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Effects on the structure of monolayer and submonolayer fluid nitrogen
films by the corrugation in the holding potential of nitrogen molecules

F. Y. Hansen
Department of Chemistry, Technical University of Denmark, IK 207 DTU, DK-2800, Lyngby, Denmark

(Received 14 November 2000; accepted 30 April 2001

Molecular dynamics simulations have been used to study the effects of the corrugation in the
holding potential of nitrogen molecules on the structure of fluid monolayer and submonolayer films
of the molecules on a solid substrate. Structures of monolayer and submonolayer fluid films of
nitrogen molecules adsorbed on graphite and on a model uncorrugated “smooth” graphite surface
are compared. For films on the “smooth” graphite surface the melting temperature is lowered by 7
K. Contrary to what is found for films on the corrugated surface, the simulations show that there is
a region of liquid—gas coexistence, demonstrating that this is a normal triple point system. A
discrepancy between calculated and experimental melting temperatures of submonolayer films was
traced to the intermolecular potentials. These have been tested by comparing molecular dynamics
simulations of isosteric heats of adsorption in fluid films with experimental measurements. The
establishment of the effects of the corrugation in the holding potential on the structure provides a
basis for the study of the effects on the dynamical excitations in the films20@L American
Institute of Physics.[DOI: 10.1063/1.1380372

I. INTRODUCTION surface is a normal triple-point system and this is also the
_case in the present simulation for “smooth” graphite. The
C_)ve_r4the past years, there have been several theoreticglcture of the fluid is modulated by the corrugation, so that
studies™ of the phyS|s.orpt|on of nitrogen molecules on the.the “rings” of a diffraction pattern on a smooth surface be-
basal planes of graphlte. The system has aIsp been studigd o “spotty rings” of a lattice fluid on the corrugated sur-
extensively by a variety of experimental techniqussch as ace
elastic and inelastic neutron scattering, x-ray scattering, calo- The recent theoretical investigations have primarily been

rimetry, and adsorption isotherms; it may therefore be CONpased on molecular dynami¢sID) and Monte CarlqMC)
s!dered as a *benchmark” case for d|atpm|c m(_)lecules phyFimulations of the monolayer and submonolayer systems. In
sisorbed on the basal planes of graphite and is according

suitable for detailed theoretical studies. Subsequent experfgne series of studieshe gorrugatlon in the holding potential
: ! i . 9 as been analyzed, and it was found that the commonly used
ments with electron diffractidiY and helium atofh® scatter-

. . . empirical potentid® underestimated the corrugation. The
ing for nitrogen physisorbed on metal surfaces have shown . . .
agreement with experiments was improved when the asym-

similarities with the graphite results and differences in the ) T . . :
occurrence of commensurate structures. Most of these stuanetrlc charge distribution in graphite was included in the
raction model.

. P . . te
ies are for solid films of nitrogen, but the recent extensiond” - .
9 Another series of studiéshave been focused on the

of quasielastic neutrdfl and helium atortt scattering ex- , DU :
periments may make it possible to obtain data for the dynamr_neltmg transition in monolayer and submonolayer films. It

