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The use of thermal processing to control phase separation in atomic and molecular solids is a con-

served motif for designing materials with tailored mechanical properties that spans antiquity, mod-

ern technology and the natural world. By contrast, thermal processing of colloidal solids (e.g. particle 

gels and glasses) poses significant challenges, including relatively slow dynamics and a lack of scala-

ble materials in which colloidal interactions can be actively tuned and quenched. To overcome these 

challenges, we have developed a model thermally processable colloidal system based on nanoparti-

cles in the presence of thermoresponsive polymers that allows for fine control over their interparticle 

attractions and resulting colloidal behavior. We show how this thermoreversible behavior allows 

access to a range of gelation mechanisms including dynamic percolation, arrested phase separation 

and glass formation, whose outcome can be selected through the path taken to the gelled state. In 

cases of arrested phase separation, we explore the analogy between thermal processing in colloids 

with that in atomic and molecular systems, including the kinetics and micromechanics of structural 

coarsening and the concept of a “time temperature transformation” diagram from which to design 

arrested morphologies. Ultimately, we show how the sophisticated control of gelation and arrested 

structure afforded by thermal processing can be used to tailor colloidal solids (and other materials 

from them) with widely varying and superior mechanical properties. 
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