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Figure S1. TEM images of Au@NiCo25: NPs evolution experiment.



Table S1. The ratios of elements at different times of Au@NiCo254 NPs evolution experiment.

Time (min) Au (%) Ni (%) Co (%) S (%) Au:Co Co:S
0 100 0 0 0 1:0 -

10 6.9 12 26.8 54.3 0.26:1 0.49:1

30 6.4 11.6 24.2 57.8 0.26:1 0.42:1

60 5.8 11.2 23.8 59.2 0.24:1 0.40:1

20 5.9 10.8 242 59.1 0.24:1 0.41:1

180 5.3 10.1 24.7 59.9 0.21:1 0.41:1
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Figure S2. EDS spectra of the Au@NiCo25: and bare NiCo2S4 NPs.



Table S2. Atomic ratio of Au, Ni, Co and S of Au@NiCo254 and bare NiCo0254 NPs calculated by EDS.

Sample Au (%) Ni (%) Co (%) S (%)
Au@NiCo254 5.3 10.1 24.7 59.9
NiCo254 0 114 25.5 63.1




Figure S3. Angle-dependent TEM characterization of Au@NiCo254+ NPs verifying the core-shell of the
products. The shells produced in the outer shell of the NP were reasoned from the carbon deposit
induced by the long-time high-energy electron irradiation. Scale bar 20 nm.



Figure S4. HAADF-STEM images and STEM-EDS mappings for the elements Au, Ni, Co, and S of
Au@NiCo25: NPs.
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Figure S5. XPS survey spectra of Au@NiCo25: and bare NiCo254 NPs.
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Figure S6. High resolution XPS spectra for the (a) S 2p, (b) Au 4f of Au@NiCo0254 and NiCo254 NPs.



Table S3. XPS peaks area ratio of Ni, and Co of Au@NiCo2:5s+ and bare NiCo25+ NPs.

Sample Au@NiCo02S: NiCo02S4

Niz* 47.5 % 51.4 %
Ni3+ 52.5 % 48.6 %
Co?* 48.7 % 50.8 %

Co? 51.3 % 49.2 %




Table S4. Electrochemical and equivalent circuit simulation parameters of the samples including
Au@NiCo254 and bare NiCo254 NPs.

Sample Au@NiCo0254 NiCo:S4
Overpotential at j =10 mA-cm? (V) 0.299 0.312
Tafel slope (mV-dec?) 44.5 49.1
Electrolyte resistance Rs (€2) 2.7 2.7
Charge-transfer resistance Rt (Q) 1.6 2.0
CPE:Yo (S'sn) 0.080 0.058

CPE:n 0.68 0.62




