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Abstract: Complexes of Fe (II) and Cu (II) with a tridentate Schiff base, 2-((z)-(pyridine-2-ylimino) methyl) naphthalene-

1-ol derived from 2-hydroxy-1-napthaldehyde and 2-aminopyridine were synthesized. Both the ligand and its complexes 

were characterized on the basis of microanalysis, melting point, 1H and 13CNMR, molar conductivity, thermal analysis, IR 

and UV/Vis spectral studies. From analytical data, the stoichiometry of the complexes was found to be 1: 2 (metal: ligand). 

The magnetic susceptibilities of all complexes at room temperature were consistent with octahedral geometry. The molar 

conductance values suggest nonelectrolytes. The IR spectra revealed that the metal ions coordinated through azomethine 

nitrogen, pyridine nitrogen of and phenolic oxygen of the ligand. The particle size of iron and copper complexes has been 

investigated by TEM. Antibacterial and antifungal activities in vitro were performed against three types of G+ and G- 

bacteria, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and three types of fungi, Aspergillus flavus, 

Trichophyton rubrum and Candida albicans with determination of minimum inhibitory concentrations of ligand and metal 

complexes. Both complexes showed highly effective antibacterial activities against the tested bacteria and fungi; therefore, 

these complexes can be used as antibiotic. Furthermore, DNA interaction of Schiff base complexes was monitored by 

electronic spectra, hydrodynamic measurements and gel electrophoresis. It was found that the prepared complexes could 

bind to DNA in an intercalating mode.  
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1 Introduction 

 Schiff bases, which are potential chelating ligands in 

coordination chemistry [1], show promising applications in 

medicine as anti-oxidant, antimicrobial and anti-

inflammatory [2, 3]. On the industrial scale, they have wide 

range of applications such as dyes and pigments precursors 

and corrosion inhibitors [4-6]. This can lead to many 

interesting catalytic and potential properties [7, 8]. In recent 

decades, metal complexes have received much attention in 

biochemistry and pharmacy as promising compounds for 

the creation of novel drugs [2, 9, 10].  

These studies revealed that complexation of metal 

ions and different Schiff base ligands improves the bio 

potentials of the ligands. It is well accepted that metal ions 

can modify both magnitude and direction of the 

pharmacological activity of the initial organic compounds 

(ligands) as a result of changes in their size, shape, charge 

density distribution, and redox potentials [11]. Furthermore, 

the coordination compounds of biologically active Schiff 

base ligands have received much attention, and it has been 

reported that chelation causes drastic change in the 

biological properties of the ligands and as well as the metal 

ions. Many drugs possess modified pharmacological and 

toxicological properties when administered in the form of 

transition metal complexes [12]. Compounds showing the 

properties of effective binding as well as cleaving double 

stranded DNA under physiological conditions; are of great 

importance since these could be used as diagnostic agents 

in medicinal and genomic research.  Since the discovery of 

cisplatin [cis-diamminedichloroplatinum(II)], there has 

been a rapid expansion in research to find new and more 

efficacious metal-based anticancer drugs [13]. Amongst the 

non-platinum anticancer agents explored, considerable 

efforts have been put to design Ru (II)/(III) [14] organotin 

[15] and Cu(II) complexes [16]. Several recent review 

articles have summarized the advances in these fields [17, 

18]. Further, copper accumulates in tumors because of the 

selective permeability of cancer cell membranes to copper 

compounds. For this reason a number of copper complexes 

were screened for anticancer activity and some of them 

were found active both in vivo and in vitro. Hence, it is 

very important to develop compounds with both strong 
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DNA-binding and antioxidant properties for effective 

cancer therapy. We report herein the results of our studies 

on the metal complexes of anile ligand (2-((Z)-(pyridin-2-

ylimino) methyl) naphthalen-1-ol). Tentative structures 

have been proposed on the basis of analytical, spectral, 

magnetic, and conductance data. The prepared Schiff base 

and its metal chelates have been screened for biological 

activity against some strains of bacteria (G+ and G–) and 

fungi. In addition, the interaction behavior of these 

compounds with DNA has been explored by electronic 

spectra, hydrodynamic methods and gel electrophoresis. 

 
(2-((Z)-(pyridin-2-ylimino)methyl)naphthalen-1-ol) 

(npap) 

                                 Acronym 

  Metal                      Ligand                         Complex      

 

 

Fe (II)    npap 

 

      npapFe 

Cu (II)   npap        npapCu 

Scheme (1): Structures and abbreviations of anil ligand and 

its corresponding complexes. 

OH
+
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Scheme (2): Formation of the investigated Schiff base 

ligand where np = 2-hydroxy-1-napthaldehyde and ap = 2-

aminopyridine. 

