Organic crystal modeling:
A hierarchy of quantum chemical methods

Jan Gerit Brandenburg <g.brandenburg@ucl.ac.uk> | 2016-04-15

THOMAS YOUNG CENTRE - LUNCHTIME GET TOGETHER - LONDON, UK

Department of Chemistry
University College London


http://www.gerit-brandenburg.de

Crystal packing dependent properties

bond isomerization!'] spin crossover!?
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Intermolecular interactions

a Pauli exchange repulsion
a electrostatic

induction

London dispersion

m compromise between accuracy and computational efficiency!®4°)
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Intermolecular interactions

Formally exact expression vs. pratical approaches!®!
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London DISP and BSSE

D3: dispersion correction!”! 5r
IS
a third order in many-body expansion 5y
5
a quadrupole terms in multipole expansion ?3
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angular momenta ¥, [;

gCP: geometric counterpoise correction(®-°]
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Multilevel methodologies
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Covalent bond lengths

LMGB35 HMGB11 T™MC32 [

MAD / pm ———

a Fock exchange problematic for 3d complexes
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Noncovalent bonds length
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a significant effect of dispersion interaction
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NCI: molecular crystals

X230'7.181 and ICE10!"°! solid state benchmark sets

geometries energies
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Performance of dispersion models
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m error in S12L and X23 reference about 3-5%

a different dispersion corrected DFAs yield high quality results
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Crystal structure prediction challenge

Lewis structure Polymorph landscape
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size of sampling space methodology

Layers of complexity:
m molecular conformational space

®m space groups (varying orientation,
conformation, etc.)

a polymorph ranking according to
free energy!?0-21!
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Blind test results
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Summary

Conclusions F PN,
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a hierarchy of electronic structure methods 2. H w H
- , i L1 1 |
a simplified methods could bridge the gap S nn, e, BN

between FF and DFT

a HF-3c and TPSS-D3 for crystal structure
prediction

Outlook and possible improvements

a apply higher levels for final ranking T
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