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Using first principles calculations, which were
conducted within the framework of Density Functional
Theory (DFT) and General Gradient Approximation
(GGA), which were implemented using the WIEN2k
code program, in order to calculate the structural,
electronic, magnetic, and optical properties of the
KCrS compound. The results show that the compound
achieves the property of half-metal at the equilibrium
constant (6.63), where it behaves like a metal in the
spin up channel while it behaves like a semiconductor
in the spin down channel. The total magnetic moment
of KCrS is 5, and the energy gap of this compound is
(3,29). In addition, the compound showed distinctive
optical properties, which makes it a strong choice for

125 (2024). . . : . .
; . . optical and optoelectronic uses. High reflection of light
[i(ill.https.//dm.orq/10.56714/b|rs.50 appears in UV, and this is important in laser

technology and stimulated emission.

1. Introduction

Anew class of materials, which is called half-metallic material, like Heusler alloys, recently
ensured that they have attracted considerable attentions from different sectors in electronics industry
for their interesting applications. The fact that these materials contain both metallic and non-metallic
properties is their strength. This makes them suitable for application where there is a need to combine
electricity conductivity and good performance in terms of magnetic and thermoelectric properties.
[1-7]. A sub-class of materials that have been paying continuous attention by scientists in the last
decades is half-metallic compounds, for they have very special electronic and magnetic
characteristics. Thus, the materials demonstrate the metallic behavior within one spin channel while
being semiconducting at the same time thus favoring the charge carriers in the spin channel opposing
the direction of spin at the Fermi energy surface. These are the electric spin due to the angular
momentum of electrons. Due to this trait they are highly suitable for applications where the spin of
electron is manipulated to perform logical operations [8-11]. When half-metallic response was
revealed in the system of half-Heuslers alloys NiMnSb and PtMnSb by De Groot and co-workers in
1983, the researching of this area completely started. This was the first instance where new class of
materials primarily constituting half-metals got discovered. Since then, over the years, other half-
metallic materials have been studied resulting in an ongoing work with the aim of understanding their
properties and in the development of better materials with improved performance [12,13]. Although

“Corresponding author email : jabbar.khalaf@uobasrah.edu.iq

ISSN: 1817-2695 (Print); 2411-524X (Online)
of Basrah. This is an Open Access Article Under the CC Online at: https://jou.jobrs.edu.ig

by License the CC BY 4.0 license.

@ G) ©2022 College of Education for Pure Science, University
B



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.56714/bjrs.50.1.11
https://creativecommons.org/licenses/by/4.0/
https://jou.jobrs.edu.iq/
https://orcid.org/0000-0001-7408-6749
https://doi.org/10.56714/bjrs.50.1.11
https://doi.org/10.56714/bjrs.50.1.11

Investigating the electronic... J. Basrah Res. (Sci.) 50(1), 125 (2024).

they demonstrate a great promise, the study of half-metallic systems is an emerging field of
investigation which is still in the stage of development, and the research community knows much
more about half-metallic systems than that. This study work to study the behavior of half-metals
materials, the properties and to identify ways of improving their applicability for spintronics devices
and other technologies [14,15].

2. Computational method

Considering Density Functional Theory (DFT), realized using the WEN2K and CASTEP
software tools, we have obtained the first-principles calculations. However, for this computational
study, the Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional was the one selected and
GGA, which was used for such calculations [16-19]. We use the generalized gradient approximation
(GGA) not only for the optimization of RmtxKwmax, K-Point, and lattice constant, but also for the range
of Fermi velocity in our study [20]. Now, we have the energy optimization results. For the
determination of the smallest radius of the muffin-tin sphere we used Rut = 8, where Rwmr is the
smallest radius of the muffin-tin sphere, and Kwuax stands for the maximum reciprocal lattice vector
used for expanding the plane wave function. Here, the MT spheres' (MTs) radii (Rmt) remain uniform
and are kept at 2.5 a.u., for each atoms (K, Cr,and S). This is in both bulk substrate and at molecular
interface. Additionally, the angular momentum expansion within the MTs is established at Imax = 10.
The self-consistent field calculation iterations exhibit a convergence criterion of less than 10° Ry per
formula unit. These adjustments contribute to refining the accuracy and reliability of our
computational model, ensuring a comprehensive exploration of the system's electronic structure and
properties.

