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1. Experimental section 

1.1 Materials 

Tetraethyl orthosilicate (TEOS) was purchased from Energy Chemical. Nafion (5 wt %) 

was obtained from Shanghai Hesen Electric Co. Ltd. Otherreagents were purchased 

from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China). All reagents were used 

as received. 

 

1.2 Synthesis of HCB. 

The precursor solution was prepared by mixing ammonia (10 ml), ethanol (70 ml) and 

deionized water (30 ml), and then rapidly stirring for 5min. Tetraethyl orthosilicate 

(TEOS, 5 mL) was added dropwise under continuous stirring for 1 h. Subsequently, 

resorcinol (0.4 g) and formaldehyde (0.6 mL) were introduced, and the reaction 

proceeded for 24 h at room temperature. The obtained intermediates were purified 

through repeated washing with ethanol/water and dried at 65 °C. Carbonization was 

performed at 850 °C for 2 h under N2 flow, followed by silica removal using 10 wt% 

HF solution. 

 

1.3 Synthesis of HCS. 

The HCS material was prepared following the same protocol, with modified reagent 

quantities: TEOS (3 mL), resorcinol (0.8 g), and formaldehyde (1.2 mL). 

 

1.4 Synthesis of HCB@Pt. 

Initially, 20 mg of HCB material was dispersed in 10 ml of 1-butyl-3-

methylimidazolium hexafluorophosphate (C8H15N2F6P) (Mw = 284.19). To this 

suspension, 10 mg of H2PtCl6·6H2O was added along with an appropriate amount of 

H2O/ethanol, followed by ultrasonication for 1 h. The resulting complex was collected 

by centrifugation. The precipitate was then dispersed into 1 mg aqueous solution and 

reduced with slightly excess sodium borohydride (NaBH4) to obtain the final HCB@Pt 

catalyst (with a molar ratio of approximately 1:1 to the Pt precursor). 

 

1.5 Synthesis of HCS@Pt. 

HCS@Pt was prepared using an identical procedure, with HCS replacing HCB as the 



supporting material. 

 

1.6 Characterization 

Scanning electron microscopy (SEM, Hitachi SU8020) at an accelerating voltage of 5 

kV and transmission electron microscope (TEM, JEOL JEM-2100) with a field 

emission gun operating at 200 kV were used to observe the morphology of the samples. 

EDS analysis was conducted on an AMETEK Materials Analysis EDX equipped on the 

TEM. Infrared spectra were collected by the Brüker TENSOR 27 instrument. Powder 

X-ray diffraction (PXRD) patterns of the materials were conducted on an X-ray 

diffractometer (Bruker, D8 Advance, Cu Kα, λ = 1.5406 Å, 40 kV/40 mA). 

Micromeritics ASAP 2020 was used to measure the Brunauer-Emmett-Teller (BET) 

specific surface area of the materials. The Raman spectrometer (Renishaw, in Via 

Reflex) and X-ray photoelectron spectroscopic (XPS) spectra were carried out to 

analyze the structural composition, valence state, and bonding state of the materials. 

Inductively coupled plasma mass spectrometry (ICP-MS) was performed on NexION 

2000 ICP-MS instrument (PerkinElmer) to quantitatively analyze the amount of 

attached guest metal ions. 

 

1.7 Electrochemical measurement 

All the relevant HER tests were carried out on the CHI 660E (CH Instruments) 

electrochemical workstation. In this experiment, Ag/AgCl was used as the reference 

electrode and graphite as the opposite electrode. The potentials in this experiment were 

converted to a reversible hydrogen electrode (RHE) (ERHE = EAg/AgCl + 0.197 + 0.0591 

× pH). In detail, the homogeneous catalyst ink was prepared by mixing 2 mg of catalyst, 

333 μL of deionized water, 166 μL of ethanol, and 10 μL of Nafion solution, then 

ultrasonicating for 1 h. Drop 6 μL of catalyst ink on the surface of the glassy carbon 

(GC) (3 mm, 0.07 cm2) as the working electrode. LSV testing was measured in 0.5 M 

H2SO4 (pH = 0.26) with a scan rate of 5 mV·s−1 after 100% IR compensation. 

 

1.8 Measurement of electrochemically active surface area 

The electrochemically active surface area (ECSA) was determined using the double-

layer capacitance method. Constant potential cyclic voltammetry (CV) scans were 

performed in the double-layer region, ranging from 0.5 to 0.6 V vs RHE, with scan 

rates of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 mV s−1. Taking the current (i) 



corresponding to the potential point in the middle of these CV curves as the Y-axis 

and the scanning rate (v) as the X-axis, the function graph of i and v is plotted. The 

slope of the obtained straight line is the Cdl value. There is a positive correlation 

between ECSA and Cdl value (Cs is the specific capacitance of the catalyst sample), 

from which the ECSA of the material can be estimated: 

𝑖 =  𝑣𝐶dl 

ECSA =  
𝐶dl

𝐶s
 

 

1.9 Membrane electrode assembly (MEA) 

The Proton exchange membrane water electrolysis (PEMWE) cell was assembled with 

1 cm2 flow field plates containing a catalyst-loaded gas diffusion electrode (GDE, ~ 

