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Adsorption of Ne on alkali surfaces studied with a density functional theory
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A density functional formalism is applied to investigate the wetting behavior of Ne adsorbed on planar
substrates. The study is performed over the complete range of temperatures spanned from the triple point 7, up
to the critical one T,. For this purpose, an effective attractive pair potential was built on the basis of a
separation procedure. This approach yields a good description of properties of the liquid-vapor interface at
coexistence in the whole range of temperatures 7,<7<T,. The adsorption of Ne on alkali metals and the
alkaline-earth metal Mg is analyzed. This sequence of substrates exhibit increasing attractive strength leading
to a variety of wetting situations throughout the interval 7,«» T,. A comparison with experimental data and
other microscopic calculations is done. The predictions of a simple model are discussed. For Ne/Rb we were
able to resolve prewetting lines. Results obtained from a density functional are reported for Ne/K and Ne/Mg.
In the case of the latter system the interesting behavior occurs close to 7,. According to our results, Ne wets
surfaces of Na and Li, and this statement is in agreement with the whole picture of the analyzed substrates.
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I. INTRODUCTION

Fluids in the presence of solid substrates develop liquid-
vapor interfaces. Knowledge of the phase behavior is funda-
mental for testing theoretical microscopic models as well as
for devising practical applications in fields from oil recovery
to biology. Therefore, for many decades, this matter has been
a topic of much interest. Let us now describe the current
picture of the physisorption of a liquid phase (/) on a solid
substrate (s) in the presence of a vapor atmosphere (v). Both
involved fluid phases, i.e., the bulk liquid / and vapor v,
coexist at temperature 7 when the chemical potential x and
the pressure P equal the corresponding saturation values
uo(T) and Py(T). The latter quantities define [-v coexistence
lines in the -7 and P-T planes for temperatures spanning
from the triple point 7, to the critical one 7. Let us assume
a planar geometry and denote as Uy (z) the solid-fluid inter-
action, where z is the distance perpendicular to the surface.
When the strength of the substrate is moderate (i.e., if the
wall-fluid attraction is not much bigger than the fluid-fluid
one) there is a first-order wetting transition at the point
[T, m,=po(T,)] below T.. T, is characterized by the ap-
pearance of coexisting thin and very thick adsorbed fluid
films. For T<T, the coverage of adsorbed films is finite
(incomplete wetting). When measured in nominal layers ¢,
the coverage or excess surface density becomes

[’

1
Le= (" JO dz[p(z) - psl.

where p(z) is the density profile, pg=p(z=) the asymptotic
bulk density, which is usually the vapor density at saturation

(L.1)
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p,(T), and p,(T) the liquid density at saturation. For tempera-
tures higher than T,, there is an associated prewetting line
which extends away from [T, uy(7)] into the region of pres-
sures below the bulk saturation value at a given temperature,
Py(T). The locus of this line in the plane T-u is determined
by ppu(T)=po(T)+ A, (T). A schematic phase diagram is
depicted in Fig. 3 of [1], where it is shown that the line of
prewetting transitions terminates in a surface critical point
(Tepw» Mepw)- A prewetting transition is marked by a jump in
I'y (see, e.g., Fig. 9 in [2]). This discontinuity in I"; vanishes
at Ty, where the coexisting thin and thick films become
identical. For T>T,, the adsorbed stable film grows con-
tinuously for increasing coverage. If the tail of the adsorption
potential has the van der Waals form, i.e., Uy(z) ~-C/23,
then the following useful form for determining 7,, may be
derived from thermodynamic arguments [3]:

A/"pr(T) = apw(T_ TW)3/2‘ (12)

Here a,, is a model parameter. For strong substrates the
wetting may be observed at T, or at even lower temperatures.

