3-Dimensional electron diffraction and in-situ activation of metal organic frameworks
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Recent developments in electron diffraction are particularly important for research in porous materials, which are notorious
for yielding very small crystals which are unsuitable for single-crystal X-ray methods. The porous copper metal organic
polyhedral system [Cus(EtOL)4(H20)2(DMF);] (1), where LH, = 3,3’-((5-ethoxy-1,3-phenylene)bis(ethyne-2,1-
diyl))dibenzoic acid [1], can be activated for gas sorption by exchange of DMF for MeOH (2) followed by removal of the
MeOH using a vacuum oven. This results in fracturing of the sample into a rod-like morphology with typical dimensions of
0.3 x5 um. Powder X-ray diffraction shows that the sample retains high crystallinity but has undergone a phase change.

Using 3-dimensional electron diffraction (3D ED) at 100 K, the structure of the solvent exchanged sample was identified as
a 1D metal organic framework (MOF) where bridging across inversion centres links the complexes into chains which run
along the crystallographic c-axis, Fig. 1. Coordinated waters, oriented towards the interior of the pore, complete the five-fold
coordination environment of the copper atoms. The sample was withdrawn from the column of the microscope and warmed
to 210 K in the vacuum chamber of the electron diffractometer and then reintroduced into the instrument. Recollection of
diffraction data from the same crystallites measured at 100 K revealed that dehydration occurs to generate an ordered phase
in which the orientation of the principal crystallographic directions is conserved but with a doubling of the unit cell volume.
By contrast, dehydration of previously unirradiated crystallites yields a disordered phase with a unit cell volume which is
slightly smaller than that of the hydrated sample and one-half that of the ordered phase. Only one other example of in situ
MOF activation has been reported [2]. This highlights the suitability for electron diffraction for studying in situ MOF
activation and polymorphism.

Figure 1: 3 repeat units of the molecular structure of the hydrated MOF (2) obtained from 3D ED.
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