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 This study examines the structural, electronic, mechanical, and optical 

characteristics of 𝑋2Mg𝐻6 hydrides (where X=Ba, Sr) for hydrogen storage 

applications. These compounds, featuring a double perovskite crystal 

structure, show significant promise for hydrogen storage owing to their 

thermodynamic stability and robust mechanical attributes. First principles 

calculations using density functional theory (DFT) indicate negative 

formation enthalpies, verifying their thermodynamic stability. The electronic 

characteristics, such as band gaps and density of states, affect the materials' 

electrical conductivity and chemical reactivity. Mechanical evaluations using 

elastic constants and modulus data demonstrate that 𝑆𝑟2Mg𝐻6 possesses 

higher strength and stiffness compared to 𝐵𝑎2Mg𝐻6. Furthermore, optical 

traits like ultraviolet (UV) absorption and visible light reflectivity point to 

possible uses in optoelectronic and photonic technologies. This research 

advances the comprehension of complex hydrides and supports the 

advancement of hydrogen storage systems, essential for the global shift 

toward sustainable energy. 
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1. INTRODUCTION 

The escalating energy and environmental crises of the 21st century have intensified global efforts to 

transition toward sustainable and low carbon energy systems [1], [2]. Anthropogenic greenhouse gas 

emissions, predominantly from fossil fuel combustion, remain the principal driver of planetary warming and 

its cascading impacts on ecological stability and socio-economic resilience [3], [4]. In response, hydrogen 

(H₂) has emerged as a pivotal element for decarbonizing hard-to-abate sectors, including heavy-duty 

transportation, industrial processes, and grid-scale energy storage [5], [6]. Its inherent properties-zero 

greenhouse gas emissions upon utilization, high gravimetric energy density (120–140 MJ/kg), and 

adaptability as an energy carrier position it as a cornerstone of the sustainable energy transition [2], [7], [8]. 

However, the widespread implementation of hydrogen-based technologies faces multifaceted 

barriers, including inefficient production pathways, material compatibility challenges, and underdeveloped 

distribution infrastructure [9]. Currently, most hydrogen production relies on carbon-intensive processes such 

https://creativecommons.org/licenses/by-sa/4.0/
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as steam methane reforming [10]. For hydrogen to fully contribute to the energy transition, cleaner 

production methods, such as water electrolysis powered by renewable energy, must be developed [11], [12]. 

Additionally, hydrogen storage and transportation present significant technical and economic challenges [13], 

[14]. Conventional storage methods, including high-pressure tanks and cryogenic liquid storage, have 

limitations in terms of cost, safety, and efficiency [6], [15]. Hence, to achieve these targets, significant 

technological development is needed to improve the energy density, safety, and efficiency of hydrogen 

storage and distribution systems [16]. 

However, the opportunity for reversible hydrogen storage has led to increasing interest in promising 

metal hydrides, specifically complex hydrides belonging to the 𝑋2Mg𝐻6 family of compounds (X=Ba, Sr) 

[1], [17]. These materials show interesting potential for solid-state hydrogen storage as they have a specific 

crystalline structure for adsorption [18], [19]. Materials has recently studied double perovskite materials and 

hydrides that include ABH3 or A2BH6 as a result of their enormous storage capacities [20], [21]. Examples of 

gravimetric densities obtained from the study of hydrides, such as NaXH3 (X=Ti, Cu) or K2SiH6, demonstrate 

excellent gravimetric densities [22]–[24]. Mainly driven by theoretical approaches, especially DFT, which is 

important in investigating intrinsic properties of materials and assisting their design in optimization [25], 

[26]. 

In this study, ab initio calculations based on DFT were performed to analyze the structural, 

electronic, mechanical, and optical properties of 𝑋2Mg𝐻6 hydrides (X=Ba, Sr). The goals are to describe the 

hydrolysis behavior that sustainably facilitates their performance as hydrogen storage materials, and to 

address the obstacles that these materials would face if implemented in real industrial settings. The paper is 

divided into three sections: an introduction to DFT and the computational parameters which we employed, an 

in-depth analysis of the properties of the hydrides, and a discussion the results and their implications on 

hydrogen storage.  

