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Giant slip length at a supercooled liquid-solid interface
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The effect of temperature on friction and slip at the liquid-solid interface has attracted attention over the
last 20 years, both numerically and experimentally. However, the role of temperature on slip close to the glass
transition has been less explored. Here we use molecular dynamics to simulate a bidisperse atomic fluid, which
can remain liquid below its melting point (supercooled state), to study the effect of temperature on friction and
slip length between the liquid and a smooth apolar wall in a broad range of temperatures. At high temperatures,
an Arrhenius law fits well the temperature dependence of viscosity, friction, and slip length. In contrast, when
the fluid is supercooled, the viscosity becomes super-Arrhenian, while interfacial friction can remain Arrhenian

or even drastically decrease when lowering the temperature, resulting in a massive increase of the slip length.
We rationalize the observed superlubricity by the surface crystallization of the fluid, and the incommensurability
between the structures of the fluid interfacial layer and of the wall. This study calls for experimental investigation
of the slip length of supercooled liquids on low surface energy solids.
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I. INTRODUCTION

In 1823 Navier [1] postulated the existence of a velocity
jump at the liquid-solid interface and proposed a linear re-
lation between the interfacial stress and the velocity jump:
s = A Vi, where X is the interfacial friction coefficient and
Vs is the velocity jump, also called the slip velocity. Because
of stress continuity, this is equal to the bulk shear stress
Touik = 1 ¥, With 1 the fluid viscosity and y the shear rate
for sufficiently low shear rates [2]. A more classical way of
characterizing slip at the solid-liquid interface is to introduce
the slip length b, which is the length at which the velocity
profile of the liquid linearly extrapolates to the velocity of the
wall [3], leading to

b=V 1, (1)

y A

The slip length b is thus dependent on the liquid-surface
interaction through the friction coefficient A. Since both the
viscosity 1 and the friction coefficient A depend on temper-
ature, so does the slip length . However, n and A are both
decreasing functions of temperature, thus the resulting effect
of temperature on the slip length is not trivial.

In the literature various behaviors of b(T) have been
observed. Experimentally, Baumchen et al. [4] reported a
decreasing b(T') for PS thin films, while Drda and Wang [5]
observed an almost constant slip length for PE melts. Using
molecular dynamics (MD) simulations, Servantie and Miiller
[6] reported nonmonotonic variations of the slip length of a
Lennard-Jones (LJ) polymer, and Herrero et al. [7] measured
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a decreasing b(T') for water and methanol on different types
of surfaces. In addition, Andrienko et al. [8] predicted a jump
of the slip length at low temperatures because of prewetting
transition at the interface between a binary mixture and a solid
wall.

Different models have been proposed in order to ratio-
nalize the temperature dependence of the viscosity n, the
friction coefficient A, and the slip length b. A simple de-
scription is Eyring’s theory, which assumes that flow is an
activated process: in order to jump from one position to a
neighboring one, a given molecule has to overcome an en-
ergy barrier E,. Although it has been shown that the real
microscopic dynamics is not a barrier-hopping mechanism
[9,10], Eyring’s theory is still useful to compare the general
temperature dependency of n and A in ordinary liquids. It
can be applied both to the bulk flow, leading to an Arrhenian
viscosity n o exp[E, viscous/ (k8T )] [11], and to the flow near
the wall, leading to an Arrhenian friction coefficient A
explEa friction/ (ks T)] [12,13]. Therefore, the slip length also
follows an Arrhenius law [11,14—17], which can be expressed
as

b eXp(Ea,viscousk_T a,friction ) ’ (2)
B

and one cannot know a priori its variation with temperature.
Recently, Hénot et al. [ 18] have used this formalism to discuss
the effect of temperature on the slip length of PDMS melts
measured with a velocimetry technique. Equation (2) fits well
their data, and depending on the surface, E, fiction Was either
larger than or equal to E, yiscous, implying that the slip length
was increasing or constant with temperature, respectively.
However, this Arrhenius picture is not always accurate,
especially for supercooled liquids. Indeed, near the glass
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FIG. 1. Schematic of the simulated system and corresponding
flow profile v,(z) of the liquid. The bottom (top) wall has a velocity
+U (—U) along the x direction. The distance between the walls is
denoted H. The slip length b is defined as the length at which the
velocity profile extrapolates to the velocity of the wall. The slip
velocity V; is the velocity difference between the velocity of the
liquid at the wall and the velocity of the wall.

transition, the viscosity increases much more sharply than an
Arrhenian dependency. To account for this quick increase,
other models have been proposed, among them the Vogel-
Fulcher-Tammann (VFT) law [19-21], which states that n o
exp[A/(T — Tygr)], with Typr a reference temperature at
which the viscosity diverges. This law is widely used to de-
scribe the temperature dependence of the viscosity close to
the glass transition, and it has also been used to describe the
temperature dependence of the friction coefficient [7].

