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agnetic, and optical properties of
double perovskite La2BB

′O6 (B = Cr, V and B′ = Co,
Ni and Sc)

Suneela Arif * and Yasir Ali

2D La2BB
′O6 (B = Cr, V and B′ = Co, Ni and Sc) double perovskites are considered promising potential

materials for electronic, magnetic, and optoelectronic applications. Herein, we thoroughly investigated

the ground state electronic, magnetic, and optical properties of half-metallic ferromagnetic (HM-FM)

La2BB
′O6 (B = Cr, V and B′ = Co, Ni and Sc) double perovskites using the full-potential linearized

augmented plane wave (FP-LAPW) method within the generalized gradient (GGA) and (GGA (+U))

approximations based on density functional theory (DFT). Full structural optimization was carried out by

using the FP-LAPW method. The electronic band structure (BS) and the total density of states (DOS)

calculations confirm that all these double perovskite compounds are half-metallic (HM). The total spin

magnetic moments calculated confirm the half metallic and ferromagnetic nature of the materials.

Optical properties were determined for their potential use in opto-electronic devices. Based on our

results, we concluded that La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6 compounds are

half metal ferromagnetic and have potential applications as ferromagnetic insulators in spintronic,

magnetic and optoelectronic devices.
1. Introduction

Perovskites are extensively studied oxides, and exhibit potential
applications as insulators/dielectrics in superconductors and
a range of materials from diamagnetic to colossal magneto-
resistive (CMR).1–3 BaTiO3 and PbZrO3 are well-known perov-
skites used in the piezoelectric, dielectric, optoelectronic and
microelectronic industries.4–6 Among the different classes of
perovskites are ordered double perovskites (ODP), general
formula, A2B

′B′′O6, where “A” is a rare-earth or alkaline-earth
element, while B′ and B′′ are different transition-metal ions.
These have attracted attention due to their ability to accom-
modate an extensive range of rare earth elements at the A-site,
signicantly modifying the bond length and bond angle of the
octahedra, and two different types, sizes and valence states of
cations at the B′ and B′′-sites, offering the opportunity to
manipulate, tune and tailor their physical properties according
to industrial and technological needs.7,8 ODP usually exhibit
half-metallic (HM),9,10 ferrimagnetic (FiM),11,12 ferromagnetic
(FM),13,14 antiferromagnetic (AF),15,16 half-metallic ferromag-
netic (HM-FM),17,18 half-metallic ferrimagnetic (HM-FiM),17,19

nonmagnetic (NM),18,20 ferroelectric (FE),12,21 and semi-
conducting (SC)12,18,21 responses near room temperature. Half-
metallic materials have well-dened band gaps in one spin
state and metallic bands in the other spin channel.21 Thus, HM
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materials have quantization of magnetic moment, zero spin
susceptibility and 100% spin polarization at the Fermi level.21–23

HM materials have potential application in data storage
memory and magnetic recording due to their single spin charge
carriers.24,25 J. B. Philipp et al.26 reported the structural, trans-
port and optical properties and doping effects in half-metallic
double perovskites (HM-DP) A2CrWO6 with A = Sr, Ba and Ca.
The saturation magnetization and the inuence of steric effects
on the Curie temperature, TC, were determined by changing the
alkaline earth ion on the A site and a maximum Curie temper-
ature (TC = 458° K) was reported for Sr2CrWO6, which has an
almost undistorted perovskite structure and a tolerance factor
Tf z 1. The researchers showed that the structural changes in
Ba2CrWO6 and Ca2CrWO6 result in a reduction of the Curie
temperature, suggesting that, in general for double perovskites,
an optimal TC can be achieved only for Tf z 1. Furthermore,
they found that both the Curie temperature and saturation
magnetization MS reduce due to electron doping in Sr2CrWO6

by partial substitution of Sr2+ by La2+. Room temperature
colossal magneto resistance and high temperature TC transition
for Sr2FeMoO6 systems conrm half-metallic (HM) behavior.
Half-metallic ferromagnetic (HM-FM) nature is observed for
La2CrCoO6 (LCCO),27 La2CrNiO6 (LCNO),28 La2ScNiO6 (LSNO),27

