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Table S1. Bond length of intermediates 

No. Intermediate C-O1 C-O2 C-H1 C-H2 C-H3 CO1-H3 CO2-H4 
1 CO2

*  1.18 1.18 
 

  
 

    

2 COOH* 1.24 1.36 
 

  
 

0.99   
3 HCOO* 1.27 1.27 1.11   

 
    

4 HCOOH* 1.22 1.35 1.11     0.98  
5 C(OH)2

* 1.33 1.32     0.99 1.01 
6 CO*…H2O* 1.18          
7 H2COO* 1.38 1.39 1.12 1.13       

8 HCO*…H2O* 1.22   1.13         
9 COH*…H2O* 1.29 

  
  

 
1.07   

10 H2COOH* 1.48 1.36 1.11 1.11 
 

0.98   
11 HC(OH)2

* 1.37 1.36 1.11     0.99 0.98 

12 H2CO*…H2O* 1.23 
 

1.11 1.12 
 

    
13 H2C(OH)2

* 1.40 1.43 1.11 1.10 
 

0.98 0.99 
14 HCOH*…H2O* 1.32   1.14     1.03   

15 H3CO*…H2O* 1.41 
 

1.11 1.12 1.11     
16 H2COH*…H2O* 1.36 

 
1.10 1.11   1.01   

17 CH3OH*…H2O* 1.44   1.10 1.10 1.10 
 

 1.00 

Note: The OH bond lengths in H2O are not mentioned. O2 is the oxygen at higher position than O1. H1, H2, H3 in C-
H1, C-H2, C-H3 are hydrogen atoms with an increasing of height, respectively. H3, H4 in CO1-H3, CO2-H4 are 
hydrogen atoms directly bonding to O1 and O2, respectively. 
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Figure S1. The free energy diagram for hydrogen evolution reaction on the PdCo alloy. 
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Figure S2. The CDD of intermediates. Negative charge accumulation (yellow) and 
negative charge donation (cyan).
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Figure S3. The PDOS of intermediates. 

 
 
 


