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Figure S1. XRD patterns of pure CoySg and Co?*-CoSg, the inset is the enlarged peaks

in the range from 20 to 40°.
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Figure S2. (a) The HRTEM image of Co**-CoySg and (b) AFM image of exfoliated

Co?"-CoySg sample.
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Figure S3. The TEM selected area electron diffraction of Co?"-CoySg catalysts.
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b Element Weight % Atom %

Line

SK 30.88 45.36
CoK 69.12 54.64
Total 100.00 100.00

Figure S4. (a) The SEM image of Co?"-Co,Sg. (b) and (¢) The SEM EDS elemental

analysis of Co**-CoyS;.
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Figure S5. The FT-IR spectra of Co(OH),, CoS,, pure CoySg and Co?"-CoySg

catalysts.
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Figure S6. The Raman spectrum of Co?*-CoySg sample, the excited wavelength is 532 nm.
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Figure S7. (a) The AFM image of Co?"-Co9Ss, (b) the corresponding size value.
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Figure S8. The XPS survey spectra of CogSg and Co?"-CoSg catalysts.
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Figure S9. The XPS P 2p spectra of Co?"-CoySg catalysts.
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Figure S10. (a) The XRD patterns of Co?"-CoySg samples with different amount of starting

materials. (b) The polarization curves of Co**-CoySg catalysts different amount of starting

materials.
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Figure S11. The Raman spectra of Co?"-CoS; catalyst of initial and after reaction.
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Figure S12. The comparison of high-resolution XPS spectra, including (a) Co 2p and (b) S 2p

spectra between initial and after reaction of Co?*-Co,Sg catalyst.
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Figure S13. Electrochemical double-layer capacitance measurements. (a) and (b)
Electrochemical cyclic voltammogram of as-grown catalysts at different potential

scanning rates. The scan rates are 10, 20, 50, 100 and 200 mV s™'. (¢) Linear fitting of

the capacitive currents of the catalysts vs. scan rates.
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Figure S14. The calculated free-energy diagram for HER based on the pure CosSg and Co?*-CooSg

systems.
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Table S1. The electrocatalytic HER performance comparison between our work and

other literatures.

swen Gy ey iy e
C0ySs/NSG-220 0.5M 0.38 247 97 S
CooSs@M0Sy/CNFs 0.5 M 0.21 1190 110 s2
NSCDs/CoS 0.5M 0.25 265 56 $3
C0Sy/RGO-CNT 0.5M 1.15 -142 51 S4
CoMoNiS-NF-31 0.5M 1.86 1103 55 S5
C0ySs/NC@MoS, 0.5M 0.28 117 63.8 S6
NiS-NiySg-NiSe-NR 0.5 M 0.25 1120 85.2 s7
nanojeiﬁilzresg/carb 0.5M 0-20 -200 43 S8
HNDCM-Co/CoP 0.5M N/A 1138 66 $9
CoP/NPC/TF 0.5M N/A 91 54 S10
Co**-CoySg 0.5M 0.56 86 115.9 vf:r'i
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Table S2. The BET of pristine CogSg and Co?"-CoeSg samples.

Samples BET Surface Area Pore Volume
i (m?-g?) (cm3-g)
Coy3s 55.4 0.06
Co?'-CoySs 43.4 0.22

Table S3. The calculated absorption energy for H and Gibbs free-energy for HER based

on the pure CoySg and Co?"-CoySg systems

Samples AEy (eV) AGy (eV)
COgSg 0.12 0.36
Co2"-C04Sg -0.48 -0.24
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