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Figure S1: XPS survey spectra for a) Ni-Fe-Co 600 and Ni-Fe-Co 900, b) Ni-Co 600 and Ni-Co
900 and c) Ni 600 and Ni 900.

Table S1. Atomic percentage of Cls, N1s, Fe2p3, Co2p3, Ni2p3 and Ols in the electrocatalysts
derived from XPS analyses.

Carbon Nitrogen Iron Cobalt Nickel Oxygen
Cls Nls Fe2p3 Co2p3 Ni2p3 Ols
Ni-Fe-Co 600 93.8 5.1 0.3 <0.1 0.1 0.6
Ni-Fe-Co 900 96.6 1.8 0.2 <0.1 0.1 1.4

Ni-Co 600 92.9 4.5 - 0.4 <0.1 23
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Figure S2: Comparison of XPS N1s signal for a) Ni-Fe-Co 600 and Ni-Fe-Co 900, b) Ni-Co 600
and Ni-Co 900 and ¢) Ni 600 and Ni 900.

Table S2: Composition of N (relative %)

Composition of N (relative %)

Electrocatalysts N Imine Pyridinic = N-M Pyrrolic Graphitic N-O
(at. %) (398.2eV) (M=Fe, Co,Ni) (400.9¢V)
399.1 eV +£0.1
Ni-Fe-Co 600 5.1 - 32.1 58.2 9.7 - -
Ni-Fe-Co 900 1.8 - 46.3 3.5 50.2 - -
Ni-Co 600 4.5 - 37.7 54.2 8.1 - -
Ni-Co 900 1.1 - 41.7 12.6 45.7 - -
Ni 600 24 - 39.5 27.9 32.6 - -
Ni 900 1.1 - 343 32.0 33.7 - -




Comparison of Fe in Pc and Iron oxides
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Figure S3. Comparison of the normalized XANES spectra of iron in the Ni-Co-Fe electrocatalysts
at room temperature, red, and different Fe3* oxides reference spectra (from the beamline database),
which present the same pre-edge peak structure.
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Figure S4. LCF of the different XANES spectra collected on the pyrolyzed samples. Black thick
lines for the experimental data, red lines for the fitted profile, dashed lines for the metal reference,
solid black lines are the heated phthalocyanine spectra, and dot-dashed lines the metal oxide.



Table S3. Best-fit weights were obtained with the LCF analyses of the pyrolyzed Ni-based

electrocatalysts.
% Components
Sample and TM - -
Metallic Pc at 600°C Oxide
Ni in N1 900 46.4+0.6 53.6+0.6 -
Co in Ni-Co 900 57.1+1.2 16.2+1.4 26.7£1.9
Ni in Ni-Co 900 46.9+1.3 53.1+£1.3 -
Fe in Ni-Fe-Co 900 46.2+1.5 53.8+0.8 -
Co in Ni-Fe-Co 900 45.54+0.8 26.3£1.0 28.1+£1.3
Ni in Ni-Fe-Co 900 40.3+1.3 59.7£1.3 -
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Fig. S5: HER stability test (2500 cycles) on (a) Ni-Co 900 electrocatalyst and (b) Ni-Fe-Co 900

electrocatalyst
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Fig. S6: HER stability test (150 cycles) on (a) Ni (30%) without thermal treatment (25°C)

Table S4. Performance comparison with other literature

Electrocatalyst ~ Overpotential ~Electrolyte Mass loading Ref.
at 10 mA cm?2 (mg cm2)
(mV)
NiFeO, NPs 88 1 M KOH 1.6 [1]
Co-Ni;N NWs 194 1 M KOH 291 [2]
Ni—P NSs 117 1 M KOH 0.3 [3]
Ni-N-C 307 1 M KOH - [4]
NiNC P 403 1 M KOH 0.6 [5]
NiCoOS 300 0.1 M KOH 0.3 [6]
MnNiCo-P 288 1 M KOH [8]
Fe-Ni@NCF 219 1 M KOH [9]
Ni,Co3/NC-500 90 1 M KOH [10]
carbon cage- 199 1 M KOH [11]
encapsulated
FeNiMo
Ni900, 320 1 M KOH 0.6 This work
Ni-Fe-C0900,
and Ni-Fe-

Co600




Table S5.: Summary of all the relevant morphological and analytical observations for Ni based

electrocatalysts.
Sample Overpotential Average ID/IG main particle XRD peaks
V) particle size form (")
(nm)
Ni 900 0.32 26 1.2 Metal-oxide 24,43, 44.2,
51.5
Ni 600 0.34 45 1.3 metallic 24,43,44.2,
51.5
Ni-Co 900 0.34 36 1.6 Ni-Co alloy 24,43, 44.3,
oxide 51.2,75
Ni-Co 600 0.34 5 0.75 Ni-Co alloy 24,43
oxide
Ni-Fe-Co 900 0.32 15 - 60 1.5 Ni-Fe-Co alloy 24, 43, 43.6,
51,75
Ni-Fe-Co 600 0.32 28 0.9 Fe oxide 24, 43
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