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Abstract

This study presents a comprehensive �rst-principles investigation of the structural, elastic,
electronic, and optical properties of Mg3BaO4 and Sr3CdO4 compounds, emphasizing their
potential for optoelectronic applications. These compounds are found to be thermodynami-
cally and mechanically stable. The electronic band structures, analyzed using the TB-mBJ
method, revealed direct band gap of 2.29 eV and indirect band gap of 2.64 eV for Mg3BaO4

and Sr3CdO4, respectively. Furthermore, their optical properties, including dielectric func-
tions, absorption coe�cients, and refractive indices, indicated strong absorption in the UV
region, highlighting their suitability for high-performance solar cells, optical sensors, and light-
emitting devices. These �ndings provide critical insights into the optoelectronic potential of
Mg3BaO4 and Sr3CdO4, paving the way for experimental validation and practical applica-
tions.
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1 Introduction

Metal oxides represent a crucial and versatile class
of materials with extensive applications across a
broad range of industries. Over the decades, their
study has driven signi�cant advancements in di-
verse �elds, including magnetism, semiconductors,

optoelectronics, catalysis, thermoelectric devices,
and energy storage [1�9]. Through detailed inves-
tigations of various metal oxide families such as
binary metal oxides, transition metal oxides, per-
ovskites, and spinel oxides, researchers have de-
veloped a comprehensive understanding of their
unique properties and vast potential applications.
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For example, zinc oxide (ZnO) has emerged as a
key material in optoelectronic devices and gas sen-
sors due to its favorable electronic properties [10].
Nickel oxide (NiO), on the other hand, is widely uti-
lized in electrochemical applications and as a cat-
alyst in oxidation reactions [11]. Titanium diox-
ide (TiO2) is another well-studied material, partic-
ularly for its photocatalytic properties, which hold
great promise for environmental cleanup and en-
ergy conversion applications [12]. Similarly, man-
ganese oxide (MnO2) is crucial in battery technolo-
gies and catalysis [13]. Meanwhile, vanadium diox-
ide (VO2) is extensively researched for its metal-
insulator transition, making it a strong candidate
for smart windows and advanced electronic devices
[14]. Tin oxide (SnO2) is noted for its electronic
structure and optical properties, which enhance its
utility in catalysis, sensors, and optoelectronics [15].
Additionally, iron oxides, particularly magnetite
(Fe3O4) and hematite (α-Fe2O3), have gained at-
tention for their magnetic properties and e�ective-
ness in environmental remediation [16]. Chromium
oxide (Cr2O3) and neodymium oxide (Nd2O3) are
recognized for their exceptional high-temperature
stability, making them ideal for protective coat-
ings [17].

Further, PdAlO2, PdCrO2, and PdRhO2, with
their indirect band gaps ranging from 2.14 to
2.68 eV, show great promise for optoelectronic
and photovoltaic applications due to their favor-
able thermoelectric properties, such as low ther-
mal conductivity, high Seebeck coe�cients, and
enhanced performance at elevated temperatures
[18]. Wide band gap semiconductors like zinc alu-
minate (ZnAl2O4), zinc gallate (ZnGa2O4), and
zinc indium oxide (ZnIn2O4) also show poten-
tial in photoelectronics and optics [19]. The in-
vestigation of spinel oxides, including GeMg2O4,
GeZn2O4, and GeCd2O4, demonstrates that the
band gaps of these compounds decrease as the
atomic size of the constituent elements (Mg, Zn,
and Cd) increases, con�rming that these com-
pounds are direct-band-gap materials [20]. First-
principles calculations on ZnFe2O4 reveal its me-
chanical stability, direct bandgap semiconducting
nature, pressure-dependent bandgap, and stronger
Zn�O bonds compared to Fe�O, with optical prop-
erties aligning with experimental data [21].

A thermodynamically stable cubic phase, Mg3ZnO4
(Pm	3m), has been discovered, exhibiting mechani-
cal and dynamic stability, with an indirect band gap
of (∼ 5.95 eV) [22]. Mg3CdO4 is a semiconductor
with an indirect band gap of 5.19 eV, and its de-
tailed optical property analysis, including dielectric
function, refractive index, absorption coe�cient, re-
�ectivity, and loss function, highlights its potential
for optoelectronic applications [23]. The study of

XBe3O4 (X = Li, Na, K) compounds demonstrated
that these materials are energetically stable in their
ferromagnetic phase, with some of them exhibit-
ing mechanical stability, ductility, and anisotropy,
making promising candidates for spintronic appli-
cations due to their high Curie temperatures [24].
Theoretical studies on ternary palladates CdPd3O4

and TlPd3O4 using various functionals reveal that
CdPd3O4 is metallic, while TlPd3O4 is an indirect
band gap semiconductor with potential thermoelec-
tric applications, and both compounds are duc-
tile and exhibit paramagnetic behavior [25]. Sim-
ilarly, XMg3O4 (X = Li, Na, K, Rb) compounds
have been identi�ed as ferromagnetic, mechanically
stable, and half-metallic, with Curie temperatures
ranging from 113 K to 537 K [26].

