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In this study, the Density Function Theory (DFT), Generalized Gradient Approximation (GGA) and Local Density Approximation
(LDA) were used, based on the Siesta code, in order to study the magnesium oxide compound (MgO) and focus on the (B4) Wurtzite
phase. This is to find the primary cell constants and energy gap at 0 pressure, which are consistent with previous results. The effect of
pressure on the energy gap and the size of the primary cell as well as the dielectric constant were studied. The study also revealed that
the (B4) phase can move to the (B2) phase at the pressure of 45.86 GPa and from the h-MgO phase to the (B2) phase at 70 GPa.
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1. INTRODUCTION

In recent years, the compound MgO has emerged as one of the most intriguing oxides.1Several theoretical and
practical studies have been conducted on it. The majority of phases on which it crystallizes are eitherB1, B3 or B4. Many
researchers have attempted to conduct several laboratories experiments whose goal was to search for the formed crystal
structures of MgO, resulting from their deposition on metal substrates [2—5]. The B1 phase is called the rocky structure;
the B3 and B4 phases are called Zinc blend and Wurtzite respectively. MgO is a solid, white mineral that is found in the
earth's crust. It belongs to group (II-VI), meaning that it consists of an oxygen atom with an ionic bond. It is one of a large
group of industrially important materials due to its energy gap of 7.833 eV [6].

In the ordinary case, we find that MgO crystallizes in the B1 phase, with a space group (Fm3m), under ordinary
conditions. Under the influence of pressure, we find that the phase (B1) moves to (B2), but experimentally speaking, the
researchers were unable to confirm such a transition. MgO compound has been studied theoretically and experimentally
in order to know its electronic structure and properties. This is what was highlighted by the works [7-12].
H. Abu-Farsakh et al. [7] investigated the structural and electrical characteristics of MgO in the B1 and B2 phases, using
the DFT and the LDA and Jaffe et al. [8] using both LDA and GGA in studying the two compounds MgO and ZnO under
high pressure, which results in a phase transition. Through the use of the linearized augmented plane wave (FP-LAPW)
approach, Zhu et al [10], also discovered the general characteristics of MgO at the B1 phase.

The structure and optoelectronic properties of MgO were also researched and verified by Liu et al. [11]. Besides, to
determine the characteristics of the MgO structure, Anderson and Andreatch [12] carried out experimental research, as it
is one of the prominent components of the earth’s layers, so its electronic structure will inevitably and significantly change
under the earth, compared to its state under high pressure. Our study theoretically explains how these transitions occur,
which in turn stresses the importance of knowing the way and conditions of the occurrence of transitions between some
phases of MgO compound subject to different pressure values. In fact, we will focus on Wurtzite (B4), how is it transited
and how does its energy gap change along with the pressure changing.

2. THEORETICAL CALCULATION METHOD

We have concentrated on magnesium oxide in the Wurtzite structure, which is an appropriate host for weaken
attractive semiconductors. A Wurtzite structure has two zinc particles and two oxygen iotas in its unit cell, and it has
P63mc space bunch evenness. We utilized test esteems for our three gem boundaries, in particular a =b=3.283 A,
¢ =5.095 A and u = 0.388 A [13]. To profit from Bloch’s hypothesis in intermittent designs, we made a 2x2x2 super-cell
of the unit cell that contains 24 particles. The estimations were acted in the structure of thickness utilitarian hypothesis in
the free molecule guess utilizing Kohn and Sham [14,15] eigen states and eigen values. Was used the Generalized
Gradient Approximation by Perdew-Burke-Ernzerh (PBE-GGA) [16] and of Local Density Approximation (LDA) by
Ceperley and Alder [17] are employed in the exchange correlation effect calculation. The summed-up inclination estimate
and the nearby thickness guess were utilized for the trade connection energy. Likewise, we utilized an equal simultaneous
molecule approach in our computations, as executed in the Rest code. Central electrons that do not have a significant
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effect on chemical and electronic properties are replaced by effective Troullier-Martins pseudo-potentials in their fully
separable form in the SIESTA code [18]. In this code, a set of pseudo-atomic orbitals (PAO’s) for valence electrons has
been used for wave function expansion. These orbitals are built by multiplying an angular function with defined quantum
values m and 1, which are used to indicate the size of the orbitals, by a numerical radius function. Among the three basic
set types of the code, DZP was chosen. There are two parameters of the SIESAT that need to be optimized [19]. These
parameters, which correspond to the Kgrid-cutoff and Mesh-cutoff energy values, were optimized by bringing the total
energy to 20, and 350 eV respectively. The convergence criterion — the total energy — is set at 1074,