2 Experimental 

2.1 Materials and methods 

All chemicals and solvents used in this study such as 2-

hydroxy-1-napthaldehyde (np), 2-aminopyridine (ap) and 

the metal salts Cu (CH3COO)2.H2O and 

(NH4)2Fe(SO4)2.6H2O were of reagent grade and used as 

received. Calf thymus DNA (CT-DNA) and Tris 

[hydroxymethyl]-amino methane (Tris) were purchased 

from Sigma–Aldrich Chemie (Germany). Spectroscopic 

grade ethanol and HCl products were used. 

Melting points were recorded on a Gallenkamp (UK) 

apparatus. Perkin-Elmer model240c elemental analyzer was 

used to collect micro analytical data (C, H and N). 1 H and 
13CNMR of the ligands in deuterated dimethyl sulfoxide 

(DSMO) were recorded in BRUKER model 400 MHz. 

Molar Conductivities of the metal complexes determined in 

dimethyl sulphoxide (DSMO ~ 1×10-3M) at room 

temperature using Jenway conductivity meter model 4320. 

The magnetic susceptibilities of the complexes were 

determined on Gouy's balance and the diamagnetic 

correction were made by Pascal's constants and 

Hg[Co(SCN)4] as a calibrant [2].  

The infrared spectra of the metal chelates were 

recorded on Shimadzu FTIR model 8101 in the region 400–

4000 cm-1 using KBr discs. UV-Vis spectral measurements 

for the synthesized complexes were made in DMF using 

10mm matched quartz cells on PG spectrophotometer 

model T+80. Shimaduz cooperation 60H analyzer was used 

for thermogravimetric analysis (TGA) under a dynamic 

flow of nitrogen atmosphere (40 ml/min) and heating rate 

10oC/min from ambient temperature to 750oC. HANNA 

211 pH-meter was used for pH measurements at 298K and 

the pH values were adjusted using a series of Britton 

universal buffer [2, 19].  The particle size of the prepared 

complexes was analyzed using transmission electron 

microscope (TEM-2100), Faculty of Science, Alexandria 

University.  

 
Fig 1: Molecular electronic spectra of (2) [npapFe] = 5×10-

3 M, (3) [npapCu] = 5×10-3 M. 

2.2 Synthesis of Schiff base ligand 

An ethanolic solution of 5 mmole of 2-hydroxy-1-

napthaldehyde was mixed with a hot ethanolic solution of 5 

mmole of 2-aminopyridine with constant stirring. The 

mixture was refluxed for approximately 1hr at 70oC and the 

solution was rotary evaporated to quarter of its original 

volume and then left to cool. After one day, the yellow 
crystals were isolated, washed with ethanol and then 
recrystalized in ethanol [2, 20]. 
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Table 1: Analytical and physical data of the Schiff base ligand (npap) and its metal complexes. 

C                                        H                      N 

found (calc.%)      found (calc.%)       found  (calc.%) 

M.p  

Dec. 

(oC) 

µeff 
Λm  

Ω-1cm2 

modl-1 

Color 

Yield 

(%) 

M.wt Compound 

 77.35                         4.79                    11.32 

(77.42)                     (4.84)                  (11.29) 
  170 - 

- 

 

Yellow 

   (78) 
248.00         npap 

65.42                         4.39                     9.49 

(65.55)                      (4.44)                   (9.56) 

˃ 300 

 4.95 4.70 
Brown 
  (86) 

585.86 [Fe (npap)2]. 2H2O 

 

 

[Cu (npap)2].1.5H2O 

 

 

 
Fig. 2: Continuous variation plots for the prepared 

complexes in aqueous –alcoholic medium at [npapFe] = 

5.00×10-3 M, [npapCu] = 1.00×10-3 M and 298 K. 

2.3 Synthesis of Schiff base complexes 

The two complexes were synthesized by mixing the 

ethanolic solution of 5 mmole (20 ml) of the prepared 

Schiff base ligand with an equimolar amount of ethanolic 

solution of the metal salt. The resulting solutions were 

stirred magnetically for 3h [21, 22]. The obtained product 

was evaporated overnight. The formed solid product was 

filtered, washed with ethanol, and then dried in vacuo over 

anhydrous CaCl2. In case of Fe (II) complex, few drops of 

glacial acetic acid [2, 3, 23] were added to avoid the 

oxidation of Fe (II) and the mixture solution was stirred 

magnetically for 3hr on cold under nitrogen at 25oC.  

2.4 Evaluation of the stoichmetry of the Schiff 

base complexes:  

The simplest spectrophotometric technique adopted to 

study the equilibria in solutions of complex compounds is 

the molar ratio method, [2, 24] and the continuous variation 

method [2, 25], as shown in Fig (2, 3).  

