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Abstract: Characteristic properties of the coronene layer formed on Au(111) for the epitaxial growth of
various fullerenes are described. The electrochemical behavior of the coronene adlayer prepared by
immersing a Au(111) substrate into a benzene solution containing coronene was investigated in 0.1 M
HCIO,. The as-prepared coronene adlayer on Au(111) revealed a well-defined (4 x 4) structure. Structural
changes of the array of coronene molecules induced by potential manipulation were clearly observed by
in situ scanning tunneling microscopy (STM). Supramolecularly assembled layers of fullerenes such as
Cs0, C70, Ceo—Cso dumbbell dimer (Ci20), Ceo—Cro cross-dimer (Cisg), and Cgo triangle trimer (Cigo) were
formed on the well-defined coronene adlayer on the Au(111) surface by immersing the coronene-adsorbed
Au(111) substrate into benzene solutions containing those molecules. The adlayers thus prepared were
characterized by comparison with those which were directly attached to the Au(111) surface. The Cgo
molecules formed a honeycomb array with an internal structure in each Cgo cage on the coronene adlayer,
whereas C7o molecules were one-dimensionally arranged with the same orientations. The dimers, Cizo
and Cis molecules, formed an identical structure with c(11 x 4+/3)rect symmetry. For the Ciso cross-
dimer molecule, C¢o and C7o cages were clearly recognized at the molecular level. It was difficult to identify
the adlayer of the C150 molecule directly attached to Au(111); however, individual C150 molecules could be
recognized on the coronene-modified Au(111) surface. Thus, the adlayer structures of those fullerenes
were strongly influenced by the underlying coronene adlayer, suggesting that the insertion of a coronene
adlayer plays an important role in the formation of supramolecular assemblies of fullerenes.

Introduction quality thin films with superlattices, the two- or three-
dimensional construction of such films by epitaxial growth is
important in pattern formation at the nanoscal®.For example,

in the construction of organic electronic devices such as field-
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is necessary to enhance the mobility of charge carriers in organicCgs molecules as guest molecules. We succeeded in forming a
crystals. Recently, it was reported that the use of a substratel:1 supramolecular assembly consisting of fullerenes such as

covered with an atomically flat pentacene monolayer can Cgo, the open-cage dg derivative, and ferrocene-linkedg§&

drastically improve the crystallinity of & films and increase
the field-effect mobility of G transistors to 2.864.9 cn? V1
s71, which is a 4- to 5-fold increase over thegGilm grown
without a pentacene buffét The insertion of molecular buffered
layers of atomically flat pentacene improved the crystallinity
of the Gy film, suggesting that the insertion of controlled

and metalloporphyrins such as zinc(ll) octaethylporphyrin
(ZnOEPY%2-20d gnd nickel(ll) octaethylporphyrin (NIOEFFon
Au(111) and Au(100) surfaces. Such a supramolecular assembly
produced through a doneeacceptor interaction would be useful
for the design and organization of functional organic molecules.
Furthermore, the formation of homogeneous epitaxial layers was

underlying buffered layers can be a general technique for the reported for phthalocyanine and porphyrin derivatives on Au-
fabrication of high-performance crystalline plastics and molec- (111)32122

ular-electronic devices.
Scanning tunneling microscopy (STM) is now well-recog-

For establishing a layer-by-layer method, it is important to
understand and to control the first layer, that is, understanding

nized as an important method for structural investigation of the interaction not only between molecule and substrate but also
adsorbed layers of molecules on well-defined surfaces in both between the second and the third layers is quite important. As

ultrahigh vacuum (UHW?212 and electrolyte solutions!3-15

reported in our previous papers, for example, an iodine-modified

High-resolution STM made it possible to determine the packing Au(111) (I-Au(111)) surface plays a role in forming highly
arrangements and even electronic structures of fullerene mol-ordered arrays of water-soluble organic molecules such as

ecules adsorbed on various surfat&$:1” The epitaxial thin
film of Ceo on Au(111l) was found to take two different
structures, (/3 x 2+/3)R30° and the so-called “in-phase” (38
x 38), in UHV 16 Kunitake’s group succeeded in preparing a
well-ordered Gy adlayer on a Au(111l) surface in aqueous
HCIO4 by the transfer of Langmuir (L) films of g and Ggon
bare and iodine-modified Au(111) electrodésThey found
hexagonal lattices in HCI{ to which the structures of (Z3

x 24/3)R30° and (7x 7) were assignetfaThey also succeeded
in observing five structural isomers ofi§5 (Cso trimers) on
Au(111) in solution by using in situ STNf4 Subsequently, we
reported that &, Ci20, and Gsp adlayers were formed on Au-

5,10,15,20-tetrakid{-methylpyridinium-4-yl)porphyrir?3 crystal
violet?®* and  4,4-bis(N-methylpyridinium)p-phenylene-
divinylene23® Subsequently, the method was extended to the
use of a Cl-covered Cu(100) surface on which to form
supramolecular laye®s. These results suggest that a subtle
control of interaction between molecule and substrate plays a
significant role in the formation of highly ordered molecular
arrays. Unfortunately, however, no highly ordered array @f C
molecules could be observed because of the high mobility on
the 1-Au(111) surfacé®c To solve this problem, electron-
donating coronene molecules are expected to serve as a buffer
layer. As described in our previous papers, coronene molecules

(111) by immersion into benzene solutions containing these form a highly ordered array with (4 4) symmetry on Au-

molecules'®

(111), as characterized by SPMand low-energy electron

The formation of mixed molecular adlayers consisting of two diffraction (LEED)25® The adlayer structure of g on the
or three components has been attempted extensively by usingzoronene-modified Au surface is expected to be controlled by
vapor and wet deposition techniques, while STM has been useddonor-acceptor interaction in supramolecular assembly systems
to understand and design two-dimensional nanoarrays by thebecause fullerenes are considered to be suitable building blocks
bottom-up technology-1° Supramolecular assemblies produced for three-dimensional molecular architecture, owing to their
by using the layer-by-layer growth technique have also been strongn-electron accepting abilit$€ Our preliminary result for
investigated to construct molecular architectures. For example, Cgo on the coronene-modified Au(111) surface revealed that the
the formation of a two-dimensional nanoporous network using coronene layer makes it possible to control surface properties

hydrogen bondingy’ or metal-organic coordinatichwas re-
ported. Such network arrays could recognize selectivefyo€
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Chart 1. Chemical Structures of Fullerenes, Ceo, C70, C120, C130, tip etchedn 1 M KOH. To minimize the residual faradaic current, the
and Cigo tips were coated with nail polish. STM images were recorded both in

the constant-current mode and in the constant-height mode. All potential
_ values are referred to the reversible hydrogen electrode (RHE) in 0.1
vaw M HCIO,.
g

