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Figure S1. The O K-edge sXAS signals of the spinel CoxMnsxOs oxides. After subtracting an

arctangent background, eight Gaussian functions were employed to fit the sXAS spectrum.
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Figure S2. Proposed traditional four-electron ORR mechanism on spinel oxide catalysts. The

ORR proceeds via four steps: 1, surface oxygen gas adsorption; 2, surface peroxide formation;

3, surface oxide formation; 4, surface hydroxide regeneration. M is a transition-metal cation

in octahedral sites.



Table S1. The full width at half maximum (FWHM) of the Gaussian functions and the

arctangent background (ATAN function) for the O K-edge sXAS spectra peak deconvolution

of the cubic and tetragonal spinel oxides (unit: eV).

Sample P1 P2 P3 P4 P5 Pe6 P7 P8 ATAN
C-Cor 1118 1708 1.182 2226 1.693 3530 5633 4337 1.398
CCows 1118 1708 1.182 2226 1588 3.995 5598 4.614 1.398
C-Co2 1118 1708 1.182 2226 1.690 3.126 5128 3988 1.398
T-Co: 1118 1.708 1.182 2226 1.692 3.621 5290 5.843 1.398
T-Cois 1.118 1.708 1.182 2226 1.620 3.670 5337 4576 1.398
T-Co2 1.118 1708 1.182 1.693 1567 3.194 5038 4210 1.398

Table S2. The energy position of the Gaussian functions and ATAN function for the O K-edge

sXAS spectra peak deconvolution of the cubic and tetragonal spinel oxides (unit: eV).

Sample P1 P2 P3 P4 P5 P6 P7 P8 ATAN
C-Co1  529.99 530.87 532.58 533.09 53544 53833 543.26 549.77 536.43
C-Cows 52993 53093 532.65 533.19 53539 538.14 543.16 549.48 536.48
C-Coz 529.89 530.87 532.58 533.14 53547 538.18 543.14 549.58 536.36
T-Co1 529.89 530.86 532.55 533.04 53544 53899 543.62 549.99 536.42
T-Cois 529.84 531.00 532.66 53329 53543 538.12 543.24 549.63 536.41
T-Co: 52941 531.20 532.78 533.85 53547 537.99 543.30 549.70 536.25




