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ABSTRACT
Density functional theory applied with the CASTEP algorithm was used to evaluate the electrical and optical characteristics of LaPtGe3.
The band structure reveals overlapping bands at the Fermi level, indicative of metallic behavior, with Ge-4p states playing a dominant role
in electrical conductivity. Pressure-induced changes in the density of states and Ge–Ge bond lengths suggest a significant influence on the
optical and thermodynamic properties of LaPtGe3. Reflectivity increases under external pressure, exhibiting anisotropic behavior along the
crystallographic axes, particularly around 17 eV along the [001] direction. Absorption spectra show a metallic response starting from zero
photon energy, with maximum absorption near 20.50 eV and transparency beyond 50 eV. Increased pressure enhances absorption, making
the material more viable for solar cell applications under high pressure. Photoconductivity also begins at zero photon energy, confirming
the absence of a bandgap. The anisotropic nature is evident in absorption and conductivity spectra across all pressure ranges. The bulk
plasma frequency, measured at 25.65 eV, increases with pressure, while the refractive index shows a high initial value followed by a decline
in the infrared, visible, and ultraviolet regions. The components of the dielectric function’s real (ε1) and imaginary (ε2) confirm metallic
characteristics. These findings highlight the potential of LaPtGe3 for applications in optoelectronics and high-pressure environments.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0255737

I. INTRODUCTION

The layered ternary intermetallic compounds with transition
metal components of the BaNiSn3 type have been extensively
explored for their rich and attractive physical features.1 The ternary
intermetallic combination LaPtGe3 belongs to group 14(IVA) of the
periodic table,2 where La is usually a silvery alkaline earth metal, Pt
is a silverfish-white transition metal, and Ge is an element, form-
ing the largest family member by crystallizing in the BaNiSn3 type
body-centered tetragonal structure (space group I4mm) (No. 107).
This chemical has recently garnered significant attention from aca-
demics due to its diverse physical characteristics. The ternary of
BaNiSn3 type also exhibits the last events on superconductivity. The
parent barium-pnictide superconductor compounds LaMGe3 (M
= Pd, Pt, Rh, Ir, etc.) with a similar BaNiSn3-type crystal structure

have been the subject of much investigation due to their distinct
physical characteristics.3 Ternary intermetallic compounds with
BaAl4-type structures are thought to be among the most significant
intermetallic families.4 BaNiSn: three types of family members have
received a lot of attention5–8 because many of them have unusual
properties and a variety of low-temperature physical properties, such
as complex magnetic ordering,9,10 valence fluctuation,11 the Kondo
effect,12 and phase transition.13,14 We provide measurements of the
temperature dependence of magnetic penetration depth in a high-
quality sample of LaPtGe3. We detect a temperature-independent
nature below T = 0.2 Tc, which provides strong evidence for the
occurrence of an isotropic superconducting gap in this material. A
strong-coupling the Bardeen–Cooper–Schrieffer (BCS) model with
an isotropic gap Δ0 = 2kBTc effectively describes the superfluid
density over the temperature range. Our findings lend credence
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to conventional BCS superconductivity in nonmagnetic members
of the non-centrosymmetric superconductor family that crystallize
with the BaNiSn3-type tetragonal structure.15 These compounds
exhibit extremely appealing and rich physics because of their near
energies in terms of spin, charge, and orbital dynamics.16 LaPtGe3
is a type-I superconductor with s-wave pairing, while CePtGe3 is
a nonsuperconducting metal exhibiting antiferromagnetic order-
ing due to magnetic interactions. The compounds exhibit con-
trasting behaviors, with LaPtGe3 displaying superconductivity and
CePtGe3 forming a magnetically ordered ground state.17 The LaNiSi,
LaPtSi, and LaPtGe 111-family materials exhibited Weyl nodal-
line fermions and transitioned into a fully gapped superconducting
state that breaks time-reversal symmetry. This behavior indicates
a topological phase transition, providing an ideal system to study
the interaction between Weyl nodal-line fermions and unconven-
tional superconductivity.18 EuPtGe3, with a non-centrosymmetric
structure, exhibits a magnetic transition, characterized by suscep-
tibility, heat capacity, and Mössbauer spectroscopy, indicating a
slight first-order nature. Its magnetic behavior is explained using
a mean-field model with antiferromagnetic sublattices, revealing
key exchange interactions.19 The spin–orbit coupling’s effects on
LaPtGe and LaPtGe3 revealed s-wave superconductivity driven by
electron–phonon interactions, with medium coupling in LaPtGe
and weak coupling in LaPtGe3.20 Spin–orbit coupling slightly
impacts LaPtGe more due to its d-shell-dominated electronic struc-
ture near the Fermi level. In this article, we conducted a detailed
theoretical examination of the layered ternary LaPtGe3 utilizing a
first-principles technique based on density functional theory (DFT)
and the CASTEP code. The current work aims to examine the elec-
trical and optical characteristics of LaPtGe3. The primary goal of
this investigation is to find the equilibrium structure. The spatial
arrangement of atoms in a material influences numerous aspects,
including its electrical band structure and optical qualities. The elec-
tronic band structures, as well as the total and partial density of
states (DOS), have been estimated for various pressures. The optical
characteristics of the dielectric function, refractive index, reflectiv-
ity, absorption coefficient, energy loss function, and conductivity
as a function of photon energy along the [100], [010], and [001]
directions have been investigated.

