Effect of side chain branching on the structural and dynamic properties
of linear and cyclic polyacrylates
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Polyacrylates are extensively employed across various applications owing to their remarkable physico-
chemical characteristics and the ease with which their properties can be taylored through modifications of
the alkyl group in the alkoxycarbonyl substituent at relatively low cost.* Typically, this modification involves
the linear extension of the alkyl group, which leads to monotonous trends in the structural and dynamic
properties of polyacrylates in their melts.>® Nevertheless, the impact of branching in the alkyl group on
these properties remains inadequately explored and understood. This atomistic molecular dynamics study
examines the structural and dynamic characteristics of poly(methyl acrylate) (PMA), poly(ethyl acrylate)
(PEA), poly(isopropyl acrylate) (PiPA), poly(tert-butyl acrylate) (PtBA), and poly(methyl methacrylate)
(PMMA) under different thermal conditions. The study considers both linear and cyclic polymer
architectures. The distinction in architecture are detectable in the intermolecular radial distribution
functions of Ca-Ca pairs. In the case of cyclic architecture, the radius of gyration and end-to-end distance
of the polymer chains monotonously increase with the size of the alkyl group, whereas the polymer chain
with linear architecture exhibit a non-monotonic trend in these quantities. This non-monotonous behavior
for linear structures is explained by the competing effects of increased intrachain repulsion and diminished
mutual penetration of the chain's pervaded volume as the alkyl group expands. The diffusion coefficient
reflects an identical trend across the examined series for both architectures, with its non-monotonous
behavior arising from the combined influence of the overall shape of the polymer chains and the symmetry
of the alkyl group. Local dynamics are characterized by parameters related to a-relaxation and pB-
relaxation. Notable similarities in dynamic properties are observed between PEA and PiPA, as well as
between PMA and PtBA, with the latter exhibiting slower dynamics. The slowest dynamics are recorded for
PMMA.
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