To the best of our knowledge, no prior theoretical
or experimental studies have been reported for the
Mg3BaO4 and Sr3CdO4 compounds in the existing
literature. Therefore, in this work, we undertake a
comprehensive �rst-principles investigation of these
materials. Our study covers a wide range of prop-
erties, including structural, mechanical, electronic,
and optical properties.

2 Computational details

To investigate the electronic properties of Mg3BaO4

and Sr3CdO4, we employed the full potential lin-
earized augmented plane wave (FP-LAPW) method
[27] within the WIEN2k all-electron code [28],
which solves the Kohn-Sham equations [29] at the
density functional theory (DFT) level. For struc-
tural optimization, we used the Perdew-Burke-
Ernzerhof (PBE) functional within the general-
ized gradient approximation (GGA) to treat the
exchange-correlation (XC) energy [30]. In the GGA
scheme, the exchange-correlation energy is assumed
to be a functional of the spatial gradients and
charge density ρ(r), expressed as

EGGA

xc =

∫
εxcF (ρ,∇ρ) d3r. (1)

To enhance the accuracy of electronic and optical
properties, the modi�ed Becke-Johnson (mBJ) po-
tential [31] was utilized, known for its superior per-
formance in estimating band gaps in complex ox-
ides. The mBJ potential is expressed as [32]

V mBJ
x,σ (r) = cV BR

x,σ (r)+(3c−2)
1

π

√
5

12

√
2tσ(r)

ρσ(r)
(2)

where ρσ =
∑Nσ

i=1 |Ψi,σ|2 represents the electron
density, tσ = 1

2

∑Nσ

i=1 ∇Ψ∗
i,σ∇Ψi,σ denotes the ki-

netic energy of the crystal system, and V BR
x,σ is

the Becke-Roussel (BR) potential [33]. In the FP-
LAPWmethod, the unit cell is divided into two dis-
tinct regions: non-overlapping spheres centered at
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Table 1: The lattice parameter (a), the bulk modulus (B) and its �rst pressure derivative (B'), equilibrium
volume (V0) and energy (E0), formation energy (Ef ), cohesive energy (Ecoh) of Mg3BaO4 and Sr3CdO4

Compound a B B′ V0 E0 Ef Ecoh

(Å) (GPa) (a.u.3) (eV) (eV/atom) (eV/atom)
Mg3BaO4 4.8241 103.4508 4.3997 757.6077 -246037.65668 -2.834 -5.294
Sr3CdO4 5.1018 89.6249 4.4656 896.1268 -420062.01189 -3.163 -5.538

Mg3CdO4 [23] 4.445 142.262 4.496 - - -5.250 -5.118

atomic positions with a radius RMT, and the inter-
stitial region [34]. In the interstitial region, the po-
tential is expanded using plane wave orbitals, while
in the mu�n-tin region, the basis set is constructed
from spherical harmonics, resembling atomic or-
bitals. The potential in this approach is expressed
as [35]

V (r) =

{∑
lm Vlm(r)Ylm(r), (Mu�n-tin region),∑
k Vke

ikr, (Interstitial region)
(3)

In our calculations, a Mu�n-tin radius to wave-
vector cut-o� ratio of RMT × Kmax = 7 was em-
ployed. The maximum angular momentum quan-
tum number (Lmax) was set to 10, and the max-
imum magnitude of the reciprocal lattice vectors
(Gmax) was set to 12. A 12×12×12 k-mesh, corre-
sponding to 2000 k-points, was used to ensure con-
vergence, with energy and charge stability thresh-
olds of 10−7 Ry and 10−5 e, respectively. For the
calculation of optical properties, a denser k-mesh of
46× 46× 46, comprising 100000 k-points in the full
Brillouin zone, was utilized.

