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Wetting transitions of hydrogen and deuterium on the surface of alkali metals
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Although wetting transitions have been observed for helium and hydrogen on alkali metal surfaces, no finite
temperature, quantum simulation studies of these systems have been able to conclusively locate a wetting
transition. This paper presents such calculations for the systgraadHD, on Rb and Cs, using semiempirical
hydrogen-hydrogen interactions aat initio gas-surface interactions. Comparison with experiment implies
that the adsorption potential is10% more attractive than is predicted by current theory. Simulations,of H
adsorbing on a 15 A thick film of Rb on Au predict that this system will show a decrease in the wetting
temperature of about 1 K compared with bh pure Rb. The simulations reveal that a commonly used “simple
model” is surprisingly accurate.
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[. INTRODUCTION integral formalism® to account for the quantum mechanical
properties of the fluids. However, none of the simulations has
Consider a fluid near a solid surface at presd@rand resulted in conclusive demonstration of the existence of a
temperatureT (below the liquid-vapor critical temperature wetting transition or a direct observation of a prewetting
T.). WhenP is equal to the saturated vapor pressiRe\(), transition. Wagner and Ceperley were the first to employ
an adsorbed liquid film may exhibit either one of two pos-path integral methods to search for a wetting transition. They
sible behaviors: spreading across the surface or beading up $tudied *He adsorbed on a Hsubstrate at a temperature of
form a droplet. These possibilities are called wettifgg 0.5 K. This system was predicted to exhibit a wetting transi-
complete wetting and nonwettinglor incomplete wetting  tion by Chenget al?* Wagner and Ceperley computed the
respectively. This distinction is compatible with Young’s binding energy of*He on three different models of an,H
equation for the contact anglevhich vanishes in the wetting surface and found a slight minimum in the binding energy
case and thus the behavior of a given system can, in prin-with respect to coverage. While a minimum in the binding
ciple, be derived from thd dependence of three surface energy is a signature of a wetting transition at zero tempera-
tensions(gas-solid, liquid-solid, and gas-ligyidSome 25 ture, these calculations were performed at finite temperature,
years ago, scenarios of thermodynamic transitions betweemhere the situation is less clear. Their calculations were car-
wetting and nonwetting were predicted by Cland Ebner ried out on very small systems, for which finite size effects
and Saanf.Subsequently, such wetting transitions have beerran change the appearance of a wetting transition. Therefore,
observed experimentally for both isotopes of*He(the  that study was not a definitive observation of a wetting tran-
He/Cs case involves a prewetting transition at low temperasition for a quantum fluid at finite temperature.
ture, but the film does wet the surface at &) and for Boninsegni and Cole studigtHe on a Cs surface using a
hydrogefi~** on Rb and Cs, for Ne on RB,and for Hg on  fixed volume and a fixed number of He atoffighis system
sapphire and T&* Similar transitions have been predicted was also limited in size, containing only 64 atoms on a
to occur for other adsorption systertesg., Ne/Mg and Ar, smooth Cs surface. The authors point out that the results
Kr, and Xe on alkali metal surface® '’ The common fea- from such a small system are only qualitatively representa-
ture of all of these systems is the existence of a very weaklyive of the true systerff They observe that the 6%He atoms
attractive adsorption potential; the well degi) of the gas- tend to form something like a droplet at a temperature of
surface interactiorV(z) is less than, or of the order of, the 0.67 K and tend to be close to wetting the surface at 2 K.
well depth (€) of the intermolecular potential of the adsorb- Thus, they do not claim to have observed a wetting transition
ing fluid. and only conclude that their simulations are “qualitatively
These wetting transitions have been studied by a varietgonsistent” with a wetting transition occurring in the vicinity
of general theoretical models, including lattice-gas, densityf 2 K.
functionals, and classical Monte Carlo simulatiofis?® To Bojanet al. used the same methods we use here to search
date, remarkably, there has been no finite temperature quafer a wetting transition for 5lon Rb?®> However, the lengths
tum simulation definitively exhibiting a wetting transition, of the simulation runs were too short to provide definitive
even though the quantum fluids He ang &te paradigms of results. In addition, no precise values of the bulk vapor-
this transitior?* To our knowledge, only three simulation liquid saturation chemical potential from simulations were
studies of wetting transitions have been published for quanavailable at the time, making it difficult to locate a prewet-
tum fluids?®~2” All of these studies have utilized the path ting transition. They observed evidence of incomplete wet-
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ting at 22 K and apparently complete wetting at 30 K, butthe number of beads. In this work we found that D)
were unable to observe a prewetting transition. beads were sufficient for modeling, HID,) at the tempera-

