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Fig. S1 The PDOS diagram of Cu/α-TBN. 
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Fig. S2 The PDOS diagram of nCu/α-TBN. 
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Fig. S3 The CDD diagram of nCu/α-TBN, showcasing the Cu-B6 electron reservoirs. 
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Fig. S4 The CDD diagrams of (a) *COOH and (b) *OCHO on nCu/α-TBN. 
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Fig. S5 The PDOS diagram of *COOH on nCu/α-TBN. 
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Fig. S6 The PDOS diagram of *OCHO on nCu/α-TBN. 
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Fig. S7 The COHP diagram and ICOHP values for bonding between the C and O atoms in a CO2 molecule.
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Fig. S8 The model structures of a series of intermediates that may appear in Pathway 1 (upper diagram) and Pathway 2 (lower 

diagram). 

  



S10 

 

Fig. S9 The model structures showing the dimerization of *CO to *OCCO*. 
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Fig. S10 (a) The model structure of 2*OCHOH2 (the positions of Ca, Cb, Oa and Ob are also marked). (b) The curve of distance 

between Ca and Cb, Ca and Oa, Cb and Ob of 2*OCHOH2→*OCHCHO+2H2O from 0 to 10 ps based on the AIMD simulations. 
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Fig. S11 (a) The model structures of *OCHOH2 affected by the neighbouring *CHO and *CO. (b) Schematic of the C–C 

coupling processes affected by the neighbouring *H. 
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Table S1 Bader charges of Cu/α-TBN and nCu/α-TBN as well as the *COOH and *OCHO intermediates. 

 
  

Structure Bader charge (e) Structure Bader charge (e)

Cu of Cu/α-TBN  Cu of nCu/α-TBN  

Cu-B6 of Cu/α-TBN  Cu-B6 of nCu/α-TBN  

Cu of Cu/α-TBN-*OCHO  Cu of Cu/α-TBN-COOH  

*OCHO of Cu/α-TBN-*OCHO  *COOH of Cu/α-TBN-COOH  

Cu of nCu/α-TBN-*OCHO  Cu of nCu/α-TBN-COOH  

*OCHO of nCu/α-TBN-*OCHO  *COOH of nCu/α-TBN-COOH  
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Table S2 The binding energies of Cu/α-TBN and nCu/α-TBN. 

Structure E (eV)  Structure E (eV) 

Cu/α-TBN   nCu/α-TBN 

α-TBN   α-TBN 

Cu   nCu 

Eb1   Eb2 
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Table S3 The Gibbs free energies of *COOH and *OCHO on Cu/α-TBN. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

Cu/α-TBN  0.00   —— 

*COOH  0.45   0.22 

*OCHO  0.47   1 

Note: E(DFT+sol) represents the energy of DFT calculations and solvation correction; Gcorr represents the 
frequency correction value; Eads = E(DFT+sol) + Gcorr; G is the Gibbs free energy; △G is Gibbs free energy change. 
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Table S4 The Gibbs free energies of *COOH and *OCHO on nCu/α-TBN. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN  0.00   ��

*COOH  0.45   

*OCHO  0.47   
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Table S5 The Gibbs free energies for the production of CH3OH on nCu/α-TBN via Pathway 1. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN  0.00   —— 

2*COOH  1.04   

2*CO  0.28   

*CO+*CHO  0.50   

*CO+*COH  0.59   

2*CHO  0.81   

2*CH2O  1.34   

2*CH2OH  2.03   

*+2CH3OH  0.00   
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Table S6 The Gibbs free energies for the production of CH4 on nCu/α-TBN via Pathway 1. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN  0.00   ��

2*COOH  1.04   

2*CO  0.28   

*CO+*CHO  0.50   

*CO+*COH  0.59   

2*CHO  0.81   

2*CH2O  1.34   

2*CH2OH  2.03   

2*CH2  1.03   

2*CH3  1.72   

*+2CH4  0.00   

 
  



S19 

Table S7 The Gibbs free energies for the production of CH3OH on nCu/α-TBN via Pathway 2. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     —— 

*OCHO+*COOH     

*OCHO+*CO     

*OCHO+*CHO     

*OCHOH+*CHO     

*OCH+*CHO     

*OCH2+*CH2O     

2*OCH3     

2*HOCH3     

*+2CH3OH     
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Table S8 The Gibbs free energies for the production of CH4 on nCu/α-TBN via Pathway 2. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     —— 

*OCHO+*COOH     

*OCHO+*CO     

*OCHOH+*CO     

*OCH+*CO     

*OCH+*CHO     

*OCH2+*CH2O     

2*OCH3     

2*HOCH3     

2*OH+2CH4     

*+H2O     
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Table S9 The Gibbs free energies for the production of HCOOH on nCu/α-TBN via Pathway 3. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     ��

2*OCHO     

2*OCHOH     

*+2HCOOH     
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Table S10 The Gibbs free energies for the production of CH2CH2 on nCu/α-TBN via Pathway 3. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     ��

2*OCHO     

2*OCHOH     

*OCHCHO     

*OCHCHOH     

*OCHCH2OH     

*OCHCH2     

*OHCHCH2     

*OH+CH2CH2     

*+H2O     
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Table S11 The Gibbs free energies for the production of CH3CH3 on nCu/α-TBN via Pathway 3. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     —— 

2*OCHO     

2*OCHOH     

*OCHCHO     

*OCHCHOH     

*OCHCH2OH     

*OCHCH2     

*OCHCH3     

*OHCHCH3     

*OHCH2CH3     

*OH+CH3CH3     

*+H2O     
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Table S12 The Gibbs free energies for the production of CH3CHO on nCu/α-TBN via Pathway 3. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     ��

2*OCHO     

2*OCHOH     

*OCHCHO     

*OCHCHOH     

*OCHCH2OH     

*OCHCH2     

*OCHCH3     

*+CH3CHO     
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Table S13 The Gibbs free energies for the production of CH3CH2OH on nCu/α-TBN via Pathway 3. 

Model E(DFT+sol) (eV) Gcorr (eV) Eads (eV) G (eV) △G (eV) 

nCu/α-TBN     ��

2*OCHO     

2*OCHOH     

*OCHCHO     

*OCHCHOH     

*OCHCH2OH     

*OCHCH2     

*OCHCH3     

*OCH2CH3     

*OHCH2CH3     

*+CH3CH2OH     

 


