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The photocatalytic capacity of SrMg.FeHshas been thoroughly studied with interest in its
capacity to promote both oxidation and reduction reactions. The valence band edge located at
2.61 eV referenced to the normal hydrogen electrode would suggest it should be suitable to
promote water oxidation processes. The conduction band edge was located at 0.36 eV, again
referenced to the normal hydrogen electrode and while this described hydrogen evolution, it
would seem kinetic limitations will require the use of co-catalysts in order to utilize hydrogen
evolution efficiently.

The strong optical absorption, combined with its electronics and photocatalytic
properties, provides positive results for potential applications in hydrogen production,
pollutant degradation and energy conversion technologies.
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1. INTRODUCTION

Recent research into complex hydrides has generated substantial interest because of
potentially useful applications in a wide domain of technologies such as energy storage,
optoelectronic devices, and photocatalysis[1-3]. Complex hydrides consist of hydrogen atoms
bonded to metallic or metalloid atoms which often structure into complex crystalline forms
defined by specific bonding interactions[4,5]. This family of materials becomes significant due
to the overall light-weight properties while also being tunable in physical and chemical
properties. Transition metal-based hydrides among them have been specifically interesting due
to being particularly versatile and have shown that they can demonstrate significant properties
in areas of electronics and optics[6,7]. SrMg.FeHs in particular with its unique structural,
electronic, and compositional properties is being chosen as a material that has a great potential
for investigations.

Hydrides of transition metals, especially hydrides of iron (Fe), display interesting
optoelectronic properties as the transition metal has partially filled d orbitals[3,7]. These
optoelectronic properties can enhance light absorption, charge transfer processes, and catalytic
activity which are benefiting for next generation energy systems. The addition of alkaline-earth
metals, in particular strontium (Sr) and magnesium (Mg) add other degrees of freedom to
modify the electronic band structural and optical response of the hydride lattice. The Sr
component will serve to impart strong ionic bonding to increase structural stability, whereas
the Mg will provide the structure sufficient light-weight and strong framework which imparts
function[8-10]. Collectively, these combinations imply that SrMg.FeHs should be an exciting
material for new functional applications. Previous investigations on related Fe-based complex
hydrides, such as Mg,FeHs-LiBH. and Mg.FeHs-LiNH, composites, have shown promising
hydrogen storage capacities [11-13]. These studies demonstrate the scientific relevance of Fe-
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containing hydrides in energy-related applications. Having said that, complex hydrides offer
additional interesting properties as well; in addition to the structural and electronic flexibility,
they are environmentally friendly and have the capacity for hydrogen storage or solar-powered
catalysis[3]. Recent progress in hydrogen storage materials has been extensively reviewed, with
particular attention to complex and lightweight hydrides due to their high hydrogen content
and tunable electronic properties [14,15]. These advances provide important insights for
designing new hydrides with enhanced structural stability and hydrogen storage performance.
The compound SrMg.FeHs was first synthesized and experimentally characterized by Huang
etal. in 1992 using X-ray and neutron diffraction techniques, which revealed a complex hydride
structure containing octahedral [FeHs]* units embedded within a Sr-Mg matrix [16,17].
SrMg.FeHs is particularly exciting as it is a hydrogen-rich structure that can be advantageous
for hydrogen storage technologies. In addition to the ability to entrap significant amounts of
hydrogen, this structure is also attractive for applications in hydrogen-based energy systems
and contributes to a clean energy economy[18]. This hydrogen-rich structural property may
be useful used for water splitting or other renewable energy applications[19,20]. By analyzing
its optical absorption, electronic transitions, and density of states (DOS), the data gives valuable
understanding of its performance with respect to numerous conditions and assists in the
development of specific customized solutions relative to the desired technological goals.

This study examines the optoelectronic and photocatalytic properties of SrMg.FeHs using
theoretical and computational techniques. Specifically, the study looks at light absorption, the
real and imaginary parts of the dielectric function of the material, and also conductivity, loss
function, and refractive index. By looking at these properties, the study will showcase its
possible use as a photocatalyst, optoelectronic device material, and a medium for hydrogen
storage, which will provide a fundamental insight into transition metal hydrides and useful
knowledge in the context of applied physics and engineering.