Experimentally, these first-order surface phase transitions
have been extensively measured for “He adsorbed on alkali-
metal substrates (a survey of references is given in [4]).
Prewetting transitions of H, films on Rb and Cs have been
also observed [3,5,6]. Hess, Sabatini, and Chan (HSC) [7]
measured the behavior of Ne in the presence of Rb and Cs at
temperatures up to the fluid critical point 7.=44.4 K. They
found for Ne/Rb incomplete wetting for 7<42.96 K and
wetting growth for 7=43.44 K. In the case of Ne/Cs no
wetting was seen all the way to 7.. On the other hand, triple
point wetting has been measured in the cases of Ar/Au [8]
and Xe/NaF [9].

Microscopic theoretical studies of the adsorption of clas-
sical fluids are performed by applying density functional
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TABLE 1. Wetting properties of Ne adsorbed on alkali-metal substrates. The ratio D/ey, wetting, T, and prewetting critical T,
temperatures are listed. PW stands for present work, DR for drying, and NW for nonwetting.

I, (KA) T, (K) ! kg (K7172) Topw (K)
Wall  D/ey — CCZ'  Expt” SM*  GCMC™ DF°  DF (PW) DF (PW) GCMC® DF* DF (PW)"
Cs 0.70 783 NW 38
Rb 0.71 78.6 434 38 DR 44 422 -0.16 435
K 0.84 82.4 38 41.9 -0.16 43
Na 1.10 107 36 NW 40 39.1 -0.20 44 42
Li 1.49 135 33 NW 38 355 -0.24 41 39
Mg 2.79 212 26 22 20.5 -0.26 3] 30

Reference [19]
PReference [7]

“Reference [14]
dReference [15]

(DF) theories, Monte Carlo (MC) computer simulations, and
molecular dynamics (MD). Good summaries of these ap-
proaches may be find, e.g., in [10-13]. We started a project
to study quantitatively the wetting near 7, by using a DF
theory. As a first step, we have undertaken the analysis of the
prewetting behavior in the adsorption of Ne on Mg, for
which grand canonical MC (GCMC) simulations [14,15] in-
dicate that there is already wetting at 7,=24.55 K. However,
when we carried out calculations by utilizing the formalism
proposed by Kierlik and Rosinberg (KR) [16] in conjunction
with the effective pair potential suggested by Ancilotto ef al.
[17,18], it was impossible to get convergence of the solutions
close to the triple point due to the appearance of divergent
oscillations in the numerical procedure. In order to overcome
this shortcoming we sought for the source of the trouble,
finding that it originates in the choice for the attractive part
of the fluid-fluid interaction.

It is the aim of the present work to propose an effective
pair potential and to report results of its application in a
rather comprehensive study of the adsorption of Ne on alkali
metals and the alkaline-earth metal Mg. According to a
simple model (SM) [2] that compares the energy cost of
forming a thick film (surface tension) with the benefit due to
the vapor-surface attractive interaction, the wetting condition
is

—[piT) - p,(T)] f dz Ug(z)

== [pl(T) - pv(T)]Iu = 2’ylv(T) .

Here 7, is the location of the minimum of U(z) and y,,(T)
is the liquid-vapor surface tension at saturation. Chisme-
shaya, Cole, and Zaremba (CCZ) [19] estimated T, by in-
serting in Eq. (1.3) their own adsorption potential. The re-
sults are included in Table I and indicate that Ne wets all the
substrates mentioned above. In the literature there are reports
of further investigations on these systems. There are experi-
mental data and theoretical estimations indicating that Ne
wets Rb below 7, as quoted in Table I, but there are not
calculations showing a prewetting regime. In the case of
Ne/K neither experimental work nor microscopic calcula-

(1.3)

“Reference [17]
"These values are upper limits for the critical prewetting tempera-
tures.

tions have been published. For the Ne/Na and Ne/Li sys-
tems, there are contradictory statements: the DF calculations
of Ancilotto and Toigo (AT) [17] suggest wetting below T in
both cases, while Bojan et al. [14] arrived at the contrary
conclusion on the basis of GCMC simulations as indicated in
Table I. Finally, for the Ne/Mg system although GCMC
simulations [14] indicate a prewetting line close to T, (see
Table I) no DF calculations have been published.