3. RESULTS AND DISCUSSION
3.1. Structural Properties

Over a decade of research, the lattice constants of MgO have been confirmed numerous times [20]. The P63mc
group and the lattice constants estimated to be: a=b=3.2834, ¢=5.095A, a = 90.03°, f = 90.037°, and y = 119.90° [13]
characterize the stable main cell structure of MgO, which is (B4) Wiirtzite. Each primary cell of MgO consists of four
atoms, each two atoms of Mg occupy the following positions (0, 0, 0), (1/3.2/3.1/2). As far as O atoms are concerned,
they occupy the following implantation positions (0, 0, p), (1/3.2/3.1), whereas p is the internal variable of the Wurtzite
structure, which determines the length of the bonds between Mg and O atoms. The variable i is given as the following:
p=(1/4 + (c2/(3.a2))).The Siesta software, which was used to determine the primary cell constant constants of MgO, is
a factor in the computations in this paper. The primary cell constants of MgO were calculated using the following results.
The Table 1 contains the results.

Table 1. Comparison of primary cell constants of MgO with theoretical and practical results

a(A) c(A) u (A c/a
Present work 3.327 5.025 1.0117 1.5103
GGA 3.288 5.004 1.2205 1.5219
LDA
Theoretical works 3.281 [21] 5.1360 [21] 0.3930 [21] /
GGA 3.3105 [22] 5.12363 [22] 0.3915 [22] /
/ / / 1.547 [21]
1.530 [13]
3.322 [20] / 0.3916 [20] /
Theoretical works 3.249 [22] 5.277[22] 0.3917 [22] 1.546 [20]
LDA 3.320[13] 5.056 [13] 0.386 [13] 1.547 [22]
3.322 [23] / 0.392 [23] 1.565[13]
3.169 [24] 5.175 [24] 0.3750 [24] /
/ / 0.3935[25] 1.536 [24]
[26] 3.278 / 1.506 [25]
5.062 [26] /
Experimental work 3.283[13] 5.095[13] 0.388 [13] 1.552[13]

We were able to compute the primary cell constants using the Density Function Theory (DFT) and the Siesta
software, and we subsequently discovered the values of 3.327A for constant a and 5.025A for constant c. It should be
noticed that these findings substantially agree with the conclusions of applied theory included in Table 1 results of
previous theoretical and experimental work [13, 21-26]. Additionally, the percentage of error in the obtained values has
been calculated. Assuming that they are compared to the experimental values that were used as a reference, we discovered
that the error value was estimated at 1.34 percent for the constant a and 1.37 percent for the constant ¢ with GGA. With
LDA, it was calculated to be 0.15% for constant a and 1.79% for constant c. This suggests that the determined error results
are likely to be minor and that the calculation's procedure was logical and reasonable.

The selected Brillion region is the primary structure to study electronic properties of the matter. The Figure 1 shows
the Brillion region related to the hexagon.

Encrgy (V)

I M K T A

Figure 1. Energy band structure of the Wurtzite phase MgO
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It is worth noting that the study of properties on this region can be generalized later to MgO. DFT and GGA were
used to determine the energy gap of MgO. This method has also been relied upon because it is among the best suitable
methods for studying the electronic structures of materials. The energy bands structure of MgO was calculated for the
previously obtained lattice constants (a = 3.327A, ¢ = 5.025A, p =90.037°, a. = 90.03°, y = 119.90°). The structure of
energy bands of MgO was calculated as shown in Figure 1.

It is noticeable in the previous figure that the highest peak of the valence band and the lowest peak of the conduction
band are on the same line, passing through the point. This explains that MgO has a direct gap estimated at: 3.27 eV. The
following values concern the energy gap, calculated with GGA and LDA and compared to other theoretical results, as
shown in Table 2.

