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Abstract

Diluted magnetic semiconductor (DMS) materials have gained a lot of attention
in the last decade due to their possible use in spintronics. In this chapter, the effect
of transition metal (TM) i.e., Mn and Fe doping on the structural, electronic,
magnetic as well as optical properties of pure and doped LuN has been presented
from the first principles density functional theory (DFT) calculation with the
Perdew-Burke-Ernzerhof-generalized gradient approximation (PBE-GGA) and
Tran Blaha modified Becke-Johnson potential (TB-mBJ) as correlation potentials.
The predicted Curie temperature is expected to be greater than room temperature
in order to better understand the ferromagnetic phase stability, which has also been
confirmed through the formation and cohesive energies. The calculated lattice
constants for perfect LuN (rock-salt structure) are in good agreement with the
experimental values. Interestingly, doping of Mn and Fe on pure LuN displays
indirect band gap to a direct band gap with half metallic and metallic character. The
detailed analyses combined with density of state calculations support the assign-
ment that the Half-magnetism and magnetism are closely related to the impurity
band at the origin of the hybridization of transition states in the Mn-doped LuN.
Absorption spectra are blue shifted upon increase in dopant contents and absorp-
tion peaks are more pronounced in UV region. The refractive index and dielectric
constant show increase in comparison to the pure LuN. According to the Penn’s
model, the predicted band gaps and static actual dielectric constants vary. These
band gaps are in the near visible and ultraviolet ranges, as well as the Lu0.75TM0.25N
(TM = Fe, Mn) materials could be considered possible candidates for the production
of optoelectronic, photonic, and spintronic devices in the future.

Keywords: density functional theory, spintronics, LuN, doped nitrides, electronic
structure, magnetism, optical properties

1. Introduction

Over the past few years, half metallic ferromagnetic materials have gained a lot
of interest due to their possible use in spintronic and optoelectronic applications
[1, 2]. Every ferromagnetic half-metal consists of two spin versions, one spin is a
semiconductor or insulator, while the other is metallic. The rare earth elements,
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which have atomic numbers from Z = 57 (Lanthanum, La) to Z = 71 (Lutetium, Lu),
the electronic configuration of these elements is like [Xe] 6s24fn, where n is zero for
La and 14 for Lu [3, 4]. These elements have large orbitals and spin magnetic
moments due to their partially filled 4f shells. The rare earth (RE) elements form
wide variety of stable nitrides, monopnictide and monochalcogenide compounds
such as LaN, CeN, EuN, GdN, DyN, HoN, LuN, YN, LuP, LuAs, LuBi, La2Fe2S5,
HoAgS2, GdAgS2, YbAgS2, etc. Out of these different types of rare earth com-
pounds, rare earth nitrides, attracted immense attention to the condensed matter
physicists, material scientists in the last two decades due to their diverse structural,
mechanical, magnetic, optical, electronic, and thermal properties [5–18]. The struc-
tural properties and structural phase transition at high pressure have been investi-
gated for the rare earth nitrides by a number of groups [7–13]. The thin film of rare
earth nitrides can be utilized in spintronic devices and electronic nano-devices
[13–16]. The experimental research is being conducted for the realization of rare
earth nitrides [7]. Being in the first and last elements of the rare earth series LaN
and LuN respectively, theoretical investigation of these two nitrides gives opportu-
nity to probe the closed shell and empty shell 4f electronic properties. Though the
effect of rare earth doping in III-Nitrides has been investigated extensively, there
are few reports on the investigation of the electronic, magnetic, optical properties
available in the literature [19, 20].

In this chapter, we present a detailed theoretical investigation on structure
stability, formation energy, electronic band structure, magnetic and optical proper-
ties for LuN using a density functional theory (DFT) approach. Most importantly,
the effect of Mn and Fe doping on LuN has also been investigated vividly for their
optoelectronic applications.