2. MATERIALS AND METHODS

This work implemented density functional theory (DFT) calculations to study the
optoelectronic and photocatalytic properties of SrMg.FeHs, specifically through the use of the
scientific simulation software in CASTEP[21-23]. Within this work, the meta-generalized
gradient approximation (m — GGA) for the exchange-correlation functional was utilized owing
to the complex electronic interactions present in complex hydrides and increased accuracy in
theoretical predictions of electronic structure made well-established from literature[24-26].
Within the methodology, a plane wave basis set with a kinetic energy cutoff of 500 eV was
employed to achieve a balance between numerical convergence and computational efficiency
for accurate results. Brillouin zone integration was completed using a Monkhorst-Pack
3 X 3 x 2 k-point mesh identifying with the crystal symmetry of SrMg.FeHs and provided the
resolution needed for meaningful electronic structure analysis[27].

The careful optimization of all contributing computational parameters was a key
contributor to the accurate representation of the band structure, density of states, and optical
absorption properties.

The compound SrMg;FeHs possesses a trigonal crystal structure in the P3m1 space group.
The strontium (Sr?*) atom is coordinated by twelve hydride (H-) anion atoms, forming
cuboctahedral SrHy, units. The cuboctahedral units are connected through edge-sharing with
six additional SrHi, cuboctahedra, and through face-sharing with two FeHg octahedra. The
bond length between Sr — L and H is uniform at 2.64 A. Magnesium (Mg?") is coordinated to
a total of ten hydride anions, and the range for bond distances to hydrides ranged from 1.90 A
and 2.24 A. Iron (Fe?) is coordinated to six hydride anions with distorted geometries to form
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an FeH6 octahedron (which also face shares with two SrHi, cuboctahedra). The bond length
between Fe and H exists as a record of 1.56 A. There are two areas of hydride in contrast to
other hydrogen-containing phases outlined in this thesis, where each hydride in site one is
coordinated to one Sr?*, three Mg?*, and one Fe?* in a distorted coordination sphere, and the
hydrides in site two are coordinated with three Sr?* and one Mg?* in a distorted geometry. The
optimized lattice parameters obtained from DFT (a = 4.47 A ¢ = 6.52 A) show excellent
agreement with the experimental neutron diffraction data reported by Huang et al (table 1)
[16]. (a = 45072 A, ¢ = 6.5663 A), confirming the reliability and accuracy of the present
structural optimization. The atomic coordinates of Sr, Mg, Fe, and H also display close
correspondence, demonstrating the robustness of the computational model. The fully relaxed
crystal structure of SrMg.FeHs is illustrated in Figure 1.

Table 1. Comparison Between Experimental and DFT-Optimized Parameters

Parameter Experimental [16] This Work (DFT)
Space group P-3m1 (No. 164) P-3m1 (No. 164)
a(d) 45072 4.47
c(A) 6.5663 6.52
Volume (A3) — 112.75
Fe (1a) (0,0,0) 0,0,0)
Sr (1b) (0,0,0.5) (0,0,0.5)
Mg (2d) (0.3333,0.6667, 0.1223) (0.667,0.333,0.8771)
H1 (6i) (0.1617, -x, 0.8557) (0.3218, 0.1609, 0.1435)
H2 (2d) (0.3333, 0.6667, 0.4147) (0.667, 0.333, 0.5857)

Figure 1. Crystal structure of SrMg.FeHs.

3. RESULTS AND DISCUSSIONS

3.1. Electronic Properties (Band Structure and Density of States)

Band structure of a material describes the correlation between the energy levels of
electrons and their momentum in a crystal-like solid. This concept is fundamental under solid-
state physics and can provide meaningful insight into a material's electronic properties,
including conductivity, optical absorption, and carrier transport [28,29]. Understanding the
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band structure is crucial for predicting the performance of materials in applications like
optoelectronics, photocatalysis, and hydrogen storage[3,30]. SrMg.FeHs's band structure shown
in Figure 2 presents an indirect band gap of 2.251 eV, with the valence band maximum (VBM)
and conduction band minimum (CBM) located at different k-points in the Brillouin zone.
This indirect band gap requires phonon involvement for electron excitation, which is worse for
direct optical efficiencies, but preferable for thermal stability and carrier lifetime. The band gap
value, falling in the visible light region suggests SrMg.FeH; can capture visible light from the
sun, providing a desirable photocatalyst property. Thus, SrMg.FeHs with visible light-
absorption capability as well as indirect band gap may be ideal in applications such as water
splitting, degrading different pollutants, evolving hydrogen, or storing hydrogen.[31-33].
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Figure 2. Band structures of SrMg.FeHs.

