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Abstract

Iron(111), Cobalt(11), Cupper(ll), Zinc(l1) and Mercury(ll) complexes have been synthesized by
reaction of their chloride salt with a new tetradentate Schiff base ligand type N4: (N'Z,N?Z)-N*-
(4-((Z2)-4-(dimethylamino)benzylideneamino)-2,3-dimethyl-1-phenyl-1,2dihydropyrazol-5-
ylidene)-N?(4((2)-furan-2-ylmethyleneamino)-2,3-dimethyl-1-phenyl-1,2dihydropyrazol-5-
ylidene)ethanel,2—diamine. All the prepared complexes were characterized by the spectroscopic
methods (FT.IR, UV-Vis) Atomic Absorption, Magnetic Susceptibility, Melting Point, Elemental
Analysis and Molar Conductivity, as well as the H'NMR for the free ligand. According to the
resulted data from the above mentioned techniques, the octahedral structure geometry was
proposed for Fe(lll) complex with the formula [FeLCI;]CIl, and tetrahedral geometry was
proposed for the rest with a general formula [ML]Cl,.

Key words: Schiff Base, 4-Aminoantipyrine, 4-Dimethylaminobenzaldehyde, Furfural.

Introduction

It is well known that the preparation of new ligands is perhaps the most important step in the
development of metal complexes, which exhibit unique properties and novel reactivity (1). Schiff
bases of aromatic aldehydes or aromatic ketons are more stable than aliphatic aldehydes or
ketons because of the conjugation system (2). Schiff bases derived from 4-aminoantipyrine, and
their complexes having a wide variety of applications in many fields of biological, clinical,
analytical, organic, inorganic and pharmacological areas (3). They are also used as pigments and
dyes, catalysis intermediates in organic synthesis and as polymer stabilizer (4). During the past
years a considerable attention has been paid to the chemistry of the metal complexes of Schiff
base containing nitrogen as donor atoms. This may be attributed to their high stability (5). The
coordination property of the 4-aminoantipyrine ligands was modified to give flexible ligands
systems formed by condensation with a variety of reagents such as aromatic aldehydes and
aromatic amines (6). The present paper reports the synthesis and characterization of new
Tetradentate  Schiff base Ligand Type N, (N'Z,N?Z)-N'-(4-((2)-4(dimethylamino)
benzylideneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-ylidene)-N?(4((2)-furan-
2ylmethyleneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-ylidene)ethanel,2—diamine
and its Fe(l111), Co(ll), Cu(ll), Zn(I1) and Hg(Il) complexes.

Experimental
Materials and Instrumentation

All chemicals supplied by Fluka, Redial- Dehenge, Gainland Chem, B D H and Thomas Baker
companies. Elemental microanalysis was carried out by C.H.N analyzer, model 1106 (Calo-
Ebra). Metal contents of the complexes were determined by Shimadzu-A-A- 680G Atomic
Absorption Spectrophotometer. The FT.IR spectra were recorded as KBr disc technique by using
Shimadzu 8300 FT-IR Spectrophotometer in the range (4000-250)cm™. Electronic Spectra of the
prepared complexes were measured in the range (200-900) nm for 10°M solution of DMSO at
room temperature by using Shimadzu 160 Spectrophotometer with 1.000 £ 0.001 cm matched
quartz cell. Electrical molar conductivity measurements of the complexes were recorded at room
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temperature for 10°M solution of samples in DMSO by using PW 526 digital conductivity
meter. Melting points were recorded by using Sturat Melting Point Apparatus. Magnetic
Moments were measured with a magnetic susceptibility balance (Jonson Matty Catalytic System
Division) and finally H'NMR spectrum was acquired in DMSO-ds solution using a Brucker
AMX400 MHZ spectrometer with existed of TMS as an internal standard for H'NMR.

Synthesis of Compounds and Complexes

1- Synthesis of 4-[(4-Dimethylamino-benzylidene)-amino]-1,5-dimethyl-2-phenyl-1,2
dihydro-pyrazol-3-one: (CzoH22N40).

