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ABSTRACT  
 
 New series of Mn(II), Ni(II), Cd(II), Cu(II), Fe(III) and Zn(II) of the 3,3'-(1,2-phenylenebis 
(azanylylidene)) bis (indolin-2-one), H2L have been synthesized and characterized by elemental analysis, IR, 
UV and ESR spectra, magnetic susceptibility and molar conductivity measurements. The spectral data and 
magnetic measurements of the complexes indicate that, the geometries are either square planar or octahedral. 
The biological activity of the ligand as antibacterial and antifungal were also investigated. The results indicate 
that the complexes showed more activity than the ligand. 
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Introduction 
 
 Schiff bases constitute an important class of ligands, which have very rich and extensive chemistry, 
reviewed recently by Vigato and Tamburini. (Vigato and Tamburini 2004) Metal complexes of Schiff bases 
have found diverse applications in addition to interesting structural chemistry. Ruthenium complexes containing 
bidentate Schiff bases have been used (Drozdzak, Allaert et al. 2005) in catalyzing Kharasch addition, enol-ester 
synthesis, alkyne dimerization, olefin metathesis and atom transfer radical polymerization. Metal complexes of 
chiral binaphthyl Schiff bases have been used for stereoselective organic transformations. (Che and Huang 
2003) Metal complexes containing Schiff-base ligands have also been found to show mesomorphic behaviour. 
(Ziessel 2001)Among Schiff bases, ‘Salen’ and related derivatives have been found to be very interesting. Their 
complexes with transition metals are suitable catalysts for epoxidation reactions (Ferreira, Garcia et al. 2005, 
McGarrigle and Gilheany 2005, Wang, Wang et al. 2006) and a variety of other reactions like dehydrogenation 
plus intramolecular Diels-Alder cycloaddition, (Chow and Shea 2005) enantioselective conjugate addition 
(Taylor, Zalatan et al. 2005) and ring opening polymerization. In view of the versatile importance of Schiff 
bases and their complexes. We report in this article the synthesis and characterization of the Mn(II), Ni(II), 
Cd(II), Cu(II), Fe(III) and Zn(II) of the 3,3'-(1,2-phenylenebis(azanylylidene)) bis(indolin-2-one). The 
coordination behavior of the Schiff base ligand towards metal ions was investigated via IR, UV, ESR as well as 
conductivity and magnetic moments measurements. The antibacterial and antifungal activities of the compounds 
showed that, metal complexes exhibited a greater inhibitory effect than the ligand. 
 
Materials: 
 
 All the reagents employed for the preparation of the ligand and its complexes were of the best grade 
available and used without further purification. 
 
Experimental: 
 
 The ligands and their metal complexes were analyzed for C, H, N, Cl, S and metal contents at the 
Microanalytical Laboratory, Faculty of Science, Cairo University, Egypt. Analytical and physical data of the 
ligands and their metal complexes are reported. IR spectra of the ligand and its metal complexes were measured 
using KBr discs with a Jasco FT/IR 300E Fourier transform infrared spectrophotometer covering the range 400-
4000 cm-1 and in the 500-100 cm-1 region using polyethylene-sandwiched Nujol mulls on a Perkin Elmer FT-IR 
1650 spectrophotometer. Electronic spectra of the ligands and their complexes were obtained in Nujol mulls 
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using a Shimadzu UV–240 UV–Vis recording spectrophotometer. Magnetic susceptibilities were measured at 
25oC by the Gouy method using mercuric tetrathiocyanatocobaltate(II) as the magnetic susceptibility standard. 
Diamagnetic corrections were estimated from Pascal’s constant. (Salama, Ahmed et al. 2006) The magnetic 
moments were calculated from the equation:µ χeff M

corr T. . .= 2 84 . Molar conductances were measured on a 
Tacussel type CD6NG conductivity bridge using 10-3M DMF solutions. ESR measurements of solid complexes 
at room temperature were made using a Varian E-109 spectrophotometer, with DPPH as a standard material. 
 
