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Some new binuclear complexes of Co(II), Ni(I) and Cu(Il) were synthesized with the Schiff base obtained from
3-aminodibenzofuran and salicylaldehyde. They were characterized using chemical analysis, determination of molecular
weight, spectroscopic methods (IR, UV-vis, NMR and ESR), conductometric and magnetic data and thermogravimetric
analyses. According to this information, we propose a square-planar geometry for each central metallic ion.

INTRODUCTION

The chemistry of metal complexes with Schiff base ligands prepared using a variety of carbonylic
compounds and aromatic amines, has been extensively studied because of their biological, industrial and
analytical importance."”

In continuation of our studies on the metal complexes with Schiff base ligands obtained from
3-aminodibenzofuran and various aldehydes,®® we report here the synthesis and characterisation of some
new bimetallic complexes of Co(II), Ni(I) and Cu(Il) with the Schiff base obtained from
3-aminodibenzofuran and salycilaldehyde (SADBF). °
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EXPERIMENTAL

Reagents: Co(CH;C0O0),-4H,0 (Merck p.a.); Cu(CH;COO),-H,O (Merck p.a.); Ni(CH;COO),-4H,0 (Merck p.a.). The
free ligand Schiff base was recrystallized from toluene.

Instruments: The IR spectra were recorded on a Perkin Elmer FT-1600 Hewlett Packard instrument in anhydrous KBr
pellets in the range 400-4000 cm™. A Unicam UV2-300 Spectrometer was used to perform the electronic spectra. The molar
conductivities were determined using an OK-102 conductometer. The magnetic susceptibility measurement was made on a
Faraday balance at room temperature. EPR spectra were registered in powder at room temperature usin% an Art-5-IFA Bucharest
spectrometer, that operates in the X-band, the modulation of the magnetic field being 100 kHz and Mn™* was used as an internal
standard. NMR spectra were recorded on a Varian Gemini 300BB.

* Corresponding author.
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Metal contents were estimated by standard methods.'® C, H and N were analysed using an M.L.W. microelementary CHN
analyser. Thermogravimetric curves were recorded using a Du Pont 2000 instrument.

General procedure: The complexes were prepared by mixing ethanolic solutions of SADBF and metal acetate in 1:1 molar ratio
and refluxing the solution for 3-4 h at 100°C. The resulting solution was concentrated up to 2/3 of the initial volume when the
corresponding metal complexes precipitated. They were filtered, on a G, porosity glass filter, washed several times with ethanol
and finally dried under vacuum.

RESULTS AND DISCUSSION

The complexes obtained are microcrystalline coloured powders, whose melting points are higher than
that of the free ligand (Table 1). They are air-stable, insoluble in common organic solvents but soluble in
dimethylformamide (DMF). The results of the elemental analyses and the determination of the molecular
weight by the Rast method (Table 1) show that these complex compounds are of the type [M,L,Ac,] - 2H,0
where M= Co(II), Ni(Il), Cu(II), L= the monoanion of the Schiff base and Ac = acetate group.

The non-electrolytic nature of the complexes solutions is indicated from the low A, values (12. 8—
20. 5" cm® mol™) (Table 1).

Table 1
Molecular weight, melting point, molar conductance, colour and elemental analyses of the complexes
Compound Mol. wt. m.p. Molar Colour Analyses %
Calcd. (®) conductance Element Caled. | Found
Found Q'-cm” mol!
[CoyL,Ac;] - 2H,0 844.27 192 12.8 Brown Co 13.98 13.78
830.52 C 59.71 59.50
H 4.02 3.90
N 331 3.01
[Ni,L,Ac,] - 2H,0 826.4 187 17.5 brown red Ni 14.20 14.01
818.2 C 60.98 60.78
H 3.99 3.78
N 3.38 3.28
[Cuyl,Ac,] - 2H,0 854.15 190 20.5 dark brown Cu 14.98 14.68
842.17 C 59.01 58.88
H 3.98 3.78
N 3.27 3.00

In order to explain this composition we must admit that the Schiff base acts as a bidentate ligand.
The assumption has been confirmed by the physico-chemical analyses which are described below.

The Schiff base shows a broad absorption band at ca. 2800 cm™, which is due to the intramolecular
hydrogen bonding involving the hydrogen of the phenolic group and the nitrogen atom of the azomethine
group (Table 2). This band disappears in complexes indicating the replacement of phenolic hydrogen by
the metal ion and formation of the M-O bond.

Table 2
Characteristic infrared absorption frequencies (cm™) of the ligand and complexes
Compound VoH VoH Uc=N Vas(CO0) Vas(CO0) Uc-0 ) UM-0 UM-N
assoc. azm. phenolic

SADBF (HL) - 2800 1623 - - 1275 -
[Co,L,Ac,] - 2H,0 3387 - 1610 1565 1440 1305 510 420
[Ni,L,Ac,] - 2H,0 3400 - 1615 1560 1453 1310 510 425
[CuyL,Ac,] - 2H,0 3450 - 1600 1557 1443 1310 512 421
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Another significant change in the IR spectra of the metal complexes is the appearance of the
v(C=N) band between 1600-1615 as compared to 1623 in the Schiff base, thus showing a shift towards
the lower region by 8-23 cm™. This decrease indicates the coordination of the nitrogen atom with the
metal ion. The strong absorption band observed at 1275 in the spectrum of the Schiff base appears at 1305
or 1310 in the complexes, thus showing a shift towards the higher regions by 25-30 cm™. This band is
characteristic of v(C-O) phenolic and its shift further supports the formation of the M-O bond.""

The metal complexes are also characterized by the appearance of some new bands of medium and
low intensity at 512-510 and 425-420 cm’', which can be assigned to the v(M-O) and v(M-N) stretching
frequencies, respectively.'