(0.0003 mole, 0.609gm) of 4-aminonatipyrine dissolved in 25ml of absolute ethanol, and added
dropwise with stirring to 25ml of ethanol solution containing (0.003mole, 0.447gm) of
4-dimethylaminobenzaldehyde and few drops of glacial acetic acid as catalyst (7). The mixture
of the reaction refluxed for 10hours at 75C° (scheme-1), and then filtered to remove the
unreacted starting materials. The solvent was left to evaporate at room temperature, the resulted
yellow crystals washed several times with ethanol and left dry. The yield was 0.952g (95%),

(220C°-222CY (table-1).
\N
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Scheme (1): Synthesis of 4-[(4-Dimethylamino-benzylidene)-amino]-1,5-dimethyl-2-
phenyl-1,2 dihydro-pyrazol-3-one: (CyoH22N,4O).

2- Synthesis of 4-[(Furan-2-ylmethylene)-amino]-1,5-dimethyl-2-phenyl-1,2-dihydro-
pyrazol-3-one: (C1sH15N30,).

(0.0003 mole, 0.609gm) of 4-aminonatipyrine was dissolved in 25ml of absolute ethanol
and added dropwise with stirring to 25ml of ethanol solution containing (0.003mole,
0.288gm) of Furfural, and few drops of glacial acetic acid as catalyst (7). The mixture of the
reaction refluxed for 10hours at 75C° (scheme-2), and then filtered to remove the unreacted
starting materials. The solvent was left to evaporate at room temperature, the resulted brown

crystals washed several times with ethanol and left dry. The yield was 0.6921g (82%), mp
(210C°-212C°) (table-1).
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Scheme (2): Synthesis of 4-[(Furan-2-ylmethylene)-amino]-1,5-dimethyl-2-phenyl
1,2-dihydro-pyrazol-3-one: (C1sH15N30,).

3- Synthesis of the Free Ligand (L): (CssHa1NgO).

(0.003mole, 0.18gm) of Ethylenediamine which dissolved in 25ml of hot ethanol was
added dropwise with stirring to a mixture of (0.003mole, 1.002gm) of (C2oH22N,4O), and
(0.003mole, 0.843gm) of (C16H15N30) in 100ml of hot ethanol containing a few drops of
glacial acetic acid. The mixture was refluxed for 10hours at 75C° (scheme-3), then the
mixture filtered to remove the unreacted starting materials. The solvent was left to
evaporate at room temperature, the resulted brown crystals washed several times with
ethanol and left dry. The yield was 1.764g (92%), mp (165C°-167C°) (table-1).
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Scheme (3): Synthesis of the Free Ligand (L): (C3sH41NyO).
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4- Synthesis of Iron(l11) Complex.

A brownish solution of the ligand [L] (CssH41NgO) (0.0004mole, 0.2556gm) in hot ethanol
50ml was added dropwise with stirring to (0.0004mole, 0.06492gm) of FeCls reddish
solution in 50ml of ethanol. The reaction mixture was allowed to reflux for 10hours at 75C°
(scheme-4). During reflux time the solution color turned to dark reddish brown. The solvent
was left to evaporate at room temperature, the resulted reddish brown crystals washed several
times with ethanol and left dry. The yield was 0.2179g (68%), mp (179C°-177C°) (table-1).

FeClsz + Ligand
C3gH41NO

sinoy (T 10} Xn|Jey
Jouey)3

Scheme (4): Synthesis of Iron(I11) Complex [ FeLCl;]ClI
5- Synthesis of Cobalt(Il), Cupper(ll), Zinc(ll) and Mercury(Il) Complexes.