3 Results and discussion

3.1 Structural property

Both Mg3BaO4 and Sr3CdO4 compounds crystal-
lize in a cubic structure belonging to the space
group Pm3̄m (No. 221), as shown in Figure 1. In
these structures, the Mg/Sr atoms are positioned at
the 3c Wycko� site (0, 1/2, 1/2), while the Ba/Cd
atoms occupy the 1a Wycko� site (0, 0, 0). The O
atoms are located at two distinct Wycko� sites: 3d
(0, 0, 1/2) and 1b (1/2, 1/2, 1/2). These speci�c
atomic positions de�ne the crystallographic frame-
work of both materials and play a crucial role in
determining their unique physical properties. In
order to determine the theoretical lattice constant
and ground state energy, Energy-volume optimiza-
tions were conducted using Murnaghan's equation
of state [36]

Et = E0+
V B

B′(B′ − 1)

[(
V0

V

)B′

+B

(
1− V0

V

)
− 1

]
(4)

where E0, V0, B = −V ∂P
∂V , and B′ = ∂B

∂P are the
minimum energy, equilibrium volume, bulk modu-
lus, and the pressure derivative of the bulk modulus,
respectively. This approach allowed us to calculate
the equilibrium lattice parameter and correspond-
ing energy. For this, we carried out ferromagnetic
(FM) and non-magnetic (NM) calculations using
the ideal cubic structure. From the calculations,
we observed that NM state has lowest energy than
FM state which indicates that these compunds are
NM in nature.

Furthermore, to check the thermodynamic and
chemical stabilities of these compounds, formation
(Ef ) and cohesive (Ecoh) energies are computed us-
ing the following equations

Ef =
Etotal

A3BO4
− (3Ebulk

A + Ebulk
B + 4Ebulk

O4
)

8
(5)

Ecoh =
Etotal

A3BO4
− (3Eiso

A + Eiso
B + 4Eiso

O4
)

8
(6)

where, A=Mg/Sr, B=Ba/Cd, and O atoms. Calcu-
lated lattice parameters (in Å), bulk moduli (B) (in
GPa), their pressure derivative (B'), formation (Ef )
and cohesive (Ecoh) energies (in eV/atom) of the
structural and ground phase (NM) for Mg3BaO4

and Sr3CdO4 are detailed in Table 1. The calcu-
lated values of lattice parameters are 4.8241 and
5.1018 Å for Mg3BaO4 and Sr3CdO4, respectively.
The lattice parameter for Mg3BaO4 of the work is
comparable with that of Mg3CdO4 [23]. The nega-
tive values for both formation and cohesive energies
suggest that these compounds are thermodynami-
cally and chemically stable in their NM phase, in-
dicating that they can be successfully synthesized,
Figure 2(a,b).
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Figure 1: Crystal structure of Mg3BaO4 (left) and Sr3CdO4 (right).
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Figure 2: Total energy as a function of volume for (a) Mg3BaO4 and (b) Sr3CdO4.

3.2 Elastic properties

The elastic properties of materials provide insight
into their stability and sti�ness. In cubic crys-
tal structures, three independent elastic constants,
namely C11, C12, and C44, primarily determine me-
chanical stability. For mechanical stability these
elastic constans must satisfy the Born-Huang (BH)
criteria [37], expressed as

C11, C44 > 0; C11 > |C12|; C12 < B < C11

C11 − C12 > 0; C11 + 2C12 > 0
(7)

The present calculations that both Mg3BaO4 and
Sr3CdO4 compounds are mechanically stable and
physically realistic, Table 2. This indicates that
these materials respond predictably to applied
stress without mechanical instabilities or unreal-
istic deformation. In other words, their internal
structures remain resilient and stable under typical
conditions, Figure 3(a). The elastic constants were
further employed to calculate key mechanical prop-
erties, including the bulk modulus (B), shear mod-
ulus (G), Pugh's ratio (B/G), Poisson's ratio (ν),
Young's modulus (E), and anisotropy factor (A),
using standard expressions [38�40], given below

B =
C11 + 2C12

3
(8)

G =
C11 − C12

2
(9)

E =
9BG

3B +G
(10)

ν =
3B − 2G

2(3B +G)
(11)

A =
2C44

(C11 − C12)
(12)

The bulk modulus re�ects a material's resistance
to uniform compression, quantifying its ability to
withstand volume changes under applied pressure.
A higher bulk modulus signi�es greater resistance
to deformation. For Mg3BaO4 and Sr3CdO4, the
computed bulk moduli are 103.499 GPa and 97.373
GPa, respectively (Figure 3(b)). These values in-
dicate that Mg3BaO4 is more resistant to compres-
sion compared to Sr3CdO4, highlighting its relative
structural robustness. The shear modulus measures
resistance to shape changes under parallel forces,
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such as twisting or shearing. Higher shear modu-
lus values indicate greater rigidity. For Mg3BaO4

and Sr3CdO4, the shear moduli are calculated to
be 65.606 GPa and 62.615 GPa, respectively, sug-
gesting that Mg3BaO4 is more resistant to shear-
ing forces than Sr3CdO4. Young's modulus (E),
also known as the elastic modulus, quanti�es a ma-
terial's sti�ness, describing how it deforms under
stress. Its higher value indicates greater rigidity
and reduced deformation under applied forces. The

