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Sequences of the Copolymer All the chains in a system with particular ϕ share the

same sequence as mentioned in the main text. All the sequences are given in Table S1.

Table S1: Cooling rates in the simulation to estimate density-temperature relation.

Molar ratio ϕ Sequence
0.2 1011000000 0101000000 0001001000 0000000001 0000000011
0.3 0011001001 0101001110 1001010000 0010010010 0000000000
0.4 1111001000 0111001110 0001001110 1100000001 1001000000
0.6 0001011100 1111101010 1100010101 1101010111 0111101011

Structural Properties Rescaled mean-squared end-to-end distances of the configurations

from the beginning and the ending stages of the production runs at 550 K are shown in Fig.
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S1. The results were calculated based on ten configurations with a time interval of 0.2 ns

that was selected from the beginning stage and the ending stage for each molar ratio. The

minor differences between the beginning and the ending stages indicate that the production

runs are indeed started with equilibrium configurations.

Additionally, we extracted the properties of the PDMS from our MD simulation and

compared them with results from experimental studies. The total structural factor H(k)

was calculated according to the detailed method and then compared with the result from

wide-angle X-ray scattering experiment.1,2 The comparison is shown in Fig. S2. In addition,

RDFs were also compared as shown in Fig. S3. The agreement in the comparisons confirms

that our MD simulation protocol indeed captures the structural properties of the PDMS. It is

worth noting that our MD results are shown in Fig. S2 and Fig. S3 were calculated at 298 K

with 100 20-mers in total. A system of 100 50-monomer chains was also simulated at 298 K.

Sufficient long production run times were used to fully equilibrate the two systems, as shown

in Fig. S4 with the horizontal dashed lines representing the respective mean-squared end-

to-end distance of the two systems. The characteristic ratio C was estimated according to

⟨R2
ee⟩ = Cnl2 where n and l = 1.65 Å are the numbers and the bond length of silicon-oxygen

bond along the backbone respectively. The evaluated values are 5.52±0.25 and 6.41±0.25

for N=20 and N=50 systems respectively, as shown in Fig. S5. The results were averaged

by 100 distinct trajectories with a 0.1 ns time lag. As a comparison, the values of 6.16 and

6.36 were reported for conditions of 298 K and 413 K for entangled melts according to Eq.

21 and Eq. 25 in the reference,3 while the value of 5.28 from the simulation was reported

by Tzounis et al.4

Thermal Properties We probed the glass transition temperatures Tg of four systems as

given in Fig. S6. We adopted the model from literature5 to fit the density-temperature curves

such that we can estimate the glass transition temperature from the fitting parameters. The

values of Tg are indicated by the dash lines and clearly marked. The density-temperature
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isobars were acquired by running molecular dynamics in NPT ensembles with the same

setting parameters detailed in the main text except the temperature was cooled from high

to low temperature with cooling rate detailed in Table S2. In addition, the estimated values

of Tg were also compared with experimental values6–9 as shown in Fig. S7, dashed line

is computed by the Fox equation.10 Although the Tg value predicted by MD simulation

is usually overestimated,11 a qualitative agreement suggested by the comparison confirms

that our MD simulations can reasonably capture the density-temperature dependency. In

addition, the thermal expansion coefficient α of PDMS was also evaluated by fitting the high-

temperature section of the density-temperature relation in Fig. S6 (a). The fitted values of

8.91×10−4 K−1 at 298 K , consistent to experimentally measured value of 9.07×10−4 K−1.12

Table S2: Cooling rates in the simulation to estimate density-temperature relation.

Molar ratio ϕ 0 0.2 0.4 0.6
Cooling rates 67 K/ns 80 K/ns 100 K/ns 100 K/ns

Mean-Squared Displacement The detailed mean-squared displacements, g1 and g3, of

all five systems at 550 K are shown in the Fig. S9. g3 is defined in the main text Eq. 2,

representing the MSD of the CM of the polymer chains. g1 has a similar definition but it is

defined based on the MSD of the monomers. It is defined in Eq. S1 where the angle bracket

represents averaging over all the chains and the ensemble.

g1(t) ≡ ⟨[Ri(t)−Ri(0)]
2⟩ (S1)

Upon full relaxation, the g1 and g3 overlap, and they both scale with time linearly.

They entered the diffusion regime as most of the mean-squared displacements exceeded the

respective mean-squared end-to-end distances except in the case of ϕ = 0.6 where only the

g1 exceeded the mean-squared end-to-end distance while g3 was close to satisfy the criteria.
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Normal Mode Analysis The auto-correlation of normal modes was calculated according

to Eq. 9 in the main text. The decays are shown in Fig. S10 with best fits according to Eq.

10. The effective relaxation times are marked as well.

Dynamic Structure Factor In Fig. 8 in the main text, the predictions of the dynamic

structure factor are compared with the ones calculated from the trajectories generated by the

molecular simulation and there is no extra fitting involved. To extract the friction coefficients

for the Kuhn monomers, we further fitted the dynamic structure factor by the Rouse model,

with the friction coefficients ξ as fitting parameters. The results are shown in Fig. S11. We

only chose q = 0.05 in the fitting because such a value of q quantifies the relaxation on the

whole-chain level. The corresponding values of the friction coefficients are plotted in Fig. 9

in the main text and are consistent with the values evaluated by the other two methods.