Results and Discussion

Electrochemical Characterization of the Coronene Ad-
@ layer. In the middle portion of Figure 1 are shown typical cyclic
voltammograms (CVs) of a clean (black dashed lines) Au(111)
Cro Cia0 electrode and a coronene-modified (red dashed line) Au(111)

electrode in 0.1 M HCIQ@recorded at the scan rate of 50 mV
vicinal Au(11 12 12) surface with 111} microfaceted steg? sL. The voltammogram for the bare Au(111) electrode indicated
The result indicates thateg molecules as electron acceptors py the dotted line in Figure 1 in the double-layer-potential region
preferentially adsorb at the electron-rich regions near the stepis identical to that reported previousi? which shows that a
edges, leading to the formation of arrays with the perfect well-defined Au(111) surface was exposed to the solution. For
periodicity of the Au template. Such a formation of &C  the electrode modified with coronene, a small cathodic current
nanochain provides the knowledge for the surface patterning. peak was observed in the potential range between 0.20 and 0
In contrast, coronene is also one of the promising molecules, v/ 25 This peak is assigned to the desorption of coronene
as well as pentacene, for the materials of electronic devices suchmolecules from the Au surface. After subsequent immersion of
as field-effect transistors and solar cells based on well-orderedthis electrode into a 1M benzene solution of &, the effect
organic thin films?® as mentioned previously in this papér.  of the adsorption of € was clearly observed in the double-

Here, we report on the preparation of epitaxial thin films of |ayer charging current. The characteristic peaks of coronene
fullerene adlayers on coronene-modified AU(lll) surfaces. around 0.10 V disappeared’ Suggesting that the coronene-
Highly ordered arrays of fullerenes such ag 7o, Ceo—Ceo modified Au(111) was fully covered withggmolecules. Similar
dumbbell dimer (Gzq), Ceo—Cro cross-dimer (@), and Go CV profiles were obtained with other fullerenes,pGCi2 and
triangular trimer (Ggo), as shown in Chart 1, can be constructed C,;, on the coronene-modified Au(111) electrode in 0.1 M
as a second layer on the well-defined coronene adlayer on Au-HCIO,.

(111). As reported in our previous papéfsa highly ordered (4x
Experimental Section 4) structure of coronene is formed on Au(111) by simple
immersion into a benzene solution containing coronene mol-

Coronene (sublimation grade, 99%) was obtained from Aldrich. ecules. In the STM image acquired in a large area ok440

0, 0, . .
Fu”erem?s € (99.95%) .and % (99.5%) were purchased fror.n MTR nn?, each coronene molecule can be clearly recognized in the
Corporation and used without further purification. Fullerene dimegg C

cross-dimer (&), and triangular trimer (¢o were synthesized by form of a_donut ring, as shown in Figure 1_a'_ Each coronene
using the high-speed vibration milling technique described in the moleculg 1S C'eaf')/ seen as a hexagon consisting of §mal| spots
previous report®3° Spectroscopy grade benzene (Kanto Chemical (see the inset of Figure 1a). The molecular rows consist of bright

Co.) was used without further purification. An aqueous HG36lution spots and cross each other at an angle of either 60 Giviiftiin
was prepared with HCIQ(Cica—Merck) and ultrapure water (Milli-Q an experimental error aE2°. The intermolecular spacing along
SP-TOC; =18.2 MQ-cm). the <110> direction was estimated to be 1.270.03 nm, which

Au(111) single-crystal electrodes were prepared by the Clavilier corresponds to 4 times the Au lattice constank(8.289 nm).
method®! They were immersed into Milli-Q water saturated with The (4 x 4) symmetry was also confirmed by ex situ LEED
hydrogen quickly after annealing in a hydrogen flame and cooling in  naasurements in UH%D
the stream of hydrogefi. The coronene adiayer was prepared by o jqantical (4x 4) structure was consistently observed in

immersing a Au(111) electrode into a 1M benzene solution of . .
coronene for 10 s, as described in our previous paidise adlayers the potential range between 1.00 and 0.10 V. When the potential

of Ceo OF Cro Were prepared by immersing a Au(111) electrode into a Was held within the range of 0.6®.10 V versus RHE, a partial

ca. 10uM benzene solution of eitherggor Cro for 10-20 s, after reconstruction of interfacial gold atoms was found on the Au-
preparation of the coronene-modified Au(11¥)For the preparation ~ (111) surface. As can be seen in Figure 1b, reconstructed rows
of adlayers of G or Ci3p @ Au(111) electrode was immersed for3 of Au(111) were observed through the molecular layer of

min in a benzene solution saturated withdor Ciso after preparing coronene. Thus, a stable, well-orderedk(4) coronene adlayer
the coronene adlayer on a well-defined Au(111) surface. The fullerene- was observed on both Au(114j1 x 1) and reconstructed Au-
adsorbed Au(111) electrode was then rinsed with ultrapure water. Both (111) surfaces in the potential region mentioned earlier in this
voltammetric and STM measurements were carried out in pure 0.1 M paper. This is probably due toelectron donation of coronene
HCIO.. In situ STM measurements were performed by using a y yhe Ay(111) surface, that is, the Au surface becomes
Nanoscope E (Digital Instruments, Santa Barbara, CA) with a tungsten negatively charged upon the adsorption of coronene. It is well-
(28) Xiao, W.; Ruffieux, P.; A+Mansour, K.; Grolning, O.: Palotas, K. Hofer, ~ Known that the surface reconstruction is electrochemically

W. A.; Grolning, P.; Fasel, Rl. Phys. Chem. 006 110, 21394. induced at potentials more negative than the potential of zero
(29) Verlaak, S.; Steudel, S.; Heremans, P.; Janssen, D.; Deleuze RWyS. L. i

Rev. B 2003 68, 195400 charge (pzc) to stabilize the first layer of the Au surfé€a
(30) () Wang, G.-W.; Komatsu, K.; Murata, Y.; Shiro, Mature 1997 387, slightly negative potential manipulation easily induces recon-

583. (b) Komatsu, K.; Wang, G.-W.; Murata, Y.; Tanaka, T.; Fujiwara,
K.; Yamamoto, K.; Saunders, MJ. Org. Chem.1998 63, 9358.(c)

