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Fig. S1 Digital images of carbon papers before and after coating the active material

slurry.



Fig. S2 TEM images of (a) CoySg, (b) Co3S4 and (c) CoS, HNSs. The results show
that as the molar ratio of sulfur to cobalt source increases, the sphere structure

becomes looser and the surface of nanosheets become thinner.
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Fig. S3 N, adsorption—desorption isotherms of CoySg, Co3S4 and CoS, HNSs.
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Fig. S4 EDS spectra of CoSg, Co3S4 and CoS, HNSs.



Fig. S5 TEM images of CoS, samples obtained at different reaction time: (a) 3 h, (b)
6 h, (©) 9 h.



Fig. S6 TEM images of CoS, samples obtained at different reaction temperature: (a)

120 °C, (b) 160 °C, (c) 200 °C.
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Fig. S7 XPS survey spectra of CogSg, Co3S4 and CoS, HNSs.
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Fig. S8 Cycle voltammograms from 1.067 to 1.167 V vs RHE in 1.0 M KOH at
different scan rates and the corresponding linear fitting of the capacitive density

versus scan rates of (a, b) CogSg, (¢, d) CosS,, and (e, f) CoS, HNSs.
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Fig. S9 (a) XRD patterns and (b-d) TEM image of CoS, HNSs after 200 (b), 500 (c),
and 1000 (d) OER cycles.
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Fig. S10 (a) HRTEM, (b) Raman and (c) Co 2p XPS spectrum of CoS, HNSs after
1000 OER cycles. HRTEM and Raman results reveal the formation of Co;0,/CoOOH
after 1000 OER cycles. In XPS spectrum, the ratio of Co*" to Co?" is much higher
than original CoS, (Fig. 4a), which confirms the formation of higher valence state of
Co after OER cycles.
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Fig. S11 Chronopotentiometric response of Co3;S4 and CoySg HNSs at a constant OER

current density of 10 mA c¢cm2.
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Fig. S12 (a) XRD patterns and (b-d) TEM image of CoS, HNSs after 200 (b), 500 (c),

and 1000 (d) HER cycles.
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Fig. S13 Raman spectrum of CoS, HNSs after 1000 HER cycles.

500
COQSS HNSs
C0354 HNSs
—~ 4004
>
E
F300_—
-
3
2 200
S
>
© 100
0 ' —

0 2 4 6 8§ 10 12
Time (h)

Fig. S14 Chronopotentiometric response of Co3;S4 and CoySg HNSs at a constant HER

current density of 10 mA cm2,
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Table S1. Co and S atomic percentage in CogSg, Co3S4, and CoS, HNSs from EDS
spectra.

Catalysts Percentage of Co (%) Percentage of S (%)
CoS, HNSs 32.60 67.40

CoySg HNSs 48.58 51.42
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Table S2. Comparison of OER performances of CoS, HNSs with other reported

similar non-noble metal OER electrocatalysts.

Loading Current
Overpotential
Catalyst Electrode Electrolyte density density Refs
(mV)
(mg cm™) (mA cm™)
CosSg hollow  glassy carbon
1.0M KOH 0.37 10 278 1
microplates electrode
glassy carbon
FeB, 1.0M KOH 0.2 10 296 2
electrode
Co-P film copper foil 1.0M KOH 2.71 10 345 3
Ni;S,/Ni Ni foam 0.1M KOH 37.00 10 187 4
NiXCO3_XO4
Ti foil 1.0M KOH 3.00 10 370 5
nanowire
NiFe- 6
Ni foam 1.0M KOH 0.5 10 250
LDH/rGO
NiCo,S4@N/S-  glassy carbon
0.1 M KOH 0.283 10 470 7
rGO electrode
NiCo
hydroxide MOFs 1.0M KOH 0.17 10 324 8
nanosheets
Mn-Co glassy carbon
1.0 M KOH 0.25 10 370 9
oxyphosphide electrode
NiP
nanoparticle copper foam 1.0 M KOH 5 10 325 10
film
Carbon 10 290 This
CoS; HNSs 1.0M KOH 1.5
paper 20 305 work
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Table S3. Comparison of the HER Performances of CoS, HNSs with other reported

similar non-noble metal HER electrocatalysts.

Loading Current
Overpotential
Catalyst Electrode Electrolyte density density Refs
(mV)
(mg cm?)  (mA cm?)
glassy carbon
CoOx@CN 1.0M KOH 0.54 10 232 11
electrode
stainless steel
Ni/MWCNT 1.0M KOH - 10 350 12
meshes
Co-Ni-B@NF Ni foam 1.0M KOH -—-- 10 205 13
glassy carbon
Ni/Mo,C-PC 1.0M KOH 0.5 10 179 14
electrode
glassy carbon
Co-NRCNTs 1.0M KOH 0.28 10 370 15
electrode
Zn-Co-S Carbon fiber
1.0M KOH 0.6 10 234 16
nanoneedles paper
carbon paste
MoB 1.0M KOH 2.30 10 210 17
electrode
MoS,-WS, Ni foam 1.0M KOH -—-- 10 275 18
FeP NAs Carbon cloth 1.0M KOH 1.5 20 370 19
10 193 This
CoS, HNSs Carbon paper 1.0 M KOH 1.5
20 223 work
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Table S4. Comparison of two-electrode water-splitting voltage of CoS, HNSs/CP
catalyst with other reported bifunctional electrocatalysts.

Current density Overall voltage

Catalyst Electrolyte References
(mA cm?) V)

NiCo,S4@NiFe LDH/NF 1.0M KOH 10 1.6 20
CoFe LDH-F 1.0M KOH 10 1.63 21
EG/Coy g5Se/NiFe-LDH 1.0M KOH 10 1.67 22
NiFe/NiCo,S,/NF 1.0M KOH 10 1.67 23
CoP/NC 1.0M KOH 10 1.71 24
Ni/Mo,C-PC 1.0M KOH 10 1.66 14
Zn-Co-S NN/CFP 1.0M KOH 10 1.72 16
NisP,/NF 1.0M KOH 10 1.69 25
Ni;S,/NF 1.0M KOH 13 1.76 26

CoS, HNSs/CP 1.0 M KOH 10 1.68 This work
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