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Fig. S2 Raman spectra of the catalysts. a) Ru/p-NC. b) Ru/NC.
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Fig. S3 a) TEM image of Ru/NC. b) HR-TEM image of Ru/NC.
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Fig. S4 N, adsorption/desorption isotherms of Ru/NC. Inset: corresponding pore size

distribution.
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Fig. S5 XRD spectrum of Ru/NC.
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Fig. S6 High—-resolution XPS spectrum of Ru 3p of Ru/p-NC.

a) Cils b) ru’
Q1s Rum
3 -
L S
= ©
=23 —
= Ru 3
2 1w =
g ; 2
£ &
] _/\

800 700 600 500 400 300 200 100 288 286 284 282 280 278

Binding energy (eV) Binding energy {eV)

C) [— graphitic N n1s | ) |Rumc

—— pyridinic N

E =

5 A

2 Z

‘W ‘n

= =

£ L

= =

404 402 400 398 396 490 480 470 480

Binding energy {(eV) Binding Energy (eV)

Fig. S7 a) XPS spectrum of Ru/NC. b) High-resolution XPS spectrum of Cls and Ru
3dss,. ¢) High—resolution XPS spectrum of N 1s. d) High-resolution XPS spectrum of
Ru 3p.
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Fig. S8 a) XPS spectrum of NC. d) High-resolution XPS spectrum of N 1Is.

J'ImAcm'2
&
A A
E £
Z 0
O

=10 // -/
A

2015 012 -0.09 -008 -0.03  0.00
E/Vvs. RHE

Fig. S9 A enlarged view of the HER polarization curves of Ru/p-NC, Ru/NC, Pt/C (20
wt %) and Ru/C (5 wt%) in 1.0 M KOH at a scan rate of 5 mV s
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Fig. S10 a) TEM image and b) High-resolution XPS spectrum of Ru/p-NC after the test

of long-term stability.
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Fig. S11 Cyclic voltammetry curves of a) Ru/p-NC and b) Ru/NC.
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Fig. S12 HER polarization curves of the Ru/NC electrocatalyst with and without

blocking ligands in 1 M KOH solution.
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Fig. S13 HER polarization curves of the Ru/C electrocatalyst with and without blocking
ligands in 1 M KOH solution.
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Fig. S14 HER polarization curves of the Ru/p-NC and Pt/C in 0.5 M H,SO,.



Table S1 Charge transfer resistances (R.) obtained by Nyquist plots in 1.0 M KOH at

an applied overpotential of 10 mV.

Catalyst R,/ Q
Ru/p-NC 4.7
Ru/NC 35.5
Ru/C 20.0
Pt/C 9.5

Table S2 Summary of HER performance of Ru-based catalysts in alkaline condition.

Tafel
1o/ slope / Mass
10 . . 1
Catalyst mV | mV dec- act1v1t)1A TOF/H; s R Reference
1 MgRu
17 A mgg, ' at | 89 at 25 .
Ru/p-NC 10 17 25 MV mv 4.7 Q | This work
0.76 at
Ru@C,N |17 38 — 25mV, 1.66 | 43.7Q |1
at 50mV
0.23A mgg,!
Ru@GnP | 22 28 at 25mV — — 2
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Ru@NC 26 36 100 mV mv — 3
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CNT at 20 mV 25mV 45mV
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