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Molecular diffusion in monolayer and submonolayer nitrogen
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The orientational and translational motions in a monolayer fluid of physisorbed molecular nitrogen are
treated using molecular dynamics simulations. Dynamical response functions and several approximations to
the coefficient of translational diffusion are determined for adsorption on the basal plane surface of graphite
and on a fictitious uncorrugated graphite surface. The rotational diffusion constants in the plastic crystal and in
the fluid phase are calculated. The possibility of observing these phenomena with quasielastic scattering
experiments is discussed. The wave vector range is determined where the ballistic approximation to the
translational molecular self-correlation function is accurate.
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I. INTRODUCTION ence the diffusivelike motions. While the correlation func-
tions for incoherent scattering are analyzed to give effective
Although most of the data for monolayers of moleculardiffusion constants for 3D fluidS we find that the corre-
nitrogert— are for solids, the recent extensions of quasielassponding analysis for the monolayer fluid is much less satis-
tic neutrori~® and helium atorscattering experiments raise factory. Finally, we demonstrate how the single-molecule
the prospect that data on the dynamics of the fluid phasegiffusive motion may be accessed despite thenbnolayer
may become available. Here, we characterize the diffusivgeing primarily a coherent-scattering system.
motions in monolayer M fluids using molecular dynamics ~ The molecule-molecule interaction is the same as that in
simulations and explore how these motions are reflected ifecent work on the monolayer solids of, l‘graphité4 and
the correlation functions for inelastic scattering. We take adclose to that for N/Ag(111)® Two models of the
vantage of the detail with which fluids of this relatively molecule-substrate interaction, graphite with and without
simple diatomic molecule may be modeled, but the methodgorrugation, are used to explore what may be observed for a
of analysis apply also to disordered monolayer phases Gfariety of substrates. The substrate is taken to be static. Ellis
more complex molecules. The dynamics of monolayer mogt g1.°in a QHAS study of low-density Xe/Pt11), modeled
tions are complicated enough that simulation results arghe damping of adatom motions with a Brownian friction
likely to be useful in the analysis of data for monolayer mo-arising from the substrate and found scarcely any effect in
lecular fluids. _ , , the linewidth for a damping coefficient of 0.25 s Since
Rotational diffusion in the plastic two-dimension@D)  the damping coefficient for Ngraphite is estimatéfito be
N, crystal is also treated. Although it has not been measuregh the range 2—4 nd, their simulations give support to the
for monolayer N, related experiments were performed for yse of the static-substrate approximation in the present work.
monolayer CH.'® The analysis of rotational diffusion here  The organization of this paper is as follows. The models
has application to the modeling of related phenomena arisingnq the methods of calculation are summarized in Sec. II.
in experiments on more complex fluidls. Results for the diffusion constants, the velocity autocorrela-
Quasielastic neutron scatterinNS) from adsorbed  tjon function, rotational diffusion, and the incoherent scatter-
films has thus far been performed on hydrogenous materialgsg function are presented in Sec. Ill. Section IV presents an
exploiting the large incoherent cross section of hydrogen. Ijynalysis of possible quasielastic scattering measurements on
contrast, low-energy neutron scattering froffN is domi-  the finite-density fluid. Section V has some concluding re-

nated by the coherent cross section. Quasielastic heliugharks. Supplementary material has been deposited in the
atom scatteringQHAS) has concentrated on low-coverage gpapPS archivé’

fluids where the self-terms dominate and simplify the analy-
sis. The fluid N monolayer has orientational disorder and

strong positional correlations, and there is a problem of de- Il METHODS
convoluting these processes both of which contribute to the '
coherent scattering. There were suggestibtighat the ori- The N,-N, interaction, denoted X1M and defined in detail

entational disorder in a fluid phase might enable the meain a recent pape¥ consists of atom-atom terms, electrostatic

surement of diffusion by inelastic scattering even for a co-interactions, and the McLachlan substrate-mediated interac-

herent scatterer. However, we find for the idonolayer that  tion. The N-substrate potential is the,Mjraphite potential

this occurs for such large wave vectors that the center-ofused there, in the corrugated-surface case, and is the lateral

mass response function is determined by short-time ballistiaverage of that in the smooth-surface case.

