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DFT-driven insights into XoMgGeYs (X =Na, K; Y =Cl, I)
perovskites for photovoltaic and optoelectronic Applications
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We present in this study a comprehensive analysis of the structural, mechanical, electronic, and optical propeMegsefrX (X = Na,

K; Y = Cl, I) perovskite compounds via density functional theory (DFT). The analyzed structural parameters are in close agreement with the
available data of the computed structures. The tolerance factor and the positive phonon frequencies in the band structures, authenticate tf
structural and dynamic stabilities. Analysis of electronic spectra shows that all examined compounds exhibit semiconducting characteristics,
with indirect bandgap of 3.13, 1.70, 3.16 and 1.72 eV, respectively. Mechanical analysis confirmed the ionic bonding nature of these materials,
as evidenced by positive Cauchy pressure values. As well, the mechanical stability criteria and elastic constants further validate their stability,
anisotropy, and ductile behavior. Multiple optical parameters are analyzed including dielectric functions, absorption coefficients, optical
conductivity, refractive index and related features with the findings suggest the outstanding optoelectronic performance for photodetectors
and LEDs, while iodine-based compounds demonstrate superior potential for solar cell applications. Furthermore, all materials exhibited
elastic, thermodynamic, and dynamical stability, confirming their feasibility for practical applications.
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1. Introduction decade by material scientists and engineers, leading to grow-
ing optimism about a future shift away from conventional en-
ergy sources. In this context, double perovskite B B’ X;)

Perovskite materials certify their worth in most practical halide materials (DPHM) are performing their essential role.

devices. Following the discovery of calcium titanate, the
perovskite structure became intriguing to researchers due Semiconducting halide perovskites with narrow band-

to its distinctive and astonishing combinations of proper-gaps are considered fascinating materials for power harvest-
ties [1]. These materials are famed for their use in a vaing applications. Recently, many perovskites have been syn-
riety of devices including wireless communications, LEDs,thesized experimentally by researchers utilizing various pro-

Lasers, high conductive elements, detectors for temperaturegdures for instance solid-state reaction method, hot injec-
photovoltaic electrodes and cells, energy storage, gas sensotign, solution processing, and hydro-thermal processing [13—
and more [2-12]. Currently, humanity is heavily reliant on 16]. Since these double perovskites are now capable of be-
modern technology, and most practical devices in use todaing synthesized experimentally, and opens up new possibil-
operate on non-renewable energy sources. Since these naties for their practical applications. Besides, computational

renewable energy assets are finite, scientists have realizedsearchers are striving to predicate new double perovskite
that they will eventually be depleted. This alarming situa-compounds to assist experimentalists in saving time and re-
tion has prompted a shift in focus toward renewable energyducing the consumption of chemicals. Previously, numer-

