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The contact angle in a wall-fluid system can be obtained directly from a visual inspection of the
liquid-vapor meniscus or it can be calculated from the solid-liquid, solid-vapor and liquid-vapor sur-
face tensions. These routes were exploited in two previous simulations in which the wetting of a
wall was studied. Both simulations showed the existence of a wetting and a drying transition with
changing wall-fluid interaction, but the location of especially the drying transition was not con-
sistent. It was suggested that the discrepancy was due to the use of a “live” wall, i.e., a wall in
which the particles are not fixed at their lattice positions, in the measurements of the surface ten-
sions. We have replaced the live wall by an inert wall and measured the surface tensions again,
treating the wall as an external field now. The contact angles that are calculated from these mea-

surements agree with the visual observations.

I. INTRODUCTION

A typical situation in which wetting phenomena are
discussed is the situation of a fluid at liquid-vapor coex-
istence in contact with a wall. The extent to which the
wall is wetted by the liquid is measured by the contact
angle 0, which is defined as the angle between the wall
and the interface between the liquid and vapor phase.
The angle can vary between 0 and 7#. A contact angle
equal to 0 means that the wall is preferably covered with
liquid, the wall is called “completely wet.” A contact an-
gle of m means the opposite case: The wall is preferably
covered with vapor and is called “completely dry.” The
intermediate cases 0 <0 < /2 and 7/2 <0 < are called
“partially wet” and “partially dry,” respectively. The
contact angle is related to the three surface tensions that
act on the contact line—where the meniscus meets the
wall—by Young’s law!

Yoo =Vs TVpcoso , (1.1)
with y,,, v, and y,, the surface tensions of the solid-
vapor, the solid-liquid, and the liquid-vapor interface, re-
spectively. In case of a completely wet wall
Ys» =Ysi 71, which means that a solid-vapor interface
is unstable with respect to a solid-liquid plus a liquid-
vapor interface: A liquid layer will always intrude be-
tween the wall and the vapor. In case of a partially wet
wall, v, <v4+7,, the wall would still preferably be
covered with the liquid but the cost of the additional
liquid-vapor interface prevents a liquid layer from intrud-
ing. Similarly, a vapor layer will intrude between the
wall and the liquid if the wall is completely dry whereas
the cost of the liquid-vapor interface prevents this in-
trusion in the partially dry state.

Surface tensions change with, e.g., temperature or
strength of the solid-fluid interaction; so a transition from
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the partially dry to the completely dry or from the par-
tially wet to the completely wet state is possible. These
transitions are genuine phase transitions, call the “dry-
ing” and “wetting” transition and their nature and loca-
tion have attracted much attention in recent years.

The contact angle can be measured in a system where
the meniscus actually meets the wall such as in a capil-
lary, partially filled with liquid. The angle with which
the meniscus borders on the wall can be obtained from a
visual inspection of such a system. Young’s law gives a
second route to this angle: It can be calculated from a
measurement of the surface tensions. Both routes were
exploited in a molecular-dynamics simulation by Saville?
in a study of Young’s law. Saville enclosed a liquid and a
coexisting vapor phase between two parallel walls,
represented as external potentials with a variable interac-
tion strength. The meniscus was defined as a plane of
constant density, between the liquid and the vapor densi-
ty. By placing the liquid slab perpendicular to the walls,
Saville obtained a meniscus that meets the wall, and thus
he could measure the contact angle visually. With the
slab parallel to the walls, he obtained a common
geometry to measure surface tensions and from the latter,
Saville calculated the contact angles. Unfortunately, the
two routes did not agree upon the value of the angle.

