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Synthesis, X-ray crystal structure and magnetic properties of a new binuclear
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A new binuclear nickel(II) complex [Ni,L,(N3),]J(ClO,)- 1 has been synthesized and characterized. The structure of 1
has been determined by single crystal X-ray diffraction studies. The structure analysis indicates that each nickel(II) centre is
in a distorted octahedral (NiNg) coordination environment with three nitrogen atoms from one and two nitrogen atoms from
other pentadentate ligand and the last one from terminal azido ion. Variable-temperature magnetic susceptibility
measurements of the compound 1 showed no evidence of magnetic exchange between two nickel(Il) centres. This is
consistent with the structure with large Ni...Ni distance (5.865(1) A) and absence of any suitable bridging ligand capable of

transmitting this type of interactions.

The coordination properties of bi- and polynuclear
nickel(Il) complexes have received considerable
attention in recent years. The investigation of
magnetic behaviour of these complexes and
correlating with their structures is important in the
area of molecular magnetism'>. Flexible polydentate
ligands® and/or suitable bridging anions’ are excellent
instrument for assembling more than one metal
centres in reasonably close proximity for magnetic
exchange interactions. The pseudohalide anions (Nj,
NCS’, NCO) have been known for their numerous
ligating abilities leading to variety of coordination
species®. It is also well established that end-on and
end-to-end bridging coordination mode favours
respectively ferromagnetic’ and antiferromagnetic'®
interactions. Herein we describe synthesis, single
crystal X-ray structure and magnetic properties of a
binuclear nickel(Il) complex [Ni,L2(N3)2](ClOs4), 1
derived from a flexible pentadentate Schiff base
ligand through an unusual'' bridging mode of this
type of linear pentadentate ligand and azide ion acting
as a terminal donor.

Materials and Methods

Diethylene triamine, 2-benzoyl pyridine and
sodium azide were purchased from Lancaster
Chemical Company Inc. and used as received. All
other solvents and chemicals were of analytical grade.
The pentadentate ligand (L) was prepared as reported
previously and gave satisfactory elemental analysis'?.
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Preparation 0f[Ni2L2(N3)2](ClO4)21

To an warm acetonitrile solution (5 cm3) of
Ni(ClOy),.6H,0 (0.183 g, 0.5 mmol) was added 0.217
g (0.5 mmol) of ligand (L) in 10 cm® acetonitrile. To
the resulting brown-red solution an aqueous solution
of sodium azide (0.034 g, 0.5 mmol, 2 cm’ H,0) was
added slowly with constant stirring. The clear red
solution was left for slow evaporation and after 3-4
days deep red needle crystals of 1 were obtained.
Yield: 0.140 g, 44% (Anal.: Found : C, 52.9; H, 4.4;
N, 17.5; Nl, 9.1. Calcd. for C56H54N1603C12Ni2 : C,
53.1;H,4.3; N, 17.7, Ni, 9.3%.

CAUTION: Perchlorate salts and azido complexes
are potentially explosive especially in presence of
organic ligands. Therefore, preparation and handling
of these compounds deserve special attention.

Elemental analysis for carbon, hydrogen and
nitrogen were performed using a Perkin Elmer 240011
elemental analyzer. Nickel contents was determined
by atomic absorption spectrophotometric measure-
ments (A GBC Model-Avanta was used). Variable
temperature magnetic susceptibility data were
obtained with a Quantum Design MPMS5 SQUID
spectrophotometer. Pascal’s constants were utilized to
estimate diamagnetic correction, this value was
subtracted from the experimental susceptibility data to
give molar magnetic susceptibility (Xm). The IR

. spectra (4000-400 cm’') were taken in KBr discs at

298 K using JASCO FT/IR-420 spectrometer.

Crystal structure determination and refinement

A suitable crystal of 1 was mounted on a Enraf-
Nonius CAD4 diffractometer equipped with a
graphite monochromated M K, radiation. The unit
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Table 1—The crystal data and data collection summary for
[NizLa(N3)2)(ClOy), 1

Emplncal formula C56H54N|603C|2Niz

Formula Weight 1267.43
Space group P2,/n (no. 14)
a(A) 8.7850(5)

b (A) 15.7670(9)
c(A) 20.2120(10)
a(®) 90

B () 90.550(10)

Y () 90

vV (AY 2799.5(3)

VA 2

Peatca (g cm™) 1.504

F(000) 1312

Crystal size (mm) 0.21x0.19x0.19
1 (M, Ka) (mm’™") 0.839

A A) 0.71069
Temperature (K) 298

20max (°) 55.0
Reflections collected 17482

Independent reflections 6511 (R, =0.021)
Reflections observed [I > 1.50(1)] 4618
Goodness-of-fit 1.43

R% wR® 0.0472; 0.0540

Largest difference peak and hole (e A)0.57 and -0.41
*R=2 (/IR I-IE|)/2IF,l;
*wR={Zw(|F|- [E| ) /= wFH}"

cell parameters were determined by the least-squares
refinement of setting angles of 25 reflections.
Intensity data were collected in the @-26 scan mode.
The data were corrected for Lorentz and polarization
effects””. The structure was solved by direct methods
and expanded Fourier techniques. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms
were included but not refined. All calculations were
performed using teXsan'* crystallographic software
package of Molecular Structure Corporation. The

crystal data and data collection details are collected in
Table 1.

