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Proton migration involves a gradual shift in hydrogen atom
position across a hydrogen bond (HB). In the solid-state, this
behaviour may occur as a function of an external variable in-
cluding temperature! or pressure.? Such behaviour is typically
observed in HBs characterised by very short donor-acceptor
distances (short strong hydrogen bonds — SSHBs), in the
range of 2.5 A for O—H--O HBs® and 2.6 A for N—H--O
HBs,* where the barrier to proton transfer is low.>

Potentially useful solid-state physical properties including
ferroelectrics® or thermochromism’ may result following
proton migration across SSHBs. Increasing the under-
standing of where such behaviour is manifest may allow
functional materials to be accessed more reliably in future;
correlations to donor-acceptor distances and ApK, values of
components have previously been made.

In this work, we present variable temperature single crystal
synchrotron X-ray diffraction (SCSXRD) studies of several
potential proton migration materials. These materials are
multi-component organic co-crystals/salts (carboxylic acids
with urea/N-heterocycle co-formers) where SSHBs form the
connections between molecules. For the most promising mi-
gration materials, we use experimental charge density anal-
ysis to investigate the SSHBs across which this behaviour
is suggested and attempt to unravel the chemical bonding
and/or molecular features that contribute. We present results
from multipolar refinements (performed in XD2006'° using
Hansen and Coppens formulism'') of charge density data
collected on beamline 119, Diamond Light Source (UK).?
We also discuss aspects of the data collection strategy
implemented to obtain the quality high resolution data re-
quired for the charge density analysis.
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From the point of view of X-ray scattering the electron den-
sity and the nuclear density are communicating vessels, and
it is important to model both in order to get a full picture of
the charge density. We use quantum mechanics to construct
models of the thermal vibrations in crystals, which can be
refined and/or validated against scattering data. Scattering
data is here understood in the broadest sense; the traditional
methods of X-ray and neutron diffraction could be comple-
mented by other probes, such as ssNMR, Raman and tera-
hertz spectroscopies, as well as inelastic scattering or ther-
mal diffuse scattering, which are all techniques that holds the
key to understand the correlated motion of atoms in crystals.
The use of quantum mechanics in crystallography has a
long history, however in most applications the quantum
mechanical modeling has focused on the description of
the electron density. Much less attention has been devot-
ed to the nuclear motion, although the atoms in the crystal
are of course vibrating, even at the lowest temperatures.
This is unfortunate. Not only does the atomic and molec-
ular motion define important physico-chemical properties
such as the mechanical and thermodynamic stability of the
crystal, but the concerted motion of atoms give rise to ther-
mal diffuse scattering which affects the Bragg intensities.
Ultimately, the quantum-mechanical models of electron
density distribution and nuclear motion should amalgamate
into a common model, which can be compared and refined
against the experimental evidence, and which can be used
to understand solid state properties at the atomic level.
We will present our recent approach to refine lattice-dy-
namical models against diffraction data [1,2], demonstrate a
combined model of normal mode and multipole refinement
[3], and give examples of how the dynamics derived from
these models can be used to derive heat capacities and free
energies in order to investigate the relative stability of poly-
morphic molecular systems.
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