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Molecular self-assembly is at the heart of the field of

crystal engineering and supramolecular chemistry. Yet, it
is striking that the fundamental chemistry governing even
simple self-assembly processes are not well understood.
To improve our understanding it is necessary to precisely
quantify the different superimposed intermolecular
interactions, such as dispersion and electrostatic energies.
In this project novel energy frameworks [1] are used to
study and eloquently illustrate host-guest interaction
energies in three different hydroquinone clathrate systems
containing formic acid, acetonitrile and methanol
respectively, as the different guest molecules. The
intermolecular interaction in these systems have been
probed by subjecting single crystals to high external
pressure, forcing the molecules closer together. In this
way it is possible to observe how changing the guest
molecule affect the compression of the host structure. For
the hydroquinone – formic acid structure an interesting
new pressure-medium-dependent phase transition is
observed where the host structure collapse and the guest
molecules migrate out of the cavities. The phase
transition can be kinetically hindered using a
non-hydrostatic pressure-transmitting medium, enabling
the comparison of intermolecular energies in two
polymorphic structures in the same pressure range [2].
For the hydroquinone – acetonitrile system the guest
molecule is found to heavily influence the compression of
the host structure until a phase transformation occurs
above 4 GPa, where the guest molecule break the host
symmetry, reducing the space group symmetry to P-1.
Energy frameworks can be used to explain the nature of
the phase transformations. A new analysis method
combining void space analysis and equation of state
calculations have been used to quantify the compression
of the host cavities and how they are influenced by the
presence of different guest molecules. In this way we
show that in the hydroquinone – formic acid clathrate
system the cavity volume is reduced by more than 50 %
up to 4 GPa [2].
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Figure 1. Energy frameworks for the hydroquinone - formic acid
clathrate before (top row) and after (bottom row) the structural
collapse of the host structure at 4 GPa. The electrostatic,
dispersion and total interaction energies are colored red, green and
blue, respectively.
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