Results and Discussion
Synthesis

The ligand was reacted with nickel(II) perchlorate
hexahydrate and sodium azide using a ratio of L : Ni"
: Ny =1:1:1 in aqueous acetonitrile medium
affording red crystalline product suitable of X-ray
crystallographic work having composition
[Ni;L2(N3)2](ClOy),. It is also interesting to note that

Table 2 — Selected bond distances (A) and bond angles (°) for
the compound [Ni,L,(N3),](ClO,), 1
Bond distances

Ni(1)-N(1) 2.0200(16)  Ni(1)-N(2) 2.174(3)
Ni(1)-N(3) 2.091(3) Ni(1)-N(4) 2.0789(16)
Ni(1)-N(5) 2.090(2) Ni(1)-N(6) 2.088(2)
N(6)-N(7) 1.189(4) N(7)-N(8) 1.157(4)
C(1)-N(1) 1.462(4) C(5)-N(1) 1.282(4)
Bond angles

N(I)-Ni(1)-N(2)  80.65(8) N(1)-Ni(1)-N(3)  78.09(11)
N(1)-Ni(1)-N4) 177.26(9) N(1)-Ni(1)-N(5)  99.25(8)
N(1)-Ni(1)-N(6)  89.98(11) N(2)-Ni(1)-N(3)  158.75(10)
N(2)-Ni(1)-N(4)  98.65(7) N(2)-Ni(1)-N(6)  89.23(9)
N(3)-Ni(1)-N(4)  102.58(10)  N(3)-Ni(1)-N(5) 90.27(9)
N(3)-Ni(1)-N(6)  90.82(10) N(4)-Ni(1)-N(5)  78.11(7)
N(4)-Ni(1)-N(6) 92.67(10) N(5)-Ni(1)-N(6)  170.73(10)
N(6)-N(7)-N(8)  179.4(3)

by changing ratio of L : Ni" : Ny’ =1:1: 0.5 which is
usual ratio to make binuclear compound of the usual
type [Nisz(N3)]3+ lead to the same compound 1. The
complex 1 was insoluble in all common solvents.

The IR spectrum of 1 exhibits a very strong
absorption at 2028 cm’' that corresponds to the
asymmetric stretching vibrations of azide and the
stretching vibrations of C=N bond of Schiff base at
1637 and 1588 cm’' (ref. 15).

Crystal structure of [Ni;Ly(N3)2](ClO4)2 1

The ORTEP drawing of the dimeric cation
[NiyLy(N3),]** of 1 is shown in Fig. 1, and the selected
bond distances and angles are listed in Table 2. Each
nickel(II) is in a distorted octahedral (NiNg)
coordination environment consisting of three nitrogen
atoms from one, two nitrogen atoms from another
pentadentate ligand and the last one from terminal
azido ion. In this molecule each flexible ligand shows
a very unusual'' type of binding mode and distributed
its coordination potential to two different nickel(Il)
centres thereby forms the dimer. The Ni-N distances
are ranging from 2.0200(16) to 2.174(3) A for
complex 1. These Ni-N distances are consistent with
corresponding  values of  analogous  NiNg
chromophores'™ " '®. The Nil...Nila separation is
5.865(1) A. The cis and trans angles vary from
78.09(11) to 102.58(10) and 158.75(10) to 177.26(9)°
respectively, indicating the nature of distortion in the
coordination sphere.

Variable-temperature magnetic susceptibility study
was performed on polycrystalline sample of 1. The
magnetic susceptibility (xm) of this compound was
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Fig. I—ORTEP plot and labeling scheme for [Ni>La(N3)>]**. For clarity the hydrogen atoms are not shown.

examined in a 10.0 kG field in the temperature range
2.0-300.0 K. Variable-temperature =~ magnetic
susceptibility data showed no evidence of coupling
between the two paramagnetic nickel(Il) centres. In
compound 1 the large intramolecular separation
(5.865(1) A) and bridged by the pentadentate ligand
that involved a long pathway for magnetic exchange
and also saturated links (-CH,-CH,-) in the ligand are
indicative that this complex to be paramagnetic in
behaviour'’. It’s magnetic moment of 2.89 B.M./Ni,
which is close to spin-only value for S = 1, is almost
constant over the temperature range of 300 to 25 K
and then decreases due to zero-field splitting and
intermolecular interactions. As a result the fitting of
magnetic data to get reasonable value of exchange
parameters was not possible. This result is perfectly
consistent with the crystal structure (vide supra).

Supplementary material

Crystallographic data for the structural analysis
have been deposited with the Cambridge
Crystallographic Data Centre, CCDC No. 172530.
Copies of this information may be obtained free of
charge from The Director, CCDC, 12 Union Road,
Cambridge, CB2 1EZ, UK (fax : 44-1223-336033;
email: deposit@ccdc.cam.ac.uk or
www:http://www.ccdc.cam.ac.uk).
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