Young's modulus values for Mg3BaO4 and Sr3CdO4

are 162.487 and 154.689 GPa, respectively, con-
�rming that Mg3BaO4 is signi�cantly sti�er than
Sr3CdO4. This increased rigidity can be attributed
to stronger bonding interactions and potentially
higher lattice rigidity in Mg3BaO4, making it less
prone to shape changes under mechanical forces.
Pugh's ratio (B/G) is used to assess a material's
ductility or brittleness. A B/G ratio below

Table 2: The calculated elastic constants Cij , bulk modulus B, shear modulus G, Young's modulus
E, Poisson's ratio (ν), Pugh's ratio (B/G), Cauchy pressure (CP = C12 − C44), Anisotropy factor
(A), transverse sound velocity (vt), longitudinal sound velocity (vl), average sound velocity (vm), Debye
temperature (ΘD), and melting temperature (Tm) of Mg3BaO4 and Sr3CdO4

Material property Mg3BaO4 Sr3CdO4 Mg3CdO4 [23]
C11 (GPa) 180.034 186.037 248.844
C12 (GPa) 65.232 53.041 111.838
C44 (GPa) 71.727 60.153 102.618
B (GPa) 103.499 97.373 -
G (GPa) 65.606 62.615 87.272
E (GPa) 162.487 154.689 220.999
ν 0.238 0.235 0.266
B/G 1.578 1.555 -
CP (GPa) -6.495 -7.112 -
A 1.249 0.904 1.498
vt (m/s) 4021.634 3376.232 -
vl (m/s) 6861.467 5738.034 -
vm (m/s) 4458.751 3741.865 -
ΘD (K) 550.353 436.725 -
Tm (K) 1617.000 ± 300 1652.478 ± 300 -
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Figure 3: The calculated (a) elastic constants and (b) elastic Moduli (c) ductile/brittle barometers of
Mg3BaO4 and Sr3CdO4.

1.75 indicates brittleness, while a value above 1.75
suggests ductility [41]. For Mg3BaO4 and Sr3CdO4,
the calculated B/G ratios are 1.57 and 1.55, respec-
tively, classifying both materials as brittle (Figure
3(c)). Poisson's ratio (ν) provides additional insight

into ductility and brittleness. Generally, a Pois-
son's ratio below 0.26 suggests brittleness, whereas
a value exceeding 0.26 indicates ductility [42]. Both
Mg3BaO4 and Sr3CdO4 exhibit Poisson's ratios of
0.23, corroborating their classi�cation as brittle ma-
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terials. These �ndings imply that both materials
are prone to fracture under stress, with limited ca-
pacity for plastic deformation.

The Cauchy pressure (Cp), de�ned as CP = C12 −
C44, o�ers insights into the bonding nature of a
crystal, distinguishing between ionic and covalent
characteristics [43, 44]. Negative Cp values suggest
a predominance of covalent bonding, Table 2. For
Mg3BaO4 and Sr3CdO4, the calculated Cp values
are -6.495 and -7.112 GPa, respectively, highlight-
ing their covalent bonding nature. The anisotropy
factor (A) quanti�es the directional dependence of
a material's properties. A value of A = 1 indi-
cates isotropy, while deviations from this value sig-
nify anisotropic behavior [45, 46]. The computed

anisotropy factors for Mg3BaO4 and Sr3CdO4 are
1.249 and 0.904, respectively, revealing that both
materials exhibit anisotropic properties.

The transverse sound velocity (vt) and longitudinal
sound velocity (vl) are calculated based on their
shear modulus (G) and bulk modulus (B) [47, 48],
expressed as

vt =

(
G

ρ

)1/2

(13)

vl =

(
3B + 4G

3ρ

)1/2

(14)

(a) Young Modulus in 2D (b) Young Modulus in 3D

(c) Shear Modulus in 2D (d) Shear Modulus in 3D

(e) Poison's ratio in 2D (f) Poison's ratio in 3D

Figure 4: The left panel show the 2D illustration of variations in Young's modulus, shear modulus and
Poisson's ratio of Mg3BaO4 and 3D depictions of these parameters are given in the right panel of this
graph.
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(a) Young Modulus in 2D (b) Young Modulus in 3D

(c) Shear Modulus in 2D (d) Shear Modulus in 3D

(e) Poison's ratio in 2D (f) Poison's ratio in 3D

Figure 5: The left panel show the 2D illustration of variations in Young's modulus, shear modulus and
Poisson's ratio of Sr3CdO4 and 3D depictions of these parameters are given in the right panel of this
graph.

where ρ is the density of the compounds. Addition-
ally, the mean sound velocity (vm) is determined
using the relation

Vm =

[
1

3

(
2

V 3
t

+
1

V 3
l

)]−1/3

(15)

These sound velocities are crucial for understanding
the material's elastic behavior. Moreover, the De-
bye temperature (θD), which o�ers insights into the
thermal properties of the crystals, is derived from
the Debye model [49]

