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S1 Methodology
Umbrella sampling

The umbrella sampling method was used to obtain the free energy of the system when a
(3-glycidoxypropyl)trimethoxy silane (y-GPS) molecule was at different locations of the
simulation box. Using this method, a y-GPS molecule at the interface was randomly chosen to
move along the Z-axis to go through the interface. It was gradually pulled up along the Z-axis by
2 nm, starting from its initial position. With every 0.1 nm, the system was simulated to reach
equilibrium, and then the final configuration of the sample system was chosen for analysis.
Similarly, the y-GPS molecule was pulled downward along the Z-axis by 2 nm (0.1 nm for each
step). During the relaxation, the chosen y-GPS molecule was constrained to its original place in
the center of the window with a harmonic potential represented by
U(Z) = 5K Zeom — Z)? (1)
where k' is the force constant, Z¢om is the Z coordinate of the chosen molecule’s center of the mass,
Z; is the center position of the ith window (or step), and u; (Z; ) is the corresponding harmonic
potential. To make sure the total number of windows is sufficient and all the windows are
overlapped well, k = 3000 kJ mol ! A~2was chosen. To ensure a smooth connection between both
PMF profiles for upward and downward pulling, we selected a central window as the starting point
(i.e., the initial window) for reference. Correspondingly, the PMF value at this initial point was set
to zero. For each configuration, we performed simulations to relax the system to reach equilibrium
or a “final” state. We then calculated the potential of mean force (PMF) using the reference location
at the PET/PDMS interface. In the simulation, the weighted histogram analysis (WHAM)! was

used to calculate PMF.
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Atomistic MD simulations and free energy computation
In this study, we used atomic MD simulation and free energy perturbation to investigate how

the free energy of the system changes with different orientations. Using this method, we could
deduce the most likely orientation of the y-GPS molecule at the interface. Solvation free energies
(AF) were calculated using the method of alchemical free energy perturbation (FEP)??,

For each system, we have used twenty different discrete values of A in two separate sets.
The first set of ten discrete A values was used to control Lennard-Jones (LJ) interactions between
the solute and its environment, while the second set of ten discrete A values was used to modify
the solute charges. To avoid end-point catastrophe and numerical issues while computing the
solute-solvent interactions in the free energy calculations, the non-linear soft-core scheme was
adopted.
Estimation of partial charges of -GPS and DMMV'S for MD simulations

The partial charges for y-GPS and DMMVS were obtained following the protocols outlined
in our previous work*® within the restrained ESP or RESP-AMBER fitting procedure®. The
Hartree-Fock ab initio method with a 6-31* basis set, as suggested in the AMBER protocol, was
employed to estimate the electrostatic potentials (ESP) of the gas-phase zwitterions. Those ESP
data were then fed into RESP-AMBER fitting procedure to calculate the partial charges. Before
calculating the ESPs of y-GPS and DMMYVS, their geometries were optimized within the DFT
framework. The B3YLP function with 6-311G (2d, p) basis set and D3 version of Grimme's
dispersion with Becke-Johnson damping (GD3BJ)’ were used. Gaussian16® package was utilized
for both optimization and ESP calculation.
Partial charges of the molecules

The partial charges of atoms of y-GPS, DMMVS, PET, PDMS matrix and PDMS cross-
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linker are listed in the Figure S1, Figure S2, Figure S3, and Figure S4 respectively.

a) b)

Atoms Labels Charge
Si Si 1.2042
0 01 -0.2266

02 -0.2266

03,04, 05 -0.4558

C C1 0.0073
C2 0.0603

C3 0.0073

c4 0.0073

C5 -0.1060

(&) -0.2827

C7,C8,C9 -0.0457

H H1-HJ 0.0530

Figure S1. (a) The molecular structure of y-GPS molecule. (b) The partial charges of y-GPS
molecule.

a) b)

Atoms Labels Charge
Si Sil - Sid 1.3810
(o} 01 -0.8300

02 -0.8500

03 -0.8300

04 -0.8300

05 -0.8500

C Cl -0.8270
C2 -0.4780

Cc3 0.0930

C4 -0.8270

C5 -0.4780

C6 0.0900

C7-C10 -0.7580

H H1 0.2840
H2-H4 0.0900

H5-H6 0.0520

H7 0.4550

HS 0.2840

H9-HI1 0.0900

HI2-HI3 0.0520
HI14-H25 0.1590
H26 0.4460

Figure S2. (a) The molecular structure of DMMV'S molecule. (b) The partial charges of DMMVS
molecule.
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PET Part 1 PET Part 2 PET Part 3

