
Poster 

IN SITU OBSERVATIONS OF THE DYNAMICS AT NANOSCALE BY ULTRAFAST 
TRANSMISSION ELECTRON MICROSCOPY 

 
Liliya Nikolova, Federico Rosei and Jean-Claude Kieffer 

Institut National de la Recherche Scientifique, Montréal, Québec, Canada 

Shona McGowan and Bradley Siwick 

McGill University, Montréal, Québec, Canada 

James Evans, Thomas LaGrange and Nigel Browning 

Laurence Livermore National Laboratory, Livermore, California, USA 

 

As a continuous solid crystal is reduced in scale to a system of small number of atoms, its behavior 
often changes considerably. This can lead to interesting optical, electronic, magnetic, and catalytic 
properties. A significant amount of effort has been expanded, particularly over the last two decades, on 
characterizing the size-, quantum- or surface states-effects to which these changes are generally attributed 
(1-4). The possibility of tailoring the properties of nanomaterials has lead to some interesting discoveries 
and potential applications in medicine, energy conversion and storage, catalysis, sensing, electronics, 
etc. To harness the properties of such novel systems, however, a better understanding needs to be 
developed on their structure and the effect on the nanomaterials’ properties. 

The equilibrium states of most materials are well known and have been probed by large variety of 
techniques. Information on the intermediate states, however, is not complete. To reveal the process of 
structural transformation and to understand the dynamics, a description of the states during a structural 
transition is need with temporal resolution in the nanosecond to femtosecond range. At present, there is no 
well-developed general method for the atomic-level structural determination of short-lived transient states.  

For ultrafast studies of structural transition, X-ray and electron diffraction are generally employed. 
Despite their high spatial resolution, they visualise the reciprocal space, thus giving information on 
presence or absence of periodical structure. As shown in figure 1, however, a combination of high 
temporal resolution and real space imaging are required for the study of processes such as nucleation, 
interphase boundary motion, shock propagation, radiation damage, solid state chemical reactions (5-9). 
This prompts the necessity of a new method that can provide real space imaging with high temporal 
and spatial resolution.  

The transmission electron microscope (TEM) is a powerful and versatile tool for characterisation 
of the materials offering high spatial resolution (as low as 0.5Å (10; 11)); but due to the poor temporal 
resolution, it is rarely used for in situ direct imaging of structural transitions. Limited by the video capture 
rate of the camera, the images are usually acquired in seconds-scale. In this presentation, we will outline 
recent work on the modification of a TEM to obtain a Dynamic TEM (DTEM). By improving the temporal 
resolution we can reveal the dynamics of non-reversible processes of structural transitions (12-14). 
Challenges and advantages of such modification will be described in the context of our initial results on 
amorphous Silicon and Germanium nucleation. The TEM modified at INRS is the first DTEM in Canada. 
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