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The structures proprieties were investigated through X-ray diffraction. The tin oxide has a 
constant tetragonal structure with mixing MgO, while, the grain size decreases from (35.42 
nm) to (14.11 nm); FE-SEM reveals the shape and dimensions of the sample. Hall Effect 
measurement identifies the n-type electrical conductivity for the MgO, SnO2, and MgO: 
SnO2 films, the mobility of carriers decreases when the mixing ratio increase. The sensor 
structures for MgO, SnO2, and MgO: SnO2 have a high resistance in air to NH3 and CO2 
gas; the maximum ∼22 sensor response at room temperature showed about 868.48 ppm of 
NH3 gas for MgO: SnO2 nanoparticles, with a fast response time of 25 s. However, the 
recovery time values were consistently higher than the response time values. 
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1. Introduction 
 
Air quality is a significant global concern. Ensuring a clean air supply is crucial for the well-

being of humans and the environment; therefore, reducing environmental pollution and managing 
disasters effectively are necessary. Gas sensors tool is important to achieve these goals, which are 
capable of detecting contaminated gases concentrations. To adapt and mitigate the pollution risk, 
these detectors play a vital role in monitoring air quality by detecting and measuring pollutant gases 
to protect the ecosystem [1]. Ammonia (NH3) is an essential raw material used in many industrial 
factories, but it's extremely harmful to human life, especially the respiratory system [2], Therefore, 
it's very important to develop highly selective and sensitive gas sensors for NH3 [3]. The Sensitivity, 
Selectivity, and Stability are the main parameters that must be developed in gas sensors [4-6]. CO2 
gas sensors are commonly used in agriculture and industrial factories to detect the air quality and 
identify the pollutants in the atmosphere [7, 8]. The nanoscale materials are used in gas sensor to 
detect the small pollutant concentrations (ex. ppb range) that instead the microelectronic due to their 
limitation in sensitivity [8-10]. By using varios techniques, many studeis have identfy various metal 
oxide nanostructures, including MgO. Several synthesis techniques are used to create MgO 
nanoparticles [10-15]. MgO and SnO2 are sensing materials used to increase the dispersion of the 
active component specially MgO is commonly used due to its stability, low cost, and high Lewis 
basicity for CO2 adsorption [16-17]. SnO2 nanoparticles are used widely  as sensing material for 
fabricating gas sensors to detect C2H5OH, ammonia (NH3), H2, CH4, and H2O [18-19]. Thin films 
with small grain size indicate an increased surface-to-volume ratio, carrier concentration, and higher 
catalytic activity, which enables them to interact with a larger number of gas molecules [20-21]. 
SnO2, a semiconducting material with a broadband gap and of the n-type, is highly prevalent in the 
gas sensor business. Commercial Taguchi gas sensors have been predominantly designed using 
SnO2 since 1968. A thin film of SnO2, deposited via RF sputtering, displayed an uneven and porous 
micro surface, this films detectable reaction to 1 ppm of NO2 gas when tested at temperature 100 °C 
due to the abundance of accessible Sn sites on the porous surface, which is influenced by the rate of 
development during oxygen ion deposition and adsorption [22-23]. Researchers created doped SnO2 
films and catalytic coatings to solve the issue of weak reactivity between the very stable CO2 gas 
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and the pure SnO2 metal oxide sheet [24, 25]. The aims of this study are creating and developing a 
sensing materials to detect the tiny pollutant concentration. 

 
 
2. Experimental Part 
 
The Preparation of MgO (1-x): SnO2(x) Nanoparticles including the weigh the quantities of 

Magnesium and tin chloride individually and dissolve each quantities in deionized water. by 
magnetic stirrer we mixing the two mixtures gradually with continuously moving and then adding 
the ammonium hydroxide solution to the blend until the pH level reaches approximately 9, to ensure 
guarantee that the nanoparticles completely precipitate stirring the blend continuously for 2-3 hours, 
when the blend pointed to white color the precipitate of MgO1-x: SnO2 (x) nanoparticles will form, 
by using an oven at (200°C) for 6 h the precipitates dried, the dried precipitates are subjected to 
thermal treatment in the furnace at (800°C) for 4 h. 

