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Summary

In this part of supporting materials, we demonstrate how to obtain the equation 1 in
the main manuscript, which describes the relation between the electrode potential and
electrocatalyic current for the four-electron oxidation reaction.

1 The derivation of the equation 1 for four-electron

oxidation reaction

According to the Butler-Volmer equation, the forward and backward election transfer
rate constant in a one-election reaction can be described as follows:

kf = k0exp[−αf(E − Eeq)] (Reduction) (1.1)

kb = k0exp[(1 − α)f(E − Eeq)] (Oxidation) (1.2)

f =
F

RT
(1.3)

where k0, standard electron exchange rate constant; α, transfer coefficient; E, electrode
potential; Eeq, equilibrium potential; F , Faraday constant; R, ideal gas constant and T ,
absolute temperature. The transfer coefficient value, 0.5 is applied here.

Dividing 1.1 by 1.2, we can obtain the following relation:

g =
kf
kb

= exp[−f(E − Eeq)] (1.4)
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The net rate of all species on the electrode in the scheme S1 can be described as
follows:

dΓS0

dt
= kcΓS4 [R] + kb1ΓS1 − kf1ΓS0 (1.5)

dΓS1

dt
= kf1ΓS0 + kb2ΓS2 − (kb1 + kf2)ΓS1 (1.6)

dΓS2

dt
= kf2ΓS1 + kb3ΓS3 − (kb2 + kf3)ΓS2 (1.7)

dΓS3

dt
= kf3ΓS2 + kb4ΓS4 − (kb3 + kf4)ΓS3 (1.8)

dΓS4

dt
= kf4ΓS3 − (kb4 + kc[R])ΓS4 (1.9)

Γn represents the surface coverage of the electroactive species Sn

Scheme S1 A scheme for a four-electron oxidation reaction. The definition of symbols
can be found in the main manuscript.

The electroactive site is assumed to be saturated with reactants and the mass trans-
port of reactants is not rate-limiting. Therefore, the concentration of R can be treated
as a constant. The total surface coverage is given by

ΓTotal = ΓS0 + ΓS1 + ΓS2 + ΓS3 + ΓS4 (1.10)

The turnover frequency for an electrocatalyst is proportional to ΓS4 .Therefore, the turnover
frequency is given by

turnover frequency = kc
ΓS4

ΓTotal

The electrocatalytic current, I is equal to

I = nFAΓTotal × turnover frequency (1.11)

The limiting current is given by

Ilim = nFAkcΓTotal (1.12)

Under the steady-state approximation, the net rate of equation (1.5)-(1.9) is equal to
zero. Therefore, the solution of ΓS4 can be solved by Cramer’s Rule as follows:
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ΓS4 =
D1

D2

D1 =


kf1 −(kb1 + kf2) kb2 0 0
0 kf2 −(kb2 + kf3) kb3 0
0 0 kf3 −(kb3 + kf4) 0
0 0 0 kf4 0
1 1 1 1 ΓTotal

 (1.13)

D2 =


kf1 −(kb1 + kf2) kb2 0 0
0 kf2 −(kb2 + kf3) kb3 0
0 0 kf3 −(kb3 + kf4) kb4
0 0 0 kf4 −(kb4 + kc)
1 1 1 1 1

 (1.14)

After solving the matrix D1 and D2, we can obtain

D1 =kf1kf2kf3kf4ΓTotal (1.15)

D2 =kf1kf2kf3kf4 + kf1kf2kf3kb4 + kf1kf2kf3kc + kf1kf2kb3kb4 (1.16)

+ kf1kf2kb3kc + kf1kf2kf4kc + kf1kb2kb3kb4 + kf1kb2kb3kc

+ kf1kb2kf4kc + kf1kf3kf4kc + kb1kb2kb3kb4 + kb1kb2kb3kc

+ kb1kb2kf4kc + kb1kf3kf4kc + kf2kf3kf4kc

Therefore,

ΓTotal

ΓS4

=1 +
kb4
kf4

+
kc
kf4

+
kb3kb4
kf3kf4

+
kb3kc
kf3kf4

+
kc
kf3

+
kb2kb3kb4
kf2kf3kf4

(1.17)

+
kb2kb3kc
kf2kf3kf4

+
kb2kc
kf2kf3

+
kc
kf2

+
kb1kb2kb3kb4
kf1kf2kf3kf4

+
kb1kb2kb3kc
kf1kf2kf3kf4

+
kb1kb2kc
kf1kf2kf3

+
kb1kc
kf1kf2

+
kc
kf1

According to the equation (1.4), the equation (1.17) can be simplified to

ΓTotal

ΓS4

=1 + g1g2g3g4 + g2g3g4 + g3g4 + g4+ (1.18)

kc(
1 + g3g2g1 + g3g2 + g3

kf4
+

1 + g2g1 + g2
kf3

+
1 + g1
kf2

+
1

kf1
)

Taking the equation (1.18) into the equation(1.11) , the ”equation 1” in the manuscript
can be obtained.
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