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The estimation for the barrier of the hydrogen reduction reaction 

H+ + e  Had      (1) 

The reaction at 0.00V relative to normal hydrogen electrode (NHE) is exthothermic 
electrode is barrierless1. At 0.8eV, however, with lower electrode work function (e 
becomes more stable by 0.8eV), the reaction becomes endothermic. The reaction 
enthalpy can be estimated by the hypothetic cycle developed by Norskov etc. .2 

H+ + e  1/2H2  Had     (2) 

At 0.00eV relative to NHE, the reaction enthalpy for the first step is 0.00eV. At 0.80eV 
(ORR condition), it becomes 0.8eV endothermic. The second step can be estimated by 

 E = ½(binding energy of H2) – (binding energy of Had to Pt surface) 



 = 2.31eV – 2.86eV (3.00eV for Pd) 

 = -0.55eV (-0.69eV for Pd) 

So, for 0.0V vs NHE, the reaction is exthothermic with reaction enthalpy E = -0.55eV. At 
0.8V vs NHE, the reaction is endothermic with enthalpy E = 0.25eV. Given the fact that 
the reaction is likely to have the same reaction pathway and transition state regardless of 
the potential, a good estimate of the barrier at 0.8V vs NHE would be Ea(Pt) = 0.25-0.30 
eV. The corresponding estimation for Pd would be Ea(Pd)  = 0.11-0.16eV. The estimated 
barrier is much lower than the RDS in all mechanisms involved in our paper, so it doesn’t 
affect our discussion. The overall potential energy surface is shown in Figure 1.  

 

Figure 1. Calculation of reaction enthalpy for reaction (1) using cycle (2). Reaction (1) is 
exthothermic by 0.55eV at 0.0V vs NHE and 0.25 endothermic at 0.8V vs NHE. 
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