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The Lieb lattice, characterized by its distinctive Dirac cone and flat-band electronic structures, hosts a

variety of exotic physical phenomena. However, its realization remains largely confined to artificial lattices. In

this work, we propose the concept of a Lieb electride, where the non-bound electrons gather at the middle edges,

behaving as the quasi-atoms of a Lieb lattice, enabling the emergence of flat bands. Using crystal structure

prediction method MAGUS and first-principles calculations, we predict a stable candidate, Ca2I, at ambient

pressure. Distinct from conventional electrides with localized electrons at cavity centers, Ca2I features interstitial

electrons situated at cavity edges. The resultant flat bands lie close to the Fermi level, giving rise to a pronounced

peak in the density of states and leading to Stoner-type ferromagnetism. With increasing pressures, we observe

quantum phase transitions from ferromagnetic to non-magnetic and finally to antiferromagnetic orders in Ca2I.

Intriguingly, superconductivity emerges in the antiferromagnetic region, suggesting potential competition between

these correlated states. Our study not only extends the concepts of electrides but also provides a novel strategy

for realizing Lieb lattices through non-bound electrons. This work establishes Ca2I as a promising platform for

exploring flat-band physics and correlated electronic states, opening avenues for novel quantum phenomena in

electride-based materials.
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1. Introduction. Flat bands and their induced electron

correlations are one of the important aspects of condensed

matter physics. [1] While complex strongly correlated sys-

tems have been extensively investigated, growing attention

is now being directed toward simpler systems that never-

theless exhibit nontrivial emergent correlations and quan-

tum phenomena. [2–4] A prominent example is the Kagome

lattice, which hosts Dirac cones, flat bands, and van

Hove singularities, [5] affording quantum spin liquids, [6]

quantum anomalous Hall effect, [7] and charge density

waves (CDWs). [8,9]

Analogous to the Kagome lattice, the Lieb lattice, [10]

with a two-dimensional square lattice composed of one cor-

ner and two edge atoms, also exhibits unique geometry-

frustration features. Its electronic structure is character-

ized by a Dirac cone intersected by a flat band, known

as the Dirac-flat band. The Lieb lattice has been re-

vealed to host a range of exotic properties, including flat-

band ferromagnetism, [11,12] the fractional quantum Hall

effect, [13–17] and superconductivity. [18] However, its real-

ization in real materials remains elusive. Recent efforts

have succeeded in constructing artificial Lieb lattices using

engineered superlattices, [19] photonic crystals, [20–25] metal

substrates, [26–29] and certain organic frameworks, [30,31]

successfully replicating the Dirac-flat band structures.

Nevertheless, searching for inorganic materials with intrin-

sic Lieb lattice geometry and well-isolated flat bands at

the Fermi level continues to pose a significant challenge,

limiting both the exploration of associated novel quantum

phenomena and progress toward potential applications.

Electrides, a unique class of materials characterized by

interstitial anionic electrons (IAEs), [32–35] have attracted

increasing attention in recent years. [36–41] These IAEs im-

part electrides with distinctive charge distributions and

various applications, [42–44] many of which also exhibit re-

markable properties such as non-trivial band topology, su-

perconductivity, and magnetism. [45–49] For instance, Gd2C

exhibits IAE-mediated ferromagnetism, [50] while K(NH3)2
undergoes spin-Peierls transitions through antiferromag-

netic (AFM) IAEs. [51] These examples underscore the po-

tential of electrides as an ideal platform for exploring elec-

tron correlations, particularly through the interactions be-

tween IAEs and lattices.

Although the interstitial cavities can conceptually

be regarded as interstitial quasi-atoms (ISQs), the ex-

tent to which these ISQs emulate the behavior of real
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atoms remains an open and intriguing question. Particu-

larly noteworthy is the recently proposed and experimen-

tally realized Kagome electride in Li5Si, where ISQs ar-

range into a Kagome-like network, [52] giving rise to a flat

band, along with superconductivity and CDW behavior—

phenomena typically associated with real Kagome materi-

als such as CsV3Sb5.
[53,54] The Wigner crystal might also

be considered as a 2D electride emerging on a positive

background. [55] Given the flat-band physics and correla-

tion effects observed in these electrides, it is plausible that

other exotic lattice geometries, such as the Lieb lattice,

could also be engineered through ISQs within appropri-

ately designed electride frameworks.

