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Superconductivity by doping in alkali-metal hydrides without applied pressure: An ab initio study
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The electronic, lattice dynamical, electron-phonon coupling, and superconducting properties of alkali-metal
hydrides LiH, NaH, and KH, metalized through doping with alkaline-earth metals Be, Mg, and Ca, respectively,
are investigated within the framework of density functional perturbation theory. The alloys were modeled by
the self-consistent virtual crystal approximation, and the effect of zero-point energy contribution is consistently
taken into account. For all three alloys, a steady increase of the electron-phonon coupling constant λ is found
with progressive alkaline-earth metal doping, reaching values as high as 0.47 for (Li/Be)H, 1.26 for (Na/Mg)H,
and 1.69 for (K/Ca)H. The growth of λ with doping is the result of two effects: the softening of the phonon
spectrum, mainly of the H-optical modes, and the increase of the density of states at the Fermi level. Estimates
of the superconducting critical temperature reach values of 2.1 K for Li0.95Be0.05H, 28 K for Na0.8Mg0.2H, and
even 49 K for K0.55Ca0.45H, demonstrating that doping is an alternative route to high transition temperatures in
this material class without the need to apply high external pressure.

DOI: 10.1103/PhysRevB.99.214504

I. INTRODUCTION

The search for high-temperature superconductors has ex-
perienced a renewal since 2015 with the discovery of phonon-
mediated superconductivity on H3S (produced by the synthe-
sis or decomposition of H2S), with a critical temperature (Tc)
of 203 K under pressures as high as 200 GPa by Drozdov
et al. [1]. Such a breakthrough was achieved by a synergy
between experiments and theoretical studies, which predicted
the transformation of H2S to a metal and a superconductor
at high pressure (≈100 GPa) with a Tc ≈ 80 K prior to the
experimental verification [2].

However, the general idea of applying pressure to metalize
hydrides and to convert them into superconductors is not
new [3]. In fact, several theoretical reports and calculations
have been published years ago predicting high Tc values for
systems like SiH4 (166 K at 202 GPa) [4–6] or GeH4 (64 K at
220 GPa) [7], among others [8]. Yet, only for a small subset
of them, superconductivity with rather low Tc values could
be confirmed experimentally [9]. Thus, Drozdov’s publication
[1] led to intensified theoretical activities, aiming to find new
families of high-Tc superconductor hydrides. Examples are
H4Te with Tc of 104 K at 170 GPa [10], AcH10 with Tc in
the range of 204–251 K at 200 GPa [11], MgH12 with Tc ∼
47–60 K at 140 GPa [12], and also in some ternary hydrides
like MgSiH6 with a Tc ∼ 63 K at 250 GPa [13]. In most cases,
however, metalization and superconductivity occurs only at
very high applied pressure.

A promising criterion to achieve a high Tc in hydride mate-
rials is a particular combination of strong covalent bonding
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between H and other elements of the compound, and the
presence of high-frequency modes in the phonon spectrum
[1]. However, hydrogen-rich solids are typically insulators at
ambient pressure, and thus have to be compressed under high
pressure in order to reach a metallic state and ultimately to
become superconducting.

One group of materials, the alkali-metal hydrides, pos-
sesses the above mentioned prerequisites. At atmospheric
conditions this group crystallizes in the NaCl (B1) structure
and adopts a stoichiometry MH, with M = Li, Na, K, Rb,
or Cs. The band gap of this family is rather large and ranges
between 4 and 6 eV [14], thus high pressures are required
for metalization. According to ab initio calculations, the gap
closes between 300 and 1000 GPa [15,16], but the resulting
band overlap is unlikely to generate a sufficiently high density
of states at the Fermi level [N (EF )], suggesting that these
compounds are not good candidates for high-Tc superconduc-
tors [17]. Still, besides pressurization there are other proce-
dures to turn insulators into a metallic state, like doping or
gating [1]. Doping has been studied before in superconducting
hydrogen chalcogenides H3M (M = S, Se) by substitutions
with group-V and group-VII elements (representing hole and
electron doping, respectively), but only in the superconduct-
ing phase, i.e., under high pressure conditions [18]. One
example for an investigation of metalizing hydrides by doping
without applied pressure, is the paper of Zhang et al. [19],
where the electron-phonon (e-ph) coupling and superconduc-
tivity of n-doped LiH was studied by first-principles methods.
When substituting Li with Be, Mg, or Ca, the dopant acts as
a donor which delivers electrons to the system, obtaining a
n-doped material. In that study, for an electron content as
high as 2.06 a Tc = 7.78 K is calculated at ambient pressure,
while the e-ph coupling (λ = 0.86) is dominated by the optical
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phonon modes on the system [19]. Although the predicted
Tc value for n-doped LiH is far smaller compared to the
one of H3S or other hydrides proposed as possible high-
superconducting materials, it represents a different approach
worth exploring in the search for superconductivity on very
well known metal hydrides and related systems.