Synthesis of the ligand, H2L1 
 
 The hot (70oC) ethanol solution (75 mL) of indoline-2,3-dione ( 5.10 g, 34.66 mmol) was added to a hot (70 
oC) ethanol solution (70 mL) of benzene-1,2-diamine (1.87 g, 17.33 mmol) and reflux for 2 h., then the volume 
of the solvent were reduced to 40 mL. The precipitate was then filtered off, washed with methanol and dried in a 
vacuum desiccator over P4O10 (4.38 g, 69% yield). IR (KBr): ν(NH) 3233-3177(br), ν(C=O) 1735(v.s), ν(C=N) 
1618(s). Elemental analysis for C22H14N4O2 (366.37): calcd. C 72.12, H 3.85, N 15.29; found C 72.06, H 3.92, 
N 15.39. 

 
Fig. 1: Preparation of the ligand H2L. 
 
Metal complexes: 
 
[H2LCu(OAc)2]H2O, complex 2:  
 
 A hot (60 oC) methanol solution (20 mL) of Cu(CH3COO)2.H2O (0.27 g, 1.36 mmol) was added drop 
wisely to a hot (70 oC) ethanol solution  (50 mL) of the ligand, H2L ( 0.50 g, 1.36 mmol) and reflux for 3 h. then 
the solvent was evaporated to 40 mL. The precipitate was then filtered off, washed with methanol and dried in a 
vacuum desiccator over P4O10 (0.62 g, 80% yield). Conductance Λm: 12 Ω-1cm2mol-1UV (Nujol mul (nm)): λ = 
550 and 610 nm. Magnetic moments: 1.95 B.M. ESR: g||2.25, g⊥2.040, g///A//214, G 6.6, giso 2.11. IR (KBr): 
ν(H2O) 3429(br), ν(NH) 3229-3171(br), ν(C=O) 1723(s), ν(C=N) 1610(m), νsym(OC(O)CH3) 1547(m), 
νasym(OC(O)CH3) 1336(m), Δ= 211cm−1, ν(CO) 540(w), 560(m), ν(CuN) 445(m). TGA (found (Calc., temp.): 1 
H2O 3.44 (3.18, 79 oC), 2 CH3COOH 20.94 (21.21, 280 oC), CuO 14.25 (14.05, 515 oC). Elemental analysis for 
C26H22CuN4O7 (566.02): calcd. C 55.17, H 3.92, N 9.90, Cu 11.23; found C 54.89, H 4.18, N 10.08, Cu 11.08 
 
[H2LCuCl2]2H2O, complex 3:  
 
 A hot (60 oC) methanol solution (15 mL) of CuCl2.H2O (0.47 g, 2.73 mmol) was added drop wisely to a hot 
(70 oC) ethanol solution  (80 mL) of the ligand, H2L ( 1.00 g, 2.73 mmol) and reflux for 3 h. then few drops of 
trimethyl was added to increase the pH and allow precipitation of the complex. The solvent was evaporated to 
30 mL. The precipitate was then filtered off, washed with methanol and dried in a vacuum desiccator over P4O10 

(1.14 g, 78% yield). Conductance Λm: 21 Ω-1cm2mol-1UV (Nujol mul (nm)): λ = 530 and 565 nm. Magnetic 
moments: 2.01 B.M. ESR: g||2.31, g⊥2.071, g///A//203, G 4.5, giso 2.15. IR (KBr): ν(H2O) 3440(br), ν(NH) 3228-
3174(br), ν(C=O) 1724(s), ν(C=N) 1612(m), ν(CuO) 565(w), ν(CuN) 465(m), ν(CuCl) 350(m). TGA (found 
(Calc., temp.): 2 H2O 6.98 (6.71, 67 oC), 2 Cl atom 13.30 (13.20, 264 oC), CuO 14.61 (14.82, 510 oC). Elemental 
analysis for C22H18Cl2CuN4O4 (536.85): calcd. C 49.22, H 3.38, N 10.44, Cl 13.21,Cu 11.84; found C 48.98, H 
3.56, N 10.89, Cl 13.35, Cu 11.28 
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[H2LCu(NO3)2]4H2O, complex 4:  
 