Komatsu, K.; Fujiwara, K.; Murata, YChem. Commur200Q 1583. (32) Dakkouri, A. S.; Kolb, D. M. Reconstruction of Gold Surfacedniterfacial
(31) Clavilier, J.; Faure, R.; Guinet, G.; Durand, R.JJ.Electroanal. Chem. ElectrochemistryWieckowski, A., Ed.; Marcel Dekker: New York, 1999;
198Q 107, 205. Chapter 10.
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Figure 1. Typical cyclic voltammograms of bare (dotted line), coronene-adsorbed (blue dashed line}yandoBene-adsorbed (red solid line) Au(111)
electrodes in pure 0.1 M HCIl{recorded at the scan rate of 50 mVAsThe Gy adlayer was formed by immersing coronene-modified Au(111) into a 10

uM Cgo—benzene solution for 10 s.{al) Large-scale (40« 40 nn?) STM images of the coronene adlayer on Au(111) observed at (a) 0.75, (b) 0.25, (c)
—0.05, and (d) 0.40 V, to which the potential was steppethftbV versus RHE. Potentials of the tip and tunneling currents were (a) 0.35 V and 8.60 nA
(28.6 nA for the inset), (b) 0.35 V and 3.40 nA, (c) 0.40 V and 1.00 nA, and (d) 0.35 V and 21.5 nA. (e) High-resolutidh i{&¥) STM image and (f)

proposed model of a squarely arranged coronene array in the adlayer on Au(111). The potential of the tip and the tunneling current were 0.15 V and 33.7
nA, respectively. The set of three arrows indicates the close-packed directions of the Au(111) substrate.

struction of the Au surface. Note that the adsorption of coronene a close-up view of Figure 1e, in which small additional spots
on the reconstructed Au(111) surface also revealed the formationare seen in the squarely arranged coronene array, whereas such
of a highly ordered hexagonal array, showing that the coronenespots are not seen in the hexagonally arranged domain. We
adlayer stabilized the reconstructed Au(111) surface-@10 observed such additional spots at tunneling currents higher than
V, the coronene adlayer disappeared, and a reconstructed AuL0 nA. The intermolecular distance in the squarely arranged
surface was observed at potentials near theuslution potential coronene array was found to be ca. 1.2 nm, which is slightly
because of the high mobility of coronene molecules on the Au greater than that of the (4 4) structure. The molecular rows
surface, as shown in Figure 1c. Furthermore, we performed anof coronene were found to cross each other at an angle of ca.
in situ observation of the Au(111) surface to investigate the gge The packing density of the squarely arranged arfay=(
readsorption process of coronene molecules onto the recon-y os58, wheref is the ratio in size of the molecule to the Au
structed Au(111) surface. Upon stepping the potential from a 54,y on the Au(111) surface was slightly smaller than that of

value near the blevolution potential to 0.40 V versus RHE, (4 x 4) structure @ = 0.0625). It was reported that the

the readsorption of coronene molecules occurred immediately,structural change of a benzene adlayer on Rh(111) was induced

and a highly ordered array of coronene molecules was again . - .
. by an applied potential, that is, the adlayer structure(2f/3
formed on the reconstructed Au(111) surface. Interestingly, two « 3)rect (0 = 0.17) was transformed into the (83) structure

different phases consisting of square (upper portion; region 1) (6 = 0.11) by stepping the potential from 0.35 to 0.25 V versus

and hexagonal (lower portion; region Il) packing arrangements 3
were also found on the reconstructed Au(111) surface in an areaRHE' The (3 3) structure of the benzene adlayer was formed
of 40 x 40 nn?, as shown in Figure 1d. At 0.40 V versus RHE with water molecules on Rh(111) at 0.25 V versus RHE in 0.01

some disordered areas were seen on the terrace, indicating thay! HF-** In analogy, the additional small spots seen in Figure

the readsorption of coronene on the reconstructed Au(111)1€ may be assigned to water molecules or hydronium cations.
surface was not complete. A precise comparison of the lattice Although the precise adsorption site of each coronene molecule
direction of coronene in the squarely arranged domain with the could not be determined, a structural model was prepared for a
underlying Au(111) lattice revealed the crossing angle of ca. squarely arranged coronene array, and it is shown in Figure 1f.
3°, suggesting that the relationship between the coronene squaréSuch a coadsorption of solvent was reported by Hipps'’s group
lattice and the Au(111) lattice was incommensurate. Details of
the squarely packed coronene array in the adlayer are shown in33) yau, S.-L.; Kim, Y.-G; ltaya, KJ. Am. Chem. S0d.996 118, 7795.
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' : ! LL'.j
Figure 3. Typical large-scale (75« 75 nn?) STM images, acquired at
0.79 V versus RHE, of g adlayers on (a) a clean Au(111) surface and (b)
a coronene-modified Au(111) surface in 0.1 M HGIQhe potential of
the tip and the tunneling currents were (a) 0.40 V versus RHE and 1.50 nA
and (b) 0.35 V versus RHE and 0.85 nA.

to that of Figure 2a. The increase in surface coverage due to
the phase transition from the square to hexagonal packing
arrangement was caused by the supply of coronene molecules
from these clusters, indicating that these clusters were formed
by the excess coronene molecules produced when the coronene
oure 2. Time-d dent. | o STM i B0 ir?) of th adlayer was re-formed on the Au(111) surface. After more than
C(’)grlcl)fen.e alirlna?/eregr?na 2?1(’1%.9)195322; in O.Ilmlagségbtaiged) gt 0.?5 30 min, the smooth domain composed of hexagonally arranged
V, to which the potential was stepped from 0.40 V versus RHE. Panels coronene molecules was completely formed on the terrace, and
(b), (c), and (d) were taken, respectively, 1, 2, and 12 min after panel (a) the clusters diffused and finally disappeared. Thus, the potential-

was recorded. The potential of the tip and the tunneling current were 0.35 jnduced structural change of the coronene adlayer on Au(111)
V and 1.90 nA, respectively. All STM images were recorded at a scan rate . lectrochemicall ible. Th fth |
of 7.4 Hz. The set of three arrows indicates the lattice directions of the 'S €/€Ctrochemically reversible. Ihe appearance or the squarely