motion rather than by diffusive motion. Initially, the submonolayer patches are in the form of
There are long-time tails in the velocity autocorrelationstripes, as described in Ref. 18. A complete monolayer has

functions of the N monolayer fluid, and they strongly influ- 224 molecules in the cell and the densities are given as frac-

0163-1829/2001/64)/0454137)/$20.00 64 045413-1 ©2001 The American Physical Society



F. Y. HANSEN AND L. W. BRUCH PHYSICAL REVIEW B64 045413

TABLE I. Tracer diffusion constant®;, in 10 cn? s 2, derived from mean-square displacements for
the corrugated and smooth graphite models at different covepagssg Eq.(3.1) and averaging over 150

ps.
Deff

Corrugated surface Smooth surface
T (K) p=23/14 p=T7114 p=10/14 p=1.0 p=23/14 p=T7/14 p=10/14
307 3.3 - - - 11.4 4.0 2.8
35 12.8 3.9 1.1 - 35.5 8.2 5.4
40 18.2 7.2 3.5 - 47.2 12.8 6.8
45 21.3 9.4 4.5 - 50.3 15.0 7.5
65 43.7 18.0 85 - 63.8 20.0 8.2
80 - - - 4.3 - - -

#0n the smooth surface, trajectory calculations show a self-bound liquid state at 30 K. For both the corru-

gated and smooth surfaces, trajectory calculations indicate fluid states with large density fluctuations at 35 K.
See Ref. 19.

tions (e.g., p="7/14) of a commensurate monolayer densityfitted values ofD in the present work are usuallythe
p=1 for graphite, 0.0636/A same to within 10% when averaging over 20 ps and over 150
The isothermal constrained dynamics algorithm has beeps for temperatures of 35—-65 K ang=3/14—-10/14. The
described previousl: The basic time series for evaluating values for the corrugated and smooth cases are listed in
correlation functions is 200 ps long and averaging begingable I. As expected, the diffusion constants in both cases
after long equilibration runs, typically ca.800-1000 ps.decrease as coverage increases. At a given coverage, the dif-
Whether the monolayer is a solid, self-bound liquid, or ho-ference between diffusion constants in the two cases narrows
mogeneous fluid is determined by reviewing the configurawith increasing temperature. This is most pronounced for the
tions in trajectory calculation’S. Most of the states treated in p=10/14 density, as increase of density and of temperature
this paper are homogeneous fluids. both reduce the relative importance of the corrugation.
Although the dynamical functions may depend on the ori- \We examined plots of B versus 1T for three iso-
entation of the wave vectors the calculated dependence in chores, shown in Ref. 17, for evidence of thermally activated
these fluid phases is smaller than the fluctuations in timeprocesses in the data of Table I. There are approximately
correlation functions and their Fourier transforms. Thereforestraight lines for the corrugated-surface case with slopes cor-
the production runs are based on 2D circular averagep of 'esponding to an activation energy in the range 92-96 K.
(in-plane average This procedure reduces the numerical The potential energy barrier to,Nmotion on the corrugated
noise in the averaging and, for the smooth surface, reducéaphite surface € 30 K, so the 95 K activation energy
an artificial anisotropy introduced by the shape of the simuMmust include effects of the NN, interactions in transient

lation cell. clusters. The D vs LT slopes for the smooth-surface
case are much smaller, and the activation energy, if any, is
Il DYNAMICS smaller than 45 K for the temperature range 40—-65 K.
' Another determination of the diffusion constant is based
A. Translational diffusion on evaluation of the incoherent intermediate scattering func-

The long-time limit of thermal motions in a monolayer tion Fic(q,t) for the center-of-mass coordinate and its Fou-
fluid shows a striking persistence of velocity correlatihs. rier transform, the incoherent dynamic structure factor
However, it has been possible to extract translational diffuS,(q,w):
sion constants from simulation databecause there are
ranges of time for which the mean-square displacement in- . 1 N R .
creases linearly with time and ranges of wave vector for Fi(d, )= > (exd1g-{R()—R;(0)}]); (3.2
which the single-particle dynamic structure factor is approxi- I=1
mately a Lorentzian in frequency.