The paper is organized in the following way. The main
features of the density functional for classical fluids are sum-
marized in Sec. II, where we also present the alternative
effective pair potential which yields values of the liquid-
vapor surface tension in agreement with experimental data.
In Sec. III we describe the results for the wetting behavior of
Ne adsorbed on alkali-metal surfaces. In this analysis one
covers the whole range of temperatures 7,<7T<T.. Finally, a
summary is given in Sec. IV.

II. THEORETICAL FORMALISM
A. Density functional theory

Let us first outline the main features of a mean field DF
theory. In such a formalism the Helmholtz free energy
F[p(r)] of an inhomogeneous fluid is written as a functional
of the local density p(r) (see, e.g., [10]):

FLp(r)] = vigksT f dr p(){In[A%p(r)] 1}
+fdl' p(r)fuslp(r);dys]
. f f dr dr’ p(E)p(r" Y By(r = 1))

+Jdr p(r)Ug(r). (2.1)
The first term is the ideal gas free energy, where kp is the
Boltzmann constant, A=\27#2/mkgT is the thermal de Bro-
glie wavelength of the molecule of mass m, and vy is a
parameter introduced in Eq. (2) of [18] (in the standard
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theory it is equal to unity). The second term takes into ac-
count the repulsive fluid-fluid interaction approximated by a
hard-sphere (HS) functional with a certain choice of the HS
diameter dyg. The third term involves the attractive fluid-
fluid interaction ®,(Jr—r’|) treated in a mean field approxi-
mation (MFA). The last contribution stands for the effect of
the solid-fluid potential Ug(r). In the present work we shall
use for fug[p(r);dys] the expression provided by the nonlo-
cal DF theory of KR [16], where p(r) is an averaged density.

B. Effective attractive pair potential

For MD and GCMC calculations it is commonly assumed
that fluid particles interact via a spherically symmetric
Lennard-Jones (LJ) 12-6 potential Vy;(r)=4&(oy/r)"2
— (ol r)®] with standard energy and size parameters. Such
calculations performed with the standard depth and size pa-
rameters yield a fairly good phase diagram. However, in the
case of a mean-field theory like the DF of Eq. (2.1), where
for the two-body distribution function one assumes

pP(r,x") = g(r,r)p(r)p(r’) = p(r)p(r')  (2.2)
neglecting the correlation structure given by g(r,r’), the use
of a bare LJ interaction leads to a far too low critical tem-
perature 7, compared with the experimental value. The co-
existence curve may be determined by using expressions for
P and u provided by Eq. (2.1) in the case of an uniform fluid
of density p,

b
P(T) = Pys(T) + Epz and  u(T) = uys(T) + bp,

(2.3)

with b= [dr®,,(r). In the present work, Pyg and uyg were
evaluated by wusing the compressibility expressions of
Percus-Yevick [20] which are compatible with the KR for-
mulation. When ®,,.(r) is the attractive part of the bare LJ
potential one gets by ;=—(327/ 9)8ff0';f. At coexistence the
pressure as well as the chemical potential of the vapor and
liquid phases should be equal

P(p,)=P(p) and u(p,)=pip). (2.4)

By imposing these conditions on Ne, the bare L] with the
standard parameters &/ kp=33.9 K and 0=2.78 A leads to
a coexistence curve significantly lower than the experimental
one taken from Table IIT of [21]. In order to study quantita-
tively the adsorption of fluids within a DF approach one
must require that the experimental bulk equation of state and
liquid-vapor surface tension vy, be reproduced as well as
possible in the whole range of temperatures 7,<7T<T..

In the frame of the MFA Ancilotto and Toigo (AT) [17]
have built up a P, (r) by starting from the proposal of
Bruno, Caccamo, and Tarazona (BCT) given in Eq. (17) of
[22] and considering the size parameter of the potential as an
effective temperature depending quantity, 7,
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FIG. 1. Attractive part of the LJ potential for Ne as a function of
the interatomic distance. The solid curve is the bare LJ potential.
The dashed and dash-dotted lines are the BCT-AT and WCA-PW
approaches, respectively. The vertical line indicates the position of

st.

