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1)

Ever since it was found that MoB, holds the second-highest superconductive transition temperature (7., 32 K)
amongst all known diborides, the argument on the donation of its two phases, the high-pressure «-MoB, phase
(hexagonal, P6/mmm) and the low-pressure f-MoB, (rhombohedral, R-3m) has never stopped, because the
phase-transition pressure is approximately 50 GPa higher than the pressure that superconductivity takes place.
We simulated the phase transition and the possible superconductive properties of the two phases, and found
that the ordered stacking arrangement ensures the p-d hybridization near the Fermi level and induces significant
electron-phonon coupling, which actually influences the superconductivity. Therefore, the «-MoB, is the only
phase that could be a superconductor. With our simulation, instead of further increasing, the 7. of MoB, would
decrease slowly after reaching the maximum with a d T, /dp of —0.014 K/GPa, primarily due to the expected
decrease and saturation of the electron-phonon coupling constant (1) mainly contributed by Mo, along with the
higher-frequency moments provided by B atoms under higher pressure. Therefore, in a certain transition-metal
boride, it is not only the relatively high-frequency moments induced by B atoms, but also the stacking structure
of them drives the electrons around transition-metal core in good symmetry and strengthens electron-phonon
coupling, which leads to good superconductivity. Therefore, to manipulate boron-layer stacking arrangements
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might be an important angle to design and develop cutting-edge superconducting borides.
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I. INTRODUCTION

Superconductors with high transition temperature (7;) have
long been the focus in condensed-matter physics and materials
science. One promising path in searching high-7,. supercon-
ductors is to explore the materials with light elements [1-4],
as they can provide high Debye frequency, which is directly
related to the 7, according to the BCS theory [5]. Among
these materials, metal diborides garner significant attention
as superconductor candidates. Notably, MgB, was the first
superconducting boride discovered [1], sparking the search for
other superconductors among isostructural MB, (M = Al, Sc,
Zr, Ta, and Y) [6-9]. Unfortunately, superconductivity is rare
amongst them. However, MoB, stands out as a unique case
with the second-highest 7. among known borides under pres-
sure [10]. Notably, MoB, becomes superconductive above 20
GPa, with an increasing 7. to 32 K until 110 GPa. Addition-
ally, a phase transition occurs from the low-pressure 8-MoB,;
(rhombohedral, R-3m) to the high-pressure «-MoB, (hexago-
nal, P6/mmm) at approximately 68 GPa. The role of the two
phases in its superconductivity remains an open question.

Efforts by Liu et al. [11] and Quan et al. [12] shed light
on the superconductivity of «-MoB, under high pressure,
and emphasized the significance of Mo-d electrons’ contribu-
tion to the electronic structures and electron-phonon coupling
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(EPC) strength. Additionally, the presence of boron plays a
crucial role in the system by providing substantial frequency
moments. Nevertheless, the exact superconducting pairing
mechanism in «-MoB, remains a subject of debate. Liu et al.’s
study supported s-wave pairing [11], while Talantsev sug-
gested the possibility of d-wave superconductivity [13]. WB;
shares similarities with MoB,;; previous study suggested that
defect structures during the phase transition might play a
role in the occurrence of superconductivity [14]. Therefore,
it is important to understand the superconducting behavior
of MoB, under low pressure and investigate its evolution
under higher pressure. To compare the experimental results
and simulations, it would be helpful to understand the super-
conducting properties of MoB, under pressure.

In this work, we will investigate the stability evolution of
the two phases of MoB,, comparing their bonding properties,
electronic structure properties, and EPC properties. Through
these studies, we hope to figure out the key factors that in-
fluence the superconductivity of MoB,. In addition, this work
will help to reveal the evolution of 7, as a function of pressure.

