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Figure S1. Optimized structures of the O2-/CO-B12N12 complexes along with their corresponding 
electron density difference maps (0.001 au). In the EDD maps, the charge depletion and 
accumulation sites are displayed in red and blue, respectively. All bond distances are in Å.
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Figure S2. Optimized structures of O2-/CO-B11N12C complexes along with their corresponding 
electron density difference maps (0.001 au). In the EDD maps, the charge depletion and 
accumulation sites are displayed in red and blue, respectively. All bond distances are in Å.
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Figure S3. Schematic energy profile corresponding to local configurations along the minimum-
energy pathway via (a) O2 + CO → Oads + CO2 and (b) Oads + CO → CO2 over B12N12 cage. All 
energies are in eV.
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Figure S4. Local configurations of the gas molecules over the B12N12 cluster in various states, 
including the initial state (IS), transition state (TS) and product (P) along the minimum-energy 
pathway via the O2 + CO → Oads + CO2 and Oads + CO → CO2 routes. The triplet ground state of 
O2 molecule is considered. All bond distances are in Å.
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Figure S5. Schematic energy profile corresponding to local configurations along the minimum-
energy pathway via (a) O2 + CO → Oads + CO2 and (b) Oads + CO → CO2 reaction mechanisms 
over B12N12 cluster. The singlet spin state of O2 molecule is considered. All relative energies are 
in eV.
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Figure S6. Local configurations of the gas molecules over the B12N12 cluster in various states, 
including the initial state (IS), transition state (TS) and product (P) along the minimum-energy 
pathway via the O2 + CO → Oads + CO2 and Oads + CO → CO2 routes. The singlet spin state of 
O2 molecule is considered. All bond distances are in Å.
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Figure S7. Schematic energy profile corresponding to local configurations along the minimum-
energy pathway via (a) O2 + CO → Oads + CO2 and (b) Oads + CO → CO2 over B11N12C cluster. 
The triplet spin state of O2 molecule is considered .All energies are in eV.
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Figure S8. Local configurations of the gas molecules over the B11N12C cluster in various states, 
including the initial state (IS), transition state (TS) and product (P) along the minimum-energy 
pathway via the O2 + CO → Oads + CO2 and Oads + CO → CO2 routes. All bond distances are in 
Å.
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Figure S9. Potential energy profiles for the minimum-energy pathway: O2 + CO → Oads + CO2 
and Oads + CO → CO2 reactions over B11N12C cluster which are performed via LH and ER 
mechanism, respectively. The triplet spin state of O2 molecule is considered. All relative energies 
are in eV.
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Figure S10. Optimized structures of stationary points for reaction pathways O2 + CO → Oads + CO2 
and Oads + CO → CO2 reactions over B11N12C cluster. All bond distances are in Å.
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Table S1. Calculated activation energy (Eact) and reaction energy (ΔE) for different pathways of 
CO oxidation over B12N12 and B11N12C cluster. The singlet spin state is considered for the O2 
molecule in the reaction pathways performed over B12N12.

Reaction Eact (eV) ΔE (eV)
B12N12
IS-3 → P-3 3.35 2.41
IS-4 → P-4 0.06 -5.61
B12N12C
IS-7 → P-7 1.48 -2.82
IS-8 → P-8 0.21 -1.39