In this paper we present a systematic study of the structural
and electronic properties, lattice dynamics, e-ph coupling,
and superconductivity of the alkali-metal hydrides LiH, NaH,
and KH doped with alkaline-earth metals Be, Mg, and Ca,
respectively, in order to obtain electron (n)-doped metal hy-
drides, within the framework of density functional theory
(DFT) [20] and the self-consistent virtual crystal approxima-
tion [21]. In all cases, the crystal structure was optimized and
the electronic band structure and density of states obtained
applying DFT methods at several concentrations for each
compound. Lattice-dynamical properties are studied using
density functional perturbation theory (DFPT) [22–24]. The
quantities determined by DFPT allow us in a straightforward
way to evaluate the microscopic e-ph interaction, like the
Eliashberg function α2F (ω), and the e-ph coupling constant λ,
which is required as an input to the strong-coupling Eliashberg
theory [25]. Superconducting critical temperatures for the dif-
ferent studied systems are obtained by solving the linearized
Eliashberg gap equations in the isotropic limit. The effect of
zero-point energy (ZPE) on these quantities is analyzed.

The paper is organized as follow: In Sec. II the details of
the computational method are described. Results for structural
and electronic properties are given in Secs. III A and III B,
respectively, while lattice dynamical properties are discussed
in Sec. III C. Finally, e-ph coupling properties and supercon-
ducting critical temperature are analyzed and discussed in Sec.
III D, followed by concluding remarks in Sec. IV.

II. METHODOLOGY

Ab initio calculations were performed within the frame-
work of density functional theory (DFT) [20] and the mixed-
basis pseudopotential method (MBPP) [26,27] to obtain the
structural and electronic ground-state properties. The MBPP
uses a combination of plane waves and localized functions
centered at atomic sites as a basis set for the expansion of
the valence wave functions. This improves the description of
more localized orbitals with respect to the standard plane-
wave approach, allowing a reduction of the size of the ba-
sis set. For H, Li/Be, Mg/Na, and K/Ca norm-conserving
pseudopotentials were built applying the Vanderbilt descrip-
tion [28]. Alloys were simulated using the virtual crystal
approximation (VCA), where the ionic potential at an alloy
atomic site at a given concentration x is represented by the
pseudopotential generated for a virtual atom with fractional
nuclear charge [21]. 2p6 semicore states of K and Ca were
treated as valence electrons. The Perdew-Burke-Ernzerhof
(PBE) functional [29] was employed to take into account the
exchange and correlation contributions. As energy cutoff for
the plane waves we used 20 Ry for the system Li1−xBexH, 28
Ry for Na1−xMgxH, and 30 Ry for K1−xCaxH, supplemented
by local functions of s type at the H, Li/Be, and Na/Mg sites,
as well as of s and p type for K/Ca sites. A 16 × 16 × 16
Monkhorst-Pack special k-point set was used for the Brillouin

zone (BZ) integration with a Gaussian smearing of 0.2 eV
[30].

The lattice dynamics were computed within the framework
of density functional perturbation theory (DFPT) [22,23] as
implemented in the MBPP code [24]. Complete phonon spec-
tra are obtained from a Fourier interpolation of dynamical
matrices calculated on a 8 × 8 × 8 q-point mesh. Calculated
phonon density of states (PDOS) are used to evaluate the
zero-point energy (ZPE) correction within the quasiharmonic
approximation [31,32]. Structural optimization is then per-
formed either without ZPE (static scheme) or with ZPE
(ZPE scheme), and electronic, phonon, and electron-phonon
coupling properties are subsequently investigated for the opti-
mized structures of both schemes.