Preparation of MgO, SnO2, and MgO: SnO2 nanoparticles at room temperature by 
dissolving them in deionized water. With a mass ratio of 0.25:10. The drop-casting approach was 
employed to apply a layer of MgO: SnO2 onto a silicon substrate. This was done by carefully 
depositing drops of a solution onto the substrate using a pipette. Prior to this, the silicon substrate 
was cleaned using a diluted purifier solution to eliminate any impurities and organic substances 
present on its surface. The study utilised pure samples of MgO and SnO2, as well as samples of 
MgO (0.25): SnO2 (0.25), to investigate the materials' performance in gas sensing tests. 

 
 
3. Results and Discussion 
 
In order to emphasize the crystal structure properties for the pure and blend nanoparticles 

XRD test was applied. XRD patterns obtained from the produced samples, the peaks observed at 
(2Ɵ = 36.98ᵒ, 42.97ᵒ, 62.39ᵒ, 74.8ᵒ, and 78.75ᵒ) corresponding to the crystalline planes indicate a 
cubic MgO structure (Fig.1). The space group is (Fm-3m no. 225), with lattice parameters (a=b=c= 
4.2060 Aᵒ) and (α=β=γ=90ᵒ), which closely match the standard data (JCPDS 98-016-9450). The 
peaks observed at specific angles (2Ɵ = 26.59ᵒ, 33.89ᵒ, 37.96ᵒ, 51.79ᵒ, 54.77ᵒ, 57.85ᵒ, 61.9ᵒ, 64.77ᵒ, 
65.99ᵒ, 71.31ᵒ, and 78.74ᵒ) can be attributed to the planes of the Cassiterite tetragonal SnO2 structure. 
This structure belongs to the space group (P42/mm no.136) and has lattice parameters (a = b = 
4.7360 Aᵒ and c = 3.1850 Aᵒ) with angles (α = β = γ = 90ᵒ). These results are consisted with the 
standard data (JCPDS 98-003-9173). The purity of MgO and SnO2 is demonstrated in Fig (1). 

 
 

 
 

Fig. 1. XRD patterns of synthesized samples. 
 
 
The XRD analysis investigate a highly pure crystalline structure in the synthesized 

nanoparticles, without impurity peaks. The results for MgO doping identify that the crystal structure 
of SnO2 unchanged for all MgO (0.5 gm) ratios, that refer to successfully link of Mg ions were into 
the SnO2 crystalline lattice. The resulting nanoparticles exhibited a cassiterite tetragonal structure, 
characteristic of pure MgO, with a space group of P42/mnm (no. 136). The XRD patterns revealed 
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a decrease in the intensity of the peaks of pure SnO2 as the mixing ratio increased. Additionally, the 
full width half-maximum value (FWHM) increased, indicating a decrease in the crystalline growth 
of SnO2 due to the presence of Mg ions. This is supported by the smaller diameter of Mg ions (0.067 
nm) compared to tin ions (0.071 nm) [26, 27], as shown in Fig (1). 

The diameters of the crystals of pure MgO, SnO2, and SnO2 doped with varied ratios (0.5, 
0.6, 0.7, and 0.8 wt. %) of Mg ions were determined by calculating the strongest XRD peak using 
Debye Scherer's equation. The computed sizes were 24.5 nm, 35.42 nm, and 14.11 nm, respectively. 
The results demonstrated a distinct reduction in the size of the crystals when the ratio of Mg ions 
used for doping was increased. This can be attributed to the disparity in the sizes of Sn and Mg ions 

]28,29.[  
 
3.1. FE-SEM Measurements 
To confirm the XRD results, the FE-SEM measurements are used, including pictures and 

particle size distributions of the processed samples. In all samples, the synthesized nanoparticles 
displayed semi-spherical shapes as pointed in Fig 2 (a, b, c), they indicated that the average particle 
size of pure MgO was approximately 117.93 nm. In contrast, pure SnO2 nanoparticles had a smaller 
average particle size of 90.07 nm Fig 2 (a, b).  
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Fig. 2. FE-SEM images and particle size distribution of samples. 
 