La2VNiO6 (LVNO)27 and La2VScO6 (LVSO)27 compounds, vali-
dating their potential suitability for spintronic applications
such as in magnetic sensors, magneto resistive random-access
memory (MRRAM) and solid fuel cells. A half-metallic antifer-
romagnetic (HM-AFM) response is observed in LaAVRuO6 (A =
RSC Adv., 2022, 12, 35279–35289 | 35279
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Ca, Sr, and Ba) systems using the local spin-density approxi-
mation (LSDA).29 Chen et al.30 reported that La2VMnO6 has half-
metallic antiferromagnetic (HM-AFM) and ferromagnetic (HM-
FM) phases and the antiferromagnetic phase is more stable by
0.1 eV per cell than the ferromagnetic phase. The magneto
resistance (MR) in ordered and disordered double perovskite
oxide Sr2FeMoO6 was investigated by D. D. Sarma et al.31 They
concluded that the ordered sample exhibits a sharp low-eld
response, followed by moderate changes at higher elds, and
the disordered sample was characterized in the absence of
a low-eld response, conrming that the low-eld response
depends critically on the half-metallic ferromagnetism, while
the high-eld response depends on the overall magnetic nature
of the sample, still in the absence of the half-metallic state.
Although double perovskites are widely studiedmaterials due to
their potential applications, no detailed theoretical and exper-
imental studies are available for La based La2BB

′O6 (B = Cr, V
and B′ = Co, Ni and Sc) double perovskite compounds. Herein,
we conclusively theoretically predict the structural, electronic,
magnetic and optoelectronic properties of La2BB

′O6 (B = Cr, V
and B′ = Co, Ni and Sc) double perovskites using rst principle
generalized gradient GGA32–34 and GGA (+U)35,36 approximation
calculations, considering the ferromagnetic state in the tetrag-
onal structure (14/mmm, No. 139). Since La2BB

′O6 (B= Cr, V and
B′ = Co, Ni and Sc) double perovskites are strongly electron
correlated systems requiring enhanced description, GGA
calculations were corrected by using a strong-correlation
correction GGA (+U). We revealed that the electronic magnetic
and optoelectronic properties of these materials support their
potential use in capacitors, photocells, data storage devices and
automobile license plates.

2. Method of calculation

We performed structural, electronic, magnetic and optical
property calculations for La2BB

′O6 (B = Cr, V and B′ = Co, Ni
and Sc) double perovskite compounds using GGA32–34 and GGA
(+U)35,36 (hybrid term) techniques within the framework of
density functional theory (DFT).37,38 Full structural optimization
was carried out by using the full-potential linearized augmented
plane wave (FP-LAPW) method39,40 as implemented in WIEN2K
soware41 (updated UNIX versions of the original Wien2K code
are called Wien93, Wien95 and Wien97). The WIEN2K soware
was used to calculate the lattice parameter, band structure,
charge density and exchange-correlation potential (VExc). The
charge density and potential were extended in terms of spher-
ical harmonics inside the muffin-tin spheres in terms of the
augmented plane wave (APW)32–36 outside the muffin-tin
spheres. In WIEN2K, the basis set APW+ local is used inside
the atomic sphere for chemically important orbitals, while FP-
LAPW is used for others, therefore it is based on the combina-
tion of both techniques.39–41 The strong electron correlation
systems, such as transition metal oxides, were described by the
on-site electron correlation correction GGA (+U) method.35,36

The main control of the convergence in co-relation with the
basis size is by means of the parameter, RKmax, the product of
the largest plane wave vector (Kmax), the smallest radius of the
35280 | RSC Adv., 2022, 12, 35279–35289
sphere (R) and the cutoff value of the angular momentum
(Lmax). In our calculations, for excellence convergence of the
charge, a plane wave cut-off value of RMTKmax = 6 is used in the
interstitial region, up to 120 K-point numbers were used for the
Brillouin zone for the 14/mmm structures and Lmax = 6 was used
for the charge density and potential.

3. Results and discussion
3.1. Electronic band structures and density of states

The band structure (BS) and density of states (DOS) give infor-
mation about the electronic properties27,28,36 of the materials,
and were investigated using GGA and GGA (+U) for the La2BB

′O6

(B = Cr, V and B′ = Co, Ni and Sc) double perovskite systems, as
illustrated in Fig. 1 and 2. We observed that the band structures
are crowded in both the valence and conduction band. GGA
calculations for the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2-
VNiO6 and La2VScO6 systems (Fig. 1(a–j) and Table 1) reveal
overlapped valence and conduction bands around the Fermi
level in spin-up states with a metallic response, whereas in the
spin-down channel there was no overlapping around the Fermi
level and energy gaps of 0.94 eV, 1.14 eV, 1.63 eV, 1.22 eV and
3.53 eV were exhibited, conrming a non-metallic semi-
conducting response, validating half-metallic (HM) behavior in
good agreement with previously reported work.37–39

Fig. 2(a–j) represent the GGA (+U) calculations for the La2-
CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6

compounds, showing that in the spin-down channel the energy
gaps for these compounds were 1.66 eV, 1.21 eV, 3.85 eV, 2.00 eV
and 3.56 eV, respectively. However, overlapped valence and
conduction bands are observed in the spin-up channel, con-
rming the metallic response. Both the values of the band gap
calculated via GGA and GGA (+U) calculations listed in Table 1
and represented in Fig. 1 and 2 indicate that La2CrCoO6, La2-
CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6 are direct bandgap
materials since the maxima of the valence bands andminima of
the conduction bands lie at the sigma (G) symmetry points.