2.5 Magnetic moment measurements: 

Magnetic susceptibility measurements for the prepared 

Schiff base complexes were calculated and listed in Table 1 

according to the following relation [2, 26]: 

TMeff

'83.2  
 

 ..' corrdiamagMM  
 

Where T is the temperature (K), µeff is the magnetic 

moment (in Bohnr Magneton) BM and M
'  is the molar 

magnetic susceptibility after correction. 

2.6 Kinetic aspects 
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Where W is the mass loss at the completion of the 

decomposition reaction. W is the mass loss up to 

temperature T, R is the gas constant and   is the heating 

rate. Since 1-2RT/E* ≈1, the plot of the left-hand side of 

equation against 1/T would give a straight line. E* was then 

calculated form the slope and the Arrhenius constant, A, 

was obtained from the intercept. The other kinetic 

parameters; the entropy of activation (S*), enthalpy of 

activation (H*) and the free energy change of activation 

(G*) were calculated using the following equations: 

S* = 2.303R log 

H*= E*- RT 

G*= H*- TS* 

Where (k) and (h) are Boltzmann’s and Plank's constants, 

respectively. The Kinetic parameters are listed in Table 5. 

2.7 Evaluation of the apparent formation 

constants of the synthesized complexes 

      The formation constants values (Kf) of the studied 

Schiff base complexes were obtained from the 

65.58                          4.09                    9.43 

(65.69)                      (4.28)                  (9.58)

 

 
584.55 

The thermodynamic activation parameters of the 

decomposition processes of the complexes were calculated 

using the Coasts- Redfern equation [27],  

6.02 2.18 ˃ 300 
Green (86) 
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spectrophotometric measurements by applying the 

continuous variation method [6, 28] according to the 

following relation. 

 

 

 

The results are listed in Table 6. Where, Am is the 

absorbance at the maximum formation of the complex, A is 

the arbitrary chosen absorbance values on either side of the 

absorbance mountain col (pass) and C is the initial 

concentration of the metal ions. 

2.8. Pharmacological studies 

2.8.1. Antibacterial screening   

Antibacterial activity of Schiff base ligand and its 

metal complexes were tested against the bacterial species 

Escherichia coli, pseudomonas aeruginosa and 

staphylococcus aureus by following the standard disc 

diffusion method using nutrient agar medium [2, 23, 29]. 

Tetracycline was used as standards for antibacterial 

activity. The investigated ligand and its complexes were 

dissolved in dimethylsulfoxide (DMSO).  

The Sterilized discs of agar plates and swabbed 

with the bacteria culture were filled with the test solution. 

The plates were incubated at 37o C for overnight. At the 

end of the incubation period, inhibition zones formed on 

the medium were evaluated in mm. DMSO was test as 

control under the same conditions for each organism and no 

activity was found. The activities of the prepared 

complexes were confirmed by calculating the activity index 

(cf. Table 9) according to the following relation [2, 30]. 

 

2.8.2. Antifungal screening   

2.9 DNA binding studies 

 2.9.1 Electronic spectra 

 
 

 
    fbbfbfa K

DNADNA

 






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Where, [DNA] is the concentration of DNA in base pairs, 

the apparent absorption coefficients a , 
f and b  

correspond to Aobs/ [complex], extension coefficient for the 

complex in fully bound form respectively. The data were 

fitted to the above equation with slope equal to 1/( b - 

f ) and y-intercept equal to 1/[kb( b -
f )]and the 

intrinsic binding constant kb was obtained from the ratio of 

the slope to the intercept [36].The standard Gibb’s free 

energy for DNA binding was calculated from the following 

relation [2, 23, 37]. 

lno

b bG RT K    

2.9.2 Viscosity study  

Hydrodynamic volume change was measured using 

Ostwald viscometer immersed in a thermostatic bath 

maintained at 37±0.1oC. Flow times of each sample were 

measured with digital stopwatch. Mixing of the test 

compound and CT-DNA were done by bubbling nitrogen. 

Data are presented as (η/η0)1/3 versus [complex] / [DNA], 

where η is the viscosity of DNA in the presence of complex 

and η0 is the viscosity of DNA alone. Viscosity values were 

calculated form the observed flow time of DNA containing 

solutions (t) corrected for that of buffer alone (to), η=(t- to) 

[2, 23, 38].   

2.9.3 Agarose gel electrophoresis  

Agarose was purchased from Fischer-Biotech (GE 

Healthcare). Calf thymus DNA and a Ready-Load 100 bp 

DNA ladder were used as the native-size DNA and 

purchased from Bio labs. The samples were subjected to 

electrophoresis on 1% agarose gel prepared in TBE buffer 

(45 mM Tris, 45 mM boric acid and 1 mM EDTA, pH 7.3). 

