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a b s t r a c t

The reaction of ethylene diamine with Cu(NO3)2�3H2O and an excess of NaN3 (1:2:4 molar ratio) lead to
the formation of copper-azido based polymer [Cu4(N3)8(en)2]n (1), which has been successfully character-
ized by elemental analyses, IR spectroscopy, single-crystal X-ray diffraction and variable temperature
magnetic study. X-ray crystal structure determination of 1 reveals that the structure consists of 1D chains
of a centrosymmetric tetranuclear copper(II)-azido cluster, connected through double azido end-to-end
bridges. Variable-temperature magnetic studies (between 2 and 300 K) suggest dominant antiferromag-
netic interactions in this complex, although ferromagnetic interactions have been observed in all other
copper-azido based polymers produced with ethylene diamine reported so far.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Azides are very useful for constructingmagnetically coupled sys-
tems exhibiting a variety of behaviors such as antiferromagnetism
[1–7], ferromagnetism [1–3,8–19], alternating ferro and antiferro-
magnetism [20,21], ferrimagnetism [22,23], metamagnetism [24–
27], spin-canting [28], spin-flop [29], spin-glass [30], single-mole-
cule magnetism [31–33] and single-chain magnetism [34,35]. The
azido ligand is suitable bridging ligand due to its versatile binding
modes and its capacity to mediate different types of magnetic ex-
change interactions [36–42]. In a majority of the cases, the investi-
gations of metal-azido systems have been mainly focused on the
low dimensionalities [4–7]. High-dimensional networks of metal-
azido derivatives are of particular interest because of their novel
topology and enhancement of bulk magnetic properties, as well as
their magnetostructural correlations. In recent times themost com-
mon strategy employed for the synthesis of high-dimensional me-
tal-azido systems is the further extension of metal-azido
assemblies, using neutral organic blocking diamine co-ligands
[43–47]. The simple, small diamine ligands are important in the
synthesis of copper-azido cluster based polymers because they have
relatively small volume. In this strategymost of the complexeswere
prepared by the use of blocking amine co-ligands in less than one

equivalent with respect to the metal in conjunction with the azido
ligand. Thus decreasing themolar amount of blocking diamine co-li-
gands opens more sites for the bridging azido ligand to link the me-
tal centers and it predominantly helps by the extension of metal-
azido assemblies to synthesize high-dimensional materials. An-
other interesting feature is that a simple change in the substitution
on the diamine ligand dramatically changes the structure and mag-
netic behavior of the metal-azido systems [43–47]. In a systematic
study Mondal and Mukherjee have synthesized three Cu(II)-azido
polymers [Cu5(N3)10(en)2]n (I), [Cu6(N3)12(en)4]n (II) and [Cu4(-
N3)8(en)4]n (III) (where en = ethylenediamine) using ethylenedia-
mine as a blocking co-ligand and they have established that the
amount of the blocking amine co-ligand has a major and significant
role on the structural diversity andmagnetic behavior of these poly-
mers [44]. The first two complexes are 3D polymers and the third
complex is a 2D polymer. Variable-temperature magnetic studies
in the temperature range 300–2 K reveal the existence of dominant
ferromagnetic behavior in all three cases, with ametamagnetic type
behavior in the first complex. In an another study Gu et al. have syn-
thesized [Cu8(N3)16(en)4]n�H2O (IV) using the same diamine as
blocking co-ligand [45]. This complex is also a 3D coordination poly-
mer and showsweak ferromagnetic couplingwithin the copper-azi-
do cluster units. Therefore, these systems still remain a challenging
scientific endeavor.

Here, we extend the examples of polymeric copper(II) azide
complexes bearing ethyenediamine as a blocking co-ligand, report-
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ing the synthesis, X-ray crystal structure and magnetic study of a
novel tetranuclear 1D polymer, [Cu4(N3)8(en)2]n (1).

