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In the current research work, MgO-NiO nano composite thin films have been prepared on glass 
substrate by using thermal evaporation technique and studied electrical and gas sensing properties of 
prepared films. The prepared films were annealed for 2 hours at 350°C in a muffle furnace. The 
electrical properties of prepared MgO-NiO nano composite thin films were investigated on the basis 
of resistivity, Temperature Coefficient Resistance (TCR) and activation energy. The prepared MgO-
NiO nano composite thin films were exposed to NH3, LPG, NO2, and ethanol gas at concentration of 
100,200,300 and 400 ppm and at surrounding temperature of 50, 100,150, 200 and 250 °C for 
determine sensitivity of the films. Maximum sensitivity has been found to the ethanol gas 85.48% at 
150 °C temperature and concentrations of ethanol gas was 300 ppm. Films also show quick response 
time (~ 9 sec) and recovery time (~ 18 sec). 
 
 
 
 
 
 

 

INTRODUCTION 
 
Gas sensors are utilized in a variety of applications in everyday 
life, including pollution monitoring, medical diagnostics, and 
agriculture (1, 2). Metal oxide semiconductor (MOS) and 
nanocomposites gas sensors are extremely popular due to their 
speedy detection, simple execution, and inexpensive costs. 
They have chemical and thermal properties that remain stable 
over time. The sensors are mostly used to estimate actual 
amounts and to operate a few structures. A sensor is a type of 
electronic device that detects multiple kinds of input signals. 
The demand for gas detection and monitoring has posed a 
problem. The heart problems, respiratory illnesses, cellular 
breakdown in the lungs, hemoglobin depletion, mental 
impairment, hypertension, and other issues can all be caused 
by exposure to toxic and hazardous gases. The atmosphere is 
polluted by gases from automobiles and technological depletes 
(3, 4). Nanomaterials with diameters of less than 100 nm are 
now being investigated in a wide range of fields. Nanoparticles 
offer wide surface-to-volume ratio, which is helpful for gas 
sensing mechanism (5). Doping can be utilized to increase the 
characteristics of chemical resistance gas sensors in addition to 
noble metal decoration. Doping has been employed by certain 
researchers to improve MOS sensor attributes such as 
sensitivity, response time, and recovery time.Metal oxide, 
metal, nonmetallic elements, and others can be used as dopants 
(6-8).  
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In gas sensing, p–n heterostructures, which are made up of n-
type and p-type MOSs, are extensively studied Core-Shell 
nanostructures. Ethanol is an oxygenated hydrocarbon gas that 
is colourless and flammable. It's commonly referred to as 
"alcohol." Ethanol concentration in the human body can 
interfere with mental capacities and bring injury. People who 
work in the ethanol industry have a high risk of developing 
lung and abdomen cancers. Ethanol can impact the respiratory 
system and is an irritant in concentrations greater than 1000 
mg L-1 in the gas phase, quantifying ethanol vapour may be 
necessary for workplace safety and health. The food and 
beverage industry is interested in ethanol sensing because it 
allows for online quality control and the assessment of alcohol 
concentration in drinks.As a result, there is a lot of interest and 
challenges in monitoring ethanol gas at the right track 
threshold (9-11). Nickel oxide (NiO) is a p-type semiconductor 
with outstanding electrical, optical, and chemical 
characteristics. In the 3.6-3.8 eV range, it possesses a large 
band gap. NiO is the transition metal oxide that has been 
studied the most extensively. NiO crystals that are perfectly 
stoichiometric are perfect insulators. NiO is extremely durable 
and electrochemically stable (12).Electrochromic material in 
displays, catalyst in fuel cells, photoelectrolysis, solar thermal 
absorber, and gas sensor are only a few of the applications for 
NiO. NiO is also used in aircraft low-weight engineering 
constructions and alkaline battery cathode materials as a 
catalyst(13, 14). Spray Pyrolysis techniques, electron beam 
evaporation, CVD, CBD, RF-magnetron sputtering, anodic 
oxidation, plasma deposition, atomic layer epitaxy, sol–gel, 
and vacuum evaporation have all been used to prepared nickel 
oxide pure as well as nanocomposites thin films (12, 15). 
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Magnesium oxide (MgO) is an n type semiconductor with a ~7 
eV wide band gap. It doesn't have a high affinity for electrons. 
MgO is best used for electron emission, particularly in a 
plasma setting. Due to its stable secondary electron emission 
and protective layer for plasma-related devices, magnesium 
oxide has recently received a lot of attention(16, 17).Using a 
microwave conductivity technique, Keisuke Oka et al. 
measured noncontact transport of single crystalline NiO/MgO 
heterostructured nanowires. Author reported when the bulk 
resistivity increased, a significant disparity of up to four orders 
of magnitude between the resistivity of heterostructured 
nanowires and hetero thin films.As a result, in this current 
study, MgO was chosen as the dopant (18). Thermal 
Evaporation Technique (TET) is used to make thin films.When 
thin layer depositing using the TET, the phase of the material 
is changes from solid to vapour and then back to solid at the 
stage of vapour condensation on the substrate depicted in 
Figure1. 
 

