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1 Model for solid–fluid interactions 

The solid–fluid interaction has a significant influence on tribological systems studied by molecular dynamics 

simulations. Therefore, it is subject of several studies [S1, S2]. There is a large variety of different interaction 

parameters and potentials used in the literature, even for a single substance combination of a fluid and a 

substrate, e.g. for systems with iron surface and alkanes as fluid [S2–S7]. Often the solid–fluid interaction is 

calculated based on simple mixing rules whereby the solid interaction itself is modeled by another potential, 

e.g. by a complex multi-body potential [S7]. Comparing the solid–fluid interaction energy modeled by 

Mie-type potentials yields values from ε* = 1.55 [S4] up to ε* = 10.45 [S2] in tribological simulations (each 

brought to dimensionless form by the energy parameter εff of the respective fluid–fluid interaction). Higher 

solid–fluid interaction energies were used in conjunction with the Morse potential, e.g. Chang et al. [S8] used a 

cohesion energy of ε* = 28.87. 

In the present work, a model for the solid–fluid interaction was derived from quantum mechanical (QM) 

data that was taken from Xu et al. [S6] for the systems CH2–Fe and CH3–Fe. The data of the system CH2–Fe 

were used for the interaction between the surface particles and the chain particles in the middle (excluding 

end-groups) of the Lennard–Jones (LJ) chain fluid. The solid–fluid parameters for the end-groups of the LJ 

chain fluid as well as for the LJ fluid were calculated from the system CH2–Fe. Xu et al. [6] report interaction 

energies as well as corresponding configurational data which were used here to adjust the parameters σ and ε 

of a LJ 9–6 potential. 

For this purpose, a single particle of each type was placed above a (100) surface of a bcc structured solid. This 

configuration was used to adjust the parameters σ* and ε* such that a single fluid particle on a surface has the 

same potential energy as given by Xu et al. [S6] and that the force perpendicular to the surface is zero (Fz = 0). 

This procedure follows the force matching method [S9], which has been applied for the mapping of solid–fluid 

interaction energies as iterative procedure with multiple QM calculations [S10] or with single QM calculations 

[S11] (as done in the present work in a simplified form). The LJ 9–6 potential was already used as potential for 

solid–fluid interactions in a previous study [S5] and was favored over the LJ 12–6 potential due to better fitting 

of the results. The final values used in the simulations are reported in Table S1. 
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Table S1 Reduced solid–fluid interaction parameters (with respect to the fluid–fluid interaction parameters) used with the 9–6 LJ 
potential. 

— Methane  Decane  Decane 

— — Middle group End group 

σ*  0.56 0.58 0.67 

ε* 35.86  17.28  7.17 

2 Force contributions 

Figure S1 shows the results for the contributions to the total force on the indenter, i.e. the contribution from the 

indenter–substrate interactions. 

 

Fig. S1 Ratio of the force contribution to the forces on the indenter sampled in the quasi-stationary regime as a function of the gap 
heights h: Forces in z- (up-triangles) and y-direction (right-triangles). The quantity FSub−ind/FInd indicates the contribution of the 
indenter–substrate interactions of the total force on the indenter. Results for both lubricated cases: Methane (red) and decane (blue). 
Lines are a guide for the eye. 

3 Temperature and pressure in the lubrication gap 

Figure S2 shows the results for the temperature profiles in the lubrication gap. 

 

Fig. S2 Temperature and pressure profiles of the fluid in the lubrication gap with respect to the moving coordinate system (Fig. 2 in 
the main body of this work): Temperature profiles (top); pressure profiles (bottom). Results shown for h = −6, −4, −2, 0, 4, 8 Å (top to 
bottom). The left column gives the results for the methane simulations; the right column gives the results for the decane simulations. 
Data was sampled during the quasi-stationary phase (Fig. 4 in the main body of this work). 
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4 Computational aspects of simulations 

The simulations were carried out on the Elwe supercomputer at the RHRK of the TU Kaiserslautern. For the 

simulations, Intel E5-2670 processors with a memory of 64 GB were used. Each simulation ran on 16 CPUs with 

16 cores each (total: 256 cores). The simulations carried out in this work were computationally expensive due to 

the large number of particles and, which is also important, due to complexity of the interaction potentials. In 

particular, the embedded atom model (EAM) potential requires a lot of computational power. As only a single 

equilibration and indentation had to be carried out for each considered fluid, the bulk part of the computer 

time was spent on the scratching simulations. Each simulation at a given gap height, required around 22 × 103 

CPUh. The decane simulations were computationally slightly more expensive due to the larger number of 

interaction sites and, in particular, the smaller time step. Here, each simulation required around 50 × 103 CPUh. 
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