The noncentrosymmetric LaPtGe3 compound has a tetrago-
nal crystal structure with the space group I4mm (No. 107).1 The
Wyckoff coordinates for this compound are 2a (0, 0, 0.0001) for
La, 2a (0, 0, 0.3474) for Pt, 2a (0, 0, 0.5971) for Ge 1, and 4b (0,
1/2, 0.2401) for Ge 2.17 In this study, calculations were performed
using an ab initio plane wave pseudopotential (PWPP) method
in the framework of density functional theory (DFT) using gen-
eralized gradient approximation (GGA) with the implementation
of CASTEP code to investigate structural, electronic, and optical
properties.

II. CALCULATION SCHEMES
A. Computation of different properties of LaPtGe3

All computations were performed with the Cambridge Serial
Total Energy Package (CASTEP) tool, which is based on den-
sity functional theory (DFT).21 The exchange-correlation energy
function was defined using Perdew–Burke–Ernzerhof’s gener-
alized gradient approximation (GGA).22 Coulomb interactions

between valence electrons and the ionic core were described using
Vanderbilt-type ultrasoft pseudopotentials.23 The cutoff energy
value for the plane-wave basis set was chosen as 350.0 eV for
LaPtGe3. Monkhorst–Pack techniques24 were used to estimate the
energy in the irreducible Brillouin zone with 12 × 12 × 6 grids
of k-points. The structural optimizations were performed using
Broyden–Fletcher–Goldfarb–Shanno (BFGS) minimizations.25 To
optimize geometry, the convergence tolerance was set as follows: the
total energy convergence value is within 5.0 × 10−6 eV/atom, the
maximum Hellmann–Feynman force is within 0.01 eV/Å, the max-
imum displacement is within 0.005 Å, the maximum stress is within
0.02 GPa, and the maximum iterations were set to 100. LaPtGe3’s
elastic constants are found using the stress–strain technique.20 The
maximum strain amplitude was set to 0.003. The elastic constants
were calculated using convergence tolerance requirements of 1.0
× 10−6 eV/atom for total energy, 0.002 eV/Å for maximum force,
and 1.0 × 10−4 Å for maximum displacement.

B. Geometry optimization
Geometry optimization is used to identify minima on the

potential energy surface, which indicate equilibrium structures.
Optimization is used to identify transition structures, which are
represented by saddle points on the potential energy surface.