0, r<\"%G

P (r) = 12 6
attr(r) 48ff|:)\< ) _ ( ) :| o> )\1/66}'}"

(2.5)

The BCT form has been devised to describe the effect of the
peak in the pair correlation function g(r=|r—r’|) occurring
about the minimum of Vy;(r). In Eq. (2.5) there are two free
parameters A and &ff, while in the original version of Ref.
[22] it was kept &f=0y. For A=1 one recovers the standard
LJ form, while for A<<1 the value at the minimum is in-
creased by a factor A~ In this BCT-AT approach one gets
by=(32m/ 9\5')\)8_#5';7-. In order to determine the three adjust-
able parameters (i.e., ¥4, N, and &), Ancilotto et al. [18] set
dys= 0y and imposed at each temperature 7' the conditions of
Eq. (2.4) together with the requirement that the quantities p,),
p, and P(p,)=P(p)=P, be equal to the values quoted in
Table III of Ref. [21]. Figure 1 shows the BCT-AT attractive
part of the interaction compared with the bare LJ potential at
T=30 K.

The surface tension of the liquid-vapor interface is calcu-
lated from symmetric free slabs according to

-
\L\?l

Yy = %[(Q + PyV)/A] = %[Q/A + PyL], (2.6)
where (J=F— uN is the grand potential of the system, A the
area of the interface, and L the size of the box adopted for
solving DF equations. Figure 2 shows the experimental data
for Ne [18,23] together with the prediction from the fluctua-
tion theory of critical phenomena [13],

Yiv= Yl = TIT)2, (2.7)

with y?v=11.35 K/AZ. In addition, the results computed by
using the KR-BCT-AT approach [18] are also plotted. As
mentioned before we could not obtain convergence of solu-
tions close to 7, when using such an approach; moreover, no
results are reported in that Letter [18] for temperatures lower
than 7=30 K where there are experimental data. We found
that the appearance of diverging oscillations of the density
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FIG. 2. Surface tension of Ne as a function of temperature. Full
squares are the experimental data as displayed in Fig. 1(b) of Ref.
[18], triangles and circles were calculated by using the BCT-AT and
WCA-PW separations. The solid curve corresponds to the fluctua-
tion theory of critical phenomena (see text).

profile in the KR-BCT-AT approach prevents the converge of
the solutions close to 7,. The wavelength of these oscillations
is )\p=0.956ff. Hence, it would be plausible to assume a
relation to the sharp peak exhibited by the BCT-AT pair po-
tential in Fig. 1. The relative importance of this peak in the
total free energy given by (I);‘m(r)/kBT increases for decreas-
ing temperatures; in turn, due to this effect the fluid could
undergo a too early “freezing” above the experimental 7. In
other words, a too strong enhancement of the attraction pro-
duces an upward shift of the triple point temperature. This
could be the source for the failure in convergence because a
solid phase should be treated in a different way [16].

It is important to mention that this effect has already been
discussed by Mederos et al. [24]. These authors emphasize
the different role played by the one-body, p(r), and two-
body, p®(r,r’), distribution functions in systems with uni-
form density and in systems with structured densities. They
suggest improving the representation of the pair distribution
function by introducing an exact “local-compressibility” re-
lation  together  with an  approximated  “local-
thermodynamics” expression for the isothermal compress-
ibility given by their Egs. (3) and (4), respectively. This
perturbation treatment solves the troubles from the root
yielding a phase diagram in agreement with Monte Carlo
simulation studies (see Fig. 2 in [24]). However, its imple-
mentation for inhomogeneous systems would require large,
time-consuming calculations.

