Microsymposia

The EXPO package [1] is a computing program able to successfully
provide the structure solution by starting from minimal information:
the experimental powder diffraction pattern and the chemical formula
of the compound to investigate. EXPO can be used for solving organic,
inorganic, metalorganic structures for a large variety of applications.
Automation and efficiency are suitably combined in EXPO for
performing all the steps of the solution process: indexation, space
group determination, intensity extraction, structure solution, model
optimization, Rietveld refinement.

Automation. Default strategies, identified as the most effective,
are selected for carrying out the solution process automatically and
quickly. They may fail when the experimental data resolution is bad
and/or the structure complexity is remarkable. In these cases, EXPO
can promptly switch to appropriate strategies by profiting by a user
friendly graphical interface.

Efficiency. Innovative theories and computing procedures aiming
at making straightforward all the steps of the solution process are
integrated in EXPO and widely tested. EXPO is continuously updated
and optimized in terms of both computing efficiency and graphical
performances.

In EXPO the two stages based ab initio approach (in the first stage
the intensities are extracted; in the second, the reflections are phased
by Direct Methods) [2] is the automatic choice. The model provided
by Direct Methods is usually partial and approximate because of well
known unavoidable problems in powder diffraction (overlapping,
background, preferred orientation). It can be optimized by default [3],
[4] and/or non-default strategies [5], [6] which are able to reduce the
errors depending on the limited experimental resolution.

A very recent study has regarded a new and more effective figure
of merit [7], alternative to the classical one. It is able to pick up the
phasing trial corresponding to the best solution among several feasible
ones.

Non ab initio method, requesting the knowledge of the expected
molecular geometry and based on Simulated Annealing technique
[8, 9], can optionally be attempted particularly in case of solution of
organic compounds.

Examples of successful automatic runs by EXPO will be discussed
in addition to available special strategies.
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Pushing the limits of powder charge flipping
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In 2004 Oszlanyi and Siito introduced a new way of determining

crystal structures from single-crystal diffraction data that they
termed charge flipping [1]. The algorithm is an elegant one, based on
a very simple perturbation (charge flipping) of electron-density maps
that are generated during the structure solution process. Initially,
this charge-flipping algorithm was viewed as a curiosity, but in a
surprisingly short period of time the approach found application in
areas where traditional methods flounder. One of these was X-ray
powder diffraction (XPD).

The original algorithm was adapted to accommodate powder
diffraction data by two different groups in 2006 [2] and 2007 [3].
The latter includes a second perturbation of the electron-density map
based on histogram matching [4] prior to the repartitioning of the
intensities of overlapping reflections, and has been implemented in the
program Superflip [5]. Although diverse structures have been solved
automatically with this program, its limits have not yet been reached.
By including information from electron microscopy (EM) experiments
in different ways, three particularly complex zeolite structures [6,7,8]
could be solved. At least part of the algorithm’s strength lies in the fact
that it operates in both real and reciprocal space, so manipulation in
both is possible.

In the first of the zeolite structures, starting phases for the charge-
flipping algorithm were generated using an approximate (but incorrect)
model derived from several high-resolution transmission electron
microscopy (HRTEM) images. In the second case, a structure envelope
[9] was generated from a single lower resolution HRTEM image and
imposed in real space to enforce the channel system. In the third case,
reflection intensities from selected area electron diffraction patterns
were used to pre-partition the intensities of reflections overlapping in
the powder diffraction pattern.

It has also been shown that precession electron diffraction (PED)
data can be used to improve the quality of the intensities extracted
from a powder diffraction pattern (by identifying and eliminating
weaker reflections) and to generate some better starting phases (by
applying charge flipping to 2-dimensional PED data) [10]. In light of
the improvements arising from the use of 2-dimensional EM data to
supplement the powder diffraction data, an alternative approach using
2-dimensional subsets of the XPD data has recently been devised [11].

Further automation incorporating some of these developments into
the software can be easily envisioned.
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