C. Electronic properties
One of the most beneficial features of the band structure is the

bandgap, which has a significant impact on the material’s electri-
cal and optical characteristics as well as a compound’s stability in
the face of oxidation or reduction (doping). Through the processes
of carrier creation and recombination, electrons can move between
bands. Solar cells, diodes, transistors, laser diodes, and other semi-
conductor devices may be made using the bandgap and defect states
that doping creates in the bandgap. Moreover, the crystal structure
and the energy levels of the component atomic orbitals determine
the band structure. In the Brillouin zone (BZ), each state is iden-
tified by its wavenumber (k). For a big crystal, this wave number
is packed very tightly within the Brillouin zone. The first band is
the lowest lying state of a certain wavenumber; the second band
and soon are the following lying states of the same wavenumber.
Therefore, the wavenumber and band index of each electrical state
are provided. Every condition, of course, has a distinct energy. As
in the case of one dimension, the energy of the n-th band will thus
be represented by En(k), which turns out to be a quasi-continuous
function of wavenumber for each band. When the wavenum-
bers permitted by the periodic boundary conditions are fairly
close together, the function for a big crystal becomes very nearly
continuous.

D. Density of states (DOS)
Many states are accessible for occupancy when the DOS is high

for a given energy level. No states can be occupied at that energy
level if the DOS is zero. A DOS is often an average over the system’s
time and space domains. The local density of states (LDOS) is a
term used to describe local variances, which are often caused by dis-
tortions of the original system. Because of the existence of a local

AIP Advances 15, 035327 (2025); doi: 10.1063/5.0255737 15, 035327-2

© Author(s) 2025

 
3
1
 
M
a
r
c
h
 
2
0
2
6
 
0
6
:
4
6
:
1
4

https://pubs.aip.org/aip/adv


AIP Advances ARTICLE pubs.aip.org/aip/adv

potential, the LDOS of an undisturbed system may be locally non-
zero even if the DOS is zero.26 The number of states in the system
where the energy under consideration is multiplied by the proba-
bility distribution function must be known to calculate the actual
number of electrons in a given energy level. The number of avail-
able quantum states in the energy range ε to ε + dε is g(ε)dε, and
F(ε) represents the probability of occupation. Therefore, the actual
number of electrons in this energy range at any temperature is

dN = g(ε)F(ε)dε. (2.1)

The quantity g(ε), known as the density of states (DOS), differs
between classical and quantum values. Generally, the DOS repre-
sents the spectrum of energy levels per eV as a function of energy. It
serves as a qualitative tool for understanding the electronic structure
of materials. In addition, the partial density of states (PDOS) is valu-
able, as it attributes states to the basis functions and atoms within
the unit cell. The total DOS is then obtained by summing the atomic
contributions. The DOS is calculated using the following expression:

n(ε) = 2∑
n,k

δ(ε − εk
n) =

2
VBZ
∑

n
∫ δ(ε − εk

n) d k, (2.2)

where δ denotes the Dirac delta function, and the integral over k
extends across the BZ.

The number of electrons in the unit cell is given by ∫ εF
−∞ n(ε)dε.

E. Optical properties
Calculating optical spectra involves considering both the occu-

pied and unoccupied states of the electronic structure, as well as the
characteristics of the bands. The dielectric function, ε(ω) = ε1(ω)
+ ε2(ω), describes the optical response of a medium at all photon
energies hω. The imaginary part of the dielectric function, ε2(ω), is

determined by summing transitions from occupied to unoccupied
states. Specifically, in this study, ε2(ω) is expressed as follows:

ε2(ω) =
2e2π
Ωε0
∑
k,v,c
∣ψc

k∣u ⋅ r∣ψ
v
k∣

2δ(Ec
k − Ev

k − h̵ω), (2.3)

where u represents a vector defining the polarization of the inci-
dent electric field, e is the electronic charge, and ω denotes the
light frequency. The wave functions ψv

k and ψc
k correspond to the

valence and conduction bands at wave vector k, respectively. The
Kramers–Kronig relation allows the real part of the dielectric func-
tion to be derived from the imaginary part, as expressed in the
form.12,13 The equation is given as

ε1(ω) = 1 + 2
π

P∫
∞

0

ω′ε2(ω′)
ω′2 − ω2 dω′, (2.4)

where P implies the principal value of the integral.
Having both the real and imaginary components of the dielec-

tric tensor provides the necessary information to compute key
optical functions. In this work, we examined and discussed several
properties, including the reflectivity R(ω), absorption coefficient
I(ω), optical conductivity σ(ω), electron energy loss spectrum L(ω),
refractive index n(ω), and extinction coefficient k(ω). The reflec-
tivity spectra are obtained using Fresnel’s formula for normal inci-
dence, assuming the crystal surface is oriented parallel to the optical
axis, as expressed in the relation16

R(ω) = ∣
√
ε(ω) − 1√
ε(ω) + 1

∣
2

. (2.5)

FIG. 1. Crystal structure of LaPtGe3: (a)
Conventional unit cell and (b) primitive
unit cell.
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TABLE I. Optimized unit cell parameters (a = b and c Å) and unit cell volume of the
LaPtGe3 compound under different pressures.

