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A B S T R A C T

Hydrogen’s potential as a clean energy source has made hydrogen storage a critical focus of modern research. 
Among candidate materials, advanced double perovskite hydrides have emerged as promising options for 
hydrogen storage applications due to their structural versatility and favorable physical properties. In this study, a 
comprehensive first-principles analysis was conducted to investigate the structural, mechanical, electronic, and 
hydrogen storage characteristics of A2SiH6 (A = Li and Na) double perovskite-type hydrides. The calculated 
tolerance factors indicate that both hydrides possess stable cubic perovskite structures, while their negative 
enthalpy of formation further validates their thermodynamic stability. Moreover, the AIMD simulations were 
performed to investigate the thermal stability of these compounds. Electronic band structure calculations 
revealed that both Li2SiH6 and Na2SiH6 exhibit semiconducting behavior, with indirect band gaps calculated as 
1.28 eV and 1.44 eV using GGA-PBE, and 2.22 eV and 2.32 eV using the more accurate HSE06 functional, 
respectively. Moreover, their mechanical stability is confirmed by compliance with Born’s criteria, suggesting 
their robustness under operational conditions. In addition to these properties, hydrogen storage capacity eval
uations demonstrated significant gravimetric hydrogen contents of 12.60 wt% for Li2SiH6 and 7.55 wt% for 
Na2SiH6, indicating their potential as high-capacity hydrogen storage materials. Furthermore, dielectric con
stant, refractive index, and absorption coefficient calculations were performed to fully characterize their elec
tronic behavior. Overall, these results suggest that A2SiH6 (A = Li and Na) hydrides are promising candidates for 
hydrogen storage applications, supported by their favorable tolerance factors, structural stability, electronic 
properties, and thermodynamic features.

1. Introduction

The rapid pace of industrialization has triggered a global energy 
crisis. While fossil fuels have long satisfied humanity’s energy demands, 
their reserves are now rapidly depleting. Moreover, fossil fuel con
sumption is a leading cause of environmental pollution and climate 
change [1–3]. Consequently, it is imperative to identify cleaner and 
renewable energy sources, prompting extensive scientific research in 
this field [4–8].

Hydrogen has emerged as a viable alternative energy carrier due to 
its abundance, low density, and clean combustion properties [9]. Recent 
investigations into double perovskite hydrides reveal that they offer 
remarkable potential for solid-state hydrogen storage applications. In 
addition to perovskite-based systems, recent review studies have 

emphasized that hydrogen storage remains a significant bottleneck for 
the widespread deployment of hydrogen energy technologies, high
lighting the need for safe, efficient, and cost-effective storage solutions 
[10,11]. Various hydrogen storage technologies, including compressed 
gas, liquefied hydrogen, underground storage, and material-based solid- 
state storage, have been extensively studied, each with unique advan
tages and limitations [12–14]. Among these, solid-state storage 
methods, particularly metal hydrides, complex hydrides, and 
perovskite-type hydrides, have attracted increasing attention due to 
their high volumetric and gravimetric capacities as well as favorable 
thermodynamic and kinetic properties [15].

Building upon these findings, numerous recent studies have focused 
on advancing hydrogen storage technologies through innovative mate
rial designs and catalytic strategies [16–18]. Recent studies have 
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reported significant advances in hydrogen storage materials and their 
catalytic and phase transition behaviors. These include 
Co–Fe–B@g–C3N4 thin film catalysts for NaBH4 hydrolysis [16], noble 
metal/2D MOF heterostructures for MgH2 hydrogen storage enhance
ment [17], and phase transition mechanisms in Zr2Co–H systems [18]. 
These examples further demonstrate the diversity of approaches for 
efficient hydrogen storage applications.

Hydrogen’s combustion produces only water and no greenhouse 
gases, giving it a significant advantage as a preferred energy carrier. 
Furthermore, burning hydrogen releases nearly three times more energy 
than liquid fuels like gasoline. Currently, various methods are employed 
to produce hydrogen. One of the simplest ways is decomposing 
hydrogen-containing compounds, such as organic acids [19] and hy
drocarbons [20,21]. However, water remains the most cost-effective and 
favored source of hydrogen, especially because wastewater and 
seawater can be utilized.

In addition to these advantages, double perovskite (DP) materials 
have recently attracted significant attention for their structural versa
tility and wide-ranging energy applications. These include proton con
duction, ferroelectrics, battery materials, electrocatalysis, photovoltaics, 
optoelectronics, and thermoelectric devices [22–27]. Recent density 
functional theory (DFT) studies have systematically investigated a wide 
range of double perovskite compounds, such as Ba2AlTMO6 (TM = W, 
Re, Os) [24], Cs2XBeBr6 (X = Ge, Sn) [25], and various Cs2B′B″X6 halide 
perovskites [26,27], highlighting their promising electronic, optical, 
thermoelectric, and multifunctional energy properties. These works 
emphasize the importance of understanding the comprehensive physical 
properties of perovskite-type materials to guide their application in 
sustainable and clean energy technologies.

The alkali metal A–Si–H systems (A = Li, Na, and K) have garnered 
considerable interest due to theoretical predictions indicating the pres
ence of hydrogen-rich ternary phases at high pressures. These phases 
may exhibit superionic, superconducting, and hydrogen storage char
acteristics [28–32]. These estimations indicate that at lower pressures 
(up to 50 GPa), A–Si–H systems often exhibit a stable compound, 
A2SiH6, characterized by octahedral SiH− 2

6 species in which silicon 
achieves a hypervalent bonding configuration. Liang et al. [29] pro
posed Na2SiH6 as a H− superionic conductor in the pressure range of 4 to 
10 GPa at temperatures around 1000 ◦C. Another study by Xie et al. [31] 
attributed advantageous hydrogen storage properties to K2SiH6. In two 
studies conducted by Liang et al. and Xie et al., it was reported that 
compounds such as KSiH8, K2SiH8, KSiH7, Na3SiH10, and Na2SiH14 
become stable with structures where octahedral units are bonded and H2 
molecules are additionally included at various high pressures between 
50 and 200 GPa. In addition, Liang et al. revealed that compounds such 
as LiSiH6, Li2SiH10, LiSiH5, Li2SiH12, and Li3SiH10 from Li–Si–H systems 
are more stable at high pressures and have a high hydrogen storage 
capacity [28]. LiSiH8 and LiSi2H9 are anticipated to exhibit favorable 
phonon-mediated superconductivity at pressures over 170 GPa. 
Notwithstanding the intriguing outcomes from computational structure 
prediction, so far, only the polymorphism K2SiH6 has been documented 
from experimental high-pressure studies [33]. This molecule remains 
stable at atmospheric pressure, adopting the cubic K2PtCl6 structure 
[34].

