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Fig. S1. FTIR spectrum of Nd(CoNi)O3- (NCN).

Fig. S2. FTIR spectrum of Nd(CoNiFe)O3- (NCNF).
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Fig. S3. FTIR spectrum of Nd(CoNiFeMn)O3- (NCNFM).

Fig. S4. Raman spectra of Nd(CoNi)O3- (NCN) (a) and Nd(CoNiFeMn)O3- (NCNFM) (b) 
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Fig. S5. HRTEM image of the NCNFM perovskite.

Fig. S6. The survey XPS spectrum of NCNFM.
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Fig. S7.  Bar diagrams with error bars, showing Tafel slope values for catalysts in OER.

Fig. S8. CVs for NCN (a), NCNF (b), and NCNFM (c) at different scan rates within non-

faradaic regions in 1.0 M KOH electrolyte.
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Fig. S9. Comparison of the OER activity of the NCN, NCNF, and NCNFM electrocatalysts.

Fig. S10. Comparison of the OER activity of the NCNFM perovskite with some previous reported 

high-entropy perovskites [1-14].
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Fig. S11. Normalized LSV curves, showing mass activity in HER for electrocatalysts.

Fig. S12. PXRD pattern of the surface of modified NF with NCNFM after performing the CP test 

for HER.
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Fig. S13. FE-SEM images of the surface of modified NF with NCNFM before (a, b, and c) and 

after (d, e, and f) performing the CP test for HER.



9

Fig. S14. FE-SEM/EDX images of the surface of modified NF with NCNFM before performing the 
CP test for HER.

Fig. S15. FE-SEM/EDX images of the surface of modified NF with NCNFM after performing the CP 
test for HER.
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Fig. S16. EDX spectra of the surface of NCNFM/NF before (a) and after (b) the long-term 

stability test for HER.

Fig. S17. iR-corrected LSV curves for MOR and OER in the presence of NCN (a), and NCNF (b) at 

the scan rate of 5 mV s-1.
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Fig. S18.  Bar diagrams with error bars, showing Tafel slope values for catalysts in MOR.

Fig. S19. CVs for NCNFM at different scan rates between 0.005-0.1 V s-1 in the presence of 0.5 
M methanol + 1.0 M KOH solution (a), and the plot of peak current versus square root of scan 

rate (b).
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Fig. S20. iR-corrected LSV curves for NCNFM in 0.25, 0.50, and 1.0 M KOH solution with 0.50 M 
methanol at a scan rate of 5 mV s-1.

Table S1. XRD data for the Nd-based perovskites.

Perovskite 2 (degree), and corresponding crystal planes Average crystallite size (nm)

NCN 23.64 (100), 33.50 (110), 41.32 (111), 48.14 (200), 54.20 

(210), 59.66 (211), 70.20 (220), 79.7 (310)

71.11 

NCNF 23.34 (100), 32.96(110), 40.70 (111), 47.21 (200), 53.40 

(210), 59.06 (211), 69.08 (220), 78.86 (310)

36.50

NCNFM 23.10 (100), 32.84 (110), 40.22 (111), 46.95 (200), 53.22 

(210), 58.86 (211), 68.90 (220)78.64 (310)

44.09

 Average crystallite size was calculated upon three more intense peaks corresponding to (110), 
(200), and (220) crystal planes.
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