θD =
h

kB

[
3n

4π
× NAρ

M

]1/3
× Vm (16)

Here, h is Planck's constant, kB is the Boltzmann
constant, NA is Avogadro's constant, M is the

molecular mass, and n represents the number of
atoms in the compound. The computed trans-
verse, longitudinal, and mean sound velocities for
Mg3BaO4 are 4021.634, 6861.467, and 4458.751
m/s, respectively, while for Sr3CdO4, they are
3376.232, 5738.034, and 3741.865 m/s, respectively.
The corresponding Debye temperatures are calcu-
lated to be 550.353 K for Mg3BaO4 and 436.725 K
for Sr3CdO4, re�ecting the distinct thermal proper-
ties of these materials. These results provide valu-
able insights into the elastic and thermal behavior
of these compounds.

Further, the ELATE code [50] is utilized to gen-
erate 2D and 3D visualizations of Young's modu-
lus, shear modulus, and Poisson's ratio of the com-
pounds. These graphical representations provide
a deeper understanding of the mechanical behav-
ior by illustrating how these parameters vary across
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di�erent planes. The results for Mg3BaO4 are pre-
sented in Figure 4(a-f), while the corresponding vi-
sualizations for Sr3CdO4 are shown in Figure 5(a-
f). It can be observed that both compounds show
anisotropic properties with respect to these elastic
moduli, validating the previous �ndings.

3.3 Electronic properties:

The band gap is a critical property that signi�cantly
in�uences a material's suitability for optical device
applications. To investigate the electronic prop-
erties of the studied compounds, as illustrated in
Figure 6(a-d), we calculated the band structures
of Mg3BaO4 and Sr3CdO4 using the PBE-GGA
and TB-mBJ exchange-correlation potentials. Us-
ing the PBE-GGA approach, the electronic band
gap calculations revealed a direct band gap (Γ-Γ)
of 0.79 eV for Mg3BaO4 and an indirect band gap
(M-Γ) of 0.55 eV for Sr3CdO4. However, it is well-
known that the PBE-GGA method often underesti-
mates the energy band gaps of materials, which lim-
its its accuracy for quantitative predictions. This
limitation is evident in the results for the studied
compounds.

To overcome this challenge, we employed the Tran-
Blaha modi�ed Becke-Johnson (TB-mBJ) poten-
tial, which is widely recognized for its improved
accuracy in predicting electronic band gaps. The
TB-mBJ calculations provided a direct band gap of
2.29 eV for Mg3BaO4 and an indirect band gap of
2.64 eV for Sr3CdO4. These results highlight the re-
liability of the TB-mBJ approach in yielding more
precise electronic properties, which are critical for
understanding the material's potential applications.
In previous studies, Mg3ZnO4 was reported to ex-
hibit an indirect band gap of 5.19 eV [22], Figure
6(b,d). Similarly, research on Mg3CdO4 identi�ed
an indirect band gap of 3.12 eV [23]. The increase
in the band gap of Sr3CdO4 compared to Mg3BaO4
can be attributed to several factors, including its
larger lattice constant, which reduces orbital over-
lap and enhances the band gap, as well as the higher
cation polarizability of Sr and Cd, which modi�es
the e�ective potential experienced by electrons. Ad-
ditionally, the more localized Cd-d states compared
to Mg-s states further contribute to the separation
between the valence and conduction bands, increas-
ing the band gap in Sr3CdO4. The distinctive elec-
tronic band gap characteristics of these materials
hold signi�cant promise for applications in energy
storage and the semiconductor industry. However,
the absence of both theoretical predictions and ex-
perimental data on their band gaps presents a com-
pelling opportunity for further investigation. This
study provides a foundational basis for future re-
search, paving the way for a deeper understanding
and potential advancements in these compounds.

To gain a deeper understanding of the electronic
properties of Mg3BaO4 and Sr3CdO4, we analyzed
their total density of states (TDOS) and partial
density of states (PDOS). The results are presented
in Figure 7(a-d). The energy range considered for
all density of states (DOS) plots extends from -7 to
7 eV. Within this range, the interval referred to as
region 1, ranging from -7 to 0 eV, corresponds to the
valence band. The Fermi level (EF ) is represented
by a dashed line at 0 eV. Additionally, the inter-
val labeled as region 3, extending from 0 to 7 eV,
corresponds to the conduction band. In the valence
band of Mg3BaO4, the primary contributions arise
from the O1-p, O2-p, and Ba-s states, with a minor
contribution from the Mg-s state. Conversely, in
the conduction band, signi�cant contributions orig-
inate from the O1-p, O2-p, and Mg-s states, while
the Ba-s state plays a minor role. Similarly, for
Sr3CdO4, the valence band is predominantly in�u-
enced by the O1-p, O2-p, and Cd-d states, with
a smaller contribution from the Sr-s state. In con-
trast, the conduction band is characterized by a no-
table contribution from the O1-p, and O2-p states,
with minor contributions from the Sr-s, and Cd-
d states. These observations highlight the distinct
roles of atomic orbitals in shaping the electronic
structure of Mg3BaO4 and Sr3CdO4.