 
The FE-SEM images identify that the SnO2 nanoparticles were nearly identical in size. 

Figure 2(c) displayed the morphology of MgO nanoparticles combined with varying ratios of SnO2. 
FE-SEM pictures indicated the clustering of doped nanoparticles, which exhibited a semi-spherical 
shape. The MgO: SnO2 nanoparticles formed clusters. The FE-SEM image confirmed that the 
average particle size dropped noticeably when mixed with SnO2 due to the smaller ionic radius of 
Sn ions in comparison to Mg ions [30, 31].  

 
3.2. Hall Effect Measurements 
Hall Effect was applied to identify the electrical properties, it indicate that the conductivity 

is n-type, as the Hall coefficient signal is negative, the n-type charge carrier is due to a deficiency 
of oxygen atoms in the crystal structure [32, 33]. This means that electrons are the majority charge 
carriers, while the minority charge carriers are holes; defects in the film restrict the movement of 
electrons, resulting in increased resistance and making it an n-type semiconductor with low 
concentration. These findings align with the previous study's results [34, 35]. The observed increase 
in resistivity in the MgO: SnO₂ films can be attributed to an increase in disorder, the presence of the 
amorphous phase, and carrier scattering at grain boundaries. Another potential explanation for the 
rise in resistivity is the replacement of Sn⁴⁺ sites with Mg²⁺ ions, resulting in a reduction in carrier 
concentration due to carrier traps. In addition, the mobility of carriers reduces as the doping level 
increases due to a decrease in particle size and an increase in impurity scattering, as stated in 
references [36, 37]. 

 
 

Table 1. Hall Effect parameters for the MgO: SnO2 thin films. 
 

Sample Concentration 
3-(cm) 

HHall Coefficient R 
(m2/C) 

Conductivity 
(Ω.cm) -1 

Resistivity 
)Ω.cm( 

Mobility 
(cm2/v.s) 

MgO -1.39 -4.49 1.70 6.04 7.62 
SnO2 -7.09 -8.80 1.65 5.90 1.46 

MgO (0.5): 
SnO2 (0.5) 

-5.93 -1.05 1.11 9.03 1.17 

 
 
3.3. Gas Sensing Measurements 
The films of MgO, SnO2 pure, and MgO: SnO2 were sequentially subjected to reductive gas 

(NH3) and oxidizing gas (CO2) at operating temperatures of (RT, 100, 200) °C. This section presents 
a concise overview of the response to each analytic and sample depicted in Figs 3, 4, and 5. These 
figures illustrate the changes in resistance over time when the examined gases (NH3 and CO2) are 
introduced and removed for the films of nanoparticles. The deposited films on a glass substrate are 
tested at different (room temperature, 100°C, and 200°C) temperatures.  Adsorption of reducing 
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gases on the gas sensor's surface results in the transfer of electrons from the n-type samples, causing 
a reduction in sample resistance. A sample's resistivity decreases exponentially when exposed to 
NH3 gas. This is due to the rise in the concentration of majority charge carriers in the conduction 
band, which enhances electrical conductivity. This finding aligns with the outcomes the Ato et al. 
[38] and Deshpande et al. [39] documented. On the other hand, when a sample is subjected to CO2 
gas, it absorbs additional electrons from the sample's surface, elevating its resistance. The reduction 
in electron concentration near the surface of the n-type semiconductor leads to an increase in the 
resistance of the sample. The sensitivity of the gas sensor is significantly affected by the size of the 
nanoparticles since a larger surface-to-volume ratio results in increased sensitivity. This 
phenomenon has been documented in prior research, such as the study conducted by reference [40]. 

