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Figure S1 XRD patterns of as-synthesized amorphous and annealed crystalline HEA NPs.

Strong reflections of an fcc phase can be observed for the annealed sample with minor
reflections at ~35° and ~63° which could be attributed to surface oxides.
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Figure S2 STEM dark field image and corresponding EDS mappings of the constituent
elements of a HEA NP synthesized in acetone annealed at 600 °C.



Figure S3 a), b), ¢) STEM dark field image and corresponding EDS mappings of the constituent
elements of the HEA NPs synthesized in acetone at RT, annealed at 400 °C and 600 °C,
respectively.



Figure S4 a), b), ¢) STEM dark field image and corresponding EDS mappings of the constituent
elements of the HEA NPs synthesized in acetone at RT, annealed at 400 °C and 600 °C,
respectively.



Figure S5 STEM-EDS mappings of HEA NPs synthesized in acetonitrile annealed at 600 °C.
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Figure S7 STEM-EDS mappings of HEA NPs synthesized in acetonitrile annealed at 600 °C.



Figure S§ STEM-EDS mappings of HEA NPs synthesized in acetonitrile annealed at 600 °C.
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Figure S9 Linear sweep voltametry curves (current density normalized with ECSA) of the as-

synthesized and annealed (denoted as HT) HEA NPs synthesized in acetonitrile, acetone and
ethanol, respectively.



The EIS data were fitted using the equivalent electric circuit (EEC) shown in the inset of Figure
S10. The model consists of the components arranged in R;+Qq;/ (Re¢ + C, + R;), where R1 or
R; is the solution resistance, Q1 or Qg corresponds to the double layer capacitance. R2 or R,
represents the charge transfer resistance. C1 (C,) and R3 (Ra) represent the adsorption
capacitance and adsorption resistance. In this model constant phase element (Q) is used instead
of capacitance in order to count for the non-ideal behavior. The coefficient a reflects the

deviation from the ideal behavior [1,2].
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Figure S10 Nyquist plots for the as-synthesized and annealed HEA NPs synthesized in
acetonitrile with the equivalent circuit for the spectrum given in the inset. The experiment was
carried out at 1.6 V in 0.1 M KOH. Frequency range: 1Hz — 30kHz with 10 mV amplitude and
6 step dec™.
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Figure S11 Nyquist plots for the as-synthesized and annealed HEA NPs synthesized in ethanol

with the equivalent circuit for the spectrum given in the inset. The experiment was carried out
at 1.6 Vin 0.1 M KOH. Frequency range: 1Hz — 30kHz with 10 mV amplitude and 6 step dec’!.
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Figure S12 Applied potential and the corresponding online ICP-MS dissolution profiles of
dissolved metal ions as a function of time of the annealed HEA NPs in acetonitrile.
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Figure S13 Applied potential and the corresponding online ICP-MS dissolution profiles of
dissolved metal ions as a function of time of the annealed HEA NPs in ethanol.



Figure S14 STEM-EDS mapping and corresponding Cr-Fe-Ni and Cr-Co-Ni elemental
mapping overlays of an annealed HEA NP (~320 nm in diameter) synthesized in acetone after
OER cycling, highlighting the retention of the heterostructured microstructure after
electrochemical testing.

Table S1 Constraints used during the peak fitting of XPS 3p spectra listed for each element.

Cr3p Mn 3p Fe 3p Co3p #1
min max min max min max min max
Pos. Constr. / eV 46 47 47 50.4 53.7 56.7 59.9 62.5
FWHM tr.
WHM Constr. /1 ¢ 5 0.6 5 0.6 5 0.6 5
eV
Co3p #2 Ni 3p
min max min max
Pos. Constr. / eV 59.8 64.5 67.5 69
FWHM Constr. /
onstt 0.6 2 0.6 5
eV
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Figure S15 Deconvoluted 3p XPS spectra of as-synthesized HEA NPs in acetonitrile.
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Figure S16 Deconvoluted 3p XPS spectra of as-synthesized HEA NPs in acetone.
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Figure S17 Deconvoluted 3p XPS spectra of as-synthesized HEA NPs in ethanol.
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Figure S18 Deconvoluted 3p XPS spectra of annealed HEA NPs in acetonitrile.
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Figure S 19 Deconvoluted 3p XPS spectra of annealed HEA NPs in acetone.
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Figure S20 Deconvoluted 3p XPS spectra of annealed HEA NPs in ethanol.
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Figure S21 Deconvoluted 3p XPS spectra of annealed and electrochemically tested HEA NPs

1n acetonitrile.
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Figure S22 Deconvoluted 3p XPS spectra of annealed and electrochemically tested HEA NPs

1n acetone.
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Figure S23 Deconvoluted 3p XPS spectra of annealed and electrochemically tested HEA NPs
in ethanol.
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