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1. Determination of the distance between generator electrode and collector electrode 

Impedance spectra of the liquids m-xylene and n-dodecane between the generator electrode and 

the collector electrode (two-electrode setup) were taken. The impedance spectra were converted 

into capacitance spectra via: 

𝐶̂(𝜔) =
1

𝑖𝜔𝑍̂(𝜔)
 (S1) 

Figure S1 show a representative plot of the real part of the capacitance of m-xylene, 𝐶′(𝜔), in a 

frequency range from 106 Hz to 103 Hz. A linear fit in the bulk plateau region in the range of 105 Hz 

to 104 Hz yields a capacitance of (6.03 ± 0.05) pF for m-xylene and (5.26 ± 0.05) pF for n-

dodecane, respectively. 

In a parallel-plate setup with two electrode of different diameter, the capacitance is given by:[1] 

𝐶 =
𝜀0 ∙  𝜀𝑟 ∙ 4𝜋𝐷2

16 ∙ 𝑤
+ 𝜀0 ∙  𝜀𝑟 ∙ 𝐷 ∙ (ln (

4𝜋𝐷

𝑤
) − 3). (S2) 

Here, 𝐷 = 4 mm is the diameter of the smaller generator electrode, while 𝑤 is the distance 

between the two electrodes. 𝜀0 = 8.854 ∙ 10−12  
As

Vm
 denotes the permittivity of free space. Eq. (S2) 

is valid, if the difference of the electrode diameters (here 2 mm) is at least three times larger than 

𝑤, which is the case here. 
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With the relative permittivity of m-xylene, 𝜀𝑟 = 2.357,[2] and of n-dodecane, 𝜀𝑟 = 2.020,[3] an 

electrode distance of 𝑤 =  46.0 μm (m-xylene) and 𝑤 =  45.0 μm (n-dodecane) was obtained. 

Averaging these two values yields (45.5 ± 0.4) μm. 

 

Figure S1. Real part of the complex capacitance of m-xylene and n-dodecane in a frequency 

range from 106 𝐻𝑧 to 103 Hz. The solid lines show a linear fit in the bulk plateau regime. 

 

2. Analysis of impedance spectra in the elastance plane 

The frequency-dependent elastance 𝑆̂(𝜔) was calculated from the frequency-dependent 

impedance 𝑍̂(𝜔) via: 

𝑆̂(𝜔) = i𝜔𝑍̂(𝜔) = 𝑆′ + i𝑆′′ (S3) 

Here, 𝑖 is the imaginary unit. The high-frequency branch of the spectra originating from the 

electrolyte resistance was fitted by a line, and the linear fit was extrapolated to the S′ axis, see 

Figure S2. As shown in Ref. [4], the 𝑆′ axis intercept is given by 
1

𝐶𝑆𝐸𝐼
+

1

𝐶𝐷𝐿
, which is virtually 

identical to 
1

𝐶𝑆𝐸𝐼
, since the double layer capacitance 𝐶𝐷𝐿 is much higher than the SEI capacitance 

𝐶𝑆𝐸𝐼. Since the porosity of the inner SEI is low already at short SEI formation times, it is likely that 

the SEI composition is virtually constant and that also the relative permittivity of the SEI is virtually 
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constant, even if the inner layer of the SEI is heterogeneous. Assuming that the relative 

permittivity of the SEI is εr = 10, the SEI thickness was calculated as: 

𝑑𝑆𝐸𝐼 =
𝜀0𝜀𝑟𝐴

𝐶𝑆𝐸𝐼
 (S4) 

 

Figure S2. Impedance spectra in the elastance plane during SEI formation at 0.8 V vs. Li+/Li. Left: 

Impedance spectra at different SEI formation time including linear fits of the high-frequency 

branch. Right: Representative impedance spectrum obtained close to 32 hours of SEI formation 

time including linear fit of the high-frequency branch. 

 

Figure S3. Temporal evolution of the SEI thickness obtained from the elastance spectra shown 

in Fig. S2. 



4 
 

 

3. Additional chronoamperometric data 

Figure S4. Measured currents during SEI formation at 0.8 V vs. Li+/Li and during the generator-

collector experiments. 
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Figure S5. Measured currents during SEI formation at 0.6 V vs. Li+/Li and during the generator-

collector experiments. 

