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Manipulating the electronic structure and superconductivity of

Li,B3C by biaxial strain
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School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China
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Strain is a clean and efficient method to manipulate physical properties without changing the chemical composition.
In this paper, we perform a systematic first-principles study of how biaxial strain manipulates the electronic structure and
phonon-mediated superconductivity of Li, B;C with its optimal configuration. Here we introduce a descriptor Ag, defined
as the energy offset between the B-B bridge o-bonding band maximum and the Fermi level. We screen the biaxial-strained
Li, B;C structures in the range of —5% to +5% and retain those with Ag > 0.05 eV for subsequent electron-phonon coupling
(EPC) calculations. The maximum 7, = 44.72 K occurs at +5% a-axis strain and —5% b-axis strain. We then elucidate the
microscopic mechanism underlying the strain response of the electronic structure by analyzing the corresponding changes
of the structure and tight-binding parameters. Taking the optimal biaxial-strained Li,B;C as an example, we analyze its
phonon properties and discuss the origin of its strong EPC. Our work provides reliable theoretical guidance for manipulating
electronic structure and superconductivity by strain, and sheds new light on high-7; superconductivity induced by metallic
o-bonding electrons.

Keywords: electronic structure, phonon-mediated superconductivity, first-principles calculation, biaxial strain
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1. Introduction

The search for new superconductors with higher 7; re-
mains a central objective in condensed matter physics and
materials science. According to Bardeen—Cooper—Schrieffer
theory, phonon-mediated superconductivity is naturally pro-
moted by high characteristic phonon frequencies. As a result,
it is natural to explore materials composed of light elements.
This motivation is first epitomized by the long-standing pur-
suit of metallic hydrogen.!!! Furthermore, great progress has
been made in hydrogen-rich compounds such as HyS>3! and
LaH .1+

Another route to enhance 7; is to increase the EPC
strength. One effective strategy is the metallization of o-
bonding electrons.!*®1 A o-bond is the strongest covalent
bond, formed by two head-on orbitals. As a result, o states
naturally couple strongly with the lattice. However, the o-
bonding/antibonding states are often situated far below/above
the Fermi level owing to its strong covalent hybridization.
As discussed in Refs. [7,9], one can usually metallize those
o-bonding electrons by external pressure, charge doping or
crystal-field effect. The 39 K superconductivity in MgB, is
a textbook example of the strategy that uses the crystal-field
effect.[6:10-111 n MgB,, the Mg 2+ jons strongly attract the 7
electrons in the boron layers, lowering the energy of the 7-
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bands. Relatively, the energies of the in-plane o-bands are
raised and their band top crosses the Fermi level.

Inspired by the success of MgB,, researchers at-
tempted to explore other materials with metallic 6-bonding
electrons.!®!>-211 LiBC is structurally similar and isoelec-
tronic with MgB,. Therefore, theorists predicted that hole-
doped Li; _ ,BC could exhibit metallic o-bonding electrons
and lead to high transition temperatures.!!>!3
perimental evidence shows that finite lithium deficiencies can-

1 However, ex-

not stabilize the predicted crystal structure, precluding the
metallization of 6-bonding electrons.>>~28]

To alleviate the lattice instability associated with Li de-
ficiency, Gao et al. proposed introducing holes via partial B-
for-C substitution in LiBC.!”-8] Based on first-principles cal-
culations, they identified two promising superconducting can-
didates, Li;B3C (n = 2) and Li3B4C, (n = 3), with predicted
T values exceeding 50 K. Related substitution-based strate-
gies were later proposed by other groups.!!*1®l However, the
atomic configuration of B and C atoms, known as “the color-
ing problem”,>*3% has been overlooked in previous studies of
LiB, ,,C, .

To address this issue, Gu et al. investigated the stable con-
figurations of Li, B;C and Li; B,C, using the cluster expansion
method.®!) They identified that the energetically stable con-
figurations are characterized by a distinctive pattern of alter-
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nating B-B and B—C zigzag chains. Moreover, these structures
exhibit low superconducting transition temperatures, e.g., 7 <
0.03 Kin Li,B;C. However, a —5% compressive b-axial strain
can remarkably enhance the EPC, boosting 7; to 37 K.