In this article we present MD computations of the slip
length of a model bidisperse LJ liquid in a wide range of
temperatures. Far from the glass transition temperature, we
show that the slip length is Arrhenian with an effective ac-
tivation energy controlled by the strength of the liquid-solid
(L-S) interaction: b(T) decreases with temperature for weak
L-S coupling, while it increases with temperature for strong
interaction with the wall. At lower temperatures, the slip
length may increase by orders of magnitude as a result of the
super-Arrhenian behavior of the viscosity, and the Arrhenian
or even sub-Arrhenian behavior of the friction coefficient. In
particular, for weakly interacting surfaces, the first liquid lay-
ers become structured, and the incommensurability between
the fluid local structure and the wall lattice results in a strong
reduction of the L-S friction, and thus giant values of the slip
length.

II. METHODS

We perform MD simulations using the LAMMPS package
[22]. We simulate a shear flow of a Kob-Andersen (KA) bi-
nary LJ liquid [23] sheared between two LJ walls (see Fig. 1).

We use the KA liquid described in [24], which is a mixture
of two particle types i = A, B in a 80-20 ratio. They interact
through all pair potential Vl‘j(l") = 48,']‘ [(O’,‘j/l’)l2 — (U,’j/r)6],
with eaa = € and oaa = o taken as references. In the follow-
ing, all quantities are reported in LJ reduced units, using ¢, o,
and the particle mass m as units of energy, distance, and mass,
respectively, and taking kg = 1. All the atoms are supposed to
have the same mass m, and we take ogg = 0.88, oag = 0.80,
epp = 0.50, and exp = 1.50. The potential is truncated and
shifted to zero at r. = 2.5. The wall is a crystallized face-
centered cubic (FCC) lattice of type C particles with a lattice
parameter a = 1, corresponding to a number density p = 4.0.
The effect of the wall density on slip is discussed in Fig. 10
in Appendix A. The strength of the liquid-solid interaction
potential eac = epc = eg is varied from 0.15 to 1.00, and
we take opac = ogc = 1.00 for all the simulations. The wall
dimensions are L, = L, = 8.0 with periodic boundary condi-
tions in both x and y directions.

The temperature is imposed using a Nosé-Hoover ther-
mostat with a damping time of 100 time steps. When the
liquid is sheared, the thermostat is coupled only to trans-
verse velocities. The pressure is set to 10.0 by using the top
wall as a piston during a preliminary run. This is a standard
choice of pressure for a Kob-Andersen liquid [23,24], and
we have checked that the pressure did not impact the slip
length significantly (see Fig. 9 in Appendix A). The top wall
is then fixed at its equilibrium position. From this equilibrated
system, we use two different procedures to measure 7 and X.
In the first one, the walls are displaced along the x axis at
constant velocity =U. We record the velocity profile of the
liquid v,(z) (Fig. 1) and the stress exerted by the liquid on
the walls 7;5. The viscosity 7 is calculated with n = 7.5/,
with y being the shear rate extracted from the velocity pro-
file. We measure the hydrodynamic height % using the Gibbs
dividing plane (GDP) method described in [25]; see Fig. 7 in
Appendix A. The friction coefficient A is then calculated by
A = 115/ Vs, with the slip velocity V; = U — yh/2. The shear
velocity U is varied between 0.001 and 1.20, and the values
of n and A are taken in the linear response regime (see Fig. 8
in Appendix A).

For a given system, we plot the velocity profile [see
Fig. 2(a)]. At low temperatures, the velocity profile evolves
with time. We attribute this time dependency to the conse-
quence of a very high slip length, which allows the liquid
to diffuse in block, adding a random constant velocity to
the shear flow. However, the slope y = g—lz’ is approximately
constant over time. We measure the shear rate at different
times and for systems having identical parameters but differ-
ent initial conditions [see Fig. 2(b)]. Then the shear rate at a
given (T, €.g) is taken as the mean value of the shear rates
at all times for all measurements done in the linear response
regime. The error bars correspond to the standard deviation of
these measurements divided by the square root of the number
of measurements and enlarged by the Student factor.

