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ABSTRACT: Superconductivity under pressure is a very important research path
for finding new superconductors, and electrides have been shown to present
superconductivity under pressure. In the present work, using density functional
theory (DFT) in association with the particle swarm search method (PSO), we
discovered a remarkable electride superconductor Li5C with P6/mmm symmetry.
This newly predicted material has stability in the range from 50 to 210 GPa,
confirmed by phonon analysis and ab initio molecular dynamics. This electride has
a two-dimensional (2D) hexagonal anionic electron topology, creating connected
electronic channels in the interstitial sites of the crystal. We also show that Li5C
has a significant conventional electron−phonon coupling with superconducting
critical temperatures (Tc) estimated up to 48.3 K at 210 GPa, which is the highest
Tc value already reported for lithium−carbon compounds and one of the highest
known transition temperatures predicted for electrides. Even at moderate pressure (50 GPa), this material shows a relatively high Tc
value (14.2 K).

■ INTRODUCTION

Electrides are a special case of ionic compounds in which one
or more electrons can be quantum-confined in the interstitial
sites of a crystal.1,2 In general, electrides have a huge difference
in electronegativity or electropositivity in their composition
atoms. Although they are very similar to classical ionic
compounds, electrides have a striking feature: in these
compounds, some electrons are not completely transferred
from cations to anions and also do not make covalent bonds.
Also, these electrons can reside in the interstitial sites of the
crystal as in quantum confinement problems. In a conventional
concept of electrides, the interstitial electrons behave like
anions.3

It has already been demonstrated that electrides can have
diverse dimensional anionic density topologies; therefore, an
electride can be labeled in accordance with the following
characteristics: 0D (cavities), 1D-linked (one-dimensional),
two-dimensional (2D), or three-dimensional (3D) configu-
ration.4,5 As a consequence of interstitial ionic electrons not
being bound to atomic cores, they are relatively free in the
interstitial region, leading to electride materials that have low
work functions and high conductivity. These characteristics
enable electrides to be used in various applications such as
electron emitters,6 anode materials in batteries,7,8 super-
conductors,9−13 decomposition of CO2 (splitting CO2),

14

and organic light-emitting diodes (OLEDs).15 Some 2D
electrides have demonstrated high conductivity and potential
to work as anode materials for batteries.7,8 As a suitable
example, we can cite Ca2N,

16,17 which is an electride with
interconnected 2D electron gas layers and presents excellent
electron conductivity.

Superconductivity was explained as due to the electron−
phonon (EP)-mediated attractive electron−electron interac-
tion by Bardeen Cooper and Schrieffer (BCS) in 1957.18 Its
extensions were implemented by Gorkov’s green function
formalism19 and Eliashberg theory.20 Empirical models for Tc
were proposed. The McMillan equation21 and later the Allen
and Dynes equation22 are schemes that, incorporated in
today’s density functional theory (DFT) formalism, are
excellent tools to search for superconductivity in new materials.
With parameters from DFT, this formalism is presently used to
estimate transition temperatures of more complex materials
such as electrides under pressure.
High conductivity or superconductivity are important

characteristics to be achieved in electrides. It has already
been demonstrated that even 0D electrides can display
superconductor behavior. For instance, Miyakawa showed
that [Ca24Al28O64]

4+(e−)4 is a 0D electride with a critical
temperature of superconductivity up to 0.4 K.23 Recently, Li6P
in the C2/c phase was predicted to be an electride
superconductor with Tc = 39.3 K at 270 GPa, a work in
which the authors claimed to have achieved the highest Tc for
electrides.13 However, a predicted metastable phase for Li3S
achieves Tc = 80 K at 500 GPa, as pointed out years ago by
Kokail and co-workers.12 Very recently, as pointed out by
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Zhang5 and also to our knowledge, at high pressures, only few
electrides have been reported to be superconductors and most
of them have low Tc values.