A brownish solution of the ligand [L] (C3sH41NoO) (0.0004mole, 0.2556gm) in hot ethanol
50ml was added dropwise with stirring to (0.0004mole) (0.05196gm, 0.0682gm, 0.0545gm
and 0.1084gm) of (CoCl,, CuCl,.2H,0, ZnCl, and HgCl,) (reddish, greenish and colorless)
solutions in 50ml of ethanol. The reaction mixture was allowed to reflux for 10hours at 75C°
(scheme-5). During reflux time the solution colors turned to more darkness (reddish, greenish
and brownish). The solvent was left to evaporate at room temperature; the resulted crystals
washed several times with ethanol and left dry to give dark (reddish, greenish and brownish)
complexes with yields (61%-89%) mp (90C°-184C°) (table-1).
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MCl,.nH,0 Ligand
M = Co(ll), Cu(ll), Zn(11) and Hg(ll) + C3gH,;NgO
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Scheme (5): Synthesis of [CoL]Cl,, [CuL]Cl,, [ZnL]Cl, and [HgL]Cl, Complexes.

Results and Discussion

a. Characterization of 4-[(4-Dimethylamino-benzylidene)-amino]-1,5-dimethyl-2-
phenyl-1,2 dihydro-pyrazol-3-one: (CH22N4O).

The condensation reaction of 4-aminonatipyrine and 4-dimethylaminobenzaldehyde give
yellow crystals, which characterized with spectroscopic methods. The FT.IR spectrum (Fig.1)
showed many changing of peaks shifting, appearing and disappearing in comparison with the
starting materials. The most important band at (1641.49)cm™ are due to iminc group (vC=N)
which is a strong evidence of Schiff base formation(8). The other bands at (3045)cm™,
(2958)cm™, (1681.9)cm™, (1589)cm™, (1301)cm™, (1134)cm™ and (758)cm™ due to functional
groups (vC-H) aromatic, (vC-H) aliphatic, (vC=0), (vC=C), (vCH3;) (vC-O)(9) and aromatic
(vC-H) out of plane ring (100. The UV-Vis spectrum exhibited two absorption peak at (235nm, v
= 24553cm™, & max= 510 L.mol™.cm™) due to (=—n") electronic transition while the second peak
at (369nm, © = 10752 cm™, & ma= 930 L.mol™.cm™) due to (n—n") electronic transition (11).
And finally the micro analysis of the elements Cal. (334): C, 71.85; H, 6.58; N, 16.76; O, 4.79.
Found: C, 72; H, 6.3; N, 16.70; O, 4.8 %.

b. Characterization of 4-[(Furan-2-ylmethylene)-amino]-1,5-dimethyl-2-phenyl-1,2
dihydro-pyrazol-3-one: (C1sH15N30,).

The condensation reaction of 4-aminonatipyrine and furfural give brown crystals which
characterized with spectroscopic methods. The FT.IR spectrum (Fig.2) showed many changing
of peaks shifting, appearing and disappearing in comparison with the starting materials. The
most important band at (1643.41)cm™ due to iminc group (vC=N) which is a strong evidence of
Schiff base formation (8). The other bands at (2920)cm™, (2860)cm™, (1696)cm™, (1577)cm™,
(1365)cm™, (1130)cm™ and (771)cm™ due to functional groups (vC-H)aromatic, (vC-H)
aliphatic, (vC=0), (vC=C), (vCHs) (vC-0)(9) and aromatic (vC-H) out of plane ring (10). The
UV-Vis spectrum exhibited two absorption peak at (258nm, = 38759cm™, & max= 490 L.mol
! em™) due to (n—n) electronic transition while the second peak at (382nm, © = 26178 cm™, ¢
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ma= 1100 L.mol™.cm™) due to (n—n") electronic transition (11). And finally the micro analysis
of the elements Cal. (281) : C, 68.32; H, 5.35; N, 14.94; O, 11.38. Found: C, 86.1; H, 5.4; N,
15.1; O, 11.4 %.

c. Characterization of the Free Ligand (L): (C3sH1NgO).

