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There have been great strides in recent years in the development of high-resolution dose-controlled 
electron microscopy methodologies for studying beam sensitive materials systems at high 
resolution. New and improved hardware, such as advanced aberration correctors and 
monochromators, as well fast direct or hybrid electron detectors or beam ‘choppers’ have widened 
the range of applicability of these techniques. State-of-the-art monochromated electron energy loss 
spectroscopy (EELS) in the scanning transmission electron microscope (STEM), in particular, 
offers the ability to map materials and atomic structures with an angstrom size electron beam and 
an energy resolution for EELS under 5meV. However, atomic and single molecular systems remain 
challenging objects for electron microscopy, especially when attempting to study their chemistry 
or electronic structure using EELS, an inherently dose-intensive technique. Here, we report on 
how encapsulated molecular and atomic systems provide ideal containers, or ‘nano test-tubes’, to 
study chemical reactions and electronic interactions in some of the most challenging materials 
systems. The diameter of encapsulating carbon nanotubes and the irradiating electron dose can be 
used in conjunction to control chemical reaction rates between the molecules and the encapsulating 
containers, as well as bond dissociation in the encapsulated structures. This approach was 
demonstrated in the cases of perchlorocoronene molecules [1], or of individual diatomic HF 
molecules isolated within fullerene cages [2]. The steric and electronic constraints imposed by the 
encapsulating tubes can also be used to form novel material phases with unique electronic 
properties, such as recently identified ‘pico-perovskite’ structures. These smallest conceivable 
halide perovskites were imaged and mapped using STEM-EELS [3], revealing a wealth of hitherto 
unknown crystalline structures whose electronic properties were further investigated using ab 
initio methods, based on these experimental observations. However, the mostly conducting nature 
of carbon-based containers can occlude electronic structure information in EELS experiments. 
Wide-band-gap BN nanotubes, in contrast, offer the promise of directly measuring the electronic 
or optical response of individual encapsulated nanostructure, while the more complex interactions 
with the host chemistry offer new avenues of investigation [4,5].  
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