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Quasielastic neutron scattering experiments and molecular dyn@khizs simulations have been

used to investigate molecular diffusive motion near the melting transition of monolayers of flexible
rod-shaped molecules. The experiments were conducted on butane and hexane monolayers adsorbed
on an exfoliated graphite substrate. For butane, quasielastic scattering broader than the experimental
energy resolution width of 7QueV appears abruptly at the monolayer melting point Tof

=116 K, whereas, for the hexane monolayer, it appears 20 K below the melting trandition (
=170 K). To facilitate comparison with experiment, quasielastic spectra calculated from the MD
simulations were analyzed using the same models and fitting algorithms as for the neutron spectra.
This combination of techniques gives a microscopic picture of the melting process in these two
monolayers which is consistent with earlier neutron diffraction experiments. Butane melts abruptly
to a liquid phase where the molecules in ttens conformation translationally diffuse while rotating
about their center of mass. In the case of the hexane monolayer, the MD simulations show that the
appearance of quasielastic scattering belgyvcoincides with transformation of some molecules
from transto gaucheconformations. Furthermore, glauchemolecules are prevented from forming

in the simulation, the calculated incoherent scattering function contains no quasielastic component
belowT,,. Modeling of both the neutron and simulated hexane monolayer spectra bglavors

a plastic phase in which there is nearly isotropic rotational diffusion ofthehemolecules about

their center of mass, but no translational diffusion. The elastic scattering observed Bhase
consistent with the coexistence of solid monolayer clusters with a fluid phase, as predicted by the
simulations. ForT/T,,=1.3, the elastic scattering vanishes from the neutron spectra where the
simulation indicates the presence of a fluid phase alone. The qualitative similarities between the
observed and simulated quasielastic spectra lend support to a previously proposed “footprint
reduction” mechanism of melting in monolayers of flexible, rod-shaped molecules19%7
American Institute of Physic§S0021-9607)50237-9

I. INTRODUCTION away from the surface, whereas for the longer hexane mol-
ecule a conformational change occurs in which some mol-
Previous neutron diffraction experiments and molecularecules transform from the linetmans state to a more globu-
dynamics(MD) simulations have investigated the melting lar gauchestate. It was proposed that thisans-gauche
transition in monolayers of flexible rod-shaped molecdles. conformational change, occurring in some of the molecules
These studies compared the melting of monolayers combelow the melting point, initiated the melting process of the
posed of two different molecules in the-alkane series hexane monolayer.
[CH3(CH,),—»,CHzy]: butane 6=4) and hexanen(=6) ad- Neutron diffraction experiments have found an orienta-
sorbed on the graphite basal-plane surface. The MD simulaionally ordered, two-sublattice monolayer structure for
tions suggested a general mechanism of “footprint reducputané® and hexan&* adsorbed on graphite at low tempera-
tion” driving the melting transition. According to this ture. For both monolayers, the rectangular unit cell is com-
mechanism, vacancies are introduced in the monolayer bgensurate with the graphit®001) surfac& and contains two
motion of the adsorbate molecules normal to the graphitenolecules with their long axis parallel to the surface and
surface. These vacancies allow sufficient space on the suarranged in a herringbone pattern. In agreement with the MD
face for the molecules to disorder both translationally andsimulations, the butane monolayer diffraction patterns indi-
rotationally. In the case of the shorter butane molecule, theated an abrupt melting transition with little short-range
footprint reduction is achieved by tilting of the molecules translational order above the melting pctfit’ In the case of
the hexane monolayer, the simulations predicted coexistence

dpresent address: Solid State Division, Oak Ridge National Laboratory, Oan the high—temperaturg quUid_ phaS(_e with small, soli.d mono-
Ridge, TN 37831. layer clustergcharacteristic dimension 6£35 A) having a
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rectangular-centeredRC) structure*® The position and rela- semblies which move together, allowing data to be collected
tive intensity of broad Bragg peaks present in the neutrorat three different wave vector transfé@ssimultaneously.
diffraction patterns above the melting pdiif were consis- The chemical purity of the-butane and-hexane used
tent with the RC clusters revealed by the simulations. Thusas supplietf was 99.5% and 99%, respectively. These mol-
although the MD simulations predicted a melting point 25%ecules were fully protonated in order to exploit the large
higher than experiment for both the butane and hexanéhcoherent neutron scattering cross section of hydrogen. It is
monolayers? qualitative features of the diffraction patterns estimated that the molecular carbon atoms contric86
were consistent with the simulations. of the total quasielastic intensity. For the substrate, we used
Despite this agreement, some basic features of the fool recompressed exfoliated graphite known as Pajfy&ke
print reduction mechanism suggested by the simulationgample consisted of a stack of disks, 1.0 cm in diameter and
could not be corroborated by the diffraction experiments thaljg ¢m high, having a mass of 12.9 g, placed in a cylindrical
probe the static monolayer structure. In particular, they neizjyminum cell of wall thickness 0.050 cm. The substrate was
ther provided direct evidence of the tilting of the bUta”eprepared as in previous experimetisnd its surface area
molecules nor therans-gaucheconformational change of a5 calibrated by a nitrogen adsorption isotherm at 77 K.
hexane which were believed to initiate the monolayer melt- For the butane experiment, background spectra from the
INg Process. _ graphite substrate were collected at room temperature using a
In order to learn more about the dynamics of the ad;,q 0 hosition of the QENS detector arms denoted as I, cor-
sorbed molecules, particularly near the monolayer meltin esponding to wave vector transfe@ of 1.22, 1.61, and

point, we have conducted a series of quasielastic neutrog 53 AL, However, for the hexane experiment, there was

scattering experiments on butane and hexane monolayers allifficient time to take background spectra at four settings of

sorbed on graphite. In the case of the hexane monolayer, We QENS detector arms, yielding data at @2 ranging
planned to look for evidence in the quasielastic scatterinq 1 '
rom 0.57 to 2.53 AL. The hexane background spectra were

below the melting point indicative of thieans—gauchecon-
formational change found in the simulations. Similar mea—taken ata temperature of .13 K. n all cases, the bgckground
pectra were fit to a-function convoluted with the instru-