ics of the fluid phases as well. was shown that the melting mechanism in monolayer films
In another papéf we present detailed studies and pre_and _submonc_)l_aye_r f|Ims is quite different. In th_e former, the
dictions of how the corrugation in the potential influences theMelting transition is initiated by molecules moving up to the
dynamic excitations in fluid films of nitrogen including S€cond layer thereby creating space in the first layer for the
translational and rotational diffusive motions and the possifransiational order to break down, while in submonolayer
bilities of observing these by quasielastic neutron scatterin§lms vacancies move in from the edge regions of the film.
and helium atom scattering. As a basis for such studies anfihe activation energies associated with these processes are
for the validation of the predictions, it is important to estab-quite different, hence the large difference in melting tem-
lish how our model of the system describes the structure operatures between monolayer and submonolayer films.
the system and in particular how the corrugation influences In monolayer films, the melting temperature is mainly
the structure. That is the purpose of this paper. determined by the average holding potential, and the good
A systematic study of the fluid phase also has a broadefgreement between calculated and experimental melting
interest. The Ngraphite system is an incipient triple-point temperature indicates that the representation of that part of
system'? in which the corrugation of the holding potential the potential is fairly good.
apparently causes the triple-point temperature to be higher In submonolayer films, a rather large discrepancy was
than the critical temperature of gas—liquid coexistencefound between calculated and experimental melting tempera-
Simulations of N/Ag(111) showetf that N, on a smooth ture. The calculations gave a melting temperature-84 K
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as compared to the experimental melting temperature4¥  quite long to ensure a proper equilibration and typically in
K. Based on our understanding of the submonolayer meltinghe range of 1500—2000 ps; other systems are typically
mechanism, the origin of this discrepancy should be soughtropagated for=800—1000 ps. The organization of the paper
in the lateral part of the holding potential and in the intermo-is as follows: In Sec. Il the effect of the corrugation in the
lecular potentials. The former was checked by simulation$iolding potential on the structure of the fluid is discussed,
and inelastic neutron scattering measurements as mentionattluding a discussion of the incipient triple point system; in
above® The intermolecular interactions are in our model Sec. Ill, we describe the calculations of the isosteric heat of
made up of three contribution&a) a Lennard-Jones atom— adsorption and compare the results to the experimental re-
atom contribution;(b) a molecular quadrupole—quadrupole sults. Section IV has some concluding remarks.

interaction; and(c) the McLachlan mediation of the inter-
atomic interactions due to the polarizability of the electrons
in the graphite substrate. The former two interactions arél' STRUCTURE OF THE FLUID FILMS
based on models for a nitrogen solid and fluid, and the latteA. Incipient triple point system

is based on a perturbation treatment by McLachfamhe
McLachlan interaction enern_:ﬂ;}:i"j"CL between adsorbed atoms
i andj is given by

The melting temperature of submonolayeydiaphite is
nearly constant over a wide range of intermediate
coverage¥ aroundp=7/14, wherep=1 for a perfect com-

cs1 mensurate monolayer. To parallel this, our most detailed de-
E¥°L=m termination of the melting temperature on the model uncor-

e rugated, “smooth” graphite surface is for the=7/14 film.

4 (r,-ZJrriZ—zIay)2 (r,-z—riz)2 Cx2 As in previous worlké we calculated the intermolecular po-

3 R2 RiZj RE ) tential energy and thél,1) structure factor as a function of

V] ] temperature and took the melting temperature to be the tem-
with CS1=5.7898<10* KA® and (CS2=2.9468 perature at the inflection points of those curves. However, in
x 10" KAS8 i’ is the image of atom in a mirror plane the calculations of the submonolayer on the “smooth”
parallel to the surface and shifteday/2 outwards, where graphite we could not use th&,1) structure factor directly,
zlay=3.37 A is the distance between the basal planes isince the patch rotated slightly on the substrate. On a corru-
graphite.R;; and R;/; are the distances between adsorbedgated surface, the patch is locked in and does not rotate.
atomsi andj and between’, the image of aton, andj. r;, Instead we used the spherical-averaged structure factor,
andr;, are thez coordinates of atomgandi. For atoms at which is unaffected by a slight rotation of the patch on the
the same distance from the surface this term weakens trgurface.
intermolecular interactions. Good agreement with the experi- ~ An inflection point is evident at~27 K in Fig. 1a),
mental melting point was found, if the McLachlan term wasalthough it is not as prominent as in the corrugated-surface
reduced from being-15% of the intermolecular potential to simulations. The height of the maj@t,1) diffraction peak in
only a few percent. An important parameter in the expressioithe spherical-averaged structure factor, shown in Fb), 1
for the McLachlan mediation term is the position of the mir- also has an inflection point at27 K. This value for the
ror plane for the image charges in graphite with respect tanelting temperature of the submonolayer is close to the
the physical surface. It has to be changed quite drasticallyange 27.5—-30 K for the triple-point temperature’$dty
from the commonly accepted position which is half the dis-using the criterion of the onset of a van der Waals loop at
tance between basal planes outside the physical surface. Atearly zero pressure. The melting temperature is 7 K lower
ternatively, one could imagine that a term in the intermolecuthan the 34 K calculated with the same molecular interac-
lar potential is missing, which could offset the contribution tions(denoted X1M on the corrugated graphite surface. This
from the mediation term. Another independent check of thds consistent with the submonolayer mechanism of melting,
intermolecular potentials is offered by the isosteric heat ofwhere vacancies move into the patch from the edge regions,
adsorption which has been determined experimentally for theo the melting point is determined by the lateral interactions
fluid phase at 79.3 K/ and is exploited in this paper. in the film. At all submonolayer coverages considered here,

