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S1 Stability analysis

To evaluate the stability of a metal with respect to electron-phonon interactions, we use the standard
kinetic equation for the electron distribution function f(E, t)[1, 2],(

1− ∂Σ

∂E

)
∂f

∂t
+
∂Σ

∂t

∂f

∂E
= aepIep(E) + aeeIee(E), (S1)

where we added nonnegative constant coefficients aeph and aee for convenience. The electron self-energy
is

Σ =

 
dE ′

ˆ ∞

0

dω α2F (ω)
f(E ′ + ω)− f(E ′ − ω)

E − E ′ , (S2)

and the electron-phonon collision integral is

Iep(E) = −2π

ˆ ∞

0

dω α2F (ω) {N0(Tph)[2f − f+ − f−] + f(f+ − f−) + f − f+} , (S3)

where f ≡ f(E, t), f± ≡ f(E ± ω, t), and

N0(Tph) =
1

eω/Tph − 1
(S4)

is the equilibrium Bose (phonon) distribution at temperature Tph. The kinetic equation (S1) assumes
spatially uniform initial conditions and, as usual, that phonons remain in thermal equilibrium, see below
and, e.g., [2], which also provides an explicit expression for the electron-electron collision integral Iee.
We will prove that the metal is unstable when Cel < 0 by contradiction. Let

f(E, t = 0) = f0(T ) ≡
1

eE/T + 1
(S5)

be the equilibrium Fermi distribution with temperature T that is slightly higher than the phonon tem-
perature Tph. Experimentally, initial conditions of this type are created by heating the electrons with an
ultrashort laser pulse[3, 4, 5]. Note, however, that we do not assume the two-temperature model, but
merely chose an initial condition of the form (S5). The true fermion distribution f(E, t) will generally
become nonthermal in the course of the actual time evolution of the system.
Suppose the system is stable with respect to the electron-phonon interaction (aep = 1, aee = 0). Since
the phonon specific heat is much larger than that of the electrons, Cph/|Cel| ∼ EF/ωD ≫ 1, the change
in the phonon temperature and, more generally, the deviation of the phonon distribution from the equi-
librium Bose distribution N0(Tph) is negligible. Phonons serve as a thermal bath for the electrons, and
electrons equilibrate at temperature Tph up to corrections of order ωD/EF , which are beyond the accu-
racy of the Eliashberg theory anyway.
Linearizing the kinetic equation and f(E, t) around the equilibrium at T = Tph with the help of the
usual substitution[6],

f(E, t) = f0 + δf ≡ f0(Tph) +
f0(Tph) [1− f0(Tph)]

Tph
φ(E, t), (S6)

we obtain after some algebraˆ
dE ′A(E,E ′)φ̇(E ′, t) = −

ˆ
dE ′ [aepMep(E,E

′) + aeeMee(E,E
′)]φ(E ′, t), (S7)

where A(E,E ′), Mep(E,E
′), and Mee(E,E

′) are real symmetric integration kernels (matrices) and φ̇ ≡
∂φ/∂t. Letting φ(E, t) = e−γtψ(E), we reduce the problem to a generalized eigenvalue equation of the
form γAψ = Mψ. It is straightforward to show that Mep and Mee are positively defined for any electron-
phonon couplings λi [by, e.g., considering the weak coupling limit where the system is obviously stable
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(γ > 0) for any physical phonon spectrum]. The assumption that the system is stable with respect to
the electron-phonon interaction (i.e., for M = Mep) implies that A is positively defined as well. Since a
linear combination of two positively defined real symmetric matrices with positive coefficients is similarly
positively defined, it follows that it must also stable for M = aepMep + aeeMep for any aep > 0 and aee >
0.
Therefore, if the metal is stable with respect to the electron-phonon interaction, Equation (S1) must also
be linearly stable for any choice of aep > 0 and aee > 0. Let aee ≫ aep > 0. Then, electron-electron
collisions dominate, and the electron distribution thermalizes essentially instantaneously with temper-
ature T (t), i.e., f(E, t) = f0(T (t)), corresponding to the instantaneous energy density ϵ(t) of the elec-
tronic subsystem. However, since electron-electron collisions conserve ϵ(t) (this follows formally from´
dEEIee(E) = 0), the latter is able to relax only through electron-phonon collisions. Multiplying Equa-

