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The seminal work by Dorothy C. Hodgkin and her group on
vitamin B12 (cyanocobalamin) [1-3] sparked a wealth of
subsequent structural investigations on the vitamin and its
derivatives.[4] The crystals are prone to solvent loss and
disorder, in particular that of the solvent region,[5] making
data collection and structural refinement not straightforward.
We have determined the hydrated, “wet” structure of the title
compound by a) compressing a single crystal to 1.0 GPa and
by b) growing a single crystal in sifu in a capillary at ambient
conditions. Diffraction data were collected at room-
temperature using X-ray synchrotron radiation.

A comparison of the two structures reveals: a) dramatic
increase in ordering of the water solvent region, b) smaller
displacement parameters of the B12 moiety and c) substantial
conformational change in the side chains of the vitamin
induced by high pressure. Possible mechanisms that account
for these observations are discussed and related to
observations made on protein crystals.[6] The use of high
pressure and low temperature as tools to probe conformational
flexibility and increase order in crystals containing a large
amount of water are also discussed.

[1] Hodgkin, D., Porter, M. W., Spiller, R. C., Proc. R. Soc. Lond.,
1950, B126, 609. [2] Brink, C., Hodgkin, D. C., Lindsey, J.,
Pickworth, J., Robertson, J. H., White, J. C., Nature, 1954, 174, 1169.
[3] Brink-Shoemaker, C., Cruickshank, D. W. J., Hodgkin, D. C.,
Kamper, M. J., Proc. R. Soc. Lond., 1964, A 278, 1-26. [4] Kratky, C,
Kréautler, B. in Chemistry and Biochemistry of B12, ed. R. Banerjee,
Wiley, New York, 1999, pp. 9-41. [5] Bougiere, J. P., Finney, J. L.,
Lehmann, M. S., Lindley,P. F., Savage, H. F. J., Acta Cryst. Sect. B,
1993, 49, 79. [6] Fourme, R., Girard, E., Kahn, R., Dhaussy, A.-C.,
Ascone, L., Annu. Rev. Biophys., 2009, 38, 153.

Keywords: high-pressure, disorder, hydration

FA3-MS22-T04

Symmetry analysis of extinction rules in diffuse
scattering experiments Mois I. Aroyo®, Ray L.
Withers®, J. M. Perez-Mato®, Danel Orobengoa®
*Condensed Matter Physics Department, UPV/EHU,
48080 Bilbao, Spain, "Research School of Chemistry,
ANU, Canberra ACT 0200, Australia

E-mail: mois.aroyo@ehu.es

Structured  diffuse scattering intensities, whether of
compositional or of pure displacive origin, static or dynamic,
contain important information about the symmetry of the
individual compositional and/or displacive modes responsible
for the observed intensities. However, the interpretation of the
experimental data is very often impeded by the lack of a
symmetry-based approach to the analysis of the structured
diffuse scattering distributions. We have demonstrated the
existence of systematic phonon selection rules for diffuse

scattering that depend on the symmetries of the mode and the
scattering vector, and not on the specific structure [1]. The aim
of this contribution is to show that such symmetry analysis can
be successfully extended and applied also to structure-
dependent diffuse scattering associated with ‘'disordered'
materials, combining general diffuse scattering extinction
conditions with the concept of non-characteristic orbits [2].
The utility of this approach is illustrated by the analysis of
diffuse scattering data from three different ‘disordered’
systems ThAsSe [3], FeOF [4] and FeF, [5]. We show that
initially unexpected extinction conditions can arise in
structured diffuse distributions if the responsible atoms lie on
sites with higher space-group symmetry than the whole
average structure. Knowledge of the relevant supergroup
symmetry enables to rationalize the observed ‘extinction
conditions' and allows a direct insight into the characteristics
of the responsible real space structural disorder. In addition to
these unexpected ‘extinction conditions', it is also
demonstrated that additional extinction conditions can arise at
special zone axis orientations as a result of the symmetry of
the modes responsible for the observed structured diffuse
scattering.

An essential part of the calculations has been done using the
computer programs NEUTRON (systematic phonon extinction
rules in diffuse scattering) and NONCHAR (non-characteristic
orbits of space groups) that are available on the Bilbao

Crystallographic Server (www.cryst.ehu.es)[6].
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As detectors become better high quality diffuse scattering data
becomes readily available. Consequently, there is a demand
for novel tools that provide easy access to the information
from diffuse scattering.

We suggest a straightforward way for finding disorder models.
The method is based on a direct refinement of the pair
distribution function which is calculated as the Fourier
transform of x-ray intensities. The method is analogous to
powder PDF refinement, however, powder PDF refinement is
restricted to one-dimensional experimental data. Fourier
transform of such data yields a rotational projection of the
PDF. In our experiments we use x-ray scattering from single
crystal and therefore we are able to calculate the PDF in three
dimensions (3D-PDF). To investigate disorder, the PDF
function is calculated from diffuse scattering only. The result
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