
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 19 (2018) pp. 14161-14164 

© Research India Publications.  http://www.ripublication.com 

14161 

Calculation of the electronic and magnetic properties of VN/AlN/VN 

superlattice in the NaCl and wurtzite phases 

 

César Ortega López1, Luis C. Sánchez P1, Miguel J. Espitia R2 

1Grupo de Materiales y Sistemas Complejos GAMASCO, Universidad de Córdoba, Montería, Colombia. 

cortegal@correo.unicordoba.edu.co 

1Grupo de Materiales y Sistemas Complejos GAMASCO, Universidad de Córdoba, Montería, Colombia. 

luiscarlos@correo.unicordoba.edu.co 

2GEFEM Group, Universidad Distrital “Francisco José de Caldas”, Bogotá, Colombia. 

mespitiar@udistrital.edu.co 

 

Abstract 

We report results of first-principles total energy calculations 

within pseudopotential method with the generalized gradient 

approximations, to study the electronic and magnetic properties 

of VN/AlN/VN superlattice in the cubic (NaCl) and hexagonal 

(wurtzite) structures. The band structure and density states 

show that after relaxation process in NaCl phase the 

superlattice has a metallic behavior with a magnetic moment of 

2.66 µβ/cell. While in the wurtzite phase the superlattice has a 

half-metallic ferromagnetic character with a magnetic moment 

of 4.0 µβ/cell. Hence, in wurtzite structure the superlattice is 

good candidate for potential applications in spintronic and as 

spin injectors. 

Keywords: Density Functional Theory, electronic and 

magnetic properties, superlattice. 

 

INTRODUCTIÓN 

The transition metal nitrides, such as vanadium nitride (VN) 

has been studied extensively due to its excellent physical 

properties, as high rigidity, high resistance to wear and 

corrosion. The VN has been used as hard coating in cutting 

tools; the VN crystalizes in the cubic phase sodium chloride 

(NaCl) [1-6]. On the other hand, aluminum nitride AlN is direct 

band gap semiconductor material, this compound has very 

applications fields, such as optical devices, laser diodes, 

spintronics, injector spins and diluted magnetic semiconductors 

[6-12]. Actually, the theoretical and experimental studies there 

is a big interest in the study of the superlattices of the metal 

transition with semiconductor material, in order to improve the 

structural, electronic, and magnetic properties and get a new 

material with superior physical and chemical properties. In 

such way that, the superlattices have a better performance and 

a greater number of applications that the VN and AlN 

compound. In this paper we investigated the electronic and 

magnetic properties of the VN/AlN/VN superlattice in the 

NaCl and wurtzite phase, because these are respective ground 

state of the VN and AlN, respectively.  

 

COMPUTATIONAL METHOD 

In the framework of the density functional theory [13, 14] 

within pseudopotential method [15, 16] and using the Quantum 

ESPRESSO computational code [17], computational 

calculation was performed. The correlation and exchange 

interaction between electrons were included with the 

generalized gradient approximation (GGA) of Perdew, Burke, 

and Ernzerhof (PBE) [18]. For the expansion of the electronic 

function in plane waves, we used values of kinetic energy 

cutoff and charge density of 40 Ry. Brillouin zone integrations 

were performed with the special k-point method over a 8x8x4 

Monkhorst-Pack mesh [19] for a unit cell. To simulate 

VN/AlN/VN superlattice, we intercalated one VN layer and 

one AlN layer along the direction [001] for the NaCl and [0001] 

for wurtzite structure. For the binary VN and AlN compounds 

and VN/AlN/VN superlattice, we carry out a vc-relax-type 

calculation was performed. In this calculation all atoms in the 

supercell moved in the three directions. All calculations were 

carried out with spin polarization, in order to determine the 

presence of magnetic properties in the superlattice. The 

optimization process ended when the forces became smaller 

than 10-4 eV/Å. The convergence threshold for self-consistent 

field iteration was 10-5 eV. 

 

RESULTS AND DISCUSSIONS  

Structural properties 

All the equilibrium structural parameter was calculated carry 

out the minimization process. For this, we performed a ve-relax 

calculation, in which the atoms of the supercell move in three 

directions and the same time the lattice constants the supercell 

are varying. First, we calculated the lattice constant and bulk 

modullus of the binary VN and AlN compounds, these 

calculated values were compared with data reported theoretical 

and experimentally. For AlN compound in the wurtzite 

structure, the values of the lattice constant and bulk modullus 

are 3.120 Å and 192.150 GPa, respectively. These values are in 

good agreement with other values 3.123 Å and 192.920 GPa 

reported theoretically [1, 2] and 3.110 Å and 185.00 GPa 

informed experimentally [3]. On the other hand, for VN 

compound we found 4.10 Å and 228 GPa by lattice constant 

and bulk modullus respectively. These results are in excellent 

agreement with the reported theoretical and experimental [4-6]. 

