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Vacuum layer

Figure S1. (a) Extended HCP-Ru3-M; bulk model and (b) Ruz-M, (0001) surface model, where Ru and

M atoms are indicated.
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Figure S2. STEM images of: (a) Ru/C and (b) Ru, 3Ni;/C and the corresponding particle size
distribution.
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Figure S3. STEM-EDS elemental maps of the Ru,3Ni;/C catalyst. (a) HAADF-STEM image, (b) overlap
of C, Ru and Ni elemental map signals, (c) C elemental map signals, (d) Ru elemental map signals, and

(e) Ni elemental map signals.
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Figure S4 (a) STEM image and (b) EDS analysis of synthesized RuNi NPs.
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Figure S5 Cyclic voltammetric curve of Pt/C, Ru/C, Ni/C and Ru,3Ni;/C in Ar-saturated 0.1 M KOH at
50 mV st
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Figure S6. Tafel plots of Pt/C, Ru/C and Ru,3Ni;/C in alkaline (a) HOR and (b) HER.
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Figure S7. Rotating-disk voltammograms of: (a) Pt/C, (b) Ru/C and (c) Ru,3Ni;/C in H,-saturated 0.1
M KOH at 10 mV s, (d) Koutechy-Levich plots of the different catalysts.
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Table S1. Tafel slope and exchange current density of Pt/C, Ru/C and Ru,3Ni;/C in alkaline HOR and
HER.

Tafel slope (mV/dec) Exchange current
Catalysts . )
HOR HER density (mA/ cm?petal)
Pt/C 120 78 0.046
Ru/C 111 76 0.019
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Figure S8. CO stripping voltammograms of: (a) Pt/C, (b) Ru/C, (c) Ni/C and (d) Ru,3Ni;/C in CO-
saturated 0.1 M KOH at 10 mV s2,
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Table S2. Electrochemical surface area (ECSA) and the specific activities (ji) of Pt/C, Ru/C and
RU2.3Ni1/C.

- Jk@0.05 Vrye J@-0.05 Vrue

Catalysts ECSA® (m*/guetal (MA/cm?yetal) (MA/cm?yetal)
Pt/C 53 0.233 -0.182
Ru/C 118 0.054 -0.053
Ru, 3Ni;/C 103 0.100 -0.098

2 Normalized by weight of all metals

Table S3. Catalyst loading, specific activity and mass activity for alkaline HOR and HER on the Ru-
based catalysts.

Catal. Loading

Catalysts " is (MA cmM2netal) im (MA mg?) Ref
HOR
T Rc oot oo 0 1
Pt/C 0.233 56 e
Ru/C 0.04 0.054 45
Ru, sNiy/C 0.100 822 work
HER
Pt/C 0.041 -0.095 74 2
Ru/C 0.041 -0.099 24 2
RWGNJC 0048 02 8 2
Pt/C 20.182 -96 e
Ru/C 0.04 -0.053 -62
Ru, sNiy/C -0.098 -1253 work

All the catalysts were performed in 0.1 M KOH.

aThe mass activity is calculated based on precious metal (Ru).
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Table S4. Specific activity of the RuNi nanocatalysts with the different Ru/Ni ratios in HOR and HER.

,@0.05 Varee
Catalysts (MA cm2etal)
HOR
Pt/C 0.233
Ru/C 0.054
Ru, sNiy/C 0.100
Ru1Nij »/C 0.125
Ru;Nij 4/C 0.099
HER
Pt/C -0.182
Ru/C -0.053
Ru, sNiy/C -0.098
Ru;Niy»/C -0.126
RU;Ni, 4/C -0.098

Ru,Ni, /C

Ru,Ni, /C
R At

Intensity (a.u.)
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Figure S9. XRD patterns of Ru, 3Ni1/C, Ru;Ni; »/C and Ru;Ni; 4/C nanocatalysts.
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Figure S10. k-space and r-space of (a, c) Ru K-edge and (b, d) Ni K-edge for the Ru, 3Ni,/C catalyst.
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Table S5. EXAFS fitting results of Ru, 3Ni;/C.

R-factor (x10-

Sample  Shell N R (A) AEy (eV)  02(A?) 5
Ru foil Ru-Ru 12.0+1.20 2.68+0.01 5.59 0.004 0.9
Ni foil Ni-Ni  12.0+0.60 2.4740.01 6.12 0.006 0.1
Ru-Ru 7.02+1.22 2.67140.01 0.004
Ru-Ni 2.51+1.08 2.61+0.09 0.022
Ru,3Ni;/C  Ni-Ni  2.06+0.89 2.49+0.05 -4.96 0.004 1.8
Ni-Ru 5.77+1.08 2.61+0.09 0.032
Ni-O 2.17+1.09 2.04+0.21 0.008
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