The second procedure consists in measuring both parame-
ters at equilibrium using Green-Kubo relations [9,26]. For the
viscosity one uses

1= gz 2 i [(©a@dz 6
0

=5 2
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FIG. 2. (a) Velocity profiles for one given measurement at
U =0.10, T = 0.90, and €. = 0.25. The colors correspond to dif-
ferent times during shear. (b) Shear rate y for different measurements
performed in the same conditions. The velocity profiles plotted on
the left correspond to measurement 4 in this figure. (c) Shear rate as
a function of 1/7', measured in the Newtonian regime at €.s = 0.25.

where V is the volume, kg is the Boltzmann constant (here
taken equal to 1), T is the temperature of the system, and
0 = Oxy, Oxz, Oyz, (Oxx — 0Oyy)/2, (0, — 0,;)/2 are the trace-
less components of the stress tensor inside the liquid and are
measured in an independent, fully periodic simulation. For the
friction coefficient, one uses

S 1 ] t
Y= T2 Xj:tilinoofo (0j(0)0;(1)) dr, (4)

where § = L Ly is the surface, and the 0; = 01, (op, OLS, bottom
are the liquid-solid friction forces per unit surface along the x
direction at the two liquid-solid interfaces.

III. HIGH-TEMPERATURE REGIME (T > 1.5)

The results are shown in Fig. 3. At high temperatures,
both the equilibrium and the nonequilibrium procedures give
the same results for the viscosity and the friction coeffi-
cient. Both n and A can be fitted by an Arrhenius law 1
exp(Eyviscous/T ) and A o< exp(Ey friction/T ), With a friction ac-
tivation energy E, fiiciion Which depends on the strength of the
liquid-solid interaction €| s.

We depict in Fig. 4(a) the slip length of the KA mixture as
a function of temperature and for different values of the L-S
interaction strength ¢;¢. In this regime, we restrain ourselves
to temperatures larger than the glass transition temperature
T,, which we estimated to be 7, >~ 0.41 4= 0.01 using a VFT
regression of the viscosity temperature dependence [19-21]
(see below). We find an activation energy E, of 2.78 for the
viscosity and between 1.79 and 4.39 for the friction coeffi-
cient, depending on &ig.
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FIG. 3. Viscosity n and friction coefficient A as a function of
temperature measured by shear (empty circles) and at equilibrium
using Green-Kubo relations (filled triangles). Both methods give the
same values. The friction coefficient measurement is illustrated here
for two different values of the liquid-solid interaction energy &;5 =
0.25 (blue) and e;.5 = 0.75 (orange). The dotted lines correspond to
Arrhenius regressions.

The slip length b(T) being given by the ratio n/A, it can
be fitted by an Arrhenius law b(T') o< exp(Eqip/T ), with a
formal activation energy of slip Ejsip = Eaviscous — Ea frictions
which can be either positive or negative. Therefore, b(T) can
be increasing or decreasing with temperature depending on
the relative values of E, yiscous and Ej friciion- We plot Ejgip
as a function of the L-S interaction energy ;s in Fig. 4(b).
For high values of e1s, E, fricion becomes larger than E; viscous-
Thus, far from the glass transition temperature, the variation
of b(T) is governed by the parameter erg, which controls
the wettability of the system. This is consistent with previous
work on LJ liquids [17].

IV. LOW-TEMPERATURE REGIME (T < 1.5)

We now explore lower temperatures. At these tempera-
tures, the measurement of the friction coefficient A using
the Green-Kubo formula becomes delicate because of the
so-called plateau problem [27,28]. Therefore, in this regime,
A is measured with shear simulations only. The viscosity is
independent of the value of g, as observed in the inset of
Fig. 5(b) where the points correspond to measurements at dif-
ferent e 5. At high temperatures, n(7') is well described by an
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FIG. 4. (a) Temperature dependence of the slip length for differ- . . . . . .
Lo . . . . 02 0.4 0.6 0.8 1.0 1.2
ent liquid-wall interaction energies ¢;s. The dotted lines correspond 1T

to Arrhenius-like regressions, from which we extract an activation
energy for the slip length E, ;. (b) Activation energy of the slip
length as a function of & 5. The dotted line is a guide for the eye.
At small g5 (nonwetting case), the activation energy of viscosity is
higher than the one of friction, so that E, g, > 0 and b decreases
with 7. In contrast, at high ¢, (wetting case), the activation en-
ergy of friction overcomes the one of viscosity, so that E, g, < 0
and b increases with 7. A linear regression of this curve gives
E,qip & —2.94(eLs — 0.48).