It is well established that alkaline-earth metals are

highly susceptible to the accumulation of excess electrons

at interstices, facilitating the formation of electrides. [56–59]

In this work, we employed the crystal structure prediction

method, MAGUS, [60–62] for calcium halides. We identified

that the tetragonal Ca2I exhibits electride characteristics,

in which IAEs occupy 2𝑐 Wyckoff positions, i.e., the mid-

dle of the edge, analogous to the edge atoms in a Lieb

lattice. Such arrangements of the electrides lead to 2D

flat bands with several van Hove singularities, thus provid-

ing a good example for Lieb electrides. Interestingly, the

strong correlations in Ca2I trigger several quantum phase

transitions from ferromagnetic (FM) to non-magnetic

(NM) and then to AFM orders. Moreover, there might

exist a competition between superconducting and AFM

orders.

2. Methods. We employed density functional the-

ory (DFT) within the generalized gradient approxima-

tion as implemented in the Vienna ab initio simulation

package (VASP) [63] for structural optimization and elec-

tronic properties calculations. Convergence criteria for the

forces and energy per atom were set at 0.003 eV/Å and

1×10−5 eV, respectively. The electron–electron exchange-

correlation functional was modeled using the Perdew–

Burke–Ernzerhof [64] parameters. To account for the weak

interactions, we also employed the van der Waals disper-

sion of DFT-D3. [65,66] The projector-augmented-wave [67]

method was employed with a plane wave cutoff at 600 eV.

The Brillouin zone 𝑘-points were sampled through the

Monkhorst-Pack [68] schema with a 9× 9× 4 mesh, corre-

sponding to a 𝑘-spacing resolution of 2𝜋 × 0.03 Å−1. The

convergence test for the ENCUT and 𝑘-spacing parame-

ters is well validated as shown in Fig. S1 of the Supple-

mentary Materials (SM). A fine 𝑘-mesh of 24 × 24 × 12

was used to integrate the magnetic moment and density

of states (DOS) of the unit cell. Phonon spectrum cal-

culations were performed within the finite displacement

method with a 3 × 3 × 1 supercell using the PHONOPY

program package. [69] The structural and electronic prop-

erties were plotted through the VESTA [70] software.

The electron–phonon coupling (EPC) calculations

were performed within the density functional pertur-

bation theory [71] as implemented in the QUANTUM

ESPRESSO package. [72,73] We employed the ultrasoft

pseudo potentials with a plane wave basis-set cutoff at

80Ry and charge density cutoff at 320Ry. [74] The Bril-

louin zone was sampled with a 16 × 16 × 8 𝑘-mesh and

a 4× 4× 2 𝑞-mesh.

3. Results and Discussions.

3.1. Lieb-Like Electride. Firstly, we presented the

crystalline characteristics, from which we can illuminate

the differences between the typical electride and the pro-

posed Lieb electride, as illustrated in Figs. 1(a)–1(c). For

Lieb electrides, ISQs occupied by IAEs behave as real

atoms. In a conventional Lieb lattice, the Hamiltonian
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Fig. 1. Illustration of Lieb electrides. (a) Lieb lattice with corner and edge states. (b) Normal electride with IAEs

at interstitial corners. (c) Lieb electrides with IAEs substituting edge atoms. (d) Simulated band structures for

the tight-binding model and (e) its projected density of states into corner and edge states. (f) Band dispersions

throughout the Brillouin Zone.
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Fig. 2. Energetics and structures of Ca2I. (a) Convex hulls at 0GPa and 5GPa. (b) Top view and (c) perspective

view of 𝑃4/𝑛𝑚𝑚 Ca2I at 0GPa. (d) Pressure-dependent enthalpy curves relative to the combination of elemental

Ca and 𝑃 3̄𝑚1 CaI2. (e) Phonon spectrum of 𝑃4/𝑛𝑚𝑚 Ca2I at 0GPa.

can be described by the following expression:

𝐻 =
∑︁
𝑖

𝜀𝑖𝑐
†
𝑖𝑐𝑖 + 𝜏1

(︃∑︁
⟨𝑖,𝑗⟩

𝑐†𝑖𝑐𝑗 + h.c.

)︃

+ 𝜏2

(︃ ∑︁
⟨⟨𝑖,𝑗⟩⟩

𝑐†𝑖𝑐𝑗 + h.c.

