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Calculation of the configurational AS, iy, AHix, and AGyix

The configuration entropy ((AsmiX) of multi-element alloys increases with the

number of different kinds of cations. The calculation of AS i can be performed by
using the equation:

AS, . =- RZ c,InC, 0

Where R is the gas constant and Ci is the mole fraction of each cation. According to the

AS

calculation of the =~ mix_alloys can be divided into low ((ASmix< 1R), medium (1R <(

ASmix< 1.5R), and HEAs (Aomix > 1 5R)!.

It is worth to note that the formation of a solid solution phase of high entropy alloy

requires following conditions: atomic radius difference 6 < 6.6%, and the mixing

enthalpy -11.6 SAHmiXS 3.2 kJ mol'!. The atomic radius difference and mixing enthalpy

n
can be calculated by using following e 100S:
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where 7 is the average atomic radius in the alloy, "i is the atomic radius of the “th

metallic element, AH iy is the mixing enthalpy of the binary ij alloy?. The AGpix can
be calculated by using the equation:
AG,;, = AH = TAS iy (6)

Calculation of the turnover frequency (TOF)



The turnover frequency values were calculated by following equation:

TOF = jA/2Fn (HER) %)

in the given equation, " J " represents the current density at a specific overpotential, "
A " stands for the surface area of the electrode, "2" represent the number of moles of
electrons transferred to produce one mole of H, and O, respectively, " F " represents
the Faraday constant (96,485 C mol!), and " ™ " represents the number of moles of
active sites. The recorded TOFs were based on the assumption that the noble metal

atoms present in the samples exhibit catalytic activity?.
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Figure S1. Particle size distribution of Pty;Fe;0Co,7NigMo7/C.
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Figure S2. (a) XRD spectrum, and (b, ¢) TEM image of Pt;;Fe,;Co,7NisMoy/C and
Pt26F627C031Ni3M08/C.
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Figure S3. (a) XRD spectrum, and (b) TEM image of c.
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Figure S4. CV curves of (a) Pty,;Fe;0Co,7NigMo4/C, (b) Pts;Fey7Co,7Ni1sMoy/C, (c)
PtysFe,7Co31NigMog/C, (d) Pty;Fe,9Cos3Ni11/C, and (e) Pt/C in the double layer region
at scan rates of 20, 40, 60, 80 and 100 mV s in 1.0 M KOH. (f) The Cg4 capacitance of

catalysts.
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Figure S5. Nyquist plots of catalysts for HER at a potential of 0.00 V vs. RHE.
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Figure S6. XRD spectrum of Pt,;Fe;gCo,7,NigMo-/C catalyst after more than 40000s

stability of hydrogen evolution reaction.




Figure S7. TEM image of Pt);Fe;0Co,7NigMo,/C catalyst after more than 40000s
stability of hydrogen evolution reaction.
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Figure S8. High-resolution XPS spectra of Pt 4f (a), Fe 2p (b), Co 2p (c), Ni 2p (d),
and Mo 3d (e) in Pty;Fe3;0Co,7NigMo,/C after HER.
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Fig.S9 The ICP-OES results of Ptz7FesoCo27NisMo+/C after 40000 s stability test

confirm that only trace elements are dissolved.



Table S1. ICP-OES results of the contents of Pt, Fe, Co, Ni and Mo in HEA/C.

Elements (atomic rate%)

Catalysts
Pt Fe Co Ni Mo
Pty7Fe30Co,7NigMo,/C 27.40 29.65 26.86 9.06 6.85
Pt;,Fe,7C0,7NisMoy/C 31.54 26.96 26.78 5.26 9.46
PtyFe,7Co3NigMog/C 26.11 27.23 30.72 8.10 7.84
Pty7Fe;9Cos3Ni; /C 26.56 29.49 33.02 10.93




Table S2. ICP-OES results of the contents of Pt, Fe, Co, Ni and Mo in HEA/C.

