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We employ mesoscale computational modeling based on dissipative particle dy-
namics (DPD) to investigate the deswelling kinetics of spherical microgels in a
poor solvent. The microgels are represented using a bead–spring model of ran-
domly connected, fully flexible polymer chains. Initially, the microgel is placed
in a good solvent, where it swells and reaches equilibrium. The solvent is then
replaced with a poor solvent, triggering collapse of the polymer network.

Microgel in swollen and collapsed states.

Using our computational framework, we examine the kinetics of microgel
deswelling and the associated evolution of microgel pore structure. Our re-
sults reveal that microgel collapse proceeds through three distinct stages. In
the first stage, polymer chains bundle locally, leading to a transient increase
in the mean network pore size. This is followed by a gradual decrease in pore
size accompanied by overall microgel contraction. In the final stage, a dense,
solid-like shell forms at the outer microgel surface, arresting transport and
dramatically slowing further microgel contraction. We further demonstrate how
these processes and their characteristic time scales depend on microgel porosity.

Our results provide mechanistic insights into microgel collapse dynamics and
reveal how network porosity governs deswelling kinetics. The results are
useful for characterizing transient microgel behavior and informs design of
stimuli-responsive materials for applications in drug delivery, sensing, and
actuation.
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