Figure S6. Measured currents during SEI formation at 0.1 V vs. Li+/Li and during the generator-

collector experiments. 
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Figure S7. Integrated charge curves for a representative generator-collector experiment close to 

32 hours of SEI formation at 0.8 V vs. Li+/Li. Grey data points: Integrated charge at the generator 

electrode during the “on”-state (t-tstart = 0 – 300 s) due to Fc oxidation. Black data points: 

Integrated charge during the “off”-state (t-tstart > 300 s) due to Fc+ ion reduction. About one hour 

after the “on” → “off” switching, the reductive charge at the generator electrode is virtually identical 

to the oxidative charge in the “on”-state.  
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4. Simulation of the generator-collector experiment 

The simulations were performed by means of the Electroanalysis module of COMSOL 

Multiphysics 5.0 (COMSOL Inc.). A generator-collector experiment on a Fc+/Fc redox couple 

Fc ⇆ Fc+ + e− 

was simulated using the same length scales as in the experimental setup. The transport of Fc 

and Fc+ in solution was simulated under supporting electrolyte conditions using Fick’s second 

law:  

d𝑐𝑖

d𝑡
= 𝐷 ∇2𝑐𝑖 (S5) 

with 𝑖 = Fc+, Fc. The diffusion coefficients of both species were assumed to be identical, 𝐷𝐹𝑐 =

𝐷𝐹𝑐+ = 𝐷. Initial concentration of the species are 𝑐Fc+(𝑡 = 0) = 10 mM and 𝑐Fc(𝑡 = 0) = 0, 

respectively. Fick’s second law was solved numerically in a cylindrical coordinate system with 𝑟 

denoting the radial distance and 𝑧 denoting the axial coordinate. 

The rate equation (S6) was utilized to compute the time-dependent current density 𝑗generator(𝑡) 

due to the heterogenous charge transfer reaction at the generator electrode: 

𝑗generator(𝑡) = 𝐹 𝑘ox 𝑐Fc(𝑧 =  𝑤, 𝑡) (S6) 

with 𝑘ox and 𝐹 denoting the rate constant of the ferrocenium oxidation reaction and the Faraday 

constant, respectively. The rate equation (S7) was utilized to compute the time-dependent current 

density 𝑗collector(𝑡) due to the charge transfer reaction at the SEI-covered collector electrode: 

𝑗collector(𝑡) = − 𝐹 𝑘eff 𝑐Fc+(𝑧 =  0, 𝑡). (S7) 

Here 𝑘eff is an effective rate constant of the ferrocenium ion reduction reaction at the SEI-covered 

collector electrode. At the cell walls, the insulating boundary conditions: 

∇𝑐𝑖 = 0 (S8) 

hold with 𝑖 = Fc+, Fc. 

All boundary conditions of the simulation are depicted in Figure S8, and the simulation parameters 

are listed in Table S1. The computational mesh of the model is shown in Figure S9. 
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In Figure S10, spatial images of the concentration of ferrocenium ions during the “on” state at to 

𝑡 − 𝑡start = 300 s are depicted for three different cases: Case A with 𝑘eff ≫ 
𝐷Fc+

𝑤
 applies for an 

SEI-free bare collector electrode exhibiting an effective rate constant of  𝑘eff = 0.42 m s−1, see 

Figure S10(a); Case B with 𝑘eff ≈ 
𝐷Fc+

𝑤
 applies for a collector electrode covered with a poorly 

passivating SEI exhibiting 𝑘eff = 4.2 ∙ 10−6 m s−1, see Figure S10(b); Case C with 𝑘eff ≫ 
𝐷Fc+

𝑤
 

applies for a collector electrode covered with a highly passivating SEI exhibiting 𝑘eff =

4.2 ∙ 10−11 m s−1, see Figure S10(c). 

The simulations results in Figure S10 show that for all cases A, B and C, the Fc+ ion reduction 

reaction at the collector electrode takes place, to a good approximation, on a fraction of the 

collector electrode surface area, which is identical to the generator electrode surface area. 

 
Figure S8. Illustration of the simulations in cylinder coordinates with axis of rotational symmetry 

at 𝑟 = 0. 𝑗generator and 𝑗collector denotes the current density according to Eqs. (S6) and (S7), 

respectively. 
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Table S1. Simulation parameters. 