The confrontation of a visually measured contact angle
with a calculated one also appeared in the comparison of
two other, closely related simulations,>* the first one by
Sikkenk et al., the second by the present authors. The
type of wall and fluid, the temperature, etc., were the
same in both simulations. As in Saville’s simulations, the
liquid and vapor phase were enclosed between two paral-
lel walls but in Sikkenk’s and our simulations, the walls
were formed by a lattice of solid particles which were al-
lowed to oscillate around their lattice positions. There-
fore, the walls represented a thermodynamic phase rather
than an external potential. The wetting properties of the
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system were varied by changing the interaction strength
between the solid and the fluid. The liquid slab was
placed parallel to the walls in the first series of simula-
tions® and the contact angles were calculated from mea-
surements of the surface tensions. Starting from the com-
pletely dry state and increasing the interaction strength, a
drying transition and subsequently a wetting transition
were encountered, both of first order. The location of the
drying transition, however, was at variance with the be-
havior of the density profiles. Whereas the contact angles
predicted a completely dry wall for a certain range of at-
tractive strengths, it was observed in the same range that
a liquid layer, placed between the walls, was eventually
adsorbed at one of them. This spontaneous transition
from a completely dry to a partially dry state indicated
that the latter state was preferred by the system although
the contact angles implied the reverse. Van Swol’
remarked that the calculation of the solid-fluid surface
tensions could be a source of errors. The presence of
stress in a “live”” wall (a wall in which the particles are
not fixed at their lattice positions) could have influenced
the measurement of these surface tensions and in this way
ha;/c; affected the contact angle, as discussed previous-
ly.>

This hypothesis was tested in the second series of simu-
lations.* We placed the liquid slab perpendicular to the
walls and measured the contact angle visually. Thus cir-
cumventing the calculation of a solid-fluid surface ten-
sion, we obtained once more a series of contact angles
which showed a drying and a wetting transition under
variation of the wall-fluid interaction. The location of
the wetting transition was not too far from the result of
the first experiment but the drying transition was strong-
ly shifted. Fortunately, it was now located at a position
consistent with the behavior of the density profiles in the
previous experiment.

The simulations of Sikkenk et al. initiated a density-
functional calculation® of the wetting properties of the
same wall-fluid system. With a nonlocal-density-
functional combined with an “effective attractive interac-
tion” and including the effects of substrate roughness,
Velasco and Tarazona obtained a drying transition which
was much closer to the result later on given by the second
experiment. The wetting transition was again found to be
in the region predicted by both simulations. Moreover,
the calculation yielded a stronger first-order character in
case of the wetting, than in case of the drying transition.
The same difference in character had been observed in
the visual measurements of the contact angle.

This paper is addressed to a third measurement of con-
tact angles in a wall-fluid system which is the same as be-
fore apart from the representation of the wall. By using
an inert wall, the difficulties of determining y; and ¥,
should be diminished since such a wall is not subject to
the effects of stress. Thereby, we hope to achieve con-
sistency between surface-tension measurements on the
one hand and direct measurements of the contact angle
on the other hand. For that purpose, the conditions of
the simulations were taken to be exactly the same as in
the previous study® except for the treatment of the wall
particles. Earlier simulations have indicated that the
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motion of the wall particles is not important for the be-
havior of the fluid.

II. DESCRIPTION OF THE SIMULATIONS

The system is the same as described before® apart from
the fact that we fix the solid particles at the positions of a
perfect lattice. The fluid particles move in a three-
dimensional cubic box with periodic boundary conditions
in all directions. The interaction potential ¢ ;5 between a
particle of type 4 and a particle of type B is of the
Lennard-Jones 12-6 form,

b 45(r1=ae 5[(0 45 /P)?—(0 45/P)°], (2.1)

where A and B stand for either “solid” or “fluid,” r
denotes the distance between the particles, € 45 sets the
energy scale, and o 4,5 the length scale of the potential.
The interaction potentials are cut off at 2.50 4. The
length of the box equals L =29.10 ;.

The solid substrate is built of three layers of a fcc lat-
tice which requires 2904 solid particles. The layers form
the (100) planes of the solid and are placed in the x-y
plane of the computational box. The particles are fixed at
their lattice positions and not allowed to move. The
lattice spacing is determined by o, chosen as
0,=0.8470 ;. This mismatch between o, and o/
prevents a solidification of the first adsorbed fluid layers.