2. Computational method

We have performed the electronic structure calculations in the framework of full
potential linearized augmented plane wave (FP-LAPW) method implemented on
Wien2k [21] code employed to solve Kohn sham equation based on the density
functional theory (DFT) [22, 23]. The treatment of the exchange correlation potential
is done within the generalized gradient approximation (GGA) with the Perdew–

Burke Ernerhof scheme [24]. Furthermore, in the process of determining the most
accurate electronic band characteristics, especially the band gap Eg, which is compat-
ible with the experiment, modified Becke and Johnson (mBJ) [25] potential is also
used. The relativistic effects are taken into account. In the interstitial area, the plane
wave sets were used outside the muffin tin sphere and the RMTKmax = 7.00 cutoff
value was used but the spherical harmonic expansion was used within the sphere. For
the incorporation of the irreducible Brillouin field, 64 k-points mesh was used. The
muffin tin radii were chosen, respectively. The separation of the core and valence
states in terms of the energy cut-off parameter was adjusted to �6.0 Ry to avoid
charge leakage. The 1000 k-points were used for reciprocal space sampling. A series
of repeated iterations were used to achieve energy convergence up to 0.01 mRy.

3. Results and discussion

3.1 Structural phase stability

To study the electronic structure and magnetic properties of TM doped LuN, a
1 � 1 � 1 super cell of LuN containing 8 atoms was constructed. Figure 1a–c shows
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the ball-and-stickmodel for the intrinsic LuN, 25% Mn and Fe-doped LuN, respec-
tively. We have considered the rocksalt crystal structure with space group Fm-3 m
for the LuN unit cell which is the most stable structure of the bulk LuN. The corner
atoms are the lutetium (Lu) atoms surrounded by six nitrogen (N) atoms as shown
in Figure 1a. In Figure 1b, the Mn-doped LuN unit cell has been illustrated. The
corner lattice sites have been doped with Mn atoms. In Figure 1c, the corner Lu
atoms of the rock salt structure have been replaced by Fe atoms for achieving 25%
Fe doping of LuN. The equilibrium structure of the pure LuN has been determined
by the minimization of total energy vs. unit cell volume using generalized gradient
approximation (GGA) method. Figure 2a–c, shows the total energy vs. unit cell
volume plot for the intrinsic LuN, 25% Mn-doped LuN and 25% Fe-doped LuN,
respectively. From the total energy minimization calculation, we have obtained the
lattice parameter of the intrinsic LuN as 4.7104 Å. This lattice is very close to the
experimentally measured value of 4.766 Å [26]. The calculated lattice parameter is
also consistent with the theoretically calculated values by other groups [27, 28]. The
equilibrium lattice constant for the 25% Mn-doped LuN in FM phase is calculated to
4.6094 Å and in the NM phase is 4.5674 Å. The equilibrium lattice constant for the
25% Fe-doped LuN in ferromagnetic (FM) phase is calculate to 4.5924 Å and in the
non-magnetic (NM) phase is 4.5728 Å. In order to get the equilibrium lattice
parameters of the Mn-Fe doped LuN, the total energy vs. unit cell volume size are
also calculated by considering the Birch Murnaghan’ equation method. The plots for
the total energy vs. unit cell volume size are shown in Figure 2b and (c), respec-
tively. We found that the value of lattice parameters, and volumes decrease due to
incorporation of 3d-TM doping in the pure LuN. It is worth mentioning that both
the 25% Mn and Fe-doped LuN are found total energy minimization in two phases
i.e. ferromagnetic phase and non-magnetic phase. The values of the optimized
lattice parameter, volume, bulk modulus, pressure derivative of bulk modulus

Figure 1.
The ball-and-stick model (rock-salt structure) for (a) intrinsic LuN, (b) Mn-doped LuN and (c) Mn-doped
LuN unit cell.

Figure 2.
Total energy vs. unit cell volume for the (a) LuN, (b) 25% Mn doped LuN (c) 25% Fe doped LuN. The plot
indicates that the 25% Mn and Fe doped LuN possess lower energy in the ferromagnetic phase. The total energy
calculations are obtained using PBE-GGA pure and doped LuN.
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and total energy of the pure LuN, Mn and Fe doped LuN in nonmagnetic and
ferromagnetic phases are presented in Table 1.

