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Calculation Method and Model 
The functions of TS-Confirmation are to confirm the transition state by Nudged Elastic 

Band method. After TS Search get the track file (a .xtd file), TS-Confirmation uses NEB method 
to optimize the reasonable reaction path on the basis of the trace file, and obtains the energy of 
each point on the path. By analyzing the extreme energy points on the reaction path, the 
maximum energy is at transition state and the minimum energy is at metastable state. After TS 
Search is finished, TS-Confirmation is used to analyze whether the energy curve is reasonable 
or not and whether the transition states are missing. Because the system is large and the 
frequency calculation is too time-consuming, so the transition state is confirm by TS 
Confirmation. 

 

 
 

Figure S1 Test convergence diagram of cut-off energy, k-point mesh and vacuum region. 
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Figure S2 There are different initial positions for the H in the sub-surface. Square indicates initial 
placement. 
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Figure S3 There are different initial positions for the H in the third layer.  Square indicates initial 
placement. 


