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Knowing structures is extremely important for understanding the properties of materials as well as improving their
functionalities. X-ray diffraction techniques have been the main method since its invention. Electron microscopy has also played
an important role since the development of image processing and simulation. Here we present the recent development of the
structure determination by electron microscopy alone and the combination of electron microscopy and powder X-ray diffraction
techniques will be also discussed. These methods can be applied for various materials, especially useful for porous materials
which are important for catalysis, separation.
One of the most complicated zeolites, IM-5, was first solved by combining powder X-ray diffraction and HRTEM images but its
structure can also be directly obtained by 3D reconstruction of HRTEM images.1 This method can also be applied for solving the
structure of mesoporous materials, as we did for IBN-9.2 IBN-9 shows a unique tri-continuous mesoporous channel system with
hexagonal symmetry P63/mcm. It has the most complex pore structure among all reported mesoporous materials, and is the first
representation of H-minimal surfaces in real materials.
For the electron beam sensitive sample, HRTEM images normal show very low resolution, which may not be very helpful for the
atomic structure determination, while the electron diffraction requires less stability of the materials. In the structure
determination of ITQ-37, the first chiral zeolite with meso pores, electron diffraction intensities were used instead.3 These
intensities were used to pre-partition the overlapped reflections in powder X-ray diffraction to obtain a single-crystal-like
diffraction data, which makes the structure solution much easier. For the same reason, one of recent developments of electron
microscopy is so-called 3D electron diffraction tomography. This technique can collect the whole diffraction space in an
automatic mode, which can then be used for the structure determination as single crystal X-ray diffraction data. For the disorder
structure, this technique can also provide useful information in reciprocal space for getting an overview of the materials.4
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