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Figure S2. Band structure (left) and density of states (right) of (a) Cr,C and (b) Cr,COs,.
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Figure S3. Free energy diagram of HER processing of Cr,CO; under different H coverage (1.
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Figure S4.The binding energy of transition metal with Cr,CO, surface.
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Figure S5. Atomic configurations of TM-Cr,CO, after AIMD simulations under 300K and 500K.

The AIMD calculations were typically run for 8ps (Part A) and 4ps (Part B), with a time step of 2
fs.

Figures S6. Charge density difference of (a) Ni-Cr,CO,and (b) Co-Cr,CO, under 12.5% TM
coverage. The light blue and yellow colors denote the negative and positive areas, respectively.
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Figure S7. The schematics of (a) perfect Cr,CO, and (b)Vc-Cr,CO,. The concentration of carbon

vacancies is 11.11%.In this figure we use Cr,C rather than Cr,CO, to identify the carbon
vacancies.
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Figure S8. Atomic configurations of Vc-Cr,C after ab initio molecular dynamics (AIMD)
simulations under the temperature of 300K and 500K. The AIMD calculations were typically run
for 8ps (Part A) and 4ps (Part B), with a time step of 2 fs. (a) 12.5%V-Cr,C at 300K, (b)

11.11%V-Cr,C at 300K, (¢) 12.5%V-Cr,C at 500K, and (d) 11.11%V-Cr,C at 500K.



Figure S9. Atomic configurations of V-Cr,CO; at end of ab initio molecular dynamics (AIMD)
simulations under the temperature of S00K. The AIMD calculations were typically run for 8ps

(Part A) and 4ps (Part B), with a time step of 2fs.(a) 12.5%V-Cr,CO, at 500K and (b)
11.11%V¢-Cr,CO, at 500K.



