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Fig. S1 | Schematic illustration of phen-Co@CoOOH orientation.

Fig. S2 | Transition state search by climbing image NEB (CI-NEB) for RDS of (a) 

Co@CoOOH (O2 desorption) and (b) phen-Co@CoOOH (OOH* formation), showing 

the initial state (IS), transition state (TS), and final state (FS), respectively.



Fig. S3 | Structural identification diagram of Coads and CoS4 including (a) Co@CoOOH 
and (b) phen-Co@CoOOH.



Table S1 | Summaries of the bonding information for Co@CoOOH and phen-
Co@CoOOH two systems. The Co-OS123 represents the average bond length of Coads-
OS1-S3

Table S2 | Summaries of local environments, occupation and Co-L bond 
information of Coads for phen-Co@CoOOH system.



Fig. S4 ǀ The calculated partial density of states (PDOS) of the adsorption site Coads-
3d orbitals for (a-c) its three OER intermediates in phen-Co@CoOOH system. 



Fig. S5 ǀ The calculated partial density of states (PDOS) and schematic diagrams 
of the adsorption site Coads-3d orbitals for (a-d) Co@CoOOH and its three OER 
intermediates. Spin electron occupations of d-orbitals are denoted as short arrows.



Fig. S6 ǀ The calculated partial density of states (PDOS) and schematic diagrams 
of the adsorption site Coads-3d orbitals for (a-d) bpy-Co@CoOOH and its three OER 
intermediates. Spin electron occupations of d-orbitals are denoted as short arrows.



Fig. S7 ǀ Differential charge density. The cyan and yellow colors indicate electron 
depletion and accumulation, respectively, with an iso-surface value of 0.006 e/Bohr3 
for (a) bpy-Ni@NiOOH; (e) phen-Ni@NiOOH. Sideview of three systems to present 
the bond and distance information between the ligand and substrate: (b) bpy-
Ni@NiOOH; (f) phen-Ni@NiOOH; (i) phen-Co@CoOOH. The Spin density, the iso-
surface value is 0.035 e/Bohr3 for (c) bpy-Ni@NiOOH; (g) phen-Ni@NiOOH. The 
electronic arrangement of metal site for (d) bpy-Ni@NiOOH; (h) phen-Ni@NiOOH.



Fig. S8 ǀ The calculated partial density of states (PDOS) and schematic diagrams 
of the adsorption site 3d orbitals for (a) CoOOH; (b) Co@CoOOH; (c) phen-
Co@CoOOH; (d) bpy-Co@CoOOH; (e) bpy-Ni@NiOOH；(f) phen-Ni@NiOOH. 
Spin electron occupations of d-orbitals are denoted as short arrows. 



Fig. S9 | Calculated surface charge transfer (q) and work function () at IS, TS 
and FS for studied electrochemical steps RDS of (a) Co@CoOOH (O2 desorption) 
and (b) phen-Co@CoOOH (OOH* formation), respectively.



Fig. S10 ǀ RDS Structure diagram for phen-Co@CoOOH using an explicit solvent 
model. 


