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Figure S1. Dissociated configurations from the most stable vertical N2 adsorption on the top 

site. The dissociative energy values are shown, the units are eV. 
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Figure S2. Dissociated configurations from the most stable horizontal N2 adsorption on a 4F 

site. The dissociative energy values are shown, the units are eV. 
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Figure S3. Electron density difference for the dissociated N2 from the most stable (a) N2 

vertically adsorbed on top and (b) N2 horizontally adsorbed on 4F. The charge (𝛿𝛿) of the N 

atoms and averaged Ru-N bond orders (𝐵𝐵𝐵𝐵����) are also shown. Yellow and blue regions indicate 

positive and negative electron density, respectively. The isosurface level is 0.005. 
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Figure S4. Dissociated configurations from the most stable horizontal H2 adsorption on top 

of a vertex site. The dissociative energy values are shown, the units are eV. 
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Figure S5. Electron density difference for the dissociated H2. The charge (𝛿𝛿) of the H atoms 

and averaged Ru-H bond orders (𝐵𝐵𝐵𝐵���� ) are also shown. Yellow and blue regions indicate 

positive and negative electron density, respectively. The isosurface level is 0.005. 
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Figure S6. H atom binding on the top site of Ru153. Binding energy (𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ), vibrational 

frequency (𝜈𝜈 ), average interatomic Ru-H distance (𝑑̅𝑑𝑅𝑅𝑅𝑅−𝐻𝐻 ), the sum of Ru-H bond order 

(Σ𝑅𝑅𝑅𝑅−𝐻𝐻), and the charge of the H (𝛿𝛿𝐻𝐻) are shown.  
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Figure S7. H atom binding on the bridge sites of Ru153. Binding energies (𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏), vibrational 

frequencies (𝜈𝜈), average interatomic Ru-H distance (𝑑̅𝑑𝑅𝑅𝑅𝑅−𝐻𝐻), the sum of Ru-H bond order 

(Σ𝑅𝑅𝑅𝑅−𝐻𝐻), and the charge of the H (𝛿𝛿𝐻𝐻) are shown.  
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Figure S8. H atom binding on the 3F sites of Ru153. Binding energies (𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ), vibrational 

frequencies (𝜈𝜈), average interatomic Ru-H distance (𝑑̅𝑑𝑅𝑅𝑅𝑅−𝐻𝐻), the sum of Ru-H bond order 

(Σ𝑅𝑅𝑅𝑅−𝐻𝐻), and the charge of the H (𝛿𝛿𝐻𝐻) are shown. 
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Figure S9. H binding on 4F sites of Ru153. Binding energies (𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖), vibrational frequencies 

(𝜈𝜈), average interatomic Ru-H distance (𝑑̅𝑑𝑅𝑅𝑅𝑅−𝐻𝐻), the sum of Ru-H bond order (Σ𝑅𝑅𝑅𝑅−𝐻𝐻), and 

the charge of the H (𝛿𝛿𝐻𝐻) are shown. 
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Figure S10. Comparison between the DOS profiles of the individual Ru atoms and their 

average DOS for the most stable structures of the H atom binding on the bridge, 3F, and 4F 

sites. Different colored solid lines and the broken green line represent each Ru atom's DOS 

at the adsorption site and the averaged DOS of the Ru atoms at the adsorption site, 

respectively. 
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Figure S11. Atomic orbital decomposition of the H atom binding on the most stable (a) top, 

(b) bridge, (c) 3F, and (d) 4F sites of Ru153 by the projected crystal orbital Hamiltonian

population. The H atom is presented with white spheres, and the interacting Ru atoms are

shown with yellow spheres.
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Figure S12. Dissociated H atoms on the same sites required for the N2 adsorption and 

dissociation from the 4F site. The dissociative energy values are shown, the units are eV. 
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Strain in the surface atoms of Ru153 

In Figure S13 are shown the Ru153 and hexagonal close-packed (HCP) structure of bulk Ru 

with their respective averaged interatomic Ru-Ru distances. The optimization of the HCP 

bulk Ru was performed via a spin-polarized calculation with a plane-wave cutoff energy of 

600 eV. The convergence criteria were 10−5 eV/atom and 10−6 eV/atom for ionic steps and the 

self-consists-field iterations, respectively, with 16 × 16 × 10 Monkhorst−Pack k-point mesh for 

the Brillouin zone integration where all the atoms and the crystal volume were allowed to 

relax. After the optimization, the calculated lattice parameters, a = 2.715 and c = 4.279 Å, 

were in good agreement with the experimental values a = 2.706 and c = 4.282 Å. The strain 

of the Ru153 surface atoms relative to the interatomic Ru-Ru distance in HCP bulk Ru 

was calculated as:   

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑑𝑑𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑑𝑑𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
∗ 100 (S1) 

where 𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  and 𝑑𝑑𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  are the average interatomic distances at the surface of Ru153 and 

HCP bulk Ru. The negative value of the strain, -1.49%, corroborates the usual compressive 

strain that nanoparticles exhibit compared to the bulk structure.   

Figure S13. Interatomic Ru-Ru distances of (a) Surface atoms of Ru153 and (b) HCP bulk Ru. 