II. METHOD

In this work, the structural relaxation and the electronic
structure simulation are performed within a density-functional
theory framework and the projector augmented-wave method
[15] as implemented in the Vienna Ab initio Simulation Pack-
age VASP [16]. The Perdew-Burke-Ernzerhof generalized-
gradient approximation deals with the exchange-correlation

©2024 American Physical Society
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FIG. 1. (a) Crystal structure of S-MoB,: the four kinds of different B atoms are labeled as B1, B2, B3, and B4, and the Mo atoms in different
layers are labeled as Mol and Mo2. According to the differences in boron-layer thickness and stacking mode, there are six independent boron
layers in the B-MoB,, labeled with Roman numerals in sequential order from top to bottom. The plan view of (b) the planar boron honeycomb
layer II, with (c) quasi-3D, buckled layer III, and dy, refers to the thickness of the buckled layer. (d) The crystal structure of «-MoB,. The two
neighboring boron atoms in the same layer are labeled as B1 and B2. The black lines depict the shape of the unit cell.

potential [17]. In the simulations, we set an energy cutoff as
600 eV for plane-wave basis and Gamma-centered k-mesh
spacing as 2 x 0.03 A~!. Mo 4s,5s, 4p, and 4d electrons are
explicitly calculated, and the same as the B 2s, 2p electrons;
that is, they are not included in the pseudopotential. The
crystal orbital Hamilton population (COHP) [18] is calculated
using the LOBSTER package. The density of states (DOS) sim-
ulation adopts the tetrahedron method with Bloch corrections.
The subsequent lattice dynamics and EPC simulations were
carried out by using the QUANTUM ESPRESSO (QE) package
[19] with the optimized norm-conserving Vanderbilt pseu-
dopotentials [20] and a plane-wave cutoff of 80 Ry. Here, we
used an 18 x 18 x 18 k -point gridand a6 x 6 x 6 ¢ -point
grid for the computation of the phonon spectrum of «-MoB,,
and for 8-MoB,, an 18 x 18 x 18 k -point grid anda 3 x 3
x 3 q -point grid were used. The postprocessing of the data
obtained by VASP was also done with the help of VASPKIT [21].

III. RESULTS AND DISCUSSION

The structures of «-MoB, and B-MoB, are shown in
Fig. 1. The main difference between the two phases is that
the f-MoB, comprises a buckled boron layer, whereas the
a-MoB; consists of a completely flat boron layer. And, we
should address that even if the buckled boron layer would
become flat in the S-MoB,, the differences are still in the
stacking arrangement of the structures. In the «-MoB, phase,
the stacking arrangement between adjacent boron layers is
mirror symmetric about the Mo layer, while in the f-MoB,,
the positions of boron atoms in the adjacent boron layer are
staggered, as seen in Figs. 1(b) and 1(c). In the S-MoB,,
six independent boron layers differ in thickness and stacking
arrangements. The flat and buckled boron layers are arranged
alternately with each other, and every three layers have the
same stacking arrangements. For example, the plan views
of boron layers I and IV are identical, but their thicknesses