 A hot (60 oC) methanol (25 mL) and water (2 mL) solution of Cu(NO3)2.3H2O (0.59 g, 2.45 mmol) was 
added drop wisely to a hot (70 oC) ethanol solution (85 mL) of the ligand, H2L (0.90 g, 2.45 mmol) and reflux 
for 3.5 h. then few drops of trimethyl was added to increase the pH and allow precipitation of the complex. The 
solvent was evaporated to 30 mL. The precipitate was then filtered off, washed with methanol and dried in a 
vacuum desiccator over P4O10 (1.17 g, 76% yield). Conductance Λm: 17 Ω-1cm2mol-1UV/vis (Nujol mul (nm)): λ 
= 560 and 605 nm. Magnetic moments: 1.99 B.M. ESR: g||2.35, g⊥2.065, g///A//206, G 5.5, giso 2.16. IR (KBr): 
ν(H2O) 3460(br), ν(NH) 3250-3190(br), ν(C=O) 1727(s), ν(C=N) 1614(m), ν(NO3) 1449(υ1), 1035(υ2), 
1361(υ4), 702(υ5), υ1–υ4 = 88 cm−1,ν(CuO) 558(w), ν(CuN) 465(m), 440(m). TGA (found (Calc., temp.): 4 H2O 
11.39 (11.51, 71 oC), 2 HNO3 19.87 (20.13, 295 oC), CuO 12.54 (12.71, 520 oC). Elemental analysis for 
C22H22CuN6O12 (625.99): calcd. C 42.21, H 3.54, N 13.43, Cu 10.15; found C 41.98, H 3.78, N 13.89, Cu 9.99. 
 
[H2LCu]SO4.2H2O, complex 5:  
 
 A hot (60 oC) methanol solution (24 mL) of CuSO4.5H2O (0.58 g, 2.32 mmol) was added drop wisely to a 
hot (70 oC) ethanol solution  (65 mL) of the ligand, H2L ( 0.85 g, 2.32 mmol) and reflux for 3 h. then the solvent 
was evaporated to 40 mL. The precipitate was then filtered off, washed with methanol and dried in a vacuum 
desiccator over P4O10 (1.02 g, 78% yield). Conductance Λm: 132 Ω-1cm2mol-1UV (Nujol mul (nm)): λ = 540 nm. 
Magnetic moments: 1.77 B.M. ESR: g||2.21, g⊥2.049, g///A//125, G 4.44, giso 2.10. IR (KBr): ): ν(H2O) 3436(br), 
ν(NH) 3238-3170 (br), ν(C=O) 1723(s), ν(C=N) 1615(w), ν(SO4) 1425(m), 617(m), ν(CuO) 549(m), ν(CuN) 
447(m). TGA (found (Calc., temp.): 2 H2O 6.21 (6.41, 75 oC), H2SO4 17.21 (17.45, 310 oC), CuO 14.24 (14.15, 
530 oC). Elemental analysis for C22H18CuN4O8S (562.01): calcd. C 47.02, H 3.23, N 9.97, S 5.71, Cu 11.31; 
found C 46.75, H 3.40, N 10.15, S 5.66, Cu 11.12. 
 