In this paper, we present a systematic first-principles
study of how biaxial strain manipulates the electronic struc-
ture and phonon-mediated superconductivity of Li,B;C with
its optimal configuration. Firstly, we perform the structural re-
laxations and electronic structure calculations for Li,B;C un-
der different biaxial strains in the moderate range of —5% to
+5% at the DFT level. Inspired by our previous study,*!! w
introduce a simple descriptor, Ag, defined as the energy dlffer-
ence between the B-B bridge o-bonding band maximum and
Er. Using Ae > 0.05 eV as a screening criterion, we carry out
subsequent EPC calculations. For the selected structures, 7
ranges from 14 K to 45 K. The maximum 7. = 44.72 K occurs
at +5% a-axis strain and —5% b-axis strain, with the strongest
EPC strength (A = 1.13) and the slightly reduced logarithmic
average phonon frequency (@o; = 46.69 meV). Furthermore,
we find that b-axis compression or g-axis tension is beneficial
to lift up the B—B bridge o-bonding band maximum. Combin-
ing the analysis of tight-binding (TB) parameters, we eluci-
date the detailed mechanism of how strain tunes the electronic
structure. Finally, we analyze the EPC properties of the op-
timal biaxial-strained Li,B;C. We find that its strong EPC
originates from its elliptical cylindrical Fermi surfaces around
I' point, composed of states with large deformation potentials.

2. Computational methods

We employ Quantum ESPRESSOP?! to carry out
the DFT calculations. = We adopt the PBE exchange-
correlation functional®3! and the SG15 norm-conserving
pseudopotentials.[*4-36] To simulate biaxial strains, the c-axis
and atomic coordinates of Li,B;C are fully relaxed while in-
plane lattice constants are fixed. The energy convergence
criterion is 107!2 Ry and the force convergence criterion is
10~® Ry/Bohr. The kinetic energy cutoff is set to 80 Ry and the
k-grid is 16 x 8 x 6. The Marzari—Vanderbilt-DeVita—Payne
smearing method®”! is employed with a smearing of 0.015 Ry.

We employ Wannier9013%%! to calculate maximally lo-
calized Wannier functions (MLWFs) for analyzing electronic
structures. The energy window and frozen window for the dis-
entanglement procedure in Wannierization are —16.04 eV to
11.08 eV and —16.04 eV to 0.00 eV, respectively. The Wan-
nier centers are set on B/C atoms for p,-like Wannier func-
tions (WFs) and on B-B/B—C bond centers for s-like B-B/B—
C bonding WFs.

We employ EPW package!**#!l to calculate the EPC
properties. We take the 16 x 8 x 6 k-mesh and 8 x 4 x 3 g-
mesh as coarse grids and then interpolate them to the dense
64 x 32 x 24 k-mesh and 16 x 8 x 6 g-mesh in Li,B;C, re-

spectively. The Gaussian smearing method with a width of
0.05 eV is used for the Fermi surface broadening.

The superconducting transition temperature 7 is calcu-
lated with the McMillan—Allen-Dynes formula#>#3]

Oog__ h(_1.o4(1+x)u ]

T. =
cT12° 1-0.620%) —

ey

Here A is the total EPC strength, u* is the effective screened
Coulomb pseudopotential, and @y, is the logarithmic average
of the Eliashberg spectral function. A and @ are defined as
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Here wgy and A4y are the frequency and EPC strength of the
v-th phonon mode at the wave vector g. The A4y is defined as

_ Yav
Aav = ThN(0) w2, ©)

Here Y4y is the phonon linewidth:
dk
= 27w —|gqv(k,i, j)?
Yqv qV;/QBquV( 7la.])|

X 5(8]@7,' — 81:)5(8]@_»,_(17]' — 81:). (6)

Here i/j is the band index. The electron—phonon interaction
matrix element gqv(k,i, j), describing the probability ampli-
tude for scattering of an electron with a transfer of crystal mo-

mentum g, is determined by

. h
ng(kala.]) = \/;<Wk,l|AVIgSV|Wk+Q;J>’
q

e1qR

ZaVKs qv
* Jusr s VN~

Here ul” = v?¥ /\/M; and dVks/dusr can be calculated by
density functional perturbatlon theory (DFPT). [+

AVE = (N

3. Results and discussion
3.1. The biaxial strain

The crystal structure of LiyB3C with its optimal
configuration®!l is shown in Fig. 1(a), belonging to the or-
thorhombic crystal system. In our previous work, we demon-
strated that b-axis uniaxial strain can effectively tune the elec-
tronic structure and enhance 7.. However, when we apply
uniaxial strain, the lattice constants along the other two direc-
tions relax simultaneously. These coupled structural responses
complicate a clean interpretation of the evolution of the elec-
tronic structure. Therefore, in this study, we investigate the
electronic structure and superconducting properties of Li;B3C