Due to the periodic boundary conditions, the fluid is
enclosed in the z direction between the third and the first
layer of the lattice. Therefore, there are two solid-fluid
interfaces present in the computational box, one at each
side of the wall. The system contains some 8500 fluid
particles, an amount which ensures the presence of both a
liquid and a vapor phase. The interaction strength ¢,
between solid and fluid is varied in the simulations and
the wetting behavior is studied as a function of the rela-
tive interaction strength €, =¢g /e,,. The length scale
oy of this interaction is close to the mean of o and o ;-
osf‘—‘0.94laff.7 The temperature of the system is kept
fixed at T*=kpT /e;,=0.9 which is in between the
fluid’s triple-point temperature T,*=~0.7 and the critical
temperature  T)*~=~1.26. The reduced timestep
At*ZAt\/sff/(off\/mf) in the simulations was set to
0.01 where m, denotes the mass of a fluid particle. The
simulations were carried out on a special purpose com-
puter: the Delft Molecular Dynamics Processor
(DMDP).

We place a liquid slab in between and parallel to the
two sides of the wall. It has been discussed before>® that
the following three cases can occur.

(i) For low values of €,, the liquid layer resides in the
middle of the system and both sides of the wall are
covered with vapor (see Fig. 1 which shows the reduced
fluid density n*ZnU}f as a function of z*=z/0 ).
This situation is the completely dry case and has a total
surface tension of

Vtot=27/su +27/1v . (2.2)

(i1) Increasing ¢,, the liquid is adsorbed at one side of
the wall (see Fig. 2). This asymmetric configuration is the
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FIG. 1. Symmetric dry density profile at €,=0.1 obtained
from an average over 3200 particle configurations generated in a
run of 41600 time steps. The dotted lines denote the positions
of the outer layers of the wall. For convenience, the origin
z*=0 has been placed in the middle.

partially dry or partially wet case. The total surface ten-
sion equals

Vtot:7s1+7/lv+‘y,€u . (2.3)

(iii) Finally, for large €,, both sides of the wall prefer to
be covered with liquid (see Fig. 3). This is the completely
wet case with a total surface tension

Yot = 2’}/51 + 27’ v - 2.4)

Comparing the total surface tension of (i) and (ii), one
recognizes that the transition from (i) to (ii) takes place at
the drying point, i.e., 6= in (1.1). The transition from
(ii) to (iii) takes place at the wetting point 6=0.

The solid-fluid surface tensions are measured different-
ly from the previous procedure® where the wall was treat-
ed as a thermodynamic phase and the surface tension was
measured in a way appropriate for an interface between
two thermodynamic phases. In the present experiment,
where the wall is represented by a rigid lattice of parti-
cles, one encounters the following difficulty in calculating
the wall-fluid surface tensions. The standard way to mea-
sure the surface tensions runs via an integral over com-
ponents of the pressure tensor which can be measured
directly in a simulation. This expression is well known
for a wall potential that has no lateral structure but it has
not been extended to the case of a structured wall such as
we encounter by placing individual wall particles on a lat-
tice. This extension is nontrivial and presented in a
separate paper.’ It turns out that the expression for the
wall-fluid surface tension of a structured wall is equal to
the expression for a structureless wall. With the wall lo-
cated at z =0 and the fluid at z >0, it is given by

FIG. 2. Asymmetric density profile at £,=0.5 as averaged
over 2400 particle configurations generated in 31 200 time steps.
Further as Fig. 1.

1 w
ysf=—A—fA dx dy fo dz |py(r)—pr(r)

, (2.5)

_ O ext
n(r)z az¢ (r)

with A the area of the surface, py the component of the
pressure tensor normal to the surface, p the component
tangential to the surface, n the local density of the fluid,
and ¢°™ the external potential that forms the wall. In our
case, the external potential is given by

™(r)=3 ¢, (Ir—a;l), (2.6)
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FIG. 3. Symmetric wet density profile at €, =0.8, further as
Fig. 1.
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where the sum is over all lattice positions a;. Note that
the surface tension depends on the location of the origin
z=0. A shift of this integration boundary with &z
changes the surface tension with an amount —p&z, with p
the pressure in the fluid. Since the pressure is the same in
the liquid and the vapor phase, the arbitrariness has no
influence on the difference y, —y,; which determines 6.
We locate the boundary z =0 at the middle layer of the
wall which is at equal distance from the solid-fluid inter-
face at the left hand and the solid-fluid interface at the
right-hand side. The surface tension of the whole system
reads in our case

L/2

_ 1
ym—?f_uzdx dy dz |py(r)—pr(r)

. (2.7)

. i ext
n(r)z az¢ (r)

