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1. Charge Transfer Resistance (Rct) and Interfacial Capacitance (Cint) 

 

Supporting Figure 1: Interfacial capacitance of the microelectrode sample at 400 °C, calculated from fitted impedance 

spectra, shown as values across six cycles and the average across all six cycles. 

The charge transfer resistance (Rct) and interfacial capacitance (Cint) of the LSCrMn 

microelectrodes were obtained from impedance spectra measured at 400 °C. As mentioned in 

the main text, the Cdl||Rct feature is a medium frequency feature that dominates the spectra at 

low applied biases and shrinks drastically with increasing negative bias, before visually 

disappearing at an applied bias below - 0.72 V vs. 1 bar O2. Applied circuit models are shown 



 

 

in the main text in Figure 4c) (– 0.07 V to – 0.47 V) and Figure 4e) (– 0.52 V to – 0.72 V). All 

fitted values were normalized to the geometric electrode area of the  

microelectrode (7.1 × 10-4 cm²). 

Supporting Figure 1 shows Cint as a function of potential across six measurement cycles. Cint 

remains almost constant at around 0.4 mF cm⁻² between – 0.07 V and – 0.47 V, followed by a 

sharp decrease to circa 0.02 mF cm⁻² at – 0.72 V, indicating a potential-dependent change in 

interfacial capacitance under increasingly reducing conditions. The large value of 400 µF/cm2 

in the low voltage range is far beyond of what one might expect from an electrochemical double 

layer, i.e. an electrostatic capacitor. Most probably some chemical charge storage at the 

interface is involved which seems to decrease strongly upon reducing conditions. Specific 

mechanisms causing this capacitance are unknown yet. However, large interfacial capacitances 

are also reported in literature for La0.6Sr0.4CoO3‐δ and La0.6Ba0.4CoO3‐δ [1]. 

 

Supporting Figure 2: Charge transfer resistance of the microelectrode sample at 400 °C, calculated from fitted 

impedance spectra, shown as values across six cycles and the average across all six cycles. 

Supporting Figure 2 shows the corresponding Rct values, which decrease from 7.2 × 10¹¹ Ω 

cm² near open-circuit potentials to 1.3 × 10¹⁰ Ω cm² at – 0.35 V and 7.85 × 10⁷ Ω cm² at  

– 0.72 V. 



 

 

In the calculated Brouwer diagram (see main text Figure 10), the oxygen vacancy concentration 

drastically increases in the given voltage range and thus a substantial decrease of Rct with more 

negative potentials is in accordance with the interpretation of Rct as the charge transfer at the 

electrode/electrolyte interface. 

 

 

2. XPS: 

As written in the supporting information notice in the main text, the XPS raw data and the Mn 

2p peak fit are provided as VAMAS files (readable i.e. with CASAXPS). 

The measurements consisted of a step-wise decrease in voltage from -0.6 V down to -1.9 vs. 1 

bar O2 in 100 mV steps. This was followed by a step-wise re-oxidation of the sample back to -

0.6 V vs 1 bar pO2. XPS spectra of Cr 2p, O 1s, Mn 2p, Sr 3d and La 3d were recorded at each 

potential step. (For practical reasons, the voltage was switched during the survey 

measurement.) 

The voltage of each step is given in the "Sample Identifier" row ("counter electrode 

conditioning" referees to the conditioning steps described in “UHV-based analytics with 

electrochemical oxygen activity control” [2] and corresponds to the most oxidizing conditions 

measured).  Mn 2p was fitted using one fingerprint shape each for the 3+ and 2+ oxidation 

state, derived from [3][4]. Components and restrictions can be examined in the "Quantification 

Parameters", where the components "Mn 2p 3+ A-E" together create the Mn 3+ peak shape, 

while "Mn 2p 2+ A-H" create the Mn 2+ peak shape. (To display the peak shapes as shown in 

the manuscript got to "Options" -> "Tile Display" -> "Colours" and select "Combine Copm 

Index".) 



 

 

 

Supporting Figure 3: XPS measurements of Cr in the range of -1.4 to -2.0 V against 1 bar O2.  

Supporting Figure 3 shows EXACT-XPS measurements of the Cr in the range of -1.4 to -2.0 

V. Within the, for the conclusions of the publication relevant, potential range from -1.4 V to -

1.8 V vs. 1 bar O2, no detectable change in the Cr oxidation state was observed. In contrast, the 

Mn spectra show a clear and quantifiable reduction from Mn3+ to Mn2+ over the same potential 

window (see Figure 7 of the Main Publication). This provides direct experimental evidence 

that Cr remains predominantly in the Cr3+ state during the main charge-storage process. At 

potentials below -1.8 V, small changes in the Cr spectra can be observed. However, these 

changes cannot be reliably quantified due to the lack of suitable reference spectra for Cr2+ in 

comparable chemical environments. We therefore explicitly refrain from assigning these 

features to a specific oxidation state. While these spectral changes may hint that the third low-

potential capacitance peak could involve partial Cr reduction, the available data does not allow 

a definitive conclusion. 

 

 

 

 



 

 

3. Experimental 

For a better, real-life understanding of the architectures, photographs of both the half-cell and 

microelectrode samples have been taken and can be seen in Supporting Figure 4. 

 

Supporting Figure 4: Photographs a) the half-cell and b) microelectrode samples. 
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