differ. Similarly, in the case of Mo atoms, they are arranged
in a staggered fashion that alternates every two layers and
forms flat layers. Therefore, the transition from the 5-MoB,
to the @-MoB,; is accompanied with decreased boron-layer
thickness and slip between the different layers. This process is
crucial for understanding the superconducting behavior of the
low-pressure phase and will be further discussed afterward.
We optimized the bulk ¢-MoB, and 8-MoB; under dif-
ferent pressures, and the calculated lattice parameters along
with pressure are shown in Figs. 2(a) and 2(b). Compared
with the experimental data from Ref. [10], the evolution of
the lattice parameters of S-MoB, under pressure is consistent,
and those of «-MoB; are acceptable under high pressure.
However, the lattice parameter ¢ of «-MoB, prepared at the
ambient pressure is 3.07 A [22,23]; it might be 3.3 A accord-
ing to our simulation, which could be explained with boron
defects as in previous reports on AlB,-type WB, and MoB,
[24]. Furthermore, an insightful observation from Fig. 2(c)
reveals that the enthalpy of «-MoB, becomes lower than that
of 8-MoB; beyond 70 GPa. This signifies a notable phase
transition, indicating that the 8-MoB, will undergo transfor-
mation into the «-MoB, at around 70 GPa. It is consistent
with the former experiment, where a mixture of «-MoB, and
B-MoB, started to appear after 68 GPa [10]. Our simulation
also shows that «-MoB, would be dynamically stable after
20 GPa, which could be regarded as the lowest edge of its
stability. (see Fig. S1 in Supplemental Material [25]). The
thickness of the buckled boron layer in S-MoB, shown in
Fig. 1(c) remains around 0.6 A and almost unchanged with
increasing pressure, as shown in the inset of Fig. 2(d). Within
the phase transition, if only the buckled layers collapse, which
leads to a volume collapse around 2 A3 per formula unit at 70
GPa. Actually, the transition from the §-MoB; to the «-MoB,
only leads to a volume reduction of approximately 1 A3 per
formula unit. Under pressure, there is a competition between
the reduction of the boron layer thickness and the slip of the
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FIG. 2. (a), (b) The simulated lattice parameters of «- and
B-MoB,, respectively, within 0 ~ 100 GPa, compared with the ex-
perimental values. “exp. I” refers to the experimental data from
Ref. [10], which provide lattice parameters of the two phases before
and after the phase transition under high pressure, and “exp. II”
refers to the experiment in Ref. [28], which directly provides the
lattice parameters of «-MoB; synthesized. (c) The relative enthalpy
of «-and -MoB, under different pressure; (d) the evolution of the
volume of both phases; the P. denotes the pressure at which the phase
transition takes place, where an evident volume collapse could be
observed before and after the structural phase transition. The inset in
(d) is the thickness of the buckled boron layer in the 8- MoB, with
the pressure, and it can be seen that it only alters slightly in this large
pressure variation.

boron layer, and the latter potentially leading to an expansion
of the volume per formula unit, which might be the answer for
the volume dilemma.

As observed as in Ref. [10], 7. within the S-MoB,
significantly increases under low pressure, followed by trans-
formation to the w-MoB,. And, 7. continues to rise after
the phase transition; the increment rate slows down. The
superconducting mechanism of «-MoB; under high pressure
has been extensively studied, but the low-pressure -MoB;
and its phase-transition process remain unclear and is one
of our chief questions to be answered. First, we focused on
the differences between them in terms of bonding properties.
We compared the integrated projection of the crystal orbital
Hamilton population (-IpCOHP) for the two phases at 70 GPa
(shown in Table SI [25]). We found that there were almost no
differences in their bonding characteristics, and the primary
distinctions between the two phases present in the electronic
structures. Therefore, we conducted an investigation on the
low-pressure superconductivity mechanism before the phase
transition, and we selected both phases at 60 GPa for their
electronic structure simulation. The band structures of both
phases at 60 GPa are provided in Figs. 3(a) and 3(b), and the
corresponding PDOS of Mo-d orbitals and B-p orbitals are
also provided in Figs. 3(c) and 3(d). According to the study
by Liu et al [11]., there are Van Hove singularities (VHS) at
the k -point V and N in the band structure of ®-MoB;, which
is accompanied by p-d hybridization, leading to the softening
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FIG. 3. (a) Projected band structures of «-MoB,, and (b)
B-MoB, at 60 GPa. The colorful dots represent the contributions of
the corresponding orbitals, as shown in the legend. The size of the
colorful dots represents the weight of their corresponding orbitals.
The localized small flat band with the p-d hybridization was denoted
by the arrows. (c) and (d) are the partial density of states (PDOS) of
a-MoB,, and 8-MoB, at 60 GPa. A closeup of the PDOS of Mo-d >
orbitals around the VHS is given in the inset of (c). The inset of
(d) shows the variation in the PDOS for different layers of 5-MoB,
under the influence of pressure. () and (f) are the charge densities
in real space resulting from the band decomposition of «-MoB, and
B-MoB, within the range of [Er — 0.5, Er + 0.5] eV, and the unit of
charge density is e~' /A3,

