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Electrostatic Interaction

The number of high resolution biological macromolecules X-ray
structures increases regularly. Feasibility of multipolar refinement of
protein structures has been proved [1, 2], assuming subatomic
resolution and sufficiently low thermal motion. The high resolution
crystallographic refinement program MoPro employs a multipolar
representation of the electron density, the latest functionalities will be
described [3,4].

Electrostatic properties are of major importance in numerous
biological and molecular recognition. Three methods are employed in
the VMoPro software to calculate the accurate electrostatic potential
and the interaction energy:

* numerical grid integration

* Buckingham summation of charges & multipoles interaction

* coulombic energy using real and virtual spherical atoms.

The electron density parameters are obtained either from a
crystallographic refinement or from a database transfer [5]. The
applications go from small compounds crystals to protein-ligand
complexes.
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The interaction of a crystal with the permanent external electric
field resulting in dielectric polarization and converse piezoelectric
effect is well described on the macroscopic level. In last years the
microscopic origin of these phenomena is actively studied by means
of synchrotron diffraction technique. In this work, we present our
recent investigations of the structural response of single crystals to an
external electric field, and analyse the results in terms of the chemical
bond in different structural units of the crystal.

Special attention will be paid to the study of bond specific
structural response in a-GaPO,. The experiment was carried out by
modulation-demodulation technique at D3 beamline at HASYLAB.
The measured diffraction intensities of 42 independent reflections
were fitted to a structural model, validated on the basics of the
developed theory of X-ray diffraction by a crystal in the external
electric field [1]. The difference of field-induced deformations of
GaO, and PO, tetrahedra is explained in terms of the different
character of chemical bonds and by charge density features. Support
by DFG and A.v.Humboldt-Foundation (V.T.) is kindly
acknowledged.
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Quaternary rare earth nickel borocarbides, space group (139)
14/mmm, exhibit different low temperature properties [1,2]. Only
superconductivity at temperatures of about 8 K is observed for R=Y,
Lu. For R = Ho additional magnetic ordering occurs in the range of 4
to 6 K whereas superconductivity is destroyed. Further cooling leads
to superconductivity again which is the so called re-entrant behaviour.
This depends strongly on the crystal composition within the small
homogeneity range and the thermal treatment after crystal growth.

Single crystals of compositions mentioned above were
investigated by means of single crystal diffraction methods using both
X-ray tubes and high energy synchrotron radiation sources under
ambient conditions. Structure refinement and Fourier Difference
Analysis of the experimental data were performed to determine small
influences of chemical and structural disorder.

Experimentally determined electron densities are compared with
theoretical calculations.
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The nitrosyl non-heme iron complexes with sulfur ligands are
extensively synthesized to study the interaction of NO and iron-sulfur
protein. In this report, the electron density distribution of mono- and
di-nitrosyl iron sulfur compounds are studied with multipole model
based on X-ray diffraction data. In the dinitrosyl iron complexes
(DNIC), the coordination sphere of Fe is a tetrahedral Fe(NO)y(S),
core such as [SsFe(NO),]” and [Fe(NO),(SR),]™"°. In five-coordinated
complexes, it turns out to be a tetragonal pyramidal Fe(NO)(S)4
geometry for mononitrosyl complexes such as [(NO)Fe(S, S-C¢Hy),]
"2Zand Fe3(NO)s(S, S-C¢Hy);. To illustrate the bonding character, the
topological properties associated with the bond critical points (BCP),
Laplacian of the electron density as well as electron density at the
BCP of each chemical bond will be presented. The comparison
between experiment and theory will be made. Because of the
ambiguity of the traditional way to discriminate the oxidation states of
NO, NO" and NO" group by bond angles and vibrational frequency,
the X-ray absorption spectroscopy of Fe K-, L-edge and N/O/S K-
edge are used to investigate the oxidation state of metal, NO groups
and sulfur lignads. Moreover, the magnetic susceptibility and electron
paramagnetic resonance results will be included to illustrate the
electronic configuration among Fe and NO groups. Based on the
Enemark-Feltham notation, all results toward the conclusion that the
best way to describe the present dinitrosyl and mononitrosyl cases are
{Fe''(*NO),}’ and {Fe"'(NO™") }".
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