Pressure
(GPa) a = b (Å) C (Å) V0 (Å3) c/a

Energy,
E (eV)

0 4.523 336 9.916 621 202.89 2.192 32 −3806.69
5 4.459 753 9.771 288 194.34 2.190 99 −3806.56
10 4.406 281 9.656 279 187.48 2.191 48 −3806.24
15 4.356 154 9.579 505 181.78 2.199 07 −3805.79
20 4.316 648 9.489 520 176.82 2.198 35 −3805.25
25 4.279 208 9.419 833 172.49 2.201 30 −3804.65

The optical properties, including reflectivity R(ω), absorption
coefficient I(ω), refractive index n(ω), and energy-loss spectrum
L(ω), can all be derived from ε1(ω) and ε2(ω),27,28

I(ω) =
√

2(ω)(
√
ε1(ω)2 + ε2(ω)2 − ε1(ω))

1/2
, (2.6)

n(ω) =
⎡⎢⎢⎢⎢⎢⎣

ε1(ω)
2
+

√
ε1(ω)2 + ε2(ω)2

2

⎤⎥⎥⎥⎥⎥⎦

1/2

, (2.7)

L(ω) = ε2(ω)
ε1(ω)2 + ε2(ω)2 . (2.8)

The extinction coefficient k(ω) and other optical spectra can
be easily computed using the components of the complex dielectric
function, as shown below:

k(ω) =
⎡⎢⎢⎢⎢⎢⎣

√
ε1(ω)2 + ε2(ω)2

2
− ε1(ω)

2

⎤⎥⎥⎥⎥⎥⎦

1/2

. (2.9)

TABLE II. Experimental lattice parameters and unit cell volume of LaPtGe3.

Properties Experimental values

a = b (Å) 4.5064
c (Å) 9.8239
c/a 2.18
V0 (Å3) 199.50

III. RESULTS AND DISCUSSION
A. Crystal structure of LaPtGe3

Figure 1 shows the conventional primitive unit cell of the
LaPtGe3 compound. The lattice parameters of the optimized
LaPtGe3 have been tabulated in Table I. The equilibrium crystal
structure of this compound is optimized by minimizing its total
energy. Figure 2 shows the total energy vs (a) cutoff energy and (b)
k-points of the LaPtGe3 compound.

A 12× 12× 6 Monkhorst grid was employed to adequately sam-
ple the Brillouin zone [Fig. 1(b)]. The structure was fully optimized
until the internal stress and forces on each atom became negligi-
ble. For all relevant calculations, a plane wave basis set cutoff of
350 eV was used, as depicted in Fig. 1(a). The experimental lattice
parameters are listed in Table II. The optimized equilibrium lattice
parameters align with other available experimental values. However,
slight deviations from the experimental parameters were observed
due to the temperature dependence of the cell parameters and the
GGA process.29 It is observed that both the lattice parameters and
unit cell volume gradually decrease with increasing pressure.

B. Electronic properties
The electronic properties of LaPtGe3 have been studied through

an analysis of the electronic band structure, partial density of states
(PDOS), and total density of states (TDOS). The band structures,
examined along the high-symmetry directions within the Brillouin
zone (BZ), are illustrated in Fig. 3. The Fermi level is indicated by the
dotted line. Energy bands situated below the Fermi level correspond

FIG. 2. Total energy vs (a) cutoff energy
and (b) k-points of the LaPtGe3 com-
pound.
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FIG. 3. Electronic band structures of LaPtGe3 at (a) P = 0 GPa, (b) P = 5 GPa, (c) P = 10 GPa, (d) P = 15 GPa, (e) P = 20 GPa, and (f) P = 25 GPa along the high-symmetry
directions in the irreducible Brillouin zone.

