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Abstract: 

      

     Cobalt aluminate (CoAl2O4) nanoparticles were synthesized via co precipitation route. 

Sample was calcinated at 900°C. X-ray diffraction, data confirms the formation of single-phase 

cubic structure and the average grain sizes were evaluated. The XRD result revealed the 

production of a sharp single cubic spinel structure of prepared sample without any impurity 

peak with the crystallite size of about 21.6 nm. The high and low frequency absorption bands 

of CoAl2O4 were investigated using FT-IR analysis. The microstructural features were 

examined by scanning electron microscopy (SEM). 

Keywords:  Nanocrystalline, Cubic-Spinel, XRD, FT-IR, SEM. 

 

Introduction:  

     Cobalt aluminate spinel (CoAl2O4) is known for its blue colour and it is widely used as 

pigments for ceramics, paints, fibres and so on. CoAl2O4 is a material which have excellent 

thermal stability, high melting point and electrical properties. The structure of CoAl2O4 also 

plays a key role in determining the material’s behaviour in different environments making it 

an important consideration in various fields of science and engineering [1]. The materials have 

high thermal stability, colour stability, resistance to moisture and humidity also make it suitable 

for use in harsh environments [2-7]. 

 

Materials and Methods: 

 

      There are several methods use to synthesize Cobalt aluminate nanoparticles, including the 

mixed oxide method, citrate-nitrate method, hydrothermal synthesis and combustion methods 

[8,9]. Among all the methods, co precipitation is one of the most efficient routes and human-

friendly method to develop spinel oxide materials in a short span of time while utilizing less 

energy [10]. 

      Sample CoAl2O4 was synthesized by co-precipitation method in an air atmosphere. The 

starting materials were weighed according to the stoichiometric ratio. The raw materials 

Al(NO3)2(99.0%), (Co(NO3)2 6H2O, were dissolved in distilled water mixed well with each 

other at 80oC temperature under constant magnetic stirring, where in the molar ratio of Co/Al  

was 1:2. In this process, ammonia was used as precipitant. The mixed materials were dried in 

an oven for 24 h. The dried materials were put into the alumina crucible and calcined in a 

muffle furnace at 900oC for 4 h and then the white powder was obtained. Thick film was 

prepared from this powder by screen printing method.  

There are many reports available on semiconducting metal oxide. Among these cobalt 

aluminate gas sensor is a potential candidates of the gas sensing device. In this paper 
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characterization of the spinel was carried out by using powder X-ray diffraction, infrared 

spectra and scanning electron micrograph. 

 

Techniques:  
       

    The X-ray measurement of various mixed solids was carried out using a BRUKER D8 

advance diffractometer (Germany). The patterns were run with Cu K radiation at 40 kV and 

40 mA with scanning speed in 2 of 2° min-1. The crystallite size of CoAl2O4 crystallites 

present in the investigated solids was based on X-ray diffraction line broadening and calculated 

by using Scherer equation [11] 

 

                                                     𝑑 =
𝑘𝜆

ß𝐶𝑜𝑠 𝜃
 

 

      where d is the average crystallite size of the phase under investigation, k is the Scherrer 

constant (0.89),  is the wave length of X-ray beam used,  is the full-with half maximum 

(FWHM) of diffraction and  is the Bragg's angle. The XRD patterns of these powders showed 

several peaks at 31.44, 37.02, 44.94, 55.78, 59.46 and 65.30 corresponding to (h k l) reflection 

at (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1) and (4 4 0) respectively [12]. 

These peaks could be indexed with space group Fd3m. 

 

 

 

                         
                   Fig. 1: XRD pattern of CoAl2O4 powder calcinated at 900oC.            

 

        

      Infrared spectra of given sample as shown in fig. 2. Spectra shows three bands in the region 

500 to700 cm-1. These three bands are attributed to the vibration modes of the CoAl2O4 phase 

[13]. These results are in good agreement with XRD analysis. 

          Scanning electron micrographs (SEM) were recorded on JEOL JSM 7600F. SEM 

micrographs of the sample CoAl2O4 thick film are presented in fig. 3. The film was synthesized 

by screen printing method.  Figure shows agglomerates of different shapes and the particle size 

between the range 45.1- 45.4 nm. 
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                                     Fig.2: FTIR spectra of CoAl2O4 powder calcinated at 900oC. 

