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Experimental and theoretical STM imaging of xylene isomers on P@L11)
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We have performed a theoretical and experimental study of the three isomers of xylgh€¢CHs),,
adsorbed on Rd11). Using scanning tunneling microscog$TM), we imaged the characteristic surface
structures and investigated the molecular orderingrfeta, para-, andortho-xylene adsorbed on PHL1). We
used extended Hikel theory to predict the characteristic features of individual xylene molecules and to
perform binding energy calculations for the preferred molecular orientations. STM observations of the surface
features showed good agreement with the predictions, and the binding energy preferences correlated well with

experiment.
DOI: 10.1103/PhysRevB.65.045106 PACS nuni®er68.43.Fg, 68.37.Ef, 31.15.Ct
[. INTRODUCTION fied using a quadrupole mass spectrometer. Because of the

significant difference in the room-temperature vapor pres-

Understanding the adsorption of hydrocarbons orsures of xylene and benzene, an observed principal contami-
transition-metal surfaces is an important and interestinghant, freezing was not necessary.
problem in surface science. By determining the adsorbate Exposure was incrementally increased from 0.3 to 3
structure of a hydrocarbon, we can gain a better understand-angmuir(L) where we observed full monolayer coverage.
ing of the molecule-substrate interaction, which is the micro-
scopic foundation for adhesion and lubrication.

Aromatic molecules represent an important class of hy- _ i
drocarbons. Benzene has been widely studied in adsotgtion Experimental images of themetaxylene molecules
as a model aromatic hydrocarbon. However, the adsorptiofowed a distinctive threefold symmetric shdpey. 2a)].
of dimethyl-substituted benzene molecules on metal surfacd8tensity profiles on more highly resolved imagésy. 2(b)]
has not been as well investigat&d. revealed th{;\t two corners were approxmatgly 0.15 A higher

The scanning tunneling microscog&TM) affords the than the third. _In addition, an apparent minimum was ob-
ability to obtain a highly detailed molecular structure of mo- Sérved separating the two apparently taller corner features,
lecular adsorbates on a metal surface. In conjunction with §499esting the locations of the methyl groups. Peak-to-peak
relatively simple computational method, based on extendefimensions between the methyl groups were taken for a va-
Hiickel molecular orbital theory(EHT), comparisons are ety of images and averaged approximately 4.5 A
made with predicted images showing the distinguishing sur- Though incremental increases in the exposureneta
face features of organic adsorbates. In addition, by examin<y/ene were performed, individual molecules were too diffi-
ing the calculated binding energies and energetic prefe/cUlt 0 image at subsaturation coverages. We suspect this
ences, speculation regarding the adsorption sites of ihdifficulty arose from the mobility of the molecule on the
individual molecules is mad&?® metal surface at room temperature.

We performed these calculations for the three isomers of Molecules adsorbed along step edges parallel to the sub-
xylene inmeta, para-, andortho-configurations. We gener- strate close-packed direction (@)l were observed to align
ated images both for isolated molecules and for moleculewith one edge parallel to the st¢pig. 3@)]. Measurements
chemisorbed onto single-layer @d1) clusters consisting of showed a uniform spacing of about 8.2 A, which corresponds
20-35 atoms. Figure 1 shows schematic diagrams of tht® three nearest-neighbor lattice spacings of the metal sub-
three isomers of xylene. strate. Moreover, LEED revealed a weak<3 ordering.
STM images revealed a hexagonat 3 ordering propagated
from the close-packed steps into the terrace, which continued
for about three to five rows inward from the step before

We performed room-temperature STM and low-energydrowing increasingly disorderddFig. 3(b)]. A small fraction
electron diffraction(LEED) studies of xylene isomers ad- Of the metaxylene molecules adsorbed onto close-packed
sorbed on Pd1l) using an Oxford Instruments Tops-3
ultrahigh-vacuum(UHV) variable-temperature STM. The Cy, GH,

