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The advent of new-generation X-ray sources and more sensitive and fast detectors discloses 
the possibility of monitoring structural dynamics of materials by in situ/operando X-ray 
diffraction experiments. Crystalline materials have long-range order that can be investigated by 
X-ray, neutron or electron diffraction (XRD), while nanocrystalline, amorphous or liquid 
materials have only short-range order that can be studied by the atomic pair distribution 
function (PDF) analysis of diffraction data. XPD and PDF are very fast measurements, which can 
be used in synergistic way in situ/operando experiments, possibly in combination with other 
techniques. 

New tools are required to monitor the large amount of data collected in such experiments, 
and to extract dynamical structural information from the system under study. The technique 
called Modulated-Enhanced Diffraction has been developed to obtain increased sensitivity, 
chemical selectivity, and time-dependent structural characterization. Repeated diffraction 
measurements taken from systems subjected to a varying external perturbation (temperature, 
pressure, light,..) are analyzed by multivariate statistical analysis to detect subtle structural 
changes induced in situ. 

The theory to explain the X-ray diffraction response [1], the program developed for data 
analysis [2] and their application to materials for energy [3,4] will be presented.  
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