In related work Boninsegret al. studied*He on Li using  tures and densities encountered in this work. We refer the
both path integral and density functional methods. The ainfeader to a recently published review of the path integral
was to investigate superfluidity in thin He films. Thie/Li ~ method as applied to condensed hefilirfor details. The

system exhibits complete wetting at all temperatures; henc®ath integral grand canonical Monte Carlo mettodas
no wetting transition was observed. used to generate adsorption isotherms in this work. The

The only classical simulation study pertinentday ex- grand canonical simulation method involves three distinct

perimentally observed wetting transitioNe/Rb is difficult ~ YPeS of moves of the molecules, namely, displacements, cre-

to compare with experimental data because of uncertaintigdions. and deletions. Molecular displacements were gener-

. . 2 .
arising from the proximity(within 1%) of the wetting tran- dted using the hybrid Monte Car{iMC) method® wherein

sition temperaturd.... to the bulk vapor-liquid critical term- all the molecules were moved in a single configurational
P w por-iiq . step. The HMC method has been shown to be efficient for
peratureT. (Refs. 12,20 and neglect of quantum effects in

he simulat itis h p : canonical ensemble path integral simulatidh$he type of
the simulations. [t is known that quantum effects are Imporyoye to attempt was selected randomly with probability
tant in liquid Ne, even near the critical poffit.

] ! - o 0.01, 0.495, and 0.495 for displacements, creations, and de-
This lack of theoretical analysis for systems studied in thgetions, respectively. The low probability of making a dis-

laboratory leaves open many questions, e.g., how reliable ai§acement was chosen because each HMC displacement con-
the adsorption potentials and theoretical models used to preists of five MD time steps in the microcanonical ensemble.
dict the transition? What is the detailed nature of the thin-toHence, very few HMC moves are needed to propagate the
thick film wetting transition? Can simulations accurately pre-system. We used the multiple time-scale reversible reference
dict other systems which will exhibit prewetting transitions? system propagator algorithm of Tuckermenal.®* to sepa-

In the absence of exact calculations for experimentallyrate the stiff intramolecular harmonic forcésead-bead in-
relevant systems, an alternative approach to prediclipg teraction$ from the more slowly varying intermolecular
has been posited, a so-called “simple mod&l.In that forces. Ten short time steps were employed for every long
model, the thin-to-thick film transition is predicted to occur time step. The velocity Verlet algorithihwas used to inte-
when the surface tension “price” of forming two interfaces grate the equations of motion. Most simulation runs included
becomes equal to the free energy reduction due to the int&x 10° configurations for equilibration followed by>610°
grated fluid-surface attraction. Estimates of these terms leagbnfigurations for data taking.

to an implicit relation for the wetting temperature The fluid interactions were modeled with the Silvera-
Goldman potentiat® This potential has been shown to be
1 % accurate for producing the vapor-liquid phase diagram for