The perturbative method also provides access to the mi-
croscopic screened e-ph matrix elements gq j

k+qν ′,kν
, which

are needed in the strong-coupling Eliashberg theory [25] to
analyze the superconducting properties. The above mentioned
matrix elements describe the scattering of an electron from a
Bloch state with momentum kν to another Bloch state k + qν ′
by a phonon mode q j and they are given by

gq j
k+qν ′,kν

=
√

h̄

2ωq j

∑
κa

1√
Mκ

ηq j
κa〈k + qν ′|δq

κaV |kν〉, (1)

where Mκ is the mass of the κth atom in the unit cell, η
q j
a is

the normalized eigenvector of the phonon mode q j, and ωq j

is its frequency. The term δ
q
κaV denotes the first-order change

in the total crystal potential with respect to the displacement
of the atom κ in the a direction.

The phonon linewidth of the q j phonon mode γq j arising
from the e-ph interaction is given by [33–35]

γq j = 2πωq j

∑
kνν ′

∣∣gq j
k+qν ′,kν

∣∣2
δ(εkν − EF )δ(εk+qν ′ − EF ),

(2)

where εkν represent the one-electron band energies with mo-
mentum k and band index ν, and EF is the Fermi energy.

The Eliashberg spectral function in the isotropic limit
α2F (ω) is described as

α2F (ω) = 1

2π h̄N (EF )

∑
q j

δ(ω − ωq j )
γq j

ωq j
, (3)

where N (EF ) is the electronic density of states (DOS) per
atom and spin at EF . The average e-ph coupling constant
λ, which quantifies the coupling strength, is related to the
Eliashberg function as

λ = 2
∫ ∞

0

α2F (ω)

ω
dω = 1

π h̄N (EF )

∑
q j

γq j

ω2
q j

. (4)

Finally, the superconducting transition temperature Tc was
estimated for each case by numerically solving the Eliashberg
gap equations on the imaginary axis [25,36–39], using the
respective α2F (ω) for each doping. The Coulomb pseudopo-
tential was treated as a phenomenological parameter (see
discussion below).
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TABLE I. Calculated lattice constants (in a.u.), for the static and
ZPE schemes, of the pristine alkali-metal hydrides and its respective
percentage difference with respect to the experimental values.

System Static ZPE Expt.

LiH 7.5546 (−1.45%) 7.7021 (0.44%) 7.6685a

NaH 9.2194 (0.18%) 9.3630 (1.73%) 9.2029b

KH 10.8423 (0.59%) 10.9831 (1.89%) 10.7789b

aReference [40].
bReference [41] at 293 K.

III. RESULTS AND DISCUSSION

A. Structural properties

We performed structural optimizations of the rock-salt type
structure (B1, space group Fm-3m) with a primitive cell of
two atoms (one metal and one hydrogen) for the three alloy
systems at different values of alkaline-earth metal content x.
Our structural results for the pristine alkali-metal hydrides un-
der the ZPE and static schemes are in good agreement with the
experimental data, [40,41] as we show in Table I, indicating
the proper construction of the current pseudopotentials.

In all cases, we find that the unit cell expands as the ZPE
contributions to the energy are taken into account, giving a
larger lattice parameter for the ZPE scheme than for the static
one. On doping, the lattice parameter for Na1−xMgxH remains
practically unchanged as the Mg content increases (this re-
sult was reported in a previous work [42]), while for both
Li1−xBexH [43] and K1−xCaxH (see Fig. 1), the increasing
electron content leads to a monotonous reduction of the lattice
parameter. These trends are the same for both schemes (with
or without ZPE). The contraction on doping can be attributed
to extra-charge redistribution in the interstitial zone.

With the optimized lattice parameter for each system at dif-
ferent doping content, we proceeded to calculate the electronic
and vibrational properties. As a general trend for all three
alloys investigated, the phonon spectrum continuously softens
with increasing doping level. At a certain threshold concen-
tration, modes with imaginary frequencies occur, indicating a
dynamical instability of the alloy. The threshold doping levels

FIG. 1. K1−xCaxH optimized lattice parameter as a function of
Ca content for the static and ZPE schemes. Experimental data was
taken from Ref. [41].

FIG. 2. Electronic band structure and density of states
(DOS), calculated within the ZPE scheme, for (a) Li0.95Be0.05H,
(b) Na0.8Mg0.2H, and (c) K0.55Ca0.45H.

are 10% Be, 25% Mg, and 50% Ca, respectively. We therefore
confine the following analysis to doping levels smaller than
these thresholds. Furthermore, we will focus mainly on the
ZPE scheme. The reason is, that while we have investigated
both the static and ZPE scheme, their results are qualitatively
very similar. The main difference lies in the lattice parameters,
which give softer phonon spectra for the ZPE scheme. Results
for the static scheme are presented at the end for the estimated
critical temperatures only.