In such ranges of “long time,” the mean-square displace-
ment of the molecular centers of ma§§ is related to the
tracer diffusion constant B%

- 1 -
Sic(9,0)= ﬂf Fie(q,t)e”''dt. (3.3

To the extent that long-wavelength density fluctuations are

1 N governed by a diffusion approximation, the corresponding
Dey=lim 7 > ([Ri(H)—R;(0)]?). (3.1) incoherent response function has a Lorentzian shape:
t—oo =1
2
Although this .de_finitio_n is difficult to injple.ment for.a dense Sic(ﬁ,w) - E D'—q lim g— 0. (3.4)
monolayer fluid in which layer promotion is occurrifitthe T w?+(D;g?)?
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FIG. 1. The HWHM of the incoherent scattering functi8p for
the p=7/14 fluid at 45 K for the smooth surface, as obtained from
Lorentzian and Gaussian fits and from the diffusion consiagt
fitted to the mean-square displacement. The latter approximatio
only becomes accurate for<0.25 A~

FIG. 2. The Gaussian widtHi&eWHM), shown as the deviation
in percent from the ballistic width, determined frdBy for several
fluid densities at 45 K as a function of wave vector. Open symbols
Bre for the smooth surface and filled symbols for the corrugated
surface.

Equation(3.4) applies to the translational mation in the fluid.
The effective diffusion constarid; is determined by fitting
the half width at half maximunfHWHM) of the incoherent

pected trends.

scattering function and depends on the wave vegtor . . .
g P et For Fig. 1, the Lorentzian shape fig&, at q=0.5A"!

On the other hand, for very largg only the ballistic, o e ) _
nearly free, motion at small times is significant. Then the Iinewe”' but theD; =8.4x10"° cnf/s is 40% less than the gy

shape of the scattering function is Gaussian and givéh by derived from the mean-square displacements. Evem at
=0.25A"1, the D;=12x10 %cn?/s is 20% smaller than

Des. Similarly, the Lorentzian fit ag=0.5A"1 for the p
=10/14, T=45 K smooth-surface case givedD;
=5.2x10 ° cnm?/s, 30% smaller than the corresponding
De- That is, none of these cases is truly in the O limit to
which D¢ applies.
The approach to the ballistic limit for low-density Xe/
5 ,KeT Pt(111) was studied in experiments and calculations by Ellis
Afheo= 24 ™ (3.6 et al® For Xe/Pt111), the ballistic approximation is already
accurate at 0.5A?, perhaps because that density is ogly
There is a steady evolution from the Lorentzian to the Gaussdf the lowest density bcase treated here.
ian shape foS. asq increases. For example, for the smooth
surface with p=7/14 and T=45 K at q=0.5A"1, the
Lorentzian shape is a much better fit than the Gaussian
shape, which has too little spectral strength in the wings. On The measures for the diffusion constant in Sec. lll A are
the other hand, afj=4.0 A~ the converse is true and the closely related to the autocorrelation function of the center-
Lorentzian shape has too much spectral strength in thef-mass velocity, which for componeunt, is defined by
wings. (These comparisons are shown in Ref.) IIhe line
shape foig>4 A1 is well fitted by a Gaussian function, Eq.
(3.5), and forq>5 A~ the width is within 10% of the free-
particle value given by Eq3.6). The transition from diffu-
sion to the ballistic limit is shown here for the 7/14 fluid at We use sucli(t) for another characterization of the dynam-
45 K in Fig. 1, where the HWHM calculated wild from  ics at severap andT. The case op=7/14 atT=40 K on
Table | is compared to the widths derived from fits to Lorent-the corrugated surface, shown in Ref. 17, is typical and has
zian and Gaussian shapes. While an interpolation betwedhree stages of decaga) at very small times, in the first 0.1
the two line shapes has been construttéar 3D fluids, the  ps, f(t) decreases quadratically with time to a value of 0.9;
corresponding generalized line shape did not fit the simulatb) at intermediate times, the next 0.5 ps, there is an approxi-
tion data for the 2D fluid. mately exponential decay to a value of about 0.1; é&rd
The Gaussian HWHM for several densities are shown irover the next few ps, there is a final slower decay.
Fig. 2 for both corrugated- and smooth-surface cases. The The parabolic variation in stag&) corresponds to the
free-particle approximation becomes accurate at smaller ballistic regime discussed f@& at Eq.(3.5. The parameter