surements on the plastic phase of bulk butane in the temper§ . . : . .
ture range from 110 to 135 K had found a broad quasielasti@ental resolution function, and the integrated intensity, cor-
peak which was interpreted as resulting from conformationaf€cted for temperature effedt%wag used as a measure of the
changes of the butane molectifee were also interested in  9raphite contribution to the elastic scattering.
comparing the amount of elastic scattering from these two  All Of the butane measurements were carried out at a
monolayers at temperatures just above their melting pointSingle coverage of 0.88 Ia.yers,7 at which diffraction patterns
looking for differences consistent with the presence of thd1ad previously been obtainéd: This coverage was suffi-
solid RC clusters which the simulations had shown to coexisgi€ntly below monolayer completion that there was a negli-
with the hexane monolayer liquid phase. In this way, quasigible population of second-layer molecules at the highest
elastic scattering could provide a further test of the melting€mperatures investigated. At this coverage, the butane
mechanism which emerged from the MD simulationsmonolayer structure is partially commensurate with the
complementary to that provided by the neutron diffractiongraphite basal plane and contains two molecules arranged in
experiments. a herringbone patteft® The rectangular unit cell has di-
An essential feature of our approach has been to genefensionsa=8.52 A (=2,3a, whereay is the lattice con-
ate the incoherent scattering functic®,(Q,w) of the  Stantof the graphite basal plarendb=7.68 A. The major-
monolayers from MD simulations and analyze it using theity of the n-butane monolayer data were collected at setting |
same models and computer codes used for the neutron sped-the QENS detector arms. Spectra were recorded at six
tra. We are not aware of this approach being applied previttmperatures in the range 13-149 K. At 140 K, a second
ously to the study of diffusion in adsorbed monolayers. Thissetting of the detector arms was used to obtain spect@esat
detailed comparison of experiment and simulation leads to af 0.91, 1.87, and 2.40 &. These data were close enough in
description of the monolayer dynamics which is consistentemperature to be combined with those taken at 138 K at
with the footprint reduction mechanism of melting previ- position | to yield theQ dependence of the quasielastic scat-

ously suggested for these monolayers. tering at a temperature about 22 K above the monolayer
melting point.
The hexane experiments were performed at a submono-
II. TECHNIQUES layer coverage of 0.95 layers where neutférix-ray°and
i low-energy electron diffractidi experiments had shown the
A. Experiment film to have a commensurate rectangular unit cell with lattice

The quasielastic neutron scattering experiments wereonstantsa=17.04 A (=4,3a,) and b=4.92A (=2a,).
performed on the QENS spectrometer at the Intense Pulsddke the butane monolayer, the cell contains two molecules
Neutron Source of Argonne National Laboratory. As de-arranged in a herringbone pattern. Quasielastic spectra were
scribed elsewher¥, this spectrometer has an energy resolu-taken at setting | of QENS at nine temperatures in the range
tion width of about 70ueV [full width at half maximum 13 to 270 K. TheQ dependence of the spectra was investi-
(FWHM)]. It has three separate analyzer-filter-detector asgated at 13, 160, and 215 K by taking additional spectra at
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sevenQ’s in the range 0.57—2.53 & at these temperatures. With |ri(t+1to) —ri(to)| computed by the method described
by Allen and Tildesley?
From the simulation, we can calculate the powder-
averaged incoherent scattering functisf.(Q, ), defined
B. Molecular dynamics simulations as the Fourier transform of the incoherent intermediate scat-

The molecular dynamio8vD) simulation and the poten- tering function
tials used have been thoroughly described elsewhsoehat ©
a brief description will suffice here. The MD simulation em- Smc(Q,w)zf e'“!,(Q,t)dt. (©)
ploys a unified-atom model for each molecule in which the o
alkane methylene and methyl groups are replaced by The energy o resolution ofS,(Q,w) is determined
pseudoatoms of mass 14 and 15 amu, respectively. Thgy the length of time over which the correlation function of
simulation was done within the NVT ensemble with bondEg. (2) is calculated. The choice in these simulations was to
lengths between neighboring pseudoatoms constrained teproduce the experimental resolution of #eV. Accord-
their equilibrium distances. All other molecular degrees ofingly, the incoherent intermediate scattering function has
freedom have been included, totaling 9 for butane and 13 fobeen determined up to 90 ps with a time interval of 0.75 ps.
hexane. The time step in the integration of the equations of S, (Q,w) was calculated from Eq$2) and (3) for the
motion was 0.002 ps in simulations up to temperatures obutane and hexane simulations at a series of reduced tem-
~150 K, 0.001 ps up t6~250 K, and 0.0006 ps at higher peraturesT/T,,, covering the range of experimental tem-
temperatures. These time steps were found to give an acceferaturesT ,, is the monolayer melting point which, as noted
ably small drift in the total energy over the duration of the previously, was 25% higher than the experimental value for
simulation. both the butane and hexane monolay8rS,,(Q,w) was fit
The simulation box size was chosen to be comparable tto a sum of Gaussian and Lorentzian components, represent-
the coherence lengths found for the exfoliated graphite subing the elastic and quasielastic scattering, respectively. This
strate used in the neutron diffraction and quasielastic scatteparameterization was used to generate simulated spectra on
ing experiment§.For the butane system, the simulation box an energy grid suitable for input to the same codes developed
had dimensions of 63.01468.40 A, with 128 molecules in for analyzing the experimental spectra.
the complete monolayer, while, for the hexane system, the
box dimensions were 68.88>;(368.1_7_,3_\, with 104 molecules || MODEL-INDEPENDENT DATA ANALYSIS
in the complete monolayéf. The initial configurations for
the simulations were the low-temperature herringbone Our principal interest was to model the simulated and
ground states with all molecules in th@ns configuration experimental quasielastic spectra to determine the nature of
One of the advantages of the MD approach is the capahe diffusive motion in the butane and hexane monolayers
bility of calculating dynamic properties, such as the incoher-near the melting transition. Before doing so, however, it was
ent scattering functio,.(Q, ), which can be readily com- helpful to perform a simpler, model-independent analysis of
pared to experimental results. In a typical low-temperaturdhe simulated and experimental spectra in order to assess
solid, Si,«(Q,w) exhibits a sharp peak centered at energynow closely they agree, and to reveal any qualitative differ-
transfer =0, whose integrated intensity has a Debye—ences between the quasielastic scattering of the butane and
Waller dependence o@. Any diffusive motion of the con- hexane monolayers.
stituent molecules or atoms broadens this sharp peak. To accomplish this, we consider a scattering law similar
The first step in the calculation &.(Q,w) is to gen-  to that used to parameterize the simulated spectra, namely,
erate the incoherent intermediate scattering function, whicithe sum of elastic and quasielastic components represented
is a time-correlation function defined by by a &function and a single Lorentzian, respectively,

B
S(Qw)=Ad(w)+ — , 4

7+ o?
wherel  is the half width at half maximum of the Lorentzian.

