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The force field parameters used in this paper are summarized in the following tables, 

which are 9-6 Lennard–Jones interaction, bond interaction, angle interaction, and dihedral 

interactions.  

The derivation of force field parameters of the new CG molecules usually requires 

the inverse Monte Carlo method or the force-matching method to complete the parame-

terization after comparing with the all-atom simulation [1]. Multiple systems were created 

to obtain the calculation parameters based on the simulation results, including the bond 

interactions, angle interactions, dihedral interactions, and non-bonding interactions. The 

9-6 Lennard–Jones interaction parameters are shown in Table S1, except for the interaction 

parameters of the N-O pair (ε = 0.5393 and σ = 3.6246). The bond interaction parame-

ters are shown in Table S2. The angle interaction parameters are shown in Table S3. The 

dihedral interaction parameters are shown in Table S4. 

Table S1. Force field parameters of the 9-6 Lennard–Jones interaction of CG particles. 

Particle type Mass 𝜺 (𝐤𝐜𝐚𝐥/𝐦𝐨𝐥) 𝝈 (Å) 

BR1 12.01 0.1750 3.8000 

BR2 26.04 0.1750 3.8000 

BR3 26.04 0.1750 3.8000 

BR4 12.01 0.1750 3.8000 

N 15.01 0.2430 4.0506 

O 28.01 0.3233 3.7880 

H2SO4 98.08 0.9800 4.2700 

Table S2. Force field parameters of the bond interaction of CG particles. 

type 𝒊 type 𝒋 𝒌𝒓 (𝐤𝐜𝐚𝐥/𝐦𝐨𝐥/Å𝟐) 𝒓𝟎 (Å) 

BR1 BR2 40.0 1.911 

BR1 BR3 40.0 1.910 

BR1 N 40.0 1.447 

BR1 O 30.0 1.949 

BR2 BR4 40.0 1.910 

BR3 BR4 40.0 1.910 

BR4 N 40.0 1.447 

BR4 O 30.0 1.949 

N O 36.0 1.872 
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Table S3. Force field parameters of the angle interaction of CG particles. 

type 𝒊 type 𝒋 type 𝒌 
𝒌𝜽,𝟏 (𝐤𝐜𝐚𝐥 

/𝐦𝐨𝐥/𝐫𝐚𝐝𝟐) 
𝜽𝟎,𝟏 (Å) 

𝒌𝜽,𝟏 (𝐤𝐜𝐚𝐥 

/𝐦𝐨𝐥/𝐫𝐚𝐝𝟐) 
𝜽𝟎,𝟐 (Å) 

BR1 BR2 BR4 462.0 95.6 0.0 0.0 

BR1 BR2 COOH 129.0 137.0 0.0 0.0 

BR1 N O 75.0 104.6 0.0 0.0 

BR1 O N 214.0 79.5 0.0 0.0 

BR1 BR3 BR4 462.0 95.6 0.0 0.0 

BR2 BR1 BR3 445.0 84.4 0.0 0.0 

BR2 BR1 N 93.0 131.8 88.0 143.2 

BR2 BR1 O 127.0 118.5 96.0 156.0 

BR2 BR4 BR3 445.0 84.4 0.0 0.0 

BR2 BR4 N 93.0 131.8 88.0 143.2 

BR2 BR4 O 127.0 118.5 96.0 156.0 

BR3 BR1 N 93.0 131.8 88.0 143.2 

BR3 BR1 O 127.0 118.5 96.0 156.0 

BR3 BR4 N 93.0 131.8 88.0 143.2 

BR3 BR4 O 127.0 118.5 96.0 156.0 

BR4 N O 75.0 104.6 0.0 0.0 

BR4 O N 214.0 79.5 0.0 0.0 

Table S4. Force field parameters of the dihedral interaction of CG particles. 

type 𝒊 type 𝒋 type 𝒌 type 𝒍 𝒌𝟏 𝒌𝟐 𝒌𝟑 𝒌𝟒 

BR1 BR2 BR4 BR3 0.000 14.375 0.000 0.000 

BR1 BR2 BR4 N 10.000 0.000 0.000 0.000 

BR1 BR2 BR4 O 5.000 0.000 0.000 0.000 

BR1 BR3 BR4 BR2 0.000 14.375 0.000 0.000 

BR1 BR3 BR4 N 10.000 0.000 0.000 0.000 

BR1 BR3 BR4 O 5.000 0.000 0.000 0.000 

BR1 N O BR4 33.100 0.000 0.000 0.000 

BR2 BR1 BR3 BR4 0.000 14.375 0.000 0.000 

BR2 BR1 N O 0.084 0.364 0.068 -0.236 

BR2 BR1 O N -0.148 0.620 0.272 -0.026 

BR2 BR4 N O 0.084 0.364 0.068 -0.236 

BR2 BR4 O N -0.148 0.620 0.272 -0.026 

BR3 BR1 BR2 BR4 0.000 14.375 0.000 0.000 

BR3 BR1 N O 0.084 0.364 0.068 -0.236 

BR3 BR1 O N -0.148 0.620 0.272 -0.026 

BR3 BR4 N O 0.084 0.364 0.068 -0.236 

BR3 BR4 O N -0.148 0.620 0.272 -0.026 

BR4 N O BR1 33.100 0.000 0.000 0.000 

N BR1 BR2 BR4 10.000 0.000 0.000 0.000 

N BR1 BR3 BR4 10.000 0.000 0.000 0.000 

O BR1 BR2 BR4 5.000 0.000 0.000 0.000 

O BR1 BR3 BR4 5.000 0.000 0.000 0.000 
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