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ABSTRACT 

A general simulation model is developed for voltammetry of species adsorbed from solution involving coupled mass transport and adsorption which distinguishes the relative contributions from the adsorption kinetics, the mass transport and electron transfer kinetics of the reactants and products. The model assumes only the adsorbed species are electrochemically active. To provide meaningful insights, we focus on three limiting cases in which the fate of the formed product differs. In Case One, the product remains on the surface and does not desorb; in Case Two, the product desorbs slowly into solution; in Case Three, the product desorbs rapidly into solution. In each case, the effect of independent parameters such as the adsorption rate constants, the electron transfer kinetics and the voltage scan rate are investigated. New insights from this simulation includes a steady state voltage-current response for a macro-electrode when rate determining step becomes ‘bottlenecked’ by the slow desorption of the product. Furthermore, when the rate of adsorption and desorption of the reaction and product is fast compared to the mass transport and are not rate determining, the simulated current for the redox process via the adsorption pathway can be ca. 2.3 times higher to that when electron transfer occurs via the solution phase.
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Section 1: Defining  for a surface-bound redox reaction
In this section, we investigate the meaning of the formal potential   for a simple heterogeneous redox reaction of two species A and B at an electrode surface:
 	(S1)
This model assumes the standard electron transfer rate constant is independent of the applied potential and that the rate equation can be described with Butler-Volmer kinetics:
,    where    (S2)
where all the symbols have their usual meanings and defined in the main manuscript. At equilibrium, the rate of change of  with time t is necessary zero and hence
 	(S3)
It is evident that, at equilibrium and when the surface potential  is equal to , the surface coverage  must be equal to the surface coverage  .


Section 2: Analytical solution for Case One under irreversible electron transfer kinetics
At very high adsorption rate constant , the dimensionless oxidative peak flux  for Case One under slow electron transfer kinetics approaches to a value of , as shown in the main manuscript Figure 4 b). Other simulation parameters are:   
As the rate of adsorption  approaches to , the equilibrium coverage prior to the simulation approaches unity (equation 9). Therefore, the boundary conditions at the start of the simulation are
  	           (S4)
Under irreversible electron transfer kinetics, the dimensionless flux  reduces from Equation 11 to
        (S5)
This can be rearranged to 
	            (S6)
Integrating both sides with the boundary conditions given in Equation S4 leads to an expression for the surface coverage  as a function of time 
   where          (S7)
where  is a constant and independent to time . The differential of Equation S7 with respect to time T gives an expression for the dimensionless flux  as a function of time 
 	                            (S8)
When the flux  reaches a maximum during the oxidation sweep, the derivative of  with respect to time  is equal to zero
      (S9)
Substituting the constant  from Equation S7 into Equation S9 with further simplification gives  
 	                                       (S10) 
which can be rearranged to give an expression for the dimensionless  
 	 (S11)
Finally, substituting the dimensionless peak potential  and the constant  back into the expression for flux  (Equation S8) gives an expression for the peak flux 
              (S12)
Figure 4b) in the main manuscript is a plot of the normalised peak flux  as a function of , where  is the normalisation of against scan rate . At a high adsorption rate constant  with  and , the simulated  approaches  for a range of , which is in excellent agreement with the analytical expression for .



Section 3: Dimensional and dimensionless parameters
Table S1. Dimensional parameters 
	Dimensional parameters
	

	
	time (s)

	
	distance from the electrode surface (m)

	
	radius of the electrode (m)

	
	concentration of species j (mol m-3)

	
	surface coverage of species j (mol m-2)

	
	standard electron transfer rate constant (s-1)

	
	adsorption rate constant of species j (m3 mol-1 s-1)

	
	desorption rate constant of species j (s-1)

	
	diffusion coefficient of species j (m2 s-1)

	
	scan rate (V s-1)

	
	formal potential (V)

	
	flux of electrons (mol m-2 s-1)

	I
	current (A)
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	Dimensionless parameters
	
	Normalisation

	
	time
	

	
	spatial coordinates
	

	
	concentration of species j 
	

	
	fractional surface coverage of species j
	

	
	standard electron transfer rate constant
	

	
	adsorption rate constant of species j
	

	
	desorption rate constant of species j
	

	
	diffusion coefficient
	

	
	scan rate
	

	
	saturation parameter
	

	Θ
	potential applied
	

	J
	flux 
	



1

