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ABSTRACT

agreed with those found experimentally.

New Schiff base chelate of Mn(ll), Co(ll), Ni(ll) and Cu(ll) derived from benzene 1,2 dicarboxylic aldehyde with o-amino benzoic acid
have been preprared, and characterized by elemental analysis, magnetic and spectroscopic measurements IR, UV-Vis, CHN and
spectral studies have been carried out to suggest the structures for the complexes. The data show these complexes have general
composition of [ML.2H,0] type. The works also include a theoretical treatment of the formed complexes in the gas phase. This was
done using the (hyperchem-8) program for the molecular mechanics and semi-empirical calculations. The heat of formation (AHf°),
binding energy (AEb) and total energy (AET) for ligand and its complexes were calculated by (PM3) method at 298 K. The
electrostatic potential of the free ligand (L) was calculated to investigate the reactive sites of the molecules. The theoretical results
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INTRODUCTION

etal complexes of Schiff bases have played a

central role in the development of

coordination chemistry. Schiff bases, named
after Hugo Schiff' are formed when any primary amine
reacts with an aldehyde or a ketone under specific
conditions. Schiff bases have also been shown to exhibit
abroad range of biological activities including antifungal,
antibacterial, antimalarial, antiproliferative, anti -
inflammatory,  anti-inflammatory,  antiviral,  and
antipyretic propertie52'3. Nowadays, the research field
dealing with Schiff base coordination chemistry has
expanded enormously. The importance of Schiff base
complexes for bioinorganic chemistry, biomedical
application, supramolecular chemistry, catalysis and
material science, separation and encapsulation processes,
and formation of compounds with unusal properties and
structures have been well recognized and reviewed. It is
well known from the literature that much work has been
done on the synthesis and characterization of this
compounds™®.

Experimental

All the chemical used were of analar grade and procured
from sigma-Aldrich.

The solvents were dried and distilled before use
according to standard procedures. IRspectra were
recorded in KBr medium on a shimadzu FTIR-8300
spectrophotometer.

The UV-Vis spectra of all the complexes were recorded in
ethanol on a Shimadzu UV-1650PC spectrophotometer in
the range (200-1000) nm.

Magnatic Susceptibility measurements for complexes
were obtained at room temperature using (magnetic
susceptibility balance) Jhonson Maltery catalytic system
division.

Synthesis of the ligand (L)

The Schiff base (L), figl was been prepared according to
the following procedure. An ethanolic solution of
benzene 1,2 dicarboxylic aldehyde (0.020ml, 2.68g) was
added to an ethanolic solution of o-amino benzoic acid
(antharanilic acid) (0.020ml, 2.14g) and refluxed for 6
hours in water bath. After concentration of the solution,
the precipitate was separated, filtered, and dried over
anhydrous calcium chloride under vacuum, the yield of
product 83% yields.
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Figure 1: Synthesis route of ligand (L).
Preparation of metal ion complexes

The metal ion complexes of organometallic compounds
were prepared by mixing ethanolic equimolar
concentration (0.02M) Of(L) ligand with (0.04M) aqueous
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solution of metal acetate of manganese(ll), cobalt (1I),
Nickel(ll) and copper(ll) salts were used for preparation
these complexes. Then the solutions were mixed in 1:1
ratio and refluxed for 6 hours using water condenser.
After that, the solution were cooled at room
temperature, solid of complexes were appeared then, it
will filtered, washed with ethanol and dried. The yields is
obtained in between 60-82%.
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RESULTS AND DISCUSSION

The physical and analytical properties data of the
organometallic compound and their complexes is given in
table 1. The ligand (L), on interaction with Mn(ll), Co(ll),
Ni(ll) and Cu acetates, yields complexes corresponding to
general formula [ML(H,0)]. The analytical data show that
the metal to ligand ratio is 1:1. They are soluble in
common organic solvents. The low molar conductance
values of the complexes reveal their non-electrolytic
nature®.

