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ABSTRACT 

We have explored the magnetic properties of Nitrogen doped cubic MgO using the full potential linearized augmented 
plane wave (FP-LAPW) method. The unit cell has 128 atoms, and two Nitrogen atoms are placed in the positions of 
oxygen sites. This corresponds to 3.125% doping concentration. Our calculations predict that the ferromagnetic state, 
with a magnetic moment of about 1.0 μB per Nitrogen-dopant, is more favorable in energy than the nonmagnetic state, 
and the ferromagnetic correlations are influenced by the impurity bound state. The magnetic moment mainly arises from 
p orbital of Nitrogen which substitutes the Oxygen atom, with a little contribution from the Oxygen atoms surrounding 
Nitrogen atom. The resulting band structure and densities of states agree well with the recent theoretical works. The 
ferromagnetic ordering temperatures obtained from DFT simulations have been given in detail. Our results show that 
the pressure enhances the temperature in MgO:N.  
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1. Introduction 

Very recently, several studies of ferromagnetism in non- 
magnetic oxide semiconductors doped with nonmagnetic 
element have proved that the moments induced in the p 
orbitals of oxygen band are responsible for magnetism in 
these systems instead of the partially filled d orbitals [1- 
4]. So, the substitution of oxygen with 2p light elements 
in d0 dilute magnetic semiconductors, such as C- or N 
impurities, gives rise to a magnetic polarization of va- 
lence states. Moreover, experiments and computations 
predicted that these systems become ferromagnetic (FM) 
when doped with C or N atoms [5-6]. All observation 
indicate that the substitution of nitrogen for oxygen in 
MgO can produce holes in N 2p orbitals with local 
magnetic moments, which may form a ferromagnetic 
order. In particular, considerable works have been de- 
voted to the study of MgO doped with nitrogen where the 
ferromagnetism has been confirmed and other electronic 
and magnetic properties have been also discussed [7-14]. 

The experimental claims for d0 ferromagnetism are nu- 
merous and include graphitic carbon [15] and both defec- 
tive [16] and doped oxides [17]. An explanation of these 
findings however remains controversial to date. The for-  

mation of the magnetic moment is usually attributed to 
holes localized at the defect site, either this being the 
molecular orbital associated to cation vacancies [1,2] or 
p-dopants at the O sites. [3,18] The application of hydro- 
static pressure as an external control parameter to modify 
the different band parameters and the local magnetic 
exchange interaction contributes to the coherent under- 
standing of the origin of ferromagnetism in MgO:N com- 
pound. The corresponding changes in the local exchange 
interactions with magnetic impurities provide detailed 
information about the nature of the underlying mecha- 
nisms that are responsible for the observed macroscopic 
magnetization. The ferromagnetic ordering temperature 
TC of MgO doped with nitrogen is below 5 K in the bulk 
limiting its applications [4]. It has been proven that, in 
several works, the biaxial and hydrostatic pressure [19- 
22] significantly increases TC toward room temperature. 
For example, EuS reaches TC = 290 K at P = 88 GPa [19]. 
To date, some theoretical studies have been carried out 
[7-14] to explore the electronic structure of N-doped 
MgO. However, there have been no theoretical studies 
performed on the magnetic properties of N-doped MgO 
under hydrostatic pressure. In this work, we investigate 

Copyright © 2012 SciRes.                                                                              MNSMS 



A. MIR  ET  AL. 38 

the evolution of the ferromagnetic and the Curie tempe-  
rature under pressure, and understand the mechanism of 
the magnetism in the nonmagnetic impurity N-doped 
MgO. Our investigation is significant for understanding 
of the nature of magnetism of Oxides semiconductors by 
substituting nitrogen for Oxygen. The paper has been 
organized as follows. In Section 2, we describe the com- 
putational approach adopted. Section 3, Results and 
Discussion, has been divided into two subsections dedi- 
cated to magnetic and electronic structure of MgO:N, and 
pressure dependence of the Curie temperatures in MgO 
doped 2p-N. The conclusions are summarized in the last 
section (Section 4). 