9−13,24,25

In this sense, we present a new predicted 2D electride, Li5C,
which at high pressures is a superconductor with hexagonal
symmetry (P6/mmm). This compound shows stability in the
range from 50 to 210 GPa under phonon analysis and ab initio
molecular dynamics (AIMD) simulations. Li5C also displays
2D hexagonal anionic density located in the crystal interstitial
sites. In this material, pressure is a potential macroscopic
parameter to control Tc. The maximum Tc achieved for Li5C is
48.3 K at 210 GPa, but even at 50 GPa, Li5C has Tc = 14.2 K.
It is important to note that superconductivity in lithium−
carbon compounds, in general, has small values of Tc. For
example, a graphite−Li intercalation compound has Tc = 1.9
K,26 Li-decorated monolayer graphene has Tc = 5.9 K,27 and
lithium-decorated bilayer graphene has Tc predicted to be 14.7
K.28 Finally, a vast study for structural lithium carbides at 40
GPa was proposed by Lin et al.29 and they did not find any
structural phase for Li5C at 40 GPa, which is in accordance
with the present study where Li5C is unstable at this pressure
(see Figure S4 in the Supporting Information).

■ METHODOLOGY

The search and discovery of this material were achieved using
the particle swarm optimization method (PSO) with the
CALYPSO (Crystal structure AnaLYsis by Particle Swarm
Optimization) code30,31 in the framework of density functional
theory (DFT)32 as implemented in the VASP package.33 The
CALYPSO project uses a stochastic global optimization
algorithm with successful applications at predicting new
compounds. For Li5C, we simulated 30 generations of crystal
structures at 200 GPa with up to four formula units, totalizing
1500 structures constrained within all space groups. For each
generation, 60% of the structures with the smallest enthalpies
are used to construct the next generation, while 40% are
formed by random structures. The insertion of random
structures prevents premature convergence in the PSO
algorithm. Each structure is optimized in the VASP package33

using Perdew−Burke−Ernzerhof (PBE) exchange function-
als34 and projector augmented wave (PAW) pseudopoten-
tials35 for lithium and carbon with valence configurations 1s2

2s1 2p0 and 2s2 2p2, respectively. The kinetic energy cutoff for
the wave function was 650 eV and the k-spacing tag used was
0.25 Å−1 (VASP input tag). It means that the number of k-
points in any reciprocal lattice vector is given by

= | |
→

N b kmax(1, / spacing)i , where πδ⃗ =
⎯ →⎯⎯

b a 2i ij ij and ÷ ◊÷÷aij are
the real lattice vectors. The k-grid is a Monkhorst−Pack mesh
centered at the γ point. After the search, we optimized again
the five structures with the lowest enthalpies found (Li5C in
Cm, C2/m, Imm2, Immm, and P6/mmm symmetries), but at
this, a finer k-grid (k-spacing = 0.08) was used. For the best
structures found, phonon frequencies were analyzed using
density functional perturbation theory (DFPT)36 as imple-
mented in the Quantum ESPRESSO (QE) package.37,38 Only
Li5C (P6/mmm) emerges as a potential stable phase, the other
structures were found to be unstable. Therefore, we present
Li5C as a potential global phase at 200 GPa (see structural
parameters Table S1 in the Supporting Information). To
validate the pseudopotential used at high pressure, the present
calculations were compared with the pressure versus volume
curve for Li5C using the LAPW (linearized augmented plane

wave) methodology as implemented in the ELK code.39 The
Li5C structure was relaxed (unit cell and atom positions) by
QE in the range from 30 to 250 GPa with steps of 2 GPa. The
energy of each relaxed structure was also calculated using the
LAPW method, and as a result, the pressure versus volume
curve for both methods was compared, as illustrated in Figure
S1, showing good agreement between those two method-
ologies.
For phonon and electron−phonon calculations, we also used

PAW pseudopotentials in the GGA approximation at the PBE
level, considering three electrons in the valence of lithium (1s2

2s1 2p0) and four electrons in the valence of carbon ([He] 2s2

2p2). The kinetic energy cutoff for wave functions was 70 and
350 Ry for charge density cutoff. We used a 28 × 28 × 25 k-
grid Monkhorst−Pack mesh centered at the γ point and a 7 ×
7 × 5 grid for q-points. Since the calculations for electron−
phonon matrix elements require very dense grids, the double
grid technique40 implemented by Wierzbowska et al. in QE
was used. This approach has been used successfully in many
articles.41−44 In this approximation, the electron−phonon
matrix elements are calculated in a 28 × 28 × 25 k-grid and
interpolated in a denser k-grid, 56 × 56 × 50. The coupling
parameter λ is calculated by the Eliashberg spectral function
α2F(ω), which is built from electron−phonon matrix elements.
The sigma broadening parameter was 0.01 Ry, which
approximates the zero-width limits in the calculation of Tc. A
65 × 65 × 65 k-grid was used for DOS and Fermi surface
calculations. To calculate Tc, we used the McMillian formula
modified by Allen−Dynes22 as follow

