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Abstract 
chiff base ligand derived from condensation of 2-hydroxy naphthaldehyde and leucine was 

synthesized and used for the preparation of Cu(II),Co(II) and Ni(II) complexes. The synthesized 

ligand and complexes were analyzed by decomposition temperature, solubility, magnetic 

susceptibility, molar conductance and infrared spectra. The decomposition temperatures of the 

complexes are in the range of 200- 247oC, molar conductance values are in the range of 2.23- 5.86 Ohm-

1cm2 mol-1. Magnetic susceptibility measurement indicated that all complexes are paramagnetic 

while solubility test revealed that all complexes and ligand are soluble in DMSO. The analytical 

data show the formation of 1:1 metal to ligand ratio, the prepared ligand exhibited tridentate 

coordination and formed chelates of octahedral geometry. The ligand and metal chelates have been 

studied for microbial activity using Proteus vulgarus and Staphylococcus aureus by disc diffusion 

method against selected bacteria and fungi. The results indicated that metal complexes are more 

active compared with Schiff base ligand against the test organisms. 
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Introduction 

Schiff bases are compound that contain azomethine group (-HC=N-) and were first reported by Hugo 

Schiff in 1864, (Gupta et al.,  1998). 

The formations of Schiff base generally occur under acid or base catalysis or with heat. Schiff base is 

crystalline solid, feebly (weakly) basic and some form insoluble salts with strong acids. Schiff base 

commonly co-ordinates via O atom of the deprotonated phenolic group and the N atom of 

azomethine group, (Al-Salami et al.,2014) 

 

The bonding ability of ligands depends on the nature of atoms (which act as co-ordination sites), 

steric factor and electro negativity. If the ligand have functional group such as -OH or -COOH near 

the site of condensation, a very stable five or six membered chelate ring can be formed. Tridentate 

Schiff base ligands form comparatively stable complexes, (Panda and Chakravorty, 2005; Gupta et al.,  

1998). 

 

Transition metal complexes of Schiff bases have attracted a lot of interest due to their potent biological 

activities such as antifungal, antibacterial and anticancer applications. Studies have shown that 

complexation of metals to Schiff base ligands improves the antimicrobial and anticancer activities of 

the ligands (Nasser et al.,2008) 

 

In this paper the metal complexes of Cu(II), Co(II) and Ni(II) with the Schiff base derived from2- 

hydroxy naphhthaldehyde and leucine  is described thereby describing the synthetic utility and 

microbial activities of the base. 

 

 

Materials and Methods 

All the reagents used are of analytical grade and were obtained from zayo sigma chemical limited 

and were useddirectly without further purification. Melting point and decomposition temperature 

were determined using Gallenkamp melting point apparatus. Conductivity measurement was 

carried out using Jenway conductivity meter model 4010, while magnetic susceptibility 

measurements were carriedout using MBS MKI magnetic susceptibility balance at 25oC. 

 

Preparation of Schiff base Ligand 

The procedure reported by Lekha et al., (2013) was employed. A solution of leucine(1.31g,0.01mole) 

in 10mL distilled water containing sodium hydroxide(0.04g) was made in 250mL round bottomed 

flask. Ethanolic solution of 2-hydroxy naphthaldehyde (1.72g, 0.01mole) was added drop wise with 

constant stirring and heated under reflux for 5-hours.The reaction mixture was cooled to room 

temperature, bright yellow precipitate formed was filtered off, washed with ethanol-water mixture 

and dried in a desiccator over anhydrous calcium chloride. 

 

Preparation of Schiff Base Metal (II) Complexes  
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Metal (II) chloride solution (0.0009mole) (in 10mL water) was added drop wise with constant stirring 

to an ethanolic solution of the ligand (0.5g, 0.0018mole) (in 10mL ethanol), the mixture was heated 

under reflux for 5-hours.The reaction mixture was allowed to stand for 5-days at room temperature. 