This research is intended to help deepen the understanding of complex hydrides and further develop 

new approaches to hydrogen storage problems. Such advancements could enable major breakthroughs in 

materials science and energy engineering, solidifying hydrogen as a cornerstone of the global energy 

transition. 

 

 

2. METHOD 

In this work, we used DFT, with implementation in the Cambridge serial total energy package 

(CASTEP), to calculate the physical properties of the complex hydrides 𝑋2Mg𝐻6 (X=Ba, Sr) [27], [28]. 

Ultrasoft pseudopotentials (USPP) were used to model the interactions between electrons and ions, in order 

to adequately represent the interactions between atomic nuclei and valence electrons [8]. 

Among the four elements analyzed in this research are barium (Ba), strontium (Sr), magnesium 

(Mg), and hydrogen (H) [22], [29]. The selected materials are from the 𝑋2Mg𝐻6 family, where X=Ba, Sr. For 

an accurate description of the electronic interactions, we used Perdew burke ernzerhof (PBE) functional in 

the generalized gradient approximation (GGA) [30], [31]. We selected the (super)cell approach owing to its 

demonstrated capacity at predicting accurate estimates of structural and electronic properties for complex 

hydrides, while maintaining a balance between accuracy and computational efficiency and can do so with a 

gradual compromise between accuracy and run time. 

We performed the calculations using a plane-wave basis set with an energy cut-off of 600 eV which 

provides a trade-off between accuracy and computational cost. Similar energy cut-off has been shown to give 

good convergence of the structural and energetic properties for similar systems. A (10×10×10) Monkhorst-

pack k-point mesh was used to generate the k-point, providing affording an optimal coverage of the 

reciprocal space [24], [32]. 

Geometric optimization was performed using rigorous convergence parameters to ensure structural 

accuracy: energy tolerance of 1×10 -6 eV/atom, maximum residual force of 0.01 eV/Å, and maximum ionic 

displacement of 1×10-4 Å. These criteria guarantee that the optimized structures correspond to local energy 

minima, ensuring the reliability of subsequent analyses of electronic and mechanical properties. All 

simulations were executed under idealized conditions (0K, 0GPa) to isolate intrinsic material behavior, 

eliminating thermal fluctuations and external pressure effects.  

Mechanical properties were evaluated via the stress-strain method within a first-principles 

framework, enabling the determination of elastic stiffness constants (𝐶𝑖𝑗  [33], [34]. This approach quantifies 

the materials’ resistance to deformation and provides critical insights into their intrinsic mechanical response, 

essential for assessing structural stability and applicability in hydrogen storage systems. 
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3. RESULTS AND DISCUSSIONS 

3.1.  Structural and hydrogen storage properties 

The 𝑋2Mg𝐻6 (X=Ba, Sr) hydrides adopt a double perovskite-type framework, crystallizing within a 

trigonal lattice system (space group P 3 m1, No. 164) In this structure, Mg2+ cations are octahedrally 

coordinated with six hydrogen atoms, forming [MgH 6]4- complexes, while the X2+ (Ba2+ or Sr2+) cations 

occupy the central cavity of the unit cell, acting as charge-balancing counter-ions to stabilize the lattice 

Figure 1 [35], [36]. 

 

 

 
 

Figure 1. The crystal structure of 𝑋2Mg𝐻6 (X=Ba, Sr) double perovskite type hydrides 

 

 

Structural optimization reveals distinct lattice parameters for 𝐵𝑎2Mg𝐻6 (a=5.7178 Å, c=4.5383 Å) 

and 𝑆𝑟2Mg𝐻6 (a=5.4754 Å, c=4.1885 Å), directly correlated with the ionic radii of the X2+ cations. The larger 

Ba2+ ion (1.35 Å) induces a more expanded lattice compared to Sr2+ (1.18 Å), consistent with the structural 

tolerance of perovskite-derived materials, where cation size dictates lattice volume to accommodate ionic 

packing [24], [35]. 

