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The microstructure design of materials requires an atomic-level understanding of mechanisms
underlying structure-dependent properties. The analysis of either the traditional diffraction profile
or the pair distribution function (PDF) gives access to the long- or short-range information. Any
variation of structural and microstructural features over the whole sample affects Bragg’s peaks as
well as the underneath diffuse scattering. Accuracy of characterization relies, therefore, on the
reliability of the analysis methods and employed models. Bragg’s methods investigate the
diffraction peaks in the intensity plot as distinct pieces of information.! This idea hits its limitation
when dealing with disorder scenarios that do not compare well on such a peak-by-peak basis.
Debye methods tackled directly the scattering from a disordered phase.? However, the structure
information is averaged in the short-range, and statistical reliability and computing efficiency are
sacrificed.

Here we introduce the whole pair distribution function modeling method, which directly targets
the intermediate regime disorder in materials. We use Bragg’s models to ease the computation of
a whole PDF and then model powder scattering data via the Debye scattering equation (DSE).
Bragg’s models allow the efficient solution of the dispersion of crystallite’s properties in a powder
sample with statistical reliability, while the PDF yields the flexibility of the DSE. The whole PDF
is decomposed into the independent directional components and the number of atom pairs
separated by a given distance is statistically estimated.® This allows us to avoid the need for an
atomistic model of the material sample and the need for the computation of the billions of pair
distances. Besides the results being in perfect agreement with the explicit solution of the DSE, our
method allows us to take advantage of the strengths and different sensitivity of the Bragg theory.
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