The precipitated complex was filtered off, washed with ethanol-water mixture and dried in a 

desiccator over anhydrous calcium chloride, (Lekha et al., 2013). 
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.                                       M = Cu, Co and Ni  
Scheme 1: Preparation of Metal (II) Complex 

 

Determination of Metal to Schiff base Ratio in the complexes Using Job’s Method of                       

Continuous Variation  

The number of coordinated ligand in the metal ion was determined using Job’s method of continuous 

variation. 3- millimolar methanol solutions of the ligand and metal chloride were prepared. The 

following ligand to metal salt (mL); 15:01, 13:03, 11:05, 09:07, 07:09,05:11, 03:13, 01:15,00:16  were taken 

from the ligand solution and each of the metal complexes. A total volume of 16ml was maintained (in 

the above order) throughout the process and mole fraction of the ligand was calculated in each 

mixture. The solutions of the metal chloride (blank) were scanned to obtained wave length of 

maximum absorption (λmax) for each metal ion. The spectrophotometer was set at λmax before taking 

the absorbance value (Skoog et al.,  1988). 

A plot of absorbance against mole fraction of the ligand and the number of coordinated ligand was 

determined using the following relation: 

𝑛 =
𝑋𝑖

1−𝑋𝑖
                                    Where: 

n= number of coordinated ligand at maximum absorbance  

Xi = mole fraction at maximum absorbance 
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Results and Discussions 
Table1: Physical properties of ligand and its metal (II) complexes 

Compound Colour BM(μeff) Melting 

point(oC) 

Decomposition 

Temperature (oC) 

Percentage Yield 

(%) 

Ligand Bright Yellow _ 134 _ 75 

[Co L(H2O)3] Brown 4.42  200 45 

[Cu L(H2O)3] Green 1.62  247 54 

[Ni L(H2O)3] Yellowish Green 2.60  233 62 

 

Table: 2: Solubility tests of ligand and its metal (II) complexes 

Compound Distilled 

Water 

MeOH EtOH Chloroform Acetone n-Hexane DMSO 

Ligand IS S S IS S IS S 

[Co L(H2O)3] IS S S IS S IS S 

[Cu L(H2O)3] IS SS SS IS SS IS S 

[Ni L(H2O)3] IS SS SS IS SS IS S 

KEY: S = Soluble   SS = Slightly Soluble    IS = Insoluble 

 

Table: 3: Conductivity measurement of3x10-3M complexes in DMSO 

Complex Concentration(mol/dm3)  Specific Conductance 

(Ohm-lcm-l) 

Molar Conductance (Ohm-

lcm2mol-l) 

[Co L(H2O)3] 3x10-3 10.46  x 10-6 3.49 

[Cu L(H2O)3] 3x10-3 6.69    x 10-6 2.23 

[Ni L(H2O)3] 3x10-3 17.58  x 10-6 5.86 

 

Table 4: Infrared spectral data of the ligand and its metal (II) complexes 

Compound υ (OH)/H2Ocm-l υ (C=N)cm-l υ (M - N)cm-l υ (M - O)cm-l 

Ligand 3056 1617   -   - 

[Co L(H2O)3] 3257 1621 672 466 

[Cu L(H2O)3] 3052 1647 561 442 
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[Ni L(H2O)3] 3164 1625 633 432 

 

 

Table 5: Antibacterial and antifungal activities of ligand and its complexes 

Compound 

                            Inhibition zone(mm) 

 

Proteus vulgarus Staphylococcus aureus Candida albican 

Concentration(mg/mL) 200 100 50 200 100 50 200 100 50 

Ligand 10 8 NZI 12 8 NZI 11 9 NZI 

[Cu L(H2O)3] 17 12 8 9 NZI NZI 14 7 NZI 

[Co L(H2O)3] 16 10 7 13 8 6 15 9 7 

[Ni L(H2O)3] 13 9  NZI 12 8     NZI NZI NZI NZI 

Control Gentamycine      15 Polymyxin         12 Ketoconazole       25 

 

Discussions 

The Schiff base ligand was prepared by condensation of leucine and 2-hydroxy naphthaldehyde to 

obtain bright yellow crystal with high yield (75%) and melting point of 134oC (table1).The metal 

complexes were prepared by the reaction of metal (II) chloride with the Schiff base ligand and are of 

various colours, their percentage yields are in the range of 45-62%.  

 

The decomposition temperature of the metal (II) complexes is higher than that of melting point of the 

ligand indicating that complexation has taken place (Lekha et al., 2013). 