Discovering and examining new materials for hydrogen storage has 
become increasingly important, since hydrogen is considered a clean 
and low-cost energy source. In this context, the present computational 
study using density functional theory (DFT) investigates the structural, 
mechanical, optoelectronic, and hydrogen storage properties of alkali 
metal A–Si–H hydrides. The findings regarding these physical properties 
are remarkable, suggesting that the studied hydrides are suitable can
didates for hydrogen storage and optoelectronic applications due to 
their semiconductor characteristics. In particular, optical absorption 
calculations were performed to evaluate the electronic transitions and 
band gap behavior of these materials, which is crucial for understanding 

their potential use in photocatalytic-assisted hydrogen release and other 
multifunctional energy applications.

Importantly, to the best of our knowledge, this is the first compre
hensive study that systematically investigates Li2SiH6 and Na2SiH6 
double perovskite-type hydrides under ambient conditions for their 
solid-state hydrogen storage capabilities. Previous studies have pri
marily focused on their high-pressure stability or superionic behavior 
[28–30,32]. In contrast, our work uniquely combines structural, elec
tronic (including hybrid functional HSE06), mechanical, optical, and 
dynamic (phonon and AIMD) analyses within a single investigation. This 
holistic approach establishes a foundational understanding of these 
materials and fills a critical gap in literature, contributing new insights 
for their practical use in hydrogen storage applications.

2. Methodology

This study employs computations using the VASP (Vienna Ab initio 
Simulation Package) software [35–37], where the projector-augmented- 
wave (PAW) method [38] is applied to model electron-ion interactions. 
The total energies of both compounds remained almost constant with 
plane-wave energy cut-offs ranging from 400 eV to 1000 eV and k-point 
grids from 8 to 16. Based on these tests, the plane-wave cut-off energy 
was set to 554 eV for Li2SiH6 and 717 eV for Na2SiH6, while a 12 × 12 ×
12 Monkhorst-Pack k-point grid [39] was used for both compounds in all 
subsequent structural, electronic, and optical property calculations to 
ensure accuracy and reliability. Furthermore, the interactions among 
electrons have been characterized by using pseudopotentials of the 
Perdew, Burke, and Ernzerhof (PBE) type within the context of the 
generalized gradient approximation (GGA) [40]. Since the GGA-PBE 
method usually underestimates the band gap of materials, a more pre
cise exchange-correlation functional, the Heyd-Scuseria-Ernzerhof 
(HSE06) functional was used to explore the optoelectronic properties 
of A2SiH6 (A = Li and Na) double perovskite hydrides [41]. The relax
ation operations for the related compositions have been carried out until 
all forces and pressures are reduced to negligible levels. After 10 opti
mization steps, relaxation energy was reached for Li2SiH6, while for 
Na2SiH6, it was reached after 23 optimization steps. In the geometric 
optimizations of this study, the energy-convergence criterion was 
established at 10− 8 eV/atom. Additionally, the Li, Na, Si, and H atoms in 
the relevant compositions were taken into account with the valence 
configurations of 1s22s1, 2p63s1, 3s23p2, and 1s1, respectively. Vesta 
software has been used to calculate the electron density distributions 
[42]. Directional dependencies of mechanical properties were deter
mined using the VELAS code, an open-source toolbox for visualization 
and analysis of elastic anisotropy [43]. The stress-strain method [44], as 
applied in VASP, has been utilized to acquire elastic constants. Ab initio 
molecular dynamics (AIMD) simulations were conducted to evaluate the 
thermal stability of the structures at room temperature (300K). The 
phonon spectrum was calculated using the Phonopy package to assess 
the dynamic stability of A2SiH6 (A = Li and Na) [45,46].

3. Results and discussions

In this section, we present the structural, mechanical, electronic, and 
optical features of A2SiH6 (A = Li and Na) double perovskite hydrides, 
which are investigated using density functional theory (DFT) calcula
tions. These hydrides unveil potential for hydrogen storage applications 
due to their favorable stability, mechanical resilience, and promising 
optoelectronic characteristics. The results are examined in the following 
subsections.

3.1. Structural and hydrogen storage properties

The structural features of A2SiH6 (A = Li and Na) double perovskite 
hydrides have been explored through first-principles calculations. The 
chemical representation of these materials, which are members of the 
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perovskite family, is A2BH6 double perovskite. These hydrides crystal
lize in the cubic K2PtCl6 structure with space number 225 (Fm-3m) [47]. 
The optimized crystal structures of A2SiH6 (A = Li and Na) are presented 
in Fig. 1, to visualize the atomic arrangements. The A atoms (8c) are 
located at (0, 0.25, 0.25), Si atoms (4a) at (0, 0, 0), and H atoms (24e) at 
(xH, 0, 0) in the unit cell. Specifically, xH represents the internal coor
dinate of hydrogen atoms within the cubic perovskite lattice, deter
mining their fractional position along the crystallographic axes in 
Wyckoff sites. The total energy-volume relationship has been analyzed 
to evaluate the equilibrium states of Li2SiH6 and Na2SiH6. The energy- 
volume plots for A2SiH6 (A = Li and Na) perovskites have been pre
sented in Fig. 2(a) and (b), respectively. The optimized total energy 
curves indicate that Na2SiH6 displays a slightly larger equilibrium vol
ume and energy than Li2SiH6, this finding is coherent with its greater 
lattice parameter. The calculated lattice constant (a0), Bulk modulus (B), 
pressure derivative of the Bulk modulus (Bʹ), tolerance factor (tG), and 
formation enthalpy 

(
ΔHf

)
have been given in Table 1. The lattice con

stants of Li2SiH6 and Na2SiH6 have been determined as 6.561 Å and 
7.027 Å, respectively, indicating an increase with increasing atomic size 
of A-site cations. The calculated structural parameters for Na2SiH6 
(lattice constant a₀ = 7.027 Å, volume V = 362.223 Å3, xH = 0.2289) are 
in good agreement with the values reported in the OQMD crystal data
base [48]. Furthermore, Li2SiH6 exhibits greater stiffness than Na2SiH6 
hydride as a result of its elevated Bulk modulus. Our findings exceed the 
documented values for K2SiH6 (18.33 GPa) [47], Rb2SiH6 (16.63 GPa) 
[47], Na2PtH6 (22.626 GPa) [49] and K2GeH6 [50].

