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First-Principles Study of the Stability, Physical Properties,
and Molecular Dynamics in KSrZH6 (Z = Rh, Ir) for
Hydrogen Storage Applications

Aya Chelh,* Boutaina akenoun, Smahane Dahbi, Hamid Ez-Zahraouy, E. A. Elghmaz,
N.S. Abd EL-Gawaad,* Mohammed S. Abu-Jafar, and Asif Hosen*

This study examines the structural, electronic, optical, elastic,
thermodynamic, and hydrogen storage properties of KSrZH6 (Z = Rh, Ir)
utilizing density functional theory to explore their potential as hydrogen
storage materials. The structural analysis confirms that all the studied
materials crystallize in the cubic phase with space group 216 (F ̄43m). The
phonon dispersion and ab initio molecular dynamics (AIMD) computations
reveal dynamic and thermal stability for both compounds. In addition, the
electronic structures exhibit indirect semiconducting properties, with an
extensive hybridization near the Fermi level between 1s-orbitals of hydrogen
(H), and d-orbitals of the transition metals (Rh and Ir). Furthermore, optical
investigations reveal significant UV absorption, as well as a moderate
refractive index and reflectivity, which can be useful in optoelectronic devices.
All of the studied materials possess mechanical stability and show brittle
properties. Among the compounds, KSrRhH6 exhibits the highest gravimetric
hydrogen storage capacity of 2.57 wt.%, while KSrIrH6 shows a slightly lower
value of 1.86 wt.%. The storage capacity decreases when the cationic atom Rh
is substituted with Ir, attributed to variations in atomic radius. This
comprehensive study underscores the promising potential of KSrZH6 (Z =
Rh, Ir) for both hydrogen storage and optoelectronic applications.

1. Introduction

Growing concerns about global warming, depletion of natural
resources, and pollution have increased the need to move away

A. Chelh, B. akenoun, S. Dahbi, H. Ez-Zahraouy
Laboratory of Condensed Matter and Interdisciplinary Sciences
“Labeled Research Unit CNRST”
URL-CNRST-17
Faculty of Sciences
Mohammed V University in Rabat
Rabat 1014, Morocco
E-mail: aya.chelh@um5r.ac.ma
E. A. Elghmaz
Department of Physics
KingKhalidUniversity
Abha 61421, Saudi Arabia

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/adts.202500622

DOI: 10.1002/adts.202500622

from fossil fuels to other sustainable forms
of energy.[1] Fossil fuels have long been
the cornerstone of industrial and economic
development,[2] but their negative impact
on the environment, mainly through green-
house gas emissions, has led to serious cli-
mate problems.[3,4] Hydrogen energy has
gained significant attention as a promising
alternative because of its abundance, supe-
rior energy density, and clean combustion,
producing only water vapor.[4–7] However,
despite its technical and environmental ad-
vantages, the widespread use of hydrogen
energy is still hampered by the inherent dif-
ficulties of storing and transporting it, es-
pecially in ambient conditions.[8–11] Due to
its improved safety, reversible storage ca-
pacity, and generally mild operating condi-
tions, material-based hydrogen storage, es-
pecially in the form of metal hydrides, has
garnered a lot of attention.[12–14] As a re-
sult, hydrogen energy has maintained a sig-
nificant advantage and emerged as a key
renewable resource in the pursuit of sus-
tainable development.[15,16] Thanks to their

high hydrogen concentration and reversible desorp-
tion/adsorption characteristics, complex hydrides are a broad
family of materials that have been thoroughly investigated for
hydrogen storage applications.[17] The systems of this class of

N. A. EL-Gawaad
Health Specialties, Basic Sciences and Applications Unit
Applied College
King Khalid University
Muhayil Asir Abha 62529, Saudi Arabia
E-mail: Nshat@kku.edu.sa
M. S. Abu-Jafar
Department of Physics
An-NajahNationalUniversity
Nablus 7, Palestine
A.Hosen
Department ofMaterials Science andEngineering
KhulnaUniversity of Engineering&Technology (KUET)
Khulna 9203, Bangladesh
E-mail: asif@mse.kuet.ac.bd