The interaction model and the isothermal constrainedhe melting point dropped by 7 K with a model uncorrugated
dynamics algorithm are the same as in our previougraphite surface compared to the ordinary graphite surface.
papers'® The submonolayer patches are in the form of  The agreement between the melting temperature on the
stripes as described in Ref. 3. A complete monolayer has 22%4mooth” surface forp=7/14 and the triple-point tempera-
molecules in the simulation cell and the densities are giverure determinetf for a homogeneous cell of 224 molecules
as fractions(e.g., p=7/14) of a commensurate monolayer shows that finite-size effects are still small for the 112-
density p=1 for graphite, 0.0636 A In the simulation of molecular computational cell. However the 22 K melting
systems at and near monolayer completion, promotion ofemperature fop=3/14 on the smooth surface, with 48 mol-
molecules from the first layer to the second layer and to thecules in the cell, is distinctly lower and shows finite-size
3D gas phase becomes important. To ensure equilibratiorffects.
molecules in the 3D gas phase are reflected elastically when Based on Landau free energy calculatibhi,has been
they reach a distance of 12 A from the surface. At that dissuggested that the nitrogen—graphite system is a so-called
tance the interactions between molecule and substrate aimcipient triple point system, where the triple point tempera-
practical zero. The propagation times for these systems atere has been shifted upwards thanks to the corrugation, so it
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=100 preermy e e e i s spread out over the entire surface contrary to what was seen
/ for the smooth surface system. The obvious large fluctuations
Va in the density indicate that we are close to the critical point.
Already at 40 K, the fluctuations are much less pronounced.
Another striking example of a self-bound liquid state is
shown in the trajectory plot Fig.(8 for average coverage
p=3/14 on the “smooth” graphite surface at 25 K, 3 K
—200 L ] above its melting point. In Fig.(B) is shown the trajectory
plot for the same system on a corrugated surface at 30 K, 1 K
above the melting temperature, and it is seen that the patch
breaks up. The fluctuations are so pronounced here that there
—-250 8 even are solid like regions in the patch.
T, We have constructed trajectory plots fer3/14, 7/14,
0 10 20 30 40 50 60 70 and 10/14 on the smooth surface at 30, 35, and 40 K. For all
T(K) three densities, the trajectories indicate a self-bound liquid
state at 30 K and uniform gas at 40 K, while 35 K is an
700 reeeens _— N — N S intermediate case with complex clustering. On this basis, we
estimate the critical temperature for gas—liquid coexistence
] is near 35 K2°
600 [ ] Another diagnostics we have used is a calculation of the
' pair distribution functiorg(r). In the simulation the average
number of moleculea(r) at a distance from a molecule is
monitored. The data are binned into bins of width The
relation betweem(r) andg(r) is given by

—150 | s

Intermolecular energy(K)