Now, we reported the main structural equilibrium parameter for 

the VN/AlN/VN superlattice. The lattice constant and bulk 

modullus of the superlattice in the NaCl structure are 2.989 Å 
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and 264.424 GPa, respectively. For the wurtzite phase the 

lattices constant is 3.142 Å and bulk modullus is 263.842 GPa. 

We note that in two structures (NaCl and wurtzite) the 

superlattice have more rigidity that the VN and AlN 

compounds, because have a larger bulk modullus than binary 

compounds. Hence, there is a improve in the structural 

properties in the new material. 

 

Electronic Properties 

The band structure and density states (DOS) along high 

symmetry path was calculated used the equilibrium lattice 

constant 2.989 Å for NaCl structure and 3.142 Å for wurtzite 

phase. Band structure of the superlattice in the NaCl phase is 

presented in figure 1. It is known that the AlN is a 

semiconductor material, the band structure show that due to the 

junction of the AlN monolayer with the VN monolayer, the 

AlN loses its semiconductor properties, the VN/AlN/VN 

superlattice have a metallic behavior. Because both the spin up 

and spin down cross the zero of the energy (the Fermi Level).   

 

 

Figure 1. Band structure of VN/AlN/VN superlattice in the 

NaCl structure. Source: Authors.  

 

 

Figure 2. Band structure of VN/AlN/VN superlattice in the 

wurtzite structure. Source: Authors 

 

The band structure of the superlattice in the wurtzite structure 

is show in the figure 2 

In the wurtzite structure the AlN losses the semiconductor 

behavior once again. the VN/AlN/VN superlattice have a half-

metallic behavior, because the spin up are metallic and spin 

down are semiconductors. In other words, the spin up channel 

cross the zero of the energy and spin down has a gap of 2.5 eV.  

In order to, determine the electronic orbitals that contribute to 

the behaviors in the two structures studied, we calculated the 

DOS. 

The figure 3(a)-(b) show the DOS of the VN/AlN/VN 

superlattice in the NaCl and wurtzite phases, respectively. 

 

 

Figure 3. Total and partial density state of the VN/AlN/VN 

superlattice. (a) NaCl and (b) wurtzite structure. Source: 

Authors 

 

The figure 3(a) show the total and partial DOS of the 

superlattice in the NaCl structure. The DOS confirm again that 

the superlattice have a metallic character. Additionally, we can 

see that the superlattice has a magnetic properties, because spin 

up channel is not symmetric with the spin down channel. The 
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superlattice has a magnetic moment of 2.66 µβ/cell. On the 

other hand, the figure 3(b) show the DOS of the superlattice in 

the wurtzite structure. The DOS confirm once again that the 

superlattice have half-metallic character in the wurtzite 

structure. Being the spin up metallic and spin down 

semiconductor. The superlattice have magnetic properties with 

a value of magnetic moment of 4.0 µβ/cell. The magnetic 

moment of the superlattice in the wurtzite structure is integer, 

this confirms for the last time that the superlattice in wurtzite 

structure is half-metallic. This magnetic property is first 

requirement for the superlattice to make good candidate for 

potential applications in spintronic and as spin injectors. 

In the two structures studied here, the magnetic properties in 

the superlattice comes from the hybridization and polarization 

between metallic V-3d states and nonmetallic N-2p orbitals. 

The strong hybridization between V-3d and N-2p states, results 

in strong covalent bonding p-d, which is responsible of the high 

hardness of the VN/AlN/VN superlattice. Finally. We can see 

that the magnetic properties are mainly dominated by V-3d 

orbital with a minor contribution of N-2p orbitals. 

 

CONCLUSIONS 

In this paper, we calculated the structural, electronic and 

magnetic properties of VN/AlN/VN superlattice in the NaCl 

and wurtzite structures, using pseudopotential method within 

density functional theory. We found that the superlattice is 

more rigid than the VN and AlN compounds. because has a 

larger bulk modullus than binary compounds. Therefore, the 

superlattice could have a better performance as a hard coating. 

The band structure and density states calculation shows that, in 

the NaCl structure the superlattice has a metallic behavior with 

a magnetic moment of 2.66 µβ/cell, while in the wurtzite 

structure the superlattice have a half-metallic ferromagnetic 

character, with a magnetic moment of 4.0 µβ/cell. The magnetic 

properties come from the hybridization and polarization 

between of metallic V-3d states and nonmetallic N-2p orbitals. 

In the structure wurtzite, the superlattice to make good 

candidate for potential applications in spintronic, as spin 

injectors and other application in the diluted magnetic 

semiconductor field. 

 

ACKNOWLEDGEMENTS 

The authors are very grateful to the Investigations center of the 

Universidad de Córdoba for its financial support. 

