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Uniaxial incommensurate rare-gas-monolayer solids. II. Application to Xe/Pt(111)
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An effective interaction model is reported for the interactions of xenon adsorbed on the (111)face of
platinum. Many structural properties of the observed uniaxial incommensurate phase are reproduced.
The uniaxial phase has a large linear thermal expansion and a commensurate triangular lattice becomes
the minimum-free-energy phase at intermediate temperatures. A multiparameter monolayer interaction
model, constructed from terms used for other physisorption systems, has too weak a short-range
adatom-adatom repulsion. Analysis and reinterpretation of data for the heats of adsorption also show

the need for an additional repulsive term.

I. INTRODUCTION

Monolayer xenon adsorbed on the (111) face of plati-
num, Xe/Pt(111), may provide the most complete range
of commensurate and partial-registry structures observed
in a classical physisorption system. ' Early attempts to
model the monolayer solid found it surprisingly difficult
to reproduce these structures. ' Recently, diffraction
data for the uniaxial incommensurate (UIC) solid were
reinterpreted as showing the need to consider a different
class of adatom-substrate potentials for Xe/Pt(111). This
paper presents an interaction model which yields many of
the phenomena of the UIC solid. The analysis, based on
the methods presented in the accompanying paper (I),
also sharpens the puzzles posed by the remaining
differences between the model calculations and the exper-
imental data.

The uniaxial incommensurate monolayer solid is ex-
pected to be an important intermediate stage in a con-
tinuous commensurate to incommensurate phase transi-
tion. Also this is a relatively simple structure for study-
ing the properties of domain walls because they are
parallel on the average and effects of wall crossings are
small. However, it is observed over an extended range of
misfit in only two physisorption systems: molecular hy-
drogen on graphite and Xe/Pt(111). ' '" The Xe/Pt(111)
monolayer is an excellent system for analysis because
there are extensive experimental data and some
simplifications arise for adsorbed xenon: (1) There is a
well-established triangular commensurate solid. ' ' (2)
There is a uniaxial incommensurate (UIC) solid phase
which is stable for a wide range of mean misfit,
0 (m (6.5%.' ' " (3) There is a diffraction satellite
demonstrating the strongly modulated character of the
UIC solid at mean misfit less than 4%.' "' (4) There
are data for heats of adsorption, compressibility, and
thermal expansion of the UIC solid. ' ' ' ' (5) Xenon is an
atomic adsorbate which interacts primarily by pair po-
tentials and which can be treated by classical statistical
mechanics over much of the temperature range of the ex-
perimental data. '

There has been little modeling of the Xe/Pt(111)

monolayer. Black and co-workers ' performed
molecular-dynamics simulations of small rafts of xenon
atoms. Their first choices of parameters did not lead to
a stable commensurate (+3X+3)R 30 lattice. They did
obtain it later, but only by using a surprisingly large
value of the leading Fourier amplitude of the adatom-
substrate potential. Bethune, Barker, and Rettner' con-
structed a xenon-platinum potential from atom-atom
sums, which reproduced known features of the average
potential and also led to a large leading Fourier ampli-
tude. To do this they had to attribute a quite small van
der Waals radius to the xenon atom. Tully and co-
workers' had previously constructed a xenon-platinum
potential with a small barrier to surface diffusion. Hall
et al. ' modeled the frequency spectrum of incommensu-
rate monolayers and of bilayers and trilayers of inert
gases on Pt(111), using conventional models for the
adatom-adatom interactions.

Constructions of the adatom-substrate holding poten-
tial for the (111) face of a face-centered-cubic solid sub-
strate from atom-atom sums' usually lead to potentials
for which the minima are at sites with threefold coordi-
nation to the substrate atoms. This is the case for the
models used by Black and co-workers, ' Bethune, Bark-
er, and Rettner, ' and Tully and co-workers. ' However,
two independent and concurrent investigations ' of
Xe/Pt(111) led to the proposal that the holding potential
minima for the xenon are at sites atop surface platinum
atoms. Gottlieb showed that an observed diffraction sa-
tellite' ' for the UIC solid is absent for a holding poten-
tial model in which the two sets of threefold sites of the
fcc (111) surface are degenerate energy minima, and that
it is present for a model in which the minima are at atop
sites. Muller used local-density-functional theory to
calculate the interaction of one and two xenon atoms
with small clusters of platinum atoms and also concluded
that the minima are at atop sites.

