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Abstract : Magnesium oxide (MgO) samples were manufactured at different temperatures using various
solvents of water and ethanol. MgO structure was also modeled and its vibration modes were calculated. The
kind of solvent as-used in the synthesis and calcination temperature caused changes in the lattice parameter,
crystallinity, and crystallite size. The crystallite size increased with increasing production temperature for both
series of the MgO. The morphology and bandgap energy were also affected significantly by the solvent and
calcination temperature.
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1 Introduction
As an economical magnesium composite, magnesium oxide (MgO) is the primary and essential basic refractory mineral and
can be employed in steel and iron commercial applications. MgO can be created through either natural or artificial processes.
MgO can be found naturally as magnesium carbonate or artificially through the use of magnesium chloride derived from salts
and seawater [1]. MgO is composed of Mg2+ and O2− ions. In this substance, the d-orbital is unoccupied due to the chemical
configuration of the ions [2]. MgOmaintains a high degree of stability in both oxidizing and reducing atmospheres, withstanding
temperatures of up to 2300°C and 1700°C, respectively [3]. Due to its low cost, resistance to corrosive environments, and a high
melting point of 2800 °C, MgO is one of the essential substances [4]. MgO possesses a bandgap energy of 7.8 eV, making it
a good insulator due to the absence of free electrons in its outer shell [2]. MgO is a type of ionic ceramic [5]. The molecular
system of MgO consists of Mg and O atoms distributed along one-half of the diagonals of the cube [6], [7]. The main goal of the
present study is to investigate the effects of the calcination temperature and the kind of solvent on the structural, morphological,
and optical properties of MgO.

2 Materials and Methods
A cubic crystal structure of MgO illustrated in Figure 1a was designed using crystallography. Traditionally, experimental
methods have been employed to studymolecular structures, but due to their complexity and cost, computational approaches have
gained popularity in recent years for their efficiency and ability to provide valuable insights. Our primary objective is to precisely
optimizeMgO’s molecular structure and comprehend its electronic properties. MgO structure was investigated extensively using
the B3LYP/6-31g method, and we extended our analysis to MgO’s vibrational characteristics. Employing Fourier transform
infrared (FTIR) calculations with the same basis set and method, we explore the material’s vibrational modes and delve into
the intricate interactions between magnesium and oxygen atoms. Eight solutions, each of 250mL of 0.4M magnesium nitrate
hexahydrate (Merck), were prepared in different beakers using distilled water and ethanol (Sigma-Aldrich) as the solvents of
the first and second groups. These solutions were stirred in a magnetic stirrer for 180 minutes without heating and then were
put into an oven at 90°C for 48 hours. After drying, the as-obtained powders were heated in an electric furnace at 740, 840, 940,
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Figure 1: a) The cubic crystal structure (red and green colors represent O2- and Mg2+ ions), and b) FTIR spectrum of MgO

and 1040°C for 90 minutes for each group. According to the as-used solvent and heating temperature, the samples were named
W740, W840, W940, and W1040 for the group prepared by distilled water, and the rest ones prepared by ethanol were referred
to as E740, E840, E940, and E1040. A Rigaku Benchtop Miniflex diffractometer with CuKα radiation was used to collect the
XRD data. An FEI-Quanta FEG 250 scanning electron microscope was used for analyzing the morphology. A Spectro UV-Vis
double-beam spectrophotometer UVD-3200 was used to investigate the optical properties.

3 Results and Discussion
In FTIR calculations, we simulated the absorption of infrared radiation by the MgO system, which results in the excitation
of molecular vibrations. These vibrations arise from the harmonic motion of atoms around their equilibrium positions in the
optimized structure. The interpretation of the FTIR peaks shown in Figure1b allows us to discern various molecular vibrations,
such as stretching and bending modes of chemical bonds. By analyzing the intensities, frequencies, and shapes of these FTIR
peaks, we can draw conclusions about the stability, symmetry, and electronic properties of the MgO system. Overall, the
FTIR calculation represents a significant step towards a comprehensive characterization of MgO and paves the way for further
investigations into its multifaceted properties.