 

 

                                            
                                    Fig. 3: SEM image of Nanocrystalline CoAl2O4 thick film. 

 

 

Conclusion: 

 

       In summary, CoAl2O4 nanoparticles have been successfully synthesized through  

co precipitation method. The sample was heated upto 900oC. The heat treatment blue powders 

with a direct spinel structure (CoAl2O4).  The vibrational stretching frequencies corresponding 

to the composites were confirmed by FT-IR spectroscopy. Scanning electron micrograph 

shows homogenous morphology; it consists in agglomerates of primary particles of quasi-

spherical shape with a size in the range 45.1 to 45.4nm. 
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ABSTRACT 

This paper concentrates on nanocrystalline powders of ABO3 structure were synthesized by 

the various. Solid state gas sensor is a very effective sensor compared to other sensors 

because it can detect different harmful gases and it can be used in variety of applications. 

Given the intense market rivalry, it would be ideal for gas sensors to become more 

dependable and of higher quality. High sensitivity, high precision, and cost-effective 

compatible gas sensors have garnered a lot of interest. Research on sensing materials has 

been broadly targeted in order to provide good gas sensing. This paper review on solid state 

gas sensor. The creation of effective and efficient gas sensors is the result of advancements 

in nanotechnology and the use of various materials. 

Keywords: Nanomaterials, gas sensors, perovskite, etc. 

 

1. Introduction 

In day today modern life detection of different gases play a vital role. The significant area of 

research towards gas sensing that leads to the fabrication of gas sensing devices which detect 

various harmful gases. Human body suffers from different diseases due to the emission of 

various toxic and hazardous gases. Solid-state sensors are among the most versatile of all 

sensors, as they detect a wide variety of gases, and can be used in many different applications. 

Among the unique attributes of the solid-state sensor are the abilities of the sensor to detect 

both low ppm levels of gases, as well as high combustible levels. Solid state gas sensors, are 

the excellent candidates to the fabrication of commercial gas sensors for a wide range of 

applications [1-5]. The development of high precision gas sensors is crucial for the monitoring 

of harmful (exhaust) gases in the environment. A variety of dangerous gases, such as CH4, 

NO2, LPG, NH3, SO2, CO, H2S, NO2, Acetone, H2, ethanol, and methanol, are constantly 

released by industry, transportation, and agricultural activities. Many of these gases are 

hazardous to human health as well as the environment, 

even at levels measured in parts per million, or ppm. Some of these gases, like H2, are 

naturally explosive when exposed to air. 

In recent years, nanomaterials based on perovskite have been used in a variety of sustainable 

applications. Their structural properties enable researchers to investigate functionalities in a 

variety of directions, including solar cells, LEM devices, transistors and sensors, etc. 

Perovskite nano-materials have been shown to have remarkable sensing performance to a 

wide range of chemical and biological species, both in solids and solutions. In particular, 

they are able to detect small molecules (e.g., oxygen, nitrogen dioxide, carbon dioxide, etc.). 

In addition, Solid-state gas sensors are emerging as a viable substitute for the intended real-

mailto:manisha031082@gmail.com
mailto:vdk.nano@gmail.com
mailto:drsva205@gmail.com
mailto:trruptitatte21@gmail.com
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time functions in light of recent developments in the material sciences and advancements in 

processing and downsizing techniques. The greatest options for the development of 

commercial gas sensors for a broad range of such applications are solid state gas sensors, 

which are based on a variety of concepts and materials. [6-10]. 

 

2. Structure, Stability and Properties of Perovskites 

Perovskite is the name given to the compounds that have the formula type ABX3 with different 

sized 'A' and 'B' cations bonded to anion X [11]. ABO3 Perovskites exhibit good thermal 

stability with an eV band gap of 3–4, which is why they were used in a lot of gas sensing 

studies [12]. Perovskite materials can be employed as sensors for gaseous species because 

their stability was significantly disrupted when exposed to gaseous environments, such as 

NO2, CH4, NH3, C2H5OH, acetone, etc. [13]. The chemiresistive I–V, phosphorescence, and 

fluorescence responses of these perovskite materials can be used to record the sudden changes 

in them. However, in these sensing investigations, the opto- electronic characteristics of 

perovskites are crucial. Renowned contenders with remarkable attributes including electrical 

conductivity, ferroelectricity, superconductivity, catalytic activity, etc. are perovskite oxides. 