Adv. Theory Simul. 2025, e00622 © 2025 Wiley-VCH GmbHe00622 (1 of 9)

http://www.advtheorysimul.com
mailto:aya.chelh@um5r.ac.ma
https://doi.org/10.1002/adts.202500622
mailto:Nshat@kku.edu.sa
mailto:asif@mse.kuet.ac.bd


www.advancedsciencenews.com www.advtheorysimul.com

materials, including transition metal, alkali metal, and alkaline
earth metal hydrides, have demonstrated significant promise
in addressing the expanding demand for sustainable and clean
energy. All of these compound’s intrinsic qualities, such as
metal-hydrogen bonding, structural stability, and thermody-
namic characteristics, greatly influence their capacity to store
hydrogen; as a result, choosing the best options necessitates
extensive research.[18]

Theoretically, numerous complex hydrides such as Mg2THy
(T = Ni, Co, Fe),[19] Mg2CoH5,

[20] NaAlH4,
[21] Mg2FeH5,

[22]

NaMgH2F,
[23] Cs2SrTlH6,

[24] Cs2BaTlH6,
[24] XGaSiH (X = Sr,

Ca, Ba),[25] A2BH6 (A = K, Rb; B = Ge, Sn),[26] KNaX2H6 (X =
Mg, Ca),[27] AlX3H9 (X = Ca, Sc, Zr),[28] KNaAe2H6 (Ae = Be,
Mg, Ca),[29] K2LiGaH6,

[30] and Mg3XH8 (X = Ca, Sc, Ti, V, Cr,
Mn)[31] have been explored. These studies have demonstrated
the importance of electronic structure and lattice interactions in
determining hydrogen storage performance. For this purpose,
transition metal hydrides such as alkali-alkaline-earth KSrIrH6
and KSrRhH6 represent very promising systems due to their
constrained ligand-bonding environment, which can be tailored
to maximize both hydrogen affinity and mechanical stability.
Transition metal substitution with iridium (Ir) or rhodium (Rh)
improves the metal-hydrogen bonding strengths and then bet-
ter storage properties, and at the same time, increases the lat-
tice mechanical stability through high cohesive energies. The
KSrIrH6 and KSrRhH6 share a common crystal structure in
which [M(III)H6]

3− (M = Ir, Rh) octahedral units are supported
by alkali and alkaline earth cations (K+ and Sr2+),[32] forming an
ionic framework that plays a crucial role in modulating the elec-
tronic structure and stability of the hydrides. Despite their favor-
able properties, systematic studies of the physical properties of
KSrIrH6 and KSrRhH6, i.e., their structural, electronic, mechan-
ical, optical, dynamical, and thermodynamic characteristics, re-
main limited. Here, we apply first-principles calculations to sys-
tematically investigate these properties and assess the hydrogen
storage capability of KSrIrH6 and KSrRhH6.

2. Computational Analysis

Density functional theory (DFT) based first-principles calcula-
tions were carried out using the Quantum ESPRESSO (QE)
package,[33] employing the projector augmented wave (PAW)
method. Computations in QE were carried out using ultra-
soft pseudopotentials sourced from the Garrity–Bennett–Rabe–
Vanderbilt (GBRV) library.[34] The Perdew–Burke–Ernzerhof,
generalized gradient approximation (PBE-GGA)[35,36] was used
to determine the exchange correlation energy. Structural opti-
mization was performed using the Broyden–Fletcher–Goldfarb–
Shanno (BFGS) quasi-Newton algorithm,[37] which minimized
both atomic forces and stress components. The wave function
cutoff was set to 70 Ry, the charge density to 700 Ry, and
SCF computations had a convergence threshold of 10−8 Ry. The
phonon band structure was calculated using primitive unit cells
containing nine atoms, employing the thermo_pw package[38]

integrated with QE. The computational parameters were kept
consistent with those used during the structural optimization
of all hydrides. The thermo_pw algorithm was also used to
calculate elastic constants (Cij), and the associated mechanical
properties using the energy-strain approach. Furthermore, the

Figure 1. 3D schematic visualization of the unit cell of KSrZH6 (Z = Rh,
Ir) hydrides.

Table 1. The optimized lattice parameters and H2 storage capacity of
KSrZH6 (Z = Rh, Ir).