2. Experimental

2.1. Materials and physical techniques

All reagents and solvents for the synthesis and analysis were
commercially available and used as received without further puri-
fication. IR spectra were recorded as KBr pellets within the range
4000–400 cm�1 on a Perkin–Elmer Spectrum RXI FTIR Spectrome-
ter. Elemental analyses were carried out using a Heraeus CHN–O-
Rapid elemental analyzer. Variable-temperature magnetic suscep-
tibility measurements were carried out on a microcrystalline sam-
ple in the 2–300 K temperature range using a Quantum Design
MPMS SQUID susceptometer operating under a magnetic field of
0.1 T. Diamagnetic corrections for the complexes were estimated
from Pascal’s constants. The magnetic susceptibility for 1was com-
puted by exact calculation of the energy levels associated with the
spin Hamiltonian through diagonalization of the full matrix with
the enhanced version of a general program for axial symmetry
[48]. Least-squares fittings were accomplished with an adapted
version of the function-minimization program MINUIT [49]. The er-
ror-factor R is defined as R ¼

P ðvexp�vcalcÞ
2

Nv2exp
, where N is the number

of experimental points.

2.2. Synthesis of [Cu4(N3)8(en)2]n (1)

Caution! Azido complexes of metal ions in the presence of or-
ganic ligands are potentially explosive. Only a small amount of
material should be prepared, and it should be handled with care.

To a 10 mL methanolic solution of Cu(NO3)2�3H2O (1.00 mmol,
241.6 mg) and en (0.50 mmol, 30 mg) an aqueous solution of
NaN3 (2.00 mmol, 130 mg) dissolved in minimumwater was added
slowly. The mixture was stirred for 30 min and filtered. Rectangu-
lar black crystals of 1were obtained in two days, (yield: 70%). Anal.
Calc. for C2H8Cu2N14: C, 6.75; H, 2.25; N, 55.16. Found: C, 7.12; H,
2.02; N, 56.1%.

2.3. X-ray crystallography

A diffraction quality single crystal of 1was mounted on a Bruker
Smart Apex II CCD Area Detector equipped with a graphite mono-
chromator Mo Ka radiation (k = 0.71073 Å). Data Collection was
carried out using BRUKER APEX2 software [50]. Multiscan absorption
correction was applied using SADABS [51]. The structure of the com-
plex was solved by direct methods with SHELXS, and refined by full-
matrix least squares based on F2 with SHELXL [52]. All non-hydrogen
atoms were refined anisotropically. The C-bound H atoms were
constrained to ideal geometry and were included in the refinement
in the riding model approximation. Further crystallographic analy-
sis and figure production were carried out using PLATON99 [53] and
ORTEP [54] programs. Details of the data collection parameters and
crystallographic information for the complex are summarized in
Table 1.

3. Results and discussion

3.1. Synthesis and IR Spectroscopy

Inspection of the CuII/en/N3
� ratios (Table 2) in the starting

materials and the stoichiometry of our final product reveals excel-
lent conformity. However, this has not always been the case for all
the related complexes I–IV; except IIwhere these ratios were iden-
tical. We also observe that a parameter which seems crucial in

defining the nuclearity of the polymer’s repeating unit is the
en:N3

� ratio; smaller such ratios (e.g., 1:10 for the octanucler IV)
seem to favor the formation of high-nuclearity polymeric products.

However, these apply to ‘‘clean” preparations, i.e., those for
which only one product is derived. Mondal and Mukherjee ob-
served [44] that the reaction leading to II could also afford III if
the initial product was left in its mother liquor. This suggests that
there is a kinetic factor defining the final product, possibly relating
to the relative solubilities of the different species in solution. It is
conceivable that these solubilities relate to the dimensionality
and nuclearity of each product.

These tentative conclusions propose possible ways of affecting
the nuclearity and dimensionality of the products of this system,
either through the increase of the azide ratio (for increased nucle-
arities), or through the solution concentration and reaction time, to
control dimensionality. However, these tentative conclusions
should be tested through further synthetic studies.

