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Supramolecular engineering of metalrganic architectures on
well-defined substrates is currently emerging as a promising route
toward novel nanoscale systems and functional surfalce®stiga-
tions in this field, relying on scanning tunneling microscopy (STM)
observations under ultrahigh vacuum conditions, revealed that on
atomically clean metal surfaces an intriguing variety of low-
dimensional metallosupramolecular arrangements can be synthe-
sized by controlled deposition of polytopic linker molecules and
transition metal centers. In particular, the assembly of nanoporous
Fe—carboxylate metatorganic coordination networks (MOCNS)
was achieved. Such 2-D MOCNs comprise regular arrays of
coordinatively unsaturated metal centers and distinct nanocavities
which proved to be suitable as versatile and robust templates for
the organization of appropriate guest species. However, while the
STM investigations allow for molecular-level elucidation of C
morphology, dynamics, and hesguest chemistry of low-dimen- '
sional metat-organic grids, there is a clear need to rationalize the Figure 1. Fully reticulated nanoporous Feliterephthalate grid assembled

a Cu(100) substrate. (A) Constant current mode scanning tunneling
corresponding atomic structure, electronic properties, and chemlcalmlcrOSCOIDy image showing the-isomer comprising a (6 4) unit cell

bonding in depth. Here we report an ab initio theoretical analysis (image size 40« 30 A?). The arrangement of the tpa backbone indicates
for an exemplary MOCN, which was modeled using density thata given molecule is engaged in either two bidentate or four unidentate
functional theory (DFT) calculations. We notably address the diiron carboxylate bonds to the diiron centers (marked as two blue spheres). (B)
center key feature encountered in a series of fully 2-D reticulated STM image simulation showing contours of constant LDOS at the sample
S . : Fermi level derived from the DFT model of the optimized structural
Fe—carboxylate networks, which is reminiscent of catalytically 4angement depicted in model (C).
active carboxylate-bridged diiron sites in metalloprotéiSgecif-
ically, we modeled the nanoporous ‘diterephthalate array
fabricated from Fe atoms and 1,4-benzenedicarboxylic acid (tereph-
thalic acid, tpa) molecules on Cu(100).

The constant current STM image depicted in Figure 1A shows
the a-isomer of the 2-D Feterephthalate MOCN with its distinct
nanocavities. On the basis of the topographic data, the schematic
model superimposing the image was derived, suggesting diiron
centers connected by both unidentate and chelating bidentate bonds
to the adjacent diterephthalate linké&The STM observations
clearly indicate a (6< 4) metat-organic array fully commensurate
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37 Ry, and the corevalence interaction was modeled with the
projected augmented wave method. Three substrate layers (first fully
relaxed with adsorbate layer, second only laterally) together with
almost 20 A of vacuum between the two surfaces of the slab were
employed, and a (% 2) grid of Monkhorst-Packk-points in the

flrst Brillouin zone was used to approximate the integration over
the reciprocal space. A top view of the fully relaxed MOCN
geometry is reproduced in Figure 1C. The corresponding STM
image simulation (approximated as contours of constant electron

) . . . density in a small energy window, specified by two Fermi functions
with the underlying copper square lattice, where the protrusions
associated with the closest Fe atoms are found at a distance” With a width of 0.1 eV, around the Fermi energy) agrees well with

corresponding to roughly two Cu(100) lattice units= 2.55 A). Lhendet?/'lltf of t:g ﬁ? p?nn:erntal f|nd|nlgt héoﬁ?:]yt;he Fs haper\ltofr then d
These structural features were employed as a starting point for the anocavities a € fealures assoclale € re centers a

present DFT study, where we assumed that the Fe centers re&d%ﬂi ;[)[;a ?IZICkr?t(;rr]er;Z ghci?/t;eepéﬁ'dhx Crz(sj };tr :z:(s)remoatz? tcgrrr(;beosrates
near the energetically favorable 4-fold hollow sites. with e:';?rller f:ndmps re Iortln that carbox Il;te ro \gtelnd ?o couple
The calculations were performed with the Generalized Gradient gsrep 9 ylate group up

Approximation as the exchange-correlation functional of the Kohn to reclt)ospe slltes\/i(;f\/\;:%?ptiresgsfnge;te diiron counling motif is
Sham equations in the code VASFhe electronic wave functions P y ping

were expanded in a plane wave basis set up to a cutoff energy Ofrepro_duced in Flggre 2. The different bonding is refle_cted in the
opening angle defined by the carboxylate oxygen, which amounts

IIMPMC, CNRS & UniversitePierre et Marie Curie. to 124.5 and 11773for bridging equatorial and chelating axial
Max-Planck-Institut fu Festkaperforschung. 1 ; ;

SEPE Lausanne. bonds, respegtlyely, whereby the molecu]ar backbone is slightly
TUBC Vancouver. bent and residing above the plane defined by the Fe atoms.
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Figure 2. Perspective view of the diiron unit. The Fe charge rearrangement
contour levels indicated on the right, drawn with respect to a removed iron
atom, are+0.004 e/A3, whereby the colors indicate increased (purple)
and decreased (blue) electron density, respectively. Carboxylate moieties
and Fe centers lie almost in the same plafe & 0.2 A), with the latter
being displaced away from the 4-fold hollow sites, resulting in a lateral 2
Fe—Fe spacing of 4.4 A.
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Furthermore, under the influence of the carboxylate matrix, the Fe _ o ‘ _ ‘
atoms are laterally displaced from the ideal high-symmetry substrate Figure 3. Spin-polarization of Fe centers as evidenced in the projected
positions, which accounts for an F8e spacing of 4.4 A. The ~ density of electronic states on the Fe atontistates.

pertaining Fe-O bonding distances are 2.01 (equatorial) and 2.24 system, ferromagnetic and antiferromagnetic coupling turned out
(axial) A, respectively, and match with typical values encountered to be very close in energy, whence no clear preference can be
in 3-D Fe-carboxylates.For comparison, the corresponding bond  postulated. However, we anticipate to experimentally address this
lengths for a free-standing 2-D (64) Fe-tpa layer were calculated  question by magnetic dichroism investigations.
as 1.92 and 2.11 A, respectively. This signals that the free metal  |n conclusion, we presented an in-depth theoretical investigation
organic array’s properties are close those of the 2-D grid assembledof an exemplary 2-D metalorganic coordination network compris-
on the surface, and that the Cu(100) square atomic lattice representsng functional carboxylate-bridged diiron units. The achieved
an excellent template. A further indication of the strong laterat Fe  atomistic understanding is decisive for the considerate use of such
carboxylate coupling is the fact that the Faubstrate bonding networks as templates, guest systems, or catalysts.
distance changes dramatically upon the embedding of the Fe centers ) ] ] ]
in the metat-organic array; that is, compared to an isolated Fe Supportmg Informgtlo.n Avaylable: Coordinates o.f the network
adatom in a 4-fold hollow position, those in the-Rga grid are structure. This material is available free of charge via the Internet at
vertically lifted by 0.6 A. http://pubs.acs.org.
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