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For an application of mixed ionic-electronic conducting (MIEC) oxides, e.g., as solid oxide 
fuel cell (SOFC) cathodes, as high-temperature gas sensors or as oxygen-transport 
membrane (OTM) material, the kinetics of oxygen transport namely the chemical 
diffusion coefficient D and the surface exchange coefficient k are of fundamental 
importance as they determine the performance of the materials. 
A common setup for the determination of D and k values is the conductivity relaxation 
method where the conductivity response of a bulk MIEC sample is monitored (and 
evaluated according to Crank's theory) after the ambient oxygen partial pressure pO2 is 
abruptly changed using different gas mixtures. In the present study an alternative setup 
a closed tubular zirconia “oxygen pump” with Pt electrodes was employed to precisely 
control the pO2 continuously within the entire range between 10-20 ... 1 bar at 
temperatures above 700 °C. 
Conductivity relaxation measurements were performed on dense MIEC bulk samples of 
Ba0.5Sr0.5Co0.8Fe0.2O3- (BSCF), La0.58Sr0.4Co0.2Fe0.8O3- (LSCF), and La0.6Sr0.4CoO3- (LSC) at 
pO2 values between 10-6 and 1 bar in small pO2 steps (thus remaining close to chemical 
equilibrium) at temperatures between 700 and 900 °C in order to determine D and k 
values as a function of temperature and pO2. 
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Mixed oxide ionic-electronic conductors find potential applications in ceramic devices 
including oxygen separation membranes and solid oxide fuel cells (SOFC). Besides fast 
ionic transport, the challenge to researchers is to design oxide materials showing fast 
surface oxygen exchange kinetics between the gaseous phase and the oxide, allowing 
operation at intermediate temperatures (500-700°C). However, present understanding of 
the exchange kinetics on the surface of fast oxide ion conductors is still rudimentary. 
Recently, we developed a novel method, referred to as pulse-response isotopic exchange 
technique (PIE), for rapid measurement of the surface exchange kinetics. The method is 
based upon isotope analysis of an 18O-enriched gas phase effluent pulse after passage of 
a continuous-flow packed-bed microreactor loaded with the oxide powder. The 
measurements are carried out under isothermal and iso-pO2 conditions. Since the 
method relies on gas phase analysis of the fractions of oxygen isotopomers with masses 
36, 34 and 32 (18O2, 16O18O, and 16O2, respectively) by mass spectrometry also mechanistic 
information on the exchange reaction can be extracted from experiment. Results of 
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recent studies on selected perovskite- and fluorite structured oxides are presented, 
showing the usefulness of the PIE method. 
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Promising performances as cathode for SOFC were recently evidenced for 
Ba2Co2+

3Co3+
6O14 cobaltite[1]. This compound exhibits a 3D structure corresponding to the 

intergrowth of [Ba3n+1ConO3n+3] perovskite blocks and [CoO8] blocks also containing layers 
of CdI2 type. Ionic conduction was expected in the first blocks (oxygen vacancies) while 
the latter should display electronic conductivity (mixed valence). In this work, the 
Ba2Co2+

3Co3+
6O14 cobaltite has been proved to be a Mixed Ionic Electronic Conductor. 

Dense ceramics were obtained thanks to Spark Plasma Sintering of Ba2Co2+
3Co3+

6O14 
powder prepared by conventional solid-state reaction between BaCO3 and Co3O4. Here 
oxygen diffusion in these materials was confirmed by 18O/16O Isotope Exchange and 
Depth Profiling using Secondary Ion Mass Spectrometry imaging [2]. The oxygen diffusion 
coefficient (D*, cm2.s-1) and the oxygen exchange coefficient (k*, cm.s-1) were derived. 
The oxygen diffusion was confirmed by Electrical Conductivity Relaxation. Since the 
oxygen molecule dissociation at the surface may be strongly affected by the composition 
of the outermost atomic layer of the material, Low Energy Ion Scattering Spectroscopy 
was also carried out. 
[1] A. Rolle et al., Solid State Ionics 184 (2011) 204. 
[2] R.De Souza et al., Solid State Ionics 176 (2005) 1465. 
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SrTiO3 is an excellent example for mixed conducting electroceramic materials. Single 
crystalline as well as polycrystalline bulk material was often investigated in the past. 
However as a result of the high technological relevance of thin films in new applications 
such as ferroelectric memories or resistive memories the investigation of thin layers in 
the range of a few 100nm becomes increasingly important. 
In this contribution Fe-doped SrTiO3 thin films were prepared by pulsed laser deposition. 
Structural characterization was carried out by XRD, AFM and REM. The ionic conductivity 
in the thin SrTiO3 layers was investigated by means of 18O tracer experiments and 
subsequent SIMS. Diffusion profiles perpendicular to the surface were analyzed to gain 
access to the two parameters of interest, k and D. The fitting procedure also gives 
information on interfacial space charge layers, which are characterized by decreased 
vacancy concentrations and thus spatially varying tracer diffusion coefficients. 
In addition to the 18O tracer experiments, the SrTiO3 thin films were investigated by 
means of impedance spectroscopy. Special electrode geometries and the usage of 




