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Abstract— In this work we present the structural,
electronic, elastic and magnetic properties of semiconductors
based rare earth nitrides ReN (Re=Sc, Y, Gd) in the three
crystals cubic structures NaCl (B1), CsCl (B2), and ZB (B3),
the properties have been determined by the first principle
calculations based of the density function theory (DFT), using
the WIEN2k simulation package. We have concluded that the
rare earth nitrides ReN with (Re= Sc, Y, Gd) are
semiconductors nature for the three compounds with direct
bandgap 2.721eV for ScN, 3.044 eV for YN and 1.07eV for
GdN compounds, at the normal conditions the rare earth
nitrides are stable in the B1 structures, the results of magnetic
properties showed that the two rare earth nitrides ScN and YN
are nonmagnetic nature, in addition the GdN behave as
ferromagnetic compound in rocksalt phase. The calculation of
elastic constants proved that the compounds are mechanically
stable. Our findings are in good agreement with the other
experiments and theories results available.

Keywords— The density function theory (DFT), WIEN2kK,
rare earth nitrides, ferromagnetic, semiconductors.

. INTRODUCTION

Today, the world is broadly interested in studying the
rare earth nitride materials because their important physical
properties. The hardness of most rare earth nitrides are
usually unstable at ambient conditions [1], therefore, we
employed the theoretical calculation represented by the first
principle technique for discover more properties about the
rare earth nitrides. The goal of the present work is using the
ab initio calculation to reveal more information and details of
rare earth nitrides ReN with (Re=Sc, Y, Gd) properties.

Il. THEORETICAL STUDY

These calculations have been performed using the full-
potential (linearized) augmented plane wave (lapw+local
orbital) [2,3] approach to the density functional theory [4]
implemented in WIEN2k code [5], within the Generalized
Gradient Approximation through Perdew-Burek-Eneerhof
(GGA-PBE), which is used for treatment the electronic
exchange-correlation energy function [6].
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I1l.  RESULTS AND DISCUSSIONS:

A. Structural properties:

The lattice constants, the bulk modulus B and its first
derivative B’ are calculated by minimizing the total energy
of crystal at different values of the volume fitted to the
Murnaghan equation state (EOS) [7], all these parameters are
in the table 1.

The structural stability of the thre semiconductors
compounds of rare earth nitride is analyzed among the three
considered NaCl (B1), CsCl (B2), and ZB (B3) (figure 2.3.4)
and it observed that B1 structure is the most stable for the
three cubic structures at the ambient conditions.

NaCl-B1 CsClI-B2 ZB-B3

1z

Fig. 1. Unit cell of different cubic phases of rare earth nitrides ScN,
YN and GdN compounds, the blue circle represent the Sc, Y or Gd
atoms and red one represent the N atom.

At the ambient conditions it can be observed from the
table and the figures that the rock salt phase is the most
stable for the three semiconductors based rare earth nitrides
as the total energy is minimum for B1 phase.

The lattice parameter a of ScN is computed as 4.5203 A
in B1 structure which is good agreement with the other
theoretical and experimental results, 2.79 A for the B2
structure which is 0.71% less than the theoretical result and
0.61 higher than the theoretical result in B3 structure with
lattice parameter 4.91A.

The present values of lattice parameter of YN compound
in the B1 structure is about 0.71% higher than the
experimental result, and 3.00A, 5.8262A for B2 and B3
respectively which are good agreement with other results.
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The lattice parameter is calculated in rocksalt structure,
Cesium chloride and Zinc Blend structures for the GAN
compound and is in good accord with other results in the all
cubic phases.

TABLE. 1.Calculated lattice parameter a (A), equilibrium volume V (A3),
bulk modulus B (GPa), Shear modulus B’(GPa), total energy E (eV) of
rare earth nitrides compounds Sc, YN and GdN.

B1 B2 B3
a 45203 2.79 4.91
(A) 450181 (theo) 2.81110] (theo) 4.8810] (theo)
ScN 4.501801Cx)
V (A% 23.086 21.71 29.596
B (Gpa) 200.223 182.3277 148.467
B’ 4.1232 3.9281 4.8297
(Gpa)
E (eV) -22289.1502 -22287.5170 -22288.9849
a(A) 4912 3.00 5.2862
4.93[11] (theo) 3.01[111 (theo) 5.28I11] (theo)
YN 4.877 12 (0
Vv (A% 29.628 27 36.929
B (Gpa) 158.9976 147.0926 113.4592
B’ 4.2336 4.4647 4.0139
(Gpa)
E (eV) -93623.3400 -93621.4560 -93622.8492
a®) 4.99 3.0389 5.3486
4.98[13] (theo) 3.025I13] (theo) 5.3[13] (theo)
GdN 4.99141 )
S 31.062 28.063 38.252
B (Gpa) 148.703 141.0569 108.2775
B’ 4.2372 6.6354 3.988

(Gpa)

E (eV) -308452.2825 -308450.6526 -308451.9328
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Fig. 2. Total energy (in eV) versus reduced volume for the three
cubic phases of rare earth nitride ScN.
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Fig. 3. Total energy (in eV) versus reduced volume for the three
cubic phases of rare earth nitride YN.
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Fig. 4. Total energy (in eV) versus reduced volume for the three
cubic phases of rare earth nitride GdN.

B. Magnetic properties:

The moment magnetic of the rare earth nitrides ReN
(Re=Sc, Y and Gd) in the stable B1 structure is cheeked by
studying the ferromagnetic (FM) and non-magnetic (NM)
states by fitting the Munagan equation of state EOS of the
total energy with relative volume.

