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Supplementary Figures

Fig. S1 TEM image of CoO octahedra.
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Fig. S2 XRD patterns of (a) CoO octahedral octahedra and (b) CoO@Co,S, core-shell
octahedra after sulfidation (red vertical lines: CoO reference, JCPDS #01-078-0431).
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Fig. S3 (a) After the synthesis of CoO@Co,S, core-shell octahedra, the tube was cooled to
room temperature. (b) A fresh lead acetate strip was prepared and (c) the strip was brought
near the mouth of the reaction tube to detect H,S. (d) The strip instantly turned black

indicating the presence of H,S.
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Fig. S4 (a,b) TEM images and (c) STEM image of CoO octahedra after sulfidation in 1-
octadecene. (d) EDS for the selected area in (¢) (Cu detection from TEM grid).
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Species Transition Binding erengy (eV) Peak area (%) Species Transition Binding erengy (eV) Peak area (%)
Co(0) 2Py 778.1 28.1 Ni(0) 2Py 852.6 10.9
Co(ll) p 780.0 40.6 Ni(0) 2pa 856.3 11.2
Co(ll) o o 782.1 31.3 Ni(0) 2pa 858.7 39

Ni(l1) 2pap 853.7 22.0
Ni(l1) 2pap 855.4 30.5

Fig. S5 XPS spectra for (a) CosSg ONC and (b) NigSg ONC, and the corresponding tables

listing relative peaks areas for deconvoluted XPS peaks.
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Fig. S6 (a,b) TEM images and (¢) STEM image of Fe-CoySg ONC. (d) EDS spectrum of Fe-
CoySg ONC for the selected area in (c) (Cu detection from TEM grid). (e) XRD patterns of
Fe-CoySg ONC and CogSg ONC (CogSs, JCPDS #01-086-2273).

S6



0.05 mmol 0.10 mmol 0.15 mmol 0.20 mmol

2.00 mmol 1.00 mmol 0.50 mmol 0.25 mmol

Fig. S7 TEM images showing the phase transformation from Co¢Sg to Ni,S, phases

depending on the amount of Ni precursor.
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Fig. S8 XRD patterns of the mixed phases of cobalt and nickel sulfides synthesized by
adjusting the amount of N1 precursor. (a) From the bottom, the XRD patterns for products by
using 0.05 mmol, 0.10 mmol, 0.15 mmol, 0.20 mmol, and 0.25 mmol of Ni precursor. (b)
From the bottom, the XRD patterns for products by using 0.50 mmol, 1.00 mmol, 2.00 mmol,

3.00 mmol, and 5.00 mmol of Ni precursor.
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Fig. S9 (a) TEM image and (b-¢) HRTEM images of Coy.Ni,Sg ONC with (a,) FFT patterns
for the selected areas showing {110}, {111} and {001} facets. (f) STEM image and (g-i)
elemental mapping images of Cog_,Ni,Sg ONC.

S9



30
— COQSB ONC

Cog,Ni,S; ONC
~ | — Ni,S; ONC
o 20 A
w1 — RuO,
£
[&]
<C
£ 10-
T~
173 l 1!4 . 1!5 l 1!6
E (V vs. RHE)

Fig. S10 Linear sweep voltammetry curves presented without iR-correction for CogSg ONC,

Co9.4Ni,Sg ONC, NigSg ONC, and 20 wt% RuO,/C measured in 1 M NaOH at a scan rate of 5

mV sl
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Fig. S11 Linear sweep voltammetry curves of Cog,Ni,Sg ONC, NigSg/B-NiS ONC, and

Ni;S,/B-NiS ONC, measured in 1 M NaOH at a scan rate of 5 mV s-!. The polarization curves

are iR-compensated.
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Fig. S12 Tafel plots for CoyNi,Sg ONC (green circle), NigSg/B-NiS ONC (magenta triangle),
and Ni;S,/B-NiS ONC (cyan triangle).
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Fig. S13 Electrochemically active surface area by measuring double layer capacitances.

Cyclic voltammetry scans with different scan rates (0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.14,
018, 02V S'l) for (a) COgSg, (b) COQ_XNixS§;, (C) NigSg, (d) ngSg/B-NlS, and (e) N1382/B-NIS
ONC. (f) Anodic charging currents measured at 0.175 V vs. RHE as a function of scan rate to

measure double layer capacitances and corresponding ECSA values in the inset.
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Fig. S14 Chronopotentiometric curves for CoySg (blue), Cog4Ni,Sg (green), and NigSg ONC

(red) over 5 hours at a contant current density of 10 mA cm2,.
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Fig. S15 Deconvoluted XPS spectra for (a) Ni 2p and (b) O 1s of Coy4Ni,Sg ONC before
electrocatalysis, and (c) Ni 2p and (d) O 1s after 1 h of chronopotentiometry at 10 mA cm2,.
For (a) and (c), Ni(0) peaks are at 854.6 eV (red), 858.3 eV (blue) and 860.7 eV (green), and
Ni(II) at 855.7 eV (magenta), 857.4 eV (dark yellow) and 862.9 eV (cyan).
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Supplementary Tables

Phase Crystal structure a (o) b (P) c(y)
CoySg cubic 9.923 (90°) 9.923 (90°) 9.923 (90°)
NigSg orthorhombic 9.3359 (90°) 11.2185 (90°) 9.43 (90°)
a-NiS hexagonal 3.42 (90°) 3.42 (90°) 5.3 (120°)
CoS hexagonal 3.384 (90°) 3.384 (90°) 5.196 (120°)
B-NiS rhombohedral 9.619 (90°) 9.619 (90°) 3.1499 (120°)
Ni5S, rhombohedral 5.7465 (90°) 5.7465 (90°) 7.1349 (120°)

Table S1. Crystal structures and lattice parameters of CogSg (JCPDS #01-086-2273), NigSg
(JCPDS #01-078-1886), a-NiS (JCPDS #01-075-0613), CoS (JCPDS #01-070-2864), B-NiS
(JCPDS #01-086-2281), and Ni3S, (JCPDS #01-085-1802).

Facet Co0ySg (nm) NiySg (nm) Co94Ni,Sg (nm)
(440) 0.17542 0.17940 0.1777
(002) 0.49615 0.47150 0.4866
(222) 0.28645 0.28577 0.2864

Table S2. Theoretical d-spacing values of CosSg and NigSg, and the measured d-spacing
values of Cog,Ni,Sg ONC from the FFT patterns of the HRTEM images in Figure S8.
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