for the lower densities, but the corrugation also reduces the
width significantly at the smalleg; both of these are ex-

Sel(0) = e p( “’2) 35
qw)=—F—exXp ——5— |, .
‘ 71'Atheor At2heor

where for a classical system of mas$ésn 2D

B. Velocity correlation functions

Fa()=(va(Dva(0))/(v4(0)%). (3.7)
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b in the variation exp{bt) in stage(b) is the friction coef- TABLE Il. Comparison of rotational diffusion time constants on
ficient in a Langevin equatidh and is used to define a dif- the corrugated surface. The time constarks-{) of exponential
fusion constant relaxation of the orientational self-correlation function in ps evalu-
ated at 1 A1 are listed.
Dvelexp: kgT/(Mb) (3.8
T (K) p=7I14 p=1.0
that is tabulated in Ref. 17 fgr=23/14, 7/14, and 10/14. In
each caseDejexp is smaller than thd . derived from the 25 - 9.8
mean-square displacement. This is a direct consequence 8 - 3.8
the persistence of the velocity correlations beyond the time45 0.9 -
expected from the Langevin-friction approximation and is a50 - 0.9

characteristic of 2D fluids. Thie-value pairs fop =3/14 and - -
7/14 scale with the density to about 10% in most of theaon the smooth surface pt=7/14, the time constant is 1.0 ps.

temperature and corrugation cases, in accord with the binar)@ith F.. defined in Eq(3.2). Equation(3.12) is satisfied to a
ic 2. )

collision approximation to kinetic theory.At a given tem- NI : ) .
bp i g good approximation in the simulations of the plastic phase of

peratureb increases ap increases, in accord with the antici- | lid and in th | fluid tosted f
pated faster decay and smaller diffusion constant at higheq1e mono ay,elr solid and In the monofayer fluid, as tested for
q=0.5-5A"1 and times up to 5 ps.

density. There is a sharp drop imfor the smooth-surface R o
case from 30 to 35 K that is correlated with a change from a Vque” n remains in the monolayer plan€;, has the
self-bound liquid filling only part of the cell to a homoge- form
neous fluid filling the cell. -

The very slow decay in stage) is referred to as “the _ 2 2
long-time tail” of the correlation functioR? Fitting f,(t) to Fi (0=[3o(Q)] +2k2=:1 [J(Q)]°Cy(t), (3.13
a form a/t gives a measure of the strength of the “tail”
although there is much scatter in plotsté{t). Thea value Ci(t)=(codk[&(t)— (0)]1}). (3.149

decreases as the density increases and is insensitive to te% : .
e circular average in Eq3.11) corresponds to random
perature except for the lowest temperatures where there are.

self-bound liquid patches for the smooth surface. Corrugaf[:’\\z"ﬁnUthal angleg(0) and was performed in the simulation
tion of the holding potential causes a great reductiora,of
but the relative effect in the time constanlbsis much

smaller.