The ionic radius of X2+ governs both structural stability and hydrogen storage dynamics. The larger 

Ba2+ generates an open framework, potentially enhancing hydrogen diffusion kinetics but compromising 

mechanical robustness under compressive stress. Conversely, the smaller Sr2+ promotes a compact lattice, 

improving mechanical integrity at the expense of reduced hydrogen mobility. 

The stability of the crystal structure is a key parameter for hydrogen storage applications. To assess 

this stability, the energy-volume curve was computed, as illustrated in Figure 2. The energy-volume 

relationship provides insights into the thermodynamic stability of the materials, where the minimum energy 

corresponds to the equilibrium lattice volume. Both 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6  exhibit well-defined minima, 

confirming their thermodynamic stability at their respective equilibrium volumes. However, subtle 

differences in the curvature of these plots suggest that 𝑆𝑟2Mg𝐻6  may exhibit slightly higher resistance to 

volume changes under external pressure, which could be advantageous for applications requiring enhanced 

mechanical robustness. 

 

 

 
 

Figure 2. Calculated energy-volume curves for double perovskite-type hydrides 𝑋2Mg𝐻6 (X=Ba, Sr) 
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3.2.  Thermodynamic stability 

The thermodynamic stability of the compounds was assessed by calculating their formation 

enthalpies [37]. For 𝐵𝑎2Mg𝐻6, the formation enthalpy is -2870.76 KJ/mol, whereas for 𝑆𝑟2Mg𝐻6, it is  

-2809.10 KJ/mol. The formation energy (∆𝐻𝑓) was determined using as (1) [38]. 

 

∆𝐻𝑓(𝑋2Mg𝐻6) = [𝐸𝑡𝑜𝑡𝑎𝑙(𝑋2Mg𝐻6) − 2𝐸𝑠(X) − 𝐸𝑠(Mg) − 6𝐸𝑠(H)] (1) 

 

The results indicate that 𝐵𝑎2Mg𝐻6  exhibits slightly higher thermodynamic stability due to its more 

negative formation enthalpy, suggesting greater overall stability under various conditions. Both compounds 

have negative formation enthalpies, confirming their thermodynamic stability and favorable under standard 

conditions. 

Thermodynamic stability is a key parameter for hydrogen storage applications, as it directly affects 

the durability and safety of materials over the long term [39]. A strongly negative formation enthalpy, as 

observed for 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6, indicates that these materials are thermodynamically favorable and 

unlikely to decompose spontaneously under normal conditions. This is essential for hydrogen storage 

systems, where long-term chemical stability is required to prevent hydrogen leakage or material degradation. 

However, thermodynamic stability must be balanced with the ease of hydrogen release. Although 𝐵𝑎2Mg𝐻6 

is slightly more stable than 𝑆𝑟2Mg𝐻6  this increased stability could make hydrogen desorption more difficult, 

requiring higher temperatures or stricter conditions to release the stored hydrogen. In contrast, 𝑆𝑟2Mg𝐻6, 

being slightly less stable, might allow for easier hydrogen release, which is beneficial for practical 

applications where controlled and rapid hydrogen desorption is necessary. 

The double perovskite structure of these hydrides enhances their potential for long-term hydrogen 

storage applications [40], [41]. This specific crystalline arrangement provides high mechanical and chemical 

stability, which is crucial for withstanding repeated hydrogen absorption-desorption cycles without 

significant degradation. Additionally, the thermodynamic stability of these materials suggests that they can 

maintain their structural integrity over extended periods, even in environments subject to temperature or 

pressure fluctuations [42]. 