A. Meta-xylene

Il. EXPERIMENT

Pd111) single crystal was cleaned under UHV conditions by CH CH; - q

repeated argon-ion sputterifd.2 kV, ~2.5 uA) and anneal- CH; 3

ing cycles(~900 °C for 5 min. After verifying the cleanli-

ness of the sample by x-ray photoelectron spectroscopy meta-xylene para-xylene ortho-xylene

(XPS and STM, the chamber was backfilled with 9%b-
purity xylene using a variable-leak valve. The xylene was FIG. 1. Schematic drawings of the three xylene isomers. Large
purified by direct pumping for 5—10 min and its purity veri- (smal) circles indicate CH) atoms.
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FIG. 2. (a) 100 Ax 100 A image showing the distinctive trian- FIG. 3. (a) 500 AX500 A STM image showing preferential or-
gular surface features mhetaxylene. (b) A close-up image of in-  dering at upper terrace of close-packed step edges.80 A
dividual metaxylene molecules exhibiting the two lobes of the me- x 80 A close-up image showing the subsequert33ordering be-
thyl groups. Included are suggestions of the molecule orientatiojinning from the step. Note the molecule oriented at 180° with
based on height profiles. respect to its neighbors, breaking the alignment along the step edge

and thus into the terrace. Included are models to further clarify the

steps were oriented with a corner protruding from the stej9fientations of the moleculegc) 100 Ax 100 A image of an iso-

edge and extended slightly further out than the other orien!ated 3x<3 ordered domain found on the terrace.

tation[Fig. 3(b)]. Images with sufficiently high resolution to

ascertain the directionality of the molecule were taken. Inaxis, as shown in the line profile in Fig. (fnseb. Peak-to-

addition, isolated ordered domains were also observed awgyeak dimensions between methyl groups were measured to

from the step edgels=ig. 3(c)]. be ~5.2 A. Cernotaet al* observedpara-xylene molecules
The measured number density was found to be 0.012gyrmed 30° angles with respect to the close-packed direc-

molecules/&. Approximating the molecule using the van der tions on RI111), but unfortunately, no observations of

Waals radii, the number density for a closed-packed configu(lTo) steps were observed to make a definite correlation
ration is 0.012 moleculesfA

between molecular orientation and the structure of the Pd
metal close-packed directions.
B. Para-xylene Furthermore, as shown in Fig. fara-xylene molecules

) ) ) were observed to be mobile in both ordered and disordered
Para-xylene showed a higher propensity for ordering thaniegions. This motion occurred on a time scale of less than 13

metaxylene [Fig. 4@)]. Ordered domains were approxi- gec which was the time required to acquire a single image.
mately 50 A wide on average. The hexagonal overlayer Unitransiation and rotation of the molecular orientations be-
cell measured 9.3540.38A. With a Pd metal substrate tyeen directions which are 60° apart was observed.
nearest-neighbor spacing of2.75 A, the overlayer spacing
suggested a3 X 2v3 R30° structure, agreeing with the pre-
viously observed ordering gfara-xylene on RIi111).* Three
domains, each separated by 120°, were observed in our
study. Closer observation showed a distinctive diamond
shape[Fig. 4(b)]. Higher-resolution images of thpara-
xylene molecules show some intramolecular structure of the
adsorbed phenyl group on the (Rdll) surface. The methyl
groups appeared as single-lobe features while the phenyl
group consisted of a pair of lobes with a definite node sepa-
rating them along the axis of the molecule. In the ordered
domains, the molecules were aligned parallel to each other
and at 15%5.2° with respect to the overlayer close-packed F|G. 4. (a) 170 Ax170 A STM image showing the ordering of
direction (Fig. 5. Upon closer examination, the molecules para-xylene molecules(b) 66 Ax47 A STM image showing the
were seen to exhibit a height asymmetry along their longnternal molecular detail opara-xylene.
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FIG. 7. (a) STM of ortho-xylene molecules showing>33 or-
dering. (b) Close-up STM image showing the short-range order of
the apparent disordered regions.

