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Scheme S1. The step-by-step procedure for preparing lamellar stacked HDPE chain models.
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Table S1. Total density and the cell parameters of RC-2Ci000 and its extended models of 10-chain,
15-chain, and 20-chain models in the initial (300K)-NVT melted states (450K), equilibrated state
(450K), quenched state (300K), and isothermally cooled state at 300K. All the densities are

represented in g.cm? and cell parameters are in A.
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Figure S1. A schematic representation of the Trappe forcefield-based 2Cino HDPE

semicrystalline model with lamella stacked orientation preparation.
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Figure S2. Potential energy decomposition for RC (2Cio0) model at 450K for the equilibration
step representing the energy components: bond stretching, angle bending, dihedral torsion, van

der Waals energy evolution over the MD simulation run for 10 ns (At = 2 fs).
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Figure S3. The variation of the density in the sequential temperature quenching from 450K to
400K with 10K per nanosecond time scale and from 400K to 300K with 5K per 1 ns time length

scales for the extended models.
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Figure S4. 10Cuow is a representative model to show all chains, individual chain dynamics, and
ordering chains in the isothermal crystallization at 300K. The models at 0 ns are amorphous and

later evolve into crystalline lamellae as the simulations progress to 500 ns time length.
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Figure S5. The two-order parameters with > 0.4 thresholds are computed for extended models,
and the respective degree of crystallinity is highlighted in the box. The cyan color represents the
crystal part, and the blue color represents the amorphous part of the HDPE polymer.
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Scheme S1. The step-by-step procedure for preparing lamellar stacked HDPE chain models.
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Table S1. Total density and the cell parameters of RC-2Ci000 and its extended models of 10-chain, 15-chain,
and 20-chain models in the initial (300K)-NVT melted states (450K), equilibrated state (450K), quenched
state (300K), and isothermally cooled state at 300K. All the densities are represented in g.cm? and cell

parameters are in A.

Trappe Force field parameters
Conditions RC-2C1000 10C1000 15C1000 20C1000
p Cell (a,b,c) p Cell p Cell p Cell
a= 25.057 50.0 90.0 51.266
Input and NVT melting at 450K | 1.184 b=25.057 | 0.931 50.0 | 0.239 90.0 | 0.922 | 153.798
c=62.642 100.0 180.0 64.082
a=29.204 53.5634 61.533 54.790
NPT Equilibration at 450K 0.748 b=29.204 | 0.758 | 53.534 | 0.749 | 61.533 | 0.755 | 164.370
c=73.010 107.068 123.066 68.487
a=27.888 51.601 58.909 52.648
Quenched model at 300K 0.859 b=27.888 | 0.847 | 51.601 | 0.854 | 58.909 | 0.851 | 157.942
€=69.721 103.202 117.817 65.809
a=27.054 50.360 57.676 51.662
Crystallized model at 300K 0.941 b=27.054 | 0.911 | 50.360 | 0.909 | 57.676 | 0.900 | 154.987
c=67.635 100.720 115.353 64.578
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Figure S1. A schematic representation of the Trappe forcefield-based 2Ci00 HDPE semicrystalline model
with lamella stacked orientation preparation.
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Figure S2. Potential energy decomposition for RC (2Ci) model at 450K for the equilibration step
representing the energy components: bond stretching, angle bending, dihedral torsion, van der Waals

energy evolution over the MD simulation run for 10 ns (At = 2 f's).
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Figure S3. The variation of the density in the sequential temperature quenching from 450K to 400K with
10K per nanosecond time scale and from 400K to 300K with 5K per 1 ns time length scales for the extended
models.
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Figure S4. 10Cuww is a representative model to show all chains, individual chain dynamics, and ordering
chains in the isothermal crystallization at 300K. The models at 0 ns are amorphous and later evolve into
crystalline lamellae as the simulations progress to 500 ns time length.
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Figure S5. The two-order parameters with > 0.4 thresholds are computed for extended models, and the
respective degree of crystallinity is highlighted in the box. The cyan color represents the crystal part, and
the blue color represents the amorphous part of the HDPE polymer.
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