The IR (cm�1) spectra of the complex showed absorption peaks
in the range of 3300–2950 cm�1 which are assigned to mas (N–H) of
the ethylenediamine. Peaks at 2087 and 2096 cm�1 are assigned to
the v(N3) vibration of the bridging azides. Multiple peaks are indic-
ative of multiple bridging modes of the azido ligand.

3.2. Description of the structure

The single crystal X-ray structure of complex 1 reveals doubly
end-to-end azido-bridged 1D chains of Cu4 clusters (Fig. 1). Se-
lected bond distances and angles are listed in Table 3. The centro-
symmetic Cu4 cluster consists of two symmetry-independent CuII

ions (Cu1 and Cu2) and their symmetry related counterparts. Cu1
and Cu2 are bridged end-on by the N7 and N10 nitrogen atoms
of two azide ions.

Whereas Cu2 posseses an octahedral coordination environment,
Cu1 possesses a distorted square-pyramidal coordination environ-
ment. Two amine nitrogens (N13 and N14) of a chelating ethylene-
diamine and nitrogen atoms N7 and N10 of the l1,1-azides form
the equatorial plane of the coordination sphere of Cu2. Atoms
N1ii and N6iii of two azides occupy the axial sites of this octahe-

Table 1

Summary of crystal data and refinement details of 1.

Empirical formula C2H8Cu2N14

Formula weight 355.30
Crystal dimension (mm) 0.25 � 0.22 � 0.15
Crystal system triclinic
Space group P�1
a (Å) 7.8047(14)
b (Å) 8.2059(15)
c (Å) 9.1786(16)
a (�) 86.838(3)
b (�) 84.493(4)
c (�) 81.720(4)
V (Å3) 578.52(18)
Z 2
T (K) 150(2)
Dcalc (g cm�3) 2.040
l (mm�1) 3.686
F (0 0 0) 352
h (�) 2.23–25.00
Total data 2029
Unique data 1728
Ra 0.0511
Rw

b 0.1275
Goodness-of-fit (GOF) on F2, S 1.028
Rint 0.0446
Dqmax (e Å�3) 1.149
Dqmin (e Å�3) �0.808

a R ¼
P

ðjFo � Fc jÞ=
P

jFoj:
b Rw ¼ fR½wðjFo � Fc jÞ

2�=R½wjFoj
2�g1=2 .
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dron. Atoms N1, N7 and N10 and of three end-on azides, along with
N4 of an end-to-end azide ions form the basal plane of the square
pyramidal coordination environment of Cu1. N10ii occupies the
apex of this square pyramid.

Cu1 and Cu2 form a pair, sharing a common edge, and these
pairs form the centrosymmetric Cu4 cluster through end-on azide
bridges, linking apical-equatorial and basal-axial positions of the
octahedral-square pyramidal pairs. This combination of coordina-
tion of the bridges affects significantly the magnetic couplings
within the cluster. The Cu4 units are finally bridged by two end-
to-end azides, each connecting a basal coordination position of
Cu1 with an axial position of the symmetry counterpart of Cu2.
The axial bond lengths of Cu1–N10_b, Cu2–N6_a and Cu2–N1_b
are 2.437(4), 2.465(6) and 2.744(5) Å, respectively, which are sig-

nificantly longer than those for their corresponding equatorial
Cu–N bonds [Cu1–N1, Cu1–N4, Cu1–N7, Cu1–N10 ranging from
1.972(5) to 2.030(4) Å and Cu2–N7, Cu2–N10, Cu2–N13, Cu2–
N14 ranging from 1.987(5) to 2.018(4) Å], indicating the presence
of a strong Jahn-Teller effect [47]. The Cu–Nen distances [Cu2–
N13 2.002(4) Å and Cu2–N14 1.997(5) Å] are consistent with those
for other ethylene diamine-copper complexes [44]. The Cu–Naz–Cu
bond angles between Cu1 and Cu2 [Cu1–N7–Cu2 and Cu1–N10–
Cu2] are 102.1(3) and 99.70(17)�, respectively.