The proligand was prepared with condensation reaction of (1:1:1) mole ratio of CyH22N4O,
Ci16H15N30; and Ethylenediamine according to method in (scheme-3). The free ligand is soluble
in methanol, ethanol and DMSO. The FT.IR spectrum of the free Ligand (Fig.3) displayed many
bands changing, appearing and disappearing in comparison with the starting compounds. The
most important notes disappear of carbonyl groups (vC=0) at (1681.98)cm™ and (1696)cm™
which it is a strong evidence of Schiff base formation and appearing of two new bands at
(1647)cm™ and (1608)cm™ due to iminc groups (bC=N) (12). However the other bands at
(3043)cm™, (2924)cm™, (1585)cm™, (1485)cm™, (1369)cm™, (1134)cm™ and (698)cm™ due to
functional groups (vC-H)aromatic, (vC-H) aliphatic, (vC=C), (vCH,), (vCHj3), (vC-O) (9) and
aromatic (vC-H) out of plane ring (10). The UV-Vis spectrum (Fig.4) exhibit two absorption
peak at (260nm, © = 38461cm™, € ma= 410 L.mol™.cm™) due to (n—n') electronic transition
while the second peak at (360nm, ¥ = 27777 cm™, & max= 867 L.molt.cm™) due to (n—n)
electronic transition (11). The predicated H'NMR of the free Ligand (Fig.5) showed main peaks
at dppm: 8.07(1H), 7.60(5H), 6.21(2H), 3.44(3H), 2.76(3H), 1.78(3H) and 1.48(2H)(13). And
finally the micro analysis of the elements Cal. (639): C, 71.3; H, 6.41; N, 19.7; O, 2.5. Found: C,
71.1; H, 6.5; N, 19.69; O, 2.48 %.

Complexes

The reaction of the free ligand [L] with metal chloride salt Fe(l1l), Co(ll), Cu(ll), Zn(ll), and
Hg(1l) were carried out in refluxed ethanol. All the prepared complexes are stable and soluble in
methanol, ethanol and DMSO. On the basis of elemental analysis data (table-1) the molecular
formula for prepared complexes were assigned to be [FeLCI;]Cl, [CoL]Cl,, [CuL]Cl,, [ZnL]Cl,
and [HgL]Cl,. The suggested molecular formula has been also supported by the spectral
measurements, molar conductivity, elemental analysis and magnetic susceptibility.

Molar Conductivity

The molar conductivity for the prepared complexes in DMSO at ambient temperature
using 0.001 M solution from the complexes the results in (table-1) indicated 1:1 metal to Ligand
mole ratio (14,15).

Magnetic Susceptibility

The values of measured magnetic susceptibility and effective magnetic moment (per) for
the prepared complexes are shown in (table-1). Depending on the tabulated pes values,
complexes of Fe(lll), Co(ll) and Cu(ll) are paramagnetic, while the Zn(Il) and Hg(ll) are
diamagnetic (16-18).
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Atomic Absorption

The atomic absorption measurements (table-1) for all complexes were in comparable with the
theoretical values.

FT.IR Spectra

The FT.IR spectra for all prepared complexes showed different spectral data in comparison with
the free ligand spectrum (table-3). All spectra exhibited shifting in the two iminc group (vC=N)
at rang (1647-1658)cm™ and (1593-1608)cm™ in comparing with that in the free ligand at
(1647)cm™ and (1608)cm™(19). This shift in frequency in the position of the iminic group
(vC=N) suggests a coordination between N atoms of the free ligand with metal ions (20). The
other bands in Fe(II1), Co(Il), Cu(ll), Zn(11) and Hg(Il) complexes at (2924)cm™, (3047)cm™,
(2927)cm™ | (3047)cm™ and (2942)cm™ Due to the functional groups (vC-H) aromatic.
(2854)cm™, (2924)cm™, (2870)cm™, (2924)cm™ and (2854)cm™ due to the functional group (vC-
H) aliphatic(20). (1546)cm™, (1546)cm™, (1535)cm™, (1581)cm™ and (1585)cm™ due to the
frequency of (vC=C) group (21). (1492)cm™, (1489)cm™, (1492)cm™, (1489)cm™ and (1485)cm’
! due to the frequency of (vCH,) group (22,23). (1369)cm™, (1373)cm™, (1373)cm™, (1369)cm™
and (1369)cm™ due to the frequency of (uCH3) group (22,23). (1165)cm™, (1165)cm™, (1168)cm’
1 (1139)cm™ and (1139)cm™ due to the frequency of (vC-O) group(22,23). The most important
peak appearance in complexes FT.IR charts in comparing with the free ligand charts its (vM-N)
in the range (420- 439)cm™. (420)cm™, (424)cm™, (425)cm™, (439)cm™ and (439)cm™(22,23).
And finally the unique band at (390)cm™ for Fe(l11) complex which it is a strong evidence of (M-
Cl) coordination linkage (24).

