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Computational method

The pressure dependence of friction for matched commensurate sliding system of
Xe/Cu(111), Xe/Pd(111) and Ar/Cu(111) in the attractive regime are investigated via
a van der Waals (vdW) corrected density functional theory (DFT) approach. The Xe
monolayer was represented by a lattice of Xe on the Cu(111) (V3x3)R30° surface
(lattice mismatch~2%) and a lattice of Xe on the (3x3) Pd(111) ((lattice
mismatch~4.7%)), depicting in Fig.1 and Fig.S1, respectively, and a lattice of Ar on
the (3x3) Cu(111) surface (lattice mismatch~3.8%). The metal surfaces were
simulated using a slab of five atomic layers. For the sake of simplicity as done by
Silva et al. [1], we performed the interaction energy calculations (for different relative
perpendicular and lateral relative position) with the atoms of the metal substrate fixed
at ideal surface positions, since the adsorbate-induced substrate rumpling is negligible
[1-4]. The present results for Xe/Cu(111) are consistent with our previous theoretical
studies from fully relaxed model [5], justifying the present treatment. We performed
first-principles the energy plane-wave calculations within the generalized gradient

approximation (GGA) of Perdew, Burke, and Ernzerhof (PBE) [6] augmented with
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the Tkatchenko-Scheffler vdW (TS-vdW) correction [7,8] for Xe/Cu(111) and Ar/Cu,
and Grimme-vdW [9] for Xe/Pd(111) (For TS method for DFT-D corrections the Pd
elements are not parametrized), using CASTEP code [10]. The sliding of periodic
models is simulated with a vacuum of 20 A in the perpendicular direction to ensure
negligible interaction between their periodic images. The cut-off energy of 500 eV
was adopted for the plane-wave expansion and the k-point of Brillouin zone was
sampled by 9x9x1 Monkhorst—Pack grid. The convergence for energy was chosen as

2x107% eV/atom between two steps. The calculated values were obtained at 0 K.
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Figure S1 The top and side views of the atomic sliding model for (a, b) Xe/Pd(111)
and (c,d) Ar/Cu(111) sliding systems with quasi-commensurate contacts. Yellow
parallelogram in (a) and (c) shows the 3x3 unit cell (lattice parameter apg=2.751 A
and ac,=2.556A).
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Figure S2 (a) The crossings of the binding energy distance Ej(z) curves of T and H
sites for Xe/Pd(111). (b) The potential crossing at z.=3.52A in the far-surface region.
The crossing at z,;=2.85A in the near-surface region is consistent with previous
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investigation of Silva et al.[1], justifying the present results. The relatively small
energy difference between T and H sites suggests quasi-commensurate sliding friction
for Xe/Pd(111) system shown in Fig. S1(a).
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Figure S3 (a) The crossings of the binding energy distance E,(z) curves of T and H
sites for the quasi-commensurate sliding friction systems of Ar/Cu(111) in the near-
surface region of z;=2.74A, which is consistent with previous investigation of Righi et
al.[11]. (b) The potential crossing in the far-surface region at z.=4.05A.
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Figure S4 Electron density difference of Xe/Cu(111) in T (a, b, ¢) and H (e, f, g) sites
under different separation (a, d) z;=3.7A, (b, e) z.=3.77A and (c, f) z.=3.9A shown in
planes perpendicular to the surface within the range of +0.003¢/A3. The light red
(gray) and dark blue (gray) represent electron accumulation and depletion,
respectively. The red (thick) and yellow (fine) dashed lines indicate the recede of
redistribution of electronic density for T sites and H sites, respectively. The contrasts
between the two lines manifest that the fade of charge polarization of T sites is more
quickly than H sites.

The separation-dependent redistribution of electronic density

Fig.S4 shows the electron-density differences between the Xe/Cu and the clean
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Cu(111) substrate combined with the Xe monolayer [Ap(z) = pxeicu(z) -pPra(2) -
PMeal(2)]. As expectation from interacting energy in Fig.2a, around equilibrium
separation at z;=3.7 A, plots of Ap show that, in agreement with previously
investigation [12], the electron-density redistribution (depletion centered about the Xe
atom while accumulation between the Xe atom and the topmost layer of Cu surface
together with a slight accumulation around the center of the Xe atom ) is stronger for
T site (Fig.S4a) than for H site (Fig.S4d). These result in the T site a more attractive
potential, thus making energetically favored compared to the H site due to the
polarization effects [13,14]. With increasing separation z from z;=3.7 A (Figs. S4a
and S4d), crossing z,=3.77 A (Figs. S4b and S4e), to z,=3.9 A (Figs. S4c and S4f),
there is a clear weakening tendency of electron-density (depletion and accumulation)
redistribution. Meanwhile, note that, there is a significant difference for T and H sites:
the reduction rate of T site is larger than that of the H site, as marked with red thick
and yellow fine lines shown in Fig.3. And therefore, the depletion of electron-density
redistribution (charge polarization) is clearly stronger for H site (Fig.S4f) than for T
site (Fig.S4c) at z,=3.9 A to induce a much larger attractive effects, and result in the H
site being energetically favored, which in line with the behavior of transformation
between anti-corrugated (z,=3.7 A) and corrugated potential (z,=3.9 A), revealing the

details of potential crossing at z;=3.77 A.
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