The band structure calculated by GGA and GGA (+U) shows
that the width of the band gaps increases by a specic amount
of energy (0.5 eV). The band gap or energy gap (Eg) calculated for
La2VScO6 is the maximum and equal to 3.537 eV and 3.566 eV
whereas La2CrCoO6 has the minimum bandgap of 0.945 eV
(according GGA), and the La2CrNiO6 system has the minimum
band gap of 1.211 eV (according to GGA (+U)). The calculated
band gaps in terms of electron volts (eV) using GGA and GGA
(+U) calculations are illustrated in Table 1 and are in good
agreement with other previously reported theoretical work.

The behaviors of the band structures and electronic distri-
butions (states) of the La2CrNiO6, La2ScNiO6, La2VNiO6 and
La2VScO6 compounds were calculated by total DOS (TDOS)
using the GGA and GGA (+U) schemes as shown in Fig. 3 and
4(a–e). The TDOS calculations reveal that in all the compounds
a maximum contribution above the Fermi level (EF), arises due
to Tot-La in the spin-up as well as spin-down states. The valence
and conduction bands overlapping in the spin-up channel
validates the metallic behavior, whereas there is a clear gap
between the valence and conduction bands for the spin-down
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (a–j) Band structures of La2CrCoO6 (LCCO), La2CrNiO6 (LCNO), La2ScNiO6 (LSNO), La2VNiO6 (LVNO) and La2VScO6 (LVSO) using the GGA
scheme.
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channel displaying semiconducting behavior, hence conrming
that all these compounds are half-metallic. The main reasons
for the half metallicity are p–d hybridization and double
exchange. The stronger p–d hybridization in these compounds
leads to the p-state being pushed above the Fermi level (EF) in
the spin-up channel, while the band extends in the spin-down
Fig. 2 (a–j) Band structure of La2CrCoO6 (LCCO), La2CrNiO6 (LCNO), La2
(+U) scheme.

© 2022 The Author(s). Published by the Royal Society of Chemistry
channel with EF exhibiting the double exchange effect,
referred to as half-metallicity. In the case of La2CrNiO6 (Fig. 3(b)
and 4(b)) in both the spin-up and spin-down channels above the
Fermi level, La-f has the maximum contribution, whereas below
the Fermi level there is a small contribution from Cr-d and Ni-
d to the total density of states (TDOS) and the peak value of the
ScNiO6 (LSNO), La2VNiO6 (LVNO) and La2VScO6 (LVSO) using the GGA

RSC Adv., 2022, 12, 35279–35289 | 35281
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Table 1 Spin-up and spin-down state values of the bandgap of La2CrCoO6 (LCCO), La2CrNiO6 (LCNO), La2ScNiO6 (LSNO), La2VNiO6 (LVNO)
and La2VScO6 (LVSO) compounds calculated via GGA and GGA (+U)

Serial no. Compound Spin

Present work Eg (eV) Other theoretical work Eg (eV)

GGA GGA (+U) GGA GGA (+U)

1 La2CrCoO6 Spin-up Metallic Metallic Metallic Metallic
Spin-down 0.945296 1.667336 0.94 (ref. 28) 0.762 (ref. 27)

2 La2CrNiO6 Spin-up Metallic Metallic Metallic Metallic
Spin-down 1.149897 1.211155 1.14 (ref. 28) 1.007 (ref. 27)

3 La2ScNiO6 Spin-up Metallic Metallic Metallic Metallic
Spin-down 1.632651 3.855420 1.63 (ref. 28) 1.497 (ref. 27)

4 La2VNiO6 Spin-up Metallic Metallic Metallic Metallic
Spin-down 1.225672 2.00800 1.22 (ref. 28) 1.116 (ref. 27)

5 La2VScO6 Spin-up Metallic Metallic Metallic Metallic
Spin-down 3.537194 3.566456 3.53 (ref. 28) 3.238 (ref. 27)
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TDOS in the conduction band is nearly 48 (states per eV) at 3 eV.
Similarly, we observed that in the case of the La2ScNiO6, La2-
VNiO6 and La2VScO6 compounds (Fig. 3(c–e) and 4(c–e)) there is
a small contribution of Ni-d to the total density of states (TDOS)
below the Fermi level (EF), while above the Fermi level there is
a maximum contribution of La-f to the (TDOS). Furthermore,
there is a negligible contribution of O-p to the total density of
Fig. 3 (a–e) Total density of states (TDOS) of La2CrCoO6 (LCCO), La2CrN
compounds calculated by the GGA scheme.

