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Figure S1: (a) Side view and (b) top view of a 4 nm y-thick slice of a snapshot of a simulation
carried out with £ = 10 V-nm™!, at T' = 300 K. For better visibility, the top view includes
the SUB chains only, i.e. the region inside the orange rectangle in panel (a).
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Figure S2: (a) Average shear stress as a function of vspge for £ =4 V-nm™', T'= 0 K, and
L = 10 MPa. (b-e) Shear-stress traces. Instantaneous (f,i,1) shear stress, (g,j,m) velocity
of the SUP layer, and (h,k,n) per unit area potential-energy contributions as a function
of Zgage for the corresponding velocities in panel (a). u; = Up/A is the internal potential
energy; ugr = Ugp/A is the potential energy for the interaction with the applied electric
field; ug = Us/A is the potential energy of the pulling spring.
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Figure S3: (a) Average shear stress as a function of vgage for £ =5 V-nm™!, T =300 K and
L =10 MPa. (b-e) Shear-stress traces for the velocities reported in panel (a). (f,i,l) Shear
stress, (g,j,m) instantaneous velocity of the SUP layer and (h,k,n) per unit area potential
energy contributions as a function of g for the corresponding velocities in panel (a). In
the analysis of the potential energy contributions (panels hk.n), thermal noise affects the
data heavily: to discern readable energy signals we apply a Gaussian smoothing with width
of 0.05 nm. To mitigate the thermal noise in the SUP velocity we evaluate its average value
by means of finite differences of the SUP position over the time corresponding to the driving
stage advancing by 0.05 nm.
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Figure S4: (a) Average shear stress as a function of vgae for £ =10 V - nm~ !, T =300 K
and L = 10 MPa. (b-e) Shear traces for a few of the velocities reported in panel (a).
(f,i,]) Shear stress, (g,j,m) instantaneous velocity of the SUP layer and (h,k,n) per unit area
potential energy contributions as a function of Zgage for the corresponding velocities in panel
(a). Thermal noise has been mitigated like in Figure S3. The intense electric field keeps
the SUP layer of chains flat to the point of remaining nearly “frozen”, thus preventing the
entanglement of SUB chains. Friction traces at the lowest velocities do show some hints of
stick points (Figure S4f, i) and eventually at low speed friction seems to depend only weakly
on the sliding velocity, Figure S4a. Stick-slip features are visible in the SUP velocity and
total potential energy, while they are harder to detect in the internal contribution U;. Even
at T' = 300 K, signs of the unexpected slight decrease of Uy during stick can be detected near
Tstage = 82 nm and Tspage =~ 90 nm, similar to that discussed for 7" = 0 in the main text.
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Figure S5: (a-c) Average shear stress (same as Fig. 7 of the article) and (d-e) average
hooking fraction h (our strategy for quantifying the degree of interlocking defined in the
Supporting Information of Ref. 1) as a function of the applied load L at T" = 300 K. Blue
lines are linear fits of the small-load (up to 20 MPa) data. The resulting differential friction
coefficients are: pg = —0.08 for E =1V -nm™}; pg = 0.09 for E =5V -nm™*; g = 0.12 for
E=10V -nm %
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SI Movies

Each of the SI movies reports 3 ns (corresponding to a 15 nm advancement of the stage) of a
MD simulation. In simulation time, the frame rate is 1 frame every 20 ps. In running time,
the frame rate is 10 frames per second. For clarity, like in Fig. S1, the movies only include
a b nm y-thick slice of the simulation cell (whose entire y-side is 14.41 nm). One of the
particles of the SUP layer is drawn of bigger size and lighter color to improve the visibility

of the advancement of this layer.

e Moviel.mp4: 3nsofa £ =2V -nm™*, Ustage = O 1+ s~ T = 300 K simulation, also

reported in the snapshots of Figure 3 of the main text;

e Movie2.mp4: 3nsofa £ =5V -nm™, g = 5 m-s~!, T = 300 K simulation, also

reported in the snapshots of Figure 4b,c,e,f of the main text;

e Movie3.mp4: 3nsofa £ =10V -nm™!, Ustage = O 1M - s7! T = 300 K simulation,
also reported in the snapshots shown in Figure S1 and in the friction trace shown in

Figure S4d,1 of the present SI.
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