Materials
A [Å] V [Å3] B [GPa] B′ E0 [eV] Cwt.%

KSrRhH6 7.79 118.16 33.01 4.41 −4161.17 2.57

KSrIrH6 7.80 118.58 34.20 4.70 −4300.38 1.86

thermodynamic properties are explored using quantum quasi-
harmonic approximation. In addition, ab initio molecular dy-
namics (AIMD) simulations based on theQE package in the NVT
ensemble were performed at a time step of 1 fs for a total simu-
lation time of 5 ps to assess the system’s thermal stability.

3. Results and Discussion

3.1. Structural and Hydrogen Storage Properties

The KSrZH6 (Z = Rh, Ir) compounds crystallize in the cubic
crystal structure with F4̄3m (No. 216) space group. The opti-
mized crystal structure of KSrZH6 (Z = Rh, Ir) hydrides is rep-
resented in Figure 1. Before analyzing a material’s broader phys-
ical properties, it is critical to calculate its structural properties
first. As shown in Figure 2a,b, the equilibrium lattice parame-
ters were determined by optimizing the total energy of KSrRhH6
and KSrIrH6 compounds based on unit cell volume using fitting
the computed data with the Birch–Murnaghan equation of state,
given as[39,40]:

E (V) = E0 (V) +
BV
B′

⎡⎢⎢⎢⎣
(

V0
V

)B′

B′ − 1
+ 1

⎤⎥⎥⎥⎦
−

BV0

B′ − 1
(1)

Moreover, Table 1 gives an overview of the structural param-
eters of KSrRhH6 and KSrIrH6, including the optimized lattice
parameter (a), the unit cell volume (V), the bulk modulus (B), the
pressure derivative of the bulk modulus (B′), the minimum en-
ergy (En) and the gravimetric hydrogen storage capacity (Cwt.%).
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Figure 2. The optimized energy-volume plots of KSrZH6 (Z = Rh, Ir).

Figure 3. Phonon band diagram for a) KSrRhH6, and b) KSrIrH6.

The results show that KSrIrH6 has a slightly higher lattice con-
stant (a = 7.80 Å) than KSrRhH6 (a = 7.79 Å). Furthermore,
KSrIrH6 has a subtly higher value of B (34.20 GPa) and B′ (4.70)
than KSrRhH6 (B = 33.01 GPa and B′ = 4.41), indicating that the
Ir-based hydride is less compressible. Table 1 shows that the neg-
ative total minimum energies confirm the thermodynamic sta-
bility of the two hydrides,[39,40] which can be easily and fast pre-
pared in experiments. The gravimetric hydrogen storage capacity
(Cwt.%) of KSrZH6 with Z = Ir and Rh, is obtained utilizing the
following equation[41]:

Cwt% =
⎛⎜⎜⎜⎝

(
H
M

)
mH

mHost +
(

H
M

)
mH

× 100

⎞⎟⎟⎟⎠
% (2)

where mH and mHost refer to the molar masses of hydrogen and
host, respectively. (H/M) represents the number of hydrogen
atoms to the number of compound atoms. Table 1 reveals that the
KSrRhH6 compound exhibits a higher hydrogen storage capacity
(2.57 wt.%) compared to KSrIrH6, which stores 1.86 wt.%. This
can be explained by the difference in the atomicmasses of Rh and
Ir, which have a direct impact on the hydrogen-to-hostmass ratio.
Moreover, the hydrogen storage capacity of KSrRhH6 surpasses
that of several previously reported materials, such as Cs2CaCdH6
(1.39 wt.%),[42] Cs2CaTlH6 (1.78 wt.%),

[24] and Cs2BaTlH6 (1.53
wt.%).[24]

3.2. Phonon and AIMD Calculation

The dynamical stability of the complex hydrides KSrZH6 (Z = Ir,
Rh) has been calculated by using the phonon dispersion analysis,
as illustrated in Figure 3a,b. The phonon dispersion curves re-
veal two different types of vibrationalmodes: the optical branches
in the higher frequency range (≈14–28 THz) result from out-of-
phase vibrations of the atoms and are responsible for the opti-
cal properties of these hydrides, while the acoustic branches at
low frequencies (≈0–7 THz) result from coordinated atomic vi-
brations and determine the elastic response of the material. Ac-
cording to theoretical principles, a dynamically stable structure
should have only positive vibrational states,[43] since negative fre-
quencies imply a loss of crystal binding energy, which leads to
structural failure. Therefore, the absence of imaginary phonon
modes suggests that KSrRhH6 and KSrIrH6 are structurally sta-
ble and thermodynamically viable compounds. To evaluate the
thermal stability of KSrZH6 (Z = Ir, Rh), we conducted ab initio
molecular dynamics (AIMD) simulations at 300 K, with a total
simulation time of 5 ps and a time step of 1 fs, using theAndersen
thermostat within the NVT ensemble. As shown in Figure 4a,b,
the results demonstrate energy variations of less than 0.03 Ry per
atom, indicating minimal energy drift. Since thermodynamically
stable materials maintain nearly constant total energy in AIMD
simulations, confirming the structural integrity and robustness
of KSrRhH6 and KSrIrH6 at room temperature conditions. This
stability demonstrates their promise for practical use in hydride-
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Figure 4. The total energy variation at 300 K assessed through AIMD simulations of KSrZH6 (Z = Rh, Ir) hydrides.

