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The crystal structure of {[Cu(en)2][KCr(CN)6]}∞ reveals a
novel three-dimensional porous framework in which
[Cu(en)2]2+ acts as a template and K+ as a connecting
unit.

For years, chemists have devoted their efforts and have dreamt
about the ability to assemble compounds, by using building
units and connecting units in similar way that a bricklayer
would erect a building. With the development of crystallog-
raphy and synthesis chemistry, the assembly of polymer
compounds1 on the basis of simply adding building units and
connecting them, is now achievable. Recently, a successful
example of this process was construction of cyano bridged
complexes2 in which the cyanometallate anion behaves as the
bridging moiety to build a multidimensional structure with a
second coordination center and the resulting complexes demon-
strated unique properties. These complexes are usually com-
posed of a cyanometallate [M(CN)n]m2 (building unit), and a
guest molecule and/or a complementary ligand. In general, the
choice of the cyanometallate is limited, since the geometry of
the complexes are restricted to, e.g. linear as in [Ag(CN)2]2,2a

trigonal as in [Cu(CN)3]22,3 tetrahedral as in, [Cd(CN)4]22,4
square planar as in [Ni(CN)4]22,5 and octahedral
[M(CN)6]32.2b,c The second coordination center, however, can
be almost any metal ion in the Periodic Table. Usually, the
transition metal ion is selected because of the existence of a s–p
feedback bond between the selected metal ion and the cyano
group which enables production of more stable complexes. The
guest ion is often associated with organic molecules or other
ions,4,5 such as H2O, unidentate aliphatic amines, ambidentate
a,w-diaminoalkanes, aromatic amines, pyrazine or piperazine.
These compounds are necessary to fill up the void space so
stabilizing the crystal structure.

We have recently prepared and structurally characterized
a new polymeric supramolecular compound
{[Cu(en)2][KCr(CN)6]}n 19 (en = ethylenediamine) through a
one-step self-assembly reaction of the complex [Cu(en)2]-
(ClO4)2 and KCr(CN)6 in aqueous solution. The compound
assembles itself via hexacyanochromium {[Cr(CN)6]32} as the
building unit, and potassium cations as the connecting units.
The copper(II) complex [Cu(en)2]2+ acts as the template/guest
molecule. This is also a novel example where the potassium ion
acts as a connecting unit to form a three-dimensional porous
framework with the [Cr(CN)6]32 ion. It is uncommon that the
complex ion [Cu(en)2]2+ acts both as a special template, whose
size, shape and charge match that of the cavity in the host lattice,
and as a guest which stabiizes the crystal lattice. In fact, without
[Cu(en)2]2+, K3[Cr(CN)6] cannot form a three dimensional
porous structure.

The IR spectra of complex 1 shows two sharp nCN bands at
2124 and 2111 cm21 which are at lower wavenumber than that
of the bridging cyano group (2150 cm21 for the linear Cr–CN–
Ni moiety2c) or a non-bridging cyano group {2128 cm21 for the
complex K3[Cr(CN)6]6} and indicates that these two cyano
groups are neither linear bridging linked to two transition metals
(Cr3+, Cu2+), nor non-bridging. Indeed the cyano group
coordinates to potassium ions, as has been established by
crystallography.

The asymmetric unit of 1 consists of a [Cr(CN)6]32 ion, a K+

and a [Cu(en)2]2+ ion and the structure is shown in Fig. 1. The
geometry of the Cr3+ ion is octahedral with coordination of six
carbon atoms of the cyano groups. The Cr–C bond lengths are
2.065(3), 2.080(2) and 2.085(2) Å, similar to values found
in K3[Cr(CN)6] (2.057, 2.075, 2.100 Å)7 and
PPh4[Ni(pn)2][Cr(CN)6]·H2O (pn = 1,3-propanediamine)
(2.062, 2.083 and 2.087 Å).2c The six nitrogen atoms of
the cyano groups coordinate to a potassium cation. According to
the bond lengths (K–N) and bond angles (C–N–K) the six cyano
groups can be divided into two groups. The first group is found
in linear Cr–C–N–K chains, with K–N distances of 2.846 and
2.766 Å, and C–N–K bond angles of 172.3 and 178.6°. The
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Fig. 1 Projection of the 3-D network structure of 1 in which the [Cu(en)2]2+

cations act as templates.
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second group comprises non-linear Cr–C–N–K chains with the
CN group coordinating sideways,8 with K–N distance of 3.229
Å, much longer than the linear bond distance. IR spectroscopy
provides additional evidence with two nCN bands being
observed with the intensity of the low wavenumber band at
2111 cm21 being more intense than that of the high wav-
ebumber band at 2124 cm21. The first band is due to the four s
bonded cyano groups linearly attached to a potassium cation
while the second band results from the two cyano groups
bonded sideways to potassium cations. This assignment is
consistent with the molecular structure, in which four cyano
groups donate their s bonding electrons to the empty d2sp3

hybrid orbitals of the K+ ions to form four s-bonds which
decreases the wavenumber, nCN. Another two cyano groups,
which are part of the same hexacyanochromium ion, coordinate
to K+ ions sideways,8 which owing to the orientation of the
frontier orbitals, leads to poorer overlap. Consequently, the
wavenumber of the cyano group is higher for the sideways
coordination mode than for a linear s bond.

The spontaneous assembly process of Cu(en)2(ClO4)2 and
K3[Cr(CN)6] is a very specific one-step reaction. The
[Cu(en)2]2+ ion acts both as a template and a guest while the
structure of the host {[KCr(CN)6]22}∞ is dependant upon the
shape, size and charge of the guest ion. The cavity is very tight,
and use of bulkier substituents {[Cu(nmen)2]2+, [Cu(dmen)2]2+,
[Cu(tmen)2]2+, [Cu(pn)2]2+; nmen = N-methylethylenedia-
mine, dmen = N,N-dimethylethylenediamine, tmen = tetra-
methylethylenediamine, led to different types of complexes. In
the self-assembly process of 1, other than its shape, size and
charge, the chemical properties of the [Cu(en)2]2+ ion is another
important factor. Using [Ni(en)2]2+ (same symmetry) in place of
[Cu(en)2]2+ ion, led to a different polymer complex
{[Ni(en)2]3[Cr(CN)6]}∞ .
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