to the valence bands, while those above represent the conduction
bands. Figure 3 reveals that some bands overlap with the Fermi level,
which spans approximately from −3 to 1 eV, indicating the metallic
nature of the LaPtGe3 material. To gain further insight into the elec-
tronic structure of LaPtGe3, both the total density of states (TDOS)
and partial density of states (PDOS) have been analyzed. The cal-
culated TDOS and PDOS for LaPtGe3 under ambient conditions
and external pressures of 5, 10, 15, 20, and 25 GPa are presented
in Figs. 4–6.

At ambient pressure, the total density of states (DOS) of
LaPtGe3 at the Fermi level (EF) is 2.554 electrons/eV, with

contributions from various states, including Pt-6s, Pt-5p, Pt-5d,
La-6s, La-5p, La-5d, Ge-4s, and Ge-4p. Figures 4–6 show that the pri-
mary contribution to the total DOS at the Fermi level comes from the
Ge-4p states. This suggests that LaPtGe3 displays metallic behavior,
primarily due to the dominance of Ge-4p states at the Fermi level.
The total and partial DOS of LaPtGe3 under varying pressures are
summarized in Table III. It is noted that the total DOS at the Fermi
level increases slightly with increasing external pressure (0–20 GPa)
before decreasing. This trend suggests that the metallic nature and
electrical conductivity of LaPtGe3 are enhanced under pressure,
likely due to the reduction in the Ge–Ge bond length. Changes in
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FIG. 4. Total and partial density of states (DOS) of LaPtGe3 at (a) P = 0 GPa and (b) P = 5 GPa.

the DOS and Ge–Ge bond lengths may also impact other properties
of LaPtGe3, such as its optical and thermodynamic characteristics.

C. Optical properties
This section examines various optical constants, includ-

ing absorption, conductivity, dielectric functions, loss function,

reflectivity, and refractive index. These properties are crucial for
understanding the material’s interaction with light and its overall
optical behavior. Absorption indicates how much light is absorbed
by the material, while conductivity relates to its ability to con-
duct electricity under an external electric field. The dielectric func-
tion describes the material’s response to an applied electric field,
affecting its polarization and propagation of electromagnetic waves.

AIP Advances 15, 035327 (2025); doi: 10.1063/5.0255737 15, 035327-6

© Author(s) 2025

 
3
1
 
M
a
r
c
h
 
2
0
2
6
 
0
6
:
4
6
:
1
4

https://pubs.aip.org/aip/adv


AIP Advances ARTICLE pubs.aip.org/aip/adv

FIG. 5. Total and partial density of states (DOS) of LaPtGe3 at (c) P = 10 GPa and (d) P = 15 GPa.

The loss function characterizes energy dissipation within the
material, and reflectivity measures the amount of light reflected off
its surface. Eventually, the refractive index provides insight into
how light travels through the material, influencing its bending and
transmission.

Reflectivity is an optical characteristic of a material that indi-
cates the proportion of light reflected from it compared to the
amount of light incident on the material. This property is influ-
enced by several factors, including the wavelength of light, the
angles of incident and reflected light, the light’s polarization, the

AIP Advances 15, 035327 (2025); doi: 10.1063/5.0255737 15, 035327-7
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FIG. 6. Total and partial density of states (DOS) of LaPtGe3 at (e) P = 20 GPa and (f) P = 25 GPa.

material type (such as metal or plastic), its chemical composition and
structure, and the state of the material and its surface—factors like
temperature, surface roughness, and the degree of oxidation or con-
tamination. Figure 7(a) shows the reflectivity spectra of the LaPtGe3
compound along the [100], [010], and [001] directions at different

external pressures. From Fig. 7(a), it is observed that the reflectivity
starts with 0.78, then it decreases with the increase of photon energy.
Above 17.24 eV, a sharp increase in reflectivity is observed. At the
photon energy of 21.92 eV, a sharp peak is observed in all directions
where the reflectivity is about 0.27. As shown in Fig. 7(a), reflectivity
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TABLE III. Total and partial DOS of LaPtGe3 under different pressures.