Significant progress has been made in this field over the pasius sodium- and potassium-based double perovskite halides
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have been predicted.s$6cAgCkL and NaScAgCk materials  energy, to prevent any loss of electronic charge from within
have been noted for sustaining solidity in their cubic phasescore region of atoms. A value for RKmax is chosen as 7,
Moreover, their bandgap were found to be 3.65 eV forwhereR represents the muffin-tin radius to maintain calcu-
K5ScAgCk and 3.63 eV for NaScAgCk, and researchers lation accuracy, and Kmax denotes the cutoff wave vector in
insist on their execution in thermoelectric devices [17]. Re-the plane wave expansion [26]. Meanwhile, the cutoff energy,
cently, another group investigated the ;)gBiBrg com-  which distinguishes the energy gap between the core and va-
pound both experimentally and computationally. After thelence bands, is set to -6.0 Ry. The total energy-volumetric
observations, the researchers ratified that this compound hasita served to establish the lattice parameters through Birch-
mechanical stability and a ductile nature. They reported thaiurnaghan equation of state fitting [27]. Functions of spher-
this material is suitable for thermoelectric and solar cell ap4ical harmonic are utilized within the muffin-tin sphere, with
plications [18]. Another group studied,GeSnC§ (X =  a cutoff of Lmax set to 10 and Gmax assigned a value of
Na and K) materials, observing that these compounds havE2. Successively to refine the lattice parameters, this value
bandgaps of 2.24 eV and 2.21 eV, respectively. The researahas subsequently abridged by 3.5%. We set in self-consistent
team claimed that these materials have low reflectivity in thdield (scf) computations the convergence criterion for energy
visible range, making them adequate for sensors, solar celland charge at 0.001 Ry along with 0.00001e, correspond-
& various other optoelectronic devices [19]. Siad et al. re-ingly. This calculation relied on the Monkhorst-Pack [28]
ported a series of iNalnXs (X =F, Cl, Br, and I) compounds k-point mesh design with0 x 10 x 10 k-mesh to address the
and observed that these materials have very low band-gapBrillouin zone using 2000 k-points. One can use the IRelast
Based on the properties exhibited by these materials, the apackage [29] to determine the mechanical characteristics of
thors suggested that these substances are good for the applie tittled DPHM, for instance, their elastic constants, which
cations of UV photo-detectors and solar cells [20]. Manyprovide insight into their stiffness and structural stability. For
other researchers also worked on potassium and sodiunthe computation of phonon dispersion, the Castep code [30]
based materials for numerous practical devices [21]. is utilized, which is essential for understanding the thermo-
It is obvious from the above-cited literature that potas-dynamic behavior of the titted DPHM.
sium and sodium-based materials are preferred by the re-
search groups due to their low price, easy availability, and ex
hibiting numerous combinations of properties. In the present
study, we also selected a group of potassium and sodiund.1. Structural parameters
based XMgGeYs (X = Na, K; and Y = Cl, I) double per-  Evaluating geometrical properties of the studied materials is
ovskites and systematically deliberated their structures, mey crucial aspect of DFT ana|ysis' as it |ay5 the foundation
chanical, electronic, and optical responses using a DFT affor accurately determining additional physical characteris-
proach. Moreover, we also studied the effects of replacingics, for instance electronic and optical characteristics. The
cation (Na and K) at the X-site and nonmetal (Cl and 1) atoptimized crystal configurations ofX1gGeYs (X = Na, K;
the Y-site on the overall behaviors of theMgGeYs com- v = Cl, I) double perovskite halides, belonging to the space
pounds. This work identifies 2MgGeY; and related mate- group Fm-3m (No. 225), are illustrated in Fig. 1a)-1d). The
rials as strong contenders for use in optoelectronic and solaftoms in the presently studied compounds were settled at the
cells technologies, providing a foundation for future experi-|attice positions in their structures as depicted in Fig. 1. DFT

Results and discussion

mental studies. approach is utilized to examine the unit cell total energy with
respect to volume for YMgGeYg, which is then fitted the
2. Computational details data to equation of state Birch-Murnaghan [27]. Subsequent

to the fitting process, extract values for its bulk modulus (Bo
A detailed investigation conducted with WIEN2k computa-in GPa), lattice constants (ao m) energy (Eo in Ry) and
tional package [22] explored all structural, optical, electronicvolume (Vo inA3), as summarized in Table 1. The findings
along with mechanical properties ofsMgGeYs(X = Na,  divulge a clear trend of increasing lattice parameters as chlo-
K; Y = Cl, 1) inorganic double halide perovskites via den- rine is progressively substituted with iodine. Such an increase
sity functional theory (DFT). The calculations performed by results from the larger ionic size of iodine, leading to an ex-
employing the generalized gradient approximation (GGA) agpansion of the unit cells.
formulated by Perdew, Burke, and Ernzerhof (PBE) [23].  Also, the cell volume follows an analogous pattern to the
While the GGA approach typically diminishes energy gaplattice parameters, increasing as the ionic number of halogen
of the material, the Tran and Blaha modified Becke-Johnsonises. For each compound, optimization of energy vs volume
(TB-mBj) potential [24] was also employed for enhancing curve was achieved by reducing total energy relative to unit
the accuracy in calculating band-gap. Equation of Kohn-cell volume and fitting results to the Birch-Murnaghan equa-
Sham was solved by the full potential LAPW [25] approachtion, as illustrated in Fig. 2. Furthermore, it was realized that
in combination alongside local orbitals, while examining theboth at X or Y positions the replacement of smaller ionic radii
diverse characteristics of the titled compounds. An approprielement with the larger ionic radii element caused a notable
ate RMT values are selected for ensuring convergence of totanhancement in both, andV, for the given compounds.
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a)

FIGURE 1. Computed optimized structures of theMgGeYs (X = Na, K; Y = Cl, ) compounds.

