
Vol. 123 (2013) ACTA PHYSICA POLONICA A No. 2

Proceedings of the 2nd International Congress APMAS2012, April 26�29, 2012, Antalya, Turkey

First Principles Study of Phonon Dispersion Curved

for Yttrium Nitride

N.B. Yurdasana, S.E. Gulebaglana and G.B. Akyuzb

aDokuz Eylül University, Faculty of Sciences, Physics Department, 35160 Izmir, Turkey
bAdnan Menderes University, Faculty of Sciences and Arts, Physics Department, 09100 Aydin, Turkey

We present �rst-principles calculations of the structural and lattice-dynamical properties for cubic yttrium
nitride. The ground state properties, such as the lattice constant and the bulk modulus, are calculated using
a plane wave pseudopotential method within density functional theory. A linear-response approach to density
functional theory is used to derive the phonon frequencies. In this work, we present plane-wave pseudopotential
calculations within density functional theory and calculate the phonon frequencies for high symmetry points.
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1. Introduction

The electronic and optical properties of semiconduc-
tor compounds have been studied extensively in several
works and well understood [1�4]. These structures are
e�ectively used in heterostructures and quantum wells
with various combinations. This is mainly due to their
interesting optical properties used in high technology de-
vice production. Yttrium nitrate (YN) is explored as
new compound for the technology applications. Only
few theoretical papers and little experimental works have
been devoted to study of structural and electronic prop-
erties of YN. The structural properties of YN have been
determined by using the full potential linearized aug-
mented plane wave (FP-LAPW) method in previous
studies [5�8]. Transition metal nitrides which crystal-
lize in the rock salt structure have wide range of techno-
logical applications, because of their high melting point,
mechanical strength and high hardness [9, 10]. In the
literature, it was shown that YN is a semimetal with in-
direct band gap of 0.85 eV and also, the stability of YN
in the rock salt structure is determined with respect to
zinc-blende and wurtzite structures [6].
In this study, there are reported the �rst principles cal-

culations of the electronic, physical and dynamic prop-
erties of YN in the rock-salt structure which is an early
transition metal mononitride and 4d metal. In partic-
ular, lattice constant, bulk modulus, band structures,
density of states, acoustic and optic phonon frequencies
and phonon dispersion curve are reported. In Sect. 2
numerical method including the plane-wave pseudopo-
tential (PP) code is given. The results are presented in
Sect. 3 for the rock salt structure of YN. Finally, a brief
conclusion is given in Sect. 4.

2. Computational method

The �rst principles pseudopotential method gives good
agreement with experimental results and this method has
been applied in variety of systems [11]. In this section,

there are given only the computational details about the
present calculations. The density functional theory with
a plane-wave basis set as implemented in PWSCF [12]
package program is employed for the calculations. The
exchange and correlation e�ects have been treated using
the generalized gradient approximation (GGA) [13, 14].
The electron�ion interactions are de�ned by ultrasoft
pseudopotentials and these pseudopotentials are tested
with the cut-o� energy. Wave functions were expanded
in a plane wave basis to a 40 Ry cuto�. A 10 × 10 × 10
k-point grid has been used to sample the Brillouin zone.
The chosen plane-wave cuto� and the number of k point
grid were carefully checked to ensure the total energy con-
verged. Spin�orbit interactions were not included in cal-
culation procedure. The bulk modulus and its pressure
derivatives were calculated with Vinet et al. equation of
states [15] using energy-volume variation. The root mean
square error of energy obtained in �tting process was less
than 1.0× 10−8 Ry indicating high accuracy.

3. Results

The total energy of the YN was calculated as a func-
tion of the volume in the rock-salt phase using pseudopo-
tential code. In this way, there are obtained the equilib-
rium lattice constant, bulk modulus, and other structural
parameters. These parameters, which are obtained, are
given in Table I which also includes some theoretical re-
sults and the available experimental data. The calculated
lattice parameters and bulk modulus are in good agree-
ment with the experimental data and the previous cal-
culations. The calculated values for the ground state of
rock-salt are a0 = 4.90 Å and B0 = 160 GPa. The exper-
imental lattice constant obtained 4.88 Å is in agreement
with the theory [16].
The electronic properties are crucial to the understand-

ing of stability of the di�erent structures. The band
structure characteristic is important in the knowledge
of changes in nearest-neighbor distances and symmetry
under the pressure of YN. The self-consistent scalar rela-
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TABLE I

