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’ INTRODUCTION

In the past years a great structural and chemical variety of
surface-supported metal�organic networks has been demon-
strated by combining appropriately functionalized organic build-
ing blocks with various coordinating metals.1 While some of
the coordination complexes utilized for surface-confined systems
were already well-known from bulk systems, other coordination
numbers and geometries are unique to surface-supported net-
works. Concerning the intermolecular bond strength, and thus
the overall stability of the structures, metal�organic networks
occupy an intermediate position between hydrogen-bonded
networks and covalent organic frameworks.1a Yet, since metal-
coordination bonds are reversible under commonly applied
growth conditions, the preparation of long-range ordered net-
works becomes feasible. The motivation of this work is to extend
the tool box of functional groups for the design of surface-
supported metal�organic networks to thiol groups and under-
stand the formation kinetics and topological properties of
thiolate�metal complexes. To this end we designed and synthe-
sized a highly symmetric aromatic trithiol molecule and studied
its self-assembly and surface-supported reactions by means of
scanning tunneling microscopy on a Cu(111) surface, which is
known to inherently supply copper coordination centers from

its free adatom gas.2 To clarify the specific role of the substrate,
similar experiments were also conducted on Ag(111). Thiolate�
copper coordination bonds are of particular interest because of
their electronic conjugation which allows electronically coupling
of molecular units by thiolate�copper�thiolate bonds.3 One
conceivable application of copper�thiolate complexes hence lies
in the field of molecular electronics, where reliable tools are
required for interconnection of molecular entities in an atom-
ically defined manner without perturbing or interrupting electro-
nic conjugation.

’EXPERIMENTAL DETAILS

All samples were prepared and characterized in an ultrahigh-vacuum
chamber (base pressure <5 � 10�10 mbar) equipped with an Omicron
VT scanning tunneling microscope (STM). Cu(111) single crystals
were prepared by subsequent cycles of Arþ-ion sputtering and annealing
at 820 K. Additional low energy electron diffraction (LEED) experi-
ments for further characterization of the precursor structure were carried
out in a separate UHV system equipped with standard preparation
facilities and LEED optics from Omicron. LEED measurements were
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ABSTRACT: Self-assembly and surface-mediated reactions of
1,3,5-tris(4-mercaptophenyl)benzene—a three-fold symmetric
aromatic trithiol—are studied on Cu(111) by means of scan-
ning tunneling microscopy (STM) under ultrahigh-vacuum
(UHV) conditions. In order to reveal the nature of intermole-
cular bonds and to understand the specific role of the substrate
for their formation, these studies were extended to Ag(111).
Room-temperature deposition onto either substrate yields den-
sely packed trigonal structures with similar appearance and lattice parameters. Yet, thermal annealing reveals distinct differences
between both substrates: on Cu(111) moderate annealing temperatures (∼150 �C) already drive the emergence of two different
porous networks, whereas on Ag(111) higher annealing temperatures (up to∼300 �C) were required to induce structural changes.
In the latter case only disordered structures with characteristic dimers were observed. These differences are rationalized by the
contribution of the adatom gas on Cu(111) to the formation of metal-coordination bonds. Density functional theory (DFT)
methods were applied to identify intermolecular bonds in both cases by means of their bond distances and geometries.
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carried out at a sample temperature of ∼50 K maintained by a closed-
cycle helium cryostat. 1,3,5-Tris(4-mercaptophenyl)benzene (TMB)
was thermally evaporated from a home-built Knudsen cell with crucible
temperatures around 145 �C. During deposition and STM imaging the
substrate was held at room temperature. STM images were acquired
at room temperature and processed by line-wise leveling and 3 � 3
Gaussian filtering.

’RESULTS AND DISCUSSION

In this work, adatom-mediated coordination of TMB
(cf. Figure 1a) on Cu(111) into two-dimensional (2D) metal�
organic networks based on thiolate�copper coordination bonds
is presented. Bulk synthesis already yielded copper�thiolate
metal�organic frameworks (MOF)3 and linear polymeric
structures.4 While surface-confined coordination networks based
on copper�carboxylate coordination bonds have been reported
by several groups,1d,2b,5 to our knowledge, this type of interlink-
ing chemistry has not been utilized for surface-supported 2D
systems. We demonstrate that upon thermal annealing an initial
precursor structure is converted into copper�thiolate coordi-
nated networks mediated by the free-adatom gas of the Cu(111)
surface. Interestingly, the thiolate�copper complexes found
in this study contain copper dimers which coordinate two
thiolates. In bulk MOFs, interconnects typically consist of single
metal atoms as coordination centers. In the proposed system
the coordinating metal dimers are additionally stabilized by
adsorption on the surface, possibly rendering them unique for
surface-confined systems.

