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Table S1. Surface compositions of various Ru catalysts characterized by XPS.

Surface composition (at%) Ru composition (%)
Sample

C O N Ru Zn S Ru0 Ru4+

Ru/AC 75.0 14.2 0.3 10.5 - - 31.1 60.9

Ru/PC 73.5 12.3 2.4 11.1 0.1 0.6 48.5 51.5

Ru/ZC 76.8 10.1 2.0 11.0 0.1 - 77.2 22.8

Table S2. Fitting results of the Raman spectra with Gaussian-Lorentzian peaks.

Sample P (%) D (%) A (%) G (%) 𝐼𝐷 𝐼𝐺

Ru/AC 1.0 62.2 11.4 25.4 1.2

Ru/PC 2.0 44.5 46.5 7.0 3.4

Ru/ZC 7.3 53.6 27.1 12.0 2.2
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Table S3. Structure parameters of various Ru catalysts from EXAFS fitting.

Ru K-edge
Sample

Bond pair CNa R (Å)

Ru-C 1.97 2.089

Ru-O 2.05 1.995Ru/AC

Ru-Ru 4.71 2.678

Ru-C 1.87 2.089

Ru-O 2.09 1.995Ru/PC

Ru-Ru 3.61 2.677

Ru-C 2.26 2.061
Ru/ZC

Ru-Ru 2.82 2.651

a coordination number

Table S4. The HER performance of Ru/C catalysts in 1.0 M KOH.

Overpotential (mV) Tafel Slope (mV/dec)
Sample ECSA(m2/g)

Initial After ADT Initial After ADT

Ru/AC 32 109 122 136 179

Ru/PC 83 72 82 114 147

Ru/ZC 128 38 49 110 115

Ru/ZC-E50 130 29 35 82 92

Ru/ZC-E100 110 36 39 92 95
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Table S5. Ru contents in both electrolytes and catalysts for initial Ru/ZC, Ru/ZC-

E50, and Ru/ZC-E100.

Ru Content (wt%)

Electrolytes Catalysts

Ru/ZC / 4.0

Ru/ZC-E50 0.1 3.9

Ru/ZC-E100 0.3 3.7
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Table S6. Comparison of recently reported Ru catalysts in 1.0 M KOH.

Stability

Catalyst
η10

(mV)

Tafel slope 

(mV/dec) Decay of  𝜂10

(mV)

Decay of a j 

(%)
Duration

Ref.

Ru/ZC 38 110 11 5k cycles

Ru/ZC-E50 29 82 6 - 5k cycles
This work

Ru-CN-RGO 45 40 5 - 15 hours 40

Ru@NG-4 40 76 - 5 5k cycles 41

RuSAs-Ni2P 57 75 - - 2k cycles 42

Ni@Ru/CNS-10% 20 87 8 - 3k cycles 43

Ru-ZIF-900 52 78 - 4 8 hours 27

Ru@WNO-C 24 40 46 - 10k cycles 44

Ru@Co-NC-800 23 58 - 10 10 hours 28

Ru/rGO-V 60 40 - - - 45

Ru-Cr2O3/NG 47 39 - - 20k cycles 46

P-Ru/C 31 105 - - 1k cycles 29

Ru3@NCF 181 73 - 6 8.3 hours 47

a j: current density.
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Figure S1. CuUPD scanning curves of Ru/AC, Ru/PC, and Ru/ZC.

Figure S2. HAADF-STEM images of Ru/AC, Ru/PC, and Ru/ZC after ADT.

Figure S3. CV curves before and after ADT for Ru/AC, Ru/PC, and Ru/ZC.
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Figure S4. CuUPD scanning curves of Ru/ZC, Ru/ZC-50, and Ru/ZC-100.

Figure S5. HAADF-STEM images of Ru/ZC, Ru/ZC-E50, and Ru/ZC-E100 after 

ADT.

Figure S6. CV curves before and after ADT for Ru/ZC, Ru/ZC-E50, and Ru/ZC-

E100.