. . . . . In the case of the simulated spectra, th&unction compo-
whereN is the number of atoms in the simulation an(t) is nent was replaced by a Gaussian. To fit the scattering law of

the position veptor of atom at time t. The brack'et.s_(> . Eqg. (4) to the neutron quasielastic spectra, we must fold it
denote a canonical average, here an average over initial times

; with the QENS instrumental resolution functi&hThe qual-
::%n:i-r?l?inda::a:al?urlgt{iil)%usla;fltoer: :Ii]nicrgi(ggl)eWSirIiebrgaei[ir(])?]rafrcijogyof ity of the fit so obtained is illustrated in Fig. 1 for the spec-
9 . q ' P trum observed from 0.88 layers of butane adsorbed on
150-200 ps. Since the neutron scattering experiments we

erformed on a polycrystalline substrate, the powder avera 'igapyex alQ=1.61 Aland a temperature of 149 K. The
P polycry ’ P g(‘fotted and dashed curves are th&unction and Lorentzian
of Eqg. (1) was calculated as

components of this best fit folded with the instrumental reso-

N
i21<exr{iQ-(ri<t+to>—ri(to>>]>, (1)

Z| -

I inc(Q:t) =

N . lution function.
0= 1 3 sinf|Ql[ri(t+1to) —ri(to)|] @ It is useful to begin the analysis by simply assessing the
neEtt N IQl[ri(t+to)—ri(te)] [’ amount of elastic scattering in the spectra as a function of

i=1
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sity. The reduced temperatuféT , is used on the horizontal
axis. From neutron and x-ray diffraction experiments, the
melting point has been measured to be 116 for bitaaad
170 K for hexané:>*9

The ratioR measures the fraction of the molecules ex-
hibiting no diffusion on the time scale which the instrumen-
tal energy resolution allows us to sample i.e., which is char-
acterized by a translational diffusion constarst0.2
%X 10~° cn?/s.2° The constant value oR=1 below T, in
Fig. 2(a) indicates the absence of diffusive motion below the
butane monolayer melting point, whereas the decrease in
below the hexane monolayer melting point in Figb)2indi-
cates an earlier onset of diffusion. This feature of the experi-
mental data is reproduced by the quasielastic spectra gener-
FIG. 1. Typical quasielastic spectrl{m from a putane monolayer at_ 149 Kated from the MD simulation, as shown by the solid triangles
and a wave vector transf@=1.61 AL The solid curve is the best fit to in the plots.

Eqg. (4), the dotted curve is thé-function component convoluted with the ; . . . .
instrumental resolution function, and the dashed curve is the Lorentzian 10 estimate the melting point and width of the transition
component convoluted with the resolution function. At this temperature thefrom the measurement &, we have fitted the neutron data
monolayer is a liquid, so all the butane scattering is contained in the Lorent, Fig. 2 to the form

zian component. Thé-function component is due solely to elastic scattering

from the graphite substrate.

S (Q,w) (arb. units)

D

21N &T—1)

R=C+

; ®)

temperature. In Fig. 2, we have plotted for both the butane
and hexane monolayers the temperature dependence of the
ratio R of the integrated intensity of thé-function compo-  which fits R well and is chosen for convenience. Hetgis
nent of the quasielastic scatteritgfter subtraction of the the point of maximum slope and/ measures the width of
graphite substrate contributipto the total integrated inten- the transition region as the temperature interval in which

lies between values of 0.80 and 0.&®&e horizontal arrows
in Fig. 2. The fits giver,,=118 and 172 K for the butane

1.0 —o— ' ‘ ' ' : : and hexane monolayers, respectively, in good agreement
i u%*t;?;ulaﬁon ﬁ\ (2) Butane with the melting points inferred from the diffraction experi-
o8t — ments as noted above. The fit to E§) also shows the melt-
ing transition of the butane monolayer to be more abrupt
0.6 |- (W=7.2 K) than that of hexané/N/=19 K). It is interesting
to note that, in the case of the hexane monolayer, the quasi-
04 f elastic spectra appear to give a larger width to the melting
transition than the diffraction experiments. At the same cov-
02 erage, the x-ray Bragg peak intensity falls from 90% of its
low-temperature value to zero between 165 and 175 K, while
o OL : : ; ; the neutron diffraction pattern changes from one containing
Lo (b) Hoxane sharp peaks to a smaller number of broad peaks in the same
osh R temperature range??
’ An explanation for this behavior is provided by the MD
06 | simulations, which show the presenceg#uchemolecules
in the hexane monolayer beloW,, and the coexistence of
04 b RC monolayer clusters with a fluid phase just abdye As
noted in Sec. |, the RC phase has already been found to be
02} consistent with broad-peak structure of the neutron diffrac-
tion patterns:® Thus, we associate the greater width of the
o | , , melting transition inferred from the quasielastic spectra with
0 02 04 06 both the formation of mobilggauchemolecules belowT,

and the coexistence of the fluid and RC phases afgye
Further support for this interpretation is provided by detailed

FIG. 2. The intensity ratiR of the elastic to the total scattering for the modeling of the quasielastic spectra described in the follow-

monolayers aQ=1.61 A (a) butane andb) hexane. The horizontal axis
is the reduced temperatuféT,,, whereT , is the monolayer melting point.
Open circles are the neutron scattering results, while the filled triangles were

ing sections.
Figure 3 shows the temperature dependence of the

determined from the molecular dynamics simulations. The solid curves ardVidths I' of the Lorentzian component of Ed4) at Q

fits of Eq. (5) to the neutron data.

=1.61 A1, as determined both from the quasielastic neu-

J. Chem. Phys., Vol. 107, No. 13, 1 October 1997
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where Q, is the component of) parallel to the graphite

400 7 ]'3 . ' ' Aa | surface, and; is the translational diffusion constant.
(@ Butane We have considered two different models of rotational
300 i ;%‘tg‘i’gmlaﬁon diffusion. In the first of these, the molecule rotates about a
A single axis. For example, bulk butane has a high-temperature
A plastic phase in which the molecules are translationally or-
200 | 5 A dered but rotate about their long axfsSuch a phase is ap-
o parently not observed for the butane monolayer, which
100 - §§§ | showed no quasielastic scattering bel®y. On the other
hand, evidence of uniaxial rotation has been found below the
—_ melting point of two different monolayer phases of the short-
E 0F O , , . £ , , L est alkane, ethaneCH;CHs], adsorbed on graphite. Quasi-
= (b) Hexane % elastic neutron spectra were consistent with the molecule ro-
600 |- 8 tating about the C—C bond in both the herringb&ehase
A (bond parallel to the surfages well as the higher-density
hexagonalS; phase(bond perpendicular to the surfacé
400 A Q . We have considered models of uniaxial rotation for the
Q hexane monolayer in which the molecules rotate either about
A : ) o L
their long axis(the axis with the lowest moment of inertia
200 |- ol . oriented parallel to the surface, or about an axis normal to
A QQ the surface through the molecular center of mass. The inco-
o} herent scattering function for such uniaxial rotation is given
oko | . . . . . ] by?®
0 02 04 06 08 10 12 14 16 N
Ty Suni Qu.u) = 2, | 35(Quri) (@)
FIG. 3. Results of fitting Eq(4) to the quasielastic spectra. The half width 2
at half maximum of thg Lorentzian component is plotted versus reduced 2 72 2(Q,r ) D, @
temperature a@=1.61 A% (a) butane andb) hexane. The open circles are L w2+ (m?D,)?|

