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Abstract

Integral relations were used to predict interface film transfer coefficients for evaporation and condensation. According to

these, all coefficients can be calculated for one-component systems, using the thermal resistivity and the enthalpy profile

through the interface. The expressions were verified in earlier work using non-equilibrium molecular dynamics simulations

for argon-like particles, which interacted with a short-range Lennard-Jones (LJ) spline potential, which becomes zero at

about 1.7 times the LJ-diameter. In this paper we verify the validity of these relations for a long-range LJ spline potential

which becomes zero at 2.5 times the diameter. In an earlier paper we have documented for this system that in particular the

absolute heat of transfer becomes much larger than the value predicted by kinetic theory. This was not the case for the

short-range potential. The findings are important for modelling of one-component phase transitions.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In spite of the technical importance of vapor–liquid phase transitions, little is known about the interfacial
resistance to transport. Most of the thermodynamic modelling of these transitions assumes that there is
equilibrium between the two phases at the boundary [1]. Experimental [2–4], numerical [5] and computational
evidence [6–9] is accumulating, showing that this assumption is in general not true. This strengthens the need
for more information about interfacial transfer coefficients, the concern of this paper.

Bedeaux and Kjelstrup [10,11] showed that it was possible to define transfer coefficients for the interfacial
region, using boundary conditions obtained by applying non-equilibrium thermodynamics for surfaces. This
theory was developed by Bedeaux and Albano [12–14] as an extension of classical non-equilibrium
thermodynamics. The interface is treated as a separate phase. By this procedure, the system is divided into
three distinct phases: (1) the liquid where transport processes are driven by gradients in temperature and
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chemical potential, (2) the interface where transport processes are driven by jumps in temperature and
chemical potential, and (3) the vapor where again the transport processes are driven by gradients in
temperature and chemical potential. In this work we shall focus on the properties of the interface, i.e. layer 2
alone, and discuss the values of the interfacial transfer coefficients. Bedeaux and Kjelstrup [15] have shown
that the experimental results from Fang and Ward [2,3] could be described in the context of non-equilibrium
thermodynamics. In a subsequent paper Stanga and Ward [16] pointed out that the conditions in the original
experiments were such that for instance Marangoni convection could have occurred. Bond and Struchtrup [17]
gave an in-depth analysis of the theoretical description of such experiments.

Interface film transfer coefficients in general and coupling coefficients in particular are hardly known. The
main source of coupling coefficients available for the non-equilibrium description of one-component systems,
has so far been kinetic theory [18–23]. Kinetic theory was developed for hard spheres at ideal gas conditions,
and its success for these conditions is beyond doubt. Practical needs like modelling of distillation columns
demand realistic coefficients for non-ideal systems, and the ability to handle more components, however. It is
a long-range aim of our work to help establish reliable methods to estimate interfacial transfer coefficients.
Non-equilibrium molecular dynamics (NEMD) simulations offer a unique possibility to verify thermodynamic
models using molecular properties, and is also very well suited to distinguish between various approaches.
NEMD simulations have already been used for this purpose [6–9,26,27].

Recently Johannessen and Bedeaux [24] derived new integral relations for a one-component fluid to
calculate interfacial resistivities. These integral relations gave information about the three independent
transfer coefficients using two interface properties, the variation in the thermal resistivity and the enthalpy
profiles across the interface. Spatial integrals over the interface thickness of these local properties gave the
interfacial resistivities directly. If these integral relations can be tested as correct, determinations of interface
film resistivities will be greatly simplified. We will then be able to obtain all information essentially from one
type of computer experiment, the type where the system is exposed to a heat flux only. In comparison, Xu et al.
[9] did a series of elaborate simulations using a short-range Lennard-Jones (LJ) spline potential with a cutoff
of roughly 1.7 times the LJ diameter, with heat fluxes and mass fluxes combined, to arrive at complete sets of
interfacial resistivities. The validity of the integral relations was subsequently tested [25] and found to hold.
Recently, Ge et al. [26] did a similar series of elaborate simulations using a longer range LJ spline potential
with a cutoff of 2.5 times the LJ diameter to arrive at complete sets of interfacial resistivities. It is the aim of
this paper to verify the validity of the integral relations for this longer range potential, and to test that the first
fit was not accidental. The integral relations then provide a new general and simple computational method to
obtain the interfacial resistivities for heat and mass transfer.

