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Experimental section

Materials and Chemicals. 

Tetraethyl orthosilicate Tetrapropyl (TEOS), orthosilicate (TPOS), ammonium hydroxide (28-30%), 

resorcinol (99%), formaldehyde (37 wt% in H2O), hydrofluoric acid (40-45%), potassium 

hexachloroosmate(IV) (K2OsCl6), and sodium hypophosphite (NaH2PO2) were purchased from 

Aladdin. Nafion 117 solution (5 wt%), and commercial Pt/C catalysts were obtained from Sigma-

Aldrich. 

Synthesis of samples 

The SiO2@SiO2/RF nanospheres were prepared according to previous literature.1,2 Typically, 70 ml 

of ethanol, 10 ml of deionized water and 3.0 mL of ammonium hydroxide, 1.75 mL of TPOS, and 

1.75 mL of TEOS were stirred together at room temperature for 15 minutes. After the reaction, 

resorcinol (0.4 g) and 0.56 mL of formaldehyde (37 wt%) were added to the above solution. And 

continuing stirring at room temperature for 24 h, the SiO2@SiO2/RF nanospheres were collected by 

centrifugation, washed several times with ethanol, and then dried overnight under vacuum at 60°C. 

Then, 25 mg of SiO2@SiO2/RF nanospheres were dispersed into 30 ml of ethanol under magnetic 

stirring and heated at 50 °C. Under magnetic stirring at 350 rpm, 30 mg of K2OsCl6 and 0.3 g 

NaH2PO2 were successively added to the above mixture, and the color of the solution was found to 

change to brownish-black. This step was carried out overnight and the solid was collected by 

centrifugation and dried under vacuum.

The SiO2@SiO2/OsP-RF nanospheres were placed in a tube furnace and heated at controlled 

temperatures (500, 600, 700, and 800 °C) for 2 h at a heating rate of 5 °C min-1. SiO2@SiO2/OsP-

RF nanospheres were always kept under nitrogen for pyrolysis and subsequently collected by 

centrifugation after removal of the SiO2 template with a 20 wt% HF solution. Samples were denoted 

as OsP/PHMCSs-T where T was 500, 600, 700, or 800. The Os/HMCSs-600 counterpart was 

synthesized with similar procedure without the addition of NaH2PO2 and the PHMCSs-600 

counterpart was synthesized with similar procedure without the addition of K2OsCl6.

Characterization 

Scanning electron microscope (SEM) images were obtained on a Zeiss Gemini 500 microscope at 

10 kV. Transmission electron microscopy (TEM), high-resolution TEM (HR-TEM), high angle 

annular dark-field scanning transmission electron microscopy (HAADF-STEM), and energy-
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dispersive X-ray spectroscopy (EDX) images were obtained on a TalosS-FEG microscope at 200 

kV. Powder X-ray diffraction (XRD) patterns were obtained using a panalytic X'Pert-PRO X-ray 

diffractometer under Cu-Kα (λ = 0.1542 nm) radiation. X-ray photoelectron spectroscopy (XPS) 

analysis was carried out on an Axis Ultra spectrometer (Kratos Analytical) using a monochromatic 

Al Kα X-ray source (1486.7 eV) with an operating voltage of 15 kV.

Electrochemical measurements

Electrocatalytic measurements were carried out in the CHI 760E electrochemical workstation with a 

standard three-electrode system. Catalyst-decorated glassy carbon electrode (GCE, 3 mm diameter)), 

Hg/HgO or Ag/AgCl, and graphite rod were used as working, reference, and counter electrodes 

respectively. The catalyst suspension was prepared by dispersing 1.0 mg of catalyst in a 200 μL 

solution containing 190 μL of isopropanol and 10 μL of a 5 wt% Nafion solution, followed by 

sonication for 5 min. The catalyst suspension was then pipetted onto the GCE surface using a 

micropipette. Working electrodes were prepared by placing 5 μL drops of catalyst ink on the 

polished GCE surface and drying in an oven at 50°C. For all electrochemical measurements, an 

aqueous solution of 1.0 M KOH and 1.0 M PBS (pH = 7.0) were used as the electrolyte. The 

polarization curve of the HER was tested by linear sweep voltammetry (LSV) with a scan rate of 5 

mV s-1. For the iR correction (95%), the uncompensated ohmic resistance of the electrode in the 

electrolyte solution was measured by Electrochemical Impedance Spectroscopy (EIS) before the 

electrochemical test of the electrode. The accelerated degradation test (ADT) was conducted within 

the potential range of 0-0.1 V (vs. RHE) at a scan rate of 100 mV s−1. The catalytic durability of 

OsP/PHMCSs-600 is further confirmed by chronopotentimetric (V-t) test at a constant current 

density of 10 mA cm-2. Moreover, a catalyst-decorated glassy carbon electrode is subjected to V-t 

test for 28 h and 100 h. All potentials in this work were calibrated to the reversible hydrogen 

electrode (RHE) scale.