0.25 mg cm−2) as the cathode and an IrO2-coated titanium mesh as the anode. The 

catalyst ink was prepared by ultrasonically dispersing 5 mg of catalyst in a mixture of 

950 μL ethanol and 50 μL Nafion solution (5 wt%). The MEA was fabricated by hot-

pressing the catalyst-coated carbon paper and IrO2/Ti mesh onto opposite sides of a 

Nafion 117 membrane. All electrochemical measurements were conducted at 50 °C 

with electrolyte circulation at 15 mL min−1, where polarization curves were obtained 

under steady-state conditions and system stability was evaluated through 

chronoamperometric i-t testing at a constant potential of 1.66 V. 

  



 

 

Fig. S1. SEM images showing SiO2-RF hybrid morphologies: (a) HCB and (b) HCS. 

  



 

 

Fig. S2. SEM images showing SiO2-C hybrid morphologies: (a) HCB and (b) HCS. 



 
 

Fig. S3. SEM images of (a) HCS and (b) HCB. 

 

  



 

Fig. S4. The reaction process between C8H15N2F6P and H2PtCl6. 



 

 

Fig. S5. Particle size distributions of (a) HCB and (b) HCS. 

  



  
 

Fig. S6. Elemental mapping images of HCS@Pt. 

 

  



 

 

 

Fig. S7. Pore size distribution curves of (a) HCB@Pt and (b) HCS@Pt. 

  



  

 

Fig. S8. High-resolution XPS spectra of HCB@Pt: (a) C 1s, (b) B 1s, (c) N 1s and (d) 

Pt 4f. 

  



 

 

Fig. S9. Nyquist plots for HCB@Pt, HCS@Pt and commercial Pt/C. 

 

  



 

 

Fig. S10. CV curves of catalysts at different sweep speeds: (a) HCB@Pt, (b) HCS@Pt 

and (c) Commercial Pt/C in 0.5 M H2SO4. 

  



 

 

Fig. S11. Cdl images derived from the CV curves. 



 

 

Fig. S12. Comparison of LSV curves for HCB@Pt, HCS@Pt, and commercial Pt/C 

before and after 1000 CV cycles. 

 

  



 

 

Fig. S13. Photo of the PEMWE cell. 

 

  



Table S1. Surface elemental composition (at%) derived from XPS analysis. 

 

Sample B (at%) C(at%) N (at%) O (%) 

HCB@Pt 0.39 82.08 2.81 14.72 

HCS@Pt 1.91 82.69 2.48 12.92 

  



Table S2. Comparison of overpotentials and Tafel plots for recently reported noble 

metal catalysts under acidic conditions. 

 

Catalysts 
Over potential 

(mV) 

Tafel  

(mV dec−1) 

j  

(mA cm−2) 
Ref. 

HCB@Pt 11 24.7 10 This work 

HCB@Pt 31 / 50 This work 

Ru-MoO3-x/Mo2AlB2 38 57.1 10 1 

NC@RuSA-CoP 15.6 48.1 10 2 

Pt-Ru/CNT 12 23 10 3 

Pt/OLC 38 35 10 4 

Pt@C2N ~ 40 33 10 5 

Pt-MoS2 ~ 145 96 10 6 

p-CN@S-Pt&Ni 

B 
40.6 29.26 10 7 

p-CN@S-Pt&Ni 

B 
67 / 25 7 

Pt3V@Pt 13 17.4 10 8 

PtSe2/PtCo 38 22 10 9 

Pt@PtIr NDs 22 14.6 10 10 

Pt NDs 26 15.7 10 10 

Pt NPs@CF 35 28 10 11 

 

  



Table S3. Comparison of Pt loading between our work and other reports in PEMWE. 

 

Catalysts Potential PEM 
Temperatu

re 
Ref. 

HCB@Pt 
1.45 V@10 mA 

cm−2 
N117 50 °C This work 

HCB@Pt 
1.66 V@200 mA 

cm−2 
N117 50 °C This work 

HCB@Pt 
1.76 V@400 mA 

cm−2 
N117 50 °C This work 

Pt/Mo2C-L/Mo 
1.55 V@10 mA 

cm−2 
/ / 12 

Pt/Mo2C-L/Mo 
1.8 V@122 mA 

cm−2 
/ / 12 

20 wt% Pt/C  
2.1 V@247 mA 

cm−2 
N117 60 °C 13 

Pt-NCS-2 
2.1 V@435 mA 

cm−2 
N117 60 °C 13 

PANI/Ni2P 
1.82 V@1000 mA 

cm−2 
N117 80 °C 14 

Alloyed Pt SA 
~1.75 V@500 mA 

cm−2 
N117 80 °C 15 

Alloyed Pt SA 
1.82 V@1000 mA 

cm−2 
N117 80 °C 15 

Pt VN 
~1.82 V@500 mA 

cm−2 
N117 80 °C 15 

D-PtCu/CF 
1.63 V@500 mA 

cm−2 
/ 60 °C 16 
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