There are several ways to synthesis the naocrystalline perovskite material, including the 

hydrothermal, sol-gel, and chemical co-precipitation processes, etc. Because of the 

remarkable stability of the perovskite structure, structural flaws can be created when one or 

both of the cations in the A and B sites are partially substituted with other metals that have a 

different oxidation state. 

3. Review of solid state gas sensor 

Soil, water, and air pollution are the three categories into which environmental contamination 

falls. Of these three categories, air and water pollution are the main contributors to disasters 

since they spread quickly over a wide area in a short amount of time. Since industrial progress 

has dramatically expanded environmental pollution to such a level that public concern is now 

so great that it cannot be ignored any longer, environmental monitoring and management are 

absolutely necessary. Therefore, in order to address these environmental issues, thorough 

study has been done to quickly identify these contaminants and lower their levels to within 

the regulatory allowed concentrations. These factors have contributed to the advancement of 

solid-state gas sensor research and development in recent years. Gas sensors with metal oxides 

as the sensing medium have been widely used in gas detection applications. In fact, there is 

growing interest in gas sensing for nanocrystalline semiconducting metal oxides with 

regulated compositions, which also represent an intriguing new area of fundamental research 

[14]. Because of its oxide stability, high response, low production cost, and ability to respond 

to a wide spectrum of chemicals, semiconductor metal oxide nanostructures are the most 

preferred of all the solid state gas sensing materials. They respond quickly, are robust, 

dependable, and reasonably priced. Different types of solid state gas sensors are 

semiconductor gas sensor, optical gas sensor, 

electrochemical gas sensor, etc. Semiconductor gas sensors (SGS), known sometimes as 

chemoresistive gas sensors, are typically based on metal oxides (e.g. SnO2, TiO2, In2O3, WO3, 

NiO, etc.). Recent applied research and product releases in this sector of gas sensors have 

revealed some noteworthy developments regarding the use of nanotechnologies and gas-

sensing layers. In the sensing industry, optical gas sensors are crucial for measuring chemical 

and biological quantities. Changes in the absorption spectrum were used to measure the first 

optical chemical sensors. Chemical sensors and biosensors currently employ a wide range of 

optical techniques, such as ellipsometry, surface plasmon resonance (SPR), spectroscopy 

(luminescence, phosphorescence, fluorescence, Raman), interferometry (white light, modal, 

and optical waveguide structures), spectroscopy of guided modes in optical waveguide 

structures (grating coupler, resonant mirror), and interferometry (white light, 
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phosphorescence, and fluorescence). Electrochemical gas sensors use an electrochemical cell, 

which is made up of two terminals (an anode and a cathode) of the same composition and a 

casing that holds a collection of chemical reactants (electrolytes or gels) in contact with the 

environment. A membrane on the top of the gas sensor enclosure allows the gas sample to 

pass through it. At the anode, oxidation happens, and at the cathode, reduction happens. 

 

4. Conclusion 

In this review study, the materials chosen for the construction of such gas sensors, and the 

sources of emission and regulatory standards of air pollutants are briefly reviewed. It has been 

addressed how advances in material science have led to the development of potential solid-

state gas sensors, with the aim of comprehending the underlying technology and offering 

targeted functionality for a particular application. 
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Abstract: 

Ferrites have gained a lot of attention because of their diverse uses in domains including 

photocatalytic degradations, gas sensors, electronic devices, organic transformation catalysts, 

adsorption, and so on. This review focuses on cadmium ferrites production methodologies and 

applications. The structural, electric, magnetic, and dielectric properties of cadmium ferrites 

are primarily influenced by the synthesis procedures and circumstances used during 

preparation.  As a result, the main goal of this study was to provide the most often used 

synthesis processes, such as sol-gel, hydrothermal, co-precipitation, solvothermal, micro-

emulsion, and solid state. In this review, attention has been paid to the synthesis and 

applications of cadmium ferrites across various fields.  