The Figures 5 represent the total energy relative
volume without and with spin polarization in B1 structure
for rare earth nitrides compounds ReN (Re=Sc, Y, Gd). It
observed that the compounds ScN, YN and GdN are stable
in the nonmagnetic (NM) state at normal pressure, and for
GdN, it can be seen that is more stable at the ferromagnetic
(FM) state.

The table 2 represents the total and partial magnetic
moment in Bohr magneton pg for the rare earth nitride GdN,
the present work is good agreement with the other
experimental and theatrical results.

TABLE. 1. Moment magnetic of rare earth nitride GAN in NaCl
structure.
GdN
ps (tot) ps (Gd) ns (N)
7.00 6.953 -0.0939

2228961

A ScN non magnetic state
- -22289,58

m ScN magnetic state

-22289,62
- -22289,60

— -22289.63
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= - -22289,62
E‘s -22289,64
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Fig. 5. Total energy versus relative volume in ferromagnetic (FM)
and non-magnetic (NM)states of rare earth ScN.
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Fig. 6. Total energy versus relative volume in ferromagnetic (FM)
and non-magnetic (NM)states of rare earth YN.

308445,
308445,28 u GdN non magnetic state
A GdN magnetic state - -308453.05
-308445,30
- -308453,06
A-308445‘32 F
> ~ -308453,07
E)
2
Bj-30844534 |
5 - -308453,08
=
= 308445,36
i T -+ -308453,09
-308445,38 | - -308453,10
-308445,40 L L L L L - - -308453,11

I 1
180 185 190 195 200 205 210 215 220 225

Volume (a.u)3

Fig. 7. Total energy versus relative volume in ferromagnetic (FM)
and non-magnetic (NM)states of rare earth GdN.

C. Electronic properties

The electronic band structure of the rare earth nitride
ReN (Re=Sc,Y, Gd) in NaCl structure are given in the
figure 8,9,10 the Fermi level is located at zero energy.

It can be seen from the figure 5 (ScN compound) that
band gap exists for the structures B1, there two bandgab
direct 2.721 eV and 1.2 eV at I" and X respectively, also
there is a smaller indirect I'-X bandgap with the Fermi level,
about the YN compound we can observed the are two direct
band gab 3.044 ¢V at T and 0.78 eV at X, also there is
indirect I"'-X bandgap 0.23 eV.

In the GAN compound we can see there is no bandgap in the
spin-up state and there is direct bandgap at X with 1.07 eV
at X and indirect bandgap 1.09 ev at I'-X.

From our work we can concluded that all the rare earth
nitrides ReN with Re=Sc, Y, Gd are semiconductors nature,
our results are close in agreement with the other results.
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Fig. 8. Band structure of ScN in NaCl structure.
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Fig. 9.Band structure of YN in NaCl structure.
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15 - TABLE. 2. Calculated elastic constants Cy3, C11, Cas (GPa), bulk modulus
\ /L] B(GPa), Shear modulus B’(Gpa), Young’s modulus E (GPa), Poisson’s
10 ratio v, for rare earth nitrides ReN (Re=Sc, Y, Gd) in BI structure
— ] 2
?X \ -2\/ ScN YN GdN
57 \ < Cu(Gpa) 393.5978 327.0120 289.5688
—— 1] C22 (Gpa) 104.0286 81.1886 785077
s 0 € Cu (Gpa) 165.8863 125.0446 106.2940
: T~ % ST - B (Gpa) 200.551 163.129 148.861
2 ] B’ (Gpa) 157.096 124.186 105.987
> E (Gpa) 373.709 297.152 256.973
1] v 0.189 0.196 0.212
2104
2
.15 .
werrooxwk E. Conclusion :
P In conclusion, the structural, electronic, magnetic and
w L r X W K

Spin-down state

Fig. 10. Band structure of GdN in NaCl structure for two states spin-
up and spin-down.

D. Elastic properties:

The elastic constants of solids provide a link between the
mechanical and dynamical behaviors of crystals, and give
important information concerning the nature of the forces
operating in solids. In particular, they provide information
on the stability and stiffness of materials.

All cubic crystals have three independent elastic
constants Ci1, Ci2 and Caa, for the stability of cubic
structure, the three elastic constants Ci1, C12, Cas should
satisfy the Born-Huang [15] stability criteria:

Css> 0, (C11+2C11) > 0, (C11-C12) >0

The computed values of the elastic constants (Ci1, Ciz,
Ca4), bulk modulus B (GPa), Shear modulus B’ (Gpa),
Young’s modulus E (GPa) and Poisson’s ratio v of the
semiconductors based rare earth nitrides ReN (Re=Sc, Y,
Gd) in the stable NaCl structure are listed in table 3.

It can be seen from the table 4 the elastic constants
satisfy the Born-Huang criteria, we concluded that the rare
earth nitrides ReN (Re=Sc, Y, Gd) are mechanically stable
in normal pressure. The calculated elastic constants of rare
earth nitrides ScN, YN and GdN are in close agreement with
other theatrical and experimental results.

ISBN: 978-9931-9728-1-5

elastic properties of rare earth nitride ReN (Re=Sc, Y, Gd)
are analysed by the ab initio calculations using GGA-PBE
approximation implemented in WIEN2K code with three
cubic possible structures Rocksalt B1 , Caesium chlorides
B2 and Zinc Blende B3.

ScN, YN and GdN compounds exhibit a semiconctor
nature, the three rare earth nitrides ScN, YN and GdN are
found that to be stable structurally and mechanically in
NaCl (B1) phase at normal pressure. For the magnetic
properties we was concluded the two compounds ScN and
YN behave as non-magnetic compounds, on the contrary,
the GAN compound is stable at ferromagnetic state.

The calculated results are in good agreement with the
available results.
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