the results from the neutron quasielastic spectra, while the filled triangles ] ) ]
were determined from the MD simulations. whereQ, is the component of in a plane perpendicular to

the rotation axis, the,, are mth-order Bessel functions of
the first kind,r; is the distance of theth atom from the axis
tron spectra and the spectra generated from the MD simulaf rotation andN is the number of atoms in the molecule.
tions. There is qualitative agreement between the experimemtive terms of the sum oven in Eq. (7) were retained as
and the simulation in the following respect$) no broaden-  higher-order terms made insignificant contributions over the
ing below the melting point is found for the butane mono-Q range of the experiment.
layer, while it is present in the case of hexane; &jdboth The other model of rotational diffusion which we con-
monolayers show roughly the same rate of increase in thgidered was one in which the molecules rotated isotropically
width of the quasielastic component as the temperature ighout their center of mass. This model had been applied
raised above the melting point. successfully to diffusion in the ethane monolayer phases on
graphite at higher temperaturés® The incoherent scatter-
ing function for this model is given By2°
N

L
Sed Q@) =2, |13(Qri)d(w)+ — 2 (2m+1)

IV. QUASIELASTIC SCATTERING MODELS
A. Scattering functions

A more detailed picture of the diffusive motion in the
butane and hexane monolayers can be obtained by applying
; ) _ m(m+1)D,
some standard models used previously to describe molecular Xj2(Qry) — 5| 8
diffusion in physisorbed film&>2We begin our discussion w“+[m(m+1)D,]
by considering the incoherent scattering functions for thesevhere thej,,, aremth-order spherical Bessel functions and
models. The first of these represents a simple model of trangs the distance of thith atom from the center of mass of the
lational diffusion in which the molecular center of mass ex-molecule. The sum oven was terminated at the sixth term,
ecutes random Brownian motion. This model has been useak higher-order contributions were negligible over Qe
previously in the analysis of quasielastic neutron scatteringange of the experiment. In this model, thte atom moves
from ethane monolayers adsorbed on grapffitéand yields  on the surface of a sphere of radiyswhose center is at the
the following incoherent scattering function: molecular center of mass. For comparison with the neutron
2 guasielastic spectra, only the H-atom radii are included,
D.Q;j o . .
= DO (6)  while in the case of the simulated spectra, the radii are taken
+(Dth) as the distance of the pseudoatoms from the molecular center

Se(Q), @)=

J. Chem. Phys., Vol. 107, No. 13, 1 October 1997
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of mass. The butane molecule was assumed to be imahe TABLE |. Parameters derived from fitting theeutronquasielastic spectra

conformation. Two different conformations of the hexaneOf the butane and hexane monolayers to a model of translational/isotropic
’ rotational diffusion represented by E@). The analysis used the atans

molecule were Consio_lered:_one in which the _molecules \_NerEeometry of butane while the hexane analysis was performed with a mol-
trans and the other in which they had a single, terminalecule having a single terminghuchedefect as discussed in the text. When
gauchedefect. Conformations with more than ogauche the population of localized molecules vanishég<1), (u? has no sig-
defect were ignored, both for the sake of simplicity and beficance-

cause the MD simulations had indicated them to be less ) w1, f, (1 (A) D, (10°5cs) D, (1F/s)

probable below the hexane monolayer melting point.

We analyzed the quasielastic scattering of the butane and Butane
hexane monolayers above their melting point, assuming 106 091 0 0.080.03 ¢ 0
- i ! o g a5y 1.04 07  0.060.03 1.0G:0.05 1.3:0.4
combination of rotational and translational diffusion. To sim- 1,g 110 1.0 1.22+0.06 0.8-0.1
plify the analysis, the translational and rotational motions of 139 120 1.0 1.77+0.12 2.6-0.5
the molecules were assumed to be independent. In this apl49 128 1.0 1.7+0.4 7.952.6
proximation, the intermediate scattering function El.is a Hexane
. 150 0.88 0.17 0.060.03 G 6.6+0.7
produgt of a cc_enter-of—mass translational term and one rep- ¢, 094 031 006002 & 1020.7
resenting rotation about the molecular center of mass. The;7g 1.00 059 0.090.03 0 15-0.6
corresponding incoherent scattering function can then beigo 1.06 078 0.160.05 0 16:0.6
written as a convolution of translational and rotational 190 112 092 0.150.05 0.14-0.07 19513
terms25:27 215 1.26  1.00 1.7+0.5 45+6
230 1.35  1.00 2.1+0.4 28+6
Sio( Q) = Siso( Q, ) © Sp(Q, ). (9 270 159 100 - 3.5+0.7 597

As was the case below the monolayer melting point, both &No translational diffusion assumed.
trans conformation and one with a single, termirgduche
defect were considered for the hexane molecules. HowevestantsD, about two times greater than those deduced using
only the trans conformation of butane was used, since thethe two-component distribution. We interpret these larger
MD simulations had showgaucheconformers to be absent values as providing an upper bound By. As expected,
in the monolayer at temperatures near the melting point. assuming a purely isotropic distribution made no significant
change in the diffusion constants inferred for isotropic rota-
tion about the molecular center of mass. The diffusion con-
Due to the dependence of the incoherent scattering funastants listed in Table | and plotted in Fig. 6 were determined
tions in Egs.(6), (7), and (9) on eitherQ, or Q,, it is  assuming the two-component distribution.
necessary to average the scattering functions over the orien- The computer code used to analyze both the neutron and
tational distribution of graphite crystallites in our polycrys- simulated data was constrained to fit simultaneously the
talline substrate before comparing with the neutron quasiquasielastic spectra at all of th@’s investigated at each
elastic spectra. We lgi(y) be the orientational distribution temperature. The fit could be made to any one of the scatter-
function, wherey is the angle between the normal to the ing functions given by Eqg6)—(9) averaged over the crys-
scattering plane and a crystallite surface normal so thatllite orientation distribution as in Eq10). In fitting the
tany=Q, /Q,. The appropriately averaged scattering law,neutron spectra, the totalfunction intensity was allowed to
which we have applied to both the butane and hexane monerary independently for each spectrum. The scattering from

B. Implementation

layers above their respective melting points, is then the graphite substrate was modeled as an additive contribu-
- tion to the 5function component, with its magnitude deter-
Sa"g(Q,w):f p(v)S(Q,w)sinydy, (100  mined from the measured graphite background corrected by
0

the Debye—Waller factor appropriate to each temperafure.

