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Mechanical ball milling yields a metastable y-MgH, phase with a lower dehydrogenation temperature than
conventional MgH,, offering a potential solution for solid-state hydrogen storage, but its unclear microscopic
mechanism hinders further application. To address this challenge, we employed density functional theory cal-
culations to unveil the micro-mechanism of superior dehydrogenation of y-MgHp from the insights of H-Mg
binding electric structures. Ab initio molecular dynamics simulations reveal that y-MgHs can spontaneously
undergo dehydrogenation at 373 K, which is consistent with previous experimental observations and out-
performs the thermodynamically stable a-MgH2 phase. Crystal orbital Hamilton population analysis indicates
pronounced antibonding state occupation below the Fermi level, evidencing substantial weakening of H-Mg
bonds and reducing its dehydrogenation temperature. Electron localization function results further confirm
reduced bond localization, indicating weaker chemical bonding. Density of states analysis shows the presence of
H-s states near the Fermi level, suggesting enhanced hydrogen mobility and favorable dehydrogenation kinetics.
Furthermore, Bader charge analysis quantifies charge transfer and allows calculation of the ionicity index,
establishing a clear correlation: systems with an ionicity index below 0.77 exhibit spontaneous dehydrogenation
at low temperature. This study not only provides microscopic insight into the exceptional dehydrogenation
performance of y-MgH, but also proposes the ionicity index as a key descriptor for evaluating dehydrogenation
ability in metal hydrides, offering a new strategy for designing high-performance hydrogen storage materials.

1. Introduction

As a clean and efficient energy carrier, hydrogen is playing an
increasingly vital role in the transition toward sustainable energy sys-
tems by offering significant potential to reduce greenhouse gas emis-
sions across transportation, energy, and industrial sectors [1-4].
Solid-state hydrogen storage is regarded as one of the most promising
approaches owing to its high storage density and enhanced safety [5-7].
MgHj has a theoretical hydrogen storage capacity of up to 7.6 wt% and
the highest energy density among reversible hydrides [8], which makes
it a highly promising hydrogen storage material. However, the practical
application of MgH, is hindered by its high thermal stability and slug-
gish hydrogen desorption kinetics [9]. Its relatively high hydride for-
mation enthalpy (~75 kJ/mol) requires a dehydrogenation temperature
above 300 °C, which severely restricts its practical use [10,11].

To improve the dehydrogenation performance of MgH,, various
strategies have been developed to lower its operating temperature.
Carbon-based single-atom catalysts can reduce the dehydrogenation
energy barrier by 0.51-2.22 eV [12-20]. TigCy (MXene), obtained by
etching Ti3AlC,, shows excellent catalytic activity [21-23]. Loading Cu
nanoparticles onto MXene enables efficient photothermal synergistic
catalysis [24,25]. Moreover, N-doped TiO2 nanosheets coated with TiN
nanoparticles integrate light absorption and thermocatalysis at the
nanoscale [26-29]. Nanostructures and spatial nanoconfinement have
been employed to regulate and optimize the hydrogen absorption/de-
sorption kinetics and thermodynamics of MgH»[30-35]. MgH> is doped
with various metals such as Ni, Cu, Fe, Al, Co, and Ba, as well as alloyed
with Li and Mg to form metal hydride composites or alloys with
improved hydrogen storage properties [18,36-42], and ball milling
treatment is applied during its preparation [43,44]. These strategies can
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adjust and optimize the dehydrogenation kinetics of MgHj.