Inserting the microscopic definition'® of py and py, it
reads

2

1 2 2
1 < xtyi)—z; |
yoz— 2 d’ (ri')>
LP\G Tij 7
_1 0 ext >
L2<§zi 2 gor,)) 2.8)

with r;; =r1; —1;, ¢7,(r) the derivative of ¢, with respect
to r, and { ) a canonical ensemble average. The first
summation in (2.8) is over all pairs of fluid particles (i, ),
the second summation over single fluid particles i. We
measure a py(z) and pp(z) defined by

2
1 Zij
PN(Z):kBT"(Z)_?<Zﬁ¢ff(rij )8(z —z,—)> , (2.9
ij lij
i#j
1 < $(xf+yi5)
2L\
i#j

X¢sr(r;)8(z =2z )> ,

with n(z) the density n(r) averaged over the x -y plane.
One easily verifies that the substitution of (2.9) and (2.10)
in (2.7) gives (2.8). The definitions (2.9) and (2.10) do not
strictly conform to the general definition of Scnofield and
Henderson'? but this modification does not affect the sur-
face tensions. A strict computation of the tensor accord-
ing to their scheme would require a much more involved
calculation. Considering, e.g., py, the contribution of a
pair of particles (i,j) to the integral over py is given by
z,%-gb'ff(r,»j)/r,-j as can be seen from (2.9). We have attri-
buted half of this contribution to the z coordinate of par-
ticle i and half of the contribution to the z coordinate of
particle j to obtain a local py. According to the general
definition,'® one should draw a contour between particles
i and j and distribute the contribution of the pair over the
contour in a well-specified manner. Different choices of
contour correspond to different microscopic definitions of
pxn- The spatial distribution of the contribution of the
pair (i,j), however, is irrelevant for the integral over py.

pr(2)=kgTn(z)—

(2.10)
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FIG. 4. “Surface-tension density” profile at €, =0.5 as aver-
aged over 2400 particle configurations generated in 31200 time
steps. Further as Fig. 1. The reduced surface-tension density
y*(2) is defined as y *(2)=v(2)a %, /e ;.

In other words, the integral over p, is independent of its
microscopic definition.

Since the integrand in (2.7) vanishes in a bulk phase
where py and py both become equal to the pressure p and
¢** vanishes, the integral consists of a number of
separate contributions, one from each interface in the
system. This is clearly seen in Fig. 4 which shows the
“surface tension density” y(z),

— 1 L2 a ex
v(@=py2)=pr(2)= 75 f_mdx dy n(nz5-¢™(r) ,

(2.11)

of the asymmetric system of Fig. 2. The contribution of
an individual interface is the interface’s surface tension
which is therefore obtained by restricting the integration
over z in (2.7) to an integration over the surface alone.

III. RESULTS

As before, we simulated a series of asymmetric systems
and symmetric dry and wet systems at various g,. A
symmetric dry starting configuration at £, =0.1 was ob-
tained by melting a strip of fluid particles, placed between
the walls on a lattice with approximately the appropriate
liquid density. An asymmetric starting configuration was
obtained by choosing €, =0.5 whereupon the same initial
strip was adsorbed at one of the sides of the wall during
the melting process. A symmetric wet starting
configuration resulted from the use of two strips, each
one placed near one of the sides of the wall with £, =0.8.
Systems at different €, were obtained by changing €,. A
newly formed system was equilibrated for approximately
15 600 time steps before the measurements started. This
equilibration time was sufficient to stabilize the particle
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TABLE 1. Reduced surface tensions of the liquid-vapor, solid-liquid, and solid-vapor interface, re-
duced total surface tension and the cosine of the contact angle in the asymmetric systems. The figures
between parentheses denote the uncertainty (one standard deviation) in the last or last two digits. The
reported y & at £,=0.7 and 0.8 are the surface tensions of the metastable solid-vapor interfaces encoun-

tered in the asymmetric systems whereas one has y % =

y&+vi in equilibrium since the wall is com-

pletely wet. The cos@ of this metastable branch are larger than 1. Most results are obtained from an

average over 32 000 configurations.

