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1 Computed electronic structure of crystal PE

Band structure Density of states
10.0 < —
. — Total
Sydétlon Hand io—ici
8.0rcBM : : 1 g e
6.0}
;4.0 5
2
w20t
0.0 VBM . . ]
~——d
2.0/ \C
Valence band
-4.0
G S R z

Fig. S1: HSEO06 electronic structure of the perfect crystal PE whose VBM is set to 0 eV, along with
density of states.

2 Relationship between EgBE and E'gHSEOG

The band gap of physical disorders in the crystal region were computed both with the PBE and
HSEO06 functionals, i.e., Eg BE and EgSEOG. 50 data was selected to cover a wide range of the band
gap, including 1 from the perfect crystal, 19 from the density variation, 10 from the non-uniform
bonds/angles, 10 from the gauche conformations, and 10 from the kinks. It can be seen from Fig. S2,
there is a linear relationship between Eg BE and EgHSEOG, ie., EgSE% = 1.1028 x Eg BE 1 0.689, R? =
0.99. All original data is available in http : //khazana.uconn.edu.
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Fig. S2: Relationship between Eg BE and EgSE%, derived from calculations involving physical
disorders in the crystal region.



3 Validation of reactive force field (ReaxFF)

3.1 Geometry parameters of crystal PE

Table S1 lists geometric parameters of crystal PE relaxed with the PBE functional and MD simu-
lations with ReaxFF at 0 K, along with experimental values [I]. Moreover, relaxed bond lengths (I,
in A) and angles (£, in deg.) of a 1x2x5 supercell of PE are also included, obtained from ab-initio
and ReaxFF based MD simulations at NVT ensemble (7' = 300K). Comparing with experimental
and PBE results, it can be concluded that ReaxFF provides an acceptable accuracy to model PE.

Table 1: Geometric parameters of crystal PE relaxed with the PBE functional and ReaxFF-MD
simulations at 0 K, together with experimental results from Ref. [I]. Variations of bond lengths (1)
and angles (£) of a 1x2x5 supercell of PE, computed with ab-initio MD with the PBE functional
and ReaxFF-MD at NVT ensemble with T' = 300 K.

Geometric parameters 0K — 300K Expt.
PBE ReaxFF-MD ab-initio MD ReaxFF-MD

a (A) 6.962 6.982 7.42+0.01
b (A) 4.822 4.812 4.95+0.01
¢ (A) 2.560 2.559 2.5540.004
lo_c (A) 1.528 1.558 1.557+0.048 1.660+0.104 1.530
lc_n (A) 1.102 1.117 1.122+0.053 1.120+0.046 1.090
Zo—c—c (deg.) 113.77 110.40740.001  114.468+6.027 110.86+1.759 11240.3
Zo—c—-nu (deg.) 109.36  110.5984+0.020 109.263+5.978 110.4443.079 109.5

3.2 Thermal density variations of crystal PE

With ReaxFF, a 2x2x10 supercell of PE structure was equilibrated by MD simulations at NPT
ensemble over 1 ns, where T" in a range of 150 — 700 K and pressure at 1 atm. The resulting
densities at different T" are shown in Fig. S3, within 10% of available experiments [2]. Moreover,
it can be observed that the density decreases sharply at T' = 520 K (dashed line), which is defined
as the melting point Tj,.

3.3 Phase diagram of PE

Following the same method described in Sec. 3.2, T}, of crystal PE at different pressure (i.e., 1, 250,
500, 780, 1000 atm) were predicted. These information was used to generate the phase diagram
of PE, as shown in Fig. S4, in which T}, at different pressure becomes a boundary between solid
and liquid phases. Experimental [3] and computed results are denoted by black and red lines,
respectively. It can be seen that the deviation between predicted and experimental melting points
is about 100 K, which is acceptable.
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Fig. S3: Density (g/cm?) of crystal PE at different temperature (7, in K), obtained from MD simu-

lations with ReaxFF at pressure of 1 atm (circles) and experimental data from Ref. [2] (triangles).
The dashed line corresponds to the melting point (7y,).
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Fig. S4: Phase diagram of PE with solid and liquid phases denoted by blank and shaded regions,
respectively. The red and black circle lines are phase boundaries obtained from MD simulations
with ReaxFF and experimental values from Ref. [3], respectively.
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