Tlg=— EPOL V(2)dz, (D) both H, and D,.2%%3"The pure fluid surface tension prop-

erties for liquid H and D, computed from the Silvera-
whereo is the bulk liquid-vapor surface tension apglis Goldman potentia}l have recently been shown to be in excgl-
the bulk fluid number density, both &,, and the integral l€nt agreement with experimentally measured surface tension
extends from the minimum of the potential to infinity. Some OVer a range of temperaturésThe saturation properties of
evidence implies that this model works surprisingly well in the bulk fluids were computed from multiple histogram re-
predictingT,, of classical gases, except in cases of the veryVeighting (M|'7|R) (Refs. 39,40 adapted for path integral
least attractive interactiori€.However, no comparison be- Hamiltoniansi’ The MHR simulations provide very accurate
tween “exact” calculations, this model, and experimentalValues of Psyp, which are important for studying wetting
data has ever been made. Such calculations are therefdf@nsitions. _ _ _
needed in order to further test this model and theoretical A number of different potentials for }Rb were consid-
calculations of the adsorption potential. This paper presentgred, four of which appear in Fig. 1. Tla initio potential
evidence relevant to these open questions by comparing wedf Chizmeshyaet al. (CCZ)™ was derived from a Hartee-
ting transition data with results of path integral grand canoni-0Ck repulsion and a damped van der WaalBW) disper-

cal Monte Carlo simulations for the hydrogen isotopes. Thission term'” The resulting potential was found to fit the fol-
simulation method is exact, in principle, assuming that thdoWing expression:
interaction potentials are correct.

C
V(2)=Vo(1+az)e” 2~ 15[ B(2)(z— zyow) | — .
Z—Zypw)

IIl. COMPUTATIONAL METHODS 2

We have employed the real space implementation of thavherezis the distance between the adsorbate and the jellium
path integral formalism developed by Feynrffaio simulate  boundary of the metalf, is a damping function given by
quantum fluids. In this formalism, each quantum molecule isf,(x)=1—e X(1+x+x%/2), B(z) is given as B(2)
replaced by a classical ring polymer with a number of beads= a?z/(1+ az), Vo, @, Cypw, andzypy are the four pa-
The equilibrium properties of the corresponding quantunrameters of the potential. The CCZ parameters fpakd D,
fluid are given by the proper statistical mechanical averagesn Rb are V,=0.274eV, a=1.769 A1,  Cypw
over the ring polymers. The number of beads must be large=0.297 eV &, andz,py=0.246 A. This potential is char-
enough so that the properties of the fluid do not depend oacterized by a well-depth rati®/e~1.26. We have also
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T . . T IIl. RESULTS

T
‘ ............... 9-3 ] A signature of a prewetting transition that is observable in
ll ——— 1.1C,,CCZ a simulation is the abrugfirst orde) change in the amount
' —-—- 0.9V,CCz of fluid adsorbed on a surface at constant temperature as the
\ pressure(chemical potentialis increased toward the bulk
| saturation pressure. This can be observed by plotting the film
density profiles over a range of pressures. This method has
been used in a variety of classical simulation
studies'®2342-%Figure 2 presents simulation results for the
film density, obtained with the CCZ potential, at 25 and 26
K. At 25 K, only a thin film forms for allP<Pg, indicat-
ing nonwetting. Note that due to metastability the adsorption
is very small even at a pressure a little higher tRag. The
thermodynamic excess coveragee integrated excess of the
60 ; . ; j ; film density relative to the vapor densjtis minuscule, about
~15% of the close-packed monolayer coverage. The simu-
lation results for the film at 26 K manifest quite different
FIG. 1. (Color onlin The original CCZ(Ref. 16 and the 9-3 potentials P€Navior, characteristic of a prewetting transition. Below
(Ref. 10 for H, on Rb. Also shown are two modified potentials obtained by 98% of Psyp, a thin film forms. AtP/Pgy,p=0.98, however,
varying theC,4, andV, parameters in the CCZ potential. there is a factor of 8 jump in the excess coverage. Further
increases P towardPgyp yield an ever thickening film, i.e.,

used an empirical 9-3 potential, which was used by Chen etting behavior. Thus, the CCZ potential yields a first order

10 . etting transition, with a wetting temperature somewhere
Frto?r:. thteosf;g]gufog: wetting temperature fof, i6n Rb between these two values of i.e., T,,=25.5+0.5 K. The