Figure 5. The electronic band structure for KSrZH6 (Z = Rh, Ir) with the PBE-GGA method.

based materials and indicates that they can be synthesized using
the direct combination method reported in Ref. [32].

3.3. Electronic Properties

The electronic properties of KSrZH6 (Z = Ir, Rh) compounds
are explored using the PBE-GGA approximation. Figure 5a,b de-
picts the electronic band structure of KSrIrH6 and KSrRhH6 in
the energy range [−7–7 eV]. As observed in Figure 5, both com-
pounds exhibit an indirect bandgap, since VBM and CBM are
located in different k-points in the Brillouin zone, indicating an
indirect electronic transition. The bandgap values were deter-
mined to be 2.97 and 3.17 eV for KSrRhH6 and KSrIrH6, respec-
tively. Moreover, Figure 6a,b shows the total and partial densi-
ties of states (PDOS), which include the contributions of various
atomic orbitals, and show the electronic structures of KSrRhH6
and KSrIrH6. It is clear that the d-orbitals (Rh-d and Ir-d) of the
transition metal are most prominent in the region around the
Fermi level (0 eV), indicating that they contribute to the electronic
properties of the compounds.While the hydrogen s-orbitals show
significant contributions at lower energies, suggesting a strong
hybridization with Sr and Rh/Ir orbitals. Besides, the total den-
sity of states shows the distribution of electronic states in en-
ergy levels, with differences between the two compounds sug-
gesting electronic conductivity or band structure differences. The
higher delocalization of Ir-d states in KSrIrH6 compared to Rh-d

in KSrRhH6 indicates that the Ir substitution may affect bonding
strength and electronic behavior.

3.4. Optical Properties

A material’s behavior is largely determined by its optical
characteristics.[44] Correlating these features and computing
them using Maxwell’s equations can lead to a better knowledge
and precise prediction of amaterial’s optical response under vari-
ous conditions. One of the most crucial characteristics for explor-
ing a material’s optical response is the dielectric function, 𝜀(𝜔),
which has two parts: the imaginary portion, 𝜀2(𝜔), which repre-
sents absorption, and the real portion, 𝜀1(𝜔), which represents
dispersion.[45,46]

𝜀(𝜔) = 𝜀1(𝜔) + i𝜀2(𝜔) (3)

For photon absorption resulting from electronic transitions
and with excitation probability to the conduction band from the
valence band, the imaginary component, 𝜀2(𝜔), is of the greatest
interest. The material’s polarizability and dispersive behavior in
the presence of an applied external electric field and electromag-
netic radiation interaction are determined by the real component,
𝜀1(𝜔). Moreover, Kramers–Kronig relations, one of the basic con-
nections between real and imaginary dielectric functions, can be

Adv. Theory Simul. 2025, e00622 © 2025 Wiley-VCH GmbHe00622 (4 of 9)

http://www.advancedsciencenews.com
http://www.advtheorysimul.com


www.advancedsciencenews.com www.advtheorysimul.com

Figure 6. Computed density of states (DOS) of KSrZH6 (Z = Rh, Ir).

used to derive 𝜀1(𝜔) from 𝜀2(𝜔).
[47,48]

𝜀2(𝜔) =
(
4𝜋2e2

)
(𝜋𝜔2m2)

∑
ij

∞
∫
BZ

[Mij(k)]
2 fi(1 − fj) 𝛿[Ef − Ei − 𝜔]d3k

(4)

