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Crystal structure prediction on the basis of just the chemical
formula has long been considered a formidable or even insoluble
problem. Being able to solve this problem would open the possi-
bilities to find new phases of planetary materials at extreme
conditions [1,2], to solve structures where experimental data
are insufficient, and to design new materials entirely on the
computer (once the structure is known, it is relatively easy to
predict many of its properties - e.g., [3]). Essentially, the problem
can be reduced to the problem of global optimization of the
free energy of a crystal with respect to structural parameters.
Recently, we addressed this problem and devised a new method
based on a specifically devised and carefully tuned ab initio
evolutionary algorithm, which we implemented in the USPEX
code (Universal Structure Predictor: Evolutionary Xtallog-
raphy, [4-6]). At given P-T conditions, USPEX finds the stable
structure and a number of robust metastable structures. USPEX
uses ab initio free energy as evaluation function and features
local optimization and spatial heredity, as well as further
operators such as mutation and permutation. This method has
been widely tested and applied to solve a number of important
problems. It turns out to be extremely efficient for predicting
crystal structures with very different geometrical features and
types of chemical bonding.
In this talk I will discuss some of the applications of this method
to a number of interesting materials (C, N, O, S, H2O,
MgSiO3, CaCO3, MgCO3). Possible industrial applications will
be discussed as well. Future developments of the method will
be outlined.
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The classification and visualisation of interactions in molecular
crystal structures is an important precursor to understanding
why they adopt specific morphologies, and hence for the rational
design of molecular crystal structures. CrystalExplorer [1] is a
graphical user interface which facilitates such a classification
and visualisation in a novel way. The primary purpose of Crystal-
Explorer is to display and manipulate Hirshfeld surfaces [2] in
three dimensions, and to generate the corresponding finger-
print plots [2]. The Hirshfeld surface for a molecule in a crystal
is simply the dividing surface inside which more than half of
the electron density comes from the molecule itself. The shape
of the Hirshfeld surface is characteristic of the molecule and
its crystalline environment. The Hirshfeld surface can be
coloured to highlight close contacts of the surface with neigh-
bouring atoms, and the curvature of the surface can be used to
determine the overall coordination of the molecule in the crystal.
Both distance and curvature are remarkably sensitive to the
type of interaction present: for example, pi-pi and CH-pi type
interactions are immediately and clearly visible as imprints on
the Hirshfeld surface. The fingerprint plot is a two-dimen-
sional representation of the Hirsheld surface: distances to the
nearest atoms outside and inside the surface are plotted for
evenly space points on the Hirshfeld surface. The resulting
distance-pair points in the plane can also be coloured according
to their density, and, like the Hirshfeld surface, these finger-
print plots are also unique for a symmetry unique molecule in
the crystal. With training, simple interaction motifs can be recog-
nised almost immediately without resorting to a detailed exami-
nation of the crystal structure itself. A new feature of the
software is the ability to produce fingerprint plots for specific
interactions between molecules, allowing a more detailed
comparison. In this presentation I will outline some applica-
tions of the Hirshfeld surface and the corresponding finger-
print plots to polymorphs, and to systems of related compounds.
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