH, where R is an alkyl group or a derivative of metal 

hydroxide M(OH)x. The stoichiometric amounts of metal alkoxides dissolved in alcohol or distilled 

water at a temperature of 60–80°C under constant stirring. pH value of the metal alkoxides solutions 

must be control to avoid the formation of the precipitation and the homogeneous gel which can be 

carried out using basic or acidic solutions. It is called hydrolysis and condensation,which brought out 

formation of polymer chain. The polymer chain improve the viscosity of reaction mixture and produces 

gel. Then produced gel were beaten and grinded, and then calcined for 5-6 hours at 5500 C to obtain the 

pure materials[17-18]. Figure 2, reveals that the different stage of sol-gel method  

 

Figure 2: different stage of sol-gel method 
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Pechini, M.P.et al.  [19]. reported that, the most significant advantages of Sol-Gel Pechini 

method process is its simplicity and the low-temperature precursor handling. This results in the 

fabrication of nanopowders with excellent purity and uniformity, as well as precise control of the final 

composition of the material. This method is also a popular choice for the synthesis of various mixed 

oxides due to its capacity to combine chemicals (such as lactic, glycolic, citric, and EDTA acids) leading 

to the creation of polybasic acid chelates with dissolved cations. 

Kurajica, S. et al. [20] reported that, Chelating agents are employed to prevent et. al. partial 

metal segregation in the final compound, which might occur as a result of various interactions between 

metal ions in the solution. The polyesterification of chelates occurs when a polyhydroxy alcohol is 

added to the solution and heated, resulting in a cross-linked chain of metal atoms connected to organic 

radicals. When two chelating agents work together to complex all metal ions, a precursor solution is 

formed with all metal ions entirely bound. As a result, a more stable chelate complex system develops 

and the polymerization is aided by the following addition of ethylene glycol, which enhances 

uniformity. This method tends to reduce metal segregation after decomposition under heat treatment 

settings. In the synthesis process and subsequent heat treatment, the ratio of metal precursors to 

chelating agents is critical. In theory, this ratio should be high enough to ensure that all metal ions are 

tightly bound to their structures and prevents precipitates in the solution. The Sol-Gel Pechini method 

offers an excellent control over perovskite structure producing very homogeneous solutions. At 

temperatures near 1000 ◦C, this approach results in the creation of pure crystal perovskite structure [21]. 

Shinde, V.S. Kapadnis, K.H. Sawant, C.P. Ahiraro, A.N.et. al. [22] synthesized LaCrO3 by sol-

gel method. For this synthesis intiallyhydrolyze 3.03 g lanthanum nitrate [La(NO3)3], 3g chromium 

nitrate [Cr (NO3)3] in optimum distilled water,and1.72g citric acid in different beaker. Both solutions are 

mixed and then heated at 800C with constant stirring on magnetic stirrer to evaporate distilled water for 

minimum 2- 3 hours. During process of stirring a homogeneous viscous gel were obtained having dark 

greyishcolour. This gel get initially dried under IR lamp for 1-2 hours. Then rough particles were beaten 

and grinded, and then calcined for 5-6 hours at 5500 C. finally, pure material of LaCrO3 obtain in 

greyishcolour. 

Pechini, M.P.et. al.  [19]reported that, LaMnO3 is a perovskite with the general formula ABO3. 

Each B atom occupies the vertex of the perovskite lattice and six oxygen atoms surround it to form an 

octahedron. The A element occupies the center of eight octahedrons. The oxidation state of B cation can 

be modulated by varying preparation steps during the perovskite synthesis, such as temperature, non-

stoichiometry of cations A or B or substituting La3+ by lower oxidation state cations, such as Ca2+, Ba2+ 

or Sr2+, or even higher oxidation state cation such as Ce4+. Sol-Gel technique is one of the easiest and 

most efficient methods to synthesize different LaMnO3 nanoparticles. 

Liu et. al. [27] synthesised LaMnO3 of high surface area using citric acid and 

ethylenediaminetetraacetic acid (EDTA) as chelating agents. They found that EDTA-citrate produced 

smaller nanoparticles than the single citrate acid. The samples exhibited a high specific surface area 

showing excellent oxygen reduction and evolution reaction catalytic performance.  
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Shaterianet. al. [28] synthesised LaMnO3 nanoparticles via Sol-Gel process using stearic acid as 

complexing reagent. The as-synthesized nanoparticles showed pure perovskite structure which presented 

a rhombohedral structure with average particle sizes of 20–30 nm.  

Onrubia-Calvo  et. al. [29] synthesised a series of Sr-doped La1−xSrxMnO3perovskites (x = 0.1, 

0.2, 0.3, 0.4 and 0.5) by varying citrate to nitrate molar ratio in the starting solution, pH and calcination 

protocol. 

ChaozhuShuet. al. [30] used a facile nonstoichiometric strategy to introduce A-site cationic 

vacancies in LaMnO3, La0.9MnO3, La0.7MnO3, perovskite oxides were synthesized by combining Sol-

Gel method and thermal treatment process in air. This procedure provides the advantage of great specific 

surface area and abundant cationic La vacancies on the surface, La0.7MnO3−δ (L0.7MO) can provide 

effective active sites for oxygen electrode reactions and a large storage space for Li2O2 accommodation. 

Amador, C.; Martin de Juan, L et. al. [31] reported that, the specific surface area (SSA) plays an 

important role in the synthesis processes. Depending on the preparation method of the pervoskite 

material, the porosity, size and shape of pores and the pore distribution are impressively distinct. The 

comparative study of pervoskite material, synthesis method and specific surface area are mentioned in 

following Table 1. 

