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1 Computer simulation approach

Non-equilibrium molecular dynamics simulations were performed on a system of Lennard-
Jones particles in an orthogonal simulation cell. The formulation of Ikeshoji and Hafskjold
[1] was used to generate a heat flux across the system cell. In this method kinetic energy is
added or extracted to all atoms in predefined regions of the system cell at a constant rate
by velocity rescaling, keeping the momentum constant in each region. By setting identical
rates for the input and output of energy a constant heat flux can be set up in the system,
leading to a steady-state temperature gradient. All simulations were performed using
a shifted Lennard-Jones potential with a cut-off of 2.50, using a timestep of 0.0025¢* in
reduced units. The simulations were performed using the LAMMPS parallelised molecular
dynamics package [2]. Two sets of simulations were performed for different reduced
temperatures. For T' = 0.8 a system of N = 34560 Lennard-Jones particles was simulated
in a cell with dimensions L, = L, = 20.52, L, = 256.50. For T" = 0.6 and 0.7 a larger
cell with dimensions L, = L, = 22.23, L, = 1367.98 was used in order to account for
the lower vapor density and hence a longer mean free path. In all cases the system was
allowed to equilibrate at the given temperature before the heat flux was applied. The
local temperature was computed using the equipartition principle, which has shown to
be very efficient as well as consistent with configurational methods [3].

2 Calculation of the temperature ‘jump’ from intrin-
sic temperature profiles

The thermal conductance, Gx with its inverse the Kapitza resistence, Rx = AT'/.J,, and
the Kapitza length, {x = Ri A with the differential bulk phase conductivity A = 1/ (/\;1 —
)\l_l), are equivalent forms to describe the thermal conductance across an interface at the
macroscopic level. From the extrapolation of the bulk linear profiles 7,(z) and 7;(z), at
both sides of the interface, Ry describes the jump AT between these straight lines, at
a chosen given point zy at the interface, and (i describes the distance between that z
and the crossing point of the straight extrapolations of 7T'(z) (see figure). Therefore the
value of R and ¢, have to be understood as referred to a particular choice of z5. Only
for interfaces with very large Kapitza resistance, i.e. when Kapitza length is very large
compared with the molecular width of the interface, can the values of Rx and £x be used
without defining precisely zy.

The nanoscopic description of thermal transport at the interface can be described
using linear extrapolations of T'(z) from the bulk phases which are taken up to a precise
‘thermal boundary’ at a position zg, used as z, to calculate the temperature jump AT
and thermal conductance, Gk.

The obvious choice to define zk is from the integral of the local temperature deviation
with respect to the linear bulk regimes 7,(z) and 7;(z) at the gas and liquid sides

/ (T - Ty()dz + / (T(2) - T(2))dz =0, W

9 ZK

where z, and 2 are well within the respective asymptotic regimes T'(z) = T,(z) for
z < zg and T'(z) = Tj(z) for z > z. The varying temperature in the vapor phase will
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Figure S1: Temperature jump, AT, calculated using the difference of linear extrapolations
T,(z) and T;(z) from vapor and liquid phases respectively, evaluated at z = zx. The red
line shows the intrinsic temperature profile.

induce changes in density, which will result in non-linear temperature profiles across the
simulation cell. The linear fitting to evaluate T,(z), was performed in a local region close
to the interface plane.

The description in terms of the position 2z and its corresponding G value is still less
detailed than a molecular-scale profile T'(z) but it gives more information than the value
of Gk (or lk) referred to an arbitrary z,. In particular, in MD simulations for liquid-gas
interfaces the thermal boundary zx is observed at the gas side of the interface, while the
crossing of the linear extrapolations T,(z) = T;(z) happens at the liquid side.

Figure S1 illustrates the calculation of AT from the intrinsic temperature profile for
the liquid /vapor system with initial temperature 7" = 0.7. The line at z = zf is shown in
the figure and is calculated by determining the point at which the condition in equation
(2) is fulfilled. The linear extrapolations Ty (z) and T;(z) are calculated locally using a
linear fitting from data points in the range —150 < z < —5¢ in the vapor phase and
+bo < z < 4150 for the liquid phase.
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3 Choice of parameter ng for calculation of intrinsic
surface

In the calculation of the intrinsic surface, the density of surface sites, ng = Ng/Aq, was
chosen to generate a surface that best represents the interfacial structure as manifested
in the intrinsic density profile [4,5]. Figure S2 shows the intrinsic density profiles for
differing values of ng for the T" = 0.7 system, and a plot detailing the change in the
local density maximum due to adsorbed atoms with differing ng. It can be seen that a
distinctive ‘shoulder’” emerges in the first density peak in the liquid phase as the surface
is calculated with a lower density of surface sites. This is considered to be an artifact due
to underfitting of the intrinsic surface. Therefore in this study we choose the maximum
calculated density of ng = 1.0 for the lower temperature cases of T' = 0.6 and 0.7, and
ng = 0.7 for T'= 0.8.
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Figure S2: Left:Intrinsic density profiles for the 7' = 0.7 liquid/vapor interface for dif-
fering values of surface site density, ng. It can be seen that for lower values a distinctive
‘shoulder’ develops in the first density peak in the liquid phase, after the z = 0 position.
Right: Detail of the intrinsic density profile for the local maximum due to adsorbed
atoms. The width of the peak is seen to increase as higher occupancy values are used,
with the height decreasing.

We note that the capillary waves will disguise the structure of the interface layer
and smooth out the entire density profile, hence loosing structural information. This
effect can be observed in previous simulations performed without the intrinsic sampling
approach (see reference [3]).
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