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The structure, electronic and magnetic properties of the MgO bulk of (1x2x2) and (1x1x1) 
atoms for the B4 wurtzite phase, doped by Manganese Mn have been studied. 
Accordingly, the Mn atom location in the far and near spots was taken into account, as 
well as recognizing the magnetic interaction between both spots. Such initiative was 
provided thanks to the use of the density function theorem (DFT). As for the energy gap of 
the semiconductor MgO, it was calculated by the linearly increasing planar method, and 
by the local density approximation (LDA), not to mention the generalized gradient 
approximation (CGA).It is found that the calculated results agree well with other 
theoretical and experimental findings. Whereas, the energy gap and the total magnetic 
torque have been recorded for the Mn doped MgO in the (1x2x2) super Celle. Therefore, 
our given results have shown that the use of the classification-generalized approximation 
could enable us to provide more precise results of the d orbital composites, and they also 
added new properties to the new compound. 
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1. Introduction 
 
Magnesium monoxide, MgO, is a group II-V semiconductor material with a large energy 

gap of about 3.4 to 7.8 eV ]1[ . Alloys of this material show an increased amount of radiation in the 
vicinity of UV rays, specifically in the [150, 400] nm field. Nano-materials are generally used in 
various applications, such as, photovoltaic, electrochemical, mechanical and sensor ]2[ . In addition, 
for smart phones, satellites, and optical fibre transmission systems, as well as incorporating them 
into other advanced technologies such as laser diode manufacturing, magnetic detectors...etc. This 
technology has changed our lives, as we are obliged to use it constantly nowadays. The properties 
of semiconductors change if metal impurities are added such as energy gap, density of states, 
magnetic properties…etc. 

 Group II-VI or II-V semiconductor materials dotted with transition metals can be used in 
many applications, especially with regard to the remarkable magnetic properties when studying 
and using semiconductor compounds. Besides the well-known term Dilute Magnetic 
Semiconductors (DMS's) for the above semiconductors, these semiconductors are very likely to be 
among the core structures of Spintronic devices ]3[ . 

Recently, (DMSs) devices studying have attracted the attention of many researchers 
worldwide; and that is due to the Two Compounds of Spin and Charge being used as magneto-
optical transmission devices and that of electromagnetic ones as well [4-7]. 

In such dilute magnetic semiconductors, one of the magnetic impurities replaces the 
cations; moreover, the process of replacing cations could lead to the addition of new magnetic 
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properties to the very semiconductors. Yet, this process should not be able to interfere with the 
(DMSs) optoelectronic properties [8].Adopted in the study of the basic properties of (DMSs) based 
on the compound MgO, which was recently investigated by Mathon and Amarchi [9]; a significant 
increase in the magnetic resistance (MR) of magnetic tunnel connections outside of MgO was 
expected, based on first-principles calculations. The theoretical predictions are then confronted to 
experimental studies for confirmation.  

These studies are those of the S.S.P. Parkin et al and S.Yuasa and others [10], where MgO 
was magnetically synthesized by dilute magnetic doping. It can also be a good spin filter [11-12] 
in addition to the effect of creating a wide magnetic field [13]. Despite efforts made in both 
theoretical and applied studies to understand the compound, and the magnetic property within 
MgO; it remains the focus of current intensive studies. Lately, studies of MgO compounds 
saturated with transition metals have brought researchers' attention to understanding the acquired 
ferromagnetic nature of MgO, which will also be addressed using first-principles calculations in 
this work. 

Firstly, MgO is doped with two Mn atoms. Next, highlight new structural properties of the 
compound, and then find the electronic and magnetic properties of the novel formulations of 
Mn:MgO; where it is better to use first principles based on density function theory (DFT) initially 
to predict the effect of doping actions on oxides before conducting experiment and real work. To 
this end, we generated ferromagnetic (FM) and anti-ferromagnetic (AFM) coupling only so that 
we could see the structural, magnetic and electronic properties affected by the above process. In 
addition, it is believed that our findings can bring countless seekers of theoretical knowledge about 
the effect of impurities. Conclusively, we seek to fully demonstrate the newly obtained new 
properties of Mn:MgO. The main objective of this study is to provide principles and predictions 
about how to synthesize new magnetic materials from semiconductors and know their properties. 
To clarify this idea, we relied in this work on the density function theory. 

