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A new one-dimensional nickel(II) coordination polymer with azido-bridge, [Ni(dpa)(N3)2] Æ H2O 1 (where dpa is the 2,2 0-dipyridyl-
amine ligand) has been synthesized and crystal structure was determined by single-crystal X-ray diffraction. Complex 1 exhibits a zig-
zag chain structural arrangement, and the hexa-coordinated Ni(II) ion exhibits a distorted octahedral coordination sphere. The chains 
topologies are built via three EO and one EE azido bridges. The study of the magnetic properties reveals dominating antiferromagnetic 
interactions between Ni(II) ions through the EE bridges.
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Investigation of the structural and magnetic properties
of polynuclear molecules and coordination polymers is a
fascinating subject, for understanding the magneto-struc-
tural correlations in molecular systems [1,2]. In recent
years, low-dimensional polymers (one or two-dimensional)
have been synthesized and characterized to develop new
functional molecule-based materials [3,4].

The azide anion is an excellent ligand to build low-
dimensional coordination polymers [5–8]. It is so versatile
that l-1, 1 (end-on, EO), l-1, 3 (end-to-end, EE), l-1, 1,
3 and other modes are allowed [9,23,10]. The simultaneous
presence of more than one of these coordination modes in
the same complex is not rare, increasing the connectivity
possibilities and the possible final structural architectures
[11]. The most important aspect of these azido-bridged
complexes is the variety of the magnetic exchange interac-
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tion that they can mediate. The magnetic exchange between
transition metal ions through an azido bridge can be ferro-
(F) or antiferromagnetic (AF), depending on the bridging
mode and bonding parameters [12–14]. The versatility of
the azide anion in term of structural motifs and magnetic
interactions generates a variety of magnetic behaviors,
which may be difficult to achieve with other bridging
ligands [15]. Examples of Ni(II)/azido based systems grad-
ually appear over the past years. Molecular [16–18], one-
[17b, 19–21], two- [22] and three- [23] dimensional Ni(II)/
azido compounds have been discovered. Quite generally,
the bridging azido ligand adopting a single EE mode
[16,17,19,20] leads to antiferromagnetic interaction
between Ni(II) centers. On the other hand, single or double
EO mode [18, 21–23] mediates ferromagnetic interactions.

In this paper, we report the synthesis [24] and structure
of a new 1D azido-bridged Ni(II) complex with 2,2 0-dipyr-
idylamine (dpa), [Ni(dpa)(N3)2] Æ H2O 1. The complex
structure was characterized by IR spectroscopic tech-
niques, single-crystal X-ray diffraction [25] and magnetic



measurements [26]. This complex consists of Ni(II) ions
connected by alternating three EO and one EE azido
bridges inducing dominant antiferromagnetic interactions.

The IR spectra of complex 1 exhibits characteristic
mas(N3) bands in the 2000–2100 cm�1 region. The occur-
rence of two sharp and strong bands, observed at 2078.9
and 2051.3 cm�1, indicates the presence of two different
azido groups [27]. The band of higher frequency is attribut-
able to the EO bridge, and other is due to the EE bridge
[21]. Furthermore, the IR spectra of complex 1 features
the bands characteristic of the 2,2 0-dipyridylamine mole-
cule, seen in the stretching and bending modes of the
C–C and C–N bonds in the ranges between ca. 1641–
1432 and 1235–770 cm�1 respectively.

As shown in Fig. 1, [Ni(dpa)(N3)2] Æ H2O includes a one-
dimensional zig-zag chain consisted of Ni(II) linked alter-
natively by three EO (end-on) and one EE (end-to-end)
bridges. There is only one crystallographically independent
Ni(II) ion center. The Ni(II) ion shows distorted octahedral
arrangement with two nitrogen atoms from a dpa ligand
and four nitrogen atoms from three EO azido bridges
and one EE azido bridge. The cis N–Ni–N angles range
from 78.46(16) to 97.08(14)� and the Ni–N(dpa) distances

are 2.052(4) �A
0

and 2.057(4) �A
0

for N1 and N3. The neigh-
boring nickel ions Ni1 and Ni1A are bridged by three
EO azido bridges. To the best of our knowledge, few com-
plexes with the three EO azido bridges have been reported
so far [28–30]. In the structure, all three N�3 links are quasi-
Fig. 1. ORTEP drawing of the chain structure for complex 1 at 30

