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a b s t r a c t

We studied the structural, elastic, electronic, dynamic and optical properties of scandium

and yttrium nitrides in the zinc blend structure. The GGA, LDA and GGA-PBESOL ap-

proaches, as well as the HSE hybrid functional, were used in the representation of the

electronic exchange and correlation effects. The lattice constant, the bulk modulus and its

pressure derivative calculated in the HSE hybrid approach are predictions. The elastic

constants and B/G ratio infer that ScN and YN are elastically stable and ductile in nature.

ScN and YN in the zinc blend structure show an isotropic linear compressibility and

anisotropic Young's modulus, shear modulus and Poisson's ratio. The anisotropy and

hardness in ScN and YN compounds are more pronounced in the LDA approach. The XeX

(WeW) direct band gap in scandium (yttrium) nitride translates its semiconductor char-

acter in the zinc blend structure. The N: p orbit and small contribution of Sc: d (Y: d) site are

responsible to the optical modes, while Sc: d (Y: d) site and small contribution of N: p orbit

are the sign of acoustical modes. The absorption peaks are assigned to photo transitions

energies from maximum valence band to minimum conduction band.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC
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Fig. 1 e The zinc blend structure of scandium nitride.
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1. Introduction

The chemical inorganic scandium and yttrium nitride are

composed of Sc (Y) as cation and N anion. Yttrium nitride is a

rare type of nitride; it remains stable at high temperature and

applies to refractory materials. The interest in the study of

ScN lies in the fact that its field of application is quite broad

such as a potential thermoelectric energy conversion device

because of its lower resistivity. Various approximations such

as GGA, LDA, GGA-PBESOL and HSE hybrid have been applied

in this work to obtain adequate structural, elastic, electronic,

dynamical and optical properties in scandium and yttrium

nitrides in the zinc blend structure. The absorption spectrum

shows that ScN and YN of the zinc blend structure have a low

absorption in the visible light region 37,014 cm�1 and

47,885 cm�1 together with less reflectivity 29% and 28%, and

therefore this reflects their transparency nature. The direct

band gap XeX (WeW) calculated for ScN (YN) with GGA, LDA,

GGA-PBESOL and HSE hybrid 2.40 eV, 2.28 eV, 2.34 eV and

3.28 eV (2.01 eV, 2.10 eV, 2.14 eV and 2.74 eV) translates their

semiconductor character. The absorption and reflectivity of

ScN (YN) in ultra violet light region are 240,000 cm�1

(236,000 cm�1) and 45% (57%). The elastic constants, band gaps

and optical transitions for ScN and YN in the zinc blend

structure are computed for the first time. We explain the

origin of dielectric function peaks as optical transitions from

upper three valence bands to lower seven conduction bands.

In our study of phonons, it was found that longitudinal and

transversal optical branches are separated by a frequency gap

62.4 cm�1 (67.9 cm�1) in ScN (YN). Also, there is a frequency

gap 73.44 cm�1 (127 cm�1) between optical and acoustical

modes in ScN (YN). The hybridization between Sc: d (Y: d) and

N: p in the upper valence band translates the covalent char-

acter of the link Sc: d - N: p (Y: d - N: p) [1]. For works carried

out by other researchers, it is noted that scandium nitride

shows some physical and mechanical parameters such as

high hardness andmelting point identical to those of AlN [2,3].

