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Table S1. Elemental content of Ru, Na measured by ICP-OES.

Catalysts Ru (wt%) Na (wt%)
Rwics0 om0 |
"""" S B
""" RwCa0 | om | oo

_______________________________________________________________________

Ruos/C-800-WF | 028 |  0.03




Table S2. Ru’/Ru™ ratio of Ruos/C—800, Ruo3/C—900, Ruos/C-1000 and Ruos/C-800-WF.

Catalysts Ru®/Run*
""" RaCE0 | e
"""" RuwCom | 1z
""" RawCa00 | 118
CRwscavwr 12

Table S3. BET Surface Area (m?/g) of Ruos/C=700, Ruos/C-800, Ruo3/C-900, Ruo3/C-1000 and

Ruos/C-800-WEF.
Catalysts BET Surface Area
(m?/g)
Ruo/C-700 66.6
Rescso o
Rewewo oy
"""" Rwscaom e

_____________________________________________________________________

Ruos/C-800-WF | 362.9




Table S4. Rs and Re« of Ruos/C-800, Ruos/C-900 and Ruos/C-1000 in 1.0 M KOH.

Samples | Ruos/C-800 | Ruoy/C-900 | Ruos/C-1000

R(Qcm?) | 129 1.91 2.04
Ret (Q cm?) 21.80 50.14 116.00

Table S5. Summary of the recently reported HER catalysts.

1.0MKOH : 05MH280: @ Content

Catalysts References
“N1p (MV) v Mo (mV) (Ru)

Ruo3/C-800 29 83 0.81 wt% this work
T O 0 |4 ACS Appl Nawo Mater 4 2021)8530-8538
 ReeNeT |75 | ;o 2wt | ACS Appl Encrgy Mater. 2 (2019) 73307339
DMeomN | 25 6 | 1822wt% | ] Phys Chom C. 124 2020) 1080410814

C
RWCHOCH L b
53 35 58.22 wt% Appl. Catal. B Environ. 258 (2019) 117952
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Figure S1. TEM image of Ruo3/C—800, the yellow circle is a pore structure, mainly mesopores.

Figure S2. (a) TEM image of Ruo2/C=800. (b) TEM image of Ruo.+/C-800.
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Figure S3. (a) TEM image of Ruos/C-700. (b) TEM image of Ruos/C-900. (c) TEM image of

Ruo3/C-1000.
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Figure S4. TEM image of (a) Ruo3/C-800 and (b) Ruos/C-800-WE.

Figure S5. HRTEM of Ruo3/C=800.
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Figure S6. HRTEM image of (a) Ruo3/C=800 and (b) Ruo.3/C-900.



C-800 3 —— Ru,,,/C-800 (b)
Ru, ,/C-800 2 '

—
=V}
-’

—— Ru, ,/C-800

g Ry, J/C -aoo§ z —— Ru, ,/C-800-WF
—~ |——Ru, /C-800% -
> v\_—¥zo 40 60 80 2
a ¥/\—\ 2-Theta / Degree IT)
c c
8 (= RT— g
s =

PDF#06-0063 Ru, , . s PDF#06-0063 Ru, | ; PR

I | PDF#05-0628 NaCl | | PI?F#OS-OGZB NaCl

20 40 60 80 20 40 60 80
2-Theta / Degree 2-Theta / Degree

Figure S7. (a) XRD patterns of C-800, Ruo2/C=800, Ruo3/C-800 and Ruo.4/C-800, inset: XRD

enlargement of Ruos/C-800. (b) XRD patterns of Ruos/C-800 and Ruos/C-800-WE.
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Figure S8. (a) High-resolution XPS spectra of Na 1s about Ruo3/C=800, Ruos/C-900 and

Ruo3/C-1000. (b) High-resolution XPS spectra of Ru 3p about Ruos/C-800, Ruo3/C-900 and

Ruo3/C-1000.
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Figure S9. Raman spectra of Ruos/C-700, Ruo3/C-=800, Ruo3/C-900 and Ruos/C-1000.
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Figure S10. LSV curves of Ru powder, Pt electrode and Ruos/C=800 in 1.0 M KOH.



—~_
XS
m_z ~
=)
m\./

£
o (3]
< 1.5 < 3]
£ g 9
> &
= 0.0 = 01
c c
[} [
Q4.5 g .
c c
£ £
=, =}
3 3.0 ' . : 8 -6 . . .
009 012 015 0.18 021 009 0.12 0.15 0.18  0.21
(c) Potential / V vs. RHE (d) Potential / V vs. RHE
“"E ——10mVs™ O"E —10mvs"
10 ]
< |—20mvs” S ¥ —z20mvs?
E 5 £ 4]
2 2
% 0 5 0
S S
Q -5 Q -4
= ——30mVs' € ——30mVs™
£ 10 —4omvs?| £ -84 ——40mVs™
3 ——50mVs"’ 3 ——50mVs™"
009 012 015 018 021 0.09 012 015 0.18 0.21
Potential / V vs. RHE Potential / V vs. RHE

Figure S11. CV curves of (a) C-800, (b) Ruo2/C-800, (c) Ruo3/C-800 and (d) Ruo4/C-800 at

different scan rates: 10, 20, 30, 40, 50 mV s'in 1.0 M KOH solution.
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Figure S12. CV curves of (a) Ruos/C-700, (b) Ruo3/C-900 and (c) Ruos/C-1000 at different
scan rates: 10, 20, 30, 40, 50 mV s in 1.0 M KOH solution. (d) The linear plot of the capacitive

current versus the scan rate for determination of the Ca.
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Figure S13. EIS spectra of Ruos/C=800, Ruo3/C-900 and Ruo3/C-1000. Inset: equivalent circuit

models used for fitting the EIS response of HER.
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Figure S14. (a) Tafel plots of Ruos3/C-800 and Ruos/C-800-WF. (b) CV curves of
Ruo.3/C-800-WF at different scan rates: 10, 20, 30, 40, 50 mV s in 1.0 M KOH solution. (c)
The linear plot of the capacitive current versus the scan rate for determination of the Ca. (d)

Nyquist plots of Ruos/C-800 and Ruos/C-800-WF.
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Figure S15. (a) LSV curves of Ruos/C-800, Ru powder, Pt electrode and 20 wt% Pt/C in 0.5

M H:SO.s. (b) The i-t curve of Ruos/C-800 in 0.5 M H2SO.x.
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Figure S16. (a) LSV curves of Ruos/C=800, Ru powder, Pt electrode and 20 wt% Pt/C in 1.0

M PBS. (b) The i-t curve of Ruos/C-800 in 1.0 M PBS.