 

Table 1:Comparison of sol gel and other synthesis approaches w.r.to specific surface area 

Perovskite Material Preparation Method specific surface 

area (SSA) in 

(m2/g) 

References 

LaCoO3 Solid-state synthesis 3.0 34 

LaCoO3 Sol-gel Method 15.0 37 

LaCoO3 Combustion method 5.7 39 

LaCoO3 Co-precipitation 8.0 38 

LaMnO3 Solid-state synthesis 4.0 34 

LaMnO3 Sol-gel Method 22.0 36 

LaMnO3 Combustion method 21.8 41 

LaMnO3 Co-precipitation 11.0 40 

LaFeO3 Solid-state synthesis 3.1 34 

LaFeO3 Sol-gel Method 16.5 32 

LaFeO3 Combustion method 9.3 32 

LaFeO3 Co-precipitation 5.4 32 

BaTiO3 Solid-state synthesis 0.4 35 

PbTiO3 Solid-state synthesis 0.5 35 

LaAlO3 Sol-gel Method 4.0 36 

LaAl0.6Mn0.4O3 Sol-gel Method 25.0 36 

LaAl0.4Mn0.6O3 Sol-gel Method 26.0 36 

LaNiO3 Solid-state synthesis 4.8 34 

LaCuO3 Solid-state synthesis 0.6 34 

NdMnO3 Sol-gel Method 20.0 43 

SmMnO3 Sol-gel Method 19.0 43 

NdFeO3 Sol-gel Method 2.3 44 

SmFeO3 Sol-gel Method 4.3 44 

PrCoO3 Co-precipitation 5.1 42 

NdCoO3 Co-precipitation 1.6 42 
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GdCoO3 Co-precipitation 2.1 42 

LaCrO3 Solid-state synthesis 1.9 42 

LaCrO3 Sol-gel Method 5-7 33 

LaCr0.5Mg0.5O3 Sol-gel Method 6.08 33 

LaCr0.5Mg0.5O3·2MgO Sol-gel Method 13.6 33 

LaCr0.5Mg0.5O3·6MgO Sol-gel Method 24.2 33 
 

The specific surface area of the perovskite is strongly affected by which preparation method to 

be used. From above table.2 it is conclude that, the highest surface areas mainly obtained by sol-gel 

better than other synthesis methods. Sol gel method provide better control of the structure, including 

porosity and particle size; possibility of incorporating nanoparticles and organic materials into sol-gel-

derived oxides. Also sol gel method allows the fabrication of any oxide composition, but also some non-

oxides, as well as the production of new hybrid organic-inorganic materials, which do not exist 

naturally. It provide high purity due to mixing at the molecular level. It does not requirespecial or 

expensive equipment. 

4. Characterization of perovskites:  

Lozano-Gorrín, A.D [45], and Abd Al-Rahman [46].Reported that, Phase and purity of 

synthesized nanoparticles plays very important role for the conclusion about the properties exhibited by 

the nanoparticles. Hence X-ray diffraction technique to identify the phase of perovskites. Phase purity of 

synthesized pervoskite can beidentify by matching the XRD pattern of the synthesized material with the 

standard XRD pattern of the cubic phase of CaTiO3  perovskite, Relative phase fractions of different 

phases present, lattice constants, unit cell volume, crystallite size, lattice strain, and theoretical density in 

the prepared nanoparticles can easily recognize by XRD data. Also FTIR (Fourier-transform infrared 

spectroscopy) used to identify chemical bonding and chemical structure of the prepared perovskites, 

FTIR can give structural confirmation which is similar to that obtained through XRD. Thermal stability 

and decomposition temperature of the prepared perovskites can be characterized by using thermal 

analysis techniques like Thermogravometric analysis (TGA), Differential thermal Analysis (DTA), and 

Differential scanning calorimetry(DSC).Scanning electron microscopies (SEM) and transmission 

electron microscopies (TEM) can be used to recognize the different morphological and surface 

characteristics of the synthesized perovskites.Measurement of the specific surface area of the prepared 

materials become important because, electrochemical performance and electro catalytic activity of the 

perovskites are mostly related with the specific surface area of the materials. Hence surface area values 

of synthesizedperovskites can be measured by Brunauer–Emmett–Teller (BET) nitrogen adsorption. 

XPS (X-ray photoelectron spectroscopy) also used to identify surface compositions of the various 

components of the prepared perovskites. 

Shinde, V.S. Kapadnis, K.H. Sawant, C.P. Ahiraro, A.N. et. al. [22]. Synthesized the synthesis of 

LaCrO3 nanoparticles dopped with Yetrria by sol-gel technique, This is a very simple and cost effective 

method, also their thick film preparation by screen printing method and their characterization done by 

XRD, SEM, EDS and IR spectroscopy. The prepared nanoparticles were characterized by XRD from 
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which the average crystallite size calculated by Scherer’s formula found to be 24.66nm. The SEM 

spectrum shows greyish black surface of lanthanum oxide nanoparticles. The EDS of LaYCrO3 

nanomaterial shows the elemental composition of prepared nanoparticles. The infrared spectrum analyze 

the typical IR stretching frequencies of La-O and Cr-O found to be 590.22 cm- and 447.49 cm-

respectively. 

Gosavi, P.V. Biniwale, R.B. et al. [47]. Synthesized LaFeO3 using sol-gel, combustion, and co-

precipitation and measured the surface area and the average pore diameter of the prepared perovskites. 

They reported that, the surface area and Average pore diameter of the prepared LaFeO3 as shown in 

Table 2 below. 

Table 2:The Specific Surface area and Average pore diameter of the prepared LaFeO3 for different 

synthesis methods. 

Perovskite 

Material 

Preparation Method specific surface area 

(SSA) in (m2/g) 

Average pore 

diameter in  A° 

LaFeO3 Sol-gel Method 16.5 m2/ g 119 °A 

LaFeO3 Combustion Method 9.3 m2/ g 140 °A 

LaFeO3 Co-precipitation Method 5.4 m2/ g 205 °A 

 

From above table it is observed that,Sol-gel and combustion methods resulted in higher porous 

surface with large internal pores contributing to higher surface area, while co-precipitation method 

resulted in less internal pores and lower surface area due to longer calcination time. 