Ball milling can reduce the dehydrogenation temperature of MgH>
by approximately 100 °C. In an experimental study, Zhao et al. observed
the formation of a y-MgH; phase, distinct from the conventional
a-MgH,, during the ball milling process [45,46]. The presence of this
phase facilitates dehydrogenation, making the milled material more
prone to dehydrogenation. Moreover, ball milling is a straightforward
and cost-effective mechanical processing method. y-MgH, is a meta-
stable phase of magnesium hydride. Compared to the commonly
observed a-MgH, phase, y-MgH, exhibits a significantly lower dehy-
drogenation temperature, which can be attributed to its unique crystal
structure and the resulting special H-Mg bonding [47]. Although
y-MgH; is thermodynamically metastable, it remains kinetically stable
under ambient pressure and can undergo dehydrogenation at tempera-
tures below 300 °C, demonstrating considerable potential for hydrogen
storage applications [46]. Therefore, investigating y-MgHy is of great
importance. Although the favorable dehydrogenation behavior of
y-MgH; has been well demonstrated at the macroscopic level, its un-
derlying microscopic mechanisms remain poorly understood. A deeper
understanding at the atomic and electronic structure level is urgently
needed to guide the development of hydrogen storage materials with
improved performance.

In recent years, density functional theory (DFT) calculations have
been widely employed to investigate the microscopic mechanisms of
hydrogen desorption in hydrogen storage materials, as well as to explore
various chemical reactions and catalytic processes at the atomic level
[48-53]. These studies have provided theoretical insights into atomic-
and electronic-scale phenomena, such as the “burst effect” in MgH; and
kinetic models of metal hydrides, offering valuable guidance for the
design of advanced hydrogen storage materials [54,55]. Therefore,
applying DFT to investigate the dehydrogenation mechanism of y-MgHj;
is both meaningful and effective. The DFT approach enables a deeper
understanding of the microscopic factors that drive the enhanced
dehydrogenation properties of y-MgH,. Sander et al. employed DFT
calculations to investigate the point defect kinetics of y-MgHo, revealing
the influence of vacancies on its dehydrogenation behavior [56]. Kelkar
et al. analyzed the effects of Al and Si doping on MgH,, as well as the
impact of high-pressure phases on its hydrogen absorption performance,
through electronic structure analysis[57,58]. These studies suggest that
DFT is a powerful tool for exploring the unique nature of H-Mg bonding
in y-MgH; at the electronic structure level. Therefore, DFT methods can
be employed to investigate the unique characteristics of H-Mg bonding
in y-MgHy at the electronic structure level, aiming to uncover the
microscopic mechanisms underlying its superior dehydrogenation
behavior and to gain deeper insight into the factors that enhance its
dehydrogenation performance.

In this work, first-principles calculations were employed to investi-
gate the dehydrogenation behavior of y-MgH, on different crystallo-
graphic surfaces. Based on previous studies, the (001), (100), (101), and
(110) surfaces of MgH, are commonly studied due to their distinct
structural features. The (110) surface is thermodynamically the most
stable and is commonly used as a reference. Meanwhile, the (001),
(100), and (101) surfaces exhibit higher atomic exposure, which facili-
tates hydrogen migration and makes them more susceptible to catalytic
modification [54,59,60]. These surfaces are thus central to theoretical
investigations of hydrogen storage and surface reaction mechanisms.
Therefore, these four surfaces were selected to explore the origin of the
superior dehydrogenation performance of y-MgH,. Ab initio molecular
dynamics (AIMD) simulations were performed, and dehydrogenation
phenomena were observed on the different surfaces, which correspond
well with experimental findings. Subsequently, the radial distribution
function (RDF) was calculated to analyze the local structural environ-
ment, followed by the evaluation of the root mean square displacement
(RMSD) to quantify atomic mobility. To further analyze the bonding
characteristics, the crystal orbital Hamilton population (COHP) method
was used to evaluate the H-Mg bond strength during dehydrogenation
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[61,62]. The density of states (DOS) was computed to examine the
electronic structure, and the electron localization function (ELF) was
used to assess the impact of dehydrogenation on electron localization.
Finally, Bader charge analysis was carried out to investigate the rela-
tionship between ionicity and dehydrogenation behavior on different
surfaces. These results provide fundamental insights into the micro-
scopic mechanisms underlying the excellent dehydrogenation perfor-
mance of y-MgHo.

