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Figure S2. TEM image of Mo-Co3;0; catalyst and the corresponding particle size distribution

map.
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Figure S3. (a) TEM images, (b) HRTEM images, (c) SEAD pattern, (d-f) HAADF-STEM and

corresponding elemental mappings of Co30y.
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Figure S4. UPS of (a) Co3;04, (b) Mo-Co30, and (c) Schematic of the calculated Fermi level.
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Figure S5. XPS survey spectra of prepared samples.
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Figure S6. XPS Mo 3d spectra of before and after testing 20h of Mo-Co;0, catalyst.
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Figure S7. Cyclic voltammograms of (a) Mo-Co30y, (b) C0304, (¢) M00O3-Co50; at different

scan rates, and (d) Double layer capacitance (Cy)).
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Figure S8. (a) LSV curves and (b) Tafel slope plots of. (¢) LSV curves and (d) EIS profiles of

Mo-Co30; in H,SO4 (pH 0.3) and H,SO, with 0.5 M K,SO, (pH 0.3).
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Figure S9. Elemental leaching assessed by ICP-OES of Mo-Co;0, for the electrolyte after a

continuous test at 10 mA-cm2 for 80 h.
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Figure S10. The Faraday efficiency (FE) of (a) Co304 and (b)Mo-Co3;0,4 was calculated by
collecting the current of the disk electrode and the ring electrode.
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Figure S11. UV-Vis absorption spectra of the electrolyte of (a) Co304 (b) Mo-Co304 at 1.26-
2.26 V vs. RHE.

12



(a) (b)
Co50, Mo-Co,0,
3r 1.36V vs. RHE 3t 1.36V vs. RHE
0 A 0 .
10 5 10

1.46V vs.RHE 13 1.46V vs. RHE] 3
L L 0 . 0

10 5 10
1.56V vs. RHE

3t
/ 1.56V vs. RHE ;
0 . 0 . .
10 5 10
1.66V vs. RHE 13 1.66V vs. RHE{ 3
L 0 h ) 0

w

-Z'"(ohm)
-Z'"(ohm)

10 5 10
@ Test result Test result
3r Fitting result  1.76V vs. RHE 3 Fitting result 1.76V vs. RHE
0 J 1 L 0 L :
5 10 5 10
! 1
Z'(ohm) Z'(ohm)

Figure S12. EIS Nyquist fitting curves of (a) Co304 and (b) Mo-Co0304 recorded from 1.36 V
to 1.76 V vs. RHE
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Figure S13. (a) Bode plots (b) Nyquist plots and (c¢) CV for Pt/Ti
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Figure S14. CV curves of Mo-Co3;0, and Co30, tested on a rotating ring-disk electrode.
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Figure S15. (a) Mo-Co3;0, and (b) Co;04 in acid electrolytes with different pH values.

16



OH 0] OOH
+H,0 I | +H,0 | -0,
AEM: O-Co-O ——» O-Co-O —— O-Co-O —— O-Co-O ——» 0-Co-0O
-H*-e -H*-e -H*-e -H*-e
+H,0 -0, +H,0 -0,
LOM: O-Co-[[] —— 0-Co-OH — O-Co-O —— []-Co-[] — HO-Co-[1]— O-Co-[]
te -H*-e- -H*-e- -H*-e

Figure S16. Diagram of AEM and LOM paths.
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Figure S17. The curves of density of states of Co 3d and O 2p orbitals in (a) Co;0,4 and (b) Mo-
C0304.
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Table S1. The fitting results of XRD tests on (220) planes

Interfacial Lattice Mean particle
20 w spacing parameter size Cell
(nm) (nm) (nm)

Mo-Co304 31.3140 0.3517  0.28543 0.80730 23.1980
Co0304 31.3124 0.3433  0.28544 0.80734 23.7649

Cubic
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Table S2. Different peak positions and contents of Co 2p XPS spectra for samples

C02+ C03+
Sample
2p32/2p12(eV) 2p32/2py2(eV)
Co0304 781.3eV/796.5¢V 780eV/795eV
Mo-Co030, 781.5eV/796.7¢V  780.2eV/795.2eV

Mo-Co30, after testing 50h

780.8eV/796.3eV  779.6eV/794.7eV
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Table S3. Different peak positions of Mo 3d XPS spectra for samples