500 | E

400
3 n(r)=2mrg(r)poor, 2

300 E wherep, is the average density, that is the number of mol-
ecules in the simulation box divided by its area. Clearly, if
. ‘ ' . . . ] the molecules form a dense liquid patch, with only a few
2000 10 20 30 40 50 80 70 molecules in the 2D gas phase, then fhgnormalization
will only be ~ half the density in the liquid phase for a
(b) T(K) system withp=0.5. On this basis we should expect that the
FIG. 1. Determination of the melting temperature for tge7/14 film on a limiting value of g(r) at large distances will appro?‘Ch the
model uncorrugated graphite surfa¢al The intermolecular potential en- Value of 2 rather than the usual value of 1. In practice, how-
ergy per molecule as function of temperatui®. The intensity of the major  ever, edge effects obscure that picture. IAgs increased,
(1, peak in the spherical averaged structure factor. there will be molecules in fewer and fewer directions around
a given molecule. In most directions there will be empty
space from the free area between patches inyitieection.
is higher than the critical temperature. The effect of the corSo one should expectg(r) function which will be larger at
rugation is simply to extend the temperature region of thdantermediate distances due to the effectively higher density in
solid phase. When the film finally melts, a fluid phase isthe liquid phase, but then becomes smaller as more and more
formed, where the molecules are distributed over the availfree space will be included in the calculation resulting in a
able surface rather than forming a dense self-bound liquidimiting value which eventually may be smaller than 1.
phase in equilibrium with a 2D gas phase. This propositionThese features may be seen in Figa)4 where we have
has been tested in the simulations. plotted theg(r) function at different temperatures out to 20
In Fig. 2a) is seen a 200 ps trajectory plot for the0.5 A for the p=7/14 system on a smooth surface. The data
monolayer system on a model uncorrugated graphite surfaceeems indeed to be significantly larger at 30 K than at the
at 30 K, just 3 K above the melting temperature and 4 Kother temperatures above the critical point. This supports the
below the melting temperature on a corrugated surface. Theonclusion that it is a normal triple point system, when the
center-of-mass positions of the nitrogen molecules have beaorrugation in the holding potential is eliminated. As a com-
plotted every 4.5 ps and the positions have been connectqzhrison, we have shown the results for the corrugated surface
by straight lines. The lines do therefore not represent truén Fig. 4(b), where the effect of the normalization is smaller
trajectories. In a normal triple point system, we should seas expected since the fluid phase fills the entire simulation
the patch being disordered but holding together with a fewbox.
trajectories extending into the 2D gas phase. The figure Based on the discussion above, the pair distribution
clearly shows that the patch holds together and that it igunction is not a good diagnostics for distinguishing between
disordered. For comparison we have shown in Fip) he  a fluid system and a two phase liquid/2D gas system. At
results for a film on a corrugated surface at 35 K, just 1 Khigher coverages, the difference in density also becomes
above the melting point. Here we see that the molecules argmaller such that it is impossible to distinguish between the

Height of Bragg peak
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FIG. 2. Trajectory plots of the=0.5 film on a model
uncorrugated graphite surface and a corrugated graphite
surface. The dots forming a hexagonal pattern show the
carbon atom positions in the graphite) Model uncor-
rugated graphite surface at 30 &K above the melting
temperature(b) Corrugated graphite surface at 35 K,
just 1 K above the melting temperature.

two types of phases; on the other hand, trajectory plots are 2
very useful at smaller coverages as demonstrated in Fay. 3 S(q)= < > , (3

In summary, systems at low coverages should be used to
test whether the system is a normal triple point system or an ) - ) ]
incipient triple point system. In our simulations we have WhereR, is the position vector of ator in the jth mol-
found evidence for the prediction that the/raphite system €cule andq is the wave vector; the average is taken over a
indeed is an incipient triple point system caused by the cor200 ps time sequence. This is an idealized version of a LEED
rugation in the holding potential, and when the corrugation iattern of an adlayer on a single crystal surface. The trans-

removed, it becomes a normal triple point system. lational order of a crystal is manifested as a spot pattern in
the intensity while the fluid has a series of rings. Three ex-

amples ofS(q) for the p=10/14 average coverage are shown
in Fig. 5. In(a) for the corrugated surface at 35 K, there are
intense spots at the locations of the six 1.70!Aeciprocal

In order to make connection to possible experimentalattice vectors of the commensurate solid, only slightly
observations of the fluid film surface, we have determinedsmeared in the azimuthal angle, and a weak ring of intensity.
the 2D structure factor of the fluid films at various coveragesThere also are four intense,¥pots at~(+2.6,-1.5 A%,
as a function of the temperature. The structure factor is prowhich are positions of the 2.95 & graphite reciprocal lat-
portional to the intensity in a scattering experiment and giveriice vectors. The combination of a ring and a spot pattern
by the expression, shows the strong influence of the corrugafioon the struc-

N 2
121 Zl explig-Rj,)

B. 2D structure factor of the fluid films
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30

FIG. 3. Trajectory plots of the=3/14 film on a model
uncorrugated graphite surface and a corrugated graphite
surface. The dots forming a hexagonal pattern show the
carbon atom positions in the graphite) Model uncor-
rugated graphite surface at 25 &K above the melting
temperature(b) Corrugated graphite surface at 35 K, 3

K above the melting temperature.

