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Ab initio calculations are becoming applicable on larger and
larger molecules; nevertheless designing models of lower
complexity is not devoid of interest for modeling biologi-
cal complexes. Compared to point charge/moment models,
electron density models add a rich layer of information:
atomic basins, bond topology descriptors, etc. This study
aims to improve electrostatic interaction energy calculations
based on transferable multipolar atoms [1] with explicit
consideration of dipole induction. We focus on polarizabil-
ity calculations on isolated and interacting molecules taken
from a high-quality theoretical benchmarking dataset, for
which a detailed energy partition scheme is available [2].
Since polarizabilities change upon binding, transferability
of this physical quantity between similar atoms is in ques-
tion. To assess this problem, the interplay of theoretical
polarizability variations with molecular geometry, external
electric fields and interaction energies have been carefully
examined. We will present our preliminary results along
with the new tools we implemented in MoProSuite [3] for
this study.
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The hydrogen maleate (HM) anion (Figure 1) has been in-
vestigated extensively in the past due to its very short in-
tramolecular hydrogen bond. This hydrogen bond closes
the HM anion to a seven-membered ring configuration in
a resonance-assisted hydrogen bond (RAHB) fashion.[1]

There is a large number of crystal structures of hydrogen
maleate salts in the Cambridge Structural Database (CSD)
which show that the O---O distance varies from 2.361 to
2.540 A with a large variety of intermediate distances, with
the hydrogen bond varying from perfectly symmetric to
highly asymmetric. Neutron-diffraction experiments have
shown that the proton position is highly dependent on the
counter cation and hence on the intermolecular interaction
pattern, exemplifying the flexibility of this compound re-
garding intermolecular interactions and crystalline environ-
ments.[1]

The crystalline environment polarizes the two oxygen at-
oms Ol and O2 to different extents. The bigger the differ-
ence in the polarization of the two oxygen atoms, the higher
the asymmetry in the hydrogen atom position of the intra-
molecular RAHB. Consequently, hydrogen atom H1 shifts
more closely to the oxygen atom that is less polarized by the
environment. The asymmetry of the RAHB is therefore in
direct relationship with the asymmetry of the intermolecular
interaction pattern and the crystalline environment.

In this work the trajectory of the proton transfer is mapped
through experimental electron density (ED) studies of a
series of HM salts (cations: 4-aminopyridinium, 8-hy-
droxyquinolinium, K, Mg, Ca, Li, Na) using high-resolu-
tion low-temperature synchrotron X-ray diffraction data
measured at the beamline BL0O2B1 of SPring-8, Japan.
The experimental electron density was modeled using the
Hansen—Coppens multipole formalism,[2] and X-ray wave-
function refinement [3]. The response of the hydrogen atom
position to the experimentally derived electric field imposed
by the crystallographic environment will be presented and
discussed. Changes in the character of the O-H...O bond
will furthermore be characterized utilizing a complementary
bonding analysis based on quantum crystallography.
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