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Method for DFT calculations 

All the calculations for structural optimization and energetic calculation were performed 

using the Vienna Ab initio Simulation Package (VASP),1-3 at the density functional theory 
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(DFT) level with a 3D periodic boundary condition. The exchange-correlation function 

was treated by the generalized gradient approximation4 with Perdew-Wang 1991 

formulation (GGA-PW91).5 The electron-ion interaction was modeled by the projector-

augmented wave method (PAW),6,7 combining the accuracy of augmented plane waves 

with the cost-effective pseudopotentials. The kinetic cutoff energy of plane-wave basis 

was set at 400 eV. The Brillouin-Zone (BZ) integration was sampled by Monkhorst-Pack 

scheme8 at 0.05 × 2 (1/Å ) interval in the reciprocal space. The structures and energies were 

optimized by quasi-Newton method with an energetic convergence of 1 × 10-4 eV and a 

gradient convergence of 1 × 10-2 eV. The transition states at the saddle points were located 

by Nudged Elastic Band (NEB) method41 at the same convergence criterions for activation 

energy (Ea) calculation.  

 

Results 

The DFT calculations were performed to derive the activation energies (Ea) for the Rh 

diffusion processes. The calculated Ea allow us to confirm that the relative rates of these 

various diffusion processes in the Monte Carlo simulation are reasonable. We computed 

the activation barrier (Ea) for a Rh single atom which diffuses on θ-Al2O3(100) surface, 

dissociates from and wags (diffusion along cluster edge) along the clusters on θ-

Al2O3(100) surface. The models for the substrate of θ-Al2O3(100) were constructed by four 
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layers with the surface area of 23.64 × 22.76 Å 2 in a total of 128 Al and 192 O atoms; the 

bottom layer was fixed while top three ones were relaxed. The computed results show 

that a single Rh atom can easily diffuse on the θ-Al2O3(100) surface with a rather low Ea 

(0.33 eV); in the Monte Carlo simulation, such a hopping probability is one. The Ea for Rh 

atom dissociation from Rh2 dimer and Rh3 trimer in the triangular shape amount to 0.75 

and 0.90 eV, respectively, indicating that the probabilities are declined by 

factors  𝑒−0.42/𝑘𝑇  and 𝑒−0.57/𝑘𝑇 , respectively. In the Monte Carlo simulation, the 

probabilities become 𝑒−𝜖/𝑘𝑇  and 𝑒−2𝜖/𝑘𝑇 . The hopping from the second layer and 

dissociating have Ea = 0.86 and 0.83 eV in the two cases (tetrahedral Rh4 and pyramid Rh5 

in the figure), corresponding to the probabilities declined by factors  𝑒−0.53/𝑘𝑇  and 

𝑒−0.50/𝑘𝑇 ; in the Monte Carlo simulation, the probabilities become 𝑒−2𝜖/𝑘𝑇  (the 

dissociation and descending from the upper to bottom layer are the critical processes 

respectively in tetrahedral Rh4 and pyramid Rh5). The relative rates of the kinetic 

processes in the Monte Carlo simulation may not precisely conform to the calculated 

activation energies, but the estimated relative values are reasonable. Finally, we 

computed the diffusion along the edge of an island. The calculated values were between 

0 and 0.48 eV, depending on the position at which the atom was placed. The result 

indicates that the energetic barrier for the diffusion along the edge of an island is small 

and comparable to that on the oxide, which agrees with that in the Monte Carlo 

simulation the corresponding probability is one except that the atom crosses a corner. 
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Figure 1 
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