TaBLE |. Computed tolerance factot), lattice parameterag), volume (5), bulk modulus B,), total energy Eo), and formation energy
(Er) of X2MgGeYs (X =Na, K; Y =Cl, I) compounds.

Parameters NaMgGeCk Na;MgGels K2MgGeClk KoMgGels
trp 0.82 0.81 0.93 0.90
o
ao (A) 10.39 11.87 10.48 11.91
Eo (Ry) -10787 -90668 -12546 -92436
o
Vo (A?) 1893.73 2818.52 1939.78 2847.36
By (GPa) 26.68 16.82 26.51 18.85
E (eVatom) -2.15 -1.27 -2.27 -1.09
-10787.547 90677.839
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FIGURE 2. ResultantF vs V' optimization plots of XMgGeYs (X = Na, K; Y = Cl, 1) materials.

As, the structure compactness reduces with inducing eler Y positions were replaced with elements having higher
ements having larger ionic radii, the same phenomenon waisnic radii. Moreover, theB, values were seen to move to-
observed in the studied materials, where Bhevalues were  wards lower values with increasing the lattice constant
detected to move towards lesser values as the elemefts atvalues for the investigated materials. Evaluating the given
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FIGURE 3. Phonon dispersion curves o XigGeYs (X = Na, K; Y = Cl, 1) perovskites.
material’'s tolerance factortf) is essential for confirming Lastly, to examine the lattice dynamics in the titled com-
compound structural stability. One can assess structural st@ounds, we calculated their phonon dispersion curves using
bility, using the relation: the finite displacement method [33]. Castep code was em-

ployed for the phonon calculations with a wave vector spac-
ing of 0.15A! [34]. From Fig. 3, it is evident that the
curves of phonon dispersion acquired for all the studied sub-
stances remain in the positive range and did not cross the zero
line. However, only NaMgGeCl compound phonon curves
were seen to cross a bit the zero line a bit, acquiring nega-
tive frequencies. This indicates that the.NgGeCk com-
pound shows slight instability in specific vibrational modes.
These behaviors authenticate the structure stability of the
XoMgGeY; (X = Na, K; and Y = Cl, 1) double perovskites.

fp— XY 1

G} (rmgce + 7y ) @
This equation incorporates ionic radii of Na/K, Mg/Ge, and
Cl/l denoted as'x, rwmgce, andry, respectively. The com-
puted tolerance factors foro¥1gGeYs (X = Na, K; Y = Cl,
) turn out to be 0.82, 0.81, 0.93, and 0.90, listed in Table I,
which is consistent with the stability range for cubic per-
ovskite structures [31, 32]. An additional critical parameter
for the thermodynamic stabilities of the tilted compounds is
the formation energy E»", which was calculated using the
relation:

3.2. Electronic behaviors

Er = Ena, /ks(MgGe)Clg /I The applications of a material primarily rely on its electronic
characteristics. A study on the band structure combined with
— (2Ea + Evg + Ece + 6Ecin)- @ total density of statesy(TDOS) and partial density of states
where in this contexEa, /1, (mgaecls /1 FEPresents total en- (PDOS) of %MgGeYs(X = Na, K; and Y = CI, 1) com-
ergy of XoMgGeY; at ground-state, anfinak, Emgee: and  pounds delivered essential information about their electronic
Ey denote energies at ground-state of the given atoms icharacteristics. The high-symmetry direction band structure
their bulk forms. The calculated formation energies forinformation is presented in Fig. 4. From the computed band
XoMgGeY; are listed in Table |, demonstrating the thermo- structures, it is evident that the Fermi levels are not crossed
dynamic stability of these compounds. The negative valueby any of the investigated materials. Furthermore, band spec-
confirm exothermic formation reaction. tra indicates that YMgGeY; compounds exhibit an indirect

TABLE Il. Bandgaps of the XMgGeYs (X = Na, K; Y = Cl, I) materials and some previously reported materials.

