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Abstract  

Four dinuclear Schiff base copper(II) complexes  [Cu2L(O2CC6H4-p-X)] (1-4) [where  X = OH(1), NH2(2), OCH3(3), 

NO2(4)], where H3L is a trianionic pentadentate Schiff base ligand 1,3-bis(5-chlorosalicylideneamino) propan-2-ol were 

synthesised without isolating Schiff base ligand. The synthesised complexes were characterised by molar conductance, C, H 

and N analyses, UV-Vis., FTIR, EPR spectroscopic techniques and CV.  The synthesised complexes have been screened for in 

vitro antibacterial activity against three Gram-positive bacteria Bacillus subitlis, Staphylococcus aureus, and Streptococcus 

pyogenes as well as three Gram-negative bacteria Enterobacter aerogenes, Escherichia coli and Klebsiella pneumonia, and 

anti fungal activity against C. albicans, C. glabrata and C. tropicalis.  

 

Keywords: Dinuclear Schiff base, spectroscopic techniques, in vitro antibacterial and antifungal activity. 
 

Introduction 

The chemistry of binuclear copper(II) complexes are great 
interest among the researchers as models for investigating 
intramolecular magnetic exchange interactions between two 
metal centres in different structural motifs, viz. the paddle-

wheel dicopper(II) tetracarboxylates, symmetrically bridged 
hydroxo or alkoxo species, and asymmetrically dibridged 
complexes with a (µ-hydroxo/alkoxo) (µ-carboxylato) dicopper 
(II) core. Some of the ligands used for bridging are hydroxo1, 
halides2, carboxylates3, azide and thiocyanate4 and  purine 
bases5. 
 
Multidentate Schiff base ligands have generally been used to 
stabilise the asymmetrically dibridged dicopper(II) core.  
Literature shows that many researchers have reported 
carboxylate6, 7 and pyrazolate8 bridged dinuclear complexes 
based on the synthesis of pentadentate Schiff base ligands 
reported by Nishida and Kida9.  In the present series we have 
used p-substituted benzoates as a bridging ligand for the 
synthesis of dinuclear copper(II) complexes derived from the 
Schiff base ligand 1,3-bis(5-chlorosalicylideneamino)propan-2-
ol. 
 
Material and Methods 

All the reagents and chemicals were procured from commercial 
sources and were used without any further purification.  Molar 
conductance of the complexes were measured in DMF (10-3 M) 
solutions using a Guna digital conductivity meter.  Infrared 
spectra of solids using KBr pellets were recorded in the region 
of 4000 - 400 cm-1 on Shimadzu FTIR spectrophotometer.  
Electronic absorption spectra were recorded in the region 200 -

800 nm using a Systronics double beam UV-Vis 
spectrophotometer-2202 in DMF. The X band EPR spectra of 
the complexes in solid state was recorded using Bruker EMX-
10/2.7 EPR spectrometer at LNT using DPPH as       g marker. 
Elemental analyses were conducted using Flash 2000 organic 
elemental analyzer. Magnetic moment of the complexes was 
determined using VSM Lake Shore-7404 at room temperature.   
 
Synthesis of Cu(II) complexes: A trianionic pentadentate 
Schiff base ligand 1,3-bis(5-chlorosalicylideneamino) propan-2-
ol (H3L) was synthesised  by the reaction of 1,3-diamino-2-
hydroxypropane (1 mmol) with 5-chloro salicylaldehyde (2 
mmol) in ethanolic solution (25 mL) under stirring condition for 
30 min at room temperature.  The pale yellow coloured solution 
was then treated with triethylamine (3 mmol) followed by 
addition of an ethanolic solution of Cu(CH3COO)2.H2O (2 
mmol). The solution was stirred for two hour.  Then an 
ethanolic solution of stirred mixture of appropriate para 
substituted sodium benzoate (1 mmol) was added in drops and 
stirred for additional 2 h. The resultant green coloured product 
was filtered washed with ethanol and dried. The schematic 
diagram of preparation of dinuclear copper(II) complexes(1-4)  
is represented in scheme 1. 
 