The tolerance factors (tG) for both compounds are within the stability 
range of perovskite structures, hence affirming the structural viability of 
A2SiH6 materials [51]. Our research reveals that the tolerance factors for 
the materials, particularly Na2SiH6 hydride, are about 1, indicating a 

nearly perfect cubic perovskite structure and implying significant 
structural stability. The negative formation enthalpies 

(
ΔHf ) can be 

expressed as follows [50] suggesting that these compounds are ther
modynamically stable, with sodium-containing materials exhibiting 
marginally superior stability compared to lithium-containing materials. 

ΔHf = [(E(A2SiH6) − (2EA +ESi +6EH) ) ]
/
9 (1) 

The calculated formation enthalpy for Li2SiH6 was found to be − 0.0730 
eV/atom, while for Na2SiH6 it was − 0.0839 eV/atom, which is in good 
agreement with the value of − 0.0840 eV/atom reported in the OQMD 
crystal database [48]. This comparison validates the reliability of our 
computational methodology and supports the energetic stability of these 
hydrides.

Additionally, X-ray diffraction (XRD) patterns have been produced to 
verify the crystalline characteristics of the optimal configurations of 
A2SiH6 (A = Li and Na). The XRD spectra of Li2SiH6 and Na2SiH6 are 
illustrated in Fig. 1(a) and (b), displaying the distinctive diffraction 
peaks of these perovskite hydrides. The principal diffraction peak for 
Li2SiH6 is located at 21.58◦, whereas the strong peak for Na2SiH6 is seen 
at 37.42◦. Furthermore, Na2SiH6 has a greater lattice parameter (7.027 
Å) than Li2SiH6 (6.561 Å), as seen in Table 1. The observed diffraction 
patterns validate the structural integrity of both crystals and correspond 
accurately to the cubic perovskite symmetry [52]. The XRD spectra 
validates the viability of manufacturing these compounds while main
taining their cubic perovskite phase. These structural insights establish a 
foundation for assessing the mechanical, electronic, and hydrogen 
storage characteristics of A2SiH6 double perovskite hydrides in the next 
sections.

The evaluation of the gravimetric density of hydrogen plays a critical 
role in determining the efficiency and capacity of hydrogen storage. In 

Fig. 1. The X-ray diffraction (XRD) pattern of (a) Li2SiH6 and (b) Na2SiH6 perovskite hydrides.
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this study, our focus is on the gravimetric density of hydrogenated 
double perovskite-type material [53]. The following equation was used 
to determine the hydrogen storage capacity of A2SiH6 (A = Li and Na) 
double perovskites [54]: 

Cwt(%) =

(
nMH

Mhost + nMH

)

×100 (2) 

Here, n represents the atomic ratio of hydrogen to the parent compound 
(H/M), MH represents the molar mass of hydrogen, and Mhost represents 
the molar mass of the parent compound. The details of the gravimetric 
density analysis performed in our study are presented in Table 2, where 
the results are comparatively reported alongside other hydride mate
rials. As a result of the calculations, the gravimetric density was found to 
be 12.60 wt% for Li2SiH6 and 7.55 wt% for Na2SiH6. These gravimetric 
capacity values are relatively high, indicating that A2SiH6 (A = Li and 
Na) is a promising material for hydrogen storage applications.

Volumetric storage capacity denotes the quantity of hydrogen con
tained inside a certain volume. The potential for hydrogen storage may 
be quantified in terms of volume, as shown in Ref. [55]: 

ρvol =
NH × mH

V (L) × NA
(3) 

where NH denotes the number of absorbed hydrogen atoms, mH signifies 
the molecular mass of hydrogen, V (L) indicates the volume of the 
absorber, and NA represents Avogadro’s number. The calculated volu
metric hydrogen storage capacity values (ρvol) are shown in Table 2. The 
Li2SiH6 compound exhibits superior volumetric density relative to the 
Na2SiH6 hydride owing to its reduced unit cell volume.

Compounds with exceptional properties for storing hydrogen should 
have high storage density and a suitable hydrogen release temperature. 
One of the important factors to be considered in this context is the 
desorption temperature (Tdes), which can be determined using the Gibbs 
relationship. 

ΔG = ΔH − Tdes.ΔS (4) 

Under standard conditions, when the change in Gibbs free energy 
(ΔG) at a given temperature and pressure is equal to zero, the desired 
desorption temperature (Tdes) can be calculated using the relevant 
equation [56]. 

Tdes =
|ΔH|

ΔS
(5) 

Previous experiments have shown that the entropy change (ΔS) of 
hydrogen is 130.7 J/mol K [57]. The ideal desorption temperature range 
is generally accepted as 233–333 K [58]. As shown in Table 2, the 
calculated Tdes values for Li2SiH6 and Na2SiH6 are 107.78 K and 123.88 
K, respectively. Although these values are below the target range of 
233–333 K established by the US Department of Energy for hydrogen 
storage systems by 2025 [59], they indicate that hydrogen can be 
released at relatively low temperatures, which may be advantageous for 
certain cryogenic or low-temperature storage applications.

As summarized in Table 2, the hydrogen storage performance of 

Fig. 2. The optimized total energy-volume curve for (a) Li2SiH6 and (b) Na2SiH6.

Table 1 
The calculated lattice constant (a0), Bulk modulus (B), pressure derivative of the Bulk modulus (Bʹ), unit cell volume (V), tolerance factor (tG), and formation enthalpy 
(ΔHf ) for A2SiH6 (A = Li and Na) hydrides.

Material Ref. α0 (Å) B (GPa) Bʹ V xH tG ΔHf (eV/atom)

Li2SiH6 This work 6.561 31.20 3.53 282.359 0.2444 0.87 − 0.0730

Na2SiH6
This work 7.027 25.60 3.67 362.223 0.2289 0.98 − 0.0839
[48] 6.881 – – 325.84 0.2333 – − 0.0840

K2SiH6 [31] 7.867 20.58 4.03 480.520 0.205 – –
K2SiH6 [47] 7.855 18.33 – 484.664 0.206 – –
Rb2SiH6 [47] 8.204 16.63 – 552.210 – – –
K2GeH6 [50] 7.968 14.94 – 505.991 0.213 – –
K2SnH6 [50] 8.338 9.91 – 579.679 0.226 – –

Table 2 
The gravimetric (Cwt) and volumetric (ρvol) hydrogen storage capacity, and 
desorption temperatures (Tdes) of A2SiH6 (A = Li and Na) hydrides.