Keywords: Cadmium ferrites; Nanoparticles; Spinel, Synthesis methods, Applications. 

1. Introduction:  

 Ferrite nanoparticles are in the spotlight of current nanoscience due to immense 

application potential. Spinel ferrite materials are metal oxides with spinel structures that have 

the general chemical formula AB2O4, where A and B represent various metal cations that are 

located at tetrahedral (A site) and octahedral (B site) positions, respectively. The types, 

quantities, and placements of the metal cations in the crystalline structure have a significant 

impact on the physicochemical properties of ferrites [1,2]. 

Due to their unique and remarkable properties, nanocrystalline magnetic materials have 

attracted attention from various fields. Nanomaterials have particle size up to 100 nm and high 

surface-to-volume ratio, which altered or enhanced reactivity, thermal, mechanical, optical, 

electrical, and magnetic properties as compared to their bulk counterparts [3-6]. The size and 

shape of spinel ferrite nanomaterial can be controlled by manipulating reaction variables such 

as properties is manipulated by changing the synthesis method, processing temperature and 

also substitution [7-9].   

Cadmium ferrite nanoparticles can be fabricated by various methods such as 

hydrothermal method, sol-gel method, chemical co-precipitation method, solid state high 

temperature reactions etc.  Magnetic CdFe2O4, CoFe2O4, MnFe2O4, CuFe2O4, ZnFe2O4, and 

NiFe2O4 nanoparticles have received a great deal of attention owing to their thermal and 

chemical stability, as well as their distinctive structural, magnetic, optical, electrical, and 

dielectric properties, and their broad range of technological applications including photo 

catalysis, photoluminescence, biosensors, humidity-sensors, catalysis, magnetic refrigeration, 

permanent magnets, magnetic drug delivery, magnetic (hyperthermia) [10,11].  

             The purpose of this review gives some general processing methods and applications 

on Cadmium ferrite nanomaterial which is found to be useful due to their electronic, optical, 

electrical, magnetic and catalytic properties. 

mailto:truptitatte21@gmail.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10238938/#bib1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10238938/#bib2
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2. Synthesis methods 

Different synthesis methods can be utilized simultaneously to produce nanoparticles of various 

sizes such as sol-gel method [12, 13], chemical co-precipitation [14], Hydrothermal and Solvo-

thermal synthesis [15], Self-propagating high temperature synthesis (SHS) technique [16], 

Micro-emulsion technique [17] etc. have been discussed.  

2.1 Sol-Gel Method 

The sol-gel process involves the transition of a solution of metal compounds from a liquid sol 

into a solid gel. In liquid, sol is a diffusion of the solid particles where only the Brownian 

motions suspend the particles and this sol is heated and then  to form a homogenous gel which 

can achieved by the addition of base or acidic solutions. Usually inorganic metal salts or metal 

organic compounds such as metal alkoxides are used as starting precursors in the preparation 

of the sol. By elimination of water, the hydroxide molecules gets condensed and then formation 

of a metal hydroxide. When all metal hydroxides species are linked to one another in a network, 

and formation of dense porous gel is obtained. Further heating at higher temperature and then 

drying of the gel, the gel is converted into ultrafine powders of metal oxides. 

2.2 Chemical Co-Precipitation 

In the chemical co-precipitation method, an aqueous solution of suitable salts of iron, lithium, 

manganese and other desired, suitable materials is mixed under a fine control of pH by using a 

precipitating agent like NaOH or NH4OH solutions which causes the precipitation of the other 

metals present in the solution. Filtrated the precipitate and then dried. Then dried precipitate is 

heated at an high temperature to dehydrate the precipitate and to burn out carbonaceous matter 

leaving a residue of the oxides of the respective metals. After this, particles are sintered. The 

particle structure and crystallinity can be influenced by reaction rates and impurities. This 

method offers distinct advantages like simple, rapid preparation, easy control of particle size 

and composition. 