 

REFERENCES  

[1]  J.F. Murillo G, César Ortega López, Miguel J. Espitia 

R, Results in Physics 5 (2015) 281–285 

[2]  Warner JM, Bechstedt F., Phys. Rev. B 2002; 

66:15202. 

[3]  Schulz H, Thieman KH. Solid State Commun. 

1977;23:815.  

[4]  Stampfl C, Freeman A. J, Mannstadt W, Asahi R. 

(2001). Electronic structure and physical properties of 

early transition metal mononitrides: Density-

functional theory LDA, GGA, and screened-exchange 

LDA FLAPW calculations. Phys. Rev. B. 63: 155106.  

[5]  Stampfl C, Freeman A. J. (2012). Structure and 

stability of transition metal nitride interfaces from 

first-principles: AlN/VN, AlN/TiN, and VN/TiN. 

Applied Surface Science. 258: 5638– 5645.  

[6]  Carlson O. N, Smith J. F, Nafziger R. H. (1986). The 

vanadium-nitrogen system: a review. Metallurgical 

and Materials Transactions A. 17: 1647-1656. 

[7]  J.C. Caicedo, C. Amaya, L. Yate, O. Nos, M.E. 

Gomez, P. Prieto, Mater. Sci. Eng. B 171 (2010) 56.  

[8]  J. Lim, S.H. Lee, J. Lee, Surf. Coat. Technol. (2003) 

460 (169-170). 

[9]  A. Thobor, C. Rousselot, C. Clement, J. Takadoum, 

N. Martin, R. Sanjines, F. Levy, Surf. Coat. Technol. 

124 (2000) 210.  

[10]  M. Stueber, H. Holleck, H. Leiste, K. Seemann, S. 

Ulrich, C. Ziebert, J. Alloys Compd. 483 (2009) 321. 

[11]  H. Vollstädt, E. Ito, M. Akaishi, S. Akimoto, O. 

Fukunaga, Proc. Jpn. Acad. Ser. B: Phys. Biol. Sci. 66 

(1990) 7. 

[12]  M. Guemmaz, G moraitiz, A. Mosser, M. A. Khan. 

Relad Phenom, 83 (1997) 173- 175. 

[13]  Hohenberg, P., Kohn, W.: Phys. Rev. B 136, 864 

(1964) 

[14]  Kohn, W., Sham, L.J.: Phys. Rev. A 140, 1133 (1965) 

[15]  Vanderbilt D, Soft self-consistent pseudopotentials in 

a generalized eigenvalue formalism, Phys. Rev. B, 41 

(1990) 7892. 

[16]  K. Laasonen, A. Pasquarello, R. Car, C. Lee, D. 

Vanderbilt, Car-Parrinello molecular dynamics with 

Vanderbilt ultrasoft pseudopotentials, Phys Rev B, 47 

(1993) 10142. 

[17] P. Giannozzi, S. Baroni, N. J. Bonin, a modular and 

open-source software project for quantum simulations 

of materials, Condens. Matter, 21 (2009) 395502. 

[18]  J. Perdew, K. Burke, M. Ernzerhof, Generalized 

Gradient Approximation Made Simple, Physical 

Review Letter, 77 (1996) 3865. 

[19]  H. Monkhorst, J. Pack, Special points for Brillouin-

zone integrations, Phys Rev B, 13 (1976) 5188. 

[22]  Stampfl, C., Mannstadt, W., Asahi, R. and Freeman, 

J., Electronic structure and physical properties of early 

transition metal mononitrides: Density functional 

theory LDA, GGA, and screened-exchange LDA 

FLAPW calculations. Physical Review B, 63, pp. 

55106(1)-55106(5), 2001. 

http://link.springer.com/journal/11661
http://link.springer.com/journal/11661
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.47.10142
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.47.10142


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 19 (2018) pp. 14161-14164 

© Research India Publications.  http://www.ripublication.com 

14164 

[23]  U.P. Verma, P.S. Bisht, Solid State Sciences 12 

(2010) 665–669 

[24]  S. Uehara, T. Masamoto, A. Onodera, M. Ueno, O. 

Shimomura, K. Takemura, J. Phys. Chem. Solid. 58 

(1997) 2093 

[25]  C. Vargas-Hernandez, Miguel J. Espitia R, R.E. Baez 

Cruz, Computational Condensed Matter 4 (2015) 1e5 

[26]  Miguel J. Espitia R, John H. Díaz F, César Ortega 

López, Rev. LatinAm. Metal. Mat. 2015; 35 (2): 165-

172 

[27]  J. H. Díaz F, M. J. Espitia R, J. A. Rodríguez Martínez, 

Journal of Physics: Conference Series 743 (2016) 

012004 


