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As nanoparticles are considered for applications in mechanical and electrical devices, the surface 
quality of these nanoparticles has become of paramount importance. An example where surface 
structure and chemistry are important is the consideration of using individual Si nanoparticles for 
semiconductor devices [1]. If an insulating surface oxide layer is present, the difference in 
conductivity across the surface layer may be deleterious to the device. Similarly, oxide layers can 
affect the mechanical properties of single nanoparticles. For example, an oxide layer present on a Si 
nanosphere may prevent introduced dislocations from being ejected upon mechanical unloading, 
thus affecting plastic deformation, dislocation pile-up, and associated work hardening [2, 3]. 

This study focuses on the imaging and analysis of such surface layers using transmission electron 
microscopy (TEM). Different types of nanoparticles are considered, including Si, SiC, and Ti. A 
representative Si nanosphere is seen in Figure 1. The spherical morphology of this particle is 
notable, as is the non-uniform surface layer present surrounding the particle. Information about this 
layer and its relationship to the crystalline nanoparticle, is provided by high-resolution TEM 
(HRTEM). However, with conventional HRTEM determination of the surface-film thickness is 
problematic, because the contrast from the film strongly overlaps that of the support film. The use of 
the CS-corrected Philips CM200 FEG installed at Jülich provides a method improving this situation 
[4-7]: it minimizes the contrast of the support film by choosing an appropriate defocus. Then the 
particle rim is slightly out of focus, the amorphous film is in contrast, and its thickness can be 
measured undisturbed by any contrast from the support. Using HRTEM, this surface layer can be 
imaged as shown in Figure 2.  

Further information about the structure and chemistry of the surface layers can be obtained using 
analytical TEM. A Philips CM200 FEG with Gatan Imaging Filter and Emispec Vision was used to 
produce spectral profiles across nanoparticles. Figure 3(a) shows an annular-dark-field scanning 
TEM (STEM) image of a Si nanoparticle with the trajectory of a drift-corrected STEM spectral 
profile noted [~1 nA in 1.5 nm probe, 150 pixels, 1 nm spacing, 1 s dwell/pixel for core-loss electron 
energy-loss spectra (EELS)]. The spectra confirm the presence of an oxide surface layer on the Si 
nanoparticle. Figure 3(b) shows EELS data extracted from the spectral profile. The profile of the 
oxygen signal across the nanoparticle is as expected for a spherical nanoparticle composed of a Si 
“core” and a “shell” of an oxide layer on the particle surface.  Using these methods, information can 
be obtained concerning the formation and subsequent oxidation of nanoscale surfaces. 
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FIG. 1. Bright-field TEM image of a silicon 
nanoparticle. 
 

 
FIG. 2. HRTEM image of a Si nanosphere; the 
amorphous surface layer is visible. 

  
FIG. 3. The annular-dark-field STEM image in (a) designates the line trace for a spectral profile 
across a Si nanoparticle. The resulting PEELS oxygen and silicon signals are shown in (b) as a 
function of distance along the line scan. This profile is as expected for a particle that has a “core” of 
silicon and a “shell” oxide layer. 
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