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Implementation of VASP code

The BN monolayer is modelled on a (8x4) supercell consisting of 128 atoms with cell dimensions;
x=20.4478 A,y=17.7084 A, z=22.1739 A. The calculations for adsorption energies had a maximum
of three different atomic species (B, N, and Atom). To minimize errors, calculations for isolated atom,
of the surface only, and of the (adsorbate + surface) are done with an identical supercell, energy cut-
off and with the following VASP parameters:

ENCUT =570 eV (ensures it is ~ 1.3x E,x), PREC= Accurate, LREAL =Auto, LMAXMIN= 2,
ISYM = 0 (not use symmetry), ISMEAR = 0 (Gaussian smearing; partial occupancies for each
orbital), IBRION =2 (CGA; ionic relaxation), IVDW =1 and VDW_S6 = 0.75 (vdW correction),
ENAUG =1214 and ROPT = 2x10* (for each different type of atomic species). The maximum
values of E,,,x and ENAUG are derived from the atomic potential functions (in this case, O and C
respectively).

Spin polarised calculation results

After structural relaxation was achieved, calculations for magnetic moments and local spin polarized
electronic density of states (SDOS) were performed with a 12X12X1 k-point mesh of 75 k-points.
Integration of magnetic moment and SDOS were calculated in the PAW sphere.

Figures S1 to S10 are the SDOS plots from the spin polarised DOS calculations, indicating orbital
contributions from B, N, and adatom A (H, Li, C, O, Al, Si, P, S), of the full valence and conduction
bands region for Vy, Vp and all A-Vy and A-Vj surfaces. The figures also include a magnification

plot of the VBM/Er/CBM region indicating any contributions from s- and p- orbitals from B, N atoms
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and s-, p- , px, Py, and p, orbitals from the adatom atom. Since the magnitude of DOS for the adatom,
in the full SDOS diagrams, is not visible at the scale of the plot, the magnitude of the adatom DOS
contribution is multiplied by a factor ranging from 10 to 50. This is indicated in the legend of the plot

e.g. (X20) means the magnitude of the raw DOS data, for the atomic species, has been multiplied by
20.
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Figure S1 Vy - Full SDOS and magnification in the Er region
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Figure S2 Vg - Full SDOS and magnification in the Er region.
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Figure S3 (a) H-Vy (b) H-Vg. Full SDOS and magnification in the Eg region.
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Figure S4 (a) Li-Vy (b) Li-Vp. Full SDOS and magnification in the Er region.
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Figure S5 (a) C-Vy (b) C-V3. Full SDOS and magnification in the Eg region.
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Figure S6 (a) O-Vy (b) O-V3. Full SDOS and magnification in the Ep.
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Figure S7 (a) Al-Vy (b) Al-Vg. Full SDOS and magnification in the Eg region.
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Figure S8 (a) Si-Vy (b) Si-Vg. Full SDOS and magnification in the Eg.
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Figure S9 (a) P-Vy (b) P-Vg. Full SDOS and magnification in the Er region.
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Figure S10 (a) S-Vy (b) S-Vg. Full SDOS and magnification in the Er region.
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Average energy of p-orbital centers, €,

The ¢, energy values are with respect to Er. The width gives the range of energy levels up to Eg. All
units are in eV.

A-V\, : p-centers for A=C, O, Al, Si, P, S
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Figure S11 A-Vy.

-1 A-Vg : p-centers for A=C, O, Al Si, P, S
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Figure S12 A-Vg.
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