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fundamental and technological points of view, as these molecules &

are closely related to the fields of biology, photosynthesis, elec-

trocatalysis, and molecular deviced. Recently, some supermo-

lecular assemblies of porphyrins and phthalocyanines have beert

investigated on Au(111) in ultrahigh vacuum (UHV) by scanning |

tunneling microscopy (STMJ.7 For example, Yokoyama and co- .

workers observed similar small clusters and chains of CN- JZiddiiaiaiieisaid e Ll 1

substituted porphyrins on Au(111) at the low temperature of 63 Figure 1. Large-scale (40< 40 nn?) STM images of CoPc and CuTPP

K.5 Hipps and co-workers found the formation of well-ordered mixed adlayer formed on Au(111) (a) and Au(18@hex) (b) in 0.1 M

regions with an entirely new structure with 1:1 composition of HCIO, acquired at 0.75 V versus RHE. Potential of the tip and tunneling
. . current were 0.4 V and 1.2 nA, respectively.

cobalt(ll) hexadecafluorophthalocyaningd€oPc) and nickel(ll)

tetraphenyl-2H,23H-porphine (NiTPP) on Au(111) by vapor-phase  Chart 1. Chemical Formulas of Copper(ll)

deposition in UHVE F;¢CoPc and NiTPP molecules were discrimi-  Tetraphenyl-21H,23H-porphine (CuTPP) and Cobalt(ll)

nated by the difference in brightness of center metal ion between Phthalocyanine (CoPc)

F16CoPc and NiTPP moleculésThe CoPc molecules are easily

identified by the strong tunneling current that results from orbital-

mediated tunneling through the half-fillegz @rbital of the Cé*+

ion: they exhibit a bright spot at the center of each molecule. The

remarkable contrast in tunneling current afforded by the difference /

in electronic configuration of transition metal ions allows one to CuTPP CoPc

clearly discriminate between species for chemical identification at layer at the lower part. The highly ordered phase composed of only

the :n0|?cclj.l|a]:' Ieveoll. mery regerr:::]y,l supermtile(t‘;ular Tltlructures CuTPP molecules could be discriminated, whereas some brightest
constructed of g and chloro[subphthalocyaninato]boron(ll) were spots were observed in the upper part of Figure 1a. According to

found on Ag(111) in UHV by de Wild and co-workefShus, the the STM image, the disordered phase seems to consist of an

for_mr_:ltlon of characterlstl_c strugtures is of importance both in assembly of CoPc and CuTPP molecules. However, under the
building nanoarrays and in de3|g_n|ng surfaces. However, to our experimental conditions, the surface concentration of CoPc is much
knowleqlge, .the dgpendency of binary adlayers upon the Cr,V,Stal'smaller than that of CuTPP. Actually, the adlayer structure prepared
Iographlf: o_rlentatlo_n of the Au surface has not y_et peen clarified. with a short immersion time (less than 2 min) revealed that a CuTPP
To Obt?"“ information on other crystal_planes IS 'mp"”_am for adlayer was predominantly formed on Au(111), suggesting that
controlling the sur.face structure ar.1d thell’.prOpertles. !n this work, CoPc molecules displace the CuTPP molecules during the modi-
we prepared a mlxgd adlaye_r _by immersing an Au single crystal ication process with increased immersion times. According to the
into a benzene solution containing CoPc and CuTPP, an_d compareclecent paper by Hipps’ group, the binary adlayer consisting of CoPc
the binary adlayer of CoPc and CuTPP on Au(111) with _that O and NiTPP prepared in UHV revealed a densely packed, apparently
Au(100) substrgte. The study was facused on the formation of  well-defined structure, which is compositionally disordefe@he
2D alternatc_e blmolgcular structure on a reconstructed Au(lQO) difference between adlayer structures formed in UHV and in
surface by immersion of the electrode into a benzene solution
containing both CoPc and CuTPP (Chart 1).

