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Table S1. Purity and particle size of elemental powders used for HEA synthesis.

Element Cu Co Fe Ni Mn
Purity (%) =005 =997 =995 =097 =90 5
Particle size <45 2~-3 <45 <5 <45
(um)




Table S2. Calculation of thermodynamic parameters of 8, AH, AS, Q, Ay and VEC.

Parameters Fe Co Ni Mn Cu HEA
Ci (at.%) 5 20 20 35 20 100
C, fraction 0.05 0.2 0.2 0.35 0.2 1
Radius-r; (pm) 126 125 124 127 128 -
Radius-r* (pm) - 126.15
5 (%) - 2.25
X 1.83 1.88 1.91 1.55 1.9 1.75
AX - 0.062
VEC 8 9 10 7 11 8.85
ASix (J/mol*K) 1.25 2.68 2.68 3.05 2.68 12.34
Tm (K) 1811 1768 1726 1519 1358
AHmix (kJ/mol) - -0.52
Q - 2.81
Table S3. Calculation of thermodynamic parameter of AH;x (kJ/mol).
Fe-Co F-Ni Fe-Mn Fe-Cu Co-Ni Co-Mn
-0.04 -0.08 0 0.52 0 -1.4
At (kJfmol) - T NiMin Ni-Cu | Mn-Cu Total = £H,
0.96 -2.24 0.64 1.12 -0.52

Table S4. Summary of calculated thermodynamic parameters towards single phase HEA
formation.

Parameter Equations For ?g:ﬁ;er;z;] ase
n
VEC VEC = Z ¢, VEC, > 8 (FCC)
i=1
Atomic i \ T : 5<6.6%
omic size 2 <6.6%
6= c|l1-—|"%x100 4= T
difference 12:1 l( r) r ;C‘T‘ (single phase)
n
Enthalpy of mixing AH, . =4 2 AH™c.c,
i=T, i#j
n
Entropy of mixing AS, i == RZ ¢;lng;
i=1




Omega parameter
(Interaction
parameter)

n

Z Ci(Tm)i X ASmix
Tm AS mix _ i=1

~ AH

mixl |AHmix|

n

T = Y clTy;

i=1

Q=211
(single phase)

Electronegativity
difference

n n
— 2
Ay = Zci()(i _X) X= Zci)(i
I=1 i=1

For 1%<0<6%;
Ax <0.118
(single phase)




Table SS. Different metal contents in the HEA-60h electrode before and after stability tests
analyzed with ICP-OES.

. Cu Co Ni Fe Mn
CuCoNiFeMn | o) (at%) (at%) (at%) (at%)
Fresh 22.47 21.06 21.73 6.99 34.20
electrode
After HER 22.26 20.82 21.67 6.98 33.97
stability
After OER 21.74 20.23 20.89 6.83 32.73
stability




Table S6. Comparison of stability (duration time) of bulk HEA with other reported HEA and
non-HEA nanostructured electrocatalysts in acid (0.5 M H,SO,), neutral (1 M PBS) and
alkaline electrolyte (1 M KOH).

Electrochemical oxygen and hydrogen evolution stability in
(time in hours)
. . Ref.
Catalysts Acid pH Neutral pH Alkaline pH
OER HER OER HER OER HER

HEA? (CuCoNiFeMn) NA 10 15 20 10 20 This work
Ni-S-Seb* NA NA 20 20 NA NA (1]
MnFeCoNiCuP NA NA NA NA 24 NA (2]
(CoCuFeMnNi);0,b NA NA NA NA 12 NA 3]
FeNiMnCrCu® NA NA NA NA 10 NA (4]
FeCoNiCiNbO? NA NA NA NA 30 NA [5]
np-AINiCoFeMo® NA NA NA NA 50 NA 6]
CoFeLaNiPt? NA NA NA NA 1 1 (7]
MnCoNiFe? NA NA NA NA 20 NA (8]
HF-CoCrFeNiAl* NA NA NA NA 10 NA [9]
PtAuPdRhRu® NA NA NA NA NA 8 [10]
Pt,NissFe;5C0,,Cly/CP NA NA NA NA NA 10 [11]
FeCoNIAITi* NA NA NA NA NA 40 [12]

a—bulk; b—nano; ¢ — non-HEA; NA —not



Fig. S1. Morphology of HEA: Low and high magnification SEM images of (a,b) MMP-1h.
(c,d) MPA-15h. (e,f) HEA-60h.



