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ABSTRACT 

Green approach synthesis to produce metal oxide nanoparticles (MgO NPs) is so important due to unique 

properties controlled by the synergistic effects of metal and plant-constituents using plant extracts of Chickpea leaves plant 

have been effectively as a natural and renewable reducing, chelating, stabilizing, natural binding agent, and precipitating 

agent, it is used in the synthesis of magnesium oxide nanoparticles. The synthesized MgO nanoparticles have a cubic 

crystal structure with an average crystallite size of (22.08nm) at 800 nm, according to the X-ray diffraction (XRD) pattern. 

The synthesized MgO nanoparticles have a cubic crystal structure with an average crystallite size of (22.08nm) and, (EDX 

Spectrum) shows the composition of MgO. FE-SEM characterization revealed the presence of MgO with a spherical shape, 

and the average particle size was confirmed (31.23 nm). As indicated by the anisotropic patterns of MgO, the obtained 

(Raman) spectrum of MgO shows a strong peak in different regions indicating the cubic structure. The optical energy gap 

was calculated using DRS analysis and found to be (4.8eV).  Gas sensing tests for H2S and NO2 revealed that these 

hierarchically porous MgO architectures were highly promising for gas sensor applications. Their unique structures 

significantly improve gas diffusion in the material. 
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1. INTRODUCTION 
Nanoparticles have received a lot of attention in 

recent years due to their unique physicochemical 

properties, such as high strength with good thermal 

conductivity, high damping properties, and mechanical 

stability. [1]. Because of their wide range of applications, 

nanoscale metals and metal oxides have ushered in a new 

era of materials in materials chemistry. [2]. MgO is a 

significant inorganic oxide and one of the most important 

metal oxides with numerous applications due to its high 

surface reactivity, and chemical and thermal stability in 

sensors, catalytic coatings, and so on. [3, 4]Magnesium 

oxide nanoparticles and microparticles are commonly used 

as reinforcing reagents in the superconducting industry 

[5]. MgO nanoparticles are grown using a variety of 

fabrication techniques that require high-temperature, 

sophisticated, and/or expensive tools. [6]. As a result, the 

biosynthetic pathway (green synthetic processes) has 

emerged as a promising candidate for large-scale synthesis 

and production of nanostructured materials and 

magnesium oxide. The green synthesis (using a chickpea 

plant) and characterization of cubic crystalline structure 

MgO nanoparticles were described in this paper. [7]. 

 

2. EXPERIMENTAL PART 
Magnesium oxide nanoparticles were synthesized 

using magnesium nitrate (MgNO3.6H2O) as a source. All 

of the chemical materials used were purchased from 

Aldrich Chemical. Have been used (1g) of magnesium 

nitrate (MgNO3.6H2O) was dissolved in (30 ml) of 

deionized water, (and 25 ml) of chickpea plant extract, 

Add the solution dropwise into the prepared magnesium 

nitrate solution with continuous stirring in a magnetic 

mixer. After a few minutes of stirring, a white precipitate 

of magnesium hydroxide appeared in the beaker and 

remained for (15) minutes. The pH of the solutions was 

measured (11). The precipitate was filtered using 

centrifuged and left at R.T. Then the dried samples were 

Calcined thermally for (2) hours at (800°C and 250°C) 

were done. After that, the magnesium oxide thin films 

were prepared for use in the gas sensor application. This 

was done by mixing the prepared nanomaterials 

(magnesium oxide) with (1 g) of synthetic polymer 

material PVA and (20) ml of deionized water and mixing 

them in a magnetic mixer under (80 °C) for (10) minutes, 

it was placing them on glass bases after washing well and 

burning in the oven at (450°C) for two hours and send to 

the test of sensitivity to NO2 and H2S. 

 

3. CHARACTERIZATION 
Field emission scanning electron microscopy was 

used to perform the morphological examination (FE-

SEM). A diffractometer (XRD) was used to determine 

crystallinity and other techniques like RAMAN and DRS 

to measurements of the absorption coefficient and the 

energy gap was also taken through the (DRS) test. Finally, 

testing sensitivity tests and finding out the response and 

recovery times for the prepared samples. 

 

4. RESULTS AND DISCUSSIONS 
 
4.1 X-Ray Diffraction Result 

X-ray diffraction was used to identify the crystal 

structure of MgO nanoparticles and interplanar distance. 

The average crystalline size was determined using the 

Debye–Scherer equation: 
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𝐷 = 0.9 λβ cos 𝛳                                                                        (1) 

 

D, is the crystallite size (nm), λ, is the X-ray 

wavelength, θ is, the Bragg diffraction angle, and β is 
(FWHM). Equation (2) is used to measure the inter-planar 

distance (d) [8]. 

