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A novel one-dimensional copper(II) coordination
polymer with formula [CuII(L1)(N3)]n (1), has been prepared
via in situ self-assembly. Compound 1 consists of 1D
uniform chains in which the copper(II) ions are bridged by
end-on azide and an oxygen of salicylideneamine (L1).
Magnetic susceptibility measurement reveals the existence of
relatively strong ferromagnetic interactions in the 1D chain.

The design and construction of coordination polymers have
been a field of rapid growth in materials chemistry because of
their fascinating structures and applications as new materials.
For studies of the molecule-based magnets, coordination
polymers have aroused wide interests of the experimental and
theoretical chemists.1 The growing interest in this field is
motivated by the ability of metalloligand coordination to
provide a simple route to the controlled assembly of 1D, 2D,
and 3D coordination polymers.2,3 One of the points to be
seriously considered for the preparation of these materials is the
selection of the appropriate paramagnetic metal ions, bridging
ligands, and suitable synthesis methods.4,5

The pseudohalide azide has been demonstrated to be not
only an extremely versatile ligand but also an excellent
magnetic coupler. Thus, a large number of azide-bridged
coordination polymers have been synthesized and magneto-
structurally characterized.6 In general, the very common
bridging modes observed for the azido linker are end-to-end
(EE) and end-on (EO). The former one is mainly known as an
antiferromagnetic coupler (AF) with a few exceptions where
some systems have been shown the formation of EE azido
bridged ferromagnetic materials.7 EO mode can mediate both
ferro- and antiferromagnetic interactions depending on the M­

N­M bond angle.8

On the other hand, one-dimensional metal­azido systems are
important because of the possibility of enhancement of the bulk
magnetic interactions. The introduction of a second hybrid
ligand to a metal­azido system is important to control the

assembly of coordination polymers. In the majority of the
cases, different chelated organic ligands have been used for this
purpose.9,10

In this paper, we report the syntheses, structure, and
magnetic properties of a novel 1D mixed bridges (EO-azide
and oxygen of salicylideneamine) copper(II) compound 1.
Compound 1, of formula [CuII(L1)(N3)]n, consists of 1D
uniform chains. Ferromagnetic interactions are existed in the
1D compound.

Single crystals of compound 1 were obtained by slow
diffusion in an H-shaped tube.11­13 During the reaction, N,N¤-
disalicylideneurea (L) decomposed into salicylideneamine
(L1) and compound 1 was obtained via in situ self-assembly
(Scheme 1).

The crystal structure of compound 1 was determined by X-
ray diffraction analysis.14 Figure 1 shows the building unit
drawing of the 1D chain. Table 1 shows the selected bond
lengths/¡ and angles/°.

The coordination geometry around copper(II) ion is the
distorted square pyramidal: CuN3O2. The basal plane for
copper(II) ion consists of the nitrogen atom of EO-azide N(1)
and N(1A), oxygen atom of salicylideneamine O(1), and the
nitrogen atom of the imine N(4). The axial coordination site of
copper(II) is occupied by the oxygen atom of salicylideneamine
O(1A) [Symmetry transformations used to generate equivalent
atoms: ¹x + 3/2, y, z + 1/2], and the bond length of apical
bond: Cu(1)­O(1A) is 2.416(2)¡, which is much longer than
the equatorial bond distances 1.918(2)¡ for Cu(1)­O(1). All
the O­Cu­O, O­Cu­N, or N­Cu­N angles are deviation from a
few degrees of 90 or 180°. The copper(II) ion and the four
equatorially bound atoms are coplanar. The equatorially
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Figure 1. Perspective view showing the atomic labeling
scheme, metal coordination environment and the topology
of the chain.
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coordination plane suffers a small tetrahedral distortion as
indicated by deviations of the relevant atoms (the deviations
from the average planes are 0.2264¡) and the deviation of
Cu(1) from the least-square plane is 0.0937¡. The neighboring
copper(II) ions are connected by nitrogen atoms of EO-azide
and oxygen atoms of salicylideneamine and the 1D uniform
chain is formed. The separation between the neighboring
copper(II) ions through the mixed bridges is 3.2168(8)¡. It
is interesting to note that the phenoxo-oxygen atom assumes
an asymmetric apical­basal disposition between neighboring
copper(II) ions, i.e., the same oxygen bridge resides on the
apical position of one copper but in the basal plane of the
neighboring copper, with the apical Cu­O distance (Cu(1)­
O(1A) = 2.416(2)¡) being significantly longer than the basal
one (Cu(1)­O(1) = 1.918(2)¡). In the lattice, the chains run
along the c direction and there is no evident indication of
interchain ³­³ interactions.

