International Journal of Advance Research in Science and Engineering Q
Volume No.07, Special Issue No.04, March 2018 IJARSE
www.ijarse.com ISSN: 2319-8354

Half-metallic ferromagnetism in Sc doped in NiO; by first

principles calculations

Nazir Ahmad Teli*", M. Mohamed Sheik Sirajuddeen?

L2Department of Physics,
B. S Abdur Rahman Crescent Institute of Science and Technology, Vandalur Chennai-600048

ABSTRACT

Using first principles calculation, structural, electronic and magnetic properties of NiO were studied by substitution
of 3d transition metal atom Sc. 3d transition metal atom Sc is doped in the host compound of NiO in doping
concentration of 25% by replacing the Ni atoms to form the compound Scg,sNip750. The resulting compound
Sco.25Nig 750 shows the half-metallic ferromagnetism. For determining the equilibrium energy and lattice constant of
the supercell Scg 25Nig 750, the volume optimization was carried out for both ferromagnetic and non-magnetic phase
and is found more stable in ferromagnetic phase. The band gap of spin up direction was found to be 1.13 eV for
SCy.25Nig 750 at Fermi level. The compound Scg »5Nig 750 is predicted to exhibit the half-metallic ferromagnetism with
100% spin polarization at the Fermi level. Therefore, the compound is a good candidate for spintronics devices. The

magnetic moment per supercell is equal to 10.00616.
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I INTRODUCTION

To investigate the structural, electronic and magnetic properties of Sc doped in NiO is the main aim of this work. On
doping Sc in the host compound NiO, the half-metallic ferromagnetism was investigated. The half-metallic
ferromagnetism was first predicted in some Heusler alloys by De-Groot et al [5, 6]. The transition metal oxides like
ZnO and CrO are reported to exhibit half-metallic ferromagnetism [7, 8, 9]. It is reported that NiO was doped with
transition metals Cu, Zn and Cd and half-metallic ferromagnetism was observed [4]. In half-metallic
ferromagnetism, one spin direction is conducting and the other spin direction is semiconducting. Half-metallic

ferromagnetic materials are the best candidates for spintronic devices.

NiO has a rock salt structure with lattice constant equal to 4.155A which shows the metallic character. Terakura et al

and Shen et al reported that the LDA failed to describe NiO as an insulator and predicted it to be a metal [1, 2].
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Transition metal mono-oxides like NiO are predicted to have vibrational and antiferromagnetic property [19, 20].
The electronic and optical properties have been investigated of NiO with the Coulomb repulsion parameter U and
the band gap becomes charge transfer type at higher values of U [3, 17, 18]. Using the GGA+U method the NiO is
predicted to be semiconductor [10] but in this work, GGA method is used which shows NiO as metallic. On the

basis of this result from GGA NiO is doped with transition metal Sc predicting half-metallic ferromagnetism (HMF).
I1. METHODS

Based on density functional theory (DFT), a spin-polarized Full Potential Linearised Augmented Plane Wave (FP-
LAPW) was used for the first principles calculations [11, 12]. The electronic properties were studied using WIEN2k
code [13,14] which employs the full potential linearised augmented plane wave plus local orbitals. The generalized
gradient approximation (GGA) [15] usually favors magnetism more than the local spin density approximation [16]
and the properties of transition metals have been greatly improved by GGA. GGA is used as the exchange-
correlation potential for all calculations. The full relativistic calculations are implemented for core states and scalar
approximation was used for the valence states. The FP-LAPW+lo method expands the Kohn-Sham orbitals in
atomic-like orbitals inside the muffin-tin (MT) atomic spheres and plane waves in the interstitial region with a cut-

off R-Knax=7. The energy cut-off was chosen as -6 Ry, which defines the separation of valance and core states.

To study the electronic structure of Sc doped in NiO a supercell was created. The NiO has a NaCl rock salt structure
which belongs to cubic (Fm3m) space group. The doped NiO was modeled in 2x2x2 supercell. Supercell of NiO
was created by replacing two Ni atoms with two Sc atoms and the other atoms were left in their respective places. A
doping concentration of 25% of Sc atoms achieved as 12.5% doping did not yield the desired result. The number of
k points in the whole brillouin zone is chosen as 63 k-points and the total energy of the crystal converges to less than
10“Ry.

111 RESULTS AND DISCUSSION
3.1. Structural Properties

For determining the equilibrium energy and lattice constant the volume optimization for compound Scg 55Nig 750 was
carried out in GGA method as shown in Figure 1. The calculated lattice constant and the minimum equilibrium
energy of the supercell Scq5Nig750 and the unit cell NiO are given in Table 1. The crystal structure of Scg »5Nig 750

compound was plotted as shown in Figure 2 using the Vesta software [17].

