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Phonon-mediated superconductivity in the metal-bonded perovskite
Al4H up to 54 K under ambient pressure
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Multihydrogen lanthanum hydrides have shown the highest critical temperature Tc at 250–260 K under
pressures of 170–200 GPa. However, such high pressure is a great challenge for sample preparation and practical
applications. To address this challenge, we propose a design strategy for ambient-pressure superconductors that
involves constructing few-hydrogen metal-bonded perovskite hydrides, such as the Al-based superconductor
Al4H, with better ductility than the well-known multihydrogen, cuprate, and Fe-based superconductors. Based
on the Migdal-Eliashberg theory, we predict that the structurally stable Al4H has a favorable Tc of up to 54 K
under ambient pressure.
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I. INTRODUCTION

Hydrogen, the lightest element with the smallest radius,
has been predicted to possess the highest superconducting
transition temperature Tc ∼ 356 K with a metallic mod-
ification at an ultrahigh pressure near 500 GPa [1,2].
Unfortunately, experimental observation of this Tc for metallic
hydrogen has not yet been confirmed even at about 400 GPa
[3,4]. In 2004, Ashcroft suggested that hydrogen-dominant
materials, i.e., multihydrogen hydrides, could be powerful
candidates for high-Tc superconductors under moderate pres-
sure, where the combination of hydrogen and other elements
can produce chemical precompression to reduce the pressure
of hydrogen metallization [5]. Following this idea, many mul-
tihydrogen covalent hydrides have been predicted by using
structural search methods at high pressure, and some of them
have been synthesized by using a diamond anvil cell [6]. Duan
et al. predicted that (H2S)2H2 with Im-3m structure possesses
a high Tc of 191–204 K under a pressure of 200 GPa [7], which
was confirmed by experiments [8]. A number of multihydro-
gen materials, such as SiH4 [9], YH9 [10], LaH10 [11,12],
ThH10 [13], and CaH6 [14], have been synthesized succes-
sively, and their superconductivity with Tc’s of about 17, 243,
250–260, 161, and 215 K, respectively, has been certified
under high pressure. The superconductivity of Th4H15 and
(ThMx )4H15 (M = Ce, La, Zr, Bi, Y) was observed at Tc ∼
8.05–8.35 and Tc � 7.5 K at ambient pressure [15] and 50 atm
[16], respectively. Based on first-principles simulations,
Vocaturo et al. predicted that PdCuH2 is a superconductor
with Tc ∼ 34 K at ambient pressure [17]. The estimated Tc

in CrH (CrH3) is 10.6 (∼37.1) K at atmospheric pressure
(81 GPa) [18]. As a high-temperature superconductor, KB2H8

is predicted with Tc ∼ 134–146 K around 12 GPa [19].
Among multihydrogen materials, aluminum hydrides

have been recognized as important hydrogen storage and
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superconducting materials. As one of the most promising hy-
drogen storage materials, AlH3 has been extensively studied
due to its high amount of hydrogen storage and rapid dehy-
drogenation capacity [20]. The calculated Tc in AlH3, a poor
superconductor due to the absence of conduction electrons
caused by Al+3 and H−1, rapidly decreases with compression
and becomes less than 2.04 K at 110 GPa [21,22], and it
eventually approaches zero at above 210 GPa [23], as con-
firmed by experiments [24]. The superconductivity of AlH2

with Tc = 6.75 K, dominated by the electron–optical-phonon
coupling [25], has been observed in experiments [26]. The
calculated Tc of AlH with R3m symmetry is about 58 K under
a pressure of 180 GPa, and the estimated Tc of Al2H with
P3m1 structure is 3.5 K at 195 GPa [23]. Obviously, the
superconductivity of few-hydrogen aluminum hydrides is still
absent under ambient pressure.