Au(111) substrate. arranged coronene array by electrochemical control is, therefore,
) ) attributed to its adlayer structure being metastable.
for the coronene array on Au(111) in nonconductive solvents Ceo and Cro Arrays. Figure 3 shows a typical STM image

such as propionic aci. _ of a Gy adlayer formed on a clean Au(111) surface and that of
When the electrode potential was held at a value more positive 5 \yell-ordered (4< 4) coronene adlayer on a Au(111) surface

than 0.60 V versus RHE, some clusters were formed on the o4y ced by immersion into a ca. A Cgo—benzene solution

ordered array with liting of reconstruction. Because the 5 10-20 s. It is well-known that the epitaxial film ofggon

transformation of square symmetry into%44) symmetry with Au(111) forms hexagonally close-packedv(2 x 2+/3)R30°
time was observed, time-dependent, in situ STM observations 5, (38x 38) structures, both in UHV and in solutiori8:19

were performed to investigate the dynamics of phase transition o5 sphown in Figure 3a, a prolonged immersion caused the
at0.75 V versus RHE. Figure 2 shows four time-dependent, in mtilayer formation of Go with several ordered domains on
situ STM images obtained at the same location 660 nn). Au(111), that is, more than three layers were found on the
In Figure 2a, the white arrow indicates a phase boundary terrace. The difference in height between the first and the second
between squarely and hexagonally ar.ra.nged coronene domam.smyerS was measured to be approximately 0.60 nm, which
A squarely arranged coronene domain is seen on the terrace Nngicates that the step in the middle of the STM image of Figure
the right half of this image. Figure 2b shows the STM image 3, s not an atomic step of Au (0.2D.24 nm) but a step due
obtained 1 min after the image in Figure 2a was recorded. AS 4 the epitaxial layer of g. Although the high-resolution STM
indicated by the arrow, the domain size of the squarely arrangedimage is not shown here s&molecules were found to form a
coronene array in Figure 2b is smaller than that in Figure 2a. A (24/3 x 24/3)R30° or an “in-phase” (38x 38) structure with
hexagonal region with some defects in the domain was observed,, intermolecular distance of 1.0 nm. On the other hand. the

in the middle portion of Figure 2b. The STM image taken an ., assembly as the second layer was strongly influenced by
additional minute after recording Figure 2b is presented in Figure ne existence of a (4 4) coronene adlayer on Au(111), as
2c, which shows that the squarely arranged region becamerenorted in our previous papefsThe STM image shown in
smaller and the hexagonally arranged region extended OVergig e 3p is totally different from that of & directly attached
almost the entire scanned area. However, the entire area of thg, ihe Au(111) surface, that is, the honeycomb-like structure
hexagonally arranged domain appears to be rough, suggestingyas found in the entire scanned area. The result suggests that
that the re-formation of 'ghe close-packed>(44) structure was  the coronene adlayer was not replaced lgy. @ is known that

not yet completed at this stage. The STM image obtained 10 {he G, supramolecular assembly is strongly influenced by the

min after Figure 2c was recorded is shown in Figure 2d. A underlying layers of organic molecules such as peryieard
smooth and complete hexagonal domain was again formed ONporphyrins?20

the terrace. It is noteworthy that the cluster size on the terrace’ 1 nderstand the formation process of the interestigg C

appearing in the lower part of the STM image of Figure 2d pneycomb array more precisely, the immersion time depen-
(marked by the white circle) became smaller with time compared gonce of the & adlayer structure was investigated on the

coronene-modified Au(111) surface. When the coverage was
low (immersion time shorter than 3 s), both coronene agd C

(34) Gyarfas, B. J.; Wiggins, B.; Zosel, M.; Hipps, K. \Wangmuir2005 21,
919.
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Figure 4. Typical STM images, obtained at 0.85 V for (a) and (b), 0.82 V for (c), (g), and (h), and 0.79 V versus RHEH(),(d)j Cso honeycomb arrays

on a coronene-modified Au(111) surface in 0.1 M HEI®he potentials of the tip and the tunneling currents were (a) 0.35 V and 0.28 nA, (b) 0.35 V and
0.23 nA, (c) 0.44 V and 0.50 nA, (d) 0.35 V and 0.85 nA, (e) 0.35 V and 0.85 nA, (f) 0.20 V and 0.68 nA, (g) 0.44 V and 0.40 nA, and (h) 0.44 V and 0.50
nA. Schematic illustration of the formation process of thg bneycomb arrays is shown at the bottom.

layers were observed (see Figure 4a and b). In Figure 4a, bothdifference corresponds to the thickness of ong i@olecular
coronene and small gghoneycomb arrays are recognized on layer, not to the atomic height of Au. The height difference is
the terrace under this modification condition. Molecular rows consistent with that obtained at thgy@rray on a zinc porphyrin
of coronene are easily seen as hexagonally arranged dark spotslerivative-modified Ag(100) surface (0.44 nm) reported by
However, a careful inspection revealed that the molecular rows Bonifazi et al®2We also obtained a corrugation height of 0.35
of coronene partially crossed each other at an angle-&°3 nm for open-cage § derivative arrays formed on the ZnOEP-
A close-up view is shown in Figure 4b. Although individual modified Au(100)-(hex) surface in our previous stué$ The
coronene molecules are not clearly distinguishable, it is seenelectronic state, that is, the corrugation height of eagh C
that the directions of cavities consisting o§sCnolecules are molecule in the topmost layer, must be influenced by the
almost in alignment with the molecular rows of the coronene underlying coronene layer in the present case. Compared to the
array. Each g molecule is positioned between molecular rows position of each g molecule between the two layers, eacf C
of coronene. The coronene adlattice was slightly distorted after molecule in the topmost layer is located at the same position as
the adsorption of g, that is, the intermolecular distance became in the lower layer (see the schematic illustration in Figure 4).
slightly longer, 1.30 nm. This might have been caused by a The Go honeycomb array is assumed to be composed of
change in the structure of the coronene adlayer during tge C multiple sets of two G spots. The intermolecular distance
modification. According to the report on the adlayer of coronene between the nearest-neighbog@olecules was measured to
prepared in UHV, two adlayer structures of coronene, that is, be 1.25+ 0.07 nm, which is similar to the intermolecular
the initial structure with (4.3x 4.3) symmetry and the final  distance of the coronene (4 4) adlayer on Au(1113>35
structure with (4x 4) symmetry, are formed on Au(113. whereas the distance between the nearest-neighbor cavities (dark
Thus, the existence of a distorted coronene adlattice is consistentireas) consisting of & molecules was found to be 8.1
with what is reported in the literatu®.Such a relaxation of ~ nm in the honeycomb array. It is assumed that the honeycomb
the coronene adlattice might make the specific adsorption array is partially distorted. Remarkably, a careful inspection of
responsible for the formation of asg&honeycomb array. the STM image revealed that the internal structure of eagh C
When the modification was carried out on the coronene- molecule is in the shape of a stripe even at room temperature.
modified Au(111) surface for-810 s, the terrace was entirely  In general, each &g molecule in the adlayer on Au(111) appears
covered with a G honeycomb array, as shown in Figure 4c. A as a round spot because of its rotational motion. It was reported
high-resolution STM image is shown in Figure 4d. Fortunately, that the rotational movement ofs¢on Au(111) and Au(110)
we could find a step line of thegghoneycomb array. The left ~ was hindered, and hence, the electronic structure was observed
portion of the image corresponds to the lower layer of the C as an internal structure at the low temperature of 4.5 K in
honeycomb array, whereas the right portion reveals the topmostUHV,17a36 whereas featureless round spots were observed at
layer of the o honeycomb array. The height difference between room temperature. According to a report by Kunitake and co-
those two layers was approximately 0.5 nm, indicating that the workers, the specific feature for the restricted rotational motion

