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Abstract

Crystal structure prediction driven by density
functional theory has become an increasingly
useful tool for the pharmaceutical industry and
others interested in understanding and control-
ling organic molecular crystal packing. How-
ever, delocalization error in widely-used density
functionals leads to problematic conformational
energies that can cause incorrect predictions of
polymorph stabilities. In five examples rang-
ing from small molecules to the polymorphically
challenging pharmaceuticals axitinib and galu-
nisertib, the present work demonstrates how in-
expensively correcting the intramolecular con-
formational energies with higher-level electronic
structure methods leads to polymorph stability
predictions that agree far better with experi-
ment. This approach also provides a valuable
diagnostic for when skepticism about predicted
polymorph stabilities is warranted.

Molecular crystal packing plays a key role in
determining properties of the solid state, and
the ability to predict crystal structures a pri-

ori would have major benefits for the phar-
maceutical industry and other areas of chem-
istry. Crystal structure prediction (CSP) is in-
creasingly used to help solve challenging crys-
tal structures1 and to aid solid form screen-
ing.2 CSP driven by dispersion-corrected den-
sity functional theory (DFT) models has a long

record of successes in blind test species,3–10

pharmaceuticals,11–16 and other species.17–23

However, polymorph stability depends on
both intra- and intermolecular contributions
to the crystal energy, and delocalization error
in widely-used generalized gradient approxima-
tion (GGA) and hybrid density functionals can
significantly impact the accuracy with which
these interactions are predicted. Delocaliza-
tion error spuriously stabilizes the salt forms
of some neutral co-crystals, for example.24 In
conformational polymorphs,25 where different
intramolecular conformations enable alternate
intermolecular packings, the artificially strong
preference for extended π conjugation leads to
highly incorrect polymorph rankings in sys-
tems such as ROY and o-acetamidobenzamide
(Figure 1).26 We recently showed how com-
puting polymorph stabilities with higher-level
correlated wave function methods via the
fragment-based hybrid many-body interaction
(HMBI) model27 dramatically improves poly-
morph rankings in these systems.26 Unfortu-
nately, such calculations are computationally
infeasible for many pharmaceuticals.
The present study demonstrates how confor-

mational polymorph energy rankings can often
be corrected by a simple and computationally
affordable “monomer-corrected” DFT strategy
that refines the conformational energy contribu-
tion to the lattice energy using a higher level of
theory. The need for accurate conformational
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comes less stable than two of the experimen-
tally known polymorphs (Figure 7). The
monomer correction shifts several other poly-
morphs closer to the experimental enthalpies,
though considerable differences remain. Fur-
ther work is needed to understand the role
of intermolecular interactions (including dis-
persion treatments15) and phonon contribu-
tions to the polymorph stabilities. Errors
from those sources could each be similar to or
larger than the ∼2 kJ/mol monomer correc-
tions here. Regardless, the destabilizing impact
of the monomer correction on the GM struc-
ture calls its exceptional stability into question.
Such results might have reduced the effort spent
trying to crystallize the GM form unsuccess-
fully.
In conclusion, commonly used GGA and hy-

brid density functionals struggle to rank crystal
structures in which the degree of intramolecu-
lar π conjugation varies significantly. A sim-
ple, intramolecular monomer correction com-
puted at a higher level of theory improves the
conformational energies and therefore the poly-
morph rankings significantly. The specific elec-
tronic structure model used to correct the con-
formational energies is at the discretion of the
user: dispersion-corrected MP2 was used here
because it provides high-quality conformational
energies at modest computational cost, but one
could also use double-hybrid density function-
als or any other model that predicts conforma-
tional energies reliably.
Monomer correction has limits. It cannot

solve problems in the lattice energies that stem
from the intermolecular DFT interactions. In
cases like oxalyl dihydrazide,26 the monomer
correction would disrupt the fortuitous error
cancellation observed between the inter- and
intramolecular interactions that enables reason-
able GGA polymorph stability orderings. Com-
mon hybrid functionals do not fix the conforma-
tional energies in several of the examples dis-
cussed here, but perhaps they would be suf-
ficient to improve the intermolecular interac-
tions when GGAs prove inadequate. Neverthe-
less, hybrid functionals still exhibit mean ab-
solute lattice energy errors of ∼4 kJ/mol in
even relatively simple crystals.1,36,55,56 Even if

some of that intermolecular interaction error
cancels when computing energy differences be-
tween polymorphs, the residual errors in the in-
termolecular description will often probably ex-
ceed the errors in the monomer-corrected con-
formational energies.
In addition, most of the work presented here

examined 0 K lattice energies and omitted ther-
mal vibrational contributions to the free en-
ergy. Vibrational contributions cause ther-
mal expansion of the unit cell and can im-
pact polymorph stability appreciably.49 Enan-
tiotropism, or temperature-dependent changes
in polymorph stability orderings, is relatively
common.57 Several of the axitinib polymorphs
are enantiotropically related, for example, and
it would be interesting to examine to what
extent the combination of monomer-correction
and thermal contributions can correctly re-
produce those temperature-dependent stability
changes.
Even if the monomer-corrected polymorph

rankings are imperfect, a large monomer cor-
rection serves as a warning that the DFT poly-
morph rankings may not be reliable. Use of
such a diagnostic might have increased skepti-
cism regarding the putative GM form of galu-
nisertib, for example. Given the low compu-
tational cost, monomer conformational energy
corrections can and should be applied routinely
in CSP when the conformations vary widely
across crystal forms, especially if they alter the
degree of π conjugation or the nature of the in-
tramolecular non-covalent interactions changes
appreciably.
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