The scandium nitride shows adequate electrical, optical and

chemical characteristics, which make it technologically

interesting as ohmic contact and candidate for thermoelec-

tricity in high temperature due to its high thermoelectric

power factor [3,4]. An experimental electronic characteriza-

tion of ScN thin film realized by technical optic and technical

optic combined with scanning tunneling spectroscopy has a

minimum gap of 1.3 ± 0.3 eV and 0.9 ± 0.1 eV [5]. Another

experimental structural and electronic study indicates that

scandium nitride has the lattice constant 4.501 Ǻ and an in-

direct band gap G-X located between 0.9 eV and 1.6 eV [6e8]. A

theoretical study of scandium nitride was carried out in the

rocksalt phase [9e11]. The study conducted by Noboru Take-

uchi reports that scandium and yttrium nitrides crystallize in

the rocksalt structure and transform into CsSl phase at high

pressure [9]. The high value of hardness and melting point

make ScN and YN as possible potential for applications in

magnetic recording and sensing, as well as refractory elec-

tronics and plasmonics materials [12,13]. Sc and Y based ni-

trides show features such as high mechanical strength,

adjustable energy gap, transparency nature and lower reflec-

tivity that make them as potential in optoelectronics [14]. The
study realized by Joris More-Chevalier et al. reports that

scandium and yttrium nitrides are characterized by high

electron mobility [15]. The investigation of electronic proper-

ties for ScN and YN in the rocksalt structure indicates that

these compounds have great potential for applications in

photovoltaic and photo catalysis [16]. Debdeep Jena et al.

identified that the family Sc and Y based nitrides are highly

piezoelectric because of their high piezoelectric coupling co-

efficient and potentially ferroelectric materials [17]. The pur-

pose of this work is that scandium and yttrium nitrides

interest the researchers as absorbent materials, due to their

high optical absorption, low reflectivity, low cost, tunable

band gap and high conversion efficiency for photovoltaic

applications.

The paper is organized as follows: The detail of computa-

tional method is provided in the second part. The computed

results are presented and discussed in the third part. The

paper is closed with brief conclusion in the last part.
2. Calculations details

The calculations were performed using the pseudo-potential

plane-wave method as implemented in the CASTEP code

[18]. The interaction between valence electrons and ions cores

is represented by Vanderbilt ultra soft pseudo-potential [19].

The exchange-correlation effect is described in the LDA

framework of Teter and Pade [20], GGA and GGA-PBESOL of

Perdew et al. [21] and HSE hybrid functional. The cut off en-

ergy (Ecut of 660 eV), with a real space sampling grid and k-

points of 8 � 8 � 8 [22], within the MonkhorstePack scheme

[23] ensure well convergence of computed structure and en-

ergy. We optimized the lattice constant at a fixed volume of

the unit cell which corresponds to the minimum energy. The

summing was carried out on the Brillouin area to ensure well

convergence of computed structures and energies. The

calculation of the optical quantities requires the use of dense

mesh of uniformly distributed 20 � 20 � 20 k-points. The

structural parameters were determined by the minimization

technique of BFGS [24], which provides a fast way to find the

lowest energy structure. In addition, all the lower states in the

calculations were treated as core states [25]. The tolerance for
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Fig. 2 e Effect of pressure on normalized volume for ScN

and YN in the zinc blend structure.
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geometry optimization was set as difference of total energy

5 � 10�6 eV/atom, maximum ionic HellmanneFeynman force

10�2 eV/�A and maximum stress 2 � 10�2 V/�A3.
3. Results and discussions

3.1. Crystal structure

The electronic configuration of Sc, Y andN atoms is Sc: [Ar] 4s2

3 d1, Y: [Kr] 5s2 4 d1 and N: [He] 2s2 2p3. The scandium and
Table 1 e Lattice constant, bulk modulus and its pressure deri
HSE hybrid functional.

ScN

GGA LDA HSE hybrid Exp

a (�A) 4.8875 4.8001 4.911 4.50 [31]

4.892 [26] 4.761 [29]

4.88 [28]

B0 142.06 159.42 142.68

215.86 [34] 171.23 [30]

B’ 3.6946 3.7087 3.942

3.65 [34] 3.634 [29]
yttrium nitrides crystallize in the zinc blend cubic structure.