3.4 Optical properties

The optical properties of Mg3BaO4 and Sr3CdO4

are crucial for their potential applications in solar
cells and other optoelectronic devices. The optical
behavior of any material is intrinsically linked to its
band gap. To thoroughly investigate these proper-
ties, we employed the TB-mBJ potential.

A fundamental aspect of optical analysis is the di-
electric constant, ε(ω), which describes a mate-
rial's response to an external electromagnetic �eld.
This dielectric function has both real and imaginary
components, expressed as:

ε(ω) = ε1(ω) + iε2(ω) (17)

where ε1(ω) and ε2(ω) are the real and imaginary
components of the complex dielectric function, re-
spectively, and ω represents the angular frequency
of the incident photon. The real and imaginary
parts of the dielectric function are related by the
Kramers-Kronig relations [51, 52], which are given
by

ε1(ω) = 1 +
1

π

∫ ∞

0

ω′ε2(ω)

ω′2 − ω2
dω′ (18)

ε1(ω) =
−2ω

π
P

∫ ∞

0

ε1(ω
′)− 1

ω′2 − ω2
dω′ (19)
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Figure 6: Electronic Band Structure Calculations of Mg3BaO4 and Sr3CdO4 using PBE-GGA and PBE
+ TB-mBJ.
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PBE + TB-mBJ.
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Furthermore, all other optical properties, includ-
ing the absorption coe�cient α(ω), extinction coef-
�cient k(ω), refractive index n(ω), re�ectivity R(ω),
conductivity σ(ω), and loss function L(ω), are de-
termined using the dielectric function, as follows
[53,54]:

α(ω) =
√
2ω

[√
ε21(ω) + ε22(ω)− ε1(ω)

] 1
2

(20)

K(ω) =
1√
2

[√
ε21(ω) + ε22(ω)− ε1(ω)

] 1
2

(21)

n(ω) =
1√
2

[√
ε21(ω) + ε22(ω) + ε1(ω)

] 1
2

(22)

R(ω) =

∣∣∣∣∣
√

ε21(ω) + ε22(ω)− 1√
ε21(ω) + ε22(ω) + 1

∣∣∣∣∣
2

(23)

σ(ω) =
ωε2
4π

(24)

and,

L(ω) =
ε1(ω)

ε21(ω) + ε22(ω)
(25)

The real part of the dielectric function, ε1(ω), de-
scribes the dispersive or polarizing behavior of a
material when interacting with light, while the
imaginary part, ε2(ω), relates to light absorption.

At static frequency (ε1(0)), Mg3BaO4 exhibits a
dielectric constant of 2.91, while Sr3CdO4 has a
slightly lower value of 2.84, Table 3. These val-
ues set the baseline for the material's optical re-
sponses. With increasing photon energy, the real
part of the dielectric function ε1(ω) peaks at 4.77
for Mg3BaO4 at 8.61 eV and at 3.73 for Sr3CdO4

at 4.14 eV, as shown in Figure 8(a). Beyond 11.22
eV, ε1(ω) becomes negative for both materials, in-
dicating a transition to metallic behavior [55,56].

The band gap and the static dielectric function are
interconnected through Penn's model [57], which is
expressed as

ε1(ω) = 1 +

(
h̄ωp

Eg

)2

(26)

where Eg represents the optical band gap and h̄ωp

is the plasma energy. It was found that the static
dielectric function value and the maximum of ε1(ω)
were higher for Mg3BaO4 compared to Sr3CdO4.
This behavior is attributed to the lower band gap
of Mg3BaO4, which aligns with the predictions of

Penn's model. Both Mg3BaO4 and Sr3CdO4 com-
pounds exhibit a wide range of absorption spectra,
making them particularly advantageous for diverse
optical applications. Notably, high polarization is
observed in the UV region.