atomic orbitals(LCAO), the variational method, and matrix
) ) , mechanics. The total wave function is represented as a linear
_ FIG. 5. 120 Ax120 A high-resolution STM image demonstrat- - mhination of Slater-type atomic orbitals of all the valence
ing the asymmetry of the molecule as observeq in orde_red doma'nélectrons in the system. By minimizing the total energy with
and the observed 15° Oﬁse.t angle. Inset. .he'ght pmf”@m. respect to each coefficient, the contributions from the atomic
xylene along long axis showing asymmetry in methy! group helght'orbitals to the complete molecular orbil for an isolated
molecule or for a molecule adsorbed onto a metal cluster are
computed. No other energy minimization or molecular relax-
When adsorbed on the palladium surfacetho-xylene  ation was performed. Hikel parameters for Pd are taken
was relatively more difficult to image. The molecules exhib-from the literaturé®-*
ited no particularly unique surface features besides an overall Binding energy calculations were performed for the three
ovoidal shape[Fig. 7(@]. In addition, LEED observations xylene isomers, each on the three high-symmetry binding
showed no long-range ordering, but we did observe someites(on-top, bridge, and threefold hollovand for two mo-
short-range molecular arrangement. Groups of molecules decular azimuthal orientations on each site. Although the
the order of 10 were observed to arrange in apparent hexagginding energy showed dependence on the molecule-cluster
nal arrays with a spacing of9.5 A. Moreover, molecules separation, as for our calculations for xylene on(Rf)®
appeared oriented parallel to one another. the binding energy calculations for all isomers provided no
We also observed domains of molecules arranged in perinformation regarding preferences of molecule-cluster sepa-
odic rhombusegFig. 7(b)]. The molecular spacing was mea- ration distance. We suspect that this site and orientation in-
sured to be~6.0AXx8.65A. Along both lateral directions, dependence is a result of the substituted methyl groups
adjacent unit cells appear to be shifted by half of a unit celfCH,), as compared with previous studies of benzene on

C. Ortho-xylene

and then repeated. P{(11) in which benzene exhibited a definite site
dependencé? We believe that the source of this problem
IIl. THEORETICAL METHOD may be the tendency for the methyl groups to tilt away from

o ) the molecular plane upon adsorption on a metal surface. This
~ Though limited to aromatic molecules, a method for pre-prompted us to perform the same type of calculations for all

dicting STM images based on EHT has been successful ithree binding sites for tilt angles of the methyl groups rang-
reproducing the detailed internal structures of such carbor]ng from 20° to 40°. Unfortunately, these calculations were
ring structures as naphthalene, azulene, monomethylazulengso inconclusive and failed to find energetic preferences of
dimethylazulene, and trimethylazulene on(120).°” The  the molecule. We suspect that this effect on the binding en-
EHT treatment of conjugated hydrocarbons is a semiempirargy calculation could be a direct result of assuming a rigid
ical calculation, which combines linear combination of molecule and not including any relaxation of the molecule or
substrate. Consequently, we used the molecule-cluster sepa-
ration d 2 A found in previous calculations for benzene on
Pt and Pd(Ref. 9 and performed angle-dependent binding
energy studies of the isomers for various binding sites.

Metal clusters were composed of a single layer of
~30-40 metal atoms. Calculations were performed using a
three-layer metal cluster consisting of over 60 metal atoms,
and while the absolute binding energy was different, the
trends in the resultant binding energy curves were within

FIG. 6. A sequence of images showing molecular movement a§everal percent of those using a single layer. Therefore, all
indicated. Acquisition time for each image scan was 13 sec. Both &alculations for this study were performed using a single
rotation and a rotation with translation are illustrated as indicated oriayer.
the figure. To test the accuracy of the binding energy calculations
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FIG. 9. Definitions of the various binding sites on upper step
edges calculated fometaxylene. H=hollow, T=top, and B
=bridge.

