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The ability to predict possible crystal structures starting from the knowledge of molecular
structure alone is a challenging, yet immensely attractive task, directly linked to materials
design and crystal form screening. Being able to anticipate whether a given compound
can potentially yield new, so far undiscovered polymorphs, is of paramount importance in
the pharmaceutical industry, where the sudden occurrence of a new polymorph may
require a complete redesign of the manufacturing process, as has been demonstrated in
the famous case of a disappearing polymorph of Ritonavir (Chemburkar et al., 2000).

The blind tests of crystal structure prediction (CSP), organized by the Cambridge
Crystallographic Data Centre (CCDC), have been instrumental in monitoring the
progress in CSP method development, as well as gauging the limits of structural
complexity that these methods can tackle. Since the inception in 1999, a total of six blind
tests have been previously conducted (Lommerse et al., 2000; Motherwell et al., 2002; Day
et al., 2005; Day et al., 2009; Bardwell et al., 2011; Reilly et al., 2016) with the results of the
latest blind test being reported in the current issue of Acta Crystallographica B, Structural
Science, Crystal Engineering and Materials, with two separate articles focusing on the key
parts of the CSP process, namely on structure generation and energy ranking (Hunnisett,
Nyman et al., 2024; Hunnisett, Francia et al., 2024).

The general organization of the blind test has remained unchanged: the participating
research groups were provided with molecular diagrams of seven target systems, for
which experimental crystal structures had been determined yet temporarily withheld
from publication. The biggest change compared to the previous blind tests was the
introduction of separate structure generation and energy ranking phases. In the newly
introduced ranking phase, all participating groups were given identical sets of generated
structures for each target system, and were tasked to rank the energies with their
methods of choice.

Compared with the previous blind tests, the current edition presented several new
challenges. In terms of the diversity of constituent elements, for the first time, the blind
test exceeded the boundaries of purely organic materials, with an introduction of a
copper coordination complex target (molecule XXVIII), as well as a silicon and iodine-
containing molecule (molecule XXVII).

In addition to elemental complexity, participants of the blind test faced the challenge
of greater crystallographic complexity of the target systems. This blind test placed
particular emphasis on the ability to predict structures with multiple known polymorphs,
including the particularly challenging case of system XXXII, represented by eight
experimentally confirmed polymorphs. The complexity of this particular system was not
limited to polymorphic diversity: the corresponding molecule contained 11 rotatable
bonds, signifying great conformational flexibility.

The capabilities of modern CSP methods were also tested in the realm of multi-
component solids. While structures of solvates, salts and cocrystals have been present in
the previous blind tests, their stoichiometries had always been precisely defined. This
time the participants were faced with a new challenge of discovering the appropriate
cocrystal stoichiometry, having been told that the experimental crystal forms possess two
of the possible three stoichiometric ratios of 1:1, 2:1 or 1:2. This added an additional
degree of complexity to the structure search, which required an adaptation of various
algorithms for the treatment of variable stoichiometry treatment, including convex hull
search, consideration of lattice energies of individual crystal components, as well as
consideration of the number of hydrogen-bond donor and acceptor groups in the
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constituent molecules. Finally, four out of seven target systems
contained disorder in their structures, with a potential impli-
cation for both structure generation and energy ranking parts
of the search. In terms of structure generation, the presence of
disorder may give rise to additional energy minima, which
would not have been found during a fully ordered structure
search. In terms of energy ranking, disorder is associated with
increased entropy, and may lead to additional stabilization and
re-ranking of the predicted structures in terms of their free
energy.

Notable developments have been found in structure
ranking methods. In addition to the force field and dispersion-
corrected density-functional theory methods, for the first time
we are seeing several participating groups adopting machine-
learned potentials for energy ranking. More emphasis has
been placed on going beyond static lattice energies, with the
introduction of the vibrational contribution to the free energy,
either using phonon or molecular dynamics simulations.
Finally, a non-energetic ranking based on topological
descriptors has been adopted by one of the groups.

Given the importance of CSP as an applied method for
studying crystal energy landscapes and pre-emptively disco-
vering yet-unknown crystal forms, the key emphasis in method
development must be placed on maintaining the computa-
tional efficiency. With this in mind, for the first time, all
participating groups were requested to report the computa-
tional cost of their CSP searches, allowing consideration of the
time and energy cost associated with CSP calculations in
relation to experimental crystal form screening. It is evident
that the future of CSP, particularly for wide adaptation in
industry, lies in finding the right balance between the accuracy
of the calculations and their computational cost. No doubt,
these considerations will affect the development of CSP
methods, and will be reflected in the future iterations of the
blind tests.

To conclude, the seventh blind test has given us an excellent
demonstration of the capabilities of modern CSP methods and
outlined the directions of future development for this exciting
area of research. It has also showcased the amazing team
effort of the CSP community, with a record-breaking 28
participating groups from around the world. I am sure that this
blind test report will convince everyone that the future of CSP
is bright!
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