(a)

_30'.1 L -l . | . . L

-40 -30 -20 -10 0 10 30 40
() X(A)
ture of the fluid, and this state merits the descriptiattice In summary, we have found that the effect of the corru-

fluid. At 40 K, the six inner spots are strongly smeared in thegation on the structure of the fluid persists up to a tempera-

azimuthal angle, but there is still significant intensity at theture of about 60 K, that is 30 K above the melting point or

four outer spots. Inb) for 65 K, the pattern is primarily a twice the barrier height of 30 KRef. 18 in the corrugation

ring with scarcely any modulation visible but weak spotsof the holding potential.

remain at the positions of the graphite reciprocal lattice vec-

tors. In.fact the ring pattern ifb) is very similar to that Il ISOSTERIC HEAT OF ADSORPTION

shown in(c) for the same average coverage on the smooth

surface at 30 K3 K above its melting temperatyre There still are not conclusive tests of the interaction
The patterns are similar fgs=7/14, where again some models for N/graphite. The calculated melting temperature

modulation is evident for the corrugated-substrate case at 16f the submonolayer commensurate solitvisry sensitive to

K above the melting temperature. The radius of the first ringhe inclusion or omission of the McLachlan approximatfon

in the S(q) pattern depends only weakly on the density, asto the substrate-mediated interaction. The McLachlan term

expected for a pair correlation function with a nearest-contributes approximately 15% of the lateral cohesive en-

neighbor peak determined mainly by the length scale of thergy, and when it is included in the model the melting tem-

intermolecular potential, rather than by the average densityerature is 34 K rather than the observed 47 K. Thus we seek

With an uncertainty of+0.05 A™! set by the grids of the measures of the cohesive energy of the monolayer accurate

computation, the first ring on the smooth surfacedet7/14  to better than 10%. This is known to be a challenging task as

occurs atg=1.50 A™! and forp=10/14 atq=1.55 AL, the most direct measures available for the monolayer cohe-
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a(n u)) )
.

dst™ hg_ ( an

using the molar internal energyof the adsorbed molecules
and the molar enthalpi, of the coexisting 3D gas. They
may be written as

g(R)

U= Uint Upqt,

(6)
hg: ukin"’ pV: ukin+ RT,

where we have split the internal enengynto a kinetic,uy;,,

and potential energyj,, part and assumed the gas phase to
be ideal. In the classical approximation the kinetic energies
per mole are equal in the 3D gas and the adsorbed phase, so

(a) that g is given simply in terms of the potential energy as
function of coverage,
I(N(Ugin+ Upot))
Qo= U+ RT— | ——— =
J J(O 0
:RT_(M> :RT_(<_g)poa) _
. | J N

ei/

o That is, the isosteric heat of adsorption per molecule may be
found from the molecular potential energy, when it has been
determined as a function of coverage at the relevant tempera-
ture. The slope of the isosteric heat is given in terms of the
2D isothermal bulk moduluB+ by

90st 1 { 9Bt
— =— —=|B—T— |. (8)
2 T
(0) an |, n aT |,

FIG. 4. The pair distribution functiong(r) for the p=0.5 fluid film at 1 nis form exhibits the relation of the slope to the monolayer
different temperatures. The function is normalized to the overall averagequation of state and demonstrates that different features are
density.(2) On a model uncorrugated graphite surfa@s.On a corrugated  probed at high and low coverage. The negative slope at high
graphite surface. coverage indicates the slope is dominated by Bheterm,
while the positive slope at low coverage is set by thsual

sive energy are based on determining the 2D heat of Sub“c_:ase) positive temperature derivative of the second virial co-

mation by helium atom scatterifigand the values are rarely effic_irehr;t. experimental data are reproduced in Fia. 6. The
given to better than 15%. P P 9- ©

