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Abstract The three new mixed ligand Schiff base of copper(II) 

complexes are synthesized from the Schiff base (HL) derived from 

5-methyl pyrrole-2-carboxaldehyde and a pair of 2-

(methylthio)aniline as primary ligands and 2,2’-bipyridine(bipy) 

and 1,10-phenanthroline(phen) as secondary ligands. 1H-NMR, IR, 

electronic spectra, and conductivity measurements describe the 

ligand and copper(II) complexes. In nature, the molar conductance 

experiments of these complexes indicated non-electrolyte. A 

distorted octahedral geometry around the central metal ion is 

suggested by spectroscopic data from the complexes. 

Electrochemical experiments have been conducted using cyclic 

voltammetry. The intense signals may be assigned to the CuII/I 

redox couple. The invitro antimicrobial activities of the synthesised 

compounds have been tested against the bacteria Escherichia Coli 

and the fungi Aspergillus niger by using disc agar diffusion method. 

The minimum inhibitory concentration (MIC) value against the 

growth of the above microorganism is much larger for mixed ligand 

copper(II) complexes. 

 

Keywords Schiff base, Copper(II) complexes, bipyridine, 1,10-

phenanthroline and Antimicrobial activity 

I. INTRODUCTION 

 

In 1864, German chemist Hugo Schiff introduced a new class of 

organic compounds. This group of compounds, imines are often 

cited to as Schiff bases in his honour. The preparations of these 

compounds are simple and smart [1]. Schiff bases are prepared 

by condensing carbonyl compound with primary amine. Schiff 

bases can potentially stabilize several metal ions in different 

oxidation states [2]. For their interesting and essential properties, 

many Schiff bases and their complexes are studied, such as: their 

ability to bind oxygen, catalytic action in the hydrogenation of 

olefins, and the transfer of radicals, photochromic properties and 

complexing ability to some toxic metals [3]. In biological, 

clinical, analytical and pharmacological fields, the Schiff base of 

2-(methylthio)aniline and its complexes have a wide range of 

applications. For many biological processes, the Schiff base 

compounds playing a significant role [4]. A characteristic and 

wide range of biological activities is the azomethine group in 

Schiff bases(-N=CH-). The growth of many tumours can be 

inhibited by Schiff bases [5]. In recent decades, mixed ligand 

complexes of heterocyclic bases have not only been studied 

because of their fascinating chemistry of coordination, but also 

because of their prominent biological practices towards bacteria, 

viruses and cancer cells [6]. Copper can be a biologically 

important component and several enzymes have been identified 

that rely on copper for their function [7]. copper(II) can be a 

metal ion that is substitutionally volatile. In order to hold the 

copper(II) ion chelated in solution, multidentate ligands are 

assumed to be stronger than bidentate ligands [8]. Several 

studies have been carried out against microbes that are 

contagious microbes on the inhibitory function of copper(II) 

complexes, depending significantly on metal chelation by an 

organic ligand. The nature of chelation greatly increases 

biological function, which has been well clarified by the 

chelation principle of Tweedy [9]. In this article we report the 

synthesis and structures of the three novel copper(II) complexes, 

namely [Cu(HL)2Cl2], [Cu(HL)(bipy)Cl2] and 

[Cu(HL)(phen)Cl2] were described. Those complexes are 

completely soluble in DMF. The ligand and complexes were 

characterized by several Spectroscopic methods. The anti-

microbial activities of the resulting complexes were studied. 

II. EXPERIMENTAL 

A. Materials and Methods 

Reagents such as 5-methyl-pyrrole-2-carboxaldehyde, 2-

(methylthio)aniline were of Sigma Aldrich products. Aryl 

compounds of 2,2’-Bipyridine, 1,10-Phenanthroline was 

obtained from Sigma Aldrich. Anhydrous Copper(II) chloride 

and bromide was obtained to Alfa Aesar. The solvents were 

purified by the reported procedures. It is used to prepare ligand 

and complexes. 

In DMF, the molar conductivity (l0−3M) at room temperature 

was measured using Elico Ltd (India) conductivity meter. On a 

Bruker FT-NMR Spectrophotometer (400 MHz) at 25◦C in 

DMSO with tetra-methyl silane (TMS) as internal standard, 1H-

Spectra of NMR were studied (only for ligand). With the 

Schimadzu FT-IR spectrophotometer model, by use of KBr 
pellets, IR spectra are registered. UV-visible absorption spectra 

were recorded at room temperature with the JASCOV-550 UV-

Visible spectrophotometer. Using the CH1600C electro 

chemical analyser, cyclic voltammetry measurements were 

made using three electrode systems containing platinum wire as 

an auxiliary electrode, glass carbon as a working electrode and 

Ag/AgCl as a reference electrode. 

