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Figure S1. SEM images of synthesized bare Co(CO3)o.sOH (a) and Ni(CO3)o.sOH (b)
precursors. It can be seen that completely different morphologies, i.e., nanoflakes and
nanowire-aggregated products are observed for pure Co(CO3)o.sOH and Ni(CO3)o.sOH
compared to the nanoneedles of Ni-Co carbonate hydroxide. Therefore, the Ni-doping

has an important effect on the morphologies of final Ni-Co carbonate precursors.
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Figure S2. Low-magnification SEM images of prepared Ni-Co carbonate hydroxide
precursors with Co/Ni ratios of 2:1 (a), 1:1 (b), and 1:2 (c), respectively. The SS
substrate is covered densely and uniformly by the Ni-Co-carbonate hydroxide

nanoneedle arrays on a larger scale size.
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Figure S3. EDS spectra of prepared Ni-Co carbonate hydroxide precursors with
Co/Ni ratios of 2:1 (a), 1:1 (b), and 1:2 (c), respectively. The results are in good

accordance with the standard values.
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Figure S4. Intensity profiles from the selected area of HRTEM images of Ni-Co
precursor and NixCoixS2 samples with Ni:Co ratio of 1:2. The results here further

confirmed the lattice distances of corresponding lattice planes.
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Figure S5. TEM and HRTEM images of Nio.sCo0.5S2 (a, b) and Nio.67Co033S2 (c, d)

nanoneedles.
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Figure S6. OER performance of monometallic CoS2 and NiSa.
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Figure S7. SEM images of Ni-Co-S NN after OER polarization for 15,000 s.
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Figure S8. HER performance of monometallic CoS2 and NiSa.
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Figure S9. Cycle voltammograms of (a) Nio.33C00.67S2, (b) Nio.sCoo0.5S2, and (c)
Ni0.67C00.33S2 from 1.12 to 1.22 V vs RHE in 1.0 M KOH at scan rates of 5, 8, 10, 15,
20 mV s!. (d-f) The corresponding fitted linear relationship of the capacitive current

density versus scan rates.
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Table S1. 20 degree of selected crystal planes in prepared samples.

Sample (200) (210) (11) (220) 311)

CoS; 325 36.4 40.0 46.5 55.2
 NiwCoosS: 324 61 -7 w1 46
""" NisConsS: 320 360 306 460 45
 NugCons$: 317 se 302 55 40
””””” NS 3ls 3s4 89 as2 ;s
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Table S2. Comparison of OER performances of Nio.33C00.67S2 NN/SS with other
reported non-noble metal OER electrocatalysts in 1.0 M KOH.

Catalyst Electrode Loading Current density ~ Overpotential References
(mg cm?) (mA cm?) (mV)
Nig33C00.67S: NN/SS Stainless steel 1.2 10 247 This work
50 286
© NiOHRO-MWCNTs  Glassycarbon 0.4 10 <310 Adv. Energy Mater. 2016,
50 ~340 6, 1600516.
. coozF Glassycabon 02 10 290 Adv.Funct Mater. 2017,
50 ~320 27, 1702546.
 ZmnConnSICoS, Timesh oo 20 330 Flectrochim. Acta 2016,
nanowires 50 ~370 190, 360.
© ZnCoSmanoncedle  Carbonfiber  0.60 0o w0 ACS Appl. Mater,
arrays paper 50 391 Interfaces 2017, 9, 12574.
 CoPfilm Copperfoil 271 0o s Angew. Chem., Tnt. Ed.
50 395 2015, 54, 6251.
o CoFePO | Nickel foam 2187 o mas ACS Nano 2016, 10,
nanowires 50 ~360 8738
 CoO/N-mGO  Glassycatbon 100 o 310 Nat Mater. 2011, 10, 780.
| NiFe@N-dopedcarbon  Tifoll 0 0o 07 Adv. Energy Mater. 2017,
50 340 7, 1700220.
 NICOSNWNF  Nickelfoam oo 60 Adv. Funct, Mater. 2016,
50 ~340 26, 4661.
- FeB, Glassycabon 02 oo 96 Adv. Energy Mater. 2017,
50 360 7, 1700513.
 FedopedNiO  Goldelectrode 0o w7 ACS Nano 2015, 9, 5180,
40 ~320
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Table S3. Comparison of overall water-splitting Performances of Nio.33C00.6752
NN/SS with other reported non-noble metal electrocatalysts in 1.0 M KOH.

Sample Loading Current density ~ Potential ~ Reference

amount (mA cm™?) V)
Nig33C00,67S, NN/SS 1.2 mg cm? 10 1.67 This work
Zn-Co-S NN/CFP 0.6 mg cm? 10 1.71 ACS Appl. Mater. Interfaces 2017, 9, 12574.
a-CoSe/Ti 3.8 mg cm? 10 1.65 Chem. Commun., 2015, 51, 16683.
CoggsSe/NiFe-LDH/graphene 4.0 mg cm™ 10 1.67 Energy Environ. Sci., 2016, 9, 478.
foil
Ni;S,/Nickel foam 1.6 mg cm? 13 1.76 J. Am. Chem. Soc. 2015, 137, 14023.
Co-S/carbon  Tubes/carbon  ~0.32 mgcm? 10 1.743 ACS Nano, 2016, 10, 2342.
paper
Ni/NiS/Nickel foam 11 mg cm™ 1.7 1.61 Adv. Func. Mater. 2016, 26, 3314.
ColMn1CH/NF ~5.6 mg cm™ 10 1.68 J. Am. Chem. Soc. 2017, 139, 8320.
Zn76C0024S/CoS; nanowires 1.0 mg cm™ 10 1.66 Electrochim. Acta 2016, 190, 360.
NiC0,04 || Nig33C00,67S2 0.3 mg cm? 10 ~1.72 Adv. Energy Mater. 2015, 5, 1402031.
Ni-P@CFP 20 1.73 Adv. Energy Mater. 2016, 26, 4067.
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