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A new 3D azido-bridged coordination polymer, [Co1.5(N3)(OH)-
(Isonic)]n (1), has been synthesized and characterized and its
magnetic properties studied. Isonicotinate acts as a bridging
coligand in this complex. In 1, all of the ligands take tridentate
bridging coordination modes, and the overall structure of 1 exhibits
a new 3,6-connected net topology.

The design and magnetism of coordination polymers are
of considerable current interest not only for understanding
the fundamental science of magnetic interactions but also
for developing new materials.1 The key for designing such
materials is to search for good bridging ligands that can
effectively mediate the magnetic coupling.2 Azide is a
suitable candidate because of its diversity in the structure
and magnetism of its complexes.3 In most cases, bridging
azide ligands take end-to-end (EE) and end-on (EO) coor-
dination modes. In general, the EE mode affords antiferro-
magnetic exchange, while the EO mode shows ferromagnetic
exchange interactions, and other mixed azide bridging modes
also give interesting magnetic properties.4 In the past 2
decades, several mono- and multidimensional metal-azido
derivatives were reported.5

Because it is believed that through increasing the lattice
dimensionality it is possible to enhance the bulk magnetic

properties,6 high-dimensional metal-azido complexes are the
targets for researchers. Therefore, one of the most effective
strategies is the introduction of a second ligand to extend
the architecture.7 The reasonable selection of the coligand
is a challenge: pyridine, Schiff base, and polyamine deriva-
tives, which are all neutral, were well used as coligands,8

while negative coligands are scarcely studied9 because it is
difficult to synthesize the coligating complexes because of
the presence of two different kinds of negative ligands that
must coexist and compete in the same molecule. Isonicotinate
is a negative ligand and has not been well applied in the
metal-azido complexes. In the past, isonicotinate, which
successfully coordinated to metal-azido complexes, in effect
was an ester and acts as a neutral ligand.10 In this work, we
successfully isolated, by hydrothermal reaction, a 3D azide-
CoII complex, [Co1.5(N3)(OH)(Isonic)]n (1) with isonicotinate
as the coligand.11 It is the first metal azide complex in which
isonicotinate acts as a bridging ligand. Furthermore, the
overall structure of1 shows a new 3,6-connected net
topology.

* To whom correspondence should be addressed. E-mail: buxh@
nankai.edu.cn. Fax:+86-22-23502458.

† Nankai University.
‡ Universitat de Barcelona.
§ Monash University.

(1) (a) Gao, E.-Q.; Bai, S.-Q.; Yue, Y.-F.; Wang, Z.-M.; Yan, C.-H.Inorg.
Chem.2003, 42, 3642 and references cited therein. (b) Kahn, O.
Molecular Magnetism; VCH: Weinheim, Germany, 1993. (c) Miller,
J. S.Inorg. Chem.2000, 39, 4392.

(2) Meyer, F.; Demeshko, S.; Leibeling, G.; Kersting, B.; Kaifer, E.;
Pritzkow, H.Chem.sEur. J. 2005, 11, 1518.

(3) Ribas, J.; Escuer, A.; Monfort, M.; Vicente, R.; Corte´s, R.; Lezama,
L.; Rojo, T.Coord. Chem. ReV. 1999, 193-195, 1027 and references
cited therein.

(4) (a) Chen, H.-J.; Mao, Z.-W.; Gao, S.; Chen, X.-M.Chem. Commun.
2001, 2320. (b) Gao, E.-Q.; Bai, S.-Q.; Wang, C.-F.; Yue, Y.-F.; Yan,
C.-H. Inorg. Chem.2003, 42, 8456. (c) Manson, J. L.; Arif, A. M.;
Miller, J. S.Chem. Commun.1999, 1479. (d) Hao, X.; Wei, Y.; Zhang,
S.-W. Chem. Commun.2000, 2271.

(5) For examples, see: (a) Monfort, M.; Resino, I.; Ribas, J.; Stoeckli-
Evans, H.Angew. Chem., Int. Ed.2000, 39, 191 and references cited
therein. (b) Goher, M. A. S.; Cano, J.; Journaux, Y.; Abu-Youssef,
M. A. M.; Mautner, F. A.; Escuer, A.; Vicente, R.Chem.sEur. J.
2000, 6, 778 and references cited therein.

(6) (a) Chen, Z.-N.; Qiu, J.; Wu, Z.-K.; Fu, D.-G.; Yu, K.-B.; Tang, W.-
X. J. Chem. Soc., Dalton Trans.1994, 1923. (b) Ma, B.-Q.; Sun, H.-
L.; Gao, S.; Su, G.Chem. Mater.2001, 13, 1946.