Azido bridged polymeric chains of Cu4 units run along crystallo-
graphic a-axis and are aligned parallely in the ac-plane (Fig. 2). This
parallel alignment is facilitated by hydrogen bonding between the
–NH2 donor and azide acceptors (Fig. 3 and Table 4). As shown in
Fig. 3, a cyclic hydrogen bonding pattern (R2

2(8) in Etter’s graph

Table 2

Summarization of synthetic procedure for all copper-azido cluster based polymers with ethylene diamine as blocking ligand.

Cu(NO3)2�3H2O
(mg/mmol)

Ethylene
diamine
(mg/mmol)

NaN3

(mg/
mmol)

Cu/en/
N3

�

(starting
materials)

Cu/en/
N3

�

(product)

Solvent
(s)

T (�C) Required
time
(h; days)

Compounds Dimensionality Refs.

I 302/1.25 15.0/0.25 162/
2.50

5:1:10 5:2:10 MeOH/
H2O

Stirred 15 min
at 60 �C

12 h [Cu5(N3)10(en)2]n 3 [44]

II 241.6/1.0 40/0.66 130/2.0 3:2:6 3:2:6 MeOH/
H2O

RT 2 days [Cu6(N3)12(en)4]n 3 [44]

III idem idem idem idem 1:1:2 MeOH/
H2O

RT 6 days [Cu4(N3)8(en)4]n 2

III 483.2/2.0 130/2.0 130/2.0 1:1:1 1:1:2 MeOH/
H2O

RT 10 days [Cu4(N3)8(en)4]n 2 [44]

IV 241.6/1.0 60/1.0 650/
10.0

1:1:10 2:1:4 MeOH Kept at 5 �C 15 days [Cu8(N3)16(en)4]n�H2O 3 [45]

1 241.6/1.0 30/0.5 130/2.0 2:1:4 2:1:4 MeOH/
H2O

RT 2 days [Cu4(N3)8(en)2]n 1 Our
study

Fig. 1. The ORTEP diagram (30% ellipsoidal probability) of the azido bridged polymeric chains of Cu4 clusters in 1 (i = 1 + x, y, z; ii = 2 � x, �y, 1 � z; iii = 1�x, �y, 1 � z).
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notation) between these groups joins parallel polymeric chains
along crystallographic c-axis. One of the amino groups (N14 nitro-
gen) of the chelating ethylene diamine ligand takes part in this
centrosymmetric cyclic hydrogen bonding pattern where both of
its protons are attached to N3 terminal nitrogen atoms of end-on
bridging azides from adjacent polymeric chains. The other amino
group (N13 nitrogen) also forms strong bifurcated hydrogen bonds
donating H13A protons simultaneously to N4 of end-to-end bridg-
ing azide and N12 of end-on bridging azide, respectively. The other
proton (H13B) is also donated to the same N4 nitrogen but with a
different symmetry location (x, 1 + y, z) on a different polymeric
chain. This establishes supramolecular connection between adja-
cent polymeric chains of Cu4 clusters along the crystallographic
b-axis. Thus the overall packing is the result of a hydrogen-bonded
supramolecular assembly of 1D polymeric chains of Cu4 clusters
whose compact arrangement is facilitated by –NH2 group assisted
hydrogen bonding among these chains in other two crystallo-
graphic directions. This hydrogen bonding pattern is responsible
for the respective optimal alignment of the azide ions which, in
turn, fixes the geometrical angle parameters of the magnetic ex-
change pathway.

3.3. Magnetic properties

vMT versus T data for 1 are shown in Fig. 4. The vMT product of 1
at 300 K is 1.82 cm3 mol�1 K, close to the value expected for four

non-interacting S = 1/2 ions (g = 2.2). This shows a slow decrease
upon cooling down to 100 K, below which temperature the de-
crease accelerates, reaching a value of 0.33 cm3 mol�1 K at 2 K. This
behaviour suggests the interplay of weak antiferromagnetic inter-
actions. M versus H measurements at 2 K show no signs of satura-
tion up to 5.5 T, indicating the presence of exchange coupling over
an extended magnetic system.

