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 HREM imaging of the non-stoichiometric Ca.83CuO2 crystal may disclose 
very remarkable features of its composite structure. Due to non-stoichiometry and 
interpenetration of the two incommensurate subsystems: "Ca-chains" and CuO2-
ribbons"[1], the lattice of Ca atoms and Cu atoms are characterised by different inter-
columnar spacings. These two types of atomic columns can be selectively revealed 
for variable crystal thickness under the same imaging conditions.  
 Imaging of crystal structure generally depends on instrumental and 
observation parameters such as: focussing, aperture, crystal tilt, and specimen 
thickness. Contrast of atomic columns is a consequence of dynamical interaction of 
channeling electron[2] with the crystal potential. The focusing depth of an atomic 
column depends on the density along the column and on the atomic number Z. Thus, 
at constant thickness, columns of different types are imaged with different contrast, 
while the same type of columns are imaged differently at different thickness. 
  A remarkable HREM image of the wedge-shaped Ca.83CuO2 crystal[1] is 
represented in Figure 1. Projected positions of Ca- and Cu-columns are imaged in the 
central part of Fig. 1 as a sequence of alternating vertical rows of bright and less 
bright dots. Dot brightness is modulated in vertical direction that corresponds to the 
crystallographic direction along which the two sublattices are nearly commensurate; 
the length of modulation period of 1.64 nm is a spacing for which 6 Cu-Cu 
intercolumnar separation units nearly coincides with 5 separation units between the 
Ca-columns in the crystal structure. In the thinnest part (at left) the bright dot pattern 
reveals only the Cu-columns, whereas at medium thickness (central part of Fig. 1) the 
brightest dots reveal arrangement of Ca-columns. In still thicker part (at right) 
separation between bright dots corresponds to spacing between Cu-columns. This can 
be deduced from the calculated electron diffraction patterns along the corresponding 
zone shown in Figure 2. Pendelloesung plot of the intensity of image forming beams 
as a function of crystal thickness is represented as in Figure 3. Intensity of the beams 
that belong to reciprocal lattice of Ca-subsystem is higher in comparison to that of 
CuO2-subsystem for the thickness of t1 = 8.7nm, while for the thickness of t2 = 
21.8nm, the intensity ratio is reversed. 
 Calculation of the electron diffraction patterns in Fig.2, as a function of 
thickness, and the analysis of the Pendellosung plot in Fig. 3, of the main beams 
responsible for imaging of sublattices either of Cu- or of Ca-columns[3], strongly 
support the interpretation of thickness dependent imaging of atomic columns in the 
composite Ca.83CuO2 crystal in Fig. 1. Calculated HREM images also confirm this 
conclusions. 



 
 
Figure 1. HREM imaging of the wedge-shaped composite Ca.83CuO2 crystal; thickness increases from  
left to right. Period of near-coincidence of two sublattices - 1.64nm is marked by vertical bar; projected 
positions of Cu-, and Ca-columns are marked by 6 and 5 dots, respectively.   
 

 
 
Figure 2. Optical FT patterns from the left, central, and right part of Fig. 1, and the calculated ED patterns 
for two intermediate crystal thickness t1 (center-left), and t2 (center-right). 
 

 
 
Figure 3.  Pendelloesung plot of amplitudes of main image forming beams; beams labelled: 0,2- 6,1- and 
12,0- belong to the CuO2-sublattice, while beams labelled: 0,2- 5,1- and 10,0 belong to the Ca-sublattice.  
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