2.3 Hydrothermal and solvothermal synthesis  
To create crystalline nanoparticles, hydrothermal and solvothermal syntheses use a variety of 

wet-chemical processes. High purity and controllable morphology of nanoparticles can be 

produced by simple and effective hydrothermal and solvothermal procedures. A nonaqueous 

solution, such as methanol, ethanol, or ethylene glycol, is used in solvothermal synthesis to 

dissolve the metal precursors under high pressure and at a moderate temperature. Hydrothermal 

synthesis refers to the synthesis through chemical reactions in an aqueous solution above the 

boiling point of water.  

2.4 Self-Propagating High Temperature Synthesis Technique 

In this method, organic acid is taken as precursor in aqueous solution. This solution containing 

all necessary cations and combustible anions in the desired product. After dehydration, the 

precursor becomes dry gel and this dry gel is amorphous in nature. Moreover, when calcinating 

this dry gel directly yields the required materials in presence of air/oxygen. The phase 

formation occurs at lower calcination temperature as compared to ceramic route and giving 

ultrafine powder. The overall process completes within 5 minutes. 

2.5 Micro-emulsion Technique  
Micro-emulsions are clear, isotropic mixtures of water, oil, and a surfactant that are stable and 

clear. This method uses surfactants to aid in the coexistence of two immiscible liquids in a 

single phase. The nanoparticles precursor is typically dispersed as 1–100 nm Nano droplets in 

the aqueous phase. Surfactant molecules encircle water droplets, forming “micelles” that act as 

nano reactors. This results in the formation of magnetic nanoparticles inside the micelles, which 

confines the particles and limits particle nucleation, development, and agglomeration.  
3. Applications of spinel ferrites 

Cadmium ferrites have interest due to their unrivalled physicochemical features, including as 

electrical, magnetic, dielectric, and optical capabilities.  
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3.1 Sensors : Cadmium Ferrite nanoparticle-based sensors possess exceptional sensitivity, low 

detection limits, and high signal-to-noise ratios. The detection of variations in humidity is one 

of the most common uses of sensors. The monitoring of humidity is a widespread practice in 

both industrial and residential settings, as it helps to maintain human comfort, regulate storage 

conditions for various items, and ensure optimal operating conditions for industrial processes 

and devices.  

3.2 Magnetic applications: The variation of exchange contact between tetrahedral and 

octahedral sites causes the magnetization to be dependent on grain size. To minimize media 

noise in high-density magnetic recording, the magnetic particles utilized should have a 

nanoscale size to limit the exchange interactions occurring between adjacent grains. To achieve 

great storage density, the particles must also have high HC values.  

3.3 Dielectric applications: The dielectric structure typically consists of grains that are good 

conductors separated by grain boundaries with low conductivity. The dielectric properties of 

ferrites are influenced by factors such as structural homogeneity, cation distribution, particle 

size, density, and porosity. Additionally, the dielectric properties can be significantly affected 

by synthesis techniques and thermal treatment parameters such as temperature, time, and 

heating/cooling rates. 

3.4 Photo catalytic applications: Photo catalysts are important materials that facilitate the use 

of solar energy in oxidation and reduction reactions, with numerous applications including 

removing water and air pollution, managing odors, deactivating bacteria, splitting water to 

generate hydrogen, inactivating cancer cells, and other areas. Currently, photo catalysis is a 

preferred method for removing dyes, as irradiation of light on a semiconductor can generate 

electron-hole pairs that can be utilized for oxidation and reduction processes. Dye degradation 

is caused by the generation of active radicals during the photo catalytic reaction. 

3.5 Biomedical applications: For use in biomedical applications, magnetic nanoparticles need 

to have high magnetic saturation values and be biocompatible, while also being stable and non-

agglomerated when dispersed in water. CdFe2O4 nanoparticles have attracted significant 

interest in the field of biomedicine due to their desirable properties, including simple synthesis, 

controllable size, high magnetization value, super paramagnetic nature, ability to be monitored 

by an external magnetic field, and high biocompatibility. 

Conclusions: 

Recently nanostructured cadmium ferrite materials have received a lot of attention due to its 

unique features, including stability under mechanical, chemical, and thermal conditions and 

can be modified suitably and promising technological applications in different fields of life. 

