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Nanocrystals (NCs) represent an innovative class of materials showing highly designable and tunable 
properties. Their size/shape dependent physico-chemical properties provide the opportunity to develop 
innovative functional materials for an extremely vast range of applications.[1]  In spite of this exciting scenario, 
an exhaustive characterization of NCs is still a challenging task.  
In contrast to microscopies, where individual NCs are analysed, scattering techniques allow nanocrystals to be 
characterized at the atomic and nanometer length scales with high statistical significance.[2]  
The very small size of particles in NCs can be considered as a defective representation of the corresponding 
bulk.[3] The extreme downsizing, together with the intrinsic defectiveness, non-stoichiometric composition 
and dynamic surface result in very broad Bragg peaks in the reciprocal space, a large diffuse scattering and 
unpredictable peaks shift/splitting. These features make the conventional X-ray diffraction techniques rather 
inadequate for the structural characterization of nanocrystalline materials.[4] The main advantage of the Total 
Scattering approaches (both in real[5] and reciprocal space[6]), compared with the standard powder diffraction 
methods, is determined by their ability to simultaneously model both Bragg and diffuse scattering, extracting 
all the information hidden in a powder diffraction pattern. 
In this talk I will present frontier techniques based on X-ray total scattering and the Debye Scattering Equation 
approach. This method has been optimized in order to quantitatively provide distribution properties at the 
atomic and nanometer length scales, such as atomic arrangement, defectiveness of various kinds (vacancies, 
doping, stacking faults, nanotwins, surface relaxations and ligand-induced distortions), size and shape, 
morphology, all within a unique homogeneous framework.[7–10]   
Experimental and modeling aspects will be presented along with an overview of applications. 
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