tion (S1) by E, integrating over E, and using f(E, t) = f0(T (t)), we obtain

Cel
dT

dt
= 2πν0aep

ˆ ∞

0

dωα2F (ω)ω2 [N0(Tph)−N0(T )] , (S8)

where

Cel = 2ν0

ˆ
dEE

{(
1− ∂Σ0

∂E

)
∂f0
∂T

+
∂Σ0

∂T

∂f0
∂E

}
(S9)

is the electronic specific heat. Here Equation S9 and f0 are the equilibrium electron self-energy and dis-
tribution function at temperature T . Equation (S9) for Cel was derived by Prange and Kadanoff in 1964[1]
and later shown to be equivalent to Equation (1) in the main text[7, 8]. Note that there is a typo in [1]
– the sign in front of ∂Σ0

∂E
should be minus and not plus as they have.

The right hand side of Equation (S8) is negative when T > Tph indicating that the heat flows from hot-
ter electrons to the colder phonon bath. Linearizing this equation in (T − Tph), we see that T grows ex-
ponentially when Cel < 0. Note that Equation (S8) does not describe the actual dynamics of the system
but is a consequence of the assumption that it is stable with respect to the electron-phonon interaction.
Thus, Cel < 0 is a sufficient condition of the instability. For further details on this stability analysis, see
[9]. This reference also demonstrates that the loss of kinetic stability occurs at smaller values of λ, while
Cel remains positive — that is, before the equilibrium Migdal-Eliashberg theory detects instability.
For λ > λ∗, the electronic specific heat is negative in a temperature interval from T− to T+ > Tc. In par-
ticular, T− → 0 and T+ → 2.1335Tc in the strong coupling limit λ → ∞[10]. However, a more complete
kinetic analysis shows that the normal state remains unstable for all temperatures below T− as well, em-
phasizing that Cel < 0 is sufficient but not necessary for the instability. To put it another way, the nor-
mal state is unstable for all T < T+ even though Cel < 0 only for T− < T < T+. We also note that the
existence of a new global minimum of the free energy just above Tc implies by continuity that the super-
conducting state is metastable at least for temperatures not too much below Tc[10].

S2 Proof of the stability condition ξ < 1

Since the primary theoretical result presented in this manuscript is the stability condition expressed by
inequality (3) in the main text, we explicitly outline the logic underlying its derivation here rather than
relying on previous publications.
ME theory is obtained from the stationary point of the action, describing electrons interacting through a
retarded potential mediated by physical phonons. Provided the system is a stable metal, this stationary
point corresponds to a global minimum of the thermodynamic potential[10]. Corrections to this station-
ary solution, known as loop corrections, are controlled by a small parameter—the ratio of the maximum
phonon frequency to the Fermi energy[11, 12, 13, 14]. This fact, although presented differently, was orig-
inally demonstrated by Migdal and Eliashberg themselves[12, 13], who observed lattice instability at a
bare coupling λ0 ≈ 0.5 within the Fröhlich Hamiltonian. They emphasized two essential conditions for
their theory’s validity: (1) a small ratio of maximum phonon frequency to Fermi energy, and (2) a sta-
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ble lattice. This second condition has often been overlooked in subsequent studies employing effective
electron-phonon models.
In typical metals, the ratio of the maximum phonon frequency to the Fermi energy ranges between 10−2

and 10−4, thus providing excellent accuracy for evaluating the electronic specific heat. Indeed, it is well-
established that the ME calculation of electronic specific heat consistently matches experimental results
within a few percent accuracy[15, 16, 17, 18].
Our stability condition is proven by contradiction: assuming a stable metal described by a given Eliash-
berg function with Fermi energy much larger than the maximum phonon frequency, the ME formula for
electronic specific heat, Equation 3 in the main text, must apply. However, the kinetic stability analy-
sis of the previous subsection reveals instability when the specific heat becomes negative. Thus, a metal
characterized by a negative ME electronic specific heat cannot physically exist, establishing inequality
(3).

