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Table S1. Comparison of OER catalytic performances of Ni-Fe pyrite with the literature data.
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#obtained on glassy carbon electrode, at a current density of 10 mA/cm?2.

Figure S1. TEM images of a Ni-Fe hydroxide precursor.
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Figure S2. (a) XRD patterns of Ni-Fe pyrite and Ni pyrite. (b) (200) peak shift of the Ni-Fe pyrite.
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Figure S3. Wide-range XPS spectrum of a Ni-Fe disulfide.
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Figure S4. XPS spectrum of Ni 2p of Ni disulfide. Slight peak shifts are observed with respect to the
Ni-Fe disulfide peaks. The binding energies of NiZ* 2p3/2 and 2p1/2 in Ni disulfide are 854.5 and
871.9 eV, respectively. These values shift to 854.2 and 871.6 eV in the Ni-Fe bi-metal disulfide.
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Figure S5. Elemental mapping of the Ni-Fe disulfide after the 1t OER cycle.
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Figure S6. XRD patterns of the initial Ni(Fe)S,, the catalysts after 100 OER cycles and 24 h OER
stability test. After 24 h OER stability test, the main phase of the catalyst is still Ni(Fe)S,. However,
the weak diffraction peaks of crystalline Ni(Fe)OOH (JCPDS: 06-0075) were also observed in the
pattern of the catalyst after 24 h OER, indicating the formation of a Ni(Fe)OOH phase in addition
to the existence of original Ni(Fe)S, . In the sample after 100 OER cycles, the diffraction patterns
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belonging to the Ni(Fe)OOH phase were not observed. This is because the initially formed shell

Ni(Fe)OOH structure is mainly amorphous.
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Figure S7. XPS spectra of Ni 2p from the catalysts after 100 OER cycles (a) and 24 h OER stability
test (b). The binding energies reveal the presence of Ni3* cations (855.5 and 873.3 eV) in the
catalysts, consistent with the valence states of NiOOH. Other fitted peaks (magenta lines) are
satellite peaks of Ni 2p1/2 and 2p3/2. Different from the valence states of the initial Ni(Fe)S,
catalyst (Figure 1c), we have not observed any peaks attributed to NiZ*. This is because XPS reflects

the surface information from a material. And the new catalytic surface containing Ni3* was formed.
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Figure S8. Normalized LSV polarization curves of Ni-Fe disulfide@oxyhydroxides with varied Fe
contents.
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Figure S9. EDX spectrum of a Ni-Fe disulfide with the increased Fe content, this reveals a Ni:Fe
molar ratio of 3:1.
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Figure $10. XRD pattern of a Ni-Fe pyrite with a Ni:Fe molar ratio of 3:1. The magenta marks
indicate the presence of Fe pyrite phase (FeS,).

Figure S11. (a) HRTEM image of a Ni disulfide after amperometric OER stability experiment for 24
h. (b) Elemental maps of Ni disulfide after amperometric OER experiment for 24 h. Oxygen is
dispersed over the whole particle, as revealed by elemental mapping, this indicates that nickel
sulfide was almost completely converted after 24 OER. This data demonstrates that introducing
iron not only boosts the catalytic activity, but also hinders the phase transformation during OER.
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Figure S12. Temperature-dependent catalytic activity of (a) a Ni-Fe disulfide@oxyhydroxide and
(b) a hydroxide.
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