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Figure S2. Phonon specta of the TMB,O monolayers.
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Figure S3. Electron location functions of the TMB,0O monolayers.
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Figure S4. Partial density of states (PDOS) of TMB,0O monolayers. Note that B; and B,

represent the boron atoms connected to the TM atom and the O atom, respectively.
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Figure S5. Phonon specta of the TM (111) single atomic layers (TM = Fe, Co, Ni, Ru, Rh, Pd,
Os, Ir and Pt).
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Figure S6. Phonon specta of the BO and BS single atomic layers composed of hexagonal

rings.
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Figure S7. The charge density difference (Ap) of the TMB,0 monolayers, in which the red

and blue colors represent gaining and losing electrons, respectively.
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Figure S8. DOSs of the TMB,0O monolayers.
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Figure S9. Evolution of total energy of the CoB,0 (a), NiB,O (b), RuB,0O (c) and OsB,0 (d)

monolayers at 500 K from AIMD simulations, and the corresponding snapshots after 5 ps.

Energy (eV)

(b) NiB,O

s204 (d) OsB,0

' |
-526‘0 -yrl_’/ I
]
]
| |
524.0 1 i |
] L
] A A L
I
‘ I ' ' I
-522.0 — . . —
] 1 2 3 4

5



A AR AEA A e F
NN

RN,

AR,

e T T Tl

SNANANAN,

OPd UB ©S

© Pt VB ¢S

\“%g"{h , [ [
. s SRV N NPT T o I SIS e
(g) OsB,S (h) IrB,S (i) PtB,S

Figure S10. Top and side views of the optimized structures of TMB,S (TM = Fe, Co, Ni, Ru,
Rh, Pd, Os, Ir and Pt) monolayers.
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Figure S11. Phonon specta of the TMB,S monolayers.
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Figure S12. Electron location functions of the TMB,S monolayers.
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Figure S13. The PDOS of TMB,S monolayers. Note that B; and B, represent the boron

atoms connected to the TM atom and the S atom, respectively.
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Figure S14. The charge density difference (Ap) of the TMB,S monolayers, in which the red

and blue colors represent gaining and losing electrons, respectively.
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Figure S15. DOSs of the TMB,S monolayers.
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Figure S16. Evolution of total energy of the RhB,S (a) and OsB,S (b) monolayers at 500 K

from AIMD simulations, and the corresponding snapshots after 5 ps.
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Figure S17. 6,5 center for H adsorbed at the different active sites on the NiB,O (a), RuB,O
(b-c) and OsB,O (d-f) monolayers. The Fermi level was set to zero marked as the gray
dashed line. The red arrow represents the o s-center of the adsorbed H. Inset: Molecular
orbitals related to the H atom adsorbed at the active site in different energy ranges marked

by the orange dashed line.
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