whereS(Q,w) is one of the incoherent scattering functions At the lowest temperatures, the adsorbed molecules con-
defined by Eqs(6)—(9). Note that to compare Eq10) with  tribute only to the &function component of the spectra.
Sn(Q,w) calculated from the simulation, one setéy) However, upon heating, we found a range of temperatures
equal to a constant, sin@®,.(Q,w) is calculated as an iso- near the melting point over which only a fractidp, of the
tropic average. molecules diffuse wheré,, is calculated from the intensity

The integration over the orientational distribution in Eg. ratio of the quasielastically broadened component to the total
(10) was implemented numerically as part of our fitting al- scattering. This fraction is listed in Tables | and Il as a func-
gorithm. As in previous studi¢€,we used a two-component tion of temperature for both the neutron and simulated quasi-
distribution with 70% of the graphite crystallites oriented €lastic spectra. The residual elastic intensity from the local-
isotropically and 30% having a Gaussian distribution abouized molecules follows a Debye—WaIIere1Q2<“2>)
the scattering plane. A full width at half maximum of 30° for dependence o, where the correspondin@?) is given in
the Gaussian component was assumed as b&aMe also  Tables | and Il. Thus near the melting point of the monolay-
considered the effect of altering the crystallite angular distri-ers, we can think of the adsorbed monolayer as comprising
bution p(y) on the analysis of the neutron spectra. A purelytwo populations: localized molecules from which there is
isotropic distribution resulted in translational diffusion con- only elastic scattering, and mobile molecules which contrib-
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TABLE |l. Parameters derived from fitting tr@mulatedquasielastic spec-

tra of the butane and hexane monolayers to a model of translational/isotropic I l
rotational diffusion represented by E@) as presented in Table .
TK  T/Tn fn  (U)(R) D, (105n?s D, (1°s) E
Butane ‘§
137 090 0 o 0 §
150 0.99 1.0 2.4 25 S
155 1.02 1.0 2.7 28 =
170 112 10 3.4 36 “
182 1.20 1.0 3.0 39
196 1.29 1.0 4.4 38
Hexane
170 0.77 0 0.17 V) 0
200 0.90 0.69 0.17 0 11 =
210 0.95 0.68 0.24 0 26 =
225 1.02 0.82 0.45 0.3 32 =
249 112 1.00 2.1 43 £
280 1.26 1.00 4.2 39 ;
353 1.59 1.00 9.3 52 :
aNo translational diffusion assumed. c89
@
ute the quasielastic component to the spectra. The scattering

law appropriate to such a two-component system is then
given by

— 022
Slt Qw)=(1-fyd(w)e QD 4 fmSavg(Q,w), (11 FIG. 4. (8) Neutron quasielastic spectra of the hexane monolayer at a tem-

. . . erature of 160 KT/T,,=0.94) atQ=1.01 A™*. (b) Same as irfa) except
whereS™(Q, v) is defined in Eq(10). pmagnified ten timc;(s. Solid Iin)es are fits to the model of isotropic ro?ation,
while the dashed lines are fits to the uniaxial rotation model. The elastic
V. RESULTS contribution from the graphite substrate has been subtracted from both the

data and the fit. Note that the asymmetry in the line shapes results from the

We now examine the results of applying the diffusion instrumental resolution function.
models described in the previous two sections. For both
monolayers, we divide the discussion into two temperature
regimes corresponding to below and above the monolayepic rotational motion for the hexane monolayer below its
melting point, respectively. melting point, they were insensitive to the molecular confor-
mation. Both therans conformation and one having a single
terminalgauchedefect yielded the same values of the mobile

Since the butane monolayer showed no quasielastic scafaction f,, and rotational diffusion constam, within the
tering below its melting point, we begin by considering the uncertainties listed in Table 1. We will see in the next section
guasielastic spectra of the hexane monolayer below its olkthat there is compelling evidence from the simulation that it
served melting poinT,,= 170 K. Above a reduced tempera- is thegauchehexane molecules which are responsible for the
ture T/T,,=0.88, the quasielastic scattering in the neutronquasielastic component in the spectra below the melting
spectra is intense enough to be able to distinguish clearlpoint. Thus to facilitate comparison between analysis of the
between the rotational models discussed in the previous seexperimental and simulated spectra, all fitting parameters re-
tion. We compared the fits to observed and simulated spectfgorted in Tables | and Il and in the following figures were
of the hexane monolayer below its melting point for the twodetermined assuming a single termigauchedefect in the
different models of rotational diffusion in the absence ofhexane molecule.
translational diffusion. The isotropic rotation model yielded While fits of the isotropic rotation model to the neutron
the best fit to both the neutron and simulated quasielastiand simulated spectra below the hexane monolayer melting
spectra abovd@/T,,=0.88. As can be seen in Fig. 4 for the point reveal the same qualitative features, we consistently
neutron spectrum &=1.01 A" at T/T,,=0.94, the model find the experimental spectra to give smaller values of mo-
of uniaxial rotation predicts too small of a quasielastic com-bile fractionf,, and the mean-squared displacem@rft) of
ponent. At otherQ values, fitting the neutron spectra with the localized fraction of molecules. In addition, the rotational
the uniaxial rotation model resulted in unphysical param-diffusion constant®, of the mobile population are two to
eters, such as a negative intensity, given to the elastic conthree times smaller in the experimental fits. These results are
ponent. Similar behavior was found when the uniaxial modektonsistent with the larger widthis found for the simulated
was applied to the simulated spectra. spectra in the single-Lorentzian pldsfunction analysis in

While fits to the neutron and simulated quasielastic specSec. Ill. Reasons for these quantitative differences will be
tra could distinguish between models of uniaxial and isotro-discussed in the next section.

A. Below melting
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FIG. 5. Neutron quasielastic spectra of the hexane monolayer at a tempera- % 30} %
ture of 215 K (T/T,,=1.26). Solid lines are the best fits to the data of the o ar 5 1 20l o
random translational/isotropic rotational diffusion model described by Eq. 2 5, 1 10f o© ©
(9). The elastic contribution from the graphite substrate has been subtracted ofLe . o . i olo . ) ‘ ‘ ]
from both the data and the fit. 0 50 100 150 0 50 100 150 200 250
T (K) T (K)
B. Above melting FIG. 6. Results of fitting the neutron quasielastic spectra with the model of

E h h It . both hrandom translational diffusion/isotropic rotational diffusion represented by
or temperatures greater than the melting point, both t %q. (9). Temperature dependence of the fitting parameteyshe fraction

hexane and butane spectra were modeled assuming a combj-of mobile molecules(b) the translational diffusion consta, ; and (c)

nation of isotropic rotational and random translational diffu-the rotational diffusion constari, . The left column contains the butane

sion described by using the incoherent scattering function ofonolayer results, while the right column shows the results from the hexane
. . . . monolayer. Solid curves are fits to the data as discussed in the text.