 𝑛𝜆 = 2𝑑𝑠𝑖𝑛𝜃                                                                    (2) 

 

Figure-1 depicts the X.R.D patterns for MgO NPs 

at R.T and 800°C. It was demonstrated that there are 

three sharp peaks and 2 θ. It was observing diffraction 

peaks at ( 001), (101)(102), (110), (111), (200), (303), and 

(222) and at 800 ℃ with (111), (200), (202) and (222)  

diffraction planes respectively, results were agreeing and 

matched with standard ICCD file no, (96-100-0055 ) and 

(96-900-6748) respectively. It was found that the results 

showed the prepared nano MgO are cubic structure with 

polycrystalline, and the crystallinity was calculated using 

FWHM values (full width at half maximum) by using the 

Scherrer equation, the crystal size of magnesium 

nanoparticles prepared at R.T and 800 ℃ was calculated 

and based on Miller coefficients, where the average crystal 

size appeared to be (14.49nm) and (22.08 nm) 

respectively, as shown in Tables (1 and 2). This indicates 

that the crystalline size of the particles increased with 

increasing temperature. MgO was found to have high 

purity and crystallinity preparing at 800 ℃ [9]. 
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Figure-1. XRD patterns of MgO NPs at R.T and 800 ℃. 

 

 

Table-1. Structural properties of MgO NPs at R.T. 
 

2θ (Deg.) FWHM 
(Deg.) 

dhkl Std.(Å) dhkl Exp.(Å) Crystallite 
size (nm) 

Average crystallite 
size (nm) 

18.68 0.52 4.81 4.75 15.54 

14.49 

38.12 0.54 2.60 2.36 15.65 

50.90 0.72 1.48 1.79 12.23 

58.79 0.45 1.91 1.57 20.24 

62.18 0.60 1.46 1.49 15.38 

68.27 0.96 1.48 1.37 9.96 

72.18 0.66 1.38 1.31 14.81 

81.31 0.87 1.36 1.18 12.08 

 

Table-2. Structural properties of MgO NPs at 800 ℃. 
 

2θ (Deg.) FWHM 
(Deg.) 

dhkl Std.(Å) dhkl Exp.(Å) 
Crystallite 
size (nm) 

Average crystallite 
size (nm) 

37.03 0.33 2.53 2.43 25.06 

22.08 

43.01 0.37 2.16 2.10 23.14 

62.39 0.44 1.50 1.49 20.96 

74.77 0.54 1.30 1.27 18.55 

78.72 0.51 1.6 1.21 20.24 
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4.2 Scanning Electron Microscope (SEM) 
The morphological and crystallographic details of 

the magnesium oxide nanoparticles obtained were 

examined using FE-SEM. Figure-2 depicts the 

morphology of nano MgO specimens calcined at (800°C) 

temperature using different magnification (FE-SEM) 

images. The scanning images revealed that the green 

method samples contained spherical particles and a 

uniform distribution of particles with an average particle 

size (31.23 nm). These findings are comparable to 

previous findings for MgO synthesis. [10, 11]. 

 

 
 

Figure-2. FE-SEM images show the surface morphology 

of the MgO NPs at 800 ℃ with different magnifications 

(a) 200 nm, (b) 500 nm. 

 

The EDX Spectra used to validate the production 

of MgO NPs are shown in Figure-3. The EDX spectrum's 

Mg K and O k emission series peaks confirmed the 

stoichiometry of the synthesized NPs. The magnesium and 

oxygen elements in the specimen had a close 

stoichiometric ratio. The quantitative results of the weak 

and robust absorption peaks in the Mg and oxygen regions 

are given in the graph's Table, and these results are 

consistent [13]. It also provides the element's normalized 

concentration in weight percentage (W%) and atomic 

weight percentage (A%) for Mg and oxygen. As illustrated 

in the attached table with Figure-3. 

 

MgO 800

Series [wt.%] [at.%]

Mg K-series 54.89 44.48

O K-series 45.11 55.52

Total: 100 100

 

Figure-3. The EDX Spectrum for MgO NPs. 

 

 

 

4.3 Raman Scattering Result 
As shown in Figure-4, The Raman scattering in 

MgO at 800°C with particle size is observed (nm). It was 

discovered that the second-order Raman lines in MgO 

nanocrystals vanish in all microcrystals, while new peaks 

emerge at 1462.74, 2849.50, and 3698.15 cm1. Because 

first-order Raman scattering is forbidden in bulk crystals, 

Raman lines with lower frequencies are discussed, which 

are enhanced as particle size decreases. The assignment is 

supported by the photon density of states in microcrystals. 