Atoms Labels Charge Atoms Labels Charge Atoms Labels Charge
o 01 -0.3964 o 01 -0.3964 o] 01 -0.3964
02 -0.1163 01 -0.1163 [0)] -0.1163
03 -0.1163 03 -0.1163 03 -0.4271
04 -0.3964 04 -0.3964 04 -0.3964
05 -0.5374 C C1 0.4644 C Cl 0.4644
c c1 0.4644 c2-C3 -0.1305 Cc2-C3 -0.1305
C2-C3 -0.1305 c4 -0.0650 C4 -0.0650
c4 -0.0650 C5-C6 -0.1305 C5-C6 -0.1305
C5-Cd -0.1305 c7 -0.0650 c7 -0.0650
c7 -0.0650 C8 0.4644 Ccs 0.4644
] 0.4644 C9-Cl0 0.0073 C9-C1o 0.0073
C9-Cl0 0.0073 H Hl-H4 0.1305 H Hl-H4 0.1305
H H1-H4 0.1305 H5-HS 0.0530 H5-H8 0.0530
H5-HS 0.0530 H? 0.4241
HY 0.4241

Figure S3. The molecular structure of PET molecule. PET molecule was divided into three parts.
Head part: PET Part 1 (a), middle part or repeating unit: PET Part 2 (¢), tail part: PET Part 3 (e).
The partial charges of PET molecule for PET Part 1 (b), PET Part 2 (d) and PET Part 3 (f).

Part A -Part1 Part A - Part 2 Part A - Part3
- C) e) (1.

a)

b) ' d) D

Atoms Labels Charge Atoms Labels Charge Atoms Labels Charge
Si Si L2710 Si Si 1.4030 Si Si 1.2590
0] 01 -0.5110 0 01 -0.8300 C C1 -0.67T70
C Cl -0.8260 C C1 -0.8290 c2 -0.8290

c1 -0.6770 C2 -0.6770 c3 -0.4640
Cc3 -0.4640 H H1-H3 0.1750 C4 -0.3730
C4 -0.3730 H4-H6 0.1360 H H1-H3 0.1360
H HI1-H3 0.1750 H4 -H6 0.1750
H4 -H6 0.1360 H7-H? 0.1830
H7-H? 0.1830

Figure S4. The molecular structure of PDMS Part A. Part A molecule was divided into three parts.
Head part: Part A - Part 1 (a), middle part or repeating unit: Part A - Part 2 (c), tail part: Part A -
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Part 3 (e). The partial charges of Part A molecule for Part A — Part 1 (b), Part A - Part 2 (d), Part A
- Part 3 (f).

Part B-Part1 Part B - Part 2 Part B - Part 3 Part B - Part 4

Atoms Labels Charge Atoms Labels Charge Atoms Labels Charge Atoms Labels Charge
Si Si 1.2640 Si Si 1.2920 Si Si 1.3220 Si Si 1.2200
(0] 01 -0.7830 (o] 01 -0.7700 (o] 01 -0.7840 C C1-C3 -0.7130
C Cl-C3 -0.7420 (o) Cl -0.7560 (o] Cl-C2 -0.6980 H H1-H9 0.1450
H H1-H9 0.1510 H H1 0.1750 H H1-H6 0.1430

H2 0.1560
H3 0.1570
H4 -0.2540

Figure SS5. The molecular structure of PDMS Part B. Part B molecule was divided into four parts.
Head part: Part B - Part 1 (a), middle part or repeating unit: Part B - Part 2 (c¢) and Part B - Part 3
(e), tail part: Part B - Part 4 (g). The partial charges of Part B molecule for Part B - Part 1 (b), Part
B - Part 2 (d), Part B - Part 3 (f), Part B - Part 4 (h),

S2. Crystallinity formation during the atomistic MD simulation

Figures S6a, 6b, and 6¢ show the initial, the middle and the final configurations of the
three-layer system. In the initial structure, shown in Figure S6a, there was no PET crystal in the
box. After 300-ns MD simulation at 500K, the crystal structure showed up in the PET layer (Figure
S6b). In the final configuration, shown in Figure S6c, the PET crystalized domain grew even larger
in the PET layer. Comparing three figures, we found that the PET crystal gradually formed and
grew larger during the MD simulation. Here the simulation was conducted at 500 K for more than
800 ns, while 500K is between the glass transition temperature (350K) and the melting temperature
(533.1K) of PET. Therefore, the temperature condition in the simulation is suitable for PET to

form crystal structure.
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Figure S6. Configurations of the three-layer system at different simulation times. (a) The initial
configuration (0 ns), (b) the middle configuration (300 ns), and (c) the final configuration (800 ns)
of the three-layer system. Note: The initial configuration is the configuration before NPT MD
simulation. The vacuum at the top and the bottom was created to prevent PBC conditions. After
NPT MD simulation the vacuum disappeared, shown in Figures S6b and S6c.
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