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Figure 1 (Color online) Discussion on the spin arrangement of Co
under strong field coordination and the classification of pH environ-
ments.
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Figure 2 (Color online) Discussion on the spin arrangement of Co
under weak field coordination and the classification of pH environ-
ments.
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Figure 3 (Color online) (a) XPS spectra of Co 2p for CoySg and Co—CoDASs/ZCC. (b) EXAFS fitting curve corresponding to the Co K-edge at the R
space for Zr [61]. (c) Comparison of the Tafel slopes of catalysts containing Co™ and those without Co™ in alkaline and acidic environments.

(d) Surface reconstruction of cobalt-based catalysts containing Co™ and those without Co

" for the acidic OER reaction [58]. () Quasi-in situ Co 2p

XPS spectra of Co;0,4_,F, recorded during multiple potential steps. (f) /n situ Raman spectra of Co;0,F, under continuous potential ramping

conditions from 1.1 to 1.9 V (relative to the reference electrode) [62].
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Figure 4 (Color online) (a) Schematic diagram of the electron configuration of the 3d orbitals (t*zg/e*g) in CoOOH. (b) Electron paramagnetic
resonance spectra of R-CoOOH and S-CoOOH recorded at 300 K. (c¢) Normalized Co K-edge XAS spectra (the inset shows an enlarged view of the
white line region between 7727 and 7732 eV). (d) Density of states of Co 3d and O 2p orbitals in S-CoOOH. (e) Relationship between the differential
absorption difference of pc-CoOOH and pf-CoOOH at 730 nm in 1 M NaOH and the applied potential [59]. (f) Free energy diagram for the OER
reaction on CoO, and CoPH at 0 V (relative to RHE) [64]. (g) Summary of the Tafel slopes [58]. (h) XANES spectra of CoOML, cobalt acetate, CoMM,
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Regulation of spin state and oxygen evolution reaction mechanism in
cobalt-based catalysts
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Abstract: The application of cobalt-based catalysts in the oxygen evolution reaction (OER) has garnered widespread
attention. Despite demonstrating excellent catalytic performance in experiments, the specific mechanisms remain not
fully elucidated, particularly regarding the dynamic regulation of spin state and coordination environment and their
impacts on catalytic activity and stability. This paper, based on coordination field theory, reveals the essence of the
performance differences of cobalt-based catalysts in acidic and alkaline environments. In acidic conditions, the low-spin
Co’" in octahedral strong field coordination enhances stability by suppressing proton attack and lowering the d-band
center. In contrast, in alkaline environments, the high-spin Co”" induced by weak field coordination optimizes the
occupancy of the e, orbitals and facilitates spin-polarized charge transfer, thereby reducing the overpotential. The results
indicate that the precise regulation of the synergistic effects of coordination field strength and spin structure is key to
enhancing the performance of cobalt-based catalysts. We also envision the integration of advanced characterization
techniques with artificial intelligence and machine learning to construct a dynamic mechanism of spin-coordination
field-reconstruction-catalysis for cobalt-based catalysts, aiming to achieve efficient and stable catalytic performance and
promote their scalable application.

Keywords: oxygen evolution reaction, cobalt-based catalysts, coordination field, spin state
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