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Supplementary Information

Derivation of Eq. (6) and (7)

We begin with the general equation describing current density derived from transition state theory as the ratio

between the rate of the forward and backward reactions:
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The free energy of the transition state is given as:

. (A2)
urs = prs + KgTInyrs + (1 — B)ned, + fned,,
By substituting (A 2) into the exponent of (A 1) yields the exponents:
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where v; is the stoichiometric coefficient of species i, a; is the activity of species i, and the exponential term u;
is the standard chemical potential of species i. (A 1) can then be expanded by removing the activity coefficient,

activity and standard chemical potential terms from the exponential. We also assume that the attempt

frequency for the forward and backward reactions are equivalent, such that EO = KO = kq:%!
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The equilibrium chemical potentials for the reactant and product states are given as:
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At equilibrium p; = ui?%, expansion yields:
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As such, the standard chemical potentials can be eliminated from inside the squared brackets of eq. (A 5):
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where we have made the simplification Ad; = ¢; — q>§’q. Finally, (A 8) and (A 9) can be simplified as:
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The exchange current density is therefore given as:
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Thus, the current density is given as its standard form given in eq. (7):
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Derivation of Eq. (11)

To derive Eq. (11) we begin with Eq. (10) which introduces the activation overpotential term:
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With the knowledge that R3PB is slow relative to all other reactions, we can state that R2PB is in a state of quasi-

equilibrium, such that:

Apy,o04 + Aty + Alvy = 2410w, (A14)
(A 14) can be expanded as:
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where ¢y = . The activity and electric potential terms can be separated:
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Using eq. (9) we find an expression for the shift in electrostatic surface potential:
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Substituting (A 17) into (A 13) eliminates the electrostatic surface potential:
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(A 18) can be simplified to yield eq. (11):
eNact = kgT1n (A19)

Derivation of Eq. (16)



Following eq. (7), the exchange current density jng is given as a function of equilibrium activity of the products

and reactants:
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The equilibrium chemical potentials of R2FB can be expressed as:
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Upon expanding (A 21):
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Rearranging (A 22) gives the equilibrium activity of the products:
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where 2A.p = ZHCe’c‘e + 2“0’5 g~ ZHCEEe - 2“01—1;, is the change in standard chemical potential
between the initial and the final states. Substituting (A 23) into (A 20) introduces the electrostatic surface

potential at equilibrium to the exchange current density:
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where k= koe~(Hrs—Hr)/keT
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