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Supplementary note 1:  

First-principles calculations were carried out within the Vienna ab initio Simulation Package (VASP)1, 

2 based on density functional theory (DFT). The exchange-correlation functional of Perdew-Burke-

Ernzerhof (PBE)3 along with the projector-augmented wave (PAW)4 pseudopotentials were employed 

for the self-consistent total energy calculations and geometry optimization. The kinetic energy cutoffs 

were chosen to be 400 eV and 500 eV for boron and carbon atoms. Atomic positions were relaxed until 

the energy difference was small than 10-8 eV and the maximum Hellmann-Feynman forces imposed 

on any atoms were below 10-4 eV/Å. The Brillouin Zone (BZ) was sampled with a 10 × 12 × 1 

Monkhorst-Pack k-point mesh. The vacuum thick was set to 25 Å. The thermal stability was 

investigated with AIMD simulations in a canonical ensemble with a Nose-Hoover thermostat.5, 6 



 

 
 

The phonon and superconducting properties were calculated in the Quantum-ESPRESSO (QE) 

package.7 The PBE exchange-correlation functional and PAW pseudopotential with a 60 Ry cutoff 

energy were adopted to model the electron-ion interactions. The structural and electronic properties 

were recalculated by QE, and the results are in good agreement with those by VASP. The vibrational 

properties and phonon perturbation potentials were calculated on a 10 × 10 × 1 mesh of q-points 

within the framework of density-functional perturbation theory,8 combing with Marzari-Vanderbilt 

smearing scheme of width 0.03 Ry and 20 × 20 × 1 k-point mesh. Once the phonon perturbation 

potentials were obtained in QE, we solve the ME equation both in the isotropic and anisotropic 

approximations by using the Electron-phonon Wannier (EPW) 5.4 code9 to obtain the superconducting 

gap and its temperature evolution. Fine electron (120 × 120 × 1) and phonon (60 × 60 × 1) grids 

were used to interpolate the EPC constant through the maximally localized Wannier functions10 as 

implemented in the EPW code. All the parameters are carefully tested to achieve the convergence 

(Figure S1). In all cases, a 0.8 eV cutoff for the Matsubara frequency was chosen; the Dirac delta 

functions for electrons and phonons were smeared out with the widths of 0.02 eV and 0.3 meV, 

respectively; and a typical value of 0.1 was used for the screened Coulomb parameter 𝜇∗. 



 

 
 

 

  

Figure S1. The evolution of Tc with different k and q meshes.  

 

Figure S2. The atomic structures of (a) δ6, (b) β12 and (c) χ3. 

 



 

 
 

Figure S3. (a) The total potential energy fluctuation of BL-𝛿଺ during AIMD simulation at 500K. (b) 

The top view and (c) side view of the atomic configuration of BL-𝛿଺ on Ag (111) surface after 5 ps of 

AIMD simulation at 500 K.  

  



 

 
 

 

Figure S4. The phonon spectra of strains under (a) 13% and (b) 14% along a axis, (c) 8 % and (d) 9% 
along b axis.  

Supplementary Note 2: 

Here, elastic constants are obtained through fitting the strain and energy relationship for rectangular 

cell:11, 12 

𝐸௦ = ଵଶ 𝐶ଵଵ𝜀௔௔ଶ + ଵଶ 𝐶ଶଶ𝜀௕௕ଶ + 𝐶ଵଶ𝜀௔௔𝜀௕௕ + 2𝐶ସସ𝜀௔௕ଶ                   (1) 

where 𝐸௦ is the strain energy per unit area, 𝜀௔௔, 𝜀௕௕ and 𝜀௔௕ are the small axial strains along the a 

and b directions and the shear strain, respectively (Figure S4). The in-plane Young’s modulus Y and 

Poisson ratio 𝜈 along an arbitrary direction can be calculated with the elastic constants as follows: 



 

 
 

𝑌ሺ𝜃ሻ = ௱஼భభ௦రା஼మమ௖రାቀ ೩಴రరିଶ஼భమቁ௖మ௦మ                                             (3)            

 𝜈ሺ𝜃ሻ = ቀ஼భభା஼మమି ೩಴రరቁ௖మ௦మି஼భమ൫௖రା௦ర൯஼భభ௦రା஼మమ௖రାቀ ೩಴రరିଶ஼భమቁ௖మ௦మ                                          (4)  

where 𝛥 = 𝐶ଵଵ𝐶ଶଶ െ 𝐶ଵଶଶ ,  𝑐 = cosሺ𝜃ሻ and  𝑠 = sinሺ𝜃ሻ, 𝜃 is the angle relative to the a direction. 

 

Figure S5. The strain energy per area under different kinds of strains for BL-𝛿଺. 

 

 

Figure S6. The strain energy per area under different kinds of strains for (a) 𝛿଺ , (b) 𝛽ଵଶ, (c) 𝜒ଷ and 
(d) graphene. 

  



 

 
 

 

Figure S7. The atomic and orbital resolved band structures of BL-𝛿଺. 



 

 
 

Figure S8. (a) The electronic band properties of BL-𝛿଺ under 3% tensile strain along a direction, red 
line and blue dashed line denote the results calculated from DFT and Wannier90, respectively. (b) 
Phonon band structure of BL-𝛿଺  weighted by EPC 𝜆௤ఔ  with purple circles, isotropic Eliashberg 
function  𝛼ଶ𝐹  and EPC 𝜆ሺ𝜔ሻ , PHDOS from different kinds of boron atoms ’  contribution. (c) 
Evolution of the superconducting gap Δ௞ as a function of temperature, calculated by solving the ME 
equations in the isotropic approximation (yellow dots and dashed line interpolation) and with a fully 
anisotropic solution where the purple shadowed regions indicate the magnitude distribution of the Δ௞ 
and the light green dots connected with dashed line represents the average value of the entire 
anisotropic Δ௞. 

 
Figure S9. The results of BL-𝛿଺ under 6% tensile strain along a direction. The meaning of (a-c) are 
the same as Figure S8. 

Figure S10. The results of BL-𝛿଺ under 10 % tensile strain along a direction. The meaning of (a-c) 
are the same as Figure S8. 



 

 
 

Figure S11. The results of BL-𝛿଺ under 13% tensile strain along a direction. The meaning of (a-c) are 
the same as Figure S8. 
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