Liquid Drops Meet Star Polymers
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Soft colloidal and nanocolloidal particles are typically modeled using either dis-
crete bead-and-spring-type numerical models or continuum free-energy approaches.
The discrete models capture the monomer-level details and architecture of the
particles, whereas continuum models describe them without an immediate micro-
scopic foundation. Here we demonstrate how these views can be combined. that
aggregate geometry serves as a unifying framework between these complemen-
tary descriptions. Using monomer-resolved simulations, we study the morphol-
ogy of clusters of quasi-two-dimensional star polymers in varying solvent quality,
and we map their shapes onto those predicted by the liquid drop model. These
findings show that the two approaches are complementary and can address each
other’s limitations. We find a linear relation between solvent quality and the ef-
fective tension ratio as the key parameters controlling adhesion in both models,
and we uncover a crossover in the reduced Egelstaff-Widom length. Moreover,
the coarse-grained description reveals a solvent-driven morphological transition
within individual stars that is not directly apparent at the monomer level, showing
how these complementary approaches may be fruitfully used in conjunction.
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Figure 1: (a, d) Instantaneous simulation snapshots of confined star-polymer
doublets and triplets, respectively. (b, e) Superposition of instantaneous doublet
and triplet contours, respectively, extracted using the alpha-complex construc-
tion and smoothed via low-pass Fourier reconstruction. Each gray curve corre-
sponds to a single instantaneous star-polymer configuration and reflects ther-
mal shape fluctuations; the black curve denotes the ensemble-averaged droplet/
triplet shape. (c, f) Variational geometries of the two-dimensional liquid drop
model defining the curvature radius R and straight contact segment b. The agree-
ment between the averaged simulation contours and the variational construction
demonstrates geometric consistency at the mesoscopic level despite the pres-
ence of thermal fluctuations in the microscopic configurations.