[H2LNi(OAc)2]H2O, complex 6:  
 
 A hot (60 oC) methanol solution (20 mL) of Ni(CH3COO)2.4H2O (0.54 g, 2.18 mmol) was added drop 
wisely to a hot (70 oC) ethanol solution  (70 mL) of the ligand, H2L ( 0.80 g, 2.18 mmol) and reflux for 3 h. then 
the solvent was evaporated to 30 mL. The precipitate was then filtered off, washed with methanol and dried in a 
vacuum desiccator over P4O10 (1.04 g, 85% yield). Conductance Λm: 11 Ω-1cm2mol-1UV/vis (Nujol mul (nm)): λ 
= 601 and 955 nm. Magnetic moments: 3.34 B.M. IR (KBr): ν(H2O) 3433(br), ν(NH) 3249-3174(br), ν(C=O) 
1726(s), ν(C=N) 1614(w), νsym(OC(O)CH3) 1545(m), νasym(OC(O)CH3) 1335(m),  = 210cm−1, ν(NiO) 541(w), 
ν(NiN) 472(m). TGA (found (Calc., temp.): 1 H2O 3.14 (3.21, 69 oC), CH3COOH 21.55 (21.40, 305 oC), CuO 
13.44 (13.31, 540 oC). Elemental analysis for C26H22N4NiO7 (561.17): calcd. C 55.65, H 3.95, N 9.98, Ni 10.46; 
found C 55.65, H 3.95, N 9.98, Ni 10.46. 
 
[H2LFeCl2]Cl.2H2O, complex 7:  
 
 A hot (60 oC) methanol solution (25 mL) of FeCl3.6H2O (0.66 g, 2.46 mmol) was added drop wisely to a 
hot (70 oC) ethanol solution  (85 mL) of the ligand, H2L ( 0.90 g, 2.46 mmol) and reflux for 3 h. then few drops 
of trimethyl was added to increase the pH and allow precipitation of the complex. The solvent was evaporated to 
30 mL. The precipitate was then filtered off, washed with methanol and dried in a vacuum desiccator over P4O10 
(1.08 g, 78% yield). Conductance Λm: 85 Ω-1cm2mol-1UV (Nujol mul (nm)): λ = 528, 649 and 855. Magnetic 
moments: 5.89 B.M. IR (KBr): ν(H2O) 3431(br), ν(NH) 3235-3171(br), ν(C=O) 1723(s), ν(C=N) 1617(m), 
ν(FeO) 543(w), ν(FeN) 471(m), ν(FeCl) 337(m). TGA (found (Calc., temp.): 2 H2O 6.44 (6.38, 76 oC), 3 Cl 
atoms 18.65 (18.84, 325 oC), ½ Fe2O3 13.99 (14.14, 590 oC). Elemental analysis for C22H18Cl3FeN4O4 (564.61): 
calcd. C 46.80, H 3.21, N 9.92, Cl 18.84, Fe 9.89; found C 46.55, H 3.42, N 10.02, Cl 18.75, Fe 9.71. 
 
[H2LMn(OAc)2]3H2O, complex 8:  
 
 A hot (60 oC) methanol solution (33 mL) of Mn(CH3COO)2·4H2O (0.58 g, 2.37 mmol) was added drop 
wisely to a hot (70 oC) ethanol solution  (80 mL) of the ligand, H2L ( 0.87 g, 2.37 mmol) and reflux for 3 h. then 
the solvent was evaporated to 30 mL. The precipitate was then filtered off, washed with methanol and dried in a 
vacuum desiccator over P4O10 (1.16 g, 82% yield). Conductance Λm: 14 Ω-1cm2mol-1UV/vis (Nujol mul (nm)): λ 
= 560. Magnetic moments: 4.99 B.M. IR (KBr): ν(H2O) 3431(br), ν(NH) 3235-3170(br), ν(C=O) 1723(s), 
ν(C=N) 1616(m), νsym(OC(O)CH3) 1549(m), νasym(OC(O)CH3) 1337(m), Δ= 212 cm−1, ν(MnO) 574(m), 
535(m), ν(MnN) 453(m). TGA (found (Calc., temp.): 3 H2O 9.34 (9.11, 78 oC), 2 CH3COOH 20.37 (20.24, 315 
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oC), ½ Mn2O3 13.19 (13.30, 620 oC). Elemental analysis for C26H26MnN4O9 (593.44): calcd. C 52.62, H 4.42, N 
9.44, Mn 9.26; found C 52.30, H 4.78, N 9.65, Mn 9.14. 
 