Arrhenius law (red curve), while at lower temperatures, n(7T')
can be ﬁtted with a VFT model (blue curve) [19-21]: n =
exp(A + 7 T -)withA = 0.27 £ 0.06, B = 1.45 £ 0.06, and
Tver = 0.41 j: 0.01. For the friction coefficient A, we focus
on a subset of values for g5 (0.25,0.50 and 0.75) for clar-
ity. We observe two different behaviors. For e g = 0.75, A
becomes super-Arrhenian while decreasing the temperature
below 1.5. This slightly overcomes the increase of 7 upon
cooling and thus results in a slip length which keeps de-
creasing while approaching the glass transition. However, for
eLs = 0.25 and 0.50, the friction coefficient suddenly drops by
at least one order of magnitude for T < 1. This corresponds
to a strong increase of the slip length at low temperatures by
more than one order of magnitude.

Servantie and Miiller [6] observed the same behavior for
the slip length of a LJ polymer slipping on a LJ surface and
attributed it to a difference of mobility between the bulk and
the interfacial liquid. In addition, Herrero et al. [7] studied the
slip length of water on graphene and LJ walls. They observed
a moderate increase of the slip length at low temperatures
for water on LJ walls and a strong increase of b for water
on graphene, and related them to subtle differences in the

FIG. 5. Temperature dependence of (a) the friction coefficient
A(T) and (b) the slip length b(T"), derived from b(T') = n(T)/A(T).
The viscosity n(T") is shown in the inset. The dotted lines correspond
to Arrhenian regressions at high temperatures. For A(T") and b(T),
the colors correspond to different values of g g with the same scale
as in Fig. 4. For the sake of visibility, only e g = 0.25 (blue), 0.50
(brown), and 0.75 (orange) are shown. For small values of g, the
friction coefficient drops drastically upon cooling the liquid, so that
the slip length b increases sharply.

temperature evolution of the static and dynamic contributions
to viscosity and friction.

To further explore this point, and to understand the fast
decrease of A at low temperatures, we have calculated the two-
dimensional structure factor Sjq(§) of the interfacial liquid
and compared it to the structure factor Sy, (g) of the solid
wall. The structure factor is calculated by

N 2
S(@) = (Zcos(rl q)) (Zsin(?i~c7)> . (5
i=0

where 7; = x;é; + y;€, is the position of atom 7 and N is the
total number of atoms considered in the calculation (in the
first layer of liquid near the wall, delimited by the first nonzero
minimum in the density profile in the z direction). The values
of g at which we calculate the structure factor are multiples of
2n /L with L the size of the box in x and y directions. The
commensurability between the local structure of the liquid
interfacial layer and the wall structure is a key factor con-
trolling friction. This commensurability can be quantified by
the value of the two-dimensional structure factor of the liquid
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FIG. 6. Structure factors of the wall (left) and of the interfacial
liquid (middle: e g = 0.25 and right: e, = 0.75) at T = 0.8, and
the corresponding snapshots of the structure (top). The red arrows
indicate Gy, i.e., the vector g corresponding to the first peak in
the wall structure factor. For small L-S interaction strengths (g1 =
0.25), B particles are expelled from the interface, and the remaining
A particles close to the wall structure themselves into a hexagonal
lattice, while the wall displays a square structure. Because these two
lattices are incommensurate, the friction is highly reduced, leading
to very large slip lengths. However, at high L-S interaction strengths
(eLs = 0.75), B particles remain at the interface and prevent the
near-wall liquid to structure itself; hence the friction remains large
and the slip length increases only moderately.

interfacial layer at the smallest characteristic wave vector of
the wall interaction energy landscape, Siiq(Gwan), where Gyan
is the position of the first peak in the wall structure factor
[29,30].

