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Fig. S1. Raman spectra of Co3O4, CoO, Fe-Co3O4 and Fe-CoO. 
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Fig. S2. TEM images of -Co(OH)2 nanoflower.  



 

Fig. S3. TEM images of Co3O4 nanoparticles before Fe ion treatments. 

 

Fig. S4. TEM images of CoO nanoparticles before Fe ion treatments.  



 

Fig. S5. (a) High resolution TEM images of Fe-Co3O4, (b) the SAED pattern of Fe-Co3O4. 

 

  

 

 

Fig. S6. (a) High resolution TEM images of Fe-CoO, (b) the SAED pattern of Fe-CoO.  



 

Fig. S7. SEM image (a), elemental mapping of Co (b), O (c) and Fe (d) element in Fe-Co3O4. 

  



 

Fig. S8. SEM image (a), elemental mapping of Co (b), O (c) and Fe (d) element in Fe-CoO. 
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Fig. S9. (a) High resolution XPS spectrum of Co3O4 and Fe-Co3O4. (b) High resolution XPS 

spectrum of CoO and Fe-CoO. (c) Fitting of Co 2p XPS spectrum for Co3O4, (d) fitting of Co 2p 

XPS spectrum for CoO. 
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Fig. S10. (a) LSV curves of Fe-Co3O4, Fe-CoO, RuO2 and no-load Ni foam. (b) Overpotential 

comparison histogram of Fe-Co3O4, Fe-CoO, RuO2 and no-load Ni foam at a current density of 

10 mA/cm2. (c) Corresponding Tafel plots of the four prepared catalysts.  
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Fig. S11. Electrochemical testing of Fe-Co3O4 while the immersion concentration is 0.01 M (a) 

LSV curves, (b) Nyquist plots with an initial and after 1000 cycles CV test.  
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Fig. S12. Electrochemical testing of Fe-Co3O4 while the immersion concentration is 0.03 M (a) 

LSV curves, (b) Nyquist plots with an initial and after 1000 cycles CV test. 
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Fig. S13. Electrochemical testing of Fe-Co3O4 while the immersion concentration is 0.04 M (a) 

LSV curves, (b) Nyquist plots with an initial and after 1000 cycles CV test.  
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Fig. S14. Electrochemical testing of Fe-CoO while the immersion concentration is 0.1 M (a) LSV 

curves, (b) Nyquist plots with an initial and after 1000 cycles CV test.  
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Fig. S15. Electrochemical testing of Fe-CoO while the immersion concentration is 0.03 M (a) 

LSV curves, (b) Nyquist plots with an initial and after 1000 cycles CV test. 
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Fig. S16. (a) OER and HER curve of Fe-Co3O4 and Fe-CoO, (b) Tafel plots of Fe-Co3O4 and 

Fe-CoO.   
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Fig. S17. CVs of Co3O4 (a), Fe-Co3O4 (b), CoO (c) and Fe-CoO (d) with increasing scan rates. 

  



 

Fig. S18. SEM image (a), elemental mapping of Co (b), O (c) and Fe (d) element in Fe-Co3O4 

after i-t test. 

 

  



 

Fig. S19. SEM image (a), elemental mapping of Co (b), O (c) and Fe (d) element in Fe-CoO after 

i-t test. 
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Fig. S20. High-resolution XPS spectrum of Fe 2p (a), Co 2p (b) and O 1s (c) for Fe-Co3O4 and Fe 

2p (d), Co 2p (e) and O 1s (f) for Fe-CoO before (black line) and after (red line) i-t test. 
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Fig. S21. Nyquist plots of Fe-Co3O4 (a) and Fe-CoO (b) for initial and after 1000 cycles CV test.  
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Fig. S22. (a) CV of Fe-Co3O4 with increasing scan rates after CV cycles (b) Cdl calculated value 

of Fe-Co3O4 after CV cycles. 
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Fig. S23. (a) CV of Fe-CoO with increasing scan rates after 1000 CV cycles (b) Cdl calculated 

value of Fe-CoO after CV cycles.  

 



Table S1 The electrocatalytic OER activity of Fe-Co3O4 by different Fe ion concentrations in 

soak solution 

Fe ion concentrations in 

soak solution 

Overpotential 

(mV) 

Current density 

@1.8 V (mA/cm2) 

Charge transfer 

resistance (Ω) 

0.01 M (Initial) 343 (10 mA/cm2) 294 45.7 

0.01 M (After 1000 CV) 326 (10 mA/cm2) 296 62.5 

0.02 M (Initial) 280 (10 mA/cm2) 542 22.6 

0.02 M (After 1000 CV) 263 (10 mA/cm2) 597 26.6 

0.03 M (Initial) 325 (10 mA/cm2) 303 27.8 

0.03 M (After 1000 CV) 314 (10 mA/cm2) 349 43.8 

0.04 M (Initial) 331 (10 mA/cm2) 285 35.2 

0.04 M (After 1000 CV) 323 (10 mA/cm2) 303 60.4 

 

 

Table S2 The electrocatalytic OER activity of Fe-CoO by different Fe ion concentrations in soak 

solution 

Fe ion concentrations in 

soak solution 

Overpotential 

(mV) 

Current density 

@1.8 V (mA/cm2) 

Charge transfer 

resistance (Ω) 

0.01 M (Initial) 387 (50 mA/cm2) 365 41.9 

0.01 M (After 1000 CV) 381 (50 mA/cm2) 398 63.8 

0.02 M (Initial) 296 (10 mA/cm2) 480 29.6 

0.02 M (After 1000 CV) 272 (10 mA/cm2) 539 33.1 

0.03 M (Initial) 340 (10 mA/cm2) 269 51.4 

0.03 M (After 1000 CV) 319 (10 mA/cm2) 354 62.5 

 

 

  



Table S3 Comparison of OER performance of some cobalt oxide based electrocatalysts in 

recently work. 

Sample Electrolyte 
Current density 

(mA/cm2) 
(mV) 

Tafel slope 

(mV/dec) 

Fe-Co3O4 (This work) 1 M KOH 10 mA/cm2 280 55 

Fe-CoO (This work) 1 M KOH 10 mA/cm2 296 55 

RuO2 (This work) 1 M KOH 10 mA/cm2 306 142 

Co3O4-MWCNT1 1 M KOH 10 mA/cm2 320 69 

Co3O4-B2 1 M KOH 10 mA/cm2 318 57.6 

S-CoO/Co3O4
3 1 M KOH 10 mA/cm2 275 92 

Hemoglobin modified 

Co3O4-g-C3N4
4 

0.5 M KOH 10 mA/cm2 370 66 

Co3O4 nanoflowers5 1 M KOH 10 mA/cm2 297 79.1 

Co3O4/CoO6 1 M KOH 10 mA/cm2 302 68.6 
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