 

B. Anti-Microbial Activity 

The mixed ligand Schiff base of Copper(II) Complexes were 

investigated for anti-bacterial and anti-fungal against 

Escherichia coli as bacteria and  Aspergillus niger  as fungi by 

using disc-agar diffusion method [10] using agar nutrient as the 

medium.  

The tested compounds were dissolved in DMF to get 

concentration of 25g/ml, 50g/ml and 100g/ml. The test was 

performed on nutrient agar medium for 24 hours at 280C. The 

disc was prepared with filter paper and placed on previously 

incubated with the suspension of tested Escherichia coli and 

Aspergillus niger. The plates were incubated at 37oC and the 
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diameter of inhibition zone around each disc was measured after 

24 hours. The zone of inhibition was measured carefully.  

 

C. Synthesis of Ligand 

 

1. Preparation of 2-(methylsulfanyl)–N–(5-methyl-1H-pyrrol-2-

ylmethylidene)aniline: (HL) 

Hot ethanolic solution of 2-(methylthio)aniline (10 mmol) and 

ethanolic solution of 5-methyl- pyrrole-2-carboxaldehyde(10 

mmol) were mixed in the presence of few drops con.HCl with 

continuous stirring. For 3 hours, the mixture has been refluxed. 

By filtration, the yellow solid substance was obtained. Washed 

in small quantities of ethanol and dried in desiccators. Yield: 80% 

D. Synthesis of complexes 

1.[Dichlorobis(2-methyl-sulfanyl)-N–(5-methyl-1H-pyrrol-

2ylmethylidene)anilinecopper(II)]: [Cu(HL)2Cl2]   

CuCl2 (10 mmol) and 2-(methylsulfanyl)-N-(5-methyl-1H-

pyrrol-2-ylmethylidene)aniline (20 mmol) are mixed in a 1:2 

molar ratio of hot ethanolic (10 mL) solution and refluxed for 

three hours in the water bath. The mixture has been cooled to 

room temperature. To remove any of the unreacted starting 

materials, the solid precipitate of the complex was washed 

thoroughly several times with ethanol, and dried in desiccators. 

Yield: 80% 

2.[(2,2’–Bipyridine)dichloro(2-(methylsulfanyl)–N–(5-methyl-

1H-Pyrrol-2-ylmethylidene)aniline)copper(II)]: 

[Cu(HL)(bipy)Cl2]  

CuCl2 (10 mmol) and 2-(methylsulfanyl)-N-(5-methyl-

1H-pyrol-2-ylmethylidene)aniline (10 mmol) are mixed in 

hot ethanolic solution (10 mL) and 2,2'-bipyridine ((10 
mmol) was added immediately to a molar ratio of 1:1:1 and 

refluxed for three hours in the water bath. The mixture has been 

cooled to room temperature. To remove some of the unreacted 

starting materials, the solid precipitate of the complex was 

filtered and washed several times with ethanol, and dried in 

desiccators. Yield-85% 

3.[Dichloro(2-(methylsulfanyl)–N–(5-methyl-1H-Pyrrol-2-

ylmethylidene)aniline)(1,10–phenanthroline) copper(II)]: 

[Cu(HL)(phen)Cl2]  

CuCl2 (10 mmol) and 2-(methylsulfanyl)-N-(5-methyl-1H-

pyrrol-2-ylmethylidene)aniline (10 mmol) are mixed in a hot 

ethanolic solution (10 mL) and 1,10-phenanthroline (10 mmol) 

was immediately added to the 1:1:1 molar ratio and refluxed in 

a water bath for three hours. The mixture has been cooled to 

room temperature. To eliminate some of the unreacted starting 

materials, the solid precipitate of the complex was filtered and 

washed many times with ethanol and dried in desiccators. Yield-

87%  

III. RESULTS AND DISCUSSION 

A. Physical characterization 

The complexes [Cu(HL)2Cl2]  is Blackish green colour, 

[Cu(HL)(bipy)Cl2] is pale green colour,  [Cu(HL)(phen)Cl2] is 

green colour. All complexes were soluble in DMF. But in water 

and in common organic solvents, such as chloroform and 

acetonitrile, they are insoluble [11]. 

B. Electrical conductivity  

TABLE 1 

THE MOLAR CONDUCTIVITY OF THE COPPER(II) COMPLEX 

Complexes Molar conductance 

-1Cm2 mol-1 

[Cu(HL)2Cl2] 20 

[Cu(HL)(bipy)Cl2] 18 

[Cu(HL)(phen)Cl2] 12 

                 HL = 2–(methylsulfanyl)–N-(5-methyl-1H–pyrrol – 

2-ylmethylidene)aniline. 