047401-2
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under biaxial strain in the range of —5% to +5%. In the simu-
lation of the biaxial strain, we fix the in-plane lattice constants
a and b, and relax the out-of-plane lattice constant c. Because
Li;B3C has a layered structure, variation in the out-of-plane
lattice constant ¢ has only a minor impact on its electronic
structure, as detailed in the supporting information (SI).
According to the conclusion of our previous study,!!
the key of enhancing 7; in Li;B3C is the metallization of
the B-B bridge o-bonding band, thereby activating the large

b
O C
C
>
a b a
©) 5 03
—~ 4 [ ]
I3
= 27 0.2
£ 04
o -1
Q _2_ '07
<
-3
4
-57 — 12
5-4:32-10 12345 Ae(eV)

b-axis strain (%)

— deformation-potential states near its band maximum effec-
tively. Hence, we define the descriptor, Ag, as the energy
separation between the band maximum of the B—B bridge o-
bonding band and the Fermi level, as illustrated in Fig. 1(b).
When Ae > 0, the B-B bridge o-bonding band crosses EFf;
conversely, A¢ < 0 indicates that this band maximum remains
below the Fermi level. Moreover, a larger A¢ also implies a
larger Fermi surface and larger density of states (DOS) at the

Fermi level, which is beneficial for enhancing the total EPC.

(b)

.——>B-C bridge 1 p.
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Fig. 1. (a) The crystal structure of Li,B;C with the optimal configuration. B-C bridge bonds, B-B zigzag chains, B-B bridge bonds and B-C
zigzag chains are marked by light blue, green, red and dark blue frames in the B;C layer, respectively. The bond angles 64 are also labeled
in the B;C layer. (b) The schematic illustration of the descriptor Ae. Here we take the band structure of Li,B;C without strain as an example.
(c) Map of Ae under biaxial strains. (d) Map of superconducting transition temperature 7; under biaxial strains when A > 0.05 eV. Phases with

A€ < 0.05 eV are labeled with crosses.
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Fig. 2. (a) The variation of different bond lengths in Li, B;C as a function
of a-axis strain when b-axis strain is fixed at —5%. (b) The variation of
bond lengths in Li,B;C as a function of b-axis strain when a-axis strain
is fixed at +5%. (c) The variation of bond angles in Li,B;C as a function
of a-axis strain when b-axis strain is fixed at —5%. (d) The variation of
bond angles in Li, B;C as a function of b-axis strain when a-axis strain is
fixed at +5%.

We calculate the electronic structure of Li;B3C and the
associated descriptor A€ across a biaxial strain window of

—5% to +5%, as shown in Fig. 1(c). The results show that b-
axis compressive strain and a-axis tensile strain are both effec-
tive in enlarging Ag, i.e., pushing the B-B bridge o-bonding
band across the Fermi level. Considering the positive correla-
tion between A€ and T, we choose A€ > 0.05 eV as a screen-
ing criterion. We carry out EPC calculations for the selected
structures, as shown in Fig. 1(d). All selected structures ex-
hibit sizable T values (at least 14 K), confirming the validity
of our choice of descriptor.

In Li,B;C, the B;C layers are formed by assemblies of
alternating B-B and B-C zigzag chains, thereby minimiz-
ing the electronic energy.l®!! Thus, we denote the bond in-
side the zigzag chain “chain bond”, and denote the bond
between two zigzag chains “bridge bond”, as illustrated in
Fig. 1(a). The simulation of biaxial strain allows us to iso-
late the effect of varying one in-plane lattice constant on the
structure while keeping the other fixed, as shown in Fig. 2.
Here we use b = 95%b( and a = 105%ayg as two examples.
As shown in Figs. 2(a) and 2(b), all in-plane bond lengths
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increase/decrease with increasing tensile/compressive strain
along the scanned axis. In particular, at large strain magni-
tude, the tensile/compressive a-axis strain induces a more pro-
nounced elongation/contraction of the chain bonds, whereas
b-axis strain preferentially stretches the bridge bonds, consis-
tent with the lattice geometry.