 

3.3.  Gravimetric storage capacity 

The gravimetric hydrogen storage capacity was calculated using (2) [15], [17]: 

 

𝐶𝑊𝑡% =
𝐻

𝑀
𝑚𝐻2

𝑚𝐻𝑜𝑠𝑡+(
𝐻

𝑀
)𝑚𝐻2

*100% (2) 

 

where:  
𝐻

𝑀
: Hydrogen/metal molar ratio 

𝑚𝐻2: Molar mass of hydrogen (2.016 g/mol) 

𝑚𝐻𝑜𝑠𝑡: Molar mass of the host material (in g/mol) 

This formula provides a quantitative measure of a material's hydrogen storage efficiency, taking into 

account both the amount of hydrogen stored relative to the mass of the host material, and the chemical 

composition of the system. Gravimetric storage capacity is essential for assessing the viability of a material 

for hydrogen storage, particularly in applications requiring high energy density. A high gravimetric storage 

capacity indicates a more efficient material, enabling more energy to be stored per unit mass, which is crucial 

for portable and automotive applications where space and weight are limited. By analyzing this capacity, it is 

possible to identify promising hydrides for more efficient and sustainable hydrogen storage solutions, paving 

the way for advances in clean energy technologies. 

For 𝐵𝑎2Mg𝐻6, this ratio is 1.33%, while for 𝑆𝑟2Mg𝐻6, it reaches 1.98%, which is a 49% 

improvement compared to its barium counterpart. Although these values are still lower than those of classical 

hydrides like MgH2 (7.6%) or NaAlH4 (5.6%), the 𝑋2Mg𝐻6 hydrides (X=Ba, Sr) stand out due to their double 

perovskite structure, offering exceptional mechanical and thermodynamic stability, as well as low toxicity 

[18], [19]. Unlike LaNi5H6 (1.5%), which has risks associated with lanthanum, or Mg𝐻2, which requires 

desorption temperatures higher than 300 °C, these materials allow for safe storage at room temperature [20], 

[21]. However, their practical application is limited by cryogenic desorption temperatures (~21–22 K), 

requiring innovative approaches such as doping, Nano structuring, or integration into porous matrices 

(MOFs) to improve their kinetics [22], [43]. Despite these challenges, their safety profile and durability make 

them promising candidates for niche applications where long-term reliability outweighs storage density, 

paving the way for future research focused on optimizing their desorption properties [44]. Compared to these 
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materials, 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 exhibit relatively low storage capacities. However, their double 

perovskite structure could offer advantages in terms of stability and storage conditions. Moreover, their low 

toxicity and thermodynamic stability can offset their moderate storage capacity depending on the targeted 

applications. 

 

3.4.  Hydrogen desorption temperature 

The hydrogen desorption temperature (𝑇𝑑𝑒𝑠) for both compounds was calculated using (3) [45]. 

 

𝑇𝑑𝑒𝑠 =
−∆𝐻𝑓

∆𝑆
 (3) 

 

The desorption temperature, where ∆𝐻𝑓 represents the enthalpy of formation and ∆𝑆 represents the 

change in entropy, provides valuable insights into the energy required to release hydrogen from the material. 

It plays a crucial role in evaluating the practical feasibility of these hydrides for hydrogen storage 

applications. 

In the context of hydrogen storage, a material's desorption temperature is directly related to its 

ability to release stored hydrogen under controlled conditions. A lower desorption temperature is desirable 

for applications requiring efficient hydrogen release at moderate temperatures, making the material more 

suitable for use in fuel cells or other energy systems. By calculating the desorption temperature, we gain 

important information about the material's thermodynamic properties, specifically its stability and the energy 

barriers involved in hydrogen release. 

Including the desorption temperature in this study allows for a comprehensive understanding of the 

storage and release characteristics of 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6. It provides an essential parameter to guide 

further optimization of these materials for practical hydrogen storage applications, especially for systems that 

demand rapid desorption at low temperatures. This calculation, along with the evaluation of the materials' 

mechanical, structural, and thermodynamic properties, contributes to a holistic assessment of their potential 

for use in real-world hydrogen storage technologies. 