S3 Kinetic instability vs. polaronic and CDW instabilities arising from ef-
fective electron-phonon models

It is important to clearly distinguish the kinetic instability, which yields our stability condition, equa-
tion (3) in the main text, from the well-known polaronic/charge-density-wave (CDW)/lattice instabilities
arising in effective electron-phonon models[11, 12, 13, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32]
(such as the Fröhlich or Holstein Hamiltonians). A key feature of our kinetic instability is that it estab-
lishes a strict upper bound on the physical electron-phonon interaction strength λ—a bound that, to the
best of our knowledge, has not been previously identified. In contrast, polaronic/CDW transitions do
not impose a sharp upper limit on λ, as λ→ ∞ at the onset of such instabilities[11, 12, 13, 20, 21, 33].
Secondly, while the polaronic/CDW/lattice instability describes an equilibrium phase transition, our ki-
netic instability is inherently a nonequilibrium phenomenon, occurring prior to any equilibrium phase
formation. Moreover, the subsequent evolution following our instability does not necessarily lead to po-
laronic or CDW phases. For example, pressurized hydrides follow a completely different route, namely,
hydrogen diffusion and the formation of new chemical compounds[39, 40, 41, 42, 43, 44].
Finally, the lattice instability observed in effective electron-phonon models is an artifact of these models,
which at best, obscures the accompanying polaronic or CDW transitions. Fundamentally, the physical
system is governed by the Coulomb Hamiltonian, describing electrons and ions interacting via Coulomb
forces. Phonons naturally emerge as collective quasiparticle excitations from this Hamiltonian, inher-
ently incorporating electron-ion interactions. Specifically, the electron density dynamically adjusts to
ionic movements, leading to electronic polarization which directly shapes the phonon spectrum.
In simplified models such as the Holstein or Fröhlich Hamiltonians, the phonon frequency renormaliza-
tion improperly counts the electronic polarization twice. This double-counting issue results in artificial
phonon softening or lattice instability at a bare electron-phonon coupling λ0 ≈ 0.5. This spurious in-
stability arises from incorrectly including the static part of the electron polarization operator more than
once[34, 35], see also [27, 36, 37, 38]. Rigorous adiabatic perturbation theory starting from the Coulomb
Hamiltonian does not produce such lattice instabilities[34, 35]. Hence, the instability seen in simplified
electron-phonon models is essentially an artifact of double-counting (or “overscreening”[37, 38])—with
ion-ion interactions effectively screened twice.
Indeed, Holstein, Fröhlich, and related models cannot be consistently derived from the underlying Coulomb
Hamiltonian at any order of adiabatic perturbation theory[35], resulting in fundamental limitations. These
effective models successfully capture phonon-mediated electron-electron interactions but fail to provide
accurate phonon spectra. In reality, the Coulomb Hamiltonian naturally produces a unique phonon spec-
trum. Therefore, the standard and widely accepted practice in phonon-mediated superconductivity is to
treat the phonon spectrum as an external input rather than attempting to renormalize it within these
simplified effective models[15, 16, 45, 46].
Our approach avoids these pitfalls by directly working with physical phonons, employing the Eliashberg
function as a fixed input. Rather than relying on effective electron-phonon models, our theory addresses
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electrons interacting through retarded, phonon-mediated interactions. Consequently, a consistent for-
mulation of our theory is inherently non-Hamiltonian, expressed instead via a nonlocal fermionic action,
with the nonlocality reflecting the retarded nature of interactions mediated by physical phonons.

S4 Derivation of upper bounds on the electron-phonon interaction constant
λ and Tc

It is helpful to disentangle the notions of the shape, height (overall scale), and support (spread) of the
Eliashberg function α2F (ω) from each other. To this end, we introduce a normalized shape function

P (ω) =
1

λ

2α2F (ω)

ω
. (S10)

By the definition of λ in Equation (4) in the main text and since α2F (ω) ≥ 0,
ˆ ∞

0

P (ω)dω = 1, P (ω) ≥ 0, (S11)

so we can think of P (ω) as the distribution function of phonon frequencies. It determines the shape of
the Eliashberg function, while λ controls its overall height. Note that we can specify λ and P (ω) inde-
pendently of each other.
Now it is straightforward to determine the upper bound λ∗ on the electron-phonon coupling λ from the
stability condition [Equation (3) in the main text],

λ∗ =
1

maxT
{´∞

0
g
(

ω
2πT

)
P (ω)dω

} . (S12)

The function g(x) reaches its single maximum gmax = 0.2709 at xmax = 0.3273. The upper bound λ∗ is
smallest, λ∗ = 1/gmax = 3.6915, for Einstein phonons, i.e., for P (ω) = δ(ω − ωE), because in this case the
denominator of Equation (S12) assumes its maximum possible value gmax. Similarly, Equation (S12) pro-
vides λ∗ for other phonon spectra, e.g., for the Debye model [P (ω) = 2ω/ω2