Eqg.(9) in Eq.(11). The representative neutron spectra in Fig.

5 of the adsorbed hexane monolayer at 215 K illustrate the

quality of the fits obtained with this model after folding with otained in thes-function plus Lorentzian analysis. Once the
the instrumental resolution function. At this temperature, Ny glecules begin to diffusd), increases linearly with tem-
residual elastic intensity is observed, so that all of the hexanSerature at a rate of 0.6410 5 and 0.05¢ 10~ 5 crm?/s/K for
moIecngs pqrticipate in the.diffusiv.e m.otioﬁm(zl). Note,  pytane and hexane, respectivebge Fig. 6)]. We also see
that unlike Fig. 1, the elastic contribution from the Papyexihat the rotational diffusion constant increases rapidly with
substrate has been subtracted in order to enhance sensitivifymperature above,, for butane, while for hexane a signifi-

to the quasielastic scattering. . o cant increase in the rotational mobility of some molecules
As was the case below the melting point, fits to the &Xhegins belowT,, [see Fig. &)].
perimental spectra generally give rotational diffusion con- g4, comparison, Fig. 7 presents the temperature depen-
stantsD, about two times smaller than for the simulation, jence of the same parameters as in Fig. 6, but now derived
consistent with the larger widthis found for the simulated  from fitting thesimulatedquasielastic spectra to the model of
spectra in the Lorentzian plugfunction analysis. The same compined translational and isotropic rotational diffusion. De-
is true for the translational motion, which begins above thegpite the larger values of the translational diffusion constant
melting point with the diffusion constan3; inferred from D, at each temperature, we again find a roughly linear in-
the neutron spectra being about a factor of two to thre ease with temperature, giving slopes of 0xa4 5 and
smaller than for the simulation. An even larger effect is seery 7% 105 cn?/s/K for butane and hexane respectivislge
for the butane monolayer above its melting point, where thq;ig_ 7(b)]. These slopes are comparable to those obtained
experimental values are smaller than for the simulation by,qm analyzing the neutron spectr®, exhibits the same
more than an order of magnitude fr. and a factor of two gy ajitative temperature dependence as was seen in Fig. 6 for

to three in the case dd, . the neutron spectra, increasing significantly beTyfor the

The temperature dependence of the parameters obtaingdyane monolayer and increasing rapidly for both monolay-
from fitting the neutron quasielastic spectra of the butane angd,¢ aboveT ., [see Fig. 70)].

hexane monolayers is presented in Fig. 6, whHeyeD,, and

D, are plotted versus temperature. The solid curve in Fig

6(a) is a fit to thef,, data with a function similar to that in VI. DISCUSSION

Eq. (5). These fits giver,,=118 and 167 K as the tempera- As in the previous section, we organize our discussion
ture of maximum slope for the butane and hexane monolayby considering the quasielastic spectra of each monolayer,
ers, respectively, in reasonable agreement with the valud#st below its melting point, and then above. In the case of
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Butane - Hexane obtained by neutron diffractioh’ while for hexane the melt-
Ty Ty ing points are at 17@neutron and 221 K(simulation.3*
0 025 05 075 10 125 15 The effect of the higher melting point of both monolayers in
SN the simulations could be checked by using an alternative
@ {os| @ A ] molecule—substrate interaction which results in melting tem-
peratures closer to those observ@dis will be discussed
below, further work is needed to elucidate other possible
causes of this discrepancy between experiment and simula-
tion.
| () | Fits of both the neutron and simulated quasielastic spec-
tra favor a model of isotropic rotation about the molecular
center of mass rather than rotation about a single molecular
axis below the hexane monolayer melting point. In all cases,
uniaxial rotation produced too large of an elastic component
Y in the spectra. The reason for this can be seen by comparing
the incoherent scattering functions in E¢8) and (8). We
see that for uniaxial rotatiorg,,, depends o, , the com-
] ponent ofQ in a plane perpendicular to the axis of rotation,
of 1 10t N ] whereas, for isotropic rotationSg, depends only omQ.
ob . a cod ok e SinceQ, <Q and J, is a decreasing function for small ar-
0 %0 100 150200 250 0 50100 150 200 250 300 350 guments, whereas thk, (m>0) are increasing in the same
T (K) TK) range, the elastic component of the scattering will be en-
hanced in the case of uniaxial rotation when the polycrystal-
FIG. 7. Results of fitting the simulated quasielastic spectra with the mode|ine average in Eq(10) is performed.

T L oS achis**"* e should emphasize, howwever, that the isotropic and
andD, is presented as in Fig. 6. uniaxial rotational models may represent only two extreme
types of motion. The actual motion may be somewhere in
between. We interpret our results as indicating that the rota-
the hexane monolayer, we use the results of the MD simulational motion is closer to isotropic than uniaxial. One pos-
tion to give a more detailed interpretation of the quasielastisible explanation for this is that it is mostlyauchemol-
spectra than is possible from modeling the neutron scatteringcules which are rotating. They are more globular in shape
data alone. and, therefore, a single rotational axis is not selected ener-
getically. Unfortunately, we could not verify this interpreta-
tion from analysis of the neutron and simulated quasielastic

Neither the neutron nor the simulated spectra of the buspectra, since fits to the spectra were insensitive to the mo-
tane monolayer exhibited quasielastic broadening belovecular conformation. In particular, we did not observe a fea-
melting. These results are consistent with the abrupt, firsture in the quasielastic spectra due to tfes—gauchecon-
order melting transition observed at monolayer coverage ifiormational change as was interpreted for bulk butdne.
both neutron diffractioh®’ and specific heat experimerts. To address the question of the conformation of the dif-

Turning to the hexane monolayer, the analysis of thefusing molecules, we must rely on the MD simulations as
neutron quasielastic spectra beldyy is in qualitative agree- justified by their strong qualitative agreement with the quasi-
ment with the simulation, but differs in quantitative details. elastic experiments. Our earlier simulatibtad shown that
Generally, the amount of molecular motion inferred from theabout 10% of the molecules were in tgaucheconforma-
experiment is less than that predicted by the simulation. Thision at a reduced temperatuféT,,=0.95. When thdrans
is reflected in the smaller values of mobile fractigy, (u?), to-gauche conformational change was suppressed in the
andD, below the monolayer melting poiiéee Tables | and simulation so that ngauchemolecules formed at tempera-
II). The differences irD, between simulation and experi- tures belowT,,, the melting point of the hexane monolayer
ment cannot be attributed to the use of pseudoatoms in thiecreased. We have extended this analysis here by calculat-
molecules of the simulation. Although pseudoatoms result inng the quasielastic spectra for monolayers withgatiche
a smaller moment of inertia about the long axis of the mol-molecules and find no broadening BT ,,=0.95. Thus, we
ecule, they reproduce rather well the moments of inerticonclude from the simulations that the presence of quasielas-
about the other two principal axes of rotation, the ones reltic broadening at that temperature coincides with the appear-
evant to the model of isotropic rotation, as discussed belowance ofgauchemolecules.