The desorption temperature of the 𝐵𝑎2Mg𝐻6 material is 21.96 K, while for 𝑆𝑟2Mg𝐻6, it is slightly 

lower at 21.49 K. Although these temperatures are physically plausible, they are too low for commercial 

hydrogen storage applications, which typically require operating temperatures between 298 K and 473 K 

(25–200 °C) [46], [47]. These cryogenic values suggest that 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 may be more suitable 

for cryogenic applications, such as liquid hydrogen storage for aerospace, where extremely low temperatures 

can be maintained. However, for ambient temperature applications, structural modifications or innovative 

approaches would be necessary to raise the desorption temperature and make these materials viable for 

commercial use. For example, further studies could explore the effect of pressure on hydrogen desorption by 

adjusting pressure conditions to shift the thermodynamic equilibrium and increase the desorption temperature 

to more practical levels [48], [49]. Additionally, strategies such as doping with catalytic elements (e.g., Ti, 

Ni) or integrating into porous matrices (e.g., MOFs) could be considered to improve desorption properties 

[50]–[52]. With these modifications, 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 could be adapted for ambient temperature 

applications, such as stationary storage or hydrogen vehicle systems, paving the way for future research 

aimed at optimizing their performance for practical uses. 

 

3.5.  Electronic properties 

The electronic properties of 𝑋2Mg𝐻6 (X=Ba, Sr) hydrides critically govern their functionality as 

hydrogen storage materials, with distinct disparities in band structures and density of states (DOS) directly 

influencing their operational performance. Band structure analysis Figures 3(a) and 3(b) reveals a narrower 

indirect bandgap of 2.695 eV for 𝑆𝑟2Mg𝐻6 enabling enhanced charge carrier mobility across valence and 

conduction bands. This electronic configuration facilitates improved electrical conductivity, rendering the 

material advantageous for high-performance electronic applications. Conversely, 𝐵𝑎2Mg𝐻6 exhibits a wider 

indirect bandgap of 2.907 eV, characteristic of perovskite-type hydrides [32]. Which confers intrinsic 

electronic stability and insulating behavior. Such properties are particularly beneficial for applications 

demanding structural integrity and resistance to degradation during repeated hydrogen absorption/desorption 

cycles. Complementary DOS profiles (Figure 4) further highlight a pronounced DOS near the Fermi level in 

𝑆𝑟2Mg𝐻6 [33]. Correlating with its heightened electronic reactivity and conductivity compared to 𝐵𝑎2Mg𝐻6. 

These findings underscore the interplay between electronic structure and functional performance, providing 

critical insights for tailoring hydride materials to specific energy storage requirements. 

This observation indicates a stronger interaction with hydrogen, facilitating its adsorption through 

increased electron availability to form chemical bonds. A higher DOS near the Fermi level is often associated 

with improved conductivity and reactivity, which is essential for hydrogen storage applications where 
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efficient adsorption is required. This enhanced interaction is crucial for improving the efficiency of hydrogen 

absorption and desorption processes. 

The elevated total density of states (TDOS) near the Fermi level in 𝑆𝑟2Mg𝐻6 directly correlates with 

enhanced hydrogen interaction, as increased electron availability facilitates stronger chemical bond formation 

during adsorption. A high DOS near the Fermi level is a hallmark of materials with superior charge transfer 

kinetics and reactivity, both of which are critical for efficient hydrogen storage systems requiring rapid 

adsorption/desorption cycles. Figure 5 further elucidates this mechanism through partial density of states 

(PDOS) analysis, which highlights the dominant contribution of p-orbitals near the Fermi level. This p-orbital 

dominance governs electronic transitions and chemical bonding with hydrogen, directly modulating storage 

capacity and desorption kinetics. The pronounced role of p-orbitals underscores their significance in tailoring 

electronic structures for optimized reactivity and conductivity in hydride systems. 