The total and projected density of states (DOS and PDOS) provide meaningful
information about the electronic states of SrMg.FeHs, illuminating its semiconducting nature
and emphasizing its potential for use in more advanced technologies[34]. As shown inthe DOS
plot (figure 3.a), there is a calculated indirect band gap of approximately 2.251 eV placing the
material in the visible light range, indicating efficient light absorption as critical in
optoelectronic and photocatalytic properties. The DOS plot shows a high density of states in
the valence band going from -10 eV up to the Fermi level (0 eV), indicating very strong
electronic interactions, while the conduction band starts in states above the Fermi energy level,
indicating the materials potential for electron excitation and transport[35,36]. The PDOS
analysis (figure 3.b) further divides these classes of electronic states into their constituent
contributions, and it is evident that hydrogen (H) acts primarily through the s orbitals with a
dominant contribution to the valence band, demonstrating a strong bond with the metallic
elements. Iron (Fe) is indicative of the importance of its d states, prevalent near the Fermi level
and prevalent in both the valence and conduction bands, facilitating the importance of
electronic transitions for photocatalysis. Magnesium (Mg) contributes predominantly to the
electronic structure through its s and p orbitals aspects, stabilizing the structure and allowing
secondary contributions as an electronic component, strontium contributes to the optical
absorption and conduction properties of the material through its d orbitals, which extend into
the conduction band. The interaction between the Fe, H, Mg, and Sr orbitals are not only
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responsible for the electronic and optical properties of SrMg.FeHs, but the multifaceted
interaction provides a platform and continuum for possible applications as a multifunctional
material. Overall, the insights from both the DOS and PDOS contribute to an optimistic
outlook towards SrMg.FeHs in energy-related technologies due to the band gap, strong orbital
interactivity, and beneficial carrier dynamics.[37,38].
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Figure 3. a) DOS; b) PDOS of SrMg.FeHs.

3.2 Optical Properties.
3.2.1 Dielectric Function, refractive index and extinction coefficient.

The optical response of a material can be obtained from how different optical parameters
change as a function of the energy of the incoming photons (E = hv) or from the frequency
of incoming radiation. An important component in discerning this behavior is the complex
dielectric function £(w), which is a function of the frequency of incoming radiation. The
dielectric function provides valuable information about the interaction of the material with
electromagnetic waves and is fundamental to understanding many optical phenomena. The
mathematical expression for &(w) is shown below.[39,40]:

e(w) = &(w) +ig(w) 1)

The electronic band structure of a material significantly influences its dielectric response,
as changes in the electronic states will alter the way that the material interacts with light.
Indeed, the dielectric function's imaginary part &, (w), directly related to the optical absorption
properties, can be determined from the following equation [41,42]:

£2() = (o5 Bew S kel pIvid{vid pPleixd(ee, — £, — @) ()

mm2w?

The momentum matrix element, p, describes the transition probability between electronic
states a and g at a crystal momentum k. In this context, c, and v, are the conduction and
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valence band states, respectively. For the two states, k is the crystal wave vector. The real part
of the dielectric function, &, (w), can be obtained from the imaginary part, €,(w) via the
Kramers-Kronig Transformation, shown in the equation below[43]:

e1(w) = 1+2p 722l oy 3)

0 (@)Z-w?

where p denotes the integral's primary value.