In Figure 1b, we observe two prominent peaks that can be unequivocally linked to the stretching of the Mg-O bonds. These
peaks are discernible as characteristic features in the graph, and their positions and intensities signify the specific vibrations
associated with the Mg-O chemical bonds. Upon closer examination, the first peak, located at the lower wavenumber region,
indicates the stretching vibrations of the Mg-O bonds. As the frequency increases along the x-axis, this peak exhibits its
distinctive intensity, which arises from the collective movement of atoms within the MgO lattice. This stretching motion is
a fundamental characteristic of the MgO molecular structure and can be identified through its unique spectral fingerprint.
Likewise, the second peak, situated at the higher wavenumber range, also reflects the stretching of the MgO bonds. Although it
appears at a different frequency compared to the first peak, it serves as another signature of the bonding behavior between Mg
and O atoms in the material.

Figure 2a shows the XRD patterns of the as-producedMgOs and all the patterns are in a very good harmony with the standard
data for MgO (JCPDS pdf no:87-0652) with the cubic crystal structure. These patterns indicate that all the samples have only a
single phase of theMgO. The peaks belonging to the diffraction planes of (111), (200), and (220) are detected for all the samples.
Some changes in the intensities and shifts in the positions of these peaks are seen. The lattice parameter (a), unit cell volume
(V), crystallite size (t) and dislocation density (δ) of the MgOs were estimated using the following relations, respectively [8]:

a = d
√
h2 + k2 + l2 (1)

V = a3 (2)

t =
0.9λ

βcosθ
(3)

δ =
1

t2
(4)
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Figure 2: a) XRD patterns, and Tauc plots of the samples prepared with b) water and c) ethanol

Table 1: XRD analysis results.
Sample a(nm) V (nm)3 t(nm) δ(nm)−2 XC%
E740 0.4175 0.0728 19.21 0.0027 92.5
E840 0.4178 0.0729 25.55 0.0015 95.2
E940 0.4211 0.0747 36.14 0.0008 95.8
E1040 0.4174 0.0727 39.48 0.0006 94.1
W740 0.4184 0.0732 31.91 0.0010 93.8
W840 0.4172 0.0726 39.96 0.0006 93.7
W940 0.4126 0.0702 45.93 0.0005 93.6
W1040 0.4167 0.0724 59.37 0.0003 94.5

where d is the interplanar distance, β is the full width at half maximum and λ is the wavelength. Also, the crystallinity (XC)
percent for each sample is listed in Table 1. The kind of solvent and calcination temperature are affected the lattice parameter and
crystallite size. For two series, it is observed that the crystallite size increases with the calcination temperature. This finding is in
a perfect agreement with the literature [8], [9]. For both series, the dislocation density decreases with the increasing production
temperature and its small values indicate that the as-manufactured samples have high crystallinity [10]. High crystallinity values
listed in Table 1 support this.

The optical bandgap energy (Eg) value for each sample was calculated using the following Tauc method [11]:

αhv = A(hv− Eg)n (5)

where α is the absorption coefficient, hν is the photon energy, A is a constant, and n is an exponent related to the type of
electronic transitions (n = 1/2 for the directly allowed transition). The as-calculated values of the bandgaps and Tauc plots
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Figure 3: SEM and EDX analyses

of all the samples are shown in Figure 2b and Figure 2c. The Eg values are affected by both the solvent and manufacturing
temperature.

For the samples of the E series, Eg decreases with increasing temperature. The as-calculated bandgap values are in the limits
reported in the literature [12]–[14].

Figure 3 illustrates the morphological analysis for each sample. Both groups of MgO samples have fine-grained structures.
Compared to the E group, the samples of the W group are composed of greater particles, which supports the XRD results. The
EDX analyses confirm the MgO structure and verify that all the samples are composed of only Mg and O. The morphology is
affected from the type of the solvent and calcination temperature.
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4 Conclusion
The MgOs were prepared at different temperatures from 740 to 1040°C with a temperature step of 100°C for the solvents of
ethanol and distilled water. It was observed that the crystallite size increased with the increase in the production temperature.
The crystallinity, optical bandgap energy, morphology, and lattice parameter were affected by the type of solvent and calcination
temperature.
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