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Accurate measurement of nanoparticle (NP) size for particles with non-spherical shape constitutes a 

challenging analytical problem in principle for all methods able to probe the size of nanoparticles [1]. 

Various versions of electron microscopy produce conventionally 2D projection images which may induce 

significant errors in the evaluation of the true, 3D size and, hence, are not suited for the metrological 

qualification of size measurement of nanoparticles of more complex shape. Electron tomography (ET) by 

sequential tilting the TEM sample (holder) is one extensive approach able to address the 3D shape of NPs 

by reconstruction of 3D images from 2D projection images [2-4]. Another way of extracting the accurate 

3D size of crystalline nanoparticles is high-resolution TEM coupled with reconstruction from SAED on 

applied on single NPs [5]. This method is also time-consuming and is impractical to be applied on a 

statistically relevant number of NPs. Further approaches like manual identification of the well-defined 

shape of the NPs from high-resolution SEM micrographs of type SE-InLens showing a superior 

topography contrast might also reveal virtual 3D morphology, see Figure 1a. 

In this paper one ingenious approach is applied to determine the exact orientation of bipyramidal TiO2 

NPs prepared with good dispersion as almost isolated particles on a carbon TEM grid. The advantages of 

the recently developed high-throughput Transmission Kikuchi Diffraction (TKD) are used to identify 

quickly and reliably the orientation of the crystalline TiO2 NPs bipyramids (anatase) on a statistically 

relevant number of particles [5]. The prerequisite is the successful preparation of the anatase NPs as 

(mostly) single, non-overlapping particles (see Figure 1b) on an electron transparent substrate, i.e. here 

carbon foil on typical TEM grids [6]. 

Figure 1b shows a representative inverse pole figure (IPF) map overlaid with the so-called image quality 

map (with bright spots meaning good signal) as extracted from the TKD signals obtained from TiO2 

bipyramidal NPs prepared with good dispersion from liquid suspension on a carbon TEM grid. Note the 

good quality of the TKD signal generated by the anatase NPs (Figure 1c). 

From the analysis of the experimental pole figures (Figure 2a) one can conclude that the bipyramids do 

not have one single orientation. Simulations of the pole figures overlaid on experimental pole figure 

(coloured accordingly to IPF in Figure 1b) for anatase bipyramids in Figure 2b and c indicate that the 

particles rather lie on the substrate, with their long axis parallel to the substrate (‘balancing’ at the place 

of their thickest region). Considerable part of the NPs lies on the {101} facets (Figure 2c). Due to touching 

particles (mechanical support of surrounding NPs), particle orientations far from lying on {101} facets or 

balancing along long axis can be also found in the investigated sample. In the next steps, the NP size 

measurement uncertainties associated to the various orientations of the anatase NPs as prepared and 

analysed here by electron microscopy will be quantified [7]. 
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Figure 1. Figure 1. a) High resolution SEM image (SE InLens detector) providing high topography 

contrast suited to estimate the 3D orientation of TiO2 NPs of bipyramidal shape, b) Inverse pole figure 

(IPF) map overlaid with the so-called image quality map (with bright spots meaning good signal) as 

extracted from the TKD signals of TiO2 bipyramidal NPs prepared by drop casting the particles on a 

carbon foil TEM grid with minimum overlap, and c) anatase TKD pattern (just to illustrate the available 

pattern quality). 

 
Figure 2. a) Experimental pole figures corresponding to TiO2 bipyramidal NPs as in Figure 1, b) overlaid 

theoretical pole figures in case of ‘balancing’ NPs, and c) overlaid theoretical pole figures in case of NPs 

lying on {101} facets. 
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