(35) Seidel, C.; Ellerbrake, R.; Gross, L.; Fuchs, Phys. Re. B 2001, 64, (36) Behler, S.; Lang, H. P.; Pan, S. H.; Thommen-Geiser, V.; Guntherodt, H.-
195418. J.Z. Phys. B: Condens. Mattér993 91, 1.
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Figure 5. (a) Proposed model for the honeycomb array. (b) Schematic
illustration of electron donation from coronene molecules to the Au substrate.
(c) Schematic illustration of a trappedd@nolecule in the honeycomb cavity.

of Cgp was observed on the iodine-modified Pt(111) surface in
an acidic solution at room temperature, indicating that the
interaction between theggmolecule and an iodine-modified
Pt(111) surface is much stronger than that betweens@ C
molecule and Au(111%¢In the system of g on the coronene-
modified Au(111) surface, the adsorption of coronene on Au-
(111) might enhance the interaction betweejs &d the Au
substrate, suggesting that the coronene adlayer plays a significan¥
role in the interaction betweensgand Au(111).
A prolonged immersion time, for example, 15 s, provided _ . _
several Gy molecules trapped in cavities of the honeycomb array é:z’%“; 92% n(r]i‘?)) L’#‘K,f?,;':;%i?&ﬁéﬁﬁ ;Oorl’g;)\f‘cgr(skag)Rhﬁglg';%igr‘gﬁn

as the topmost layer (see.Figure 4e and f). This phenomenony, highly ordered coronene-modified Au(111) in 0.1 M HGICThe
was observed when the third layer was formed. From the STM potential of the tip and the tunneling current were 0.45 V and 0.31 nA,

image shown in Figure 4f, the intermolecular spacing between respectively. (d) Structural model of the topmost layer of thea@rays on
the nearest-neighbor brightest spots was measured to be 1.8 M€ coronene-modified Au(111) surface.

2.0 nm, which is consistent with the spacing between dark
cavities consisting of 3 molecules. The difference in height

of coronene because of the-electron donating ability of
coronene, as shown in Figure 5b. On the contrary, because the

between the brightest and the less bright spots was ap- . >
. molecule of Gp has a strong electron accepting ability, it favors
proximately 0.20 nm. Furthermore, the number gf @olecules )
the Au site surrounded by three coronene molecules. As

trapped in the cavities increased upon immersion for a longer. . ) o . . .
. . o indicated by the results of investigations using high-resolution
period of time. As can be seen in Figure 4g and h, the trapped ;
. i . .~ electron energy loss spectroscopy (HREEESnd ultraviolet
Cso molecules in the honeycomb cavities were triangular in

shape. Although the STM image was strongly dependent upon 220;%?1610 Sognzzfcgrg:i%g{ (gsz)fsfgﬂr/ 6?&3&323@% o
bias and tunneling conditions, the result of Figure 4h suggests 9 9

that these cavities consisting of sixd¢dnolecules provide a the adsorbed & molecules. Acgordmg to Tzeng et .al.., the
. o amount of transferred charge estimated from photoemission was
specific electronic situation or that the trappegh @olecule

o .
does not attach to the bottom lowest coronene molecule, thato'8 glgc_:tron per € molecule on Aq(lllﬁ, suggesting the
is, the central G molecule stands out in the cavities of the possibility of strongr-electron donation from the Au surface

. to Geo. Thus, coronene molecules, especially the central coronene
honeycomb array. Note that no organized arrays were found Coo P y

on the coronene-modified Au(111) surface when the modifica- moIepuIe surrour!ded by S|x66:molgcules, appgrently play a
. ) S . role in the repulsion of the adsorption o§g-as illustrated in
tion was carried out for the open-cage,@erivative (see Figure Fiqure 5¢

S1), suggesting that the assembly of fullerene molecules on the 9 ’

coronene-modified Au(111) surface is influenced by the sym- . For the Go aQIayer prepared in the same manner, the STM
metry of the fullerene molecules. image was entirely different from that of thes{arrays, as

On the basis of the STM images shown in Figure 4, the shown in Figure 6a, which is a typical Igr_ge-scale STM image
formation of a honeycomb array can be explained tentatively of a Cpo adlayer on the coronene-modified Au(111) surface.
by the following model. The intermolecular distance ofyC ngeral one-dlmensmnally (1D) ordered arrays cons!stlng of
indicates that eachggmolecule is located on a 3-fold site of bright spots were 'present n the adlgyer, whgreas a disordered
the (4 x 4) coronene adlayer, where bare Au atoms are exposed,ph"’ls‘_e was seen in the middle portion of Figure 6a. A small
as shown in Figure 5a. When eack,@olecule is positioned rotational glomam_of ordered & molecules was seen in the
on a 3-fold site, the resulting structure calls for the location of upper portion of Figure 6a. Also, an area not covered with C

one coronene molecule at the center of a hexagon consisting ofVas found, as shown in Figure 6b. In view of the molecular

six Cgo molecules. The gy molecules might adsorb preferentially Srllreigons of b?:[[n the corlonelne Qnd‘i.@"azs.' 'E@gvéqeni.that
on a bare Au site rather than on top of coronene because the e 1D array of the ¢ molecules is aligned in rection

adsorption energy Ofélagn Au(l:,l':,l') is high, which ITQ' es“mated (37) Peez-Jinimez, A J.; Palacios, J. J.; Louis, E.; SanFabi&.; Verdgs, J.
to be 46-60 kcal mot .37 In addition, as was mentioned in the A. ChemPhysCher003 4, 388.