Considering that both the face-centered cubic (fcc) and
body-centered cubic (bcc) lattices are very common metal
crystal structures and thoroughly analyzing the relationship
[see Eq. (1)] between fcc, bcc, and perovskite structures,

fcc + bcc
vertex sharing−−−−−−−→ perovskite, (1)

we propose the idea of constructing a few-hydrogen metal-
bonded perovskite hydride derived from a fcc metal with
the smallest-radius H atom at its body center as an ambient-
pressure superconductor, different from the semiconducting
and metallic perovskites featuring ionic and covalent bonds;
this idea can be regarded as a complete reversal of the
conventional design strategy of multihydrogen high-Tc su-
perconductors at several hundred GPa, which is impractical.
Because aluminum is the only material with good ductility,
low density, ultrahigh abundance, and environmental friend-
liness for long-distance power transmission, it would bring
great benefits to humanity if it became a practical supercon-
ductor. As an application of our idea, the binary Al-based
metal-bonded perovskite Al4H is chosen, in which the body-
centered H atom, occupying the “sphere interstice” of the
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FIG. 1. The design idea for few-hydrogen metal-bonded per-
ovskites, formed by combining a bcc metal lattice—with the
body-centered atom (BCA) replaced by a small-mass atom (SMA)
or small-radius atom—and a fcc metal lattice, with a much larger
packing fraction than a fcc lattice. At top right, a ternary perovskite
(see Table S3 for several examples) is depicted, derived from the bcc
and fcc lattices by sharing bcc vertex atoms. If sharing fcc vertex
atoms, a binary perovskite (shown at bottom right) can be obtained.
The fcc body center, i.e., the octahedral interstice Oh, can be regarded
as a normal lattice point from the viewpoint of perovskite. If the body
center of a fcc metal, such as aluminum, is occupied by a H atom,
which is the lightest element with the smallest radius, a typical binary
Al-based metal-bonded perovskite, Al4H, can be formed naturally.

Al atom lattice, is naturally fixed by the stable fcc skeleton
of Al atoms without any extrinsic pressure. The electronic
band structure, phonon dispersion, electron-phonon coupling
(EPC), and superconducting properties have been investigated
theoretically. Excellent superconducting characteristics and
ductility of Al4H are confirmed at ambient pressure, which is
favorable for motivating experimental investigations and even
practical applications in the future.

II. RESULTS AND DISCUSSION

A. Design idea and crystal structure

Because many metals adopt fcc and bcc structures, we thus
theoretically design few-hydrogen metal-bonded perovskite
hydrides to realize superconductivity at ambient pressure. Our
idea is illustrated in Fig. 1; the left side of the figure shows
the bcc conventional cell, with six intrinsic vacancies at its
face centers, and the fcc conventional cell, with a natural
vacancy at its body center. Comparing fcc structures with
bcc structures, the body center of the fcc structure can easily
be occupied by a small-radius atom, such as a H, He, or
B atom, to form a metal-bonded perovskite structure (two
such structures are shown at right in Fig. 1). Naturally, we
choose a H atom to occupy the body center of fcc aluminum,
an environment-friendly and low-cost superconductor with
Tc ∼ 1.20 K [27], to form perovskite Al4H (see Table S1 and
Fig. S4 of the Supplemental Material [28] for its lattice con-
stant, Wyckoff position, Bader charge, and x-ray diffraction
pattern [29]). Obviously, two key issues, closely related to
multihydrogen high-Tc superconductors, i.e., ultrahigh pres-
sure and poor ductility caused by the covalent bond, can
be solved by our designed few-hydrogen metal-bonded per-
ovskites under ambient pressure.

B. Structural stability

Considering that the structural stability of perovskite
Al4H is the foundation of its superconductivity, we thus
comprehensively check its stability based on the crystal