Table 2. The energy gap Eg (eV)

Energy gap Eg(eV)
Used method GGA DA
Our results 3.27 /
4.408 [27] /
4.431 [28]
Otherresults 4.450 [29] 9562'54[[3208]]
EV-GGA 5.419 [28] ’
MBJ-GGA 7.2 [28]
Experimentalresults 2233[2[%
Proportionalerror (%) 15.96

We note that the value of the energy gap obtained by this theory was close to the theoretical results listed in Table 2. Our
calculated results for the structure of the energy bands by GGA method are smaller than the experimental ones. This indicates
that it does not provide very precise results. Unfortunately, we found that the value of the energy gap calculated by GGA is
smaller compared to the experimental results. Even if we use LDA, the value of the energy band will also be less than the
experimental value as well. It is well known that the GGA reduces the calculated forbidden band value compared to the
experimental value, so the calculated values remain as a lower estimate of the true values of the energy gap [31].

3.3. Characteristics of MgO by changing the pressure
In a previous study, we fixed the pressure value at 0 GPa, now we will change it from 0 GPa to 100 GPa, then we
study the new structural and electronic properties.

a) Variation of the dielectric constant
The value of the dielectric constant of MgO is calculated by GGA and LDA. The results are shown in Figure 2.
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Figure 2. Variations of the dielectric constant with GGA and LDA in terms of pressure

Figure 2 displays the changes of the dielectric constant values in terms of the change of the pressure value exerted
on MgO compound using GGA and LDA. We notice that the values of the dielectric constant are decreasing the more the
value of the pressure exerted on the primary cell is increasing. Besides, the two curves of variations of the dielectric
constant value with GGA and LDA are the same. This is consistent with the work of S. Labidi et al. [28]. The results of
the values of the dielectric constant at a 0 GPa pressure value with GGA and LDA, are shown in the Table 3.

Table 3. Values of the dielectric constant at 0 GP pressure

Our results

Theoretical results

Experimental results

Value of the dielectric
constant at0 GP (pressure)

GGA (2.53)
LDA (2.59)

2.840 [28]
3.12[29]

2.95 [32]




218

EEJP. 2 (2023) Yamina Benkrima, Abderrahim Achouri, et al.

The table shows that the values of the dielectric constant with GGA and LDA are close. Actually, the value of the
dielectric constant at 0 GPa is very close to the theoretical work [28,29], and to the practical one [32].

b) Energy Gap Variation
The energy gap was calculated in terms of the pressure change of MgO by GGA and LDA, as shown in the Figure 3.
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Figure 3. Energy gap by GGA and LDA in terms of pressure

The diagram shows that the greater the value of the pressure exerted on the primary cell, the higher the value of the
energy gap for both curves by GGA and LDA. This is consistent with the work of S. Labidi et al [28].

¢) Change in Enthalpy Energy
The changes in enthalpy energy value of MgO were calculated for the transition from B4 to B2 phase and from
h-MgO phase to B2 using GGA. In order to study the possibility of structural optimization and to know the value of the
pressure transition Pt of MgO from B4 to B2 phase and from h-MgO to B2 phase, we used the GGA, where an increasing
pressure was applied to the MgO compound to study the phase transition from B4 to B2 structure, as well as from h-MgO
to B2 structure. We performed the enthalpy calculations in the case of B2 and B4 phases, we got the curve of the Figure 4a,
and in the case of B2 and h-MgO phases, we got the curve of the Figure 4b.
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Figure 4. Enthalpy H as a function of transition pressure from: (a) — B4 to B2 phase, (b) — h-MgO to B2 phase

Studying the curves, we notice that the Figure 4. Enthalpy H as a function of transition pressure from: (a) B4 to
B2 phase, (b) h-MgO to B2 phase enthalpy value of B4 phase is the lowest compared to B2 phase. In Figure b, the enthalpy
value of h-MgO phase is the lowest compared to B2 phase, considering the pressure value applied to this phase from
(0 GPa to 44 GPa), (0 GPa to 70 GPa), respectively. This area was characterized by the fact that each of the phases B4,
h-MgO is the most stable compared to B2 phase for both curves, at the pressure value 45.86 GPa, it was observed that the
enthalpy value of the phases B4 and h-MgO is exactly equal to the enthalpy value of B2 phase. For both curves,
respectively, this point is the value between the phase transition from B4 or h-MgO to B2 phase. For the values from
46 GPa to 60 GPa and from 70 GPa to 80 GPa, we see that B2 structure has become the one having lower enthalpy in
both Figures 4a and 4b, respectively, and therefore higher stability. This is largely consistent with the results of
K.B. Joshi et al [33].