Electronic spectra

The electronic data for all complexes are summarized in (table-4). The peak at (260)nm in the
electronic for the free ligand was shifted to lower absorbance for all of the prepared complexes.
The shifting in the ligand absorbance peak indicates the coordination between the free Ligand
and metal ions. The electronic spectra of Fe(lll) complex displayed four absorption peaks at
(259nm, 40000cm™?, € ma= 979 L.mol™.cm™) due to ligand field electronic transition type
(n—m) transition, while the second peak at (341nm, 29411cm™, & max= 1732 L.mol™.cm™) due to
charge transfer. In fact these results are in good agreement with previous work of Fe(lll)
distortion octahedral complexes, the third peak at (350nm, 28571cm™, & max= 1295 L.mol™.cm™)
due to the (n—n) transition. Finally the weak (d-d) transition type ( °A;— excited state )(24) at
(430nm, 23255cm™, € ma= 200 L.molt.cm™). The electronic spectra of Co(ll) complex
displayed three absorption peaks at (259nm, 40000cm™, & ma= 280 L.mol™.cm™) due to ligand
field electronic transition while, the second peak at (342nm, 29411 cm™, & max= 621 L. mol™t.cm™
') due to charge transfer and the third peak at (510nm, 19607 cm™, € ma= 180 L. mol™.cm™) due
to (*A;—"T1p) . The electronic spectra of Cu(ll) complex displayed three absorption peaks at
(258nm, 40000cm™, & max= 622 L.mol™.cm™) due to Ligand field electronic transition while the
second peak at (340nm, 29411 cm™, € ma= 340 L. mol™.cm™) due to charge transfer and the third
peak at (715nm, 62500 cm™, € ma= 160 L. mol™.cm™) due to (*T,—?E),, In fact these results are
in good agreement with previous work of Co(I1) and Cu(ll) Tetrahedral complexes™™. Finally,
the UV-Vis spectra of Zn(ll) and Hg(Il) complexes displayed two absorption peaks at (260nm,
38461cm™, & ma= 505 L.mol™.cm™) and (260nm, 38461cm™, € max= 463 L.mol™.cm™) due to
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ligand field electronic transition while the second peak at (346nm, 29411 cm™, & ma= 1177
L.mol™.cm™) and (344nm, 29411cm™, & max= 787 L.mol™.cm™) due to charge transfer peak (11).

Table (1): Physical measurement results of the prepared compounds, free ligand and its