∫λ α ω
ω
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The McMillian formula, as modified by Allen−Dynes, is
obtained with f1·f 2 = 1, otherwise, if f1 and f 2 are calculated as
in eqs 4 and 5, we have a “full” Allen−Dynes formula. Figure
S2 shows how Tc changes when the Coulomb pseudopotential
μ* varies in the range of 0.10−0.16.
This paper also presents calculations on the hypothetical

(Li5C)
+ crystal. Since the periodic system must have a neutral

charge to avoid infinite energy repulsion by replication of the
unit cell, Quantum ESPRESSO inserts a compensating jellium
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background to remove energy divergences in case the cell is
charged in a periodic system. It is important to note that this
homogeneous background charge density is not included
explicitly in the calculation of the total charge density in the
self-consistency solution. This procedure is equivalent to
adding a negative potential to compensate for the energy
divergence.

■ RESULTS AND DISCUSSION
Li5C is shown in Figure 1 where two perspectives of its
structural phase are presented. Li5C crystallizes in the
hexagonal P6/mmm space group and according to Wyckoff
positions, it has two inequivalent lithium sites and one carbon
site. Figure 1a shows lithium atoms at 4h site (1/3, 2/3, 0.782)
(green atoms) and carbon at 1a site (0, 0, 0) (brown atoms).
Figure 1b displays another perspective and adds Li atoms at 1b
site (0, 0, 1/2) (for more structural parameters, see Table S1 in
the Supporting Information).
Phonon dispersion curves of Li5C throughout high sym-

metrical q-points in the first Brillouin zone at various values of
pressure (40, 50, 125, 175, 200, 210, and 230 GPa) were
calculated and are shown in Figures S3 and S4 in the
Supporting Information. The absence of imaginary frequencies
in the range of 50−210 GPa indicates stability for Li5C in P6/
mmm symmetry. In this material, stability is induced by
pressure. However, energy and phonon analysis at 0 K are
limited by the lack of statistical fluctuation. Therefore, to
overcome this difficulty, we also employed Car and Parrinello
molecular dynamics45 with a Nose−́Hoover thermostat,46 thus
simulating 384 atoms in the canonical ensemble (a supercell
with 4 × 4 × 4 dimensions) to further ascertain the stability of
the structures. The result is illustrated in Figure 2, in which
root-mean-square deviation (RMSD) calculated by the atomic
displacements shows large stability. For instance, time-
averaged RMSD values, compared to perfect structures at 0
K and 200 GPa, achieve 0.08, 0.09, and 0.12 Å at temperatures
of 50, 150, and 300 K, respectively; therefore, Li5C in the P6/
mmm phase maintained its stability even at 300 K simulation.
Molecular dynamics calculations were performed in different
situations: (i) The simulation starts at 200 GPa and after
thermalization at 300 K, the pressure reaches an average of
203.5 GPa (see Figure S4b and Video in the Supporting
Information). The same procedure is repeated for thermal-
ization at 50 and 150 K. (ii) Simulations start at 50 GPa and
300 K and achieve a pressure of around 51.2 GPa after
thermalization (Figure S5 in the Supporting Information). In
these calculations, the size of the supercell was taken to be
large enough to guarantee statistical fluctuations and consistent
results when compared with the present DFT calculations. In
summary, even assuming very small tolerances, the crystal kept

the same structural phase in various thermodynamic
conditions.
Although the convex hull (composition phase diagram) is

not present in this study, which could indicate a possible phase
decomposition, large molecular dynamics simulations pre-
sented are robust to indicate that Li5C is not decomposed in
other phases because high energy barriers may exist in the
pathway for Li5C decomposition and explain such strong
stability presented in this compound. The convex hull is, in
principle, a very important condition to indicate a stable phase.
However, the convex hull methodology is unable to display the
curve of the energy barrier that exists in the pathway between
crystalline phases, as well as it is unable to indicate dynamical
stability including temperature effects. Diverse experimental
techniques show that even crystalline phases that have
enthalpies above the convex hull are possible to be synthesized
in the laboratory. For instance, methods like laser irradiation
combined with pressure imposed by a diamond anvil cell
(DAC) have been used to synthesize various metastable
phases.47 Diverse techniques are used to produce carbon
allotropes like diamond, graphene, and other structures. Exotic
silicon phases have also been frequently synthesized in
laboratories.48 This idea is also valid for some metallic
compounds that do not sit on the convex hull but also can
be synthesized.49 All these findings and recent advances in
chemistry and physics of materials reveal that although the
convex hull is a theoretically important condition to find stable
phases in nature, it is not a necessary condition to obtain
manipulated phases in the laboratory. In addition, the
exploration of metastable phases also represents a route to

