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Reaction of Cu(NO3)2 � 3H2O, 1-(N-salicyalideneimine)-2-(N,N-dimethyl)-aminoethane (HL1),
LiClO4, and sodium dicyanamide (Nadca) in aqueous medium affords a dimeric complex
[Cu2(L

1)2 (m1,5-dca)](ClO4) (1). Single crystal X-ray analysis reveals that 1 is dinuclear with
copper(II) ions bridged by a single dicyanamide group in end-to-end fashion. The coordination
environment around copper(II) is square planar. Two nitrogens and oxygen of the tridentate
Schiff-base ligand (HL1) occupy three coordination sites of the square plane while the
remaining site is occupied by the nitrogen of a terminal nitrile of the bridging dca. The nitrogen
of the other terminal nitrile group of the m1,5-dca ligand connects a neighboring [CuL1] unit to
yield [Cu2(L

1)2(m1,5-dca)](ClO4) (1). Variable temperature magnetic susceptibility measurements
show that the magnetic interaction is ferromagnetic (J¼ 1.93 cm�1). The results of a magnetic
model are in good agreement with the experimental data.

Keywords: Copper(II) Schiff base; Dicyanamide; Dimer; X-ray crystal structure;
Ferromagnetic

1. Introduction

Inorganic coordination polymers and their use in solid-state architectures [1] has led to a
number of compounds with interesting molecular magnetism, high porosity and catalytic
activity. One strategy to improve the selectivity and reactivity of coordination polymers
is to synthesize inorganic-organic hybrid frameworks with different metal coordination
environments, as observed in some metalloenzymes [2]. Bridging organic or inorganic
ligands play key roles in preparation of coordination polymers, pseudohalide, such as
N�3 , NCO�, NCS� and NðCNÞ�2 are important bridging ligands [3]. Especially NðCNÞ�2
(dca) is a ligand with capability to coordinate to metal ions monodentate, end-to-end
bridging through the two nitrile nitrogens (m1,5), tridentate bridging with the three metal

*Corresponding author. Email: snkoner@chemistry.jdvu.ac.in

Journal of Coordination Chemistry

ISSN 0095-8972 print/ISSN 1029-0389 online � 2008 Taylor & Francis

DOI: 10.1080/00958970802072773

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



atoms, unusual m4 coordination where one nitrile nitrogen binds to two metal atoms or
m5 coordination, in which dca binds five metal centers [3–8]. Binary systems of dca
exhibit either a 3D rutile-like structure or a 2D layer with a tetrahedral coordination
environment. These systems show ferromagnetism, antiferromagnetism or paramagnet-
ism depending on the metal [7, 9, 10]. For example, Ni(dca)2 is ferromagnetic [7, 9],
Mn(dca)2 is antiferromagnetic [11a] below the corresponding transition temperature and
Cu(dca)2 is paramagnetic [10]. Additional organic ligands were also employed in the
design of new structural types with various magnetic properties, and 1D, 2D and 3D
polymers have been reported. Network topology can be varied through introduction of
bridging or terminal coligands [11–13], or, in the case of anionic MðdcaÞ�3 networks,
variation in counterion [14]. Nevertheless, magnetic coupling through a dca bridge is
generally weak; in some cases no measurable magnetic interaction was observed,
especially for end-to-end dca bridged compounds [15–18a]. Chain compounds, {[Cu(L)
(m1,5-dca)(dca)]}n with L¼2,20-bipyridine or 2,20-bipyridylamine have been reported
where copper(II) ions are bridged by a single m1,5-dca [15–17]. While a weak
antiferromagnetic coupling between copper(II) centers has been observed for the
complexes with 2,20-bipyridine, no significant magnetic coupling was observed in
{[Cu(2,20-bipyridylamine)(m1,5-dca)(dca)]}n; ferromagnetic m1,5-dca bridged compounds
are very rare [8, 18b].

To diversify the range of coligands, heterodonor, anionic tridentate Schiff-base (HL1)
ligands, which can bind metal centers via both amino, imino nitrogen atom and
phenoxo oxygen, are used in our laboratory to synthesize new pseudohalide bridged
transition metal complexes [19]. In the present article, we report the synthesis, X-ray
crystal structure and magnetic properties of a new dinuclear copper(II) complex,
[Cu2(L

1)2(m1,5-dca)](ClO4) (1).

