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When sample conditions for conventional crystallography are not met (i.e. a large, well-ordered crystal) then 

x-ray diffraction techniques typically do not yield unambiguous 3D atomic structure. This occurs commonly 

in powder diffraction and small-angle x-ray scattering (SAXS), where ensembles of crystals or particles in 

random orientations produce isotropic diffraction around the beam axis. It also occurs for disordered materials, 

such amorphous solids and liquids, where randomness at the molecular scale has a similar suppression of 

accessible structural information via x-ray scattering. The accessible structural information is the distribution 

of atom-pair distances (known as the pair distribution function or PDF). The PDF has no information about 

local angular structure, such as bond angles, and in many cases does not uniquely determine the 3D structure.  

Fluctuation x-ray scattering (FXS) [1,2,3] aims to measure the local angular structure in disordered materials 

using a small x-ray beam to enhance angular scattering fluctuations. We have developed a method of inverting 

FXS data to recover a sum of three- and four-atom distributions in real-space[3]. We call this 3D function the 

Pair-Angle Distribution Function (PADF). It is a natural generalisation of the widely used PDF to higher 

dimensions. The PADF contains, for example, a bond angle distribution and massively increases the amount 

of structural information beyond that of the PDF.  

 

There are exciting opportunities to combine PADF analysis with crystallography, powder diffraction and 

SAXS. It could yield new routes to crystal structures, nanoscale disorder, amorphous structure and liquid 

structure. Here we introduce to the PADF and report on our early experimental results with synchrotron, x-

ray free-electron lasers and electron microscopes. These include applications to self-assembled lipids[4], 

disordered carbon materials[5], protein crystallization[6] and microtextured materials[7]. 
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