Fig. 1 shows the zinc blend structure of ScN. The atomic po-

sitions are Sc (Y): (0, 0, 0) and N: (1/4, 1/4, 1/4). The structural

parameters were computed in the ground state from ab-initio

computation of P (V/V0) data. Fig. 2 presents the effect of

pressure on unit cell volume ratio in the zinc blend structure

for ScN and YN semiconducting. We report in Table 1 the

equilibrium structural parameters for scandium and yttrium

nitrides calculated within LDA, GGA and HSE hybrid func-

tional in the zinc blend structure. These parameters

computed within HSE functional are predictions. The lattice

constant of scandium and yttrium nitride determined by GGA

and LDA approximation are closer to those given by other

calculations [26e30]. It is noted that GGA, LDA and HSE hybrid

functional overestimate the lattice constant with respect to

the experimental value [31,32]. The results of B0 and B’ for ScN

and YN calculated within GGA and LDA using the fitting

scheme P (V/V0) agree reasonably with experimental data

[31,33] and other calculations [10,29,30,34,35]. The difference

between our results and those cited in the literature may be

attributed to the use of various exchangeecorrelation func-

tional and potentials.

3.2. Elastic constants and mechanical parameters

In ab-initio computation, there are two methods of calcu-

lating elastic constants, the volume conservation technique

and the stress stain [36]. The elastic constants provide in-

formation on binding between adjacent atomic planes, the

anisotropic character of bonds and elastic stability. Scan-

dium and yttrium nitrides are studied in the zinc blend

structure, therefore, three independent constants C11, C12

and C44 require for their elastic characterization. The elastic

moduli at equilibrium for scandium and yttrium nitrides

computed using GGA, LDA and GGA-PBESOL functional are

summarized in Table 2. There are no experimental and

theoretical data for elastic constants of ScN and YN to be

compared with our results. Consequently, future experi-

mental measurements will test our prediction computation.

The bulk modulus is inversely proportional to the volume of

the unit cell. The bulk modulus is given according to elastic

constants C11 and C12 by B ¼ ðC11 þ2C12Þ =3 [37,38]. Therefore,

these elastic constants depend on the lattice constant. The

key criterion for mechanical stability of a crystal is that the

strain energy must be positive [39]. The elastic stability of

the zinc blend structure is ensured by checking the

following relationship [40e43]:
vative for ScN and YN computed within GGA-PBE, LDA and

YN

GGA LDA HSE hybrid Exp

5.4898 5.1843 5.237 4.877 [32]

5.20 [27] 5.248 [30]

119.65 126.95 141.55

146.55 [34] 116.51 [30]

4.6843 3.6217 4.313

4.77 [10] 4.39 [35]
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Table 2e Elastic constants, bulkmodulus B, shearmodulus G, Young'smodulus EH, Poisson's ratiosH, anisotropy factor AU

and BH/GH ratio for ScN and YN in zinc blend structure.

ScN YN

GGA LDA GGA GGA LDA GGA

PBESOL PBESOL

C11 (GPa) 171.61 187.59 173.42 140.81 145.77 136.74

C12 (GPa) 124.34 143.15 129.69 108.94 115.98 106.40

C44 (GPa) 70.82 72.22 74.7 48.61 54.21 56.32

B (GPa) BV 140.1 157.96 144.26 119.56 125.91 116.51

BR 140.1 157.96 144.26 119.56 125.91 116.51

BH 140.1 157.96 144.26 119.56 125.91 116.51

G (GPa) GV 51.94 52.22 53.56 35.54 38.48 39.86

GR 39.37 38.00 37.98 26.70 125.91 27.01

GH 45.66 45.11 45.77 31.12 125.91 33.43

EH (GPa) 123.56 123.58 124.19 85.92 89.59 91.55

sH 0.35 0.37 0.36 0.38 0.38 0.37

AU 1.59 1.87 2.05 1.65 2.29 2.37

BH/GH 3.06 3.50 3.84 3.74
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Fig. 3 e The elastic moduli as a function of pressure for ScN

and YN in the zinc blend structure.
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0CC11 þ 2C12; 0CC44;0CC11 �C12;C12CBCC11 (1)