In order to avoid the shortcoming of the KR-BCT-AT ap-
proach without increasing the computational effort, we stay
with the MFA and propose to use the following form for the
effective attractive part of the fluid-fluid interaction:

1/6 ~

(I)V;/tCA(r) G 12 G 6 B
attr 48ff _’{I _ _f[ . or> 21/60_ff’
(2.8)

It is based on the separation introduced by Weeks, Chandler,
and Andersen (WCA) in their perturbation theory of fluids
[25] (see Fig. 1 therein). Here the effect of g(r) is spread
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FIG. 3. Comparison of adsorption potentials of Ne on alkali-

metal substrates; the curves are centered at the corresponding mini-

mum. The labeled solid curves are CCZ potentials. The dashed and

dashed-dotted curves are the S10-4 potentials for Ne/Li corre-
sponding to well depths D=48 and 50 K, respectively.

over a range of r similar to that used for evaluating p(r). This
effective interaction also preserves the long-range behavior
—r7% of the original bare potential, which is important when
studying adsorption properties. In the present WCA (WCA-
PW) method, we consider & and G/ as free parameters. In
this case one gets bpw——(32\277'/9)sffaj Since P and u
given in Eq. (2.3) depend on the 1nteg_al of ®,(r), the fac-
tor \28ff plays the same role as e/ V. However, as shown
in Fig. 1, the potentials as a function of r are very different.
As we shall see later, this difference has an important effect
when calculating the surface tension. It is important to notice
that the WCA form when computed with the bare values &
and o, overestimates T, as shown in Fig. 2 of [10]. The free
parameters of the present DF (v,4, &, and Gyy) were deter-
mined in the same way as was done by Ancilotto et al. [18].
The obtained ®)\-*(r) at T=30 K is also displayed in Fig. 1,
where one may realize the difference between the two effec-
tive potentials. The KR-WCA-PW results for y,, are plotted
in Fig. 2, where one may observe that our prediction is in
very good agreement with experimental data and renormal-
ization results throughout the whole range of temperatures
T,<T<T.,.

III. ANALYSIS OF WETTING PROPERTIES

The physisorption was analyzed by utilizing the ab initio
potentials of Chismeshya, Cole, and Zaremba taking the pa-
rameters listed in Table 1 of [19]. Figure 3 shows the poten-
tials exerted by the alkali-metal substrates. We shall discuss
the DF results starting from the less attractive surfaces.

A. Alkali-metal substrates

Since the adsorption potential for Ne/Cs and Ne/Rb sys-
tems is ultraweak (D/e;<1; see Table I) the interesting fea-
tures of adsorption isotherms appear very near 7. The results
for Ne/Rb are displayed in Fig. 4, indicating that the wetting
transition occurs slightly below 7=42.5 K. By putting the
obtained two values of Au in Eq. (1.2) we got 7,,=42.2 K
and a,,,/kz=-0.16 K=!2, The critical prewetting point is
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Ne/Rb

~0.15_ 0.1
Ak [K]

-0.05 0

FIG. 4. Adsorption isotherms for the Ne/Rb system. Au is mea-
sured from the saturation value at liquid-vapor coexistence for Ne.
T=42.5 K (triangles), 43 K (squares), and 43.5 K (circles).

about T, =43.25 K. All these values are quoted in Table I
and the temperatures are in fair agreement with experimental
data shown in Fig. 3 of HSC [7]. Ancilotto et al. [17,18]
determined that the wetting transition occurs at 7=43 K, but
stated that they were not able to resolve any prewetting line
from their DF calculations. Here we present adsorption iso-
therms yielding a prewetting line for Ne/Rb as shown in Fig.
5. On the other hand, the obtained difference Ty, —T,,
=1 K is in excellent agreement with experimental data [7].

In practice, our analysis of the Ne/Cs system yielded the
same results as that for Ne/Rb, indicating wetting below T..
This is due to the fact that the CCZ potentials for both sys-
tems are almost equal, as shown in Fig. 3. This result is in
agreement with those of Ancilotto ez al. [18], who suggested
that in order to reproduce the experimental evidence for non-
wetting found by HSC [7] the strength of the CCZ adsorp-
tion potential should be diminished. In view of these facts we
do not include results for the Ne/Cs system in Table I.