2. Experimental section

Density functional theory (DFT) calculations were performed using
the Vienna Ab initio Simulation Package (VASP). The projector
augmented wave (PAW) method was adopted, and the exchange-
correlation  interactions were treated using the  Per-
dew-Burke-Ernzerhof (PBE) functional under the generalized gradient
approximation (GGA) [63-65], which provides relatively accurate de-
scriptions of hydrogen adsorption and desorption [66,67]. The PBE
functional is widely used in hydrogen storage studies to evaluate Hj
adsorption and substrate interactions [13,14,54]. Given the
non-magnetic nature of y-MgHo,, spin polarization was omitted (ISPIN =
1). In all calculations, MgH, was treated as a semiconductor, and
Gaussian smearing (ISMEAR = 0, SIGMA = 0.05 eV) was applied to
ensure accurate COHP and DOS results. In order to accurately model the
weak H-H interactions, which may influence the hydrogen desorption
behavior observed in the simulations, we activated van der Waals cor-
rections by setting IDVW = 12 [68]. A dipole correction was applied
along the z-direction in all calculations.

To sample the dehydrogenation behavior of y-MgH,, AIMD simula-
tions were conducted using the AIMD module implemented in the VASP
code. To ensure accurate temperature control while avoiding the
structural fluctuations associated with the isothermal-isobaric (NPT)
ensemble and the lack of temperature regulation in the microcanonical
(NVE) ensemble, AIMD simulations were carried out in the canonical
(NVT) ensemble using the Nosé-Hoover thermostat. A time step of 1 fs
was applied, and each model was simulated for 5 ps to eliminate non-
equilibrium effects and capture thermally activated dehydrogenation
and structural responses within a reasonable computational cost. The
electronic self-consistent field (SCF) convergence criterion was set to
10~*eV. It should be noted that this SCF criterion pertains specifically to
the energy and force evaluations at each AIMD time step, and is distinct
from the SCF settings typically used in static electronic structure cal-
culations. The symmetry of the system was fully disabled to ensure ac-
curate molecular dynamics sampling, and real-space projection was
enabled to accelerate the calculations.

Due to the relatively large size of the simulation supercells, Brillouin
zone sampling was performed using the I'-point approximation with a
1 x 1 x 1 k-point mesh. Both the initial and final temperatures of the
simulations were set to 373 K. A plane-wave cutoff energy of 500 eV was
used throughout the simulations.

After the AIMD simulations, post-processing analysis was conducted
using the VMD software to calculate the RDFs of H-H distance, followed
by the evaluation of the RMSDs [69].

The RDF characterizes the variation in local number density of par-
ticles as a function of distance from a reference particle, normalized by
the average density. It offers insight into the structural arrangement of
the system. The RDF between atom a and b is defined as:
ga(r) = ;\‘;:—% 1)

The radial distribution function gg(r) describes the probability of
finding a particle of type b at a distance r from a reference particle of
type a, relative to an ideal gas at the same density. Here, pg(r) represents
the local number density of b-type particles around an a-type particle at
distance r. Ny is the total number of b-type particles in the system, and V
denotes the total volume of the simulation cell.
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The RMSD is a widely used metric to quantify the structural differ-
ence between two molecular conformations. The RMSD was computed
using the following equation:

RMSD = 2)

5> %=
N i=1 l

In the formula, N represents the number of atom pairs being
compared, x; and y; denote the three-dimensional coordinates of the i-th
atom in the two structures respectively, and || e || represents the
Euclidean distance. The meaning of the formula is that for each pair of
corresponding atoms in the two structures, the squared distance be-
tween them is calculated, then the average of these squared distances is
taken, and finally the square root of that average gives the overall de-
viation value.

Following the AIMD simulations, SCF calculations were carried out
to analyze the electronic structure. A denser Monkhorst-Pack 4 x 4 x 1
k-point grid was used, along with increased precision settings to obtain
accurate charge density and electrostatic potential distributions. Fig. S1
presents the results of the k-points test. A plane-wave cutoff energy of
450 eV was applied to describe the valence electrons. All calculations
were spin-polarized, and the SCF total energy convergence criterion was
set to 1072 eV. The symmetry of the system was completely turned off to
allow full electronic relaxation. Charge analysis was performed, and the
ELF was computed to investigate the bonding characteristics.