 
 
2. Theoretical method of calculation 
 
At this point, we have performed simulations by using a computational program called 

Spanish Initiative for Electronic Simulations with thousands of atoms (SIESTA). The latter is 
based on density functional theory [14]. The whole system is optimized by following all the basic 
steps like network cutting, k point, network optimization…etc. In addition, in order to obtain 
suitable results, all atoms must remain absolutely fixed in their positions while the optimization 
procedure is performed. Moreover, for exchange and correlation potentials, the generalized 
gradient approximation (GGA) of Perdew– Burke–Ernzerhof is utilized herein [15] and local 
density approximation [16], Core electrons are modelled with Troullier–Martins’ norm-conserving 
pseudo potentials [17]. The valence electrons functions are expanded in double zeta polarized 
basis set [18-19] of localized orbital, and the real space grid is set to be 350 Ry. Until the 
Hellmann–Feynman forces acting on all components of each atom are smaller than 0.01 eVÅ−1 
and the structure is still stable. This process yielded a fully optimized MgO nanostructure which 
contained 2 Mg and 2 O atoms.  

 
 
3. Results and Discussion 
 
3.1. Structural Properties 
The network constants for MgO have been investigated many times, and this process has 

been conducted over several decades ]20[ . The primary cell structure of the stable magnesium 
oxide MgO is from the [B4] wurtzite phase. This compact hexagon characterizes group P63mcand 
grid constants are estimated at a=b= 3.283 Å, c= 5.095Å,α=90.03°, β=90.037°, γ=119.90° ]21[ . In 
the current study, our calculations are based on the SIESTA program, through which we will 
calculate the initial cell constants for MgO. The results are displayed in Table 1. 
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Table 1.Primary cell constants of MgO oxide and its comparison to theoretical and practical results. 
 

c/a 𝜇𝜇 (Å)  c (Å) a (Å)  

1.5103 
1.5219 

1.0117 
1.2205 

5.025 
5.004 

3.327 
3.288 

Present work 
GGA 
LDA 

/ 
/ 

1.547624 

0.3860822 
0.39323 
0.391524 

5.074822 
5.13623 

5.1236324 
 

3.308822 
3.28123 

3.310524 
 

Theoretical works 
GGA 

 
 

/ 
/ 

1.54620 
1.547324 
1.56521 

 1.536625 
 1.529626 

0.391622 
0.391620 

 0.3917124 
0.38621 
0.375025 

/ 
 
 

5.027822 
/ 

 5.277824 
5.05621 
5.17525 

/ 
 

3.2528422 
3.32220 

 3.249324 
3.3221 

 3.16925 
 

 
Theoretical works 

LDA 

1.55221 0.38821 5.09521 3.28321 Experimental 
work 

 
 
Based on the density function theory (DFT) and SIESTA software, we were able to 

calculate the initial cell constants, where the value 3.327 Å for the constant a, and 5.025 Å, for the 
constant c were recorded. Considering that the structure is hexagonal, thanks to which we get 
equal values for the constants a and b.  These results are largely consistent with the theoretical and 
applied results mentioned above in Table1 ]26-21[ . Moreover, the error rate in the results of our 
work was calculated and compared to the obtained experimental results. An estimated error rate of 
1.34% for the constant a, and 1.37% for the constant c were obtained using the GGA 
approximation. 

 
3.2. Electronic Properties 
3.2.1.Bands Structures 
The specific berillion region is the first structure in the study of the electronic properties of 

the material body. The diagram below represented in Figure 2 shows the results of the electronic 
study of the berillion region associated with the hexagonal phase of MgO, which will then be 
generalized to all parts of the oxide. Both the density functional theory (DFT) and the Generalized 
Gradient Approximation GGA have been used to determine the magnesium oxide energy gap 
MgO. This method, being the most recommended one, also specializes in studying electronic 
structures of materials, for example, the energy ranges of magnesium oxide MgO. The latter is 
computed for the previously calculated network constant. 

 
(a = 3.327Å, c = 5.025 Å, α = 90.03°, β = 90.037°, γ = 119.90°) 

 
The structure of the energy bands for the MgO compound shown in Fig. 1 was calculated. 
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Fig. 1.The structure of oxide energy bands MgO phase wurtzite in GGA approximation. 
 
 
According to the previous graph, the highest peak in the valence band and the lowest in 

the conduction band are placed practically on the same line as the point τ, showing that MgO has a 
direct gap of 3.27 eV using GGA approximation and 3.18 eV using an LDA approximation. The 
energy gap value based on both approximations GGA and LDA was computed; and its comparison 
with other theoretical results are shown in Table 2.  