As shown in the accompanying paper, domain walls
separating domains of atoms in the different threefold
sites provide a low-energy mechanism for accommodat-
ing uniaxial misfit in a monolayer adsorbed on an fcc
(111) substrate. Consequently, rather large Fourier am-
plitudes for the adatom-substrate potential are required
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to stabilize the commensurate solid relative to the UIC
solid; this is indeed the experience of Black and Janzen.
However, as will be shown here, the required amplitudes
are much smaller for the holding potential model with
only one minimum per surface Bravais cell and the bar-
riers to lateral motion inferred for the Xe/Pt(111) model
are on the scale of those estimated for xenon on graph-
ite. ' This is a surprising result' ' ' in the light of previ-
ous ideas of metallic electrons smoothing the effective
surface. Muller's calculation indicates chemical hybrid-
ization has a role in the effective interaction.

The model for the Xe/Pt(111) monolayer consists of
Lennard-Jones (12,6) pair potentials for the xenon-xenon
interactions and a representation of the xenon-substrate
interaction by a Fourier amplitude V for the lateral vari-
ation of the holding potential. The distinction between
minima at atop sites and at threefold sites is set by the
sign of V . For V & 0, the minima are at atop sites and,
in this planar monolayer model, the barrier to lateral
motion on the holding potential is —8Vg. In this model
for Xe/Pt(111), the barrier is -50 K, which is much less
than the value inferred by Kern et al. from isosteric
heat data; it is close to the 40 K barrier found for the
Morse potential model of Tully and co-workers. ' An
important result of the analysis is that the increment in a
thermodynamic function such as the chemical potential
can be much larger than the single atom barrier because
of the contributions from adatom-adatom interactions.

The model building has two parts. First, the UIC solid
data of Kern and co-workers ' "" are used to narrow
the range of interaction parameters in an effective in-
teraction model. Second, a multiparameter potential
model similar to that used' for Xe/Ag(111) is construct-
ed and applied for triangular lattices to test if the conden-
sation energies can be understood. The thermodynamic
analysis of the heats of adsorption is reviewed as
part of the discussion of the data available ' '" for
Xe/Pt(111).

The organization of this paper is as follows: The in-
teraction models are described in Sec. II. An analysis of
the data for the uniaxial incommensurate monolayer
solid of Xe/Pt(111) is presented in Sec. III. An analysis
of the heats of adsorption is presented in Sec. IV. Con-
cluding remarks are presented in Sec. V.

II. INTERACTION MODELS

and the adatom substrate potential, for motion restricted
to the x-y plane, is

V(x,y) = —2V[cos(gox )

+2 cos(gox/2)cos(&3goy/2)] . (2.2)

The choice of orientation of the adlayer coordinate axes
relative to the substrate which was made in I is used in
Eq. (2.2); the origin of coordinates is at a surface plati-

The interaction model for the UIC solid has the form
treated in I. The adatom-adatom interactions are sums
of Lennard-Jones (LJ) (12,6) pair potentials

(2.1)

num atom. The amplitude V is related to V of I by
V= —Vg'

Properties of the UIC solid are described for two sets
of parameters: (a) a=230 K, o =4.05 A, and V=6 K; (b)
c.=230 K, 0.=4.10 A, and V=3 K. The energy scale is
retained from models used for Xe/Ag(111), and o and
V are adjusted to give a fair overall account of the
structural properties of the UIC solid of Xe/Pt(111).
Thus the parameter sets define effective interactions for
the monolayer xenon. The conclusion here is that case
(a) is a better model for Xe/Pt(111) than case (b); case (a)
corresponds to a more modulated UIC solid than case (b).
The extent to which the effective interaction does de-
scribe Xe/Pt(111) is noteworthy: from previous work
with positive V, it appeared ' ' that it would be
dificult to construct such a model from the ingredients
ordinarily used in physisorption theory.