0 enhance the stability of the averaging process. Jihare
cylindrical Bessel functions of argume®t=ql/2.

The monolayer fluid simulations forNshow Eq.(3.13) is
quite accurate. One test is to compare the long-time limit
_ L “t—o,” where the time-dependent terms in E(.13

C. Rotational diffusion have decayed to zero, [do(Q)]2. For thep=7/14 fluid on

Much of the monolayer phase diagram of physisorbed N the corrugated surface at 45 K, the simulation agrees with
consists of plastic solid and fluid states that are orientationthis to within 10% up toq~2.5A"! and the deviations are
ally disordered. The simulations enable quantitative characattributed to the increasing significance of out-of-plane fluc-
terizations of the dynamics of the orientational degree ofuations of the molecular axis @agncreases. A second test is

freedom of the molecule. that, for ranges ofy for which the J; term dominates the
The incoherent-atomic scattering functiég, for a rigid  sum, the decay time of the averaged is independent of.
diatomic molecule K,=2) is?’ This is confirmed by formingAF(q,t)=F;, (t)—F;, (=)

5 and showing that the ratidF(q,t)/AF(q,0) is nearly inde-

- - - - pendent ofg for times up to 3 ps and wave vectors up to

Fia(a,1)= Zl (exd1g-{rj()—rj(0})/Na, (39 2 A=1 A third test is based on scaling the Fourier transform
: of the time-dependent term in E¢3.13 for wave vectors

where the atomic positions are expressed in terms of the d=0.5—2.5A"%. The frequency shapes of the curves should
center-of-mass positioR, the internuclear distandeand the € (@nd arg identical when thé=1 term dominates, differ-

. . . - ing only by the scale factdrJ;(Q)]?. This scaling is illus-
orientation of the internuclear axisby trated for the monolayer solido&1) on graphite at 25 K

- - and 30 K in Ref. 17.
ri=Rx(l/2)n. (3.10 The fitted time constants of the exponential decay
Define a correlation functiofr;, that isolates the orienta- €XP(~Ut.) are listed in Table Il for they=7/14 monolayer
tional coordinate fluid at 45 K and for the commensurate monolayer selid
=1 at several temperatures. The orientational-disordering
F (6.0 =(exd11d-1h(t) —R(0)H/2]). 31 temperature calculat&tiwith the present model is 22 K so
(@0 =(exd1lg-{n(t)=n(0)}/2)) 319 that the 25 K entry presumably reflects a solid with long-
In many cases the center-of-mass and orientational motiorisved orientational fluctuations. The simulation captures the

