Scanning tunneling microscopy study of the molecular arrangement
of meta- and para-xylene on Pd (111)
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We have performed an experimental study m&ta and para-xylene isomers, gH,(CHs),,
adsorbed on Rd11). Using scanning tunneling microscopy we imaged the characteristic surface
structures and investigated the molecular orderingnfieta and para-xylene. A triangular shape
characterized thenetaxylene, and thepara-xylene showed a distinctive diamond shape. Both
isomers showed some propensity to order and a correlation between azimuthal orientation and the
close-packed directions of the metal. ZD01 American Vacuum Society.
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[. INTRODUCTION These two features suggest the locations of the methyl
ngroups:[Fig. 2(b)]. Peak-to-peak dimensions between the me-

metal surfaces is an interesting problem in surface scienc&lY! groups were measured for a variety of images and aver-
By determining the adsorbate structure of hydrocarbons, w89€d~4.5 A

can gain a better understanding of the molecule—substrate At full coverage, a yveak _33 pattern was Qbserved by
interaction, which is the microscopic foundation for adhesior{®W energy electron d|ffract|o_r(LEED)._ S_TM Images re-
and lubrication. Benzene is a model aromatic hydrocarbo€@l€d isolated ordered domains consisting of approximately
and has been widely studied in adsorptidntiowever, the 30 molecules. As seen in Fig(d, the metaxylene mol-

adsorption of dimethyl-substituted benzene molecules ofcU€S a@ppear to be not only disordered but randomly ori-
metal surfaces has not been as well investigated. ented as well. Upon closer inspection, however, we are able

We used scanning tunneling microscoSTM) to obtain to determine the directionality of the molecules by resolving

the highly detailed molecular structure of xylene isomers orf1€ Subtle indentation on one side of the molecyles.

a Pd111) surface. Figure 1 is a schematic diagram of the two2(P)}- Though height profiles were limited by the resolution,
xylene isomers in this study. we suspect this indentation to be the node between the two

methyl groups. We found that the molecules oriented in one
Il EXPERIMENT of three distinct directions, which are approximately 120°
) with respect to each other.

We performed room temperature STM studies of the ad- e suspect that the observed weak LEED pattern is a
sorption properties of xylene isomers on(PH using an  product of small ordered domains. We rule out the possibil-
Oxford Instruments ultrahigh vacuutHV) variable tem- iy that the apparent disorder is a result of the random orien-
perature STM. The RA11) single crystal was cleaned under tations of the molecules from the following examination.
UHV conditions by repeated argon ion sputtering and angiyen the locations of the indentations and the assumption
neglmg cycles. After verifying the cleanliness of the samplehai the xylene chemisorbs through the phenyl group,
using x-ray photoelectron spectroscopy and STM, theye generated a pattern by marking the suspected locations
chamber was backfilled using a variable leak valve withys egch phenyl group. The ensuing pattern showed no
99+% purity meta and para-xylene. The xylene was puri- periodicity.
fied by direct pumping for 5-10 min and its purity verified = \jolecules which adsorbed along step edges parallel to the
using a residual gas analyzer. Because of the difference Blose-packed directions were found to align with one side
vapor pressure at room temperature between xylene arghraliel to the stefjFig. 3(@)]. Since the resolution was not
benzene, an observed principal contaminant, freezing wagfficient to detect the indentation on the molecule, we could

not necessary. not make a complete determination of the relationship be-

The adsorption of aromatic hydrocarbons on transitio

[ll. RESULTS AND DISCUSSION
A. Meta-xylene

: - T CH, CH
STM images ofmetaxylene exhibited a distinctive three- 3
fold symmetric shape. Intensity profiles on highly resolved CHj, CH,4
images revealed that two corners were approximately 0.15 A
higher than the third. In addition, a slight indentation was
observed separating the two similar taller corner features.

meta-xylene para-xylene
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1993 J. Vac. Sci. Technol. A 19 (4), Jul/Aug 2001  0734-2101/2001/19(4)/1993/3/$18.00 = ©2001 American Vacuum Society 1993



1994 Futaba et al.: Scanning tunneling microscopy study

Fic. 2. 270x160 A unoccupied states STM image wfetaxylene mol-
ecules. An overlay is drawn to indicate molecular orientatigimse) En-

1994

Fic. 4. (a) 42x42 A STM image showing the ordering and molecular shape
of paraxylene.(b) 120x120 A STM image showing the ordering and the
molecular alignment opara-xylene. The 15° offset angle between the di-
rection of the molecules and the close-packed direction of the overlayer
structure is indicated in the image. Tunneling conditidRs;=0.1 nA and
VbiaS= 100 mV.

tween the molecule orientation and the direction of the steps
in the close-packed direction. Measurements showed a uni-
form spacing of about 8.2 A, which corresponds to three
nearest-neighbor lattice spacings of the metal substrate.
Moreover, a hexagonal>33 ordering propagated from the

largement showing the indentation on one side of the molecule which proClosed-packed steps onto the terrace, which continued later-

vides directionality information. Tunneling conditions;,,=1.0 nA and
Vpias= 100 mV.

Fic. 3. (a) 170x140 A STM image showing preferential ordering at the
upper terrace of close-packed step ed@las210x 210 A STM image also

ally for about 3—5 molecules before growing increasingly
disorderedFig. 3(b)]. A small fraction of themetaxylene
molecules adsorbed onto close-packed steps were oriented
with a corner protruding from the step edge. These mol-
ecules extended slightly further out from the step edge than
the other orientatiofiFig. 3(b)].

Fic. 5. Sequence of 4260 A images showing molecular movement of

showing preferential ordering at the upper terrace of close-packed stepara-xylene. Acquisition time for each image scan was 13 s. Both a rotation
edges. Gray scale was chosen to enhance the contrast of the molecules (@ircle) and a rotation and translatiddiamond are illustrated as indicated

the upper step. Tunneling conditiorlg;,= 1.0 nA andV;,c=100 mV.
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in the figure. Tunneling conditions;,,=0.1 nA andV;,c= 100 mV.
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B. Para-xylene IV. CONCLUSIONS

Para-xylene exhibited a distinctive diamond shajeg. We used STM to imageneta and para-xylene isomers,
4(a)]. Higher resolution images of thmra-xylene molecules CgH4(CHjy),, adsorbed on Rd11). Meta- and para-xylene
showed some intramolecular structure of the adsorbed phemach exhibited a characteristic surface structure. A triangular
nyl group on the PA.11) surface(Fig. 4). The methyl groups  shape best described the molecular shape ofriixylene
appeared as single lobe protrusions from the phenyl groupmolecule. Thepara-xylene showed a distinctive diamond

The symmetry of the molecule allowed for easy visualshape. Both isomers showed some propensity to order, with
identification of an overlayer pattern. STM images showectorrelations between their azimuthal orientation and the
that para-xylene ordering was much more prevalent thanclose-packed directions of the metal.
that for metaxylene [Fig. 4(b)]. The hexagonal overlayer
unit cell measured 9.350.38 A, which suggests a/2x2v3
R30° structure. This agreed wzch previously obsgrved .OrderACKNOWLEDGMENTS
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