Moreover, the bond angle is another crucial in-plane
structural parameter because it directly modulates orbital over-
lap along the covalent network. As shown in Fig. 1(a), we la-
bel 0, » as the angles between a chain bond and a bridge bond,
and 05 4 as the angles between two chain bonds. When apply-
ing the epitaxial strain, the angular degrees of freedom provide
the dominant structural compensation. The bond angles show
two opposite trends. Under a-axis tension or b-axis compres-
sion, the B-B and B—C zigzag chains are stretched. Thus, 0 »
decrease and 05 4 increase, as depicted in Fig. 2(c). As a re-
sult, the anticorrelated evolution of the bond angles provides a
handle to tune the electronic structure.

3.2. The electronic structure

Epitaxial strain provides an effective and clean route to
tune the physical properties of a material without changing
its chemical composition.[*>=3!] The projected band structures
and DOS for Li,B;C under different biaxial strains are shown
in Fig. 3. To distinguish the contributions from chain bonds

(a) 3 (b)3

and bridge bonds in the band structure, we project the bands
onto the WFs centered on chain bonds and bridge bonds.
Without strain, only the 7 bands and B-B zigzag chain o-
bonding bands intersect the Fermi level in Li;B3C. Clearly,
the band maximum of the B—B bridge o-bonding band is lifted
up under ag-axis tension and b-axis compression. As a result,
the B-B bridge o-bonding band (the red band) intersects the
Fermi level under tensile a-axis strain and compressive b-axis
strain, as marked by dashed purple circles in Figs. 3(a) and
3(d). In addition, from the results of DOS, we can observe
strong hybridization between B—B and B—C bridge c-bonding
WFs near the maximum of B-B bridge o-bonding band. No-
tably, the B-B zigzag chain o-bonding band (the green band)
exhibits an opposite response to strain.

In a single particle picture, the electronic structure can be
quantitatively described by the TB Hamiltonian, which can be
written as

Hrg =Y €aCloCra+ Y, e Rab1,5Ch Crp, (8
ko k,0B

where € denotes the on-site energy, 7,5 denotes the hop-
ping parameter. In order to quantify the response of elec-
tronic structure under biaxial strain, we analyze the TB pa-

rameters, the on-site energies €y and the nearest-neighboring

31 @1 El chgln-
Eﬁo EBO 550“ ridge
o1 S 1 / o1
A A R @, 1yl 52

3 3l S UALTY
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N T2 AL Y
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95% ay , 95% by 95% ag , 100% by 95% ay , 105% b,

Fig. 3. The projected band structures and the corresponding projected DOS for Li,B;C under different biaxial strains. The dot sizes are
proportional to the spectral weights obtained from Wannierization. The tops of the bridge site o-bonding bands near the I" point, which are
sensitive to phonon vibrations, are marked by dashed purple circles. The high-symmetry k-points are the same as those in Ref. [31].
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Fig. 4. (a) The variation of on-site energies of 6-bonding WFs in Li, B;C
as a function of g-axis strain when b-axis strain is fixed at —5%. Here
Er is set to 0. (b) The variation of on-site energies of -bonding WFs in
Li, B;C as a function of b-axis strain when a-axis strain is fixed at +5%.
(c) The variation of NN hopping parameters between o-bonding WFs in
Li, B;C as a function of a-axis strain when b-axis strain is fixed at —5%.
(d) The variation of NN hopping parameters between o-bonding WFs in
Li, B;C as a function of b-axis strain when a-axis strain is fixed at +5%.

hopping integrals 75, extracted from Wannierization. As in
the structural analysis, we vary one in-plane lattice constant
while holding the other fixed. As shown in Figs. 4(a) and 4(b),
both g-axis tension and b-axis compression increase the on-
site energy of B—B bridge o-bonding WF (EF is set as 0). In
other words, such strains can raise the band center of B-B
bridge o-bonding band.

On the other hand, the variation of hopping strength plays
a more important role in raising the band maximum of B-B
bridge o-bonding band. As shown in Figs. 4(c) and 4(d), a-
axis tension or b-axis compression reduces the magnitudes of
intra-chain hoppings but enhances the magnitudes of bridge-
chain hoppings. Such behavior originates from the corre-
sponding structural response. Under a-axis tension or b-axis
compression, the zigzag chain is stretched. Accordingly, 6 »
decrease, while 03 4 increase. This weakens the intra-chain
hybridization but strengthens the bridge-chain hybridization.
Consequently, a-axis tension or b-axis compression relatively
broadens the B-B bridge o-bonding band, which facilitates
pushing its band maximum above the Fermi level. So far, we
elucidate the detailed mechanism of how strain manipulates
the electronic structure of Li, B3C.