S. No Compound Method Band gap (eV) References
1 Na:MgGeCk TB-mBJ 3.13 This work
2 Na:MgGels TB-mBJ 1.70 This work
3 K2MgGeCk TB-mBJ 3.16 This work
4 KoMgGels TB-mBJ 1.72 This work
5 K2ScAgCh GGA 3.65 [17]
6 Na;ScAgCk GGA 3.63 [17]
7 Na;AgBiBrg Experimental 2.6 [18]
8 Na;TeXs (X =Cl, Br, 1) GGA-PBE 3.15,2.54,1.85 [35]
9 Na;AgSbXs (X=F, Cl, Br, and 1) PBE-GGA 3.986,2.9,2.3,1.27 [36]
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FIGURE 4. Computed band structures otMgGeYs (X = Na, K; Y = Cl, I) compounds.
bandgap formation that presents maximum and minimum
points of valence and conduction bands at the W-L symmetryragLe |11 Effective masses of electrons (me) and holes (mh)
points. achieved for XMgGeYs (X = Na, K; Y = Cl, I) materials.
This characteristic of all the substances signifies that they
are semiconducting. The computed values of their indirect___S-NO Compound | M
bandgapF,) were 3.13 eV, 1.70 eV, 3.16 eV, and 1.72 eV for 1 Na;MgGeCk 0.12 1.22
Na;MgGeCk, NaaMgGels, KoMgGeCk, and KMgGelg, 2 NaMgGels 0.078 0.19
respectively. Further analysis shows that with a rise in atomic 3 K2MgGeCk 0.125 1.23

number from Clto |, the bandgap decreases. The acquiged 4 KoMgGels 0.079 0.20
values for the studied materials, along with the other previ-
ously reported materials, are shown in Table Il. The comthe contributions of different states within these bands. The
puted £, values for these materials signify their feasibil- initial region, spanning from about -5.0 to 0 eV, corresponds
ity within optoelectronic technologies [35, 36]. The plots in to the valence band, predominantly influenced by the ClI-
Fig. 4 demonstrate that band shifting effects occur througfot and Ge-tot orbitals, where these states play significant
the Cl to | movement, and it results in conduction and valencéoles in their respective compounds. The conduction band
band movements toward the Fermi level, while the lower vaof X2MgGeYs begins just beyond the Fermi level, with its
lence bands relocate identically. This shift arises due to théower segment close to the Fermi level, which is primarily
increased electron population in these energy regions alor@overned by the Ge-tot orbital and its hybridized state with
with the progressive occupation of electronic levels close téhe Cl/I-tot orbital, along with a small contribution of Mg-
the Fermi energy. tot. PDOS patterns signify that the non-metals (chlorine and
To get further insight, one can accomplish an analysis ofodine) contribute significantly to the VB. In the CB, germa-
the density of states total as well partial to elucidate the naturBium was also observed to be active alongside the nonmetals.
of X,MgGeY; electronic bandgap, as illustrated in Fig. 5. Overall, from band and density of state calculations, these
The TDOS structural characteristics maintain consistency befindings indicate that YMgGeYs(X = Na, K; and Y = ClI,
tween all compounds, yet the bands relocate closer to the compounds could be highly suitable for optoelectronic and
Fermi energy. A noticeable shift occurs while moving from pPhotovoltaic applications. In order to determine the transport
chlorine to iodine, because of increased atomic size, togeth@roperties of XMgGeYs (X = Na, K; and Y = Cl, I) materi-
with the rising electron count within the halide ions. This als, we calculated the effective masses of holes (mh) and elec-
analysis proves the semiconducting behavior of the givefons (me), and their computed values are shown in Table IIl.
compounds since it shows no states at the Fermi level, conthe electron’s effective masses for the titled compounds were
firming the predicted electronic band spectra shown in Fig. 4¢alculated from the conduction band bottom; however, for the
Based on various bands, the total and partial density of statefective masses of holes, we took the valance band top, and
can be categorized in two distinct areas. Figure 5 illustratete following approximation was utilized [37].
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FIGURE 5. Optimized patterns of PDOS and TDOS ofMgGeYs (X = Na, K; Y = Cl, I) compounds.

stants (denoted a6, C12, and Cyy) are required to re-
solve all the comprehensive mechanical parameters of the
structure. These computed elastic constants must accom-
plish the Born stability criteria, which includ@C12 + C11,
bothCy; andCyy > 0, B > (15 while less tharC', and

®3)

where& (k) andk in Eq. (3), are the band edge eigen values;O < Oy — Cya, to ensure mechanical stability [41].
and wave vector, respectively.

