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Abstract

The coordination chemistry of dinucleating ligands is currently
an area of great activity. One reason for this is the facile synthesis
of dinuclear species toward model compounds of metallo-enzymes.
On the other hand, these multidentate ligands might be useful as
building blocks for high-nuclearity compounds. Three different para
substituted dinuclear nickel(Il) complexes [Ni,L(0,CC.H,-p-X)] [
X= NO,(1), CI(2),0CH,(3) ] were synthesized by the reaction of
corresponding precursor with pentadentate Schiff base ligand. The
ligand was characterized by UV-Visible, FTIR, NMR studies. The
synthesized complexes were characterized by molar conductance,
UV- Visible, FTIR, LCMS spectral studies.

Keywords: Penta-Dentate Schiff Base Ligand; Nickel(Il)
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Introduction

Overthe pasttwo decades, extensive research hasbeen carried
out on symmetrical bis-Schiff base ligands and their transition
metal complexes, which can be prepared by usual condensation of
one mole of diamine and two moles of 3-diketone or an aromatic
0-hydroxy carbonyl compound [1-5]. But there are only a few
reports regarding with synthesis of unsymmetrical Schiff bases
derived from equimolar condensation of a diamine and different
aldehydes / ketones which is more difficult to obtain. During the
recent years, there has been a remarkable interest in the design,
synthesis and characterization of transition metal complexes of
unsymmetrical Schiff base ligands from the fact that the central
metal ions in natural systems are in unsymmetrical organic
moieties [6-12]. Hence transition metal complexes synthesized
from unsymmetrical Schiff bases serve as models of relevance
to bio-inorganic chemistry such as metallo proteins and metallo
enzymes in which transition metal ions are found usually in a
disorted environment. Unsymmetrical Schiff base complexes
have shown wide spectrum of applications such as biochemical,
analytical, and antimicrobial agents [13, 14].

Sau-Fun et al reported unsymmetrical bis-Schiff base ligands
by partial displacement of the symmetrical bis-Schiff bases of

ethylenediamine and salicylaldehyde/ O-hydroxyacetophenone/
acetylacetone/ benzoylacetone which have led to the formation
and isolation of unsymmetrical Schiff base ligands. Nickel(II) and
copper(Il) complexes of these ligands have been prepared and
characterized [15,16].

This paper reports on the synthesis and characterization
of Nickel (II) complexes using pentadentate Schiff base ligand
obtained from 5-nitro salicylaldehyde with salicylaldehyde and
1,3-diamino-2-propanol.

Experimental Materials and methods

1,3-diamino-2-propanol was purchased from Alfa Aesar, all
other chemicals and solvents were purchased from commercial
sources and were used after purification. Conductance of
complexes was recorded using Elico conductometer. UV-Vis
spectra were recorded using Systronics spectrophotometer
operating in the range of 200-800 nm with quartz cell. FT-IR
spectra of ligand and complexes were obtained on a Schimadzu
IR-Affinity-I spectrometer and samples were prepared using
KBr. 'H NMR spectrum of Schiff base ligand was recorded using
Bruker 400 MHz model.

Synthesis of ligand

The ligand was synthesized by using 1, 3-diamino-2-
propanol( 10 mmol) with 5-nitro salicylaldehyde (10 mmol) and
salicylaldehyde (10 mmol) in the ratio of 1:1:1 using ethanol as a
solvent and the mixture was refluxed for 6 hours. Colour change
was observed and the reaction was monitored by TLC primarily
using hexane as eluent. It was characterized by UV-Vis, FT-IR and
'HNMR spectral studies.

Synthesis of Nickel (II) Precursors

The Nickel(II) precursors were synthesized by using organic
acids para-nitro benzoic acid, para-chloro benzoic acid and para-
methoxy benzoic acid( 10 mmol) with NaOH( 20 mmol) were
stirred for 10 minutes and NiSO,.6H,0( 20 mmol) was added to
above mixture and magnetically stirred with 30 minutes. The
ratio of organic acid, base and metal was taken as 1:2:2 for the
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synthesis of Nickel (II) Precursors. The crude green Nickel (II)
precursors obtained was washed thoroughly with water and
dried well. The Nickel (II) precursors obtained was used for the
synthesis of Nickel (II) complexes.

Synthesis of Nickel (II) complexes

A general method was used for the preparation of Dinuclear
Nickel(II) complexes. The ligand (2 mmol) with KOH (6 mmol)
and Nickel(II) precursor( 2 mmol) was refluxed for 6 hours
using ethanol as a solvent. The ratio of the ligand, KOH, Nickel
(I1) precursors were taken as 1:3:1 for the synthesis of Dinuclear
Nickel(II) complexes. The complexes formed were characterized
by UV-Vis, FT-IR, Conductivity measurement and LCMS. The
scheme for the preparation of the ligand and complexes are given
below. The scheme of the ligand and its complex are shown in
Figure 1 and Figure 2.

