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Habits of nanocrystals of cubic and hexagonal systems

Valery Liopo®, Valery Sarokin, Emil Yankov?, Irena Liaushuk, Andrey Sabutz *
Yyanka Kupala State University of Grodno, Belarus
E-mail: liopo@grsu.by, sorvgé3@mail.ru, ilavshuk@grsu.by, sabutz@grsu.by
2University of Ruse, Bulgaria
E-mail: eyankov@uni-ruse.bg

Abstract: habits of coordinational polyhedras are considered as forms of nanocrystals. Habits for coordination polyhedra with numbers
from 1 to 30 are given. It was analazide the cubic and hexagonal lattices. There are the next nanocrystals: primitive, cubic and inter-
centered and face-centered and diamond-like (all cubic) and hexagonal close packed.
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1. Introduction

The forms of nanocrystal polyhedra (habits) depend on the
crystallographic system. The surface of habit polyhedra (HP) of
various sizes has different reticular densities. This affects to some
technological parameters, for example, the modifying activity of the
filling agent in polymer composites.

Knowledge about of the habits of nanocrystals (HNC) is need
not only for solving technical problems, but also for diagnostics and
medical treatment, and other [1, 2].

The vertices of the GNC are the atoms of the same coordination
sphere (CS). At the same time, the number of faces can exceed the
order of the point group, since atoms (vertices) can belong to planes
with different groups linked by point symmetry. For example,
planes (50 0) and (4 3 0).

2. The results of computer simulation

The object of the study was crystals with equal spherical shapes.
It was analyzed the lattices with next unit cells:

1. Primitive cubic (PC).

2. Volume-centered cubic (BCC). This unit cell is a
combination of two PC cells when the original coordinate of the 2-
nd cell is shifted to the point [['/,,1/,,1/,]] of the first unit cell.

3. Face-centered cubic (FCC). It is a combination of four PC
cells. If the first cell is taken as zero, then the origin of coordinates
of other cells will shift to the first cell, and as follows — the second

cell to the point [[1/,,1/,,0]], the third to the point [[1/,,0,%/,]],

fourth to point [[0,1/,,1/,]]-

4. The diamond-like system (DL). The unit cell of DL is
complex from two FCC-cells when the original coordinate of the 2-
nd cell is displaced to [[1/,,%/,.1/,]] of the first cell.

5. Hexagonal close-packed system (GPU). This system is a
two-layer closest packing of spherical atoms [3, 4].

HP with numbers for all these Ilattices are

in Figures 1 — 5.
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Fig. 1. Habit polyhedral of primitive cubic (PC)
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Fig. 2. Habit polyhedral of volume-centered cubic (BCC)

All vertices of a single polyhedron are located on the same
coordination sphere. Coordination numbers are indicated in

brackets.
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Fig. 3. Habit polyhedral of face-centered cubic (FCC)
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Fig. 4. Habit polyhedral of diamond-like system (DL)

The polyhedron (n — 1) is inside the polyhedron (n) and these
polyhedra do not have common vertices (atoms).
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Fig. 5. Habit polyhedral of hexagonal close-packed system (GPU)

The polyhedrons in Figures 1-5 are shown at different scales.

The number of atoms in a particle is equal to the sum Z}lzlnj,
where n; is the number of vertices of the j-th polyhedron. All
polyhedra are ideal models.

In real nanoparticles certain polyhedra (especially external) can
be unfinished. But everyone can see that there are differences in the
reticular densities of the n-th and (n - 1) -th polyhedra.

3. Conclusion

A computer program has been developed to determine the
structural forms of polyhedra for crystals. The vertices of the
polyhedra are atoms of the same coordination sphere with number
(n). As an example it was given the polyhedrons with n from 1 to30
fo P, I, F cubic and hexagonal lattices.

The technological properties of nanocrystals depend not only on
the structural - chemical parameters and sizes of nanocrystals, but
also on their surfaces, because the reticular densities can be
different even for two neighboring (n-th and (n - 1)-th) polyhedra of
a nanocrystal. The program can be used to obtain an image of the
cells of n - polyhedra, as well as to calculate the number of vertices
and atoms in them.
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