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Abstract: 
It is exceedingly rare for real-world materials to be as pristine as those considered in the 
examples to be found in the pages of our undergraduate textbooks. Indeed, a wide range 
of technologically relevant materials contain a degree of ‘disorder’ of some kind. 
Examples include glasses, where there is no well-defined underlying crystal lattice; 
alloys, where atoms of diJerent chemical identities occupy lattice sites at random; and 
magnetic materials, where the eJects of finite temperature cause magnetic moments 
first to ‘wobble’ and then to disorder entirely as a material enters its paramagnetic phase. 
It is crucial that modelling techniques are developed which can accurately simulate such 
disordered materials and provide insight into experimental studies. 
 
In this talk, I will discuss means by which chemical and 
magnetic disorder can be studied computationally at the sub-
atomic and atomic length scales via application of density 
functional theory (DFT) calculations, interatomic potentials, 
and machine learning techniques. Through application of 
methods from statistical physics, I will then demonstrate how it 
is then possible to extract quantities such as alloy disorder-
order transitions and materials’ magnetic critical 
temperatures—quantities which can be studied by 
experimental collaborators in a laboratory setting. Example 
applications will include structural materials [1], high-entropy 
alloys [2], and rare-earth-free permanent magnets [3, 4]. 
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Figure 1: Visualisation of the 
paramagnetic state of an 

alloy, where both 
compositional and magnetic 

disorder are present. 

https://doi.org/10.1103/PhysRevMaterials.8.033804
https://doi.org/10.1103/PhysRevMaterials.7.053801
https://doi.org/10.1063/5.0169752
https://doi.org/10.1038/s41524-024-01435-y

