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Figure S1. (a) Sineo MAS [I+ microwave reactor. (b) A photograph of the as-prepared 3 mm
diameter work electrode for HER and OER tests. (c) A photograph of the as-prepared work
electrode for the overall water electrolysis S= 0.5 cm x 1 cm. (d) A photograph of a considerable
amount of Co(OH)2 freestanding sheets synthesized in one-time reaction. (e) A photograph of a

considerable amount of CoSx freestanding sheets synthesized in one-time reaction.



Figure S2. (a, c) SEM images of Co(OH),and CoqSg(annealed CoS,), respectively. (b, d) TEM images

of Co(OH); and CoqSs, respectively.



the anion exchange reaction. (c, d) SEM images of CoS, sheets prepared at 120 °C.
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FigureS4. Nitrogen adsorption-desorption isotherms of Co(OH), nanosheets. The BET specific

surface area of Co(OH), nanosheets 140.6 m2 g1,
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Figure S5. (a) Calibration curve of Methylene Blue (MB) UV-VIS absorption in water solution at
Amax= 664 nm. (b) Time-Absorption for 60 s at A= 664 nm of 20 mg L CoS,, 10 mg L' MB, and

10 mg L' MB + 20 mg L* CoS, Solutions.

In the Methylene Blue (MB) absorption technique, the surface area measurements were
taken by first preparing standard solutions of MB in water with different
concentrations(10 mg, 5 mg, 2.5 mg, 1.25 mg and 0.625 mg ) and measure the absorbance
of these solutions at A,.x= 664 nm. Then, draw a calibration curve (known concentration
vs. absorbance) as shown in Figure S5a. The surface area was estimated by adding a
known amount of CoS, sheets (20 mg) to a 1000 ml volumetric flask, a highly enough
amount of MB (10 mg) to cover the surface area of the sheets was added and dissolved in

1000 ml of water with stirring, followed by sonication for 2h to fully disperse the



agglomerated and stacked CoS, sheets. Finally, measure the absorbance of the solution at
the same A.x= 664 nm and apply to the calibration curve to get the concentration of the
remaining MB, the concentration of the remaining MB is about 9.05 mg. The
concentration difference with and without dispersing CoS, is closely related to the amount
of the MB molecules adsorbed on the surface of CoS, sheets. The literature value of 2.54
m? of surface covered per 1 mg of MB adsorbed was the basis for our calculations?, S = (10
mg - 9.05 mg) x 2.54 m? /20 mg = 120.6 m? g*

It is worth noting that a witness solution of bare CoS, (20 mg in 1000 ml) shows a neutral
absorption at An.x= 664 nm (Figure S5b), which confirms that the measured absorption is

only due the non-adsorbed MB present in the solution (Figure S5b).
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Figure S6. CoS, cyclic voltammetry at 5 and 10 mV st in 1M KOH.

To investigate the nature of the HER cathodic current observed prior 0.1V, cyclic
voltammetry was carried out as shown the Figure S6. First, there is no side reaction occurs
else than HER as no abnormal oxidation or reduction peak is observed in the CV curve.
Secondly, according to the direct scan curve, we notice that CoS, exhibits an early onset
potential for HER lower than 0.02V beyond which the cathode faradic current rises under
more negative potentials. Also, the current responses smoothly to the rise of negative
potential which imparts that the contribution of non-faradic capacitive current in the

collected current is also rather important. In alkaline media, The HER non-faradic current



is associated with the strong coverage (double layer) of the adsorbed hydrogen (H.gs)
formed by the deprotonation of water molecule at the anode surface, making the HER
struggle more to move forward further. We have also demonstrated this by the high Tafel
slope (123 mV/ decade), indicative of proton adsorption (Volmer step) as the rate-limiting
step. Then, we can conclude that the observed background current is a HER current
characterized by a slow reaction rate (sluggish kinetics). Thus, a high potential is required
to overcome the energy barriers achieve a higher current density of 10, 20, 50 mA cm™

and so on.
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Figure S7. (a,b) CoS, CV curves at different scan rates in the corresponding HER and OER potential

ranges, respectively. (c,d) CoqSg CV curves at different scan rates in the corresponding HER and

OER potential ranges, respectively.



(a)

0
—— Co(OH),

204 Co,S, ;'f
— ';
wE -40- j,-’
< f
£
= -60+ ff

,/:’i
-804 y Fa
T = T L} L] 0 — 7;—" T T
-0.6 -0.4 -0.2 0.0 1.2 1.4 1.6
E (V vs RHE) E (V vs RHE)

Figure S8. (a) HER polarization curves of Co(OH), and CoS,. (b) OER polarization curves of Co(OH),
and CogSs.

Table S1. Comparison of the HER performances of CoSx with the best reported cobalt sulfide-

based HER electrocatalysts.

Overpotential nyo | Tafel Slope
Catalyst Morphology Electrolyte Ref
(mV) (mV dec?)
. 127(10mA cm2) .
Freestanding This
CoS, 1M KOH 187(20mA cm™) 123
sheets work
240(50mA cm2)
Co-S/CP 357 138
Nanosheets 1M KOH 2
Co-S/CTs/CP 190 131
CogSs@CNFs Octahedron 1M KOH >400 203 3
1M KOH 290 85.3
CosS, Polyhedrons 4
0.5M H,SO,4 380 _
o 1M KOH 244 72
CoS, Pyramids(film) 5
0.5M H,S0, 190 133
. 1M KOH 250 _
CogSg@C Nanoparticles 6
0.5M H,SO, 240 _
MW-CoS ) phosphate 275 75
Nanoprisms 7
ST-CoS buffer pH=7 298 90
CoS,/RGO 280 82
Nanosheets 0.5M H,SO, 8
CoS,/RGO/CNT 142 51
CoS, Nanowires 0.5M H,SO,4 145 51.6 3




COSZ

Film

0.5M H,S0,

190

52

10

Table S2. Comparison of the HER performances of CoS, with other reported non-precious HER

electrocatalysts.

