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The properties of a material are intimately linked to its atomic structure. Therefore, to understand and 

improve material properties it is crucial to establish how the atoms of a material are arranged. 

Traditionally this has been done through crystallographic methods, but for a range of modern materials, 

notably nanomaterials, the crystallographic approach breaks down.1 Instead the approach of total 

scattering with Pair Distribution Function (PDF) analysis has proven to be a powerful method to study 

the structures hidden from conventional crystallography1, 2 However knowing the atomic structure is 

not enough to improve the properties of a material. Instead, material scientists need to know how to 

change the atomic structure to form a material with the desired properties. Unfortunately, even in 

modern science material synthesis is often a black box where precursors go in and a material comes 

out. This means that the development of new materials relies on large parameter studies, trial and error, 

as well as a good deal of luck. To move toward a more rational design of materials it is necessary to 

understand the chemistry of materials formation and PDF has proven to be a powerful method to 

determine the formation pathway of materials.3, 4 

In this talk I will give several examples of how total scattering and PDF can give unique insights into 

the formation and structure of several types of nanomaterials.2-4 Because PDF can give structural 

information from both crystalline and non-crystalline systems it enables us to map the chemistry of 

hydrothermal formation of tungsten oxide and establish the formation mechanism of sol-gel derived 

MAX phases. Using this strength of PDF, I will also show how PDF can determine a size dependent 

amorphous structure in tungsten oxide nanoparticles and local disorder in crystalline materials for 

example small molecules trapped inside the crystal.  
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