35282 | RSC Adv., 2022, 12, 35279–35289
states (TDOS) below the Fermi level and a small contribution of
Sc-d and V-d in the conduction bands, for both the spin-up and
spin-down channels.

The DOS is nearly the same for both the GGA and GGA (+U)
calculations and the maximum value of the density of states
above the Fermi level is at approximately 1.25 eV.
iO6 (LCNO), La2ScNiO6 (LSNO), La2VNiO6 (LVNO) and La2VScO6 (LVSO)

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Total density of states (TDOS) of La2CrCoO6 (LCCO), La2CrNiO6 (LCNO), La2ScNiO6 (LSNO), La2VNiO6 (LVNO) and La2VScO6 (LVSO)
compounds calculated by the GGA (+U) scheme.
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3.2. Magnetic properties

The magnetic behaviors of the La2VNiO6, La2VScO6, La2ScNiO6,
La2CrNiO6 and La2CrCoO6 double perovskite compounds were
calculated by spin polarized GGA and GGA (+U) approximations
by calculating the interstitial region (mIntst), individual atom
(mS1, S2, S3, S4) and total cell (mCell) magnetic moments. The
detailed values of the magnetic moments calculated are listed
in Tables 2 and 3. In the generalized gradient approximation
calculation, spinel compound transition metal d-state electrons
with oxides are not strongly correlated, which keeps them near
the Fermi level (EF). Therefore, for the transition metal d-state
electrons we used GGA (+U) calculations with the U parameter
changing from 1.5 eV to 3.0 eV. Choosing an appropriate value
of U (ranging from 1.5 eV to 3.0 eV), splits the band structure of
these compounds but the total magnetic moments remain the
same and the energy gaps increase from 1.2 eV, 3.5 eV, 1.6 eV,
1.1 eV and 0.9 eV to 2.0 eV, 3.6 eV, 3.3 eV, 2.9 eV and 1.6 eV in
Table 2 The magnetic moments of half-metallic ferromagnetic (HM-F
atom (mS1, mS2, mS3, mS4, mS5) and total cell (mCell) magnetic moments

Serial no. Materials mIntst mS1 mS2

1 La2CrCoO6 0.27150 0.01201 2.3
2 La2CrNiO6 0.28269 0.01420 1.9
3 La2ScNiO6 0.01170 −0.00220 0.0
4 La2VNiO6 0.15326 0.01338 0.8
5 La2VScO6 0.42797 0.07356 1.4

© 2022 The Author(s). Published by the Royal Society of Chemistry
spin-down channels. The detailed values of the magnetic
moments calculated via the GGA and GGA (+U) approximations
of all these compounds are illustrated in Tables 2 and 3, and
conrm the half-metallic ferromagnetism.

The transition metals Cr, Co, Ni, Sc, and V have the
maximum contribution to the total spin magnetic moments,
whereas La has the minimum contribution. In the La2CrCoO6

(LCCO) and La2CrNiO6 (LCNO) compounds, Cr has the
maximum contribution to the total spin magnetic moment,
whereas in the La2ScNiO6 (LSNO) and La2VNiO6 (LVNO)
compounds, Ni has the maximum contribution. However, in
the case of the La2VScO6 (LVSO) compound, V has the
maximum contribution to the total spin magnetic moment.
Furthermore, in all these compounds La2CrNiO6 (LCNO) has
the maximum total spin magnetic moment of 4.0 mB, whereas
La2ScNiO6 (LSNO) has the minimum total magnetic moment of
0.9 mB.
M) double perovskites, along with interstitial region (mIntst), individual
by GGA calculation

mS3 mS4 mS5 mCell

2582 0.18412 0.01326 0.01290 2.88359
9849 1.38930 0.04885 0.05090 4.00017
4520 0.77638 0.02802 0.02834 0.99828
9250 1.48145 0.06907 0.06982 2.97139
2382 0.03688 −0.00487 −0.00447 2.00820

RSC Adv., 2022, 12, 35279–35289 | 35283
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Table 3 The magnetic moments of half-metallic ferromagnetic (HM-FM) double perovskites, along with interstitial region (mIntst), individual
atom (mS1, mS2, mS3, mS4, mS5) and total cell (mCell) magnetic moments by GGA (+U) calculation