FIG. 8. Predicted images of each of the xylene isomés: showed that the molecule preferred to orient itself with its
metaxylene HOMO, (b) metaxylene LUMO, (c) metaxylene un-  methyl groups parallel to the close-packed direction. On
occupied stategd) para-xylene HOMO, (e) para-xylene LUMO,  bridge sites, however, the calculations showed equal prefer-
(f) para-xylene unoccupied statesg) ortho-xylene HOMO, (h)  ences for orienting the methyl groups both parallel and at 30°
ortho-xylene LUMO, and(i) ortho-xylene unoccupied states. with respect to the close-packed direction. In both cases, the

potential barriers were approximately 0.36 eV, and the
using EHT, a similar calculation was made using the locaminima sat within 0.25% of each other.
density approximation of density functional theory with  ~giculations for sites on the (_Dl upper step edge were
pseudopotentials: ! Using a plane-wave basis set cutoff of performed for four hollow siteétwo fcc and two hci two
12 Ry the self-consistent program was run until the energyy, sites, and three bridge sité&ig. 9). For the hollow and
was converged to within 10 Ry.** We computed the bind- jgge site cases, the binding energies were found to be
ing energies fopara-xylene on a hOHOW_S'tJé and compared a0yt 259% greater than those for the terrace sites. For top site
the result to the respective differences in the binding energies the binding energy was about 55% smaller than its asso-
as calculated by EHT. Naturally, the absolute values of the,sted terrace value, while top sitewas 16% smaller, sug-
binding energies for the individual orientations were differ- esting that adsorption is not likely on top siteln general,
ent from each of the computational tgchniques, 'but the trendg,e greater binding energies associated with a binding site
were found to be the same. We attribute the differences bggcated near the step edges suggested that adsorption is pre-

tween the results to the application of EHfight-binding  terred on the upper step edge on the other seven sites versus
theory to metal atoms. With the agreement with density 5, the terrace.

functional theory, we are fairly confident in the numerical  \15jecules on the hollow sites showed an energetic ten-
values calculated for this study by EHT. dency to orient themselves with the methyl groups parallel to
the step edge. Moreover, with a comparable binding energy

A. Metaxylene and separated by a rotation barrier on the order of 10 eV, the

pwolecules showed a preference between two orientations:

The calculated image of the highest-occupied moIecuIameth | arouns either move toward or awav from the ste
orbital (HOMO) for isolatedmetaxylene showed a distinct yl group L ) y P
edge. There was no significant difference between the fcc

g:aannzgeunlgr ;ga,\[/l)g[vlz:;h tg(z)]c' arsbi%r;l :r?)? fﬁg\’mggfsa;:ﬁi ; f aand hcp sites. Thoggh the top-sieadsorbed m(_)IecuIes
lowest-unoccupied molecular orbitdlUMO) showed trian- showed a smaller _bmdmg energy than the t_op S't.es on the
gular symmetry with the character of the LUMO of benzene!"ace; bo_th top sites showed the same orientation prefer-
[Fig. &b)]. ence for orienting the met.hyl groups .paraIIeI to the step edge
in both orientations, as discussed with the hollow sites. The

three bridge sites are described by Fig. 9. Calculations for
also distinguished by a triangular geoméfiFg. 8(c)]. More bridge sites revealed a completely different trend than for the

specifically, a depression is visible at the center of the carboR'EV'0US binding sites. The blndl_ng eénergy curve showed a
ring, and two of the corners have a higher intensity in thepreference for the molecule to sit orlented_ W|th the methyl
local density of state§LDOS), corresponding to taller fea- groups parallel to_aII three close-packed directions. Though
tures, than the third corner. These features are observed fé?e b|nd|.ng energies are compara}ble to those found for the
both the occupied and unoccupied state images. Again, give OHOW site calculations, the rotation barriers 60.33 eV
the locations of these brighter features, they correspond 3¢ significantly smaller.
the electronic structure of the methyl groups.