 
 

Table 2.The energy gap and its comparison with other experimental and theoretical values. 
 

 
approximation used 

Energy gap (eV) 

GGA LDA 
Our results 3.27 3.18 

 
 

   Other results 
 

3.89122 3.60722 

4.40827 
4.43128 
4.4529 
5.4229 

/ 
4.96828 
5.0530 

/ 

 
 
It could be noticed that the value of the energy gap was close to the theoretical results 

shown in Table 2, while the calculated results for the structure of the energy bands based on the 
approximation GGA were somewhat lower than the experimental results. This indicates that this 
particular numerical method does not provide results close to reality, despite the convergence of 
the two energy gap values calculated using different approximations GGA and LDA. Compared to 
the experimental results, although if a local density approximation LDA is used, the value of the 
energy bands will always be less than the experimental value as presented in citation [23]. As is 
generally known, both approximations GGA and LDA reduce the computed energy gap value to 
the experimental value; hence, the computed value remains only as an estimate of the actual values 
of the energy gap [31]. 
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3.3. Magnetic properties  
To know and study the magnetic properties of the MgO compound, a dual primary 

structure was taken by taking the cell (1 x 2 x 2), or in the sensetwo cells in the direction of the y-
axis was taken. Similarly in the direction of the z-axis, and one cell in the direction of the x-axis. 
In this study, we seek to effect the grafting of MgO with two Mn atoms. Since MgO is a non-
magnetic compound, we add two atoms of the element Mn that has magnetic properties. Thus, we 
will search for the effect of doping on the magnetic properties of the MgO compound. When we 
graft the compound MgO with two atoms of magnesium Mn, we will study again the new 
compound obtained, which is Mn:MgO in terms of structural, magnetic and electronic properties 
as well. 

 
3.3.1. Structural Properties 
The pellets in blue represent magnesium Mg, the red ones represent oxygen O, whereas 

the purple ones represent manganese. 
 

 
(a)                                                                     (b) 

 
Fig. 2. The crystal structure of the composite Mn:MgO in (a) convergence and (b) Spacing. 
 
 
After reaching the stability of the compound and the relaxation of its atoms, we worked on 

changing the positions of the two magnesium atoms, by making them close sometimes and apart 
other times. The magnetic moment of each of the atoms Mn1, Mn2 and O was then calculated, as 
well as the length of the bonds between (Mn - O) and (Mn - Mn) in the cases of convergence and 
divergence of the two magnesium atoms inside the compound Mn:MgO. These calculations were 
done using both approximations (GGA) and (LDA). The results are shown in Table 3. 

 
 

Table 3. Magnetic moments of Mn1, Mn2 and O atoms, and the new bond lengths between  
(Mn – Mn) and (Mn – O). 

 
 

Magnetic 
moment 

 O 
𝜇𝜇B 

 
Magnetic 
moment 

Mn2 
𝜇𝜇B 

 
Magnetic 
moment 

Mn1 
𝜇𝜇B 

 
Distance 
Mn-Mn 

Å 
 

 
Distance 
Mn - O 

Å 

 
 

Statue 
 

 
 

Approximation 
 

0.0039 
 

0.0038 

-2.6983 2.6983 3.338 2.030 Convergence  

2.6983 2.6983 10.237 2.1814 Spacing GGA 
0.0038 

 
0.0056 

-2.6988 2.6988 3.366 2.068 Convergence  
2.6988 2.6988 10.382 2.197 Spacing LDA 
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Table 3 represents the values of the bond length between (O - Mn) and (Mn - Mn), as well 
as the magnetic moments of Mn1, Mn2 and O atoms. The table shows that almost all magnetic 
moments of manganese atoms are between (2.6-2.7) µB, and this is due to the main reason, which 
is the effect of electrons in the "d" terminal of Mn atoms. Furthermore, it is found in the O atoms 
of the Mn:MgO compound; positive values of the magnetic moment appeared, as they appeared in 
both cases of convergence and divergence of the magnesium atoms. So far, it has been found that 
the magnetic moments were weak and were estimated in the range (0.003-0.005) µB.As for, the 
bond length recorded in D (Mn-Mn) in closely spaced manganese atoms, it is actually on the order 
of 3.338 Å, and in the spacing statue is 10.237 Å. This was in the case of using (GGA) 
approximation, whereas, for the case (LDA) approximation, the recorded bond length was 3.366 Å 
when the manganese atoms were close and 10.382 Å when the atoms were a part. The nature of 
the magnetic coupling of the compound Mn:MgO is summarised in Table 4. 

 
 

Table 4. Nature of the magnetic mating in both convergence and Spacing of the Mn atoms using  
GGA and LDA approximation. 

