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Strategies for structure solution of small-molecule organics by 3D ED using a small beam
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Three-dimensional electron diffraction (3D ED) has matured into a method routinely employed by several worldwide-located
laboratories for addressing crystallographic problems, which were considered intractable by X-ray diffraction [1]. The main advantage
of ED is the ability to get diffraction data from volumes of few hundreds or even few tens of nanometers. This allows acquiring
comprehensive 3D structural information from crystals too small for X-ray single-crystal methods, from coherent domains in
pervasively twinned or disordered materials, from isolated domains embedded in inorganic or biological matrices and from minor
constituents of powdered polyphasic mixtures.

From the beginning, the main shortcomings of 3D ED appeared connected with the deterioration of the sample induced by TEM
vacuum or by beam damage. Moreover, organic crystals are typically affected by mosaicity and bending. In this contribution we will
show different experimental protocols for data collection and analysis that can be employed in any experimental set-up, even for low-
voltage TEMs. Beam damage is minimised by coupling STEM imaging for sample search and tracking, and a small-size low-intensity
parallel electron beam for diffraction data acquisition [2]. The size of the beam is crucial for picking narrow areas of the sample, either
when coherent crystal domains are very small or when there is a need for moving to fresh parts of the crystal in order to lessen beam
damage effects.

According with the specific sample characteristics, 3D ED data acquisition can be performed in stepwise mode, coupled with beam
precession [3], or by continuous rotation [4]. Both approaches strongly benefit by the disposal of a new-generation ultra-fast single-
electron detector [5]. Moreover, background noise can be almost completely suppressed with an energy filter that cuts out the inelastic
scattering. Structure solution is normally obtained ab-initio by direct methods. Still, global optimisation approaches, like simulated
annealing [6], are valuable alternatives when data are affected by low resolution, preferential orientation or experimental errors that
compromise the overall intensity reliability (e.g. beam damage, merohedric twinning, diffuse scattering).

We will thus discuss examples of recently published [7, 8] and forthcoming structure characterizations of pharmaceutical compounds,
organic charge-transfer co-crystals and polycyclic aromatic hydrocarbons. For each case, specific problematics of the sample will be
discussed, together with experimental solutions adopted for achieving structural solution and refinement.
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