)︃
, (1)

where 𝜀𝑖 represents the onsite energy for the corner and

edge atoms, and 𝜏1 and 𝜏2 denote the nearest-neighbor and

next-nearest-neighbor hopping terms, respectively. In an

ideal tetragonal lattice with 𝐶4 rotational symmetry, the

edge atoms along the 𝑥 direction (A site) and 𝑦 direction

(B site) are equivalent with 𝜀1 = 𝜀2. In this case, the band

structure exhibits a perfect Dirac-flat band configuration.

Distinct hopping and onsite terms not only lead to bending

of the flat band but also give rise to a band gap at the Dirac

point (see Fig. S2 in SM). If 𝜏2 is small enough, the middle

flat band significantly enhances the density of states near

the Fermi level, promoting strong electron correlations and

enabling a range of exotic quantum phenomena.

To search for potential inorganic realizations of Lieb

electrides in calcium halides, we employed the crystal

structure prediction method. As a result, we found that

at ambient pressure, only the CaI2 phase is thermody-

namically stable. Upon increasing pressure, one stoichio-

metric compound 𝑃4/𝑛𝑚𝑚 Ca2I becomes thermodynami-

cally stable at 5GPa. Its primitive cell contains two iodine

atoms and four calcium atoms, which can be classified into

two distinct groups, each forming two layers as shown in

Fig. 2. The calculated enthalpy differences confirm that

Ca2I becomes energetically favorable above 3GPa. Impor-

tantly, no imaginary frequencies were observed at 0GPa,

indicating that Ca2I can be quenched to ambient pres-

sure. Unless otherwise specified, the electronic properties

discussed hereafter refer to Ca2I at 0GPa.

The electron localization function (ELF) reveals that

IAEs, exhibiting a horseshoe-like distribution, emerge at

four sites of the tetragonal unit cell as shown in Figs. 3(a)

and 3(b). These IAEs are arranged into two layers that

closely coincide with two Ca1 layers. For each Ca1 layer,

the calcium atoms form a square lattice; however, the IAEs

are not located at the centers of the squares but instead

at the square edges. A cross-sectional ELF map clearly

illustrates that the IAEs, with a rod-like distribution, are

positioned at the edge midpoints of the calcium square lat-

tice, thus forming a Lieb-like lattice configuration. There

are two Lieb-like layers in one unit cell, stacked with a half-

lattice shift along both 𝑥 and 𝑦 directions. The schematic

illustration for the double-layer Lieb configurations for

Ca2I with the distribution of real calcium atoms and in-

terstitial electrons is presented in Fig. S3 of the SM. Con-

sequently, the IAEs at the A (B) sites in the top layer are

vertically aligned with the B (A) sites in the bottom layer.

The side view of ELF results (see Fig. S4 of the SM) in-

dicates non-negligible wave-function overlapping and hop-

ping terms between ISQs from two layers (Fig. S5 of the

SM); therefore, the constructed tight-binding band disper-

sions are then presented in Fig. S6 of the SM, indicating

flat band characteristics along the 𝑋–𝑀 line.

3.2. Flat-Band Properties. The Ca atoms and the
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Fig. 3. Electronic properties of Ca2I at 0GPa. (a) Side view and (b) top view of the ELF. (c) Band dispersions for

six bands across the 2D 𝑘-space around 𝑘-point 𝐴. (d) Top view of the Fermi surface. (e) Perspective of the ELF

maps for two lattice planes along the [001] direction, and (f) one of them with a top view. (g) Band dispersions for

three odd bands. (h) Side view of the Fermi surface. (i) Atom-projected band structures and density of states, and

orbital projections for calcium atoms.

IAEs in each layer consist of the Lieb lattice. Thus, we can

call the Ca2I system a Lieb-like electride. Under the frame-

work of the Lieb tight-binding model depicted in Eq. (1),

the expected flat bands can be found in the Lieb electride

Ca2I system. Given that Ca2I contains two Lieb-like lat-

tices, six bands with two groups of Dirac-flat bands are ex-

pected. As shown in Fig. 3(i), six prominent bands appear

in the vicinity of the Fermi level. Among them, two bands

cross the Fermi level with relatively weak dispersion, while

the other four exhibit strong dispersions. These six bands

display likely two groups of Dirac-flat band configurations,

with Dirac points being gapped. We plotted the band dis-

persions near point 𝐴 [see Figs. 3(c) and 3(g)], where band

hybridization effects are relatively weak as highlighted by

dashed red lines. The band dispersions for one Dirac-flat

band group in Fig. 3(g) are very close to tight-binding re-

sults in Fig. 1(f).

To elucidate the role of IAEs in the Lieb-like electride,

we analyzed the atom-projected electronic band structure.