€, Vi 7 12 Y on cosf

0.2 0.240(3) 0.263(7) 0.0298(7) 0.533(6) —1.043)
0.3 0.219(7) 0.207(10) 0.0177(8) 0.444(15) —0.84(5)
0.4 0.207(11) 0.101(8) —0.0067(6) 0.302(16) —0.48(4)
0.5 0.234(10) —0.066(11 —0.0400(16) 0.128(18) 0.12(5)
0.6 0.241(15) —0.280(10 ) —0.0990(26) —0.138(20) 0.80(3)
0.7 0.214(11) —0.541(7) —0.1653(43) —0.492(10) 1.67(3)
0.8 0.223(9) —0.827(14) —0.2747(45) —0.879(16) 2.45(6)

density profile, the energy of the system, and other quan-
tities in most cases. The particle density and surface-
tension density profiles were sampled each 13th or 15th
timestep until an average over some 3200 configurations
was obtained. Error bars in the data denote the standard
deviation as calculated from subaverages over 400
configurations.

The properties of the bulk liquid and bulk vapor phase
and the properties of the liquid-vapor interface should be
independent of €,. It has been verified that this indepen-
dence holds for the reduced bulk densities n;* and n, and
the reduced liquid-vapor surface tension y}, where the
latter is listed in Table I. These quantities fluctuate with
varying €, but show no systematic dependence. Aver-
aged over all g,, their mean values are n;*=0.6640
+0.0006, n)=0.0456+0.0006, and y}, =0.225+0.005,
which corresponds with results obtained in a simulation'!
of a free liquid-vapor interface. Another check on the
influence of €, is a measurement of the pressure in the

system which should also be unaffected by €,. The pres-
sure p can be calculated from’
L7 axdydz |py2)—n(nz¢n) | . (1)
3fﬁL/2x ly dz |py(z nrzaqu r .
p
0.0325 i .
S A T
0.0300f E i
:
0.0275 i
0.0250 —_—
0 0.2 0.4 0.6 0.8
er

FIG. 5. Reduced pressure p*=po}, /e, as a function of &,.
Circles denote the symmetric systems, crosses the asymmetric
systems.

The result is plotted in Fig. 5 which shows a pressure that
does not vary systematically with e, but fluctuates
around an average value of p * =0.030810.0002.

The completely dry state with the liquid slab in the
middle of the system remains stable at €, =0.1 (see Fig.
1). Increasing €, to 0.2, one observes a transition to the
asymmetric system of Fig. 6, the liquid layer being ad-
sorbed at one of the sides of the wall. Before the state of
Fig. 6 was obtained, the liquid slab, which was initially in
the middle of the system, had first collided with the wall
at the right whereupon it reflected back and was ad-
sorbed at the left wall. The whole transition from a sym-
metric dry to the asymmetric system took about 60000
time steps. The liquid layer remained adsorbed at the left
side of the wall during the 57 000 time steps we followed
it. The precise location of the symmetric-asymmetric
transition is hard to tell since it is difficult to determine
whether the solid-liquid interface one obtains at €, =0.2

FIG. 6. Asymmetric density profile at €, =0.2, further as Fig.
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is indeed a stable solid-liquid interface or should be re-
garded as a metastable state in which the system is easily
trapped due to the limited space between the walls while
the completely dry state is the true equilibrium state.
The state at €,=0.3 is far less controversial. Starting
with a symmetric dry system, one obtains an asymmetric
system with a solid-liquid interface which clearly differs
from the solid-vapor interface (cf. Fig. 7). The transition
from a symmetric dry to an asymmetric system took
about 30000 time steps in the case €, =0.3.

If we start with an asymmetric system at €, >0.2 and
lower €,, we observe the inverse transition. At ¢,=0.2,
the asymmetric system evolves again to a system similar
to the one of Fig. 6. Decreasing €, to 0.1, we obtain a
system with two solid-vapor interfaces although even in
this case, the liquid phase remains near the wall it just de-
tached from and stays slightly off center during at least
60 000 time steps.

The behavior of the density profiles thus shows the ex-
istence of a drying transition at €, ~0.2. We cannot ob-
serve any hysteresis in the location of the transition
which indicates that it is possibly second, at least not
strongly first order. The situation is quite different at the
wetting transition. If we start with an asymmetric
configuration and increase €,, we never observe a transi-
tion to a symmetric wet state, not even at €, > 1 which is
well above the wetting transition.>* Conversely, if we
start with a symmetric wet state and decrease ¢,, we do
not observe the transition to the asymmetric state, even
not at €, as low as 0.4. This hysteresis in the density
profiles reveals the presence of a first-order wetting tran-
sition but prevents an accurate location of the transition
from the behavior of the profiles.