For most of the simulations the simulation cell was a rect—data plotted in Fig. 2 gives the first convincing evidence of a

angle, 30 A on a side in theandy directions, with a height prewetting transition for a strongly quantum fluid observed

£60 A -~ » lied in th from a molecular simulation. These data indicate that the
(2) of 60 A. Periodic boundary conditions were applied in the o vetting pressure at 26 K for the,FRb CCZ potential
x andy directions, with the lowexy plane being the metal .. rs somewhere betwe®Ps,p=0.968 and 0.986. From

surface and the upper plane a reflecting wall. Calculationgig 3 e observe oscillations between the thin and thick film
done with the 9-3 potential used a cubic simulation cell 30 Agiztes ap/ Psyp=0.980 at 26 K. Figure @) shows two den-

on a side. Comparison of results for the CCZ potential forsjty profiles computed at the same relative pressure, but us-
the larger and smaller cell sizes show that differences in thghg different “slices” of the simulation. This can be seen
location of the wetting temperatures and the values of thérom the evolution of the total number of,Hnolecules in the
prewetting pressures are about the same as the uncertaintigigulation cell as a function of time shown in Figh® Most

in the calculations. of the simulation explores phase space corresponding to a
25 K 26 K
0.028 T T T T T T T T T T 0.028
0.024 14 F 4 0.024

0.02 0.02

FIG. 2. (Color onling The local density profiles for

s 0016 0.016 the original CCZ potentialRef. 16 at 25 and 26 K.
< = The relative pressurB/Pgyp at which the calculations
S ) indi i _
N ot 0012 & were performed are indicated by the labels in the graph
0.008 0.008
0.004 0.004
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0.028 . . . . . TABLE I. Well depths D), wetting temperatures, and prewet-
ting critical points Tpwo for H, on Rb computed from the 9-3
0.024 - @ _ potential(Ref. 10, the original CCZ potentiglRef. 16, and several
variants obtained with altered parameters. The valueg,oh pa-
oo2 b | o | rentheses are determined from the simple model while the other
’ —— Thin film values are from simulationsvith uncertainty+ 0.5 K). The experi-
; - Thick film mental values ar&,,=19.1K and Tpyc~23 K (Ref. 9.
¢~ 0.016 |
°i1 Potential model D(K) Tw(K) TpwdK)
= 0012 F
9-3 44 29.522) 31
0.008 L ccz 41 25.5(22.7) 30
0.9V, 45 22.5(20.3 28
0004 L 1.1Cypw 49 18.519) 25.5
0.9y, 1.08ypw 53 17.518.6 24.5

than the theoretically based CCZ potential. These results
: . . : ; : (and others, not tabulatgthdicate the sensitivity of the wet-
ting behavior to the potential parameters, especially the
400 1 (®) 1 VDW coefficient. For example, for jHon Rb a 10% increase

in Cypw (i.e., to a value of 1.Cypyy) leads to a 27% de-
crease ifl,,, whereas a 10% decreaseMp (to 0.9V,)) gives

300 . a 12% decrease if,, . Of the potentials we have examined,
1.1Cypw gives the best agreement with experiments.

Since one of the aims of this work is to test the simple
model by producing the first conclusive comparison between
experiment, theory, and simulations, we calculated the wet-
ting temperature from Eq(l) for various potentials. The
simple model predicts &,, of 22.7 K (Ref. 16 for the CCZ
100 1 potential and a value of 22 K for the 9-3 potential. The
simulations indicate thaf,,=25.5+0.5 K for the CCZ po-
tential and 29.50.5 K for the 9-3 potential. This finding

