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Measurement of nanoparticle (NP) size (distribution) becomes a challenging analytical problem when 

non-spherical NPs must be accurately measured [1]. Most industrial NPs have not only a non-spherical 

shape but possess a broader (non-monodisperse) size distribution, and due to their 

agglomeration/aggregation state are difficult (or even impossible) to be addressed individually. 

Moreover, driven by regulatory purposes related to the identification of a material as a nanomaterial, the 

accurate measurement of the smallest dimension of a (nano)particulate material makes the analysis even 

more complex. 

 

Standardized procedures which are able to reliably characterize manufactured nanomaterials are being 

developed within the European research project nPSize - Improved traceability chain of nanoparticle 

size measurements. The aim is to develop measurement procedures, reference materials and modelling 

to improve the traceability chain, comparability and compatibility for NP size measurements to support 

standardization. Particular attention is paid to non-spherical NPs. Thus, new model nanoparticulate 

materials with well-controlled shape have been synthesized and supposed to systematic characterization.  

 

A limited number of NP sizing techniques has been selected for their ability to provide traceable 

dimensional results: microscopy techniques based on a direct observation of NPs: scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), scanning transmission electron 

microscopy in transmission mode (STEM-in-TEM), atomic force microscopy (AFM), as well as one 

ensemble technique small angle X-ray scattering (SAXS). 

 

In the first phase of the project, the efforts are focused on synthesis of nanoparticles of well-defined, 

non-spherical shape. Following candidates of reference materials (CRM) with certifiable particle size 

(distribution) are under characterization with respect to their homogeneity and stability: (i) titania 

nanoplatelets (10-15 nm thickness x 50-60 nm lateral) [2], (ii) titania bipyramides (~60 nm length x 40 

nm width) [3], (iii) titania acicular particles (100 nm length x 15-20 nm width; aspect ratio 5.5/6), (iv) 

gold nanorods (~10 nm width x 30 nm length) [4], and (v) gold nanocubes (~55 nm x 55 nm x 55 nm) 

[5,6]. 

 

Figure 1 shows representative SEM and STEM-in-SEM images of selected shape-controlled NP 

materials under investigation. Parallel to the accurate characterization of newly developed reference 
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materials candidates, sample preparation procedures as well as measurement and (image) analysis 

procedures are being also developed in order to enable the accurate analysis of the non-spherically 

shaped nanoparticles. Further, appropriate measurands and descriptors are defined and evaluated for 

each nanoparticle material class and for each measurement method in part. 

 

Physical modelling of the signals in electron microscopy techniques (STEM-in-SEM [6], SEM and 

AFM) and SAXS is being used as a decisive contribution to underpin the measurement traceability of 

the size of non-spherical nanoparticles, especially with regard to the accurate thresholding/segmentation 

of the NPs. The organization of a public database with the first results of raw measurement data, their 

data reduction and corresponding particle size distribution of the new has been just initiated. 
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Figure 1. SEM micrographs of the shape-controlled NPs under investigation to be selected as candidate 

reference materials to be certified for their particle size distribution (a) bipyramidal titania, b) titania 

nanoplateles, c) acicular titania, and d) Au nanocubes. Scale bar in each image is equal to 100 nm. 
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