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The novel bidimensional coordination polymers and[Zn(azpy)2(H2O)2]SiF6 ÉH2O
assembled with trans-4,4@-azobis(pyridine) (azpy), show[Ni(azpy)2(NO3)2]2[Ni2(azpy)3(NO3)4] É 4CH2Cl2 ,

inclined interpenetration of their layers, i.e. (4,4) planes in the former species, and (4,4) and (6,3) planes, in the
second one, which represents the Ðrst example of intertwining of di†erent two-dimensional coordination motifs.

The recent studies on the self-assembly of coordination poly-
mers,1 of interest for their potential properties as novel
materials, have a†orded many noteworthy frameworks, topo-
logically related to common models, like diamond2 and a-
polonium,3 or to less common ones,4 exhibiting di†erent
degrees of interpenetration. However, the use of new suitably
designed ligands o†ers the chance of isolating frames unprece-
dented in inorganic chemistry, as well as novel intertwining
phenomena, that have been recently reviewed.5 Within simple
two-dimensional nets there are two common topological
types, i.e. three-connected planes of hexagons or bricks, with
(6,3) topology, and four-connected planes of squares or rhom-
buses, with (4,4) topology. Intertwining of these two-
dimensional motifs can occur in di†erent ways : the known
examples include parallel and perpendicular or inclined5 inter-
penetration. In the former case undulating layers are required,
which interpenetrate to give an overall two-dimensional array,
the maximum known numbers of interweaving motifs being
two for (4,4) layers6 and six for (6,3) ones.7 On the other hand,
in the inclined interpenetration inÐnite motifs intertwine to
produce three-dimensional architectures, the reported
examples involving both (4,4)8 and (6,3) topologies.9 The
variety of possible situations is conÐrmed by a remark-
able species, recently reported, containing pairs of parallely
intertwined (4,4) layers which also present inclined inter-
penetration.10 We are studying the self-assembly of some
bis(4-pyridyl) ligands with metal dications and here we report
on two novel examples of inclined interpenetration of two-
dimensional layers based on the trans-4,4@-azobis(pyridine)
ligand (azpy), namely 1 and[Zn(azpy)2(H2O)2]SiF6 ÉH2O2, the[Ni(azpy)2(NO3)2]2[Ni2(azpy)3(NO3)4] É 4CH2Cl2second one showing, for the Ðrst time, the interpenetration of
two di†erent types of coordination layers.

Compound 1 was obtained as large red crystals by reacting
dissolved in ethanol with azpy inZnSiF6 É 6H2O CH2Cl2solution in a 1 : 2 molar ratio. One of the aims of this reaction

was to compare the behaviour of azpy with that of the shorter
4,4@-bipyridyl (4,4@-bpy) ligand, which gives with bothZnSiF6interpenetrated8a and not interpenetrated11 (4,4) layered poly-
mers. The structure of 112 contains two-dimensional layers of

rhombic meshes (see Fig. 1, top). The Zn2` cations are octa-
hedrally coordinated, with four equatorial azpy ligands and
two axial water molecules. Two sets of parallel layers, stacked
with a separation of 7.61 give perpendicular interpene-Ó,
tration, as shown in Fig. 1 (bottom). The situation is similar to
that found in [Zn(4,4@-bpy) the main di†er-2(H2O)2]SiF6 ,8a
ences being that 1 shows much more marked rhombic dis-
torsion of the meshes, stretched in the direction of the
tetragonal c axis (ratio long/short diagonal of rhombuses of

Fig. 1 A view of a single layer (top) and a schematic representation,
down the tetragonal c axis, of the perpendicular interpenetration of the
layers (bottom) in compound 1
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1.43 vs. 1.11) and longer Zn ÉÉÉZn contacts (13.26 vs. 11.44 Ó).
The enlargement of the meshes of ca. 27% creates new voids
that are only in part Ðlled by the additional solvated water
molecules. The reactions of with azpy, per-Ni(NO3)2 É 6H2Oformed in the same way as for 1, give mixtures containing
species which were unstable when removed from the mother-
liquor. Upon concentration dark-red air stable crystals of
compound 2 separated, whose nature has been established by
single crystal X-ray analysis.12 The structure of 2 contains two
completely di†erent and crystallographically independent two-
dimensional polymeric species packed together, i.e. layers of
almost regular squares [planes I, (4,4) topology, see Fig. 2,
top] and brick-wall layers [planes II, (6,3) topology, see Fig. 2,
bottom] in the ratio 2 :1. In both types of layers the Ni2` ions
display more or less distorted octahedral coordinations : each
metal is bound in the squares to four equatorial azpy and to
two axial oxygen atoms of two terminal anions, whileNO3~in the bricks to three mer azpy and to three oxygen atoms of
two nitrate groups (one terminal and one chelating). The
Ni ÉÉÉNi contacts in the two types of layers are in the range
13.13È13.24 Ó.

Both types of sheets form parallel sets, but while type II
layers [parallel to the (1 1[ 2) planes] are all stacked at the
same distance (6.60 type I layers [parallel to the (0 0 1)Ó),
planes] show the alternance of shorter and longer stacking
separations (of 5.94 and 8.14 respectively). The two setsÓ,
intercross at an angle of ca. 45¡, thus interpenetrating to give a
three-dimensional array, illustrated in Fig. 3, which displays
large rhombic channels along the [1 [1 0] direction that
contain the guest molecules and the nitrate anions. ItCH2Cl2is noteworthy that while each square of a layer I is interpene-
trated by a single layer of type II, each brick-like mesh is
entangled with two planes of type I.

Fig. 2 The two types of layers present in compound 2 : layers I top,
and II bottom

Fig. 3 A schematic view of the interpenetration of the layers approx-
imately down the a axis (top) and a sphere packing diagram, without
the anions and the solvent molecules, showing the inclined interpene-
tration of the layers and the channels down [1, [1 0] (bottom) in
compound 2

Intertwining of di†erent motifs is quite rare both in inorga-
nic and in coordination polymer chemistry,5 and compound 2
is the Ðrst example of interpenetration of two types of bidi-
mensional coordination polymers having di†erent topology.
This species and other recent examples of unusual inter-
twining,10,13 beside their aesthetic appeal, represent useful
basic contributions to the foundation of a new “topology of
interpenetration phenomenaÏ in inÐnite entanglements, which
is not at hand today, but is a necessary tool for the develop-
ment of the area of supramolecular chemistry.
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