Material Cwt (%) ρvol (g⋅H2/L) ΔH (KJ/mol⋅H2) Tdes (K) Reference

Li2SiH6 12.60 142.25 − 14.08 107.78 This work
Na2SiH6 7.55 115.74 − 16.18 123.88 This work
K2SiH6 5.2 – – – [47]
Rb2SiH6 2.86 – – – [47]
K2GeH6 3.84 – – 719.3 [50]
K2SnH6 2.97 – – 221.1 [50]
Mg2CrH6 5.60 150.05 – 230.35 [54]
Mg2MnH6 5.51 142.07 – 208.65 [54]
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A2SiH6 double perovskite hydrides was comparatively evaluated against 
similar hydrides with the same crystal structure, considering their 
gravimetric and volumetric storage capacities as well as hydrogen 
desorption temperatures.

Li2SiH6 shows a volumetric hydrogen storage capacity of 142.25 g 
H₂/L, which is comparable to Mg2MnH6 (142.07 g H₂/L) and slightly 
lower than Mg2CrH6 (150.05 g.H2/L) [54]. Moreover, its gravimetric 
capacity is 12.60 wt%, significantly higher than that of Mg2CrH6 (5.60 
wt%) and Mg2MnH6 (5.51 wt%) [54]. Additionally, the desorption 
temperature of Li2SiH6 (107.78 K) is much lower than Mg-based com
plex hydrides such as Mg2CrH6 (230.35 K) and Mg2MnH6 (208.65 K), 
indicating favorable hydrogen release [54].

On the other hand, Na2SiH6 exhibits a volumetric hydrogen storage 
capacity of 115.74 g.H2/L, slightly lower than Li2SiH6 but still 
competitive among reported hydrides. Its gravimetric capacity (7.55 wt 
%) is lower than Li2SiH6 but higher than K2SiH6 (5.2 wt%), Rb2SiH6 
(2.86 wt%) [47] and Mg2MnH6 (5.51 wt%) [54]. Furthermore, the 
desorption temperature of Na2SiH6 (123.88 K) is substantially lower 
than those of Mg2CrH6 and Mg2MnH6, suggesting relatively easier 
hydrogen desorption [54].

Overall, these comparative results clearly demonstrate that Li2SiH6 
and Na2SiH6 exhibit competitive volumetric hydrogen storage capac
ities, with Li2SiH6 particularly outperforming many complex hydrides 
due to its superior combination of gravimetric and volumetric capacities 
alongside low desorption temperatures. These findings highlight their 
promising potential as solid-state hydrogen storage materials suitable 
for practical energy applications.

3.2. Elastic properties and mechanical stability

Elastic features and mechanical stability are critical for evaluating a 
material’s ability to withstand applied loads and preserve its structural 
integrity [60]. Their mechanical properties determine the strength 
against applied loads and the longevity of perovskite materials under 
varying operating circumstances. Higher elastic moduli signify 
increased stiffness and resistance to deformation, hence diminishing the 
likelihood of structural damage. These properties are essential for 
electronic device construction. Moreover, materials exhibiting ductility 
and anisotropy offer enduring resilience and flexibility, rendering them 
ideal for the fabrication of resilient electronics [61]. The assessment of 
mechanical stability, bonding interactions, flexibility, and thermody
namic characteristics, including melting point, specific heat, and Debye 
temperature, is contingent upon elastic constants [62]. In this study, the 
elastic constants Cij (C11, C12, and C44) were determined by studying the 
stress-strain relationship [63]. The elastic stability of materials is eval
uated by the Born stability criterion [64,65]. 

C11 − C12 > 0,C11 +2C12 > 0,C11 > 0,C44 > 0 (6) 

Consequently, the examined materials conform to the Born stability 
criterion, as shown in Table 3. A2SiH6 (A = Li and Na) double perovskite 
hydrides have been determined to be mechanically stable. On the other 
hand, Cauchy pressure (CP) is also an important mechanical parameter 
that provides information about the ductility or brittleness of a material. 
It is defined using elastic constants as follows: 

CP = C12 − C44 (7) 

The negative (positive) sign of the CP parameter indicates the brittle 

(ductile) nature of a material [66]. The computed CP values for these 
hydrides are shown in Table 3. The positive results for these hydrides 
confirm their ductility.

Furthermore, these elastic constants allow the examination of 
various mechanical parameters such as Bulk modulus (B), Shear 
modulus (G), Young’s modulus (E), B/G, and Poisson’s ratio (ν) using the 
Voigt, Reuss, and Hill approximations [67–69]. The mechanical pa
rameters were computed using the following equations [70] for the 
A2SiH6 (A = Li and Na) double perovskites, and the obtained values are 
given in Table 4. 

B =
(2C12 + C11)

3
(8) 

GV =
1
5
(3C44 − C12 +C11) (9) 

GR =
(C11 − C12)5C44

4C44 + 3(C11 − C12)
(10) 

GH = G =
1
2
(GV +GR) (11) 

E =
9BG

G + 3B
(12) 

The results demonstrate that Na2SiH6 is stiffer than Li2SiH6 owing to 
higher values of Bulk modulus (B), Shear modulus (G), and Young’s 
modulus (E). Additionally, Poisson’s ratio (ν) quantifies the bonding 
characteristics of materials and may be determined using the following 
equation [71]: 

ν =
3B − 2G
2G + 6B

(13) 

Poisson’s ratio of 0.1 signifies covalent bonding, but a ν value of around 
0.25 is indicative of ionic bonding features in materials [72]. The ionic 
characteristics of A2SiH6 (A = Li and Na) double perovskites align well 
with the previously published findings on K2SiH6 [47], Rb2SiH6 [47], 
A2OsH6 (A = Ca, Ba, Mg, and Sr) [73], and A2PtH6 (A = K, Rb) [74].

Nonetheless, Pugh’s G/B ratio also dictates the bonding character
istics of the material, with a G/B ratio of around 1.1 (0.6), indicating 
covalent (ionic) bonding [70]. The results indicated that the existing 
materials had an ionic bonding nature, consistent with Poisson’s ratio 
findings.