The complexes spectra contain absorption bands in the regions 1565-1557 and 1453-1440 cm’,
respectively, which are attributed to the asymmetrical vibration frequencies v,,(COO) and symmetrical
vibration frequencies vy (COO) of the acetate group.

The literature® presents the relationships between the v (COO) frequencies and the nature of the
carboxylate coordination. When the acetate complexes have A= v, (COO) — v, (COO) < 150 cm’ this is
considered indicative of the chelating or bridging carboxylate groups. When A>200 cm™ one can speak
about a unidentate coordination of the carboxylate group.

In our case, the values of A are situated around 115 cm’! and for this reason we can estimate the
chelate manner of coordination of the acetate group to the central metallic ion in the complexes prepared.

The stretching vibrations voy in the Co(II), Ni(II) and Cu(Il) complexes were found at 3387, 3400
and 3450 cm™ but the absence of additional bands due to rocking or wagging rules out the possibility of
coordination toward the central metallic ion.

In conclusion, IR spectral analysis indicates the coordination of the Schiff base through the
participation of both the oxygen and nitrogen atoms in coordination to the metallic ion.

The evidence for the bonding mode of the ligand is provided also by the 'H-NMR spectrum of the
diamagnetic nickel(II) complex, where the position of signals due to the H-2 and H-4 protons (in para
position of the nitrogen atom) from the dibenzofuranic cycle at 6 7.30 ppm and & 7.48 ppm in the
'H-NMR spectrum of the ligand shifts towards the lower field in the complex at § 7.34 ppm and & 7.5 ppm,
respectively, because of the coordination of the nitrogen atom (the spectra were recorded in the same
solvent CDCl;). The chemical shifts are weakly modified, probably due to the intramolecular hydrogen
bonding in the Schiff base. The signal assigned to the azomethine proton exhibits similar shifts, but the
signal of the carbon atom from the azomethine group is not shifted by complexation. The signal of the
phenolic proton in the free ligand at 6 12.7 ppm (intramolecularly H-bonded phenolic group) is absent in
the spectrum of the complex, thus confirming the deprotonation of the phenolic group on complex
formation.

In order to establish the coordination geometry of the new complex compounds, spectral analyses in
the visible and UV range were performed.

The electronic spectrum of the Co(II) complex displays two bands at 16400 and 21200 cm™, which may
be assigned to zAlg — 2B2g and 2A1g — 2Eg transitions, respectively, in a square-planar configuration around
Co(II)."* This geometry is confirmed also by the value of the magnetic moment which is 2.16 B.M.

Ni(I) complex is diamagnetic. The electronic spectrum of this chelate exhibited four bands at
18500(v;), 20900 (v,), 27000 (v3) and 32500 cm’' (v4) which may be assigned to 'Aj, — 'Asg, 'Ajy — 'Big,
lAlg — 1Eg and 1 — m (L)transitions, respectively. The first two bands are of low intensity and are
purely d-d transition, while v is developed by strong charge-transfer transition. These results suggest a
square-planar configuration for the Ni(II) chelate.'

The electronic spectrum of the Cu(Il) complex displays two weak and broad bands around 21700
and 16500 cm™, which may be assigned to ‘B g — 2Eg and zBlg — zAlg transitions, respectively, in a
square-planar symmetry.'* The small value 1.65 BM for the effective magnetic moment compared with
the “spin-only” value of 1.82 BM which corresponds to the ion with d’ electronic configuration, is
explained by the antiferromagnetic spin interaction which corresponds to the dimeric structure of the
Cu (II) (:omplex.15 16
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The IR spectra of the complexes indicated the presence of lattice water. For confirmation,
thermogravimetric analyses were carried out for the Co(II), Ni(IT) and Cu(Il) complexes. The thermograms of
all the complexes showed nearly the same pattern. In the Cu(Il) complex there was a mass-loss at
75-120°C due to the elimination of two lattice water molecules.'®'® The experimental value Am(%) was
4.09 while the calculated value was 4.28. In the case of the other two complexes, the experimental mass-loss at
80-150°C was 4.12% (calcd. 4.35%) for the Ni(Il) complex and 4.07% (calcd. 4.21%) for the Cu(Il)
complex. The thermic decomposition of the three complexes began at about 210°C. There were two
stages accompanied by intense exothermic effects which demonstrated that complexes and not unitary
oxidation reactions of the ligand took place. The final residue was a metallic oxide; the oxidation was
probably done by the existent intramolecular oxygen.

The RPE spectrum of the Cu(Il) complex presented in Fig. 1 contains two overlapping signals: one
wider line with the value g; = 2.1518 and the width a;= 38.27 mT and a narrow line with g,=2.0485 and
a=5.27 ng, both relative isotropic. The shape of the RPE spectrum suggests a dimeric structure of the
complex.
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Fig. 1 — RPE spectrum of [Cu,L,Ac,] - 2H,0.
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Based on the above observations, the structure for the complexes may be proposed as follows:
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where

B=

O

M = Co(II), Ni(IT), Cu(II)

CONCLUSIONS

The correlation of the elemental chemical analyses and determination of the molecular weight with

the results of the physico-chemical determinations suggests that the complexes described in this paper are
of the type [M,L,Ac,] - 2H,0, where M = Co(Il), Ni(I), Cu(II), L= monoanion of the Schiff base and
Ac = acetate group. This formulation is supported by the IR and NMR spectral analyses, which confirm
that SADBF acts as a bidentate ligand having both nitrogen and oxygen as donor atoms and IR spectral
analyses estimate also the chelate manner of coordination for the acetate group.

The electronic spectra of the complexes studied lead to the conclusion that they are square-planar.

ESR data for the Cu(II) complex underline the dimeric nature of the complex.
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