D for ω < ωD and zero other-
wise] or for the same spectrum [same P (ω)] as that for any of the materials in Extended Data Table S1.
Furthermore, the definition of the stability parameter ξ in Equation (3) in the main text together with
Equation (S12) imply Equation (5) in the main text.
To bound Tc, we need to bound both λ and the phonon spectrum. Suppose the highest phonon frequency
is ωmax and let x = ω/ωmax. Then,

λ⟨ω2⟩ = ω2
max

´ 1

0
x2P (x)dx

maxτ

{´ 1

0
g
(
x
τ

)
P (x)dx

} . (S13)

By analyzing the variational derivative of the right hand side of this equation with respect to P (x), we
find that it is maximal for P (x) = δ(x− 1), i.e., for Einstein phonons with frequency ωE = ωmax. Taking
this into account, we immediately obtain Equation (7) from Equation (6) in the main text.
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S5 Properties and evolution of superconducting materials

Figure S1: Statistical analysis of the results of DFT calculations of electron-phonon interaction parameters in metals,
polyhydrides, and other compounds. (a) Correlation between the logarithmic average phonon frequency ωlog in Kelvin
and pressure P in GPa. For about 95% of the compounds ωlog lies below the line 500 + 5P . (b) Correlation between
ωlog in Kelvin and the electron-phonon coupling parameter λ. For about 95% of the compounds ωlog in Kelvin falls
below the line 2500 − 500λ. Red areas indicate unlikely combinations of ωlog, P and λ. Data for the plot are from
Refs. [53, 47, 49, 50, 51, 52, 48, 54].
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Table S1: Various superconducting metals, compounds, and compressed polyhydrides and the values of Tc, electron-phonon
coupling constant λ, stability parameter ξ, and average logarithmic (ωlog) and maximum (ωmax) phonon frequencies for
them.

Compound Tc, K λ ξ ωlog, K ωmax, K

Experimental Materials

Ga (amorph.)[55] 8.6 2.25 0.16 62 302
Pb (amorph.)[55] 7.2 1.91 0.29 35 155
Bi (amorph.)[55] 6.1 1.84 – 2.46 0.19 42 163

Hg[55] 4.2 1.0 – 1.6 0.14 86 165
Nb[55] 9.2 0.82 – 1.05 0.2 163 325

Nb3Sn[56] 17.9 1.6 – 1.8 0.27 142 422
MgB2[57] 40 0.87 0.16 680 1624

PbBi (amorph.)[58] 7.0 3.0 0.26 33.3 150
PbBi3 (amorph.)[58] 6.8 2.78 0.23 33.4 154
H3S (157 GPa)[41] 190 1.84 0.32 1078 2704

LaH10 (214 GPa)[59, 60] 245 2.06 0.43 1340 3145
YH6 (165 GPa)[61] 224 1.71 0.39 1333 2450
ThH9 (150 GPa)[62] 146 1.73 0.32 957 3362

ThH10 (170 GPa)[62, 63] 161 1.65 0.31 1116 – 1470 3122
YH9 (205 GPa)[39, 53] 235 2.66 0.36 916 – 1054 3167
(La,Y)H10 (180 GPa)[64] 253 3.87 0.47 868 3119

(La,Ce)H9 (123 GPa)[43, 65] 190 2.27 0.33 582 – 915 2894

DFT Calculations

CaH6 (172 GPa)[95] 215 2.69 0.42 950 2877
LaH16 (250 GPa)[67] 141 1.89 0.31 1511 3481
ScH12 (200 GPa)[68] 325 2.85 0.47 1189 2959

Li2MgH16 (250 GPa)[69] 473 3.30 0.49 1111 3783
MgH6[66] 263 3.29 0.58 1408 3719

Hydrogen (I41/amd, 500 GPa)[70] 374 2.85 0.45 1616 4089
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Table S2: Data for Figure 1: evolution of superconducting materials in 20th – 21st centuries.