We note that our elastic constants verify the stability

criteria listed above, therefore, ScN and YN are elastically

stable at ambient temperature and equilibriumpressure. Fig. 3

visualizes the dependence of elastic moduli on pressure for

scandium and yttrium nitrides. It was noted that all elastic

moduli computed within GGA and LDA increase monoto-

nously when the pressure is enhanced, except C44 which de-

creases. The bulkmodulus calculated from elastic constants is

practically the same as obtained from equation of state fitting

P (V/V0). This is a sign of the exact calculation of our results.

The scandium and yttrium nitrides have greater elastic

moduli, which explain their high hardness. Pressure is an

important thermodynamic parameter in everyday life. Pres-

sure measurement is a non destructive test of metallurgical

materials; and depends on the strength of the anvil material.

The diamond has the highest Bulk Modulus ~440 GPa; among

all known materials, so it is used as an anvil to achieve a very

high pressure. The elastic constants make it possible to

determine some physical andmechanical parameters such as

bulk modulus, shear modulus, Young's modulus, Poisson's
ratio, anisotropy factor and BH/GH ratio. These parameters are

calculated using GGA, LDA and GGA-PBESOL and listed in

Table 2. These parameters are calculated using Voigt [44],

Reuss [45] and Hill [46] approximations. The typical s value of

ionic materials is 0.25 [47e49]. The Poisson's ratio of ScN and

YN are greater than the limit value 0.25, and then these ma-

terials have dominantly covalent bonding character. The

computed value of the factor anisotropy and BH/GH ratio

indicate that ScN and YN show a strong anisotropy and are

ductile in nature. We use ELATE software to visualize these

parameters in 3D directions [50]. Fig. 4 presents the depen-

dence on direction of Poisson's ratio, shear modulus and

Young's modulus for ScN and YN. The minimum and

maximum of each parameter are visualized by green and blue

colors. The shape of isotropic material is spherical and any

distortion from this form indicates the anisotropy. Young's
modulus, shear modulus and Poisson's ratio are anisotropic.

Furthermore, the predicted maximum and minimum values
of Young's modulus, linear compressibility, shear modulus

and Poisson's ratio for scandium and yttrium nitrides

computed using GGA, LDA and GGA-PBESOL are listed in Table

3. These values prove the isotropic linear compressibility and

https://doi.org/10.1016/j.jmrt.2021.07.073
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Fig. 4 e The directional dependent on Poisson's ratio, shear modulus. and Young'smodulus for ScN and YN in the zinc blend

structure.
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confirm the anisotropy of the other parameters. From Table 3,

we see also that anisotropy and hardness are more pro-

nounced in the LDA approach.

3.3. Electronic band structure and densities of states

The electronic band structures for the studied scandium and

yttrium nitrides were calculated using the lattice constant at

equilibrium state [51] at high symmetry points W, L, G, X and

K. The Fermi level is chosen at 0 eV and coincides with the top

of the valence band. Fig. 5 shows the band structures of ScN

and YN computed using GGA and HSE hybrid functional in the
Table 3 eDirectional dependent on Young'smodulus E, linear c
ScN and YN in zinc blend structure.

Parameters Young's modulus Linear com

Emin Emax bmin

ScN GGA 67.13 181.82 2.03793

LDA 63.67 188.01 2.1102

GGA_PBESOL 62.44 191.11 2.3106

YN GGA 45.776 128.45 2.7878

LDA 42.987 142.23 2.6473

GGA_PBESOL 43.62 145.52 2.8608
zinc blend phase. The bands profile indicates that ScN (YN)

has a direct XeX (WeW) band gap of 2.4 eV, 2.28 eV, 2.34 eV

and 3.28 eV (2.01 eV, 2.10 eV, 2.14 eV and 2.74 eV) for GGA, LDA,

GGA-PBESOL and HSE hybrid functional. There are no exper-

imental and theoretical data for band gaps of ScN and YN in

the zinc blend structure, and then our results are predictions.