A multiparameter xenon-xenon interaction model is
constructed in analogy to the procedure' ' used for
Xe/Ag(111), to compare with the fitted effective LJ (12,6)
potential. The Barker X2 potential for isolated pairs in
three dimensions is supplemented by the McLachlan sub-
strate mediated interaction (parameters: C, I

=201 a.u. ;0

C,2=154 a.u. ; I.=2 A), the triple-dipole potential, and
the interaction of the adsorption-induced polarizable di-
poles. The single atom dipole moment po is taken to be
0.55 D, from the work-function change of 0.6 V reported
by Schonhense. The major change from the
Xe/Ag(111) model is in the potential energy of the di-
poles: for Xe/Pt(111) it is approximately twice as large
as for Xe/Ag(111).

The length and energy scales of the Lennard-Jones pair
potential and the multiparameter potential may be com-
pared for the minimum-energy triangular lattice for
V =0, i.e., without substrate-registry effects. The
minimum classical potential energy for the multiparame-
ter model is —593 K per atom at a nearest-neighbor
spacing of 4.41 A. The corresponding energy for the LJ
(12,6) model is —778 K per atom at a nearest-neighbor
spacing in case (a) of 4.50 A [case (b), 4.56 A]. The
differences in the nearest-neighbor spacings show that
there is an additional repulsion incorporated in the
effective potential which has not yet been identified for
the multiparameter model. The multiparameter model
has potential energy —469 K per atom at nearest-
neighbor spacing 4.80 A, corresponding to the &3 X +3
commensurate lattice of Xe/Pt(111). The 124 K energy
difference places a lower bound of 21 K on the value of V
needed for the commensurate lattice to be the mini-
mum energy structure at 0 K. However, as shown in pa-
per I, if it is only required to be the minimum-free-energy
structure at temperatures above 60 K, a much smaller
value of V will suf5ce.

III. COMPARISON TO DATA FOR UIC Xe/Pt(111)

The Xe/Pt(111) system was studied in a series of pa-
pers by Comsa and co-workers, ' ' ' using high-
resolution atomic helium diffraction and inelastic scatter-
ing. Their data for the diffraction signature of the UIC
lattice, the maximum misfit at low temperature, the iso-
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thermal compressibility, and the domain of stability of
the commensurate lattice relative to the UIC lattice are
now discussed in terms of the interaction model.

A. Dift'raction signature

Kern and co-workers' *" and Zeppenfeld et aI. ' re-
ported observations of three (2, 3, and 4) of the five
diffraction peaks enumerated in Fig. 1(a). The peaks 3
and 4 correspond to the average UIC lattice. A peak at
position 2 is observed at small misfits, but not for misfit
greater than about 4.0/o. The calculated structure fac-
tors for case (a) are plotted in Fig. 1(b). These are evalu-
ated for the configuration which minimizes the static po-
tential energy of the UIC lattice at each value of mean
misfit, as described in I.

A result of the model calculations ' is that the subdi-
vided domain wall structure reported in I for the Vg )0

cases leads to an extinction of the peak at position 2. It is
not excluded yet that underlying layers of platinum
atoms might break the degeneracy of the holding poten-
tial at the two sets of threefold sites to the extent there
would be diffracted intensity at position 2. Models with
distinctly different energies at the two threefold sites
would be unusual for a physisorbed system.

The calculated structure factors for the V & 0 cases at
small misfit have substantial intensity at position 2, and
this intensity increases relative to the intensity at posi-
tions 3 and 4 as the magnitude of the misfit decreases.
The calculations omit effects of thermal averaging and of
multiple scattering corrections for the atomic probe, so
that quantitative comparisons with the experimental data
are not possible. It does appear that smaller values of o.
and larger values of V than those used for cases (a) and
(b) would lead to more modulated UIC lattices, with sub-
stantial intensity at position 2, over a larger range of
misfit than occur for UIC Xe/Pt(111).
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B. Maximum misfit of the UIC lattice at condensation

At temperatures below about 60 K, the monolayer
solid of Xe/Pt(111) condenses in the UIC lattice. ' The
misfit at condensation increases as the temperature de-
creases ' '" and at the lowest temperature reached in the
experiments, 25 K, it is 6.5%. The misfit of the
minimum-free-energy UIC lattice at 25 K, calculated in
the quasiharmonic approximation, is 6.4%%uo for case (a)
and 5.0%%uo for case (b).