The imaginary part of the dielectric function, ε2(ω),
is zero at 0 eV for both Mg3BaO4 and Sr3CdO4, in-
dicating no energy dissipation at this threshold, as
shown in Figure 8(b). The threshold energy value
represents the material's optical band gap edges
[58]. The optical bandgap, which is approximately
2.293 eV for Mg3BaO4 and 2.653 eV for Sr3CdO4.
These values are closely aligned with their respec-
tive electronic bandgaps of 2.297 eV and 2.648 eV.
As photon energy exceeds the threshold, ε2(ω) in-
creases sharply, with Mg3BaO4 reaching a peak of
4.86 at 9.21 eV, and Sr3CdO4 peaking at 3.91 at
9.53 eV. The sharp peaks in ε2 correspond to elec-
tronic transitions between di�erent energy bands.
These transitions mark the onset of optical absorp-
tion and the excitation of electrons to higher energy
states. As a result, both compounds exhibit sig-
ni�cant absorption in the UV region, making them
excellent candidates for high-performance optoelec-
tronic devices. Their broad absorption capability
is especially useful in technologies such as photo-
voltaic cells, optical sensors, and light-emitting de-
vices, where e�cient light capture across a wide
spectrum is essential.

The absorption coe�cient, α(ω), is another impor-
tant parameter that measures the amount of opti-
cal energy absorbed by a material per unit length
[59]. Figure 8(c) presents the absorption coe�-
cients, measured in units of 104 cm−1, as a function
of energy within the 0-20 eV range. The pattern of
the α(ω) plot closely follows that of the ε2(ω) plot
(see Figure 8(b) for both Mg3BaO4 and Sr3CdO4.
This suggests that α(ω) is linked to the band struc-
tures of both compounds. The absorption spectra
show an onset edge at 2.293 eV for Mg3BaO4 and
2.653 eV for Sr3CdO4. Below these energies, from 0
eV to the onset edge, there is negligible or zero ab-
sorption, indicating that the material is transparent
to incident light in this range. The maximum α(ω)
peaks occur at 17.15 eV with α = 218.5×104 cm−1

for Mg3BaO4, and at 12.20 eV with α = 140.4×104

cm−1 for Sr3CdO4. The distinct absorption prop-
erties of Mg3BaO4 and Sr3CdO4, with strong UV
absorption and transparency in the visible range,
make them ideal candidates for optical applica-
tions such as UV photodetectors, sensors, deep-UV
LEDs, and laser sources.

The extinction coe�cient, K(ω), which measures
the absorption of electromagnetic (EM) radiation
in materials, is closely related to the imaginary part
of the dielectric function, ε2(ω). For Mg3BaO4 and
Sr3CdO4, the k(ω) values start from zero at 0 eV.
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The maximum k(ω) values are observed at 9.53
eV (1.29) for Mg3BaO4 and at 10.40 eV (1.25) for
Sr3CdO4 (see Figure 8(d). The k(ω) spectra exhibit
a behavior analogous to that of ε2(ω), as shown in
Figure 8(b). The onset edges of the k(ω) peaks
align with those observed in ε2(ω), α(ω), and σ(ω),
re�ecting a consistent trend. Furthermore, the �uc-
tuations in k(ω) closely follow the peaks in ε2(ω),
demonstrating their interdependence and reinforc-
ing the connection between these optical properties.

The refractive index, n(ω), is another optical pa-
rameter that characterizes the interaction of light
with a material. It relates the velocity of light in
a vacuum to its velocity within the material, pro-
viding valuable insights into optical behavior and
energy absorption capabilities. The calculated re-
fractive indices for Mg3BaO4 and Sr3CdO4 are pre-
sented in Figure 8(e). The static refractive index
n(0) is determined to be 1.70 for Mg3BaO4 and 1.68
for Sr3CdO4. As photon energy increases, the re-
fractive index reaches its peak value of 2.28 at 8.72
eV for Mg3BaO4 and 1.99 at 7.57 eV for Sr3CdO4,

both in the ultraviolet (UV) region. These values
are summarized in Table 3. The trend in n(0)
closely aligns with the static dielectric constant
ε1(ω), highlighting their close correlation. Notably,
Mg3BaO4 exhibits a higher maximum refractive in-
dex than Sr3CdO4, re�ecting its stronger light ab-
sorption capability. Additionally, it is worth men-
tioning that a refractive index value less than unity
would imply that the phase velocity of light in the
material exceeds the speed of light in a vacuum, a
phenomenon associated with anomalous dispersion.

Re�ectivity, R(ω), is an important optical property
that provides insight into the surface characteristics
of materials by determining the fraction of incident
light re�ected from a material's surface. This prop-
erty is particularly signi�cant for evaluating the po-
tential applications of materials in areas such as
coatings, optics, and UV �lters, where precise con-
trol over light re�ection is crucial. The re�ectivity
spectra for Mg3BaO4 and Sr3CdO4 are illustrated
in Figure 8(f).

Table 3: The calculated electronic band gap Eg (eV) and cut o� values of various optical parameters for
both Mg3BaO4 and Sr3CdO4.

