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Abstract: A novel water soluble binuclear copper (II) Schiff base complex have been synthesized by template condensation reaction 
method using 1, 2-diamino-2-methylpropane, furfural and copper (II) nitrate trihydrate in methanol. The newly prepared complex was 
characterized by elemental analyses, FT-IR, electronic spectra (UV-Vis) and thermogravimetric analysis techniques and was found to 
be water soluble. EPR study in room temperature as well as in frozen (77 K) dmso solution clearly indicates the complex is binuclear in 
nature. A DNA binding study by spectroscopic, cyclic voltammetry and viscosity measurement studies suggests the said complex is an 
avid binder to Calf Thymus DNA. 
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1. Introduction 
 
Schiff bases are organic compounds formed by the 
condensation of a primary amine with an aldehyde or ketone. 
They were characterized by presence of carbon-nitrogen 
double bond (C=N) functional group and are related to 
potential biological and pharmacological compounds having 
anticancer, anti-tubercular, anti-inflammatory and 
antimicrobial activities [1]-[3]. Their biological properties 
can be altered depending on the presence of different 
substituent groups present on the parent structural unit or by 
complexation with variable metal ions. The coordination 
chemistry of Schiff bases has undergone noticeable 
development due to ease of preparation, good chelating 
property etc. Water soluble Schiff base complexes are rare 
[4].  The objective of the present work is to synthesize and 
characterize novel water soluble copper (II) Schiff base 
complex in good yield using lesser amount of solvents. 
 
2. Experimental 
 
All the chemicals were of analytical reagent grade and used 
as received without further purifications. Elemental analyses 
were carried out in Perkin Elmer 2400 Series II CHN 
analyzer. Infrared spectra were recorded in Shimadzu FTIR-
8400 spectrometer in solid using KBr discs. Electronic 
spectra were recorded in Perkin-Elmer Lamda 35 UV/VIS 
Spectrometer. Thermal analyses were carried out on a Perkin 
Elmer STA 6000 Thermal Analyzer at 10ºC min-1 within the 
temperature range 25-900ºC under nitrogen atmosphere. EPR 
spectra were recorded using JEOL, JES-FA200 ESR 
spectrometer. 
 
2.1. Synthesis of the complex, [Cu2(NO3)2(Nfmmpd)2]  (1) 
 
The reaction scheme for the synthesis of the complex is 
summarized in Figure 1. Experimental details were given 
below: 

 
To 5 ml methanolic solution of 1, 2-diamino-2-
methylpropane (0.2 ml, 2 mmol), furfural in 5 ml methanol 
(0.16 ml, 2 mmol) was added drop by drop and the content 
was stirred for about 1 hour, till colour of the solution 
changes to yellow. To this precursor solution 10 ml 
methanolic solution of Cu(NO3)2. 3H2O (482 mg, 2mmol) 
was added slowly for about 1 hour and the reaction mixture 
was stirred magnetically till colour changes ceases. Blue 
coloured, microcrystalline complex was obtained on slow 
evaporation of the reaction mixture. Yield: 370 mg (≈ 85%). 
Anal.Calc. for C18H28N8O14Cu2 (Mr. 706.55 g mol-1): C, 
30.56; H, 3.99; N, 15.84. Found: C, 30.50; H, 3.98; N, 15.77. 
IR bands (ν in cm-1): 3257, 3134, 2979, 1747, 1641, 1604, 
1566, 1465, 1377, 1332, 1261, 1145, 1120, 1093, 1026, 966, 
941, 883, 827, 800, 861, 767, 684, 594, 507, 460, and 433. 
 

 
Figure 1: Reaction scheme for the synthesis of the complex 

 
3. Results and Discussions 
 
In the present work, a template synthesis method for the 
preparation of the binuclear copper (II) Schiff base complex 
is described in high yield using lesser amount of solvent. The 
prepared complexes were found to be soluble in water, 
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methanol, ethanol, DMSO, DMF, acetonitrile etc. Analytical 
and spectroscopic analysis revealed that the complex was 1:1 
(metal-ligand) stoichiometry. 
 

