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Abstract: A multicyclic polymer chain can form novel multicyclic polymer molecular structures depending on the num-
ber of rings, the number of linear side branches and the junction points. In this study, we investigated the effect of polymer
molecular structure on the change in polymer properties using lasso and manacle polymers of the same molecular weight,
consisting of a ring and a linear side branch. To investigate the ideal behaviour of the polymer chains, we adopted a freely
jointed bead-rod model in a free-draining solution system and performed a mesoscopic Brownian dynamics simulation.
Despite having the same molecular weight, linear, ring (or cyclic), lasso-shaped and manacle-shaped polymer chains
exhibit different physical and dynamic properties in equilibrium and nonequilibrium (or shear flow) states. In particular,
lasso-shaped and manacle-shaped polymer chains, which differ in the number and size of the rings and their position in
the chain, exhibit completely different physical properties and tumbling behaviour depending on their molecular archi-
tecture.
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Figure 1. Schematic representation of four types of polymers. Lasso
and manacle-shaped polymer are constructed by pure ring and pure
linear polymer. N; and Ny denoted the number of beads, which con-
stitute pure linear and ring polymer, respectively.
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Figure 2. (a) Snapshots of randomly selected each coiled chain in
equilibrium state; (b) time correlation function (TCF) of chain end-

to-end vector for four types of chain as function of time at equilibrium
system.
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Figure 3. Mean square radius of gyration of (a) each chain; (b) ring segment of multicyclic polymers compared with pure ring counterparts;

(c) linear part of multicyclic polymers within pure linear analogue.
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Figure 4. Schematic illustration of tumbling motion of (a) pure linear chain; (b) pure ring polymer; (c) lasso chain; (d) manacle polymer. The
tumbling motion as time goes on is intended to be indicated by the green arrow. Additionally, for the purpose of straightforward understanding,

the chain ends are indicated by red and blue dots.
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