Collectively, the electronic properties of 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 including bandgap energetics 

(Figure 3), TDOS profiles (Figure 4), and p-orbital contributions (Figure 5) demonstrate their tailored 

suitability for hydrogen storage applications. While 𝑆𝑟2Mg𝐻6’s narrower bandgap and high DOS enable 

rapid hydrogen kinetics, 𝐵𝑎2Mg𝐻6’s wider bandgap ensures structural stability during cycling. These 

insights provide a foundational framework for engineering hydrides with balanced reactivity and durability, 

advancing the development of next-generation materials for sustainable energy storage. Such optimizations 

are pivotal for addressing global energy challenges through improved hydrogen economy technologies. 
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Figure 3. Calculated electronic band structures of 𝑋2Mg𝐻6 (X=Ba, Sr): (a) 𝑆𝑟2Mg𝐻6 and (b) 𝐵𝑎2Mg𝐻6 
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Figure 4. TDOS for 𝑋2Mg𝐻6 (X=Ba, Sr) 
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Figure 5. PDOS for 𝑋2Mg𝐻6 (X=Ba, Sr) 

 

 

3.6.  Mechanical properties 

The mechanical properties of 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 hydrides are essential for assessing their 

robustness and durability in hydrogen storage applications. An in-depth analysis of the elastic constants and 

mechanical module, presented in Tables 1 and 2, as well as the graphical representations in Figures 6 and 7, 

reveals significant differences between these two materials. 

Table 1 shows the elastic constants calculated for 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6. 𝑆𝑟2Mg𝐻6 stands out for 

its higher compressive strength, with a 𝐶11 constant of 95.76 GPa, compared with 84.83 GPa for 𝐵𝑎2Mg𝐻6. 

This difference indicates that 𝑆𝑟2Mg𝐻6 is better able to resist deformation under load, a crucial factor for 

applications requiring high mechanical strength. In addition, 𝑆𝑟2Mg𝐻6 has a young modulus (Y) of  

87.16 GPa, higher than that of 𝐵𝑎2Mg𝐻6 (74.75 GPa), indicating greater rigidity and tensile strength. These 

values meet Born's stability criteria, confirming the structural stability of both materials even under extreme 

conditions [28]. 

 

 

Table 1. The computed results of elastic constants (Cij) and Cauchy’s pressure (CP) of 𝑋2Mg𝐻6 (X=Ba, Sr) 
Cij (𝑆𝑟2Mg𝐻6) valeur (GPa) (𝐵𝑎2Mg𝐻6) valeur (GPa) 

C11 95.75525 84.82890 

C12 15.93295 14.05735 
C13 25.27545 19.02005 

C33 88.52470 72.78600 

C44 39.12120 31.87875 
C66 39.90955 35.29190 

Cp -23,18825 -17,8214 

 

 

Table 2. (B), (G), (Y), (B/G), (G/B), (v), (H), and shear (A) calculated for the 𝑋2Mg𝐻6 (X=Ba, Sr) 

compounds 
Compound B G Y B/G G/B 𝜗 H A 

𝑆𝑟2Mg𝐻6 45.940 37.169 87.16 1.23 0.80 0.18 7.93 0.98 

𝐵𝑎2Mg𝐻6 38.653 31.737 74.753 1.21 0.82 0.18 6.75 0.90 

 

 

Mechanical module, which measure rigidity and resistance to deformation, further highlight this 

trend. From (4) to (9) were used to compute these module [53], [54]: 

 

Bulk modulus (B): B =
(B𝑉+ B𝑅) 

2
 (4) 

 

Shear modulus (G): G =
(G𝑉+ G𝑅) 

2
 (5) 
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Young's modulus (Y): Y =
9𝐵𝐺 

3𝐵+𝐺
 (6) 

 

Poisson's ratio (ν): ν =
3𝐵−2𝐺 

2(3𝐵+𝐺)
 (7) 

 

Microhardness (H): H =
(1−2𝜗)𝑌

6(1+𝜗)
 (8) 

 

Zener anisotropy factor A: A =
2𝐶44

𝐶11−𝐶12
 (9) 

 

Young's module, shear constants and Poisson's ratio for both materials are shown in Figures 6 and 7. 