Magnetic susceptibility measurement at 25oC revealed that the metal (II) complexes are paramagnetic 

in nature. Also, the effective magnetic moment values are within expected range of octahedral 

complexes; this is consistent with theoretical expectation and what was reported in the literature 

(Mounika, et al., 2010). The magnetic moment of Co (II) complex is 4.42BM within the range of 4.3-

5.0BM, Ni (II) complex is 2.6BM within the range of 2.5-3.5BM and Cu (II) complex is 1.62 BM (1.7-

2.2BM) which is the characteristic of 3d9 (Mounika et al.,  2010;Nora,2011). 

The results of solubility test (table 2)  of the Schiff base and complexes in different solvent revealed 

that all the complexes and Schiff base ligand are soluble in DMSO, insoluble in distilled water, 

chloroform and n-hexane, slightly soluble in methanol, ethanol and acetone with exception of ligand 

and Co(II) complex which are soluble. 

 

All the complexes have molar conductance (table 3) in the range of 2.23- 5.86 ohm-1 cm2mol-1 

indicating that the complexes are non-electrolytes (Shaker et al., 2013;Grace et al.,2015).  

The infrared spectral results (table 4) of the ligand shows a band at1617 cm-1 assigned to azomethine 

υ (C=N) vibration, this confirms condensation between amino group of leucine and aldehyde group 

of 2-hydroxy naphthaldehyde in the formation of Schiff base (Lekhaet al., 2013).The medium intensity 

peak of absorption in the Schiff base ligand was observed at 3056 cm-1, due to naphthaldehyde 

hydroxyl group υ (OH) (Claydenet al., 2000). This peak of absorption disappears in the IR spectra of 

the complexes which indicate coordination through oxygen atom of the hydroxyl group of 
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naphthaldehyde .The band in the range of 1621-1647 cm-1 was also observed in all the metal (II) 

complexes which are attributable to the coordination of nitrogen atom of azomethine group to the 

metal ions. New band appeared in the spectra of the complexes in the range of 561-672 cm-1 and 432- 

466 cm-1 which indicate υ (M - N) and υ (M - O) vibrations respectively confirming coordination of 

Schiff base ligand to the metal ions through nitrogen and oxygen atoms.  

The metal to Schiff base ratio was determined using Job’s method of continuous variation which 

suggested 1:1 ligand to metal ratio in all the complexes analyzed.    

 

The antibacterial activity (table 5) of the ligand and metal complexes was carried out on two bacteria 

isolates: Proteus vulgarus and Staphylococcus aureus using disc diffusion method. The diameter of 

inhibition zone (mm) was measured for each compound, the metal complexes were found to be more 

active compared to Schiff base ligand against the  test organisms under identical experimental 

conditions. The increase in activity of the metal chelates is due to the effect of the metal ion in normal 

cell process as explain by Tweedy’s theory. Chelation reduces the polarity of the metal ion due to the 

overlap of ligand orbital and partial sharing of positive charge of the metal ion with the donor group. 

It also increases π-electron delocalization within the whole chelate rings that is formed during 

coordination. Thus enhances liphophilic character of the central metal atom and increases the 

hydrophobic character and lipo- solubility of the complex favouring its penetration through the lipid 

layers of the cell membrane thereby deactivating respiration process in the micro organisms (Lekha 

et al., 2013). The antifungal activity (table 5) of the Schiff base and its metal complexes were studied 

on one fungal isolate,Candida albican using disc diffusion method. The results signify that metal 

complexes were more active than the Schiff base ligand with exception of nickel complex which is 

inactive against the test organism. The antifungal activity was also explained by Tweedy’s chelation 

theory (Lekha et al., 2013). Some complexes and ligand show no inhibition zone at low concentration 

(50mg/l) against selected bacteria and fungi. The inhibitory power of the complexes was compared 

with that of the antibiotics (Gentamycine,  Polymyxin and Ketoconazole). The complexes show 

effective activity against the test organisms; therefore, they can be used as alternative to antibiotics 

 

Conclusion 

The metal (II) complexes were synthesized and analyzed by solubility, melting point/decomposition 

temperature, magnetic susceptibility molar conductance, infrared spectra. The metal to ligand ratio 

is 1:1 with the formula [ML], where M represents Cu(II),Co(II) and Ni(II) ions and L represents the 

Schiff base ligand. 
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