It should be noted that LDA and GGA approximations for the

exchange correlation usually underestimate the energy band

gap calculated within DFT formalism [52,53]. The valence

band of ScN and YN consists of two zones separated by an

energy gap 8.36 eV (10.76 eV) and 8.94 eV (11.03 eV) calculated

within GGA (HSE hybrid functional). The predicted direct and
ompressibility b, shearmodulus G and Poisson's ratio s for

pressibility Shear modulus Poisson's ratio

bmax Gmin Gmax smin smax

2.3793 23.635 70.82 0.10051 0.79737

2.1102 22.22 72.22 0.12534 0.85875

2.3106 21.86 74.7 0.15573 0.86429

2.7878 15.936 48.619 0.08994 0.84324

2.6473 14.894 54.213 0.16829 0.92955

2.8608 15.17 56.32 0.1844 0.9216
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Fig. 5 e Band structures at various symmetry points into Brillouin. zone for ScN and YN in the zinc blend phase.
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indirect energy band gaps at equilibrium lattice constant for

binary compounds ScN and YN calculated using GGA, LDA,

GGA-PBESOL and HSE hybrid are reported in Table 4. The na-

ture of electronic states allows us to understand the role of

electrons [54,55]. The plots of partial and total densities of

states PDOS and TDOS were visualized in Fig. 6 for scandium

and yttrium nitrides at equilibrium lattice constant. The lower

valence band is located between�11.96 and�10.45 eV (�11.98

to �10.62 eV) and the upper valence band position is �2.72 eV

to EF (�2.53 eV to EF) for ScN (YN). The valence band consists of

two zones separated by a gap of 7.92 eV (8.09 eV) for ScN (YN).

The electronic contribution at the top of the valence band is

provided by N: p and Y: d (N: p and Sc: d) orbits, with small
Table 4 e Band gaps for ScN and YN at equilibrium between v

Parameters EL�L EG

YN GGA 4.99 3

LDA 5.52 3

HSE 6.73 5

GGA_PBESOL 4.45 3

ScN GGA 5.49 4

LDA 5.76 4

HSE 6.50 5

GGA_PBESOL 5.3 5
participation of Y: s and Y: p (Sc: s and Sc: p) sites for YN (ScN).

The first conduction band of ScN (YN) starts at 2.23 eV (1.88 eV)

and consisting of Sc: d (Y: d) orbit, with small contribution of

Sc: s (Y: s) andN: p sites. The Hybridization between Sc: d (Y: d)

and N: p in the upper valence band translates their covalent

bonding character. The optical transition occurs from Sc: d (Y:

d) or N: p state to Sc: p (Y: p) site.

3.4. Phonons frequencies

The term "phonon" means a quasi-particle associated with a

progressive elastic wave. The vibrations are treated in terms of

norm-modes for optical or acoustical phonons frequencies and
arious symmetry points in zinc blend structure.

�G EX�X EW�W EL�X

.35 2.08 2.01 4.24

.71 2.23 2.10 4.34

.10 3.08 2.74 5.84

.66 2.24 2.14 4.33

.92 2.40 2.50 4.72

.22 2.28 2.36 4.85

.80 3.28 3.55 5.76

.01 2.34 2.27 3.04
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Fig. 6 e Partial and total densities of states (PDOS) and (TDOS) for ScN and YN in the zinc blend structure.
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longitudinal or transversal propagation.Wecomputedphonons

dispersion curves by thedensity functional perturbation theory.