(7) Gao, E.-Q.; Wang Z.-M.; Yan, C.-H.Chem. Commun.2003, 1748.
(8) For examples, see: (a) Escuer, A.; Cano, J.; Goher, M. A. S.; Journaux,

Y.; Lloret, F.; Mautner, F. A.; Vicente, R.Inorg. Chem.2000, 39,
4688 and references cited therein. (b) Meyer, F.; Kircher, P.; Pritzkow,
H. Chem. Commun.2003, 774. (c) Gao, E.-Q.; Bai, S.-Q.; Wang, Z.-
M.; Yan, C.-H. J. Am. Chem. Soc.2003, 125, 4984. (d) Lewis, W.
G.; Magallon, F. G.; Fokin, V. V.; Finn, M. G.J. Am. Chem. Soc.
2004, 126, 9152. (e) Koner, S.; Saha, S.; Mallah, T.; Okamoto, K.-I.
Inorg. Chem.2004, 43, 840. (f) Waser, J.; Nambu, H.; Carreira, E.
M. J. Am. Chem. Soc.2005, 127, 8294.

(9) (a) Escuer, A.; Vicente, R.; Mautner, F. A.; Goher, M. A. S.Inorg.
Chem.1997, 36, 1233. (b) Liu, F.-C.; Zeng, Y.-F.; Li, J.-R.; Bu, X.-
H.; Zhong, H.-J.; Ribas, J.Inorg. Chem.2005, 44, 7298. (c) Chen,
H.-J.; Mao, Z.-W.; Gao, S.; Chen, X.-M.Chem. Commun.2001, 2320.

(10) (a) Escuer, A.; Vicente, R.; Goher, M. A. S.; Mautner, F. A.J. Chem.
Soc., Dalton Trans.1997, 4431. (b) Ribas, J.; Monfort, M.; Resino,
I.; Solans, X.; Rabu, P.; Maingot, F.; Drillon, M.Angew. Chem., Int.
Ed. Engl. 1996, 35, 2520.

Inorg. Chem. 2006, 45, 2776−2778

2776 Inorganic Chemistry, Vol. 45, No. 7, 2006 10.1021/ic051896h CCC: $33.50 © 2006 American Chemical Society
Published on Web 03/04/2006



X-ray analysis12 revealed that the asymmetric unit of1
contains one and a half Co atoms, one isonicotinate anion,
an azide anion, and a hydroxide anion that was calculated
by the valence sum calculations13 with the value of 1.069
(Figure S1 in the Supporting Information). Co1 coordinates
to two cis azide anions, two cis hydroxide anions, one
oxygen, and one nitrogen of two separate isonicotinate
anions, in a trans arrangement. Co2 lies on an inversion
center (all other atoms lie at general positions) and coordi-
nates to two trans azide anions, two trans hydroxides, and
oxygens of two trans isonicotinate anions. All of the
coordination bonds lie within normal distances (Table S1 in
the Supporting Information). In1, the azide, the isonicotinate,
and even the OH all perform tridentate bridging coordination
modes, so all ligands each bridge one Co2 and two Co1 ions.

The complicated 3D network created can be described in
terms of sheets of [Co3(OH)2(N3)2]2+ pillared by isonicotinate
anions (Figure 1a). The sheets contain [Co3(OH)2(N3)2]2+

subunits, one of which is highlighted in the figure. Two Co1
ions are connected to a Co2 ion, each by a hydroxide, an
azide (EE), and a carboxylate bridge belonging to the
isonicotinate pillar. Each subunit is then connected directly
to four adjoining subunits via both azide and hydroxide
bridges, to give a polymeric 2D motif. Alternatively, the sheet
could also be described in terms of chains of Co1 ions
bridged by hydroxide and azide anions (the chains run in a
horizontal direction in Figure 1a). These chains are then
cross-linked to give the sheet via Co2 ions, which are
connected via the azide, hydroxide, and carboxylate bridges.

These layers are then cross-linked by the isonicotinate
bridges to give an overall complicated 3D network (Figure
1b). If the metals are considered to be 6-connecting nodes
and the ligands 3-connecting nodes, then a 3,6-connected
net is formed, which contains two types of 6-connecting
nodes and three types of 3-connecting nodes (Figure S2 in
the Supporting Information). Nets containing only nodes with
connectivity shown by commonly used metal ions and
ligands (i.e., 3-, 4-, and 6-connecting nodes) are particularly
important in coordination polymer analysis; this net repre-
sents a new 3,6-connected net topology.14

From a magnetic point of view, in almost all octahedral
CoII complexes, theøMT (or µeff) values at room temperature
are greater than those expected for an isolated spin-only ion
(øMT ) 1.87 cm3 mol-1 K for a S) 3/2 ion), indicating that
an important orbital contribution is involved.15 Typical values
of øMT (or µeff) are 2.75-3.4 cm3 mol-1 K (4.7-5.2 µB).