Then 30 µl from each of the incubated complex and DNA 

mixture was incubated for 30 min at 37 oC .Then it was 

loaded on the gel with tracking dye (0.25% bromophenol 

A/Am

4C2 (1-A/Am)3
Kf =

The DNA binding experiments of the metal complexes with 

CT-DNA were performed in Tris buffer (5 mM, pH 7.4). A 

solution of CT-DNA in the buffer gave a ratio of UV–Vis 

absorbance at 260 and 280 nm of about 1.9:1, indicating 

that the DNA was sufficiently free from protein [2, 23, 32, 

33]. The DNA concentration per nucleotide and 

polynucleotide concentrations were determined by 

absorption spectroscopy using molar extinction coefficient 

(6600 M-1cm-1) at 260 nm [2, 23, 34, 35]. The intrinsic 

binding constant kb for the interaction of metal (II) 

complexes with DNA has been calculated form the 

absorption spectral changes during the addition of 

increasing concentration of DNA according to the 

following equation:  

Standard potato dextrose agar was used as medium for 

antifungal activity by disc diffusion method [2, 31]. The 

antifungal activities of the compounds were evaluated by 

the disc diffusion method against the fungal 

microorganisms. The 5 mm diameter and 1 mm thickness 

of the disc was filled with the test solution using a 

micropipette and the plates were incubated at 37oC for 72 h. 

During this period, the test solution was diffused and 

affected the growth of the inoculated fungi. After 36 h of 

incubation at 37oC, the diameter of the inhibition was 

measured. 



Int. J. Nano. Chem. 1, No. 2, 65-77 (2015) / http://www.naturalspublishing.com/Journals.asp                                                            69 
 

 

 

© 2015 NSP 

 Natural Sciences Publishing Cor. 
 

blue, 40% sucrose, 0.25% xylene cyanole and 200 mM 

EDTA). The electrophoresis was performed at a constant 

voltage (100 V) for about 2 h (until bromophenol blue had 

passed through 50% of the gel) in TBE buffer. At the end 

of electrophoresis i.e. the end of DNA migration, the 

electric current was turned off. Then, the gel was stained by 

immersing it in water containing Ethidium bromide (0.5 

µg/ml) for 30–45 min at room temperature and later 

visualized under UV light using a transilluminator and 

photographed with a Panasonic DMC-LZ5 Lumix Digital 

Camera [2, 39]. 

3 Results and discussion 

The analytical data of ligand and metal complexes are 

given in Table 1. The elemental analyses show 1: 2 (metal: 

ligand) stoichiometry for the solid complexes, 

corresponding with [M(npap)2], where M = Fe(II) and 

Cu(II). The magnetic susceptibilities of all complexes at 

room temperature were consistent with octahedral 

geometry.  

3.1 Molar conductivity 

complexes in DMF solvent. These low values indicate that 

all complexes are nonelectrolyte due to the absence of any 

counter ions in their structures [2, 23, 36, 37]. The molar 

conductance values of these complexes (Table 1) indicate 

that the Schiff base ligand (npap) is coordinated to the 

Fe(II) and Cu(II) ions as a mono negatively charged anions. 

Therefore, it seems that the two phenolic OH groups from 

the two ligand molecules have been deprotonated and 

bonded to the metal ions as oxygen anion [40]. 

3.2 Infrared spectral studies  

vibration of the OH group ʋ(OH). On other hand, the 

recorded IR spectra of the prepared complexes show broad 

band at 3434- 3455 cm-1 which could be assigned to ʋ(OH) 

stretching vibration of lattice water molecules [2, 23, 41, 

42]. In IR spectra of metal complexes, the absence of a 

weak broad band at 3060-3300 cm-1 indicates deprotonation 

of the intramolecular hydrogen-bonded OH on 

complexation. 

3.3 1H and 13CNMR spectral for the prepared 

ligands 

The proton NMR spectrum of the Schiff base ligand shows 

a singlet peak at 15.00 ppm [47] which corresponds to the 

phenolic group. The characteristic proton of azomethine 

appeared at 10.00 ppm [48]. The presence of signals at 8.50 

and 8.20 ppm can be assigned to the protons of CH of 

pyridine. Signals of aromatic protons appeared in the range 

of 7.80-6.70 ppm. The 13CNMR spectra of the free ligand 

npap have showed a peak at 175.00 ppm due to 

characteristic azomethine carbon [49]. The signals at 152-

108 ppm may be attributes to phenyl aromatic carbons. 