Table 1: Physical and Analytical data of the ligand and its complexes (*Experimental values)

Compound/complexes yield% MP/C C%
70.89

Ca2H16N20 80 243-245
221M16N2Vs 70.50*
56.98

Mn(Cz2H16N204).2H,0 71 223-226
[Mn(Cz2H16N204).2H,0] 56.44%
[Co(Cy2H16N204).2H,0] 63 218-220 2649
221'1161N2V4) - 2 5640*
[Ni(Cy,H16N20,4).2H,0] 70 217-220 56.52
221'1161N2V4) - 2 5650*
[Cu(Cy2H16N,04).2H,0] 68 212-214 55.98
221'1161N2V4) - 2 5588*

Table 2: Infrared Spectral Data of ligand and its complexes

Compound/complexes OH acidu C=Nu

CaoHisN,0.)( 3390 1680
[Mn(C22H16N204).2H,0] = 1622
[Co(C22H16N204) 2H,0] 1628
Ni(C22H16N204).2H0][ = 1637
[Cu(C22H16N204).2H,0] 1640

N% H% M% Mol*cm?®la BM. peff
752 433
7.50%  4.25%
6.04 345 1185
18 5.90
6.00%  3.35% 11.67*
599 342 1261
22 3.38
5.80%  3.35% 12.58*
599 342 1256
19 2.90
5.87% 339  12.50*
424* 339  13.46
23 1.90
420* 3.30~ 13.40*
M-Nu vM-O 2H,0
533 455 3495,3422
547 459 3490,3445
538 465 3520,3437
552 451 3511,3432

Table 3: Conformation energetic (in Kcal.mol™) for ligand and its metal complexes

Compd.No. H:A (Kcal/mol) Eqot. (Kcal/mol)
1L 77.7101 -4979.733
2.NiL -410.562 -138047.362
3.CoL -404.044 -132528.571
4.MnL -123.190 -123876.942
5.CuL -243.231 -141621.885
IR spectra

The infrared spectra of organometallic ligand (C,,H16N20,)
and their complexes were recorded
[Mn(C22H16N204).2H20], [CO(C22H16N204).2H20],
[Ni(C22H16N204).2H20] and [CU(C22H15N204).2H20] and
compared with substituted moieties. The bands were
observed in the organometallic ligands at 3700 cm™ for u(
OH), which was found to have disappeared in all the
respective complexes that mean its bonding with metal

Ey, (Kcal/mol) HOMO (ev) LUMO (ev)
-95214.812 -7.32928 -2.079906
-5689.928 -9.490167 -1.029562
-5735.112 -9.223408 -1.469652
-5523.762 -9.573216 -0.970663
-5552.599 -9.358659 -0.893238

ions through deprotonation’, band observed at 1680 cm™
for azomethan (>C=N-) group, due bonding with metal
ions in between 1640-1622cm™. The two new bands were
observed at 3520-3490 and 3445-3422cm™ due to two
coordinated water molecules present in the coordination
sphere. The bands were observed far infrared region at
552-533cm™  due to  metal-nitrogen  bonding
(M&N)linkage and 465-451cm™ due to metal-oxygen
bonding (M->0). The central metal ions have six
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coordination numbers and ligand behaves as a
monodentate ligand®™. IR bands values of the
organometallic compound and their complexes were
reported in table 2.