Additionally, one can classify the material as ductile or brittle by 
examining Pugh’s ratio (B/G). If Pugh’s B/G value exceeds (falls below) 
1.75, it indicates the material exhibits ductile (brittle) behavior [75,76]. 
Table 4 demonstrates that A2SiH6 (A = Li and Na) hydrides exhibit 
ductile behavior, similar to other reported materials known for their 
ductility, such as Mg2OsH6 (1.79) [73], Ca2OsH6 (1.80) [73], Mg2CrH6 
(2.32) [54], and Mg2MnH6 (1.97) [54]. The positive CP values (6.73 GPa 
for Li2SiH6 and 5.95 GPa for Na2SiH6) together with B/G ratios 
exceeding 1.75 (2.25 for Li2SiH6 and 2.09 for Na2SiH6) confirm the 
ductile nature of both hydrides. This ductility implies that Li2SiH6 and 
Na2SiH6 can withstand mechanical deformation without brittle fracture 
during repeated hydrogen absorption and desorption cycles [77]. 
Consequently, their resistance to pulverization is enhanced, which is 
critical for maintaining structural integrity, reversible capacity, and 
long-term cycling stability in practical hydrogen storage applications. 
This adaptability facilitates numerous loading and unloading cycles, 

Table 3 
Elastic constants (Cij) and calculated Cauchy pressure (CP) for A2SiH6 (A = Li 
and Na) hydrides.

Material C11 

(GPa)
C12 

(GPa)
C44 

(GPa)
C11 +

2C12

C11 −

C12

CP 

(GPa)

Li2SiH6 45.28 27.05 20.32 99.38 18.23 6.73
Na2SiH6 48.97 25.25 19.30 99.47 23.72 5.95

Table 4 
The calculated values of Bulk modulus (B), Shear modulus (G), Young’s modulus 
(E), B/G, and Poisson’s ratio (ν) for A2SiH6 (A = Li and Na) perovskites.

Material B (GPa) G (GPa) E (GPa) B/G G/B ν

Li2SiH6 33.13 14.73 38.49 2.25 0.44 0.306
Na2SiH6 33.15 15.88 41.07 2.09 0.48 0.294
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ensuring a robust and durable storage system essential for effective and 
efficient hydrogen utilization [78,79].

The anisotropy factor (A) is highly important in numerous applica
tions, such as plastic deformation, phonon modes, and crack behavior 
[80,81]. A comprehensive analysis of this mechanical factor is essential 
to ascertain the extent of anisotropy in the atomic bonds across various 
plane orientations. When the value of A is 1 or deviates from 1, the 
system in question is characterized as either isotropic or anisotropic. The 
Zener anisotropy index AZ, Chung-Buessem anisotropy index AG, and 
universal elastic anisotropy index AU for A2SiH6 hydrides are calculated 
from the following equations [82–84]. 

AU = 5
GV

GR
+

BV

BR
− 6 (14) 

AZ =
2C44

(C11 − C12)
(15) 

AG =
(GV − GR)

(GV + GR )
×100% (16) 

GV and BV represent the shear and bulk moduli derived from the 
Voigt approximation. Furthermore, the shear and bulk moduli derived 
from the Reuss approach are represented by GR and BR, respectively. The 
crystal exhibits isotropy when the universal isotropic index (AU) is equal 
to zero. The divergence of this value from zero signifies the extent of 
elastic anisotropy. The isotropy value for AZ is 1, while AG and AU both 
register at zero. The degree of elastic anisotropy in a crystal is deter
mined by values that fall below or exceed certain thresholds. AG = 1 
establishes the upper limit of elastic anisotropy. As shown in Table 5, 
Li2SiH6 and Na2SiH6 hydrides exhibit anisotropic characteristics.

The VELAS code [43] was employed to illustrate the influence of 
anisotropy on mechanical properties in three dimensions. The variation 
from sphericity in the figures generated using the VELAS code reflects 
the extent of anisotropy in the three-dimensional mechanical charac
teristics. Fig. 3 and Table 6 illustrate that A2SiH6 materials exhibit 
anisotropy in all mechanical properties, including Young’s modulus E 
(GPa), Shear modulus G (GPa), and Poisson’s ratio (ν), except for linear 
compression (β (TPa− 1)).

The 3D anisotropy plots presented in Fig. 3 demonstrate the direc
tional dependence of mechanical properties for Li2SiH6 and Na2SiH6. 
Quantitatively, as summarized in Tables 5 and 6, Li2SiH6 shows higher 
shear modulus anisotropy (Gᵐᵃˣ/Gᵐⁱⁿ = 2.23) compared to Na2SiH6 
(1.68). Similarly, Young’s modulus anisotropy ratios indicate Li2SiH6 
(Eᵐᵃˣ/Eᵐⁱⁿ = 2.02) is more anisotropic than Na2SiH6 (1.57). The higher 
AG, AZ, and AU indices in Li2SiH6 further confirm its greater elastic 
anisotropy.

From an application perspective, elastic anisotropy can influence 
mechanical processing, shaping, and integration into solid-state 
hydrogen storage systems or composite structures. Higher anisotropy 
may lead to direction-dependent deformation or stress accumulation, 
which can cause microcrack initiation under cyclic hydrogen 
absorption-desorption [85]. In contrast, lower anisotropy, as observed 
in Na2SiH6, suggests more uniform mechanical responses, which is 
beneficial for structural stability and device reliability.

In addition, various mechanical parameters such as density (ρ), 
longitudinal wave velocity (vl), transverse wave velocity (vt), average 
wave velocity (vm), Debye temperature (ΘD), and melting temperature 
(TM) of A2SiH6 have been computed, as shown in Table 7 [81]. The 

Debye temperature, which provides an estimation of the thermal sta
bility and phonon-related features, is greater for Li2SiH6 (605.01 K) than 
for Na2SiH6 (502.45 K), suggesting sturdier atomic bonding in the Li- 
containing material.

Moreover, the melting temperature (TM) is a critical parameter that 
influences the application of crystal in heating systems, with the melting 
temperature values of these compounds presented in Table 7.

In summary, elastic properties and the mechanical stability of A2SiH6 
double perovskite hydrides indicate that both materials are mechani
cally ductile and robust. Li2SiH6 demonstrates marginally greater ther
mal stability and stiffness, yet Na2SiH6 shows inferior shear anisotropy, 
which may make it more susceptible to structural distortions. These 
results contribute to the emphasis on A2SiH6 compounds as potential 
candidates for hydrogen storage applications.