3. Results and discussion
3.1 Bulk properties

Heusler's triple alloys, including half-Heusler's structures, consist of three interlocking FCC
sub-lattices, each occupied by different types of atoms. The space-group lattice for this configuration
is designated as No. 216, where K, Cr, and S atoms are positioned at coordinates (0, 0, 0), (0.25, 0.25,
0.25), and (0.5, 0.5, 0.5), respectively [21]. The equilibrium lattice constant for this compound is
determined to be 6.63 A (see Fig. 1).
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Fig.1. Correlation between Total Energies per Unit Cell and Lattice Parameters in KCrS.
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It is noteworthy that an affinity lattice constant, consistent with a prior study [22], has been identified,
resulting in minimal alterations in the energy gap. This information underscores the significance of
the material's electronic properties within specific lattice constant parameters. The relationship
between half-metallic (HM) nature and lattice constants is of paramount importance from both
theoretical and practical perspectives. In Fig. 2, we present a plot detailing, which depicts the energy
state diagram for KCrS in spin-down states along with the lattice constants of the material.
Conduction band minimum (CBM) and valence band maximum (VBM) curves' behaviour signifies
the energy barrier restricting the formation [23]. What is more, the calculated magnetic properties
indicate that the KCrS compound possesses half-metallic ferromagnetism in the framework of lattice
constants that is beyond 6. 1 to 7. 2 A. It points to the importance mechanism of lattice constants in
constructing half-metallic character of the entire materials. Such perspectives are critical in both
theoretical progress, which is an interesting subject of study, and practical implementations, which is
an absolute prerequisite for construction of a pure electronic and magnetic materials.
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Fig.2. Along the width of the lattice, the band gap in half-Heusler KCrS compound changes.

The substance with the bulk material KCrS exhibits the plain intensive 100% spin polarization. That
feature is a distinguishing mark for the substance which reflects its magnetic properties. In connection
with this, the total magnetic moment (Mt), just like recently formulated Slater-Pauling rule, is
dependent on the total number of valence electrons (Zt). In the KCrS unit cell, EITHER we will have
a total of 13 valence electrons which fill K(3s?3p®4s'), Cr(4s'4p°3d°), and S(3s*3p*). Consequently,
the resultant total magnetic moment clusters equals SuB, indicating follows the Slater-Pauling curve
[24]. The discovery shows that KCrS has a special magnetic property which gives rise to the bright
prospects for carry-on researches to pinpoint the field of spintronics or like fields. The magnetic
moment of the atomic three of K, Cr, and S is given as 0. 112uB, 4. 304uB, and -0. 048uB,
respectively. KCrS, the most considerable part of spin the total atomic magnetic moment being
caused by Cr atom can be noticed in Fig. 3. This conclusion underlines the important function of a
specific Cr atom, which underlies the magnetic behavior of the compound KCrS that may be derived
only from the knowledge of the electronic structure of each separate component.
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Fig.3. Change of total magnetic moment in KrsCr compound with lattice parameters.

The DOS was plotted both for the total and bulk densities of states and is shown in Figure 4 shows
that the analyzed the electronic structure of the equilibrium state of the half-Heusler alloy of the KCrS.
The main point of half-Heusler alloy KCrS is that this KCrS compound exhibits semiconducting
properties in the spin-down band channel by having a band gap at Fermi level. Thence, under the
spin-up process the conductor shows a metallic nature. These main properties are repaired by Cr-d
effect. Obviously, as KCrS alloy has a prominent high energy gap near the Fermi level, and has only
a measurement of 3.29 eV. This feature is a crucial factor that transforms our knowledge of the
material behaviour in electronics. This complete characterization gives a good overview of the
emergent electronic properties that differentiates these materials [25].
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Fig.4. Total and Partial Density of States in a Half-Heusler KCrS Compound.
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3.2 Optical properties

Determining half-Heusler (HH) KCrS possible optoelectronic uses requires examining its

optical characteristics. In order to analyses optical properties in the energy range of 0 to 30 eV, this
work uses the Generalized Gradient Approximation (GGA) energy exchange correlation functional.
The Kramer—Kronig relation is used in the investigation of optical characteristics, with an emphasis
on energy absorption or dissipation. This relationship may be stated as follows in equation form:
g(w)=¢e1(w)+iex(w)
Here, e1(w) signifies the real part of the dielectric function, representing the dispersion relation of
electromagnetic waves. On the other hand, e2(w) is the imaginary part of the dielectric function,
reflecting the disparity between the wave functions of occupied and unoccupied levels, as computed
through the momentum matrix element [26]. Fig. 5 illustrates the real and imaginary parts of the
dielectric functions. The zero value of the energy of the incident photon corresponds to a real
dielectric function of 50, while the imaginary dielectric function corresponds to it 25. The highest
peak in the real part of the dielectric function occurs at an energy value of 3.31 eV. The image makes
it clear that the dielectric function's real component displays both positive and negative values,
reflecting the material's interaction with radiation or light. Positive numbers, which indicate that the
material scatters light more or changes its direction based on its optical qualities, indicate an increase
in refraction or light scattering. Conversely, negative values suggest that the substance absorbs light
in this range and hence gains energy from it. The image shows that, with regard to the imaginary
component of the dielectric function, the greatest peak is nearly zero in relation to the other peaks.
This implies a high probability of low-energy optical conductivity, indicating the metallic property
of the material. The maximum value, at 24.93 for an energy of 1.2 eV.
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Fig.5. illustrates the imaginary and real components of the dielectric function for the half-Heusler
compound KCrS.