We believe the principal reason for the greater degree of However, the question remains as to whether it is only
molecular motion exhibited in the simulation than the experi-the gauchemolecules which are diffusing or whether their
ment is the higher absolute temperature of the melting poinpresence also facilitates diffusion of some of thens mol-
in the simulation. The simulation gives a melting point of theecules below the melting point. In this regard, we note that
butane monolayer of 152 compared to the value of 116 Khe valuef,,=0.68 obtained for the mobile fraction of mol-
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ecules afl/T,,=0.95(see Table i by fitting the simulated % 10~° cn?/s,*° considerably less than our measured mono-
quasielastic spectra witBs, substituted into Eq11), is con-  |ayer value of 1.#0.4x10 ° cné/s. Similarly, for bulk
siderably larger than the 10% fraction ghuchemolecules  hexaneD,=1.3x10"° cn?/s at 214 K(Ref. 30 compared to
obtained by analyzing the dihedral-angle distributianthis  the monolayer value of 1:70.5x 10~ cm?/s. This behavior
temperature. This discrepancy may result from not all of thes like that observed previously for ethane adsorbed on
mobile molecules having a single termirgduchedefect as  graphite, where the monolay®, at 122 K was approxi-
we have assumed in fitting the quasielastic spectra. The prefivately three times larger than its bulk value at the same
ence of a small number gfauchemolecules could create temperaturé® More recently,D, has been measured by He-
space on the graphite surface which would facilitate rotatiomeam scattering for an octane monolayer adsorbed on Cu
of trans molecules. This possibility is difficult to test due to (111).3* The reported value exceeded the upper bound for the
the large number of parameters in a model in which thepulk D, by a factor of approximately six.
rotationally diffusing molecules can have more than one con-  Thus we see a general trend of larger value®opfor
formation. monolayers of shom-alkanes adsorbed on a solid substrate
than found in the bulk liquids. Rather than speculate on the
reason for this, we prefer simply to emphasize the need for
more simulation work both on bulk and monolayer phases of
The MD simulations are also quite helpful in interpreting the alkanes to address this question.
the different behavior observed in the neutron quasielastic ~Similar comparisons are more difficult to make for the
spectra of the butane and hexane monolayers above thetational diffusion constant. A neutron quasielastic study of
respective melting points. According to the simulation, thebulk liquid butane at 190 K reports B, of 277x10°/s.2*
butane monolayer melts abruptly to a liquid phase in whichOur measurements on monolayer butane extend only to 149
all of the molecules rotate about their center of mass whilé{, but a reasonable extrapolation to 19Qu&ing an Arrhen-
undergoing translational diffusion. In contrast, the hexaneus fit to the data in Fig. @)] results in a value of 125
monolayer does not attain a mobile fractibg=1 until 27 K X 10°%/s, considerably less than the bulk value. Also, we note
aboveT,,. We associate the elastic component in the simuthat the values oD,, which we have inferred, are in the
lated quasielastic spectra in the temperature range 1$ame range as those previously determined for the liquid
<TI/T,,<1.1, with the solid RC clusters found to coexist monolayer phase of ethane adsorbed on graphite.
with a fluid phase in the earlier simulations, and whose pres-
ence explained the broad peaks observed in the neutron dif;,
fraction patterns:>° At higher temperatures, the simulations Vil. CONCLUSION
indicated that the RC clusters themselves melt rather than To summarize, we find at least qualitative agreement
diffuse through the coexisting fluid phas&his behavior is between the neutron and simulated quasielastic spectra near
consistent with the increase in the mean-squared displacéie melting points of both the butane and hexane monolayers
ment (u?) of the localized molecules to 0.4%/4at T/T,,  using the model-independent analysis in Sec. Ill. In both the
=1.02 as inferred from the simulated spedisae Table I\ neutron and simulated spectra, only an elastic component is
Comparing fits of the neutron and simulated spectra opresent for butane monolayer below its melting point. Both
both the hexane and butane monolayers to @y.above the neutron experiment and the simulation show an abrupt
their respective melting points, we again find qualitativeonset of the quasielastic component for the butane mono-
similarities but some quantitative differences. In all cases, dayer at its melting point and a concomitant disappearance of
model of isotropic diffusion about the molecular center ofthe elastic scattering. In the case of the hexane monolayer, a
mass remains favored over one of uniaxial rotation. The neuguasielastic component to the spectra appears below its melt-
tron spectra still yield smaller values bf andD, just above ing point at a reduced temperaturérl ,~ 0.9, while an elas-
the melting point of both monolayers. Larger valuesDgf  tic component persists up t®/T,,~1.3. The width of the
can be obtained from the neutron spectra if an isotropic crysguasielastic component increases roughly linearly with tem-
tallite distribution is assumed for the graphite substrate, buperature for both monolayers.
this is unlikely to explain the discrepancy by completely Based on our MD simulation, we have developed the
because of the larger widthsfound for the simulated spec- following microscopic models for the diffusive motion in the
tra in the model-independent analysis in Sec(sde Fig. 3. butane and hexane monolayers. The butane monolayer melts
These results, again, point to the simulation overestimatabruptly to a liquid phase in which molecules in theans
ing the degree of motion in the monolayer near the meltingstate rotate about their center of mass while diffusing trans-
point. We note, though, that for the hexane monolayer at thé&tionally.
highest temperaturesT(T,,=1.26), the discrepancy be- In contrast, melting of the hexane monolayer is preceded
tween the values dd, andI" derived from the neutron spec- (T/T,,~0.9) by the formation of a small fraction of mobile
tra and those derived from the simulated spectra diminishesnolecules which may be predominantly ingauchestate
It is interesting to compare the magnitude of the translaand which diffuse rotationally aboutfaxed center of mass.
tional diffusion constants extracted from the monolayer neuAt the monolayer melting point, hexane molecules in the
tron spectra with those of the corresponding bulk liquids. Atmobile fraction begin to diffuse translationally as well as
150 K, D; of bulk butane is measured to be 0.65 rotationally. The mobile fraction increases in size above the

B. Above melting
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melting point, reaching unity al/T,~1.3. In this tempera-  F. Y. Hansen and H. Taub, Phys. Rev. Lé8, 652(1992; F. Y. Hansen,

ture range, the MD simulation predicts the coexistence of J- C. Newton, and H. Taub, J. Chem. Pt88.4128(1993; F. Y. Hansen

small, RC clusters which coexist with the fluid phase repre- a1d H. Taub, irPhase Transitions in Surface Films Zol. 267 of NATO

sented by the mobile fraction. The presence of these RCﬁd\sa?_(;i(:e?“;%Igs%ufa;er&ﬁ:u?ymt%?z Tég)f:b’lgéTorzo’

clusters is consistent with observed neutron diffraction pat-2k. w. Herwig, J. C. Newton, and H. Taub, Phys. Rev.58, 15287

terns. At higher temperatures, the hexane monolayer exists in(1994.