Among all the reviewed synthesis strategies, the usefulness of cadmium ferrite in many 

applications depends largely on the synthesis processes; efficient synthesis processes yield 

cadmium ferrite that can function better and endure the conditions under which they are 

synthesized.  
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Abstract:
This work devotes to investigate synthesis of spinel Zn0.7Mg0.3Co2O4 

structure was successfully synthesized by sol-gel method. Surface 
morphology was examined by means of Scanning electron microscopy 
(SEM). The gas sensing investigations revealed that Zn0.7Mg0.3Co2O4 
nanostructured based gas sensor exhibited high response (50 ppm) and 
selectivity towards hydrogen sulfide. Besides, enhanced gas sensing 
properties of Zn0.7Mg0.3Co2O4 nanostructures are observed. The 
excellent gas sensing characteristics of Zn0.7Mg0.3Co2O4 nanostructures 
might be attributed to their high porosity and large specific surface 
area. Moreover, hydrogen sulfide gas sensing mechanism was proposed 
to explain the high sensor response.

Keywords: Sol–gel; Oxalic acid; Spinel; Zn0.7Mg0.3Co2O4; XRD.

1. Introduction
Rapid technological and industrial developments continuously 

result in the emission of hazardous gases, toxins, harmful, flammable 
and explosive gases and biomolecules. Therefore, sensing of such 
undesirable chemical or biochemical forms has become a significant 
research endeavor in recent years [1−3]. The effective detection and 
removal of toxic gases in the atmosphere is important for human 
as well as any living organisms. The uncontrolled release of toxic 
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gases such as CO, H2S, NH3, CH3CH2OH, etc. from automobiles, 
industries, laboratories, etc. cause severe health problems and they 
may even cause death [4-6]. Advanced sensing materials have been 
adopted in this context to achieve high responsivity combined with 
less response/recovery time and continuous detection of gas molecules 
for gas sensors, which are key quality factors that define the sensor 
performance. In particular, oxides are extensively researched for gas 
sensing, in view of their robust material properties and their ability to 
change valence through charge transfer [7-9]. 

Nanocrystalline ZnCo2O4 has also been applied as electro catalyst 
for many anodic processes such as oxygen evolution [10], photocatalyst 
[11] and semiconductor gas sensor [12].   In cobalt based ZnCo2O4 cubic 
spinel structure, where Zn divalent ions occupy the tetrahedral and Co 
trivalent ions occupy octahedral site [13].  Nanostructured ZnCo2O4 is 
stable and cheaper than nobel metals [14]. Moreover, it is also active in 
alkaline solutions.

In this work, we present the synthesis and study of the gas sensing 
properties of Zn0.7Mg0.3Co2O4 nanomaterial for the detection of H2S. 
The operating temperature of the material and its interaction mechanism 
with the H2S has a crucial effect on the response and selectivity of the 
sensing device. The results obtained show that the Zn0.7Mg0.3Co2O4 
nanostructure exhibits an excellent sensing performance for potential 
applications in H2S gas sensors.

2. Experimental
2.1 Preparation of Zn0.7Mg0.3Co2O4 powder
The appropriate amounts of start materials Co(NO3)2·6H2O 

(99.0%) and Zn(NO3)2·6H2O (99.0%) were dissolved in ethanol 
(95.0%), mixed well with each other, and then slowly adding ethanol 
solution of oxalic acid (99.8%) at room temperature under constant 
magnetic stirring. The mixture was then stirred for 3 h and then 
evaporated at 80 0C for 1 h under constant stirring, which led to the 
formation of a sol. The sol was heated at 1000C for 1 h until a gel 
was formed. Subsequently dried for 1 h in an electric oven and ground 
the gel, thus the oxalate precursor powder was attained. The resulting 
material was calcined at 5000C for 2 h and well-crystallized spinel 
Zn0.7Mg0.3Co2O4   powder was obtained.
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2.2. Fabrication of sensor
Appropriate quantity of mixture of organic solvents such as butyl 

cellulose, butyl carbitol acetate and turpineol was added to the mixture 
of Zn0.7Mg0.3Co2O4 and a solution of ethyl cellulose (a temporary 
binder). The mixture was then ground to form paste. The paste obtained 
was screen printed onto a glass substrate in desired patterns. The thick 
films so prepared were fired at 500°C for 1h. 