Situmeang, Rudy &Sembiring, Simon &Simanjuntak, Wasinton&Sembiring, Zipora&Yuwono, 

Suripto. et al. [56]. Synthesis LaCrO3 nanomaterial is using simultaneously the sol–gel and the freeze-

drying method. Nitrate salts of lanthanum and chrome are dissolved in a pectin solution. The sample is 

thoroughly stirred using a magnetic stirrer while adjusting pH to 11 until a gel is formed. After the 

freeze-drying process, the precursors are subjected to a calcination treatment at 600°C, 700°C, and 

800°C and subsequently characterized by X-ray diffraction (XRD), TEM and DRS analysed. The results 

verify that a major crystalline phase of LaCrO3 perovskite is formed as the temperature of calcination 

increases. The crystallites size identification using the Scherrer equation shows that the size increases 

with calcination temperature increase. But the grain size analysis by TEM verifies that the calcination 

temperature has in fact a small effect on the size. The DRS analysis indicates that the band-gap energy is 

affected by the calcination temperature. The values obtained increase from 2.62 eV to 2.89 eV and 2.98 

eV with temperature increase. 

lham, Chadli& Omari, Mahmoud & Abu-Dalo, Muna&Albiss, Borhan. et al. [57]Synthesized 

LaCr1-xZnxO3 through sol– gel method. The effect of Zn doping on the lanthanum chromite prepared 

was investigated. Thermal decomposition of the dried gel of LaCr0.8Zn0.2O3 was characterized by 

TG/DTA thermal analysis. The synthesized powders were characterized by means of X-ray diffraction 

(XRD), infrared spectra (IR), and scanning microscope (SEM). Electrical properties were characterized 

by the standard four-probe technique. From the preceding analysis, it show the amorphous powders 
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crystallize in the orthorhombic structure with Pbnm (62) space group, where the crystallite size ranges 

from 29.46 to 53.21 nm. The oxides LaCr1-xZnxO3 have the comportment of semiconductors in the 

working temperature range 25–350 C. The electrical conductivity increases with the degree of 

substitution x, whereas the maximum electrical conductivity obtained is 13.8 S/cm at 350 C for 

LaCr0.3Zn0.3O3 where the electrical conduction occurs by a thermal activated of small polarons hopping. 

At higher temperature, the electrical behavior is similar to that of pure metal. 

JamshaidAlam Khan and Javed Ahmad [58] reported the optical and transport properties of 

double perovskite La2CrMnO6 synthesized by auto combustion sol-gel method. The single phase 

formation with orthorhombic structure having Pbns symmetry has been confirmed by Rietveld 

refinement of x-ray diffraction (XRD) pattern. The particle size has been calculated from Debye Scherer 

formula and scanning electron micrograph (SEM). The elemental composition has been checked using 

energy dispersive x-ray (EDX) spectroscopy. The infrared (IR) reflectivity spectrum has been measured 

in the frequency range of 30–7500 cm−1 at near normal incidence at room temperature. We observed 

only eight well resolved phonon modes. Indirect optical band gap 0.96 eV has been estimated using 

Tauc relation from UV-visible absorption spectrum. The DC electrical resistivity measurement suggests 

small polaronic hopping above room temperature. The temperature and frequency dependent AC 

dielectric measurements and the value of activation energy support semiconducting nature of the 

material. 

Enhessari, Morteza&Salehabadi, Ali &Khoobi, Asma&Amiri, Razieh. Et al. [59] Synthesized 

LaCrO3 perovskite nanopowders using a sol-gel method using stoichiometric proportion of materials 

containing lanthanum and chromium in stearic acid complexing agent. Structural analysis of LaCrO3 

indicated an octahedral framework in its XRD pattern bearing crystallite size in the range of 28 nm. The 

particle sizes were confirmed by morphological scanning of the sample. The optical properties of 

LaCrO3 nanopowders clearly indicated an interesting optical activity of LaCrO3 in the UV and visible 

ranges. The degradation activation energy (Ed) was calculated from the output of a moderate thermal 

programming profile at about 207.97 kJ·mol−1 using Kissinger equation. Capacity, impedance and AC 

resistance of the perovskites was obtained at 2.970 nF, 2.522 MΩ and 16.19 MΩ, respectively. 

Sol-Gel is a low cost, well-established and flexible synthetic route to produce a wide range of 

micro- and nanostructures. Small variations in pH, temperature, precursors, time, pressure, atmosphere, 

among others, can lead to a wide family of compounds that share the same molecular structures. Sol-Gel 

method is one of the simplest techniques to synthesize high-quality nano and microstructures. This 

method provides several advantages over other synthesis routes such as control over the texture, size and 

surface properties of the materials, easy to implement, low cost, high quality, and production of 

materials with large surface areas. This flexibility and simplicity make it very popular in the production 

of nanoscale powders and its wide used as a coating method [48-54]. 

Navas, D. Fuentes, S. Castro-Alvarez, A. Chavez-Angel, E. et al. [55] reported that the Sol-Gel 

method has many unique advantages over other synthesis method which are: Possibility of obtaining 

special products such as powders, films or coatings, microspheres, fibers. Obtaining new solids with 
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improved properties. High purity and homogeneity of the materials obtained. Saving energy during the 

process. Full control over the particle size and morphology. The solution and reaction step allows to 

incorporate easily, uniformly and quantitatively some trace elements, achieving a uniform doping at the 

molecular level.Also have following disadvantages which are: Very sensible to moisture. Difficult to 

scale up. Can include several steps and is a time-consuming process. Dimension and volume changes 

during different steps. 

5. Conclusion and Discussion: 

This review article provide basics of the perovskite structure also summarized that, Sol-Gel is a low 

cost, well-established and flexible synthetic route to produce a wide range of micro- and nanostructures. 