of acoustic phonons in the phonon spectra. Previous studies
also suggested that p-d hybridization can cause phonon soft-
ening in various materials with transition-metal atoms, and
this was always linked to high-temperature superconductiv-
ity [26,27]. In «-MoB,, the hybridization of Mo-d and B-p
orbitals at the VHS could soften Mo-derived low-frequency
phonon modes and cause a strong EPC strength, similar to
the orbital hybridization of La f and H1 s in LaHo [28].
As to the B-MoB,, as illustrated in Fig. 3(d), the overall
N (Ep) is relatively low compared with the «-MoB5’s, and it is
predominantly composed of Mo-d electrons. To further assess
contributions from different layers within the -MoB,, N (Er)
is projected onto the buckled boron layer, the flat boron layer,
and the molybdenum layer, as shown in the inset of Fig. 3(d).
Concerning the molybdenum layer dominant contribution, the
N (EFf) decreases with increasing pressure; on the contrary, the
boron layer shows a gradual upward trend. It is noteworthy
that at around 70 GPa, there is a sudden change in the N (Ep),
consistent with the observed phase transition from 8-MoB, to
Ol-MOBz.
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FIG. 4. The phonon band structure, phonon DOS (PHDOS),
EPC constant A(w), logarithmic average phonon frequency wy,, and
Eliashberg spectral function a>F(w) of (a) a-MoB, under 60 GPa,
and (b) B-MoB, under 60 GPa. The size of the red circles on the
dispersion curve is proportional to the EPC strength A,,. A, is the
EPC strength for the mode 7 at wave vector q.

Then, to better analyze the differences near the Eg be-
tween the two phases, we extracted the charges from the band
structure in the energy range of [ Er — 0.5, Eg + 0.5 ] eV
into real space, as shown in Figs. 3(e) and 3(f). It can be
seen that in both phases, the Mo-d orbitals contribute signif-
icantly to N(Er). However, in f-MoB,, the N(Eg), primarily
contributed by its d,, orbitals near the Er, shows a smaller
value than the «-MoB,, where Mo-d,» orbitals predominantly
occupy its N(Eg). Furthermore, for the 8-MoB,, the shape of
the charge distribution near the Ep is nonuniform and bears
bad symmetry, which might not contribute to EPC strength
much. Additionally, we calculated the net atomic charges with
the density-derived electrostatic and chemical method [29].
At the same pressure, the Mo atoms in the o-MoB, lose
more electrons than the f-MoB, (see Fig. S2 in Supplemental
Material [25]). This also implies that flat boron layers in the
o phase are more likely to accumulate charge with pressure
increasing.

We calculated the phonon spectra using density-functional
perturbation theory [30] to compare the superconducting
properties of the two phases directly. Figures 4(a) and 4(b)

(@) (b)
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0 S0 100 150 200 250 300
Pressure(GPa)

FIG. 5. The picture depicts the vibrational modes (a) at the L
point and (b) between the A and L points in the P6/mmm structure at
60 GPa. And the vibrational modes at the H point is similar as that at
the L point, involving both phonon modes within the Mo layer plane
and modes outside the boron layer plane. However, the vibrations
of adjacent atoms of the same type are in opposite directions; and
(c) illustrates the partial EPC constant A, for these three soft modes
under pressure.