C. Stability of the commensurate lattice
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FICx. 1. Structure-factor calculations for UIC lattice as a
function of mean misfit. (a) Wave-vector identifications. Posi-
tions of dift'raction peaks in the neighborhood of the
(+3X+3)R30 lattice peak (C) at 8~/3I. for a three-domain
average. Peaks near the I M axis, and axes at 120' and 240' to
this axis, are shown, following Zeppenfeld et al. (R.ef. 13). The
scale e is related to the mean inisfit by e = (8vr/3L) [m /(1 —m )].
The length I. is the nearest-neighbor spacing in the substrate,
1.=2.77 A for platinum. (b) Structure factors calculated for the
case (a) interaction model, in the static planar lattice approxi-
mation.

The Xe/Pt(111) monolayer condenses into a triangular
commensurate (+3X v'3)R 30 lattice in the temperature
range 62 & T & 99 K.' The transition to the UIC lattice
is continuous for condensation at a temperature near 60
K (Refs. 1 and 2) and after a finite increase in chemical
potential at temperatures above 62 K. Figure 9 of paper
I presents a phase diagram in chemical potential and tem-
perature coordinates for case (a) which displays such a
domain of stability of the commensurate lattice.

The quasiharmonic lattice approximation is known
to overestimate the thermal expansion for triangular lat-
tices of xenon at temperatures above 60 K. The initial
temperature for condensation into the commensurate lat-
tice thus is taken to be 50 K for the quasiharmonic
theory, in an attempt to compensate for this failing. The
threshold amplitudes V, in quasiharmonic approxima-
tion, are then 5.3 K for o. =4.05 A and 2.9 K for o.=4.10
A. The parameters of cases (a) and (b) correspond to
models in which the UIC lattice thermally expands into
the commensurate lattice at temperatures in the range
50—60 K. The calculated thermal expansion of these
UIC lattices, i.e., the variation of the mean misfit, is twice
as large as the calculated linear thermal expansion of tri-
angular lattices of Xe/Ag(111). ' '

Kern et al. reported values for the isosteric heat and
the partial molar entropy in the region of the
commensurate-incommensurate transition, at tempera-
tures of 85 —95 K. They fitted data for the temperature
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lnp = —q„/k~ T+ b (8) (3.1)

and found decreases b,q„=—30 meV and b,bjkii= —3
to —4 in the region of the transition.

The increment in chemical potential from monolayer
condensation to the commensurate-incommensurate
phase transition is then

dependence of the three-dimensional (3D) gas pressure to
the form

At small misfits, the compressibility is large, and for a
system of very narrow domain walls, it remains large for
larger misfits. The calculated compressibility at 0 and 50
K for the two cases is shown in Fig. 2, with the
reanalyzed data: the values for the models lie in the
range of the data. Models with o.=4.0 A and with larger
magnitudes of V led to narrower domain walls and to
comp ressibilities much larger than the experimental
values.

Ap= —hq„+k~ T Ab . (3.2) IV. HEATS OF ADSORPTION

The data correspond to an increment Ap which de-
creases with increasing temperature, while the quasihar-
monic theory leads to a Ap which increases with increas-
ing temperature. This is the most serious contradiction
between the model and the data and is not yet under-
stood. The domain-wall meanderings, ' not well treated
by the small-amplitude vibration theory, may be a
significant contribution to the entropy. It may be that
experimental data closer to the phase transition are re-
quired and that the difference in 3D gas temperature and
substrate temperature becomes important in this context.

The value of hp at 70 K is 210 K for both cases (a) and
(b). Thus the commensurate phase is stable over a con-
siderable range of chemical potential in the model calcu-
lation.

