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Figure S1. i i ke di ution of Pd@PdPtCuFe nanocrystals.
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Figure S2. HAADF STEM of single Pd@PdPtCuFe nanocrystal at at different

orientations.



Figure S3.

Figure S4. (a) HRTEM image, (b) FFT pattern, (c) (111) Lattice space, (d) (200)
lattice space of Pd@PdPtCu.
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Figure S7. TEM image and particle size distribgion 0
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Figure S3 VI 1 Mgpdrticle size distribution of Pd@PdPtCuZn nanocrystals.
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Figure S10. (a) HER polarization curves normalized to the ECSA. (b) HER

polarization curves normalized to the mass activity.
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Figure S11. comparison of OER overpotentials with previou ported catalysts

Figure S12. HAADF-STEM image and corresponding EDS image of Pd@PdPtCuFe
after OER stability®est.
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Figure S13 (a) Rotating disk voltammogram (RDV)
of Pd@PdPtCu in 0.1 M KOH electr
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Figure S17. comparison of half-wave potentials and overpotentials with previously

reported catalysts.



Table S1. The atomic ratios of Pd, Pt, Cu, and Fe in Pd@PdPtCuFe measured by EDS
and the corresponding mass loadings.

Pd@PdPtCuFe Pd Pt Cu Fe
Atomic ratio (%) 55.5 353 8.3 1.17
Mass loading (%) 44.1 514 3.94 0.49

Table S2. The atomic ratios of metal components in Pd@Pd

measured by XPS.
Atomic ratio (%) Pd@PdPtCu
Pd 24.42
Pt 49.
Cu

Fe




Table S3. Double-layer capacitance and electrochemically active surface area (ECSA)
of multimetallic alloy catalysts.

Sample Ca (mF cm™) ECSA (cm?)
Pd@PdPtCu/C 1.98 49.50
Pd@PdPtCuFe/C 2.86 71.50
Pd@PdPtCuCo/C 2.07 51.75
Pd@PdPtCuNi/C 2.49 62.25
Pd@PdPtCuZn/C 2.04 51.00
Pt/C 1.73 43.25

Table S4. The HER performance of the as-prepa

Sample HER nio(mA

Pd@PdPtCu/C 3
Pd@PdPtCuFe/C
Pd@PdPtCuCo/C

Pd@PdPtCuNi/C 31
Pd@PdPtCuZn/C 44
Pt/C 33
of the @s-prepared electrocatalysts.
OXR Mo (mA cm™2) OER Tafel slope (mV dec™)
563 156.74
360 75.91
450 89.79
420 75.22
476 132.4

367 77.3




Table S6. The ORR performance of the as-prepared electrocatalysts.

ORR Tafel slope Average electron transfer

Catalysts Eiz(V) (mV dec) numbers (n)
Pd@PdPtCu/C 0.752 99 3.414
Pd@PdPtCuFe/C 0.792 83 3.91
Pd@PdPtCuCo/C 0.776 91 3.246
Pd@PdPtCuNi/C 0.788 85 2.116
Pd@PdPtCuZn/C 0.765 90 2.89
Pt/C 0.825 88 2

Table S7. Comparison of OER perform the

present catalyst and reported high-entropy (

Electrocatalysts Electrol Refs

Pd@PdPtCuFe This work

FeCoNiCuMn 62.4 33

114.6 4

40.0 33

70.1 36

96 57

159 38

87 59

NiCoFePdIr 1 M KOH 400 134 60

N-PtFeNiCoMn 1 M KOH 376 / 61

FeCoNiPtRu 1 M KOH 331 51 62

CuCoNiMnAl 1 M KOH 390 65 63

FeCoNiCuMo 1 M KOH 324 70.5 64




Table S8. Comparison of ORR performance in alkaline electrolyte between the
present catalyst and reported high-entropy (multi-component) alloy catalysts.

Electrocatalysts Electrolyte Ei2(V) Refs
Pd@PdPtCuFe 0.1 M KOH 0.792 This work
Fe12Ni23Cri0Co30Mnys 0.1 M KOH 0.81 65
CrMnFeCoNi 0.1 M KOH 0.78 66
PtFeCoNiMoY 0.1 M KOH 0.71 67
FeCoNiMoW 0.1 M KOH 0.7 08

FeCoNiMnV 0.1 M KOH
PtFeCoNiMnGa 0.1 M KOH
PtPdFeCoNi/HOPNC 0.1 MK
FeCoNiCuMn
AlFeCoNiCr

73

AINiCoRuMoCrFeTi

PtFeCoNiMn 0.86 >4
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