We have used a relaxed structure in both the FM and NM phases to determine
the ground-state energies of Mn and Fe-doped LuN to highlight the actual stable
phase. The positive value of E (E = ENM – EFM) indicates that the FM state is more
stable (see Table 1). The formation energies for LuN, Lu0.75Mn0.25N and
Lu0.75Fe0.25N obtained from calculation are to �5.36 eV, �8.540 eV and �8.162 eV,
respectively. The negative sign of the formation energy indicates that during
creation of the compounds, energy release revealing the stability in the FM state.
The cohesive energy (Ecoh) of Lu0.75TM0.25N (TM = Mn, Fe) compounds are
responsible for holding the atoms together in the crystal structure, further
confirms the stability of the compounds. The values of Ecoh are calculated to
�2.89Ry, �3.43 Ry and �3.44 Ry for pure and TM-doped LuN (TM = Mn, Fe). The

Properties LuN Lu0.75Mn0.25N Lu0.75Fe0.25N

Lattice constant, a (Å) FM 4.7104 4.6094 4.5924

NM 4.5674 4.5728

Other theory 4.77 [27] 4.76 [28]

Experiment 4.76 [26]

Volume, V (Å3) FM 705.2909 660.8789 653.5967

NM 642.9726 645.2908

Bulk modulus, B (GPa) FM 186.9883 188.7961 189.2357

NM 206.7191 202.4745

Pressure derivative of B, B0 FM 4.2116 4.3813 4.2797

NM 4.4348 4.4452

Total optimized energy (Ry) FM �117051.107870 �90212.521303 �90440.631938

NM �90212.403516 �90440.544004

Tc(K) — 747 909

Bond length (Å) Lu-N = 2.20 Mn-N = 2.3047
N-Lu = 2.3047
Mn-Lu = 3.2593

Fe-N = 2.296
N-Lu = 2.296
Fe-Lu = 3.247

Formation energy (eV/atom) �5.36 �8.540 �8.162

Band gap, Eg (eV) 0.93 Spin up↑ = 0.43,
Spin down = No gap

Spin up↑ = 1.79,
Spin down = No gap

Other theory & exp. 1.173 [27]

Exp. 1.55,1.6 [26]

Mgnetic Moment (μB) — Int = 0.08801
Mn = 4.00700
Lu = 2.589

N = �0.1209
Tot = 4.00015

Int = �0.09335
Fe = 3.94823
Lu = �0.1032
N = 1.05447
Tot = 4.8984

Static dielectric constant ε1(0) 6.40 12.69 19.99

n(0) 2.6 3.2 4.25

R(0) 0.19 0.32 0.423

Table 1.
The ground state properties, bond length (Å), formation energy (eV), band gap (eV), magnetic moment (μB)
and optical parameters for the pure LuN, and Lu0.75TM0.25N (TM = Fe, Mn).
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computed cohesive energies exhibit higher values than their binaries, which again
imply FM stability.

After geometry optimization the structure around the TM dopant is slightly
suppressed with Lu atoms drawn closer to the TM the relaxed TM-Lu bond length is
less than that of the N-Lu bond.

3.2 Electronic properties

The spin polarized band structures of pure LuN, Mn and Fe (25%)-doped LuN
are presented in Figure 3a–f. An Indirect band gap to direct band gap transition in
the band structure of the pure LuN is clearly observed for 25% Mn and Fe
substitution at the Lu sites. In the case of pure LuN, the highest occupied state of the
electrons occurs at ‘Γ’ point, whereas the lowest empty state of the electrons occurs
at the ‘X’ point in the band structure. The indirect band gap of 0.93 eV is obtained
from the calculation like that seen experimentally, as shown in Table 1. It is to be
mentioned here that there is no distinguishable difference observed in the up (↑)
spin and down (↓) spin bands as can be seen in Figure 3a and b. A slight overlap of
the spin up (↑) band for the Mn doped LuN whereas total spin down (↓) band
exhibits an direct energy gap as can be seen in the Figure 3c and d. The 25% Mn
doped LuN behaves as a half-metallic ferromagnet. In case of Fe doped LuN there is
a distinct energy gap in the total spin up (↑) band whereas there is a significant
overlapping in the total spin down (↓) band as a result, Figure 3e and f show that
the Fe doped LuN compound is magnetic compound.