The interface film transport properties shall first be described in Section 2, in terms of non-equilibrium
thermodynamics theory. This then gives the thermodynamic background for the calculations. We proceed in
Section 3 to recapitulate the integral relations for the interface film coefficients. Simulation details are reported
in Section 4. The sets of coefficients, obtained in the two manners, are described and compared in Section 5
and discussed in Section 6. We shall use the word ‘surface’ interchangeably with ‘interface’.

2. Non-equilibrium thermodynamics for the surface

We refer to Ref. [25] for a discussion of a liquid vapor interface in the context of non-equilibrium
thermodynamics. In this section we will merely give the relevant formulae needed for our analysis. The
thermodynamic forces are linear combinations of their conjugate fluxes. Using the measurable heat flux J 0gq on
the vapor side and the mass flux J, we have

X q ¼ Rs;g
qq J 0gq þ Rs;g

qmJ,

X g
m ¼ Rs;g

mqJ 0gq þ Rs;g
mmJ, ð1Þ

where X q and X g
m are the thermal driving force and chemical driving force on the vapor side, respectively. In

Ref. [25] we found

X q ¼
1

T l
�

1

Tg ,
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X g
m ¼ R ln

p

p�ðT lÞ
þ R ln

fðT l; pÞ

f�ðT l; pÞ
þ

vl�ðT lÞ

T l
½p�ðT lÞ � p� þ

1

2
cgp Tgð Þ 1�

Tg

T l

� �2

, (2)

where Tg and T l are the temperatures of the vapor and the liquid close to the surface. Input information is
furthermore the system’s pressure, p, saturation pressure, p�, fugacity coefficient f, heat capacities at constant
pressure, cgp and clp; and the liquid molar volume at saturation, vl�. The fugacity coefficient f can be obtained
by the following formula:

RT lnfðT ; vÞ ¼ RT
b

v� b
þ ln

v

v� b
� ln

vpðT ; vÞ

RT

� �
�

a

vþ b
þ

a

b
ln

v

vþ b
, (3)

where T ; v; p are related by the Soave–Redlich–Kwong (SRK) equation [28]:

p ¼
RT

v� b
�

a

vðvþ bÞ
, (4)

where the coefficients were given by [6,9]

a ¼ 0:42748
R2T2

c

pc

1þ 0:4866 1�

ffiffiffiffiffiffi
T

Tc

r� �� �2
,

b ¼ 0:08664
RTc

pc

. ð5Þ

From equilibrium simulations [26] we obtained the critical temperature Tc ¼ 138:9K, the critical density
rc ¼ 1:235� 104 mol=m3, and the critical pressure pc ¼ 4:25� 106 Pa.

The coefficients Rs;g
qq and Rs;g

mm are the two main resistivities of the surface. They are for heat transfer
and mass transfer, respectively. The coefficients Rs;g

qm and Rs;g
mq are the coupling resistivities. They describe

the mass transport due to the temperature difference and the heat transport due to the mass flux,
respectively. According to Onsager’s reciprocal relations, Rs;g

qm ¼ Rs;g
mq . Using the measurable heat flux

on the liquid side J 0lq ¼ J 0gq þ JDvapH, where DvapH ¼ Hg �H l is the heat of evaporation, we may write
alternatively

X q ¼ Rs;l
qqJ 0lq þ Rs;l

qmJ,

X l
m ¼ Rs;l

mqJ 0lq þ Rs;l
mmJ, ð6Þ

where the chemical force on the liquid side X l
m is given by

X l
m ¼ R ln

p

p�ðTgÞ
þ R ln

fðTg; pÞ

f�ðTg; pÞ
þ

vl�ðTgÞ

Tg ½p
�ðTgÞ � p� þ

1

2
clpðT

lÞ 1�
T l

Tg

� �2

. (7)

The systems in the present investigations are far from ideal, and fugacity coefficients contribute significantly
to the chemical forces in Eqs. (2) and (7). They are calculated using the SRK equation of state. The details of
the calculations were presented earlier for argon-like particles [6]. The third terms on the right-hand side give a
contribution less than 10% to the driving forces for mass transfer [9]. The last term may be as high as 40% of
the first ones. The ideal gas contribution is thus never sufficient.