2. Computational Details 

The calculations have been performed within DFT imple- 
mented in the WIEN2k code [23]. Atoms were repre- 
sented by hybrid full-potential (linear) augmented plane- 
wave plus local orbitals (L/APW + lo) method [24]. In 
this method, wave functions, charge density, and poten- 
tial are expanded in spherical harmonics within no over- 
lapping muffin-tin spheres, and plane waves are used in 
the remaining interstitial region of the unit cell. In the 
code, the core and valence states are treated differently. 
Core states are treated within a multiconfiguration relati- 
vistic Dirac-Fock approach, while valence states are 
treated in a scalar relativistic approach. The exchange- 
correlation energy was calculated using the Perdew- 
Wang local density approximations (LDA) [25]. Very 
carefully step analysis is done to ensure convergence of 
the total energy in terms of the variational cutoff-energy 
parameter. At the same time we have used an appropriate 
set of k points to compute the total energy. We compute 
equilibrium lattice constants and bulk moduli by fitting 
the total energy versus volume to the Murnaghan equa- 
tion [26]. The total energy was minimized using a set of 
10 k-points in the irreducible sector of Brillouin zone, 
equivalent to a 5 × 5 × 5 Monkhorst-Pack [27] grid in the 
unit cell, and the value of 7 Ry for the cutoff energy were 
used. The self-consistent calculations are considered to 
be converged only when the calculated total energy of 
the crystal converged to less than 1 mRy. We have 
adopted the values of 2.5 bohr for Mg, 1.6 bohr for O, 
and 1.6 bohr for N, as MT radii. Density of states has 
been calculated with the 8 × 8 × 8 k-point mesh and using 
the linear tetrahedron method with Blöchl corrections 
[28]. N impurities have been studied by performing su- 
percell calculations. Here substitutional defects are consi- 
dered. The supercell is made by multiples of the lattice 
vectors a, b, c, like the 4 × 4 × 4 supercell (128-atoms) 
for the cubic phase, and two N ions in the O sites were 
substituted taking the following positions: (1/2, 3/8, 1/4) 
and (1/2, 7/8, 1/4). With this construction a substitution 

of Mg64O62N2 for the cubic phase of MgO was done. We 
have given careful consideration to 128-atoms supercell 
with double N impurities for the three magnetic states: 
nonmagnetic (NM), ferromagnetic (FM) and anti-ferro- 
magnetic (AFM). 

3. Results and Discussion 

3.1. Magnetic and Electronic Structure of 
MgO:N 

For the zero-pressure, our calculation total-energy shows 
that the magnetic moments of the two N dopant atoms, 
which are separated by dN-N = 8.3467 Å, favor FM 
coupling and its energy is lower than that of the corres- 
ponding anti-ferromagnetic (AFM) state. We start our 
analysis by briefly comparing the ground state of the 
MgO compound. The pure compound crystallizes in the 
rock-salt structure with a lattice parameter of 4.21 [29] Å 
and exhibits a wide band gap of 7.8 eV [30]. In our 
density-functional calculations the lattice parameter and 
gap are found to be 4.16 Å and 5 eV respectively due to 
the well-known underestimation of insulator band gaps 
within local density functional theory. Next, we discuss 
in details the electronic structure of a cubic MgO:N. The 
LSDA band structure and partial density of state (PDOS) 
calculated at the equilibrium lattice constant of 4.18 Å 
are displayed in Figure 1. These results reveal the half- 
metallic character of Mg64O62N2 with a direct gap of 4.31 
eV at the  point in the majority spin channel; on the 
other hand, the N-2p states overlap significantly with 
those of O-2p near the Fermi level, suggesting a strong 
interaction between them which results in the splitting of 
the energy levels near the Fermi energy. The spin-up 
states are fully occupied but spin-down states are partially 
filled. Our magnetic moment results are found about 
2.0760 μB (0.9303 μB from N itself, 0.2264 μB from 
its six first neighboring O atoms, and 0.0789 μB from 
its six nearest neighboring Mg atoms) which are in an 
excellent agreement with other theoretical data [8-10,14]. 
The corresponding charge density and spin-density distri- 
bution in (100) plane is shown in Figure 2. The majority 
of magnetic moments reside on the 2p states of anionic 
nitrogen and its neighboring anionic oxygen. From Fig- 
ure 2, it is clear that the N atom is the main contributor 
to the magnetic moment, and the four neighboring O 
atoms are also slightly polarized. Therefore, the magnetic 
moment in N-doped MgO is mainly contributed by the 
anions, and it is resulted mainly from the localized 2p 
orbitals. Figure 2 indicates clearly that this compound 
has mixed bonding nature. Two nitrogen atoms form a 
very strong covalent bond. We can see some electrons 
between the metallic and oxygen/nitrogen atoms, this is 
witness of a strong directional bond that exists between 
hem, indicating the covalent bond in MgO:N. When the t  
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Figure 1. Electronic structure of MgO:N with LSDA approach. 

