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The equilibrium partitioning of linear polymer chains into polymer networks is
governed by entropic constraints arising from configurational degrees of
freedom, yet quantitative understanding has remained elusive. Partitioning
ratios are commonly interpreted using the Ogston model [1] or thermodynamic
approaches [2], but these frameworks neglect network topology and thus
cannot quantitatively predict partitioning into different gel networks.

Using model hydrogels with precisely controlled network structures formed
from star-shaped poly(ethylene glycol) (PEG), we experimentally demonstrate
a universal law governing polymer chain partitioning into flexible networks. By
employing PEG for both the network and the solute chains, we isolated purely
topological constraints. We established a novel label-free method to determine
partition ratios from swelling measurements, based on the semidilute scaling
law [3]. Our results reveal that the Nernst distribution law holds in the dilute
regime, yielding a constant partition ratio K, = exp [_4(Rg/lcycle)2]/ where R, is
the gyration radius of the linear polymer and I yq. = §7/3 is the network mesh
size defined by the cycle rank ¢. These findings establish [ as the

fundamental length scale governing partitioning, unifying network topology
with mechanical and partitioning properties.
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