Parameter Value Description 

𝑟  radial distance 

𝑧  axial coordinate 

𝑤 45.5 ∙ 10−6 m distance between generator and collector electrode 

𝑟generator 2 ∙ 10−3 m radius of the generator electrode 

𝑟collector 3 ∙ 10−3 m radius of the collector electrode 

𝑐Fc
bulk 10 mol m−3 concentration of Fc in the bulk solution 

𝐷 3.76 ∙ 10−10 m2 s−1 diffusion coefficient of both redox species (assuming: 𝐷 =

𝐷𝐹𝑐+ = 𝐷𝐹𝑐)
[6] 

𝑘ox 0.016 m s−1 heterogenous rate constant of the Fc oxidation reaction at 

the generator electrode 

𝑘eff variable parameter effective rate constant of the Fc+ ion reduction reaction at 

the SEI-covered collector electrode 

𝐹 96485.332 C mol−1 Faraday constant 

 

 
   

 

Figure S9. Computational mesh of the simulation box. (a) Complete simulation box; (b) transition 

regime between the fine mesh near the electrode surfaces and the coarse mesh in the electrolyte 

reservoir; (c) fine mesh between the electrode surfaces. 
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Figure S10. Spatial images of the concentration of Fc+ ions during the “on”-state at 𝑡 − 𝑡𝑠𝑡𝑎𝑟𝑡 =

300 s for three different cases: Case A with 𝑘eff ≫ 
𝐷

Fc+

𝑤
 (bare collector electrode with no SEI; 

𝑘eff = 0.42 m s−1); Case B with 𝑘eff ≈  
𝐷𝐹𝑐+

𝑤
 (collector electrode covered with a poorly passivating 

SEI; 𝑘eff = 4.2 ∙ 10−6 m s−1); Case C with 𝑘eff ≫ 
𝐷Fc+

𝑤
 (collector electrode covered with a highly 

passivating SEI; 𝑘eff = 4.2 ∙ 10−11 m s−1).
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5. Analytical solutions of the Z-type Transmission-Line Model (TLM) with P-Q conditions in 

different transport and reaction regimes 

In the framework of the Z-type TLM with P-Q conditions, the inverse dimensionless current density 

is given by:[7] 

1

𝑗𝑖̃
=

𝑟̃𝑖  𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI +

√𝑟̃CT
SEI

(𝑟̃𝑖 + 𝑟̃eon)
3

2⁄
  

(𝑟̃𝑖
2 + 𝑟̃eon

2) cosh 𝛽 + 2 𝑟̃𝑖  𝑟̃eon + (
𝑟̃𝑖

2

𝑅̃CT
SEI +

𝑟̃eon
2

𝑅̃CT
int ) ∙ √𝑟̃CT

SEI (𝑟̃𝑖 + 𝑟̃eon) ∙ sinh 𝛽

(1 +
𝑟̃CT

SEI (𝑟̃𝑖 + 𝑟̃eon)

𝑅̃CT
SEI 𝑅̃CT

int ) sinh 𝛽 + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI (𝑟̃𝑖 + 𝑟̃eon) cosh 𝛽

 
(S9) 

with 

𝛽 = √
𝑟̃𝑖 + 𝑟̃eon

𝑟̃CT
SEI

∙ 𝑑̃SEI 
(S10) 

The model parameters were chosen in a way that two conditions are fulfilled: First, the transport 

resistance of the molecules is much lower than the transport resistance of the electrons: 𝑟̃i 𝑑̃SEI ≪

𝑟̃eon 𝑑̃SEI. Second, the porosity of the SEI is low, so that the charge transfer resistance in the SEI 

is much higher than the charge transfer resistance at the SEI | bulk electrolyte interface: 

𝑟̃CT
SEI/𝑑̃SEI ≫ 𝑅̃CT

int. The parameters chosen for Fig. 6 were  𝜀 = 10−7, 𝑐̃𝑖
bulk = 1, 𝐷̃ = 1, 𝐷̃eon = 0.1, 

𝑐̃eon
𝑥̃=0 = 10−8 and 𝑑̃SEI = 100, leading to the following dimensionless resistance values: 

𝑟̃𝑖 𝑑̃SEI =
𝑑̃SEI

𝜀 𝑐̃𝑖
bulk 𝐷̃

= 109 (S11) 

𝑟̃eon 𝑑̃SEI =
𝑑̃SEI

𝑐̃eon
𝑥̃=0 𝐷̃eon

= 1011 
(S12) 

