The death of powder — micro-electron diffraction with EIGER
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X-ray crystallography is the method of choice to obtain the atomic coordinates of
synthesized or isolated molecules, such as drug candidates. The major bottleneck for
determining crystal structures is the existence of single crystals of sufficient size and quality.
Many synthesized compounds fail to form large single crystals even after crystallization
experiments in various solvents. Chemists are often left with powders unsuitable for
structural studies by X-ray crystallography.

Most powders are not amorphous but microcrystalline. Chemical research and
pharmaceutical development would progress faster if structures could be determined
reliably at high resolution from microcrystals. Electron diffraction promises to do just that,
primarily because electrons interact with matter much more strongly than photons.
However, current electron microscopes are not optimized for diffraction. The sample stage is
a poor substitute for a goniometer, and traditional detectors suffer from noise and low
dynamic range.

Here we show that a mid-range microscope equipped with a photon-counting direct
detector is an excellent tool to determine atomic structures from microcrystals with the
smallest dimension of a few hundred nanometers. We determined the structure of a new
methylene blue derivative at 0.9 A resolution. Highlighting the potential of electron
diffraction for the pharmaceutical industry, we also determined the structure of the active
component of a commercially available drug from material taken from the capsule.

The key factor for high data collection quality and speed was a very fast and sensitive hybrid
photon-counting detector, which allowed structures to be determined in a few hours.
Technical developments, especially on the microscope, will make this process even easier
and more straightforward. In summary, we demonstrate the potential of electron diffraction
to transform industries that rely on the atomic structure of small compounds, such as drug
discovery, formulation and preparation.
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