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Abstract 

 
Nanoparticles with sizes typically below 20 nm are one of the most studied structures in 
nanothecnology and nanoscience because of their wide range of applications due to their unique 
optical, physical and chemical properties [1]. Often, they have core-shell structure or are coated 
with organics molecules [2].  
 
Nanoparticles’   functionality   is   largely   affected   by   the   specific   configuration of the outer surface 
atoms. For example, in catalysis activity and selectivity are mostly determined by the type of 
atomic defects present at the surface of metallic nanoparticles and in the field of biomedicine the 
surface coating of hybrid (inorganic core-organic shell) nanoparticles regulates their stability, 
solubility and targeting.  
 
Electron microscopy in transmission mode (TEM) and in scanning transmission mode (STEM) are 
widely used for characterisation of nanoparticles, and advances in electron microsopy means that 
nowadays it is possible to resolve single atoms routinely in combination (not routinely) with their 
chemical identification. However this high potential of (S)TEM is ultimately limited by electron 
irradiation effects on the sample [3,4]. We present here a comparative study of the limitations and 
prospects of several advanced (S)TEM techniques such electron holography and aberration-
correction (S)TEM using direct and indirect methods to study and nanoparticles capped with 
organic layers which have applications in biomedical targeting.  
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Figure 1. (a,b) Cs-corrected TEM image and  STEM of Au nanoparticles capped with thiols. (c) 
High-resolution TEM image of a Au nanoparticle capped with poly-allylamine with a 1.5 nm core 
attached to the edge of the C support. (d) Simulated high-resolution TEM image intensity 
calculated using the atomistic model shown in (e). The model has a 1.5 nm Au core and an 
amorphous shell that contains 75% C and 25% N. (f) Statistical measurement of the length of 
thiols from a conventional bright-field TEM image. (g) Monte Carlo simulations of inelastic 
interactions (pink spots) generated by 60 eV, 20 keV and 300 keV electrons irradiating a 5 nm Au 
nanoparticle semi-buried in amorphous C. 
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