: ot ; (38) Modesti, S.; Cerasari, S.; Rudolf, Phys. Re. Lett. 1993 71, 2469.
section on th(_a corqnene adlayer, the charge distribution _on (39) Tzeng, C.-7.; Lo, W.-5.. Yuh, 3-.- Chu. R-Y : Tsuei. K.Bhys. Re.
exposed Au sites might be locally enhanced by the adsorption B 200Q 61, 2263.
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Figure 7. Time-dependent, high-resolution (2525 nn?) STM images

of Cyp arrays on a coronene-modified Au(111) surface acquired at 0.10 V
versus RHE in 0.1 M HCI@Q The potential of the tip and the tunneling
current were 0.35 V and 0.30 nA, respectively.

high-resolution STM image of the 1D-ordered;;Cadlayer
formed on the coronene-modified Au(111) surface is shown in
Figure 6¢. On the basis of the cross-sectional profile, the C :
array with a nearest-neighbor spacing of 1.05 nm is seen to be [y«
aligned in thev/3 direction, whereas the intermolecular distance .
between bright spots in the [@]LAu lattice direction was found

to be 1.71.8 nm. The height amplitude was approximately 0.2
nm. As was mentioned in the section ogyCthe coronene
adlayer on Au(111) is slightly changed in structure during the
modification of the Gy molecules. Therefore, a similar distortion
of the Gy array on the coronene-modified Au(111) surface is
expected to occur during the formation of theoGirray.
Although the exact relationship between thex(44) coronene
array and the g array could not be determined, a structural
model illustrated in Figure 6d is proposed tentatively for the
Cyo adlayers on the coronene-modified Au(111), in which the
unit cell is based on a (& 2+/3)rect structure. In this case,
each Gomolecule is assumed to be aligned to t#& direction
with a “lying-down” orientation, that is, the long-axis side of
the G molecule is attached on the 2-fold bridge site of the (4
x 4) coronene array, because the_ lengths of the short and IongFigure 8. Typical STM images of Goarrays formed on (ac) clean Au-
axes of the G molecule were estimated to be 0.90 and 1.20 (111) and (d,e) coronene-modified Au(111) surfaces, both recorded at 0.85
nm, respectively® Note that the 1D & arrays were strongly ~ V versus RHE in 0.1 M HCIQ The substrate was immersed into a&

; [P i e saturated benzene solution for 3 min. The potential of the tip was 0.45 V
influenced by the modification condition. Under the conditions versus RHE. The tunneling currents were (a) 0.50, (b) 0.30. (c) 1.00, (d)

of a high concentration or a long immersion time, randomly or ¢ 50, and (e) 0.50 nA. (f) Proposed model of the topmost layer of the C
hexagonally arranged-adlayers were formed. The 1D;£ array on the coronene adlayer on Au(111).

array, therefore, possesses a metastable adlayer structure.

When a very different scanning condition was used, a with anincrease in elapsed time. Th@ &rray on the coronene-
structural change involving an exchange of thg fositions modified Au(111) surface was stably observed in the potential
took place in the 1D-ordered;g€adlayer, which was caused by range between 0.05 and 0.80 V. However, when the bias voltage
the scanning tip. Such a phenomenon was often observed in avas set at a value lower than 0.20 V, the 1D-orderega@ay
slightly disordered domain during a continuous scan. For gradually became disordered as the tip continued to be scanned.
example, the defects in the molecular rows were observed toThe honeycomb-like structure was formed with a continuous
undergo exchange reactions under the bias voltage of 0.25 Vscan (see Figure S2).
and the current of 0.30 nA, as shown in Figure 7. The STM  Cjo0 and Ci3p Dimer Arrays. To extend and explore the
images were recorded with an interval of 1 min, which show possibility of epitaxial growth, further investigations were
weak bright spots between bright molecular rows. It is difficult performed for the adlayers of the [2 2]-type fullerene
to judge whether underlying coronene molecules existed or not. homodimer Gy and heterodimer 3o on both clean and
Judging from the depth between the brightest and the darkestcoronene-modified Au(111) surfaces. When the modification
parts (ca. 0.5 nm), it is possible that the brightest molecular of Cixowas carried out for 3 min, a multilayer of,§ molecules
rows compose the second layer of thg @olecules formed was formed on Au(111). Figure 8a shows a typical large-scale
on the 1D-ordered g arrays. The regions indicated by dotted STM image of a G adlayer observed at 0.80 V (near OCP)
circles in Figure 7ac show the corresponding area. Especially on Au(111) in 0.1 M HCIQ. The terrace was covered with
the dark spot indicated by the white arrow near the black dotted epitaxial layers of & molecules. In the STM image of Figure
circle in Figure 7b changed to a bright spot after 1 min, that is, 8a, three layers of 3o can be recognized. Molecular rows of
the new bright spot appeared as seen in Figure 7c. The exchangtéhe topmost layer crossed each other at an angle of ap-
reactions of bright spots in the;§adlayer in the regions marked  proximately 60. Especially the multilayer (at least the bilayer)
by green and blue dotted circles were also found to proceedof Cizo formed on Au(111l) shows a much clearer internal
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region, the molecular orientation of eackp§molecule is easily
recognized with a bifurcated feature in eacl €age, as reported

in the paper on the investigation of the adlayer structure;af C
on Au(11l) in UHV!® |t is suggested that the vertical
interaction between Gy molecules in the adlayers is greatly
increased by the epitaxial growth. Also, several defects were
clearly seen in the topmost layer of the,gEmolecules, as
indicated by the white arrow signs in Figure 8b. Those defects |
reflect the fact that a set of two cages form ongo@olecule.
A close-up view of _the topmost layer is shown in Figure 8c. Figure 9. Typical STM images, acquired at 0.85 V versus RHE, ofiggC
Each G20 molecule is clearly seen to have a dumbbell shape. array on coronene-modified Au(111) in 0.1 M HGICThe potential of the
The Gy cages in an individual o molecule were not simply tip was 0.45 V versus RHE. The tunneling currents were (a) 0.50 and (b)
round but possessed an internal structure, althoughnol- 0.30 nA.

ecules are seen as round circles, as reported in the previousrom the molecular size and the adsorption site, the center of
paperst® The observed features with the shape of stripes are each G, molecule is assumed to be located between coronene
very similar to those of g on the coronene-modified Au(111). molecules.