complexes
Compound M.Wt Molar Yield % mp C% H% N% 0% M% et
Conductance | Weight(gm) c’ BM
Ohm'.cm®mol*
CaoHN,O | 334 95 220-222 | 72 6.3 | 16.70 4.8
(0.951gm) (71.85) | (6.58) | (16.76) | (4.79)
CisHisN;0, | 281 82 210-212 | 68 5.4 15.1 11
(0.691gm) (68.3) | (5.35) | (14.94) | (11.38)
Ligand 639 92 165-167 | 71 6.5 | 19.69 | 248
CasHaiNsO (1.764gm) (71.3) | (6.41) | (19.7) | (2.5
[FeLCI,]CI | 801.3 32 68 168-170 | 56 519 | 16.1 2.2 7 5.67
(0.217gm) (56.9) | (5.11) | (15.72) | (1.99) | (6.963)
[CoL]CI, | 768.9 75 73 165-167 | 61 522 | 16.4 2 7 4.60
(0.224gm) (59.3) | (5.33) | (16.38) | (2) | (7.660)
[CuL]Cl, 773.5 73 68 90-92 60 5.22 16.49 1.96 7.89 2.04
(0.213gm) (58.95) | (5.3) | (16.28) | (2) | (8.209)
[znL]Cl, | 775.3 78 61 180-182 | 58 522 | 16.4 1.96 8.12 | Diamagnetic
(0.186gm) (58.81) | (5.28) | (16.25) | (2) | (8.43)
[HgL]Cl, 910.5 78 89 182-184 50 5.1 14.1 1.5 21.90 | Diamagnetic
(0.324gm) (50.08) | (4.50) | (13.83) | (1.75) | (22.02)
Table (2): FT. IR spectral data for the proligands (cm™).
Compound | AvC-H | oquC-H | vC=0 vC=N vC=C vCH; | vC-O vC-H
Ca0H22N,0 3045 2958 | 1681.9 | 1641.49 1589 1301 1134 758
CisHi1sNzO, | 2920 2860 1696 | 1643.41 1577 1365 1130 771
Table (3): FT. IR spectral data for the free ligand and its complexes (cm™).
Compound | o vC-H | AvC-H | vC=N | vC=N | vC=C | vCH, | vCH; | vC-O | vC-H | vM-N | vM-ClI
Free Ligand | 3043 2924 1647 1608 | 1585 | 1485 | 1369 | 1134 | 698
C38H41N9O
[FeLCl,]CI 2924 2854 1658 1593 | 1546 | 1492 | 1369 | 1165 | 698 420 390
[CoL]Cl, 3047 2924 1647 1593 | 1546 | 1489 | 1373 | 1165 | 759 424
[CuL]ClI, 2927 2870 1654 1597 1535 | 1492 | 1373 | 1168 | 759 425
[ZnL]ClI, 3047 2924 1647 1608 | 1581 | 1489 | 1369 | 1139 | 759 439
[HgL]Cl, 2942 2854 1647 1608 | 1585 | 1485 | 1369 | 1139 | 698 439
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Table (4): Electronic spectral data for the prepared compounds and complexes

Compound A (nm) | Absorbance | ¥ (em?) | €. L.MYcm™® |  Assignment | Structure
CyoH2,N,O 235 0.51 24553 510 nom
369 0.93 10752 369 nom
Ci6H15N30, 258 0.49 38759 490 noT
382 1.1 26178 1100 nom
Free Ligand 260 0.41 38461 410 o1
CsgH41NgO 360 0.867 27777 867 nom
259 0.979 40000 979 T
[FeLCl]CI 341 1.732 29411 1732 C.T Octahedral
350 1.295 28571 1295 nom
430 0.2 23255 2000 d-d
259 0.280 40000 280 L.F
[CoL]Cl, 342 0.621 29411 621 C.T Tetrahedral
510 0.18 19607 180 A —*T e
258 0.622 40000 622 L.F
[CuL]Cl, 340 0.90 29411 900 C.T Tetrahedral
715 0.16 62500 160 T,-%E
[ZnL]ClI, 260 0.50 38461 505 L.F Tetrahedral
346 1.177 29411 1177 C.T
[HgL]Cl, 260 0.463 38461 463 L.F Tetrahedral
344 0.787 29411 787 C.T
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Figure (1): (FT.IR) spectrum of 4-[(4-Dimethylamino-benzylidene)-amino]-1,5-
dimethylphenyl-1,2 dihydro-pyrazol-3-one.
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Figure (2): (FT.IR) spectrum of 4-[(Furan-2-ylmethylene)-amino]-1,5-dimethyl-2-phenyl-
1,2 dihydro-pyrazol-3-one.
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Figure (3)