[H2LCd(OAc)2]3H2O, complex 9:  
 
 A hot (60 oC) methanol (40 mL) and water (3 mL) solution of Cd(CH3COO)2·2H2O (0.62 g, 2.32 mmol) 
was added drop wisely to a hot (70 oC) ethanol solution  (70 mL) of the ligand, H2L ( 0.85 g, 2.32 mmol) and 
reflux for 3 h. then the solvent was evaporated to 35 mL. The precipitate was then filtered off, washed with 
methanol and dried in a vacuum desiccator over P4O10 (1.16 g, 79% yield). Conductance Λm: 15 Ω-1cm2mol-1UV 
(Nujol mul (nm)): IR (KBr): ν(H2O) 3435(br), ν(NH) 3235-3170(br), ν(C=O) 1723(s), ν(C=N) 1617(m), 
νsym(OC(O)CH3) 1549(m), νasym(OC(O)CH3) 1335(m), Δ= 214 cm−1, ν(CdO) 566(m), 537(m), ν(CdN) 455(m). 
TGA (found (Calc., temp.): 3 H2O 8.34 (8.54, 76 oC), 2 CH3COOH 19.07 (18.98, 285 oC), CdO 20.17 (20.29, 
505 oC). Elemental analysis for C26H24CdN4O8 (632.90): calcd. C 49.34, H 3.82, N 8.85; found C 49.18, H 3.79, 
N 8.95. 
 
[H2LZn(OAc)2]2H2O, complex 10:  
 
 A hot (60 oC) methanol solution (24 mL) of Zn(CH3COO)2.2H2O (0.45 g, 2.05 mmol) was added drop 
wisely to a hot (70 oC) ethanol solution  (28 mL) of the ligand, H2L (0.75 g, 2.05 mmol) and reflux for 3 h. then 
the solvent was evaporated to 28 mL. The precipitate was then filtered off, washed with methanol and dried in a 
vacuum desiccator over P4O10 (0.79 g, 66% yield). Conductance Λm: 12 Ω-1cm2mol-1. IR (KBr): ν(H2O) 
3440(br), ν(NH) 3235-3171(br), ν(C=O) 1718(s), ν(C=N) 1616(m), νsym(OC(O)CH3) 1544(m), 
νasym(OC(O)CH3) 1331(m), Δ= 213 cm−1, ν(ZnO) 564(m), 545(m), ν(ZnN) 452(m). TGA (found (Calc., temp.): 
2 H2O 6.34 (6.15, 67 oC), 2 CH3COOH 20.37 (20.50, 295 oC), ZnO 13.97 (13.89, 510 oC). Elemental analysis 
for C26H24N4O8Zn (585.87): calcd. C 53.30, H 4.13, N 9.56, Zn 11.16; found C 53.9, H 4.22, N 9.77, Zn 11.01. 
 
In-vitro Antibacterial and Antifungal Activities: 
 
 The investigation of the biological activities of the newly synthesized Schiff base ligands, there metal 
complexes and their corresponding metal salts were carried out in the Botany Department Lab. of microbiology, 
Faculty of Science, El-Menoufia University. The antibacterial and antifungal activities were investigated by disc 
diffusion method.  The antibacterial activities were done using Escherichia coli and Aspergillus niger at 2000 
ppm concentrations in DMSO. DMSO poured disc was used as negative control. The bacteria were subcultured 
in nutrient agar medium which was prepared using (g.L-1 distilled water) NaCl (5 g), peptone (5 g), beef extract 
(3 g), agar (20 g).  The fungus was subcultured in Dox´s medium which was prepared using (g.L-1 distilled 
water)  yeast extract (1g), sucrose (30 g),  NaNO3, (3 gm), agar (20 g),  KCl (0.5 g), KH2PO4 (1 g), 
MgSO4.7H2O (0.5 g) and trace of FeCl3 .6H2O. These mediums were then sterilized by autoclaving at 120 0C for 
15 min. After cooling to 45 0C the medium was poured into 90 mm diameter Petri dishes and incubated at 37 0C 
or 28 0C, respectively. After few hours, Petri dishes were stored at 4 0C. Microorganisms were spread over each 
dish by using sterile bent Loop rod. The test is carried out by placing filter paper disks with a known 
concentration of the compounds on the surface of agar plates inoculated with a test organism. Standard 
antibacterial drug (tetracycline), antifungal drug (Amphotericin B) and solution of metal salts were also 
screened under similar conditions for comparison. The Petri dishes were incubated for 48 h. at 37 or 28ºC, 
respectively. The zone of inhibition was measured in millimeters carefully. All determinations were made in 
duplicated manner for each of the compounds. An average of the two independent readings for each compound 
was record. 
 