 
 

Figure 1. Change of phase of deposited material in TET 

 
The current research work effort on the preparation of MgO-
NiO nanocomposites thin films by using thermal evaporation 
method and studied their electrical and gas sensing properties.  
 
EXPERIMENTAL WORK 
 
Preparation of MgO-Ni Onanocomposites thin filmsby 
thermal evaporated method: Commercially available AR 
grade (99% purity) NiO and MgO nano powder were used in 
this work. For nanocomposites thin film gas sensors, NiO is 
employed as the base material and MgO as a dopant. Using a 
thermal evaporated technique, thin films were prepared. The 
system consists of a vacuum pump system that was evacuated 
to a pressure of 10-5-10-6 mbar using the rotary and diffusion 
pumps as indicated in Figure 2. The chamber was vacuumed 
and clean glass substrates were deployed for deposition. The 
glass substrates were cleaned with acetone and an infrared 
lamp before being deployed.Nano powder was placed in 
tungsten filament using a typical arrangement and a high-
voltage power supply, which served as the evaporation target. 
The thin films were then annealed in a muffle furnace at 350°C 
before being used in future work. 
 

Characterizations of prepared MgO-NiOnanocomposites 
thin films 
 
Electrical characterizations of MgO-NiOnanocomposites 
thin films: In the electrical investigation, the following 
parameters were used: 
 
 Resistivity 
 Thermal coefficient of resistance (TCR) and 
 Activation energy at high and low temperatures 

 
 

Figure 2. Schematic of Thermal Evaporation Technique 
 

Equations 1, 2 and 3 were used to calculate resistivity, TCR 
and activation energy, respectively (19). 
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Where,ρ = Resistivity of prepared film, R = resistance at 
normal temperature,b = breadth of film, t = thickness of the 
film, L = length of the film. 
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Where,  
 
∆R = change in resistance between temperature T1 and T2, 
∆T = temperature difference between T1 and T2 and Ro = Initial 
resistance of the film sample 
ΔE = Ae-Ea/kBTeV(3) 
Where,  
ΔE = Activation energy, T = Temperature in Kelvin and A = 
Arrhenius prefactor.  
 
Gas sensing study of MgO-NiOnanocomposites thin films: 
The properties of gas sensing were studied using a static gas 
sensing apparatus. MgO-NiO nanocomposites thin films were 
used for the sensing element. The resistance of the thin film 
was measured at various operating temperatures and in the 
presence of a gas concentration (at various ppm levels). Film 
resistance in air is denoted by Ra, whereas film resistance in a 
gaseous atmosphere is denoted by Rg. The resistance of thin 
films was determined using the half-bridge techniques. Gas 
sensing study was carried out in a static gas system in a 
controlled setting (19). 

 

RESULT AND DISCUSSION 
 

Electrical Characterization 
 
Resistivity: The resistivity is the property of material which 
opposes the flow of charge particles. The opposition of 
material changes the sensing response and its depends on the 
nature of gas. When particular gas molecules are interact with 
the surface of the film then the resistance of the film changes. 
For oxidising gases, the sensor response was defined as the 
ratio of sensor resistance measured while exposed to the target 
gas (Rgas) to baseline gas resistance (Rair) and vice versa for 
reducing gases. 
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Figure 3. Resistance v/s temperature of MgO

composites thin films 
 
The correlation between gas sensing behaviour
of metal oxide semiconductors, which is reveal
predominant charge carriers. The altering in material
in n-type semiconductor oxide must follow
When the device is exposed to an oxidising
resistance rise; when exposed to a reducing
resistance drops. For the p-type semiconductor
opposite behavior is considered (20-22). The
MgO-NiO nanocomposites thin films was
Equation 1.The DC resistance of MgO-NiO
thin films as a function of temperature was 
the half bridge method. As shown in Figure 3,
the film decreases rapidly, and the decrease 
increasing surrounding temperature implies
behaviour. The resistivity of MgO-NiO nanocompositesthin
film was calculated to be 32.487Ω/m. 
 
