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2.1.3. DPD Units and Model Parameters 

A bisphenol A epoxy resin containing 9 repeating units was selected as the matrix polymer 

with a molecular weight of 2895.5 g mol⁄  and the density of 1 gcm3⁄ . Each chain was coarse-

grained into 10 beads each having a volume of ~480 3 equal to 24 carbon atoms. Each 

nanotube bead was also taken to represent the same number of carbon atoms following Zhou 

et al. [64] This choice of coarse-graining degree yields a unit mass m of 4.80×10-25 kg for 

each bead and a length unit rc of 1.13×10
-9 m. The energy unit is E = kBT at T = 298 K. As a 

consequence of this set of units, the time unit τ is 1.22×10-11 s. 

In the simulations, the degree of dispersion was controlled by adjusting the maximum 

repulsion coefficients between different pairs. aii value was set to 25 kBTrc⁄ for all 

interactions between beads of the same type in the simulations. For interactions between 

different beads, we used Groot and Warren’s approach which relates the excess repulsion 

parameter to the Flory-Huggins χ
ij
 parameter as [72] 

aij≈ 
χij

0.306
+ aii , (8)

in which χ
ij
 is determined using the solubility parameters δi and δj of the interacting beads by 

χ
ij
= 
Vref	δi	- δj

2

kBT
 , (9)

with Vref as a reference average bead volume. This reference volume is taken equal to the 

average bead volume ~480 3.The solubility parameter of bisphenol A epoxy was determined 

by molecular dynamics simulations to be 19 Jcm3⁄ 12⁄ [64]. For the nanotubes, different 

solubility parameters are calculated using molecular dynamics for various geometries and 

model systems. Maiti et al. [73] report a solubility parameter of ~25.9 Jcm3⁄ 12⁄ for CNTs 

having a diameter similar to this study. Other investigations into this parameter have found 

values between 18 to 26 Jcm3⁄ 12⁄ for a wide range of single-walled, double-walled, and 
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