Fig. 2. View of crystal packing
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linear [N4–N5–N6, N7–N8–N9, N10–N11–N12; 179.0(8)�,
177.5(7)�, 179.4(8)�]. The three bridging angles are Ni1–
N4–Ni1A, 85.32(19)�, Ni1–N7–Ni1A, 85.32(19)� and
Ni1–N10–Ni1A, 86.6(2)�. The three bridging Ni–N(azido)

distances are in the range of 2.131(4)–2.172(4) �A
0

. The Ni–

Ni separation through the EO bridge is 2.9232(13) �A
0

. The
neighboring Ni(II) ions are bridged by one EE azido-bridge

with the distance of 6.087 �A
0

. The N13–N14–N13B angle is

180.0(4)�, and the length of Ni1–N13 is 2.109(3) �A
0

. As
shown in Fig. 2, the zig-zag chains project along the b axis.
The dpa molecules in the chains are interpenetrated each
other for weak p–p interactions, forming a layer along
the a axis. The shortest distance between Ni(II) ions in

the layer is 8.319 �A
0

.
The susceptibility of complex 1 was measured on a poly-

crystalline sample from 1.8 to 300 K. The vT vs. T data
normalized per one Ni(II) ion are shown in Fig. 3 at
0.1 T. At 300 K, the vT product is 1.1 cm3 K/mol. This
value is in agreement with the presence of one Ni(II) metal
ions (S = 1, g = 2, C = 1 cm3 K/mol). Decreasing the tem-
perature, the vT product at 0.1 T continuously decreases to
reach 0.02 cm3 K/mol at 1.8 K indicating dominant antifer-
romagnetic interactions between Ni(II) ions and the pres-
ence of a singlet ground state.

To model the high temperature behavior of the magnetic
susceptibility, a first approach using a simple dinuclear
S = 1 Heisenberg model considering only the NiII–NiII
% probability. The H atoms are omitted for the sake of clarity.

of complex 1 along b-axis.



Fig. 3. vT plot for complex 1. Measurements performed under 1000 Oe
between 1.8 and 300 K. The solid line shows the fit of the vT experimental
data to the model S = 1; inset: Semi-log view of the vT vs. T plot displayed
in the main figure.
interactions (J1) through the EE azido bridge. Indeed, this
interaction is likely antiferromagnetic and much stronger
than the one mediated by the triple EO azido bridge that
is usually ferromagnetic [5,30]. It should be additionally
mentioned that calculations performed on double EO
bridges between Ni(II) (with Ni–N–Ni angles ranging from
80� to 110�) have revealed that this type of interaction is
always of ferromagnetic nature [31]. Therefore, the experi-
mental observation of dominating antiferromagnetic inter-
action (Fig. 3) strongly suggests that the NiII–NiII

interaction through the single EE azido bridge clearly dom-
inate the one mediated by the triple EO azido link. In
keeping with this structural motif, the Heisenberg spin
Hamiltonian can be written as follows: H ¼ �2J 1SNiIIA

SNiIIB, where J1 is the exchange interactions within the dinu-
clear Ni(II) complex. The application of the van Vleck
equation [32] to the Kambe’s vector coupling scheme [33],
allows a determination of the low field analytical expression
of the magnetic susceptibility given in the reference [34]. As
shown by Fig. 3, this model was able to reproduce very well
the experimental data from 300 K to 1.8 K when an addi-
tional paramagnetic contribution is introduced in the model
as a Curie component. The best set of parameters found are:
J1/kB = � 33.4(2) K, g = 2.22(1) and Cimp = 0.048 cm3 K/
mol (4.8% of an S = 1 spin). The value of the interaction
through the EE azido bridge is in good agreement with pre-
vious reports [5]. It is important to mention that the intro-
duction of an additional interaction in the model between
Ni(II) through the triple EO azido bridge (i.e. alternating
S = 1 chain model) did not improve the quality of the
fit and leads to unphysical errors on the interaction
parameters.

In conclusion, complex 1 possesses an infinite chain
motif along the b-axis. The azido ions present rare concom-
itant single EE and triple EO modes between metal ions.
Magnetic measurement of 1 indicates the existence of dom-
3

inating antiferromagnetic interactions between nickel ions
through the EE bridge.
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