Figure la shows a typical large-scale STM image of a CoPc

?‘“g (fuh';l'PHPCrlnoixe_(lj_hadlayer formed on Aul(llll) acquirzd a_tt:).75 v as shown in Figure 1b. In the STM image acquired in a large area
in v. . The terrace was completely covered with o ¢ 4, 49 nn?, highly ordered molecular rows can be clearly

different phases, a disordered region (upper part) and a highly recognized as bright and dark lines, respectively. Even a superficial

ordered region (lower part), as shown in _Flgure 1a. The recon- look at any of the presented STM images reveals that the binary
structed rows could be seen through the highly ordered molecularmolecular arrays are two-dimensionally well-organized. Each

t Tohoku University molecular row consisting of stripes runs nearly parallel ta €]
* CREST-JST. atomic lattice direction of Au(100) substrate. The terrace was

&

solution might depend on the difference in the interaction between
CoPc and CuTPP molecules. On the contrary, the stripes composed
of alternate bright and dark lines are observed on Au(2Q@&x)
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Figure 2. High-resolution STM image (15 15 nn¥) of CoPc and CuTPP mixed adlayer formed on Au(t8®ex) surface in 0.1 M HCl@acquired at
0.75 V versus RHE (a), height-shaded view (2010 nn¥) (b), and structural model of the CoPc and CuTPP mixed adlayer (c). Potential of the tip and
tunneling current were 0.45 V and 1.2 nA, respectively.

entirely covered with the binary adlayer with two domains crossing consistently observed in the potential range between 0.8 and 0 V.
at an angle of almost 90A typical length of stripes (bright or The Au(100}-(hex) surface was stabilized by the adsorption of
dark line) was found to be 50 nm. Domains of alternate CoPc and CoPc and CuTPP in 0.1 M HCl@t potentials near OCP. However,
CuTPP molecular chains were observed in an area of more thanthe ordered domain of mixed CoPc and CuTPP molecules was
150 nm. The binary adlayers of CoPc and CuTPP might be con- disordered at potentials higher than 0.9 V. Some Au islands were
trollable by the difference in either potential of zero charge or local found to form on the terraces, indicating that lifting of reconstruc-
charge density of the reconstructed row between Au@{¥B x tion, i.e., structural transition from (hex) to (4 1) was induced
22) and Au(100)-(hex). Although further investigations of the by applied potential¥ The details will be described in a separate
dependence on the crystallographic orientation are needed, a cleacontribution!! These results show that the adlayer structure depends
difference between bimolecular adlayers on Au(111) and those onstrongly upon the underlying Au lattice, suggesting that the
Au(100) surfaces was found by using the wet deposition method reconstructed Au(106)(hex) surface is a key factor in controlling
in the present study. alternate CoPc and CuTPP molecular chains. The two-component
Further detail of the internal structure, orientation, and packing structure of CoPc and CuTPP consisting of molecular wires was
arrangement of the binary CoPc and CuTPP mixed adlayer is seenalternately arranged on the reconstructed Au(3@bgx) surface,
in the high-resolution STM image of an area of 285 nn? shown and the adlayer structure was determined clearly by high-resolution
in Figure 2a. It can be seen that alternate molecular rows are STM in aqueous HCIQ
uniformly formed on Au(100}) (hex). Anllndlwdual CoPc molecule Acknowledgment. This work was supported in part by
marked by arrow | can be recognized as a propeller-shaped cREST-JST, and by the Ministry of Education, Culture, Sports,
image with a central brightest spot and four additional spots at the g¢jence and technology, a Grant-in-Aid for the Center of Excellence
corners. These bright spots can be attributed to the benzene moietie§COE) Project, Giant Molecules and Complex Systems, 2003. We

in the CoPc molecule as reported in our recent paeis clear acknowledge Dr. Y. Okinaka for his assistance in writing this
that all CoPc molecules are oriented in the same direction on manyscript.

Au(100)—(hex). On the contrary, each dark row indicated by arrow

Il is observed as a ring in which the center is a dark spot, indicating Th
that it is a CuTPP molecule. As described above, the difference in
brightness at the centers of CuTPP and CoPc molecules is cIearI)P
explained by the difference in the mode of occupation of d orbitals. References
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