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Appendix

Modeling method

A hybrid modeling method including united-atom and coarse-grained method is
applied in this work. Figure 12 shows the schematic illustration of such hybrid
modeling method.

Potential parameters

The parameters of CG force field employed in this study are provided in Tab. 1 and
Tab. 2 as following:

Surface distance

Surface distance of all cases are provided in Tab. 3. The temporal evolution of normal
stress and shear stress of Case A in Fig. 5 are shown in Fig. 13. The average stresses
were calculated from the last 10 ns of total 100 ns.
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Fig. 12 Schematic Illustration of modeling method used in this work, including both united-atom
(blue) and coarse-grained (red) method.

Table 1 Potential function parameters for
non-bond interactions [21, 43, 44].

Pair interactions α [kcal/mol] β [Å]

CH2-CH2 0.1400 3.9650

CH2-COOH 0.2049 4.2118

Fe-CH2 0.2499 4.2999

FeSP-CH2 0.2499 4.2999

COOH-COOH 0.3000 4.4740

Fe-COOH 0.3658 4.5675

FeSP-COOH 12.8000 4.5675

Table 2 Potential function parameters for bonding interactions within lubricants [21, 43, 44].

Kb [kcal/mol Å−2] r0 [Å] Ka [kcal/mol] θ0 [◦]

115 1.54 60 109

Kd
1 [kcal/mol] ϕ1 [◦] Kd

2 [kcal/mol] ϕ2 [◦] Kd
3 [kcal/mol] ϕ3 [◦]

3.02 180 -0.56 0 2.58 180
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Table 3 Surface distance of all cases.

Surface roughness [nm] 0 0.1 0.2 0.3 0.4 0.5

Surface distance [Å]

59 61 69 69 73 77

61 63 69.5 69.5 75 79

63 65 70 70 77 81

65 65.5 70.5 70.5 79 83

65.5 66 72 71 81 85

66 66.5 73 71.5 83 87

66.5 67 75 72 85 89

67 69 77 72.5 87 91

69 71 79 73 89 93

71 73 81 75 91 95

73 75 83 77 93 97

75 77 85 79 95 99

77 79 87 81 97 101
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Fig. 13 Temporal evolution of normal stress and shear stress of Case A in Fig. 5 with the surface
distance of 70.5 Å and surface roughness of 0.2 nm.
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