show the phonon dispersions, phonon density of states (PH-
DOS), and the Eliashberg function o?F(w) of both phases.
There is a phonon gap in each phonon band structure between
high-frequency optical branches and low-frequency acoustic
branches in both phases. The acoustic and optical modes
of both phases are mainly contributed by Mo and B atoms,
respectively, as seen in PHDOS. There are some obvious
phonon soft modes in «-MoB,, as indicated by an arrow in
Fig. 4(a) near the L and H points in the lowest acoustic branch.
These modes manifest a considerable EPC strength, reflect-
ing the strong electron-phonon interactions. Furthermore, we
compared the vibrational modes of the corresponding phonon
soft modes in the -MoB,; as shown in Fig. 5. In the «-MoB,,
two kinds of modes contribute significantly. One involves
the in-plane phonon mode of Mo atoms and the out-of-plane
phonon mode of B atoms, predominantly present near the L
and H points. The other comprises the out-of-plane phonon
mode of Mo atoms and the in-plane phonon mode of B atoms,
occurring around the soft modes between the A and L points.
Subsequently, we computed the evolution of the partial EPC
constant A,, for these three soft modes under pressure as
shown in Fig. 5(c). It is obvious that at low pressure, the
primary contributions come from the in-plane phonon mode
of Mo atoms and the out-of-plane phonon mode of the B
atoms. It is these phonon modes that lead to a strong EPC
strength (A > 1.5) under low pressure. The soft modes at the
H point always exhibit a high contribution to X, but as the
pressure increases, the contributions from these soft modes
become comparable.

It should be noted that the phonon soft modes in the
a-MoB, are robust under pressure, because they are asso-
ciated with low-pressure phonon instability (see Fig. S1 in
Supplemental Material [25]). As the crystal becomes stable
and the imaginary frequency disappears under pressure, the
soft modes remain and contribute significantly to the EPC.
Figure 4 also gives the Eliashberg function o> F(w), the EPC
constant A(w), and the logarithmic average frequency moment
wiog as a function of phonon frequency. With the substantial
value of A at @-MoB; under low pressure, we utilize the
Allen-Dynes modified McMillan equation to calculate 7;. [31]:

J1/2010g 1.04(1 + 1)
T. = ————exp|— )
1.2 A—p*(140.621)

ey
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where the f| and f; are strong-coupling correction parameters,
and p* is typically determined by fitting the calculated ob-
servables to experimental data or by accepting typical values
(e.g., ~0.10-0.15) from previous fitting results [32]. In this
study, we adopt a value of u* = 0.1 for better comparison
with the experiment. With obtained A =1.6 for its strong
coupling as mentioned above, wio, = 246.5 K, and u* = 0.10,
(fi = 1.02, f, = 1.06); the T. is estimated to be 32.2 K for
«-MoB, at 60 GPa, while, 5-MoB;’s T, is 0.17 K, and there
are no soft modes in its phonon spectra, which could be
considered nonsuperconductivity. However, the 7. of MoB,
is about 22.5 K at 60 GPa, and only 8-MoB, was detected in
this range at this pressure, which was indicated in the x-ray
diffraction (XRD) [10]. Meanwhile, the observed supercon-
ductivity is solely attributed to the presence of metastable
«-MoB; under low pressure according to our work. The coex-
istence of «-MoB; and 8-MoB; might occur even under low
pressure, despite the absence of «-MoB, detection. Given that
«-MoB, demonstrates a noteworthy 7, under low pressure,
the experimental 7. under lower pressures may be influenced
by the contribution of «-MoB;, even if its concentration is
too small to be detected with XRD. And, we should note that
nonstoichiometric-induced superconductivity is quite evident
in transition-metal diborides (TMDBs) [33—-39], and it was
always thought that the defects in 8-MoB, were the reason
for its conductivity [14]; these are beyond this study. Similar
challenge occurs in the experiments on WB, at comparative
simulations, where the flat boron layers are considered the key
to good superconductivity [40]. A good understanding on flat
boron layer would be helpful in understanding superconduc-
tivity under low pressure.

