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How does a polymer crystal nucleate from a melt?

Classical Nucleation Theory for Polymers
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Controversy in non-equilibrium MD simulations of polyethylene

Yi et al. Macromolecules (2013) Hall et al. J. Phys. Chem. B. (2020)
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Contradictions in simulations and experiments have led to new theories

Classical Nucleation Theory for Polymers “SOMM" Hypothesis
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A way forward? Calculate the free energy landscape (FEL)
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A way forward? Calculate the free energy landscape (FEL)
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We have started with a simple model of semiflexible oligomers

Utot = Ups (rij) + Ubond(l) + Ubend(e)
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Overview

i Phase Dlagram
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Wang—Landau captures the T-dependent thermodynamics at fixed ¢

Replica-Exchange WLMC
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Wang—Landau captures the T-dependent thermodynamics at fixed ¢

Replica-Exchange WLMC Heat Capacity for all 7.
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Sweeping volume fraction (¢) shows a single first-order phase transition
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At high T and all ¢ the system is an isotropic melt
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At low T and low ¢ the system is nematic
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At low T and high ¢ the system is crystalline
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Melt—nematic—crystal phase diagram
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The FEL of the melt—nematic transition is along P,
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The FEL of the melt—crystal transition is cooperative between P, and ()
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Extracting the barrier height AFT from the MFEP
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The barrier height AFT is strong function of ¢
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Conclusion: “This work opens more questions than it answers”

Conclusions
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How general are our conclusions?
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Order parameters reveal two types of transitions
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To understand interplay of ()5 and P», we need 2D FELs

EXEDOS algorithm builds 1D FEL
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