The results are shown in Fig. 6. For e g = 0.25, in the
snapshot of the interface, one can see that type B particles
are depleted from the interface, allowing the liquid near the
wall to structure itself into a lattice, which turns out to be
hexagonal. We have quantified this depletion of B particles
near the wall in Fig. 12 in Appendix B, where we plot the
concentration of A particles near the wall against temperature.
For low values of ¢1g at low temperatures, the concentration
of A particles at the interface is close to 100%, which allows
the corresponding liquid layers to crystallize. Because the
wall displays an incommensurate square lattice, the liquid
structure factor is very small at the position Gy, of the first
peak of the wall structure factor, i.e., S(Gwan) < 1, and the
friction coefficient A is strongly reduced. It is worth noting
that the lattice of the interfacial liquid displays an hexagonal
order both at equilibrium and under shear, at any considered
velocity (see Fig. 11 in Appendix B). In contrast, for stronger
L-S interaction (e g = 0.75), type B particles remain at the
interface and prevent the interfacial liquid to structure itself,
and thus its structure factor remains that of a liquid. In this
case, S(Gwan) remains on the order of 1, and the friction
coefficient still increases in an Arrhenian way upon cooling
down the liquid, which results in a moderate increase of the
slip length.

Here superlubricity is possible because of the structure of
the interface and is reminiscent of solid-solid superlubricity,

as evidenced experimentally, e.g., for graphite [31]. Indeed,
the role of incommensurability in reducing the friction be-
tween two solids has been reported by Zhang et al. [32]
and Franchini et al. [33] for Al/Al and Xe/Cu interfaces,
respectively. In addition, Cieplak er al. [34] have observed a
strong reduction of friction from a fluid to a crystallized layer
of krypton adsorbed on gold because of incommensurability
between the crystallized krypton layer and the gold lattice.

V. CONCLUSION

In conclusion, the MD investigation of b(7") has revealed
that at high temperatures not only the viscosity but also the
friction coefficient follow an Arrhenius law. Therefore, the
slip length may be also described by an Arrhenius law with
an effective activation energy that can be either positive or
negative depending on the strength of the liquid-solid interac-
tion potential erg. This result aligns well with the prediction
for polymer melts described in [18].

A more striking phenomenon is that, at lower temperatures,
the slip length may increase by orders of magnitude. This
massive enhancement is the result of both the super-Arrhenian
temperature dependence of the viscosity in the supercooled
regime and the sub-Arrhenian behavior of friction with cool-
ing. In particular, for weak L-S interactions, the friction
coefficient is highly reduced due to the emergence of a local
fluid structure, which is incommensurate with the solid lattice.
These conditions are highly favorable to observe giant values
of the slip length. For stronger L-S interactions, the friction
coefficient increases in a super-Arrhenian way, resulting in
merely a moderate decrease of the slip length. These results
showing a possible mechanism for massive slippage on low-
energy surfaces could lead to promising transport applications
in nanofluidics, and call for experiments probing the slip
length at supercooled liquid-solid interface. Short polymer
melts close to their glass transition temperature flowing over
weakly interacting surfaces are good candidates to evidence
massive temperature-dependent slip lengths.
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APPENDIX A: MEASUREMENT OF VISCOSITY
AND FRICTION COEFFICIENT

1. Measurement under shear

When a liquid is sheared by two walls, its viscosity is de-
termined through n = 7.5/y, with 7,5 being the stress exerted
by the liquid on the walls and y being the shear rate extracted
from the velocity profile. Then the friction coefficient is mea-
sured by A = 115/V;, with the slip velocity Vi =U — yh/2
where h is the hydrodynamic height of the system. Herrero
et al. [25] have shown that / can be computed by identifying
the hydrodynamic wall position with the Gibbs dividing plane
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FIG. 7. Density profile of the liquid near the bottom wall. Close - s i 4 2.
to the wall, the density profile displays oscillations. The dots rep-
resent measured values of the density, while the light green area 10
represents the integral of the density between 0 and some reference 8
height in the bulk z,. The dark green area represents a homogeneous
liquid containing the same number of atoms as the real liquid. The 64 , o 4 044
GDP z, is determined by equating the light green and the dark green g L

areas.