The zero-frequency limit of the real part of the dielectric function, denoted as €, (0), is a
key parameter that reflects the purely electronic contribution to the static dielectric response.
Its mathematical formulation is given as follows [44]:

a0 =1+ (32) @

The optical properties of SrMg,FeHs were analyzed through the real part ¢, (w) and
imaginary part €,(w) components of the dielectric function (Figure 4). The real part, &, (w)
describes the material's ability to store electrical energy and its dispersion behavior as a
function of incident photon energy[45]. At zero energy, €,(0) has a value of 4.2, indicating
significant polarizability at low frequencies, corresponding to the static dielectric constant. A
prominent peak at 4.95 eV with a maximum value of 6.89 indicates strong electronic
polarizability due to interband transitions, involving contributions from Fe d-orbitals and H
s-orbitals. At energies greater than approximately 10 eV, g, (w) is negative; this indicates
metallic-like behavior and that reflectivity or absorption are defining the regions of interest. In
addition, the imaginary parte,(w), informs users on aspects of the optical absorption
characteristics and on the electronic transitions. Optical absorption starts at approximately 2.2
eV which corresponds to the indirect bandgap thus confirming that the material is capable of
absorbing photons in the visible region of the spectrum.
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Figure 4. a) Real part of dielectric function, b) Imaginary part of dielectric function of SrMg.FeHs.

The peak value of 6.34 occurs at 6.83 eV and is indicative of strong interband transitions
involving Fe d-orbitals close to the Fermi level and contributions from H s-orbitals. Other
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peaks at higher energies (e.g. 8 eV) are associated with some transitions involving the Mg and
Sr orbitals that are in the conduction band. The decrease would suggest that there are fewer
electronic states available for transitions beyond 8 eV [46].

The findings describe the robust optical activity exhibited by SrMg.FeH;s in the visible-to-
near-UV region, and this evidence, in addition to electronic bandgap and structural
parameters, supports SrMg.FeHs in potential applications, such as: photocatalysis,
optoelectronic devices, and renewable energy. The complementary electronic and optical
properties add credibility to SrMg.FeHs as a multifunctional material for advanced
technological applications.

To gain a complete comprehension of the optical to optical properties of SrMg.FeHs (figure
5) we investigated the refractive index n(w) and extinction coefficient k(w) compared to the
components of the dielectric function, which relate to each other in a fundamental way to the
real £; (w) and imaginary ¢, (w)parts of the dielectric function in the following manner[9,13]:

n(w) = [Vl ) T (@) + & (@)]: ©)
k(@) = L[ Ve2@) + 3() — & (w)]: Q

The refractive index n(w) which described how light propagates, is tied to the imaginary
and real parts of the dielectric function. At photon energy of zero the static refractive index
n(0) is 2.05 corresponding to the static dielectric constant €1(0) (1n(0) = +/&;(0) ), which
primarily describes polarizability at low frequencies[9,39].

This demonstrates the material's ability to store and slow down light at low energy levels.
As photon energy increases, n(w) rises, reaching a peak value of 2.69 at 5.101 eV, associated
with strong dispersion due to electronic polarizability and interband transitions.
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Figure 5. a) Refractive index; b) Extinction coefficient of SrMg.FeHs.

These transitions are attributed to electronic excitations involving Fe d-orbitals and H s-
orbitals. The extinction coefficient k(w), which characterizes the material’s light absorption,
is directly influenced by €, (w) and &, (w). It approaches zero up to 2.18 eV, consistent with
the bandgap of SrMg.FeHs, and it must be transparent in this energy range. This is similar to
the imaginary part of the dielectric function &, (w), which starts increasing past the bandgap.
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Beyond this bandgap, at higher energies, k(w) has two large peaks. The peaks take values of
151 at 7.37 eV and 1.55 at 10.83 eV. They correspond to strong absorption because of
interband electronic transitions, particularly Fe d-orbitals and other orbital contributions from
Mg and Sr atoms.

The connection of & (w), & (w), n(w), and k(w) reveals the dual optical nature of
SrMg2FeH8. It acts as a transparent material at low energies while acting as an absorbing
material through the visible and UV range, characterizing it as a good material for
optoelectronic and photocatalytic uses. The connectivity is an advanced highlight of the optical
characteristics of the material for use in energy conditions and equipment including optical
devices.