Results and Discussion
Conductance Measurements

Molar Conductivity measurements values revealed non-
electrolytic nature of Nickel (II) complexes [17], since for the
molar conductance values are in the range for non-electrolytes.
The solvent used for conductance measurement is DMF. The
physical properties and conductance of the metal complexes
values are listed in Table.1.

UV-Visible Spectra

The UV-Visible spectra of the ligand was recorded in DMF
in the wavelength range 200-800 nm. The complexes were
recorded in the DMF solution in the above wave length range. The
band observed at 245nm was due m-m* transition of the benzene
ring present in the ligand and it shifted to higher wavelength(red
shift) upon complexation and the band was observed at 255, 250
and 270 nm respectively for complex-LII &III. The band at 355
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Figure 1: The scheme of the Ligand.
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Figure 2: The scheme of the complex.

Table-1: Physical properties and Conductance of the metal complexes.
Molar
Compound  Molecular formula Colour Conductance (S
cm? mol?)
Complex-I C,,H,(N,O,Ni, Light Green 4.0
Complex-II C,,H,¢N,O,CINi, Light Green 12.9
Complex-1ll  |C,.H, N,O,Ni, Light Green 49
Table 2: IR data for ligand and its complexes.
Functional Ligand Complex-I Complex-1I  Complex-
group (cm?) (cm™) (cm™) II(cm™)
v(C=N) 1635 1618 1620 1616
(Pll’l(ecn-r())l)ic) 1307 1313 1308 1315
v(-OH) 3142 - -
v(Ni-N) 524 545 530
v(Ni-0) 466 474 466
v(Ni-0CO0) 1579,1475 | 1579,1471  1583,1487

nm was due to T-m* transition of the azomethine group present
in the ligand and it shifted to higher wave length observed at
390, 370 and 380nm. This shows the coordination of metal with
the azomethine nitrogen [18]. The weak band observed at 470,
480 and 460 nm was due to n-m* transition of complex-I, I &IIL
The new characteristic band at 640, 642, 641 nm was due to d-d
transition of complex-I, [1& III. UV-Visible spectrum for ligand
and its complexes shown in Figure 3.
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Figure 3: UV-Visible spectrum for ligand and its complexes shown.
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Figure 4: The NMR spectrum of ligand.
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Figure 5: The mass spectrum of complex (III).

Infrared Spectra

In order to study the binding mode of ligand to metal in
the complexes, IR spectrum of the free Schiff base ligand was
compared with the spectra of the metal complexes. The free
ligand exhibits IR peaks at 3142 cm™ (0-H), 1635 cm™ (C=N) and
1307 cm* phenolic (C-0) [19,20]. In complexes the peak due to
(0-H) of the ligand disappeared indicating the co-ordination of
phenolic oxygen to the metal ion via deprotonation. This was
further supported by upward shift to the phenolic (C-O) mode.
The peak at 1635 cm™* was due to azomethine group of the ligand
and it shifted to lower frequency after complexation. This shows
the co-ordination of metal with azomethine nitrogen [21]. Some
new bands have also appeared indicating the complexation of
metal with the ligand corresponds to (Ni-N), (Ni-O) and (Ni-
0CO). IR data for ligand and its complexes are shown in Table.2

TH-NMR of the Ligand

The ligand was characterized by 'H-NMR and the values
were obtained at 2.5 § for secondary alcohol proton; 3.4 &
for methylene proton; 6.69 6 for azomethine group; 8.78 § for
phenolic proton. The solvent used for NMR spectrum is DMSO-d®.
NMR data for ligand shown in Figure 4

Mass spectrum of the Complex

The mass spectrum of complex (I1I) exhibited peak at m/z
606.97, this is in good agreement with the proposed molecular
formula of molecular weight 607. The peak at 166 is due to
C,H,NO,, the peak at 387 is due to C;,;H,,N,O,Ni, and the peak at
487 is due to C,)H,,N.O_Ni,. The mass spectrum of complex (III)
shown in Figure 5.

400 500 600 70C

Conclusion

In the present work three dinuclear nickel (II) complexes
were synthesized and characterized by various analytical
techniques like molar conductance, electronic, vibrational, NMR
and LCMS studies. IR spectral data showed that the ligand acts
as pentadentate coordinating through azomethine nitrogen and
oxygen atoms. The lower molar conductance values suggested
the non-electrolytic nature of the complexes.
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