Pharmacology: Antimicrobial activity (in vitro): All the 
synthesised copper(II) complexes were tested in vitro for their 
antimicrobial activity against a variety of pathogenic 
microorganisms.  Antibacterial activity of the complexes were 
investigated against Bacillus subtilis (MTCC-121), 
Staphylococcus aureus (MTCC-3160), Streptococcus pyogenes 

(MTCC-1924), Escherichia coli (MTCC-1195), Klebsiella 

pneumonia (MTCC-3384), Enterobacter aerogenes (MTCC-
3159) and antifungal activity was investigated against three 
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strains of fungi viz., Candida albicans (MTCC-1637), Candida 

glabrata (MTCC-3019) and Candida tropicalis (MTCC-1000).  
The in vitro antimicrobial activity was studied by using the 
current NCCLS guidelines by Well diffusion method, using 
Mueller-Hinton agar medium for bacteria and Sabouraud 
dextrose agar medium for Candida

10.  DMSO was used as a 
negative control while, tetracycline and ketoconazole were used 
as a positive control for bacteria and fungi respectively. 
 

 
Scheme-1  

 
The agar media (20 mL) was poured   into   each petri   plate 
and plates were swabbed with 100 µL inocula of the test 
microorganisms and kept for 15 min for adsorption. Using 
sterile cork borer of 8 mm diameter, wells were bored into the 
seeded agar plates and these were loaded with a 100 µL solution 
of each compound in dimethylsulphoxide (DMSO) with 
concentration of 4.0 mg/mL.  Inhibition was recorded by 
measuring the diameter of the inhibition zone at the end of 24 h. 
This procedure was performed in three replicate plates for each 
organism11. 
 
Minimum Inhibitory Concentration (MIC): MIC is the 
lowest concentration of antimicrobial compound, which inhibit 
the visible growth of a microorganism after overnight 
incubation.  MIC of all the synthesised copper(II) complexes 
was tested against bacterial strains through a macro dilution 
tube method as recommended by NCCLS. In this method, the 

various test concentrations of synthesised compounds were 
made from 100 to 0.25 µg/mL in sterile tubes. A 100 µL sterile 
Muller Hinton Broth (MHB) was poured in each sterile tube 
followed by addition of 200 µL test compound in tube 1. Two 
fold serial dilutions were carried out from all the tubes and 
excess broth (100 µL) was discarded from the last tube. To each 
tube, 100 µL of standard inoculums (1.5 ×108 cfu/mL) was 
added.  Turbidity was observed after incubating the inoculated 
tubes at 37 ◦C for 24 h12. 
 
Results and Discussion 

All the copper(II) complexes are green coloured, non-
hygroscopic solids.  They are found to be stable at room 
temperature and soluble in DMF, DMSO and partially soluble in 
acetonitrile. The analytical data of the copper(II) complexes are 
given in table 1.  The data suggests that all the complexes are 
dinuclear in nature.  Based on the analytical data the molecular 
formula has been assigned to the complexes. The data is 
consistent with the earlier reports support the proposed 
formulation of the binuclear complexes13. 
 
The molar conductance of the all the dinuclear copper(II) 
complexes (table 2) in DMF exhibited a lower molar 
conductivity value of 11-16 Ω-1cm2mol-1 in DMF,  indicates a 
non-electrolytic nature of the complex14.   
 
The experimentally determined room temperature magnetic 
moments (µeff) values of all the copper(II) complexes (table 2) 
in this series  lie below the spin only value of 1.73 BM and 
found to be in the range of 0.65-1.44 BM.  These values 
correspond to one unpaired electron in a square planar 
environment15.  Each Cu2+ ion has a d9 electronic configuration, 
and so should have one unpaired electron. If there were a 
covalent bond between the copper ions, the electrons would pair 
up and the compound would be diamagnetic. Instead, there is an 
exchange interaction in which the spins of the unpaired 
electrons become partially aligned to each other. In fact two 
states are created, one with spins parallel and the other with 
spins opposed. 

 
Table-1 

Analytical data of dinuclear Schiff base copper(II) complexes 

Complex Molecular formula 
Formula 

Weight 

Elemental analyses 

Calculated (Found) % 

C H N 

[Cu2L(O2CC6H4-p-OH)] (1) 
 

C24H18Cl2Cu2N2O6 628.41 
45.87 

(45.89) 
2.89 

(2.86) 
4.46 

(4.49) 

[Cu2L(O2CC6H4-p-NH2)] (2) C24H19Cl2Cu2N3O5 627.42 
45.94 

(45.91) 
3.05 

(3.08) 
6.70 

(6.73) 

[Cu2L(O2CC6H4-p-OMe)] (3) C25H20Cl2Cu2N2O6 642.43 
46.74 

(46.73) 
3.14 

(3.16) 
4.36 

(4.40) 

[Cu2L(O2CC6H4-p-NO2)] (4) C24H17Cl2Cu2N3O7 657.4 
43.85 

(43.80) 
2.61 

(2.64) 
6.39 

(6.38) 
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In the present series such a decrease in the magnetic moment 
values for the copper(II) complexes indicate a marked magnetic 
interaction between Cu2+, which confirms  the presence of  
antiferromagnetic coupling.  The complexes have low µeff values 
similar to the values reported earlier for antiferromagnetic 
dinuclear complexes, where carboxylate group acts as a bridge 
between two metal ions and possessing spin-spin interactions16.  
According to the report of Tadashi Tokii and Yoneichiro Muto17  
such an interaction takes place though bridging carboxylate 
groups of Cu-O-C-O-Cu linkages rather than in terms of direct 
metal-metal interaction. 
 