Lower values at room temperature indicate perturbation from
ideal octahedral geometry.15 Considering the spin-orbit
coupling due to the4T1g ground state for octahedral CoII

complexes together with their distortion, exact calculations
for deriving theJ parameter from experimental data in the
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Figure 1. (a) View of the sheet substructure motif in1. A [Co3(OH)2-
(N3)2]2+ subunit is highlighted by pale-colored atoms, while the direction
of the Co1 “chains” is also indicated (see the text). For clarity, only the
carboxylate and nitrogen of the interlayer Isonic bridges are shown. Color
scheme: Co1, red-brown; Co2, purple; N, blue; C, green; O, red. (b) View
of the 3D network generated by the bridging of layers by Isonic anions.
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entire temperature range are only possible through sophis-
ticated computer programs, based on full-diagonalization
methods.16 1D systems of CoII are frequently associated with
anisotropic Ising systems, and they can be fitted in the low-
temperature zone assuming again an effective spinS′ ) 1/2.17

More recently, Rueff et al.17c,dhave proposed a phenomeno-
logical approach for some low-dimensional CoII systems that
allows one to have anestimateof the strength of the
antiferromagnetic exchange interactions. They postulate the
phenomenological equation

in which A + B equals the Curie constant (≈2.8-3.4 cm3

mol-1 K for octahedral CoII) and E1 and E2 represent the
“activation energies” corresponding to the spin-orbit cou-
pling and the antiferromagnetic exchange interaction. This
equation, thus, adequately describes the spin-orbit coupling
(high-temperature region) and the exponential low-temper-
ature divergence of the susceptibility. Very good results have
been reported in 1D and 2D CoII complexes.17c,d In almost
all of these complexes,E1/k, the effect of spin-orbit coupling
and site distortion, is on the order of+100 K.17c,d

As indicated in the structural part,1 is a complicated 3D
network. However, we can consider the existing 2D entities
as quasi-isolated from a magnetic point of view because the
linkage among them is only through the long isonicotinate
bridging ligand, which can only create a very small, almost
negligible, magnetic coupling (J ≈ 0 cm-1). With this
assumption, it is possible to fit the experimental magnetic
data using the above-mentioned formula of Rueff and et
al.17c,d

Thus, applying this formula, we can only give an average
J value. TheøMT vs T plot for 1 (øM is the molar magnetic
susceptibility for one CoII ion) is shown in Figure 2. The
øMT value at 300 K is 2.5 cm3 mol-1 K. The øMT values of

1 continuously decrease to 0 cm3 mol-1 K at 2 K. From 50
to 2 K, there is a different slope in the curve. At high
temperature, the effect of the spin-orbit coupling is manifest,
while at low temperatures, the antiferromagnetic coupling
is dominant.

The fit value obtained with the Rueff procedure isA +
B ) 3.53 cm3 mol-1 K, which perfectly agrees with those
given in the literature for the Curie constant (C ≈ 2.8-3.5
cm3 mol-1 K);17c,d E1/k ) 127 ( 2 K is of the same
magnitude as those reported by Rueff et al. for several 1D
and 2D CoII complexes.17c,d As for the value found for the
antiferromagnetic exchange interaction, it is noticeable
(E2/k ) 4.5 K), corresponding toJ ) -9 K, according to
the Ising chain approximation,øMT ∝ exp(J/2kT).

The 2D network has many magnetic pathways (Figure
3): The Co1-O3-Co2 pathway is predominant and anti-
ferromagnetic because of the high value of the angle
(148.12°). The Co2-O3-Co1-N4 moiety will likely be
ferromagnetic owing to the azido bridge in EO geometry,3

although the oxo and syn-syn carboxylato bridges will
diminish theJ value. The Co1-O3-Co1 one could be ferro-
or antiferromagnetic because of the value of the angle (94.3°)
close to 90°. If this pathway was antiferromagnetic, spin
frustration could be a significant feature of the entity. All
Co1-(N3)2-Co1 (EE,µ1,3 through N2) pathways will be
antiferromagnetic but weak owing to its nonplanarity.3

In summary, a new 3D azido-bridged coordination polymer
exhibiting a new 3,6-connected net topology was obtained,
and its magnetic properties were studied. It is the first metal
azide complex with isonicotinate as a bridging coligand.
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Figure 2. øMT vs T plot for 1. The solid line indicates the best fit (see the
text for the formula used).

øMT ) A exp(-E1/kT) + B exp(-E2/kT)

Figure 3. Scheme of the central part of1 with structural data important
from a magnetic point of view. The R-COO bridge on the right part is
omitted for clarity. A topology of spins is drawn.
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