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Due to their high ionic conductivities, strontium-substituted lanthanum cobaltites 
La1-xSrxCoO3-δ (LSC) have potential applications as high temperature fuel cell cathodes, gas 
separation membranes or oxygen sensors. We investigated different La0.4Sr0.6CoO3-δ powders 
(x = 0.6), that are synthesized by the glycine nitrate process [1]. The ionic conductivity from 
this heavily Sr doped material shows a maximum at a certain δ value [2]. This behavior may 
be explained by the formation of oxygen vacancy ordering [3]. Two powders with different 
oxygen concentration, LSC (3-δ ≈ 3) and LSC+ (3-δ = 2.71) are prepared and investigated by 
TEM. A typical TEM bright field image shows a characteristic LSC+ grain (Fig. 1). By using 
energy-filtering transmission electron microscopy (EFTEM) the elemental distribution shows 
that both samples are perfectly homogenous [4]. 
 
The electron diffraction pattern of the LSC+ (but not of the LSC) also shows additional 
reflections in the [1 -1 -1] zone axis (Fig. 2) which may be explained by a superstructure. The 
reason of the superstructure is not really clear in any case and can be explained by different 
ways of ordering in La1-xSrxCoO3-δ. The first alternative is oxygen vacancy ordering which 
was investigated on La0.5Sr0.5CoO2.25 [5]. But also observed was a superstructure by atomic 
ordering in La0.5Sr0.5CoO3 [6]. Further possibilities are charge ordering [7] or ordering of oc-
tahedron tilting [8]. The ionic conductivity as a function of oxygen non-stoichiometry (Fig. 3) 
present an increase until a maximum is reached. A further unexpected decrease in the conduc-
tivity can be explained by the immobilization of oxygen vacancies via ordering in a super-
structure [2]. First investigations with  electron energy loss spectroscopy (EELS) show differ-
ences in the near-edge fine structure of the oxygen K ionization edge for both samples [9].  
 
In the bright field image most particles of LSC+ exhibit typical domains (Fig. 1) which are 
not found in LSC. High resolution images (HRTEM) of LSC+ grains show domain 
boundaries between anisotropic domains (Fig. 4). The insets are Fourier transforms (FFT) of 
two bordering domains which are in a 90° orientation to each other. The FFTs showing 
additionally spots (arrows) which are corresponding to the superstructure reflections from the 
electron diffraction pattern of LSC+ (Fig. 2). These domains are well known but the mecha-
nism forming the domain is not yet clear and it’s worth mentioning that not every LSC+ 
sample has the same yield on domains. 
 
[1]   L.A. Chick, L.R. Pederson, G.D. Maupin, J.L. Bates, L.E. Thomas, G.J. Exarhos, Mater. Lett. 10 (1990) 6 
[2]   E. Bucher, W. Sitte, I. Rom, I. Papst, W. Grogger, F. Hofer, Solid State Ionics 152-153 (2002) 417 
[3]   R.H.E. van Doorn, A.J. Burggraaf, Solid State Ionics 128 (2000) 65 
[4]   I. Rom, F. Hofer, E. Bucher, W.Sitte, K. Gatterer, H.P. Fritzer, A. Popitsch, Chem. Mater. 14 (2002) 135 
[5]   Z.L. Wang, J.S. Jing, Y.D. Jiang, Micron 31 (2000) 571 
[6]   Z.L. Wang, J. Zhang, Physical Review B 54(2) (1996) 1153 
[7]   P.G. Radaelli, D.E. Cox, M. Marezio, S-W. Cheong, Physical Review B 55(5) (1997) 3015 
[8]   N.W. Thomas, Acta Cryst. B54 (1998) 585 
[9]   I. Letofsky-Papst, W. Grogger, I. Rom, F. Hofer, E. Bucher, W. Sitte, Microsc. Microanal. 8(2) (2002) 618 
[10] We gratefully acknowledge financial support by the Fonds zur Förderung der wissenschaftlichen 
        Forschung, Vienna, Austria within the Special Research Program Electroactive Materials. 



                               
 

   Fig. 1. TEM bright field image of LSC+        Fig. 2. SAED pattern with superstructure spots 
 

 
Fig. 3. Ionic conductivity of La0.4Sr0.6CoO3-δ 

 

 
 

Fig. 4. HRTEM image of LSC+ showing two bordering domains with the corresponding FFT 
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