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Our first review of the application of in situ, high-resolution transmission electron microscopy 

(TEM) to study the behavior of materials at controlled, elevated temperatures appeared in 1988 [1].  

That paper chronicled the development of this technique from using electron beam heating (as others 

had also done at that time) to actually employing a stable specimen heating holder without degrading 

the quality of the high resolution images.  Of particular importance was the demonstration that 

kinetically driven events in many systems occurred at the same rate and with the same activation 

energy as those in bulk materials.  This led to a range of such studies on reactions on thin films, such 

as solid state amorphization at metal-semiconductor interfaces (eg. [2,3]), metal-induced 

crystallization of amorphous semiconductors (eg. [4]), multilayer reactions ([eg. 5,6]) and most 

recently amorphous gate oxide crystallization [7].  This method is now being applied for examining 

processes in nano-materials (eg. [8-10]).  

 

Our current work is focused on the stability and functionalization of magnetic and noble metal 

nanoparticles for applications in cancer detection and therapy.  Thus a method has been described to 

produce elemental (eg. Fe, Co) and alloy (eg. FeCo, FeAu) superparamagnetic nanoparticles 

encapsulated by graphite which remain unchanged after several years at room temperature and 

pressure (eg. [11]).   Complementing this, we have investigated the structure of silver surface 

enhanced Raman (SERS) nanoparticles functionalized with antibodies.  Figs. 1 and 2 compare 

typical negatively stained TEM images (eg. [12]) with energy filtered TEM images taken using the 

carbon K edge.  The latter clearly shows the carbon-based biological coating much more effectively 

than does the conventional imaging.  This article therefore reviews these works [13]. 
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Fig. 1.  Bright field TEM image of negatively stained silver nanoparticles coated with bovine serum 

albumin (BSA) and glutaraldehyde, and functionalized with CD54 antibodies.  The light halos 

around each silver nanoparticle arise for the biological matter. 

 

 

 
Fig. 2.  Energy filtered TEM image using the carbon K edge of 284eV showing the biological 

coating of SERS silver nanoparticles. 
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