To elucidate the bonding characteristics and charge transfer mech-
anisms, COHP calculations via LOBSTER software for H-Mg bond
interaction evaluation [70]; ELF analysis through VESTA visualization
system to characterize chemical bonding topology [71]; DOS calcula-
tions employing the VASPKIT package for electronic structure inter-
pretation [72]; and Bader charge partitioning analysis to quantify
interfacial charge redistribution during dehydrogenation processes. The
Fermi level was aligned to zero in all analyses for consistent comparison
of electronic features.

The ionicity index of the system was calculated by determining the
average charge transfer, which serves as a parameter to evaluate the
difficulty of dehydrogenation. The calculation formula is as follows:

_ ‘Vval - QBader‘

Vval (3)

X

Where Vi, represents the number of valence electrons of the atom,
Qgader represents the number of electrons actually assigned to the atom
according to Bader charge analysis, and y is the ionicity index used to
evaluate the degree of electron redistribution of the atom. This formula
reflects the proportion of charge transfer per valence electron in the
structure. A value of y close to 1 indicates that the atom behaves more
like an ideal ionic species, while a lower value suggests that the electron
distribution tends to be more covalent in nature.

3. Results and discussion

3.1. Surface structures and dehydrogenation of y-MgH> in AIMD
simulations

y-MgHs crystallizes in the orthorhombic Pben space group. The
conventional cell structure and lattice parameters of y-MgH, are pro-
vided in Fig. S2 and Table S1 The initial bulk unit cell was modeled with
lattice parameters of a = 4.48 A, b=4.90 A, andc=5.39 A [73]. In this
study, four representative low-index surfaces—(001), (100), (101), and
(110)—were cleaved from the relaxed y-MgH> bulk structure to inves-
tigate surface-dependent dehydrogenation behavior [74]. For each
surface, a 2 x 2 supercell was constructed, and a vacuum layer of 15 A
was added along the z-direction to eliminate interactions between pe-
riodic images. The resulting H-Mg bond lengths range from 1.90 to
1.99 A, which is consistent with previously reported experimental data
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[73]. This indicates that our computational results are reasonable. The
constructed surface models are shown in Fig. 1, and detailed structural
parameters are listed in Table S2.

Previous studies have shown that the dehydrogenation of MgH is
closely related to the presence of surface hydrogen atoms[54]. There-
fore, to facilitate comparison, each surface was modeled with two types
of terminations: configuration A corresponds to the hydrogen-rich sur-
face, whereas configuration B represents the hydrogen-deficient one.
This dual-configuration setup enables direct comparison to validate the
reliability of the simulation results.

AIMD simulations were employed to monitor the surface behavior
and capture the dynamic evolution of atomic configurations, enabling
subsequent analysis of the unique bonding characteristics of H-Mg at the
electronic structure level. According to experimental observations, the
dehydrogenation temperature of y-MgHj is approximately 100 °C [46].
Therefore, to reflect experimental conditions and ensure a balance be-
tween physical relevance and computational efficiency, the target
temperature for the simulations was set to 373 K, which allows effective
observation of dehydrogenation behavior within feasible simulation
timescales.

The results indicate that dehydrogenation occurs on the (001)-A,
(100)-A, (101)-A, and (110)-A surfaces. This further confirms the val-
idity of our computational approach. The corresponding RDFs are
shown in Fig. 2a-d. A distinct peak appears at approximately 0.75 Ain
configuration A (highlighted in blue), which closely matches the H-H
distance d(_g) in molecular hydrogen and serves as direct evidence for
the occurrence of dehydrogenation and the formation of Hy. The RMSD
analysis of the dehydrogenated configuration is shown in Fig. 2e, while
that of the non-dehydrogenated model is displayed in Fig. 2f. The final
results of the AIMD simulations are shown in Fig. S3, all maintaining
structurally stable configurations. Notably, the RMSD values for
configuration A (with surface hydrogen) are consistently higher than
those of configuration B (without surface hydrogen). For each surface,
larger RMSD values show strong correlation with the occurrence of
dehydrogenation, supporting the observed dynamic behavior.

