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The binding energy of the absorption systems is defined as
EB = (Etot - Bsheet -nXx 'uX)/(m +n)

where the E represent the total energy of the 2D systems, Biheet represents the total energy of the
triangular B sheet, #X is the per atom energy of X, (X=H, F, Cl), and m/n reprensents the number
of B/X atoms in the unit cell.

Table S1. The lattice constants, Binding energy (Eg), Dirac cone and Fermi velocity (Vf) for all
the B-X materials.

Phase X=H,F,Cl) a(A) b (A) Eg (eV/atom) Dirac cone V7 (106 m/s)
B:H 2.871 2.871 -0.280 Yes 0.492/0.511

B¢H, 2.894 4913 -0.351 Yes 0.291/0.390

B;F 2.871 2.871 -1.099 Yes 0.419/0.469

B¢F, 2.905 4.922 -1.176 Yes 0.379/0.427

B;Cl 2.969 2.969 -0.388 Yes 0.441/0.471

B.Cl, 2.998 4.882 -0.565 Yes 0.367/0.303

In order to measure the relative structural stability of the new structures, we have calculated the

formation enthalpy AH(x) for the B-H systems,
AH(x) = (Etot_y X Up—x X HH)/(x +¥)

where the E,, represent the total energy of the 2D systems, “B is the referred to the per atom
energy of o B sheet, “H is the per atom energy of H,, and x/y reprensents the number of H/B atoms

in the unit cell.

Table S2. The calculated formation enthalpy for the 2D B-H phases.

Phase B,H, (Cmmm) B,H, (Pmmn) B;H BgH,

AH(eV) -0.0145 -0.0061 -0.0381 -0.1095
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Fig. S1. The phonon dispersions along the high symmetry lines of the new phases.
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Fig. S2. The AIMD snapshots at the temperature of 500 K (10 ps) for BgH,(a), BcF»(b) and

BsCly(c), respectively.
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resolved band structures and band decomposed charge density of the new phases.

Fig. S3. Orbital-

1) represent the projected band structures and band decomposed charge density at Dirac
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, F, Cl) monolayer, respectively. All the data in this figure are calculated

H

using the PBE functional.
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Fig. S5. (a-d) represent the band structures of the p(\/§ x \/g) supercell for graphene-(a), B;H-(b),
B;F-(c) and B;Cl-(d), respectively. (e-h) represent the band structures of the p(2x2) supercell for
graphene-(e), B;H-(f), B;F-(g) and B;ClI-(h), respectively.
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Fig. S6. (a) The hopping diagram of the TB model for B¢F, monolayer. (b) The band structure of
BgF, monolayer based on a tight-binding model. (c) The 1D energy bands for the BgF, strip. (d)
The black solid lines represent the PBE band, and the red dash lines represent the results of
wannier fit.
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resolved band structures and band decomposed charge density of the TMB,

Fig. S7. Orbital

f, g-1) represent the projected band structures and band decomposed charge density

c, d-
at Dirac point of FeB,,

(a-

phases.

TiB, and ZrB, monolayer, respectively. All the data in this figure are

calculated using the PBE functional.
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