Activation energy: The Arrhenius equation 
to identify a reacting species' ability to overcome
barrier that prevents a reaction. The Arrhenius
the relationship of rates, K, of chemical processes
temperature in Kelvin for most chemical reactions,
the primitive reaction and the fundamental
constant falls exponentially as 1/T grows, as
3. The system has achieved an ideal response
conflicting temperature effect mechanisms 
response was greatly influenced by the activation
chemical reaction on the sensor's surface
4,show that when temperature rises, the resistivity
which is a characteristic of semiconductor materials
negative thermal coefficient of resistance. 
Figure 4, the plot is reversible in both heating
cycles, according to the Arrhenius equation.
temperature, the activation energy 
nanocomposites thin a film was found to be0.138030
at higher temperature it was0.708153 eV. 
 
Temperature Coefficient of Resistance (TCR)
performance thin film resistors, the temperature
resistance (TCR) is a critical metric to specify.
a typical planar thin film resistor network are
resistive substance with a conductive thin
functioning as layer (25).Equation 3 was used
of MgO-NiOnanocomposites thin films. 
coefficient of resistance for MgO-NiOnanocomposites
films is found to be -0.33127/°C.TCR
NiOnanocomposites thin film was found to be
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MgO-NiO nano 

behaviour and resistivity 
reveal the type of 
material resistance 

follow three criteria: 
oxidising environment, 

reducing atmosphere, 
semiconductor oxide, the 

The resistivity of 
was calculated using 
NiO nanocomposites 

 determined using 
3, the resistance of 
 in resistance with 

implies semiconductor 
nanocompositesthin 

 is commonly used 
overcome a free energy 

Arrhenius equation gives 
processes on absolute 

reactions, including 
fundamental action. The rate 

as seen in Equation 
response when the two 

 are balanced.The 
activation energy of the 

surface (23, 24).Figure 
resistivity decreases, 

materials having a 
 As shown in the 

heating and cooling 
equation. At lower 

 of MgO-NiO 
be0.138030 eV, while 

(TCR): For excellent 
temperature coefficient of 

specify. The resistors in 
are constructed of a 
thin film overlay 

used to compute TCR 
 The temperature 

NiOnanocomposites thin 
TCR of MgO-
be negative.  

Figure 4. Arrhenius plot of MgO
 
The TCR of thin films is negative,
nanocomposite is a semiconducting
 

Table 1. Electrical outcomes of MgO
composite thin films

 
Resistivity (Ω/m) 

32.487 

 
Gas sensing study of MgO-NiO
Sensitivity: The selected gases
LPG were exposed on MgO-NiO
using a static system to study the
MgO-NiO nanocomposites based
these selected gases; ethanol gas
to MgO-NiO nanocomposites thin
 

Figure5. Gas response verses operating
nano composite

 
The various ethanol gas-sensing
The MgO-NiO nanocomposites
ethanol concentrations of 100, 
as operating temperatures of 
degrees Celsius. Working at 
recovering in dry air. The gas
nanocomposites thin films was
with ethanol gas through the inlet.
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Arrhenius plot of MgO-NiO nano composite thin films 

negative, indicating that an MgO-NiO  
semiconducting material nature (26). 

Electrical outcomes of MgO-NiO nano  
composite thin films 

TCR  (/oC) 
 

Activation energy ( eV) 

LTR HTR 

-0.33127 0.138030  0.708153 

NiO nano composite  thin films: 
gases like NO2, ethanol, NH3, and 

NiO nanocomposites thin films 
the gas sensing characteristics of 

based sensors. Among the gases 
gas shows the maximum response 
thin films.  

 
 

operating temperature of MgO-NiO 
composite thin films. 

sensing tests have been carried out. 
nanocomposites thin films were exposed to 

 200, 300, and 400 ppm as well 
of 50, 100, 150, 200, and 250 
 a steady temperature and then 

gas characterization of MgO-NiO 
was testing glass chamber filled 
inlet.  
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By comparing the sample's resistance in 
atmosphere to its resistance in air, the sensitivity
NiO nanocomposites thin films was measured.
the ethanol gas sensitivity as a function
temperature, revealing that for MgO-NiO nanocomposites
films was shows the maximum gas response
around 150 °C. 
 
