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Fig. S1 The SEM image of silica spheres.

1500000
-24.4 mV
1000000 !\
3 I
c
=
2
©
£
500000
0 T T T
-200 -100 0 100 200

Apparent zeta potential (mV)

Fig. S2 Apparent zeta potential of the silica spheres in water / ethanol solution.
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Fig. S3 FTIR spectra of the cross-link precursors.

Fig. S4 The SEM image of N-HPCS obtained after 16 h of reaction.



Fig. S5 The SEM image of N-HPCS-0.5.

Fig. S6 The SEM image of N-HPCS-4.



Fig. S9 The HAADF-STEM image of Pt/N-HPCS.



g. S10 Statistics of Pt NPs size on Pt/N-HPCS
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Fig. S11 (a) Surface survey XPS spectra of Pt(6.21%)/N-HPCS; (b) C 1s and (c) N 1s XPS spectra of

Pt(6.21%)/N-HPCS.
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Fig. S12 LSV curves of N-HPCS, Pt/N-HPCS with different Pt loading amounts and JM Pt/C-20%.
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Fig. S13 The onset potentials of (a) Pt(6.21%)/N-HPCS and (b) JM Pt/C-20% in 1 M KOH solution.
E(V, vs. RHE) = E(V, vs. Hg/ HgO) + 0.098 V + 0.0592 x 13.8. The solution was bubbled with hydrogen
for 30min to get the H,-saturated electrolyte before the test. Cyclic voltammetry (CV) was recorded
at a scan rate of 2.0 mV s1. The average value of the two potentials corresponded to zero current
was recognized as the onset potential of HER.
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Fig. S14 LSV curves of Pt(6.21%)/N-HPCS, Pt/KB-5%, Pt/KB-10% and JM Pt/C-20% after iR-
correction.
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Fig. S15 CO stripping measurements of (a) Pt(2.23%)/N-HPCS, (b) Pt(4.67%)/N-HPCS, (c)
Pt(6.21%)/N-HPCS, (d) Pt(9.38%)/N-HPCS, (e) Pt(13.81%)/N-HPCS and (f) JM Pt/C-20% in the
solution of 1 M KOH at 20 mV s, (g) The ECSAs of catalysts with different Pt loadings.
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Fig. S16 (a) LSV curves of Pt/N-HPCS with different Pt loading amounts and JM Pt/C-20% based on
the mass of Pt. (b) The mass activities of catalysts with different Pt loadings at -0.07 V (vs. RHE).
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Fig. S17 Nyquist plots of (a) JM Pt/C-20% and (b) Pt(6.21%)/N-HPCS at various overpotentials.
The EIS measurement was performed with a perturbation amplitude of 5 mV in the frequency

range of 0.1 Hz to 100 kHz.
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Fig. S18 Nyquist plots of JM Pt/C-20% and Pt(6.21%)/N-HPCS at overpotential of (a) 35 mV and (b)
60 mV. (c) The EIS data was simulated by equivalent electrical circuit diagram, containing of a series
resistance (Rs), two constant phase components (CPE1 and CPE2), resistance related to surface
porosity (Rp) and resistance related to charge transfer (R¢). The EIS measurement was performed
with a perturbation amplitude of 5 mV in the frequency range of 0.1 Hz to 100 kHz.



Fig. S21. The dark-field STEM image of JM Pt/C-20% after 20 h stability test.



Table S1 Elemental analysis of N-HPCS with different CTAB contents.

Sample C (wt %) H (wt %) N (wt %)
N-HPCS-0.5 87.17 0.423 0.38
N-HPCS-1 72.97 1.793 1.52
N-HPCS-2 80.79 1.786 1.31
N-HPCS-4 72.75 2.377 1.08
N-HPCS-8 72.7 2.338 1.13

Table S2 BET specific surface areas of N-HPCS with different CTAB contents.

Sample Dosage of CTAB (g) BET surface area (m? g™!)
N-HPCS-0.5 0.5 395.2
N-HPCS-1 1 740.9
N-HPCS-2 2 900.2
N-HPCS-4 4 638.2
N-HPCS-8 8 764.5

Table S3 ICP results of Pt contents in Pt/N-HPCS.

Sample

Pt contents (wt %)

Pt(2.23%)/N-HPCS
Pt(4.67%)/N-HPCS
Pt(6.21%)/N-HPCS
Pt(9.38%)/N-HPCS
Pt(13.81%)/N-HPCS

2.23
4.67
6.21
9.38
13.81

Table S4 Information about the electrochemical test in 1M KOH electrolyte.

Sample Carbon paper Catalyst loading Pt loading (ng) Overpotential
(mg) at 10 mA/cm? (mV)

Pt(2.23%)/N-HPCS lcmx1lcm 0.8 17.84 89.54
Pt(4.67%)/N-HPCS lcmx1lcm 0.8 37.36 66.54
Pt(6.21%)/N-HPCS lcmx1lcm 0.8 49.68 44.79
Pt(9.38%)/N-HPCS lcmx1lcm 0.8 75.04 50.54
Pt(13.81%)/N-HPCS lcmx1cm 0.8 110.48 46.54
IJM Pt/C-20% lcmx1cm 0.8 160.00 55.04
Pt/KB-5% lcmx1lcm 0.8 40.00 86.25
Pt/KB-10% lcmx1lcm 0.8 80.00 49.08




Table S5 Comparison of the HER performance of Pt NP catalysts in alkaline electrolyte.

Materials Mass loading Electrolyte Overpotential Tafel Ref.
at 10 mA/cm? slope
(mV) (mV/dec)
Pt(6.21%)/N- 0.8 mg cm™2 1 M KOH 45 224 this work
HPCS
IM Pt/C-20% 0.8 mg cm™> 1 M KOH 55 27.5 this work
Pt-NP/NiO-NS 0.1 mg cm™2 1 M KOH with 57 59.06 [1]
nanohybrids 1 M methanol
BC:N@Pt / 1 M KOH 26.1 41.59 [2]
Pt/LiCo0O, 0.204 mg cm™ 1 M KOH 61 39.5 [3]
Pt@CoS,-NrGO 3.0 mg cm? 1 M KOH 39 35 [4]
Pt/Ni(HCO3), / 1 M KOH 27 52 [5]
BP.4-Pt/GR 14.28 pgpi cm™> 1 M KOH 21 46.9 [6]
Nig.s-NCNFs-Pt 0.28 mg cm? 1 M KOH 47 31 [7]
3ZIF-67- 20 pgp; cm2 1 M KOH 37.2 33.1 [8]
Pt/RGO
Pt-Ni(OH),-2h- 20 pgpicm™ 1 M KOH 85 28 [9]
NF20

Table S6 TOF values of Pt(6.21%)/N-HPCS and JM Pt/C-20% in 1 M KOH.

Catalysts Overpotential (mV vs. RHE) TOF (H2s?)
Pt(6.21%)/N-HPCS 100 1.263
200 5.370
JM Pt/C-20% 100 0.310
200 1.055
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