The electrolytic nature of the copper(II) complexes has been 

carried out at room temperature in a DMF (10-3M) solution. The 

conductivity (m) value ranges from 20, 18 and 12 -1cm2mol-1. 

The analysis showed that all complexes seem to be non-

electrolyte nature [12]. Inside this coordination sphere, the 

anions were coordinated. 

C. Spectral characterization 

1. 
1H NMR 

The structure of the ligand confirmed by 1H NMR 

spectrum [13]. The 1H ligand NMR spectrum reveals a 

well-resolved signal as shown in the Fig. 1.         

  
Fig.1 1H NMR ligand field spectra 

The Schiff base ligand of 1H NMR spectrum reveals a singlet 

due to proton of pyrrole at 11.90 ppm (s, 1H, NH). The 

azomethine proton occur at 8.60 ppm (s, 1H, HC=N) and seven 

aromatic protons have appeared at 7.50-8.40 ppm (m, 7H, ArH). 

The signals at 2.60 ppm (s, 3H, S-CH3) which were assigned to 

protons of methyl group [14].  

 

2. Infrared spectra 

In order to determine the ligand's bonding interaction with the 

metal ion, the IR spectra of the prepared complexes were 

reported. The IR spectral descriptions of the copper(II) 

complexes are described in Table 2. 

 
TABLE 2. 

IMPORTANT INFRARED FREQUENCIES OF COPPER(II) COMPLEXES 

(IN Cm-1) 
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The 1615Cm-1 band assigned to the azomethine nitrogen atom 

stretching frequency present in the free ligand22. This may be 

shifted to the lower frequency region, suggesting the presence of 

azomethine nitrogen in coordination with metal ions in the 

spectrum of metal complexes (1599-1573 Cm-1). At 1443Cm-

1(free bipyridine) and 1421 Cm-1 (free phenanthroline), the peak 

comparable to the vC=N stretching frequency was transferred to 

the lower frequency range (1439-1402 Cm-1), suggesting the 

coordination of the heterocyclic nitrogen atom with the metal ion 

[15].The observation of new bands of low frequency regions 

(450-416Cm-1), (675-620Cm-1) and (374-370Cm-1) attributes 

of v(M-N), v(M-S) and v(M-X) stretching vibrations in the 

range of these complexes showed strongest evidence of 

bonding. In the spectrum of a free ligand, these peaks were 

not detected. 

 

3. Electronic spectra 
The electronic spectral studies of all these copper(II) 

complexes were reported at a concentration of 10-3M in the 

DMF solution and the spectral results of the complexes are 

shown in Table 3. 

TABLE 3. 

ELECTRONIC SPECTRA OF COPPER(II) COMPLEXES 

Complexes Solvent UV – Vis 

 λmax (nm) 

[Cu(HL)2Cl2] DMF 1. 369 

2. 690 

[Cu(HL)(bipy)Cl2] DMF 1. 380 

2. 690 

[Cu(HL)(phen)Cl2] DMF 1. 390 

2. 700 

 
The copper(II) complexes of electronic spectrum showed a low 

intensity band in the 690-700 nm region assigned to a 
2B1g→2A2g transition. The band's broadness is due to the 

distortion of Jahn-Teller. Such data suggest that octahedral 

geometry is distorted for these copper(II) complexes. Due to a 

LMCT (ligand to metal charge transfer) transition, a moderately 

strong band observed in the range of 369-390 nm is observed for 

these copper(II) complexes [16]. 

 

4. Electro chemical study 

A significant parameter is the redox potential, since it 

characterizes the redox centre’s ability to pass electrons and to 

serve as a redox catalyst. The redox activity of the metal center 

is often determined by the existence of the attached ligands to 

the metal in metal complexes [17]. 

In the potential set -1.5V to +1.5V the cyclic voltammogram of 

copper(II) complexes at  scan rate of 100mV/s, phosphate 

buffer-containing DMF solutions, using glassy carbon working 

electrode, and their electrochemical data are presented in Table 

4. 
TABLE 4. 

EPC, EPA AND EP VALUES OF COPPER(II) COMPLEXES 

 

Complexes Cathodic 

potential 

value 

Epc (V) 

Anodic 

potential 

value 

Epa (V) 

Ep of  

Cu 

(II)/Cu(I) 

couple (V) 

[Cu(HL)2Cl2] 0.599 0.462 0.137 

[Cu(HL)(bipy)Cl2] -0.297 -0.204 0.093 

[Cu(HL)(phen)Cl2] -0.287 -0.179 0.108 

 

The copper(II) complexes display a potential anodic peak, Epa= 

-0.287 to +0.462 V, and a potential Epc= -0.204 to +0.462 V 

cathodic peak, the difference between peaks, ∆Ep=0.093 to 

0.137 V. The ∆Ep values for copper(II) complexes was found to 

be greater than Nernstian values ( ∆Ep≈0.059 V). This indicated 

that copper(II) complexes have demonstrated a quasi-reversible 

mechanism of electron transfer involving Cu(II)/Cu(I) couples 

[18]. 

