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Introduction 

Methods of transmission electron microscopy 
were used to study the process of formation of 
crystals made up of nanocrystallites in films of a 
zirconia-based solid electrolyte, with the films 
being prepared by the method of ion-plasma 
sputtering  [1, 2]. 
 
Results and Discussion 

The methods of transmission electron 
microscopy and electron diffraction analysis were 
used to study the process of formation and growth 
of ordered nanocrystalline structures in films of a 
zirconia-based solid electrolyte. The films were 
deposited by the method of ion plasma sputtering 
on a glassceramic substrate or a fresh mica facet, 
which were covered first with a thin layer  
(~10 nm) of amorphous carbon.  

Initial stages of formation and growth of 
ordered nanocrystalline structures in films of a 
zirconia-based solid electrolyte were determined. 
They include linear, bilinear [3] and trilinear 
formations (Fig. 1) consisting of nanocrystallites, 
which generally have an irregular round shape and 
are 20÷40 nm in size on the average. As a rule, the 
process of formation and growth of ordered 
nanocrystalline structures leads to formation of 
ordered nanocrystalline objects having a regular 
geometrical shape [2]. Electron diffraction patterns 
of linear, bilinear and trilinear ordered 
nanocrystalline structures, as well as those of 
ordered nanostructured objects, which have a 
regular geometrical shape, are point patterns, 
suggesting the monocrystalline character of the 
nanocrystallites forming these structures. The 
character of the electron patterns of the ordered 
nanocrystalline formations, which are similar to 
the electron patterns of block crystals [2], suggests 
a high coordination and orientation ordering of 
their constituent nanocrystallites. 
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Fig. 1. Electron microscopic image of a 
trilinear ordered nanocrystalline structure of a film 
of a zirconia-based solid electrolyte.  
 
 

Thus, as regards the character of their 
formation, development and morphological 
features, the ordered nanocrystalline structures 
behave themselves as two-dimensional crystals 
formed of nanocrystallites. This is exemplified by 
our observation of crystals formed of 
nanocrystallites (Fig. 2).  

Since the nanocrystalline structures are 
isolated from the substrate by a layer (~10 nm) of 
amorphous carbon, it can be stated that the process 
of formation of two-dimensional crystals made up 
of nanocrystallites is due to the auto-orientation 
leading to an ordered arrangement of 
nanocrystallites. However, the auto-orientation 
mechanism of formation of two-dimensional 
crystals made up of nanocrystallites operates 
jointly with the atomic-molecular mechanism of 
formation of nanocrystallites themselves, which 
are constituent elements of the two-dimensional 
crystal.  
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Fig. 2. Electron microscopic image of a two-
dimensional crystal formed of nanocrystallites in a 
film of a zirconia-based solid electrolyte. The 
crystal has a trapezoid shape.  

 
 

Conclusions 
The investigations into the process of 

formation of ordered nanocrystalline structures in 
films of a zirconia-based solid electrolyte have led 
to the following conclusions:  

1.  Two-dimensional crystals made up of 
nanocrystallites appear during formation of films 
of a zirconia-based solid electrolyte.  

2.  The ordered arrangement of nanocrystallites 
in two-dimensional crystals formed of 
nanocrystallites is due to an auto-orientation 
mechanism.  

3.  The process of formation of two-
dimensional crystals made up of nanocrystallites 
involves two types of the structure self-
organization:  

1)  at the atomic-molecular level, leading to 
formation of nanocrystallites;  
2)  at the nanocrystalline level, leading to 
formation of two-dimensional crystals made up 
of the nanocrystallites. 
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