3.2.2 Absorption Coefficient and Loss function.

The optical absorption coefficient a(w), and the energy loss function L(w), of SrMg,FeHs;
(Figure 6) were analyzed as the photonic and dissipative properties of the material, respectively,
by determining the absorption coefficient a(w), which represents the ability of the material to
absorb photons, using the relation[9,39]:

() = V2ol (@) + (@) — & ()] ™)

This parameter takes the value of zero, and remains negligible until 2.23 eV, which
corresponds to the transparency of the material at the low-energy end. As photon energy
increases a(w) increases rapidly, reaches a maximum value of 2.7x10° cm~! at 10.98 eV. This
peak shows that there are strong electronic transitions that will efficiently use the high-energy
photons that demonstrate SrMg.FeHs are good absorbers for optoelectronic and photocatalytic
applications. The energy loss function L(w), demonstrating the energy losses of fast electrons
traveling through the material, is defined as[9]:

_ &z(w)
L(@) = Zeora@ ®)
The function has a value of zero, a low value from zero to 2 eV, and a low overall response
until 4 eV. Beyond those values, L(w) raises significantly, peaking at 16.98 eV with a value of
2.18.
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Figure 6. a) Absorption; b) loss function of SrMg.FeHs.
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This peak represents the plasmonic resonances which are collective oscillations of free
electrons, including their interactions with the lattice of the material studied. The analysis of
a(w) and L(w), provide a view of the dual optical system that is also displayed within
SrMg.FeHz. The material demonstrates transparency at low energies, strong photon absorption
at higher energies, and pronounced plasmonic activity, establishing its relevance for photonic,
plasmonic, and energy-related applications.

3.2.3 Reflectivity and conductivity

The reflectivity R(w) of SrMg.FeH; (Figure 7) was analyzed to understand its optical
response to incident electromagnetic waves. Reflectivity, defined as the ratio of the reflected
light intensity to the incident light intensity, measures how effectively a material reflects light
at different photon energies. The reflectivity is calculated using the equation[9,39]:

R(w) = [\/sl(w)ﬂ £2(w) 1] )

sl(u))+1 g (w) +1

In the low-energy region (0 eV to 3 eV), the reflectivity varies between 0.11 and 0.14,
indicating weak reflectance, characteristic of low-energy photon interactions. Beyond 3 eV, the
reflectivity increases steadily and reaches its peak value of 0.40 at 11.32 eV. This peak
corresponds to strong interaction between incident photons and the electronic structure of the
material, resulting in maximum reflectance. The trend of R(w) across the energy spectrum
highlights the material’s selective reflectance properties, with significant reflectance at higher
photon energies. This feature suggests potential applications in optoelectronic devices, where
control over reflectivity is crucial for optimizing performance.

0.0 T T T T T T T T T
[0} 2 4 6 8 10 12 14 16 18 20

Energy (eV)

Figure 7. Reflectivity of SrMg.FeHs.

Figures 8 present the real and imaginary parts of the conductivity, which describe the
material’s interaction with electromagnetic radiation. The real and imaginary parts of the
optical conductivity were calculated from the frequency-dependent complex dielectric
function e(w)= ¢, (w) + ig, (w)), using the following relations[47]:
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wez(w)

_ w[1-g(w)]
4T ) 02((‘)) -

o;(w) = pp

(10)

These equations provide a direct connection between the dielectric response and the
material’s ability to conduct charge carriers under electromagnetic excitation, thereby offering
valuable insight into its optoelectronic performance. The real part (figure 8.a) represents the
dissipative component, which corresponds to the energy absorbed by the material and
transformed into other forms, such as heat. It begins at 2.18 eV and exhibits a prominent peak
with a maximum value of 5.36 at 6.97 eV, highlighting significant optical absorption due to
electronic transitions in this energy range. This behavior indicates the contribution of
interband transitions to the conductivity, particularly involving electronic states close to the
Fermi level. The imaginary part (figure8.b), reflects the reactive component of the conductivity,
which is associated with polarization effects and the energy temporarily stored in the system.
It starts at zero energy, demonstrating that there is no reactive response at very low frequencies,
and decreases to a minimum value of -3.60 at 5.15 eV. The negative values in the region
illustrates the dominance of inductive forms of effects and indicate that the material is
opposing the electric field at these energies. Beyond this value the imaginary conductivity is
increasingly behaving suggesting a more complex interaction between polarization and
electronic transitions at higher energy ranges.