 
 

 

 

 
 

Fig. 3. Resistance variation for MgO Nanoparticles against NH3 and CO2 gases. 
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Fig. 4. Resistance variation for SnO2 Nanoparticles against NH3 and CO2 gases. 
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Fig. 5. Resistance variation for MgO (0.25):SnO2 (0.25) Nanoparticles against NH3 and CO2 gases. 
        
 
The changes in the response of the NH3 sensor when using pure ratio of MgO, SnO2, and 

MgO (0.5): SnO2 (0.5) thin films at various temperatures ranging from room temperature to 200 °C Fig 
6. The sensor responses of MgO (0.5): SnO2 (0.5) samples have shown an improvement compared to 
the pristine film's sensor response. Oxygen adsorption and desorption have a sequential and 
important impact on the electrical characteristics of crystalline boundaries, particularly in gas 
sensing [41].To assess the properties of the sensor concerning oxidizing gases, we examine the 
reaction of the MgO: SnO2 samples to CO2. When comparing the CO2 response of MgO and SnO2 
at different amounts and temperatures, it was found that at a temperature range of RT-200 °C, SnO2 
films exhibited a maximum CO2 response of 9.75%. 

In contrast, pure MgO and MgO (0.5): SnO2 (0.5) films did not show such a high CO2 response. 
Metal oxides with n-type conductivity, such as TiO2, SnO2, and ZnO, exhibit increased electrical 
resistance when exposed to gas [42]. It was observed in all samples that the recovery time values 
were greater than the response time. The gas molecules take time to release from the surface samples.   
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Fig. 6. CO2 and NH3 gas sensitivity for MgO, SnO2 and MgO (0.25):SnO2 (0.25) nanoparticles. 
 
 

Table 2. Sensitivity, response time, and recovery time for MgO, SnO2, and MgO (0.5): SnO2 (0.5) Nanoparticles 
at different temperatures operating against CO2 and NH3 gases. 

 
Gas type CO2 NH3 

Sample no. MgO Nanoparticles 

T  (°C) RT 100 200 RT 100 200 

Sensitivity S % 0.52 1.02 3.85 3.8 0.61 1.1 

Time res. ts (sec) 14 30 30 39 36 38 

Time rec. tc (sec) 32 33 22 49 24 43 

Sample no. SnO2 Nanoparticles 

T  (°C) RT 100 200 RT 100 200 

Sensitivity S % 1.14 2.03 9.75 6.2 10.8 8.8 

Time res. ts (sec) 47 26 28 48 22 12 

Time rec. tc (sec) 32 33 14 35 19 21 

Sample no. MgO: SnO2 Nanoparticles 

T  (°C) RT 100 200 RT 100 200 

Sensitivity S % 0.82 2.49 4.55 22 1.49 4.7 

Time res. ts (sec) 14 26 39 25 26 16 

Time rec. tc (sec) 35 38 26 21 56 15 

 
 
4. Conclusions 
 
The results of the study are considered important for pollutant concentration detection. The 

size of the nanoparticles reduces as more MgO is added, and the nanoparticles have a complete rutile 
structure. The Hall Effect analysis revealed a modification in the conduction type from n-type to the 
most optimal resistivity of n-conductivity type 5.90 was achieved for SnO2 Pure.  
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The study focused on analysing NH3 and CO2 detection using drop-casted MgO: SnO2 thin 
films. The MgO: SnO2 films exhibited a more consistent sensing behavior and fully restored the 
baseline resistance, in contrast to the unmixed MgO, SnO2 films. The improvement in sensing 
capabilities of the MgO: SnO2 films is due to a reduction in crystallite size and an increase in defects, 
according to an increase in nanoparticle concentration. The data indicate that this significant 
enhancement is likewise linked to the production of MgO. Both the reduction in size and the 
inclusion of MgO have a significant role in enhancing the sensing behavior of MgO: SnO2 towards 
NH3. 
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