The total spin polarized density of states (DOS) and partial density of states
(PDOS) obtained using the mBJ-GGA potential, for the pure LuN, Mn and Fe doped
LuN as well as spin density of states for the individual atoms in the unit cell are
plotted in Figure 4a–c. From Figure 4a, it is clear that the total spin polarized DOS
of the up and down spin states for the Lu atom (red) and N atom (blue) are
identical. From the partial spin polarized DOS plots for Lu and N atom, it can be
seen that the spin up (↑) band for Lu and N atoms are just symmetric to that of the
spin down (↓) band. As a results total (black line) spin polarized spin up (↑) band
is symmetric to that of the spin down (↓) band in total for LuN unit cell and the
pure LuN exhibits the non-magnetic electronic character with an energy band gap.
But from the partial spin density of state plot in Figure 4b, it can be seen that the
spin down (↓) density of state and spin up (↑) density of state are no more
symmetric upon 25% Mn doping in LuN. The spin down (↓) density of state of the
Mn atom (green line) in Lu0.75Mn0.25N is completely different in both conduction
band and valance band. Due to the delocalized character of the ‘d’ and ‘s’ electrons
in Mn electron density of states appears from nearly 0.1 eV in the conduction band.
The peak of the spin down (↓) DOS occurs at 1.2 eV. But there is no contribution to
the spin up (↑) density of states of the Mn atom (green line) in Lu0.75Mn0.25N in
the conduction band. There is slightly high spin up (↑) DOS compared to that in
the spin down (↓) DOS from the Mn atom (green line) in the valance band. Also
the contribution is much less compared to that of the Lu atom (red line). The
electronic up spin (↑) DOS from the N atom is asymmetric to that of the down spin
DOS and it connects the up spin DOS of conduction band to that of the valance
band. As a result, there is no gap in the total (black line) up spin DOS of the band
structure of the Lu0.75Mn0.25N, but there is a gap in the total (black line) spin down
DOS of the Lu0.75Mn0.25N. Thus Lu0.75Mn0.25N exhibits a half-metallic electronic
bahaviour. Due to the nature of band filling in minority spin states and majority
spin states, Lu0.75Fe0.25N is metallic nature. In metallic Lu0.75Fe0.25N, the asym-
metry and occupancy of d states of Fe in majority states and p states of N in
minority states is evident, led to a significant magnetic moment of Fe.
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In Mn-Fe-doped LuN, the interaction arising between 3d-state of Mn/Fe impu-
rities and p-states of host lattice N anions, causes the appearance of the localized
states within the band gap at EF, which induce half-metallic ferromagnetic

Figure 3.
Band structures of Lu1-xTMxN (x = 0.25,TM = Mn, Fe) along the high symmetry directions at their
equilibrium lattice constants, estimated using mBJ-GGA in figure (a) for x = 0.0, (b) for TM = Mn, x = 0.25
and (c) for TM = Fe, x = 0.25.
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characteristics. Therefore, the large splitting of t2g states causes the double exchange
mechanism that is responsible for producing ferromagnetism in Mn doped LuN
half-metallic semiconductors. The investigated compounds demonstrate a strong
p–d exchange interaction within the valence band of LuN, resulting in p-type
carrier induced ferromagnetism.

3.3 Magnetic property

The calculated total and partial magnetic moments of individual elements of
Lu0.75TM0.25N are reported in Table 1. Dopant atoms Mn and Fe are the leading
source of the magnetization in Lu0.75TM0.25N (TM = Mn, Fe) as their magnetic
moments are 4.00μB and 4.89μB, respectively. In Lu0.75Mn0.25N compound some N
atoms provide negative values of magnetic moment indicating anti-parallel mag-
netic moment to the Mn and Lu atoms as their magnetic moment values are posi-
tive. As the interstitial site holds a positive value of magnetic moment equal to
0.08801μB, it adds its contribution to the total magnetic moment of the super cell.
But in case of Lu0.75Fe0.25N compound interstitial site holds a negative value of
magnetic moment which indicates its anti-parallel effect to parallel magnetic
moment containing atoms. 3 atoms of Lu contain negative value of magnetic
moment which results anti-parallel magnetic moment in the cell. Therefore, it could
be said that the atoms that hold negative and positive values of magnetic moment
are interacting anti-ferromagnetically. In comparison, there is a difference in total
magnetic moments of the two supercells due to the fact that Mn atom has greater
magnetic moment value than Fe atom. Also in Mn doped supercell, only N atoms
are anti-parallel but in Fe doped super cell Lu atoms, as well as interstitial site
magnetic moment values are anti-parallel.