Table-2 

Molar conductance, melting point and magnetic moment of 

the copper(II) complexes 

Complex 
ΛM 

Ω
-1

cm
2
mol

-1 
M.P. 

ºC 
*µeff 

BM 

(1) 15 190 1.44 
(2) 11 200 0.93 
(3) 16 206 1.45 
(4) 13 240 0.65 

*Magnetic moment value per copper atom in the complex. 
 
UV-Vis., spectra:  The significant bands appeared in UV-Vis 
spectral data of the copper(II) complexes in DMF are depicted 
in table 3. The electronic spectra shows peak at 274-277 nm for 
the copper(II) complexes is associated with π→π* transition of 
benzene ring18.  All the complexes exhibited an absorption band 
around 350 nm are attributed to n→π* transition originating 
from electrons present on the nitrogen atom of the azomethine 
moiety19 present in Schiff base ligand.  Appearance of band 
around 400 nm corresponds to the charge transfer spectra 
caused by ligand to the metal ions20.  The broad band observed 
around 620–630 nm of all the complexes corresponds to d-d 
transition of Cu(II) ion. 
 

Table-3 

Electronic spectral assignments for copper(II) complexes 

Complex π →π* n→π* L→M  

CT 

d-d 

(1) 274 352 402 630 
(2) 275 350 400 623 
(3) 274 351 404 626 
(4) 277 351 411 620 

 

FTIR spectra:  Selected vibrational bands of the complexes, 
useful for determining the coordination modes of donor atoms 
are given in Table 4.  In the present series appearance of strong 
bands at 1626–1633cm-1 related to conjugated C=N stretching of 
Schiff base moiety21, 22.  According to the literature, medium to 
strong bands appeared in the range of 1225 cm-1 corresponds to 
υ(O-C), suggesting the coordination of phenolic oxygen atom to 
copper(II) ion23.  Further, the medium band observed in the 
range of 1120 cm-1 corresponds to the  stretching frequency of 

alcoholic O-C group24, confirmed the coordination of alcoholic 
oxygen atom present in the Schiff base ligand to the metal atom. 
 
IR spectra is an important tool for the determination of 
coordination mode of carboxylate group to the metal atom.  
According to Deacon and Phillips25 for unidentate coordination, 
the value of ∆υ [υas(COO-) - υs(COO-)]  is more than that of  
free carboxylate anion value, where as for bidentate bridging or 
chelating carboxylate group, the separation value is less that the 
free carboxylate.  For the current series of binuclear complexes 
the lower value of ∆υ which in the range of 169 - 174 cm-1 
suggests bridging coordination mode26, 27. Further, the bands 
observed in the far IR region of 570 for (1) 568 for (2), 564 for 
(3) and 574 cm-1 for (4) can be attributed to Cu-N linkage.  
Similarly the υ(Cu-O) bands are observed at 459 for (1), 461 for 
(2), 470 for (3) and 464 for (4) respectively28.   
 
Hence the FTIR spectra of the complexes indicates that the 
Schiff base ligand is coordinated to the copper(II) ions through 
imino nitrogen, phenolic oxygen, alcoholic oxygen.  The 
oxygen atoms of carboxylate group of p-substituted aryl 
carboxylates acts as a bridging group between the two Cu(II) 
ions. 
 
Cyclic voltammetry:  The electrochemical properties of the 
complexes were studied by cyclic voltammetry. Cyclic 
voltammetric studies of the copper(II) complexes were 
investigated in DMF (10−3 M) at a scan rate of 0.1 V/s in the 
potential range  +2 to −2  V.  The representative cyclic 
voltammogram of the copper(II) complex(4) is shown in figure 
1 and the electrochemical data of all the dinuclear copper(II) 
complexes are summarised in table 5. 
 