a fluid phase of predominantlyauchemolecules in which, jJ. C. Newton, Ph.'D. thesis, .Ur'iiversity of Missouri—Columbia, 1989.

as in the case of the butane mono|ayer, molecules transla—H' Taub, inThe Time Domain in Surf_ace and S_tructural Dynam)gfel.

tionally diffuse while rotating about their center of mass. 228 pf NATO Advahced Study Institute, Series C:_ Mathematical and
- . 4 . : Physical Sciencesdited by G. J. Long and F. Grandjeé@tluwer, Dor-

The quasielastic scattering results and MD simulations grecht, 1988 p. 467.
presented here complement previous neutron diffraction ex®The butane monolayer is only partially commensurate with the graphite
periments and simulations of melting in these alkane mono- (0003 surface but becomes completely commensurate at higher coverage
layers. By correlating the quasielastic scattering, which ap-GSej‘ I?I'lra;tt;Z Ph.D. thesis, University of Missouri—Columbia, 1981
pears below the melting point of the hexane monolayer, With7G: J: Trott: H. .Téub, F. Y Hansen, and H. R. Danner, Ch,em. PHys. Lett.
the appearance gfauchemolecules, they support the “foot- 75 504 (1981.
print reduction” melting mechanism proposed earlier. The 8The RC phase has been corroborated in subsequent simulations by G. H.
quasielastic scattering also provides direct evidence abovgPeters and D. J. Tildesley, Langmd, 1557(1996.
the hexane monolayer melting point of a fluid phase coexist- E]L‘m%ugiwh?;’ J. R. Dennison, S-K. Wang, H. Taub, and F. Y. Hansen
Ing W'_th the solid monOIay?r Clus_ters Whose pr?sence ha“:bBetter agreement has been obtained in subsequent MD simulations by
been inferred from the previous diffraction experiments and selecting an alternative molecule—substrate interaction potential. See, E.
simulations. Velasco and G. H. Peters, J. Chem. PHya2 1098(1995.

While supporting the “footprint reduction” melting K- F. Bradiey, S.-H. Chen, and T. O. Brun, J. Chem. Pt§5. 5273
mechanism, the quasielastic neutron scattering experiment 19|?Déradle S.-H. Chen. T. O. Brun. R. Kieb. W. A. Loomis. and J. M
and simulations presented here have also raised some quesqgewsam. NZ(':L Instrum. Methods 270, 78 (1989. ' o
tions about diffusion in these monolayers which future work!3matheson, Inc. and Fisher Scientific supplied the butane and hexane, re-
might address. These includg) Is the rotational motion of  spectively.

. . . . . .. 14 H A R o
the diffusing molecules strictly isotropic or is it more com- ~ Manufactured by Le Carbone Lorraine, Deparent Produits Spsaux,
37 a4l rue Jean Jaures, 92231 Gennevilliers, France.

p!ex f'or these nonspherlcal molecule@? While rotational | 155_K. Wang, J. C. Newton. R. Wang, H. Taub, J. R. Dennison, and H.
diffusion below the melting point of the hexane monolayer is shechter, Phys. Rev. B9, 10331(1989.
associated with the appearance gduche molecules, are The intensity of the graphite elastic scattering was assumed to have a
sometrans molecules also rotationally diffusing@®) Why temperature dependence described by a Debye—Waller fac(dn
do the simulations tend to give a greater degree of molecular =!(0)exp-QXu*™)] with u*(T) determined from the temperature depen-
motion than the experiment near the melting point? @hd ,,dence of the002 Bragg peak of a different Papyex sample. .

. . . J. Krim, J. Suzanne, H. Shechter, R. Wang, and H. Taub, Surf162i.
Why do the monolayer translational diffusion constants tend 44 (1985.
to be larger than in bulk? Neutron experiments with greatersThe number of molecules in the simulation box represented a complete
energy resolution and much larger scattered intensities, asmonolayer for the potential energy parameters selected in the simulation.
well as longer simulations without the pseudoatom approxi- This number was determined on the basis of a calculated zero-temperature

. . . monolayer structurésee Ref. 1
mation, may yleld more definitive answers to these quesIQM. P. Allen and D. J. TildesleyComputer Simulation of Liquid&laren-

tions. don, Oxford, 1987,
2The QENS spectrometer is sensitive to a change in linewidth on the order
ACKNOWLEDGMENTS of AI'=15 peV in Eq. (4). At a wave vector transfe@=1A"1, this

. corresponds to a translational diffusion constant oL@~ ° cn¥/s.
We would like to thank F. R. Trouw and T. O. Brun for 21 As discussed in Ref. 3, the x-ray and neutron structure factors for the RC

many helpful discussions and their assistance in carrying outphase differ.
these experiments. Acknowledgment is made to the U.S. N&?2J. P. Coulomb, M. Bienfait, and P. Thorel, Faraday Discuss. Chem. Soc.
tional Science Foundation under Grants No. DMR-901106%3330';90(19'85)'b 4 M. Bienfait, J. Phys. PatE 89 (1986
_ . . . . . P. Coulomb an . blenrailt, J. yS. 1 .
and No. DMR 93_14235, the M|_ssour| Unlverglty Research24K_ Refson and G. S. Pawley, Acta Crystallogr 4B, 402 (1986.
Reactor, the Danish Natural Science Foundat_lo_n, and to they e Quasielastic Neutron Scatteriridam Hilger, Bristol, 1988
donors of The Petroleum Research Fund, administered by ti#ev. F. Sears, Can. J. Phy44, 1279(1966.
ACS, for partial support of this research. This work has ben?’V. F. Sears, Can. J. Phy45, 237 (1967.
,forp pp 28 . .
efited from the use of the Intense Pulsed Neutron Source at:'ega;ti’eﬁz%??fs;%)l K. Kiems, L. Passell, and J. P. McTague, Phys.
Argonne National Laboratory, fun(_jed by the U.S. Depart-z,, | Alkhafaji and A. D. Migone, Phys. Re3, 11152(1996.
ment of Energy, BES-Materials Science under Contract NO®g Bach and H.-D. Ldemann, Z. Naturforschila, 963(1986.
W-31-109-Eng-38. 31D. Fuhrmann and Ch. Wip Surf. Sci. 377-379, 544 (1997).

J. Chem. Phys., Vol. 107, No. 13, 1 October 1997

Downloaded 13 Jan 2010 to 192.38.67.112. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



