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An organic molecule can often adopt multiple different crystal packing motifs, or polymorphs,
with significant impacts on the resulting physical properties. Our ability to predict organic crystal
structures has improved tremendously in recent years, thanks in large part to dispersion-corrected
planewave density functional theory (DFT). However, we have identified quite a few cases where
delocalization error in commonly used generalized gradient approximation and hybrid function-
als leads to substantial errors in the predicted crystal energy rankings. Examples ranging from
pharmaceuticals to functional organic materials will be presented. The use of dispersion-corrected
second-order Moller-Plesset perturbation theory models to correct the problem will be discussed.

References:

1. “Spin-component-scaled and dispersion-corrected second-order Møller-Plesset perturbation theory: A
path toward chemical accuracy.” C. Greenwell, J. Rezac, and G. Beran. Phys. Chem. Chem. Phys.
24, 3695-3712 (2022). DOI: 10.1039/D1CP04922D

2. “How many more polymorphs of ROY remain undiscovered?” G. Beran, I. Sugden, C. Greenwell, D.
Bowskill, C. Pantelides, and C. Adjiman. Chem. Sci. 13, 1288-1297 (2022). DOI: 10.1039/D1SC06074K

3. “The interplay of intra- and intermolecular errors in modeling conformational polymorphs” G. Be-
ran, S. Wright, C. Greenwell, and A. Cruz-Cabeza. J. Chem. Phys. 156, 104112 (2022). DOI:
10.1063/5.0088027

4. “Rubrene untwisted: common density functional theory calculations overestimate its deviant tenden-
cies.” C. Greenwell and G. Beran. J. Mater. Chem. C 8, 2848-2857 (2021). DOI: 10.1039/D0TC05463A

5. “Inaccurate conformational energies still hinder crystal structure prediction in flexible organic molecules.”
C. Greenwell and G. Beran. Cryst. Growth Des. 20, 4875-4881 (2020). DOI: 10.1021/acs.cgd.0c00676

6. “Overcoming the difficulties of predicting conformational polymorph energetics in molecular crystals
via correlated wavefunction methods.” C. Greenwell, J. McKinley, P. Zhang, Q. Zeng, G. Sun, B. Li,
S. Wen, and G. Beran. Chem. Sci. 11, 2200-2214 (2020). DOI: 10.1039/C9SC05689K