Material Band gap (eV) Optical Parameters
TB-mBJ ε1 (0) n (0) R (0)

Mg3BaO4 2.29 2.91 1.70 6.84%
Sr3CdO4 2.64 2.84 1.68 6.53%
Mg3CdO4 [23] 3.12 2.65 - -

At zero photon energy, the re�ectivity values are
observed to be 6.84% for Mg3BaO4 and 6.53% for
Sr3CdO4, Table 3. As the energy of the incident
radiation increases, R(ω) also rises, with Mg3BaO4

exhibiting a pronounced peak of 48.69% at 17.56
eV and Sr3CdO4 displaying a peak of 30.50% at
12.80 eV, both situated within the UV region. Ac-
cording to previous theoretical work, Mg3CdO4 has
been reported to exhibit a maximum re�ectivity of
around 48% at 19 eV [23]. Notably, within the
bandgap energy range, R(ω) remains minimal, in-
dicating that the compounds are transparent to
photon energies below the bandgap. This trans-
parency underscores their potential for applications
in optics-related �elds, particularly in lens fabrica-
tion [58,60,61].

Optical conductivity, σ(ω), is a critical parameter
describing how well a material conducts light, de-
termined by transitions between energy bands. It
also provides insights into the bond-breaking pro-
cesses when high-energy electromagnetic waves in-

teract with a material's surface. As shown in Fig-
ure 8(g), the optical conductivity of Mg3BaO4 and
Sr3CdO4 follows a pattern similar to their absorp-
tivity (see Figure 8(c)). The conductivity begins to
rise when photons with energy above a threshold
frequency interact with the material's surface. For
Mg3BaO4, the optical conductivity reaches a maxi-
mum value of 6190.98 Ωcm−1 at 16.25 eV, while for
Sr3CdO4, it peaks at 5067.48 Ωcm−1 at 10.29 eV.
These high values indicate the materials' e�ciency
in conducting light at high energies, particularly in
the ultraviolet (UV) range. The peaks in optical
conductivity are a direct result of interband transi-
tions between valence band states and conduction
band states. This highlights the strong interaction
of these states with high-energy photons, making
these materials suitable for advanced UV optoelec-
tronic applications.

When light traverses a material, interactions be-
tween photons and the material's components can
lead to energy losses, a�ecting the photons' ve-
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Figure 8: Optical properties of Mg3BaO4 and Sr3CdO4 including dielectric function, absorption, extinc-
tion, refraction, re�ectivity, conductivity, and energy loss spectra.

locity. The energy loss function, which re�ects
these interactions, is analyzed for Mg3BaO4 and
Sr3CdO4 in the energy range of 0-20 eV, as shown
in Figure 8(h). For Mg3BaO4, the maximum en-
ergy loss occurs at 18.92 eV, whereas for Sr3CdO4,
it is observed at 13.83 eV with higher intensity

compared to Mg3BaO4. This indicates stronger
photon-material interactions in Sr3CdO4 at these
energies. The present study of the optical proper-
ties of Mg3BaO4 and Sr3CdO4, analyzed in terms of
the dielectric function, refractive index, absorption
coe�cient, re�ectivity, and loss function, demon-
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strates consistency with previously reported data
for Mg3CdO4 [23], emphasizing the in�uence of
cationic substitution on their potential optoelec-
tronic applications.

4 Conclusion

In this study, we comprehensively investigated the
structural, electronic, and optical properties of
Mg3BaO4 and Sr3CdO4 compounds using �rst-
principles calculations based on density functional
theory (DFT). Structural analysis con�rmed the
thermodynamic and mechanical stability of both
materials, indicating their suitability for practical
applications. Electronic band structure calcula-
tions, using both PBE-GGA and the more accu-
rate TB-mBJ methods. TB-mBJ method, revealed
band gaps of 2.29 eV (direct) for Mg3BaO4 and 2.64
eV (indirect) for Sr3CdO4, highlighting their poten-
tial for optoelectronic applications. Optical proper-
ties further underscored the suitability of Mg3BaO4

and Sr3CdO4 for advanced optoelectronic devices.
Both materials exhibit strong ultraviolet absorp-
tion, with optical band gaps closely aligned with
their electronic counterparts. The calculated di-
electric functions, refractive indices, and absorp-
tion coe�cients suggest their applicability in so-
lar cells, optical sensors, and light-emitting devices.
Moreover, their exceptional UV absorption, trans-
parency in the visible spectrum, and favorable re-
fractive indices make them ideal candidates for de-
veloping UV photodetectors and photovoltaic de-
vices. Their broad absorption range facilitates e�-
cient energy harvesting across both ultraviolet and
visible spectra, while their low re�ectivity and high
extinction coe�cients suggest signi�cant potential
for use in anti-re�ective coatings and laser-based
technologies. These �ndings position Mg3BaO4

and Sr3CdO4 as promising candidates for next-
generation optoelectronic technologies.
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