Binding energy calculations fametaxylene on terraces
showed aboua 1 eV preference for adsorption onto hollow For para-xylene, the HOMO consisted of two lobed fea-
or bridge sites over a top site. On hollow sites, calculationgures from the methyl groups and a feature which resembles

The calculated images of adsorbetttaxylene on a Pd
cluster were remarkably similar to the case on°Riney are

B. Para-xylene
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one of the two degenerate HOMO's of the benzene molecule
[Fig. 8(d)]. The LUMO showed no molecular features corre-
sponding to the methyl groups and looked qualitatively iden-
tical to the LUMO of benzengFig. 8)].

With the addition of the palladium cluster, the hybridiza-
tion of the molecular orbitals gfara-xylene with the atomic
orbitals of the Pd cluster accentuated the features seen in the
HOMO [Fig. 8)]. In addition, images of both the occupied
and unoccupied states have qualitatively identical fea-
tures: a central ringlike feature and two distinct lobes lo-
cated on opposite ends of the ring. From the location of these
lobes, we conclude that they result from the methyl groups.
Peak-to-peak distance between lobes was measured to be 6.2
A in the calculated images.

Binding energy calculations fopara-xylene on terraces
showed about a 0.8 eV preference for adsorption onto hollow
or bridge sites over top sites. Therefore, we do not expect
significant adsorption on top sites. On hollow sites, the cal-
culations showed preferences for the axis of the molecule to
align itself approximately 22° from the palladium close-
packed direction. Bridge sites showed a trend for the axis of
the molecule to align either 90° or 30° from the close-packed
direction[Fig. 10b)].

C. Ortho-xylene

The calculated image Of t,he HOMO fartho-xylene . FIG. 10. Preferred orientations of xylene isomers ori1P%
showed the same characteristic bright lobe features resulting; aces from binding energy calculatioria) On both the hollow

from the methyl groups and a benzenelike HOMEQ. and bridge sites, thenetaxylene molecules align with the methyl
8(g)]. The calculated image for tfetho-xylene LUMO was  groups parallel to the close packed directions. On the bridge site it
also characterized by two lobes and a benzenelike LUMQso prefers to sit at 30° with respect to the close-packed direction.
[Fig. 8(h)]. (b) Para-xylene sits at 22° with respect to the Pd close-packed

The predicted images afrtho-xylene adsorbed onto a Pd direction, while on bridge sites it prefers 90° and 30° from the metal
cluster are characterized by a ring with a definite centeredlose-packed directioric) Ortho-xylene molecules prefer to orient
indentation and two bright adjacent lobes slightly separatediith the methyl groups parallel to the (0} direction. On hollow
from the central rindFig. §(i)]. From the locations of these sites, however, the binding energy curves show thab° rotation
lobes, they result from the electronic structure of the methyhbout the preferred orientation is allowed.

roups. Images of both the occupied and unoccupied states . . .
ghom[/)ed the %ame features. P P ased on Hckel calculationgFig. 8). From the calculated

As with para-xylene, calculated images including tilted images, the phenyl group displayed features simélar to that of
methyl groups showed the same general shape as the orfadenzene molecule adsorbed t¢121) or Pd111).
without tilting. Thus we do not expect much difference in _ Calculations fometaxylene on P@L11) indicate that me-
experimental images as a result of the filt. thyl groups as shown |n.F|g.(I2) are located at the positions
Binding energy calculations revealed a 0.8 eV preferencd the higher features with the observed node between them.
for ortho-xylene adsorption on hollow and bridge sites over ' N€ corresponding peak-to-peak distance between methyl

top sites. We therefore do not expect significant adsorptio"0UPS on the calculated images was 6.0 A. The difference
on top sites. On hollow sites, therthoxylene molecules from the observed 4.5 A indicates that timetaxylene ex-

showed a preference to not align the methyl groups withirnibited significant tilting of the methyl groups upon adsorp-