3.3. Electronic band structure and density of states analysis

Understanding the electronic characteristics of A2SiH6 (A = Li and 
Na) double perovskite hydrides has been crucial for evaluating their 
potential in optoelectronic and hydrogen storage applications [86]. We 
used both GGA-PBE and HSE06 functionals to find the electronic band 
structures and partial and total densities of states (PDOS/TDOS) for 
these compounds. As seen in Figs. 4(a) and 5(a), using GGA-PBE to do 
electronic band structure computations showed that Li2SiH6 and 
Na2SiH6 exhibit indirect band gaps of 1.28 eV and 1.44 eV, respectively. 
However, it is well established that standard GGA functionals tend to 
underestimate the band gap values due to their approximate treatment 
of exchange-correlation effects. To obtain more accurate predictions, 
additional calculations were performed using the HSE06 functional. The 
HSE06 results showed that Li2SiH6 has an increased indirect band gap of 
2.22 eV, while Na2SiH6 has an indirect band gap of 2.32 eV, as seen in 
Figs. 4(b) and 5(b). These band gaps are much larger than those ob
tained from GGA-PBE calculations, demonstrating that hybrid func
tional methods are necessary for accurate electronic property 
assessments. While GGA-PBE provides a qualitative understanding of 
the semiconducting behavior, HSE06 offers quantitatively improved 
estimates that are critical for optoelectronic and energy-related appli
cation evaluations. Furthermore, the determined band gap values indi
cate that Na2SiH6 exhibits a slightly wider band gap compared to 
Li2SiH6, which may influence their optical absorption characteristics. 
This difference primarily arises from the variation in the atomic radii of 
Li and Na, affecting the hybridization and dispersion of electronic bands.

In comparison with other reported A₂BH₆-type hydrides, HSE06- 
calculated band gaps of Li2SiH6 (2.22 eV) and Na2SiH6 (2.32 eV) are 
significantly higher than those of K2GeH6 (1.897 eV) and Rb2GeH6 
(2.129 eV) and are slightly lower than K2SnH6 (2.468 eV) and Rb2SnH6 
(2.657 eV) [86]. This trend reflects the influence of A-site cation size, 
where the substitution of larger cations such as Na or Rb leads to wider 
band gaps, similar to how Rb-based hydrides exhibit larger band gaps 
than their K-based analogs. Overall, the systematically larger band gaps 
obtained using HSE06 for these perovskite hydrides emphasize the 
importance of employing hybrid functionals for accurate prediction of 
their electronic and optoelectronic properties, thereby guiding their 
potential application in UV optoelectronic devices and hydrogen storage 
systems.

The HSE06 results showed that Li2SiH6 has an increased indirect 
band gap of 2.22 eV, while Na2SiH6 has an indirect band gap of 2.32 eV, 
as seen in Figs. 4(b) and 5(b). These band gaps from HSE06 are much 
bigger than the ones from GGA-PBE, which shows that hybrid functional 
methods are needed for accurate electronic property assessment. This 
comparison highlights that while GGA-PBE provides a qualitative un
derstanding of the semiconducting behavior, HSE06 offers quantita
tively improved estimates critical for optoelectronic and energy-related 
application assessments. Furthermore, the determined bandgap values 
suggest that Na2SiH6 exhibits a wider bandgap compared to Li2SiH6, 
potentially influencing their optical absorption characteristics. The 

Table 5 
Elastic anisotropy parameters for A2SiH6 (A = Li and Na) perovskites.

Material GV 

(GPa)
BV 

(GPa)
GR 

(GPa)
BR 

(GPa)
AU AZ AG

Li2SiH6 15.84 33.13 13.62 33.13 0.81 2.23 7.52
Na2SiH6 16.32 33.15 15.43 33.15 0.29 1.68 2.82
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observed differences primarily arise from the variation in atomic radii of 
Li and Na, which influences the hybridization of electronic bands and 
their dispersion characteristics.

To better understand the electronic structure of A2SiH6 (A = Li and 
Na) double perovskite hydrides, the total and partial density of states 
(TDOS and PDOS) were calculated using the GGA-PBE and HSE06 
methods, as shown in Figs. 4 and 5. The PDOS results indicate that in 
both Li2SiH6 and Na2SiH6, the valence band is predominantly composed 
of H-s and Si-p orbitals, reflecting strong hybridization between 
hydrogen and silicon. The conduction band mainly arises from Si-p and 

A-2 s/3 s (A = Li, Na) states. The robust hybridization among H and Si 
orbitals indicates covalent bonding features, which play a decisive role 
in the stability of these perovskite hydrides.

The electronic density distribution and the indirect bandgap nature 
suggest that A2SiH6 (A = Li and Na) hydrides acquire moderate elec
tronic conductivity, which may influence their performance in opto
electronic applications and solid-state hydrogen storage. The next 
section further explores their optical features to evaluate their suitability 
for such functions.

Fig. 3. The elastic anisotropy modules in 3D (a) Shear modulus (G), (b) linear compression (β), (c) Young modulus (E), (d) Poisson’s ratio (υ) of Li2SiH6 and Na2SiH6.
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3.4. Optical properties

Examining the optical features of crystals delivers valuable insights 
into their interaction with electromagnetic waves. This information is 
important for determining electronic transitions, band gaps, and overall 
optical behavior [87]. It is also necessary for measuring the performance 
of compounds. Optical analysis is also a key part of understanding how 
hydrogen desorbs and absorbs are important for solid-state hydrogen 
storage. The optical features of A2SiH6 (A = Li and Na) double perov
skite hydrides have been examined to evaluate their potential for 

optoelectronic applications. The real and imaginary components of the 
dielectric function ε (ω), optical conductivity σ (ω), refractive index n 
(ω), absorption coefficient I (ω), and reflectivity R (ω) have been 
computed and shown in Fig. 6(a–f) [88].

The dielectric function ε (⍵) is essential for comprehending the op
tical and electrical characteristics of materials, including their responses 
to light, electromagnetic waves, and electronic conduction. The complex 
ε (⍵) comprises two components and the optical dielectric function 
expression is [87]: 

ε (ω) = ε1 (ω)+ iε2 (ω) (17) 

The real part ε1 (ω) demonstrates the dispersion and polarization of 
materials, and the imaginary part ε2 (ω) indicates the absorption char
acteristics. The real ε1 (ω) and imaginary parts ε2 (ω) of the optical 
dielectric function for A2SiH6 (A = Li and Na) double perovskite hy
drides were determined, as shown in Fig. 6(a) and (b).

Fig. 6(a) shows that the static dielectric constant ε1 (0) is 4.35 for 
Li2SiH6 and 3.37 for Na2SiH6, as indicated by the initial values of their 
respective curves. As photon energy rises, the real part of the dielectric 

Table 6 
The calculated minimum and maximum values of Shear modulus (G), linear compression (β), Young’s modulus (E), and Poisson’s ratio (ν) of A2SiH6 (A = Li and Na) 
perovskite hydrides.

