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High pressure effect on the molecular properties and molecular
piezoresponse studied by quantum chemical method

oRyoichi Fukuda
Elements Strategy Initiative for Catalysts and Batteries, Kyoto University

[Abstract] Pressure may change properties of materials. Piezoelectric effect — polarization
induced by pressure — is a typical example. Piezo-response of molecular materials has been
receiving increasing attention. For a rational design of piezo-response molecules, we need to
consider the deformation of molecules. Then we have to evaluate the variation of molecular
properties induced by the pressure and the deformation consistently. Constructing reasonable
and consistent models is still challenging. Here, we study the piezo-response of molecular
properties using XP PCM (eXtreme Pressure Polarizable Continuum Model) that is an
extension of the PCM for studying high-pressure effect within molecular quantum chemical
models. We applied the XP PCM for the pressure-induced polarization of donor-acceptor
substituted [6]helicene molecule. The polarization is induced by applying the pressure due to
the enhancement of the intramolecular charge-transfer between -NH2 and -NO2 groups. The
molecular deformation by high-pressure enhances the intramolecular charge-transfer. We
found a mechanism of the piezoelectric effect caused by the variation of electronic structure
induced by the molecular deformation.
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Table 1. Pressure (p in GPa) effect on C1-C16 and N-N distances (A), dipole moment (p in D), and
isotropic component of polarizability (o in A3).

p/GPa C1-C16/A N-N/A ®B97XD PBEO

u/D o/AS u/D /A3
0.9 2.986 3.877 3.25 48.96 3.16 50.36
1.4 2.973 3.775 3.33 49.22 3.23 50.66
2.2 2.960 3.710 3.40 49.52 3.31 50.98
3.9 2.936 3.607 3.51 49.80 3.41 51.30
6.9 2.920 3.598 3.58 50.14 3.48 51.67
9.7 2.848 3.372 3.70 50.27 3.59 51.85
13.5 2.865 3.300 3.75 50.16 3.66 51.74
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