Moreover, Heisenberg model has been employed to estimate the Curie temper-
ature (Tc) of Lu1�xTMxN compounds by using the expression Tc = 2∆E/3xKB [29],
where x represents impurity cation concentration and KB shows Boltzmann con-
stant. The estimated Tc values for Mn and Fe-doped LuN, as listed in Table 1, have
been observed to exhibit highest and lowest Tc, respectively. However, all the
Lu0.75TM0.25N compounds have shown Tc above room temperature (RT). The
decrease in magnetic moment per magnetic ion from 4.00μB to 3.94μB is caused by
changing the dopant from Mn to Fe, which affects the size of the exchange interac-
tions and thus the related Tc. As a result, all of the compounds investigated can be
employed in various magnetic devices that operate above room temperature.

Therefore, the studied DMSs are most suitable for spintronic device applica-
tions, which also indicate that experimental material properties can efficiently be
simulated by employing theoretical methods.

Figure 4.
Spin-polarized total and partial DOS for Lu1-xTMxN (x=0.25,TM=Mn, Fe) obtained using the mBJ-GGA
potential (a) for x= 0.0, (b) for TM= Mn, x= 0.25 and (c) for TM= Fe, x= 0.25.
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3.4 Optical properties

Motivated by the prospect of using its interesting electronic structure for
optoelectronic semiconductor applications, the optical and electronic transport
properties of the pure LuN, Lu0.75Mn0.25N and Lu0.75Fe0.25N were calculated. The
frequency dependent optical properties were studied and calculated through the
dielectric functions. It was realized that the optical properties of a solid can be
portrayed by the complex dielectric function ε(ω), with two parts, real and
imaginary as [30].

εðωÞ1ðωÞ2ðωÞ: (1)

In this chapter, we focused on the optical parameters such as real part, ε1(ω) and
imaginary part, ε2(ω) of the dielectric functions, refractive indices n(ω), extinction
coefficient k(ω), absorption coefficient α(ω), reflectivity R(ω), optical conductivity
σ(ω) and electron energy function L(ω) of cubic LuN and Lu1-xTMxN (x = 0.25,
TM = Mn, Fe) using the mBJ-GGA. Figure 5a–h show obtained results from the
mBJ-GGA method.

The complex dielectric function ε ωð Þ encompasses both intraband and interband
transitions. It is observed that intraband attribute mainly in the case of metal or metal

Figure 5.
Spectra of the (a) real ε1(ω) and (b) imaginary ε2(ω) dielectric functions, (c) refractive indices n(ω), (d)
extinction coefficient k(ω), (e) Absorption coefficient α(ω), (f) reflectivity R(ω), (g) optical conductivity σ(ω)
and (h) electron energy function L(ω) of n(ω) cubic Lu1-xTMxN (x = 0.25,TM = Mn, Fe) obtained using the
mBJ-GGA method.
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like conductors while in the case of insulating and semiconducting materials, direct as
well as indirect transitions contribute to the interband transitions. In this study, we
have not treated intraband excitations and indirect interband excitations, which usu-
ally contribute very little to ε ωð Þ. The imaginary part ε2 ωð Þ can be obtained from the
momentummatrix elements between the occupied and unoccupied wave functions by
applying the selection rules, and is computed using the given expression

ε2 ωð Þ ¼
e2ℏ

πm2ω2

X

ð

Mν,c kð Þj j2δ ωνc kð Þ � ω½ �d3k (2)

whereas the real component ε1 ωð Þ can be derived from ε2 ωð Þ using
Kramers-Kronig’s relation with the help of following expression [31].

ε1 ωð Þ ¼ 1þ
2
π
P
ð

∞

0

ω0ε2 ω0ð Þdω0

ω02 � ω2ð Þ
(3)

where ‘P’ represents the principal value of the given integral, ‘e’ is electronic
charge and ‘m’ is the mass. Since the studied compounds crystallize in cubic phase,
one dielectric tensor component is only required for the complete illustration of the
optical properties. All other optical constants can be calculated using ε1 ωð Þ and
ε2 ωð Þ. We have predicted refractive index n ωð Þ from the computed dielectric
function, using the following expression:

n ωð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ε21 ωð Þ þ ε22 ωð Þ
p

þ ε1 ωð Þ

2

" #1
2

(4)

and, Kramers-Kronig equation has been used to obtain frequency dependent
k ωð Þ using the following relation

k ωð Þ ¼
�2P
π

ð

0

∞

n ω0ð Þ � 1
ω0 � ω

dω0 (5)

Frequency dependent extinction function k ωð Þ can also be calculated from ε1(ω)
and ε2(ω) using the expression below,

k ωð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ε21 ωð Þ þ ε22 ωð Þ
p

2
�
ε1 ωð Þ

2

" #1
2

(6)

Similarly, the other frequency reliant optical functions such as absorption coef-
ficient α(ω), optical conductivity σ ωð Þ and reflectivity R ωð Þ can also be computed
from the predicted real and imaginary parts of the complex dielectric function.