Elements (wt%)

Catalysts
Pt Fe Co Ni Mo
Pt27Fe30C027NigMO7/C 3.66 1.13 1.08 0.36 0.45
Pt32Fez7C027Ni5M09/c 6.63 1.62 1.70 0.33 0.98
Pt26Fez7CO31NigMOg/C 3.02 0.90 1.07 0.28 0.45

Pt27F629C033Ni11/C 3.84 1.22 1.44 0.48




Table S3. The mixing enthalpy (AH,,x), mixing entropy (ASyy), free energy (AGpix), and atomic
radius difference of each alloy.

Catalysts AH i (kJ-mol ) ASpix (J-K-! *mol?) AGix(kJ-mol") 8
Pty7Fe30Co,7NigMo,/C -5.98 12.22 -11.52 2.63
Pt3,Fey;Co.7NisMoy/C -5.49 12.04 -10.95 2.90
PtycFey7Co;31NigMog/C -5.87 12.23 -11.41 2.77

Ptz7F€29CO33Ni1 1/C -4.90 10.97 -9.87 1.36




Table S4. Results of three parallel ICP-OES tests on Ptz7Fes0C027:NisMo+/C catalysts.

Elements (wt%)

Number
Pt Fe Co Ni
1 3.66 1.14 1.10 0.36 0.46
2 3.68 1.13 1.09 0.34 0.44

3 3.64 1.12 1.07 0.37 0.48




Table S5. The double-layer capacitance (Cq), the electrochemically active surface area (ECSA)
difference of each catalyst.

Catalysts Cq (mF cm™) ECSA (m%/g)
Pty;Fe30Co,7NigMo,/C 7.30 182.50
Pt3,Fey7Co,7NisMoy/C 543 135.75
PtysFey7Co31NigMog/C 5.67 141.75

Pty;Fey9Co33Ni;,/C 5.09 127.25

Pt/C 7.65 191.25




Table S6. Corresponding parameter of EIS for HER. The parameter of R, R, and W, for the
electrocatalysts for HER.

R Rt W,
Catalysts
@) Q) @)
Pty7Fe;30Co,7NigMo,/C 1.23 5.58 0.0011
Pt32F€27C027Ni5M09/C 1.21 6.78 0.0038
Pt26F€27C031Ni3M08/C 1.25 9.93 0.0047
Pt27Fe20C033Ni1n/C 1.24 7.59 0.0157

Pt/C 1.22 11.49 0.0015




Table S7. Comparison of HER performance of Ptylr;Fe;3Co2Nis, NFs electrocatalyst with recently

reported catalysts.
materials Electrolyte n10 Tafel slope Ref.
(10mAcem’)  (mVdec )

Pty7Fe;30Co,7NigMo,/C 1.0 M KOH 24 48.44 This work
PtNiCuMnMo 1.0 M KOH 21 74 4
FeCoNiMnRu 1.0 M KOH 37 44 5
Ni3ZnCy ;@NiPt;/NPC 1.0 M KOH 23 28.45 6
PtssCuysNiy; 1.0 M KOH 30 40 7
FeCoNiMnRuLa/CNT 1.0 M KOH 50 116.9 8
Ptyelr;Fe 3C0,NizNF 1.0 M KOH 26 44.5 !
Rh, ¢Fe;Co, (@NG 1.0 M KOH 25 29.8 ?
FeCoNiCrPt@Pt 1.0 M KOH 51 52.9 10
Ti3;CugoRu; 1.0 M KOH 35 34 1
PtNiMg 1.0 M KOH 22 30.9 12
FeCoNiCuMo 1.0 M KOH 60.1 33.4 13
PtFeCoNiCuCr@HCS 1.0 M KOH 29 39.24 14
PtAuPdRhRu NPs LOMKOH 190 91 15
(FeCoNiB 75)e7Pt3 1.0 M KOH 27 / 16
PtPdRhRuCu HEA 1.0 M KOH 23.2 124 17
IrPdPtRhRu 1.0 M KOH 16 31 18
PtPdRhRuCu 1.0 M KOH 10 87 19

FeCoNiCuPd 1.0 M KOH 29.7 47.2 20
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