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BOUNDARY IN MgO 
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The atomic structure of a symmetric 27"[001] tilt grain boundary in M@ 
determined by high-resolution Z-contrast imagin using a 300 kV VG HB603U 

grain boundary core is found to be considerably less open than the structures propose 
earlier for similar materials." 

transmission electron microscope with a 1.3 K probe. The atomic configuration 

Fig. 1 shows the 2-contrast image of the grain boundary and the projected structure derived 
from the image. It is clearly seen that the boundary is a shared plane of atoms with the 
same atomic column density as a bulk crystal { IOO} plane. The boundary consists of an 
array of separated perfect edge dislocation cores with Burgers vector b= a<100>. It is 
interesting to point out that the spacing between dislocation cores in the boundary is not 
uniform (as seen in Fig. 2). The arrangement, which follows the Fibonacci sequence, can 
be accurately predicted? These dishcation cores, labeled A, B and C in the schematic, are 
composed of seven atomic columns. However, the intensity from the central column is 
significantly reduced relative to its neighbors, indicating the possibility of reduced atomic 
density at the center of the cores. It is also noted that certain columns in the boundary (3 
and 5 in the schematic) are brighter than their neighbors. This implies that impurity 
segregation of elements with atomic numbers greater than that of Mg (Z=12) should be 
considered. It may be that it is the impurities that have stabilized this structure. 

Bond lengths determined directly from the images have been used to perform bond valence 
sums assuming full occupancy of all atomic columns.6 The results, listed in Table 1 for ten 
atoms in the boundary and one atom in the bulk, strengthen OUT interpretation of the 2- 
contrast images. The 2.90 value for the centrd core atom (7) is much Iarger than the 1.96 
value for a bulk Mg atom, again, indicating reduced occupancy in this column. The low 
values found for atom 3 and 5 are also consistent with the evidence for impurity 
segregation to these sites. Replacement of Mg with Ca in these sites would bring the 
calculated valence much closer to the expected value of 1.96. Both atomic resolution 
electron energy loss spectroscopy analysis and ab initio calculation are in progress. 
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Fig. 1 (a) High-resolution Z-contrast image of a symmetric 27"[001] grain boundary in 
MgO; (b) the boundary structure derived from the image. 

Atom 1 2  3 4 5 6  7 8 9 10 Bulk 

IVaIencel 1.57 1.81 1.32 1.72 1.44 1.65 2.90 2.54 2.58 2.10 1.96 

TabIe 1 The bond valence sums calculated for numbered atoms in fig. le). 

Fig. 2 Image of a longer section of the boundary showing the non-uniform spacing 
between dislocation cores. 
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