The force-flux relations are linear, meaning that the resistivities are not functions of the forces or the fluxes.
The coefficients are functions of the state variables, however. In a one-component system, like here, the only
state variable of the surface is the surface tension or alternatively the surface temperature, which is a unique
function of the surface tension. We have verified that the main assumptions of non-equilibrium
thermodynamics, the local equilibrium hypothesis and the linear flux-force relations are valid for both sets

ARTICLE IN PRESS
J. Ge et al. / Physica A 385 (2007) 421–432 423



Author's personal copy

of equations [9]. The two sets of force-flux relations are equivalent. The resistivities for the two sets of
variables are related by

Rs;l
qq ¼ Rs;g

qq ,

Rs;l
qm ¼ Rs;l

mq ¼ Rs;g
qm � DvapHRs;g

qq ,

Rs;l
mm ¼ Rs;g

mm � 2DvapHRs;g
qm þ ðDvapHÞ2Rs;g

qq . ð8Þ

3. Integral relations

In order to calculate the transport coefficients with the equations given above, and data from NEMD
simulations, one needs two sets of data with both heat and mass fluxes. This is rather involved, certainly for
more complicated molecules like n-octane [8]. It would be very convenient if an easier method could be
formulated. As we verified in a previous paper [25], the integral relations for the interface film transport
coefficients proposed by Johannessen and Bedeaux [24] fulfilled this task for the short-range LJ spline
potential. The integral relations make it possible to calculate the transfer coefficients using only a heat flux and
the resulting temperature and enthalpy profile for the vapor–liquid interface.

In the procedure we first define a local thermal resistivity for a continuous description as

rqqðxÞ ¼

d

dx

1

TðxÞ

� �

J 0qðxÞ

2
664

3
775

J¼0

, (9)

where x is the spatial coordinate in the direction normal to the interface. For a system in a steady state without
a mass flux, the measurable heat flux J 0qðxÞ ¼ J 0q is independent of the position. For the vapor side of the
interface, the surface resistivities were shown [24] to be given by the following integral relations:

Rs;g
qq ¼

Z xl

xg
rqqðxÞdx,

Rs;g
qm ¼ Rs;g

mq ¼

Z xl

xg
rqqðxÞ½Hðx

gÞ �HðxÞ�dx,

Rs;g
mm ¼

Z xl

xg
rqqðxÞ½Hðx

gÞ �HðxÞ�2 dx. ð10Þ

Here H is the enthalpy. Furthermore xg and xl are beginning and the end of the interfacial region on the vapor
and liquid side, respectively, see Røsjorde et al. [27] for a more detailed definition. In the NEMD simulations
the temperature and chemical potential differences are calculated between these two points. The surface
therefore has a small but finite thickness. How this affects the transfer coefficients is discussed in Ref. [24]. In a
similar way the surface resistivities on the liquid side are given by

Rs;l
qq ¼

Z xl

xg
rqqðxÞdx,

Rs;l
qm ¼ Rs;l

mq ¼

Z xl

xg
rqqðxÞ½Hðx

lÞ �HðxÞ�dx,

Rs;l
mm ¼

Z xl

xg
rqqðxÞ½Hðx

lÞ �HðxÞ�2 dx. ð11Þ

We can calculate the surface resistivities both from the original equations, Eqs. (1) and (6), and from the
integral relations, Eqs. (10) and (11). The integral relations provide a much easier method to calculate these
coefficients. In an earlier paper [25] we have compared the results from both methods for a short-range LJ
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spline potential and found the integral relations to be correct. The objective of this paper is to verify that this
was not accidental and prove the validity of the integral relations also for a long-range LJ spline potential. A
positive answer will support the general validity of the integral relations, and favor their use in obtaining the
transfer resistivities for heat and mass transfer through a surface.

4. Simulation and calculation

The NEMD simulation method was described in more details elsewhere [9]. Here we briefly describe its
main aspects. The simulation box is rectangular, with length ratios Lx=Ly ¼ Lx=Lz ¼ 16. Here Li is the length
of the box in the ith direction. It contains 4096 argon-like particles. Periodic boundary conditions were used.
For convenient surface studies, the MD box was divided into the x direction into 128 equal planar layers. In
order to create a temperature gradient, the layers at the end of the box, layers 1–2 and 127–128, which we
called hot zones, were thermostatted to a high temperature TH , and the layers in the center of the box, layers
63–66, called cold zone, were thermostatted to a low temperature TL. This is done by the ‘‘heat exchange’’
(HEX) algorithm [29], which adds or withdraws kinetic energy in these layers. In this way, a heat flux from the
end of the box to the center was created. A mass flow was simulated using the ‘‘mass exchange’’ (MEX)
algorithm [29], which removes particles from the cold zone and moves them to the hot zone.

