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Shape and lattice deformation contributions to powder scattering
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Important advancements in the field of powder X-ray scattering aim at improving the reach and accuracy of pattern analysis methods.
Pair distribution function and other methods based on the Debye scattering equation (DSE) are the most straightforward as they
directly compute the interference between couples of atoms. All interatomic distances for all grains in the powder have however to be
computed. Whole powder pattern and pair distribution function modelling methods solve, instead, the same problem by considering
whole objects in place of atoms. Even if not as general, they provide the same result but faster [1, 2].

Common volume functions (CVFs) are used to model the scattering contribution from crystalline domains of any shape. However,
CVFs are readily available for a limited set of regular shapes. Allegra and Wilson [3] computed the scattering line profile of deformed
shapes applying a linear transformation. Although reprised multiple times, such approach is not suitable for techniques based on the
CVF formalism. We generalized the paper of Allegra and Wilson considering the effects on the powder diffraction pattern of a
deformation applied to the shape (i), to the underlying lattice (ii) or to both (iii).

Here we discuss the transformation of the CVF to account for the scattering contribution of domain shape and crystal structure
deformations (Fig. A), and shape-structure relative orientation (Fig. B). As an example, starting from the CVF for a sphere (cube)
domain and a cubic crystal structure, the transformation allows the analysis of (i) ellipsoid (parallelepiped) domains in a cubic lattice,
(i1) sphere (cubic) domains in a triclinic lattice and (iii) ellipsoid (parallelepiped) domains in a homologous triclinic lattice. The
presence of size and shape deformation dispersions are also considered. The resulting profiles are used to model both the intensity
scattering contributions and the small-angle shape function used to correct numerical pair distribution function profiles. Finally, we
analysed pattern simulated via DSE to assess the possibility of extracting the deformation information from real powder scattering
data.
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Figure 1. Dependence of intensity and pair distribution function profiles on the shape-structure deformation and relative orientation.
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