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Fig. S1. XRD pattern of equimolar spinel oxides with different degrees of 

entropy. 
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Fig. S2. SEM images of a) (Ni0.5Fe0.5)3O4; b) (Ni0.33Fe0.33Co0.33)3O4; c) 

(Ni0.25Fe0.25Co0.25Mn0.25)3O4；d) (Ni0.2Fe0.2Co0.2Mn0.2Zn0.2)3O4 sample. 
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Fig. S3. (a) TEM image of the equimolar HESO sample; (b) Magnified image of a 

part of (a); (c) Annular dark-field (ADF)-STEM image and (d–i) EDS elemental 

mappings of O, Fe, Ni, Co, Mn and Zn elements corresponding to (c). 
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Fig.S4 Element concentration of HESOs determined by ICP-MS results. 
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Fig. S5. XRD pattern of the equimolar, CoMn-rich, and NiFe-rich samples. 

 

 

Fig. S6. SEM of the NiFe-rich HESOs. 
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Fig. S7. TEM of the NiFe-rich HESOs. 

 

 

 

Fig. S8. ADF-STEM image of the NiFe-rich sample and the corresponding 

elemental mappings of O, Fe, Ni, Co, Mn, and Zn elements. 
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Fig. S9. Comparison of LSV curves for equimolar spinel oxides with different 

degrees of entropy. 

 

 

Fig. S10. CV curves of the (a) CoMn-rich, (b) NiFe-rich, and (c) equimolar HESOs 

at different scan rates from 20-100 mV s-1. 
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Fig. S11 Theoretical and practical oxygen production and Faradaic efficiency of 

O2 production (insert: photograph of the device for collecting gas.) 
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Fig. S12. XRD patterns of CoMn-rich HESO coated on CP. 

 

 

Fig. S13. SEM images of CoMn-rich HESO coated on CP (a) Before the CP test; 

(b) after the CP test. 



11 

 

 

Fig. S14. O 1s spectra of the equimolar, the NiFe-rich, and the CoMn-rich 

samples after Ar+ sputtering 60s. 
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Fig. S15. High-resolution XPS spectra of the CoMn-rich before and after the CP 

test: (a) Co 2p, (b) Mn 2p, (c) Fe 2p, (d) Ni 2p, (e) Zn 2p, (f) O 1s. 
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Fig. S16. Stable crystal structures of the a) CoMn-rich, b) NiFe-rich, and c) 

equimolar HESOs. 

 

 

Fig. S17. Top views of the structures of (a) NiFe-rich and (b) equimolar HESOs in 

(010) plane.  

 

 

Fig. S18. Side views of adsorption configurations during the OER process on the 

metal sites of the (a) NiFe-rich and (b) equimolar HESOs. 
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Fig. S19. Energy diagrams of the OER at different metal sites for the a) CoMn-

rich, b) NiFe-rich, and c) equimolar HESOs. 

 

 

Fig. S20. DOS and charge density difference of the equimolar HESO at *OH, *O, 

and *OOH adsorption step (the yellow and blue regions represent charge 

accumulation and depletion, respectively). 

 

 

Fig. S21. DOS and charge density difference of the NiFe-rich HESO at *OH, *O, 

and *OOH adsorption step (the yellow and blue regions represent charge 

accumulation and depletion, respectively). 
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Figure S22. Charge density difference upon adsorption of (a) *OH, (b) *O, and (c) 

*OOH on CoMn-rich HESO. The yellow and blue regions represent charge 

accumulation and depletion, respectively. 
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Table S1. EDS data of HEOs (Atomic%) 

 

  Fe Ni Co Mn Zn 

Sample1 (Ni0.2Fe0.2Co0.2Mn0.2Zn0.2)3O4 19.2 21.5 19.4 20.2 19.6 

Sample2 NiFe-rich 36.5 30.2 11.3 11.1 10.9 

Sample3 CoMn-rich 12.1 11.9 32.9 33.1 9.9 
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Table S2. Comparison of OER performance of different transition metal-based 

catalysts. 

Catalysts 
Overpotential 

at 10 mA cm−2 

(mV) 

Tafel 

slope 

(mV 

Dec−1) 

Durability Ref 

(CoNiMnZnFe)3O3.2 336 47.5 20h @ 10 mA cm-2 1 
(CoCuFeMnNi)3O4 400 76.7 12h @ 10 mA cm-2 2 

La(CrMnFeCo2Ni)O3 325 51.2 50h @ 10 mA cm-2 3 
(MgFeCoNiCu)3O4 300 40.0 25h @ 10 mA cm-2 4 

Co3O3.87F0.13 440 56 1500 cycles 5 
CoMn2O4/NCNFs 340 93.5 10h @ 10 mA cm-2 6 

CoFe2O4/CNTs 520 133 60h @ 10 mA cm-2 7 
(Fe0.2Co0.2Ni0.2Cu0.2Zn0.2)Al2O4 400 — 5h @ 10 mA cm-2 8 

n-Co3O4 380 153 — 9 
CaFe2O4 350 50 100 cycles 10 

Mg0.2Co0.2Ni0.2Cu0.2Zn0.2O 360 61.4 25h @10 mA cm-2 11 

CoMn(NiFeZn)O4 330.1 53.5 120h @10 mA cm-2 
This 

work 
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Table S3. Ratio of different valence states of each element in XPS. 

 

 Fe (%) Ni (%) Co (%) Mn (%) Zn (%) 

 2+:3+ 2+:3+ 2+:3+ 2+:3+ 2+ 

(Ni0.2Fe0.2Co0.2Mn0.2Zn0.2)3O4 51:49 60:40 42:58 47:53 100 

NiFe-rich 62:38 58:42 46:54 47:53 100 

CoMn-rich 49:51 59:41 29:71 49:51 100 
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Table S4. Ratio of OI, OII, and OIII in the CoMn-rich, NiFe-rich, and equimolar 

samples. 

 

 OI (%) OII (%) OIII (%) 

(Ni0.2Fe0.2Co0.2Mn0.2Zn0.2)3O4 68.07 25.58 6.34 

NiFe-rich 68.72 20.65 10.63 

CoMn-rich 46.38 32.35 21.27 

 

Table S5. Ratio of OI, OII, and OIII in the CoMn-rich, NiFe-rich, and equimolar 

samples after Ar+ sputtering. 

 OI (%) OII (%) OIII (%) 

(Ni0.2Fe0.2Co0.2Mn0.2Zn0.2)3O4 70.4 29.6 - 

NiFe-rich 74.1 25.9 - 

CoMn-rich 64.9 35.1 - 
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