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ABSTRACT:

Understanding the relationship between structure and properties is crucial to designing
materials with novel functions. Crystals have proven to be a highly versatile platform for
engineering functions, as the periodicity of their atomic arrangement greatly facilitates the
prediction and optimization of their properties. However, not all properties can be realized
with periodic structures. Correlated disordered media — materials that do not exhibit
conventional forms of long-range order — can achieve transport properties unattainable in
periodic systems, such as the formation of isotropic photonic bandgaps, which are highly
desirable in optoelectronic applications. By the very nature of disorder, identifying
principles and approaches to engineer disordered functional materials is very challenging
— 1in fact, what does it even mean to “engineer disorder”? In this talk, I will show how we
established a new state of the art in the design of correlated disordered structures. This
approach led us to the discovery of a new class of disordered functional materials that we
termed “gyromorphs”, which uniquely combine liquidlike translational disorder with
quasi-long-range rotational order, induced by a ring of delta peaks in their structure factor.
We predict that gyromorphs outperform all existing isotropic photonic bandgap materials,
paving the way for fine control over optical properties. Finally, I will provide an outlook
and discuss recent results on how we are leveraging noisy processes to build generative Al
models that will accelerate the discovery of novel materials across the periodic table.
“Though this be madness, yet there is method in’t” (Hamlet ILi1).
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