Serial no. Compound mIntst mS1 mS2 mS3 mS4 mS5 mCell

1 La2CrCoO6 0.32371 0.02128 2.38831 0.15488 0.01886 0.01511 3.00761
2 La2CrNiO6 0.26399 0.01282 1.97414 1.40242 0.05606 0.05715 4.00693
3 La2ScNiO6 −0.01631 0.00239 0.01728 1.31964 −0.05725 −0.05270 1.00007
4 La2VNiO6 0.15399 0.01325 0.89531 1.48322 0.06848 0.06922 2.97283
5 La2VScO6 0.42984 0.07343 1.42780 0.03685 −0.00532 −0.00506 2.01050
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3.3. Optical properties

We have investigated the optical properties of the half-metallic
ferromagnetic ordered double perovskite compounds La2-
CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6,
including the optical conductivity s(u), reectivity R(u), refrac-
tive index n(u), absorption co-efficient a(u) and real 31(u) and
imaginary 32(u) parts of the dielectric constant for various
energies (in eV), via the GGA and GGA (+U) techniques. The
calculated optical conductivity (s(u)) is illustrated in Fig. 5(a
and b). The optical conductivity (s(u)) is the ratio of the current
density to the electric eld and depends on the frequency or
energy of the incident photons, and is represented by the
equation:
Fig. 5 (a, b) Optical conductivity (s(u)) and (c, d) absorption co-efficient (a
compounds calculated by the GGA and GGA (+U) processes.

35284 | RSC Adv., 2022, 12, 35279–35289
s(u) = J(u)/E(u) (1)

The calculated values of the optical conductivity (s(u)) are
listed in Table 4, and show that the optical conductivity (s(u))
varies from 11.205 to 14.927. La2CrCoO6 (LCCO) has the
maximum value of 14.927 at 20.993 eV, whereas La2ScNiO6

(LSNO) has the minimum value of 11.205 at 21.565 eV. The
values of the optical conductivity calculated by using the GGA
scheme for the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6

and La2VScO6 compounds are 14.927, 14.181, 11.205, 14.377
and 11.680 at 20.993 eV, 20.911 eV, 21.565 eV, 20.830 eV and
20.367 eV. The values of the optical conductivity using the GGA
(u)) of the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 4 The optical conductivities s(u) and absorption co-efficients a(u) of the half-metallic ferromagnetic (HM-FM) double perovskite
compounds, calculated by the GGA and GGA (+U) schemes

Serial no. Compound

GGA GGA (+U) GGA GGA (+U)

s(u) E (eV) s(u) E (eV) a(u) E (eV) a(u) E (eV)

1 La2CrCoO6 14.927 20.993 14.958 20.990 401.082 21.973 401.871 21.973
2 La2CrNiO6 14.181 20.911 14.317 20.912 394.128 21.918 395.603 21.918
3 La2ScNiO6 11.205 21.565 9.286 22.000 378.128 22.136 376.096 22.204
4 La2VNiO6 14.377 20.830 14.377 20.830 390.602 21.837 390.602 21.837
5 La2VScO6 11.680 20.367 11.680 20.367 376.535 22.354 376.535 22.535
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(+U) scheme for the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2-
VNiO6 and La2VScO6 compounds are 14.958, 14.317, 9.286,
14.377 and 11.680 at 20.990 eV, 20.912 eV, 22.000 eV, 20.830 eV
and 20.367 eV. The results obtained for the optical conductivity
are nearly the same for both the GGA and GGA (+U) techniques.
Furthermore, the value of the optical conductivity (s(u)) for
La2VNiO6 (LVNO) and La2VScO6 (LVSO) is exactly same for both
schemes. The absorption coefficients a(u) calculated for the
La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6

compounds shown in Fig. 5(c and d) quantify the incident light
absorbed by the material (instead of being reected or
Fig. 6 (a, b) Refractive index (n(u)) and (c, d) reflectivity R(u) of the La2
calculated by the GGA and GGA (+U) processes.

© 2022 The Author(s). Published by the Royal Society of Chemistry
refracted), giving information about the transformation of
electromagnetic energy into the internal energy of the absorber.

The values of the absorption coefficient a(u) calculated via
GGA and GGA (+U) listed in Table 4 indicate that of all ve of
these compounds, La2CrCoO6 (LCCO) has the maximum value
of 401.082 at 21.973 eV, showing that this compound has more
potential to absorb incident photons and can be used for
absorption in optical devices.