Small variations in pH, temperature, precursors, time, pressure, atmosphere, among others, can lead to a 

wide family of compounds that share the same molecular structures. Sol-Gel method offers a unique 

synthesis route to produce novel and tailor-made nanomaterials with full control of morphology, size, 

composition, and crystallinity porosity enhanced by combustion or hydrothermal/solvothermal 

treatment. Nevertheless, some precautions must be taken in order to obtain the best results. Sol-Gel 

method is one of the simplest techniques to synthesize high-quality nano and microstructures. This 

method provides several advantages over other synthesis routes such as control over the texture, size and 

surface properties of the materials, easy to implement, high quality, and production of materials with 

large surface areas. This flexibility and simplicity make it very popular in the production of nanoscale 

powders and its wide used as a coating method.The nanoparticle composition must be analysed before 

running the synthesiswe have briefly described how can be phase identification of the perovskites and 

their structural analysis using Rietveld refinement of the XRD data. The morphological, surface 

characteristics, optical studies and how to identify surface compositions of the various components of 

the prepared perovskites were also included in characterisation of perovskite. The specific surface area 

of the perovskite, which is very important characteristic of a solid catalyst, is strongly affected by the 

preparation method used. We conclude that, porous surface with internal pores contributing the highest 

surface areas mainly obtained by sol-gel better than other synthesis methods.i.e. sol-gel is simple, cheap 

and better method to synthesize perovskite material. Sol-Gel processes in the future could be assisted 

with photocatalyst during synthesis. This could induce the formation of desirable doping processes or 

could reduce the formation of secondary phases. The use of biomaterials in the synthesis of Sol-Gel, 

especially organic waste, offers a novel low-cost and ecological platform for the manufacture of 

functional materials. 
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Abstract:-  

During the previous few decades, global warming and climate change have been major issues among 

scientists. Almost all atmospheric scientists agree that global warming is a serious environmental hazard 

caused by increased quantities of certain trace gases in the atmosphere. The pollution level has risen 

through time due to a variety of growing populations, increased vehicle use, industrialisation, and 

urbanisation, all of which have negative consequences on human wellbeing by directly impacting the 

health of those who are exposed to it. Monitoring of poisonous gases such as CO2, Methane, NH3, CFC, 

Dichlorofluoromethane, NOx, and others is a necessity in today's world. IoT provides a versatile 

platform for monitoring these types of gases. The Internet of Things (IoT) might be a global network of 

"smart gadgets" that perceive and communicate with their environment, as well as interact with humans 

and other systems. It will display the air elements in PPM on the Display and on the website so that we 

can easily monitor them. The current research paper discusses the various IoT-based air pollution 

monitoring techniques. 

Keywords:Global Warming, NOx, CFC, Internet of Things, Air Pollution. 

 

I. Introduction: 

The rise of technology, as well as increased harmful pollutants from factories and automobiles, 

causes atmospheric conditions to deteriorate each year. Despite the fact that air is a life-giving resource, 

many people are unaware of the severity of air pollution or have only just become aware of the issue [1, 

2]. Air pollution is the most hazardous and severe of the numerous types of pollutants, including water, 

soil, heat, and noise, and is responsible for climate change and daily life illnesses. Pollution has very 

serious health consequences, including strokes, emphysema, and cardiovascular disease. Moreover, as 

evidenced by recent global air pollution concerns like ozone depletion [3, 4], air pollutants have a 
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harmful influence on humans and the earth's ecology. As a result, monitoring and control of air quality 

are major concerns [1, 4]. 

In recent years, new technologies such as the Internet of Things (IoT) and cloud computing have 

unveiled new real-time monitoring possibilities in a variety of industries. The Internet of Things (IOT) is 

a system in which matter and people are given limited identities and the ability to move data over a 

network without the need for two-way human-to-human (source-to-destination) or human-to-computer 

(human-to-computer) communication. As a result, numerous researchers [5-8] have looked at integrating 

these technologies into indoor air quality monitoring systems. These investigations, on the other hand, 

were limited to incorporating an IoT platform architecture to monitor air quality in real time. Combining 

these new technologies, which include a wireless sensor network that automatically transmits, processes, 

analyses, and visualises data, can provide significant benefits in terms of improving indoor air quality [9, 

10]. 

The properties of the Internet of Things, such as an ultra-large network of things, device and 

network level heterogeneity, and massive quantities of events generated spontaneously by these things, 

will make expansion of diverse applications and services extremely difficult. Middleware, in general, 

will make the development process easier by coordinating the actions of heterogeneous data and 

networking equipment and facilitating interoperability between different software and systems. A lot of 

suggestions for IoT middleware have surfaced in recent months. Wireless sensor networks (WSN), a 

critical component of IoT, were the focus of these concepts [10, 11]. 

To create an IoT-based pollution monitoring system that can be accessible through Wi-Fi and 

used to assess the level of pollution in a specific location or site. A variety of sensors are used to collect 

data from the atmosphere or its contents. Sensors that measure air pollution and noise pollution measure 

sound levels [9-12]. The distance between the Garbage Bin lids is measured using ultrasonic sensors. 

Ultrasonic sensors collected data. The IoT Platform integrates the fire alarm and monitoring systems. It 

can detect smoke, temperature changes, and flames, among other things. All of the data from these 

sensors is essentially analogue. These signals are digitally transformed. The system also includes a Wi-

Fi module for transferring data to other locations or gaining access to data from afar [10-13]. 

The Air Pollution Monitoring System uses the Internet to monitor the air quality and will sound 

an alert if the air quality drops below a particular level, which indicates there are enough harmful gases. 

It will display the air quality in PPM (Parts Per Million) on the display unit and on the website page so 

that it can be readily monitored. 

II. Literature Survey: 

The wireless standard was used to design, build, and observe an Air Pollution Monitoring 

System for monitoring the combination of key air pollutant gases. Using semiconductor sensors, this 

device measures a mixture of hazardous gases. A single-chip microprocessor, an array of air pollution 

sensors, a GSM-Module, and a GPS-Module are all included in the hardware unit. The Central-Server is 

an internet-connected high-end personal computer application server. The hardware collects air pollution 

levels and stores them in a frame that includes the GPS physical location, time, and date. Finally, the 
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frame is uploaded to the GSM-Modem and communicated through WSN to the Central-Server. 

Environmental air pollution has a substantial impact on the mixture of elements in the atmosphere, 

resulting in global warming and acid rain. It is critical to have an air pollution monitoring system in 

place to avoid such detrimental natural imbalances. The typical air quality monitoring method, which is 

overseen by the Pollution Control Department, is too expensive. Wireless Sensor Networks are a novel 

and difficult study subject for embedded system design automation because their design must adhere to 

strict power and cost constraints [12, 13]. 

Saiye, Y.D. et al. (2020) [14] designed air quality detection and monitoring system employs a 

wireless sensor network to monitor air quality in various places while also producing near real-time 

information and data that can be retrieved via smartphones, tablets and internet compatible device. 

