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Computational Details of Benchmarks 
The computations with different values of cutoff energies, k-point grid and vacuum 
thickness were performed to benchmark all the computational model, which could 
balance the computational precision and computing cost. According to our 
computations, the first Brillouin zone was sampled with a 9×9×1 Γ-centered 
Monkhorst-Pack k-point grid, the energy cutoff was set to 600 eV and the vacuum 
layer was set to larger than 15 Å, which were large enough to reach the requirements.

Fig S1 Benchmark computations: the relationship of total energy of the HfB2 

monolayer with (a) k-point (b) energy cutoff (c) vacuum thickness.  

Fig S2 Calculated band structure of HfB2 monolayer with HSE06 functional method 

after considering SOC. The red dashed line denotes Fermi level.



Fig. S3 The band structure of Zr doped HfB2 monolayer computed by PBE functional.

Fig S4 Band structure of some atoms with high enough redox potentials, which 
combined with B atoms.



Fig S5 Band structure of the TiB2 and ZrB2 monolayer with PBE functional.

  
Fig S6 Side and top views of the grown 2D HfB2 monolayer on MoS2 substrate



Fig S7 Structural parameter of the HfB2 monolayer in POSCAR file.

Table S1 Cohesive Energies of some atoms with high enough redox potentials, which 
combined with B atoms. The HfB2 Dirac material is highlighted in bold 

HfB2 AuB2 HgB2 IB2 RuB2

Cohesive 

energies

(eV/atom)

6.12 3.07 1.07 0.02 6.46