(GDP). The way we determine the GDP is illustrated in Fig. 7.
Near the walls, the density profile n(z) oscillates. The number
of particles between the wall and a given height zj inside the
bulk is calculated by integrating the liquid density n(z) be-
tween 0 and zo: N = foz ’ n(z) dz. A homogeneous distribution
of these N atoms would lead to N = n?““‘(zO — zg) with zg
the GDP position. By equating these two equations, one can
calculate z,:

20 n d
Zg =120 — %fk)z (A1)
nZ

At sufficiently low shear rate y, the slip length is constant,
while at high shear rates, the Navier condition fails and the
slip length increases rapidly with . We want to stay in the
linear response regime, so, for each system, we apply various
shear velocities U to determine the threshold velocity above
which we leave the Navier regime. In practice, we measure
the viscosity n and the friction coefficient A. At low U,
we have a plateau while at high U, both n and A decrease.

We computed the value of the threshold shear velocity for

0 H
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~ ‘ ¢
= 1071t n®e®
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_ ¢ 025
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1.0 1.5 2.0 2.5 3.0
T

FIG. 8. Threshold shear velocity Uy, ; as a function of tempera-
ture for two different values of the liquid-solid interaction strength
€Ls. Both the liquid viscosity 7 and the friction coefficient A are
independent of the shear velocity U for U < U, ;.

FIG. 9. Effect of pressure on the slip length. The measurements
have been done for a sheared liquid at U = 0.40 and T = 2.0.

both 1 and A. The threshold velocity was smaller for A than
for n, therefore we kept only this one as an upper bound for
the shear velocity. In Fig. 8 we plot the threshold velocity for
A and the corresponding threshold shear rate as a function of
temperature and L-S interaction strength.

We do at least three different measurements for each data
point shown in the results. At low temperatures (7T < 1), the
threshold velocity becomes very small, so the curves become
noisy, and therefore we do at least six different measurements
for each data point.

2. Effect of pressure on slip length

For all the simulations, we have chosen a pressure
P =10.0. This is a standard choice for a Kob-Andersen lig-
uid. We have tested the effect of pressure on the slip length for

A T
A 1.0
o 10t A 1.5
< 2.0
.aa A 3.0
C
Q
2
) A
10°
A

09 1.0 L1 12 13 14 15 1.6 17
Wall particles spacing, a
FIG. 10. Effect of wall particles spacing on the slip length. The

measurements have been done for ¢ g = 0.25 using Green-Kubo
simulations.
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FIG. 11. Comparison of the structure factor of the interfacial lig-
uid. Left: T = 0.8 without shearing the liquid. Right: with shearing
the liquid at U = 0.05. The structure of the liquid layer in contact
with the wall remains hexagonal both at rest and under shear. The
only difference is that the lattice can be rotated.

pressures around our reference P = 10.0. The results are
shown in Fig. 9. Both the viscosity and the friction coefficient
increase rather linearly with the pressure. The slip length,
which is the ratio of the two, appears to remain relatively
constant in the range of explored pressures.

3. Effect of wall density on slip length

We have studied the evolution of the slip length as a func-
tion of the wall particles spacing a, which is related to the
reduced wall density 7 through p = 403/a’. The result is
shown in Fig. 10. We can see that the slip length for a = 1.0
(which corresponds to p = 4.0) is ten times higher than the
one for a & 1.6 (which corresponds to p = 1.0).

APPENDIX B: STRUCTURATION AT THE LIQUID-SOLID
INTERFACE AT LOW T

1. Structure factors

We calculate the structure factor of the first liquid layer
in contact with the solid wall, for systems under shear or
at rest, and for various temperatures. We observe that a
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FIG. 12. Concentration of A particles close to the interface, as
a function of temperature and for different values of € s. Empty
symbols correspond to concentration of A particles in the bulk.

hexagonal lattice appears at low temperatures for weak liquid-
solid interaction strengths. The structure of the liquid layer
remains hexagonal even under shear (see Fig. 11).

2. Discussion about demixing

In order to explain the crystallization near the wall at
low temperatures, we have computed the concentration of A
particles cs near the wall as a function of temperature. For
each measurement, we compute the position of the first liquid
atoms Zpin near the wall and we define a layer of thickness 0.1
inside which we calculate the concentrations. ¢, is defined as
cA = Ngnterface /Ninterface where N/ilnterface ( Nimerface) is the num-
ber of A particles (the total number of particles) in this first
liquid layer. The result is shown in Fig. 12. We observe that ca
near the interface is always larger than in the bulk. In addition,
as the temperature decreases, cs increases and even reaches
100% at T < 1 for epg = 0.25. The ability of the liquid to
be supercooled is due to its bidispersity. Therefore, when the
liquid becomes almost pure, it cannot maintain its supercooled
state and crystallizes.
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