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Fig. S1 SEM images of a) cross-sectional view of the GCO/8YSZ-electrolyte interface, b) top view of the
gold current collecting layer (CCL), and c) post-mortem analysis of the electrolyte-electrode interface.
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Fig. S2 Arrhenius plot of the ionic conductivity of 8 mol% yttria-stabilized zirconia (8YSZ) calculated

from data of Rgj,e (Table S4) with data reported in literature.*
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Fig. S3 Arrhenius plot and oxygen partial pressure dependence of (a, b), ion transfer resistance (Rjp¢)
and (c, d) effective capacitance (Cj,;). Data obtained from equivalent circuit fitting of impedance

spectra of symmetrical cells, GCO | 8YSZ | GCO, recorded (a, c) at different temperatures in CO,/CO
50/50 and (b, d) at 750 °C in different CO,/CO gas mixtures.
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Fig. S4 Arrhenius plot and oxygen partial pressure dependence of (a, b) surface reaction resistance
(Rreact) and (c, d) effective capacitance (Creact)- Data obtained from equivalent circuit fitting of
impedance spectra of symmetrical cells, GCO | 8YSZ | GCO, recorded (a, c) at different temperatures in
C0,/C0O 50/50 and (b, d) at 750 °C in different CO,/CO gas mixtures. The dashed lines serve as guides

for the eye.
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Fig. S5 Comparison of electron carrier concentrations [Ce.] at 750 °C determined from the oxygen
partial pressure-dependent capacitance data (shown in Fig. S4c) using eqn (2) with corresponding
values calculated from data of oxygen non-stoichiometry of GCO reported by Bishop et al.!
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Fig. S6 Z11.m|w—o as a function of GCO electrode thickness, showing an optimal electrode thickness
(dopt) at around 32 pm. Values of Ztp v |,,-0 Were calculated after thickness-dependent scaling of the
resistance values Rjyy, Reon and Ryeact determined at 750 °C in CO,/CO 50/50 (listed in Table S3). The
parameter dexp represents the experimentally applied electrode thickness.
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Fig. S7 a) Impedance spectra of the full cell (0,/N,) LSCF | GCO | 8YSZ | GCO (CO,/CO 90/10) recorded
at 750 °C under OCV in different O,/N, gas mixtures, and b) equivalent circuit used for fitting.
Corresponding data obtained from fitting are listed in Table S6.
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Fig. S8 Correlation between electron carrier concentration [Ceg.] and electronic conductivity at 750
°C. Data of [Ce,] were calculated from oxygen non-stoichiometry data of GCO reported by Bishop et
al.* The electronic conductivity of GCO is calculated using Geon = 09,,p0,™". Values of 63,, and m
obtained from fitting experimental data of the total conductivity (Fig. 6) are listed in Table S5. The
linear relationship between both parameters reflects a constant mobility of the electronic charge

carriers within the experimental range. The dashed straight line is from linear regression analysis of
the data.



Table S1. Electrode parameters and equations for estimating values of Ry, and R, used for fitting
of data of impedance spectroscopy. Conductivity and resistance values are specified for 750 °C.

Parameter Value Reference/equation
Thickness () 20 um Estimate from SEM cross-
sections
Geometrical surface area (A) 0.785 cm?
Porosity (€) 0.37 Estimate from SEM cross-
sections
Tortuosity (1) 1.5 Ref. ?
lonic conductivity (0iop) 0.055Scm™ Fig. 6
Effective ionic conductivity (gjon eff) 0.023Scm™ Oion(1 —€)
Oion,eff = R
Effective ionic resistance (Rjop) 0.086 O cm? . l
on Ojon,eff
Electronic conductivity (Gen) 0.17Scm™ Fig. 6
(p0, =~ 1072%1 par)
Effective electronic conductivity (Geon eff) 0.070 Scm™ Ocon(1l —€)
Oeon,eff = f
(p0, =~ 1072%1 bar)
Effective electronic resistance (Reop) 0.028 Q cm? - l
eon Oeon,eff
(pO, ~ 107291 bar)




Table S2. Best-fit parameters obtained from equivalent circuit fitting of the impedance spectrum
shown in Fig. 3a.