2. Experimental

2.1. General

All chemicals and solvents used during the synthesis were of AR grade and used as
received. Elemental analyses (CHN) were performed using a Perkin-Elmer 240
elemental analyzer. IR spectra were recorded on a Nicolate Magna IR 750 series II
FT-IR spectrometer. Magnetic measurements were carried out with Quantum Design’s
SQUID MPMS XL magnetometer. The instruments used for other measurements were
reported earlier [20].

2.2. Synthesis of [Cu2(L
1)2(l1,5-dca)](ClO4)

The ligand HL1 (chart 1) was synthesized by condensation of N,N-dimethyl-
ethylenediamine and salicyaldehyde in a 1:1 molar ratio in methanol. A 30mL
methanolic solution of the ligand (1mmol, 0.190 g) was added to an aqueous solution of
copper(II) nitrate trihydrate (1mmol, 0.241 g) dissolved in 20mL of H2O. To the
resulting solution, 0.89 g of sodium dicyanamide (1mmol) dissolved in minimum water
was added. Then, resulting mixture was stirred for 30min. Finally, an aqueous solution
of LiClO4 (0.5mmol, 0.53 g) was added. After brief stirring, the resulting solution was
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filtered and the filtrate was left to stand at room temperature. Well-shaped brown
crystals appeared in four weeks, were collected by filtration and dried in air
(Yield 50%). Anal. Calcd for C24H30ClCu2N7O6: C, 42.7; H, 4.4; N, 12.4.
Found: C, 42.0; H, 4.3.; N, 11.9%. IR (KBr): �s(C�N), 2140 cm�1 (vs); �as(C�N),
2220 cm�1 (m); �s(C�N)þ �as(C�N) 2260 cm�1; �as(C�N) 1380 cm�1.

2.3. X-ray crystallography

2.3.1. Crystal data. C24H30ClCu2N7O6, M¼ 675.09, orthorhombic, space group
Pnma, a¼ 18.6435(8), b¼ 6.8040(4), c¼ 21.9813(10) Å, V¼ 2788.3(2) Å3, Z¼ 4,
DCalcd¼ 1.608 g cm�3, F000¼ 1384.00, �¼ 1.673mm�1, brown bar crystal, dimen-
sion¼ 0.45� 0.20� 0.10mm, T¼ 296K, R1¼ 0.0922, wR2¼ 0.0954, Tmax and
Tmin¼ 0.249, 0.846.

2.3.2. X-ray single crystal structure determination of 1. Single crystals of 1 suitable for
X-ray diffraction study were obtained by slow evaporation of its aqueous solution. All
measurements were made on a Rigaku AFC7 diffractometer using graphite
monochromated Mo-Ka radiation (�¼ 0.7107 Å) equipped with a Rigaku Mercury
CCD detector. The unit cell parameters and orientation matrix were determined by
least squares refinements. Of the 4242 reflections collected, 499 were unique. Data were
collected and processed using the crystal structure analysis package program of Rigaku,
Crystal Clear [21]. The structures were solved by direct methods (SIR 97) [22] and
expanded using Fourier techniques. The non-hydrogen atoms were refined anisotro-
pically. Hydrogens were refined using the riding model. All calculations were carried
out using the Crystal Structure 3.5.1 [23] and CRYSTALS [24] programs. Molecular
graphics software used were ORTEP III [25] and MERCURY [26]. The maximum
and minimum peaks on the final difference Fourier map corresponded to 1.44
and �0.96 e� Å�3, respectively.

OH

C

H

N

CH3CH3

N

Chart 1. Structure of the ligand (HL1).
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3. Results and discussion

3.1. Structure of [Cu2(L
1)2(l1,5-dca)](ClO4)

X-ray crystal structure analysis reveals that the asymmetric unit of 1 consists of a dimeric
cationic [Cu2(L

1)2(m1,5-dca)]
þ along with a non-coordinated ClO�4 . ORTEP diagram of

the cationic part of the asymmetric unit of 1 with atom numbering scheme is shown in
figure 1. Selected bond lengths and angles are collected in table 1. Both copper(II) ions
possess square–planar coordination around copper. Three coordination sites around
copper(II) ions are occupied by tridentate Schiff base through amino and imino
nitrogens and the oxygen of deprotonated phenoxo. The fourth position of both copper
sites is satisfied by nitrogen of the terminal nitrile groups of a m1,5 dca. The {N(CN)2}

�

ligand in 1 is bent around amide nitrogen through an angle of 117.7(8)�. The basal Cu–N
distances were 1.918(7)–2.071(8) Å and Cu–O distances were 1.879(6) and 1.889(6) Å,
consistent with reported values for the bond distances of similar complexes [19, 27].