Material G (GPa) β (TPa− 1) E (GPa) ν

Gmin Gmax βmin βmax Emin Emax νmin νmax

Li2SiH6 9.12 20.32 10.06 10.06 25.05 50.61 0.00 0.60
Anisotropy 2.23 1.00 2.02 ∞
Na2SiH6 11.86 19.3 10.05 10.05 31.79 48.49 0.11 0.46
Anisotropy 1.68 1.00 1.57 4.16

Table 7 
The calculated density (ρ), longitudinal wave velocity (vl), transverse wave ve
locity (vt), average wave velocity (vm), Debye temperature (ΘD), and melting 
temperature (TM) of A2SiH6 (A = Li and Na).

Material ρ (g/cm3) vl (m/s) vt (m/s) vm (m/s) ΘD(K) TM

Li2SiH6 1.129 6837 3612 4038 605.01 821
Na2SiH6 1.533 5953 3218 3592 502.45 842

Fig. 4. The electronic band structure and total and partial density of states (TDOS/PDOS) of Li2SiH6 using (a) GGA-PBE and (b) HSE06 functionals.
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function for these hydrides reaches a maximum of 8.19 eV and 6.51 eV, 
respectively. Subsequently, it dropped to negative values with − 2.19 at 
9.45 eV and − 1.19 at 10.13 eV for Li2SiH6 and Na2SiH6. The results 
indicate that the real part of the dielectric function for these two com
pounds follows a parallel trend.

Fig. 6(b) illustrates the imaginary part of the dielectric function 
ε2 (ω) for Li2SiH6 and Na2SiH6, respectively. In the photon energy range 
of 0–2.3 eV, the imaginary part curves of these compounds approach 
zero, signifying minimal light absorption. The determined optical 
bandgap values from ε2 (ω) are 2.21 eV for Li2SiH6 and 2.33 eV for 
Na2SiH6, which align well with the anticipated bandgap based on 
electronic characteristics. As photon energy escalates from 2 to 8 eV, 
these compounds attain their optimal light absorption, with peak ε2 (ω)

values occurring at around 6.67 (6.99) eV. Namely, the maximum peak 
values in the spectra of ε2 (ω) are found in the ultraviolet portions of the 
electromagnetic spectrum. A decline towards zero is evident in the 
spectra of these compounds when photon energy increases from 8 to 24 
eV. The examined compounds are significant candidates for optoelec
tronic devices. As a result, the findings showed that Li2SiH6 has a better 
dielectric function than Na2SiH6, which is affected by electronic polar
izability and charge carrier density. Materials with elevated dielectric 
function are essential in several applications, including capacitors, 
photonics, optoelectronics, and energy storage [89,90].

Optical conductivity σ (ω) is a crucial physical parameter that 
quantifies a material’s efficiency in converting absorbed light energy 
into electrical energy [87]. Materials with high optical conductivity are 
more efficient at absorbing light energy and converting it into electrical 
energy, while those with poor optical conductivity are less efficient in 
this conversion process. Fig. 6(c) shows the optical conductivity for 
A2SiH6 (A = Li and Na) double perovskite hydrides. Observations show 
that these compounds have optical conductivity approaching zero. This 
is in agreement with their semiconductor properties. This result in
dicates that there is no photon absorption below the band gaps. The 
maximum σ (ω) values for these hydrides occur at 6.83 eV for Li2SiH6 
and 7.54 eV for Na2SiH6, placing them within the ultraviolet region of 
the electromagnetic spectrum.

The refractive index n (ω) is a fundamental physical parameter that 
characterizes a material’s capacity to refract incoming light radiation 
[87]. It is connected to the optical characteristics of the material and 
directly influences the propagation of light inside it. Fig. 6(d) displays 
the refractive index curves n (ω) of A2SiH6 (A = Li and Na). In the photon 
energy range of 0–6 eV, the refractive index curves of these compounds 
exhibit a rise, reaching a maximum of around 6 eV. In the 6–14 eV range, 
the refractive index of A2SiH6 (A = Li and Na) compounds diminishes as 
photon energy increases, approaching zero. On the other hand, the 
refractive index value at zero frequency (ω = 0) is specified as a static 

Fig. 5. The electronic band structure and total and partial density of states (TDOS/PDOS) of Na2SiH6 using (a) GGA-PBE and (b) HSE06 functionals.
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constant, denoted as n (0), for these semiconductor compounds. The 
static refractive indices of these substances are 2.09 and 1.83, respec
tively. This finding indicates a high link between the static refractive 
index n (0) and ε1 (0), as shown by the following relationship [66]: 

n (0) =
̅̅̅̅̅̅̅̅̅̅̅̅
ε1 (0)

√
(18) 

The optical absorption coefficient I (ω) [87] is a crucial parameter for 
characterizing a material’s capacity to absorb light. An elevated ab
sorption coefficient signifies the substance’s enhanced ability to absorb 
light. Fig. 6(e) illustrates the optical absorption coefficient curves I (ω) of 
the A2SiH6 (A = Li and Na) hydrides. In the 0–2.5 eV energy spectrum, 
the optical absorption coefficients of the A2SiH6 (A = Li and Na) com
pounds are near zero, signifying their limited capacity to absorb light in 
this range. Li2SiH6 and Na2SiH6 exhibit strong absorption peaks around 
~7 eV, corresponding to the deep UV (DUV) spectral region (≈177 nm). 
They are especially appropriate for applications in DUV photodetectors 
(flame detection, sterilization monitoring, UV astronomy), DUV- 
transparent optical materials, and gas sensors. These hydride-based 
structures provide strong spectrum selectivity due to their steep ab
sorption curves, along with notable benefits like minimal toxicity and 

simplicity of production. In the 7–12 eV energy range, the optical ab
sorption coefficient curves for these compounds exhibit similarities, 
indicating superior photon absorption efficiency in this range.

Finally, Fig. 6(f) displays the reflectivity spectra R (ω), providing 
evidence of surface interactions with light [87]. From Fig. 6(f), the static 
reflectivity values R (0) for Li2SiH6 and Na2SiH6 are 0.124 and 0.087, 
respectively. Across the 10–14 eV range of photon energy, reflectivity 
peaks occur for these compounds. The low reflectivity in the visible area 
designates minimal optical losses, which is an advantageous character
istic for transparent conducting compounds and photovoltaic devices.

In summary, the optical breakdown of A2SiH6 perovskite hydrides 
discloses that these compounds have potential optoelectronic applica
tions, predominantly in UV-responsive devices. Their robust dielectric 
response, high refractive index, and efficient absorption in the UV range 
brand them as promising candidates for optical coatings, sensors, and 
energy-harvesting technologies.