 
 
 

Mating Nature 

Difference 
between 
energies 

spin 
polarization 

energy 

 
 

Ferromagnetic 
FM (eV) 

 
 

Anti-ferromagnetic 
AFM(eV) 

 
 

Status 

 
 

Approximation 

Anti-
ferromagnetic 

Anti-
Ferromagnetic 

-0.032 -6191.8806 -6191.848 convergence  

-0.021 -6191.826 -6191.8474 Spacing GGA 

Anti-
ferromagnetic 

Anti-
ferromagnetic 

-0.035 -6190.5484 -6190.513 convergence  

-0.0293 -6190.458 
 

-6190.4878 Spacing LDA 
 

 
 
Table 4 presents the ferromagnetic energy along with manganese MnFM, and the anti-

ferromagnetic energy of MgOAFM. In addition, the energy of the rotational polarization difference 
ΔE(AFM-FM), not to mention the display of the nature of magnetic coupling occurring amid the 
Mn atoms of the Mn:MgO complex in the structure from the figure (1x2x2). We have noticed that 
the spin polarization energy is the calculated energy difference between the anti-ferromagnetic 
energy and the ferromagnetic energy, which was a positive result in both approximations used and 
in the cases of convergence and divergence. This indicates that the ferromagnetic state is the most 
stable compared to the ferromagnetic for Mn:MgO. Conclusively, we tend to say that Mn:MgO 
tends to be a non-magnetic compound. 

 
3.3.2. Electronic properties 
In this section, energy ranges and state densities of MgO will be discussed before and after 

doping for both cases of convergence and divergence of Mn atoms. All calculations were 
performed using generalized gradient approximation GGA for the selected cell (1×2×2) and the 
fig. 3 shows that. 
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(a)                                                    (b) 

 

 
(c) 

 
Fig. 3.The structure of energy bands of the Mn:MgO, (a) in Spacing,(b) in convergence. (c) MgO bulk. 

 
 
Based on the graph in Figure 3, and by calculating the energy gap band that was visible 

through the highest peak of the valence band, and those at the bottom of the conduction band; the 
obtained value was approximately equal to 3.2 eV in manganese atoms in the convergence or 
divergence cases. It is also noticed that the value of the energy gap before the process of doping 
the MgO bulk with two manganese atoms was greater than that recorded after doping with an 
estimated difference of 0.1 eV. 

 
3.3.3. The density of states (DOS) 
To comprehend the band structure and magnetic bond structure of the Mn doped MgO and 

determine the total density of states (TDOS) in both convergence and divergence states in the     
(1×2×2) structure; it is indispensable to clarify the density of states before and after doping in both 
cases. 
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3.3.3.1. Convergencesstatus 
3.3.3.2. Spacing status 
Figures 4 and 5 compare total spin polarized in the case of MgO in bulk state with the total 

spin polarized density of states for the AFM states doped with Mn atoms in convergence and 
divergent states. The total spin polarized of states in the case of doping MgO with two Mn in 
convergence seems to appear symmetrically with that of MgO in bulk. This was not seen in the 
other case, since the ups and downs of the total spin polarized near the Fermi region (at energy 0 
eV) showed symmetry as in figure 4. Hence, in the case of the MgO compound doping with Mn 
atoms in their convergence state, we find that the Mn:MgO compound did not add anything new to 
the electronic distribution of the MgO compound. In addition, for the case of doping of MgO with 
two divergent Mn atoms, the compound shows a diversity of intensity values of states recorded 
near the Fermi proximal region (at energy 0 eV) as in Fig. 5. Moreover, the new compound 
demonstrates new characteristics that MgO did not have previously. 

 

    
(a)                                                                               (b) 

 
Fig. 4. Spin polarization density of the Mn:MgO, (a) before doping, (b) after doping in convergence state. 

 
 

    
 

Fig. 5. Spin polarization density of the Mn:MgO, (a) before doping ,(b) after doping in Spacing state. 
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In this case, we clearly highlight the fact that it acquires magnetic properties that enable it 
to be incorporated into electronic structures for magnetic use. The values for prominent total spin 
polarized near the Fermi region are originally due to the “d” orbital of Mn. Thus, we conclude, that 
the manganese element, Mn, contributed to the formation of the electron density of the new 
compound Mn:MgO 

 
 
4. Conclusions 
 
In order to clarify the ferromagnetic potentials of the Mn:MgO composite, we 

systematically studied the electronic structure, the electronic and the magnetic properties as well 
for the (B4) wurtzite stable phase. The first principles have been calculated using GGA and LDA 
approximations, as both are under the realm of the Density Function Theorem. The results showed 
that the existence of manganese as an impurity in-phase (B4) was in fact, an addition of a full 
magnetic torque, which was in the spacing state of both of manganese atoms Mn. Furthermore, the 
Mn impurity does not mainly affect the grid constants of the MgO composite. However, the latter 
adds up its touch at the energy gap, where variance appears therein, and the Mn:MgO composite is 
a system that is preferable of anti-ferromagnetic characterizations; that if the impurity is to be 
found with two approximate manganese atoms, Mn: MgO systems favors anti-ferromagnetism as 
the fundamental stable state. The observed highly spin polarized conduction carriers indicate that 
Mn:MgO in wurtzite phase materials have a potential for polarized spin current applications and 
other spintronic devices. 
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