From bottlebrush melts to polymer networks:

Architectural heterogeneity as a design variable
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Bottlebrush polymers offer a powerful route to soft yet mechanically robust
networks, but the role of architectural heterogeneity remains insufficiently
understood because average molecular parameters often conceal the
distributional features that govern local packing, connectivity, and stress
transmission. Here we establish a multiscale structure-property framework for
bottlebrush polymer networks in which the mean backbone length, mean side-
chain length, and grafting density are held constant while the breadth and
shape of the architectural distributions are varied. By connecting precursor-
melt analysis with post-crosslinking network characterization and mechanical
testing, we show that dispersity is not merely a synthetic byproduct, but a
governing design variable in bottlebrush network formation and response.
Variations in backbone and sidechain distributions reorganize brush
dimensions, interpenetration, and conformational heterogeneity in the melt,
and these precursor-level fluctuations are subsequently encoded into the
network as differences in connectivity heterogeneity, defect population, and
load-bearing uniformity. Broad side-chain distributions primarily broaden local
relaxation pathways and increase stress sharing heterogeneity, whereas
backbone dispersity additionally amplifies topological heterogeneity by biasing
crosslink allocation and increasing the population of weakly connected network
elements. These differences manifest in stress relaxation and nonlinear tensile
response, demonstrating that bottlebrush-network mechanics are governed not
only by mean strand dimensions, but by the full statistical character of
precursor architecture. Together, these results identify distribution shape and
dispersity as practical molecular design parameters for tuning softness,
extensibility, and viscoelastic response in bottlebrush polymer networks.