The adsorption isotherms for the Ne/K system are dis-
played in Fig. 6. In this case the adsorption potential is
slightly stronger than for the Ne/Rb system. Therefore, the
isotherms for the same temperatures are shifted a bit toward
more negative values of Au, causing T, to be below 42 K.
One may observe a curious feature, namely, extreme jumps

0
D\Z¥Rb

-0.2 K T

’ Na
-0.6
-0.8

Li
5 37 39 41

5 43 45

A, fig IK]
)
~

TIK]

FIG. 5. Prewetting lines for Ne adsorbed on indicated alkali-
metal substrates. The symbols are points calculated with DF while
solid lines are given by Eq. (1.2) with the parameters quoted in
Table I.
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FIG. 6. Adsorption isotherms for the Ne/K system. 7=42 K
(stars), 42.5 K (triangles), 43 K (squares), and 43.5 K (circles).

in coverage occur just at the considered round temperatures,
a small one of AI'y=0.5 at T=43 K and a rather large one of
AT ;=25 at T=42 K. This behavior facilitates the determi-
nation of T, and T,,. A fit to Eq. (1.2) yielded the values
T,=419K and a,,/kz=-0.16 K™%, which are also in-
cluded in Table I together with T, The prewetting line is
also displayed in Fig. 5, allowing a direct comparison with
other substrates.

In the case of the Ne/Na and Ne/Li systems, we obtained
similar adsorption isotherms to those displayed in Figs. 7 and
8 of AT [17]. The present prewetting lines are plotted in Fig.
5 and the results for 7,, and T, are included in Table I.
These values are closer to T, than to 7,. The small difference
from those reported in Table III of AT [17] may be attributed
to the use of different effective pair potentials, as well as
different values of vy (notice that the possibility for vy # 1
was introduced in a revised version of the DF formalism [18]
published after AT). In any case, both DF studies indicate
first-order wetting transitions followed by prewetting re-
gimes, in disagreement with the GCMC results of [14,15]. In
fact, the GCMC calculations of Bojan et al. [14] were per-
formed by using an adsorption potential different from the
CCZ. These authors utilized an interaction built by summing
up contributions of planar sheets which originates a 10-4
potential (henceforth denoted as S10-4); the expression is
given in Eq. (3) of their paper. In order to estimate the effect
due to the use of different potentials, we calculated adsorp-
tion isotherms for Ne/Na and Ne/Li by using the S10-4
interaction within the framework of the present DF formal-
ism. Since the results lead to the same conclusion for both
systems, we shall report some results only for Ne/Li.

The S10-4 potential for the Ne/Li system evaluated for
two values of the well depth D is plotted in Fig. 3. One is the
value D=48 K adopted in [14], while the other D=50 K is
the well depth of the CCZ potential. In the latter case, the
S10-4 and CCZ potentials are very similar. The calculated
chemical potentials for 7=38 K are displayed in Fig. 7 as a
function of coverage I';. Although there are shifts between
the results corresponding to the three different potentials, in
all the cases the isotherms indicate the existence of a prewet-
ting regime signed by a jump in I'y. After this jump for
increasing coverage Ay approaches monotonically zero from
below. All these facts are evidence for a wetting transition.

011603-5
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-0.25¢ Ne/Li

T=38 K

FIG. 7. Chemical potential measured from the saturation value
for the Ne/Li system at 7=38 K. The solid curve with triangles was
obtained with the CCZ potential, while the curves with squares and
circles were obtained with the S10-4 potential by setting D=48 and
50 K, respectively. In each case a dashed line indicates the Maxwell
construction.

On the basis of the results described above we can state
that DF calculations for Ne/Na and Ne/Li indicate first-
order wetting transitions in both cases. This result is to be
expected because Ne already wets the less attractive sub-
strate of Rb below T.. Hence, we would agree with the au-
thors of the GCMC calculations [14] that such simulations
were not able to discern prewetting regimes close to the criti-
cal point.

B. Substrate of the alkaline-earth metal Mg

The well depth of the adsorption potential for Ne on the
alkaline-earth metal Mg is about D=95 K, double the attrac-
tion strength of a surface of Li. Hence, in this case one ex-
pects more adsorption and consequently a prewetting regime
closer to 7, than to T.. The corresponding S10-4 and CCZ
potentials are very similar, as for Ne/Li with equal well
depths.