In a first preparation step TMB is deposited by thermal
sublimation under ultrahigh-vacuum (UHV) conditions on
Cu(111) at room temperature and characterized by means of
in situ STM and LEED. Figure 1b depicts an STM topograph of
the resulting self-assembled densely packed trigonal structure
with an STM-derived lattice parameter of (1.30 ( 0.05) nm.
Accompanying LEED measurements (cf. Supporting Informa-
tion) aid to identify the monolayer as a commensurate 3

√
3 �

3
√
3 R30� superstructure. Upon adsorption on reactive metal

surfaces thiols deprotonate and become thiolates which are
anchored by sulfur�metal bonds.6 Both the size of the unit cell
and the three-fold symmetric appearance of adsorbed TMB in
STM topographs substantiate the assumption that TMB fully

deprotonates on Cu(111) and forms three covalent S�Cu bonds
with the substrate; a tentative model of the precursor structure is
depicted in Figure 1c. However, the formation of a densely
packed monolayer indicates a non-negligible contribution from
intermolecular interactions for structure formation. While the
azimuthal orientation of TMB within the unit cell and with
respect to the substrate can be inferred from STM topographs, its
absolute adsorption position with respect to the copper substrate
remains unknown. Interestingly, the TMB-derived trithiolate
molecule is also commensurate with the substrate; i.e. for its
actual azimuthal orientation all sulfur atoms reside on similar
adsorption sites and can thus simultaneously optimize their
interaction with the substrate. Covalent anchoring by three
peripheral sulfur groups stabilizes a planar adsorption geometry
of TMB on Cu(111), whereas monothiolates tend to adsorb
upright,6d,7 or inclined, as it is the case for halogen-substituted
thiophenols.8

In a second preparation step, thermal annealing at 160�
200 �C for ∼10 min converts the self-assembled trithiolate
monolayers into twopolymorphswhich are both identified asmetal�
organic coordination networks. STM topographs of both metal-
coordinated polymorphs are depicted in Figure 2. Conversion of
the initial precursor structure into 2D metal-coordinated net-
works is accompanied by substantial reorientation and reposi-
tioning of TMB molecules, but most importantly by introducing
intermolecular copper�thiolate coordination bonds.

The effect of annealing is 2-fold: First lateral mobility of the
trithiolate species is enhanced. Second, the area density of the
free copper adatom gas is greatly increased, whereby a sufficient
amount of highly mobile coordination centers is supplied.

The influence of a 2D adatom gas has been recognized as an
important contribution to the surface chemistry of metals.9 The
adatom gas originates from a temperature-dependent evapora-
tion/condensation equilibrium at step-edges. At lower tempera-
tures, processes with lower activation energies are dominant,
i.e. mass transport along step-edges. For higher temperatures
mass exchange between step-edges and terraces is the dominant
process10 leading to a drastic increase of the free adatom
concentration already at moderate temperatures of ∼500 K.11

Conversion of initially intermolecular hydrogen-bonded net-
works into metal�organic networks on Cu(111) in this
temperature range have similarly been reported by Matena2b

Figure 1. (a) TMB fully deprotonates upon room temperature adsorption on reactive copper surfaces forming a surface-anchored trithiolate. (b) STM
topograph of as-deposited TMB on Cu(111) acquired at room temperature (IT = 185 pA,UT = 0.79 V, 10� 10 nm2, a = b = 1.30 nm, γ = 120�, unit cell
indicated by dashed white lines). The densely packed trigonal structure contains one molecule per unit cell. (c) Tentative model of the densely packed
trithiolate structure including the Cu(111) substrate. While the azimuthal orientation of the TMB-derived trithiolates with respect to the substrate
directions can be inferred from the experiment, the precise adsorption site is not known.
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andPawin.2a In the latterwork, annealing at lower temperatures leads
to a partially hydrogen-bonded and partially metal-coordinated poly-
morph. As already mentioned above for TMB, two different
metal-coordinated networks, a hexagonal honeycomb and a centered
rectangular dimer row structure emerge. In both structures copper
adatoms coordinate TMB molecules via their thiolate groups.

