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Doping various impurities into nanomaterials is an enabling technology and renders nanomaterials to be useful in functional devices. However, complete microstructure characterization by microscopy is still difficult, resulting in many debates about growth mechanisms or properties still controversial. Here, high-resolution and energy filtered transmission electron microscopy (TEM) as well as electron energy loss spectroscopy (EELS) and high-angle annular dark-field imaging are employed to probe the microstructure and dopant chemical states of ZnO: Co thin films and ZnO:Al nanowires, grown by multilayer (ZnO/Co) growth and alloy evaporation deposition, respectively. In the former case, both distribution and chemical states of Co for the valence charge between 0+ and 2+ in ZnO can be well controlled by varying the ratio of nominal layer thickness of ZnO to Co. For the latter case, by employing the proposed growth method, dopant concentration is about 1021 cm-3. Al concentration fluctuates along the growth direction, but there exists an Al-rich layer wrapping the wire core. In the low EELS region, in addition to the O-2p, O-2s, Zn-3d, plasmon resonance of ZnO, and interband transitions are identified. Besides, through doping, nanorods with new morphologies can be induced. For example, arrays of single-crystalline Al doped ZnO rectangular nanorods are nucleated from Al doping composition modulated ZnO nanosheets. Single-crystalline ZnO nanorods emitting two characteristic optical emissions from opposite halves of the nanorods are induced by doping concentration gradient. 
Finally, to demonstrate the capability of dynamical observation of material evolution by in-situ TEM, I will also show some of our preliminary works in this field. The first example is to examine thermal stability of multi-walled carbon nanotubes (MWCNTs). Upon heating, Ni catalysts in MWCNTs containing bamboo structures shrank from the tail due to evaporation, leading to additional bamboos formation and tube elongation at 800(C. The second example is to investigate the direct conversion of an amorphous carbon film to capsules by gallium, nickel and cobalt alloy particles upon heating. Detailed mechanism can be visualized by a wealth of data available in the dynamical observation.