Material Year of discovery Critical temperature, K

Low-temperature superconductors[71]

Hg 1911 4.2
Pb 1914 7.3
Nb 1933 9.7
NbN 1941 16
Nb3Sn 1952 18.3
V3Si 1953 17.1
Nb3Ge 1973 23.2
NbTi 1962 9.2
CaC6[72] 2005 11.5
MgB2 2001 40

Unconventional superconductors[73]

KWO3 1967 6
LiTi2O4 1973 1.2
BaPbBiO3 1975 13
La2BaCuO4 1986 30
YBa2Cu3O7 1987 90
BaKBiO3 1988 20
BiSrCaCu2O6 1988 105
TlBa2Ca2Cu3O9 1989 110
HgBa2CaCu2O6 1993 120
GdFeAsO 2008 53.5
SrFFeAs 2009 72

Superhydrides[71, 53]

LaH10 2018 250
ThH9 2020 146
ThH10 2020 161
YH6 2021 224
YH9 2021 243
CeH9 2021 100
CeH10 2021 115
BaH12 2021 20
YH4 2022 82
(La,Y)H10 2021 253
Lu4H23 2023 70
SnH4 2022 74
PH3 2015 100
SbH4 2023 115
(La,Ce)H9−10 2023 190
NbH3 2024 42
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S6 Parameters of the electron-phonon interaction in various metals, alloys,
and superhydrides

Table S3: Parameters of the electron-phonon interaction in metals, polyhydrides and, other compounds. We used this data
to draw Figure 2.

Compound Pressure, GPa EPC strength (λ) ωlog, K

DFT predictions
ScH9[47] 300 1.94 1156

VH8[74, 75] 200 1.13 876
CrH3[76] 81 0.95 568

ZrH6[77, 78] 295 1.7 914
ZrH10[79] 250 1.77 1068

NbH4[80, 81] 300 0.82 938
SrH6[49] 100 1.65 1316
HfH10[79] 250 2.77 677
TaH6[82] 300 1.56 1151

TiH14[49, 83] 200 0.81 1063
Hf3H13[49] 100 1.1 497
RaH12[49] 200 1.36 998
MgH6[66] 300 3.29 1450
CaYH12[84] 200 2.2 1230
MgCaH12[85] 200 2.53 1400
YH10[86, 87] 250 2.58 1282
ScH12[88] 200 2.85 1189

Li2MgH16[69] 250 3.3 1111
ScH4[47, 89] 250 0.81 1892

Metals and alloys (experiment)
Nb[55] 0 1.05 229
V[55] 0 0.83 330
Sn[55] 0 0.72 165
Ta[55] 0 0.73 213
Hg[55] 0 1.3 86
a-Ga[55] 0 2.25 62
a-Pb*[55] 0 1.91 35
a-Bi[55] 0 2.46 42

Nb3Sn[55] 0 1.7 142
MgB2**[57] 0 0.87 680
a-PbBi[58] 0 3.0 33.3
a-PbBi3[58] 0 2.78 33.4

Hydrides (experiment)
(La,Y)H10[64] 180 3.87 868

(La,Ce)H9−10[43] 123 2.27 915
H3S[90] 157 1.84 1080
LaH10[91] 163 2.67 1118
YH9[53] 200 2.75 885
YH6[61] 170 2.24 1330
ThH10[62] 170 1.91 1210
ThH9[62] 150 1.73 960
YH4[61] 155 1.1 1080
CeH9[92] 110 1.46 650
CeH10[93] 100 2.0 1000
SnH4[94] 190 1.24 890
CaH6[95] 170 2.69 950

*Amorphous film of Pb
**Given for comparison
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Table S4: Values of the stability parameter ξ, electron-phonon coupling constant λ, and the average logarithmic frequency
ωlog for several hydrides at different pressures P .

Compound P , GPa ξ λ ωlog, K

CeH9[92]

100 0.175 0.83 1421
120 0.165 1.77 630
150 0.152 0.86 1134
200 0.131 0.69 1319

LaH10[91]

∼50* 0.96 5.32 1031
129 0.64 3.62 887
163 0.53 2.67 1119
214 0.43 2.06 1340
264 0.37 1.73 1469

H3S[90]
135 0.42 2.03 1482
157 0.39 1.88 1579

ThH10[63]
100 0.46 2.57 1048
200 0.32 1.58 1184
300 0.25 1.33 1150

CaH6[95]

150** 0.58 2.97 964
160 0.41 1.96 1204
170 0.40 1.89 1419
180 0.39 1.83 1249
190 0.39 1.84 1333

*Extrapolation obtained by scaling the Eliashberg function at 129 GPa by a factor of 1.5. Extrapolated Tc = 353 K.
**DFT calculations for P = 150 GPa without accounting for the anharmonicity.