However, the underlying reason for the exceptional dehydrogenation
performance of y-MgH; remains unclear. Therefore, it is necessary to
investigate the unique characteristics of H-Mg bonds in y-MgH, at the
electronic structure level to uncover the fundamental mechanism
behind its superior dehydrogenation behavior.

3.2. Insights into electronic structure and bonding mechanisms

AIMD simulation results indicate that y-MgH; undergoes dehydro-
genation at 373 K, demonstrating excellent dehydrogenation perfor-
mance. To further understand the H-Mg interactions and bonding
mechanisms in y-MgH,, COHP analyses were first conducted on all
surface models to evaluate the bonding and antibonding contributions at
various energy levels.

The -COHP curves of H-Mg bonds are shown in Fig. 3a-d. In these
plots, the regions above the Fermi level represent antibonding states,
while those below the Fermi level correspond to bonding states. A larger
contribution from bonding states generally indicates greater structural
stability. The computational results show that the configuration exhib-
iting dehydrogenation (configuration A) presents a noticeable occupa-
tion of antibonding orbitals below the Fermi level compared to the non-
dehydrogenated configuration (configuration B). For comparison, we
also calculated the -COHP of a-MgHo, as shown in Fig. S4. The results
reveal that states near the Fermi level are predominantly bonding in
nature, with no significant antibonding occupation, indicating a stron-
ger degree of electron delocalization and higher H-Mg bond strength in
o-MgHo.

The presence of significant antibonding states near the Fermi level in
y-MgH, suggests a weakened H-Mg interaction, facilitating easier
dehydrogenation. In contrast, a-MgH, exhibits mainly bonding states
below the Fermi level, indicating stronger H-Mg bonding and higher
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Fig. 1. (a-h) Initial structural models of the (001)-A, (001)-B, (100)-A, (100)-B, (101)-A, (101)-B, (110)-A, and (110)-B surfaces used in subsequent calculations. The
light blue color represents H atoms, and the golden beige color represents Mg atoms.

thermal stability. Furthermore, the integrated crystal orbital Hamilton
population (-ICOHP) values were calculated to quantify the bond
strength between Mg and H atoms. According to the study by Li et al.,
the average -ICOHP value of the strongest H-Mg bonds associated with
reactive surface H atoms provides an effective descriptor for dehydro-
genation barriers[75]. Guided by this insight, we analyzed the corre-
sponding surface H atoms in our initial configurations that meet this
criterion. The integrated -ICOHP values were calculated and are sum-
marized in Table 1 to support our conclusions, while the initial bonding
data are provided in Table S3. However, we found that the calculated
ICOHP values alone are insufficient to effectively classify all the models.
Therefore, additional electronic structure analyses are necessary to
assist in developing reliable descriptors for evaluating the dehydroge-
nation capability of the models.

Based on the above analysis, we identified that the superior dehy-
drogenation behavior of y-MgH, primarily originates from the facile
removal of surface hydrogen atoms. To further investigate the electronic
evolution during the dehydrogenation process, we analyzed the ELFs
along the surface-normal z-direction. The ELF map for the dehydro-
genated configuration A is shown in Fig. 4a-d, where red regions
correspond to highly localized electrons, and blue regions indicate low
electron density.

As seen from the ELF results, the areas surrounding hydrogen atoms
in configuration A appear as red, symmetric circular shapes, suggesting
a high degree of electron localization and weak bonding interactions. As
shown in Fig. 4, the regions marked by white circles indicate that the H
atoms exhibit weaker interactions with the surrounding Mg atoms in the
ELF maps, as evidenced by the reduced degree of electron localization.

This behavior is notably different compared to the surface without
hydrogen. In contrast, the ELF of the non-dehydrogenated configuration
B (Fig. S5) exhibits larger red areas with more delocalized electron
characteristics, indicating stronger bonding and a greater ionic char-
acter of the H-Mg bond. Additionally, the ELF of a-MgH, also shows a
considerable area of high electron localization (Fig. S6), which further
underscores the distinct advantage of y-MgH; in terms of dehydroge-
nation performance. It is important to note that the above conclusion is
drawn solely from the ELF analysis. To achieve a more comprehensive
and quantitative understanding of the bonding characteristics and the
degree of ionicity, further investigation of the electronic structure is
necessary.