The measurements of Piperal X’ of the heat of adsorp- large values ofyg at the lowest coverages are attributed to

tion of N, on Grafoil at 79.3 K as a function of coverage some heterogeneity in the energy of the adsorption sites of

. . : . '~ the Grafoill” One set of data shows a sharp feature near
provide a basis for checking the intermolecular potentlalsmOnola er completion. a sianature of the transition from a
used in the simulations. They have reported both the isosteric Y b ' 9

heat of adsorption and integral heat of adsorption as a fun(%wg'edr:?ggziosnoﬁ! dﬂuﬁisztafbcfoeamz)engclls;e:aarﬁéém\/ﬁe?;gboth
tion of coverage in the range of 0.02—1.3 monolayers. : ! 1a p ' v Y pet

The molar isosteric heat of adsorptiony, may like sets of data approach the ordinary heat of vaporization for

heats of vaporization be determined from vapor pressureNZ' The nearly linear part in the intermediate range of cov-

measurements by a Claussius—Clapeyron-type equation, erages ref.lects the mtermo'lecular mterachon; in the system.
Extrapolation of the isosteric heat of adsorption to zero cov-

_ dinp erage gives the adsorption energy of a single molecule. This
Qst= — 1 ' (4) extrapolation is somewhat uncertain due to the heterogeneity
(7? at small coverages. The authors extrapolate to a value of

0

1250 K at zero coverage; this seems to be based on a tangent
wherep is the vapor pressure in the 3D gdsjs the tem-  to the curve at a coverage sf0.18 which still seems to be in
perature, and the coverage is the 2D number density  a range where the heterogeneity affects the curve. The slope
measured in units of a commensuratggkaphite monolayer: of the tangent at this coverage 46199 K. If the extrapola-
®=n/0.0636 A2 By some standard thermodynamical ma-tion is based on a tangent to the curve at a coverage of
nipulations one may derive an alternative expressiomfgr  p=0.5, then the isosteric heat of adsorption at zero coverage
which is more convenient in a simulation, is 1203 K and the slope of the tangent is 379 K. This shows
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FIG. 5. The 2D structure factor for the=10/14 fluid.(a) Corrugated graph-
ite surface at 35 K(b) Corrugated surface at 65 Kc) Model uncorrugated
graphite surface at 30 K.

FIG. 6. (a) Plot of the experimental isosteric heat data by Pigteal. (Ref.
17) as a function of coverage in units of monolayer coverage. The symbols
denote two independent series of measurements and the lines are drawn as a
guide for the eye. Note that th® variable used in the experimental work is
that the determination of the S|0pe from the experimenta|dentical to thep variable used in this papeb) Plots of calculated configu-
data is quite uncertain which is unfortunate, since we nee&ational potential energy for a molecule and the isosteric heat of adsorption

. ' . with the McLachlan term includedc) Plots of the configurational potential
the slope to test the model for the intermolecular interac

' ‘energy for a molecule and the isosteric heat of adsorption without the
tions. McLachlan term.
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TABLE |. Comparison between experimental and calculated isosteric heats 210 T — T
of adsorption for nitrogen molecules adsorbed on the basal plane of graph- Cf’l”;g:;ﬁg;igémge »bZ:ng.oSn KA; points
ite. (1:)\ 208 - — Accumulated average E
o
Experiment Simulation ~ 206 L
)
Tangent  Tangent With surface No surface 2
at®=0.18 at®@=05  Fif mediation  mediatich = 204
<
dslo (K) 1251 1202 120825 1145 1145 ; 202
Slope (K) 199 379 37525 327 394 o
Position of 8 200
maximum 0=0.76 0=0.8 K
: ; : O 198
4 inear fit to the data of Pipest al. (Ref. 17 by Talbotet al. (Ref. 22. =
bTalbot et al. (Ref. 22 report values 1195 K and 390 K for a very similar 196 , ) ‘

model.
‘Note that the® variable in the table is the same @sariable in this paper. 0 50 100 150 200

Time(ps)

—_—
QO
~

—— T — T T -
Coverage: 0.928. T=79.3 K.