M04+ M06+
Sample
3d3/2/3d 12(eV) 3d3,2/3d 12(eV)
Mo-C0304 232eV/235.1eV  233.2eV/235.7¢V

Mo-Co30, after testing S0h  231.5eV/234.6eV  232.4eV/235.5eV
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Table S4. Different peak positions and contents of O 1s XPS spectra for samples

Owm-0 Oy Owm.on
Sample Ovy/ Omo0
(eV/100%) (eV/100%) (eV/100%)
Co304 529.6eV/81.9 531.2eV/13.3  532.2eV/4.8 0.16
Mo-Co0504 530.1eV/64.7 531.6eV/28.5  532.7¢V/6.8 0.44
Mo-Co30, after testing 50h 530.1eV/64.1 531.3eV/27.5  532.8¢V/8.4 0.43
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Table S5. OER performance of as-synthesized electrodes in this work

Durable time
H10 Tafel slope R Cdl
Catalysts @10mA cm-
(mV) (mV dec?) Q) (mF cm) ®)
Co0304 432 107.01 1.70 18.69 50
Mo0O5-Co504 496 127.02 2.23 6.91 40
Mo-Co030, 348 84.32 1.32 20.22 More than 180
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Table S6. A summary of Stability of Mo-Co;0,4 and other reported Co based catalysts in

acidic electrolyte

Stability @ Current
Catalysts Electrolyte density References
(h@ mA cm™?
Mo-Co0304 0.5M H,S0O4 180/10 This work
Mo-C0504 0.5M H,SO, 300/50 This work
Amorphous CoFeOy pH 2 in Pi 2/1 2021
Amorphous CoPbOy pH 2.5 in Pi 8/1 2021
Amorphous CoFePbOy pH 2 in Pi 50/1 2021
Co,TiOy 0.5M H,S0O4 10/5 381
Crystalline Co304 0.5M H,S0, 15/10 441
Mn-doped FeP/Co3(PO,), 0.5M H,SO, 8.3/5 501
Co;04@C IM H,SO, 40/10 6161
C03;04/Ce0, 0.05M H,SO, 100/10 7171
CoFePbO, IM H,SO, 13/100 881
CoFe IM H,SO, 2/10 9%
Coy.05Fe0.050y pH 0.3 H,SO4 50/10 101101
CoFePbOy pH 0 H,SO4 14/10 881
Ag-doped Co304 0.5M H,SO, 10/6.5 110t
Co3(POy), IM H;PO, 30/1.8 12012]
Ir-Co304 0.5M H,S0O, 6/50 13013]
La and Mn doped C0304 0.1M HCI1O,4 300/10 140141
Co,MnO, pH 1 H,SO4 200/100 15013
Co;3;-«Ba,0,4 0.5M H,S0O, 100/10 161161
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Table S7. The detailed data of ICP-OES after the stability test of Mo-Co504

Concentration of dissolved Dissolution
Test time Degradation
elements in electrolyte (ppm) rate of Co
(h) rate (mV h)
Co Mo (ppm h)
10 12.7 1.2
20 25 1.7
0.47 1.098
30 30.2 1.7
50 54.9 2.2
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Table S8. The detailed data of ICP-OES after the stability test of Coz0y4

Dissolution
Test time Concentration of dissolved Co in Degradation
rate of Co
(h) electrolyte (ppm) rate (mV h')
(ppm h')
10 13.6
20 27.2
2.175 1.336
30 41.2
50 66.8
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Table S9. Optimum fit parameters for the impedance date of Co;04 during OER in 0.5M

H,S0,4

E Rs R1 R2
(V vs. RHE) Q) () (Q)
1.36 2.587 1.105 1.925x10°
1.46 2.283 0.674 3.438x107
1.56 2.313 0.483 135.3
1.66 2.315 0.533 16.17
1.76 2.328 0.352 2.099
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Table S10. Optimum fit parameters for the impedance date of Mo-Co3;0,4 during OER in

0.5M H,SO4

E Rs R1 R2
(V vs. RHE) Q) () (Q)
1.36 2.931 3.933 1.797x10'°
1.46 2.704 4.262 3.739x108
1.56 2.639 4.046 19.122
1.66 2.673 3.257 2.815
1.76 2.508 0.601 1.530
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