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Figure S1. Optimized atomic structures of CoS, and Cu doped CoS, (2x2x2 supercell).
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Figure S2. (a) XRD results of sample Cu-3 and Cu-4, where the CuS phase appears
gradually.(b) XRD results of sample Cu-0, Cu-1, Cu-2 and Cu-3 ranging from 30° to 35°.
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Figure S3. Raman results of sample Cu-3 and Cu-4.



Figure S4. Scanning electron microscope (SEM) images of (a), (b) Cu-1. (c), (d) Cu-3 and (e),
(f) Cu-4.
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Figure S5. X-ray photoelectron spectra (XPS) results of Cu-1 and Cu-3 : (a) Co 2p, (b) S 2p and

(c) Cu 2p regions.



Figure S6. Cyclic voltammetry curves of sample Cu-0, Cu-1, Cu-2 and Cu3 in the region of 0 —
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Figure S7. The time-dependent current density as a function of time at a static overpotential
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Figure S8. The overpotentials of sample Cu-0, Cu-1, Cu-2 and Cu3 at current density of 100
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of 200 mV without iR correction for sample Cu-0, Cu-1, Cu-2 and Cu3.
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Figure S9. optimized atomic structure of CoS, and Cu doped CoS, surface with their
calculated bader charge for the surface atoms.
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Figure S10. Optimized atomic structure of CoS;, and Cu doped CoS, surface with H atom
absorption on Co site and their calculated bader charge for the surface atoms.
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Figure S11. Optimized atomic structure of CoS;, and Cu doped CoS, surface with H atom
absorption on S site and their calculated bader charge for the surface atoms.
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Figure S12. Polarization curves recorded for Cu doped CoS, catalysts in 1.0 M PBS .
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Figure S13. Polarization curves recorded for Cu doped CoS, catalysts in 1.0 M KOH.

Table S1. Comparison of electrocatalysts for HER in 0.5 M H,SO,,

Onset natJ= 120 natJ=1 90 Tafel slope Exchange current Reference
potential mA/cm mA/cm density
Catalyst [V vs.RHE] [mV] [mV] (mV/dec) (mA/cm?) No.
Cu-2 20 52 133 42 0.68 This work
CoS, 101 192 - 52 3.53X103 1
(Fe.48C00.52)S: 125 196 - 475 0.959X103 1
(Cop59Nip41)S2 148 - - 50.4 0.0476 <103 1
CoSe,(300TC) 70 149 171 31.2 - 2
MoS,/CoS,/CC - 87 261 73.4 - 3
Co0S,-MoS, 70 185 - 67.96 - 4
C0SxSeu 102 129.5 174 44 - 5
CoS,@WS,/CC - 97.2 164 66 - 6
Ni, 30,-C0S,/CC - 181 240 106 - 7
Zn-Co-S/TM - 188 382 164 - 8
CoS, NPA 61 70 140 64.5 - 9
CoS,/P 25 67 118 50 0.47 10
CoPS NWs - 61 - 48 0.554 11
CoS/P/CNT - 48 109 55 1.14 12
CoS2/RGO-5 % - 143 346 285 - 13
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