The hexagonal honeycomb structure (Figure 2a�c) has a
lattice parameter of 3.4 nm and belongs to the plane space group
p6mm. The second structure is less symmetric (c2mm) and is
composed of rows of dumbbell-shaped dimers (Figure 2e�f).
Adjacent dimer rows are offset by exactly half a lattice parameter
exactly along the row axes, resulting in a rectangular centered
nonprimitive unit cell. During the conversion of the densely
packed precursor structure into the porous networks, entrap-
ment of excess TMB molecules within the pores occurs fre-
quently and gives rise to additional contrast features within the
pores as evident from Figure 2. This observation is in accord
with other experiments on periodic and irregular porous
surface-supported networks wheremolecules, either deposited in
excess, captured during structure formation,12,13 or additionally
deposited14, were likewise trapped within the pores.

The honeycomb and dimer row structure were observed in
coexistence as shown in Figure 3. The relative ratio of both
phases slightly depends on the initial coverage of the precursor
structure, with a preference for the more densely packed dimer
row structure at higher coverages. It is noteworthy that the
morphology of the two metal-coordinated TMB polymorphs
resembles those of rubrene monolayers both on (110) and (111)
copper surfaces15 and Au(111).16 Yet, despite the similar appear-
ance of rubrene vs TMB monolayers in STM topographs, their

self-assembly is notably different. In the gas phase rubrene is
highly nonplanar and even remains nonplanar after adsorption.
TMB, on the other hand, is slightly nonplanar in the gas phase
due to an out-of-plane rotation of its peripheral mercaptophenyl
units with respect to the phenyl ring at the center. However, the

Figure 2. (a) STM topograph of honeycomb structure with unit cell indicated (UT =�1.0 V, IT = 67 pA, 24� 24 nm2, a = b = 3.4 nm, γ = 120�) and
(b) close-up (6.5� 6.5 nm2) of honeycomb structure with molecular model. (c) Tentative model of the honeycomb structure including the substrate;
the hexagonal unit cell is indicated by black dashed lines. (d) STM topograph of dimer row structure with unit cell indicated (UT =�0.8 V, IT = 121 pA,
18� 18 nm2, a = 2.2 nm, b = 6.6 nm, γ = 90�) and (e) close-up (6.9 nm� 6.9 nm2) of dimer row structure withmolecular model. Protruding features are
observed in the STM contrast at the center of a dimer (marked by the dashed circle) and hint toward metal coordination. (f) Tentative model of the
dimer row structure including the substrate; the rectangular unit cell is indicated by black dashed lines.

Figure 3. Overview STM topograph illustrating the coexistence of
both phases (UT =�1.64 V, IT = 66 pA, 116 � 116 nm2) on Cu(111).
Red arrows indicate first occurrence of degraded molecules starting to
appear at annealing temperatures around 220 �C. White arrows indicate
crystallographic directions of the substrate.
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mirror symmetric STM appearance of TMB in all observed
structures suggests that it becomes planar upon adsorption due
to interactions with the substrate. Also the pronounced chirality
of rubrene affects its self-assembly and leads to the expression of
chiral structures and aggregates,17 while no indication of chirality
is discernible in any of the TMB structures. Lastly, the interac-
tions which drive self-assembly are distinctly different for rubrene
and TMB. In the precursor structure of TMB, covalent bonds
between sulfur and copper play an important role, whereas after
the phase transition metal coordination becomes the predomi-
nant interaction. On the other hand, these types of interactions
are absent in rubrene self-assembly, where van der Waals inter-
actions, highermultipole electrostatic interactions, and substrate-
mediated interactions govern structure formation.18

For a fundamental understanding of the thiolate�copper
coordination bonds, DFT calculations (cf. Supporting Informa-
tion for details) have been performed of the connecting nodes,
modeled by two phenylthiolates and corresponding copper
centers. Four different intermolecular bonding schemes were
considered: metal-coordination bonds mediated by one or
two copper atoms, and a covalent disulfur bridge. Motivated
by experimental results on thiolate�gold complexes19 both
syn�trans and anti�trans arrangements were taken into account
for the one-center coordination bonds. To reduce the computa-
tional cost only the outer phenylthiolate parts were simulated,
and for ease of calculations the explicit substrate influence has
been neglected in this first approximation. Typically, intermole-
cular bond lengths of adsorbed systems are altered in comparison
to the gas phase, but these differences are normally small and,
especially for large entities, often below the accuracy of STM
measurements. DFT results on these simplified model systems
are depicted in Figure 4. Major findings can be summarized as
follows. Only two-center coordination bonds facilitate linear
interconnection. One-center coordination bonds and covalent
disulfur bridges both result in lateral offsets perpendicular to the
bond axis.