Partial densities of states (PDOS) (electrons/eV)

La Pt Ge

Pressure, P (GPa) 6s 5p 5d 6s 5p 5d 4s 4p Total DOS (electrons/eV)

0 0.143 0.0405 0.510 0.028 0.221 0.320 0.386 1.169 2.554
5 0.128 0.0495 0.538 0.034 0.213 0.318 0.378 1.158 2.565
10 0.126 0.0559 0.575 0.037 0.215 0.325 0.381 1.164 2.627
15 0.140 0.0606 0.596 0.041 0.224 0.333 0.391 1.178 2.694
20 0.142 0.0635 0.619 0.040 0.236 0.338 0.395 1.192 2.748
25 0.143 0.0639 0.626 0.039 0.242 0.335 0.396 1.182 2.745

FIG. 7. Effect of pressure on (a) reflectivity and (b) absorption of LaPtGe3 along the [100], [010], and [001] directions.

rises with the increase in externally applied pressure. The elevated
reflectivity in the high-energy region makes it a suitable material for
coatings to prevent solar heating. The reflectivity is fully dropped
in the higher energy regions above 45 eV. It is also observed that

the change of reflectivity with photon energy along the [100] and
[010] directions is almost similar, whereas this change of reflectivity
at around 17 eV is slightly different along the [001] direction due to
the anisotropy along the c-axis.
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FIG. 8. (a) Loss function and (b) conductivity of LaPtGe3 along [100], [010], and [001] directions at different applied pressures.

Figure 7(b) shows the absorption spectra of the LaPtGe3 com-
pound along the [100], [010], and [001] directions. The absorption
coefficient defines the extent to which light of a specific wavelength
can penetrate a material before being absorbed. It is influenced by
both the material and the wavelength of the absorbed light. For the
LaPtGe3 compound, the absorption spectra begin at zero photon
energy, indicating its metallic behavior. Several peaks are observed
in the spectra, where the first peak is in the infrared region and the
other two peaks are in the ultraviolet region. The maximum absorp-
tion is observed at around 20.50 eV, which reveals that the materials
tend to become transparent after these energies. No absorption
is found from the energy above 50 eV, which indicates that the
compound LaPtGe3 is transparent above this energy. By increasing
external pressure, the absorption also increases. It indicates that the
compound under large pressure is more suitable to use in a solar cell
rather than under ambient pressure. The anisotropic behavior along
the [001] direction is also observed in the absorption spectra in all
the pressure ranges from 0 to 37 GPa.

Photoconductivity is a well-known optical and electrical phe-
nomenon where the electrical conductivity of a material increases as
a result of light absorption.30 In this study, the calculated conduc-
tivity spectra are shown in Fig. 8(b). The effect of external pressure
on the conductivity is found in all energy regions under ambient to
25 GPa pressure along all polarization directions.

It is seen that the conductivity increases with the increase of
pressure. The photoconductivity appears to start at zero photon
energy, as shown in Fig. 8(b), which indicates that LaPtGe3 has
no bandgap and shows the metallic nature. The metallic nature of
LaPtGe3 can also be confirmed from the band structure calculation.
The photoconductivity and electrical conductivity of this material
increase with photon energy,31 with the maximum peak observed at
2.90 eV in the visible region along the [100] and [010] directions.
In contrast, the maximum peak is found at around 3.5 eV along the
[001] direction. Above 3.5 eV, two peaks with lower conductivity
at around 6.90 and 19.63 eV are also observed in the conductivity
spectra. Therefore, a large pressure is better to use this compound
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as a photoconductor rather than ambient pressure. The anisotropic
nature along the [001] direction is visible in the conductivity spectra
in all the pressure ranges from 0 to 25 GPa.

The loss function represents the energy lost by the first elec-
tron traveling through the material, with the maximum energy loss
corresponding to the bulk plasma frequency, ωP.32 For LaPtGe3,
the observed bulk plasma frequency in the loss function spectra is
25.65 eV, as shown in Fig. 8(a).