Results and Discussion 
 
 The analytical and physical data, spectral data are compatible with the suggested structures. The complexes 
are colored, stable in air and insoluble in H2O, ethanol and non-polar solvents such as benzene. However, they 
dissolve in polar solvents such as DMF and DMSO. All the complexes, except complex 5 and 7, are non-
electrolytes.  
 
Infrared spectra: 
 
 IR spectra of the complexes were recorded to confirm their structures. The assignments of the characteristic 
vibrational frequencies of the complexes were made by comparison with the vibrational frequencies of the free 
ligand. The ligand behaved as neutral tetradentate ligand coordinating through the two imine nitrogens and the 
two carbonyl groups oxygen. In all complexes the signals of the imine groups and carbonyl group were shifted 



2351 
J. Appl. Sci. Res., 9(3): 2347-2354, 2013 

to lower wave number accompanied by a decrease in their intensity, indicating they are involved in complex 
formation  (Cescon and Day 1962, Naresh Kumar and Ramesh 2005, Balasubramanian, Parameswari et al. 
2006, Yin and Chen 2006). The appearance of two new signals in the 472-440 and 574-535 cm-1 ranges 
corresponds to ν(M-N) and ν(M-O) respectively. (Cescon and Day 1962, Fernandez-G., Tepal-Sanchez et al. 
2006, Majumder, Rosair et al. 2006)Extensive IR spectral studies reported on metal aceto complexes (Kumar 
and John 2006) indicated that the acetate ligand may coordinate to a metal center in either a monodentatc, 
bidentate or bridging manner. The νasym(CO2) and νsym(CO2) of the free acetate ions are at 1560 cm-1 and 1416 
cm-1, respectively. In monodcntatc coordination ν(C=O) is found at higher energy than νasym.(CO2) and ν(C-O) is 
lower than νsym(CO2). As a result, the separation between the two ν(CO) bands is much larger in monodentate 
complexes than the free ion. (Mohamed, Omar et al. 2005) The opposite trend is observed in bidentate aceto 
coordination; the separation between ν(CO) is smaller than for the free ion. For bridging acetate with both 
oxygens coordinated as in copper(ll) acetate, however, the two ν(CO) bands are close to the free ion values. 
(Mohameda and El-Wahab 2005)  The acetato group in all complexes acted as a monodentate ligand, and this is 
supported by the appearance of two new bands in the ranges 1544-1549 cm-1 and 1331-1337 cm-1, which may be 
attributed to νasym.(COO-) and νsym.(COO-), respectively with Δ> 200. (Mohameda and El-Wahab 2005) Further, 
the complex exhibits δ(COO) at 750 cm-1 which is considered diagnostic for monodentate acetates.  All 
complexes under investigation included water molecules. The broad bands in the 3460-3429 cm-1 region are due 
to coordinated water or water of crystallization. The bands for water of crystallization are different from those of 
coordinated water, the latter has a band in the 600-400 cm-1 region. The presence of water moleculeswithin the 
coordination sphere in all complexes was supported by the presence of bands at 3460-3429 cm-1, 1605-1582 cm-