. (FT.IR) spectrum of the free ligand (CsgH41NgO).
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Figure (4): The (UV-Vis) spectrum of the free ligand (C3sH41NgO).
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Figure (5): (H'NMR) spectrum of the free ligand (CssH41NgO).
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Figure (6): (FT.IR) spectrum of [FeLCI,]CI complex
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Figure (7): (FT.IR) spectrum of [CoL]CI, complex
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Figure (8): (FT.IR) spectrum of [CuL]Cl, complex
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Figure (9): (FT.IR) spectrum of [ZnL]CI, complex
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Figure (10): (FT.IR) spectrum of [HgL]Cl, complex
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Figure (11): (UV-Vis) spectrum of [FeLCl,]Cl complex
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Figure (13): (UV-Vis) spectrum of [CuL]Cl, complex
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Figure (14): (UV-Vis) spectrum of [ZnL]Cl, complex
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Figure (15): (UV-Vis) spectrum of [HgL]Cl, complex

References

1- Gao, W. T. and Zheng, Z. (2003). Synthesis and characterization of chiral
nitrobenzaldehyde - schiff base ligands. Jou Molecules., 8: 788-792.

2- Arulmurugan, S. Kavitha, H. P. and Venkatraman, B. R. (2010). Biological
activities of Schiff base and its complexes: A Review. Rasayan.Jou.Chem., 3: 385-

410.

154



Wasit Journal for Science & Medicine 2015: 8(2): (138 -156)

3- Kumar, S. Dhar, D. N. and Saxena, P. N. (2009). Applications of metal complexes
of Schiff bases-A review. Journal of Scientific and Industrial Research., 68 (3): 181-
187.

4- Rai, A. Ashish, Kr. And Rai R. S. A. (2011). Synthesis & characterization of schiff
base legands derived from 4-Aminoantipyrine &4-Nitro salicyldehyde, Benzene-1,2-
diamine &Its Complex With Molybdenum Tricarbonl. VSRD Technical & Non-
Technical Journal., 2(8): 353-357.

5- Bharty, M. K. Srivastava, A. K., Ram, D. Butcher, and R. J. Singh. N. K. (2011).
Synthesis, spectral and X-ray structural studies of Ni(ll) complexes of N’-
acylhydrazine carbodithioic acid esters containing ethylenediamine or o-
phenanthroline as coligands. Polyhedron ., 30: 990-996.

6- Suresh, M. S. and Prakash, V. (2011). Preparation characterization and antibacterial
studies of chelates of schiff base derived from4-Aminoantipyrine, Furfural and o-
phenylenediamine. E- Journal of Chemistry., 3 (8): 1408-1416.

7- Goldberg, R. N. Kishore, N. and Lennen, R. M. (2002). Thermodynamic quantities
for the ionization reactions of buffers. The Journal of Physical Chemistry., 31(2):
332-360.

8- Casellato, U. Tamburini, S. Tomasin, P. and Vigato, P. A. (2004). Cyclic and
acyclic compartmental Schiff bases, their reduced analogues and related mononuclear
and heterodinuclear complexes. Inorganica Chemica Acta., 357: 4191- 4207.

9- Antony, R. David, S.T. Saravanan, K. Karappasamy, K. and Balakumar, S.
(2013). Synthesis, spectrochemical characterisation and catalytic activity of transition
metal complexes derived from Schiff base modified chitosan. Spectrochemica Acta
Part A : Molecular and Biomolecular Spectroscopy., 103: 423-430.

10- Willamson, K. L. (2010). Macroscale and microscale organic experiments. 194-215.
6" ed., PP, Honghton Mifflin, Company, New York.

11- Lever, A.B.P. (1984). Inorganic electronic spectroscopy, 2" ed., Elsevier Science,
Amsterdam.