 

D. Proposed Structure of the Complexes 

The possible structure of the copper(II) complexes is given, 

based on the conductance measurements and the spectral data 

obtained, as in Fig. 2-4. 

H3C

CH3

 

Fig.2 [Dichlorobis(2-methyl-sulfanyl)-N–(5-methyl-1H-pyrrol-

2ylmethylidene)anilinecopper(II)] 

CH3

 
 

Fig. 3 [(2,2’–Bipyridine)dichloro(2-(methylsulfanyl)–N–(5-methyl-1H-

Pyrrol-2-ylmethylidene)aniline)copper(II)] 

Complexes ν(HC=

N) 

Cm-1 

ν(C-S) 

Cm
-1

 

ν(C=N) 

Cm
-1

 

(bipy) 

ν(C=N) 

Cm
-1

 

(phen) 

ν(M-N) 

Cm
-1

 

ν(M-

S) 

Cm
-1

 

ν (M-X) 

(X=Cl, 

Br) 

Cm
-1

 

 

Free ligand  1615 1483 1443 1421 – – – 

Complex 1 1573 1460 – – 416 675 374 

Complex 2 1599 1459 1439 – 420 655 372 

Complex 3 1599 1459 – 1402 450 620 370 
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CH3

 
Fig. 4 [Dichloro(2-(methylsulfanyl)–N–(5-methyl-1H-Pyrrol-2-

ylmethylidene)aniline)(1,10–phenanthroline) copper(II)] 

 

E. Anti-microbial studies 

The prepared Copper(II) complexes were screened for anti-

bacterial activity against Escherichia Coli and the fungi 

Aspergillus niger by using disc-agar diffusion method. The 

diameter of the inhibition zone of the complexes was 
summarized in Table 5. The results indicated that, the complexes 

were found to exhibit high anti-bacterial activity against E. Coli 

and low anti-fungal activity against A. niger.  

This would suggest that the chelation could facilitate the 

ability of a complex to cross a cell membrane and can be 

explained by Tweedy chelation theory. This hypothesis 

predicts that chelation diminishes the extremity of the metal 

molecule principally on account of partially sharing of its 

positive charge of donor groups and conceivable electron 

delocalization over the whole ring. Such a chelation can be 

expanding the lipophilic character of the central metal ion, which 

thus favours its pervasion through the lipid layer of the cell film. 

The mixed ligand copper(II) complexes was found to be higher 

antimicrobial activity than the complexes formed with only 

Schiff base ligands. The variation in the effectiveness of 

different compounds against different organisms depends either 

on the impermeability of the cells of the microbes or on 

differences in ribosome of microbial cells [19]. 
TABLE 5.   

ANTIMICROBIAL ACTIVITY BY THE COMPLEXES FOR E. COLI 

AND A. NIGER 

 

C     Complexes Diameter of inhibition zone (mm) 

Bacteria Fungi 

E.Coli A.niger 

25g

/ml 

50g/ 

ml 

100g/ 

 ml 

25g

/ ml 

50g/

ml 

100g/ 

    ml 

[[Cu(HL)2Cl2]    15 18 25 14 16 21 

[[Cu(HL)(bipy)Cl2]    16 18 26 15 17 23 

[[Cu(HL)(phen)Cl2]    18 23 27 17 19 25 

 

IV. CONCLUSIONS 

In this research, we synthesized the Schiff base ligand and 

copper(II) complexes with Schiff base ligand,  2,2- Bipyridine 

and 1,10-Phenanthroline. Via physiochemical and spectroscopic 

methods, the bonding mode and general structure of the 

complexes were determined. The IR spectra are coordinated 

with metal ions through azomethine nitrogen, thiolate sulphur, 

heterocyclic nitrogen atom and chloride ions to elucidate the 

Schiff base and Schiff base of mixed ligand of copper(II) 

complexes. Accordingly, for these complexes, the distorted 

octahedral geometry was suggested in associated with electronic 

spectra. A metal cantered electro activity within the potential 

range is indicated by the electrochemical data of the complexes. 

The copper(II) complexes were found to exhibit high 

antibacterial activity and low antifungal activity. 
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