The absorption power for incident photons in the La2VScO6

compound is the minimum (376.535 at 22.354 eV), indicating
that this compound may be less useful for optical and
CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6 compounds

RSC Adv., 2022, 12, 35279–35289 | 35285
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Fig. 7 Real 31(u) and imaginary 32(u) parts of the dielectric constants of the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6

compounds calculated by the GGA and GGA (+U) processes.
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optoelectronic applications than the other four compounds.
The value of the energy observed for the maximum absorption
coefficient (a(u)) is in the range of 21 eV to 22.5 eV. Interest-
ingly, the absorption coefficient (a(u)) calculated for La2VNiO6

is a = 390.602, exactly the same for both schemes, and both
schemes exhibit the same value of the energy (E = 21.837 eV).
The values of the optical absorption coefficients a(u) are
specic for each compound, validating the potential application
in optics where a specic ultraviolet radiation (UV) wavelength
of absorption is required, such as in sunglasses, colored lters,
dyes etc.

Fig. 6 represents the refractive indices (n(u)) of all ve
compounds. The refractive index n(u) is a critical feature of
semiconductors, revealing the amount of light bent or refrac-
ted. The value of n(u) increases with increasing energy (eV). The
GGA and GGA (+U) calculations report higher values of the
refractive index n(u) for La2CrCoO6, La2CrNiO6, La2ScNiO6,
La2VNiO6 and La2VScO6 compounds of 6.005 (at 0.013 eV), 9.602
(at 0.038 eV), 4.928 (at 0.122 eV), 3.943 (at 0.013 eV) and 3.979 (at
0.013 eV), and 6.322 (at 0.013 eV), 8.732 (at 0.013 eV), 4.614 (at
0.149 eV), 3.820 (at 0.019 eV) and 3.979 (at 0.013 eV), indicating
their potential use in optoelectronic applications, primarily in
electronic displays, such as LCDs, OLEDs, and quantum dot
(QDLED) televisions. The refractive index (n(u)) calculated for
La2CrNiO6 has themaximum value of 9.602 at 0.038 eV, whereas
35286 | RSC Adv., 2022, 12, 35279–35289
a minimum value of 3.943 at 0.013 eV is reported for the La2-
VNiO6 compound, as compared to the other compounds. There
is no large difference between the refractive indices (n(u))
calculated by GGA and GGA (+U). The refractive indices (n(u))
measured for the La2VNiO6 and La2VScO6 compounds are
nearly the same at 0.013 eV in the GGA scheme. The refractive
indices (n(u)) of La2CrCoO6 and La2ScNiO6 are equal to 6.0 and
4.9 at 0.013 eV and 0.122 eV, respectively. The n(u) values
observed for all these compounds are non-linear. Initially there
is a sharp increase and then a decrease with increasing energy
(eV), etc., which is in good agreement with previously reported
theoretical and experimental results related to 2D double
perovskites.40–44

The optical reectivity R(u) values in relation to the incident
energy calculated via GGA and GGA (+U) shown Fig. 6(c and d)
conrm the reective nature of these compounds. The optical
reectivity R(u) is the ratio of the energy of a wave reected from
a surface to the energy possessed by the wave striking the
surface. The GGA and GGA (+U) values of the reectivity R(u) for
the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6

compounds of 0.534, 0.696, 0.475, 0.389 and 0.369, and 0.558,
0.662, 0.454, 0.389 and 0.369 indicate that the surfaces of these
materials are smooth and have an ordered crystalline structure.
Among all ve of these compounds, La2CrNiO6 has the
maximum value of 0.696 at 0.04 eV, whereas La2VScO6 has the
© 2022 The Author(s). Published by the Royal Society of Chemistry
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lowest value of 0.369 at 0.013 eV in both the GGA and GGA (+U)
schemes.

The calculated real 31(u) and imaginary 32(u) parts of the
dielectric constant as a function of energy (eV) calculated via
both the GGA and GGA (+U) schemes are shown in Fig. 7. The
dielectric constant, known as the relativity permittivity or
specic inductive capacity, is a dimensionless number
expressing a material's ability to support an electrostatic eld
while dissipating a minimum amount of energy in the form of
heat. The calculated values of the static dielectric constants for
the La2CrCoO6, La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6

compounds conrm that all these compounds display a dielec-
tric response, and according to GGA approximations the values
of the real parts of the dielectric constant 31(u) are in the range
of 14.172 to 80.617, and the values of the imaginary parts are in
the range of 7.867 to 78.097. Furthermore, according to the GGA
(+U) scheme, the values of the real parts of the dielectric
constant 31(u) are in the range of 14.172 to 68.613, and the
values of the imaginary parts 32(u) are in the range of 7.867 to
58.682.

