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I will give an overview of how I have used symmetry in my work to aid in the interpretation of the often 
complex diffraction patterns and structures that arise as a result of phase transitions driven by 
electronic, ferroelectric and soft mode instabilities. I will show that a symmetry motivated (“distortion 
mode”) basis provides not only the natural coordinate system in which to refine such powder 
diffraction data, but how, in the case of the topical hybrid improper ferroelectric Ca3Ti2O7, its 
application leads to a deeper understanding of the soft mode physics that underpin this novel ferroic 
mechanism.1 These insights have also enabled us to rationalise the occurrence of negative thermal 
expansion (NTE) that occurs in phases that compete with, and suppress, this ferroelectric state.2 
Ultimately we have been able to use this understanding to tune and enhance the magnitude of 
uniaxial NTE in a range of layered perovskites.3 I will go on to show how a symmetry motivated basis 
can also be used to analyse pair distribution data in order to extract information relating to disorder.  
In the case of the archetypal ferroelectric BaTiO3, I will show that our results firmly evidence an order-
disorder nature for the phase transitions in this material, with off-centre displacements persisting well 
into the paraelectric state.4 Equally, this approach to analysing PDF data provides a means for 
extracting information on dynamic displacements related to soft modes, which I will illustrate for a 
variety of perovskites that display NTE. Finally, I will show how this symmetry motivated basis can 
give us predictive power, enabling us to propose a scheme for designing materials with novel 
ferroelectric and magnetoelectric couplings.5 
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