When the incident photon energy exceeds the bulk plasma fre-
quency, the material becomes transparent. An increase in external
pressure also leads to an increase in the loss function. The refractive
index indicates the degree to which light is bent or refracted when
entering a material. Figures 9(a) and 9(b) show the real and imag-
inary parts of the refractive index, respectively. It is observed that
the refractive index is initially high, then significantly decreases in
the infrared region, and gradually decreases in the visible and ultra-
violet regions. It is observed that the refractive index of LaPtGe3
decreases steadily with the increase in external pressure. A notice-
able anomaly in the real part of the refractive index occurs around

8.9 eV along the [001] direction, which is not present in other
directions, confirming the anisotropic nature of LaPtGe3 along the
c-axis.

The dielectric function of a material characterizes its electrical
and optical properties as a function of 35 frequencies. It describes
the polarization and absorption behavior of the material.33 The
real part (ε1) and imaginary part (ε2) of the dielectric functions
for LaPtGe3 are shown in Figs. 10(a) and 10(b), respectively. The
large negative value of ε1 suggests the Drude-like metallic behavior
of LaPtGe3. The real part of ε1 decreases to zero from below, and
the imaginary part, ε2, approaches zero from above, further con-
firming its metallic characteristics. As seen in Fig. 10(a), the real
part of the dielectric function, ε1, reaches zero at around 0.45 eV
and then approaches nearly one in the high-energy (ultraviolet)
region. The complex dielectric function ε2, which represents the lin-
ear response of electromagnetic radiation, typically describes the
material’s optical properties. Figure 10(b) shows that the imagi-
nary part of the dielectric function tends to zero in the high-energy
region.

FIG. 9. (a) Real and (b) imaginary part of the reflective index of LaPtGe3 along the [100], [010], and [001] directions at different pressures.
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FIG. 10. (a) Real part and (b) imaginary part of dielectric functions of LaPtGe3 along [100], [010], and [001] directions at different pressures.

IV. CONCLUSION

In conclusion, the electronic and optical properties of tetrago-
nal LaPtGe3 were investigated using density functional theory. Band
structure calculations revealed that some bands overlap with the
Fermi level, ranging from approximately −3–1 eV, which indicates
the material’s metallic nature. The density of states (DOS) calcula-
tions show a significant contribution from the Ge-4p states at the
Fermi level, suggesting that these states are responsible for the elec-
trical conductivity, reinforcing the metallic behavior of LaPtGe3. The
total DOS at the Fermi level slightly decreases as external pressure
increases, indicating a reduction in the material’s electrical conduc-
tivity and metallic character. This decrease may be linked to the
shortening of the Ge–Ge bond length under pressure. These changes
in the DOS and bond length could affect other properties of LaPtGe3,
such as its optical and thermodynamic characteristics. Reflectivity
increases with applied external pressure, and the variation in reflec-
tivity with photon energy along the [100] and [010] directions is
nearly identical, except around 17 eV along the [001] direction,
where anisotropy along the c-axis is observed. The observed absorp-
tion spectra start from zero photon energy, which indicates the
metallic behavior of LaPtGe3. Maximum absorption is observed
at around 20.50 eV. No absorption is found from the energy
above 50 eV, which indicates that the compound LaPtGe3 becomes

completely transparent above this energy. As external pressure
increases, the absorption of LaPtGe3 also increases, suggesting that
the compound is more suitable for use in solar cells under high pres-
sure compared to ambient pressure. Anisotropic behavior along the
[001] direction is observed in the absorption spectra across all pres-
sure ranges from 0 to 25 GPa. Photoconductivity is seen at zero
photon energy, indicating that LaPtGe3 has no bandgap, which fur-
ther confirms its metallic nature. This anisotropic behavior is also
evident in the conductivity spectra across the same pressure ranges.
The bulk plasma frequency observed in the loss function spectra is
25.65 eV for LaPtGe3, and this value can be increased by applying
external pressure. The refractive index starts high and then sharply
decreases in the infrared region, gradually reducing in the visible and
ultraviolet regions. With increasing external pressure, the refrac-
tive index of LaPtGe3 decreases progressively. The real part of the
dielectric function, ε1, reaches zero from below, and the imaginary
part, ε2, approaches zero from above, both confirming the metallic
characteristics of LaPtGe3.
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