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Organic molecular crystals are a vast group of compounds with 
undisputed industry importance, known for their ability to form 
polymorphs with physico-chemical properties tied strongly to 
their crystallographic structure. A large body of theoretical 
research is centred on polymorph energy ranking, which is 
impacted by the (often neglected) thermodynamic conditions 
and anharmonicities of the potential energy surface (PES). In 
this project we investigate anharmonic contributions to the free 
energies of a number of acene crystals and their polymorphs. 
We employ dispersion-corrected density-functional theory and 
compare full anharmonic free-energy evaluations from series of 
thermodynamic integrations to more computationally tractable 
approximate methods, gauging the effect of lattice expansion at 
different temperatures. In order bring the inclusion of these 
effects into a high-throughput framework, we aim at optimizing 
descriptors and using supervised machine-learning techniques 
in order predict the most cost-intensive parts of a given 
anharmonic free energy evaluation of different polymorphs.  
 

 
Above. Schematic representation of the free 
energy calculation scheme through 
thermodynamic integration steps. EFF and EDFT 
stand for lattice energy, CH and CA stand for 
harmonic and anharmonic terms with classical 
treatment of nuclei, QH and QA are quantum 
treatment of nuclei of those terms. 
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