B. Electronic properties

The pristine metal hydrides are all insulators with a sizable
experimental band gap of 4.94 eV for the LiH [44] (no experi-
mental reports are available in the literature for NaH and KH).
On doping, the extra electrons provided by the alkaline-earth
atoms fill the valance bands, leading to a metallic state without
the need to apply external pressure. In Fig. 2 the electronic
band structures and the corresponding density of states (DOS)
are displayed for each alloy at the threshold dopings. In each
case, doping generates ellipsoidal Fermi surfaces, which are
centered at the X point for Li1−xBexH and at the L point for
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FIG. 3. Evolution of the total density of states at the Fermi level
N (EF ) as a function of the alkaline-earth metal content (x) for
Na1−xMgxH [42] and K1−xCaxH.

Na1−xMgxH and K1−xCaxH. The occupied valence states are
primarily derived from states of the alkaline metal: p for Li,
mainly s for Na, and s, d for K.

The density of states at the Fermi level N (EF ) in-
creases monotonously with x (see Fig. 3), indicating a steady
improvement of the metalization with increasing electron
doping.

C. Lattice dynamics

We now discuss the lattice dynamics properties as a func-
tion of doping within the stability range of each alloy system.
In Figs. 4, 5, and 6 we present the phonon dispersions in-
cluding their respective phonon linewidth γq j and the phonon
density of states (PDOS) for Li1−xBexH, Na1−xMgxH, and
K1−xCaxH, respectively, at selected x values.

In all three cases, as x increases the optical branches soften,
whereas the acoustic region of the phonon dispersions remains
rather unaffected. In addition, phonon anomalies appear next
to the � point, which strengthen with increasing x. These
anomalies at small wave vectors originate from intrapocket
coupling, i.e., from a coupling to electronic states within
an electron pocket (centered at X for Li1−xBexH and at L
for Na1−xMgxH and K1−xCaxH). Interestingly, although such

FIG. 4. Phonon dispersion, linewidths (vertical lines on top of
the phonon branches), and phonon density of states (PDOS) for
Li0.95Be0.05H, calculated for the ZPE scheme.

FIG. 5. Evolution of the phonon dispersion, linewidths, and
related PDOS for Na1−xMgxH at (a) x = 0.05, (b) x = 0.1, and
(c) x = 0.2 for the ZPE scheme.

anomalies indicate the presence of e-ph interaction close to
the center of the Brillouin zone (BZ) [45], more pronounced
e-ph coupling occurs far from �, as can be deduced from
the calculated phonon linewidth [46] (vertical lines along the
phonon branches). Larger values of γq j are located mainly
along the high-symmetry path between X and W points for
the optical branches which involve H vibrational modes. This
resembles other high-Tc hydride superconductors, where the
optical hydrogen high-frequency phonon modes are responsi-
ble for the large e-ph coupling [1,17,47,48]. For the studied
alloys, linewidth values monotonously increase with x, which
is a clear sign of growing e-ph coupling with doping. The
coupling of these phonons with large wave vectors essentially
involves electronic states on distinct electron pockets (inter-
pocket coupling).

As mentioned above, the anomalies near � are located
in the hydrogen optical branches, but because of avoided
crossings, they drive similar anomalies in acoustic branches
of the same symmetry. When the doping level reaches the
threshold concentration, they induce dynamical instabilities,
observed as imaginary frequencies in the phonon dispersion
of Li0.9Be0.1H, Na0.75Mg0.25H, and K0.5Ca0.5H (not shown).
Phonon softening and instabilities in metal hydrides induced
by alloying have been also observed in other studies, [49,50]
where such dynamical properties have been linked to an
increase of the heat of formation (i.e., the alloys become less
stable), suggesting a correlation between chemical instability
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FIG. 6. Evolution of the phonon dispersion, related linewidths,
and PDOS for K1−xCaxH at (a) x = 0.05, (b) x = 0.25, and (c) x =
0.45 within the ZPE scheme.

and phonon softening by doping. In order to corroborate
such a statement, we calculated the cohesive energy (Ecoh)
for the three different systems within their respective range
of dynamical stability. This quantity is used to characterize
alloying stability, and is given by [51]