𝑟̃CT
SEI/ 𝑑̃SEI =

1

𝑘̃𝑖 𝑐̃eon
𝑥̃=0 𝜀 𝑐̃𝑖

bulk 𝑑̃SEI

= 1013/𝑘̃𝑖 
(S13) 

𝑅̃CT
SEI =

1

𝑘̃𝑖 𝑐̃eon
𝑥̃=0 𝜀 𝑐̃𝑖

bulk 𝑑̃DL

= 1015/𝑘̃𝑖 
(S14) 

𝑅̃CT
int =

1

𝑘̃𝑖 𝑐̃eon
𝑥̃=0 𝑐̃𝑖

bulk𝑑̃DL 
= 108/𝑘̃𝑖 

(S15) 

 

Depending on the dimensionless rate constant 𝑘̃i, four distinct transport and reaction regimes can 

be distinguished, and simplified analytical expressions can be obtained in these regimes. 
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Regime (i) 

At very low rate constants 𝑘̃𝑖,  the charge-transfer resistance inside the SEI, 𝑟̃CT
SEI/𝑑̃SEI , is very 

large and thus the parameter 𝛽 goes to zero. Consequently, we use the approximations: 

lim
𝛽→0

sinh(𝛽) = 0 (S16) 

and 

lim
𝛽→0

cosh(𝛽) = 1 (S17) 

In this case, Eq. (S9) simplifies to: 

1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟𝑖 + 𝑟̃eon
 𝑑̃SEI + 𝑅̃CT

int. (S18) 

Since 𝑅̃CT
int is very large in this regime, the term 

𝑟̃𝑖 𝑟̃eon

𝑟𝑖+𝑟̃eon
 𝑑̃SEI can be neglected, resulting in: 

𝑗𝑖̃ =
1

𝑅̃CT
int

= 𝑘̃𝑖 𝑐̃𝑖
bulk 𝑐̃eon

𝑥=0 𝑑̃DL. 
(S19) 

 

Regime (ii) 

At higher rate constants in the range of 𝑘̃𝑖 = 1, we use the approximations sinh(𝛽) ≈ 𝛽 and 

cosh(𝛽) ≈ 1, which, together with 𝑟̃i 𝑑̃SEI ≪ 𝑟̃eon 𝑑̃SEI, result in: 

1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI +

√𝑟̃CT
SEI

(𝑟̃eon)
3

2⁄
  

𝑟̃eon
2 + (

𝑟̃𝑖
2

𝑅̃CT
SEI +

𝑟̃eon
2

𝑅̃CT
int ) ∙ √𝑟̃CT

SEI 𝑟̃eon ∙ 𝛽

(1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int) ∙ 𝛽 + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI 𝑟̃eon

. (S20) 

With 𝛽 = √
𝑟̃𝑖+𝑟̃eon

𝑟̃CT
SEI ∙ 𝑑̃SEI ≈ √

𝑟̃eon

𝑟̃CT
SEI ∙ 𝑑̃SEI, Eq. (S20) further simplifies to: 

1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI + 

𝑅̃CT
int +

𝑅̃CT
int ∙ 𝑟̃𝑖

2

𝑅̃CT
SEI ∙ 𝑟̃eon

∙ 𝑑̃SEI + 𝑟̃eon 𝑑̃SEI

𝑅̃CT
int

𝑟̃CT
SEI ∙ 𝑑̃SEI +

𝑟̃eon

𝑅̃CT
SEI ∙ 𝑑̃SEI +

𝑅̃CT
int

𝑅̃CT
SEI + 1

. (S21) 

For 𝑘̃𝑖 = 1, the terms 
𝑅̃CT

int

𝑟̃CT
SEI 𝑑̃SEI = 10−5, 

𝑟̃eon

𝑅̃CT
SEI 𝑑̃SEI = 10−4 and 

𝑅̃CT
int

𝑅̃CT
SEI = 10−7 in the denominator are all 

negligible,  leading to: 
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1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI + 𝑅̃CT

int +
𝑅̃CT

int ∙ 𝑟̃𝑖
2

𝑅̃CT
SEI ∙ 𝑟̃eon

∙ 𝑑̃SEI + 𝑟̃eon 𝑑̃SEI. 
(S22) 

Since the terms 𝑟̃𝑖 𝑑̃SEI = 109, 𝑅̃CT
int = 108 and 

𝑅̃CT
int 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

𝑑̃SEI = 1 are all much lower than 𝑟̃eon 𝑑̃SEI =

1011, we obtain finally: 

1

𝑗𝑖̃
= 𝑟̃eon 𝑑̃SEI. 