This extensive analysis of the real and imaginary parts of the conductivity yields valuable
information about the optoelectronic properties of the material. The separate peak of the real
part and the distinct behaviors of the and imaginary parts of the conductivity in the low and
high energy regions of the material consistently supports the prospect of using the material in
optoelectronic devices, energy conversion, and other applications needing effective interaction
with electromagnetic radiation.

Real part of conductivity(1/f,)
Imaginary part of conductivity(1/f,)
o

T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

Energy (eV) Energy (eV)

(@) (b)
Figure 8. a) Real part of conductivity, b) imaginary part for SrMg,FeHs.

3.3 Photocatalytic Properties

The process of photon absorption is key in determining the photocatalytic capability of
added materials, especially semiconductors, whose functionality is dictated by band energy
theory[48,49]. As an example, the photocatalytic material SrMg.FeH; can absorb photon energy
when illuminated with light with its wavelength equal to or greater than its bandgap energy
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(Eg4). This photon absorption results in electronic transitions from the valence band (VB) to
the conduction band (CB) leading to the formation of electron-hole pairs (e~/h*). Then, under
suitable light irradiation, the photogenerated charge carriers migrate to the surface of the
photocatalyst and undergo oxidation and reduction reactions[49,50].

Electrons in the conduction band of the photocatalyst surface undergo reduction
reactions, such as forming molecular hydrogen (H-) with electron-acceptors, namely, H+ ions.
Whereas holes in the valence band proceed in oxidation reactions to form highly reactive
hydroxyl (OH) radicals and promote the degradation of organic pollutants to form simple
products, like CO, and H,O. Photocatalytic efficiency is directly related to the ability of the
material to inhibit electron-hole recombination, as excess dissipation of recombination energy
will dissipate absorbed energy through heat or light, thus limiting the overall efficiency of the
process. To enable good photocatalytic performance SrMg.FeHs must show high charge carrier
mobility, long excited state lifetimes, and appropriate energy band alignment that is compatible
with the redox potentials of target reactions. In this way, you can separate charge and migrate
it to maximize the redox activity of your system for hydrogen evolution and organic pollutant
degradation applications. Therefore, the photocatalytic mechanism of SrMg.FeHs uses a
combination of good phase light absorbed, charge separation, and surface redox reactions
which implies that SrMg.FeHs maintains promise as a viable material for advanced
photocatalytic applications. The photocatalytic mechanism can be described by the following
sequential redox reactions[51]:

(SrMg,FeHg) = h* + e (11)
h*+ H,0 > OH + H* (12)
e~ + 0, - 05 (13)

0; +H* - HOO (14)

e~ + HOO + H* - H,0, (15)

H,0,+ e~ > OH + OH"™ (16)

OH + organic pollutants — intermediates — degradation products  (17)

The redox potential and the energetic alignment of the band edges of adsorbed molecules
are crucial, as they will regulate the migration dynamics and the separation efficiency of the
photogenerated electron—hole pairs, and essentially drive the photocatalytic efficiency of a
material. For SrMg.FeHs to achieve high photocatalytic performance under visible light, it must
satisfy three essential criteria: a sufficiently narrow bandgap to enable strong absorption in the
visible spectrum, effective separation of charge carriers to limit recombination, and
appropriate alignment of the valence and conduction band edges to drive the necessary redox
reactions. The redox behavior of SrMg.FeHs has been assessed through analysis of its
conduction and valence band edge positions. These energy levels are estimated based on
Mulliken’s electronegativity approach in conjunction with the calculated bandgap of the
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material. A positive VBM potential implies a strong oxidative capability of photogenerated
holes, whereas a negative CBM potential indicates that the corresponding electrons exhibit
strong reducing power. The positions of the VBM and CBM in SrMg.FeH, can be determined
using the following equations, derived from its electronegativity and bandgap values[51,52]:

1
Eyp =x—E. +5Eg (18)
Ecg = Eyp — Eg (19)

The edge potentials of the valence band (EV B) and conduction band (ECB) indicate the
energetic locations of the valence and conduction bands. x designates the Mulliken
electronegativity of the material being considered, calculated as the geometric mean of the
Mulliken electronegativities of its constituent compounds. During Mulliken’s determination
of the atom's electronegativity the electronegativity was determined from the arithmetic
average of the electron affinity (the energy released when an electron is inserted into the neutral
atom) and the first ionization energy (the energy needed to remove the weakliest bound
electron from the atom). The reference energy standard is the hydrogen electrode scale, and
therefore, the energy of free electrons is E, = 4.5 eV. E, refers to the bandgap energy of
SrMg.FeHs calculated. The following table summarizes the key photocatalytic parameters
obtained for SrMg.FeHs [51,53].

Table 2. Photocatalytic parameters for SrMg2FeHS8.

Material x (eV) Eq (eV) Evs (eV) Ecs (eV)
SrMg;FeHs 5.99 2.251 2.61 0.36
Evac E = E (CV)
8 3 ~CBM
-4F E
5E 4E_(eV)
6F :
: 2 Evpym (€V)
e 3
SrMg2FeHs
-8 = =

Figure 9: Photocatalytic diagram of SrMg2FeH8.

Figure 9 presents the photocatalytic properties of S SrMg.FeHs, characterized by a moderate
energy gap (E, = 2.251 eV), enabling efficient absorption within the visible light spectrum. Its
valence band edge (Ey 5 =2.61 eV) is well-positioned for oxidative reactions, particularly water
oxidation, as it exceeds the required potential of +1.23 V versus the normal hydrogen electrode
(NHE). However, the conduction band edge (E.5 = 0.36 eV) is slightly more negative than the
reduction potential of H+ ions (0 V' vs. NHE). While this value is thermodynamically sufficient
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for hydrogen evolution, the limited driving force may slow the reaction kinetics and increase
the likelihood of charge recombination. These limitations may negatively affect H+ reduction
efficiencies and in turn, rates of hydrogen production; but additional catalysts, like noble
metals or molecular catalysts, could mitigate these issues, promote electron transfer
efficiencies, and a variety of photocatalytic performance. Therefore, while the SrMg.FeHs
material shows the opportunity to facilitate visible-light-driven photocataysis, the hydrogen
production efficiencies would need further optimization through structural or compositional
alterations.

4. CONCLUSION

This work represents a comprehensive evaluation of the optoelectronic and photocatalytic
properties of SrMg.FeHs, demonstrating that it is a potentially interesting and versatile material
for energy and environmental applications. The material's band gap of 2.251 eV results in the
ability to absorb well in the visible light range and improve further on its photocatalytic and
optoelectronic properties. The density of states (DOS) analysis showed that the electronic
structure is significantly dependent on the interactions of Sr, Mg, Fe, and H orbitals, while the
Fe d-orbitals were significant near the Fermi level. The optical properties such as refractive
index, extinction coefficient, absorption spectrum, and energy loss function provided further
evidence of strong interactions with light, particularly in the visible and ultraviolet regions.
This is a potential indicator for the use of this material in applications such as photodetection,
solar energy conversion, or photocatalytic processes. Photocatalytic assessments indicated that
while the valance band edge is favorable to oxidative mechanisms such as water oxidation, the
conduction band edge is only thermodynamically favorable for hydrogen evolution without
limiting the kinetics of the reactions products by reducing the reaction energy value carried by
the charge carriers in the photocatalytic reaction itself. The work highlighted the materials
ability, yet futures work like the addition of co-catalysts or perhaps being able to take
advantages of the materials inherent structure, could meaningfully enhance the materials
capacity for hydrogen generation in this fashion.

ABBREVIATIONS
The following abbreviations are used in this manuscript:

DOS Density of States

m-GGA Modified Generalized Gradient Approximation
DFT Density Functional Theory

VBM Valence Band Maximum

CBM Conduction Band Minimum

PDOS Partial Density of States

Eg Band Gap (Energy Gap)

VB Valence Band

CB Conduction Band

NHE Normal Hydrogen Electrode
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