D. Isothermal compressibility

The monolayer isothermal compressibility has been re-
calculated from data ' ' for the misfit of the UIC lattice
as a function of the 3D gas pressure at constant tempera-
ture ( T =88 K). The value ranges from 2. 3 X 10
K/A at 4.7% misfit to 1.1X10 K/A at 7.0% misfit.

The calculated compressibility for the UIC lattice de-
pends on terms corresponding to wall-wall interactions.

The analysis of I emphasizes the structure and length
scales of the UIC lattices. The heats of adsorption' ' in-
clude measures of the monolayer binding energy and thus
provide information on the energy scale of the effective
interactions. This section includes a generalization of the
thermodynamic analysis of the heats of adsorption
to the case where the dense surface phase is a commensu-
rate lattice.

The monolayer is treated as a phase in coexistence with
an ideal 3D gas of chemical potential p. The condition
for thermodynamic equilibrium is that the grand poten-
tial

(4.1)

Q= —(1/P)ln Tr exp[ P(H —pX)—j,
with P= 1/(k~ T).

(4.2)

A. Heat of sublimation

is minimum for the adsorbed phase of X adatoms in
specified area 3 and temperature T; I' is the Helmholtz
free energy. The temperature, chemical potential, and
grand potential of coexisting monolayer phases are equal.
The grand potential is expressed in terms of the grand
partition function by
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Poelsema, Verheij, and Comsa' defined a heat of sub-
limation of the monolayer solid in terms of the tempera-
ture variation of the density of the 2D gas in coexistence
with the solid:

q,„~=—d ln(N /PA )/dP~„,„. (4.3)

q, = —d 1np jdP „,„. (4.4)

The 3D gas is an ideal gas under the experimental con-
ditions of monolayer Xe/Pt(111). Therefore the relation
of the pressure to the chemical potential is known and
Eq. (4.4) can be rewritten as

The monolayer heat of condensation is defined in terms
of the temperature variation of the pressure of the coex-
isting 3D gas:

FIG. 2. Compressibility of the uniaxial incommensurate
monolayer solid of Xe/Pt(111). Circles denote values derived
from a reanalysis of the data of Kern and co-workers (Refs. 2
and 31) for the mis6t as a function of pressure at 88 K. The
solid and dashed lines denote values calculated for the case (a)
and (b) e6'ective interactions with the quasiharmonic approxi-
mation at 50 K.

qi= ,'P ' d(Pp) jdPl..—.. . — (4.5)

Pp=ln(Xg /z)+2(Xg/A)82(T), (4.6)

The 2D gas is of low density and nearly ideal for most
of the temperature range of Xe/Pt(111). Then a truncat-
ed virial series for the chemical potential is
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and for the grand potential is

0= N—k~ T[1+(Ng /A )B~(T) ] . (4.7)

The one-atom partition function z in Eq. (4.6) is given by

z =Tr exp[ —P[p'/2m + u (r)]j, (4.8)

+ (Ng j& )dBz ( &)jdP, (4.9)

where the coexisting phases have number density X, /3
and N /A. The energy & hg ) is

&h ) = —d lnz jdP+(Ng/A)(dB2 jdP) .

The corresponding expression for q, is

q, = ,' k~ T —( & H—,) Ng & hg ) ) /—( N, Ng ) . —

(4.10)

(4.1 1)

The truncated virial series for the low-coverage isosteric
heat is

q„= 25' '+d lnz jdP 2(N /A)dB—~/dP . (4.12)

The second virial contributions are included in Eqs.
(4.9)—(4.12) to emphasize the possible importance of gas
imperfection terms when data for the heats of adsorption
are used to estimate monolayer cohesive energies, even if
the 2D gas density is only a few percent of the solid den-
sity. The area per adatorn of monolayer solid xenon is of
order 18 A . The second virial coefficient for the
Xe/Ag(111) system at 90 K was estimated to be —100
A per atom. ' Then the product B2N /A is of order
—0.05 already when the 2D gas has density l%%uo of the
solid density. The corresponding term in the isosteric
heat, Eq. (4.12), is 80 K/atom.