It is worth noting that the value of the 32(u) is zero until
absorption starts aer the photon energy reaches the band gap
energy, which determines the threshold for a direct optical
transition between the VBM and the CBM. The dielectric
constant values describe the effect of the electric eld on
a material and the higher the dielectric constant, the more the
material tends to reduce any eld set up in it. In both the GGA
and GGA (+U) processes, the calculated values of the real 31(u)
and imaginary 32(u) parts of the dielectric constant for La2-
CrNiO6 (LCNO) are the highest, which indicates that this
material is more dielectric than the others. La2VNiO6 (LVNO) is
the least dielectric material, indicated by the obtained values of
the dielectric constant. The materials with high dielectric
constants are useful in the manufacture of high-value
capacitors.

4. Conclusions

In this study, we investigated the inuence of 3d transition
metal incorporation at the B (Cr and V) and B′ (Co, Ni and Sc)
sites of the 2D La2BB

′O6 double perovskites on the electronic,
magnetic, and optoelectronic properties. Full structural opti-
mization was carried out by using the full-potential linearized
augmented plane wave technique as implemented in WIEN2K
soware. The results are in good agreement with previously
reported work. The electronic band structures in the spin-up
and spin-down states reveal that all ve of these compounds
are half-metallic. In the case of the spin-up channel, La2CrCoO6,
La2CrNiO6, La2ScNiO6, La2VNiO6 and La2VScO6 display metallic
features, while they display non-metallic features in the spin-
down channel. The calculated density of states gives
a detailed explanation of the band structure, and the electronic
distributions of these compounds drawn in terms of the total
density of states verify the half-metallic nature. The pd-
hybridizations, double exchange correlations (strong-
correlation correction (GGA (+U))), ground-state energies and
calculated total magnetic moments (2.9 mB, 2.0 mB, 0.9 mB, 4.0 mB
© 2022 The Author(s). Published by the Royal Society of Chemistry
and 2.8 mB) of these compounds conrm the ferromagnetic
behavior. Therefore, the overall nature of thesematerials is half-
metallic ferromagnetic. We have calculated the optical
conductivities s(u) and absorption co-efficients a(u), and the
maximum values are 14.927 and 401.08 at 21.97 eV for the
La2CrCoO6 compound. The refractive index (n(u)) and optical
reectivity (R(u)) calculations reveal that La2CrNiO6 has the
highest values of 9.602 at 0.038 eV and 0.696 at 0.04 eV, whereas
La2VNiO6 has the lowest values of 3.943 at 0.013 eV and 0.389 at
0.013 eV, compared to all the other compounds. The real and
imaginary parts of the dielectric constant show that La2CrNiO6

has the maximum value, which means that this compound is
more dielectric than the others. The fully spin-polarized strong
magnetic element induces the weak magnetic element, and
slightly increases the positive (or negative) magnetic moment,
therefore it is regarded as the main cause of the half-metallic
properties. In summary, based on our calculations, we
revealed that 2D La2BB

′O6 double perovskites with 3d transition
metals incorporated at the B (Cr and V) and B′ (Co, Ni and Sc)
sites have potential applications in spintronic, multifunctional,
and optoelectronic devices.
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Marcos, J. Rodŕıguez-Fernández, M. I. Arriortua and T. Rojo,
Magnetic properties of the ordered double perovskite
Sr2MnTeO6, Eur. J. Inorg. Chem., 2006, 7, 1362–1370.

17 M. R. Li, M. Retuerto, Z. Deng, P. W. Stephens, M. Cro,
Q. Huang, H. Wu, X. Deng, G. Kotliar, J. Sánchez-Beńıtez
and J. Hadermann, Giant magnetoresistance in the
half-metallic double-perovskite ferrimagnet Mn2FeReO6,
Angew. Chem., Int. Ed., 2015, 54(41), 12069–12073.

18 F. Estrada, E. J. Guzmán, O. Navarro and M. Avignon, Curie
temperature behavior in half-metallic ferromagnetic double
perovskites within the electronic correlation picture, Phys.
Rev. B, 2018, 97(19), 195155.

19 O. Erten, O. N. Meetei, A. Mukherjee, M. Randeria, N. Trivedi
and P. Woodward, Theory of half-metallic ferrimagnetism in
double perovskites, Phys. Rev. Lett., 2011, 107(25), 257201.
35288 | RSC Adv., 2022, 12, 35279–35289
20 Q. Tang and X. Zhu, Half-metallic double perovskite oxides:
recent developments and future perspectives, J. Mater. Chem.
C, 2022, 15301–15338.

21 N. Rahmani, M. E. Ghazi, M. Izadifard, D. Wang, A. Shabani
and B. Sanyal, Density functional study of structural,
electronic and magnetic properties of new half-metallic
ferromagnetic double perovskite Sr2MnVO6, J. Phys.:
Condens. Matter, 2019, 31(47), 475501.