For the G,o molecule, the rotational motion is also prohibited Furthermore, the tunneling current dependence of thg C
on the Au surface. A careful inspection of the STM image of topmost layer was carefully examined on the coronene-modified
Figure 8c reveals that the direction of the stripe patterns in eachAu(111) surface. The {3, adlayer on the coronene-modified
Ceo cage is slightly distorted in the/3 direction, as indicated ~ Au(111) was clearly seen at tunneling currents lower than 1.0
by the two arrows, whereas the stripe pattern was perpendiculaA. However, the structure of the topmost layer of thgoC

to the axis of the dumbbell dimer. On the basis of the discussion Molecules was strongly influenced by tunneling currents higher
presented previously in this paper, ong.@molecule can be than 1.5 nA with the ti.p potential of 0.45 V (bias voltage was
viewed as superimposed white dumbbells consisting of two 0-40 V). As shown in Figure 9, the;é adlayer on the coronene-
circles and a square drawn by the white solid line in Figure 8c. modified Au(111) surface transformed itself into a honeycomb-

The adlattice of Gomolecules is assigned to they(d x 5v/3)- like structure during the scan of the tip. For example, the upper

- ) . - region of the highly ordered array of;6s molecules marked
Rgoﬁ. symmetry in the close-packed region, as reported in our by the white dotted circle in Figure 9a was completely
previous paper¥’

rearranged to form a honeycomb-like structure with some gaps,
In contrast, when €o molecules were adsorbed on the as can be seen in the region encircled by the white dotted line
coronene-modified Au(111) surface, a different ordered array in Figure 9b. A careful inspection of the dark gap region
was formed. In the STM image of a large area of-660 nn? revealed each coronene molecule in the underlying layer. This
shown in Figure 8d, each individual molecule ofzcan be result indicates that the interaction between the @olecule
clearly recognized as a set of two bright spots. Also, several and the coronene-modified Au(111) surface becomes much
defects are clearly seen as elongated dark spots in the adlayemnveaker than that between tha gmolecule and a clean Au-
The molecules are aligned in the same direction or cross each(111) surface. Similar dependencies on tunneling current and
other at an angle of 60 or 12@sometimes 39. The packing bias voltage were found in the supramolecularly assembled
arrangement of the G, adlayer on the coronene-modified Au- ~ fullerenes such asgg**open-cage €,°"and ferrocene-linked
(111) is quite different from that of G, directly attached to  Ceo derivative$™ on the highly ordered ZnOEP array formed
Au(111), as described in our previous paifek high-resolution on both Au(111) and Au(100). It should be noted that the size
STM image is shown in Figure 8e. Each,gmolecule can be  ©f the honeycomb array consisting ofi molecules was
seen as a set of two spots with the so-called dumbbell shape. [SMaller than that obtained withsgmolecules.
is clear that the long axis of all g molecules is oriented in For Gisoadlayers, a slightly different mode of epitaxial growth
the same direction, that is the [IL(+/3) direction. The was found on the clean Au(111) surfacg: whereas a similar
molecular rows of Gowere rotated by 30with respect to the adlayer was formed on the coronene-modified Au(111) surface.

L . . . The STM image of Figure 10a shows that three layers were
direction of the atomic row of Au. The intermolecular distances .~ .
between nearest-neighbor molecules aligned along f epitaxially f(_)rmed on the terrace of the clean Au(111) surface.
1151 directi d 10 be 3 10 and 2 Om3tm Each domain seems to be composed of hexagonally arranged
[112] directions were measured fo be 5.2, 10 and <. bright spots. A typical high-resolution STM image of thes;&
0.07 nm, respectively, corresponding to 11 ard34imes the

X . adlayer is shown in Figure 10b. The internal structure of
Au lattice constant. Therefore, the adlattice ofzécon the individual G;30 molecules is seen clearly in the topmost layer.

coronene-modified Au(111) surface is assigned a&ld x g reported in our previous paper, a closely packed adlayer with
4+/3)rect structure with respect to the underlying Au lattice  an internal structure of individual;g; molecules was observed
constant. On the coronene-modified Au(111) surface, the internalon Au(111) in UHV1® The two bifurcated features of each set
structure of each §o molecule could not be observed, sug- of two bright spots in the STM image, which are assigned to
gesting that the interaction betweeipginolecules and coronene  Cqo and Go cages, are not in parallel with each other, contrary
is entirely different from that betweenfgand the Au substrate.  to the case of the &—Cgso dumbbell dimef®P A similar structure

A structural model of the highly ordered;4s array on the was observed for multilayers of;¢3 molecules on Au(111) even
coronene-modified Au(111) surface is proposed in Figure 8f. in aqueous solution. Figure 10c shows an STM image afpa C
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Figure 10. Typical large-scale (7% 75 nn?) and high-resolution (6 6

nn?) STM images, obtained at (a) 0.85 V versus RHE and (b) 0.83 V, of
Ci30 arrays on (a,b) a clean Au(111) surface and (d,e) on a coronene-
modified Au(111) surface in 0.1 M HCIO The potentials of the tip and
the tunneling currents were (a) 0.45 V versus RHE and 1.00 nA, (b) 0.42
V versus RHE and 1.70 nA, (d) 0.40 V versus RHE and 1.20 nA, and (e)
0.45 V versus RHE and 1.00 nA. (c) A clipped STM image and a model
of a single Gszomolecule. (f) A proposed model of the topmost layer of the
Ci30 array on the coronene adlayer on Au(111).

Cro molecule clipped from Figure 10b and its structural model.
Each set of two bright spots with several additional protrusions
in the STM image, which are assigned tgp@nd Gy cages, is
not in parallel with each other (Figure 10b). This is understand-
able because, geometrically, the axes of theadd G, cages

in a Gso—Cy0 molecule do not agree with each other, as seen in
the model in Figure 10c, where the axes of thg &d Go

penetrates the other cage in thg-©C;o molecules. On the basis

of the discussion presented earlier in this paper, ong C
molecule can be assigned to two circles drawn in white on the
STM image in Figure 10b. Thus,16; molecules assemble on
Au(111) with hexagonally arrangeds§and Go cages in each
Ci130 molecule to form a closely packed structure.

