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All-atom MD simulation for DPD parametrization 
 

To determine the DPD parameters, pure-component systems were individually 
constructed using all-atom molecular dynamics (MD) simulations, from which the 
density and solubility parameters were evaluated[1]. For each component, a simulation 
box was prepared by randomly placing 164 PDMSn5, 500 R1, 196 R2, 600 DMAA, or 
200 TMSM molecules, followed by NPT equilibration at 1 atm and 300 K for 5 ns. The 
density and solubility parameters were obtained by averaging over the final 2.5 ns. 
Solubility parameters were calculated as follows: 
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where 𝑉  is the system volume, 𝐸!"#  is the cohesive energy, and 𝐸$"$%  is the 
intermolecular potential energy, respectively. Because the total non-bonded potential 
energy reported by LAMMPS includes both intermolecular and intramolecular non-
bonded contributions, the intermolecular potential energy was defined by subtracting the 
sum of all intramolecular non-bonded interactions from the total non-bonded potential 
energy[2]. The DREIDING-X6 force field[3] was used for the polymers, and partial 
atomic charges were assigned using QEq[4], [5]. 
 
 
Reaction model for DPD simulation 
 

The reaction model was originally developed for all-atom MD simulations[6] and has 
been applied to various resin systems involving chemical reactions[7], [8], [9], [10], [11]. 
In our previous study, the model was extended to DPD[12], [13], where it was 
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demonstrated that both the crosslinking reaction and reaction-induced phase separation 
could be successfully reproduced. 

The reaction model has two criteria, as shown in Fig. S1. The first criterion concerns 
the distance between the reactive beads. When the distance between the reactive beads is 
within the reaction cutoff (0.5rc), the bead pair becomes a reaction candidate. The second 
criterion is the reaction probability preact calculated using Eq. (8) of the Main Text. A 
reaction occurs when preact is greater than a uniformly distributed random number between 
0 and 1, and a new harmonic bond is created between the corresponding reactive beads. 

 

 

Figure S1: Polymerization diagram of the DPD simulation. 
 
 

Internal Structural Imaging by TEM Observation and FFT Calculation 

Two-dimensional TEM images of the binary samples 1–3 stained with ruthenium 
tetroxide are shown in Fig. S2. As the DMAA content increased, the staining contrast 
became progressively stronger, indicating an enhanced affinity of the hydrophilic 
domains for the staining agent. The corresponding FFT images calculated from the TEM 
images are shown in the upper right of each panel of Figure S2. 
 
 



 

 

 
 
 
 
 
 
 
 
Figure S2: TEM images of samples 1–3 and the corresponding two-dimensional FFT 
patterns calculated from the TEM images.  
 

For Sample 2, the TEM image previously reported by us (Ref. [14]) was used, and the 
FFT analysis was carried out in the same manner as for the other samples. As discussed 
in the Main Text, the radial profiles obtained from these FFT patterns revealed that the 
characteristic domain size increased with increasing DMAA content, demonstrating the 
systematic growth of the phase-separated structure. 

 

Three-Dimensional Tomographic Movie Reconstructed from TEM Imaging 

The supporting movies present reconstructed slice images along the x, y, and z 
directions as well as rotational views generated from oblique projection datasets. These 
videos clearly depict the three-dimensional distribution of the stained and unstained 
regions within the material. The reconstructed volumetric data further demonstrated that 
both stained and unstained domains formed distinct, continuously interconnected 
networks throughout the entire sample. 
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