The COHP analysis provides quantitative insight into the bonding
strength of H-Mg interactions and reveals the contributions of bonding
and antibonding orbitals. Additionally, ELF results suggest that the
system is primarily stabilized through ionic interactions. However,
COHP and ELF alone are insufficient to fully characterize the electronic
structure. To obtain a more comprehensive understanding, DOS calcu-
lations were carried out. These include both total density of states
(TDOS) and projected density of states (PDOS), allowing us to investi-
gate the contributions of individual orbitals and their occupation near
the Fermi level. The DOS results offer deeper insight into the nature of
the H-Mg bonding and the electronic behavior responsible for the
dehydrogenation performance of the material.

Firstly, as shown in Fig. 5, the TDOS of the H-rich configuration A
(dehydrogenation) exhibits broad DOS peaks that are distributed farther
from the Fermi level, indicating delocalized electronic states. Compared
to the non-dehydrogenated configuration, the broader DOS peaks imply
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Fig. 2. (a-d) The RDFs and corresponding dehydrogenation behavior of y-MgHj surfaces: (001), (100), (101), and (110), respectively. (e-f) RMSD values for the
dehydrogenated and non-dehydrogenated configurations, respectively, indicating that all systems have reached structural equilibrium.

stronger orbital hybridization and a more pronounced covalent char-
acter in the bonding. Furthermore, the DOS profile of configuration A
crosses the Fermi level, with no apparent band gap across the energy
range, and a non-zero density of states at Er. This suggests a metallic
nature with good electronic conductivity and enhanced electron
mobility, both of which are favorable for dehydrogenation behavior. In
contrast, the DOS profile of the H-deficient configuration B, shown in
Fig. S7, displays much sharper and narrower peaks located closer to the
Fermi level, indicating stronger electron localization. A noticeable band
gap is observed, with the DOS near Fermi level approaching zero, sug-
gesting a more semiconducting nature and reduced electron mobility,
which is less conducive to dehydrogenation.

To further resolve the orbital contributions from individual atoms,
PDOS analysis was conducted. In the low-energy region (-6 ~ -2 V), all
H-s orbitals display pronounced peaks. Notably, the projected states of
H-s in configuration A (Fig. 5a-d) appear less intense than those in the

non-dehydrogenated configuration B, indicating that A is intrinsically
weaker and thus more susceptible to dehydrogenation. In the over-
lapping region of H-s and Mg-s states, the bonding peak in configuration
A is located at a lower energy compared to configuration B, indicating
more stabilized bonding orbitals in the former. Additionally, the H-s
states cross the Fermi level in configuration A, implying that the elec-
trons of H atoms are no longer confined to deep valence states, which
facilitates hydrogen desorption and Hp formation. The prominent
contribution of H-s near the Fermi level in y-MgHj; indicates enhanced
hydrogen mobility and the potential for improved dehydrogenation
behavior. In contrast, a-MgHj; exhibits an electronic structure similar to
that of y-MgH, in configuration B, as evidenced by the DOS results
presented in Fig. S8. A distinct band gap is present, with the DOS near
the Fermi level approaching zero, indicating low electronic conductiv-
ity, which is unfavorable for the dehydrogenation process.
Furthermore, a pair of sharp peaks are observed on either side of the
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Table 1
ICOHP Values for y and a-MgH, configurations.
Model Configuration -ICOHP (eV)
y-MgH, (001)-A 0.35
(001)-B 0.44
(100)-A 0.49
(100)-B 0.36
(101)-A 0.38
(101)-B 0.45
(110)-A 0.45
(110)-B 0.42
o-MgH, (101) 0.36
(110) 0.96(54]

Fermi level, with a finite DOS between them, forming a pseudo-gap. A
broader pseudo-gap is typically associated with weaker ionic bonding
character and a lower ionicity index, both of which correlate with an
increased tendency for dehydrogenation. According to the DOS analysis,
y-MgH,, exhibits a relatively high electronic density of states near the
Fermi level, which suggests enhanced electrical conductivity and
elevated chemical reactivity—both favorable characteristics for efficient
dehydrogenation.