To calculate the transport coefficients we need equilibrium properties. These were studied both by
equilibrium molecular dynamics (EMD) simulations and by Gibbs Ensemble Monte Carlo (GEMC)
simulations. We refer to Ref. [30] for details. In EMD we first run the code for 1 million time steps at non-
equilibrium states with the cold zone thermostatted at a lower temperature and the hot zone at a higher
temperature. Every time step is 0.0005 reduced units (see Table 1). This creates a liquid phase in the center of
the cell and a vapor phase at the ends. Then we set the high temperature equal to the low temperature and run
the code for 5 million time steps to obtain an equilibrium state. In this way we obtained the pressure and the
densities of the vapor and the liquid in equilibrium.

An LJ spline potential was used to describe the particle interaction. The potential is expressed in terms of
the interparticle distance rij between any pair of particles i and j

UðrijÞ ¼

4�½ðs=rijÞ
12
� ðs=rijÞ

6
�; 0orijors;

aðrij � rcÞ
2
þ bðrij � rcÞ

3; rsorijorc;

0; rcorij ;

8>><
>>:

(12)

where rc ¼ 2:5s is the truncation distance and rs ¼ ð48=67Þrc. The constants a and b were chosen such that the
potential and its derivative are continuous in rs. In the simulations, we used argon-like particles with mass
m1 ¼ 6:64� 10�26 kg, diameter s ¼ 3:42� 10�10 m and the potential depth �=k ¼ 124K. Here k is
Boltzmann’s constant. Reduced units in terms of potential parameters were used for all variables in the
computer codes, see Table 1 for definitions. In earlier work [25] we used an LJ spline potential with
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Table 1

Reduced units

Variable Reduction formula

Mass m� ¼ m=m1

Distance r� ¼ r=s
Energy U� ¼ U=�
Time t� ¼ ðt=sÞ

ffiffiffiffiffiffiffiffiffiffi
�=m1

p
Temperature T� ¼ kT=�
Molar density c� ¼ cs3NA

Pressure p� ¼ ps3=�
Velocity v� ¼ v

ffiffiffiffiffiffiffiffiffiffi
m1=�

p
Surface tension g� ¼ gs2=�

J. Ge et al. / Physica A 385 (2007) 421–432 425
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rc ¼ ð
67
48
Þð26

7
Þ
1=6s � 1:737s. We refer to this potential as the short-range LJ spline potential and to the one with

rc ¼ 2:5s as the long-range LJ spline potential.
To determine the extension of the interfacial region we follow the procedure introduced by Røsjorde [6,27].

On the gas side, a good equation of state is available. This is the SRK equation (4). Using the value of the
pressure and temperature the gas phase molar density r ¼ 1=v can be computed by solving the SRK equation.
This density is compared with the one obtained from NEMD. A layer is then defined as an interfacial layer
when its density starts to differ from the value found using the SRK equation.

On the liquid side, we do not have an equation of state to help us to determine the first layer of the interface.
The transition from liquid to the surface is rather abrupt. As the first surface layer we take the last layer with a
density that is still more or less a linear extrapolation of the liquid densities. The results reported refer to these
choices. It was earlier verified that the exclusion/inclusion of one extra layer either on the liquid or on the
vapor side does not alter the results significantly [6,27]. In Table 2 we give the layers found to be part of the
surface.

The fluxes and thermodynamic properties of each layer were calculated as time averages of instantaneous
velocities, kinetic energies, potential energies and the number of particles. For details about their calculation
we refer to Ref. [26].

5. Results

Temperature profiles for five simulations without a mass flux are shown in Fig. 1. Simulation conditions are
given in Table 2. The results were obtained using simulation data given in Ref. [26]. The plots shows a 10%
fluctuation in the temperature in the vapor phase (left-hand side), and smaller (1%) fluctuations in the liquid
phase (right-hand side). This difference can be explained by the density differences between these phases.
There are also significant wall effects, shown in the vapor phase in the first few layers of the box by non-linear
profiles. Away from the thermostatted wall, one may speak of, a relatively straight line, up to the surface. The
surface position varies from case to case and is given in Table 2, the last column. At the interface, there is a
discontinuity in the temperature profile. Eq. (9) makes it possible to obtain the local resistivity rqqðxÞ for heat
transfer.

Molar enthalpy profiles corresponding to these temperature profiles found from the NEMD results in
Ref. [26], are shown in Fig. 2. The error in the enthalpy calculation was a few % in the liquid phase and below
1% in the liquid phase. The molar enthalpy was calculated as the internal molar energy plus pkðxÞvðxÞ; where
pkðxÞ is the pressure parallel to the interface, cf. Johannessen and Bedeaux [24]. The internal energy is the sum
of the kinetic and the potential local energy. An abrupt change in enthalpy from gas side to liquid side can be
seen. The difference between the values on the vapor and the liquid side close to the interface is
HðTgÞ �HðTlÞ. When the temperatures on the two sides are the same, this difference is equal to DvapHðTÞ.