1, 985-955 cm-1 and 665-650 cm-1 due to OH stretching, HOH deformation, H2O rocking and H2O wagging, 
respectively. (Mohamed, Omar et al. 2005) The spectra of the complexes 3, 7 showed two assignable, weak 
intensity ν (M-CI) bands at 350 cm-1 and 337 cm-1 indicating of a terminal Chloro ligands.  (Ferrari, Fara et al. 
1991 )The spectrum of complex 4 shows bands at 1449 cm−1 (υ1), 1035 cm−1 (υ2), 1361 cm−1 (υ4) and 702 cm−1 
(υ5) with υ1–υ4 separation of 88 cm−1, characteristic of monodentate nitrato group. This is supported by the 
appearance of weak bands at 1720 and 1800 cm−1. (Shauib, Elassar et al. 2006) The infrared spectrum of the 
sulphate complex 5 has bands at 1425 and 617 cm-1 characteristic for the uncoordinated sulphate group. 
(Chandra and Gupta 2005) 
 
Molar conductivity: 
 
 The molar-conductance of all metal complexes, except 5 and 7, are in the 11-21 Ω-1 cm2 mol-1 range, 
indicating their non-electrolytic nature, while complexes 5 and 7 showedmolar-conductance of 125 and 85, 
respectively, indicating their electrolyte nature.(Golcu, Tumer et al. 2005) 
 
Electronic spectra: 
 
 All Cu(II) complexes, except complex 5, showed two bands in the 565-610 nm and 530-560 nm ranges 
which can be assigned to the 2B1g→2B2g and 2B1g→2Eg transitions, respectively indicating that the copper(II) 
have tetragonal distorted octahedral geometry. (Mohamed and El-Wahab2005, Mohamed, Omar et al. 2005) 
The magnetic moments are 1.95, 2.01 and 1.99 B.M., which falls within the range normally observed for 
octahedral copper complexes. (Mohamed, Omar et al. 2005) The UV–Vis absorption spectrum of the complex 5 
shows single d–d transition band at 540 nm as is expected for a square planar copper(II) environment with 
similar N2O2 donor tetradentate Schiff base. The magnetic moment (1.77 BM) suggests a square-planar 
geometry. (Salavati-Niasari, Salemi et al. 2005) Complex 6 shows d–d transitions at 955 and 601 nm assigned 
to 3A2g(F)→ 3T2g(F) (υ1), 3A2g(F) → 3T1g(F) (υ2) and 3A2g(F) → 3T1g(P) (υ3) spin allowed electronic 
transitions, which are characteristic of Ni2+ in an octahedral configuration. (Mohamed, Omar et al. 2005, 
Mohameda and El-Wahab 2005, Kumar and John 2006)The 10Dq = 10471 cm-1 and calculated B = 801 cm-1 are 
in good agreement with the predicted values for octahedral complexes of Ni(II). The calculated value for the 
transition 3A2g(F) → 3T1g(P) (υ3) was found in the 375 nm which is masked with the more intense C.T. The 
effective magnetic moment value of 3.34 BM of the nickel complex also indicates the octahedral structure of the 
complex. (Mishra and Parmar 1995, Kumar and John 2006) Three peaks observed at 855, 649 and 528 nm in the 
spectra of Fe complex are due to 6A1g→4T1g(G), 6A1g→4T2g(G), 6A1g→4A1g(G) transition, respectively, 
suggesting its octahedral nature. (Mohamed, Omar et al. 2005) The magnetic moment of the iron complex is 
5.87 BM which is closer to the spin only value indicating an octahedral structure for the complex.  The Mn(II) 
complexes show broad bands near 560 nm, that is attributed to 6A1g→4T1g(G) transition in octahedral structures. 
(A.B.P. Lever , Mostafa, Bekheit et al. 2000) The magnetic moment value of 4.99 B.M. indicates a high-spin 
3d5 system. (A.B.P. Lever) 
ESR: 
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 The X-band ESR spectra of the complexes provide further insight into the environment around the metal 
centers. The ESR spectra of the solid copper(II) complexes 2-5 at room temperature showed the g values: g|| = 
2.21-2.35 and g⊥  = 2.04, 2.07. These complexes showed an axial shape with g||> g⊥,characteristic of complexes 
with 2B1(dx2−y2) ground state. The average g values were calculated according to the equation gav = 1/3[g|| +2g⊥] 
(2.10-2.16). Complexes 2, 5 exhibits g||< 2.3, suggesting covalent characters of the copper–ligand bonding in 
this complex while complexes 3, 4 exhibits g||> 2.3, suggesting ionic characters around the copper. The 
parameter G= (g|| −2.0023)/(g ⊥ −2.0023) shows the possibility of exchange interaction in the Cu(II) complex. 
The G values for all complex (G > 4) indicate that there is no direct copper–copper interaction in the solid state. 
(Shauib, Elassar et al. 2006) The g||/A|| is taken as an indication for the stereochemistry of the copper(II) 
complexes. Addison (Labisbal, Rodriguez et al. 2006) has suggested that this ratio may be an empirical 
indication of the tetrahedral distortion of the square planar geometry. The values lower than 135 cm are 
observed for square planar structures and those higher than 150 cm-1 for. The value of g||/A|| for all copper 
complexes, except complex 5, lies above 150 incanting tetragonal distorted complexes. Complex 5 shows g||/A|| 
below 135 cm, indicating square planar geometry around copper in these complexes.  
 