Using the above expressions these optical parameters are further plotted in
Figure 5. Figures 5(a) and (b) represent the variation of real part and imaginary
part of the complex dielectric function ε ωð Þ in the energy range 0–12 eV in the case
of pure LuN and Lu1-xTMxN (x = 0.25, TM = Mn, Fe). These dielectric plots depict
material’s capability to allow external electromagnetic field to penetrate through it
when 25% concentration of Lu is subjected for doping with Mn and Fe. The dielec-
tric trends depicted by all curves show similar behavior in the entire range except in
the static values and in the high energy region, the characteristic distinctions with
dielectric maxima at specific energies may correspond to various doping effects. As
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seen from Figure 5(a), the static value of real part ε1 0ð Þ is approximately 6.40 for
LuN, which drastically increased to 12.69 for Mn-doped LuN and 19.99 for Fe-
doped LuN. The real part ε1 ωð Þ of pure LuN has a peak at 2 eV, whereas the plots
correspond to Mn-doped LuN and Fe-doped LuN show red shift in their dielectric
function. After the dielectric maxima, the graph of all three investigated materials
starts decreasing gradually and finally falls to zero in the higher energy region.
The band gap of the examined materials and the static value ε1(0) computed from
the n(0) by the relation n ωð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffi

ε1 0ð Þ
p

spectra are exactly connected according to
Penn’s model [31]. The plasma frequency and the material band gap are represented
by p and Eg, respectively. The imaginary part ε2 ωð Þ (see Figure 5(b)) of pure LuN
has zero value up to 1 eV, after that a rapid rise in its value and increases gradually
attaining a peak around 9 eV. While, Mn doped LuN has static value of ε2 0ð Þ as 1.4
and with Fe doping, it sharply rises to 12. The peaks present in the optical spectra of
ε2 ωð Þ usually occur due to transitions of electrons from the valence to conduction
band. The electronic band structures reveal the indirect band gap of 0.93 eV for
LuN so the direct optical transitions occur between valence and conduction bands,
whereas in the case of Mn doped LuN, it exhibits half-metallic nature, with direct
band gap in minority spin channel, but Fe doped LuN shows metallic behavior in
both spin channels.

Refractive index n ωð Þ is an important optical entity, which shows the
response of the light in any type of materials. It is observed that the light depicts
different properties upon interaction with different materials, i.e., light may be
reflected, refracted, transmitted and diffracted depending on the properties of the
materials on which it is incident. Since the velocity of the light varies as it traverses
through different materials, hence variations can be observed in the refractive
index of the materials for a range of optical spectrum. Overall similar behavior can
be observed for refractive index as well as real part of the complex dielectric
function ε ωð Þ as seen in Figures 5(a) and (c). Figure 5c represents the optical
spectral response of the refractive index of pure LuN and that of Lu1-xTMxN
(x = 0.25, TM = Mn, Fe). The high refractive index is presented in the infrared
region when light rays traverse through any material. In our present calculations the
static refractive index of LuN is 2.5, whereas Mn doped LuN has n 0ð Þ as 3.5 and Fe
doped LuN has 4.6, respectively, in the low energy region and decreases in high
energy region.

