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Materials

All reagents were used as received without any purification. Ruthenium trichloride
(RuCl;), Pt/C (20 wt%), Nafion solution (5%) and potassium hydroxide (KOH, =95%))
were purchased from Sigma-Aldrich. Fullerene (Cgy) was purchased from Xiamen
Funano New Material Technology Co., Ltd.. Toluene (C;Hg,=99.5%), isopropyl
alcohol (IPA, (CH3),CHOH, =99.7%), ethanol (EtOH, CH;CH,0H, 99.7%), methanol
(MeOH, CH;0H, 99%), tetrabutylammonium hydroxide (TBAH, 50% in water) and
hydrogen peroxide (H,0,, 40%)) were received from Sinopharm Chemical Reagent
Co., Ltd.. Deionized water (DW, 18.25 MQ/cm) was obtained from the ultra-pure
purification system (ULUPURE, UPDR-I-10T).

Materials Characterization.

X-ray diffraction (XRD) patterns of the electrocatalysts were tested on a Rigaku
D/max-2200PC diffractometer (Japan) using Cu Ko radiation (A = 1.5406 A). High-
resolution Transmission Electron Microscope (HRTEM) images and EDS mapping
images were recorded using a JEOL JEM-2010 field-emission transmission electron
microscope with an accelerating voltage of 200 kV. The chemical bonding states and
compositions of the samples were processed by Fourier transform infrared spectroscopy
(FT-IR) in the range of 4000 to 400 cm™' on a Bruker vector-80 installation. Raman
spectra was collected on a Renishaw-invia Microscopic confocal laser Raman
spectrometer with 532 nm as the excitation laser. The pyrolysis process of the
precursors was characterized by thermogravimetry and differential thermal analysis

(TG/DTA) using Universal V4.5A TA Instruments from room temperature to 800 °C



in an N, atmosphere with a heating rate of 5 °C min~!. Deionized water (DW, 18.25
MQ/cm) was obtained from the ultra-pure purification system (ULUPURE, UPDR-I-

10T).
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Fig. S1. Typical TG analysis of a) the precursor of Ru-Cgo(OH),. and b) Cgp and Cgo(OH),.
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Fig. S2. The XRD pattern of Ru/C-600.
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Fig. S3. HRTEM images of a) Ru-O/C-500 and b) Ru-O/C-700. Scale bar: 5 nm.



0.234 nm
Ru (100

£
=

Fig. S4. TEM images of Ru/C-600. Scale bar a) and b): 100 nm and 5 nm.
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Fig. S5. X-ray photoelectron spectroscopy studies. XPS full survey spectra of (a) Ru-

0/C-500, (b) Ru-0/C-600, and (c) Ru-0/C-700.
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Fig. S6. High-resolution XPS spectra for C 1s and Ru 3d of (a) Ru-O/C-500, (b) Ru-

0/C-600, and (c) Ru-O/C-700.
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Fig. S7. Polarization curve of the Hg/HgO reference electrode calibrated against RHE

in H,-saturated 1M KOH electrolyte'. Potential scan rate at 10 mV s-!
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Fig. S8. LSV curves of the Ru-O/C-500, Ru-O/C-700, and Ru-O/C-600 normalized by

Ru content in each sample.
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Fig. S9. LSV curves of the Ru/C-600 and Ru-O/C-600.
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Fig. S10. a), b), c) and d) HER CV curves of the 20% Pt/C, Ru-O/C-500, Ru-O/C-700,
and Ru-O/C-600 obtained at different scan rates between 2 mV and 12 mV in 1 M

KOH? 3, respectively.
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Fig. S11. (a) XPS survey spectra of Ru-O/C-600 after long-time stability test. (b) High-

resolution XPS spectra for C 1s and Ru 3d of Ru-O/C-600 after long-time stability test.
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Fig. S12. TEM and element mapping images of Ru-O/C-600 after HER. Scale bar: 20

nm.



Table S1. a) Ip/Ig radio of Raman spectra among Ru-O/C-600, Ru-O/C-700 and Ru-

O/C-500.
Sample Ip/Ig
Ru-0/C-600 0.82
Ru-0/C-700 0.78

Ru-0O/C-500 0.98



Table S2. Comparison of HER activity data for test catalysts in this experiment.

Sample Nio (mV)  Tafel plots (mV dec!) Rct () Cg (mF cm?)

Ru-0O/C-600 32 51.8 12.8 117.5
Ru-0O/C-700 75 99.8 40.5 10.8
Ru-0O/C-500 190 236.9 81.5 1.5

20% Pt/C 46 61.2 29.8 26.1



Table S3. Summary of recently reported HER catalysts in 1 M KOH electrolyte.
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