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Here we present additional experimental and computer simulation data on the sys-

tems under study. All parameters are expressed in DPD units, viz., m = 1 (the mass of the 

DPD particles), σ = 1 (the unit of scale), kBT = 1 (the unit of energy, T is absolute tempera-

ture, kB is the Boltzmann constant), (mσ2/ kBT T)1/2 = 1 (the unit of time) [1]. 

S1. The Repulsion Parameters aij and the Miscibility Subsystems 

The miscibility of all the species (comonomers and NPs) in DPD model are expressed 

through repulsion parameters aij [1] related with the Flory-Huggins parameters χij (FH) 

[2,3] as follows: 

a ij = 25 +3.497χ ij.       (1) 

The smaller value of χ ij < 0.5, the better the miscibility of species i and j (aij = 25), and when 

χ ij > 0.5, the phase separation for subsystems is expected. 

The well-known relationship [4,5] between χ and the Hildebrant solubility parame-

ters δ [5–7] is used to estimate χ ij: 

χ ij = ν(δ i – δ j)/RT +χ S,      (2) 

where ν is the averaged molecular volume of chemical species, R is the gas constant, and 

χS is the contribution of entropy to the free mixing energy, which for many mixtures is 

0.34 [8,9], and is often neglected. It should be noted that the solubility parameters are re-

lated to the cohesion energy density Ecoh, according to the definition δ = (Ecoh/V)1/2 (where 

V is the volume of the system). It is usually used in molecular dynamics (MD) simulations 

to evaluate the solubility parameters [11–13]. 

A semi-empirical Askadskii's method [10] provides the most rapid way to estimate 

the solubility parameters. For a more accurate estimation, it is necessary to use atomistic 

molecular dynamics simulations [11–13]. 

The solubility parameters were calculated for the following compounds:  

1) The polymer matrix comonomers bisphenol-A epoxy resin (DGEBA) and tri-

carboxylic fatty acid (FAT3); 

2) Surface modifiers of clays, such as (3-triethoxysilyl)-propyl-succinic anhy-

dride (TPSA), dimethyl-dodecyl-quaternary ammonium (DDQA), methyl-dodecyl-

bis-2-hydroxyethyl-quaternary ammonium (DDHQA), 3-amono-propyl-triethox-
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ysilane (APTS), hexadecyl-ammonium (HDA), amino-ethyl-amino-propyl-tri-

methoxy-silane (AEAPTS), 3-(glycidyloxypropyl)-trimethoxysilane (GTO) [12,14–

17]. 

The results obtained for considered substances are placed in Table S1. The Table S1 

also contains simple compounds as hydrophobic and hydrophilic molecules. As can be 

seen from Table S1, for DGEBA, alkanes, and water, there is an acceptable agreement be-

tween Askadskii's method, MD, and experimental results. The acceptable agreement is 

also observed for Askadskii's method with the experiment in the case of surface modifier 

DDQA. 

Table S1. Characteristics of the substances used to parameterize the DPD model: molar volume Vm, and solubility param-

eters δ. 

 
Ascadskii MD* Literature data 

Vm [cm3/Mol] δ [MPa1/2] δ [MPa1/2] δ [MPa1/2] 

Matrix comonomers 

DGEBA 333 20.3 20.5±0.1 17–27 [18], 21.9 [19] 

FAT3 956 19.6   

Surface modification of clays 

TPSA 304 18.2   

DDQA  383 16.4  17.9 [24] 

DDHQA  446 19.8   

APTS  199 17.5   

HDA  327  17.6   

AEAPTS 222 17.9   

GTO 236 17.2   

Reference molecules 

C6H14 125 14.5 14.7±0.1 14.90[5], 14.8[20] 

C8H18 163 15.5 15.0±0.2 15.5[5], 14.0[20] 

H2O 17.7 40.9 47.1 [11] 47.9 [21], 47 [22,23]  

*) The calculations were performed using the molecular dynamics package LAMMPS [25], second-generation polymer-

consistent force field (PCFF) [26–28], and the simulation protocol that we developed earlier [11]. 

 

The results in the Table S1 indicate that the comonomers DGEBA (has aromatic rings) 

and FAT3 (has long alkyl chains) are non-polar (χDGEBA,C8H18 = 2.3, χDGEBA,H2O = 29.8, 

χDGEBA,C8H18 = 3.8, χDGEBA,H2O = 88.6). The same conclusion can be made about the selected 

surface modifiers due to long alkyl chains in their structures (for example χTPSA,C8H18 = 0.68, 

χTPSA,H2O = 33.2, χTPSA,C8H18 = 0.23, χTPSA,H2O = 28.5). 

Estimation of the Flory Huggins parameters using formula (2) for the pairs DGEBA-

surface modifier and FAT3-surface modifier gives, respectively, the following ranges of 

values 0.04-2.18 and 0.01-2.75. The results obtained indicate that by appropriate selection 

of the surface modifier, it is possible to achieve good compatibility of clay nanoparticles 

with the polymer. 
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S2. Supplementary Figures for Paragraph of System Preparation 

 

Figure S1. Snapshots of the nanocomposites with embedded nanoparticles of the i, ii and iii types. A) Examples of the 

initial distribution of nanoparticles. B) Snapshots of the cross-linked nanocomposite. Linkers on the surface of nanoparti-

cles are not shown for clarity of visualization. All colors in this figure are the same as in Figure 1. 
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Figure S2. The orientational order parameter for axes of nanoparticles in nanocomposites before 

cross-linking reaction. 

 

Figure S3. Degree of conversion of the epoxy network for unfilled polymer matrix and nanocom-

posites with nanoparticles of three types when f l = 0 and f l = 1. 
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