The phonons dispersion curves and states densities of phonons

for ScN and YN are visualized in Fig. 7. The longitudinal and

transversalopticalphononsfrequenciesuL0 anduT0atG,XandL

points for ScN and YN are listed in Table 5. All ScN phonons

frequencies uL0 and uT0 are greater than those of YN. There are

no soft modes and consequently these semiconducting mate-

rialsaredynamically stable.Wepoint out that themain features

of phonons dispersion spectra are the followings:

1 The longitudinal optical and transversal optical branches

are separated by a frequency gap 50.8 cm�1 (66.2 cm�1) in

ScN (YN).

2 There is a frequency gap 73.4 cm�1 (127 cm�1) between

optical and acoustical modes in ScN (YN).
3 The N: p orbit sand small contribution of Sc: d (Y: d) site are

responsible to the optical modes.

4 The Sc: d (Y: d) site and small contribution of N: p orbit are

the sign to the acoustical modes.

5 The maximum of longitudinal (acoustical) branches is

located between L and G (at L and X) points.

6 There is overlapping between longitudinal and transversal

acoustical branches.
3.5. Optical properties

The imaginary part of the dielectric function and transitions

energies from upper three valence bands to lower seven

conduction bands EðkÞ ¼ ECjðkÞ � EViðkÞ are displayed in Fig. 8

(right and left panel); where Vi and Cjare the valence band
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https://doi.org/10.1016/j.jmrt.2021.07.073


0

100

200

300

400

500

600

700

Fr
eq

ue
nc

y 
( c

m
-1
)

ScN

0,000 0,002 0,004 0,006 0,008

 Total
 Sc 
 N 

Total and Partial densities
W L X K

0

100

200

300

400

500

600

Fr
eq

ue
nc

y 
(cm

-1
)

YN

0,000 0,002 0,004 0,006 0,008

 Total
 Y 
 N 

Total and Partial densities
W L X K

Fig. 7 e Phonons dispersion curves and states densities for ScN and YN in the zinc blend structure.

Table 5 e Longitudinal and transversal optical phonons frequencies uL0 and uT0 at G, X and L points for ScN and YN.

G X L

uLO uTO uLO uTO uLA uTA uLO uTO uLA uTA

ScN 459 647 216 361 439 575 152 363 482 577

YN 396 540 165 229 385 542 114 226 390 534
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number i and the conduction band number j. The main

contribution to the optical spectra originates from these

possible transitions between various symmetry points in the

Brillouin zone and their corresponding maximum energy are

reported in Table 6. Fig. 9 displays the absorption, reflectivity
and loss function for ScN and YN. The edge of the optical

absorption located at 16.18 nm (25.63 nm) is caused by V2eC1

transition between W/Lpoints, which corresponds to the

direct band gap XeX: 3.28 eV (WeW: 2.74 eV) for ScN (YN) in

HSE hybrid functional. The maximum of absorption is

https://doi.org/10.1016/j.jmrt.2021.07.073
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552,709 cm�1 (236,303 cm�1) located at 36.9 nm (136.3 nm) for

ScN (YN). The maximum reflectivity value is about 0.48 (0.57)

at 35.6 nm (121.6 nm) for ScN (YN). ScN and YN show lower

reflectivity and consequently higher transmittance. The loss

function describes the energy loss when electron traverses a

material. Peaks spectrums are associated to plasma resonance

with so-called plasma frequency. There are two regions for

electronic loss function such as high loss function region

located between 28.9 nmand 124 nm (23 nmand 80 nm) for YN

(ScN). The second region consists for less than 28.9 nm and

beyond 124 nm (23 nm and beyond 80 nm) for YN (ScN). The

first region is the high loss region with change of wavelength
after the ionization edge. The other is the lower loss function,

which can provide information about composition and elec-

tronic structure. The amount of light that is incident on the

surface of the photo catalytic material that can be estimated

from the reflectivity data which is related to the absorbance of

that material. After a successive aggrandizement it reached a

maximumvalue of 0.58 (0.48) at 120 nm (35.6 nm) for YN (ScN).