12- Raman, N. Fathhima, S. S. A. and Raja, J. D. (2008). Designing, synthesis and
spectral characterization of Schiff base transition metal complexes: DNA cleavage
and antimicrobial activity studies. Jou. Serb. Chem. Soc., 73 (11): 1063-1071.

13- Mashaly, M. M. Abd-Elwahab Z. H. and Faheim, A. A. (2004). Preparation,
spectral characterization and antimicrobial activities of schiff base complexes
derived from 4-Aminoantipyrine, mixed ligand complexes with 2-Aminopyridinem
8- Hydroxyquinoline and oxalic acid and their pyrolytical products. Journal of The
Chinese Chemical Society. 51: 901-915.

14- Kulkarni, A. D. Patill, S. A. and Badami P. S.(2009). Electrochemical properties
of some transition metal complexes: Synthesis, characterization and In-vitro

155



Wasit Journal for Science & Medicine 2015: 8(2): (138 -156)

antimicrobial studies of Co(ll), Ni(ll), Cu(ll), Mn(1l) and Fe(lll) complexes. Int. J.
Electrochem. Sci., 4 : 717 — 729.

15- El-Deen, M. S. Zein, I. M. Adam, M. A.and Kobeasy, A. M. M. (2013).
Spectroscopic, structural and electrical conductivity studies of Co(ll), Ni(ll) and
Cu(Il) complexes derived from 4-Acetylpyridine with thiosemicarbazide. Int. J.
Electrochem. Sci., 8: 9894 — 9917.

16- Abdel Aziz, A. A. Salem, A. N. Sayed, M. M. A. and Aboaly, M. M. (2012).
Synthesis, structural characterization, thermal studies, catalytic efficiency and
antimicrobial activity of some M(I1) complexes with ONO tridentate Schiff base N-
salicylidene-o-aminophenol (saphu2). Journal of Molecular Structure., 1010: 130-
138.

17-El-Tabl, A. S. Abd El-wahed, M. M. Rezk. A. M. S. M. (2014). Cytotoxic
behavior and spectroscopic characterization of metal complexes of ethylacetoacetate
bis (thiosemicarbazone) ligand. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy., 117: 772—-788.

18- Konstantinovi, S. Radovanov, B. Caki, I. and Vasic, V. (2003). Synthesis and
characterization of Co(ll), Ni(Il), Cu(Il) and Zn(I1) complexes with 3-
salicylidenehydrazono-2-indolinone. J.Serb.Chem.Soc., 68(8-9): 641-647.

19- Agarwal, R. K. and Prasad, S. (2006). Synthesis, spectral and thermal
characteristics of some ten coordinated complexes of dioxouranium (V1) derived
from semicarbazones as primary ligand and diphenyl sulfoxide as secondary ligand.
Turk J Chem. 30: 553 -562.

20-Li, Y. Liu, Y. Wang, H. Xiong, X. Wei, P. and L, F. (2013). Synthesis, crystal
structure, vibration spectral, and DFT studies of 4-Aminoantipyrine and its
derivatives. Jou. Molecules. 18: 877-893.

21- Ibrahim, O. B. Mohamed, M, A. and Refat, M. S. (2014). Nano sized schiff base
complexes with Mn(l1), Co(l1), Cu(ll), Ni(Il) and Zn(I1) Mmetals : Synthesis,
Spectroscopic and Medicinal Studies. Canadian Chemical Transactions., 2(2): 108-
121.

22-Pavia, D. L. Lampana, G. M. Kriz, G. S. (1979). Introduction to spectroscopy: A
guide for student of organic chemistry. Page 468.

23- Joseph B. Lambert, et al. (1987). Introduction to organic spectroscopy, Macmillan
Publ. N.Y. page. 174-177.

24- Bhattacharjee, C. R. Goswami, P. Mondal, P. (2012). Synthesis, reactivity,
thermal, electrochemical and magnetic studies on iron(l11) complexes of tetradentate
Schiff base ligands. Inorganica Chimica Acta., 387: 86-92.

156