Electronic spectra

Upon the electronic spectrum of the L schiff base ligand,
the two essential absorption bands were observed at
310nm, (360 and 550) nm due to the transitions n->n*,
ni->1*, respectively. These transitions were existed also in
the spectra of the complexes, but they shifted to different
lower intensities, confirming the coordination of the
ligand to the metal ions. In UV-Vis. spectra, the weak
band should be at 400-500nm are due to charge—transfer
(ct) band in the complexes, which is absence in the ligand.
However, the weak broad band at 500-700nm is due to d-
d transition of the metal ions as montioned. The
electronic absorbtion spectra of Mn (Il) complexes were
recorded at room temperature using ethanol as solvent
show four medium intensity bands assigned to
®Agg=>"T14,°Asg=>"Tog(G)and ®Ayg=>"Eq(G), Agy(G)
respectively, for Mn(ll) ion in an distorted octahedral
field'2. The electronic spectrum of octahydral Co(ll)
complex has three types of transitions due to
Tig(F)>"Axg(F), and  “Tyy(F)>"To4(P)>.  The diffuse
reflectance spectrum of copper (Il) complex is expected
to show two allowed transitions namely “B,,~>’Eg and
ZBlgeszg. These bands suggested distorted octahydral
geometry around Cu(I[12]. The electronic spectrum of
the Ni(ll) complex could be assigned to octahedral
geometry. The solid reflectance spectrum of the Ni(ll)
complex showed two identified bands at 16722 and
2272cm™, assigned to the transitions *Ag(F)=>°T,(P)
respectively™®.

Magnetic properties

The effective magnetic moment values of the complexes
are presented in table 1. The Mn(ll) complex has apes
value of 5.90ug, Which suggests a spin-free complex. The
Co(ll) complex has a magnetic moment of 3.38ug Which is
typical of Co(ll) ion in an octatahedral enviroment™®. A
magnetic moment value of 2.90 pg is observed for the
Ni(ll) complex, expected for octahedral geometry™®*’. The
magnetic moment value of Cu(ll) complex is 1.90 ug Which

suggest a distorted octahedral geometry™®™.

Thermal Analysis of [Mn(C,,H16N204).2H,0] complex

Thermogravimatric study of Mn(ll) complex shows weight
losses in the temperature range 90-140°C, which is
corresponding to the loss of one water molecule present
in the coordination sphere and some part of complex
were loosed. The experimental percentage loss, which
has calculated from Thermogravimatric analysis curve, is
7.55%. The value were comparing with actual theoretical
percentage loss of the complex. The differential thermal
analysis peak is endothermic®. In second step at 150-
470°C, the second coordinated molecule will loss and
some part of complex were losses. The major part of
complex agent were lost at 480-580°C. The experimental
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percentage loss values are 33.72%, which is obtained
from Thermogravimatric analysis curve. The experimental
percentage loss values which were comparable with
theoretical percentage loss value i.e. 36.17%. The
Differential thermal analysis peak is exothermic®. The
probable leaving part of complex is C10H10. The
temperature range 600-910°C leading to the formation of
Manganese oxide. The decomposition scheme of the
complex as shown below.

100C 100-280°C
[MIC;HigN, 0, 2H,0] ———> [MCyHN.0,HOl —— [MCHNO]
) 404000°C
280410°C G 40] > 110
Gt

According to the results obtained an octahedral structure
has been suggested to these complexes.

Structure of complex

Figure 2: The suggested structure of complexes
where M=Mn, Co, Ni, and Cu
ligand=1,2phenyl(4-carboxy)benzylidene.

Study of complexes in gas state (Theoretical studies)
Electrostatic potentials

Electron distribution governs the electrostatic potential of
the molecules. The electrostatic potential (E.P.) is useful
for finding sites of reaction in a molecule; positively
charged species tend to attack a molecule, where the
electrostatic potential is strongly negative (electrophonic
attack)?. The E.P. of the free ligand (L) was calculated and
plotted as 2D contour to investigate the reactive sites of
the molecules (Fig. 3). Also one can interpret the
stereochemistry and rates of many reactions involving
“soft” electrophiles and nucleophiles in terms of the
properties of frontier orbital (HOMO, highest occupied
molecular orbital) and (LUMO, lowest unoccupied
molecular orbital). The results of calculations show that
the LUMO of transition metal ions prefer to react with the
HOMO of two-donor atoms of oxygen and nitrogen of the
ligand (L)*.
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Figure 3: Electrostatic potential(HOMO and LUMO)as 2D
contours for (L)

Optimized energies

The program Hyperchem-8 was used for the semi-
empirical and molecular mechanics calculations.

The heat of formation (AHf°) and binding energy (AEb) for
free ligand (L) and their metal complexes (1-5).
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