The second route to the location of the transitions is
the measurement of the total surface tension in the vari-
ous systems, the results of which are shown in Fig. 8 and

FIG. 7. Asymmetric density profile at €, =0. 3, further as Fig.
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FIG. 8. Reduced total surface tension 7., as a function of
ge,. Circles denote the symmetric systems, crosses the asym-
metric ones. The symmetric value at £, =0.2 is constructed (see
text). The experimental uncertainty is of the order of the sym-
bol size.

listed in Tables I and II. The results are most clear at the
wetting side where the strong hysteresis allows one to
measure the surface tension of both the symmetric and
the asymmetric state over a wide range of €,. The two
curves intersect at €, =0.6, below which the partially wet
state is thermodynamically favorable, above which the
completely wet state is preferred. The intersection point
locates the wetting transition. One could argue that the
total surface tension of the completely wet state is not
well described by (2.4) since the liquid phases in these
states are very small and the solid-liquid and liquid-vapor
interfaces are not well separated. In that case, the loca-
tion of the wetting transition as the intersection point in
Fig. 8 would be incorrect. The effect of the finite size can
be checked by calculating the total surface tension of a
well-developed, symmetric state from (2.4) with y; as ob-
tained in an asymmetric system and y,;, =0.225. It turns
out that y,, calculated in this way does not significantly
differ from y,, as we measure it in the completely wet
systems. Therefore, the restriction on the size of the sym-
metric wet systems turns out to have no significant effect
on the location of the wetting transition.

There is no hysteresis at the drying side. At g,=0.2,
however, we can once more address the question of the

TABLE II. Reduced total surface tension in the symmetric
dry system at €,=0.1 and the symmetric wet systems from
€,=0.4 to 0.8. The figures between parentheses denote the un-
certainty in the last or last two digits. Most results are obtained
from an average over 32 000 configurations.

€, Y ot

0.1 0.534(8)
0.4 0.612(8)
0.5 0.287(16)
0.6 —0.121(12)
0.7 —0.620(14)

0.8 —1.199(17)
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stability of the system of Fig. 6 by comparing its total
surface tension with the total surface tension of a com-
pletely dry system. The latter can be constructed from
(2.2) with y,, measured in the asymmetric system of Fig.
6 and y,,=0.225. As shown in Fig. 8, the two surface
tensions cannot be distinguished, showing that the solid-
liquid interface of Fig. 6 has the same thermodynamic
probability as a solid-vapor plus a liquid-vapor interface.
The same comparison at €, =0.3 (not included in Fig. 8)
shows that the total surface tension of the system of Fig.
7 is slightly below the constructed surface tension of a hy-
pothetical, symmetric dry state. We stress once more
that the total surface tension in Fig. 8 depends on the
choice of origin z =0 but that the location of the intersec-
tion point is unaffected by this choice.

The last route to the wetting and drying transition is
the calculation of the contact angles from the surface ten-
sions. The angles are measured in the asymmetric sys-
tems which provide at the same time a solid-liquid and a
solid-vapor interface while we used a fixed value of
Y1, =0.225 in the calculation of cosf. Figure 9 shows the
results together with the contact angles obtained from
the visual measurements.* The wetting transition is given
by cos@=1, the drying transition by cos§=—1. The lo-
cation of these points is the same as given by the total
surface tensions. The fact that the cosine as a function of
€, crosses the line cos§=1 with a finite slope once more
supports the first-order character of the transition. A
cosine larger than 1 shows that we have been measuring
in a metastable state, a fact we also observed in the total
surface tensions. If a curve would be drawn through the
measured angles, its derivative with respect to €, would
be small at the drying transition and should be zero if the
transition were to be second order. It is difficult to tell
whether the derivative is indeed zero or has a finite value
but we can be sure that the drying transition has at most
a weakly first-order character.