Based on the crystal structure of 1, we may view the complex as
a series of centrosymmetric defective double cubanes (Fig. 5). From
this analysis, a rigorous interpretation of the magnetic behaviour of
1 would require the consideration of four exchange pathways,
namely J1 = JCu1Cu2 = JCu10Cu20, J2 = JCu1Cu20 = JCu10Cu2, J3 = JCu1Cu10 and
J4 = JCu1Cu200 = JCu100Cu2 (Fig. 5). Since a polymeric structure with such

Table 3

Selected bond distances (Å) and angles (�) for complex 1.

Cu1–N1 1.972(5) N5–N6 1.149(7)
Cu1–N4 1.973(4) N7–N8 1.199(7)
Cu1–N7 1.992(6) N8–N9 1.116(9)
Cu1–N10 2.030(4) N10–N11 1.266(6)
Cu1–N10_b 2.437(4) N11–N12 1.117(9)
Cu2–N7 1.987(5)
Cu2–N10 2.018(4)
Cu2–N13 2.002(4)
Cu2–N14 1.997(5)
Cu2–N6_a 2.465(6)
Cu2–N1_b 2.744(5)
N1–N2 1.192(7)
N2–N3 1.156(8)
N4–N5 1.201(6)
N1–Cu1–N4 95.57(19) N1–N2–N3 177.6(6)
N1–Cu1–N7 166.2(2) Cu1–N4–N5 120.5(3)
N1–Cu1–N10 92.55(18) N4–N5–N6 176.1(5)
N1–Cu1–N10_b 90.92(16) Cu2_a–N6–N5 133.2(4)
N4–Cu1–N7 93.5(2) Cu1–N7–Cu2 102.1(3)
N4–Cu1–N10 171.63(17) Cu1–N7–N8 124.4(4)
N4–Cu1–N10_b 94.88(15) Cu2–N7–N8 131.6(4)
N7–Cu1–N10 78.89(18) N7–N8–N9 178.8(7)
N7–Cu1–N10_b 98.6(2) Cu1–N10–Cu2 99.70(17)
N10–Cu1–N10_b 82.93(15) Cu1–N10–N11 119.7(3)
N7–Cu2–N10 79.3(2) Cu1–N10–Cu1_b 97.07(16)
N7–Cu2–N13 174.9(2) Cu2–N10–N11 123.8(3)
N7–Cu2–N14 97.8(2) Cu1_b–N10–Cu2 97.42(15)
N6_a–Cu2–N7 97.4(2) Cu1_b–N10–N11 114.0(3)
N1_b–Cu2–N7 92.3(2) N10–N11–N12 175.9(6)
N10–Cu2–N13 96.57(17) Cu2–N13–C1 109.1(4)
N10–Cu2–N14 173.49(18) Cu2–N14–C2 107.7(4)
N6_a–Cu2–N10 98.25(19) Cu2–N13–H13B 110.00
N1_b–Cu2–N10 81.57(15) C1–N13–H13A 110.00
N13–Cu2–N14 85.99(19) Cu2–N13–H13A 110.00
N6_a–Cu2–N13 86.02(18) H13A–N13–H13B 108.00
N1_b–Cu2–N13 84.20(15) C1–N13–H13B 110.00
N6_a–Cu2–N14 87.9(2) Cu2–N14–H14B 110.00
N1_b–Cu2–N14 92.76(17) Cu2–N14–H14A 110.00
N1_b–Cu2–N6_a 170.13(17)
Cu1–N1–N2 121.1(4)
Cu1–N1–Cu2_b 89.26(17)
Cu2_b–N1–N2 126.3(4)

a = 1�x, �y, 1 � z; b = 2 � x, �y, 1 � z.

Fig. 2. Packing arrangement of polymeric chains in 1.