structure, the formation energy, ab initio molecular dynamics
(AIMD) simulations, phonon spectra, and previous experi-
ments for hydrogen implantation in fcc aluminum with two
highly competitive interstitial sites, i.e., octahedral (Oh) and
tetrahedral (Td) [26,30–46] (see Secs. SII and SIII, Figs. S1,
S2, and S5–S8, and Table S2 of the Supplemental Material
[28]). From an experimental point of view, hydrogen im-
plantation and diffusion in fcc aluminum, with two natural
interstitial sites Oh and Td occupied by the smallest-radius
H atom, have been investigated previously. By means of the
low-temperature hydrogen implantation method, Bugeat and
co-workers realized effective hydrogen implantation in alu-
minum at 10 and 150 keV at 25–400 K and studied lattice
localization and trapping of H atoms [35,36]. Hydrogen diffu-
sion measurements were performed by applying potentiostatic
and galvanostatic permeation and the current pulse method us-
ing the electrochemical double cell technique [37]. Hydrogen
diffusion is also investigated by analyzing the kinetic behavior
predicted for solutions of hydrogen in aluminum [38] and by
the desorption method [39]. Wei et al. proved that H atoms
can be introduced into thin crystalline aluminum films at 10–
20 K with overall long-range order and the fcc Al lattice is
always stable even if the atomic ratio of H to Al is about
1 : 1 [34]. Moreover, Lamoise et al. reported that H atoms
can be implanted into aluminum thin films with implantation
energy of 10 keV at temperatures below 6 K at a high average
H-to-Al ratio up to 2 : 1 by using the Orsay ion implanter [26].
Hashimoto and Kino also performed an effective hydrogen
implantation in aluminum crystals by gas phase charging in
the temperature range 300–400 ◦C and by electrochemical
charging at room temperature [40]. As stated above, H atoms
can be implanted into fcc aluminum with a high atomic ra-
tio of H to Al of about 2 : 1. The stability of the fcc Al
lattice implanted by H atoms, occupying the interstitial site
Oh or Td, has been confirmed by many previous experiments
[26,35–41]. This clearly indicates that perovskite Al4H with
a H atom at the Oh site, due to its lower energy than the
Td site (see Fig. S8 and Table S2), is the most stable phase
under the conditions of a fcc Al lattice and an easily realized
low H concentration of H : Al = 1 : 4, much lower than the
H : Al = 2 : 1 that has been reported in experiments [26].

Based on the structural characteristics of Al4H, the afore-
mentioned theoretical analyses about its stability, and the
experimental hydrogen implantation in fcc aluminum crystals,
we can suggest five potential experimental synthesis schemes
to prepare perovskite Al4H in two steps, i.e., (1) hydrogen
implantation and (2) hydrogen diffusion in fcc aluminum
crystals. Firstly, H atoms can be implanted into aluminum by
using the low-temperature hydrogen implantation method as
adopted previously [26]. Secondly, H atoms can also be intro-
duced into aluminum by gas phase charging of H atoms under
ambient pressure at 300 ◦C [40]. Thirdly, by means of electro-
chemical charging at room temperature [40], H atoms can also
be implanted into fcc aluminum. Fourthly, Al4H may also be
synthesized via a direct reaction of aluminum and hydrogen
at high pressure, i.e., pressure-driven formation, in which H
atoms are pressed into aluminum, similar to the synthesis
of lanthanum hydrides [11]. After H atoms are implanted
into aluminum by using the above methods, both the Oh

and Td sites will be occupied by H atoms. Considering the
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FIG. 2. Calculated electrostatic potential (a) and electron local-
ization function (b) on the Al-H plane.

low energy barrier (0.09 eV) for H atom migration from the
Td site to the Oh site and the lowest energy of the Oh site
(Fig. S8 and Table S2) and considering AIMD simulations
(Figs. S6 and S7), we can confirm that H atoms prefer to
occupy Oh sites. Therefore we can expect that H atoms at
Td sites may overcome the low energy barrier and migrate to
Oh sites in the fcc Al lattice to form the favorable perovskite
Al4H under ambient pressure and at room temperature after
a period of time, for example, 2 weeks [11]. Finally, we can
expect that perovskite Al4H viewed along the [111] direction,
equivalent to an ultrashort-period (Al4)1H1 superlattice, can
also be controllably prepared directly on Al substrate by tak-
ing the following steps: performing plasma-assisted molecular
beam epitaxy (MBE) with a k-cell source to steam Al and a
hydrogen plasma source to steam H; accurately controlling the
H-to-Al ratio in the excess-hydrogen environment; adjusting
the substrate temperature at low temperature, for example, the
liquid-nitrogen or liquid-helium temperature; and using the
submonolayer digital-alloying technique [47].

Figure 2(a) shows the electrostatic potential on the Al-H
plane in Al4H, indicating that the H atom stays stably at the
bottom of its potential well. After optimizing the crystal struc-
ture and calculating the zero-point energy by using several
advanced functionals including the Perdew-Burke-Ernzerhof
functional revised for solids (PBEsol) [32] and the Armiento-
Mattsson 2005 functional (AM05) [45], we find that the body
center Oh has the lowest energy, clarifying the long-running
debate as to the priority of Oh and Td sites for H atom occu-
pation in aluminum [36,38,44,48]. The stability of perovskite
Al4H was further confirmed by using the DISORDER code with
the enumeration method (Fig. S5) [49]. We believe from our
careful calculations that few-hydrogen binary metal-bonded
perovskite Al4H with the H atom at the Oh site is the most
stable structure under the preconditions of fcc aluminum and
Al : H = 4 : 1.

