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Electrochemical characterization

All the potential data were converted into an RHE scale according to the following equation:

ERHE= Eref + 0.098 + 0.059pH………………equation 1

Overpotential

The overpotential values of all the catalysts were calculated at a benchmarking current 

density of 10 mA cm−2 by employing the following relation:

10(OER)=(Eobs-1.23) V versus RHE………………equation 2

10(HER)=(0-Eobs) V versus RHE……………….…equation 3

The Tafel Slope

The Tafel slope was calculated by fitting the overpotential versus log (j) using the Tafel 

equation as given below:

b × log (j/jo) ………………equation 4

where “b” signifies the Tafel slope value, “j” implies the current density value, and “j0” is the 

exchange current density. Electrochemical impedance spectroscopy (EIS) measurements were 

done on the frequency ranges from 100 Hz to 0.1 Hz with an amplitude of 5 mV in 1 M KOH 

solution.  The long-term durability study was performed using chronopotentiometry 

measurement.

Electrochemical Active Surface Area (ECSA)

The electrochemical active surface areas (ECSA) were measured by determining the 

electrochemical Cdl using the following equations:

ic= ν × Cdl……………..……equation 5

ECSA= Cdl/Cs………………equation 6
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where “ic” indicates the double-layer charging current resulting from scan-rates (ν) dependent 

CVs at non-faradic potential, and “Cs” denotes a specific capacitance value of 

0.040 mF cm−2 for flat electrodes.

Turnover Frequency (TOF) 

The amount of oxygen/hydrogen that is evolved per unit of time is known as the TOF. 

The TOF of the catalyst can be determined by the below expression, 

  ………………equation 7
𝑇𝑂𝐹 =  

𝑗 × 𝑁𝐴

𝑛 × 𝐹 × 𝜏

where, j = current density, NA= Avogadro number, F = Faraday constant (96 485 C mol−1), n 

= Number of electrons (For OER, n = 4 and HER, n = 2), Г = Surface concentration.
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Figure S1. (a and b) CVs at different scan rates in the non-faradaic area to determine the Cdl 
values of HEO-A1 and HEO-A2, respectively.
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Figure S2. (a and b) Calculated Cdl values of HEO-A1 and HEO-A2.
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Figure. S4 (a) TOF and (b) ESCA normalized LSV curve of HEO-A1, and HEO-A2.
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Figure. S4 XRD pattern of HEO-A1 coating after stability test.



9

965 960 955 950 945 940 935 930

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 Exp.data
 Sum

Cu 2p (a)

2p1/2

2p3/2

(Sat.)
(Sat.)

Cu1+

Cu1+

Cu2+

Cu2+

880 875 870 865 860 855 850

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 Exp.data
 Sum

(Sat.)
(Sat.)

(b)

2p1/2

2p3/2
Ni 2p

Ni2+

Ni2+

Ni3+

Ni3+

810 800 790 780

 Exp. data
 Sum

In
te

ns
ity

 (a
.u

.)

Co 2p

Binding energy (eV)

(Sat.)

(Sat.)
2p1/2

Co2+ Co3+

2p3/2

Co2+

Co3+

(c)

 
730 725 720 715 710

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 Exp.data
 Sum

(d)Fe 2p

2p1/2

2p3/2

Fe2+

Fe2+
Fe3+

Fe3+

658 656 654 652 650 648 646 644 642 640

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 Exp.data
 Sum

Mn 2p (e)

2p1/2

2p3/2

(Sat.)

Mn2+

Mn2+

Mn3+

Mn3+

536 534 532 530 528

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

 Exp.data
 Sum

(f)1sO 1s

O2

O1

O3

Figure. S5 XPS spectra of HEO A1 coating after electrochemical performance analysis: (a) 
Co 2p, (b) Fe 2p, (c) Mn 2p, (d) Ni 2p, (e) Cu 2p, and (f) O 1s.
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Figure. S6 Surface morphology of HEO-A1 coating after electrochemical performance 
analysis. 

S. 
No

Electrocatalyst Overpotential 
(mV)

Tafel slope 
(mV/dec)

Current 
density 

Reference
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(mA cm-2)

1 (Fe, Co, Ni, Mn, B)Ox 266 64.5 10 1

2 (Ir, Ru, Cr, Fe, Co, Ni)Ox 190 51.1 10 2

3 (Fe, Ni, Co, Cr, Mn)2O3 174 68 10 3

4 La(Cr, Mn, Fe, Co, Ni)O3 325 51.2 10 4

5 (Li, Fe, Co, Ni, Cu, Zn)O 347 79.4 10 5

6 (Co, Ni, Mn, Zn, Fe)3O3.2 336 47.5 10 6

7 (Mg, Fe, Co, Ni, Cu)3O4 300 40 10 7

8 (Fe, Co, Ni, Cr, Mn)3O4 288 60 10 8

9 (Mn, Fe, Co, Ni, Zn)3O4 330 36.7 10 9

10 (Mn, Fe, Ni, Mg, Cr)3O4 293 46.5 10 10

11 (Co, Fe, Ni, Cr, Mn)3O4 309 48.5 10 11

12 (Co, Cr, Fe, Mn, Ni)3O4 220 100 10 12

13 (Cr, Mn, Fe, Ni, Zn)3O4 295 53.7 10 13

14 (Co, Ni, Zn, Fe, Mn)3O4 265 83.7 10 14

15 (Ni, Fe, Mn, Cu, Zn)3O4 308 54 50 15

16 (Ni, Co, Cr, Mn, V)3O4 247 54 50 16

17 (Ni, Co, Cr, Mn, Mo)3O4 246 38 50 17

18 (Ni, Fe, Co, Cu, Mn)3O4 220 46 10 This work

Table S1. Comparison of high entropy oxides (HEOs) based electrocatalyst for OER 

application in 1 M KOH electrolyte solution.

S. 
No

Electrocatalyst Overpotential 
(mV)

Tafel slope 
(mV/dec)

Current 
density 

(mA cm-2)

Reference

1 (Fe, Ni, Co, Cr, Mn)2O3 60 80 10 3
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2 (Li, Fe, Co, Ni, Cu, Zn)O 207 79.4 10 5

3 (Fe, Ni, Co, Mn, V)3O4 81 88 10 18

4 (Fe, Co, Ni, Cu, Zn)3O4 67 77 10 19

5 (Ni, Co, Cr, Mn, V)3O4 217 92 50 16

6 (Ni, Co, Cr, Mn, Mo)3O4 197 93 50 17

  7 (Ni, Fe, Co, Cu, Mn)3O4 129 43 10 This work

Table S2. Comparison of high entropy oxides (HEOs) based electrocatalyst for HER 

application in 1 M KOH electrolyte solution.
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