Calculated structural parameters for YN.

a0 [Å] B0 [GPa] B′

4.90∗ 160∗ 4.62∗

4.92 [5] 157 [5]
4.85 [17] 163 [17]
4.88 [6]
4.91 [7] 154 [7] 3.06 [7]
∗ Present work.

tivistic band structure of the YN is calculated in rock-salt
phase along the various symmetry lines within the GGA
scheme. As shown in Fig. 1, we found that YN is a semi-
conductor with indirect gap ≈ 0.22 eV. This result is in
agreement with the results of Stamp� [6] who performed
local density approximation calculations found that YN
was a semiconductor with a indirect gap ≈ 1 eV.

Fig. 1. Calculated electronic band structures for rock-
-salt phase of YN.

DOS and partial density of states (PDOS) of YN for
GGA are also calculated and are given in Figs. 2, 3.
The partial density of states clearly shows signi�cant
p−d (N 2p and Y 3d) hybridization near the Fermi sur-
face (12.22 eV) in the highest occupied molecular or-
bital (HOMO) and lowest unoccupied molecular orbital
(LUMO) (Fig. 3). It can be said that there is a p−d hy-
bridization at valence and conduction bands and p−d hy-
bridization in HOMO is weaker than that in the LUMO.
The lowest valence bands around −10 eV are entirely de-
rived from the p electrons of Y, while the highest valence
bands are characterized exclusively by the contributions
of the d orbitals of Y and p orbitals of anion atoms. GGA
phonon dispersion curves and density of states of YN
along the high-symmetry directions were calculated by
using the PWSCF.
The calculated phonon dispersion curves of YN, along

the principal symmetry direction of the Brillouin zone
(BZ) are displayed in Fig. 4. The phonon dispersion of
YN compounds are similar to LaP, LiF, LiCl, and NaBr
and the longitudinal acoustic (LA) and transversal acous-

Fig. 2. Calculated partial density of states N and Y for
rock-salt phase of YN.

Fig. 3. Calculated density of states and partial density
of states for rock-salt phase of YN.

tic (TA) branches are clearly separated in the YN com-
pounds. This feature is never seen in typical rock-salt
materials [16, 18] however similar characteristic curves
are observed in III�V compounds [19].

Fig. 4. Calculated phonon dispersion of YN rock salt.

The total and the projected density of phonon states
are given in Fig. 5. The calculated phonon frequencies
resulting from the high symmetry points of the BZ are
listed in Table II. The optical branches do not show dis-
persive behavior and take place around 552 cm−1 fre-
quency level for YN.
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Fig. 5. Calculated phonon DOS of YN rock salt.

TABLE II

Phonon frequencies obtained at high
symmetry points for YN.

Γ X L

LA [cm−1] 0.0 219 298
LO [cm−1] 549 461 369
TA [cm−1] 0.0 191 128
TO [cm−1] 362 378 552

The phonon DOS of YN show a sharp peak while the
transverse optical (TO) phonon modes shows �atness
along the L → Γ directions. The longitudinal optical
(LO) phonon modes of YN also show �atness along the
L → Γ directions, which gives a pronounced peak in
the phonon DOS. The LA and TA branches of the semi-
conductor compound show �atness which includes a pro-
nounced peak in the corresponding phonon DOS. The
top of the bands for the LO phonon mode is not located
at the zone center and the LO�TO splitting at the zone-
-centre is 187 cm−1 for YN. This splitting is similar to
the other III�V semiconductors [16, 18].

4. Conclusion

In this report, YN in the rock salt structure is studied
by using DFT to calculate ground state and dynamical
properties. We have used GGA for exchange and cor-
relation interaction. We obtained the lattice constants,

phonon frequencies, bulk modulus and its derivatives
of YN. Our results are in agreement with experimental
data and theoretical values. We demonstrate that it is
possible to predict the semiconductor material proper-
ties, such as lattice constant, band energy and phonon
dispersion curved. Our results for the rock-salt structure
in the presence of YN serve for a reference for future
experimental work.
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