T T T T T
cos 6 X ]
1 b ~
X
L 44 )
+
of ¥ i
N o _
+
X
IS P —
’. -
__2 1 1 i 1 1 1
0 0.2 0.4 0.6 0.8

FIG. 9. Cosine of the contact angle vs €,. The crosses, X,
are the results as calculated from Young’s law in these simula-
tions, the errors are of the order of the symbol size (cf. Table I).
The pluses, +, are the visual observations (Ref. 4), the length of
the vertical bar gives the error.
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The comparison of the calculated contact angles with
the visual observations in Fig. 9 shows that they coincide
but that the calculated angles can be determined with
greater accuracy. The comparison is especially good near
the drying transition while the calculated angles rise
slightly more steeply near the wetting transition.

The visually measured angles differ marginally from
the angles presented in the original paper.* The angles
were obtained by fitting a circle to the liquid-vapor me-
niscus, a fit which was performed manually in the origi-
nal work but which we have done presently numerically
to exclude the possibility of uncontrolled errors which is
inherent to a manual procedure. The numerical method,
a least-squares fit, gives angles that vary a little bit
smoother with g, but does not shift the curve as a whole.
In particular, our estimates* of the position of the wetting
and drying transition are not altered.

IV. CONCLUSIONS

We have examined the wetting properties of a wall-
fluid system in a simulation very similar to the one per-
formed by Sikkenk et al. but with the “live” wall re-
placed by an inert wall. Of the three routes to the loca-
tion of the wetting and drying transition, only the behav-
ior of the density profiles is the same as reported previ-
ously.> The other two routes involve the measurement of
the solid-fluid surface tension, a measurement that is
difficult with a live wall which can support stress. We
have shown that the replacement of the live by an inert
wall removes the inconsistency near the drying transition
between the contact angles and the behavior of the
proﬁles.3 In the inert case, the three routes all agree on a
location of this transition at £, =0.20%0.05, to be com-
pared with the estimate® of €,=0.5410.03. The drying
transition we observe is weakly first or second order.
There occurs a relatively smaller shift in the location of
the wetting transition. This location cannot be obtained
with any accuracy from the behavior of the density
profiles but it appears very clearly in the data of the total
surface tension and the contact angle. From these two
routes, we estimate a strongly first-order wetting transi-
tion to occur at g,=0.62+0.01, compared with
g, =0.78+0.03 as reported in the previous reference.’
Part of these differences could be ascribed to the
difference in type of wall but we expect that the relatively
small oscillations of the wall particles around their equi-
librium positions have little effect on the location of the
transitions.

Moreover, our contact angle measurements agree with
the visual measurements.* Those simulations gave esti-
mates of €;=0.24+0.04 and ¢,=0.68+0.03, which
coincide with the present measurements. The compar-
ison could again be invalidated by the difference in type
of wall and, additionally, by the curvature of the liquid-
vapor interface that appears in the visual measurements.
The curvature was reported to affect the state of the
liquid and vapor phase, and therefore it influences v,
¥s»> and ¥, which determine cos6. However, from the
agreement between the two ways to measure cosf, we
conclude that the effects of the freezing in of the wall and
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the curvature are small. The two simulations also pro-
vide an explicit demonstration of Young’s law which so
far has escaped fluid simulations.

From the results of these simulations, there emerges a
consistent picture of the wetting behavior of this particu-
lar wall-fluid system. The density functional calculation®
is in line with this picture. The calculation predicts for
the structured wall case, which is closest to the situation
in the present simulation, a drying transition at €¢,=0.15
followed by a wetting transition at €, =0.75 and, more-
over, it exhibits the difference in character between the
two transitions.

Interestingly, a detailed study of the drying transition
by Henderson and van Swol,'? including both a density-
functional calculation and a simulation, gave a different
idea of this transition. They studied a square-well fluid in
contact with a square-well wall and drove the transition
in the same way as in our simulations: by changing the
wall-fluid interaction strength while keeping the fluid at a
fixed temperature. In their case, the density-functional
calculation predicts a continuous transition while the
simulations show a strongly first-order transition. Hen-
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derson and van Swol conclude that the apparent first-
order nature of the drying transition is induced by collec-
tive, capillary wave-type fluctuations since these are not
properly included in the density-functional calculations
but do appear in the simulations. Whether their results
are specific for a square-well system and do not hold for a
system with truncated Lennard-Jones interactions, is a
point of debate.
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