Figure 1. Crystal structure of Li5C in P6/mmm symmetry with two views. Lithium and carbon atoms are colored in green and brown, respectively.
(a) View displaying the unit cell. (b) View of the C, Li(4h), and Li(1b) planes.

Figure 2. How root-mean-square deviation (RMSD) changes in time
for 50 (blue line), 150 (green line), and 300 K (red line). The inset
shows how pressure is stabilized in time when the simulation started
at 200 GPa.
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design materials with improved superconducting properties.50

The stability presented here for Li5C opens research
possibilities for further investigation in Li−C systems at
ultrahigh pressures.
Li5C is a 2D electride with interstitial anionic electrons

forming a 2D confined structure in the (0001) plane,
containing Li atoms at 1b site (layers formed by Li at 1b
site). In a simplified way of understanding, the unit cell has five
lithium atoms and one carbon atom. Carbon atoms only
absorb four electrons from four lithium atoms at 4h sites.
These lithium atoms at 4h sites are completely ionized in the
same way as classical ionic compounds, forming a hexagonal
cationic layer that is responsible for inducing confined
hexagonal interstitial anionic electrons. These confined
electrons are located in the interstitial sites of the adjacent
layer formed by Li at 1b sites. The electride can be understood
by the formula [Li5C]

+(e−). This effect only occurs at high
pressures, starting at 50 GPa.
Electron localization function (ELF) is a suitable method for

distinguishing localized electrons, electron gas, or delocalized
wave functions (itinerant electrons).52 Therefore, it was used
to illustrate and explain how the electride state can be
understood. In this material, near carbon atoms, the ELF value
is next to 1, indicating high localized electrons. On the other
hand, around lithium atoms, ELF is below 0.5 and tends to 0
near these alkali atoms, except for cores due to pseudopoten-
tials. However, a new situation appears when we analyze the
ELF color map in the interstitial sites of the crystal. Figure 3a
presents a slice in the (0001) plane formed by Li atoms at 1b
sites at 50 GPa. Region A indicated in Figure 3a shows
localized ELF values around 0.77, and in region B, ELF is
approximately 0.63. It is important to point out that these
localized electrons (electron pockets) only appear in the
interstitial site in the region of slices, as shown in Figure 3a,
that is formed by Li atoms at 1b sites, as shown in Figure 1
(consider a slice with a small thickness). The rest of the crystal
seems to be a typical ionic material in ELF analysis. To confirm
the electride state, we created a hypothetical crystal (Li5C)

+

and analyzed ELF again. As a result, all regions of the crystal in
the ELF analyses remained the same as in Li5C, except for the
slice shown in Figure 3b where the ELF values are clearly
reduced mainly in the interstitial site (see Figure S6 in the
Supporting Information).
Similar analyses are repeated in Figure 3c,d using the charge

density difference map (CDD) for Li5C and (Li5C)
+,

respectively. Although CDD presents very similar results, in
agreement with ELF, it has a completely different meaning:
while ELF shows localized or delocalized electrons, CDD
shows the charge density difference removing the contribution
of the isolated atoms. Therefore, combining ELF and CDD
calculations, we observe that the excess of electrons reside in
the interstitial layer formed by Li at 1b site, this being a very
specific region of space. This situation becomes more explicit
with the perspective image displayed in Figure 3e,f, for ELF =
0.65 and CDD = 0.0001 e/Å3 isovalues, an entirely connected
hexagonal anionic electron geometry made by electrons in the
interstitial sites of the crystal, confined in a plane with an
estimated thickness of 1.8 Å. This is the result of the hexagonal
cationic layer formed by lithium at 4h site that produces
quantum confinement at an adjacent Li layer; it induces
electron pockets in the interstitial sites of the crystal. We also
observe that when pressure increases, the hexagonal anionic
electrons evolve to the electron gas. It suggests a relationship