From the achieved resuits of the effective masses, it is From a comparative analysis of the computed constants, it

clear that the electron’s effective masses are quite lower thaf{@s obgerved that the placement (_)f lodine at the *Y" position
that of the holes, and this property signifies that the titleo.results in lower values of the elastic constants than the mate-
materials are N-type semiconductors [38]. Moreover, it hasrlalslhav;ng chlorine Zu The Yb. liurthgrrlnore, bas;dhon the
been reported that perovskite materials having less effectiieSults of Young's moau usi{), bulk mo ulus £), and shear
masses possess higher mobility, which improves transpo odulus (G) for the given compounds, it was concluded that

characteristics and reduces the possibility of recombinatior e Cl-based materials exhibit superior mechanical stabil-
in such compounds, signifying the suitability of such com-"Y compared to the |-based me_lterlals. Both,NigGeCl
and K;MgGeCk demonstrate higher computed values for

pounds for solar cell applications [39, 40]. In the presently Il th A . d moduli. sianifving their riaidi
studied materials, I-based materials possess much lower ¢ three investigated moduli, signifying their rigidity nature.

fective masses and ensure their solidity for solar cell applica?Sin9 Ed- (4), we ascertained the Cauchy pressdrg
tions. values to determine the bond nature in these studied com-

pounds [42]. A+wve value ofC), corresponds to ionic bond-
ing, while a—wve value ofC,, indicates covalent bonding in
the material. From Table 1V, it is obvious that all the currently
To substantiate the structural stability under applied straininvestigated substances have positiygvalues, confirming
we elaborated the three fundamental constants of elasticitpeir ionic bonding nature.

for the X;MgGeYs(X = Na, K; and Y = Cl, I) compounds.
For any crystal with a cubic structure, only three elastic con-

3.3. Mechanical properties

Cp =Cia — Cua. 4)
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TABLE V. Basic elastic constants and mechanical parameters&eYs (X = Na, K; Y = Cl, I) compounds.

Parameters NMgGeCk Nax:MgGels K2MgGeCk K2MgGels

Ci1 (GPa) 54 .57 34.32 54.10 36.32
Ci2 (GPa) 13.87 9.19 14.09 9.15
Cu4 (GPa) 7.82 6.18 9.12 6.26

E (GPa) 33.30 22.48 34.73 23.60

B (GPa) 27.44 17.57 27.43 18.21
G (GPa) 11.60 8.25 12.57 8.59
C, 6.05 3.01 4.97 2.89
B/G 2.37 2.13 2.18 2.12

\% 0.30 0.287 0.289 0.284

A 0.384 0.492 0.456 0.461

Materials are normally, categorized into two groups: brit-ious substances. The;KlgGeY; (X = Na, K; and Y =Cl, I)
tle and ductile. These behaviors of material can be validategerovskites significance in optoelectronic devices was exam-
using their respective Pugh’s “B/G” ratios and Poisson’s “V” ined by their interactions with incident photons within range
ratios. If the material B/G ratio is greater than 1.75, it ex-of 0 — 40 eV. The linear response of the material to the in-
hibits ductile behaviors; otherwise, it is considered brittle.cident photons is elucidated by its complex dielectric func-
Similarly, “0.26" is the Poisson’s ratio threshold value, which tion, represented by(w). This is a complex quantity, which
separates ductile materials from brittle ones [41,43]. Table I\tan be mathematically described by the following equation
represents the computed B/G and V values fgMgGeYy of Ehrenreich & Cohen’s [45].
(X = Na, K; and Y = ClI, I) compounds. All the investi-
gated substances display higher computed values of B/G and e(w) = e1(w) + iea(w), 5)

