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Synthetic polymer networks and biopolymer assemblies derive their mechani-
cal properties from a combination of molecular architectures, connectivity, and
topology. Although factors such as crosslinker density and polymer concentration
have been extensively studied, the role of film thickness, particularly in systems
with reversible non-covalent crosslinks, remains unexplored.

In this coarse-grained molecular dynamics study, we investigate the molecular
mechanisms that can influence the mechanical response of self-assembled tran-
sient polymer networks composed of end-linked linear strands under uniaxial de-
formation. Each strand is modeled as a semi-flexible chain with attractive end
monomers that form reversible non-covalent crosslinks.

We determine how the mechano-elastic response of such networks differs from
the bulk system by varying (i) network thickness, (ii) strength of attraction be-
tween end monomers, and (iii) the concentration of detached-chain defects. To
do so, the tensile strength, toughness, Poisson ratio, nematic ordering of polymer
chains, and deformation-induced topological changes in these quasi-2D networks
are quantified. Our simulations reveal that increasing the thickness of the net-
work shifts the Poisson ratio to bulk-like behavior. Meanwhile, stronger end–end
attractions enhance strain stiffening, which increases tensile strength and tough-
ness. Finally, introducing detached-chain defects triggers a transition in the ne-
matic order between the low and high strain regimes. These findings might offer
insights into new design principles for polymer films and underlying principles in
various biological systems, such as defects in the nuclear lamina.
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