Atomic %
Element MMP-1h MPA-15h HEA-60h
Cu 0.7 16.6 18.6
Co 2.2 28.4 19.1
Ni 1.2 21.9 19.7
Fe 1.2 9.2 7.7
Mn 95.5 23.8 34.9

Fig. S2. Nanoscale elemental mapping of HEA: Distribution of elements at high
magnification-scanning electron microscopy of (a) MMP-1 h. (b) MPA-15 h. (c) HEA-60 h.
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Fig. S3. Elemental quantification (atomic%) of HEA: Energy dispersive spectra-scanning
electron microscopy (EDS-SEM) of (a) MMP-1h. (b) MPA-15h. (¢) HEA-60h. (d) Atomic
percentage (at%) comparison of various elements.
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Fig. S4. Microstructural analysis of CuCoNiFeMn-HEA-60h: (a) TEM image. (b,c)
HRTEM image. (d) TEM-elemental mapping images.
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Fig. SS. Surface chemical states of HEA: Comparison of high resolution XPS spectra of (a)
Cu 2p. (b) Co 2p. (c) Ni 2p. (d) Fe 2p. (e) Mn 2p.
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Fig. S6. XPS analysis: High-resolution Ols spectrum of CuCoNiFeMn-HEA-60h electrode.
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Fig. S7. XPS: Survey spectra of MMP-1h, MPA-15h and HEA-60h.
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Fig. S8. SEM images: (a) MMP-1h, (b) MPA-15h and (c) HEA-60h with different grain size
and boundary.
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Fig. S9. Comparison of HER and OER overpotential in 1 M PBS: (a) HER overpotential

at -50 mA cm2. (b) OER overpotential at 25 mA cm. The error bars are drawn as a standard
deviation using three samples.
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Fig. S10. Comparison of HER activity in 1 M KOH: HER-LSV (I-V curves) of equi-molar
and non-equi-molar HEA systems. LSV scan rate: 10 mV s
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Fig. S11. Dissolution of particles from MMP-1h electrode in 1 M PBS: Particles
aggregation on magnetic bar after few hours of HER stability at -50 mA cm-. Inset: electrode
image.
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Fig. S12. Morphology and elemental mapping of HEA-60h: SEM images and distribution
of elements before and after electrochemical stability test (a) before stability. (b) After HER
(20h). (c) After OER (15h).
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Fig. S13. Long-term HER and OER stability test of CuCoNiFeMn-HEA-60h in 1 M PBS:
(a) HER stability test at a static current density of -50 mA cm2. (b) OER stability test at a static
current density of 10 mA cm™.
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Fig. S14. Electrochemical impedance spectroscopy measurement of HEA in 1 M PBS:
Nyquist plot (applied bias: OCV; frequency range: 7 MHz to 5 mHz). CPE —constant phase
element.
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Fig. S15. Electrochemical active surface area (ESCA) in 1 M PBS: Cyclic voltammogram
of (a) MMP-1h (b) MPA-15h (¢c) HEA-60h.
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Fig. S18. Electrochemical impedance spectroscopy measurement of HEA in 1 M KOH:
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Fig. S19. Electrode digital images during HER stability in 0.5 M H,SO,4: (a) MMP-1h. (b)
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25



100

-C1- MMP-1h Rg Rint R
o] ~O—MPA-15h
—_ -/A-HEA-60h CPE, CPE,
= ]
<
O 604
@ 40
£ A
|
20
0 T T LA — T T+ T T 1
0 25 50 75 100 125 150 175 200
Re(Z) (Ohm)

CuCoNiFeMn Rs (Ohm) Rt (Ohm) R (Ohm)
MMP-1h 28.5 29.2 62.0
MPA-15h 18.3 16.3 29.9
HEA-60h 22.1 40.7 131.3
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Fig. S21. Bubbles formation on electrode surface during EIS analysis in 0.5 M H,SOy: (a)
MMP-1h. MPA-15h (¢) HEA-60h.
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Fig. S22. Cyclic voltammetry measurements of HEA: CV curves (scan rate: 50 mV s!). of

MMP-1h, MPA-15h and HEA-60h in (a) 1 MPBS. (b) 1 M KOH. (c) 0.5 M H,SOs.
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