If all gas imperfection terms are neglected in Eq. (4.9),
the sublimation energy becomes

with kinetic energy and holding potential u(r); in the
classical limit z is proportional to a configuration integral
for motion parallel and perpendicular to the planar sub-
strate surface. The second virial coefficient B2, for a
two-particle cluster in the presence of a spatially periodic
holding potential, is not evaluated in this work.

Let &H, ) denote the average internal energy of the
monolayer solid and & hg ) the average internal energy per
atom of the low-density 2D gas. The heat of sublimation
Eq. (4.3) is

q,„q =P ' —[1 (2Ng B—2/A ) ]

X(&H, ) —N, &Z, ))j(N, —N, )

an amplitude V= —60 K, which is the scale found in I
to stabilize commensurate lattices with domains in three-
fold sites, the contribution to the 2D gas potential energy
is —113 K; this is a significant offset to the registry po-
tential (then —180 K) in &H, ). For the case (a) and (b)
models, the conclusion is that the heat of sublimation
directly gives the potential energy of the commensurate
lattice in a temperature range where the 2D gas is nearly
ideal.

The values for the heats of adsorption for Xe/Pt(111)
used in Sec. IV 8 are q,„&=550+50 K at temperatures of
82 —92 K q& =311+16meV (3610+190 K) at tempera-
ture 85 —100 K.'" The low coverage isosteric heat is
q„=277 meV (3210 K).'

B. Heat of bilayer condensation

A limit to the compression of the Xe/Pt(111) mono-
layer solid is set by formation of a bilayer solid. The
most compressed monolayer has a triangular lattice and
displays a small Novaco-Mc Tague rotation. The
difference between the chemical potentials at monolayer
and bilayer condensation gives a measure of the lateral
stress in the compressed monolayer.

The reported value of the bilayer heat of condensation
is 205+12 meV at temperatures of 55 —60 K.' This is
much farther removed from the 161 meV heat of sub-
limation of the bulk xenon solid than the value 173+5
meV for Xe/Ag(111). However, the lattice constants of
the rnonolayer and the bilayer are equal' to within the
0.01 A experimental accuracy, as for Xe/Ag(111). Then
a previous argument applies and the chemical potential
at the bilayer condensation should be only weakly depen-
dent on the (strong) first layer holding potential. In fact,
the pressure-temperature data' of the Xe/Pt(111) bilayer
condensation fall in the range of the corresponding data
for Xe/Ag(111) and Xe/graphite. Thus the chemical po-
tential at bilayer condensation for these three systems is
very similar.

Therefore, for the following discussion, two values are
used for the 2D enthalpy of the monolayer solid at bi-
layer condensation: 72 meV (840 K), from the difference
between the reported' bilayer heat of condensation and
the low coverage isosteric heat; and 104 meV (1200 K),
using the difference of the Xe/Ag(111) bilayer heat and
the low-coverage Xe/Pt(111) isosteric heat. The second
value may be the better guide to the 2D enthalpy of the
strongly compressed monolayer.

q,„&=P '+ d Inz jdP—( & H, ) /N, ) . (4.13) C. Monolayer energies

For the nearly two-dimensional models used in this work,
the laterally averaged holding potential and perpendicu-
lar vibration energies cancel between the gas and solid en-
ergy terms in Eq. (4.13). Thermal equipartition energies
of 2k& T for the 2D solid and 1k~ T for the kinetic energy
of the 2D gas cancel with the leading term on the right-
hand side of Eq. (4.13). The corrugation potential-energy
contribution to the 2D gas energy is —3 K ( —1 K) for
V=6 K of case (a) [ V=3 K of case (b)] at 90 K; in both
cases it is a small part of the net sublimation energy. For

The potential energy for a triangular lattice with
nearest-neighbor spacing 4.80 A is —469 K/atom for the
multiparameter interaction model described in Sec. EI.
For V = 10—20 K, which is a range which would be es-
timated by analogy with the energy balances and thermal
excitation effects found for the Lennard-Jones models, '

there would be an additional registry potential energy of
—50 to —100 K per atom. The total potential energy of
—520 to —570 K is in the range of the sublimation ener-

gy 550 K reported by Poelsema, Verheij, and Comsa. '
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However, q,„b may overestimate the potential energy of
the commensurate lattice by 10%%uo as a result of the 2D
gas corrections described in Sec. IV A.