(S23) 

and 

𝑗𝑖̃ =
1

𝑟̃eon 𝑑̃SEI

=
𝐷̃eon 𝑐̃eon

𝑥=0

𝑑̃SEI

. (S24) 

 

Regime (iii) 

With further increasing rate constant 𝑘̃𝑖, the parameter 𝛽 reaches very large values. In this case, 

the sinh and cosh functions can be approximated by 

lim
𝛽→∞

sinh(𝛽) = lim
𝛽→∞

cosh(𝛽) =
𝑒𝛽

2
. 

(S25) 

Since 𝑟̃𝑖 𝑟̃eon ≪ 𝑟̃eon
2 holds, the term 2 𝑟̃𝑖 𝑟̃eon in the numerator of Eq. (S9) can be neglected, and 

Eq. (S9) simplifies to: 

1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI +

√𝑟̃CT
SEI

(𝑟̃eon)
3

2⁄
  

𝑟̃eon
2 + (

𝑟̃𝑖
2

𝑅̃CT
SEI +

𝑟̃eon
2

𝑅̃CT
int ) ∙ √𝑟̃CT

SEI 𝑟̃eon

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI 𝑟̃eon

 (S26) 

and 

1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI +

√𝑟̃CT
SEI 𝑟̃eon +

𝑟̃CT
SEI 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

+
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI 𝑟̃eon

. (S27) 

With 𝑅̃CT
SEI ≫ 𝑅̃CT

int, it follows: 
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1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI +

√𝑟̃CT
SEI 𝑟̃eon +

𝑟̃CT
SEI 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

+
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int +
√𝑟̃CT

SEI 𝑟̃eon

𝑅̃CT
int

. (S28) 

In the denominator of the right-hand side of (S28),  
√𝑟̃CT

SEI 𝑟̃eon

𝑅̃CT
int = 106 is significantly larger than  

𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int = 105 and 1. Furthermore at 𝑘̃𝑖 = 104, the term 
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int = 1016 in the numerator is 

significantly larger than  
𝑟̃CT
SEI 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

= 105 and √𝑟̃CT
SEI 𝑟̃eon = 1010 . Accordingly, Eq. (S28) simplifies 

to: 

1

𝑗𝑖̃
= 𝑟̃𝑖 𝑑̃SEI + √𝑟̃CT

SEI 𝑟̃eon. 
(S29) 

With 𝑟̃𝑖 𝑑̃SEI ≪ √𝑟̃CT
SEI 𝑟̃eon we obtain finally: 

𝑗𝑖̃ =
1

√𝑟̃CT
SEI 𝑟̃eon

= 𝑐̃eon
𝑥=0 √𝑘̃𝑖 𝜀 𝑐̃𝑖

bulk 𝐷̃eon. (S30) 

 

Regime (iv) 

For very high rate constants around 𝑘̃𝑖 = 109, Eq. (S25) holds and the term 2 𝑟̃𝑖 𝑟̃eon can be 

neglected since 2 𝑟̃𝑖 𝑟̃eon = 2 ∙ 106 is significantly smaller than  
𝑒𝛽

2
 with 𝛽 ≈ 103. In this case, 

Eq. (S9) simplifies to: 

1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI +

√𝑟̃CT
SEI

(𝑟̃𝑖 + 𝑟̃eon)
3

2⁄
  

𝑟̃𝑖
2 + 𝑟̃eon

2 + (
𝑟̃𝑖

2

𝑅̃CT
SEI +

𝑟̃eon
2

𝑅̃CT
int ) ∙ √𝑟̃CT

SEI (𝑟̃𝑖 + 𝑟̃eon)

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI (𝑟̃𝑖 + 𝑟̃eon)

. (S31) 

With 𝑟̃𝑖 ≪ 𝑟̃eon Eq. (S31) reduces to Eq. (S32), which can be further simplified to Eq. (S33). 

1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI +

√𝑟̃CT
SEI

(𝑟̃eon)
3

2⁄
  

𝑟̃eon
2 + (

𝑟̃𝑖
2

𝑅̃CT
SEI +

𝑟̃eon
2

𝑅̃CT
int ) ∙ √𝑟̃CT

SEI 𝑟̃eon

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI 𝑟̃eon

 (S32) 
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1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI +

√𝑟̃CT
SEI 𝑟̃eon +

𝑟̃CT
SEI 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

+
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int + (
1

𝑅̃CT
SEI +

1

𝑅̃CT
int) ∙ √𝑟̃CT

SEI 𝑟̃eon

. 

