
I.
Table 1 Comparison of O2 and Ni properties with experiments in isolated and adsorbed states.
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II. 

Further discussions for Equation (1) in the manuscript: 

The  is a function with a norm (or value)  1 inside  the sphere  and smoothly goes 𝐹𝐼(𝑟 ‒ 𝑟𝐼) Ω𝐼

to zero at the boundary so that when it is multiplied to the magnetization density, in 𝑚(𝑟) 

equation (1),  we get the   inside the   and 0 at the boundary as expected.  

 𝑀𝐼 =  ∫
Ω𝐼

𝑚(𝑟)𝑑3𝑟
Ω𝐼

The appropriate form of  is  because the limit of this function as x  0  and 0 at 𝐹𝐼

sin (𝑥)
𝑥

 
𝑖𝑠 1 

x=  and  from 0 to , it decreases smoothly (monotonically). The  , where 𝜋 𝜋 𝑥 =  𝜋(|𝑟 ‒ 𝑟𝐼|)/𝑅𝐼

is the radius of the sphere, , can describe such condition for . If  (inside 𝑅𝐼 Ω𝐼 𝐹𝐼 𝑟 𝑡𝑒𝑛𝑑𝑠 𝑡𝑜 𝑟𝐼

sphere), x  0,   and  .  If  =  (boundary), x=  , 𝐹𝐼(𝑟 ‒ 𝑟𝐼) = 1
 𝑀𝐼 =  ∫

Ω𝐼

𝑚(𝑟)𝑑3𝑟
|𝑟 ‒ 𝑟𝐼| 𝑅𝐼 𝜋

, so .𝐹𝐼(𝑟 ‒ 𝑟𝐼) = 0  𝑀𝐼 =  0

Ni EXP. O2 EXP.
Lattice parameter 3.52 Å 3.52 Å  [1]
Surface relaxation  (111) 0.010Å 0.007+0.003Å [2]
Spin moment /atom (bulk) 0.60 μB 0.60-0.62 μB [1,3]
Bond-length 1.23 Å 1.21[4]
Spin-moment (gas-phase) 1.96 μB

O atom on Ni(111)
O-Ni bond length 1.86-1.89Å 1.85 + 0.05 Å [5]
O atom vertical distance from Ni 1.20 Å 1.21 + 0.09Å [5]
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