3.3. The electron—phonon coupling

According to our previous study,!l the Lifshitz tran-
sition induced by strain triggers the enhancement of 7 in
Li,B;C. In this work, we perform subsequent EPC calcula-
tions for all biaxial-strained structures satisfying A€ > 0.05 eV,
as detailed in our SI. Table S1 shows that, for all structures
with Ae > 0.05 eV (using u* = 0.10), 7; ranges from 14 K
to 45 K. The maximum 7. = 44.72 K occurs at +5% a-axis
strain and —5% b-axis strain, where the EPC is strongest
(A = 1.13) despite a reduced logarithmic average phonon fre-
quency (@jog = 46.69 meV). This T; value is higher than the
one under the uniaxial strain,?!! and above the McMillan

limit. In addition, we find that a-axis tension and b-axis com-
pression significantly enhance the EPC strength, although they
slightly reduce @i,g. Overall, the gain in EPC outweighs the
modest decrease in @y, leading to the enhancement of Tc.
The phonon band dispersions and the corresponding EPC
strengths A4y for Li,B;C without strain and with optimal bi-
axial strain are given in Figs. 5(a) and 5(c). Compared with
the strain-free case, the EPC strength and the correspond-
ing Eliashberg spectral function for Li,B;C under the opti-
mal biaxial strain are significantly enhanced (the marker sizes
in panel (a) are doubled for aesthetic visualization), although
the phonon frequencies slightly decrease. For both cases, the
phonon mode with the strongest EPC is the bond-stretching A,
mode, as marked in Figs. 5(a) and 5(c). In addition, the Kohn-
anomaly-like phonon softenings near 20 meV along the I'-X
and Z-U lines make sizable contributions to the total EPC.
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OF XS YI'Z UR TZ
Fig. 5. (a) The phonon band dispersions and the corresponding EPC
strengths Agy for Li,B;C without strain, where the sizes of the red
squares indicate the magnitudes of Agy. The sizes of squares are dou-
bled in panel (a) for aesthetic visualization. The right subpanel displays
the corresponding phonon DOS (blue curve) and the Eliashberg spectral
function (red curve). (b) The Fermi surfaces for Li,B;C without strain.
(c) The phonon band dispersions and the corresponding EPC strengths
Agv for Li,B;C under the optimal biaxial strain, where the sizes of the
red squares indicate the magnitudes of Aqy. The right subpanel displays
the corresponding phonon DOS (blue curve) and the Eliashberg spectral
function (red curve). (d) The Fermi surfaces for Li, B;C under the opti-
mal biaxial strain.

The significant enhancement of the EPC originates from
the significant change in the electronic structure. Figures 5(b)
and 5(d) illustrate the reconstruction of Fermi surfaces. Under
the optimal biaxial strain, the B-B bridge o-bonding bands
cross the Fermi level and the new elliptical cylindrical Fermi
surfaces emerge around the I" point. These new Fermi sur-
faces are composed of the states with larger deformation po-
tentials, providing a dominant contribution to EPC. Moreover,
these Fermi surfaces are even larger than those under the opti-
mal uniaxial strain, therefore contributing a higher DOS at Ef.
Given the relationship between deformation potential and total
EPC strength[652-51 (4, = N (O)AllD;’irofv), this is also favor-
able for further enhancing the total EPé strength. Here N(0)
denotes the DOS at Ef, Dgy denotes the shift in band energy
resulting from a perturbation of the phonon mode gV near the
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Fermi level, Mgy is the averaged atomic mass, and @qy is the
phonon frequency.

Figure 6(b) shows how the band structure is changed be-
fore and after introducing a perturbation on the lattice with
an amplitude of 0.1 A associated with the A, phonon mode,
consistent with our above discussion. The corresponding pro-
jected band structure and the projected DOS are depicted in
Fig. 6(c). This provides a clear physical picture for its large de-
formation potential. Here we still select the A, phonon mode
as the representative bond-stretching phonon mode due to its
strongest EPC. Its vibrational configuration (also the perturba-
tion we introduce) is illustrated in Fig. 6(a), corresponding to
the in-plane vibrations of boron and carbon atoms.