Fig. 3. Hydrogen bonding between amine and azide groups in 1.
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a complicated exchange coupling scheme is not amenable to ana-
lytical treatment, simplifications are required to make its analysis
tractable. The most obvious such simplification is to treat the inter-

tetranuclear exchange interactions, J4, as perturbations using a
mean-field correction, thus considering 1 as an array of weakly
interacting tetranuclear clusters. Although this simplification,
depending on the strength of J4, may not be entirely valid, it is
indispensible if any quantitative interpretation is to be attempted.
Moreover, it is found that this bridging is accomplished by end-on
azides coordinated to a basal coordination position of Cu1 and to
an axial coordination position of Cu2. Thus, any eventual magnetic
exchange will have to be transmitted through a superexchange
pathway comprising one magnetic orbital (on Cu1) and one non-
magnetic orbital (on Cu2). It is therefore plausible to assume that
it will be relatively weak.

Therefore, the Hamiltonian considered was:

Ĥ ¼ �2½J1ðŜCu1ŜCu2 þ ŜCu10 ŜCu20 Þ þ J2ðŜCu1ŜCu20 þ ŜCu10 ŜCu2Þ

þ J3ŜCu1ŜCu10 � � 2zjSzhSzi

As described above, pairs Cu1–Cu1ii, Cu1–Cu2ii and Cu2–Cu1ii

are all bridged by azides coordinated to one position occupying a
magnetic orbital (basal or equatorial) and to one position occupy-
ing a non-magnetic orbital (axial or apical). Only the Cu1–Cu2 pair
is bridged by azides coordinated to positions occupying magnetic
orbitals on both ions (basal). Given the fact that only interaction
J1 is propagated through a superexchange pathway involving mag-
netic orbitals of both Cu ions, it has the potential to be the stron-
gest of all, depending of course on various structural parameters,
like the Cu–Nazide–Cu angle, that may modulate its magnitude
(see Section 3). In any case, however, all other interactions are ex-
pected to be quite weak, if indeed operative. Due to the complexity
of the system, and in order to facilitate its treatment, we decided to
use the assumption of J1 being the strongest interaction as our
starting point. Nevertheless, other solutions were also considered.

In order to establish whether all other interactions are of signif-
icant strength, initial fitting attempts were carried out by fixing
them to zero. These attempts did not yield satisfactory fits, so it
was concluded that other interactions are also operative. However,
in order to avoid overparametrizing our problem, we avoided liber-
ating all variables simultaneously.

When zj was fixed to zero, fits yielded two solutions of accept-
able quality: J1 = �3.7 cm�1, J2 � 0, J3 = �7.1 cm�1, g = 2.22, with
R = 1.9 � 10�4 (solution A) and J1 � J2 = �3.2 cm�1, J3 = �4.9 cm�1,
g = 2.23, with R = 2.0 � 10�4 (solution B).

When zj was released, we conducted fits with J2 or J3 (or both)
fixed to zero. These attempts yielded best-fit solutions: J1 =
�0.24 cm�1, J2 = �1.1 cm�1, J3 = 0 (fixed), zj = �1.9 cm�1, g = 2.25,
with R = 1.0 � 10-4 (solution C), J1 = �1.2 cm�1, J2 = 0 (fixed),
J3 � 0, zj = �1.9 cm�1, g = 2.25, with R = 1.0 � 10�4 (solution D),
J1 = �1.1 cm�1, J2 = J3 = 0 (fixed), zj = �1.9 cm�1, g = 2.25, with
R = 1.0 � 10�4 (solution E), J1 = +4.2 cm�1, J2 � 0, J3 = 0 (fixed),
zj = �2.6 cm�1, g = 2.23, with R = 3.2 � 10�4 (solution F) and
J1 = +0.33 cm�1, J2 = 0 (fixed), J3 = +9.4 cm�1, zj = �2.6 cm�1,
g = 2.23, with R = 1.8 � 10�5 (solution G).

Given our above reasoning on the magnitudes of J1, J2 and J3, we
discard solutions A and B, since they involve relatively high J3
values. This means that we are required to take zj into account.

Fig. 5. Spin-coupling scheme for 1.

Fig. 4. vMT vs T data for 1, along with the calculated curve from solution F (see
text). Isothermal magnetization data at 2 K are shown in the inset.

