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Self-assembled micelles in block copolymers have been subjected to a study using well established 
techniques in nano-biology. Cryo-Electron Microscopy developed in the late 1980’s [1] has now 
become the best technique in Biology to record structural details of proteins, enzymes, viruses and 
cellular substructures at sub nanometer resolutions without artifacts from specimen 
preserving/staining agents.  
 
Development in automation at the level of data acquisition on high standard transmission electron 
microscopes has evolved more and more since the mid 90’s[2-4]. Automated acquisition of 
tomograms now become a standard technique in electron microscopy [5,6]. Both techniques 
combined, Cryo-EM and Tomography, result in tomograms which, when processed toward a three-
dimensional representation reveal the 3D organization of the material preserved to the 6-3 nm detail. 
 
A dispersion of block copolymers in water will mainly consist of micelles. The more a-polar tails 
will form a hydrophobic core with on the surface a corona comprising the more hydrophilic part of 
the block copolymer [7]. Diluted solutions of low molecular weight surfactants have been 
considered to comprise stretched and fully hydrated monomeric molecules. In more concentrated 
solutions reaching the critical micelle concentration (CMC), micelles emerge next to the monomeric 
entities. However, surface tension measurements [8] and gel filtration chromatography [9] have 
indicated also the formation of oligomers of surfactants below CMC.  
 
The study visualizes the formation of aggregates smaller than micelles for a polymeric surfactant. 
Image processing of single views of the micelles and pre-micellar aggregates (PMAs) show their 
dimensions (micelles 43 nm, micellar cores 20nm, PMA’s ~20nm). 
 
Tomography subjected to three-dimensional reconstruction reveals that PMA’s tend to sit at the 
vacuum-ice interface spanned up by the thicker micelles. As is found by virus cryo-TEM work the 
material tends to reorganize itself by size exclusion at the air-water interface during thin film 
formation at room temperature, just before plunging into the cryo-coolant. 
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