All the dinuclear Cu(II) complexes undergo two one-electron 
reduction and oxidation at different potentials.  Cyclic 
voltammograms for all the complexes are similar and the 
cathodic (Ipc) and anodic (Ipa) peak currents were not equal.  
This indicates the quasi-reversible nature of the electron transfer 
process29.  Even though in all the complexes both the metal ions 
have the same geometry and same environment, two reduction 
waves are obtained in the cathodic region corresponding to 
stepwise one-electron reductions through a CuIICuI intermediate 
to give a dinuclear CuICuI species. In spite of the ligands being 
symmetrical, their dicopper(II) complexes show two quasi-
reversible reduction waves30.  The two redox processes are 
represented as follows: 

 
 
The reason for the observation of two reduction waves may be 
due to electronic exchange between the metal ions, after the first 
one-electron reduction some of the electron density is 
transferred from the reduced metal ion to the other metal ion 
and hence the second reduction appears at a high negative 
potential.  
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Table-4 

Infrared spectral data of the copper(II) complexes (cm
-1

) 

Complex 
 

C=N 
 

COO
- Phenolic 

C-O 

Alcoholic 

C-O 

Cu-N 
 

Cu-O 

υas υs ∆υ 

(1) 1630 1555  1381  174  1229 1170 570 459 
(2) 1626 1533  1368  165  1220 1179 568 461 
(3) 1633 1572  1402  170  1219 1177 565 470 
(4) 1629 1573  1388 185  1225 1174 574 464 

 

Table-5 

Redox potentials for copper(II) complexes in DMF at 298 K. 

Complex 
Epc 

(V) 

Epa 

(V) 

∆Ep 

(V) 

E1/2 

(V) 

Ipc 

(µA) 

Ipa 

(µA) 

Ipc/ Ipa 

 

(1) 
0.124 
0.974 

0.163 
-1.236 

0.039 
-2.21 

0.144 
-0.131 

6.915 
0.221 

5.16 
0.418 

1.34 
0.53 

(2) 
0.2146 
1.0567 

0.3609 
-1.233 

0.1463 
-2.2897 

0.2876 
-0.0882 

7.4734 
0.20076 

6.1629 
0.4816 

1.21 
0.42 

(3) 
0.1710 
0.7102 

0.08167 
-1.3563 

-0.0893 
-2.0665 

0.1263 
-0.3231 

7.5443 
0.1427 

5.0649 
0.4707 

1.48 
0.30 

(4) 
0.2250 
0.9433 

0.08654 
-1.3154 

-0.1385 
-2.2587 

0.1558 
-0.1861 

6.269 
0.1973 

5.0649 
0.4455 

1.24 
0.44 

Epc = anodic peak potential; Epa = cathodic peak potential; Ipc = anodic peak current; Ipa = cathodic peak current; Ipc/Ipa = 
number of electrons; ∆Ep = Epa – Epc; scan rate  0.1 V/s 
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Figure-1 

 Cyclic voltammogram of dinuclear copper(II) complex(4) 

 
ESR spectra:  The solid state ESR spectra (figure 2) of the 
complexes in the polycrystalline state at 77K was recorded in 
the X band region, using  100 KHz field modulation and the g 
factors were quoted relative to the standard marker DPPH (g = 
2.0036).  The g values of the complexes are listed in table 6. 
 
Except complex(4) ESR spectra of all the complexes displayed 
an isotropic spectra with the giso values 2-2.01, indicating an 
axial symmetry with all the principal axes aligned parallel31. 
Such a spectrum is expected in complexes with elongated 
tetragonal-octahedral, square planar, or square based pyramidal 
stereo chemistries.  However, complex(4) is ESR inactive due to 
strong antiferromagnetic spin coupling between the two spin-
half copper(II) ions32. 

Table-6 

ESR data of the copper(II) complexes 

Complex (1) (2) (3) (4) 
giso 2.01 2.01 2.00 - 
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Figure-2 

ESR spectra of complex(2) 

 

Single crystals of the complexes could not be isolated from any 
solutions, thus no definite structure may be described. However, 
based on the literature and the analytical, spectroscopic and 
magnetic data enable us to predict the possible structure of the 
complexes.  The proposed structure of the complexes is shown 
in figure 3.  
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Where R = OH, NH2, OCH3, NO2 

Figure-3 

Proposed structure of the complexes 

 

Antimicrobial activity:  The study of activities of the 
synthesised compounds towards the biological systems is an 
important feature of current research.  In the present work, the 
susceptibility of dinuclear copper(II) was assessed on the basis 

of diameter of zone of inhibition against  some Gram-positive 
and Gram-negative bacteria as well as fungi.  The results of 
diameter of zone of inhibition in mm (figures 4 and 5) against 
the strains of bacteria and fungi are given in table 7 and 8 
respectively. Tables 9 and 10 summarise the minimum 
inhibitory concentration (MIC) values of the complexes under 
investigation.  
 