C. Metallic binding and electronic structure

To clarify the nature of chemical bonds in Al4H, we further
investigate its electron localization function [Fig. 2(b)], i.e.,
the normalized electron density, which intuitively shows the
bond characteristics between Al and H atoms. We find that
both Al and H ions are immersed in an almost uniform elec-
tron sea with a normalized electron density of 0.6, indicating
a typical metallic bond combination, different from multihy-
drogen covalent superconductors at high pressure. Obviously,
these conduction electrons are mainly derived from 3s and 3p
valence electrons of Al atoms. It is the Al-H metallic bond

FIG. 3. Energy bands and corresponding projected DOS (a) and
lattice dynamic properties (b) of Al4H. In (a), the size of the
colored circles shows the orbital character, which is proportional
to the weight for the orbital contribution. In (b), the left panel
shows the phonon spectra decorated with the normalized phonon
linewidth, while the right panel shows the projected phonon DOS
(PHDOS), Eliashberg spectral function α2F (ω), and EPC constant
λ = λAl + λH.

that enhances the structural stability of Al4H and guarantees
its having better ductility than the multihydrogen, cuprate, and
Fe-based superconductors.

Let us now investigate electronic structure of Al4H. Fig-
ure 3(a) shows our calculated electronic bands with the
resolved atomic orbital contribution [32,50–53], indicating a
typical metal energy band with three bands, labeled as bands
1, 2, and 3, crossing the Fermi level (EF = 0 eV). Figure S2(a)
gives the corresponding Wannier interpolation bands. Band 1
is mainly dominated by Al 3s and 3p orbitals, consistent with
Figs. S10(d) and S10(g), and has three camel shapes crossing
EF, one along the X -M-� direction, one along the M-� direc-
tion, and one along the �-R direction. Band 2 crosses EF along
the whole high-symmetry path. These multiple crossings at
EF give birth to a complex Fermi surface (FS) sheet, and the
orbital characteristics can be derived from H 1s, Al 3s, and
Al 3p states, in good agreement with Figs. S10(b), S10(e),
and S10(h). Band 3, dominated by Al 3s and 3p orbitals [see
Figs. S10(f) and S10(i)], is also shown near the Fermi level.
We can deduce from the projected density of states (DOS)
in the right panel of Fig. 3(a) that the 3s and 3p orbitals of
Al atoms contribute almost 31.7 and 64.5% to the total DOS,
while the contribution from the H 1s orbital is about 3.8%. It
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FIG. 4. EPC constant and superconducting gap of Al4H.
[(a)–(c)] Fully k-resolved EPC strength λnk on the FS for the three
crossing bands, bands 1, 2, and 3 [Fig. 3(a)]. [(d)–(f)] Fully k-
resolved superconducting gap �nk on the three FS sheets at 10 K. (g)
The anisotropic superconducting gap �nk as a function of tempera-
ture, where the red, blue, and purple lines represent the gaps defined
by the maximum normalized quasiparticle DOS. (h) The normalized
quasiparticle DOS from 10 to 50 K.

is the three FS sheets induced by the three bands crossing EF

that dominate the three distinct superconducting gaps in Al4H
[Figs. 4(d)–4(g)] [54].

D. Phonon spectra and electron-phonon coupling

Before investigating the superconductivity, we carefully
assess the anharmonic effects of Al4H in Sec. SIV of the
Supplemental Material [28] and find from Figs. S8 and S9
that Al4H only exhibits weak anharmonicity [55–60]. We thus
calculate the harmonic phonon spectra and EPC parameters of
Al4H by using density-functional perturbation theory [61] and
Wannier interpolation technology on very fine q and k grids,
as implemented in the EPW code [62–65]. Figure 3(b) shows
the phonon spectra embellished with the phonon linewidth,
phonon DOS (PHDOS), Eliashberg spectral function α2F (ω),
and EPC strength λ determined by the phonon linewidth,
closely related to the electron-phonon interaction matrix el-
ement describing the scattering probability amplitude of an
electron on the FS by a phonon with wave vector q [66]. The
phonon spectra calculated using several different pseudopo-
tentials including the optimized norm-conserving Vanderbilt
pseudopotential (ONCV) [53], the ultrasoft pseudopotential
(USPP), and the projector augmented wave method (PAW)
[67] are comprehensively compared with the all-electron
spectra [68] (Fig. S1). The commonly used acoustic sum rules,