15° of the close-packed direction of the metal surfaceion onto the metal surface. Tilting is not unexpected because

. R — a methyl group is attached by only a C-C single bond.
Though a rotation of-15° about the (101_) direction was On terracesmetaxylene was observed to predominantly
aIIowedf, we do not expect zki)grgatelr rotatéon _c(ijue to tt)he press;ilign with one side parallel to a close-packed direction. Al-
ence of a 0.2 9\/ rotation barrier located midway e_tweeqhowh the STM images did not have sufficient resolution to
close-packed d|rect|ons..F.0r the bridge sites, the binding erHistinguish the methyl groups, from the threefold symmetry
ergy plots showed a definite preference for the molecules tQ

i lel to the cl ked directi Th f f the molecules it can be deduced that if any one side is
2&%25::: seum(r)nariez e%ﬂieF%amee Irection. These pre erE:)arallel to a close-packed direction, then the methyl groups

will be as well. To a much lesser degreaetaxylene was
IV. DISCUSSION observed to be orlente_)(_j 3Q° fr_om the close-packed dlrecpons.
Although the specific binding site cannot be determined
Except forortho-xylene, observed molecular features of for molecules adsorbed along the upper step edge of close-
the isomers agreed very well with predicted STM imagesacked oriented steps, we believe that the molecules are all
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Hollow site model  Bridge site model

FIG. 12. Two possible models fopara-xylene ordering on
Pd111). Based on binding energy calculations, the hollow site
model exhibits a misalignment angle ef22° with respect to the
overlayer close-packed direction, while the bridge site model exhib-

FIG. 11. (a) Schematic drawings illustrating the relative molecu- its a misalignment angle of 0°. The latter case is not observed ex-
lar orientation forpara-xylene on the surface and associated calcu-perimentally and therefore discounted.
lated images, for decreasing angular difference between the molecu-
lar axis and the overlayer close-packed directidenoted in whitg must be significant tilting of that C-C bond.

As the angular difference decreases, the image displays an increas- - .
ingly symr%letric profile(b) STM image ofpara-gylenepm)cglecules, _From.the binding engrgy calculations, both the hollow anq
with the overlayer close-packed direction denoted in white. b”dge sites prefgr a mlsallgnmenft f_rF’m the close-packed di-
rection, but we discount the possibility for the ordered mol-
sitting in the same binding site because of the commensuratscules being in bridge sites based on several points. First,
spacing along the step edge. Theoretically, preferences féfom energy considerations for a single adsorbed molecule,
each of the sites showed both an orientation toward angloth domains obtainable from bridge sites would have the
away from the step edge. This would explain the observatiomnplecules on bridge sites oriented parallel to the overlayer
of “inverted” metaxylene molecules at the step edge, butclose-packed directions as shown in Fig. 12. This is contrary
not the preponderance of the other orientation. For the hOltO experimenta| ﬁndings where an unmistakable misa“gn_
low sites, we do not suspect that rotation is possible due tgnent between the molecule orientation and lattice vectors of
the large rotation barrief~10 eV) calculated in the binding the overlayer structure is observed. Moreover, calculated im-
energy studies. Even for the brldge Sites, the rotation barrieéges for molecules on br|dge sites show no apparent asym-
was calculated to be 0.33 eV, far larger than the thermametric profile along the molecule. This result is not surpris-
energy available at room temperature. ing because only the hollow site breaks the twofold
For paraxylene, energy calculations suggest that mol-symmetry of the molecule. Certainly intermolecular interac-
ecules adsorb on hollow sites at angles between 15° and 3@ons cannot be ignored, as the parallel alignment of the mol-
with respect to the substrate close-packed direction. An origcules is a result of it. But while the molecules face a rather
entation of~22° with respect to the metal close-packed di-small diffusion barrier between hollow and bridge sites, the
rection is energetically favored, but the potential well isparrier between the hollow and bridge sites was calculated to
broad, allowing for free rotation between22° and+22°.  pe 0.8 eV, which is nearly 4 times greater than the rotation
However, no rotation of this sort was observed experimenparrier for any site(0.23 e\). A more rigorous relaxation
tally. The angular difference between the close-packed direcstudy would be necessary to fully elucidate this fact.
tion of the overlayer structure and the orientation of the STM images ofortho-xylene intramolecular surface fea-
para-xylene molecules was experimentally measured to bgures were uninteresting. At room temperature, we were un-
15°%5.2°, which is consistent with the calculation. able to obtain the distinguishing features predicted by EHT
As illustrated in Figure 1(), images calculated for vari- [Figs. §g), 8(h), and &i)]. The node separating the methyl
ous orientations on the hollow site exhibit an increasing symgroups was only resolvable for the best images ofrteta
metric profile across the long axis of the molecule as thegylene where the methyl groups are separated by 120°. Per-
orientation decreases from 30° to 0° with respect to theyaps it is not surprising that fartho-xylene, where the me-
close-packed direction of the overlayéndicated by the thyl groups are located on adjacent carbon atoms of the
white Iine). As observed with STM, intensity profiles showed pheny| group, the methy| groups are not Separate|y resolv-
an asymmetry along the axis of the molecule. This behaviogple. In addition, the side of the molecule with the methyl
agrees remarkably well with calculated images for the mngroupS was expected to show an apparent he|ght difference,
aligned case on the hollow site. Therefore, this would sugwhich was not observed. We exclude the possibility of tilting