The measurable heat flux is a constant through all layers when the mass flux is zero, and we used its
calculated mean value. The local value of the gradient of 1=T was calculated by taking the mean over three
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Table 2

NEMD simulation conditions [26] for zero mass flux in reduced and real units

Sim. c� T�H T�N c TH TL Surface

(mol/m3) (K) (K) layers

11 0.15 1.10 0.60 6226 136.4 74.4 50–56

12 0.20 1.10 0.60 8302 136.4 74.4 47–53

13 0.20 1.10 0.75 8302 136.4 93.0 46–52

14 0.23 1.25 0.85 9547 155.0 105.4 42–49

15 0.23 1.30 0.90 9547 161.2 111.6 42–50

16 0.23 1.35 0.95 9547 167.4 117.8 41–50

17 0.23 1.40 1.00 9547 173.6 124.0 41–50

18 0.23 1.20 0.80 9547 148.8 99.2 43–49

19 0.23 1.15 0.75 9547 142.6 93.0 43–50

20 0.23 1.10 0.70 9547 136.4 86.8 44–50

J. Ge et al. / Physica A 385 (2007) 421–432426
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Fig. 1. Reduced temperature profiles for simulations 14–16, 18, and 19 (Table 2) found using input data from Ref. [26]. There is no net

mass flux across the system.
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Fig. 2. Reduced enthalpy profiles found using data in Ref. [26] for simulations 14–16, 18, and 19. There is no net mass flux across the

system.
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Fig. 3. The local resistivity for heat transfer for simulations 14–16, 18, and 19 without mass transfer. For each case, the value of each layer

in the interfacial region is plotted.
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successive layers. The resulting local thermal resistivities are shown in Fig. 3. The errors in the coefficients are
about 10%, originating from the error in the temperature profile. As is clear from this figure the local thermal
resistivity has a peak in the interfacial region. The integrals in Eqs. (10) and (11) are over the layers in the
interfacial region. Comparing Fig. 2 for the enthalpy with Fig. 3 for the thermal resistivity one may note that
the peak has a position closer to the gas phase than the inflection point of the enthalpy. We illustrate this in
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Fig. 4. For simulation 18 the figure shows both the local resistivity for heat transfer and the enthalpy obtained by Ge et al. [26].
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Fig. 5. The main resistivity to heat transfer Rs;g
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qq as a function of the surface tension.
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Fig. 6. The coupling resistivity Rs;g
mq as a function of the surface tension on the vapor side.
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Fig. 4 for simulation 18. The consequence of this is that the resistivity for the whole surface for mass transfer
and the coupling resistivities on the vapor side calculated using Eq. (10) are smaller than the corresponding
resistivities on the liquid side calculated using Eq. (11).
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Fig. 7. The coupling resistivity Rs;l
mq as a function of the surface tension on the liquid side.
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Fig. 8. The main resistivity to mass transfer Rs;g
mm as a function of the surface tension on the vapor side.
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Fig. 9. The main resistivity to mass transfer Rs;l
mm as a function of the surface tension on the liquid side.
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Using the local thermal resistivities and the enthalpy profiles we calculated all the interface resistivities
through the integral relations (10) and (11). The error in this calculation is also about 10%. For lower
densities (close to the triple point) this error increases. Figs. 5–9 show the results. Fig. 5 shows the main
resistivity to heat transfer Rs;g

qq ¼ Rs;l
qq. This coefficient is the same, whether we use the heat flux on the

liquid side or the vapor side. Fig. 6 shows the coupling resistivity, Rs;g
mq , for coupling of the mass flux to

the heat flux on the vapor side. The coefficients are very small for this coupling, about 10 times smaller than
the value of Rs;l

mq; which describes the coupling of the mass flux to the heat flux on the liquid side, see Fig. 7.
Figs. 8 and 9 give the resistivities for the mass transfer on the gas side, Rs;g

mm, and on the liquid side, Rs;l
mm,

respectively.