Designed system that can track the amount of contaminants in the air developed by using Arduino Uno, 

a WIFI module, and a MQ135 gas sensor. 

Chourey, Pet al. (2022) [15]Designed IoT baised air pollution monitoring system using MQ135, 

MQ7, and DHT11 gas sensors. These sensors will respond to the esp32 module, which will show the 

information on the ThinkSpeak web server, and configure a buzzer to notify us if the air quality drops 

below the set value. 

Sunil Mahesh Pattar et al. (2018) [12] reported survey on IoT-based air pollution monitoring 

system and purposed the level of pollution has risen through time due to a variety of factors such as 

population growth, increased vehicle use, industrialisation, and urbanisation, all of which have negative 

consequences on human wellbeing by directly impacting the health of those who are exposed to it. an 

IOT-based Air Pollution Monitoring System in which we will monitor the air quality over the internet 

using a web server and will activate an alarm when the air quality drops below a certain level, which 

means when there is a sufficient amount of harmful gases such as CO2, smoke, alcohol, benzene, and 

NH3 gas in the atmosphere. It will display the air components in PPM on the LCD and on the website so 

that we can easily monitor them. One can use your computer or smartphone to monitor the air pollutants 

in this IoT project. 

Harsh Gupta and colleagues (2019) [16] developed an IoT based air pollution monitoring system 

for smart cities. Smart cities are under pressure to stay livable as the world's population becomes more 

urbanised. The air quality of urban centers has become a prominent source of worry around the world in 

recent years. As a result, in order to make a city smart and livable, it is vital to regularly evaluate its air 

quality index. We propose and construct an IoT-based Air Quality Monitoring System for Smart Cities 

in this research. Air quality data is retrieved in real time via smart devices and analysed to determine the 

influence on city people. Temperature, Humidity, Carbon Monoxide, LPG, Smoke, and other harmful 

particulate matters like PM2.5 and PM10 levels in the atmosphere can all be measured using smart 

devices. An Android application makes the obtained data available to everyone in the world. 
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Harsh N. Shah and colleagues et al. (2018) [17] developed IOT based air pollution monitoring 

system using ATmega328P, Wi-Fi module ESP8266, MQ135 Gas sensor, MQ 6 LPG gas sensor, LM35 

temperature sensor and humidity sensor SY-H5220. The Internet of Things-based Air Pollution 

Monitoring System is used to monitor the air quality via a web server. It will sound an alert if the air 

quality falls below a particular threshold, which signifies there are enough dangerous gases in the air, 

such as CO2, smoking, alcohol, benzene, NH3, and NOx. It will display the air quality in PPM on the 

LCD as well as on the webpage, allowing for easy monitoring of air pollution. 

Patil, P., et al. (2017) [18] developed smart IoT based system for vehicle noise and pollution 

monitoring. The hardware architecture as well as the software implementation are thoroughly detailed. 

IoT technology is also used to verify the system's performance. The clever intelligent environmental 

system that was built monitors the pollutants produced by automobiles and alerts vehicle owners to take 

action to reduce pollution. The data on pollution levels is also sent to a server for further study. Air 

pollution authorities can examine data and identify car registration numbers that contribute to increased 

pollution in the atmosphere. The designed system is low-cost, easy-to-use, and may be placed in any 

location. The created system outperforms the old system in terms of accuracy and cost. 

Saha, A.K., et al. (2018) [19] developed raspberry Pi controlled cloud based air and sound 

pollution monitoring system with temperature and humidity sensing using Raspberry Pi,  Wi-Fi module. 

Authors reported controlling and carefully monitoring the situation has become necessary in order to 

take the necessary steps to alleviate the situation. An IOT-based technique for monitoring the Air 

Quality Index and Noise Intensity of a region has been proposed in this research. The Air Quality Index 

Monitoring Module, the Sound Intensity Detection Module, the Cloud-based Monitoring Module, and 

the Anomaly Notification Module are the four modules that make up the recommended technology. To 

begin, the Air Quality Index is calculated based on the presence of five specific air contaminants. The 

sound intensity is then detected using the appropriate sensor. After that, the Cloud-based Monitoring 

Module ensures the data collection process with the support of the Raspberry Pi's Wi-Fi module, 

achieving the goal of data analysis on a regular basis. Finally, the Anomaly Notification Module notifies 

the user if there is a problem. 

Advances in wireless communication and sensor technologies have resulted in a kaleidoscope of 

changes in the air pollution monitoring paradigm in recent years. The Internet of Things has made it 

possible to produce smart environments in which items communicate and collaborate. In order to avoid 

tragic mishaps, the researchers used Raspberry Pi and IoT to monitor dangerous gas leakage and air 

quality. 

 

III. Conclusion: 

This review article provides details of IoT based system used in recants years. The review 

provided technological details as well as recent communication standards and embedded system 

platforms used in air pollution monitoring systems. 
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Abstract:Nanoparticles (NPs) exhibit distinct features from their bulk materials, and they have 

applications in many different of domains in life science. Green-synthesized NPs have attracted a lot of 

attention because of their intrinsic characteristics like efficiency, eco-friendliness, and cost-effectiveness. 

The current research focuses on the green synthesis of zinc oxide (ZnO) nanoparticles (NPs) employing 

wheatgrass extract. Wheatgrass extract acts as a capping agent, as evidenced by its presence on the 

surface of ZnO nanoparticles. X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy 

Dispersive X-Ray Analysis (EDAX), and Fourier Transform Infrared spectroscopy (FTIR) were used to 

characterise the synthesised ZnO nanoparticles. The wurtzite hexagonal structure of the synthesised ZnO 

nanoparticles was polycrystalline in nature, with a preferential orientation along the (101) plane. Using 

Scherer's formula, the crystallite size was determined to be 36.18 nm. The morphological and elemental 

analysis of the films were investigated using SEM and EDAX tools, respectively. The presence of this 

extract on the surface of ZnO NPswas investigated using FTIR analysis, which confirmed the presence of 

many functional groups on the surface of ZnO NPs. 