       -         - 1315(m) 1585(sh) 1630 (s) 3000(w) 3426 npap 

517 (w) 617(w) 1250(m) 1577(sh) 1610 (s) 3050(w) 3434(b) npapFe 

478 (w) 577 (w) 1285(m) 1563(sh) 1614 (s) 3050(w) 3455 (b) npapCu 

 

b = broad, s = sharp, sh = shoulder, w = weak, ar = aromatic, ph= phenolic 

 

 

Table 2: Infrared spectral data of the synthesized ligand and its complexes (cm-1). 

Compound ʋ(OH)/H2O ʋ(CH)ar ʋ(C=N) ʋ(C=N)py ʋ (C-O)ph ʋ(M-N) ʋ(M-O) 

The IR spectra provide valuable information regarding the 

nature of function groups attached to the metal ion. The 

main infrared bands and their assignments are listed in 

Table 2. The spectrum of the Schiff base ligand exhibit 

characteristic band at 3426 cm-1 due to the stretching 

The band appearing at 1630 cm-1 due to 

azomethine of Schiff base ligand which was shifted to 

lower frequency by16-20 cm-1 in the complexes, indicating 

coordination of azomethine nitrogen to the metal ion [2, 23, 

37, 43]. This was due to the donation of electron density 

from Nitrogen to metal. The IR spectrum showed a medium 

intensity band at 1538 cm-1, which is a characteristic of the 

coordinated pyridine nitrogen base [44]. The Schiff base 

ligand showed band at 1315 cm-1 which can be assigned to 

stretching vibrations of the phenolic group (C-O). This 

band was shifted to lower wave number upon complexation 

denoting that the oxygen atom of the phenolic group is 

coordinated to the metal ion. IR spectra of metal complexes 

show bands at 478- 517 cm-1and 577-618 cm-1 which can 

be assigned to (M–O) and (M–N), respectively [2, 23, 37, 

45]. The other series of weak bands between 3000-3050 

 cm-1  are related to CH aromatic stretching vibration [2, 23,

 37, 46]. From the above facts, it is evident that coordination 

takes place via azomethine nitrogen, pyridine nitrogen and 

phenolic oxygen of the ligand. 

 The molar conductivity (Λm) data (4.70 – 6.04 ohm–

1cm2mol–1) measured at 25˚C using 10-3 M solutions of the 
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Table 3: Characteristic UV-Vis bands (nm) for imine ligand (npap) and its metal complexes. 

Compound λmax(nm) εmax 

(dm3 mol-1cm-1) 

Assignment 

npap 325 

395 

423 

3074 

2392 

1823 

 

 

 
npapFe 397 

486 

    582(b) 

 

660 

683 

536 

Intraligand band 
   

LCMT band 

d-d band 

npapCu 397 

466 

     637(b) 

405 

515 

196 

 
Intraligand band 

   

LCMT band 

d-d band 

Temp(oC) 

Weight loss (%) 

Found  (Calcd) 

Dec. 

assignment 

Residue (%) 

Found  (Calcd) 

npapFe 

15-135 o C 6.17 ( 6.14) 2H2O 

Fe 
9.37   (9.53) 

135-394 o C 33.40 (33.29) 
C12H7N2O 

 

394-581 o C 51.06 (51.02) 
C20H15N2O 

 

npapCu 
C6H5N2 

 

 

3.4 Electronic spectra 

     The electronic spectra of the Schiff base ligand and its 

complexes are summarized in Table 3. The spectrum of the 

free ligand exhibist bands at about 325, 395 and 423nm. 

The first peak is attributed to π→π* transitions. This band 

was not significantly affected by chelation. The second and 

third peaks in the spectrum of ligand are assigned to n→π*.  

These bands disappeared via complexation and new band 

attributed to the donation of the lone pair of electrons of the 

nitrogen atoms of the Schiff base to metal ion (M→N) 

appear [50]. Comparing these with n→π* transition, these 

bands were shifted to longer wavelength along with 

increasing in its intensity. All complexes show a band in 

the range 582- 637 nm, which is attributed to d→ π* 

transition that is mixed with d→d transition. The study of 

the electronic spectra to identify the d→d transitions in the 

presence of ligand field has encountered because several 

bands fall in the near-infrared region with a low intensity 

while a large part of the visible region is obscured by 

intense charge transfer and intraligand (π→π*) transitions 

[2,23, 37, 51]. These electronic transitions along with 

magnetic moment 4.95 B.M. and 2.18 B. M. suggest 

octahedral geometry for Fe (II) and Cu (II) complexes. 

 

3.5 Thermogravimetric analysis  

metal above 500 oC. 

3.6 Kinetic parameters of metal complexes 

The kinetic parameters Viz, the energy of activation (E*), 

the entropy of activation (ΔS*) and the Gibbs energy 

change (ΔG*) were determined by the Coats–Redfern 

integral method. The obtained data are given in Table 5.  