The one-center anti conformational arrangement and the
disulfur bridge result in a lateral bond offset of ∼4.1 Å and
∼1.9 Å, respectively. These lateral offsets are sufficiently large
to be identifiable in STM topographs. In the one-center syn
conformational assembly the molecular axes include an angle
of 57�, which is significantly larger than the 35� reported for

Au-coordinated methylthiolate by Voznyy and co-workers.19

This can readily be explained by steric repulsion, being more
pronounced for the bulky phenyl ligands as compared to that for
methyl groups.

According to DFT results, the total binding energy of two-
center coordination complexes is strongest with a value of
555 kJ/mol. Total binding energies of trans�syn (394 kJ/mol)
and trans�anti (397 kJ/mol) one-center coordination com-
plexes are comparable, but notably lower than for the two-center
complex. The covalent disulfur bridge is the weakest bond with
a strength of 151 kJ/mol. Covalent S�S bonds exhibit a certain
variability of bond angles and energies,20 with the latter value
being within the typical range.

Both the honeycomb and the dimer row structure contain
dumbbell shaped TMB dimers as basic structural motif. High
resolution STM images of both polymorphs occasionally show
protruding features between dimers; an example is marked in
Figure 2e. An additional STM topograph of the honeycomb
structure very clearly showing protruding contrast features at the
center position between adjacent molecules is provided in the
Supporting Information (cf. Figure S2). Although these contrast
features hint toward intermolecular bonds through metal-coor-
dination, they do not allow to unambiguously infer the exact
number of metal-coordination centers per bond. Yet, since no
lateral displacement occurs along the dimer axis, the DFT
calculations suggest coordination of the thiolate groups by two
copper atoms as depicted in Figure 4c. This conclusion is further
substantiated by comparison of experimental and theoretical
bond lengths. STM data yield a center-to-center distance of
2.0 ((0.2) nm between two TMB molecules in the dimer. DFT
results in combination with the intramolecular distance between
central and outer phenyl rings in TMB (0.46 nm for a geometry
optimized isolated molecule) postulate a dimer center-to-center
distance of 1.90 nm. Accordingly, the experimental lattice para-
meter of the honeycomb structure (3.4 nm) is in good agreement
with the anticipated lattice parameter from the two-center
coordination interconnect (3.3 nm), while both the one-center
coordination scenario (2.9 nm) and the covalent disulfur bridge
(2.8 nm) would yield notably smaller lattice parameters. From
the p6mm symmetry it can be concluded that all intermolecular
bonds in the honeycomb structure are equivalent. A complete
model of the honeycomb structure is overlaid in the STM
topograph depicted in Figure 2b, and a tentative structural model
including the substrate is separately presented in Figure 2c.

Yet, due to its lower symmetry the dimer row structure cannot
consistently be explained solely on the basis of two-center
coordination bonds. Thus, a bonding scheme is proposed invol-
ving different types of intermolecular bonds. Both appearance
and center-to-center distance of dimers (∼2.0 nm) within the
rows are similar to the honeycomb structure. Also in both
structures the dimers have the same orientation with respect to
the Cu(111) substrate, i.e. their axes are oriented along the Æ112æ
direction. This registry points toward a distinct epitaxial relation
between the dimers and the Cu(111) substrate. Hence, it is
concluded that also the dimers within the dimer row structure
are similarly interconnected by two-center coordination bonds.
These dimers assemble in parallel rows, where adjacent rows are
shifted half a lattice parameter with respect to the row direction.
STM topographs exhibit protruding contrast features directly
above and below intrarow neighbors (marked in Figure 2d
by a red arrow) which point toward a trans�syn arrangement,
as implemented in the models in e and f of Figure 2, where the

Figure 4. DFT geometry optimized intermolecular bonding schemes
for interconnected phenylthiolates via (a) one-center trans-coordination
syn-conformation (R = 57�), (b) one-center trans-coordination anti-
conformation (x-offset = 8.0 Å, y-offset = 4.1 Å), (c) two-center
coordination bond (x-offset = 9.8 Å, no y-offset), (d) covalent coupling
via disulfur-bridge (x-offset = 7.0 Å, y-offset = 1.9 Å). For all bonds,
the center-to-center distance of the phenyl groups (x-offset) and the
perpendicular axial offset (y-offset) respectively are given in parentheses.
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former is overlaid to the STM image and the latter model
includes the substrate. Since coordinating copper atoms cannot
be resolved separately, as is also the case for the two atoms
coordinating the dimers, dimer�dimer coordination by more
than one Cu atom cannot be excluded. Polynuclear copper�
thiolate coordination bonds are common,21 where coordinating
copper clusters are further stabilized by cuprophilicity.22 For
instance, coordination by Cu3 clusters has also been observed
previously for bulk systems.3