From Fig. 6 it can be seen that as the energy of the incident light increases, the absorption coefficient
increases, and there are 7 peaks. The first peak begins in the infrared range, while the other six peaks
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occur in the ultraviolet range, and the highest peak occurs at energy 24.4 eV. After that, the absorption
goes to zero at energies older than 29 eV. A critical range for examining light absorption can be
leveraged in the manufacturing of solar cells [26].
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Fig. 6. showcases the absorption coefficient for the half-Heusler compound KCrS.

Fig. 7 illustrates the refractive index (n) and extinction coefficient (k) for the KCrS compound as a
function of photon energy. The refractive index and extinction coefficient values at zero energy for
this compound are 7.33 and 1.08, respectively. the maximum value of the refractive index is 2.54 at
3.54 eV, whereas the maximum value of the extinction coefficient is 2.85 at 0.79 eV. As photon
energy increases, it is observed that the refractive index decreases towards zero and stabilizes at
values close to zero. In contrast, a distinct peak in the refractive index is prominent in the infrared
region. The high value of the refractive index indicates that, during light transmission, incident
photons interact with more valence electrons, leading to high polarization and consequently a
reduction in the speed of light [27]. In summary, the graphical representation underscores the dynamic
behavior of refractive index and extinction coefficient with changing photon energy, elucidating the
material's optical response and its impact on light transmission characteristics.

Fig. 8 describes the optical reflectance as a function of photon energy. It is evident from the figure
that the static reflectance (at zero energy) for the KCrS compound is approximately 0.58. Several
notable peaks in optical reflectance occur at specific photon energies (6.04 eV, 4.307 eV, 10.47 eV,
15.37 eV, 23.62 eV, and 25.97 eV). The highest peak in reflectance is observed at a value of 0.334 at
an energy of 10.47 eV. The appearance of multiple peaks in the reflectance curve is a result of
electronic transitions, where the increase in peak values signifies an augmentation in electronic
transitions between valence and conduction bands. The height of these peaks depends on the energy
required for these electronic transitions to occur [28].
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Fig. 7. delineates the refractive index and attenuation coefficient for the compound KCrS.
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Fig.8. depicts the reflectivity of the KCrS compound.

Fig. 9 illustrates the loss function as a function of photon energy, where the loss function is nearly
zero when the energy is zero. This signifies the absence of electronic transitions in this energy range.
Notably, peaks are observed at photon energies (12.42 eV, 15.76 eV, 23.93 eV, and 25.92 eV), with
the maximum peak occurring at 23.93 eV. These energies indicate the transition points from the
metallic to insulating properties of the KCrS compound, suggesting its potential as an efficient
absorber for the low to mid-range UV spectrum [29].
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Fig. 10 illustrates the optical conductivity as a function of energy. The real part of the conductivity
for the KCrS compound exhibits a single peak in the infrared region, specifically at an energy of 0.83
eV. Meanwhile, several prominent peaks are observed in the ultraviolet region. On the other hand,
the imaginary part of the conductivity also features a peak in the infrared region and multiple peaks
in the ultraviolet region, with the most prominent one occurring at an energy of 23.32 eV. Seeing the
negative imaginary values of the conductivity which are shown on the figure.
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Fig.10. Photon Energy-Dependent Optical Conductivity in a Half-Heusler KCrS Compound.
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4. Conclusion

In our current study, a complete investigation about the structure, electrons and light aspects
of the half-Heusler KCrS alloy has been carried out using first principles calculation method. Through
making use of the full-potential-linearized-augmented-plane-wave (FP-LAPW) method in the DFT
approach, we uncover (and discover) the unique features of this compound, and we show that it is
structurally stable and has interesting magnetic and optical properties. Such a refined computational
approach enables one to make even stronger credibility in the understand level of the character and
prospect of the KCrS in real life. The results revealed that bulk KCrS belongs to the ferromagnetic
half-metal category with a band gap of 3.29 eV and spin polarization of 100 % in the electron down-
spin. The KCrS lattice constant of the KCrS alloy equals 6.63A for its equilibrium point. In addition,
the sum of the local magnetic moments in the KCrS compound is found to be 5uB. On the side of
optical parameters, the FP-LPAW method is used to calculate several parameters including real and
imaginary parts of the dielectric function, reflectivity, conductivity, optical absorption and loss
function. This technique, which deals with band-to-band and band-to-band excitations, is considered
to be the best one. Imaginary parts of the dielectric function through interband transition primarily
become peaks. The graphic representation of the dielectric function as a function of energy as well
as that of the reflectivity coefficient indicates that there is a metallic feature at extremely low energies.
Moreover, there is also observed enlargement amount of light absorption due to the lowered transition
rate of electrons at higher energy levels.
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