As shown in Fig. 3(i), four bands near the Fermi level

are predominantly derived from ISQs, while two disper-

sive bands above the Fermi level primarily originate from

calcium atoms. The projected density of states is mainly

attributed to the flat bands associated with ISQs, and then

to the Ca1 atoms. It is noteworthy that Ca2 atoms, de-

spite being far from the ISQ layers, exhibit non-negligible

contributions due to their orbital hybridization with ISQs.

For calcium atoms, the electronic states near the Fermi

level are predominantly derived from the d𝑥2−𝑦2 orbital,

followed by a notable contribution from d𝑥𝑧 and d𝑦𝑧 or-

bitals. In contrast, d𝑥𝑦 and d𝑧2 orbitals contribute negli-

gibly. For ISQs, IAEs are primarily associated with s-like

orbital characteristics (see Fig. S7 of the SM).

The valence electrons of each Ca1 atom interact with

four neighboring edge IAEs situated along the 𝑥 and 𝑦 di-

rections, indicating that the d𝑥2−𝑦2 orbital, whose lobes

are oriented along these directions, exhibits substantial

wave-function overlap with IAEs. However, due to the

slight displacement of the IAEs from the Ca1 atomic plane

along the 𝑧-axis, the d𝑥𝑧 and d𝑦𝑧 orbitals of Ca1 also ex-

hibit non-negligible overlap with the IAEs. These orbital

contributions are consistent with the predicted Lieb-like

configuration, further supporting the formation of flat-

band features arising from the specific spatial and orbital

arrangement of the calcium—ISQ sublattice.

A particularly intriguing feature of the 𝑃4/𝑛𝑚𝑚 Ca2I

structure is the appearance of IAEs at edge sites rather

than at the center. Usually, the interstitial centers, with

lower electron density and smaller orbital repulsion, should
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be energetically more favorable for accommodating IAEs.

Although the centers of the Ca1 square lattices are pre-

ferred in a purely two-dimensional framework, the pres-

ence of vertically stacked half-lattice shifted Ca2 layers

introduces significant orbital repulsion, driving the IAEs

to a middle position between Ca1 and Ca2 layers. Fur-

thermore, the highly electronegative iodine atoms acquire

valence electrons from calcium atoms and then exhibit

a negatively charged background as confirmed by Bader

charge analysis (see Table S2 of the SM). As a result, the

combined electrostatic environments in Ca2I drag IAEs

toward the Ca1 atomic layers, forming a Lieb lattice con-

figuration.

We analyzed the real-space distributions of the two flat

bands, which are localized at the interstitial edges of the

square lattice (Fig. S8 of the SM), thereby corroborating

the above discussion. These bands display dispersion along

the 𝛤–𝑋 and 𝑍–𝑅 directions, particularly near the 𝑋 and

𝑅 points, while remaining nearly flat across other regions

of the Brillouin zone, as illustrated by the band struc-

ture (Fig. 3) and its two-dimensional projection (Fig. S9 of

the SM). Notably, interlayer coupling and distinct onsite

energies typically destroy the flat-band characteristics of

a Lieb lattice, whereas the crystalline symmetry of Ca2I

protects band degeneracy along the 𝑋–𝑀 line, in agree-

ment with the double-layer tight-binding model (Fig. S6 of

the SM). The calculated density of states further supports

this finding, exhibiting a pronounced peak at the Fermi

level [Fig. 3(i)]. The sharpest DOS feature has a width of

approximately 0.25 eV, confirming the flat-band nature of

Ca2I.

We next compared the flat-band characteristics of Ca2I

with those of other systems. In Kagome lattices, such as

CsV3Sb5,
[8] flat bands and van Hove singularities also pro-

duce a sharp DOS peak at the Fermi level, with a peak

width of about 0.2 eV, comparable to that of Ca2I. How-

ever, Kagome lattices typically undergo CDW transitions,

and the resulting electron correlation effects are challeng-

ing to address theoretically. The Kagome electride Li5Si

also shows a DOS peak near the Fermi level; [52] neverthe-

less, its highest DOS peak is not well isolated and remains

comparable in magnitude to adjacent DOS features, indi-

cating relatively weak electron correlations. In contrast,

conventional electrides such as Ca2N display nearly free-

electron-like dispersions, [59] with little DOS variation near

the Fermi level, leading to high carrier mobility but weak

electronic correlations. Taken together, these comparisons

highlight Ca2I as a distinctive platform for investigating

flat-band-driven phenomena.