𝑆𝑟2Mg𝐻6 shows a shear modulus (G) of 37.17 GPa, higher than that of 𝐵𝑎2Mg𝐻6 (31.74 GPa), indicating 

better resistance to plastic deformation. This property is essential for applications where wear resistance and 

durability are paramount. In addition, 𝑆𝑟2Mg𝐻6 has a higher microhardness (7.93 vs. 6.75 for 𝐵𝑎2Mg𝐻6), 

which is advantageous for applications requiring increased wear resistance. However, the Pugh ratio 

(B/G≈1.2) and Cauchy pressure(𝐶12 − 𝐶44 < 0) classify these materials as brittle, typical of ceramics, with a 

dominance of ionic bonds (Poisson's ratio ν=0.18). 

 

 

  
  

  
  

 
 

 

Figure 6. The young’s modulus, shear constant and Poisson’s ration of 𝐵𝑎2Mg𝐻6 are represented in 2D and 

3D 
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Figures 6 and 7 also show an almost isotropic mechanical response, which is advantageous for 

homogeneous manufacturing. These properties guide their applications: 𝑆𝑟2Mg𝐻6, with its increased rigidity, 

is ideal for high-pressure vessels (700 bar), where resistance to cyclic stress is critical. 𝐵𝑎2Mg𝐻6, although 

less effective in terms of rigidity, could be adapted to systems requiring a certain flexibility, such as 

separation membranes, thanks to its slightly higher G/B ratio (0.82 vs. 0.80 for 𝑆𝑟2Mg𝐻6). 

 

 

 

 

  

 

 

  

 

 

 

Figure 7. The young’s modulus, shear constant and Poisson’s ration of 𝑆𝑟2Mg𝐻6 are represented in 2D and 

3D 

 

 

Table 2 Shows the mass (B), (G), (Y), (B/G), (v), and (H) calculated for the two materials. The high 

values of this module for 𝑆𝑟2Mg𝐻6 confirm its mechanical superiority over 𝐵𝑎2Mg𝐻6. For example, the (G) 

of 37.17 GPa for 𝑆𝑟2Mg𝐻6 indicates better resistance to shear deformation, essential for applications under 

high mechanical stress. 

In conclusion, the mechanical properties of 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6, highlighted in Figures 6 and 7 

and Tables 1 and 2, show their potential for a variety of hydrogen storage applications. Compressive strength, 

stiffness and isotropic mechanical response are critical factors influencing the durability and performance of 

these materials. These insights are essential for optimizing these hydrides for more robust and durable energy 

storage technologies, paving the way for innovations in hydrogen storage materials [21], [55]. 

 

3.7.  Optical properties 

The 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 hydrides exhibit remarkable optical properties closely linked to their 

electronic structure and complex dielectric response [34], [35]: 
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𝜀(𝜔) = 𝜀1(𝜔) + 𝑖𝜀2(𝜔) (10) 

 

The hydrides 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 display remarkable optical properties, closely linked to their 

electronic structure and complex dielectric response. These optical characteristics pave the way for diverse 

applications in optoelectronics and photonics. 

The refractive index, maximized at 2.5-3.0 eV for 𝑆𝑟2Mg𝐻6 versus 2.3 for 𝐵𝑎2Mg𝐻6 (Figures 8(a) 

and 8(b)), reveals enhanced light dispersion in the strontium compound. This property is particularly useful 

for waveguides or miniaturized photonic devices, where efficient light handling is essential. 

 

 

  
(a) (b) 

 

Figure 8. Optical properties of 𝑋2Mg𝐻6 (X=Ba, Sr): (a) refractive index n(ω) and (b) extinction coefficient 

k(ω)  

 

 

The absorption mechanisms of these materials also show notable differences. As shown in  

Figure 9(a), 𝑆𝑟2Mg𝐻6 exhibits a sharp peak at 5.2 eV in the ultraviolet (UV), outperforming 𝐵𝑎2Mg𝐻6  

(4.8 eV). This high UV absorption makes 𝑆𝑟2Mg𝐻6 promising for UV collectors or tandem solar cells. On the 

other hand, as illustrated in Figure 9(b), 𝐵𝑎2Mg𝐻6 exhibits reduced and more extensive infrared absorption, 

suggesting potential applications in optical telecommunications. 