V than 1.75 and 0.26, respectively, confirming their ductile . . o
wheree; (w) in the aforementioned equation is termed the

behaviors. Additionally, the Zener anisotropic ,"Afactor _ 3

was also determined for all the current materials, which inf€al component of(w).e; (w) is entirely accountable for the
tensifies their anisotropic behaviors. Only materials whichi"égular dispersion and electronic polarization that take place
possess specifically “A= 1" are regarded as isotropic mate- inside the material as a result of the incident photons, whereas

rials [44]. e2(w), the imaginary component, accounts for the absorption
of radiations. The resultant valuesagfw) andes(w) for the
3.4. Optical behaviors titted materials are graphed as a function of incident photons

in Fig. 6a), 6b). Notably, the computed values:=gfw) for
Material optical characteristics study empowers researchefda,MgGeCl and K;MgGeCl; at O energy are 2.88 and 2.96,
to investigate electromagnetic radiation interaction with var+espectively, while both NeMgGels and K;sMgGels showed

8 7
Na;MgGeClg NayMgGeClg
Na,MgGely, 6 - Na;MgGelg
6 - K;MgGeCl, K>MgGeCl,
K;MgGelg 5 - KoMgGelg
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@ &' 34
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FIGURE 6. Computed patterns of a) Real components b) Imaginary components fosihgGe€Ys (X = Na, K; Y = Cl, I) materials.
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FIGURE 7. Computed patterns of optical parameters faMgGeYs (X = Na, K; Y = Cl, I) materials.

almost the same; (0) value of 4.55. According to Penn's energy of 2.57 eV. However, all the titled materials respond
model {i.e, €1(0) = 1 + (hw,/E,)2}, those compounds to photons in the ultraviolet (UV) range, with the topmost
that exhibit smaller, values permit easier electronic ex- values ofex(w) in the UV range achieved by materials with
citation, causing significant polarizability and thus yielding higher bandgap values among the studied compounds.
higher values of;(0) [46].The computed values af; (0)
for the studied compounds show an inverse relationship Wiﬂé

. . n
their bandgap values, which supports Penn’s model.

The computed values of the refractive indgw) in the
ergy range of 0-40 for the titled materials were observed
and plotted in Fig. 7a). Several factors, including group ve-

Moreover, e1(w) values surged with the initial rise in locity, composition of the material, and the wavelength of
photon energy levels and achieved many peak values for alhe incident waves, can affect this crucial propentw).
the titled materials in the 2-10 eV of photon energy. TheseThe relations; (0) = 132 was accomplished by all the titled
achieved peaks af; (w) indicate the absorption behavior of compounds computed valuesfv) ande; (w) at zero fre-
these materials, highlighting the strong interaction betweeiguency [48]. The achieved less static computed values of
photons and matter [47]. However, a further increase in they(w) for the titled materials elicit them worthy for solar cells,

photon energy causes a decline in¢hév) curves. Materials as such materials exhibit negligible reflectivity [49]. The I-
with higher computed values ef (0), also demonstrated a based materials acquired the supreme computed values of
tendency to reflect photons by crossing the zero line at lowen(w) in the VE range, while the Cl-based materials domi-
energies than others [46]. Furthermore, the computed vahated in the UV range. For any semiconducting material,
ues ofes(w) remain zero for the incident photons with en- the extent of engrossing the light energy is described by the
ergies less than the bandgap of the materials. As the ph@bsorptiom(w) component. Since in semiconducting mate-
ton energy reaches the respective bandgap values of the titleils, electronic transitions do not occur from the VB to the
materials, theso(w) computed values rise sharply. Notably, CB for photons with energy,, the titled materials showed
only Na&sMgGels and K;MgGels materials demonstrate their straight lines along the x-axis for the initial photons energies,
foremost peaks in the visible energy (VE) range, with com-as demonstrated in Fig. 7b). However, all the titled mate-
puted values of 3.20 & 3.27, respectively for the same photomials displayed growth in thex(w) values for photons with
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energy> E,. Among the investigated materials, only the I- K,MgGels, respectively, all of which validate the condition
based materials presentedw) peaks in the VE range. In of Goldschmidt. Phonon dispersion and formation energy
the UV range, all the investigated materials showed intenseesults ensure the dynamical and thermal stabilities of the
peaks ofx(w), with KsMgGeCk showing the highest peak of given materials. The absence of negative frequencies in the
197.80 x 10* cm!. The lowest value ofi(w) was recorded phonon curves confirms their structural stability, as no unsta-
for the NaMgGels compound a$43.90 x 10* cm~! inthe  ble vibrational modes were detected for all the studied mate-
UV range. rials except a bit for NeMgGeCk. Formation energy calcu-

