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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:

ky = koexp|—af(E — E)] (Reduction) (1.1)
ky = koexp[(1 — a) f(E — Eg,)] (Ozxidation) (1.2)
[ (13)

where kg, standard electron exchange rate constant; «, transfer coefficient; E, electrode
potential; E,,, equilibrium potential; F', Faraday constant; 7, 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:

gzgcmeﬂE—&M (1.4)



The net rate of all species on the electrode in the scheme S1 can be described as
follows:

% = kLg,[R] + knls, — kps, (1.5)
dgfl = kplsy + kpel's, — (ko + kp2)Ts, (1.6)
dz};% = kpl's, + kysl'sy, — (ko + kyp3)ls, (1.7)
dg:;,, = kypsls, + kpal's, — (ko3 + kpa)ls, (1.8)
dgf4 = kT, — (kpa + ko[R])Ts, (1.9)

I, represents the surface coverage of the electroactive species S,

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

Irotar =gy +T'gy +1'g, +T's, +1'g, (1.10)

The turnover frequency for an electrocatalyst is proportional to I'g,. Therefore, the turnover
frequency is given by

r
turnover frequency = k. %
FTotal
The electrocatalytic current, I is equal to
I = nF Al 7y X turnover frequency (1.11)
The limiting current is given by
[lim = nFAkCFTOml (112)

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



e — &
Sy D,
kpi — (ko1 + ko) ko 0 0
0 ]{ng —(k?bQ + ]{Ifg) kbg 0
D, = 0 0 /{?fg —(k’bg + k?f4) 0 (1.13)
0 0 0 k4 0
1 1 1 1 Trotal
k‘fl —(k?bl + k’fg) ko 0 0
0 kfg —(ka + /{fg) ks 0
Dy = 0 0 kfg —(kbg + kf4) kpa (1.14)
0 0 0 k4 —(kpa + ke)
1 1 1 1 1
After solving the matrix Dy and Dy, we can obtain
Dy =k ksak sk pal'roral (1.15)
D, :k?flkifgk’fgkff4 + k‘flkfgk’fng + k’flkfgkfgk’c + k‘flkffgkbgk‘M (1.16)
+ kpkpakiske + kpikakpake + kg kpokyskia + ki kyokpske
+ kpikpokpake + kpikrskpake + kyikpokpskoa + ki kpokpske
+ ki kyokpake + ki kpskpake + kpok sk pake
Therefore,
I'rota k k. kysk kysk. k. kyokpak
Total _y o, o4 b3 R4 bfe | 2R (1.17)
I's, ko kpa o kyskpa o kpskpa o kps o kpokgskya
ko kyzke . Fyokic . ke . k1 kpoky3koa L 1 kyakpske
kpokrskps — kpokps  kpo  kpkokpskra  kpikpakpskya
kyi kpake ki ke k.
4 oleRe | RuiRe
kpikokps  kpkp  kp
According to the equation (1.4), the equation (1.17) can be simplified to
1—‘Total
=1+ g1929394 + 929394 + 9394 + ga+ (1.18)

g,

14+ + + g 1+ + 14 1
kc( g3g291 T g39g2 93+ 9291 92+ 91+_)

ks ks ko ks

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