Ecoh = E tot
MNH − (1 − x)Ea

M − xEa
N − Ea

H, (5)

where E tot
MNH is the total energy of the M1−xNxH alloy at x

content, while Ea
M , Ea

N , and Ea
H are the calculated total energies

of an isolated atom M = Li, Na, K; atom N = Be, Mg, Ca;
and hydrogen atom, respectively [52]. Results are collected
in Table II. In general, for the three alloys, the doped systems
are less stable than the pristine ones (x = 0) (the larger the
Ecoh absolute value, the more stable the system), but still in

TABLE II. Calculated cohesive energy (eV) of the alkali-metal
hydrides at x = 0 and at its maximum x content (xmax).

System x = 0 xmax

LiH −7.30 −6.72 (x = 0.05)
NaH −5.67 −4.09 (x = 0.20)
KH −4.55 −0.77 (x = 0.45)

FIG. 7. Eliashberg spectral function α2F (ω) and e-ph coupling
constant λ(ω) for Li0.95Be0.05H, calculated under the ZPE scheme.

the range of stability (negative Ecoh), as can be observed from
Table II.

D. Electron-phonon and superconducting properties

In this section we analyze the e-ph coupling and super-
conducting properties of the alloys within the Eliashberg for-
malism. The Eliashberg spectral functions α2F (ω) and e-ph
coupling parameters λ(ω), calculated by the partial integration
of α2F (ω), for various x contents are shown in Figs. 7, 8,
and 9. For the (Na/Mg)H and (K/Ca)H alloys, with increas-
ing alkaline-earth metal content (x), the Eliashberg function
shifts to lower frequencies. Simultaneously, its total weight
increases, in particular in the optical high-frequency region.
Both changes enhance the e-ph coupling, and result in a large
growth of the e-ph coupling parameter λ(ω) with x.

For the (Li/Be)H alloy, which has only a small stability
range, we find medium coupling strength of λ = 0.473 (ZPE
scheme) for Li0.95Be0.05H. Both Na1−xMgxH and K1−xCaxH
exhibit a remarkable increase in λ with doping, shown in
Figs. 10(a) and 11(a), respectively, which culminate in strong-
coupling values as high as 1.26 for the (Na/Mg)H hydride,
and even 1.69 for (K/Ca)H.

What are the important factors behind this increase in the
coupling with doping? Essentially, the value of λ is deter-
mined by three sources: the density of states at the Fermi
level N (EF ), the phonon frequencies ω, and the e-ph coupling
matrix elements [through the linewidths, see Eq. (4)]. In
order to judge the importance of these factors, we performed
additional evaluations of λ(x) replacing the doping-dependent
phonon spectrum with the one of the lowest concentration
(x = 0.05). This procedure keeps the phonon frequencies
unchanged, ignoring its doping dependence, while it takes into
account the changes of N (EF ) and the e-ph matrix elements
with doping [45]. These results are shown in Figs. 10 and
11 as λω, for (Na/Mg)H and (K/Ca)H hydrides, respectively.
In both cases, λω is strongly reduced with respect to λ for
the entire studied doping region. This clearly shows that the
progressive phonon softening with doping (see Figs. 5 and 6)
is a significant factor for the growth of λ. However, the other
two sources do also play a role, as λω still steadily increases
as a function of x.
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FIG. 8. Evolution of Eliashberg function and λ(ω) for
Na1−xMgxH at (a) x = 0.05, (b) x = 0.1, and (c) x = 0.2 (ZPE
scheme).

Next we analyze the contribution from the density of states
(see Fig. 3), which increases on doping. To first approxima-
tion, λ scales linearly with N (EF ). We therefore plot the ratio
λ/N (EF ) in Figs. 10(b) and 11(b) for both λ and λω. Only the
ratio λω/N (EF ) stays approximately constant as a function of
x. These results taken together demonstrate that the doping
dependence of both phonon softening and density of states are
the decisive factors for the rise of λ. On contrast, the size of
the e-ph matrix elements remains rather constant on doping.