3.3. Magnetic Phase Transformations. As discussed

above, Lieb lattices are known to host a wide range of

emergent physical properties, including magnetism and

superconducting states. Spin-polarized calculations con-

firm that Ca2I is FM, as displayed in Fig. 4(a), with a

calculated total magnetic moment of 0.68𝜇B. The corre-

sponding real-space spin density is primarily localized on

the calcium atoms and then on the interstitial regions [see

Fig. 4(b)], coinciding with the positions of the IAEs iden-

tified in the ELF analysis.

The observed spin splitting is predominantly concen-

trated near the Fermi level, within the energy window asso-

ciated with the flat bands. This strongly suggests that the

magnetism arises from flat-band-induced Stoner-type in-

stabilities. The cross-sectional spin density map along the

[001] direction reveals a characteristic four-lobed, flower-

like distribution at the calcium sites, indicative of spin

polarization from the d𝑥2−𝑦2 orbitals, consistent with the

above orbital analysis. In contrast, the ISQs exhibit a

nearly spherical spin density distribution, reflecting their

dominant s-orbital character. These findings motivate us

to construct a simplified tight-binding Hamiltonian under

bases of 𝛹s@2𝑐 and 𝛹d
𝑥2−𝑦2@1𝑎 to illuminate the essential

physics in the Lieb electride of Ca2I, including flat-band

ferromagnetism and so on. The tetragonal Ca2I is dynam-

ically stable up to at least 30GPa, as displayed with the

non-imaginary phonon spectrum in Fig. 4(g). In the fol-

lowing, we investigated the evolution of magnetism under

pressure. The FM moments are suppressed and decrease

to zero at about 5.1GPa, as shown in Fig. 4(f). However,

when further increasing pressure, magnetism re-emerges

and the magnetic moment at 30GPa becomes larger than

that at 0GPa. More interestingly, the high-pressure phase

exhibits interlayer AFM coupling between adjacent IAE

layers, as illustrated in Fig. 4(e). The calculated energy

differences (Fig. S10 of the SM) reveal sequential quantum

phase transitions from the FM phase to the NM phase

above 5.1GPa, followed by a transition to AFM order at

approximately 17.8GPa.

To reveal the mechanism behind these transformations,

we presented the pressure-dependent structural and elec-

tronic properties. The lattice parameters vary smoothly

with pressure (Fig. S11 of the SM); however, the 𝑐/𝑎 ra-

tio and the DOS at the Fermi level display three dis-

tinct regimes with two transition points, consistent with

the emergence of magnetic order [Fig. 4(h)]. Since mag-

netism appears in both low- and high-pressure regions

where the DOS at the Fermi level is enhanced, the ob-

served spin polarization can be attributed to instabilities

driven by strong electron correlations. The strong elec-

tron correlations at low pressure should give rise to a

Stoner-type instability with FM order. As pressure in-

creases, the lattice parameters 𝑐/𝑎 exhibit monotonic de-

creases, indicating that Ca2I is more compressed along

the 𝑧-axis. Notably, starting from 20GPa, the absolute

value of the slope decreases, indicating that the system

becomes less compressible along the 𝑧-axis. The reduced

lattice constants and contracted interstitial sites enhance

the onsite Coulomb interactions, forcing each eigenstate

to be singly occupied by a spin-polarized electron. Be-

cause the two magnetic interstitial layers are in close

proximity, the localized states are energetically unfavor-

able. According to the Pauli exclusion principle, an AFM

alignment allows electrons with opposite spins to become
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more delocalized, thereby lowering the total energy com-

pared with the FM configuration under extreme pres-

sures. Moreover, we presented the band structure and

density of states of the AFM order; the pronounced DOS

peak at the Fermi level in the NM state is split and

shifted to either side of the Fermi level in the AFM state

(see Fig. S13 of the SM). This behavior closely resembles

a Mott-type mechanism for metal–insulator transition

with an AFM ground state.

3.4. Superconductivity. It is noteworthy that the

high DOS near the Fermi level not only drives magnetic

instability but also might introduce a superconducting

gap. Within the framework of conventional BCS theory,

the calculated EPC constant 𝜆 reaches approximately 0.5

at 30GPa, with 𝜔log being 171 cm−1, corresponding to

a superconducting transition temperature (𝑇c) of 2.1K

[Fig. 4(g)]. Phonon-projected EPC matrix elements re-

veal that the primary contributions to 𝜆 arise from low-

frequency zones with acoustic vibrations. It is evident that

the phonon dispersions at the 𝑀 and 𝑍 points exhibit ap-

parent softening and large EPCs. At ambient pressure, the

calculated 𝜆 and 𝜔log are 0.29 and 121 cm−1, respectively,

which are so small that they cannot trigger superconduc-

tivity. As is well known, a high DOS near the Fermi level

can enhance electron–phonon interactions, which in our

case show larger values below 5GPa and above 20GPa.