22 O. N. Meetei, O. Erten, A. Mukherjee, M. Randeria, N. Trivedi
and P. Woodward, Theory of half-metallic double
perovskites. I. Double exchange mechanism, Phys. Rev. B:
Condens. Matter Mater. Phys., 2013, 87(16), 165104.

23 Q. Tang and X. Zhu, Half-metallic double perovskite oxides:
recent developments and future perspectives, J. Mater. Chem.
C, 2022, 15301–15338.

24 G. M. Mustafa, M. Hassan, N. M. Alou, S. Saba, S. Al-Qaisi,
Q. Mahmood, H. Albalawi, S. Bouzgarrou, H. H. Somaily and
A. Mera, Half metallic ferroamgnetism, and transport
properties of vacancy ordered double perovskites Rb2(Os/
Ir)X6 (X = Cl, Br) for spintronic applications, Ceram. Int.,
2022, 23460–23467.

25 T. Alshahrani, Q. Mahmood and M. Rashid, The role of 5d
electrons spin in quantum ferromagnetism and transport
properties of double perovskites Cs2ZCl/Br6 (Z = Ta, W) for
spintronic applications, Eur. Phys. J. Plus, 2021, 136(3), 1–2.

26 J. B. Philipp, P. Majewski, L. Alff, A. Erb, R. Gross, T. Graf,
M. S. Brandt, J. Simon, T. Walther, W. Mader, D. Topwal
and D. D. Sarma, Structural and doping effects in the half-
metallic double perovskite A2CrWO6 (A =Sr, Ba, and Ca),
Phys. Rev. B: Condens. Matter Mater. Phys., 2003 Oct, 68,
144431.

27 Y. P. Liu, S. H. Chen, H. R. Fuh and Y. K. Wang, First-
principle calculations of half-metallic double perovskite
La2BB

′O6 (B, B′ = 3d transition metal), Commun. Comput.
Phys., 2013, 14(1), 174–185.

28 U. R. Mehtab, W. Qun and Y. Yunfei, Electronic, Magnetic
and Optical Properties of Double Perovskite Compounds: A
First Principle Approach, Crystals, 2022, 12(11), 1597.

29 J. H. Park, S. K. Kwon and B. I. Min, Half-metallic
antiferromagnetic double perovskites: LaAVRuO6 (A = Ca,
Sr, and Ba), Phys. Rev. B: Condens. Matter Mater. Phys.,
2002, 65(17), 174401.

30 S. H. Chen, Z. R. Xiao, P. H. Lee, Y. P. Liu and Y. K. Wang,
Stability of half-metallic antiferromagnet La2VMnO6, rst-
principles calculation study, Phys. B, 2011, 406(14), 2783–
2787.

31 D. D. Sarma, E. V. Sampathkumaran, S. Ray, R. Nagarajan,
S. Majumdar, A. Kumar, G. Nalini and T. G. Row,
Magnetoresistance in ordered and disordered double
perovskite oxide, Sr2FeMoO6, Solid State Commun., 2000,
114(9), 465–468.

32 J. P. Perdew, K. Burke and M. Ernzerhof, Generalized
gradient approximation made simple, Phys. Rev. Lett.,
1996, 77(18), 3865.

33 K. Burke, J. P. Perdew and M. Ernzerhof, Why the
generalized gradient approximation works and how to go
beyond it, Int. J. Quantum Chem., 1997, 61(2), 287–293.
© 2022 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra06710b


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
D

ec
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 1

/1
5/

20
26

 9
:5

3:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
34 Z. Wu and R. E. Cohen, More accurate generalized gradient
approximation for solids, Phys. Rev. B: Condens. Matter
Mater. Phys., 2006, 73(23), 235116.

35 S. Bo and Z. Ping, First-principles local density
approximation (LDA) + U and generalized gradient
approximation (GGA) + U studies of plutonium oxides,
Chin. Phys. B, 2008, 17(4), 1364.

36 Y. Guermit, M. Drief, T. Lantri, A. Tagrerout, H. Rached,
N. E. Benkhettou and D. Rached, Theoretical investigation
of magnetic, electronic, thermoelectric and
thermodynamic properties of Fe2TaZ (Z = B, In)
compounds by GGA and GGA + U approaches, Comput.
Condens. Matter, 2020, 22, e00438.

37 S. A. Mir and D. C. Gupta, Understanding the origin of
half-metallicity and thermophysical properties of ductile
La2CuMnO6 double perovskite, Int. J. Energy Res., 2019,
43(9), 4783–4796.

38 S. Satpathy, Z. S. Popović and F. R. Vukajlović,
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