. . . - . . was unexpected because the 9-3 potential has a substantially
0 1e+06 2e+06 3e+06 4e+06 5e+06 6e+06 larger well depth than the CCZ potentiaee Fig. 1, which
Numberf anfigurations would be expected to result inlawer T,,. This is reflected
FIG. 3. (Color onling The local density profiles for the original ccz !N the pred!cnons_ from the simple modelee Table)L HOW'
potential (Ref. 16 at 26 K andP/Pgyp=0.98. ever, the simulations show that the broader potential well of
the CCZ potential more than compensates for the smaller
thin film of H, on Rb. The thin film density profile plotted in value of D compared with the 9-3 potential. This sensitivity
Fig. 3(a) was calculated from configurations containing fromto the shape of the potential does not appear to be adequately
about 100 to 150 molecules. At about 2.50° configura-  captured in the simple model. Moreover, we note that the
tions the system abruptly switches to a thick film, containingprediction of T,, from the simple theory for both the CCZ
approximately 350 to 450 Hmolecules. This thick film sub- and 9-3 potentials are not in good agreement with simulation
sequently evaporates to a thin film at about>31®° con-  values. Equatioiil) underestimated,, by 11% for the CCZ
figurations. The thick film line in Fig. &) was calculated and 25% for the 9-3 potentials. In contrast, the valud pf
from the data between about X30° and 3.2<10° configu-  predicted from simple model for both of these potentials is in
rations. The switching between thin and thick films is facili- reasonably good agreement with the experimental value of
tated by the fact that the temperature of the transition is clos@9.1 K from experimentS.It is therefore apparent that the
to the bulk vapor-liquid critical temperature-@3 K) where  agreement with experiments is at least somewhat fortuitous.
the interfacial tension disappears. In an attempt to bring the simple model into better agree-

The simulation value of,=25.5+0.5 K is significantly = ment with the simulation data, we here include quantum ef-
higher than the experimentally measured value Tgf  fects in the solid-fluid potential for use in the simple model.
=19.10+0.06 K° This discrepancy implies that the as- The potentials used in E¢{) are classical and no corrections
sumedV(z) is too weakly attractive, which we address be-are made for the weakening of the potential that occurs at
low. We have empirically adjustéd(z) to bring theT,, pre-  short distances due to the zero point energy of the adsorbate.
diction into agreement with experiment by making changeddowever, this effect is properly included in the path integral
to Cypw andV,. Some results are shown in Table I. We havesimulations, since the effective solid-fluid interaction for a
also included in Table | the results for simulations using thesingle molecule is given by an average of the potential be-
empirical 9-3 potential, which is expected to be less accuratewveen the solid and the ring polymer. The effective solid-