The obtained absorption peaks as depicted are attributed to

photo transition energies from maximum valence band to

minimum conduction band. On can see that maximum of

absorption corresponds to the maximum of reflectivity and

the no loss function.
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Table 6 e The main contribution to the optical spectra originates from all possible transitions between various symmetry
points in the Brillouin zone and their corresponding maximum energy.

ScN

Brillouin zone W/L L/G G/X X/W W/K

E ¼ 3:37eV V2/C1

E ¼ 5:77eV V2/C2 , V3/C1

V1/C2 ,V2/C3

V1/C1, V2/C3 V3/C1 V2/C2, V3/C1, V1/C2 V2/C2 V2/C3 , V1/C3 V2/C3 V1/C3

E ¼ 7:04eV V3/C3,V3/C2 V3/C3,V3/C1 V3/C2 V2/C3, V2/C5, V3/C2 V3/C2, V2/C5,V2/C4 V1/C4

V3/C2

E ¼ 8:46eV V3/C4 V2/C5, V2/C4 V2/C5 V3/C3 V3/C4 V3/C4

E ¼ 9:31eV V2/C6 ,V1/C6 V2/C4, V2/C6,V1/C4, V2/C4 V2/C6, V2/C5 V3/C5 V3/C5
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YN

Brillouin zone W/L L/G G/X X/W W/K
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Fig. 9 e Reflectivity, absorption and loss function versus

wave length for ScN and YN in the zinc blend structure.
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4. Conclusion

Wehave carried out studies on scandium and yttrium nitrides

semiconducting in the zinc blend structure by ab-initio

method. The lattice constant, the bulk modulus and its pres-

sure derivative are analyzed and comparedwith experimental

and other theoretical data. The absence of experimental and

theoretical elastic constants, band gaps and transitions be-

tween various symmetry points in the Brillouin zone of

scandium and yttrium nitrides in the zinc blend structure

make our results as predictions. The shear modulus, Young's
modulus, Poisson's ratio are estimated using VoigteReusse-

Hill approximations for scandium and yttrium nitrides in the

zinc blend structure. The bands profile indicates that ScN (YN)

has a direct XeX (WeW) band gap of 2.4 eV, 2.28 eV, 2.34 eV

and 3.28 eV (2.01 eV, 2.10 eV, 2.14 eV and 2.74 eV) for GGA, LDA,

GGA-PBESOL and HSE hybrid functional. The hybridization

between Sc: d (Y: d) and N: p sites at the upper valence band

translates the covalent bonding character for NeSc and NeY.

The optical transition occurs from Sc: d (Y: d) or N: p states to

Sc: p (Y: p) site. The maximum of longitudinal (acoustical)

branches is located between L and G (at L and X) points. The

optical absorption edge located at 16.1 nm (25.6 nm) is caused

by V2eC1 transition between W/L and corresponds to the

direct band gap XeX: 3.28 eV (WeW: 2.74 eV) for ScN (YN) in

HSE hybrid functional. Scandium and yttrium nitride interest

the researchers as absorbent materials, due to their high op-

tical absorption, low reflectivity, low cost, tunable band gap

and high conversion efficiency for photovoltaic applications.

N: p orbit and small contribution of Sc: d (Y: d) site are

responsible to optical modes, while Sc: d (Y: d) orbit and few

participation of N: p site contribute to acoustical modes. The

electronic contribution at the top of the valence band is

https://doi.org/10.1016/j.jmrt.2021.07.073
https://doi.org/10.1016/j.jmrt.2021.07.073


j o u r n a l o f ma t e r i a l s r e s e a r c h a nd t e c hno l o g y 2 0 2 1 ; 1 4 : 1 9 5 8e1 9 6 81968
provided by N: p site and Y: d (Sc: d) orbit, with small partic-

ipation of Y: s and Y: p (Sc: s and Sc: p) sites for YN (ScN).
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