Thermal Analysis of Metal Complexes: 
 
 The thermo-gravimetric analysis (TG) was measured in the temperature 20–800 ◦C range. The results were 
in good agreement with the proposed structures, figure 2. All complexes showed the same pattern of losing 
lattice water in (67-79 oC range) followed by the removal of the anion in (280-325 oC range) then the organic 
constituents of the complexes start to decompose, finally leaving the metal oxides (505-590 oC range) 
 

 
 
Fig. 2: The proposed structures of metal complexes of the ligand H2L. 
 
Antibacterial and Antifungal Screening: 
 
 The results of biological activity tested for ligands and their complexes are given in figures 3, 4. Diameter 
of inhibition zone (mm) including the disc diameter was measured for each treatment. The overall results 
indicated that Ni(II), Mn(II), Zn(II) complexes exhibited the maximum antibacterial and antifungal activities. 
The results indicate that the complexes show more activity than the ligands. This would suggest that the 
chelation could facilitate the ability of a complex to cross a cell membrane and can be explained by Tweedy's 
chelation theory. (N., I.J. et al. 1998) Chelation considerably reduces the polarity of the metal ion mainly 
because of partial sharing of its positive charge with the donor groups and possible electron delocalization over 
the whole chelate ring. Such chelation could also enhance the lipophilic character of the central metal atom, 
which subsequently favors its permeation through the lipid layer of the cell membrane. (M., D. et al. 2007). 
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Fig. 3: Antibacterial activity of the ligand and its metal complexes against gram-negative bacterium (E. coli). 
 

 
 
Fig. 4: Antifungal activity of the ligand and its metal complexes against Fungus (Aspergillus niger). 
 
Conclusion: 
 
 In the present work, we synthesized novel Schiff base ligand H2L and their Mn(II), Ni(II), Cd(II), Cu(II), 
Fe(III) and Zn(II) complexes. The ligands and their metal complexes have been synthesized and identified by 
elemental analyses, molar conductivities, and spectral (UV-Vis, IR) and magnetic moment measurements 
techniques. The ligands behaved either as neutral tetradentate ligands. Conductance measurements suggest the 
non-electrolytic nature for all the metal complexes except complex 5. The overall results indicated that Ni(II), 
Mn(II), Zn(II) complexes exhibited the maximum antibacterial and antifungal activities. The results indicate that 
the complexes show more activity than the ligands.   
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