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(o

A [copsiNC

In/lc=0.95
CoPS/N-C

Iollc=0.93 Co0S2/N-C
Inllc=0.96
CoP2/N-C

Ipllc=0.92
Co/N-C

200 300 400 500 1200 1500 1800
E o -1
Raman Shift (cm™) Raman Shift (cm”™)

Fig. S1. Raman spectra of the Co/N-C, CoPS/N-C, CoP,/N-C and CoS,/N-C nanocomposites. (a)
Raman feature of CoPS/N-C nanocomposites in the region of 200-500 cm, where two typical
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peaks at ~322 and 427 cm™! correspond to the characteristic active modes of vibration (Eg) and
in-phase stretching (A,) for the chalcogenide dumbbells in a pyrite crystal lattice. (b) Raman
feature in the region showing the D band and G band of carbon materials. The intensity ratios of
D band and G band (/p/ls) are almost identical, an indication that the graphitization degrees of
the carbon materials in these nanocomposites are similar for the Co/N-C, CoPS/N-C, CoP,/N-C

and CoS,/N-C nanocomposites.
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Fig. S2. Survey XPS spectrum (a), and high-resolution XPS spectra of (b) C 1s, (c) N 1s, (d) Co 2p,
(e) P 2p, (f) S 2p and (g) O 1s levels of CoPS/N-C nanocomposites.
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Fig. S3. SEM images of (a) CoP,/N-C and (b) CoS,/N-C nanocomposites. The nanocomposites
inherited the overall polyhedron-like morphology of ZIF-67 and have nanoparticle formation at

the surface of CoP,/N-C and CoS,/N-C nanocomposites.



Fig. S4. STEM image of a single Co/N-C particle and the corresponding EDX elemental mapping of
C, N, O and Co elements.

Fig. S5. STEM image of a single CoPS/N-C particle and the corresponding EDX elemental mapping
of C,N, O, Co, PandS.
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Fig. S6. Particle size distributions of the Co/N-C (a), CoP,/N-C(b), CoS./N-C (c) and CoPS/N-
C(d) suspended in water as determined by dynamic light scattering (DLS). Here, measured
particle size distributions of Co/N-C, CoP,/N-C, CoS,/N-C and CoPS/N-C are 256.4 nm, 180
nm, 191.2 nm and 169.4 nm respectively.
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Fig. S7. N, adsorption-desorption isotherms of ZIF-67, Co/N-C and CoPS/N-C nanocomposites.
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Fig. S8. Thermogravimetric curve of CoPS/N-C nanocomposites in N, atmosphere.
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Fig. S9. XRD patterns of the CoPS/N-C nanocomposites prepared through a vacuum annealing

process for 3 h and 10 h. CoPS phase can be formed in this shorter time annealing process, but
the crystallinity is relatively low.
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Fig. S10. Polarization curves after iR correction of CoPS/N-C nanocomposites prepared from

different time periods (3 h, 10 h, and 72 h) for HER catalysis in 0.5 M H,SQ,, in comparison to
Pt/C.
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Fig. S11. Polarization curves after iR correction of CoPS/N-C nanocomposites prepared from

different time periods (1d, 2 d, 3 d, and 4 d) for HER catalysis in 0.5 M H,S0,, in comparison to
Pt/C.
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Fig. S12. Cyclic voltammetry curves of the Co/N-C, CoP,/N-C, CoS,/N-C and CoPS/N-C samples
under different scan rates, in the region of 0.073-0.173V vs. RHE. These data were used to
present the plots showing the extraction of the Cy for different samples shown in Fig. 3c in the
main text.
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Fig. S13. Polarization curves of CoPS/C Nanocomposites as an HER catalyst in 0.5 M H,SO, at the

1st cycle and 1000th cycle. After continuous cyclic voltammetry (CV) for 1000 cycles at a scan

rate of 50 mV s, the polarization curve for the CoPS/N-C shows a very slight change, where ny

can still be maintained at -85 mV vs RHE.
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Fig. S14. Raman spectra of CoPS/N-C nanocomposites before and after 1,000 cycles of HER in 0.5
M H,SO, solution. No obvious structural or compositional change during the course of HER in
acidic medium, which confirms the high stability of CoPS/N-C nanocomposites for HER catalysis.
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Fig. S15. Stability of CoPS/N-C nanocomposites as an HER catalyst in acidic media. Time-
dependent current density under a constant overpotential of 80 mV vs RHE. The current density
exhibits negligible degradation even after a long period of 16 h.



Fig. S16. SEM images of CoPS/N-C nanocomposites after it test. No obvious change in the size
and morphology of the CoPS/N-C after the i-t test could be seen, confirming the robustness as a

highly active HER electrocatalyst.
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Fig. S17. Polarization curves of CoPS/C Nanocomposites as an HER catalyst in 1 M KOH at the 1st
cycle and 1000th cycle. After continuous cyclic voltammetry (CV) for 1000 cycles at a scan rate of
50 mV s1, the polarization curve for the CoPS/N-C shows a very slight change, where ny, can still
be maintained at -150 mV vs RHE.
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Fig. S18. Raman spectra of CoPS/N-C nanocomposites before and after 1,000 cycles of HER in 1
M KOH solution.

Table S1 Summary of the elemental contents of CoPS/N-C nanocomposites.

element contents / (at%)

Sample
C N 0] Co P S

CoPS/N-C 56.71 4.91 7.02 10.9 10.18 10.28

Table S2 BET surface areas and adsorption total pore volumes of ZIF-67, Co/N-C and CoPS/N-C
nanocomposites.

Sample BET surface area Pore volume
(m?g?) (em®g?)

ZIF-67 1493.08 0.77

Co/N-C 317.21 0.28

CoPS/N-C 69.02 0.13
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Table S3 Comparative characteristics of HER activity on different transition metal-based catalysts

in acidic and alkaline media.

0.5 M H,S0, 1 M KOH
Catalyst N1o (MV vs Tafel slope N1 (MV vs Tafel slope ref.
RHE) (mV dec?) RHE) (mV dec?)
CoPS/N-C 80 68 148 78 This work
Co-P/NC 191 51 1
CoP hollow 159 59 2
polyhedron
CoP particles 355 77 2
CoP NRAs 181 69 3
CoP/rG0O-400 105 50 150 38 8
CoP@BCN 87 46 215 25 5
CoP-CNTs 139 52 6
CoP CPHs 133 51 7
CoP-N-C-400 91 42 8
CoP3 CPs 78 53 124 88 8
Ni-P 110 73 9
Ni,P 172 62 10
Fe,P@NPC 227 81 11
FeP@PC 52 49 12
MoP@PC 47 45 12
MoP/SN-650 104 45 13
MoP@PC 153 66 14
MoS,@TiO, 340 81 15
NiS-100 nm 94 139 16
NiS-300 nm 115 131
NiS-600 nm 148 141
CoSe,@DC 132 82 1
MoC, 142 53 151 59 CE
Ni-Co-P 150 60.1 1
NiCoP 133 68.6 20
Cog.3sFegsaP 107 60 124 78 21
Cogs9Feq.41P 72 52 92 72 21
Cop.71Feq29P 98 53 111 77 21
ZNng30C0;.7054 80 47.5 85 60 2
NiPS3 530 56 23
CoPS3 580 84 23
FePS3 860 200 23
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