 

 

  
(a) (b) 

 

Figure 9. Optical characteristics of 𝑋2Mg𝐻6 (X=Ba, Sr): (a) absorption coefficient α(ω) and (b) reflectivity 

R(ω) 

 

Dielectric functions, shown in Figures 10(a) and 10(b), highlight this optical duality. 𝑆𝑟2Mg𝐻6 

shows high polarization (ε1≈20) and optical loss peaks at 12 eV, indicating strong interaction with the electric 

field. These properties are ideal for dielectric applications and plasmonic sensors.  
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In contrast, 𝐵𝑎2Mg𝐻6 combines moderate metallicity (locally negative ε1 values) and plasmonic 

resonances at 10 eV, making it suitable for metamaterials or high-sensitivity plasmonic sensors. 

 

 

  
(a) (b) 

 

Figure 10. Dielectric functions of 𝑋2Mg𝐻6 (X=Ba, Sr): (a) the real part (ε1) and (b) imaginary part (ε2)  

 

 

The optical conductivity spectra, shown in Figures 11(a) and 11(b), exhibit peaks at 4.6 eV and 10 

eV, confirming subtle differences in the light–matter interaction between the two materials. Furthermore, the 

higher reflectivity of 𝑆𝑟2Mg𝐻6 in the visible region (45% compared to 35% for 𝐵𝑎2Mg𝐻6) suggests its 

potential use in anti-reflective coatings or selective mirror applications.  

 

 

  
(a) (b) 

 

Figure 11. Optical conductivity of: (a) the real and (b) imaginary part 

 

 

The L(ω) loss function, shown in Figure 12, is crucial for identifying plasmonic resonances. 

𝑆𝑟2Mg𝐻6 shows optical loss peaks at 12 eV, indicating potential plasmonic resonances useful for plasmonic 

sensors. 𝐵𝑎2Mg𝐻6 shows resonances at 10 eV, suggesting similar applications but with slightly different 

characteristics. 

Their structural stability and fluorescence potential, linked to crystal defects, could even 

revolutionize display technologies (LEDs, OLEDs) [36], [37]. Combining optical versatility and tunable 

performance, these hydrides form an innovative platform for optoelectronics and photonics. In-depth studies 

of their nonlinear effects and light emission mechanisms are needed to optimize their integration into 

advanced devices. These unique optical properties underline the potential of 𝐵𝑎2Mg𝐻6 and 𝑆𝑟2Mg𝐻6 for 

cutting-edge technological applications, contributing to the advancement of energy storage technologies and 

optical systems. 
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Figure 12. Loss function L(𝜔) for 𝑋2Mg𝐻6 (X = Ba, Sr) 

 

 

4. CONCLUSION 

This study elucidates the exceptional structural, electronic, mechanical, and optical characteristics of 

𝑋2Mg𝐻6 (X=Ba, Sr) hydrides, positioning them as compelling candidates for advanced hydrogen storage 

systems. The double perovskite framework endows these materials with robust thermodynamic and 

mechanical stability, critical for enduring the cyclic stresses inherent in hydrogen storage applications. 

Electronic structure analyses reveal bandgap characteristics and DOS profiles that govern their 

semiconducting behavior and reactivity, while mechanical evaluations highlight their superior elastic moduli 

and hardness, particularly in 𝑆𝑟2Mg𝐻6, underscoring their structural resilience. Optical investigations further 

demonstrate strong UV absorption and visible-spectrum reflectivity, suggesting potential utility in photonic 

and optoelectronic devices. By integrating these multifunctional properties, 𝑋2Mg𝐻6 hydrides emerge as 

versatile materials for energy-related technologies. However, targeted investigations into optimizing 

hydrogen desorption kinetics and tailoring thermodynamic parameters are imperative to bridge the gap 

between theoretical potential and industrial scalability. These findings advance the understanding of complex 

hydride systems and offer foundational insights for designing next-generation materials in sustainable energy 

storage and conversion, aligning with global imperatives for decarbonization and clean energy transition. 
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