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Sc-0=1.941A V-0=1.828A
Se-0=1.933A Ti-0=1.826A V-0=1.837A
Se-C=2.071A Ti-C=1.929A V-C=1.902A

Cr-0=1.817A Mn-0=1.859A Fe-0=1.829A

Cr-0=1.831A Mn-0=1.850A Fe-0=1.880A

Mn-C=1.914A Fe-C=1.807A

B

Ni-O=1.838A Cu-0=1.916A

Co-0=1.807A

Co-0=1.865A Ni-O=1.882A Cu-0=1.996A
Co-C=1.776A Ni-C=1.833A Cu-C=1.855A

Figure S1. The relaxed geometries of free 3d TM;/OLC complexes (TM=Sc-Cu).



Y-0=2.093A Zr-0=1971A Nb-0=1.926A

Y-0=2.082A Zr-0=2.049A Nb-0=1.927A
Y-C=2.214A Zr-C=1.954A Nb-C=1.962A

Mo-0=1.917A Te-0=1.921A Ru-0=1.926A
Mo-0=1.9284 Te-0=1.937A Ru-0=1.949A

Mo-C=1.920A Te-C=1.890A Ru-C=1.880A
- _.., . g .

Rh-0=1.976A Pd—02.229/-§

Rh-0=2.030A Pd-0=2.088A Ag-0=2.308A
Rh-C=1.880A Pd-C=1.900A Ag-C=2.116A

Figure S2. The relaxed geometries of free 4d TM;/OLC complexes (TM=Y-Ag).



Hf-0=1.931A Ta-0=1.882A W-0=1.881A

Hf-0=1.919A Ta-0=1.900A W-0=1.901A
Hf-C=2.036A Ta-C=1.954A W-C=1.909A

5
Re-0=1.903A Ir-0=1.961A
Re-O=1.914A 0s-0=1.938A Ir-0=2.000A

Re-C=1.886A 0s-C=1.873A Ir-C=1.877A

Au-0=2.169A

Pt-0=2.264A Au-0=2.480A
Pt-C=1.876A Au-C=1.963A

Figure S3. The relaxed geometries of free 5d TM/OLC complexes (TM=Hf-Au).



Sc-H=1.886A Ti-H=1.729A V-H=1.650A

Sc-0=1.999A Ti-0=1.857A V-0=1.795A
Sc-0=2.0114 Ti-0=1.857A V-0=1.802A

Sc-C=2.192A Ti-C=1.9835A V-C=1.876A

Cr-H=1.610A Mn-H=1.584A Fe-H=1.356A

Cr-0=1807A Mn-0=1.828A Fe-O=1.860A
Cr-O=1.818A Mn-0=1.901A Fe-0=1.899A
Cr-C=1.849A Mn-C=1.832A Fe-C=1.817A

Ni-H=1.445A Cu-H=1.446A

Co-0=1.797A Ni-0=1.866A Cu-0=1.797A
Co-0=1.879A Ni-0=1.897A Cu-0=1.879A
Co-C=L771A Ni-C=1.805A Cu-C=1.870A

Figure S4. The relaxed geometries of 3d TM;/OLC complexes (TM=Sc-Cu) with one
hydrogen adsorption.



Y-H=2.043A Z1-H=1.889A Nb-H=1.791A

Y-0=2.155A Zr-0=2.004A Nb-0=1.929A
Y-0=2.164A Zr-0=2.013A Nb-0=1.936A
Y-C=2.343A Zr-C=2.119A Nb-C=1.981A

Mo-H=1.716A Te-H=1.655A Ru-H=1.616A
Mo-0=1.915A Te-0=1.928A Ru-0=1.949A
Mo-0=1.923A Te-0=1.934A Ru-0=2.095A
Mo-C=1.920A Te-C=1.884A Ru-C=1.876A

Rh-H=1.561A Pd-H=1.553A Ag-H=1.585A

Rh-O=1.957A Pd-0=2.133A Ag-0=2.119A
Rh-0=2.113A Pd-0=2.118A Ag-0=2.299A
Rh-C=1.895A Pd-C=1.946A Ag-C=2.072A

Figure S5. The relaxed geometries of 4d TM;/OLC complexes (TM=Y-Ag) with one

hydrogen adsorption.