such as “simple” and “crystal,” are also carefully checked. We
can find from Figs. 3(b) and S2(b) that the phonon spectra are
divided into two parts separated by a small phonon energy
gap. The high-frequency (low-frequency) modes are domi-
nated by H (Al) atom vibration. Compared with the maximum
frequency of aluminum [69], the cutoff frequency of Al4H
has an increase of 60% due to vibration of the H atom with
the lightest mass mH ∼ mAl/27, which is highly desirable to
improve Tc. The resolved phonon linewidth of all branches
below 46 meV indicates that they have a similar EPC strength,
except the mode around 31 meV with a slightly larger phonon
linewidth. Compared with the low-frequency acoustic modes,
the H-related high-frequency optical phonons have a much
stronger EPC because of their large phonon linewidths.

We further investigate the Eliashberg spectral function
α2F (ω) using the maximally localized Wannier function
interpolation technology and accumulate the EPC constant
λ [right panel of Fig. 3(b)]. The α2F (ω) exhibits a peak cen-
tered at 31 meV and a much larger main peak around 52 meV,
which reveals great EPC due to the large phonon linewidth.
The cumulative λ = λAl + λH is 1.10, in which contributions
from Al and H atoms are 49 and 51%, respectively. We
find that λ in Al4H is almost three times larger than that
of aluminum (0.36) [69], and superior to MgB2 (0.75) [70],
because of the large phonon linewidth of the high-frequency
H-vibration modes and slight softening of the low-frequency
Al-vibration modes.

It is worthwhile to note that, as the source of all the proper-
ties of the Al-based superconductor Al4H of interest here, the
H atom has a larger λH than λAl, approaching 51% of the total
EPC constant [Fig. 3(b)]. The key role of the H atom in the su-
perconductivity of Al4H can be analyzed as follows. Although
the body-centered H atom, with a lower energy level than the
Fermi level [Fig. 3(a)] and a much larger electronegativity
than that of the Al atoms, takes electrons from its neighboring
Al atoms to be localized around it [Fig. 2(b) and Table S1], the
superconductivity of Al4H is slightly affected by this electron
transfer finally because the total DOS on the FS decreases
very little from 0.82 states/[spin · eV · (unit cell)] in Al to
0.78 states/[spin · eV · (unit cell)] in Al4H. In contrast, the
H atom in Al4H induces high-frequency optical phonons
and greatly modifies the phonon spectra of aluminum
[Fig. 3(b)]. Most importantly, these H-related high-frequency
optical phonons have the largest phonon linewidth among all
phonons, directly leading to a larger EPC constant λH than
λAl due to strong EPC between the H-related phonon and
the conduction electron [71]. This is extremely important to
enhance the Tc of Al4H, indeed [72]. Notably, a similar phys-
ical mechanism has also been found in graphite-intercalation
compounds in which nonsuperconducting graphite presents a
Tc of 12 K with Ca intercalation [73,74]. This rapid increase in
superconductivity can be explained in terms of the contribu-
tion of local-phonon vibrations of lightly intercalated atoms.
It is the large λH together with λAl that dominates the high Tc

in Al4H.
To evaluate the anisotropy of the EPC strength in Al4H, we

explored the k-resolved EPC constant λnk defined by λnk =∑
mk′,ν

1
ωqv

δ(εmk′ )|gν
nk,mk′ |2 [70]. Figures 4(a)–4(c) show the

variation of λnk on the three FS sheets. The values of λnk on
FSs 1, 2, and 3 have the wide ranges 0.45–2.84, 0.45–2.44,
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and 0.44–1.00, respectively, indicating strong anisotropy in-
side each single sheet. Figure S11 also plots the normalized
distribution of λnk with the wide range 0.45–2.84, further
revealing strong anisotropy. We find that λnk on FS 1 is larger
than that on FSs 2 and 3. Particularly, six flakes at the face
centers of FS 1 exhibit the largest EPC strength because of
the strong coupling of Al 3s and 3p electrons with phonons
(Fig. S10). The EPC constant λnk mainly comes from H 1s and
Al 3p orbitals. In contrast, FS 3, dominated by the Al 3s state,
has the smallest contribution to λnk among the three FS sheets.