(S33) 

 

With 𝑅̃CT
SEI ≫ 𝑅̃CT

int, it follows: 

1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI +

√𝑟̃CT
SEI 𝑟̃eon +

𝑟̃CT
SEI 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

+
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int

1 +
𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int +
√𝑟̃CT

SEI 𝑟̃eon

𝑅̃CT
int

. (S34) 

 

Since in the denominator, the term 
√𝑟̃CT

SEI 𝑟̃eon

𝑅̃CT
int ≈ 108 is significantly smaller than 

𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int = 1010, and 

in the numerator, the terms √𝑟̃CT
SEI 𝑟̃eon ≈ 107 and 

𝑟̃CT
SEI 𝑟̃𝑖

2

𝑅̃CT
SEI 𝑟̃eon

= 105 are significantly smaller than 

𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int = 1016, Eq. (S34) simplifies to: 

1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI +

𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
int

𝑟̃CT
SEI 𝑟̃eon

𝑅̃CT
SEI 𝑅̃CT

int

=
𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI + 𝑅̃CT

SEI. (S35) 

Furthermore, since 𝑅̃CT
SEI ≪

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖+𝑟̃eon
 𝑑̃SEI, we obtain finally: 

1

𝑗𝑖̃
=

𝑟̃𝑖 𝑟̃eon

𝑟̃𝑖 + 𝑟̃eon
 𝑑̃SEI. 

(S36) 

and 

𝑗𝑖̃ =
𝐷̃𝑖 𝜀 𝑐̃𝑖

bulk + 𝐷̃eon 𝑐̃eon
𝑥=0

𝑑̃SEI

. 
(S37) 
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6. Physical Meaning of the Nernst-Einstein Equation for Electron Diffusion 

A general description of electron transport is given by the Onsager relation for the electron flux:  

𝐽eon = −
𝜎eon

F2
∙
𝑑𝜇̃eon

𝑑𝑥
 

(S38) 

with 𝜎eon and 𝜇̃eon denoting the Onsager transport coefficient of the electrons and the 

electrochemical potential of the electrons, respectively. Since there is no electric potential gradient 

in the SEI, 𝜇̃eon can be replaced by the chemical potential of the electrons, 𝜇eon.  

At low electron concentrations, the activity coefficient of the electrons can be set to unity, resulting 

in the following relation for the chemical potential gradient of the electrons: 

𝑑𝜇eon

𝑑𝑥
= R𝑇

𝑑ln𝑐eon

𝑑𝑥
. 

 

(S39) 

The diffusion coefficient and the Onsager transport coefficient of the electrons can be written as:[8] 

𝐷eon = lim
𝑡→∞

𝑑

𝑑𝑡
[

1

6𝑁eon
(∑ (∆𝑅⃗ 𝑖(𝑡))

2

  

𝑁eon

𝑖=1

)] 

 

(S40) 

𝜎eon = lim
𝑡→∞

𝑑

𝑑𝑡
[

𝑒2

6𝑉 kB𝑇
(∑ ∆𝑅⃗ 𝑖(𝑡)

𝑁eon

𝑖=1

)

2

] (S41) 

with ∆𝑅⃗ 𝑖(𝑡) denoting the displacement vector of electron i. 

At low electron concentrations, correlated movements of different electrons can be neglected, 

implying that  (∑ (∆𝑅⃗ 𝑖(𝑡))
2

  

𝑁eon
𝑖=1 ) = (∑ ∆𝑅⃗ 𝑖(𝑡)

𝑁eon
𝑖=1 )

2
. This results in a Nernst-Einstein equation for 

electron transport: 

𝜎eon =
𝑁eon𝑒2𝐷eon 

𝑉 R𝑇
=

𝑐eonF2𝐷eon 

R𝑇
. 

 

(S42) 

Inserting 
𝑑𝜇eon

𝑑𝑥
 = RT 

𝑑ln𝑐eon

𝑑𝑥
 and the Nernst-Einstein equation into the Onsager relation for the flux 

results in Fick’s first law for electron diffusion:  

𝐽eon = −𝐷eon ∙
𝑑𝑐eon

𝑑𝑥
. 

 

(S43) 
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