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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 molecules.1 The dimensionality of the molecular
network depends on the number of noncovalent intermolecular
interactions and the geometry of each building block.2 Two-
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).3 Reducing the dimensionality (from 3D to 2D) simplifies
the design of molecular networks on surfaces if the noncovalent
intermolecular interactions and molecule-substrate interaction are
understood and controlled.4 Though 2D molecular networks
containing voids provide interesting host-guest chemistry op-
portunities,5 only a few examples of such networks have been
reported, for instance those based on trimesic acid6 and triphenylene7

scaffolds.
Among a variety of 2D networks, a Kagome´ lattice is the most

intriguing one because of its relevance in the field of spin-frustrated
magnetic materials.8 However, molecular Kagome´ lattices are very
rare. In the 3D crystals, there are only a few examples.9 “Engineer-
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) derivatives10 (Chart 1) which

form specific topologies at the liquid (1,2,4-trichlorobenzene
(TCB))/solid (highly oriented pyrolytic graphite (HOPG)) inter-
face: a Kagome´ lattice for 1 and a honeycomb structure for2.
This is the first example, to our knowledge, of the formation of a
Kagoménetwork in a 2D crystal.

In general, essential elements that control the topology of a 2D
network are the molecular shape and functionalization, with respect
not only to the intermolecular interactions but also to the molecule-
substrate interactions. The DBA derivatives containπ-conjugated
cores, one of which is rhombic for1 and the other of which is

triangular for2, substituted with alkyl chains. Actually, the rhombic
shape of1 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
formation, these molecules do not contain functional groups known
to lead to noncovalent directional interactions such as hydrogen-
bonding.

A typical STM image of a monolayer of1 physisorbed on HOPG
from TCB (Figure 1a) shows a Kagome´ lattice pattern in which
the bright feature located on each lattice point can be recognized

† K.U.Leuven.
‡ Osaka University.

Chart 1. Molecular Structures of 1 and 2

Figure 1. (a) STM image of monolayer of1. Iset ) 0.5 nA.Vbias ) -1.04
V. Scan area is 20.0× 20.0 nm2. (b) STM image of a monolayer of2.
Iset ) 0.5 nA. Vbias ) -0.99 V. Scan area is 18.7× 18.7 nm2. Tentative
packing models of1 and2 are superimposed in (a) and (b), respectively.
The red lines highlight the network symmetry, which is Kagome´ type for
1 and honeycomb type for2. The black axes indicate the main symmetric
axes of HOPG underneath the molecular monolayers.
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as a DBA core. Even its rhombic shape is clearly observed. This
network is interpreted as a hexagonal packing pattern with corner-
sharing as indicated with red lines in Figure 1a. Sets of three bright
lines between the DBA cores along the sides of the Kagome´
structure correspond to interdigitated alkyl chains. A tentative
packing model based upon the orientation of the rhombic DBA
cores is superimposed in Figure 1a. In the hexagonal cavities, spots
were observed, which might suggest the coadsorption of TCB11 or
1 (see Supporting Information).

On the other hand, compound2 forms a honeycomb network as
shown in Figure 1b. This network can be considered as a side-
sharing hexagonal packing. In this image the triangular shape of
the DBA core can clearly be recognized. A tentative packing model
is superimposed in Figure 1b. The DBA cores are linked by
interdigitating alkyl chains.

A Kagoménetwork and a honeycomb network consist of four-
connected nodes and three-connected nodes at specific angles,
respectively. Figure 2a shows the dense packing patterns ofideal
rhombic and triangular models. Interestingly, linking the gravity
center of adjacent rhombi results in the formation of the Kagome´
pattern, whereas in case of triangles this gives rise to a honeycomb
pattern.12 Note that the orientation of theseidealmodels corresponds
very well to the orientation of the DBA cores of1 and 2 in the
STM images and models shown in Figures 1 and 2b, even though
the surface area occupied by each molecule containing six alkyl
chains has not such an intrinsic rhombic and triangular shape.

Ideal rhombi and triangles share all sides with their neighbors.
We also observed this for the networks formed by alkylated
molecules in this report. It should be stressed that, for alkylated
systems with a rhombic or triangular core, the core shape itself is
not the only responsible element in defining the formation of
respectively a Kagome´ or honeycomb type network, as suggested
by the symmetry arguments of the models in Figure 2a. Thanks to
the fact that the alkyl chains run nearly perpendicular to the sides

of the core, in combination with their interdigitation, each 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
threeC3 axes of HOPG. Indeed, the graphite symmetry perfectly
matches the symmetry elements of the respective networks; theC3

symmetry points are located on the center of the triangle lattice in
the Kagome´ network and on the lattice point in the honeycomb
network.

In conclusion, we present here the first example of a molecular
Kagoménetwork within a 2D crystal on a surface. Key elements
to control molecular network formation are core symmetry, location
and orientation of interacting and connecting substituents, and
symmetry matching between the networks and the surface. This
knowledge opens up the way to accurately control molecular
networks regarded as “2D crystal engineering”.
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Figure 2. (a) Schematic representation of the dense packing ofideal
rhombic plates (left) and triangular plates (right) on a surface. Connecting
the gravity centers of adjacent plate (shown as lines) gives rise to the
formation of the Kagome´ network in case of rhombi and the honeycomb
network in case of triangles. (b) Schematic representation of networks of1
(left) and2 (right).
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