Table 4

Hydrogen bond parameters (Å, �).

D–H� � �A D–H (Å) H� � �A (Å) D� � �A (Å) <D–H� � �A (�) Symmetry

N13–H13A� � �N4 0.90 2.47 3.291(6) 153 2 � x, �y, 1 � z

N13–H13A� � �N12 0.90 2.58 3.135(9) 121 2 � x, 1 � y, 1 � z

N13–H13B� � �N4 0.90 2.39 3.252(6) 161 x, 1 + y, z
N14–H14A� � �N3 0.90 2.50 3.391(8) 170 1 � x, �y, 1 � z

N14–H14B� � �N3 0.90 2.50 3.333(8) 154 x, y, 1 + z

C2–H2B� � �N12 0.97 2.44 3.340(12) 155 x, y, 1 + z

3346 S. Saha et al. / Polyhedron 29 (2010) 3342–3348



On the same grounds, solution G must also be discarded, since it
yields too high a J3 value. All remaining solutions (C, D, E and F) en-
tail practically zero values for both J2 and J3, with C, D and E corre-
sponding to J1 < 0 and F to J1 > 0.

Kahn had calculated that accidental orthogonality for Cu–Nazide–
Cu bridges occurs at a crossover angle of 103� [55], and subsequently
Ruiz et al. calculated this angle to be 104� [41]. The respective Cu1–
N7–Cu2 and Cu1–N10–Cu2 angles in 1, are 102.1 and 99.7�, respec-
tively, i.e., significantly below these crossover angles. Thiswould tend
to support solution F, i.e., a moderately ferromagnetic interaction. In
the case of a ferromagnetic J1, the overall antiferromagnetic behavior
could thenbe assigned to the collective effect of theweak, but numer-
ous, intercluster antiferromagnetic interactions. However, this is sug-
gested as a tentative conclusion due to the complexity of our spin
system; the physical meaning of the presented solutions strongly
hingesuponthevalidityofour initial assumption, i.e., considering that
the intercluster interactions (J4) areweak enough tobe treated as per-
turbations using a mean-field approximation. Consideration of the
dihedral angle formed by the basal planes of Cu1 and Cu1ii also favors
the above conclusion: due to symmetry, this angle is zero.

A final point worth noting is that the overall antiferromagnetic
behavior of 1 is at variance with the observed behavior of the pre-
viously reported complexes I–IV, all of which exhibit overall ferro-
magnetism. Complete magnetostructural comparisons are beyond
the scope of the present work, but we might note that the presence
of end-on bridges with small Cu–N–Cu angles may be a favorable
factor for the observation of ferromagnetism in copper-azide sys-
tems. At a first level of approximation this may be corroborated
by the presence of very acute Cu–N–Cu angles in I (�83.2�) and
IV (�88.5�), the complexes exhibiting the most distinctively ferro-
magnetic behavior. Such structural elements are absent in the anti-
ferromagnetic 1, which exhibits more obtuse respective angles,
particularly those affecting J1.

4. Conclusion

In summary, a new 1D copper(II)-azide polymer based on the
tetranuclear copper cluster [Cu4(N3)8(en)2]n (1) has been synthe-
sized and characterized by elemental analyses, IR spectroscopy,
X-ray crystallography and variable-temperature magnetic suscep-
tibility studies. X-ray crystal structure determination reveals that
the structure consists of chains of a centrosymmetric tetranuclear
copper(II)-azido cluster. In turn, these tetranuclear clusters are
connected with each other through double azido end-to-end
bridges to form the one dimensional chain. Variable-temperature
magnetic studies indicate an antiferromagnetic overall behavior.
Due to the complexity of the spin system the precise factors cannot
be derived with certainty, but we may propose that the intercluster
antiferromagnetic interactions, even if weak, may be instrumental
in defining this overall behavior, even if interaction J1 is
ferromagnetic.

5. Supplementary data

CCDC 787342 contains the supplementary crystallographic data
for 1. These data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: (+44) 1223-336-033; or email: deposit@ccdc.cam.ac.uk.
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