
Preface

Micro- and nanocrystalline samples pose a significant challenge in materials, chemi-
cal, and biochemical crystallography, particularly if quantitative determinations of
new structures are desired. Traditionally such analyses of microcrystalline prepara-
tions have been approached using powder X-ray diffraction. While significant ad-
vances have been made in ab initio structure analyses from powder X-ray diffraction
intensities, facilitated by the high resolution possible with synchrotron sources, reflec-
tion overlap can often render structure solution impossible, particularly for high-sym-
metry space groups. Innovations in software development have improved the prospect
of structural determinations in a rapidly developing field but significant challenges
remain.

Electron crystallography offers an alternative approach for studying very small
crystals. Even in its qualitative application for measuring unit cell sizes and deter-
mining space group symmetry, it has the advantage over powder methods in that it
measures single crystal information from individual microcrystals, and it can some-
times assist in the resolution of reflection overlaps in powder data. This is possible
because of the greater scattering cross-section of matter for electrons vs. X-rays.
However, it is the strength of this interaction that gives rise to many of the problems
associated with electron crystallography, and the kinematical theory that underpins
X-ray and neutron crystallography has to be replaced with a much more intractable
formalism based on multiple-beam dynamical scattering. Because of this, the ques-
tion as to whether or not the intensity data in an electron diffraction pattern can used
for ab initio structure determination has long remained a controversial topic that has
finally been favorably resolved in the past few decades, although the methodology is
still far from routine.

This issue of Zeitschrift für Kristallographie is devoted to the current status of
quantitative applications of Electron Crystallography, primarily in the characteriza-
tion of organic and inorganic crystalline materials, and associated problems in scatter-
ing theory and instrumentation. The determination of light atom structures from elec-
tron diffraction intensities nowadays may not seem to pose a significant challenge to
the dynamical scattering theory for electrons from thin crystals, particularly given the
well-known successes in biological applications, e.g. the characterization in integral
membrane protein structures, but there are still substantial practical difficulties in
obtaining a quasi-kinematical, complete diffraction data set at atomic resolution. On
the other hand, the considerable interest in solving inorganic problems by electron
crystallography may come as a surprise to some crystallographers. As will be seen in
this issue, innovations in instrumentation have partially facilitated the analysis of
such structures, but, in all cases, great care in data collection tempered by constant
awareness of the limits imposed by theory have led to the success in this issue.
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