Response and recovery time of MgO-NiO
thin films: The response time and recovery
sensor are defined as the time necessary to 
maximum response when gas is in and 10%
respectively. The response-recovery characteristic
NiO nanocomposites thin films sensor is shown
its optimum operating temperature.As shown
reaction and recovery times of MgO-NiO nanocomposites
films for ethanol were observed to be 09
respectively. 
 

 
Figure 6. Response and recovery time of

nanocomposite thin films for ethanol
 
PPM V/S Sensitivity 
 

 
Figure 7. Sensitivity verses ethanol gas concentration

 
Figure 7 depicts the sensitivity of MgO-NiO
thin films to various ethanol gas concentrations
PPM, the maximum sensitivity was obtained.
 
Selectivity: The ability of a sensor to respond
the group of gases is referred to as selectivity.
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 the ethanol gas 

sensitivity of the MgO-
measured. Figure 5 shows 

function of operation 
nanocomposites thin 

response to ethanol at 

NiO nano composite 
recovery time of a gas 

 reach 90% of the 
10% when gas is out, 

characteristic of the MgO-
shown in Figure 6 at 

shown in Figure 6, the 
nanocomposites thin 
09 and 18 seconds, 

 

of MgO-NiO 
ethanol gas. 

 

concentration in PPM. 

NiO nanocomposites 
concentrations in ppm. At 300 

obtained. 

respond particular gas in 
selectivity. High selectivity 

is one of the biggest issues
researchers. Currently, there 
improving the selectivity of sensors.
materfal that is only sensitive 
or no cross-sensitivity to other
working environment (27). 
 
Figure 7, shows the highest selectivity
to other selected gases. The 
functions has a direct relationship
particular gas. K = Sx/Sy, where
responses to a target gas 
respectively, describes the selectivity
different gas (28). 
 

Figure 8. Selectivity of MgO-NiO

 
Gas sensing mechanism of MgO
films: The reaction activation of
on the metal oxide based substance.
the components complement 
oxides usually have a better
components (29).  
 
Ethanol is a reducing gas; negatively
in reducing gases, and the trapped
conduction band. When gas molecules
in the surrounding, the resistance
semiconductor gas sensor changes
adsorbed gas and sensing material
 
Because electrons are exchanged
and nanostructure particles when
kept contact to a surface of 
decreases. The sensing process 
 
C2H5OH (gas) + 6O2-

(film surface) → 2CO2(gas)

 
The reduction of conduction
ionosorption enhances the film's
absorption is critical to the films'
MgO can form a substitution solid
position. Such substitutions will
give electrons in order to 
resulting in a large variation 
Ethanol gas, resulting in high sensitivity
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issues for metal-oxide gas sensor 
 are two primary ways for 

sensors. The first aims to create a 
 to one component and has little 

other compounds present in the 

selectivity for ethanol gas compare 
 temperature at which a sensor 

relationship with its selectivity for a 
where Sx and Sy are the sensor's 
 X and an intrusion gas Y, 
selectivity of a target gas to a 

 
 

NiO nano composite thin films. 

MgO-NiO nano composite thin 
of target gases varies depending 

substance. If the catalytic actions of 
 each other, composite metal 

better gas response than single 

negatively charged oxygen adsorbs 
trapped electrons are returned to the 

molecules are interacts with film 
resistance value of the metal oxide 
changes due to interactions between 

material molecules (30, 31).  

exchanged between ionosorbed species 
when ethanol gas molecules are 
 thin film, the film's resistance 
 is seen in the reaction below: 

2(gas) + 3H2O(gas) +12 e-(cond.band)     (1) 

conduction electrons caused by oxygen 
film's resistance. That is, oxygen 
films' electrical transport abilities. 

solid solution in a regular cation 
will create oxygen vacancies and 
 preserve electrical neutrality, 
 in resistance when exposed to 
sensitivity (32-34).  
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CONCLUSION 
 
The thin film of MgO-NiO nanocomposites can be prepared 
using a thermal evaporation technique on a glass substrate. At 
working temperature 150°C and gas concentration of 300 ppm, 
the produced MgO-NiO nanocomposites thin film showed 
greatest sensitivity to ethanol gas. The response and recovery 
time also found to be very quickin seconds. The investigation 
of selectivity revealed that the prepared MgO-NiO 
nanocomposites thin films were most selective to ethanol gas 
as compared to NH3, LPG, and NO2 gases.MgO-NiO 
nanocomposites are used in the production of ethanol gas 
sensors as a sensing material. 
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