𝜀1(𝜔) = 1 + 2
𝜋
P

∞
∫
0

𝜔
′
𝜀2(𝜔

′)
𝜔

′2 − 𝜔2
d𝜔′ (5)

where the electron’s mass and charge are denoted by m and e, re-
spectively. The P indicates the matrix components of the valence
to conduction band transitions. Additionally, fi and Ei stand for
the electron energy in the i-th state and the Fermi–Dirac distribu-
tion, respectively. Various optical properties, i.e., absorption coef-
ficient 𝛼(𝜔), reflectivity R(𝜔), refractive index n(𝜔), and extinction
coefficient k(𝜔), can be described with the help of the following
equations[49–53]:

𝛼 (𝜔) =
√
2𝜔

[
−𝜀1 (𝜔) +

√
𝜀
2
1
(𝜔) + 𝜀

2
2
(𝜔)

]1∕2
(6)

R (𝜔) =
||||||
√
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||||||
2

(7)
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√

𝜀
2
1
(𝜔) + 𝜀

2
2
(𝜔) + 𝜀1(𝜔)

2

⎤⎥⎥⎥⎦
1∕2

(8)

k (𝜔) =
⎡⎢⎢⎢⎣
√

𝜀
2
1
(𝜔) + 𝜀

2
2
(𝜔) − 𝜀1(𝜔)

2

⎤⎥⎥⎥⎦
1∕2

(9)

The real and imaginary parts of 𝜀(𝜔) are calculated and listed in
Figure 7a,b. The 𝜀1(𝜔), which determines the refractive index and
polarization response,[54] exhibits a high peak between 3–6 eV,
followed by a slow decline at higher energies. This suggests a sub-
stantial dielectric response through the lower energy range, with
KSrIrH6 showing minute shifts compared to KSrRhH6, demon-
strating that the Ir substitution alters the electronic environment
and optical dispersion. At the same time, the 𝜀2(𝜔), which cor-
responds to optical absorption from electronic transitions, ex-
hibits a prominent peak in the 5–7 eV range, indicating strong
interband transitions. Most importantly, KSrIrH6 shows slightly
higher light absorption than KSrRhH6, indicating that the inclu-
sion of Ir increases electronic excitations and alters matter-light
interactions. Furthermore, with increasing photon energy, both
compounds exhibit gradually decreasing absorption, indicating a
reduced density of available electronic states for the transitions.
Besides, Figure 8a presents the calculated absorption spectra

of KSrZH6 (Z = Rh, Ir) compounds. It is found that the ab-
sorption coefficient rises significantly at high photon energies,
with well-defined peaks in the UV region. The KSrIrH6 material
shows a larger absorption magnitude than KSrRhH6, indicating
more intense light-matter interactions for the Ir compound. The
sharp rise in absorption at ≈3 eV suggests the intense onset of
optical transitions, which is important for the determination of
the bandgap energy. The high UV absorption suggests applica-
tions in UV photodetectors, solar cells, and optical coatings. The
optical absorption behavior also provides insight into the stability
of the material under irradiation, a consideration of paramount
importance for solar hydrogen storage materials. Moreover, the
reflectivity spectra, which are shown in Figure 8b shows a mod-
erate reflectance at lower photon energies with multiple peaks
at higher energies. The reflectivity is below 0.3 over the energy
range considered, indicating that these materials have low re-
flectance and high transmittance. While the peaks in the feature
indicate the presence of electronic transitions and strong inter-
band interactions. The KSrIrH6 material is slightly more reflec-
tive than KSrRhH6 overall, reflecting differences in surface opti-
cal response and electronic band structure. For hydrogen storage
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Figure 7. Calculated spectra of (a,b) dielectric function (real & imaginary part) of KSrZH6 (Z = Rh, Ir) against photon energy.

Figure 8. Calculated spectra of a) absorption, b) reflectivity, c) refractive index, and d) extinction coefficient of KSrZH6 (Z= Rh, Ir) against photon energy.

applications, the low reflectivity value is preferable as it repre-
sents energy loss during the hydrogen adsorption and desorption
processes when exposed to light. Figure 8c presents the refrac-
tive index variations, which shows a peak at lower photon ener-
gies with lower values at higher energies. The peak value of the
refractive index occurs near the band-edge transition region, in-
dicating a high dispersion of the light. Furthermore, high refrac-

tive index values for KSrIrH6 compared to KSrRhH6 indicate its
greater potential to slow light propagation, a desirable property
for photonic devices and optical waveguide applications. In hy-
drogen storage applications, the refractive index provides a sense
of material transparency and interaction with electromagnetic ra-
diation, which can influence the kinetics of hydrogen release un-
der optical stimulation.
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Table 2. Elastic constant (Cij, GPa) of KSrZH6 (Z = Rh, Ir).

