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Hydrogen bonding is the most important directional

intermolecular interaction with importance in a wide
range of fields across natural science. Electron density
studies may quantify hydrogen bonding behavior in
compounds with very strong hydrogen bonds and explain
their importance for particular properties.

Recent PDF studies on H3Co(CN)6, which has one of
the shortest N-H-N hydrogen bonds known in the
literature, has shown a significant effect of isotope
substitution on the negative thermal expansion (NTE)
behavior of the crystals, i.e. the protonated compound has
a significantly larger NTE than the deuterated compound
[1]. In this study, the experimental electron density
distribution in H3Co(CN)6 is evaluated using synchrotron
single crystal X-ray diffraction and neutron powder
diffraction.

Single crystal X-ray diffraction were measured at
BL02B1, Spring8, Japan on both protonated and
deuterated samples at 20K and 100K with resolutions up
to 1.67 Å-1. These are combined with powder neutron
diffraction data to get a better description of the hydrogen
position and thermal parameters.

The X-ray data have been modelled with the extended
Hansen-Coppens multipole formalism [2] and the
resulting density is analyzed by the Quantum Theory of
Atoms in Molecules. The Co-CN interaction is found to
be of intermediate character, with very similar properties
as those reported for transition metal carbonyls in the
literature [3]. This is interesting, since the formal charges
are very different in two cases.

The properties along the bond path for the hydrogen
bond is very dependent on the position of hydrogen. A
symmetric arrangement as proposed for hydrogen at low
temperature, gives two shared interactions very similar to
the ones seen for the O-H-O low-barrier hydrogen bond
in Benzoylacetone [4], explaining the origin of the
negative thermal expansion as arising from a covalently
bonded network. An asymmetric arrangement gives more
shared character to the donor atom bonding and more
closed shell character to the acceptor atom, making the
crystal more molecular of nature.
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The computer program PRIOR, which is part of the

BayMEM suite [1] is able to calculate a dynamic electron
density from a multipole model [2]. Such a density or the
result of a maximum entropy method (MEM) calculation
can be used to calculate a electrostatic potential by a
modified version of the PRIOR program.

The idea of the algorithm is based on the reciprocal part
of an Ewald summation [3]. The application of the Uijparameter to the nuclear density in the above equation
improves the convergence of the summation so that a
calculation in direct space is unnecessary, which make
this approach quite fast.

We will show applications to boron and boron rich
compounds.
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Figure 1. Electrostatic potential of the dynamic charge density of
α-boron mapped on an iso density surface.
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