Catalyst Morphology Electrolyte | Overpotential nip | Tafel Slope | Ref
(mV) (mV dec?)
CoS, Free standing 1M KOH 127(10mA cm™) 123 This
Nanosheets 187(20mA cm*?) work
240(50mA cm2)
NisS, Nanosheet/Ni Foam 1M KOH 223 _ 1
NisS, Nanoparticles/CNTs 1M KOH 480 102 12
Nig.33C00 675,/Ti Nanowires 1MKOH 88 118 13
foil

NiSe, Nanosheets 1M KOH 184 184 14
CogSs@MoS, Octahedrons /CNFs 1M KOH 190 110 3
CoP Nanowires/CC 1M KOH 110 129 15
CoP Film 1M KOH 94 42 16
CoN,/C NPs/porous carbon 1M KOH 170 75 17
MoS,-Ni3S, Nanorods/Ni foam 1M KOH 98 61 18
NiP Nanoplates 1M KOH 160 (20 mA cm?) 107 19
NiMnCoS@rGO | Nanoparticules@sheets | 1M KOH 150 52 20
Co@N-C Nanoparticules 1M KOH 210 108 21
Co-Ni@NC Nanospheres 1M KOH 180 193 22
CoO,@CN Nanoparticules@sheets | 1M KOH 232 115 23
CoPS Nanoplates/CFP 0.5 H,S0, 48 56 24
MoS,/CoSe, Nanosheets/nanobetls | 0.5 H,SO, 68 39 2
MoS, Film 0.5 H,S0,4 260 50 26




WS,

Nanosheets

0.5 H,S0,

250

60

27

Ni-CoSe,

NPs-nanobelts

0.5 H,SO,

90

39

28

Table S3. Comparison of the OER performance of CoS, with other reported cobalt sulfide-based

HER electrocatalysts.

Catalyst Morphology Electrolyte | Overpotential | Tafel slope Ref
N1 (MV) (mVdec?)
CoqSg Freestanding 1M KOH 288 79 This
nanosheets work
CosS, Nanosheets 1M KOH 363 90 29
CosS, Nanosheets 1M KOH >470 144 30
CogSg Hollow 1M KOH 278 53 31
Co.,S microplates 300 53.7
Co-S/Ti mesh Nanosheets 1M KOH 361 64 32
Co3S,@N,S-rGO NPs@naosheets 0.1M KOH 375 _ 33
Co-S/CP Nanosheets 1M KOH 363 101 2
Co-S/CTs/CP 306 72
CogSg@CNFs Octahedron 1M KOH 512 78 3
CoxSy@N, S- C NPs@Porous C 1M KOH 470 34




Table S4. Comparison of the OER performances of CosSg with other reported non-precious HER

electrocatalysts.

Catalyst Morphology Electrolyte Overpotential Tafel Ref
N1 (MV) slope
(mV dec?)
CooSg Freestanding 1M KOH 288 79 This
nanosheets work
CuCo,S, Nanosheets 1M KOH 310 86 30
ZNno 76C00.245/C0S, Nanowires 1M KOH >316 79 35
CoySs@MoS, Octahedrons/CNFs 1M KOH 430 61 3
NiFe LDH Nanoplates 1M KOH 302 40 36
CoMn LDH Nanoplates 1M KOH 324 43 37
CosMnLDH/MWCNT Nanosheets/MWCNT 1M KOH 300 73.6 38
MoS,-NisS,/NF Nanorods/Ni foam 1M KOH 249 66 18
(Ni, Co)p.g5Se@CC Nanotubes/CC 1M KOH 255 79 39
CoCr LDH Nanosheets 1M NaOH 340 81 40
Ni(OH), Nanosheets/Ni faom 1M KOH 170 150 4
Ni,Py, Nanoplates 1M KOH 320 72.2 19
Zn,-,C0,50,4(0OH)4-0.5 Nanoplates 0.5M KOH 370 60 42
H,O
NiMnCoO,@rGO Nanoparticules@sheets 1M KOH 320 53 20




Table S5. Comparison of overall water splitting performance of CoS,lICoqSgwith recently reported

bi-functional electrocatalysts in basic electrolyte.

Cathode catalyst Anode catalyst Electrolyte HER n10 OER n10 Eatj=10 Ref
(mV) (mV) mA cm2 (V)
CoS, CogSs 1M KOH 127 288 1.55 (20 mA | This
cm?) work
Co-S/CTs/CP Co-S/CTs/CP 1M KOH 190 306 1.74 2
MoS2-Ni3S/Ni MoS2-Ni3S/Ni foam 1M KOH 90 249 1.50 18
foam
Ni,P/Ni/Ni Foam Ni,P/Ni/Ni foam 1M KOH 90 200 1.49 43
Ni.Py NixP, 1M KOH 160 ( 20 mA 320 1.57 B
cm?)
NiS/Ni foam Ni/Ni Foam 1M KOH 158 (20 mA 355 (50 1.67 44
cm?) mA cm?)
NiMnCoS,@rGO NiMnCoO,@rGO 1M KOH 150 320 1.56 (20 mA 20
cm?)
Ni(OH),/Ni foam | Ni(OH),/Ni foam 1M KOH 178 (20mA | 330(50 1.68 a
cm?) mA cm?)
Nig.33C00.675,/Ti Nig.33C00.6,0,/Ti foil 1M KOH 88 >330 1.73 13
foil (onset)
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