3. Result and discussion
3.1. X-ray powder diffraction (XRD) analysis
Fig. 1 shows the XRD pattern of the synthesized Zn0.7Mg0.3Co2O4 

nanomaterial at 5000C for 2 h. It exhibits the diffraction peaks appeared 
at 2θ values 19.60, 31.150, 36.7110, 63.060, 65.0470 and 68.00 correspond 
to the crystal planes of (111), (220), (311), (222), (422), (511), (440), 
(620), (533) and (622) respectively which confirms the formation of 
pure Zn0.7Mg0.3Co2O4 spinel structure. 

Fig. 1. XRD patterns of Zn0.7Mg0.3Co2O4 annealed at 5000C.

The crystallite size was calculated by using the Debye–Scherrer 
equation.

		
kD

Bcos
λ=

θ      				    (1)
                         
Where, D is the average size of the crystallite, assuming that the 

grains are spherical, k is 0.9, λ is the wavelength of X-ray radiation, 
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B is the peak full width at half maximum (FWHM) and θ is the angle 
of diffraction. The crystalline size of the calcined mixed precursor is 
found to be 18 nm. 

3.2. Fourier transform-Infrared spectra (FT-IR) analysis
 Zn0.7Mg0.3Co2O4 powder spectrum presented in Fig. 2. Generally, 

vibrations of metal ions in the crystal lattice are in the range of 400-
4000 cm−1 in FTIR analysis. From Fig. 2, it can be obtained that the 
peak at 667 cm−1 is attributed to the stretching vibration mode of M–O 
for the tetrahedrally coordinated metal ions. The band at 573 cm−1 can 
be assigned to the octahedrally coordinated metal ions.

Fig. 2. FTIR spectrum of Zn0.7Mg0.3Co2O4 powder.

3.3. Scanning electron microscopy (SEM) analysis
Fig. 3 depicts SEM image of Zn0.7Mg0.3Co2O4 thick film. It can 

be observed that Zn0.7Mg0.3Co2O4 thick film show structure having 
large grains size with soft agglomerations has a regular morphology 
(polygons). From figure, it shows the formation of the agglomerated 
particle having grain size is ~ 28 nm.
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     Fig. 3. SEM image of nanosized Zn0.7Mg0.3Co2O4.

3.4. Energy dispersion X-ray (EDX) analysis
Fig. 4 shows EDX patterns of the nanosized spinel 

Zn0.7Mg0.3Co2O4. From the EDX spectrum, the presence of Zn, Co and 
O elements alone in the sample, has been confirmed the absence of any 
other impurities. EDX results reveal almost the same ratio of Mg/Zn/
Co for the synthesized nanoparticle as they were actually added during 
synthesis process.

    Fig. 4. EDX spectrum for nanosized Zn0.7Mg0.3Co2O4.

3.5 Transmission electron microscopy (TEM) analysis
The TEM image of the Zn0.7Mg0.3Co2O4 calcined at 500 0C for 2 

h are shown in Fig. 5(a). It indicates the presence of Zn0.7Mg0.3Co2O4 
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nanoparticles with size 30–40 nm which form beed type of oriental 
aggregation throughout the region. 

 
Fig. 5(a). TEM image of nanosized Zn0.7Mg0.3Co2O4.

Fig. 5(b) shows the selected area electron diffraction (SAED) 
pattern the spot type pattern which is indicative of the presence of 
single crystallite particles. No evidence was found for more than one 
pattern, suggesting the single-phase nature of the material.

 
Fig. 5(b). Image of Zn0.7Mg0.3Co2O4 nanoparticles with SAED pattern.

4. Gas sensing properties
To study the selective behavior of nanocrystalline Zn0.7Mg0.3Co2O4 

gas response (S) towards 50 ppm for various test gases such as LPG, 
NH3, CO2, H2S, Cl2, H2 and C2H5OH at optimal operating temperature 
1000C and is depicted in Fig. 6.
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Fig. 6.  Selectivity of nanocrystalline Zn0.7Mg0.3Co2O4 thick films.