6. Discussion

The film resistivities to heat and mass transfer and the coupling coefficient between these transfers were
already determined using NEMD in combination with non-equilibrium thermodynamics for surfaces [26].
They were also plotted in Figs. 5–9. The resistivities calculated from the integral relations are new. The effort
to find the resistivities using NEMD in combination with non-equilibrium thermodynamics for surfaces was
large. It is therefore very encouraging to find that the integral relations of Johannessen and Bedeaux [24] are
able to predict the resistivities calculated by NEMD. The agreement between the two ways of determining the
film interface transport resistivities is remarkable. The validity of the integral relations verify a posteriori the
assumption that the measurable heat flux at any point in the interfacial region is proportional to the local
gradient of the inverse temperature, Eq. (9). In view of the non-local nature of a continuous thermodynamical
description in the interfacial region [5,31–33] this is not a trivial result.

The same behavior was found for the short-range LJ spline potential [9]. This verifies that the validity of the
integral relations is not restricted by the range of the interaction potential. In some cases, no NEMD results
were available for a comparison, cf. Figs. 8 and 9 at high surface tensions. These points can be regarded as new
results. The good fits shown in Figs. 5–7 at high surface tension, make the predictions plausible.

Did we expect to find that the integral relations can be used also for long-range potential interaction? The
answer to this is yes. The reason to expect this is that we verified their validity with numerical results from a
non-equilibrium extension of the van der Waals square gradient model [24]. In equilibrium the van der Waals
square gradient model is known to be exact in the Kac limit [34]. In this limit the range of the attractive
potential goes to infinity while its integral remains constant. In this sense the validity of the integral relations
was already verified for potentials with a very large range.

The integral relations are a technique to obtain thermodynamic properties from numerical simulations. As
such they are outside the macroscopic world of non-equilibrium thermodynamics. They cannot be used to
directly interpret experimental data.

The continuous description, the basis of the integral relations, gives a possibility to better understand the
behavior of the interface. The plots for the local thermal resistivity given in Fig. 3 show very clearly that
the resistivity increases close to the surface from an already high value in the vapor phase before it decreases to
the much lower value in the liquid phase. As is illustrated in Fig. 4 for simulation 18 the local thermal
resistivity has a peak located on the vapor side of the interface. This peak shows without doubt that the
interface is far from ‘‘homogeneous’’. The liquid side of the interface appears as an extrapolation of the liquid
phase, but the vapor side of the interface shows very different transport properties from those of the pure
vapor. A large part of the contribution to the integrals in the integral relations come from the peak. The
increase in the overall resistivities with increasing surface tension, see Figs. 5–9, is mainly due to an increase in
the height of the peak. We conclude that the vapor side of the interface has a major influence on mass and heat
transfer across interfaces. The resistance to mass transfer and to heat transfer are large because of this effect.
The larger coupling coefficient on the liquid side means furthermore that heat for evaporation is mainly taken
from the liquid side. To understand the nature of the excess thermal resistivity near the vapor side of the
interface, seems to be of major importance for an understanding of liquid–vapor phase transitions.

In order to predict interface film coefficients in a one-component system, we can now advice the following
computational method. Simple boundary driven NEMD simulations must be set up with a temperature
difference between the ends of the system. No mass flux is necessary. The NEMD simulation now yields a local

ARTICLE IN PRESS
J. Ge et al. / Physica A 385 (2007) 421–432430



Author's personal copy

temperature profile, from which the local thermal resistivity as well as the enthalpy profile through the
interface is calculated. The calculation is repeated for relevant surface temperatures, since this variable is the
single state variable of the surface. The temperature on the liquid side of the interface gives a good estimate of
the surface temperature. Such a simulation should be made standardly available.

7. Conclusion

In this work we presented evidence that the integral relations method derived by Johannessen and Bedeaux
[24] can be used to predict with an accuracy of about 10% the overall interface film resistivities as defined by
non-equilibrium thermodynamics, when this theory is extended to surfaces. The method, which only uses the
local thermal resistivity and the corresponding enthalpy profile through the interface, obtained from NEMD
simulations with only a heat flux, may replace more cumbersome and detailed NEMD simulations, in which
both heat and mass fluxes must be considered. The details of the new method show that the vapor side of the
interface gives the most important contribution to all interface film resistivities.

In an earlier paper [25] we verified the validity of the integral relations for systems with a short-range LJ
spline potential. This paper has verified that these relations are also true for a long-range LJ spline potential.
Using results discussed in Ref. [24] for the van der Waals square gradient model the relations are also found to
be valid in the limit of a long-range potential. This strongly supports the conclusion that these relations are
valid for all ranges of the potential. A property of such general validity, which is so efficient in the
computational effort, is going to be very useful.
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