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Recent progress in three-dimensional (3D) solid-state crystal
engineering has led to numerous examples of infinite molecular
networks with specific topologies by controlling the spatial ar-
rangement of moleculdsThe dimensionality of the molecular
network depends on the number of noncovalent intermolecular
interactions and the geometry of each building bldckwo-
dimensional (2D) periodic monolayers, known as 2D crystals,
formed by physisorption on an atomically flat conductive surface,
can be investigated with the aid of scanning tunneling microscopy
(STM).2 Reducing the dimensionality (from 3D to 2D) simplifies
the design of molecular networks on surfaces if the noncovalent
intermolecular interactions and molectigubstrate interaction are
understood and controlléd.Though 2D molecular networks
containing voids provide interesting hegjuest chemistry op-
portunities? only a few examples of such networks have been
reported, for instance those based on trimesic®aeid triphenylene
scaffolds.

Among a variety of 2D networks, a Kagongtice is the most
intriguing one because of its relevance in the field of spin-frustrated
magnetic material&However, molecular Kagomlattices are very
rare. In the 3D crystals, there are only a few exampl&sgineer-
ing” concepts for their formation are lacking thus far, and therefore,
it is essential to correlate molecular geometry and network
symmetry. Here, we report on the 2D crystal structure of two
dehydrobenzo[12]annulene (DBA) derivatiVe¢Chart 1) which

Chart 1. Molecular Structures of 1 and 2
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form specific topologies at the liquid (1,2,4-trichlorobenzene
(TCB))/solid (highly oriented pyrolytic graphite (HOPG)) inter-
face: a Kagorhdattice for 1 and a honeycomb structure f@r
This is the first example, to our knowledge, of the formation of a
Kagomenetwork in a 2D crystal.

In general, essential elements that control the topology of a 2D

Figure 1. (@) STM image of monolayer df. lset= 0.5 nA. Vpias= —1.04

V. Scan area is 20.& 20.0 nn?. (b) STM image of a monolayer d.
Iset = 0.5 NA. Vphias = —0.99 V. Scan area is 18.¥ 18.7 nn?. Tentative
packing models ol and2 are superimposed in (a) and (b), respectively.
The red lines highlight the network symmetry, which is Kagayyee for

1 and honeycomb type fdt. The black axes indicate the main symmetric
axes of HOPG underneath the molecular monolayers.

triangular for2, substituted with alkyl chains. Actually, the rhombic
shape ofl can be considered as being composed of two regular
triangles of2 fused on one side. The alkyl chains on the rim of the
DBA cores spread out radially; they play a significant role in the
physisorption as well as in the topological control of the network
by chain-chain interdigitation and directional correlation with the
symmetry axes of HOPG. In contrast to previous reports on network

network are the molecular shape and functionalization, with reSpethormation, these molecules do not contain functional groups known

not only to the intermolecular interactions but also to the molecule
substrate interactions. The DBA derivatives containonjugated
cores, one of which is rhombic fdr and the other of which is
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to lead to noncovalent directional interactions such as hydrogen-
bonding.

A typical STM image of a monolayer df physisorbed on HOPG
from TCB (Figure 1a) shows a Kagdniattice pattern in which
the bright feature located on each lattice point can be recognized
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(a) - = thombus v = triangle of the core, in c_ombination with their interdigitation, ea_lch core is
translated, obeying the symmetry aspects of the respective networks.

The direction of the alkyl chains is determined by two factors: the
position of alkylation, and their preferential orientation along the
threeC; axes of HOPG. Indeed, the graphite symmetry perfectly
matches the symmetry elements of the respective network&sthe
symmetry points are located on the center of the triangle lattice in
the Kagomenetwork and on the lattice point in the honeycomb
network.

In conclusion, we present here the first example of a molecular
Kagomenetwork within a 2D crystal on a surface. Key elements

\,( = compound 2 to control molecular network formation are core symmetry, location
and orientation of interacting and connecting substituents, and
A ' symmetry matching between the networks and the surface. This
A ‘Q»’ knowledge opens up the way to accurately control molecular
2 ):?'TIVA networks regarded as “2D crystal engineering”.
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Figure 2. (a) Schematic representation of the dense packingiedl gratitude to Prof. S. Kitagawa for his continual scientific support.
rhombic plates (left) and triangular plates (right) on a surface. Connecting

the gravity centers of adjacent plate (shown as lines) gives rise to the  Supporting Information Available: Experimental details, an STM
formation of the Kagorheetwork in case of rhombi and the honeycomb  image and a tentative model of TCB molecules inside the cavities of
network in case of triangles. (b) Schematic representation of networks of 1 and schematic representation of packing patterns ifesirhombus.
(Ieft) and2 (right). This material is available free of charge via the Internet at http:/

. . . . pubs.acs.org.
as a DBA core. Even its rhombic shape is clearly observed. This

network is interpreted as a hexagonal packing pattern with corner- references
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cores is superimposed in Figure 1a. In the hexagonal cavities, spots P.J. Mater. Chem2004 14, 1353.
P P 9 9 P (4) (a) De Feyter, S.; De Schryver, F. Chem. Soc. Re 2003 32, 139. (b)
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1 (see Supporting Information). Hammer, B.; Besenbacher, Angew. Chem., Int. EQ005 44, 2270. (c)
Tao, F.; Bernasek, S. J. Am. Chem. So@005 127, 12750. (d) Saettel,
On the other hand, compoudorms a honeycomb network as N.; Katsonis, N.; Marchenko, A.; Teulade-Fichou, M.-P.; Fichou,JD.
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; ; P ; (6) (a) Ishikawa, Y.; Ohira, A.; Sakata, M.; Hirayama, C.; Kunitake Mem.
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chains has not such an intrinsic rhombic and triangular shape. 9) g:ar)] MOUIItO{]’IEd;ZI(_)LCj)’Z Jit;ngglzdll' F({b;) ':\'Aa“hafanjsl-_: ZSWOFOtkoﬁ M@\Eﬂgmi
. . . . . - em., Int. , . anson, J. L.; Ressouche, E.; Miller,

Ideal rhombi and trla}ngles share all sides with their neighbors. J. S.Inorg. Chem200Q 39, 1135. (c) Awaga, K.; Okuno, T.; Yamaguchi,
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