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Model equations 

Mass balance equation is formulated for a reversible first order electrochemical reactions with 

mass transfer described through a Nernst diffusion layer approach [RA1]. The rate law of the 

reaction  

         (A1) 

follows first order kinetics with the following forward (rf) and reverse (rr) rates: 

𝑟" = 𝑘"𝑐&         (A2) 

𝑟' = 𝑘'𝑐(         (A3) 

where cA and cB are the surface concentrations of the species A+ and B, respectively, and kf and kr 

are the first order forward and reverse rate constants.  

We assume that the concentration layer profile changes linearly from the surface concentrations 

(cA and cB) to the bulk concentrations (c0
A and c0

B) within a diffusion layer with thickness a. 
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When the surface concentration changes within an infinitesimally small time dt for time for 

species J, the amount of change in the electroactive species is  

)
*
𝑐+ 𝑡 + 𝑑𝑡 − 𝑐+(𝑡) 𝑎        (A4) 

In the same time interval, this amount should be equal to the amount of species diffused and 

reacted, which can be calculated from Fick’s first law and the rate law for the reactions, 

respectively:  
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where D is diffusion constant and νJ are the stoichiometric numbers for species J in reactions R 

with rate rR.  Equations A4 and A5 must be equal, therefore 
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For species A+ and B   

;4=
;<

= *
8
−𝑘"𝑐& + 𝑘'𝑐( +

3(4=
674=)
8

       (A7) 

;4>
;<

= *
8
𝑘"𝑐& − 𝑘'𝑐( +

3(4>
674>)
8

       (A8) 

We use these equations in the manuscript to describe the behavior.  
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