Sticky Rouse Model The original Rouse model describes the relaxation of linear ho-

mopolymers. However, in the copolymer system, the dynamics of the chains are obviously

influenced by the sequence of dimethyl and diphenyl monomers. If one attempts to in-

corporate the variation of the friction coefficients of the different monomers explicitly, the

sticky Rouse model is useful, although it was originally applied to study associative poly-

mers.13–15 The sticky Rouse model has been successfully applied to understand the dynamics

of polymers with associative groups that can form transient physical bonds such as in hydro-

gen bonding, metal-ligand coordination, and π − π stacking.16–18 Following the single chain

model,19 the sticky Rouse model describes the motion of an unentangled Gaussian chain as

in Eq. S2

ξ0Ξ
dQ

dt
= −KsZQ+CF (S2)

where Ξ is a diagonal matrix with its elements Ξii = ξi/ξ0 being the ratio of friction

coefficient for the ith bead with ξ0 as the reference. C is a NR × 3 conversion matrix. Q is
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a matrix that represents the coordinates of all the beads and is defined as Eq. S3

Q = [R1 R2 · · · RNR
]T (S3)

The Ks on the RHS of Eq. S2 is the spring constant of the entropic spring connecting

neighboring beads and Z is the Rouse-Zimm (RZ) matrix, a representation of the connectivity

of all the beads of on a polymer chain. In the current study with only the linear chain

considered, the RZ matrix is given by Eq. S4

Z =



1 −1

−1 2 −1

· · ·

−1 1


(S4)

Finally, the 3× 3 matrix F represents random thermal forces acting on the beads (as in

Brownian motion) where its elements fnα follow an ensemble-averaged correlation function

as given by Eq. S5. The subscripts n and α are Einstein indices that go from 1 to 3 in the

Cartesian coordinate.

⟨fnα(t)fmβ(t
′)⟩ = 2ξkBTδnmδαβδ(t− t′) (S5)

Upon diagonalization of Eq. S2, one can solve the time evolution of the normalized

coordinates. Correspondingly, the diagonal eigenmatrix Λ, with elements given as λp, to the

matrix Ξ−1Z is also derived. The Rouse-like relaxation time τSp (with superscript S for sticky

Rouse) for the mode p is given in Eq. S6

τSp =
ξb

Ksλp

(S6)

If the ratio of friction coefficient ξi/ξb equals unity, the sticky Rouse model degenerates

to the regular Rouse model. Moreover, it is worth noting that for both the regular Rouse

5



model and the sticky Rouse model, the smallest eigenvalues are always equal to zero, which

corresponds to the rigid body motion of the chain.20 Thus for a chain of NR beads, there

are NR − 1 nontrivial normal modes.

Diffusion coefficient of the PDMS The derived value of the diffusion coefficient of

PDMS (in subsection 3.2) is based on two works of literature. Because the temperature

in our simulation is 550 K, which is artificially high as discussed in the manuscript, there

is no experimental data available at this temperature. A Vogel-Fulcher-Tammann (VFT)

equation, as in Eq. S7, is thus used to extrapolate available data of Dref = 1.66×−7 cm2/s

at 296 K.21 The chain length (degree of polymerization) was 50, the same as the setup in our

simulation. The value of constant C = 322.07 is extracted from the second literature.22 The

value was based on dielectric spectra and the molecular weight of the sample was 3510 g/mol,

which is very close to the setup in our simulation. Therefore, the extrapolated value of the

diffusion coefficient, D = 3.08×−7 cm2/s, at 550 K is calculated. On the other hand, the

diffusion coefficient estimated at 298 K, by the MSD shown in Fig. S4 (b), is D = 9.39×−8

cm2/s.

log
D

Dref

=
C

T − Tref

(S7)
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Figure S1: Estimation of the internal mean end-to-end distances.
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Figure S2: Comparison between the total structure factor calculated from the results of our
MD simulation and of experimental measurement.1,2

Figure S3: Comparison of the RDFs of PDMS at 300 K with previous study.1,2
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Figure S4: MSD curves for 20- and 50-monomer PDMS at 298 K.

Figure S5: Evaluation of characteristic ratio C of PDMS at 298 K
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Figure S6: Estimation of the glass transition temperature Tg by annealing from high to low
temperature.
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Figure S7: Comparison of the estimated values of Tg with experimental results.6–9
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Figure S8: Estimation of the glass transition temperature Tg by annealing from high to low
temperature.
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Figure S9: The mean squared displacements of the monomer and the center-of-mass of the
polymer chains are detailed. The slope of the dark solid lines is unity, representing the
Fickian diffusion regime.
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Figure S10: Effective relaxation times according to the autocorrelation of the normal modes.
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Figure S11: Fitting of the dynamics structure factors. Only the curves of q = 0.05 are shown.

16