 

Keywords - ZnO nanoparticles, Wheatgrass extract,FTIR, Green-synthesis, Crystallite Size. 
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1. Introduction: 

 Environmental engineering is an interesting research topic that aims to improve human living 

standard. Environmental engineering uses nanotechnology in a variety of ways. Green eco-friendly 

approach has been impressively explored for the synthesis of a diverse range of nanostructures during the 

previous few decades [1]. Plant-based nanoparticles have numerous benefits over traditional physico-

chemical processes and have a wide range of applications in biology and medicine [2]. 

 ZnO is a rare inorganic compound found in nature. It's usually found as a crystalline substance. 

Manganese impurities in naturally occurring ZnO give it a classic red or orange color. ZnO is a white 

crystalline powder that is almost water insoluble when purified. The semiconductor nature of ZnO is n-

type. It has a wide band gap of 3.37eV at ambient temperature with a high excitation binding energy 

(60meV), superior chemical stability, low dielectric constant, strong electrochemical coupling coefficient, 

and excellent optical absorbance [3]. 

 ZnO NPs have been extensively applied in textile materials, beauty products, diagnostic, solar 

cells, sensing applications, dielectric materials, electric actuators, as a piezoelectric element, for room 

temperature UV lasing are only a few of the applications and even micro-electronics due to the relatively 

low toxicity and size dependant characteristics [3-6].For biosynthesis of NPs for therapeutic reasons, 

ZnO has been proven to be more beneficial and efficient than other metals. Several investigations have 

shown that plant extracts can be used to synthesise ZnO NPs [4, 7].The size of NPs is also affected by the 

plant type or source species from which the plant extract used for NP synthesis is derived [2, 5]. 

 Agropyronrepens, BrotedelTrigo, Agropyre, Doggrass, Elymusrepens, GraminisRhizoma, 

Quackgrass, Scotch Quelch, Triticumrepens, and Wheat Grass were some of the other names for 

wheatgrass. This plant grows from the young grass of the ordinary wheat plant, Triticumaestivum. 

Wheatgrass juice and powder have numerous medicinal qualities for both humans and other animals [1, 

8]. This plant's medicinal qualities include lowering blood pressure and cholesterol, preventing tooth 

decay, healing wounds, and acting as an antibiotic. Vitamin C, vitamin E, thiamin, niacin, pantothenic 

acid, protein, riboflavin, polyphenol, amino acid, and other substances were found in wheatgrass extract 

[9]. Although numerous investigations on nanoparticle syntheses have been conducted. 

 The incorporation of biological components in the nanoparticle synthesis always has been a 

preferred option for a green synthesis method. Green synthesis has been shown to be particularly 

effective at controlling the desired NP size and shape, in addition to the environmental ecosystem 

benefits [10]. 

2. Experimental Work: 

2.1 Synthesis of ZnO nanoparticles using green synthesis method 

In the current research work, commercially available AR grade (99.99 % purity) chemicals were 

used.ZnO nanoparticles have been synthesized by using Zinc nitrate hexahydrate Zn (NO3)2·6H2Oas a 

source of Zn.20 gm of wheat grass pieces were kept in 100ml distilled water and then boiled for 10 min. 

at 60 °C temperature. After that, 3 gm Zinc nitrate hexahydrate added in the prepared solution and stirred 

continuously for 2 hrs using magnetic stirrer up till the coloured of solution become yellow. The obtained 
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precipitate was annealed at 600°C for 2 hours using muffle furnace. After that nanoparticles of ZnO 

obtained. 

 

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.  

Using FTIR analysis, the functional groups of ZnO NPs were confirmed. 

2.2 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 [3]. 

      



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). 

 

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 SEM  

The surface morphology of synthesized ZnO NPswere 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 analysisof 

synthesized ZnO NPs. 

2.2.4FTIR 

Bonding characteristics of the thick films were analysed by using Shimadzu IR Affinity-1 Fourier 

transformed infrared spectrometer (FTIR). The FTIR was recorded from 400 to 4000 cm-1 with a 

resolution of 2 cm-1.FTIR analysis was used to evaluate the existence of functional groups of synthesized 

ZnO NPs. 
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3.  Results and Discussion: 

 

3.1 X-Ray Diffraction (XRD) 

Diffraction peaks was seen at 31.64°, 34.31°, 36.12°, 47.43°, 56.48°, and 67.35°, per the results. This 

pattern clearly matches the phase of standard ZnO (JCPDS card No. 36-1451) [11], which is a hexagonal 

wurtzite polycrystalline structure with lattice planes (hkl) of (100), (002), (101), (102), (110), (103), and 

(112), as illustrated in Figure 1. 

 
Figure 1: XRD pattern of ZnO nanoparticles 

However, there were no peaks of other contaminants found. The observed ZnO spectra in various 

phases corroborated the high purity of the synthesised ZnO using the green synthesis approach [12]. A 

high crystallinity of ZnO was revealed by the presence of strong and narrow diffraction peaks in the XRD 

pattern [13]. The Debye–Scherrer equation was used to compute the crystallite size of ZnO NPs, which 

was found to be 36.18 nm. 

3.2 Scanning Electron Microscopy (SEM) 

Figure 2 shows a SEM micrograph of the synthesised ZnO NPs. The formation of spherical nanoparticles 

with large agglomeration was observed in SEM images of ZnO NPs obtained using the green synthesis 

method. Kim and Park [14] and Ong et al. [15] found the exact structure in ZnO nanoparticles. During 

synthesis, the capping agent could be utilised to minimise particle size. The size of nanoparticles were 

determined using a scanning electron microscope. The particle size ranged from 37.77 to 64.13 nm, as 

indicated in Figure-2 by the SEM micrograph [16]. 
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Figure 2: FESEM micrograph of ZnO nanoparticles 

 

3.3 Energy Dispersive X-Ray Analysis (EDAX) 

The proportional elemental composition of ZnO nanoparticles was confirmed using the energy 

dispersive X-rays Analysis (EDAX) tool, as illustrated in Figure 3, by measuring the intensity of the 

characteristic emitted x- rays. In synthesised zinc oxide nanoparticles, EDAX revealed only the presence 

of two elements: zinc and oxygen. The atomic and weight percent compositions of elements were shown 

in Table 1. The purity of the synthesised ZnO NPs was confirmed by EDAX analysis, and our findings 

are consistent with those of other studies Raj and Jayalakshmyet al. [17, 18]. 