between high electron mobility and high Tc values at 210 GPa.
Others ELF and CDD plots are shown in Figures S7−S9 in the
Supporting Information considering different values of
pressure and different isovalues.
We also discuss the electronic structure aspects related to

the appearance of the electride state in Li5C, which are
presented in Figure 3a−f. Figure 3g,h shows the band structure
and respective projected density of states (PDOS) at 200 GPa.
The Li5C band structure has valence and conduction bands
crossing the Fermi level as expected for a metal (no band gap),
and highly dispersive half fill bands near the Fermi level are
observed for diverse high symmetrical k-lines, mainly in Γ → A
and Γ→ K lines. In Figure 3h, the higher contribution for total
DOS at the Fermi level comes from the interstitial electron
contribution (IDOS). In Figure 4, PDOS calculated for Li
atoms at 1b site shows that the p-orbital contribution is greater
than the s-orbital contribution, the same occurs for lithium at
site 4h near the Fermi level. The s-orbital signal is reduced,
while the p-orbital signal increases. Comparatively, the effects
on the electronic charges in the Li 1b plane are such that the

Figure 3. (a) ELF map for Li5C at 50 GPa in the (0001) plane
generated by Li at 1b site. (b) The same as presented in (a), but the
analysis is done for (Li5C)

+. (c) Charge density difference map at 50
GPa in the (0001) Li plane generated by Li at 1b site. (d) The same
slice as shown in (c), but the analysis is done for (Li5C)

+. (e)
Hexagonal ELF in perspective at a 0.65 isovalue emerged in the
(0001) plane, which contained Li at 1b site. (f) Hexagonal CDD at a
0.0001 e/Å3 isovalue in the same plane displayed in (e). (g) Band
structure for Li5C. Three bands are colored in blue, red, and green
representing the first, second, and third bands crossing the Fermi
level, respectively. (h) PDOS and interstitial DOS (IDOS) calculated
using a full-potential LAPW by the ELK code using a muffin-tin radius
of 0.9 Å. Visualization was made in VESTA.51
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lithium at 1b site has a stronger transition from s to the p
character than lithium at 4h site. Therefore, an important
(signal) contribution for PDOS near the Fermi level comes
from Li at 1b site, which is in the same plane of the hexagonal
anionic electrons. The electride state is responsible for this
transition from s to p at the (0001) plane.
To evaluate how the density of states is connected with

electron pockets, the integrated local density of states
(ILDOS) was calculated from −1 eV to the Fermi level and
is shown in Figure 5a. The maximum value of ILDOS is found
in the same region of the electron pockets with the same
topology previously shown in ELF and CDD calculations.
Furthermore, outside 1b lithium planes, ILDOS is very close to
0, thus indicating that the high amount of available states is
restricted to the region in the planes formed by lithium atoms
at 1b site in accordance with Figure 5b. Therefore, high
conductivity or conventional superconductivity cannot arise
from another part of this crystal, except from the connected
electron pockets. The ILDOS for (Li5C)

+ was also evaluated
and is shown in Figure 5c,d. It clearly indicates a strong
reduction of the ILDOS in the region of electron pockets,
corroborating that the high amount of states comes from
electride anionic states.
It was shown in recent works that electrides under pressure

may show superconductivity; therefore, we investigated Li5C
studying the superconducting transition temperature Tc. To
achieve these results, Eliashberg’s formulation,20 as imple-
mented by McMillan21 and Allen−Dynes,22 was employed.
Figure 6a shows the Eliashberg spectral function at 210 GPa.
The integrated electron−phonon coupling parameter λ reaches
values up to 1.26 at 210 GPa. It shows a peak at around 5 THz
and the main contribution for λ (more than 50%) comes from
3 to 10 THz phonon frequencies. This behavior is observed for
diverse values of pressure. For instance, at 50 GPa, λ = 0.66,