10.54   (11.03) 
118-274 o C 18.21  (17.93) 

275-528 o C 66.62 (66.43) 
C26H17N2O2 

Compound 
Dec. 

      b = broad 

Table 4: TGA results of the prepared metal complexes in nitrogen atmosphere. 

31-116 o C 4.61  ( 4.64) 1.5H2O 

Cu 

Thermal studies of metal complexes were carried out using 

thermogravimetric technique (TG) and differential 

thermogravimetric (DTG). Table 4 gives the detailed 

thermal decomposition data for the studied complexes. The 

thermal decomposition results of Cu (II) complex takes 

place in three stages. The first stage of decomposition is 

noticed in the temperature range 32 -116 oC. It is due to the 

elimination of hydrated water molecule. The mass loss 

observed in this step is 4.61 % against the calculated loss of 

4.64%. The second stage of decomposition occurs in the 

temperature range of 118–274oC, due to melting and partial 

decomposition of the ligand. This step bringing the weight 

loss of 18.21 % (calc. 17.93 %). The decomposition range 

(275–528 oC) of weight loss in third stage gives 66.62 % 

(calc.  66.43  %).  This  is  due to  the  decomposition of the 

ligand molecule. The complex is present in the form of its 
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Form the obtained results; it is apparent that G* 

values of the complexes acquire highly positive 

magnitudes. The activation energies of decomposition were 

found to be in the range 12.51- 57.32 KJ mol-1.The high 

value of the energy of activation of the complexes due to 

their covalent character. The negative values of S* for the 

degradation process indicated more ordered activated 

complex than the reactants and assigned to slow 

decomposition reaction. 

 3.7 Magnetic moment measurements 

Magnetic moment of the complexes was observed at room 

temperature. The iron complex shows µeff value in the 

region 4.95 B.M. due to presence of four unpaired 

electrons. The room temperature value of Copper ion for 

complex is 2.18 B.M, which is consistent with one unpaired 

electron (d9). It is possible that the Copper (II) complexes 

have octahedral geometry. The observed magnetic moment 

of 4.95 B.M and 2.18 B.M along with electronic transitions 

corresponds to octahedral geometry for the two complexes. 

3.8 Evaluation of the stoichmetry of the Schiff 

base ligands complexes:  

The curves of continuous variation methods displayed 

maximum absorbance at mole fraction X ligand = 0.65 in 

Fe(II) and Cu(II)complexes, indicating the formation of 

complexes with metal ion to ligand ratio 1:2 as presented in 

schemes 3. Moreover, the data resulted from applying the 

molar ratio method support the same metal ion to ligand 

ratio of the prepared complexes cf. Fig 2, 3. 

 

 
Fig.3: Molar ratio plots for the studied complexes in 

aqueous–alcoholic mixture at [M] = [Fe]                   

=5.00×10-3 M, [npap] = 5.00×10-3 M and [M] = [Cu] 

=1.00×10-3 M, [npap] =1.00×10-3 M. 
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Scheme (3): Formation of the investigated iron (II) and 

copper (II) complexes. 

3.9 Evaluation of the apparent formation 

constants of the synthesized complexes 

 
Fig.4: pH-profile of the prepared complexes at [complex] = 

1.00×10-3 M. 

 

 

 

The pH-profile (absorbance vs. pH) presented in Fig.4 

showed typical dissociation curves and a wide stability pH 

range (5-10) of the studied complexes. This means that the 

formation of the complex greatly stabilizes the Schiff base 

ligands [2, 23, 37]. 

 

As mentioned in Table 6, the obtained (Kf) values indicate 

the high stability of the prepared complexes. The values of 

(Kf) for the studied complexes increase in the following 

order:  npapCu > npapFe .Moreover, the values of the 

stability constant (pK) and Gibbs free energy of  
investigated complexes are cited in the same Table 6. 

The negivate values of Gibbs free energy mean that the

 reaction is spontaneous and favorable. 
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Table 5: Kinetic parameters of the prepared metal complexes. 

3.10. Morphological structures of the prepared 

complexes 

 

From TEM images and the calculated histogram (cf. Fig. 5 

(a-d)), it is observed that the prepared complexes have 

particle size of 80 nm and 40 nm for iron (II) and copper 

(II) complexes respectively. This results indicate that the 

prepared complexes have a high surface area and this can 

lead to many interesting catalytic and potential properties 

[52]. 

3.11 Biological evaluation of synthesized 

complexes  

Complex 
Type of 

complex 
Kf pK 

G 

(KJ 

mol-1) 

npapFe 

 

1:2 17.92×109 23.61 -58.49 

npapCu 

 

1:2 13.39× 1011 27.92 -69.18 

Table 7: Bactericidal activity of Schiff base ligand and its 

metal complexes. 