 
Figure 2: Electronic spectra of the complex in DMSO 

 
The electronic spectra of the complex (Figure 2) were 
recorded in DMSO at a concentration of about 1x10-4 M, 
which shows a weak broad absorption band ca.  578  nm with 
a  weak shoulder bands around 340 nm , assignable to the 
2T2g→2Eg transition, suggesting an octahedral geometry 
around the Cu(II) ion [5]. In the FT-IR spectra of the 
complex, the azomethine ν(C=N) band was observed at 1641 
cm-1, which is an indication of Schiff base formation [6], [7]. 
The ν(Cu-N) and ν(Cu-O) vibration modes were assigned to 
bands at 507 and 460 cm-1, respectively. According to 
Nakamoto et.al., [8], the bridging bidentate NO3 stretching 
were observed at 1519, 1291 and 1008 cm-1 for Cu(II) 
complexes and the newly prepared copper(II) complex shows 
IR bands at ca. 1535, 1261 and 1026 cm-1  assignable to NO3 
bidentate bridging mode. 
 

 
Figure 3: Thermogravimetric curves of the complex 

 
In the thermal analysis data of the complex, loss of ligand 
molecules was started ca. 150°C and was completed at 
510°C with respective endothermic peaks at 225 and 464°C, 
Figure 3. There is no indication of presence of lattice or 
coordinated water molecules and the formation of the 
complex was thermodynamically allowed. 

 
EPR spectra of the complex at  room temperature as well as 
in frozen (77 K) DMSO solution are shown in Figure 4. The 
room temperature epr spectrum of the complex (Figure 4 (a)) 
consists of a weak signal at g = 4.2561, with unresolved 

hyperfine coupling at the half field (H ≈ 1600 G). The weak 
signal corresponds to the forbidden transition (Ms = ± 2) 
among the S = 1 coupled states, whereas signal observed 
around g = 2.0000 region correspond to the allowed fine 
structure transitions ( Ms = ± 1). The epr spectrum of the 
complex dissolved in DMSO at 77 K (frozen complex, 
Figure 4 (b)) showed anisotropic spectrum. The displayed 
spectra suggest the complex structure is dissociated in 
DMSO solution presumably due to coordination by the 
solvent molecules [9], [10]. The A║ (G), g║, g┴ and gav values 
were found to be 190 G, 2.3466, 2.0580 and 1.4282 
respectively and are comparable to those other reported 
binuclear copper(II) complexes [11]. The room temperature 
magnetic moment value of the complex was found to be 1.65 
B.M which is lower than 1.73 (S= 1) value, indicating 
antiferromagnetic coupling between the two Cu(II) ions  [12]. 

 
Figure 4: EPR spectra of the complex in (a) room 

temperature solied; (b) frozen (77 K) DMSO solution 
 

A DNA binding study with the newly prepared copper(II) 
complex was carried out by monitoring electronic absorption 
titrations, a thermal behaviour study, cyclic voltametry and 
viscosity measurement methods.  Electronic absorption 
titrations were carried out on a Perkin Elmer UV-vis Lambda 
35 spectrophotometer.  By maintaining a constant 
concentration of the complex (approximately 1x10-4 M) and 
varying the concentration of the CT-DNA (1.3 to 5.3x10-4 M) 
solution added, the absorbance for each addition of the DNA 
concentration was then recorded.  The intrinsic binding 
constant was determined from the absorption spectral data 
[13] by application of the equation, 
 
[DNA]/ (εa- εf) = [DNA]/ (εb- εf) + 1/ Kb (εb- εf)     (1) 
 
Where, εa, εf and εb correspond to extinction coefficients of 
the apparent, free and bound metal complexes, respectively.  
[DNA] is the molar concentration of DNA and was measured 
by electronic absorption spectroscopy using the molar 
absorption coefficient (6600 M-1 cm-1) at 258 nm.  The 
solution of CT-DNA was prepared by using a 5mM, tris-HCl 
buffer (pH = 7.1).   
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The ratio of UV-absorbance at 260 nm and 280 nm, 
A260/A280, was found to be ca.1.9, indicating that the DNA 
was satisfactorily free of protein [14].  A plot of [DNA]/(εb- 
εf) vs. [DNA] was plotted with Kb calculated by a ratio of the 
slope to the y-intercept. The absorption spectrum of the 
complex in presence of increasing concentration of the CT-
DNA (1.3, 2.0, 2.6, 3.3, 4.0, 4.6, 5.3x 10-4 M) showed a 
considerable amount of hyperchromism with a slight red shift 
(Figure 5). The intrinsic binding constant (Kb) of the complex 
was found to be 7.72x105 M-1.  
 

 
Figure 5: Absorption spectra of the complex in absence and 
presence of different concentrations of CT-DNA. The arrow 

indicates the effect of DNA on absorption curve of the 
respective compounds.  Inset plot of [DNA]/(εa-εf) vs. [DNA] 

and a linear fit of the titration curve. 
 
