Self-similar dynamics of dense, monodisperse, soft matter
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The spectral self-similarity of soft matter is examined. Two distinct self-similar regions,
described by five physical parameters, govern linear viscoelasticity (LV) across several
classes of structurally dissimilar systems. What these systems share is that they are densely
disordered, monodisperse soft matter (DDMSM). The apparent universality of this dual self-
similarity appears to arise primarily from monodispersity. Elements of uniform size, shape,
and chemical character crowd one another and interact to form transient, cage-like
constraints. In this environment, each element both cages its neighbors and is caged by
them. The dual self-similarity is embodied in the BSW relaxation-time spectrum H(t) [Rheol.
Acta 29:400-408, 1990], featuring two opposing power-law regimes bounded by a longest
relaxation time 7,4, and intersecting at (rﬁ' Hﬁ) (see figure). Powerlaw exponents range near
« = 1/4 (arm with slow cage modes) and nz ~ —3/4 (arm with fast Rouse-like modes).
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primarily shift the spectrum along the time or frequency axis while maintaining a-g8 slopes,
see figures for DDMSMs a+b.

Remarkably, this dual scale invariance, clearly visible in relaxation time spectra H(t), has
largely gone unnoticed, possibly because LV is most commonly modeled using G(t) or
G’&G”, which, as will be shown, obscure the self-similarity thereby adding extra parameters.

Experimental observations point to caging as the organizing principle of DDMSM rheology,
rather than chemical detail or structural specificity, or specific interaction. The fast Rouse-like
B-process is localized and largely oblivious to cage constraints until cooperative, cage-like
dynamics emerges to cause the -a transition. Beyond that, at larger t, the slowly relaxing
a—process is overpowering for most DDMSMs: A hierarchy of interacting cages and cage
assemblies produces self-similar dynamics across scales, with the possibility of dynamical
arrest arising upon percolation. Although the molecular or particulate origins of self-similarity
differ among DDMSM types, their macroscopic rheology is strikingly universal, defining a
distinct class of iso-caged matter which may be called "isocagers”.
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