As we mentioned before, the transition from the S-MoB,
to the «-MoB;, is characterized by the flattening of the boron
layers and the slip between different layers. We can further
analyze the changes in superconductivity by implementing
adjustments to each phase: for example, by reducing the thick-
ness of the boron layer in the f-MoB, or making one of
the boron layers slightly buckled in the «-MoB,. Then, we
artificially manipulated both phases at 60 GPa by reducing the
thickness of the buckled boron layers in the 8-MoB, to 0.3
A, without altering their stacking arrangements, and creating
a buckled boron layer in the «-MoB;, with a thickness of
about 0.17 A which can be seen in Figs. 6(a) and 6(b). Then,
we calculated their phonon spectra, shown in Figs. 6(c) and
6(d), to study their dynamic stability. By reducing the boron-
layer thickness in the 8-MoB,, we found that it is hardly
superconductive, although it remains stable with the optical
and acoustic branches closed. In contrast, in the ®-MoB,, by
making one of the boron layers buckled to a thickness of 0.17
A, its symmetry will degrade to P-3m1, and will still be stable
with a 7, as high as 32.6 K. And, we have to note that we
also attempted enlarge the thickness to 0.3 A, and the structure
became unstable. The DOS and band structures of the P-3m1
phase can be found in Fig. S3 in the Supplemental Material
[25]. It is evident that the N(EF) is also primarily occupied
by the Mo-d,. orbitals, and p-d hybridization is observed in
the band structure. When examining the charge density near
the Ef, similar to previous findings, although boron layers are
buckled in the distorted «-MoB,, the charge density maintains
at good symmetry.

(b)

P-3m1@60 GPa
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FIG. 6. (a) Shows the structure of the §-MoB, at 60 GPa, with
an artificially changed thickness of the buckled boron layer to 0.3
A. (b) Ilustrates the structure with P-3m1 symmetry obtained by
transforming one of the flat boron layers in the «-MoB; to a buckled
one, with a thickness of 0.17 A and a regular stacking arrangement
when viewed from the top. The phonon spectra and the relevant EPC
properties are presented in (c) and (d). The size of the red circles on
the phonon spectra is proportional to the EPC strength A,,. For the
structure with P-3m1 symmetry, the selected k- and g-point grids for
calculating the phonon spectrum are 20 x 20 x 12 and 5 x 5 x 3,
respectively.

Based on the above facts, we could draw the conclusion
that the ordered stacking of boron layers introduces the super-
conductivity in MoB; as the stacking arrangement in «-MoB,.
This sandwichlike stacking arrangement forms a Mo-centered
ligand field, and results in the high contribution from Mo-d,
orbitals at N(Er), which is favorable for hybridization with
the p orbitals of B atoms, and leads to a significant 1. Even
when the flat boron layers become buckled, the stacking way
along the z axis remains unchanged. However, if a slip took
place between the layers, the ligand field would be disrupted,
and the superconductivity would be broken. This can also be
observed in the Supplement Material, Fig. S4 [25]. In com-
parison to the previously mentioned P-3m1 phase, where the
buckling of the boron layers maintains its 7; at 32.6 K, there
is almost no change when compared to the original «-MoB,
at 60 GPa. However, a slip of approximately 0.25 A in half
of the Mo layers in «-MoB, @60 GPa results in a decrease
of ~5 K in its T,. Therefore, the stacking arrangement of
layers determines the superconductivity in MoB, and similar
compounds, rather than the thickness of the boron layers.
The contribution of d electrons on the N(Ef) distinguishes
MoB, from other AlB,-type TMDBs, such as NbB,, whose
Nb-d,. orbitals do not contribute to its N(Er) much, and its
T. is relatively low (0.62 ~ 9K) [41-43]. On the contrary,
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FIG. 7. The (a) %, (b) wiog, (¢) N'(Er), and (d) T. of a-MoB,
vary along with pressure, where the Coulomb potential p* is 0.10.
The contributions from Mo and B are also shown in blue and red,
respectively. In (d), the gray dashed line represents the experimental
phase-transition boundary. The data of 7, from experiment could be
found in Ref. [10].

the good superconductor, AlB,-type WB,, is isoelectronic to
MoB, [40], whose W-d,. orbitals dominate the N(Eg). The
relevant results are presented in Fig. S5 [25] in the Sup-
plemental Material. Therefore, enough d electrons and their
high contributions to N(Ep) are of great importance for the
superconductivity.