Figure S2: Comparison of experimentally observed and DFT calculated critical temperatures Tc for various superconduc-
tors with Allen-Dynes empirical strong coupling estimate T emp

c = 0.182ωlog

√
λ. Observe that for all experimentally studied

hydrides Tc < T emp
c .
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Table S5: Debye temperatures (TD) for some superconducting metals, intermetallic compounds and compressed polyhy-
drides.

Compound Tc, K EPC parameter (λ) TD, K

Hg[55] 4.16 1.0 – 1.6 72
Nb[55] 9.22 0.82 – 1.05 277

Nb3Sn[96] 17.9 1.6 -1.8 270
ThH10 (170 GPa)[62] 161 1.65 1350
YH9 (205 GPa)[53, 39] 235 2.66 1275

(La,Ce)H9 (123 GPa)[43, 44] 190 2.27 1107
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Screen, or Not to Screen, Phys. Rev. X 13, 041009 (2023).

[38] A. Marini, Equilibrium and out-of-equilibrium realistic phonon self-energy free from overscreening,
Phys. Rev. B 107, 024305 (2023).

[39] P. Kong et al., Superconductivity up to 243 K in the yttrium-hydrogen system under high pressure,
Nat. Commun. 12, 5075 (2021).

[40] W. Chen et al., High-Temperature Superconducting Phases in Cerium Superhydride with a Tc up
to 115 K below a Pressure of 1 Megabar, Phys. Rev. Lett. 127, 117001 (2021).

[41] A. P. Drozdov, M. I. Eremets, I. A. Troyan, V. Ksenofontov and S. I. Shylin, Conventional super-
conductivity at 203 Kelvin at high pressures in the sulfur hydride system, Nature 525, 73 (2015).

[42] V. S. Minkov, V. B. Prakapenka, E. Greenberg and M. I. Eremets, A Boosted Critical Temperature
of 166 K in Superconducting D3S Synthesized from Elemental Sulfur and Hydrogen, Angew. Chem.,
Int. Ed. 59, 18970 (2020).

[43] W. Chen et al., Enhancement of superconducting critical temperature realized in La-Ce-H system at
moderate pressures, Nat. Commun. 14, 2660 (2023).

[44] J. Bi et al., Giant enhancement of superconducting critical temperature in substitutional alloy
(La,Ce)H9, Nat. Commun. 13, 5952 (2022).

[45] P. B. Allen and B. Mitrovic, Theory of superconducting Tc, in Solid State Physics, edited by H.
Ehrenreich, F. Seitz, and D. Turnbull (Academic, New York, 1982), Vol. 37, p. 1.

[46] M. V. Sadovskii, Limits of Eliashberg theory and bounds for superconducting transition tempera-
ture, Phys. Usp. 65 724 (2022).

[47] X. Ye, N. Zarifi, E. Zurek, R. Hoffmann and N. W. Ashcroft, High Hydrides of Scandium under
Pressure: Potential Superconductors, J. Phys. Chem. C 122, 6298 (2018).

[48] U. Pinsook, In search for near-room-temperature superconducting critical temperature of metal su-
perhydrides under high pressure: A review, J. Met., Mater. Miner. 30, 31 (2020).

[49] D. V. Semenok, I. A. Kruglov, I. A. Savkin, A. G. Kvashnin and A. R. Oganov, On Distribution of
Superconductivity in Metal Hydrides, Curr. Opin. Solid State Mater. Sci. 24, 100808 (2020).

[50] Y. Sun, S. Sun, X. Zhon and H. Liu, Prediction for high superconducting ternary hydrides below
megabar pressure, J. Phys.: Condens. Matter 34, 505404 (2022).

[51] P. Song, Z. Hou, K. Nakano, K. Hongo and R. Maezono, Potential high-Tc superconductivity in
YCeHx and LaCeHx under pressure, Mat. Today Phys. 28, 100873 (2022).

[52] M. G. Gebreyohannes, C. A. Geffe and P. Singh, Computational prediction of new stable supercon-
ducting magnesium hydrides at high-pressures, Phys. C 599, 1354052 (2022).

