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Description

A crystal is a solid material in which the component atoms,
molecules, or ions are arranged in a repeating pattern that spans
all three spatial dimensions. Crystal growth is a major stage of
the crystallization process that involves the introduction of
additional atoms, ions, or polymer strings into the crystalline
lattice's unique structure. Unless a "seed" crystal was
purposefully introduced to start the development, the growth
usually follows an early stage of either homogeneous or
heterogeneous nucleation. Crystal growth produces a crystalline
material in which the atoms or molecules are closely packed and
have fixed locations in space relative to one another. The
crystalline state of matter has a particular structural rigidity and
a very high deformation resistance. The crystallization process
has two stages: nucleation and growth.

A tiny nucleus containing the freshly developing crystal is
formed in the first nucleation step. The initial crystal
components must impinge on each other in the precise direction
and placement for them to adhere and form the crystal, hence
nucleation takes a long time. Following the successful creation
of a stable nucleus, free particles adsorb onto the nucleus and
propagate its crystalline structure outwards from the nucleating
site, resulting in a growth stage. This is a much faster process
than nucleation. Real crystals have dislocations and other flaws
that act as a catalyst for the addition of particles to the current
crystalline structure, explaining why they develop so quickly. At
temperatures much below the melting point, the boundary
between a crystal and its vapour can be molecularly sharp. This
method requires a finite driving force (or degree of supercoiling)
to decrease the nucleation barrier sufficiently for nucleation to
occur via thermal fluctuations for observable growth rates.
Burton and Cabrera differentiated two fundamental
mechanisms in their notion of crystal formation from the melt.

Nucleation

Nucleation can be homogeneous or heterogeneous.
Heterogeneous nucleation occurs more quickly than
homogeneous nucleation because the foreign particles act as a
scaffold for the crystal to develop on, reducing the need to
create a new surface and the associated surface energy needs.

Heterogeneous nucleation can occur in a variety of ways.

Small inclusions or cuts in the container in which the crystal is
growing are some of the most common. Scratches on the sides
and bottom of glassware are examples of this. Adding a foreign
item to the solution, such as a thread or a rock, to provide
nucleation sites for aiding crystal formation, is a frequent
approach in crystal growing.

This technique can also be used to limit the number of
nucleating sites. Crystals may not form if a brand-new glassware
or plastic container is used because the surface is too smooth to
allow heterogeneous nucleation. A highly scratched container,
on the other hand, will result in multiple lines of little crystals. A
container with a few scratches works best for producing a
moderate amount of medium-sized crystals. Adding small
previously made crystals, also known as seed crystals, to a
crystal growing project will provide nucleating sites for the
solution.

Mechanisms of Growth

A larger single crystal should result from the addition of only
one seed crystal. At temperatures much below the melting
point, the boundary between a crystal and its vapour can be
molecularly sharp. The spreading of single layers, or,
equivalently, the lateral advance of the development steps
bounding the layers, is how an ideal crystalline surface forms.
This method requires a finite driving force to decrease the
nucleation barrier sufficiently for nucleation to occur via thermal
fluctuations for observable growth rates. Burton and Cabrera
differentiated two fundamental mechanisms in their notion of
crystal formation from the melt:

Non-uniform Lateral Growth

The surface moves forward due to the lateral motion of steps
with a height of one interplanar spacing. An element of surface
suffers no change and does not advance normal to itself unless
during the passage of a step, and then it advances by the step
height. The transition between two neighboring sections of a
surface that are parallel to one other and so identical in
configuration separated by an integral number of lattice planes
— can be thought of as the step. It's worth noting that a step in a
diffuse surface is a genuine possibility, even if the step height is
significantly less than the diffuse surface thickness.
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Uniform Normal Growth

Without the need for a sequential growth mechanism, the
surface advances normal to itself. This indicates that, in the
presence of a strong enough thermodynamic driving force, every
surface element is capable of undergoing continual change and
contributing to the development of the interface. This
continuous change may be more or less regular over broad areas
each consecutive new layer for a sharp or discontinuous surface.
A continuous development mechanism may necessitate
modification over several subsequent layers at the same time for
a more diffuse surface.

In contrast to motion of the entire surface normal to itself,
non-uniform lateral growth is a geometrical motion of steps.
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Uniform normal growth, on the other hand, is based on the
temporal sequence of a surface element. There is no movement
or change in this mode except when a step passes through a
continuous change. The ability to forecast which mechanism will
be active under any given set of circumstances is critical to
understanding crystal development. This forecast was made
based on two criteria.

Whether the surface is singular or not a singular surface has a
pointed minimum in surface tension as a function of orientation.

Singular surface growth is known to require steps, whereas
non-singular surfaces are thought to be able to advance normal
to themselves indefinitely.
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