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Electron diffraction is gradually becoming a broadly accepted alternative structure determination method to the established approaches 

like single crystal x-ray diffraction. Although electron diffraction was used for structure determination long time ago, the real 

breakthrough was obtained only thanks to the rapid development of the three-dimensional electron diffraction methods (3D ED). 

Several 3D ED experimental techniques exist, but they all share the basic principle of collecting three-dimensional diffraction 

information from a single very small crystal by tilting the crystal, continuously or in steps, and recording the diffraction patterns as the 

crystal is tilted [1]. 

In the early days of 3D ED, mostly inorganic materials were analysed, as these materials are less beam sensitive and therefore easier to 

measure. Nevertheless, soon first successful attempts to analyse organic materials appeared (reference). Gradually, over the past ten 

years, structure analysis of organic materials by 3D ED has become almost a routine technique.  

Structure analysis of molecular materials by 3D ED has certain specifics. First, molecular crystals are, typically, much more beam 

sensitive than crystals of inorganic materials, although this rule is by far not strictly applicable. The beam sensitivity of organic 

materials calls for specific experimental techniques. These include: measurements at low-temperature conditions (usually cooling to 

liquid nitrogen temperatures) to limit the beam damage; use of modern direct electron detectors with low background and high 

sensitivity to maximize the signal-to-noise ratio; combination of partial data sets from several crystals; or application of serial 

diffraction techniques. The latter can include either scanning a large single crystal with a small probe, measuring each diffraction 

pattern on a fresh part of the crystal [2,3], or collecting single diffraction patterns from a large number of crystals and combining them 

in a manner similar to serial femtosecond crystallography [4]. 

Once suitable data are collected, the challenge continues in the structure analysis part. It is usually not complicated to solve the 

structure by ab initio structure solution methods. However, it is challenging to obtain a good quality refinement. The multiple 

scattering effects that are always present in electron diffraction break the kinematical nature of the diffraction. If the kinematical 

approximation is used in the refinement, the figures of merit of the refinement tend to be high and weak signals in the structure may be 

obscured. This makes, for example, the detection of hydrogen atoms difficult, although not impossible [5,6]. The fit to experimental 

data can be improved by employing the dynamical diffraction theory in the calculation of the model intensities [3, 6, 7]. Such 

calculation results in an improved fit to experimental data and, as a consequence, to higher accuracy of the refined parameters and 

better sensitivity to weak features. A very important advantage of using the dynamical diffraction theory in the refinement is the 

possibility to determine the absolute structure of the crystals [3]. 

Despite of al the challenges, 3D ED was already proved to be an extremely successful technique for structure determination of 

molecular crystals. The fact that it can routinely analyse crystals with sub-micrometre size makes it an attractive alternative to single 

crystal x-ray diffraction. 
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