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Introduction 

Flat diamond-shaped crystals, whose lattice 
undergoes a uniform elastic twist distortion 
around [001], which coincides with the direction 
of the short diagonal of the diamond-shaped 
crystal, grow in amorphous films of selenium at 
the crystallization temperature of 53÷433 К [1]. 
Methods of transmission electron microscopy 
were used to study the real structure of nanothin 
(~80 nm) crystals of hexagonal selenium and 
formation of twist block boundaries in these 
crystals. Amorphous films of selenium were made 
by the method of thermal sputtering in a vacuum 
on a fresh cleaved mica facet and were covered 
with nanothin (~10 nm) layers of amorphous 
carbon. 
 
Results and Discussion 

Nanothin crystals of hexagonal selenium were 
detected by the method of transmission electron 
microscopy and were studied by the methods of 
bending extinction contours [1], electron 
diffraction analysis and selected area electron 
diffraction analysis. The patterns of bending 
extinction contours in electron microscopic 
images of these crystals (Fig. 1) are considerably 
different from those in electron microscopic 
images of crystals whose lattice has a uniform 
elastic twist distortion around [001] [1]. The 
density of bending contours at the center of the 
detected crystals is considerably different from 
the corresponding density at the crystal periphery. 
The maximum of the density of bending contours 
either coincides with the center of the diamond-
shaped nanothin crystal or is perceptibly 
displaced relative to the center along the direction 
of the long diagonal (Fig. 1).  

 

 
 

 
 

Fig. 1. Microphotographs of nanothin 
selenium crystals whose lattice has a nonuniform 
twist distortion around the C-axis, ×10000. 

 
 
Values of the specific twist of the crystal lattice, 

Θ, at different points of crystals in the direction of 
the maximum growth rate were calculated by the 
method of bending contours for the detected 
nanothin crystals of hexagonal selenium with a 
variable density of contours. A characteristic curve 
showing the change of Θ along the direction of the 
maximum growth rate of the nanothin crystal is 
shown in Fig. 2. Analyzing this curve, it is possible 
to see the following features of Θ in nanothin 
crystals of hexagonal selenium: 1. The specific  
twist Θ is not constant, but changes in the detected 
crystals. Therefore, the detected crystals are 
characterized by a nonuniform elastic twist 
distortion of the lattice. 2. The specific twist Θ is 
maximum at the center of the crystal. 
Correspondingly, as regards the behavior of Θ, 
nanothin selenium crystals fall into two groups: 1. 
crystals with Θ = const; 2. crystals with Θ ≠ const.  
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Fig. 2. Variation of the specific twist of the  
lattice of a nanothin selenium crystal. c.c. denotes 
the crystal center. 
 
 
A reasonable explanation of the elastic twist 
distortion of the lattice in nanothin crystals of 
hexagonal selenium around the C-axis has been 
unavailable. In our opinion, this is due primarily 
to the fact that the role of nanothin layers of 
amorphous carbon has been disregarded [2, 3]. 
Clearly, when stresses act on a crystal, which is 
compressed between amorphous carbon layers 
and the amorphous matrix (Fig. 3), the elastic 
bending of the lattice, rather than bending of the 
crystal as a whole, is efficient in energy terms 
for the nanothin crystal. Taking into account the 
antisymmetry of the stress tensor for a 
continuum with a rotational interaction of 
particles, it is seen that the elastic twist 
distortion of the lattice in nanothin selenium 
crystals is a natural "response" of the crystal 
similarly to its stretching or compression under 
the action of a symmetric stress tensor.  
 

 
 

Fig. 3. Schematic cross section of a diamond-
shaped nanothin crystal of selenium in an 
amorphous matrix. The cross section is 
perpendicular to the crystal surface and 
coincides with the long diagonal of the rhomb.  
1 − nanothin crystal; 2 − amorphous carbon matrix; 
3 − nanothin amorphous matrix. 
 

The relaxation of the nonuniform elastic twist 
distortion of the lattice in some part of the nanothin 
crystal results in formation of a twist block 
boundary in this crystal (Fig. 4).  
 

 

 
 

Fig. 4. Microphotograph of a nanothin selenium 
crystal with a twist block boundary exposed to the 
growth front, х10000. A characteristic plot 
showing the variation of Θ in a crystal with the 
boundary. 
 
 

A characteristic plot showing the variation of Θ 
in a nanothin crystal, including its blocks, confirms 
that the relaxation of the elastic twist distortion of 
the lattice did occur in one of the crystal blocks. 
 
Conclusions 

Nanothin crystals of hexagonal selenium with a 
nonuniform elastic twist distortion of the lattice 
around [001] were found. It was shown that twist 
block boundaries were formed due to the 
relaxation of the nonuniform elastic twist distortion 
of the lattice in some part of the nanothin crystal.  
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