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In this research, we present a simulation model for describing various cross-linking densities in two-patch particle matrix and/or
in the two patches. The influence of cross-linking density on the self-assembly behavior of the patchy particles are examined
in detail. In particular, two kinds of patchy particles are considered here, which are denoted by PB-ML (patchy particles with
hydrophobic patches and hydrophilic matrix) and PL-MB (patchy particles with hydrophilic patches and hydrophobic matrix)
in the following. In this Supporting information, we show all the parameters used in our simulations in section 1, quantify the
relation between the simulation parameter and the solvent condition in section 2, show the self-assembly structures at different
volume fractions in sections 3 and 4, and show equilibrium self-assembly structures of patchy particles in the cases of ultra-high
and ultra-low cross-linking densities.

1 Simulation parameters

To describe the patchy particles, the bead-bead interactions are
characterized by Lennard-Jones (LJ) type potential (Eqn. 1):

ULJ(r) = 4ε
[(σ

r

)12
−
(σ

r

)6
]
, (1)

and Weeks-Chandler-Anderson (WCA) potential (Eqn. 2):

UWCA(r) =ULJ(r)−ULJ(rc,WCA). (2)

Actual simulation parameters used to describe the PB-ML and
PL-MB particles are listed in Table 1 and Table 2, respec-
tively.

2 Quantify the solvent quality

To quantify the solvent quality, we have checked the scaling
between radius of gyration of the chain (Rg,c) and the chain
length (N from 50 to 1000 with an interval of 50), Rg,c ∼ Nν .
The simulation parameters are listed in Table 3. In equilib-
rium, we have calculated Rg,c and obtained the dependence of
Rg,c on N. We have found that ν = 0.314 for using LJ poten-
tial between chain beads (i.e., bad solvent), and ν = 0.557 for
using WCA potential between chain beads (i.e., good solvent),
as shown in Fig. 1.
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3 Equilibrium self-assembly structures of PB-
ML particles

Fig. 2 and Fig. 3 show equilibrium self-assembly structures of
PB-ML particles at volume fraction ϕ = 0.1 and ϕ = 0.025,
respectively. Each patchy particle is represented by a sphere
decorated with two patches. The spheres with the same color
belong to the same cluster, and the sizes of the spheres are re-
lated to the swelling ratios. As can be seen from Fig. 2, the
self-assembly structures are quite similar to the structures in
the main text. For ϕ = 0.025 as shown in Fig. 3, we can only
obtain branched thread-like structures instead of three dimen-
sional network even at high cross-linking densities. This is
because the patchy particles have less chance to attractively
interact with each other at low volume fraction.

4 Equilibrium self-assembly structures of PL-
MB particles

As shown in main text, we can obtain better membrane mor-
phologies when cross-linking only the matrix, so here we
only show the self-assembly structures with this cross-linking
scheme. Fig. 4 and Fig. 5 give equilibrium self-assembly
structures of PL-MB particles at volume fraction ϕ = 0.15
and ϕ = 0.05 with detailed beads information, respectively.
Patchy particles with same color belong to the same cluster.
The self-assembly structures in Fig. 4 are quite similar to the
structures in the main text. As shown in Fig. 5, some sepa-
rated thin micelles instead of the bicontinous membranes are
obtained. Thus this volume fraction should be lower than the
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gelation point for this system.

5 Equilibrium self-assembly structures of
patchy particles in limiting situations

Fig. 6 shows equilibrium self-assembly structures of patchy
particles in limiting situations. The self-assembly structures
are quite similar to the structures in the main text when cross-
linking density is very high. When cross-linking density is
low, we obtain very disordered structures for PB-ML par-
ticles, while membrane structure with good morphology for
PL-MB particles.
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Table 1 Simulation parameters for PB-ML particles

Parameter Value
Temperature 1.0
σP = σM 1.0
Potential type P-P LJ
Potential type P-M LJ
Potential type M-M WCA
rLJ 3.0σ
rc,WCA

6
√

2σ
εP−P = εM−M 1.0
εP−M 0.2
kharmonic 10.0
δ t 5×10−3

Total simulation steps 2×107

Thermostat Brownian dynamics
P represents for patch bead
M represents for matrix bead
LJ represents for Lennard-Jones potential
WCA represents for Weeks-Chandler-Anderson potential
harmonic represents for harmonic bond potential

Table 2 Simulation parameters for PL-MB particles

Parameter Value
Temperature 1.0
σP = σM 1.0
Potential type P-P WCA
Potential type P-M LJ
Potential type M-M LJ
rLJ 3.0σ
rc,WCA

6
√

2σ
εP−P = εM−M 1.0
εP−M 0.2
kharmonic 10.0
δ t 5×10−3

Total simulation steps 2×107

Thermostat Brownian dynamics

Table 3 Simulation parameters for quantifying the solvent quality

Parameter Value
Temperature 1.0
σ 1.0
ε 1.0
kharmonic 10.0
δ t 5×10−3

Total simulation steps 1×106

Thermostat Brownian dynamics
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Fig. 1 Scaling law of radius of gyration of the chain (Rg,c) with the chain length (N from 50 to 1000 with an interval of 50), in which
Rg,c ∼ Nν . ν = 0.314 for LJ potential (bad solvent), and ν = 0.557 for WCA potential (good solvent).

Fig. 2 Equilibrium self-assembly structures of PB-ML particles for the systems with different cross-linking densities Dc,m = (a) 0.17, (b)
0.25, (c) 0.43, (d) 0.91, (e) 2.68, and (f) 4.33, at volume fraction ϕ = 0.1. The spheres with the same color belong to the same cluster, and the
sizes of the patchy particles are proportional to their swelling ratios.
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Fig. 3 Equilibrium self-assembly structures of PB-ML particles for the systems with different cross-linking densities Dc,m = (a) 0.21, (b)
0.27, (c) 0.42, (d) 0.89, (e) 2.72, and (f) 4.31, at volume fraction ϕ = 0.025. The spheres with the same color belong to the same cluster, and
the sizes of the patchy particles are proportional to their swelling ratios.

Fig. 4 Equilibrium self-assembly structures of PL-MB particles for the systems with different cross-linking densities Dc,m = (a) 0.15, (b)
0.23, (c) 0.43, (d) 0.90, (e) 2.71, and (f) 4.33, at volume fraction ϕ = 0.15 with detailed beads information.

Fig. 5 Equilibrium self-assembly structures of PL-MB particles for the systems with different cross-linking densities Dc,m = (a) 0.15, (b)
0.24, (c) 0.42, (d) 0.90, (e) 2.74, and (f) 4.28, at volume fraction ϕ = 0.05 with detailed beads information.
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Fig. 6 Equilibrium self-assembly structures of PB-ML particles in limiting situations of Dc,m = (a) 7.11, and (b) 0.04, at volume fraction
ϕ = 0.05. We also show the equilibrium self-assembly structures of PL-MB particles in limiting situations of Dc,m = (c) 7.12, and (d) 0.06, at
volume fraction ϕ = 0.1.
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