gest thapara-xylene molecules arranged in ordered domainsas ortho-xylene was found to adsorb with the phenyl group
are located on hollow sites. This would also explain the dif-parallel to the surface on @t1).3

ference in the measured peak-to-peak dimensions for the cal-

culated image6.2 A) and the experimentally observed one

(5.2 A). Because of the symmetry difference between the V. CONCLUSIONS

binding site and molecule, one methyl group lies directly

above a metal atom. Not only does this cause an increased We obtained detailed STM images revealing structural
electron density, but based on the reduced dimension, thesnd ordering information for the xylene isomers or(Hd).
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Experimental observation for threeta andpara-xylene iso-  respect to the metal close-packed directions. In addition, cal-
mers agreed well with predicted images using extendedulated images showed an asymmetric profile down the long
Huckel theory. Metaxylene molecules align along upper axis of the molecule, which is consistent with the experi-
close-packed step edges with one side parallel to the stements. Forortho-xylene, the calculations predict intramo-

with small hexagonal domains appearing near st®@sa-  |ecular structure, binding site preferences, and molecular ori-

xylene molecules arrange in hexagonal domains with th@ntation, but these details have not yet been observed
molecule axis oriented approximately 155° from the  experimentally.

overlayer close-packed rows. The arrangementodho-
xylene molecules shows no long-range order, but molecules
assemble in small arrays of rectangles.

Images were calculated for both the isolated molecule and
the molecule adsorbed on a single-layef1Ad) cluster con- We acknowledge Quantum Chemistry Program Exchange
sisting of 20—35 atoms. Calculated intramolecular feature$QCPB for the progranFoRTICON8. We are grateful to D.P.
agreed well with experimental ones foneta and para- Land for his helpful discussions and M.D. Watson for per-
xylene. Binding energy calculations for all three isomersforming local density approximatioi.DA) calculations. Ac-
showed preferences for the hollow and bridge sites. Sucknowledgment is made to the National Science Foundation
calculations formetaxylene on both steps and terracesunder Grant No. CHE-95-20366, the Campus Laboratory
showed a preference for the molecule to orient with the meCollaborations Program of the University of California, and
thyl groups parallel to the Pd close-packed directidtera-  the donors of The Petroleum Research Fund, administered by
xylene molecules showed a preference for orienting 22° withthe ACS, for support of this research.
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