Materials C11 C12 C44

KSrRhH6 66.72 16.86 23.89

KSrIrH6 64.76 18.16 24.60

Table 3.Mechanical attributes of KSrZH6 (Z = Rh, Ir).

Materials B G E Cp = C12−C44 𝜈 B/G A

KSrRhH6 33.48 24.30 58.70 −7.03 0.21 1.38 0.96

KSrIrH6 33.70 24.07 58.32 −6.44 0.21 1.40 1.06

The significant electronic transitions, as revealed in Figure 8d,
are indicated in the UV region, where the extinction coefficient is
highest. Greater light attenuation in the material is indicated by
greater extinction coefficient values of KSrIrH6 than KSrRhH6.
This attribute is directly proportional to the material’s absorp-
tion behavior, this characteristic is especially relevant when re-
searching optical losses for device applications like optoelec-
tronic modulators and photodetectors. The higher extinction co-
efficients would suggest strong photon interactions in hydrogen
storage, which would improve the kinetics of hydrogen desorp-
tion photo thermally. In general, the optical spectra demonstrate
that both compounds exhibit high absorption, medium reflec-
tion, and large dispersion in the UV range. The greater absorp-
tion and extinction coefficient values of KSrIrH6 suggest that
it may have a more favorable optoelectronic performance than
KSrRhH6. These optical characteristics also imply that KSrZH6
compounds might be great options for hydrogen storage appli-
cations that take into account light-induced desorption mecha-
nisms.

3.5. Elastic and Mechanical Properties

The complex hydride compounds KSrZH6 (Z = Ir and Rh), have
various mechanical properties that influence their stability and
potential applications. The hardness of a material, or its resis-
tance to deformation when pushed, is crucial in determining the
structural strength of KSrZH6 (Z = Ir and Rh). The calculated
elastic constants are shown in Table 2, and are checked for elas-
tic stability using Born–Huang criterion[55]:

C11> 0,C11− C12> 0,C11+2C12> 0,C11>B0>C12 (10)

The mechanical stability of the KSrZH6 (Z = Ir and Rh) mate-
rials under study is confirmed by their satisfaction of the afore-
mentioned requirements. The Voigt, Reuss, and Hill approxima-
tion methods were used to compute the bulk modulus (B), shear
modulus (G), and Young’s modulus (E) in order to comprehend
themechanical properties of KSrZH6 (Z= Ir and Rh).[56] Theme-
chanical characteristics of KSrZH6 (Z = Ir and Rh) are displayed
in Table 3. When evaluating the stiffness of a material, Young’s
modulus (E) is a crucial quantity.[57] The stiffness differences be-
tween KSrIrH6 and KSrRhH6 are shown in Table 3’s E values,
which also shed light on their mechanical characteristics and po-
tential uses. KSrIrH6 and KSrRhH6 have the same resistance

to uniform compression, as indicated by their respective bulk
modulus (B) of 33.48 GPa and 33.70 GPa. The two compounds,
KSrRhH6 at 24.30 GPa and KSrIrH6 at 24.07 GPa, also have al-
most similar shear moduli-indicating comparable resistance to
shape deformation under shear stress.[58] Young’s modulus (E),
the measure of material stiffness, is very similar to KSrRhH6,
slightly higher at 58.70 GPa compared to KSrIrH6 at 58.32 GPa.
The positive or negative value of Cauchy pressure (Cp) indicates
the ductility or brittleness of a compound, respectively.[59] The cal-
culated negative values of Cp indicate the brittleness of the stud-
ied materials. Poisson’s ratio (𝜈), which describes the lateral de-
formation under compression, is the same for both compounds
at 0.21, indicating similar deformation behavior under stress.
The Pugh’s index (B/G) for both materials is below the ductil-
ity criterion of 1.75 at 1.38 for KSrRhH6 and 1.40 for KSrIrH6,
again supporting that the two materials are brittle. Finally, the
anisotropy factor (A) is slightly different between the two materi-
als. KSrIrH6 has a value of 1.06 for A, showing a higher degree of
anisotropy than KSrRhH6 withA of 0.96. Overall, themechanical
study of KSrRhH6 and KSrIrH6 proves that the two compounds
have similar mechanical behavior, with KSrRhH6 being slightly
stiffer and KSrIrH6 having a slightly higher degree of anisotropy.
Both compounds are classified as brittle based on their Cauchy
pressure, Poisson’s ratio, and Pugh’s ratio parameters.