Hi-H=1.868A Ta-H=1.782A

H{-0=1.966A Ta-0=1.901A W-0=1.882A
HI-0=1.994A Ta-0=1.895A W-0=1.899A

Hi-C=2.099A Ta-C=1.981A W-C=1914A

Re-H=1.663A 0s-H=1.649A :
Re-0=1.922A 0s-0=2.074A Il'-O:Z.IZ:}OA
Re-0=1.907A 0s-0=1.936A I1-0=1.956A
Re-C=1.887A 0s-C=1.873A Ii-C=1.889A

Pt-H=1.560A Au-H=1.563A

Pt-0=2.153A Au-0=2.119A
Pt-0=2.096A Au-0=2.308A
Pt-C=1.912A Au-C=2.007A

Figure S6. The relaxed geometries of 5d TM;/OLC complexes (TM=H{f-Au) with one
hydrogen adsorption.



Mo-H=1.683A Mo-H=1.682A  Ta-H=1.739A Ta-H=1.774A  W-II=1.689A W-I=1.698A
Mo-0=1.993A Mo-0=1.945A  Ta-0=2.024A Ta-O=1.940A  W-O=1974A W-0=L.920A
Mo-C=1.922A Ta-C=2.025A W-C=1.922A

Re-H=1.666A Re-H=1.672A  Os-H=1.630A Os-H=1.618A Ir-H=1.580A Ir-H=1.598A
Re-0=1.989A Re-0=1.977A 08-0=2.031A 0s-0=1.984A Ir-0=2.090A Ir-O=2.185A
Re-C=1.886A 0s-C=1.8904 Ir-C=18734

Pt-H=1.556A Pt-H=1.559A
P0=2.090A Pt-0=2.1354
Pt-C=1.989A

Figure S7. The relaxed geometries of TM;/OLC complexes (TM=Mo, Ta, W, Re, Os,
Ir, and Pt) with 2" hydrogen adsorption.



Mo-H=1.701A Mo-H=1.6894  Ta-H=1.787A Ta-H=2.280A W-H=L700A W-H=1.701A
Mo-H=1.694A Mo-0=2.064A Ta-H=2.339A Ta-O=1.890A W-H=L705A W-0=2.055A
Mo-0=2.047A Mo-C=1.9394 Ta-0=1.945A Ta-C=1.983A W-0=2.041A W-C=1.945A

Re-H=1.654A Re-H=1.668A 0s-H=1.6134 Os-H=1.6154 Ir-H=1.583A Ir-H=1.586A
Re-H=1.671A Re-0=2.042A Os-H=1.634A 0s-0=2.213A Ir-H=1.5988 1Ir-0=2.039A
Re-0=2.062A Re-C=1.889A 05-0=2.0474 0s-C=1.895A Ir-0=2.124A Ir-C=1.973A

P-H=1.543A Pt-H=1.548A
PtH=1.600A Pt-0=2.147A
Pt0=2.196A Pt-C=2.125A

Figure S8. The relaxed geometries of TM;/OLC complexes (TM=Mo, Ta, W, Re, Os,
Ir, and Pt) with 3" hydrogen adsorption.



Table S1. The binding energies (Ey) of TM;/OLC species, the difference between
binding energy and cohesion energy (E..,) of TM, and Mulliken charge of TM.

Species | Ep (eV) | EpEcon (€V) | Q (M) (e))
Sc 11.67 7.77 1.32
Ti 11.29 6.44 1.54
\4 10.34 5.03 1.40
Cr 7.81 3.71 1.15
Mn 7.35 4.43 1.19
Fe 7.36 3.08 1.09
Co 7.90 3.51 0.85
Ni 7.92 3.48 0.85
Cu 6.19 2.70 0.71
Y 10.65 6.28 1.59
Zr 11.98 5.73 1.88
Nb 12.08 4.51 1.52
Mo 7.97 1.15 1.25
Tc 8.84 1.99 1.04
Ru 8.67 1.93 0.79
Rh 7.36 1.61 0.89
Pd 5.42 1.53 0.64
Ag 3.67 0.72 0.67
Hf 11.65 5.21 1.88
Ta 11.31 3.21 1.65




\\ 13.65 4.75 1.45
Re 9.55 1.52 1.21
Os 7.82 -0.35 0.98
Ir 7.96 1.02 1.06
Pt 6.35 0.51 0.74
Au 4.35 0.54 0.44
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Figure S9. The binding energies (E,) of TM;/OLC species, the difference between
binding energy energy and cohesion energy (E..,) of TM were also given, in which
the positive values (E,-E.,) indicate that Ey, values are higher than E.j,.
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Figure S10. The linear relation between the binding energies (E,) of TM;/OLC and
Mulliken charges of TM atoms.
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Figure S11. Volcanic curve of the exchange current (iy) as a function of the average
AGyx of TM supported OLC with one H adsorbed.
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Figure S12. Volcanic curve of the exchange current (iy) as a function of the average
AGy+ of TM supported OLC with 2" or 3" H adsorbed.
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Figure S13. ALIE maps on the vdW surface of Pt;/OLC with H adsorbed.