Based on the above findings, it is evident that the electronic structure
of H-Mg bonds is closely correlated with the material’s dehydrogenation
ability. To further elucidate the H-Mg interaction, Bader charge analysis
was performed to quantify the charge transfer and evaluate the degree of
ionicity within the system. The ionicity calculation data for each model
are provided in Table S4. The ionicity indices of y-MgH, models are
illustrated in Fig. 6a, where configuration A corresponds to the

dehydrogenated model and configuration B represents the non-
dehydrogenated state. It is clearly observed that the blue bars (config-
uration A) exhibit lower ionicity indices compared to the light green
bars (configuration B), suggesting that a lower ionicity index is benefi-
cial for dehydrogenation in y-MgHa.

Subsequently, we performed similar Bader charge analyses for the
(101) and (110) surfaces of a-MgH,, and the corresponding ionicity
indices are presented in Fig. 6b. The results show that the ionicity
indices for both models—with and without surface hydrogen—are
comparable, and neither configuration exhibits noticeable dehydroge-
nation behavior. Through statistical evaluation of the charge transfer
and ionicity across different surface models, we found that when the
ionicity index is lower than 0.77, the H-Mg bond strength becomes
sufficiently weakened, enabling y-MgH, to undergo dehydrogenation at
relatively low temperatures (373 K). This newly identified criterion
provides a compelling explanation, at the electronic structure level, for
the superior dehydrogenation performance of y-MgHo.

Based on the above research, the main findings are summarized in
the schematic mechanism diagram shown in Fig. 7. The top and bottom
arrows indicate the decreasing trends of dehydrogenation temperature
and ionicity index, respectively. The left side of the diagram corresponds
to the a-MgH; phase where ELF reveals strong H-Mg bonding, a high
ionicity index and a higher dehydrogenation temperature. In contrast,
the right side illustrates the y-MgH, phase obtained through ball milling,
which shows weaker H-Mg bond strength as indicated by ELF, along
with a lower ionicity index and reduced dehydrogenation temperature.
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Fig. 4. (a-d) ELFs of the initial configurations (001)-A, (100)-A, (101)-A, and (110)-A, respectively. An ELF value of 1 indicates a fully localized state, 0.5 corresponds

to a uniform electron gas, and 0 represents a fully delocalized state.
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Fig. 6. (a) Distribution of ionicity indices for various surface configurations of y-MgHo,; (b) Comparison of the ionicity index distributions between the (101) and
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Fig. 7. Schematic representation of the mechanism by which ball milling
weakens the H-Mg bond and promotes dehydrogenation.

4. Conclusion

In this study, we employed DFT-based electronic structure analysis to
investigate the origin of the superior dehydrogenation performance of
y-MgH,. The H-Mg bonds in MgH, are not purely ionic but possess a
certain degree of covalency. COHP, ELF, and DOS analyses were used to
evaluate the bonding characteristics, while the ionicity index derived
from Bader charge analysis was applied to quantify the ionic bond
strength. COHP analysis revealed significant anti-bonding states below
the Fermi level in y-MgHj, indicating weaker H-Mg bonds compared to
those in a-MgHs. ELF and DOS results further confirmed reduced elec-
tron localization and enhanced hydrogen mobility in the y-MgH,. Bader
analysis showed a markedly lower ionicity index in y-MgHo, especially
at the surface, correlating with weaker ionic bonding. Notably, when
this index drops below 0.77, spontaneous dehydrogenation occurs near
100 °C. Overall, by integrating DFT calculations with comprehensive
electronic structure analysis, this work provides a microscopic expla-
nation for the enhanced dehydrogenation behavior observed in me-
chanically activated MgHo,, such as through ball milling. These findings
offer valuable engineering insights into how mechanical and structural
modifications can effectively tune bonding characteristics in ionic hy-
drides like MgH,, thereby improving hydrogen release kinetics and
broadening their applicability in practical hydrogen storage systems.
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