Figure 8 shows density profiles of thin and thick films
calculated at T7=28 K compared with that obtained from

0.1

0.08 Ne/Mg T=28 K

FIG. 8. Density profiles of films corresponding to two coverages
in the case Ne/Mg at T=28 K. Thin films with I';=0.15 and thick
ones with I'y=2.74 are displayed. Solid curves are present results
and open circles are GCMC data [14]. The dashed and dashed-
dotted lines stand for the liquid p;=0.0355 A3 and vapor Po
=0.0004 A3 densities for coexistence at this temperature.

PHYSICAL REVIEW E 79, 011603 (2009)

TIK]

-8 -7 -6 -5 -2 -1 0

-4 -3
A/kg [K]

FIG. 9. (a) Adsorption isotherms for the Ne/Mg system; from
right to left, the results correspond to temperatures 7=24.55, 25, 26,
27, 28, 29, and 30 K. (b) Dependence of Ay, on temperature.

GCMC calculations [14]. The agreement between the two
sets of profiles is quite good in spite of the fact that the
adsorption potentials used are not the same; however, the
energetics is slightly different. The ratio between the density
of the DF first peak and the highest GCMC value is 1.15. In
our case the plotted profiles lie in the stable regime; however,
they do not correspond to coverages just before and after the
prewetting jump due to some difference in the energetics of
the CCZ and S10-4 potentials. The ratio of densities at the
first peak and the first valley in Fig. 8 is 4.84; it increases for
decreasing temperatures, reaching 5.46 at 26 K and 6.02 at
the triple point 24.55 K. Let us provide some comments on
the validity of the DF in this regime. On the basis of the
study performed by Ravikovitch et al. [10] on the behavior
of N, confined in slit carbon pores, we can state that our
results are reliable. These authors utilized the raw WCA ap-
proach. The wall attraction for the N,/C system is larger
than in the Ne/Mg case, leading to a much more pronounced
layering than that exhibited in our Fig. 8. Figure 8 of their
paper shows a comparison of density profiles obtained with
GCMC and DF calculations; in spite of the noticeable layer-
ing, the overall agreement is good, giving support to DF
calculations. In passing, we may mention that the ratio be-
tween the first peaks obtained with DF and GCMC calcula-
tions shown in that plot is about 1.25, being slightly larger
than our result.

The adsorption isotherms calculated for the Ne/Mg sys-
tem are displayed in Fig. 9(a). We found that in this case the
wetting transition occurs below 7, and the critical prewetting
at Tepy=29.5 K. Figure 9(b) shows the dependence of
A, (T) on temperature. A nonlinear fit of the data to Eq.
(1.2) yielded T,,=20.5 K and a,,,=—0.26/kz K~"'2. This wet-
ting temperature below 7, is in good agreement with the
value 7,,=22 K quoted in Table I of [15]. Furthermore, the
difference Ty, —T,, coincides with that obtained from
GCMC simulations [14]. On the other hand, for Ne/Mg the
prewetting line measured in units of A, is much larger
than those corresponding to alkali metals.

C. Simple model

Let us now comment on some features of the SM. The
values of [, calculated by integrating CCZ potentials are
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FIG. 10. Open circles are the ratios W, as a function of tem-
perature needed to analyze wetting with the SM. Horizontal lines
stand for /,. T, and T, are also indicated.

quoted in Table I and displayed in Fig. 10. In order to have a
better insight, instead of examining wetting by simply put-
ting sets of y,(7), p(T), and p,(T) into Eq. (1.3) as in a
black box, it is convenient to rewrite that equation in a more
elaborated way. According to Eq. (4) of [26] the wetting
condition may be written as a condition for the integral /,,.
Next, Eq. (2.7) for the liquid-vapor surface tension together
with the simple and accurate Guggenheim’s form p,(T)
—p,(1)=(7/2)p(1-T/T,)"3 [see Eq. (6.4) in [23]; here, p,
is the fluid density at 7] may be used to reduce the expres-
sion for the wetting condition. This procedure leads to

” 2 7IV(T)

Iu — f dz Usf(Z) = PZ(T) - pv(T)

Zmin
49,
Tpe

=W, (T)=——(1-TIT)"*. 3.1)

Figure 10 shows the ratio W, as a function of temperature.
By looking at this figure one may verify that the condition of
Eq. (3.1) leads to the values of T,, obtained by Chismeshya
et al. [19]. A glance at Table I indicates that the SM predicts
fairly well the wetting for substrates of Na and Li, but in the
cases of Rb, K, and Mg fails by several degrees. The failures
for the ultraweak and for the stronger substrate are in oppo-
site directions.