The total potential energy per atom in the commensu-
rate lattice for the Lennard-Jones interaction models, in-
cluding the registry terms, is —734 K for case (a) [—740
K for case (b)]. To bring the energy to the range of the
sublimation energy would require scaling the c down by
25%%uo, this is not an implausible amount in the light of
known adsorption-induced modifications of gas-phase in-
teractions.

An estimate of the lattice constant in the fully
compressed monolayer can be made from potential-
energy calculations and an identification of the increment
q2

—q„of 840 K (or, adjusted, 1200 K) with the 2D
enthalpy. For the multiparameter interaction model it is
4.26 A (or 4.22 A), distinctly less than the observed limit
of 4.33 A. ' Adding zero-point-energy terms increases
the calculated lattice constant by —,'%%uo', the lattice is still
too compressed. This and the 4.41-A lattice constant cal-
culated for the minimum-potential-energy adlayer are
evidence that a component of short-range repulsion is
missing from the interaction model. The larger
adsorption-induced dipole moment for Xe/Pt(111) also
indicates that there is a different adatom/substrate com-
plex than for Xe/Ag(111). There has not yet been a
determination of the effects in the lateral interaction
which would correspond to the hybridization effects
which Miiller noted in his calculation of the Xe/Pt(111)
interaction.

The corresponding classical potential calculations for
the Lennard-Jones models, cases (a) and (b), are easily
done in terms of known lattice sums. For case (a) the

0
most compressed monolayer has a lattice constant 4.33 A
at enthalpy 840 K and 4.30 A at enthalpy 1200 K; the
values for case (b) are 0.05 A larger. If the calculations
are repeated with the energy parameter scaled to 0.75m,
the lengths are reduced by 0.02 A. Zero-point-energy
terms will increase the classical lengths by —,'%. The con-
clusion of this discussion is that the effective interactions
lead to fully compressed monolayers with spacings in the
range of the 4.33 A experimental value.

V. CONCLUDING REMARKS

The effective interaction models, cases (a) and (b), lead
to a fair degree of agreement with the experimental data
for the UIC lattice of Xe/Pt(111). This is particularly
satisfying because the Xe/Pt(111) monolayer had previ-

ously appeared to be a rather unusual physisorption sys-
tem. Finding these models depended on recognizing
that the diffraction data' ' have a signature which ex-
cludes holding potential models with degenerate minima
in the two sets of threefold sites.

The experimentally observed decrease in the isosteric
heat of adsorption at the commensurate-to-
incommensurate monolayer phase transition is not easily
interpreted as a chemical potential increment needed to
drive the transition by compression. The calculations
and the experimental data give opposite trends for the
dependence of the chemical-potential increment on the
temperature. More extensive computations, such as
Monte Carlo simulations, ' might lead to a more accurate
treatment of thermal excitations in the solid. Further ex-
perimental work might investigate the transition region
more fully at smaller values of misfit.

The smallest atomic separations in the calculated UIC
lattices, in the center of the domain walls, are smaller
than the nearest-neighbor spacings in the corresponding
zero-pressure 3D solids. This suggests a need to include
3D motions into refined models of the UIC monolayer.

This work has not established the stability of the UIC
monolayer relative to modulated triangular incommensu-
rate lattices. The extent to which the effective interaction
models treat the UIC solid should encourage the applica-
tion of such models to other monolayer phases of
Xe/Pt(111). An important extension of the calculations
would be to identify what features of the interactions
make the UIC phase of Xe/Pt(111) stable over such a
large range of misfit.

A multiparameter interaction model for Xe/Pt(111)
analogous to that used for Xe/Ag(111) appears to be
lacking an important component of short-range repulsion
and leads to distinctly smaller length scales than the
effective interactions. The effects of adatom hybridiza-
tion with the substrate have not yet been incorporated
in the model.

The general level of agreement of the modeling and the
experimental data is an example of the ability to model
physisorption phenomena using the methods of statistical
mechanics.
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