 
Figure 3: EDAX spectra of ZnO nanoparticles 
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Table 1: Elemental composition of ZnO nanoparticles 

Element Weight % Atomic % 

O 23.09 53.18 

Zn 69.93 39.42 

 

3.4 Fourier Transform Infrared spectroscopy (FTIR) 

Synthesized zinc nanoparticles were subjected to FT-IR analysis to detect the various 

characteristic functional group associated with the synthesized nanoparticles. FTIR spectrum of the 

synthesized ZnO nanoparticles showed in Figure-4. The peaks indicate the characteristics functional 

group present in the synthesized zinc oxide nanoparticles. It is inferred that the samples have absorption 

peaks in the range of 3533.59 cm-1, 3321.42 cm-1, 1178.71 cm-1, 1045.42 cm-1, and 410.84 cm-1[16]. The 

absorption peak at 410.84 to 575.9 cm-1corresponds to metal-oxygen (ZnO stretching vibrations) 

vibration mode. The peak at 1045.42 cm-1is ascribed to the stretching vibration of C-N bond of the 

primary amine or to the stretching vibration of the C-O bond of the primary alcohol. The peak at 1178.71 

cm-1was ascribed to primary alcohol in-plane bend or vibration. The peaks at 3321.42 cm-1and 3533.59 

cm-1are ascribed to the stretching vibration of hydroxyl compounds [19, 20]. 

 
Figure 4: FTIR spectra of ZnO nanoparticles 

 

4. Conclusion and Discussion: 

ZnO nanoparticles were successfully synthesized by green synthesis method using Zinc nitrate 

hexahydrate and wheat grass pieces. SEM analyses revealed that the synthesized ZnO was spherical in 

shape and particle size ranged from 37.77 to 64.13 nm.The crystallite size and purity of the sample are 

investigated by XRD.In FTIR spectroscopy, pure ZnO nanoparticles showed stretching vibrations and 

peaks were match with standard fictional groups of ZnO.  
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Abstract:-  

During the previous few decades, global warming and climate change have been major issues among 

scientists. Almost all atmospheric scientists agree that global warming is a serious environmental hazard 

caused by increased quantities of certain trace gases in the atmosphere. The pollution level has risen 

through time due to a variety of growing populations, increased vehicle use, industrialisation, and 

urbanisation, all of which have negative consequences on human wellbeing by directly impacting the 

health of those who are exposed to it. Monitoring of poisonous gases such as CO2, Methane, NH3, CFC, 

Dichlorofluoromethane, NOx, and others is a necessity in today's world. IoT provides a versatile 

platform for monitoring these types of gases. The Internet of Things (IoT) might be a global network of 

"smart gadgets" that perceive and communicate with their environment, as well as interact with humans 

and other systems. It will display the air elements in PPM on the Display and on the website so that we 

can easily monitor them. The current research paper discusses the various IoT-based air pollution 

monitoring techniques. 

Keywords:Global Warming, NOx, CFC, Internet of Things, Air Pollution. 

 

I. Introduction: 

The rise of technology, as well as increased harmful pollutants from factories and automobiles, 

causes atmospheric conditions to deteriorate each year. Despite the fact that air is a life-giving resource, 

many people are unaware of the severity of air pollution or have only just become aware of the issue [1, 

2]. Air pollution is the most hazardous and severe of the numerous types of pollutants, including water, 

soil, heat, and noise, and is responsible for climate change and daily life illnesses. Pollution has very 

serious health consequences, including strokes, emphysema, and cardiovascular disease. Moreover, as 

evidenced by recent global air pollution concerns like ozone depletion [3, 4], air pollutants have a 
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harmful influence on humans and the earth's ecology. As a result, monitoring and control of air quality 

are major concerns [1, 4]. 

In recent years, new technologies such as the Internet of Things (IoT) and cloud computing have 

unveiled new real-time monitoring possibilities in a variety of industries. The Internet of Things (IOT) is 

a system in which matter and people are given limited identities and the ability to move data over a 

network without the need for two-way human-to-human (source-to-destination) or human-to-computer 

(human-to-computer) communication. As a result, numerous researchers [5-8] have looked at integrating 

these technologies into indoor air quality monitoring systems. These investigations, on the other hand, 

were limited to incorporating an IoT platform architecture to monitor air quality in real time. Combining 

these new technologies, which include a wireless sensor network that automatically transmits, processes, 

analyses, and visualises data, can provide significant benefits in terms of improving indoor air quality [9, 

10]. 

The properties of the Internet of Things, such as an ultra-large network of things, device and 

network level heterogeneity, and massive quantities of events generated spontaneously by these things, 

will make expansion of diverse applications and services extremely difficult. Middleware, in general, 

will make the development process easier by coordinating the actions of heterogeneous data and 

networking equipment and facilitating interoperability between different software and systems. A lot of 

suggestions for IoT middleware have surfaced in recent months. Wireless sensor networks (WSN), a 

critical component of IoT, were the focus of these concepts [10, 11]. 

To create an IoT-based pollution monitoring system that can be accessible through Wi-Fi and 

used to assess the level of pollution in a specific location or site. A variety of sensors are used to collect 

data from the atmosphere or its contents. Sensors that measure air pollution and noise pollution measure 

sound levels [9-12]. The distance between the Garbage Bin lids is measured using ultrasonic sensors. 

Ultrasonic sensors collected data. The IoT Platform integrates the fire alarm and monitoring systems. It 

can detect smoke, temperature changes, and flames, among other things. All of the data from these 

sensors is essentially analogue. These signals are digitally transformed. The system also includes a Wi-

Fi module for transferring data to other locations or gaining access to data from afar [10-13]. 

The Air Pollution Monitoring System uses the Internet to monitor the air quality and will sound 

an alert if the air quality drops below a particular level, which indicates there are enough harmful gases. 

It will display the air quality in PPM (Parts Per Million) on the display unit and on the website page so 

that it can be readily monitored. 