Since the doubly copper-coordinated dimer is the structural
motif of both the honeycomb and the dimer row structure, its
adsorption geometry on the Cu(111) substrate is of particular
interest. A tentative model which takes both the STM-derived
orientation with respect to the substrate and the DFT-derived
atomic configuration of the interconnect into account is provided
in Figure 5. This model illustrates that both coordinating copper
atoms could indeed adsorb at similar sites, for instance as
tentatively shown in three-fold hollow sites. The actual distances
between the two coordinating copper atoms in the proposed

surface-confined metal-coordination complexes range most
likely between the two extreme values, i.e. 2.87 Å as derived
from our DFT calculations for a fully neglected and 2.55 Å—the
Cu(111) lattice parameter—for a fully effective substrate influ-
ence. Therefore, in summary the actual Cu�Cu distance might
result from a compromise and interplay between the periodic
potential of the substrate which favors the smaller Cu�Cu
spacing closer to the lattice constant and the gas phase Cu�Cu
spacing which is more influenced by the orbital configuration and
hybridization of the thiolate and the copper centers.

In order to reveal the specific role of the Cu(111) substrate for
the phase transition and to shed light on the chemical properties
and reactivity of copper adatoms, the same type of experiments
with similar sample preparation protocols were conducted on
Ag(111). Room-temperature deposition of TMB on Ag(111)
also yields a densely packed trigonal structure (cf. Figure 6a,
a = 1.35 ( 0.05 nm,). Since the lattice parameter of the trigonal
structure on Ag(111) is similar to the value obtained on Cu(111)
within experimental error, the precursor structure on Ag(111) is
also identified as densely packed deprotonated trithiolates which
are covalently anchored to the substrate through three peripheral
thiolate�metal bonds. While the initial TMB precursor struc-
tures appear similar on both substrates, the response to thermal
annealing is distinctly different on Ag(111): annealing up to
250 �C for ∼1 h did not result in a phase transition; however,
after the sample annealed at 300 �C for ∼1 h, disordered glassy
networks were observed in coexistence with remnants of the
precursor structure; a typical STM topograph is depicted in
Figure 6b. Nonperiodic glassy organic networks have recently
gained substantial interest. Particularly nice examples include
metal-coordination networks of nonlinear, prochiral ditopic
organic linkers with cobalt atoms23 and hydrogen-bonded cyto-
sine networks on Au(111).13b,24 Further, structurally comparable
irregular organic networks have also been observed, when
halogenated precursor molecules were polymerized by surface-
mediated reactions into covalent networks.25 While the irregu-
larity of the glassy metal-coordination and hydrogen-bonded
networks arises from the low symmetry of the building blocks in
combination with the energetic equivalence of various different
basic intermolecular bond motifs, the degree of disorder typically

Figure 5. Tentative model of the adsorption geometry of a doubly
copper coordinated TMB dimer including the Cu(111) substrate. Both
coordinating copper atoms (colored red) could adsorb on similar lattice
sites to simultaneously optimize their adsorption energy, e.g. as shown
on three-fold hollow sites (yellow: substrate atoms).

Figure 6. STM topographs of TMBdeposited onAg(111) (a) as-deposited at room temperature (UT =�0.33 V, IT = 44 pA, 30� 39 nm2) and (b) after
annealing to 300 �C for∼1 h (UT =�0.98 V, IT = 85 pA, 30� 30 nm2). The precursor structure on Ag(111) appears similar to Cu(111) with a similar
lattice parameter of (1.35 ( 0.05) nm. Annealing of as-deposited samples at conditions which would already result in irreversible deterioration of the
networks on Cu(111), yields a glassy disordered network on Ag(111).Within the disordered networks interconnected dimers can be discerned (marked
by white arrows); their dimensions are consistent with formation of covalent disulfur bridges.
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observed for covalent networks is owed to the irreversibility of
the covalent molecular interlinks under the growth conditions,
which inhibits postcorrection of topological defects. A closer
look at the disordered TMB structures on Ag(111) reveals
dimers with a distinct lateral offset to the interconnecting axis;
examples are marked in Figure 6b by white arrows. The lateral
offset is consistent with DFT-derived values for disulfur bridges;
consequently, we propose that the dimers observed after a
thermal treatment of the precursor structure on Ag(111) are
covalently interlinked.