d) Size Changes
Changes in the values of the size of MgO in terms of pressure have been recorded using both GGA and LDA.
Figure 5 shows those findings.
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Figure 5. The size of MgO in terms of pressure using GGA and LDA

Through the curve of Figure 5, we see that whenever the value of the pressure exerted on the primary cell of the
compound MgO is raised by GGA and LDA, the cell size decreases. It was also observed that the cell size in (0-62) GPa
scope calculated by the GGA is larger than in the LDA, while the opposite is recorded after the pressure value reaching
63 GPa. Our results are consistent with the work of Jackson et al. [34], the Figure 3 shows that.

4. CONCLUSION

In this paper, we searched for the structural and electronic properties of the compound MgO with phase (B4)
Wourtzite. The primary cell constants and the energy gap value were calculated by DFT, using GGA and LDA, with the
help of Siesta program. Our results were very close with the available theoretical and experimental results. The
calculations were carried out under the ordinary pressure value and other different values. The conclusions reached as
summarized as follows:

» The ground state properties of the wurtzite structure such as the primary cell constants and the energy gap were
found under ordinary conditions of temperature and pressure, which are consistent with previous theoretical and
experimental results.

* The study also showed that the increase in the pressure value increases the energy gap value.

* The size of the primary cell is subject to change. If the structure is subjected to the influence of increasing pressure,
there will be a decrease in its size.

* Calculations of the aliasing values predict the phase transition from: B4 — B2 and from: h-Mgo—B2. This is at
the following pressure values: 45.86 GPa and 70 GPa, respectively.
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JOCJLIKEHHSI CTPYKTYPHHUX TA EJTEKTPOHHUX BJIACTUBOCTEM MgO IIJI TACKOM
Smina Benkpima?, A6aeppaxiv Auypi®, xameas Beabdennauet, Paaxia €xaed®, Haim Xocind
“Buwa Hopmanvha wikoaa Yapena, 30000 Yapena, Anocup
bVuisepcumem Vapena, paxyromem mamemamuxy ma mamepianoznagcmea, 1adopamopis po3euUnIKy HoBUX i 6IOHOBTI0BAHUX dJceper
enepeii 6 nocyuwnueux 3onax i sonax Caxapu, Yapana 30000, Anorcup
“Locrionuywsxuti yenmp npomucnosux mexronoeivi CRTI, P.O. Box 64, Yepaza, 16014, Anscup
Y uisepcumem nayru i mexnonoziti Opan, 31024 Opan, Anvicup

VY npoMmy mocimipkeHHI BUKOpUcTOBYBanucs Teopis ¢ynkuii ryctunu (DFT), y3aranpHena rpagientHa ampokcumarnis (GGA) i
nokanpHa anpokcumanis ryctunu (LDA) Ha ocHOBI Koy Siesta /Uit BUBYCHHsI CHONyKH okcuay MarHiro (MgO) i 3ocepemkeHHs Ha
(B4) ¢asi Bropuura. Ie 3pobiieHo uisi BU3HAYEHHS KOHCTAHT MEPBHHHOT KOMIPKH Ta €HEPreTHYHOro POo3puBY npH THCKy 0, 110
BIJNIOBia€e MOMEpEHIM pe3yiabTraTaM. JOCHimKeHO BIUIMB THCKY Ha INUPUHY 3a00pPOHEHOI 30HM, pO3Mip MEPBHHHOI KOMIpKH Ta
JeNeKTpUYHY MPOHUKHICTE. JlOCTiKeHHS TaKoXK MoKa3aio, mo ¢asa (B4) moxe nepexonutn y ¢asy (B2) npu tucky 45,86 I'Tla ta 3
¢azu h-MgO y ¢asy (B2) mpu 70 I'Tla.

Krouosi cnosa: MgO; Siesta; cmpykmypHi e1acmusocmi; eneKmpoHHi 61aCmMueoCi, muck





