
Review
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Abstract

Crystal growth occurs at the interface of a crystal and its growth medium. Due to the abrupt termination at the surface, at the
interface the properties of the crystal will typically deviate from the bulk and this can affect the growth behaviour. Also the prop-
erties of the growth medium at the interface will typically differ from the bulk. In growth from solution, for example, the liquid
will show ordering induced by the crystal surface or have a different composition. Here techniques to study such growth inter-
faces will be discussed together with examples of the effect that the properties of the interface can have on the growth.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

The growth process of crystals and thin films depends
on a large number of parameters, e.g. mass transport, su-
persaturation and additives that together determine the
crystallographic structure, morphology and perfection of
the crystal. The actual growth takes place at the inter-
face between the crystal and the growth medium (vapour,
solution, melt or even solid), and thus a full understand-
ing of the crystal growth requires a detailed knowledge
of the interface structure. In most cases the actual loca-
tion where growth takes place is at the steps on the surface
and their role cannot be overstated. Steps, however, will
be covered elsewhere and this paper will mainly focus
on the atomic-scale structure at interfaces and its con-
sequences for crystal growth.

2. Surfaces and interfaces

At the surface of a crystal the environment is very dif-
ferent from the bulk and therefore at a surface structur-
al rearrangements are expected to occur (see Fig. 1). The
larger the difference with respect to the bulk environ-
ment, the larger these structural rearrangements will be.
For this reason crystal surfaces in vacuum often show
the most dramatic effects. As an example, at the surface
of a metal crystal the atoms find themselves in an envi-
ronment with lower charge density than the equilibri-
um conditions in the bulk. Therefore most metal surfaces
show an inward relaxation (around 5%) as this in-
creases the charge density. A so-called reconstruction is
a more dramatic structural rearrangement in which the
surface forms a new unit cell in which some atoms may
even be removed (or added). Fig. 1c shows an example
where every other atom at the surface is removed, giving
a translational symmetry with twice the spacing as in the
bulk. If there would be no change in the other direction
along the surface, this is called a (2 × 1) reconstruction
(‘Wood notation’). For surfaces in vacuum a wide variety
of reconstructions has been found, the most famous of
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which is the (7 × 7) reconstruction of the Si(111) surface
[1]. In this covalently bonded crystal the termination at
the surface cuts through many bonds and this is ener-
getically very unfavourable. The reconstructed unit cell
minimizes the surface energy by minimizing the number
of dangling bonds and the strain by a surprisingly elab-
orate rearrangement.

When growing from a solution or melt, the transition
from crystal to the growth medium is less dramatic and
the rearrangements are typically smaller. Reconstruc-
tions do occur on crystal surfaces in solution, but much
less frequently than in vacuum. In a solution or melt,
however, structural changes will occur with respect to the
structure in the bulk solution, both because of the change
in environment at the interface and because the highly-
ordered crystal structure will induce some order in the
liquid as well. This order extends typically over 3–5 layers
and the liquid is often called a quasi-liquid. This thin skin
of partially-ordered liquid is the crystal-interface equiv-
alent of the solvation shell found around dissolved mol-
ecules and ions in a solution. During growth of a crystal
from solution, before a molecule (or atom) can enter the
crystal lattice, it has to both get rid of its solvation shell
and penetrate the quasi-liquid layer at the interface. Com-
pared to bulk solution, the quasi-liquid layer will be less
mobile and thus form a diffusion barrier. Depending on
the strength of the interaction between crystal surface and
the solvent, this barrier will vary in strength and thus dif-
ferent solvents can lead to different growth velocities for
different surface orientations. This will lead to different
growthmorphologies.Asimple example is rock salt (NaCl).
When grown from water, NaCl forms cubes consisting
of {100} facets. When grown from a water–formamide
mixture with at least 10% formamide, an octahedral shape
occurs, determined by {111} facets [2].

Quite often crystal growth yields crystals with well-
defined facets. These are the directions of slowest growth,
as all the faster directions ‘grow out’ of the morpholo-
gy. These well-defined facets are the most stable and
smooth interfaces with a low number of surface steps.
The creation of steps on such a surface is relatively costly.
Clearly, the free-energy cost of creating a step will depend

on the solution and also this will determine the mor-
phology. The easier it is to create steps on a specific facet,
the faster it will grow and the less prominent it will show
up in the crystal morphology. The number of steps on a
crystal surface, i.e. the surface roughness, is thus highly
relevant for crystal growth. For increasing temperature,
the free-energy cost for creating a step decreases and for
each surface a so-called thermal roughening tempera-
ture can be defined above which many steps occur. The
specific facet will then disappear from the crystal mor-
phology. The roughening temperature can be above the
melting or decomposition temperature and in that case
thermal roughening will not occur.

Crystallization is often used to purify materials, but
additives may be added intentionally in order to modify
the growth process. In the vapour growth of thin films
of Ge on Si, for example, the lattice mismatch between
Ge and Si leads to strain that is released by the forma-
tion of dislocations. By adding a layer of Sb as a sur-
factant that floats as a layer on top of the surface owing
to its low surface energy, the mass transport of Ge is sup-
pressed and the formation of dislocations is delayed [3].
The oldest example of the role of additives is from 1783,
when Rome de l’Isle reported that the addition of urea
to the aqueous growth solution changes the growth mor-
phology of NaCl from cubic to octahedral [4]. This is
the same effect as that of formamide, and the distinc-
tion between an additive (urea) and a solvent (formamide)
is hard to make in this case.

3. Methods

When investigating a specific topic in science, most
often no single method is available that provides all the
answers and the surface/interface structure of growing
crystals is no exception. In fact, this is an area that is still
at the front of research as many things are not known
yet due to the lack of suitable tools. Ideally, one would
like to know the static and dynamic structure of the in-
terface down to an atomic scale, including the step struc-
ture and for all possible growth environments. This is not
(yet) possible, but a combination of existing techniques

Fig. 1. At the surface of a crystal the atoms may stay in the same position as the bulk (a), but more often small structural changes, relaxations,
occur (b). The surface may also reconstruct, involving significant atomic rearrangements and the formation of a larger unit cell.
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