3.5. Dynamic stability

To investigate the dynamic stability of double perovskite hydrides 

Fig. 6. The real (a) and imaginary (b) parts of the dielectric function, (c) Optical conductivity, (d) Refractive index, (e) Absorption coefficient, and (f) Reflectivity for 
A2SiH6 (A = Li and Na).
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A2SiH6 (A = Li and Na), phonon dispersion calculations along the high- 
symmetry directions of the Brillouin zone were performed and presented 
in Fig. 7(a) and (b). The obtained phonon spectra for both Li2SiH6 and 
Na2SiH6 reveals the presence of imaginary (negative) frequencies, pre
dominantly in the low-frequency acoustic branches. This behavior, as 
shown in Fig. 7(a) and (b), indicates dynamic lattice instability and 
suggests a tendency for structural distortions or possible phase transi
tions under ambient conditions. Such results imply that while these 
hydrides may be thermodynamically stable, they could require external 
stabilization, such as high pressure or temperature effects, to maintain 
their cubic perovskite structure.

Such imaginary phonon modes are not uncommon in hydride com
pounds with high hydrogen concentration. Similar dynamic instabilities 
under ambient conditions have been reported for other perovskite hy
drides, such as K2NaXH6 (X = As, Bi, In) [91], AlFe3H, GaFe3H, and 
InFe3H [92], as well as for AlCa3H9 and AlSc3H9 materials [93]. Addi
tionally, recent studies on double perovskites such as K2TlZl6 (Z = Al, In) 
have also shown the occurrence of imaginary phonon frequencies, which 
are attributed to soft phonon modes associated with possible structural 
phase transitions [94]. In these crystals, the presence of negative phonon 
branches is not necessarily interpreted as a serious defect in structural 
integrity; rather, it is often considered an indication of possible soft 
lattice modes that may facilitate hydrogen release. This characteristic 
could be beneficial for enhancing hydrogen desorption kinetics. More
over, previous studies have suggested that such dynamic instabilities can 
be alleviated through the application of external pressure or by 
considering finite temperature effects. For instance, applying a moder
ate hydrostatic pressure (approximately 6 GPa) has been shown to sta
bilize AlSc3H9 [93], while molecular dynamics simulations performed at 
room temperature confirmed its thermodynamic viability despite its 
instability at 0 K [95]. Therefore, it is plausible to expect that the A2SiH6 
(A = Li and Na) double perovskite hydrides examined in this study may 
also exhibit stabilized phonon behavior under applied pressure or 
elevated temperature conditions. This highlights the importance of 
conducting further finite-temperature ab initio molecular dynamics 
(AIMD) simulations to comprehensively evaluate their potential struc
tural stability and practical applicability.

3.6. Molecular dynamics simulation

The thermal and vibrational behaviors of A2SiH6 (A = Li and Na) 
double perovskite hydrides were investigated using ab initio molecular 

dynamics (AIMD) simulations under NVT ensembles at 300 K for 5000 fs 
to complement the phonon dispersion results [96,97]. Phonon calcula
tions revealed the presence of imaginary (negative) frequencies, pre
dominantly in the low-frequency acoustic branches, suggesting dynamic 
lattice instability and a potential tendency for structural distortions or 
phase transitions at 0 K. However, AIMD simulations provide further 
insight into their practical stability under finite temperature conditions. 
As shown in Fig. 8(a–d), both Li2SiH6 and Na2SiH6 exhibit only minor 
fluctuations in total energy while maintaining constant temperature 
profiles throughout the simulation duration. These results indicate that 
despite the predicted dynamic instabilities from phonon calculations at 
absolute zero, both hydride structures preserve their structural integrity 
and remain thermally stable at room temperature. Therefore, Li2SiH6 
and Na2SiH6 emerge as promising candidates for hydrogen storage and 
other energy-related applications due to their dynamic and thermal 
stability under operational conditions. Particularly in energy storage 
systems where thermal endurance is critical, our findings provide a solid 
foundation supporting the practical applicability of these materials.

4. Conclusion

This study comprehensively investigates the structural, mechanical, 
electronic, thermal, dynamic, and optical properties of A2SiH6 (A = Li 
and Na) double perovskite hydrides using first-principles calculations 
based on density functional theory (DFT). The calculated tolerance 
factors suggest that both Li2SiH6 and Na2SiH6 adopt stable cubic 
perovskite structures. Their thermodynamic stability is confirmed by 
negative formation energies, with Na2SiH6 exhibiting slightly greater 
stability than Li2SiH6. The gravimetric hydrogen storage capacities are 
calculated to be 12.60 wt% for Li2SiH6 and 7.55 wt% for Na2SiH6, 
highlighting their significant potential for hydrogen storage applica
tions. However, the desorption temperatures of Li2SiH6 (107.78 K) and 
Na2SiH6 (123.88 K) are below the recommended range (233− 333 K) 
specified by the US Department of Energy for practical hydrogen storage 
systems, suggesting that further material modification or doping stra
tegies may be required to optimize their desorption behavior.

The elastic constants of both hydrides satisfy the Born stability 
criteria, confirming their mechanical stability, while the estimated bulk 
and shear moduli indicate that Li2SiH6 is slightly stiffer than Na2SiH6. 
Moreover, positive Cauchy pressures and B/G ratios greater than 1.75 
reveal their ductile nature, suggesting suitability for efficient hydrogen 
storage without structural failure during cyclic loading. Electronic band 

Fig. 7. The phonon dispersion curve of the double perovskite hydride (a) Li2SiH6 and (b) Na2SiH6.
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structure calculations indicate semiconducting behavior with indirect 
band gaps of 1.28 eV for Li2SiH6 and 1.44 eV for Na2SiH6 at the GGA- 
PBE level, while hybrid functional (HSE06) results show increased in
direct band gaps of 2.22 eV and 2.32 eV, respectively. Density of states 
analysis reveals significant hybridization between Si and H orbitals, 
contributing to the compounds’ structural stability and electronic 
characteristics. Furthermore, the optical properties, including dielectric 
function, refractive index, and absorption coefficient, are evaluated to 
provide a comprehensive understanding of their electronic and optical 
behavior. Overall, these findings demonstrate that A2SiH6 (A = Li and 
Na) double perovskite hydrides exhibit favorable structural, electronic, 
thermodynamic, thermal, and mechanical properties, supporting their 
potential as promising candidates for solid-state hydrogen storage 
applications.
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