but it reaches λ = 0.35 up to 10 THz. Figure 3b shows the
superconducting transition temperature Tc as a function of
pressure calculated by McMillan and Allen−Dynes formu-
lae.21,22 The spectral function is also displayed for many
different values of pressure in Figure S10 in the Supporting
Information. In Figure 6b, we can see that Tc increases with
pressure, indicating that pressure can be used as a macroscopic
parameter to modulate Tc. The maximum value achieved for Tc
is 48.3 K at 210 GPa (μ* = 0.1). The dependence of Tc when
μ* changes is shown in the Supporting Information. Phonon
frequencies for Li5C at 210 GPa are shown in many high
symmetric directions in Figure 6c. The analysis of partial
electron−phonon coupling parameter corroborates that the
vibrational modes that have a stronger contribution for the EP
parameter are associated with low-frequency modes.
Finally, the Fermi surface (FS) topology is connected to the

band structure and also related to superconductivity. In Figure
6d−f, we show the FS for three bands crossing the Fermi level.
The bandwidths of the bands crossing the Fermi level that are
related to the Fermi surface are 4.14, 3.82, and 5.01 eV, which
are, respectively, represented in Figure 6d−f. Figure 6d shows
an FS shaped in two cylindrical lobes along the Γ−A line; in
this FS, we can see a nesting surface with a nesting vector
parallel to the Γ → A line. A nesting surface is also shown in
Figure 6e, where the FS also resembles a cylindrical shape with
a reduced radius in the central region. Figure 6f shows an FS
with a cylindrical hole at the center connecting two parts of an
approximately flat FS band. This FS band shown in Figure 6f
also has a cylindrical hole around the H−K line (Figure S11
shows the extended FS in the Supporting Information). These
FS bands lead to possible electron pairing with intraband
interactions (electron pairing interaction within the same
band); this mechanism can boost the Tc value. Figure 6g shows
beyond the single band scenario and displays merged bands. A
couple of interband FSs are clearly observed by the formation
of two very close concentric cylindrical Fermi surfaces along
the Γ−A line. Many articles have shown that the FS topology
can be strongly related to a multiband mechanism, enhancing
electron−phonon coupling.54−57 In the multiband mechanism,
electron pairing does not occur only due to the intraband but
also due to the interband interaction. These two very close
concentric cylindrical Fermi surfaces (without an overlap)
suggest a correlation with electron−phonon coupling and
strong intraband and interband pairing interactions, leading to

Figure 4. PDOS for lithium at 1b site and lithium at 4h site.

Figure 5. (a) Three-dimensional ILDOS plot at a 0.018 isovalue for Li5C at 200 GPa. (b) Two-dimensional color map for ILDOS; the slice for the
(0001) plane at 1b lithium sites. (c) Three-dimensional ILDOS plot at a 0.014 isovalue for (Li5C)

+ at 200 GPa. (d) Two-dimensional color map
for ILDOS; the slice for the (0001) plane at 1b lithium sites. The results are in atomic Rydberg units.

The Journal of Physical Chemistry C pubs.acs.org/JPCC Article

https://doi.org/10.1021/acs.jpcc.1c02329
J. Phys. Chem. C 2021, 125, 8899−8906

8903

http://pubs.acs.org/doi/suppl/10.1021/acs.jpcc.1c02329/suppl_file/jp1c02329_si_003.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.jpcc.1c02329/suppl_file/jp1c02329_si_003.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.jpcc.1c02329/suppl_file/jp1c02329_si_003.pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.1c02329?fig=fig5&ref=pdf
pubs.acs.org/JPCC?ref=pdf
https://doi.org/10.1021/acs.jpcc.1c02329?rel=cite-as&ref=PDF&jav=VoR


Li5C having a high predicted Tc value, well above the McMillan
limit. Although the band structure and the FS indicate a
metallic behavior in all directions of this crystal, these
concentric cylinders formed with warped lines along the Γ
→ A line indicate strong metallicity in a 2D plane,58 which
corresponds to the same plane of the hexagonal anionic
density. Therefore, the FS is well defined and connected to
dispersive bands at the Fermi level and a high Tc value. Similar
multiband mechanisms can be also found in magnesium
diboride (MgB2 with Tc = 39 K), which also has a couple of
cylindrical FSs around the Γ−A line.59,60

■ CONCLUSIONS
In summary, we found a potential new electride super-
conductor at megabar pressure. Li5C has remarkable electronic
properties and high Tc superconductivity. This predicted
material has a particular 2D confined hexagonal ionic density
topology similar to a quantum confinement electron problem.
This characteristic allows Li5C to have high conductivity not
observed in typical ionic materials, leading to an elevated Tc
value never reported before for this kind of compound.
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