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Search for structural orders in colloidal glasses
Xiunan Yang, Hua Tong, Rui Liu, Mingcheng Yang, Wei-hua Wang, Ke Chen
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Abstract: Glasses are often known as disordered solids whose structures exhibit no obvious long range
periodicity. It has been long proposed however, that glasses may contain non-periodic amorphously
ordered structures that are the physical origin of the unique dynamical, thermodynamical and
mechanical properties of glasses. For decades, searching for signs of such structural orders has been
pursued by both theoretical and experimental workers in the field. In this talk, I will briefly discuss our
recent works in search for structural orders in colloidal glasses and supercooled liquids, using structural
entropy and positional variances. In solid glasses, we find that local structural entropy S, is a good
parameter to measure local structural order. Regions with higher S, are correlated with faster dynamics,
softer phonon modes and higher propensity to rearrange under external loading, similar to defects in
crystalline materials. We also measure the local positional variances of particles in disordered binary
colloidal samples, ranging from dilute fluids to jammed glasses, and probe their spatial and temporal
correlations to local dynamics during the glass transition. We observe the emergence of significant
correlations between positional constraints and local dynamics within the Lindemann criterion, which
coincides with the onset of glassy dynamics in supercooled liquids. Rigid domains in fluids are
identified based on local constraints, and demonstrate a percolation transition near the glass transition,

accompanied by the rise of dynamical heterogeneities.