This trend is consistent with the behavior of the EPC

constant, which reaches its minimum around 10GPa, as

shown in Fig. S11 of the SM. Furthermore, high pres-

sure generally increases phonon frequencies and thereby

the logarithmic average frequency 𝜔log. As a result, su-

perconductivity only emerges above 20GPa, in contrast

to magnetism, which is solely driven by the strength of

electron correlations.

Usually, the contraction of lattice constants will raise

the band dispersions and drive the Lieb electride towards

a conventional electride, diminishing the flat-band char-

acteristics. This stands in the low-pressure region below

10GPa, where pressure reduces the DOS and weakens the

electron–electron correlation effects responsible for mag-

netism. In contrast, the resurgence of high DOS in high-

pressure regions is linked to Lifshitz transitions around

the 𝑋 and 𝑅 points (see Fig. S14 of the SM), which in-

troduce different van Hove singularities, resulting in larger

plateau areas as displayed by smaller dispersive blue re-

gions in Fig. S9 of the SM. These singularities significantly

amplify the DOS and restore correlation effects. Accord-

ing to McMillan’s formulation, the EPC constant can be

approximated as 𝜆 = 𝑁(𝐸F)⟨𝐼2⟩/(𝑀⟨𝜔2⟩), where 𝑁(𝐸F)

is the DOS at the Fermi level, 𝑀 is the atomic mass, ⟨𝐼2⟩
is the Fermi-surface-averaged electron–phonon matrix ele-

ment, and ⟨𝜔2⟩ is the average squared phonon frequency.

For a given system, the latter three terms typically vary

only slightly; 𝜆 is approximately proportional to 𝑁(𝐸F).

For Ca2I compounds, magnetic instability shifts the states

near the Fermi level away from it, reducing the DOS from

7.2 states/eV to 3.6 states/eV, as shown in Fig. S13 of the

SM. Consequently, the EPC constant is expected to de-

crease by a comparable factor, leading to a significant

suppression of the superconducting transition tempera-

ture. This behavior suggests that the reentrant correlated

flat bands may drive a competition between antiferromag-

netism and superconductivity. These findings underscore

the tunability of flat-band-induced correlation effects in

Lieb electrides through external control parameters, such

as pressure.
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Fig. 4. Magnetic and superconducting properties. (a) Spin-polarized band structure and density of states at 0GPa.

(b) Side view and (c) top view of FM spin density at 0GPa. (d) Spin density map along the [001] direction. (e) Side view

of the AFM spin density at 30GPa. (f) Enthalpy difference and phase diagram for NM, FM, and AFM orders. (g) EPC

matrix unit decorated phonon spectrum, frequency-dependent Eliashberg function, and accumulated total EPC constant

at 30GPa. (h) Pressure-dependent superconducting 𝑇c and magnetic moments through FM order. (i) Pressure-dependent

lattice constants ratio of 𝑐/𝑎 and density of states.
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4. Conclusion. In summary, we proposed the con-

cept of Lieb electrides, where ISQs occupied by IAEs

mimic the atoms of a Lieb lattice, resulting in charac-

teristic flat bands and correlated quantum phenomena.

Through crystal structure prediction method MAGUS and

first-principles calculations, we identify an electride candi-

date, Ca2I, at ambient pressure. The unique structure

with two distinct types of calcium atomic layers with half-

lattice shift facilitates the emergence of IAEs at edge sites,

thereby providing a practical realization of a Lieb electride.

Importantly, Ca2I hosts flat band dispersions, and a large

DOS peak at the Fermi level induces magnetism. More-

over, we reveal pressure-induced quantum phase transi-

tions from FM to NM and ultimately to AFM orders. This

AFM order should compete with superconducting states.

Our findings demonstrate that ISQs can effectively em-

ulate real atoms, extending beyond conventional Wigner

crystals or Kagome lattices to other exotic configurations

such as the Lieb lattice. The Ca2I compound serves as a

promising platform for exploring flat-band physics, includ-

ing magnetism, superconductivity, and other correlated

quantum phenomena.
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