are nearly decouplet};'? sequential nature of the disordering of the monolaygr N
. . R with rotational diffusion from orientational disorder in the
Fia(g,t)=Fi(q,t)F;, (q,t), (3.12 plastic crystal beginning before the onset of translational dif-
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fusion in the fluid. The, data in Table Il for the monolayer neutron cross sections and is given in terms of the Fourier
solid at temperatures up to 10 K above its orientational distransforms of Eqs(4.1) and(3.9) by
order transition have a strongdependence that might give
valuable information on this subtle transitibn. s(a,w):chca(q’,w)JrO-isia(ﬁ,w)_ 4.3
The values in Table Il for the monolayer fluid are in the
range found for other dense phases of disordered moleculeSinc€® o;/o,=0.045 for low-energy neutron scattering
Thek=1 orientational relaxation time for 3D liquid\at 66  from N, S(q,w) is dominated by the coherent-scattering
K is'? 0.7 ps and for a monolayer solid of GHyraphite at  term for most of theq range. In some circumstancdsthe
55 K is'° 0.8 ps. relative contribution of ther; term is enhanced by experi-
The function C,(t) has been evaluated in previous N ments at smalig. This does not seem to be a promising
simulations afjp=1 and temperatures overlapping the rangemethod of probing incoherent processes in the liguid,
treated here, although there are small differences in the irbecause the liquid structure factor of the submonolayer fluid
teraction models. The qualitative difference in behavior beremains quite appreciable at smallfor the temperatures
low and above the orientational disordering temperature wageated here.
demonstrated with simulations at 16 K and 40 K. At 40 K, However, there are special wave vectdoré whereF . is
fitting an exponential to th&=1 simulation data gives, dominated by the incoherent response described with
=1.5 ps. At 74 K, for what appears to be a monolayer fluid,because the form factor of the diatomic molecule vanishes
fitting the exponential to th&=1 simulation dat® gives and thus eliminates the contribution from the coherent
t,=0.35 ps. However, the decay time does not scalk’as center-of-mass scattering. To explore what may be learned
when thek=2 dat&® are treated and the main features ofwith quasielastic scattering from the, Khonolayer fluid, we
Ci(t) at 74 K appear to be represented better by free rotahave compared the simulation results for E41) to an ap-
tion, in analogy to the ballistic approximation for translation, proximate form using the incoherent response functions.
Eqg. (3.5. If the center-of-mass and orientational degrees of freedom
are statistically independent, as assumed in(Bd.2, and,
IV. QUASIELASTIC SCATTERING further, if the orientations of different molecules are not cor-
related, Eq(4.1) reduces to
The functions treated in Sec. Il are those where it is
simplest to identify and quantify diffusion in the calcula- F_(q t)=2(cogq- (1/2)n])2 F.{(q,t)+Fie(q,t)AF;, (q,1),
tions. However, most of the experimental methods use scat- (4.4
tering to measure the intermediate scattering function or the
dynamic structure factor. In this section we summarize calwhere, using circular averaging a@=ql/2,
culations done to identify wave vector ranges where the cen-

ter of mass and rotational correlation functions may be R ” 5
probed for a coherent-scattering target such as N AFiL(qat):4kZl [J2k(Q)]° Cak(t) (4.9
The coherent-atomic intermediate scattering functqp
for the diatomic molecular system is defined by and
- 1 . s s o V2= 2
Fed @)= —— > 3 (expliq-[Ri+p; .10} (coda-(112)n])"=[Jo(Q)1" (40

(NaNmoI) ha i’ o
L . We made extensive tests of the approximation for
xexp{—19-[Rj +pjr o 1(0)}), (4.3) S.(d,w) obtained by Fourier transformation of E@.4) for
many density and corrugation combinations. The5 A !
a,a’ sums over the two atomsl,=2, of a given molecule. CaS€ Of thep=7/14,T=45 K smooth-surface fluid is shown
. . - - in Fig. 3. There, as expected from the near vanishing of
The positions relative to the center-of-maB§ are p;,,= Jo(ql/2), the S, is well fitted by the term arising from the
= (l/2)n;. The corresponding function for the center-of- second term on the right-hand side of E414). The HWHM
mass degree of freedom is of 1.25 THz agrees with that obtained by convoluting the
L ballistic approximation toF,. with an exponential £
> 2 2 =0.53 ps) fit toAF;, over the first 1.0 ps(There is a
N ol 2 ]2 (exp{ia-Rj(O}exp{=1q-R; (0} e nonexponential decay dfF;, from 2 to 4 ps) In
(4.2 experiments, a fit tcSca(ﬁ,w) at suchqg might be used to
. . determine the rotational relaxation time There are marked
The Fourier transforms df, andF are denotede{(q,0)  changes in fitting the frequency dependenc&gfd, w) for
andS.(q, ), respectively. gq=4 and 6 A", which bracket thigj, as shown in Ref. 17.
The dynamic structure fact@ca(ﬁ,w) gives the coherent In the smallg range, the calculate8., is well fitted up to
response of the correlated system in inelastic scattering ext~2 A~ by the first term on the right-hand side, and the
periments. For neutron scattering, the total dynamic structureecond term is very smaif.Indeed, in calculations for the
factor has terms from the coherent.j and incoherentd;) commensurate monolayer solid, nearly identical values of

with j,j’ sums over the number of moleculbs,,=N and

Fcc(d)it):
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240 T e The time constants aree10% smaller than those obtained
2 T=45 K . sree from the Lorentzian fits t&; discussed in Sec. lll A, and the