Compound 

Inhibition zone (mm) 

Pseudomonas 

aeruginosa (-ve) 

Escherichia 

coli (-ve) 

Staphylococcus 

aureus (+ve) 

 10 25 10 25 10 25 

npap 5 10 4 8 7 12 

npapFe 10 21 8 19 16 29 

npapCu 11 25 9 18 16 31 

Tetracycline 21 35 16 29 24 39 

Chelation reduces the polarity of the metal ion 

considerably, mainly because of the partial sharing of its 

positive charge with donor groups and possible π electron 

delocalization on the whole chelate ring [54].  

The lipid and polysaccharides are some important 

constituents of cell walls and membranes, which are 

preferred for metal ion interaction. In addition to this, the 

cell wall also contains many aminophosphates, carbonyl 

and cysteinyl ligands, which maintain the integrity of the  

 
Fig 6: Histogram showing the comparative activities of the 

compounds against different strains of bacteria (p. 

aeruginosa, E. coli and S. aureus) at 25mg /ml. 

 
Fig.7: Histogram showing the comparative activities of the 

compounds against different    strains of fungi (A. flavus, 

C. albicans and T.rubrum) at 25 mg /ml.  

 membrane by acting as a diffusion barrier and also 

provides  suitable sites for binding.  Chelation can reduce 

not only the polarity of the metal ion, but it increases the 

lipophilic character of the chelate, and the interaction 

between metal ion and the lipid is favoured [55]. 

This may lead to the breakdown of the permeability barrier 

of the cell, resulting in interference with the normal cell 

processes. Accordingly, the antimicrobial activity of the 

two complexes can be referred to the increase of their 

lipophilic character which in turn deactivates enzymes 

responsible for respiration processes and probably other 

cellular enzymes, which play a vital role in various 

Complex T 

(oC) 

H* 

(KJ.mol-1) 

S* 

(KJmol-1K-1) 

G* 

 (KJ.mol-1) 

npapFe 27-207oC -0.81 -0.158 16.44 

207-308oC -2.06 - 0.165 40.91 

308-392oC -2.75 - 0.167 54.72 

npapCu 16-106 oC -0.59 - 0.151 12.51 

106-369 oC -1.92 - 0.166 39.22 

369-531 oC -2.91 - 0.167 57.32 

Table 6: The formation constant (Kf), stability constants 

(pK) and Gibbs free energy values of the   

synthesized complexes in DMF at 298K. 
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metabolic pathways of the tested microorganisms. The 

toxicity of the metal complexes can be related to the 

strength of the metal- ligand bond, besides other factors 

such as size of the cation, receptor sites, diffusion and a 

combined effect of the metal and the ligands for 

inactivation of the biomolecules.  

Table 8: Fungicidal screening of Schiff base ligand and its 

metal complexes.  

 Inhibition zone (mm) 

Aspergillus 

Flavus 

Candida 

albicans 

Trichophyton 

rubrum 

Compound 10 25 10 25 10 25 

npap 6 10 7 11 4 9 

npapFe 10 20 16 25 9 14 

npapCu 13 23 17 24 11 16 

Fluconazole 14 26 19 30 12 19 

3.11.1 In vitro antimicrobial activity 

The ligand and the metal complexes have been screened for 

their antibacterial and antifungal activity. The results 

obtained are presented in Tables (7, 8).  

It is observed that all the metal complexes exhibited a more 

inhibitory effect compared to the ligand. This is probably 

due to greater lipophilic nature of the complexes. It was 

evident form the data that this activity increased on 

coordination. This enhancement in the activity can be 

explained on the basis of chelation theory [53].  

 

 

 

 

3.12 DNA binding affinity of metal (II) complexes  

3.12.1 Electronic spectral studies  

The absorption spectral titration method is one of the most 

important techniques which have usually been utilized to 

monitor the interaction of metal complex with and DNA. 

The binding of an intercalative complex molecule to DNA 

has been well characterized by notable intensity decrease 

(hypochromism) and red shift (bathochromism) of the 

electronic spectral bands due to strong stacking interaction 

between the aromatic chromophore of the ligand and DNA 

base pairs. The degree of hypochromism and the size of the 

red shift depend on strength of the intercalative interaction 

[56-58].On the other hand; metal complexes which do not 

intercalate or interact electrostatically with DNA may 

exhibit hyperchromism [59]. The electronic spectra of Cu 

(II) complex in the absence and presence of CT-DNA are 

given in Fig. 8.  

The absorption spectra show clearly that the 

addition of DNA to iron and copper complexes yields a 

significant hypochromism and a slight red shift at MLCT 

band. The Kb values of Fe(II) and Cu(II) complexes were 

determined to be 1.36×105 , 1.05×105  M-1 , respectively,  

indicating that the order of binding affinity between 

compounds Fe(II) complex > Cu(II) complex. However, the 

determined Kb values are lower than those observed for 

typical classical intercalators (ethidium bromide EB, Kb = 

1.46×106) [60]. 