200

Number of H, molecules
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! ' ' T son involves the adsorption of,Don Rb. This is a fairly
'.IE — Classical 1 stringent test of the new potential and its relation to the ex-
10 | M - ——~ Quantum—effective, 26 K 1 periments, which were carried out in the same laboratory in
- Quantum-effective, 19 K 1 which the H/Rb data were taken. We have used the poten-
i tial in best agreement with HRb experimental data, i.e.,
i 1.1Cypw ., for these simulations. The result is that the simu-
lation yieldsT,,=29=0.5 K, in excellent agreement with the
experimental value of 2890.3 K.° This agreement im-
proves our confidence in the new potential, which should be
virtually identical for the two isotope@iffering only in very
small effects of the 1% difference in the isotopes’ polariz-
abilities). We have also studied Hvetting on a similar sys-
tem, H,/Cs. The potential well-depth for HCs was found
by Chizmeshyat al® to be some 5% smaller than that for
H,/Rb. The simple model predicts B,~23 K, which is
3 4 5 6 7 higher than the experimental value of 20:57.05 K of Ross
Z(A) et al! We have simulated this system with the @by
potential, assuming that the error in tak initio potential is
systematic. The resulting wetting temperature for this system
is 19.5- 0.5 K which is slightly lower than the experimental
result. The agreement for the three relevant systems that have
fluid potential, including quantum effects, is a function of been studied experimentally encourages our confidence in
temperature. The high temperature limit of the quantumboth the revised potential and the experiments. The compari-
effective potential is identical to the classical solid-fluid po-son is particularly meaningful because the experiments were
tential. We have computed the quantum-effective potentiaperformed in different laboratories, using quite distinct meth-
for H,/Rb using the 9-3 potential at several different tem-ods of surface preparation.
peratures. The classical potential and quantum-effective po- We have computed,, of H, on Au coated with Rb, a
tentials at two temperatures are plotted in Fig. 4. The quansystem not yet studied experimentally. The potential for this
tum potentials were computed by inserting a single patty ~ system is given by
polymep at fixed distances from the surface)( choosing
the orientation and conformation of the path randomly. Ran-
dom path conformations were generated from a path integral Vepad2)=V(z)— '
simulation of the ideal gas at the corresponding temperature. (z+d)®
An ensemble average over the orientations and conforma-
tions is performed at each value af giving the correct where sSc=474 meV B is the difference of theC,p, be-
quantum-effective solid-fluid potential. As can be seen fromtween Au and Rbd is the film thickness of Rb, set to 15 A
Fig. 4, the well depth of the quantum-effective potential isin this case, an®¥(z) is given by Eq.(2) with the parameter
considerably smaller than the classical potential at either 18r H,/Rb using 1.C,p\ . The potentials for K interacting
or 26 K. Calculation ofT,, from Eq. (1) using the quantum- with a pure Rb surface and a 15 A film of Rb on Au are
effective potential is an iterative process because of the tenplotted in Fig. 5. Note that the potentials are nearly identical,
perature dependence of the potential. However, the calculavith the Rb/Au potential being abbod K deeper at the mini-
tion converges rapidly. We find that quantum effects on thenum. T,, for H, on a 15 A film of Rb on Au is 17.5
solid-fluid potential only raisd,, by 2 K, or an increase of *=0.5 K, abot 1 K lower than the pure Rb case. The lower-
about 9% for the K/Rb 9-3 system. Hence, the neglect of ing of T,, has been observed f6He on Cs films of various
quantum effects on the solid-fluid potential gives a systemthicknesses.At 20 K the relative prewetting transition pres-
atic error inT,,, but accounts for less than half of the dis- sure,P,,/Pgyp, is 0.93 for the Rb on Au substrate, while for
crepancy between the simple model and the simulations. Thiae pure Rb substrate,,/Psyp=0.97, a decrease of about
small magnitude of the correction is rather surprising giverd%. TheP,,/Pgyp at 21 K also differ by about 4%. These
that quantum effects decrease the potential well depth bgifferences inT,, and P,,/Pgyp should be large enough to
about 10% at these temperatures. We stress that use of tdetect experimentally. We comment that estimates of
guantum-effective potential in the simple model is only use-P,,/Pgp from the simulations are not very precise because
ful for evaluating howT,, changes when quantum effects on of uncertainty in locating the transition chemical potential.
the solid-fluid potential are included in the model. This cor-Much more extensive simulations would be needed to map
rection is not justified in general since the model is surpris-out the prewetting phase diagram with precision close to that
ingly accurate as it stands. of the experimentS.Nevertheless, the predicted change in
Comparison of calculated and experimeriiglvalues im- P, /Pgyp from 0.97 to 0.94 at 20 K is larger than the uncer-
plies that the CCZ potential is not sufficiently attractive totainty in the simulations. The simple theory predicts that the
explain the H/Rb data. We have made additional compari-wetting temperature shifts in proportion &, with a result-
sons to test the generality of this conclusion. One compariing shift of 0.9 K for a Rb film thickness of 15 & This

FIG. 4. (Color online The empirical 9-3(Ref. 10 classical and
quantum-effective potentials for,tbn Rb.

