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Melting in two dimensions proceeds via the unbinding of topological defects, lead-
ing to a two-step transition with an intermediate hexatic phase. While this sce-
nario is well established, its realization in systems with realistic, soft interactions
remains poorly explored. Star polymers provide an ideal model system, combin-
ing ultrasoft, entropic repulsion with solvent-controlled effective attraction.

In this talk, we investigate how solvent-induced attraction modifies the melting
behavior of slit-confined two-dimensional star polymers [1]. Using large-scale
Monte Carlo simulations, we systematically vary star functionality, particle den-
sity, and solvent quality.

We find that melting remains defect-mediated and consistent with the KTHNY
scenario across a wide range of interaction parameters. In contrast to previous
studies suggesting that attraction can drive a transition toward first-order melt-
ing [2], we observe that solvent-induced attraction instead stabilizes the hexatic
phase and modifies the pathway to melting without suppressing the underlying
two-step mechanism.

Furthermore, we identify signatures of alternative phase behavior near the triple-
point regime, including gas-hexatic coexistence and the emergence of multiple
triple points.
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Figure 1: Defect densities as a function of the bond-orientational order param-
eter s, defined as the decay exponent of the orientational correlation function
gs(r) ~ r~", for varying solvent-induced attraction strengths A, and for twenty-
arm star polymers. The densities of disclinations (a), dislocations (b), and dislo-
cation pairs (c) increase systematically as orientational order weakens (increasing
ne), consistent with a defect-mediated melting scenario. Remarkably, the defect
populations collapse onto universal curves when expressed as a function of j,
indicating that solvent-induced attraction modifies the melting pathway without
suppressing the underlying two-step KTHNY mechanism.