 

Figure 2. Total electron density and spin density contours of 
MgO:N in (100) plane using LSDA approach. 

large electronegativity difference between Mg and O (N) 
has been considered, we conclude that there is an ionic 
bonding between Mg and O (N). It can be seen that for 
our material there is an increase in electron charge 
distribution at the O and N sites, and a net decrease in the 
Mg sites. Till now, all calculated properties are in well 
agreement with other theoretical and experiment works 
[7-14]. Our aim is not to compare and discuss these 
confirmed results but to examine it under hydrostatic 
pressure. The application of hydrostatic pressure as an 
external control parameter to modify the different band 
parameters and the local magnetic exchange interaction 
contributes to the coherent understanding of the origin of 
ferromagnetism and its impact on various electronic 
phenomena in this compound. 

3.2. Pressure Dependence of the Curie  
Temperatures in MgO Doped 2p-N 

The application of hydrostatic pressure serves as a unique 
tool for tuning the different lattice constant dependent 
parameters in solids. The corresponding changes in the 
extended band states as well as in the local exchange 

tailed information about the nature of the underlying 
mechanisms that are responsible for the observed mac- 
roscopic magnetization. 

The partial densities o

interactions with nonmagnetic impurities provide de- 

f state of 2p-N and 2p-O at nor- 
m

Curie temperatures of 
M

un

al and under hydrostatic pressure are shown in Figure 
3. We notice that our results are very similar by varying 
the pressure; where these two states always dominate at 
the vicinity of the Fermi level. The only difference be- 
tween all the shown densities of states is that the oxygen 
valence band becomes wider when pressure is applied. 
Consequently, the half metallic character is observed as 
well as the ferromagnetic order.  

We have also estimated the 
gO:N based on the mean-field theory and Heisenberg 

model [31,32] (kBTC = 2Emag/3). Here Emag is the mag- 
netic energy (energy difference between FM and AFM 
coupling) obtained from our first-principles calculations. 

To better visualize the behavior of Curie temperatures 
der hydrostatic pressure, to analyze the evolution of 

the magnetic energy, and to explain what causes these 
trends, we have traced all parameters such as ∆E, inter- 
atomic distance, magnetic moment, and Curie tempera- 
ture in Figure 4. For a smaller than 4.18 Å until p = 250 
GPa with the inter-atomic distance between two N atoms 
dN-N = 7.1501 Å, the magnetic moment becomes constant 
and the material keeps its ferromagnetic state (see Fig- 
ures 4(a)-(c)). It can be seen that the energy difference 
Emag (AFM-FM) increases under hydrostatic pressure 
since the 2p orbitals are responsible to the strengthening 
of the FM exchange interactions in electronic structure of 
our system. This proves that our Mg64O62N2 system fa- 
vors FM alignment than that of the corresponding anti- 
ferromagnetic (AFM) state. So, the increase in Curie 
temperature is justified by the increase in Emag because 
they are proportionals in the above equation. Our calcu- 
lations have shown that the application of 250 GPa hy-  
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Figure 3. Partial densities of state of 2p-N and 2 O at nor- 

drostatic pressure leads to a remarkable enhancement of 

4. Conclusion 

 initio study of the electronic struc

p-
mal and under hydrostatic pressure.  

the Curie temperatures (up to 100%), and it is found to 
be about 44 K. 

In conclusion, an ab - 
ture under hydrostatic pressure of N doped MgO has 
been conducted in order to understand the origin of mag- 
netism. The MgO:N compound in which Oxygen is sub- 
stituted by Nitrogen atoms is found to be ferromagnetic 
for all pressures estimated. The N atom forms a partially 
occupied gap state at the vicinity of the valence band 
edge which makes this material half metallic. It is found 
that the doping of N results a strong coupling between 2p 
states of dopant (N) and host (O). Finally, our calcula-  

 

Figure 4. Magnetic phase stability, spin magnetic moments,

tions show that the Curie temperature TC increases with 
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