3.6. Thermodynamic Properties

The thermodynamic properties of KSrZH6 (Z = Rh, Ir) as a func-
tion of temperature are shown in Figure 9a,b, which shows the
change in entropy (E), heat capacity (Cv), energy (S), and free
energy (F). All of these properties provide a better understand-
ing of the thermal properties and thermal stability of the com-
pounds. Starting with entropy, both KSrRhH6 and KSrIrH6 in-
crease with increasing temperature, reflecting the greater disor-
der in the system with greater thermal vibrations. As the tem-
perature increases, the lattice vibrations become more energetic,
leading to greater excitation of the electrons and an increase
in entropy. Surprisingly, KSrRhH6 has a slightly higher entropy
than KSrIrH6, reflecting the greater disorder in the former com-
pound at elevated temperatures. The heat capacity also increases
with temperature for both materials, a typical trend following the
Dulong–Petit law at high temperatures. KSrRhH6 and KSrIrH6
both stabilise at a constant value of≈200 J K−1 mol−1 at high tem-
peratures, indicating that the vibrational properties of both ma-
terials are similar and stabilise at this value with minimal differ-
ence between the two materials. The variation in energy numer-
ically increases almost linearly with temperature for KSrRhH6
and KSrIrH6 to ≈200 kJ mol−1 at 800 K. This means that the
materials respond similarly to thermal energy and both materi-
als exhibit very similar vibrational contributions with increasing
temperature. Finally, the free energy is also lower at higher tem-
peratures, as would be the case for most materials. KSrRhH6 is
in the region of −150 kJ mol−1 at 800 K, but KSrIrH6 is slightly
lower at −180 kJ mol−1, and therefore KSrIrH6 is thermodynam-
ically more stable at higher temperatures. In summary, while
both KSrRhH6 and KSrIrH6 exhibit similar thermal behaviour,
KSrRhH6 exhibits slightly higher entropy, reflecting greater dis-
order at elevated temperatures, while KSrIrH6 exhibits slightly
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Figure 9. The variation in entropy, heat capacity, energy, and free energy against the temperature of (a) KSrRhH6, and (b) KSrIrH6.

greater stability in terms of free energy. These thermodynamic
properties confirm that both materials are well suited to high
temperature applications, with KSrIrH6 having a slight advan-
tage in thermodynamic stability.

4. Conclusion

This study comprehensively investigates the physical properties
and hydrogen storage capability of KSrZH6 (Z = Rh, Ir) complex
hydrides using DFT to assess their potential for hydrogen stor-
age and related applications. Structural analysis indicates that
these materials form stable cubic structures, with lattice con-
stants of 7.79 Å for KSrRhH6 and 7.80 Å for KSrIrH6, respec-
tively. Phonon dispersion calculation confirms their dynamic sta-
bility. Furthermore, an extensive AIMD simulation evaluation
verifies the absolute stability of all examined compounds, as evi-
denced by negligible variations in equilibrium energy, dispelling
any doubts about structural dependability for practical applica-
tions. Both hydrides exhibit indirect semiconducting behavior
with strong hybridization of H-1s and Rh/Ir-d states. Themateri-
als show goodUV absorption and adequate optical properties and
making them suitable for use in optoelectronic devices. The me-
chanical analysis confirms stability, brittleness, and anisotropic
nature, while the thermodynamic assessment reveals consistent
stability across a broad temperature range. In terms of hydrogen
storage, KSrRhH6 demonstrated a superior gravimetric capacity
of 2.57 wt.%, highlighting its potential for efficient hydrogen stor-
age applications, whereas KSrIrH6 exhibited a capacity of 1.86
wt.%. In conclusion, this research provides valuable understand-
ing of the suitability of KSrRhH6 and KSrIrH6 for sustainable en-
ergy technologies, opening avenues for future experimental con-
firmation and possible commercial implementation.
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