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Figure S1. a) SEM and EDS-mapping images of Ru@NC(1:2). b) TEM images. c) The

corresponding particle size distribution of the Ru nanoparticles. d) HRTEM image.
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Figure S2. a) SEM and EDS-mapping images of Ru@NC(1:10). b) TEM images. c)

The corresponding particle size distribution of the Ru nanoparticles. d) HRTEM image.
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Figure S3. a) SEM and EDS-mapping images of Ru@NC(1:20). b) TEM images. c)

The corresponding particle size distribution of the Ru nanoparticles. d) HRTEM image.



. Map Sum Spectrum

Wik
C 55.4
(o) 75
Ru

Fig. S4. EDS image of Ru@NC(1:5).
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Fig. S5. EDS image of Ru@NC(1:2).
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Fig. S6. EDS image of Ru@NC(1:10).
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Fig. S7. EDS image of Ru@NC(1:20).
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‘Figure S8. XRD spectra of a) Ru@NC(1:2), b) Ru@NC(1:10) and c) Ru@NC(1:20).
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Figure S9. XPS analysis of the catalyst Ru@NC(1:2). a) XPS spectrum. b) High-

resolution XPS spectrum of C 1s and Ru 3d. ¢) High-resolution XPS spectrum of N 1s.
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Figure S10. XPS analysis of the catalyst Ru@NC(1:10). a) XPS spectrum. b) High-

resolution XPS spectrum of C 1s and Ru 3d. ¢) High-resolution XPS spectrum of N 1s.
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Figure S11. XPS analysis of the catalyst Ru@NC(1:20). a) XPS spectrum. b) High-
resolution XPS spectrum of C 1s and Ru 3d. ¢) High-resolution XPS spectrum of N 1s,

d) High-resolution XPS spectrum of Ru 3p.
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Fig. S12. Raman spectrum of Ru@NC(1:5).
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Figure S13. TEM image (left) and the corresponding particle size distribution of the
Ru nanoparticles of Ru@NC(1:5) (right) after long-term stability test in 1.0 M KOH.
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Figure S14. TEM-EDS image of Ru@NC(1:5) after long-term stability test in 1.0 M
KOH.
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Figure S15. Time-dependent current density curves for Pt/C at -0.058 V vs RHE in 0.5
M H,SO, and at -0.054 V vs RHE in 1.0 M KOH.

504
e
é 404
;;.30-
W :
s
g 20
2 =
[
E 104
5
o J
0 v T v . v . v . v
0 4000 8000 12000 16000
Time /s
54 A measured
] v calculated
4 44 X
E x
- -
e E
a 2
a2 &1 =
E |
=
e 14
> | x
04 v . . .
0 4000 8000 12000 16000

Time/s

Figure S16. Time-dependent current density curve with the current density at 34 mA

cm 2 in 1.0 M KOH solution (top). Amount of hydrogen theoretically calculated and

experimentally measured versus time for Ru@NC(1:5) with the current density at 34

mA c¢cm 2 in 1.0 M KOH solution (bottom).
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Figure S17. Time-dependent current density curve with the current density at 40 mA
cm 2 in 0.5 M H,SOj, solution (top). Amount of hydrogen theoretically calculated and
experimentally measured versus time for Ru@NC(1:5) with the current density at 40

mA c¢cm 2 in 0.5 M H,SO, solution (bottom).
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Figure S18. The current—voltage scan at 0.01 V/s in different solutions: a) NC in 0.1
M H,SOy4; b) NC in 0.1 M H,SO4+20 mM CuSOy; ¢) Ru@NC(1:5) in 0.1 M H,SOy; d)
Ru@NC(1:5) in 0.1 M H,SO4+20 mM CuSOy (blue line) and in 0.1 M H,SO4+20 mM
CuSO,4 +60 mM NaCl (red line).
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Figure S19. a, c, e, g) Cyclic voltammetry curves of Ru@NC(1:2, 1:5, 1:10, 1:20),
respectively. The inset arrow indicates the increase of scan rate. b, d, f, h) Plot of current

density variation (AJ=Ja-Jc) at the corresponding overpotentials vs. scan rate. Cdl was

E/V vs. RHE —™
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obtained from the linear plot, where the slope is equal to 2Cdl.