The Zn0.7Mg0.3Co2O4 sample exhibited the higher gas response 
18.31 towards H2S. Hence, the Zn0.7Mg0.3Co2O4 sensors show maximum 
selectivity for H2S gas towards 50 ppm among all the tested gases. 

The gas sensing mechanism can be explained as follows. When 
nanocrystalline ZnCo2O4 sensors are exposed to air, oxygen molecules 
get adsorbed on the surface and form O

_
, O2

_
 and O2

_
 by capturing free 

electrons from the conduction band, which results in a high resistance 
in air. When the semiconductor surface is exposed to H2S gas at proper 
temperature, H2S may react with the surface oxygen species. Thus, 
the electrons trapped by O

_
 are released and returned ZnCo2O4. The 

reaction leads to decrease in resistance of nanocrystalline ZnCo2O4. 
The inlet H2S can react rapidly with the adsorbed oxygen and 

hydroxyl species, therefore releasing the captured electrons back to 
bulk. Reducing gases can also react with the lattice oxygen, but the 
rate is much slower than the surface reaction and can be neglected. The 
first interpretation of the chemical sensing mechanism considers the 
negatively charged surface oxygen ions, which react with the gas. The 
increase of the conductivity in the presence of H2S may be explained 
by the reaction below;

H2S + 3O2
_
 → SO2 + H2O + 6e

_

According to this reaction, the interaction of H2S with previously 
adsorbed O2

_
 ions results in the injection of electrons into the depletion 
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layer of ZnCo2O4 grains. Furthermore, the effect of Mg doping on the 
gas sensing performance of nanocrystalline ZnCo2O4 can be explained. 
The nanocrystalline Zn0.7Mg0.3Co2O4 is highly conductive nature and 
availability of free electrons in Mg would also cause more electrons 
to be extracted by adsorbed oxygen. Thus, in the presence of Mg more 
electrons are extracted, which produce a deeper electron-depleted 
layer in ZnCo2O4. In addition, the Mg doped nanocrystalline ZnCo2O4 
has large surface-to-volume ratio and has a high density of active 
adsorption sites, which helps in showing a relatively higher response 
than undoped ZnCo2O4.

 

Fig. 7.  Gas response of Zn0.7Mg0.3Co2O4 as a function H2S concentration.

 
Fig. 8.  Response characteristics of Zn0.7Mg0.3Co2O4 thick film to 

50 ppm H2S. 
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The response of Zn0.7Mg0.3Co2O4 as a function of H2S gas 
concentration at 1000C is shown in Fig. 7. The gas response was 
observed to increase with increase in the gas concentration and 
thereafter it remains almost constant. The response and recovery 
time characteristics of nanocrystalline Zn0.7Mg0.3Co2O4 based sensor 
to 50 ppm H2S at 1000C are depicted in Fig. 8.  The nanocrystalline 
Zn0.7Mg0.3Co2O4  have quick response time 16 s and fast recovery time 
52 s. Therefore, nanocrystalline Zn0.7Mg0.3Co2O4  based sensor exhibits 
the good response and recovery time to H2S.

 
Fig. 9.  Stability nanocrystalline Zn0.7Mg0.3Co2O4 thick film.

The reproducible nature of nanocrystalline Zn0.7Mg0.3Co2O4 

based thick film sensor to 50 ppm H2S was measured for a month in 
the interval of 10 days and result are shown in Fig. 9. From figure, it 
was found that nanocrystalline Zn0.7Mg0.3Co2O4 based sensor possesses 
a very good stability and durability. 

5. Conclusions 
In summary, we have reported the synthesis and investigations 

of gas sensing properties of Zn0.7Mg0.3Co2O4 nanomaterial for 
the detection of H2S. The material was fabricated by the sol-gel 
method. TEM investigation reveals the average crystallite size is in 
accordance with XRD results. The excellent gas sensing performance 
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of the prepared Zn0.7Mg0.3Co2O4 nanomaterial was attributed to its 
morphology, the operating temperature and the disparity in the sensing 
mechanism between H2S and other reducing gases. The obtained 
results demonstrate the potential suitability of the application of 
Zn0.7Mg0.3Co2O4 in gas sensing devices for the detection of H2S.
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