We calculated the evolution of superconducting properties
of the @-MoB, under higher pressures and calculated the
EPC parameters of Mo and B atoms based on their respective
primary contributions to the acoustic and optical branches as
shown in Fig. 7, which would enable us take a comprehensive
view on MoB;’s superconductivity. The EPC constant A of
«-MoB, at 20 GPa is 2.9, which is a relatively substantial
value, mainly due to the significant EPC contribution near
the soft modes of the acoustic branches. Then, as pressure
increases, A decreases and slows down under higher pres-
sures. The main contribution of A comes from Mo, while the
contribution of A from boron almost does not change with
pressure. The N(Eg) also shows a similar evolution trend,
which indicates that the A positively correlates with N(Ep).
So, the reduction in the N (Ef) of d electrons under pressure is
the primary cause for the decreased value of L. As the pressure
increases, the value of A decreases, while the value of wie
increases. The optimal pressure for achieving the highest 7
is found to be around 70 GPa with our simulation, which
corresponds to the experimental phase-transition point, and
the T is approximately 32.2 K. And, T, starts decreasing as the
pressure rises further. Specifically, between 70 and 300 GPa,
the value of d T./dP is ~—0.014 K/GPa, much smaller than
~ —1.6 K/GPa of MgB, [44]. It suggests that pressure does
not impact the 7, of the «-MoB, much after its maximum.
It is because the boron layers continue to contribute to the
frequency moments significantly, which enhances the over-
all frequency moments of the system as pressure increases,

and A approaches saturation. The 7, reaches a maximum of
32 K under 110 GPa experimentally [10]; while the value of
maximum 7 is closely aligning with our simulation result,
the corresponding pressures are, however, quite different. The
distinction might be attributed to the assumption of perfect
crystalline «-MoB;, and phase mixing and the formation of
some defect structures could lead to some incomplete super-
conductivity under low pressure. And the underestimation on
the pressure effects on A may also lead to the different pressure
with the 7, maximum. Analytically, the value of A shows great
influence on T, and the underestimation on it could also lead
to this dilemma of the pressure-T7, relation.

IV. CONCLUSIONS

We explored the stability of the two phases of MoB, and
determined that the phase transition occurs at 70.6 GPa, and
a-MoB, might be stable at the pressure as low as 20 GPa.
With the comparison on the electronic structures and EPC
properties between the two phases, we found that the cor-
relation between the superconductivity of the low-pressure
phase and that of §-MoB, is weak. In contrast, the high T
of «-MoB; was observed under low pressure, and we also
analyzed and compared the contributions of different soft
phonon modes in «-MoB,. Furthermore, we studied their
EPC properties by artificially modifying the thickness of the
buckled boron layer in the 8-MoB, and inducing buckling
in one of the boron layers in the «-MoB,. We found that
the stacking arrangement of the boron layers influenced the
superconductivity predominantly, rather than their thickness.
Therefore, the superconducting behavior under low pressure
may arise from a subtle slip of the boron layers, which might
hardly be measured with XRD. This slipping facilitates a
sandwichlike stacking arrangement, creating a ligand field
centered around Mo. Such a configuration could be a crucial
factor inducing superconductivity in MoB,. The study on the
high-pressure 7. reveals that 7. does not continue to increase
under higher pressures; instead, it would decrease slowly at a
rate of —0.014 K/GPa after its maximum, which is attributed
to the decreasing contribution of Mo to A. Meanwhile, the
boron layers are anticipated to offer significant frequency
moments under higher pressure. In future research and design
of boride superconductors, attention should be focused on the
spatial structure of boron, especially the stacking relationships
between different boron layers. Additionally, the selected
metal atomic orbital spatial distribution should be relatively
conducive to coupling with the ligand field formed by boron.
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