II. Literature Survey: 

The wireless standard was used to design, build, and observe an Air Pollution Monitoring 

System for monitoring the combination of key air pollutant gases. Using semiconductor sensors, this 

device measures a mixture of hazardous gases. A single-chip microprocessor, an array of air pollution 

sensors, a GSM-Module, and a GPS-Module are all included in the hardware unit. The Central-Server is 

an internet-connected high-end personal computer application server. The hardware collects air pollution 

levels and stores them in a frame that includes the GPS physical location, time, and date. Finally, the 
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frame is uploaded to the GSM-Modem and communicated through WSN to the Central-Server. 

Environmental air pollution has a substantial impact on the mixture of elements in the atmosphere, 

resulting in global warming and acid rain. It is critical to have an air pollution monitoring system in 

place to avoid such detrimental natural imbalances. The typical air quality monitoring method, which is 

overseen by the Pollution Control Department, is too expensive. Wireless Sensor Networks are a novel 

and difficult study subject for embedded system design automation because their design must adhere to 

strict power and cost constraints [12, 13]. 

Saiye, Y.D. et al. (2020) [14] designed air quality detection and monitoring system employs a 

wireless sensor network to monitor air quality in various places while also producing near real-time 

information and data that can be retrieved via smartphones, tablets and internet compatible device. 

Designed system that can track the amount of contaminants in the air developed by using Arduino Uno, 

a WIFI module, and a MQ135 gas sensor. 

Chourey, Pet al. (2022) [15]Designed IoT baised air pollution monitoring system using MQ135, 

MQ7, and DHT11 gas sensors. These sensors will respond to the esp32 module, which will show the 

information on the ThinkSpeak web server, and configure a buzzer to notify us if the air quality drops 

below the set value. 

Sunil Mahesh Pattar et al. (2018) [12] reported survey on IoT-based air pollution monitoring 

system and purposed the level of pollution has risen through time due to a variety of factors such as 

population growth, increased vehicle use, industrialisation, and urbanisation, all of which have negative 

consequences on human wellbeing by directly impacting the health of those who are exposed to it. an 

IOT-based Air Pollution Monitoring System in which we will monitor the air quality over the internet 

using a web server and will activate an alarm when the air quality drops below a certain level, which 

means when there is a sufficient amount of harmful gases such as CO2, smoke, alcohol, benzene, and 

NH3 gas in the atmosphere. It will display the air components in PPM on the LCD and on the website so 

that we can easily monitor them. One can use your computer or smartphone to monitor the air pollutants 

in this IoT project. 

Harsh Gupta and colleagues (2019) [16] developed an IoT based air pollution monitoring system 

for smart cities. Smart cities are under pressure to stay livable as the world's population becomes more 

urbanised. The air quality of urban centers has become a prominent source of worry around the world in 

recent years. As a result, in order to make a city smart and livable, it is vital to regularly evaluate its air 

quality index. We propose and construct an IoT-based Air Quality Monitoring System for Smart Cities 

in this research. Air quality data is retrieved in real time via smart devices and analysed to determine the 

influence on city people. Temperature, Humidity, Carbon Monoxide, LPG, Smoke, and other harmful 

particulate matters like PM2.5 and PM10 levels in the atmosphere can all be measured using smart 

devices. An Android application makes the obtained data available to everyone in the world. 
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Harsh N. Shah and colleagues et al. (2018) [17] developed IOT based air pollution monitoring 

system using ATmega328P, Wi-Fi module ESP8266, MQ135 Gas sensor, MQ 6 LPG gas sensor, LM35 

temperature sensor and humidity sensor SY-H5220. The Internet of Things-based Air Pollution 

Monitoring System is used to monitor the air quality via a web server. It will sound an alert if the air 

quality falls below a particular threshold, which signifies there are enough dangerous gases in the air, 

such as CO2, smoking, alcohol, benzene, NH3, and NOx. It will display the air quality in PPM on the 

LCD as well as on the webpage, allowing for easy monitoring of air pollution. 

Patil, P., et al. (2017) [18] developed smart IoT based system for vehicle noise and pollution 

monitoring. The hardware architecture as well as the software implementation are thoroughly detailed. 

IoT technology is also used to verify the system's performance. The clever intelligent environmental 

system that was built monitors the pollutants produced by automobiles and alerts vehicle owners to take 

action to reduce pollution. The data on pollution levels is also sent to a server for further study. Air 

pollution authorities can examine data and identify car registration numbers that contribute to increased 

pollution in the atmosphere. The designed system is low-cost, easy-to-use, and may be placed in any 

location. The created system outperforms the old system in terms of accuracy and cost. 

Saha, A.K., et al. (2018) [19] developed raspberry Pi controlled cloud based air and sound 

pollution monitoring system with temperature and humidity sensing using Raspberry Pi,  Wi-Fi module. 

Authors reported controlling and carefully monitoring the situation has become necessary in order to 

take the necessary steps to alleviate the situation. An IOT-based technique for monitoring the Air 

Quality Index and Noise Intensity of a region has been proposed in this research. The Air Quality Index 

Monitoring Module, the Sound Intensity Detection Module, the Cloud-based Monitoring Module, and 

the Anomaly Notification Module are the four modules that make up the recommended technology. To 

begin, the Air Quality Index is calculated based on the presence of five specific air contaminants. The 

sound intensity is then detected using the appropriate sensor. After that, the Cloud-based Monitoring 

Module ensures the data collection process with the support of the Raspberry Pi's Wi-Fi module, 

achieving the goal of data analysis on a regular basis. Finally, the Anomaly Notification Module notifies 

the user if there is a problem. 

Advances in wireless communication and sensor technologies have resulted in a kaleidoscope of 

changes in the air pollution monitoring paradigm in recent years. The Internet of Things has made it 

possible to produce smart environments in which items communicate and collaborate. In order to avoid 

tragic mishaps, the researchers used Raspberry Pi and IoT to monitor dangerous gas leakage and air 

quality. 

 

III. Conclusion: 

This review article provides details of IoT based system used in recants years. The review 

provided technological details as well as recent communication standards and embedded system 

platforms used in air pollution monitoring systems. 
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