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The performance of materials central to energy devices including gas separation and storage 
technologies, fuel cells, and batteries, is determined largely by materials structure-dynamic-
function relations. Most energy materials function by undergoing change, such as the 
compositional change in rechargeable battery electrodes that host charge-carrying ions and in 
porous sorbent materials that host gas molecules. These materials are structurally complex, and 
the compositional change they accommodate is continuous and large.  
 
Robust characterization methods that quantitatively and accurately capture representative 
changes in these materials are essential to understanding functional processes and informing the 
strategic design of superior materials. Ideally, the detailed characterization of these materials 
would be gained while the material is undergoing change within a device that is operating under 
application representative conditions. However, rapid characterization, particularly of materials 
within operating devices, limits the level of detail that can be gained. This challenge is sometimes 
alleviated by studying model systems in which material function is not representative of that in 
the device. Importantly, the characterization of materials and the functional understanding 
gained must include a careful choice of methods and a consideration of the limitations of 
methods and approaches used [1]. 
 
This talk will highlight some methods and approaches useful in studying materials undergoing 
change with the aim of understanding their function in energy systems. Example studies of 
battery [2-7] and porous solid framework materials used for gas separation [8-15] will be 
presented that highlight the understanding of function that can be gained, with a focus on in situ 
and application representative methods using instrumentation at the Australian Centre for 
Neutron Scattering. 
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