Peaks lower than 1500 cm-1 are associated with D-band, 

also known as breathing mode. A G-band is represented 

by the peaks at 1500 cm-1 and 3000 cm-1. The indirect 

measurement of crystallite size and defects is correlated 

with the ratio of (D and G) band intensities, or ID/IG. The 

reported data shows that this data is consistent. [12] The 

Raman spectrum of nano MgO reveals the presence of a 

strong peak in various regions, indicating the cubic 

structure as designated to the tangential modes of MgO in 

the amorphous phase. Complex absorption bands were 

observed in the (2500 - 4000) cm
-1

 region, which 

corresponds to the frequency of oxygen l ion stretching. 

The crystal structure with its single formula unit per 

primitive unit cell leads to the prediction of only one 

infrared active hydroxyl stretching mode [13]. 

 

 
 

Figure-4. Raman spectrum of Nano MgO at 800℃ 

 

4.4 DRS Analysis 
Figure-5 shows a chart of the absorbance 

spectrum curve of the prepared MgO sample as a function 

of wavelength at 800℃, as it was found that the material 

has high absorbance at short wavelengths that indicate 

Short wavelengths and high energies relative to the 

wavelength, and this is a unique property that 

characterizes nano-sized materials, as the field of work 

will be the absorbance in applications under visible light 

and within the field of ultraviolet rays upwards [14, 15]  

Also, through DRS analysis, the optical energy 

gap was calculated using the (Tauc) method from equation 

(3), which can be written after setting the value of the 

constant equal to the value (1⁄2) in the following form: 

 (αhν)2 = (αE)2 = B2(hv − Eg)                                         (3) 

 

A B 
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From drawing the graphic relationship between (αhν)2 and the photon energy (hv), The energy gap, or 

permitted transition at the point, is determined by 

extending the straight portion of the curve to cut the 

photon energy axis. (αhν)2= 0 as shown in the Figure-5, 

where it appeared worth approximate (4.8eV). 
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Figure-5. Absorbance spectrum and energy gap for MgO at 800℃. 

 

4.5 Gas Sensor Measurements 
The prepared nanomaterials were deposited on 

glass bases to form thin films to be used in the application 

of a sensor once for an oxidizing gas and another for a 

reducing gas, namely NO2, and H2S Gas. The sensitivity of 

the studied gases appeared affected by the high 

temperature, as shown in Figure-6, where with NO2 gas, it 

is clear that the sensitivity is constant at first, then a 

decrease occurs at approximately (240 ℃), and then the 

rise returns. As for H2S gas, it was noted that the onset of 

sensitivity was less, but with a temperature rise it 

increased, and then a decrease occurred at (240 °C), after 

which the rise returned, and this indicates that the 

temperature has a major and major effect on the work of 

the sensor, as impurities and secondary gases are expelled 

that affect the response of the sensor in the beginning. 

 

140 160 180 200 220 240 260 280 300 320

0

20

40

60

80

100

120

140

160

180

S
e
n

si
ti

v
it

y
 (

%
)

Operation temperature (C) 

 MgO at 800 C for H
2
S Gas 

140 160 180 200 220 240 260 280 300 320

0

5

10

15

20

25

S
en

si
ti

v
it

y
 (

%
)

Operation temperature (C) 

 MgO at 800 C for  NO
2
 Gas

 
 

Figure-6. Shows Operation temperature effect on sensing properties for MgO NPs. 

 

The response time and recovery time for the NO2 

gas sensor were also calculated, and the result was an 

increase in the response time with the rise in temperature 

until it reached a peak, and then a decrease. As for the 

recovery time, it was constantly decreasing with the rise in 

temperature until it reached a certain level, and then a rise 

occurred due to the highly promising, gas diffusion and 

mass transportation in sensing materials according to their 

unique properties. The same is true for H2S gas, as shown 

in Figure-7, the sensor's response time gradually decreased 

and then increased as temperature rose, whereas the 

recovery time initially increased gradually before falling 

off at a certain point before rising again. 
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Figure-7. Shows the Response time and recovery time for the sensor used. 

 

5. CONCLUSIONS 
The biosynthesis of magnesium oxide 

nanoparticles has been successfully synthesized in 

environmentally friendly, appropriate quantities using 

chickpea plant extract as a natural binding agent that acts 

as an oxidizing agent in the chemical reaction. The crystal 

structure obtained by XRD, the cubic structure of 

magnesium oxide, and the FE-SEM spherical structure of 

the growth of magnesium oxide nanoparticles and show 

that further high-temperature annealing increases the 

arrangement of the particles. The spherical shape 

possessed by the magnesium oxide nanoparticles with a 

high surface area acts as a very good reducing agent and is 

considered a natural, renewable, low-cost, and effective 

bio for the synthesis of magnesium oxide nanoparticles. It 

is then used in critical applications such as gas sensors 

operating at relatively high temperatures 
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