Finally, the calculated Eliashberg functions α2F (ω) can
be used to obtain estimates for the superconducting critical
temperature Tc as a function of doping. When numerically
solving the isotropic Eliashberg gap equations, two different
values of the Coulomb pseudopotential (μ∗) were employed:
0 and 0.1 (see Fig. 12). The reason to use μ∗ = 0 is that it
provides an upper limit for Tc, while μ∗ = 0.1 is a typical

FIG. 9. Evolution of α2F (ω) and λ(ω) for the K1−xCaxH alloy at
(a) x = 0.05, (b) x = 0.25, and (c) x = 0.45 within the ZPE scheme.

value for many superconductors and gives a more realistic
estimate for Tc. Results are shown for all three alloy systems
and both schemes (static and ZPE) in Fig. 12. In general,
Tc shows a steady increase as a function of x, all the way
up to the stability threshold. Values for the ZPE scheme are
always larger than for the static scheme. This has its origin
in the softer phonon spectra, which on the other hand is a
consequence of the larger lattice constants found when the
ZPE correction is included.

For each alloy system, the highest Tc value is obtained
close to the doping threshold. With μ∗ = 0.1 we get 2.1 K
for Li0.95Be0.05H, 28 K for Na0.8Mg0.2H, and 49 K for
K0.55Ca0.45H. Although these values are far smaller than
current Tc’s of other superconducting hydrides (up to 200 K),
the latter can only be reached by applying extremely high
pressures (between 200 and 300 GPa). The present estimates
of Tc with values up to 50 K suggest that metalizing insulating
hydrides by doping could be an attractive alternative route
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FIG. 10. (a) e-ph coupling parameters λ and λω (where the
x-dependent phonon spectrum was replaced with the one from
x = 0.05), as a function of Mg-content (x) for the Na1−xMgxH alloy
(ZPE scheme). (b) Ratio λ/N (EF ) for the quantities shown in (a).

FIG. 11. (a) e-ph coupling parameters λ and λω (obtained with
a fixed phonon spectrum taken from x = 0.05 instead of the x
dependent one), as a function of Ca-content (x) for the K1−xCaxH
alloy (ZPE scheme). (b) Ratio λ/N (EF ) for the quantities shown
in (a).

FIG. 12. Estimates for the superconducting critical temperature
Tc as a function of alkaline-earth metal content (x) calculated with
μ∗ = 0 (solid lines) and μ∗ = 0.1 (dashed lines), respectively, for
(a) Na1−xMgxH and (b) K1−xCaxH. Results for both the ZPE (blue)
and the static scheme (red) are shown for comparison. Tc smaller than
0.1 K, with μ∗ = 0, is obtained for x(Ca) < 0.1, and with μ∗ = 0.1
for x(Mg) < 0.1 and x(Ca) < 0.15.

to achieve high-temperature superconductivity under easily
accessible conditions.

IV. SUMMARY

We performed a systematic study of the electronic, lattice
dynamical, electron-phonon coupling, and superconducting
properties of three alkali-metal hydrides, metalized through
doping with earth-alkaline elements Li1−xBexH, Na1−xMgxH,
and K1−xCaxH, within density functional perturbation theory
combined with the virtual-crystal approximation. Doping re-
sults in the creation of electron pockets at X for (Li/Be)H and
at L for (Na/Mg)H and (K/Ca)H, and evokes a sizable e-ph
coupling, which is carried largely by optical hydrogen modes
along the X -W high symmetry path at the BZ boundary due
to scattering of electrons between different pockets. Simul-
taneously, the phonon spectrum softens and eventually the
lattice becomes dynamically unstable, which correlates with
the reduction of stability as the alloy content increases, as in-
dicated by the cohesive energy. λ exhibits a significant growth
with doping, which can be attributed to both the softening of
the phonons, mainly of the optical hydrogen vibrations, and
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an increase of the electronic density of states at the Fermi
level. The stability range and maximum achievable coupling
increases significantly for the heavier alkaline elements. Max-
imum values for λ are 0.47 for (Li/Be)H, 1.26 for (Na/Mg)H,
and 1.69 for (K/Ca)H, which in turn results in Tc estimates of
2.1, 28, and 49 K, respectively (for μ∗ = 0.1). This constitutes
a clear tendency for enhanced superconducting properties
with increasing mass of the alkaline metal. It will be the
task of future work to reveal if this trend continues to the
alloys (Rb/Sr)H and (Cs/Ba)H with even higher transition
temperatures.

The prediction of such sizable transition temperatures un-
der ambient pressure conditions indicates that metalization
of metal hydrides by doping could be an alternative or even
complementary route to high-temperature superconductivity,

which is much easier to implement than application of high
external pressure.
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