2 osk 9=5.0 A ] deviation is larger at the largey This is quite encouraging
= ; oteoh (rotine—basel for using the shape of the coherent response function
g 06 v 2+baselrcmcoh Sca(ﬁ,w) at smallg to measure diffusion in the monolayer
571 E fluid. Future calculations might test how the accuracy of the
= Vineyard approximation changes with density.

o 0.4Ff 3

S 0.2 V. CONCLUSION

o . 3 . . .
S The mean-square displacements, velocity autocorrelation
2 50 functions, and incoherent scattering functions were calcu-

0 1 2 3 4 5 lated for the monolayer Nfluid. The diffusion constants on
the corrugated surface are smaller than those on the smooth
surface and reflect a thermally activated moti@nergy

FIG. 3. Comparison of simulation data for the coherent-atomic™ 95K) not evident in the latter. Much of the strength of the

dynamic structure factdB.,(g, ») to the transform of the product of :c/_elo(;:lt%/ au';}ocorrelatlon fulnc'_tlons (;S n t'(;ne ranges not ;vefll
the incoherent center-of-mass functibp, and AF(i,2). Results itte y the exponential ime dependence expected for

are shown for thep=7/14 smooth-surface fluid at 45 K af Langevin kinetics. The several measures of the center-of-
=5A"1, The planar rotor model predicts that the contribution of M@S$ translation are all strongly influenced by the persistence
Scc(d,w) should vanish aj=4.38 A%, Sec. IV. The filled dots of correlatlons(“long-tlme talls_”) of ZD fluids, eyen though
denote the values @&.,; the open triangles denote the results of thethe N, molecules in these simulations may tip out of the

Fourier transform of the produdt,. AF(i,£); the full triangles ad.?orggon plane and may desorb to a second-layer gas phase
or to gas.

At intermediate- and short-time scales, motions in the
monolayer fluid are qualitatively similar to those in 3D flu-
ids, with the Lorentzian and Gaussian shapes for spectral
functions expected for diffusive and ballistic motions, re-
spectively. However, for a wide range of wave vectors, the
the Brillouin-zone-center gap were derived from the atomicVidths of the spectral functions are not simply given by the
and the center-of-mass correlation functidhs. mean-square displacements either for diffusive motion or

The explicit forms in Eqs(4.5) and (4.6) depend on the free mqtlon. In the examples tgeated here,.the .Lorent2|an line
molecular axes remaining in the monolayer plane. As disShape is reached far=0.5A"", but the width is 30-40%
cussed for Eq(3.13, this is a good approximation, although smaller than thgt _estlmateo_l using the mean-square displace-
the corrugated surface and molecule-molecule interaction@€nts. The ballistic approximation to the width becomes ac-
both lead to some tipping of axes out of the plane. por Curate toonly 5-10% fog=5 A" and becomes accurate at
=3/14 and the smooth surface, the responsg=at.5 A~ L is smallerq for lower dens_ltles. For the present corrugations
dominated by the incoherent terms, while for the corrugate@nd temperatures, the widths of the spectral functions are not
surface the correspondingis a bit larger. The simulation Very sensitive to the corrugation. The widths derived from
shows that these larggvalues do not affect the width aris- duasielastic experiments on monolayer fluids probably will
ing from the rotational relaxationA(F;,) but theF,, factor not be easily mterpreted in terms of the I|m|§|ng approxima-
then is dominated by the ballistic translational motion. tions, and there will need to be concurrent simulations at the

- - experimental conditions to make full use of the experimental
At small wave vectors, wher§.(q, ) follows S.{q, ») b P

) . : ; AR data.
closely, it seems feasible to obtain a fair approximation to
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