[53] D. V. Semenok, Computational design of new superconducting materials and their targeted experi-
mental synthesis, Doctoral program in materials science and engineering thesis, Skoltech (2022).

[54] P. Song, et al., (La,Th)H10: Potential High-Tc (242 K) Superconductors Stabilized Thermodynami-
cally below 200 GPa, J. Phys. Chem. C 128, 2656 (2024).

[55] P. B. Allen, Electron-phonon coupling constants, in Handbook of Superconductivity, edited by C. P.
Poole, Jr. (Academic Press, San Diego, CA, 2000) Ch. 9, Sec. G, pp. 478-483.

[56] G. R. Stewart, Superconductivity in the A15 structure, Phys. C 514, 28 (2015).

13

https://doi.org/10.1103/PhysRevX.13.041009
https://doi.org/10.1103/PhysRevB.107.024305
https://www.nature.com/articles/s41467-021-25372-2
https://doi.org/10.1103/PhysRevLett.127.117001
https://doi.org/10.1038/nature14964
https://doi.org/10.1002/anie.202007091
https://doi.org/10.1002/anie.202007091
https://www.nature.com/articles/s41467-023-38254-6
https://www.nature.com/articles/s41467-022-33743-6
https://www.sciencedirect.com/science/article/abs/pii/S0081194708606657
https://www.sciencedirect.com/science/article/abs/pii/S0081194708606657
https://doi.org/10.3367/UFNe.2021.05.039007
https://doi.org/10.1021/acs.jpcc.7b12124
https://doi.org/10.55713/jmmm.v30i2.858 
https://doi.org/10.1016/j.cossms.2020.100808
https://doi.org/10.1088/1361-648x/ac9bba
https://doi.org/10.1016/j.mtphys.2022.100873
https://doi.org/10.1016/j.physc.2022.1354052
https://doi.org/10.1021/acs.jpcc.3c07213
https://doi.org/10.1016/j.physc.2015.02.013


REFERENCES

[57] Y. Kong, O. Dolgov, O. Jepsen and O. Andersen, Electron-phonon interaction in the normal and
superconducting states of MgB2, Phys. Rev. B 64, 020501 (2001).

[58] T. T. Chen, J. D. Leslie and H. J. T. Smith, Electron tunneling study of amorphous Pb-Bi super-
conducting alloys, Physica 55, 439 (1971).

[59] A. P. Drozdov et al., Superconductivity at 250 K in lanthanum hydride under high pressures, Na-
ture 569, 528 (2019).

[60] M. Somayazulu et al., Evidence for Superconductivity above 260 K in Lanthanum Superhydride at
Megabar Pressures, Phys. Rev. Lett. 122, 027001 (2019).

[61] I. A. Troyan et al., Anomalous High-Temperature Superconductivity in YH6, Adv. Mater. 33,
2006832, (2021).

[62] D. V. Semenok et al., Superconductivity at 161 K in thorium hydride ThH10: Synthesis and proper-
ties, Mater. Today 33, 36 (2020).

[63] A. G. Kvashnin, D. V. Semenok, I. A. Kruglov, I. A. Wrona and A. R. Oganov, High-Temperature
Superconductivity in Th-H System at Pressure Conditions, ACS Appl. Mater. Interfaces 10, 43809
(2018).

[64] D. V. Semenok et al., Superconductivity at 253 K in lanthanum-yttrium ternary hydrides, Mater.
Today 48, 18 (2021).

[65] J. Bi et al., Efficient route to achieve superconductivity improvement via substitutional La-Ce alloy
superhydride at high pressure, arXiv:2204.04623 (2022).

[66] X. Feng, J. Zhang, G. Gao, H. Liu and H. Wang, Compressed Sodalite-like MgH6 as a Potential
High-temperature Superconductor, RSC Adv. 5, 59292 (2015).

[67] I. A. Kruglov et al., Superconductivity of LaH10 and LaH16 polyhydrides, Phys. Rev. B 101, 024508
(2020).

[68] Q. Jianga et al., Prediction of Room-Temperature Superconductivity in Quasi atomic H2-Type Hy-
drides at High Pressure, arXiv: 2302.02621 (2023).

[69] Y. Sun, J. Lv, Y. Xie, H. Liu and Y. Ma, Route to a Superconducting Phase above Room Temper-
ature in Electron-Doped Hydride Compounds under High Pressure. Phys. Rev. Lett. 123, 097001
(2019).
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