S4

Fig. S1 (a, b) SEM images, (c, d) TEM images, (e) HRTEM image, (f) EDX spectrum of 

Os/HMCSs-600. The inset in (e) displays the corresponding Fourier-filtered lattice fringes.

Fig. S2 EDX spectrum of the OsP/PHMCSs-600.
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Fig. S3 TEM images of (a, b) HMCSs-600.

Fig. S4 XRD patterns of various catalysts.
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Fig. S5 XPS spectra of the C 1s (a) and P 2p (b) for the PHMCSs-600.

Fig. S6 (a) HER polarization curves (with iR correction) for OsP/PHMCSs-600 before and after 

10000 CVs cycling tests. (b) The V-t curve of OsP/PHMCSs-600 with a constant cathode-current 

density of 10 mA·cm-2 for 28 h in 1.0 M KOH.
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Fig. S7 The V-t curve of OsP/PHMCSs-600 with a constant cathode-current density of 10 mA·cm-2 

for 100 h in 1.0 M KOH.

Fig. S8 (a, b) TEM and (c) HAADF-STEM and elemental mapping images of the OsP/PHMCSs-

600 after catalytic stability testing. 
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Fig. S9 (a) HER polarization curves (with iR correction) for OsP/PHMCSs-600 before and after 

10000 CVs cycling tests. (b) The V-t curve of OsP/PHMCSs-600 with a constant cathode-current 

density of 10 mA·cm-2 for 28 h in 1.0 M PBS.

Fig. S10 (a, c) Typical cyclic voltammogram (CV) curves of OsP/PHMCSs-600 and Os/HMCSs-

600 with different scan rates. (b, d) Capacitive current densities at 0.274 V (vs. RHE) derived from 

CVs against scan rates for the samples in 1.0 M KOH.
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Fig. S11 (a, c) Typical cyclic voltammogram (CV) curves of OsP/PHMCSs-600 and Os/HMCSs-

600 with different scan rates. (b, d) Capacitive current densities at 0.368 V (vs. RHE) derived from 

CVs against scan rates for the samples in 1.0 M PBS.

Fig. S12 Nyquist plots of various catalysts in the different electrolytes under applied potentials of (a) 

-0.05 V and (b) -0.37 V (vs. RHE). 
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Fig. S13 SEM images of (a, b) OsP/PHMCSs-500, (c, d) OsP/PHMCSs-700, and (e, f) 

OsP/PHMCSs-800.

Fig. S14 (a) LSV curves (with iR correction) for various electrodes collected in 1.0 M KOH. (b) 

Comparison of the overpotentials at 10 mA cm-2. 
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Fig. S15 (a) LSV curves (with iR correction) for various electrodes collected in 1.0 M PBS. (b) 

Comparison of the overpotentials at 10 mA cm-2.
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Table S1. Comparisons of the HER activity for the OsP/PHMCSs-600 and some recently reported 

catalysts under alkaline conditions. 

Catalysts Electrolyte Current density η10 (mV) Ref.

OsP/PHMCSs-600 1.0 M KOH 10 mA cm-2 15 This work

OsP2@NPC 1.0 M KOH 10 mA cm-2 90 3

OsP2@NPC 1.0 M KOH 10 mA cm-2 70 4

Au–Rh aerogel 1.0 M KOH 10 mA cm-2 22 5

RuCo@NC-600 1.0 M KOH 10 mA cm-2 34 6

RhCoB aerogels 1.0 M KOH 10 mA cm-2 43.6 7

Rh2S3/NC 1.0 M KOH 10 mA cm-2 38 8

Ru@WNO-C 1.0 M KOH 10 mA cm-2 24 9

Ni@Ni2P–Ru HNRs 1.0 M KOH 10 mA cm-2 51 10

Au–Ru NWs 1.0 M KOH 10 mA cm-2 50 11

Rh2P/NPC 1.0 M KOH 10 mA cm-2 17 12

javascript:;
javascript:;
javascript:;


S13

Table S2. Comparisons of the HER activity for the OsP/PHMCSs-600 and some recently reported 

catalysts under neutral conditions.

Catalysts Electrolyte Current density η10 (mV) Ref.

OsP/PHMCSs-600 1.0 M PBS 10 mA cm-2 56 This work

OsP2@NPC 1.0 M PBS 10 mA cm-2 144 3

RuCo@NC-600 1.0 M PBS 10 mA cm-2 60 6

RhCoB aerogels 1.0 M PBS 10 mA cm-2 113 7

Ru-S-Sb 1.0 M PBS 10 mA cm-2 153 13

1D-RuO2-CNx 1.0 M PBS 10 mA cm-2 356 14
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