3.12.2 Hydrodynamic studies 

    In order to clarify the interactions between the 

compounds and DNA, viscosity measurements were carried 

out. Hydrodynamic measurements that are sensitive to 

length change (i.e. viscosity and sedimentation) are 

regarded as the least ambiguous and the most critical tests 

of binding in solution in the absence and presence of 

crystallographic structural data [61]. The effects of all the 

synthesized complexes on the viscosity of DNA at 

30±0.1oC are shown in Fig .9. Viscosity experimental 

results clearly show that all the complexes can intercalate 

between the adjacent DNA base pairs, causing an extension 

in the helix, and thus increase the viscosity of DNA [62, 

63]. The complexes can intercalate strongly, leading to a 

greater increase in the viscosity of DNA with an increasing 

concentration of complexes. The increased degree of 

viscosity which follow the order of npapFe > npapCu may 

depend on its affinity to DNA. 
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Table 9: Results of activity index (%) of the prepared Schiff base ligand and its complexes

against different strains of bacteria and fungi. 

 

Compound 

Bacteria Fungi 

P. aeruginosa E. coli S. coccus A. flavus C. albicans T. rubrum 

npap 38.57 27.59 30.77 28.57 36.67 47.37 

npapFe 60.00 65.52 74.36 76.92 83.33 73.68 

npapCu 71.14 62.07 79.49 88.46 80.00 84.21 

 
Fig 8: (a) Absorption titration of npapCu complex (1×     

10-3 M) in the absence and presence of increasing amounts 

of    CT-DNA (3-30) µM at room temperature in 0.01 M 

Tris buffer (pH 7.4 at 25oC) (b) Plot of [CTDNA]/ (εa-εf) 

vs. [CT-DNA] for the titration of CT-DNA with npapCu 

complex. 

 
Fig 9: The effect of increasing the amount of the 

synthesized complexes on the relative viscosities of DNA 

at [DNA] = 0.5 mM, [complex] and [EB] = 25–250µM and 

298K. 

 
Fig 10: The interaction of the investigated complexes with 

DNA was studied by gel     electrophoresis, where Lane 1: 

blank, Lane 2: CT-DNA+ npapFe, Lane 3: CT-DNA+ 

npapCu, Lane 4: CT-DNA alone. 

3.12.3 Gel electrophoresis 

The DNA cleavage of metal complexes was studied by 

electrophoresis and the results were represented in Fig 10. 

The intensity of lanes was increased in the sequence 

npapFe > npapCu and these are in a good agreement with 

binding constant values of the investigated complexes with 

CT-DNA (cf. Table10).

 

Table 10: Optical properties of metal complexes with addition of DNA and their binding constants, Kb. 

 

Complex maxλ 

free 
maxλ 

bound 

∆n 

(nm) 

Binding 

constant 
a )bK5(10 

Chromism 
b(%)  

Type of 

chromism 

*G∆ 

)1-(KJ.mol 

npapFe 223.00 

439.25 

230.22 

440.30 

    1.01 

    1.06  

   1.36 30.69 

96.77 

 

Hypo   -29.29    

npapCu 315.00 

443.83 

315.00 

445.13 

 

        0 

  2.30 

  1.05    10.36 

36.01 

Hypo -28.64 

DR-samar
Typewritten text
a intrinsic dna binding constant form the uv-vis absorptionspectral titration.

DR-samar
Typewritten text



DR-samar
Typewritten text
b chromism (%)=[Abs free - Abs bound/abs free) x100] 
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Conclusion 

The present paper reports the synthesis and spectroscopic 

characterization of a novel tridentate Schiff base ligand and 

its metal complexes. On the basis of physicochemical and 

spectral data discussed above, octahedral geometry for Fe 

(II) and Cu (III) complexes is proposed. IR spectra show 

the ligand as ONN tridentate, coordinating via azomethine-

nitrogen, phenolic-oxygen and pyridine nitrogen. Thermal 

study reveals that the complexes are thermally stable. The 

conductance measurements show that all the metal 

complexes are non-electrolytes in nature. The DNA binding 

study takes place via an intercalative mode. These findings 

clearly indicate that transition metal based complexes have 

many potential practical applications, like the development 

of nucleic acid molecular probes and new therapeutic 

reagents for diseases. The results of antimicrobial activity 

show that the metal complexes exhibit antimicrobial 

properties and it is important to note that they show 

enhanced inhibitory activity compared to the parent ligand 

under identical experimental conditions. The antibacterial 

activity has been explained on the basis of chelation theory. 
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