Charge Transport in Multicomponent Co-based Double Perovskites
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BaLnCo2O6-δ cobaltites (Ln – lanthanide) are mixed ionic-electronic conductors exhibiting high electronic conductivity along with oxygen ionic transport, making them suitable materials for applications in energy conversion devices. Introduction of multiple lanthanide species into the Ln sublattice can modify defect chemistry, structure and transport properties in these materials through increased configurational disorder [1]. As a consequence, charge carrier concentration, mobility, oxygen surface exchange may be affected. Previous studies on BaLnCo2O6-δ compositions containing one element in Ln sublattice revealed predominantly orthorhombic symmetry with ordered oxygen vacancies [2]. In contrast, multicomponent oxides exhibit tetragonal symmetry, indicating suppression of oxygen vacancy ordering due to configurational disorder [3]. This difference in anion sublattice is essential for understanding oxygen transport in these materials, since it is controlled by the distribution of oxygen vacancies, which build diffusion pathways.

This work explores the transport behavior in a series of Ba(Ln₁/xLn’₁/xLn’’₁/x…Lnₓ’₁/x)Co₂O₆−δ (x = 8–12). Electrical conductivity and Seebeck coefficient measurements were performed under humidified and dry conditions and varying oxygen partial pressure along with thermogravimetry analysis to probe charge carrier type, concentration, transport mechanisms and possible contribution of protonic defects. Transport parameters were analyzed as a function of temperature and oxygen partial pressure. Furthermore, electrical conductivity relaxation (ECR) experiments were conducted to evaluate oxygen surface exchange coefficients and bulk diffusion, providing insights into electrochemical kinetics of these oxides. 
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