Running average based on 4 points

10F -- Accumulcoted average E

The simulation results are shown in Figgbpand Gc).
Both the average molecular potential enengy,; and the
isosteric heat of adsorptiogy; are shown as functions of
coverage. The simulation data fog, were fitted to a poly-
nomial of the form,

layer and gas

Upo= a0+ a0 +a130%, 9)
andqg (in Kelvin) was then calculated from
qSt: 79.3— (a0+ 2al® + 14313@) 13) . (10)

The coverage-dependeqf; has been calculated for models
with and without the McLachlan term in the intermolecular ok . . ! ]
potential. The results are very similar to the experimental 0 50 100 150 200
data except for the apparent heterogeneity effects at low cov- (b)
erages and the sharp feature associated with monolayer so-
lidification. The calculatedy, is linear in coverage over a 2
wide range, which enables a precise determination of the
slope—2a; and the intercept 79-3a, at zero coverage. The
results of the fits to the simulation data are given in Table I.
The entries forgy|, agree to within 10%. Since the
lateral-average component of the holding potential model is
based on an empirical construction which could be fine-
tuned to get even closer agreement, and the monolayer simu-
lations have not proven to be sensitive to this part, we do not
discuss it further. The considerable uncertainty in the experi-
mental determination of the slope limits the conclusiveness
of tests of the model of the lateral interaction. The slope
fitted at®=0.5 lies between the results for the model with 0
and without the McLachlan term. In terms of the overall fit 0 100 150 200
by Talbotet al,? the slope without the McLachlan term is © Time(ps)
just within the assigned uncertainty while that with the
McLachlan term lies at the two-standard-deviation limit. FIG. 7. Distribution of molecules over the first layer, the second layer, and
; ; ; . ~the 3D gas phase in a simulation of the13/14 film. The total number of
This . 9°m%a”son and anaIySI.S qf gas—surfac_e .Vmalmoleculges ir?the simulation is 206a) Turj:e number of molecules in the first
coefficient$® confirm that adsorption-induced modifications layer on the substratéb) The number of molecules in the second laye.
of the intermolecular potential indeed should be included in ahe number of molecules in the 3D gas phase.
realistic model of the interaction. In the simulations, the
McLachlan term constitutes about 15% of the total intermo-
lecular potential energy. Interpolating between the model en- The position of the maximum in the experimental data
tries in Table | suggests that scaling it down by a factor of 3and in the simulations agree rather well according to Table I,
would lead to a very good fit of the isosteric heat data. Thisand the simulations have shown that molecules are being
also would do much to improve the agreement of the calcupromoted to a second layer or the 3D gas phase at this maxi-
lated melting temperature with experiment for submonolayemum. This phenomenon has been investigated in long simu-
N,/graphite. lations. Molecules at a distance of 0—6 A from the surface

in 2.
.

Mol.

Time(ps)

T T T T T

Coverage: 0.928. T=79.3 K.
—— Running average based on 4 points
- — Accumuloted average

Molecules in 3D gas
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are defined to be in the first layer, molecules at a distancebtain a better representation of the corrugation in the hold-
between 6 and 8 A in the second layer and molecules abovieg potential. At this point we are unable to decide between
8 A in the 3D gas phase. In order to establish equilibriumthe two possibilities.
between adsorbed molecules and molecules in the 3D gas The corrugation in the holding potential induces some
phase, all molecules are reflected elastically at a ceiling 12 Aexagonal structure in the fluid, not seen in films on a model
above the surface and sent back towards the surface. At thahcorrugated graphite surface, at temperatures as high as 60
distance the interaction between molecule and substrate s, ~30 K above the melting point and about twice the height
practically zero. An example of the distribution of moleculesof the potential barrier in the corrugation.
between the three regions is shown in Fig. 7 fqy=al3/14 It has been demonstrated that this model of the system
(p=0.928 monolayer film. At monolayer completion there has the feature that it is transformed from being an incipient
are 224 molecules so at this coverage there will be 208 molkiple point system to a normal triple point system, when the
ecules. In the figures we have shown the time variation of theorrugation in the holding potential is removed.
populations over a 200 ps time span after the system has
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