The deformation potential is proportional to the energy
shift of electronic states at the Fermi level.[%92] Tn our case, the
B-B bridge o-bonding band exhibits a pronounced downward
energy shift after the perturbation at the Fermi level. In con-
trast, the 7 bands and the dispersive part of B-B zigzag chain
o-bonding bands are relatively unaffected. This is because
the sensitive band maximum of the B-B bridge o-bonding
band lies only slightly above the Fermi level, as marked by

— Without perturbation
— With perturbation

(a) (b)

N

S NS
=

Energy (eV)

Energy (eV)
A

-10
I' XS YI'ZUR TZ

the dashed purple circle in Fig. 6(c). Meanwhile, the band
maximum of the B-B zigzag chain o-bonding bands is far
above the Fermi level, so these chain bands intersect the Fermi
level via their insensitive dispersive portions. This is consis-
tent with the directions of the perturbation in Fig. 6(a). Our
perturbation contracts the bridge bonds, while elongating the
chain bonds. This means the bridge bonds are strengthened
and thus exhibit a larger bonding-antibonding energy splitting,
while the chain bonds are weakened and with smaller bonding-
antibonding energy splitting. Consequently, the top of the B—
B bridge o-bonding bands are lowered down while the top of
B-B zigzag chain o-bonding bands are lifted up and the dis-
persive parts remain nearly unaffected. Moreover, the 7 bands
show weak changes, consistent with their reduced sensitivity
to in-plane bond-stretching vibrations. Our analysis elucidates
the origin of the strong EPC in biaxial-strained Li,B;C, which
should also be applicable to other anisotropic structural modu-
lations, such as uniaxial strain. Experimentally, such in-plane
anisotropic strains can be realized by piezoelectric-based and
mechanical strain devices. %3]

© 2 P2
B-C .
B-B chain
2 | B-B bridge «

-10

I' XS YI'ZUR TZ DOS

Fig. 6. (a) Illustration of the representative phonon mode with the strongest EPC, the Ay mode at I" point, for Li, B;C under the optimal biaxial
strain. Blue arrows indicate the directions of atomic displacements, while their lengths represent the relative amplitudes of the phonon mode.
(b) Electronic band structure of Li, B;C under the optimal biaxial strain with a perturbation with an amplitude of 0.1 A corresponding to the Ay
phonon mode (red curve) compared to the band structure without perturbation (blue curve). (c) Projected band structure and DOS of Li,B;C
under the optimal biaxial strain, highlighting the top of the o-bonding bands near the I" point, which is sensitive to phonon vibrations, marked

by the dashed purple circle.

4. Conclusion

In summary, we present a systematic first-principles study
to elucidate how biaxial strain manipulates the electronic
structure and phonon-mediated superconductivity of Li,B;C.
As a first step, we carry out structural optimizations and elec-
tronic structure calculations for all structures within the mod-
erate biaxial strain range from —5% to +5%. Inspired by
our previous study,*!! we introduce a descriptor Ag, defined
as the energy difference between the B-B bridge o-bonding
band maximum and the Fermi level. Using Ae > 0.05 eV
as a screening criterion, we carry out EPC calculations and
estimate 7. with the McMillan—Allen—Dynes formula. For
all selected structures, 7, ranges from 14 K to 45 K. The
maximum 7. = 44.72 K occurs at +5% a-axis strain and
—5% b-axis strain, where the EPC is strongest (A = 1.13) de-

spite a slightly reduced logarithmic average phonon frequency
(W0 = 46.69 meV).

We further show that b-axis compression or a-axis ten-
sion lifts up the B-B bridge o-band maximum. TB parameters
extracted from Wannierization reveal the microscopic mecha-
nism of this tuning. On the one hand, such strain raises the
on-site energy of the B-B bridge o-bonding WF. On the other
hand, such strain weakens the intra-chain hybridization but
strengthens the bridge-chain hybridization. This is because
01> decrease and 65 4 increase under b-axis compressive or a-
axis tensile strain. As a result, b-axis compression or a-axis
tension broadens the B-B bridge ¢-bonding band, facilitating
the Lifshitz transition.

Finally, we study the EPC properties of the optimal
biaxial-strained Li,B;C. Its strong EPC originates from the
newly formed I"-centered elliptical cylindrical Fermi surfaces.
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Compared with the states from the dispersive part of o-
bonding band, these states, positioned near the B-B bridge
o-band maximum, are more sensitive to bond-stretching vi-
brations. Thus, these states have larger deformation potentials,
leading to a pronounced contribution to EPC and an overall T,
enhancement. This study provides reliable theoretical guid-
ance for tuning electronic structure and superconductivity by
strain, and sheds new light on high-7; superconductivity in-
duced by metallic o-bonding electrons.
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