E. Superconducting gap and critical temperature

Furthermore, the superconducting gap �nk of Al4H has
also been calculated on the FS by numerically solving
the anisotropic Migdal-Eliashberg equations with μ∗ = 0.1
[70,75,76]. In Figs. 4(d)–4(f), we show the k-resolved super-
conducting gap at 10 K on the three FS sheets. The gaps on
FSs 1, 2, and 3 are in the ranges 2.61–14.13, 2.67–13.90, and
2.64–7.70 meV, respectively, indicating the strong anisotropy
of �nk on each single FS sheet with a large vertical energy
spread [Figs. 4(g) and S3]. The larger the superconducting gap
�nk, the higher the critical temperature Tc. It is interesting to
note that the distribution of �nk is very similar to that of λnk,
suggesting that Al4H is a phonon-mediated superconductor.

Figure 4(g) presents the superconducting gap �nk as a
function of temperature, in which three fully anisotropic su-
perconducting gaps originating from the three FS sheets are
featured with a remarkable vertical energy spread, different
from aluminum, which has a single gap [77,78]. The red, blue,
and purple lines show the gaps corresponding to the maximum
superconducting DOS on FSs 1, 2, and 3 [Fig. 4(h)], respec-
tively. The three superconducting gaps belong to different
FS sheets and always overlap with each other due to their large
vertical energy spread and strong anisotropic EPC [Figs. 4(a)–
4(c) and S10]. As temperature increases, the superconducting
gaps decrease and eventually disappear at Tc = 54 K (51 K
with μ∗ = 0.13; Fig. S12); this Tc is approximately 45 times
higher than that of aluminum (1.20 K) [27], and higher than
those of Nb3Ge (23 K) [79] and MgB2 (39 K) [80]. We further
obtain Tc = 42 K from the isotropic Migdal-Eliashberg equa-
tions with μ∗ = 0.10. Obviously, both the anisotropic effect
and multiband gaps, closely related to the strong anisotropy
of EPC, greatly enlarge Tc, by about 28.6%, which shows
that the anisotropic effect is very important to improve Tc, as
confirmed by Ref. [54]. We also find that the average value of
the three anisotropic single gaps is close to the isotropic single
gap at T → 0 K.

Moreover, we calculate the normalized quasiparticle DOS
NS (ω) at different temperatures based on the formula NS (ω)

N (EF ) =
Re[ ω√

ω2−�2(ω)
] [70], where N (EF) represents the DOS of the

normal state at the Fermi level. We can see from Fig. 4(h)
that the superconducting gap decreases if the temperature
increases. The normalized quasiparticle DOS, as a function of
excitation energy, exhibits three peaks, closely related to three
different energy gaps in Al4H. Furthermore, to prove that our
idea (Fig. 1) is fruitful, we find that, besides Al4H, several
other binary and ternary few-hydrogen metal-bonded per-
ovskite M4H (M = Ca, Cu, Rh) and AHM3 (A = V, Nb; M =
Al, Rh, Ca) hydrides are also phonon-mediated superconduc-
tors under ambient pressure (Table S3). Finally, the specific
heat and critical magnetic field are investigated (Fig. S13)
[27,70,75,81–83].

III. CONCLUSION

In summary, we proposed an idea and found a class
of materials named the few-hydrogen metal-bonded per-
ovskite hydrides, such as the Al-based superconductor Al4H,
to be strong anisotropic phonon-mediated superconductors
at ambient pressure, by combining first-principles calcula-
tions and the Wannier interpolation method and solving the
Migdal-Eliashberg equations. The structural stability of Al4H
is confirmed. As an environmentally friendly and low-cost
material, Al4H, featuring metallic bonds, is a superconductor
with both better ductility than multihydrogen, cuprate, and Fe-
based superconductors combined by covalent and ionic bonds
and a Tc of up to 54 K. Therefore, contrary to the conventional
design method of multihydrogen covalent high-Tc supercon-
ductors at high pressure, our idea paves the way for designing
few-hydrogen metal-bonded hydride superconductors with a
simple structure under ambient pressure. We hope that this
study will rekindle enthusiasm for predicting new materials
with favorable superconducting properties among hydrides
at ambient pressure and can stimulate further experimental
investigation in the near future.
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