NiO has a rock salt structure with the space group 225 (Fm3m) and the positions of atoms as Ni (0, 0, 0) and O (¥,
Y, ¥). Supercell was created by doping two atoms of Sc into the host compound NiO. Two atoms of Ni are

replaced with two atoms of Sc and their effect causes half-metallic property in the supercell.
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Fig. 2 Crystal structure for (a) NiO (b) Scg25Ni 750

Table 1. Minimum equilibrium energy and calculated lattice constant

S. No. Compound Phase Equilibrium Energy (Ry) Lattice Constant (A)

1 NiO Ferromagnetic -3192.101383 4.24 per formula unit
Non-magnetic -3192.092790 4.18 per formula unit

2 SCo.o5Nig 750 Ferromagnetic -22511.365266 8.66 per super cell
Non-magnetic -22511.303596 8.58 per super cell
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3.2 Band structure and density of states (DOS)

The host compound NiO appears to be metallic with the bands crossing the Fermi level (Er) in both the spin up and
spin down direction with the GGA calculation. The supercell was created using calculated lattice constant equal to
4.24A for plotting the density of states and electronic band structure. Figure 3 shows the total spin density of states
(TDOS) and partial spin density of states (PDOS) of the host compound NiO and Figure 4 shows the band structure
of NiO which also confirms the metallic character of NiO. Partial dos of NiO show that contribution of oxygen (O)
is responsible for making the host compound metallic. After replacing the Ni atoms with the Sc atoms this metallic

property of NiO changes and the new doped compound Scg sNig 750 show half-metallic property.
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Fig. 3 (a)Total DOS of NiO and (b) Partial DOS of NiO Fig. 4 Bandstructure of NiO

Figure 5 shows the total spin density of states (TDOS) and partial spin density of states (PDOS) of the resulting
compound Scg,sNig7s0 and Figure 6 shows the band structure of the compound ScgsNig750. In the spin up
direction, the Sc-3d orbitals hybridize with the Ni-3d orbitals and O-2p orbitals. Due to the hybridization, the 3d-

bands of Sc are pushed across the Fermi level and form a band gap in spin up direction. The band gap is equal to
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1.13 eV which is measured between the conduction and valence band at the I" point. The band gap is evidenced in

both Total DOS and bandstructure of the resulting compound. Hence, the compound Scg2sNig750 in spin up

direction exhibits the semiconductor character. The partial spin density of states shows that there is the contribution

of all the three elements in creating a band gap at Fermi level but more contribution is of doping atom Sc.

In the spin-down direction of the compound Scg25Nig 750, there is a weak hybridization between the orbitals of Sc-

3d, Ni-3d, and O-2p. So, the bands Sc-3d, Ni-3d and O-2p disperse linearly across the Fermi level which shows the

metallic character. Therefore, the compound Scg,5Nig 750 exhibits semiconducting character in spin up direction and

conducting in spin down direction and hence half-metallic ferromagnetism is predicted in this compound.

Fig.
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Fig.6 Bandstructure of ScgsNig 750
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IV MAGNETIC PROPERTIES

The magnetic moment of the compound Sc, »5Nig 750 is given in Table 2. The spinning of electrons creates the spin
magnetic moment in the supercell. The total spin magnetic moment in the supercell is equal to 10.00616 pg. The Sc-
3d transition metal atoms have less contribution in creating the magnetism in the supercell but Ni 3d transition metal
atoms have a great influence in creating the magnetic moment in the supercell. Also, the O atoms are creating a
more magnetic moment as compared to doping atoms Sc but less than Ni atoms. So, the maximum magnetic
moment produced in the supercell is due to the Ni and O atoms. The valence electrons have the capability to induce

the magnetic moment in the supercell.

Table 2. Spin Magnetic Moment of supercell

Atoms in Supercell SCo.25Nig 750 (pg)
Interstitial 0.06401
Scl -0.02626
Sc2 -0.02626
Ni3 1.39396
Ni4 1.39399
Ni5 1.39170
Ni6 1.39130
Ni7 1.39165
Ni8 1.39147
09 0.29958
010 0.29958
011 0.17348
012 0.17348
013 0.17359
014 0.17359
015 0.17366
016 0.17366
Total Spin 10.00616
Magnetic Moment

1923 |Page




International Journal of Advance Research in Science and Engineering Q
Volume No.07, Special Issue No.04, March 2018 IJARSE
www.ijarse.com ISSN: 2319-8354

V. CONCLUSION

Half-metallic property of Sc doped in NiO was investigated using the full potential linearised augmented plane wave
plus local method and GGA method. In this work electronic, structural and magnetic properties were studied. The
total density of states (TDOS) and band structure of the compound Scg»sNig 750 show that it exhibits half-metallic
ferromagnetism. The total density of states and band structure of the compound Sc 25Nig 750 shows it clearly that the
band gap is visible in spin up direction and no gap in spin down direction. The compound is more stable in
ferromagnetic phase which was observed after volume optimization. It has been found that the total magnetic
moment of the supercell is 10.00616p and the compound has 100% spin polarization. So, the present work has a

good advantage in using spintronics applications.
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