In the in vitro antimicrobial studies of the present series, 
complex(3) with p-methoxy substituent in the aryl carboxylate 
exhibits comparatively good antibacterial activity against Gram-
negative bacteria under investigation. Complex(4) with nitro 
substituent exhibits good activity against B.subtilis and K. 

pneumoniae.  Complex(1) exhibits higher zone of inhibition 
against C.candida and C.glabrata than other complexes and 
complex(2) inhibits C.tropicalis with higher zone of inhibition. 

 
Table-7 

Antibacterial activity of the copper(II) complexes 

Complex 

Diameter of zone of inhibition (mm) 

Gram-positive bacteria Gram-negative bacteria 

B. subtilis S. aureus S.  pyogenes E. aerogenes E. coli K. pneumonia 

(1) 14±0.24 10±0.23 11±2.9 15.5±1.33 13.4±2.4 15.4±1.5 
(2) 11±0.11 17±1.1 16.2±2.5 12±0.16 12±2.4 16±1.32 
(3) 16±2.9 11±1.64 15±0.3 17.5±1.3 17.1±1.32 17±0.16 
(4) 17±1.32 12±0.56 14.5±4.03 10.3±1.7 11±0.32 17.1±1.2 

Tetracycline 
(Control) 

20±1.32 20±1.20 19±1.74 18±0.23 19.5±1.03 21±0.03 

 

B. subtilis S. aureus S.  pyogenes E. aerogenes E. coli K. pneumoniae
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Figure-4 

Antibacterial activity of dinuclear copper(II) complexes 
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C. albicans C.glabrata C.tropicalis
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Figure-5 

Antifungal activity of dinuclear copper(II) complexes 

 

Table-8 

Antifungal activity of the copper(II) complexes 

Complex 
Diameter of zone of inhibition (mm) 

C. albicans C. glabrata C.  tropicalis 

(1) 13.2±0.7 15.9±0.21 8±0.59 
(2) 11.5±0.35 10.7±0.11 12.5±0.6 
(3) 10.6±0.63 11.7±0.2 11.2±0.8 
(4) 8.2±0.37 11±0.5 12.1±0.6 

Ketoconazole (Control) 18±0.23 19.5±1.03 19±1.74 
 

Table-7 

MIC (µg/mL) of copper(II) complexes against bacteria 

Complex 
Gram-positive bacteria Gram-negative bacteria 

B. subtilis S. aureus S.  pyogenes E. aerogenes E. coli K. pneumoniae 

(1) 7.5±0.24 8.5±0.23 6.4±2.9 6.8±1.33 8±2.4 9.1±3.0 
(2) 8.1±0.11 7.6±3.1 8±2.5 6.3±0.16 8.7±2.4 6.9±1.32 
(3) 7.1±2.9 8.3±1.64 7.5±0.3 8.9±1.03 7.9±1.32 6.3±0.16 
(4) 6±1.32 7±0.56 6.2±4.03 8.7±3.7 8.8±32 6.5±3.2 

 

 

Table-9 

MIC (µg/mL) of copper(II) complexes against fungi 

Complex C. albicans C. glabrata C.  tropicalis 

(1) 6.4±0.42 5.3±0.32 7.2±0.5 
(2) 8.2±0.1 7.4±1.43 6.2±0.24 
(3) 7.6±1.3 6.5±0.42 7.9±0.43 
(4) 9.8±0.52 7.4±0.63 8.1±1.3 
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The MIC is the lowest concentration of the test compound, 
which can restrain the apparent growth after 18 h incubation at 
37 °C. The MIC was determined visually after incubation for 18 
h, at 37 °C.  The fungicidal screening shows that C. albicans 
and C. glabrata was inhibited by complex(1) with MIC values 
6.4 and 5.3 µg/mL respectively.  C. tropicalis was inhibited by 
complex(2) with the MIC value of 6.2 µg/mL. 
 
Conclusion 

In the present work four dinuclear copper(II) complexes were 
synthesised and characterised by various analytical techniques 
like elemental analyses, molar conductance, VSM-RT, UV-Vis., 
FTIR, EPR and cyclic voltammetry.  The lower molar 
conductance values suggested the non-electrolytic nature of the 
complexes. The structure of the complexes were proposed with 
the help of elemental analyses and FTIR spectra.  The cyclic 
voltammogram of all the complexes confirmed the redox 
property.  The in vitro antibacterial and antifungal studies of the 
complexes suggested that the dinuclear Cu(II) complexes shows 
a significant antimicrobial activity. 
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