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The nanoscience field often produces results more mystifying than any other discipline. It 
has been argued that changes of the plutonium dioxide (PuO2) particle size from bulk to 
nano can have a drastic effect on PuO2 properties [1-2]. Here we report a full 
characterization of PuO2 nanoparticles (NPs) at the atomic level and probe their local and 
electronic structure. The particles were synthesized from precursors with different oxidation 
states (Pu III, IV and V) under various environmentally and waste storage relevant 
conditions (pH 8 and pH 12). Synthesized PuO2 nanoparticles were studied by 
complementary methods: X-ray diffraction (XRD), atomic pair distribution function 
analysis (PDF), high energy resolution fluorescence detection (HERFD) X-ray absorption 
spectroscopy at the Pu L3 and M4-edges [3] and extended X-ray absorption fine structure 
(EXAFS) spectroscopy. This approach - the application of multifold synchrotron methods - 
is crucial to confirm results, obtained with individual methods. By combinations of these 
techniques it was found that small (2 nm) nanoparticles are formed from the Pu(III), Pu(IV), 
Pu(V) aqueous solutions at pH 8 and 12, with the crystal structure close to PuO2, without 
any other Pu-O contributions or oxidation states of Pu except Pu(IV) [4]. 
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