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Experimental section continued

Turnover Frequency

TOF values were calculated using following equations: TOF= (JxS)/(2xFxn) for HER, where, |
is the current density (mA cm2) at specified overpotential, S is the surface area (cm?) of the
catalyst, F is the Faraday constant (96485.3 C mol?) and n is the number of moles of the

active materials.

DFT Calculations

All the calculations were performed based on spin-polarized periodic density
functional theory (DFT) implemented in Gaussian 09W. ! The calculation basis set was
B3LYP and the total energy convergence was set to be lower than 10> eV, and the
force convergence was set to be smaller than 0.02 eV/A. The potential of all the
calculations were set to 0 V. The Gibbs free energy change (AG) of each reaction step
is calculated as:

AG = Eiot(b) - Etor(a) + DEzpe - TAS

where Eio() is the energy of the given unit cell with intermediate of the latter state, Eioya) is
the energy of the intermediate of the previous state, AE,p¢ is the difference corresponding
to the zero point energy change between the intermediates of the previous state and the
latter state, AS is entropy change between the intermediates of the previous state and the

latter state, and T represents the temperature applied for HER.
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Figure S1. (a) XRD spectrum of ZIF67. (b and c) SEM images and (d) TEM image of ZIF67.
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Figure S2. (a) XRD spectrum of MD HNCs. (b and c) SEM images and (d) TEM image of MD
HNCs.
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Figure S3. XRD spectra of Co/Co,P@ACF/CNT HNCs annealed at different temperature.
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Figure S4. (a) XPS Survey spectra and (b) Raman spectra between 150 and 750 cm™ showing
the blue shift with the increasing the annealing temperature of Co/Co,P@ACF/CNT HNCs-

800, -900 and -1000 samples.



Table S1. Textural properties of the as-prepared Co/Co,P@ACF/CNT HNCs catalysts.

BET surface area Pore volume
Catalyst
2 5-1 -1
(m*g?) (cm*g?)
Co/Co,P@ACF/CNT HNCs-800 211 0.043
Co/Co,P@ACF/CNT HNCs-900 327 0.082
Co/Co,P@ACF/CNT HNCs-1000 288 0.077
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Figure S5. Pore size distribution of (a) Co/Co,P@ACF/CNT HNCs-800, (b) Co/Co,P@ACF/CNT

HNCs-900 and (c) Co/Co,P@ACF/CNT HNCs-1000.



Figure S6. (a and b) SEM images of Co/Co,P@ACF/CNT HNCs-800. (c and d) TEM images of
Co/Co,P@ACF/CNT HNCs-800.
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Figure S7. CV of (a) Co/Co,P@ACF/CNT HNCs-800, (b) Co/Co,P@ACF/CNT HNCs-900 and (c)
Co/Co,P@ACF/CNT HNCs-1000 in 1 M KOH solution in the region of 0.725-0.825 V vs. RHE
for HER. (d) The differences in current density variation (AJ=J,-J.) of Co/Co,P@ACF/CNT

HNCs-800, -900 and -1000 electrocatalysts at an overpotential of 0.775 V plotted against the

Scan rate (mV s™)

scan rate fitted to a linear regression enables the estimation of Cy,.
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Figure S8. HER TOF plots of Co/Co,P@ACF/CNT HNCs-800, -900 and -1000 samples.

Figure S9. SEM images of Co/Co,P@ACF/CNT HNCs-1000 sample showing damages in its

morphology.
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Figure $10. (a) LSV and (b) Tafel slope of Co/Co,P@ACF/CNT HNCs annealed at different

temperature.
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Figure S11.

Co/Co,P@ACF/CNT HNCs-900 and Co@ACF/CNT HNCs-900.
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Figure S12. (a) Nyquist plots and (b) XRD spectra of Co/Co,P@ACF/CNT HNCs-900 before

and after stability test.
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Figure S13. (a) Co 2p, (b) C 1s, (c) P 2p and (b) N 1s XPS spectra of Co/Co,P@ACF/CNT HNCs-

900 before and after stability test.

Figure S14. SEM images of Co/Co,P@ACF/CNT HNCs-900 after stability test.
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Figure S15. The optimized structures of (a) Co and (b) Co,P.



Figure S16. The optimized structures of graphitic amorphous carbon.



Figure S17. The optimized structures Co/Co,P@ACF/CNT HNCs.



Figure S18. The optimized structures Co/Co,P@ACF/CNT HNCs showing adsorption sites of

H and H,0.



Table S2. HER Performance comparison of our “hybrid implanted hybrid” electrocatalysts

with MOF-derived Co-based catalysts.

Tafel slope
Catalyst N1 (MV) Stability
(mV dec?)
Co/Co,P@ACF/CNT HNCs-900 78 49 48 h
Co/Co,P@ACF/CNT HNCs-800 121 63 48 h
CoP/NCNHP ! 115 66 20h
Cug3Co,7P/NC?2 220 122 1000 cycles
CoP/rG0O-400 3 150 38 22 h
Co4NilP NTs* 129 52 20h
CoP@BCN > 215 52 8.5h
Cop 6sF€0.32P © 116 64 1h
Co-P/NC7 191 51 1000 cycles
Cos 47N NP@N-PC 8 149 86 10 h
Co-NC/CNT® 263 125 30000 s
CogsoFegaiP 10 92 72 17 h
Ni-Co-P-300 ! 150 60.6 1000 cycles
Co-Ni-P-300 11 167 71.2 -
Co-P-300 1 280 94.1 -
PNC/Co *? 270 131 10 h
CoSe,/CF 13 95 50 20 h
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