Parameter Value Unit Error Error%
L 377.8x10° H 0.8x10° 0.2
Relrte 0.488 Q cm? 0.001 0.2
Rint 9.2x 103 Q cm? 0.9x 103 9.5
Qint 9.2x 103 Fs%nt~lem=2  1.6x10° 17.3
®int 0.87 - 0.025 2.8
Reon 0.023 Q cm? 0.001 4.2
Rion 0.072 Qcm? 0.002 2.0
Rieact 0.085 Qcm? 0.001 0.5
Qreact 1.120 F s%eact™l c;y=2  0.004 0.5
Qreact 0.809 - 0.002 0.3

Goodness of fit: x> = 4.8 x 107




Table S3. Resistance values obtained from fitting impedance spectra of symmetrical cells GCO | 8YSZ | GCO recorded at 750 °C in different CO,/CO gas

mixtures.
COZ/CO Roo Rellte Rint Reon Rion Rp Rreact ASR
(Qcm?) (Qcm?) (Qcm?) (Qcm?) (Qcm?) (Q cm?) (Qcm?) (Q cm?)
50/50 0.525+0.001 0.488 +0.002 0.009 *0.001 0.028 0.086 0.021 0.085+0.001 0.131+0.001
70/30 0.549+£0.001 0.489+0.003 0.009*0.001 0.078 0.086 0.041 0.109+0.001 0.172+0.001
80/20 0.557+£0.001 0.478 £+0.002 0.009 +£0.001 0.118 0.086 0.049 0.141 £0.001 0.217 £0.001
90/10 0.580+0.001 0.475+0.001 0.008 +0.002 0.216 0.086 0.061 0.234+0.001 0.341+0.001
95/05 0.607 £0.001 0.478 £0.005 0.009 +0.002 0.379 0.086 0.070 0.427 £0.003 0.586 +0.002

Table S4. Resistance values obtained from fitting impedance spectra of symmetrical cells GCO | 8YSZ | GCO recorded at different temperatures in CO,/CO

50/50.
T Reo Reie Rint Reon Rion R, Rreact ASR
() (Q cm?) (Q cm?) (Q cm?) (Q cm?) (Q cm?) (Q cm?) (Q cm?) (Q cm?)
650 1.168 £ 0.006 1.047 +0.020 0.026 =0.001 0.110 0.173 0.061 0.202 £+ 0.001 0.320 +0.006
700 0.792+£0.005 0.742+£0.001 0.015+0.001 0.044 0.127 0.031 0.117 £+ 0.001 0.187 £0.002
750 0.525+0.001 0.488 +0.002 0.009 +0.001 0.023 0.086 0.018 0.085+0.001 0.131+0.001
800 0.395+0.001 0.387+0.001 0.006+0.001 0.004 0.051 0.004 0.073 +£0.001 0.096 +0.001
850 0.327+£0.001 0.323+0.002 0.003+0.001 0.002 0.034 0.002 0.067 £+ 0.001 0.081 +0.001




Table S5. Parameters obtained from fitting experimental data of the total conductivity (Fig. 6) to gyt =

0 m
Oion + Oeon X pOZ .

T Tion ol m
(°C) (Scm™) (Scm™) (-)
650 0.028 6.31x 108 +3 x 10 -0.249 +0.008
700 0.039 2.72x107+7x10%° -0.260 + 0.008
750 0.055 1.00 x 10°+ 1 x 10°8 -0.265 +0.002
800 0.076 3.30x10°+ 3 x 10°8 -0.279 +0.003
850 0.113 8.07 x 10°+ 3 x 107 -0.291+0.011




Table S6. Resistance values obtained from fitting impedance spectra of full cells (0,/N,) LSCF | GCO | 8YSZ | GCO (CO,/CO 90/10) recorded at 750 °C under
OCV in different O,/N, gas mixtures.

pO. = Relrte Rint Reon Rion Ry Rreact Ryscr Rpol
(atm) (Qcm?) (Qcm?) (Q cm?) (Qcm?) (Q cm?) (Q cm?) (Q cm?) (Qcm?) (Q cm?)
0.21 | 0.569+0.001 0.517+0.001 0.032+0.009 0.216 0.086 0.061 0.266 £0.003 0.006 £0.001 0.352+0.001
0.10 | 0.572+0.001 0.520+0.001 0.024 +0.008 0.216 0.086 0.061 0.262 £0.010 0.040+0.001 0.378+0.016
0.02 | 0.576+0.006 0.524+0.001 0.025+0.008 0.216 0.086 0.061 0.277+£0.012 0.212+0.003 0.521+0.043
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