3.2. Magnetic properties of [Cu2(L
1)2(l1,5-dca)](ClO4)

The temperature dependence of the molar magnetic susceptibility, �M, for 1 was
measured on a Quantum Design’s SQUID MPMS XL magnetometer in 5–300K
temperature under magnetic field of 0.5T. The �MT value of 0.67 cm3mol�1K at 300K
for 1 is lower than the value expected for two isolated magnetically uncoupled copper(II)

Figure 1. ORTEP diagram of 1 showing atom numbering scheme.

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

Cu(1)–O(1) 1.879(6) Cu(1)–N(2) 2.042(7)
Cu(1)–N(1) 1.918(7) Cu(1)–N(5) 1.982(8)
Cu(2)–O(2) 1.889(6) Cu(2)–N(3) 1.898(7)
Cu(2)–N(4) 2.071(8) Cu(2)–N(7) 1.962(8)

O(1)–Cu(1)–N(1) 94.8(3) O(1)–Cu(1)–N(2) 179.7(3)
O(1)–Cu(1)–N(5) 88.4(2) N(1)–Cu(1)–N(2) 84.9(3)
N(1)–Cu(1)–N(5) 176.8(3) N(2)–Cu(1)–N(5) 91.9(3)
O(2)–Cu(2)–N(3) 94.5(3) O(2)–Cu(2)–N(4) 179.3(3)
O(2)–Cu(2)–N(7) 89.2(3) N(3)–Cu(2)–N(4) 84.7(3)
N(3)–Cu(2)–N(7) 176.3(3) N(4)–Cu(2)–N(7) 91.6(3)
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ions (�MT¼ 0.75 cm3mol�1K for g¼ 2.0). Upon cooling, the �MT of 1 decreases until ca.

150K and then increases gradually to reach a maximum of 0.73 cm3mol�1K at 9K

indicating ferromagnetic interaction between copper(II) ions (figure 2).
To estimate the magnitude of ferromagnetic coupling, the magnetic susceptibility

data (5–240K) were fitted to the susceptibility equation for two interacting copper(II)

ions (S¼ 1/2) with the Hamiltonian in the form H¼ J Ŝ1 � Ŝ2 (figure 3). The

susceptibility equation for such a dimeric system can be written [28]:

� ¼
2Ng2�2

kT
3þ exp

�J

kT

� �� ��1
ð1� �Þþ

Ng2�2

2kT
� ð1Þ

where N, g, � and � parameters in the equation bear their usual meaning.
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Figure 2. �MT vs. T plot for 1.
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Figure 3. �M vs. T plot for 1. Solid lines represent the best fit of the data with the model described in the text.

3490 D. Mal et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



The best fit parameters were J¼ 1.93 cm�1, g¼ 2.03(1), �¼ 0.0001 and R¼ 2.21�
10�6 (R¼

P
(�obsd��calcd)

2/(�obsd)
2). Though there are numerous examples of end-to-

end dca-bridged transition metal complexes with antiferromagnetic interactions, the
present study indicates that coupling between copper(II) ions is clearly ferromagnetic. A
closer look into the structure of 1 indicates that the magnetic orbitals describing the
single electron on Cu1 and Cu2 are mainly x2� y2 type, extended along the basal plane
of the copper ions. End-to-end azido groups connecting two copper centers through
basal–basal linkage have shown ferromagnetic interaction in many cases [29, 30].
Theoretical results obtained from DFT calculations have been used to rationalize the
magnetic behavior of such complexes [30]. Although no such theoretical studies or
details of magnetostructural correlations exist for dca-bridged metal complexes, the m1,5
dicyanamido connects two copper(II) ions through basal–basal linkage which may
facilitate ferromagnetic interaction between coppers.

Supplementary data

CCDC 645212 contains supplementary crystallographic data for this article. 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,
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