On the other hand, a flat 6y adlayer was formed on the
coronene-modified Au(111) surface. In an area 0480 nn?,
three highly ordered rotational domains were found on the
terrace, in which the long axis of eachsgmolecule was aligned
with that of the neighboring molecule. Several disordered phases
were also seen between domains, which were similar to the
honeycomb array, as shown in Figure 10d. The packing
arrangement of the {gp array formed on the coronene-modified
Au(111) surface was also different from that ofsgdirectly
attached on Au(111® The packing arrangement and the
intermolecular distance of the;§ array were almost identical
to those of the & array on the coronene-modified Au(111)
surface. However, a more careful inspection revealed that there
was a difference in brightness in the orderegsoCarray.
Although the orientation of each,& molecule was composi-
tionally disordered, that is, any regularity such as head-to-tail
or head-to-head orientation was not found, it was possible to
distinguish each Gomolecule as a pair of bright and brightest
spots, as shown in Figure 10e. The intermolecular spacing
between those bright spots was 0.90 nm, which corresponds to
the intramolecular distance between the centers of e
Czo cages. These spots are, thus, attributable gpa@d Go
cages in one o molecule, respectively, although no internal
structure was observed under these conditions. The adlattice of
Ci30 on the coronene-modified Au(111l) surface was also
assigned as a(11 x 4+/3)rect structure with respect to the
underlying Au lattice constant, which is identical to that of the
Cio0 array, as illustrated by the model shown in Figure 10f.
However, in the case of the g array formed on the coronene-
modified Au(111) surface, the adlayer structure was more
strongly influenced by the conditions of the tunneling current
and bias voltage. This is due to the unsymmetrical chemical
structure of the o molecule. The highly ordered;& array
on the coronene-modified Au(111) surface easily changed into
the honeycomb-like structure during several scans (see Figure
S3), suggesting that the interaction between thg @olecule
and coronene-modified Au(111) becomes much weaker than
that observed when the molecule is directly attached to the Au
substrate. Note that gg-C—C7o (C13;) molecules formed a
stable honeycomb-like array on the coronene-modified Au(111)

cages are indicated by dashed lines I and Il, respectively. Forg,iface’2 The result shows that the insertion of one C atom
Czomolecules, the electronic structure has already been observed,atyween the & and Go cages can alter the adsorption site of

on Cu(111) by using STM? It was reported that the bifurcated
feature was perpendicular to the long axis of thg When the
molecule was adsorbed on Cu(111) with its long axis parallel
to the surfacé® This bifurcated feature of f was also
reproduced by a theoretical simulatitff! Since the long axis

of the G cage (line 1) is tilted with respect to the bond axis of
the Gy cage sharing the central cyclobutane ring (line 1l), as
shown in the model in Figure 10c, it is expected that the
bifurcated feature of & is not perpendicular to the bond axis.
Apparently, line | is not along the bond axis, whereas line I

(40) Wang, X.-D.; Yurov, V. Yu.; Hashizume, T.; Shinohara, H.; Sakurai, T.
Phys. Re. B 1994 49, 14746.
(41) Maruyama, Y.; Ohno, K.; Kawazoe, Phys. Re. B 1995 52, 2070.

each cage. In all fullerenes arrays, similar structures were
consistently observed in the potential range between 0.10 and
0.90 V.

Ceo Triangular Trimer (C 1g9) Array. We further examined
the triangular trimer (o) because o isomers have unique
electronic and spectroscopic characteristics for electronic and
photonic application$?® Unfortunately, the Goadlayer directly
attached to Au(111) was not highly ordered in our experimental
conditions. The reason might be a contamination by, or the

(42) Zhao, Y.; Chen, Z.; Yuan, H.; Gao, X.; Qu, L.; Chai, Z.; Xing, G;
Yoshimoto, S.; Tsutsumi, E.; Itaya, K. Am. Chem. So2004 126, 11134.

(43) Fujitsuka, M.; Fujiwara, K.; Murata, Y.; Uemura, S.; Kunitake, M.; Ito,
O.; Komatsu, K.Chem. Lett2001, 384.
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fullerenes, we succeeded in forming supramolecularly assembled
layers of fullerenes including dg Cro, @ Gso—Cso dumbbell
dimer, a Go—Cyo cross-dimer, and adgtriangle trimer on the
coronene-modified Au(111) surface. STM images clearly dem-
onstrated details of not only the electrochemical structural
change of the coronene adlayer but also the internal structure
and packing arrangement of those fullerenes on a clean Au-
(111) surface and those of supramolecular assemblies on the
coronene-modified Au(111) surface. Epitaxial growth of fullerenes
on the Au(111) surface was found to be strongly influenced by
the underlying coronene adlayer; thus, the control of adlayer
structure is very important for the film formation. Especially
the Gy assembly on the coronene-modified Au(111) surface
provided a unique nanostructure of the honeycomb array. The
trapping reaction of g molecules into cavities in the honey-
comb array suggested the presence of a special electronic state.
The adlayer structures of;; Ci20, and Gsp on the coronene-
modified Au(111) surface strongly depended upon the condition
Figure 11. Typical high-resolution (10< 10 nn?) STM images of a Go of either the tunneling current or bias voltage, whereas #e C
adlayer on (a) clean Au(111) and (b) coronene-modified Au(111) surfaces honeycomb array was stable under the conditions of a higher
in 0.1 M HCIG,, acquired at (a) 0.80 V and (b) 0.85 v versus RHE. The tunneling current or bias voltage. Thus, the coronene adlayer
potentials of the tip and the tunneling currents were (a) 0.40 V versus RHE '

and 3.00 nA and (b) 0.46 V versus RHE and 1.00 nA. (c) The proposed plays an important role not only in the control of the donating
model of Ggo molecules adsorbed on the coronene adlayer on Au(111). apjlity of the Au surface but also in the selective recognition of
the difference in shape and/or electronic structure of fullerenes.
The findings of this study show that heterogeneous interfaces
for donor-acceptor interaction can be built up based on the

inclusion of, other isomer¥d Actually, it is difficult to assign
each Ggo molecule to a & triangular trimer in Figure 1la.
However, we could observe a clear internal structure. It appears
to be different from the structure of thefgor Cisoadlayer on POttom-up” strategy.

the clean Au(111) surface, suggesting that the rotational motion

of each Gp cage is completely inhibited because of the sharing  Acknowledgment. This work was supported, in part, by the
of the cyclobutane rings. In Figure 11a, a typical feature of the Ministry of Education, Culture, Sports, Science and Technology,
internal structure is the presence of three separated spots witha Grant-in-Aid for Young Scientists (B) (No. 16750106/
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coronene array (see Figure 11c). On the coronene adlayer, the
Ceo triangular trimer favors the adsorption on the hexagonal Supporting Information Available: STM image representing

arrangement domain, that is, the triangular trimer can structurally the struct £ th i ; dified with
match the coronene adlayer rather than other structural isomers. es “,JC u.re orthe entire surface r.n.o med with an open-gage
Therefore, the @ triangular trimer might be selectively Cso derivative on the coronene-modified Au(111) surface. Bias-

adsorbed on the coronene adlayer if other structural isomersdeépendent STM images of the,{Carray on the coronene-
are also present. modified Au(111) surface. Typical STM image of structural

) changes of the (G array after several scans. This material is
Conclusions available free of charge via the Internet at http:/pubs.acs.org.
By successively immersing a Au(111) substrate into a benzene

solution containing coronene and then into that containing JA0684848

4376 J. AM. CHEM. SOC. = VOL. 129, NO. 14, 2007