It is found from Figure 5b and d that the optical spectral response of extinction
coefficient k ωð Þ and imaginary part ε2 ωð Þ of dielectric constant illustrate similar
profile. It can be seen that k ωð Þ also have some threshold energy values similar to
imaginary part ε2 ωð Þ of the dielectric constant. It is found that the threshold values of
incident photon energy for extinction coefficient k(ω) are approximately 1 eV for
cubic LuN and 0 eV for Lu1-xTMxN (x = 0.25, TM = Mn, Fe). The pure cubic LuN
shows a smooth increase in the value of extinction coefficient over the studied photon
energy range, whereas both doped LuN compounds show several minor peaks in the
incident photon range. Figure 5e, represents electron energy loss spectroscopy
(EELS) function L ωð Þ over energy range from 0 to 12 eV, an important parameter
depicting the energy loss of fast-moving electron while traversing through the mate-
rial. The peak associated with the plasma resonance and the corresponding frequency
is called plasma frequency. The material exhibits dielectric nature if ε1 ωð Þ>0 and
metallic nature if ε1 ωð Þ<0, above and below plasma frequency. Figure 5f represents
reflectivity spectra of cubic LuN and Lu1-xTMxN (x = 0.25, TM = Mn, Fe) over an
energy range up to 12 eV. The frequency or wavelength dependent reflectivity optical
spectrum of the studied pure LuN has a static reflectivity R 0ð Þ value as �0.2 up to
1.5 eV, afterwards it shows slight decrease in its value at 6 eV and then gradually
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increases in the high energy region. With doping of Fe in LuN, it is observed from
Figure 5f that static reflectivity R 0ð Þ has increased to 0.31 and that of Mn shows that
its value rose to 0.45. These results reveal that doping with Fe and Mn has increased
the reflectivity of these compounds in the low energy region, which makes them
potential candidates of IR reflectors.

Figure 5(g) shows the optical spectral response of the absorption coefficient of
LuN and Lu1-xTMxN (x = 0.25, TM = Mn, Fe) over an energy range up to 12 eV. The
absorption coefficient provides information about how much incident light energy
can be absorbed by the material, when it is exposed to the electromagnetic radia-
tions. All three compounds show similar behavior and it displays the maximum
absorption in the high energy region, which indicates that the absorption quality is
good for these compounds in ultra violet region of the electromagnetic spectrum,
predicting the usage of these materials as good UV absorbers.

When photons are incident on the material, the number of free charge carriers is
increased due to absorption of the incident photons, which results in the rise of
electrical conductivity, and also results in enhanced photoconductivity. The inci-
dent photons should possess adequate energy to excite electrons from the valence
band, helping them to cross the band gap and reach the conduction band in the
material. Figure 5(h) shows the photoconductivity spectrum of the cubic LuN and
Lu1-xTMxN (x = 0.25, TM = Mn, Fe). It is seen from Figure 5(h) that the photo-
conductivity of LuN starts 1.8 eV, clearly depicting its semiconducting nature
whereas with doping, the photoconductivity starts with zero photon energy due to
their metallic nature. The optical conductivity of pure as well as doped compounds
increases due to the absorption of photons. The optical conductivity spectra of
Lu1-xTMxN (x = 0.25, TM = Mn, Fe) have few maxima and minima peaks in the
calculated energy range as also shown in Figure 5(h). The optical spectra studies
predicts that the doping of Fe and Mn in LuN makes them potential candidates of
UV absorbers as well as IR reflectors, which may be used for fabrication of optical
filters in the optoelectronic industry.

4. Conclusions

The structural, electronic, magnetic and optical properties of pure LuN, Mn/Fe
doped LuN were investigated under equilibrium conditions by DFT using the PBE-
GGA and mBJ-GGA potentials. The positive energy difference between NM and FM
states has verified the stability of FM state. The stability of FM state has also been
validated by TM-doped DMSs having a lower enthalpy of formation and a higher
cohesive energy than the binary un-doped LuN host semiconductor. The Heisen-
berg classical model, which predicts above-room temperature ferromagnetism, has
also predicted the Curie temperature. The calculated electronic properties showed
pure LuN to be an indirect band gap semiconductor, and it transforms to a half-
metal upon 25% Mn doping, while Fe doping its reveals magnetic nature. The
findings presented in this work encourage further experimental research of the
electronic structures of RE nitrides. Additionally, the optical characteristics of TM =
Mn, Fe-doped LuN DMSs have been predicted in order to investigate future optical
applications. The static value of dielectric constants and optical band gaps are
observed to vary according to the Penn’s model indicating the accuracy of the
presented calculations. It has been noted from the imaginary part of the dielectric
constant that the studied materials are red-shifted with maximum absorption in the
visible as well as in the ultraviolet energy. Therefore, the studied compounds are the
best candidates for optoelectronic and spintronic devices.
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