A thermal behaviour study of DNA was performed by 
measuring the absorption intensity of CT-DNA at 258 nm at 
a temperature range 25-100⁰C, both in the absence and 
presence of the complex.  The thermal denaturation 
behaviour in the presence of the ligand and complexes 
provides insight into conformational changes when the 
temperature is raised. The strength of interaction between the 
complex and the DNA can also be monitored.  As the 
temperature of the solution increases, the double stranded 
DNA tends to dissociate into a single strand thereby 
displaying a hyperchromic effect on the absorption spectra of 
DNA, which was observed.  The DNA melting temperature, 
Tm, where half of the total base pairs becomes non-bonded, 
was determined experimentally and found to be 76⁰C which 
increases to 78, 80 and 81⁰C for the complex with increasing 
ratio of DNA to compound concentrations (0, 0.02, 0.05 and 
0.10), respectively, which indicates the prepared complex 
might have intercalative mode of DNA binding with CT-
DNA [15]. 
 
The cyclic voltammogram (CV) of the complex was recorded 
in absence and presence of the CT-DNA concentrations in 
the range -1.0 to 1.0 V. In presence of variable 
concentrations of the CT-DNA (20-80 µl), the cyclic 
voltammogram of the complexes shows a minor but 
significant anodic and cathodic shift with a change in the 
current peaks respectively (Table 1). The observed changes 
in the peak currents of the complex in presence of CT-DNA 
may be the result of slow diffusion of the complex to the 
DNA molecules, forming an equilibrium mixture of the free 

and DNA-bound complex to the electrode surface [16].  As a 
complement to the absorption spectral titrations, emission 
spectroscopy and a DNA melting temperature experiments, 
the CV data suggests that the respective complexes bind the 
DNA helix. 
 
Table 1: Cyclic voltammetric data of complex in the absence 

and presence of CT-DNA 
CT-DNA 

concentration 
(µl) 

                                     Complex  
Epa(V) Epc 

(V) 
ΔE 
(V) 

Ipc 
(1x 
10-

5A) 

Ipa 
(1x 
10-

5A) 

Ipc/Ipa 

0 -
0.069 

-
0.587 

0.517 -
0.723 

1.058 0.68
3 

20 -
0.093 

-
0.636 

0.543 -
1.193 

1.022 1.16
7 

40 -
0.136 

-
0.625 

0.488 -
1.072 

1.031 1.03
9 

60 -
0.184 

-
0.610 

0.426 -
1.062 

0.962 1.10
4 

 
In order to further clarify the DNA interaction mode, 
viscosity measurements have been carried out (on an 
Ostwald’s viscometer at 25±0.1⁰C) with CT-DNA (37 µM) 
by using variable concentrations of the complex (1.26-6.25 
µM). Flow time was measured with a digital stop watch and 
each sample was measured at least three times and an average 
flow time was calculated and the data were presented as 
(η/ηo)1/3vs. [Q]/[DNA], where, η = viscosity of the  DNA in 
presence of the ligand and complexes; ηo= viscosity of DNA 
alone; [Q] = concentrations of the free ligand and its 
complexes. Hydrodynamic measurements such as viscosity 
measurements which are sensitive to length increase are 
regarded as the least ambiguous and the most critical tests of 
binding in solution in the absence of crystallographic 
structural data [17]. In classical intercalation, the DNA helix 
lengthens as base pairs are separated to accommodate the 
bound adducts leading to increased DNA viscosity whereas a 
partial non-classical intercalation causes a bend in the DNA 
helix reducing its effective length and its viscosity. The effect 
of complex on the relative viscosity of CT-DNA was shown 
in Figure 6.  
 
It has been observed that on addition of complex, the relative 
viscosity increases steadily, which suggests that the newly 
prepared complex was bound to CT-DNA by intercalative 
mode of binding [14]. The said results were consistent with 
our spectroscopic and cyclic voltametry measurements. 
 

145



International Journal of Science and Research (IJSR), India Online ISSN: 2319-7064 

Volume 2 Issue 3, March 2013 
www.ijsr.net 

 
Figure 6:  Effect of increasing amount of the complex on 

the relative viscosity of CT-DNA in a Tris- HCl buffer. 
[DNA] = 37 μM, [Complex] = 1.26-6.25 μM. 

 
4. Conclusion 
 
The present work focuses on synthesis, characterization and 
spectroscopic studies on a novel binuclear water soluble 
copper (II) Schiff base complex from 1,2-diamino-2-
methylpropane and furfural in good yield. Water soluble 
binuclear Schiff base complexes are very rare. The 
preparation of such type of complexes should be encouraged 
to study the role of chemical compounds in chemistry, 
medicine and biology.  
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