()
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that the wetting temperature could either increase or decrease
-5 —  HJRb due to heterogeneity. Next, we consider the contributions of
—— Hi/Rb/Au two independent quadrupole-related terms. The first is the
permanent quadrupole moment’s orientation-dependent inter-
1 action with its image, which has been evaluated elsewhere
for similar problemg?® The resulting energy is small: just 0.2
K (compared to a well depth of 41)KThe other term is the
fluctuating quadrupole moment of the molecule interacting
with its image in the metal. Using the theory of Jiaeteal. to
evaluate this quantity, we obtain an attractive energy of 2.0 K
for an H, molecule at its equilibrium position on RB.This
represents a 5% contribution to the well depth, too small to
4 explain the discrepancy manifestedTiy. Thus, the adsorp-
tion potential remains an open problem.
Finally, we comment on the decade-long evolution of our
4 5 8 10 understanding of this problem. A theoretical potential was
Z A proposed in 1993, from which the simple model predicted a
wetting temperature-22 K for H,/Rb, close to the experi-
mental value of 19 K° This agreement was a fortuitous
consequence, we now believe, of a systematic error inherent
in the simple mode(explained aboveand a systematic error
prediction is consistent with the simulation result. The surN the potential used at that time. These two errors shifted the

prisingly large shift is indicative of the extreme sensitivity of prediction of T, in opposite directions, so that their effects

the wetting transition behavior to the long range interaction,ap'oroxImately canceled, resulting in nominal agreement with

as implied by Eq.(1). It is possible to experimentally con- experiment. In that initial study, the uncertainty in the well

struct such a film of Rb on Au and to measure the wetting?eF)th of the poten_tial was reported t_o b?. 40%. The more
properties to test these predictichs. ecent CCZ potential employs better justified methods and

We address briefly the intriguing question: why does theapproximations than the 1993 study and has a smaller esti-

theoretical CCZ potential underestimate the gas-surface al nated uncertainty;- 25%' However, the good agreement Of

traction by ~10%? Possible explanations include surface 993 between experiment and theqry has been Ios_t,.leav!ng
roughness and substrate impurities in the experimentally prdgnanswered questions about'thg origin of the rgmalnlng@s—
duced materials, the contribution of the Huadrupole inter- crepancy. The present study |nd|cat_es how wetting transition
action with its im’age(omitted from CCZ, uncertainty about data can be utilized to test and refine theoretical adsorption
the image plane’s position, the form of t’he damping function,pOtemials' Complementary experimental investigations, such

and the need for a more careful treatment of the electron gag,S ?%S'?_‘fr:ac_? sgattt?]nng&fasurements dandbat tetst of th? dpre—
including hybridization with the adsorbate staté3nhen Ic e_ds Iddl'r':' w Ior € ut CO;"F’O‘&U t_su sbra e(,jwouth
comparing experiments with theory in this field, it is impor- provide adaitional assessments of predictions based on these

tant to recognize the potential effects of surface heterogend®W potentials._ .

ity. In the cgse of thepwetting experiments on alkali me%als, Note added in proota recent study of HD scatterm_g from

the surfaces have not been characterized by either real spagg has begn performed_. The rgsults of these expgnments are
(STW) o diacive tecigues. Honever, expermenialsts CTELETUIEIEY Corssert i e CCZ ol s
have reported effects oh,, of varying surface preparation . I

method.pOne example ir\;vvolves )(/)n:‘a:;l of the fifst I[r)eports 0110%' S_ee A. Siber, Ch. Boas, Ch. Wand M. W. Cole
helium’s wetting transition on Cswhich occurred far below (unpublishedl
the current estimated transition temperat{#é). This low-

ering of the wetting temperature contrasts with a recent

simulation result of an increase in wetting temperaffiteyt We thank Andrew Chizmeshya, Eugene Zaremba, Milen
the latter involved an essentially classical gas on a specifiostov, and Giampaolo Mistura. We acknowledge NSF and
model of surface imperfection. Thus, it appears to be the caddETL for support of this work.

FIG. 5. (Color onling The CCZ(Ref. 16 for H, on Rb adjusted to fit
experimental datpl.1Cyp (solid line)] and the corresponding potential for
a 15 A thick film of Rb on Au(dashed ling
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