An interesting, not entirely solved question is why adatom-
mediated formation of metal-coordination networks was ob-
served for the same TMB molecules on Cu(111) but not on
Ag(111). On both substrates, the densely packed precursor
structures obtained upon room temperature deposition are
structurally quite similar, and differences in their precise epitaxial
relations between both substrates can hardly account for the
absence of metal-coordination networks on Ag(111). Also the
temperature dependent densities of the adatom gases on both
surfaces are comparable26 ruling out adatom availability as a
decisive criterion. Even more so, since tempering the Ag(111)
samples up to significantly higher temperatures should have
provided a sufficient amount of adatoms. Nevertheless, silver
coordinated TMB metal�organic networks have never been
observed, but only irregular networks. The absence of metal-
coordination networks on Ag(111) is best explained by a
different affinity of Cu vs Ag adatoms to formmetal-coordination
bonds with thiolates. This hypothesis is in accord with experi-
mental findings on the adatom-mediated formation of carboxylate-
based metal-coordination networks on Cu(111) vs Ag(111).
While metal-coordination networks of trimesic acids were readily
observed on Cu(111), their formation was again absent on
Ag(111).9 Interestingly, preceding deposition of copper onto
Ag(111) promoted the formation of trimesic acid metal-coordina-
tion networks also on this substrate. These results are consistently
explained by the assumption that copper deposition on Ag(111)
introduces a copper adatom gas which is in equilibrium with the
deposited copper islands. The higher reactivity of this artificially
introduced, extrinsic copper adatom gas is the driving force for
formation of copper metal-coordination networks.

Moreover, the present results on covalently interlinked TMB
molecules on Ag(111) indicate that the lateral offset of disulfur-
bridged molecules can clearly be resolved in STM and hence
indirectly prove that the porous TMB networks on Cu(111) are
not built up by disulfur-bridged molecules.

In order to illustrate the electronic properties of the copper�
thiolate metal-coordination interlink, DFT derived frontier mo-
lecular orbitals are depicted in Figure 7. Evidently, both HOMO
and LUMO of bicoordinated phenylthiolates exhibit intensity at
the bond site. The LUMO appears to be more localized at the
bond, whereas the HOMO is evenly distributed across the metal-
coordination complex. Such delocalization allows for coherent
electron transport through the metal-coordination bond, render-
ing this interconnection chemistry a suitable candidate for
interlinking single molecules into more complex molecular
electronics circuitry.

’SUMMARY

In summary, adatom-mediated 2D metal�organic networks
were synthesized on Cu(111) by thermal annealing of a self-
assembled precursor structure. The two observed metal�organic
networks are based onmetal-coordination bonds between thiolates
and either one or two copper adatoms. Comparison betweenDFT-
derived and experimental bond lengths and geometries aided in the
identification of intermolecular coordination bonds. In contrast,
deposition onAg(111) resulted in a similar precursor structure, but
annealing at higher temperatures only resulted in irregular struc-
tures, where monomers are interconnected by covalent disulfur
bridges. These pronounced differences between both surfaces are
explained by a higher affinity of copper adatoms as compared to
silver adatoms to form metal-coordination bonds with thiolates.

As suggested by the spatial distributions of their frontier
molecular orbitals, copper�thiolate complexes are fully electro-
nically conjugated. This intriguing feature renders copper�thio-
late coordination bonds particularly interesting for organic
conductors and molecular electronics. Especially the envisioned
molecular electronics applications not only require precise
electronic function within a single molecule but also equally
directional communication between molecules. Yet, up to now
the issue of interconnecting single-molecule devices into more
complex circuits is not satisfactorily addressed. Numerous stud-
ies concluded that, for contacts and interconnects, bond topol-
ogy on the atomic level is of utmost importance due to the
coherent nature of electron transport in molecular electronics.
Hence, means to interconnect molecular entities in an atomically
defined manner without perturbing or interrupting electronic
conjugation are urgently required. Thiol groups in combination
with copper coordination centers are ideally suited as “solder” for
molecular electronics due to their electronic conjugation, their
relatively high stability, and not at least due to their compatibility
with self-assembly bottom-up fabrication techniques.

’ASSOCIATED CONTENT
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