Figure 2 shows the temperature dependence of the magnetic
susceptibility of compound 1, where the plots of »M and »MT
vs. T are displayed. The value of »MT at room temperature is
0.41 cm3Kmol¹1, which is larger than the expected value for
the one spin system with S = 1/2. With lowering the temper-
ature, »MT increases gradually and reaches the maximum value
(0.64 cm3Kmol¹1) at 23K, indicating the intra-chain ferro-
magnetic spin­spin interaction. When decreasing the temper-
ature further, »MT decreases sharply, likely due to the inter-
chain antiferromagnetic interaction.

Crystal structural analysis shows that 1D magnetic chain is
formed in the crystal lattice of compound 1. The magnetic data
of compound 1 can be well fitted with a 1D magnetic chain
model.15 The inter-chain spin­spin interaction is treated simply
with mean-field theory. Accordingly, the temperature depen-
dence of the magnetic susceptibility of compound 1 was fitted
to eqs 1 and 2,

»chain ¼
Ng2¢2

4kT

N

D

� �2
3

ð1Þ

N ¼ 1:0þ 5:7979916yþ 16:902653y2 þ 29:376885y3

þ 29:832959y4 þ 14:036918y5

D ¼ 1:0þ 2:7979916yþ 7:0086780y2 þ 8:6538644y3

þ 4:5743114y4

y ¼ J=2kT

»M ¼ »chain

1� ð2zJ=Ng2¢2Þ»chain

ð2Þ

where J is referred to as the magnetic exchange constant
within the 1D chain and zJ represents the inter-chain spin­spin
interaction. The best fitting leads to g = 2.09, J = 39.48 cm¹1,
and zJ = ¹0.90 cm¹1, showing that the intra-chain spin­spin
interaction is relatively strongly ferromagnetic, while the inter-
chain spin­spin interaction is weakly antiferromagnetic.

It has been widely cited that the interaction through an EO
azido bridge is ferromagnetic for lower Cu­N­Cu angles and
antiferromagnetic for higher angles. The critical angle is 104°
according to empirical analyses16 and 108° according to a den-
sity functional study.17 It appears that the ferromagnetic coupl-
ing in 1, with a Cu­N­Cu angle of 109.02°, disagrees with the
above trends. Furthermore, comparing to double EO azido
bridging mode in the literatures,18 the mixed bridges containing
an EO azide and phenoxo-oxygen in 1, mediate relatively
strong ferromagnetic interaction. The ferromagnetic interaction
may work through the phenoxo-oxygen because of orthogo-
nality of magnetic orbitals among neighboring copper(II) ions.

In summary, we report for the synthesis, crystal structure,
and magnetic properties of a novel 1D copper(II) coordination
polymer of formula [CuII(L1)(N3)]n (1). Compound 1 consists
of 1D uniform chain and there exists relatively strong
ferromagnetic interaction in the chain. It should be pointed
out that compound 1 is interesting for the studies of molecular-
based magnets in terms of the following two points: (1)
formation of new complexes with paramagnetic metal ions via
in situ self-assembly; (2) mixed bridging mode containing ®-
phenoxo-oxygen and EO azide can transmit ferromagnetic
interaction. Relatively strong ferromagnetic interaction may
work through the phenoxo-oxygen because of orthogonality of
magnetic orbitals among neighboring copper(II) ions. This
result opens up a route to the synthesis of a new family of
mixed EO azide bridging compounds, and the work is already
underway to establish the series.
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Table 1. Selected Bond Lengths/¡ and Bond Angles/° for
Compound 1a)

Cu(1)­O(1) 1.918(2) Cu(1)­N(4) 1.934(3)
Cu(1)­N(1A) 1.968(3) Cu(1)­N(1) 1.983(3)
Cu(1)­O(1A) 2.416(2)

O(1)­Cu(1)­N(4) 92.31(11) O(1)­Cu(1)­N(1A) 171.93(12)
N(4)­Cu(1)­N(1A) 90.84(12) O(1)­Cu(1)­N(1) 82.77(11)
N(4)­Cu(1)­N(1) 160.11(12) N(1)­Cu(1)­N(1A) 96.66(12)
O(1)­Cu(1)­O(1A) 101.17(11) N(4)­Cu(1)­O(1A) 92.35(10)
N(1)­Cu(1)­O(1A) 71.27(11) N(1)­Cu(1)­O(1A) 107.50(11)
Cu(1)­O(1A)­Cu(1A) 95.15(2) Cu(1)­N(1A)­Cu(1A) 109.02(71)

a) Symmetry transformations used to generate equivalent atoms:
¹x + 3/2, y, z + 1/2.
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Figure 2. Plots of »MT and »M vs. T for compound 1; the
solid line represents the best fitting with eqs 1 and 2.
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