The term optical conductivity(w) refers to a material’s lation revealed that all the investigated compounds possess
ability to conduct electrons due to photon interaction. Ini-significantly negative values, highlighting their thermody-
tially, the «(w) of the titled compounds remains insensitive namic stability and exothermic formation reaction. Analysis
to lower energy radiations; however, as the radiation energpf electronic spectra shows that NégGeCk, NasMgGels,
reaches the activation energy of each compound, their conk;MgGeCk, and K,MgGels exhibit indirect bandgap of
puteda(w) values begin to increase. The earlieéb) peaks 3.13 eV, 1.70 eV, 3.16 eV, and 1.72 eV, respectively. Mechan-
for the I-based compounds were observed in the VE rangéc¢al analysis confirms that all the investigated compounds dis-
and the highest computed values of 1140 and 1126} ! play ionic bonding nature, as evidenced by positive Cauchy
were recorded for NaMgGels and K;MgGelg, respectively.  pressure values and higher computed values of pugh’s and
Nevertheless, all the titled materials own the electronic conpoisson’s ratios than 1.75 and 0.26, respectively, confirming
duction feature in the UV range, as confirmed in Fig. 7c).their ductile behavior. The Zener Anisotropid;” factors
Na,MgGels compound, with ax(w) value of 6178 ¢.m)*  were also determined for the given compounds, highlight-
at a radiation energy of 7.68 eV, holds the leading positioring their anisotropic behavior. Numerous optical parameters
among the investigated titled materials. WhileNkgGeCk,  for instance dielectric functions, absorption coefficients, op-
Na;MgGeClk, and K;MgGels acquired computed(w) val-  tical conductivity, refractive index and related features were
ues of 5489, 5499, and 589%.fn)* -1, respectively, in the analyzed and the findings indicate that all the titled com-
UV range. In addition to exhibiting high(w) values, these pounds demonstrate excellent absorption, high conductivity,
titted materials also showed quite low computed values ofand minimal reflectivity. Among the investigated materi-
reflectivity R(w), as illustrated in 7(d) Na;MgGels and  als, only the I-based materials exhibited absorption peaks
KoMgGels showR(w) values of 0.21 in the VE range, while in the visible range. Moreover, |-based materials possess
in the UV range, theék(w) values for all the investigated ma- much lower effective masses and ensure their solidity for so-
terials fall between 0.3-0.4. lar cell applications. In the UV region, all the investigated

After a thorough investigation of the optical character-compounds exhibited intense peaks of absorption, with the
istics of the titled materials, it became comprehensible thahighest peak noted for #MgGeCk; by achieving the value
only the I-based materials have the liability for solar cell ap-of 197.80 x 10* cm~. In the visible range, NaMgGels
plications, while all the titled materials show suitability for and KeMgGels exhibited reflectivity values of 0.21, while in
optoelectronic appliances, including photodetectors, LEDsthe UV range, reflectivity values for all the investigated com-
and more. pounds varied between 0.3 and 0.4.

) Data Availabilit
4. Conclusion Y

) ) _ Data will be made available on reasonable request
In this computational work, the WIENZ2k software was uti-

lized to perform all calculations on the;XlgGeYs (X=Na,  conflict of interest

K; and Y = CI, I) compounds, employing the full-potential

linearized augmented plane wave method. The values of thEhe authors declare that they have no known competing fi-
tolerance factort() were determined to be 0.82, 0.81, 0.93, nancial interests or personal relationships that could have ap-
and 0.90 for NaMgGeCk, NaaMgGels, KoMgGeCk, and  peared to influence the work reported in this paper.
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