It is usually assumed that the wetting condition provided
by the SM is applicable to any simple fluid adsorbed on an
attractive surface. However, the structure of W,, causes an
important shortcoming. Since it reaches zero at 7, one could
conclude that any surface exerting an attractive potential
(I,>0) would be wetted by a fluid below T, independently
of how weak is the attraction. Hence, this SM is not capable
of predicting a nonwetting phenomenon such as that ob-
served for Ne/Cs [7]. Moreover, due to this feature the pre-
dicted T, for Ne/Rb is significantly lower than the experi-
mental value.

In order to get Eq. (1.3) Cheng er al. [2] approximated the
free energy cost of creating a substrate-liquid interface,
¥a(T), by y,(T) introducing y,,(T)+ ¥4(T)=2y,(T) in their
Eq. (3.2). However, one can argue that such an assumption is
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not valid close to 7. because at this critical temperature the
substrate-liquid interface is still present and, therefore, ¥ (7)
should not vanish for 7—T,. In addition, it is plausible to
expect that y,(T) should depend on the substrate, leading to
sizable effects for all values of 7. Furthermore, in the case of
Ne/Mg close to T,, when the integral [dz p(z)Uy(z) is ap-
proximated by p;fdz Ug(z) one loses an important part of the
contribution from the peak of the density profile (see Fig. 8)
which occurs just at the minimum of the adsorption poten-
tial. The inclusion of this effect would lower T,

Although the predictions of the SM could be improved by
taking into account the features described above, such a task
goes beyond the scope of the present work.

IV. SUMMARY

An effective attractive part of the fluid-fluid interaction
contributing to DF theories is proposed. It yields good quan-
titative results for the liquid-vapor surface tension at satura-
tion for temperatures spanning from 7, to 7, this was not
possible when using a former proposal.

When the adsorption of Ne was analyzed, the known tem-
peratures 7, and T, in the whole range 7, T, are well
reproduced. DF calculations for the Ne/K and Ne/Mg sys-
tems are reported. Prewetting lines for the adsorption on Rb,
K, and Mg obtained from a DF formalism are presented.
From Figs. 5 and 9(a) one concludes that the length of
prewetting lines becomes larger for more attractive sub-
strates. Predictions of a SM are discussed and some short-
comings are pointed out.

On the basis of all the described results we find it reason-
able to state that Ne wets substrates of Na and Li, supporting
the finding of Ancilotto and Toigo [17] against the evidence
for nonwetting reported by Bojan er al. [14]. This contro-
versy could be resolved experimentally. The predicted jumps
in coverage occur at [Au,,|=0.5 K for Na and at [Au,,|
=1 K for Li, yielding P/Py=exp(Au,,/kgT)=0.988 and
P/Py=0.975, respectively. These values of the pressures
could be in a range accessible for experiments similar to that
performed very recently by van Cleve, Taborek, and Rut-
ledge [27] for “He on Li.

Although we present results only for adsorption of Ne, the
suggested CDXSA(;”) may also be used for other inert gases
(Ar, Kr, and Xe), where similar problems with the BCT-AT
expression appear near T,. For instance, it could be utilized
for studying adsorption of Xe on strong substrates like
graphite covered by layers of Cs, which was already inves-
tigated by Curtarolo, Cole, and Diehl [28] with the GCMC
technique. A possible immediate application of the present
formulation is the analysis of the controversy between ex-
perimental data [9] and theoretical predictions [26] about the
triple-point wetting of Xe on NaF.
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