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The performance of functional materials central to energy devices, including rechargeable batteries,
fuel cells, as well as gas separation and storage technologies, is determined largely by atomic-scale
materials structure and dynamic-function relations. Many functional materials undergo structural
change during use, for example to accommodate compositional change such as in rechargeable bat-
tery electrodes that reversibly host charge-carrying ions and in gas storage and separation materials
that reversibly host molecular gas species. Robust characterization methods that quantitatively
and accurately capture these changes are essential to the strategic design of materials with superior
function, and consequently, to improving device performance.

Historically, a conflict existed between fast and detailed neutron scattering measurements of ma-
terials, particularly for measurements of materials within devices. This conflict was sometimes
alleviated by using small model systems in which the material function was not representative of
that in the corresponding commercially-used device. Today, advanced characterization methods
that capture material changes in detail while they are occurring is possible in whole devices under
real-life operating conditions, as facilitated by advances in instrumentation. This is especially true
for powder diffraction, with instruments such as the high intensity neutron powder diffractometer
Wombat at the Australian Centre for Neutron Scattering (ACNS) being one of the fastest of its
kind globally.

This talk will give examples of real-time neutron scattering measurements of functional energy
materials capturing compositional change and non-equilibrium processes, with a focus on neutron
powder diffraction using ACNS’s Wombat. 1-4
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