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Nanoscale morphology has become an increasingly important topic in energy materials since much of
the transport behaviour and the structural integrity issues rely on details near surfaces and at
nanoscales/amorphous phases. Whereas diffraction is used to study the crystal structure of materials,
small-angle scattering (SAS) is well suited to provide information on the size, shape and interaction of
nanometer-sized objects. For instance, small-angle neutron scattering (SANS) has been successfully
used to probe spatial inhomogeneity of the hydrogen concentration in metal hydrides or the lattice
strain and dislocation during hydride phase formation.
More recently, the combination of SANS with in-situ small-angle X-ray scattering (SAXS) has been
fundamental to investigate nanoscale composites for hydrogen storage, their kinetics and
thermodynamics in relation to their morphological evolution.
The emerging relevance of SAS in the investigation of materials for energy storage is also related to
an enhanced interest in the development of analytical methods to study batteries during operation, or
operando. Indeed, typically, the performances of the
electrochemical cell unit is measured with ex-situ X-ray
or neutron diffraction measurements, by dismantling a
battery at a chosen stage of charge/discharge. This way,
the resulting picture of the chemical reactions is partial
and far from the real-time working behaviour, especially
when metastable phases formed during cycling relax to
more stable states in ex-situ measurements. As will be
discussed by presenting recent results, operando SAS
offers the possibility to study particle related nanoscale
effects within fully operational batteries, nondestructively and without disassembling the cell.
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