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ABSTRACT 

The complex of [Cu(H2O)5Co(dipic)2].2H2O, that dipic is pyridine -2,6-dicarboxylic acid  was synthesized and 
characterized by FT-IR, elemental analysis and UV-Vis spectrometer. Oxygen atoms of carboxylate group formation a lot 
of hydrogen bonds with five coordinated water and two lattice water molecules, so a massive three-dimensional network 
was formed. Magnetic behavior of this complex was recorded by vibration sample magnetometer (VSM), this dimer 
exhibited paramagnetic behavior. Magnetic moment of this complex was calculated from magnetic susceptibility and 
showed that the interaction between centers of Co(II) and Cu(II) is paramagnetic.  Cyclic voltammetry showed that the 
Cu(II/I) and Co(II/I) couple are irreversible. 
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INTRODUCTION 
 Inorganic complexes have many applications in medicine as enzyme inhibitors, anti-bacterial, anti-viral 
and anti -cancer [1-5]. As well as these complexes are present in the biological systems [6-8]. Pyridine-
2,6-dicarboxylic acid (dipicolinic acid, H2dipic) is available and water-soluble ligand with the ability 
multiple ways for coordination to the metal such as bi-dentate, meridian, or bridging[9-12]. Pyridine -2,6-
dicarboxylic acid  play two important roles in inorganic complex. First, it acts as electron pair donors to a 
single cation. The second important function of this ligand is to acts as bridging groups between two 
metal centers.  
The dipic complexes which containing N-donor ligands have many potential application in catalysis, 
biology, molecular electrons, photochemical conversion of solar energy, photo physical and redox 
properties [13-17]. In this study, a dimer complex of [Cu(H2O)5Co(dipic)2].2H2O was synthesized and 
identified by several methods. Also three-dimensional network and magnetic properties of this complex 
was studied. In another study electrochemical behavior of this complex were also investigated. 
 
MATERIALS AND METHODS 
 All stages of the experiment were carried out at room temperature. Distilled and deionized water as 
solvent was used in this synthesis.  
FT-IR spectrum was recorded by KBr pellets on a FT-IR JASCO 460 spectrophotometer. Measurements of 
C, H and N were done using a Pakin-Elmer 2400 CHN elemental analyzer. 
The magnetic behavior of this complex was measured at 270K by a vibrating sample magnetometer 
(VSM) with applied field 10 kOe. Electrochemical experiment was obtained using SAMA Research 
Analyzer M-500.  A platinum disk as working electrode, a platinum wire as auxiliary electrode and 
Ag/AgCl as reference electrode were used in this study. The platinum disk or working electrode was 
washed with 1-lm diamond polish prior to each scan. The supporting electrolyte is tetrabutylammonium 
hexafluorophosphate (TBAH). In this study Ferrocene as internal reference was used [18]. 
 
3. Synthesis of [Cu(H2O)5Co(dipic)2].2H2O  
To an aqueous solution, containing an equimolar mixture of two metal nitrates [5.0 ml of Co(NO3)2.6H2O 
(0.50 mmol) +5.0 ml of Cu(NO3)2.3H2O (0.50 mmol )], were added pyridine 2,6-dicarboxylic acid 
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(167mg,1.0 mmol) and dropwise an
continuous stirring at room temperature. Solution
room temperature, After 5 days, violet crystals of [Cu(H
C14 H6 CuN2Co O10: C, 35.01; H, 1.25; N, 5.83 Found: C, 35.06; H, 1.01; N, 5.73. FT
vibrations of the dipicolinate carboxylate groups were observed at 1621, 1432 cm
1383, 1339 and 1284 cm-1, for υs 
 
RESULTS AND DISCUSSION  
Fig. 1 shows the electronic spectra of this complex in H
400nm) region shows absorption bands at 195, 217 and 253 nm that is belonged to intra
transfer of n→π* and π→π*. The absorption bands at 510 and 800 nm are assigned to d
transfers of Co(II) and Cu(II) respecti
 

 
Fig. 1. Electronic spectra of 

 
The complex of [Cu(H2O)5Co(dipic)
geometry around Cu and Co centers is distorted octahedral. Two deprotonated dipicolinate, as tridentate 
chelating ligands are coordinated to Co(II) center. Five water molecules and one l
dipic are coordinated to Cu(II) center . 
 

Fig. 2. Distorted octahedral geometry around Cu and Co centers
The numerous intra- and inter-molecular hydrogen bonds which formed by five coordinated
crystallized water molecules and all dipicolinate oxygen in 
The crystallization water molecules between layers of structures with the establishment of hydrogen 
bonds, leading to the formation of massive three
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(167mg,1.0 mmol) and dropwise an aqueous solution (2.0 ml) of NaOH (80 mg, 2.0 mmol ) with 
continuous stirring at room temperature. Solution filtered off and left to evaporate in beaker in air at 
room temperature, After 5 days, violet crystals of [Cu(H2O)5Co(dipic)2].2H2O were formed. Anal. Cal. for 

: C, 35.01; H, 1.25; N, 5.83 Found: C, 35.06; H, 1.01; N, 5.73. FT
of the dipicolinate carboxylate groups were observed at 1621, 1432 cm

 (COO), respectively. 

shows the electronic spectra of this complex in H2O as solvent. The electronic 
400nm) region shows absorption bands at 195, 217 and 253 nm that is belonged to intra

π*. The absorption bands at 510 and 800 nm are assigned to d
transfers of Co(II) and Cu(II) respectively. 

 

Electronic spectra of [Cu(H2O)5Co(dipic)2].2H2O 

Co(dipic)2].2H2O crystallized in the triclinic space group P1
Cu and Co centers is distorted octahedral. Two deprotonated dipicolinate, as tridentate 

chelating ligands are coordinated to Co(II) center. Five water molecules and one l-carboxylate oxygen of 
dipic are coordinated to Cu(II) center .  

Distorted octahedral geometry around Cu and Co centers
molecular hydrogen bonds which formed by five coordinated

crystallized water molecules and all dipicolinate oxygen in [Cu(H2O)5Co(dipic)2].2H
The crystallization water molecules between layers of structures with the establishment of hydrogen 
bonds, leading to the formation of massive three-dimensional network.  
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aqueous solution (2.0 ml) of NaOH (80 mg, 2.0 mmol ) with 
eft to evaporate in beaker in air at 

O were formed. Anal. Cal. for 
: C, 35.01; H, 1.25; N, 5.83 Found: C, 35.06; H, 1.01; N, 5.73. FT-IR: The stretching 

of the dipicolinate carboxylate groups were observed at 1621, 1432 cm-1 for υas (COO), and 

O as solvent. The electronic spectrum in UV (190-
400nm) region shows absorption bands at 195, 217 and 253 nm that is belonged to intra-ligand electron 

π*. The absorption bands at 510 and 800 nm are assigned to d-d electron 

O crystallized in the triclinic space group P1.  As shown in Fig. 2, 
Cu and Co centers is distorted octahedral. Two deprotonated dipicolinate, as tridentate 

carboxylate oxygen of 

 
Distorted octahedral geometry around Cu and Co centers 

molecular hydrogen bonds which formed by five coordinated and two 
].2H2O is shown in Fig. 3. 

The crystallization water molecules between layers of structures with the establishment of hydrogen 
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Fig. 3. The numerous intra
 
The dimer of copper-cobalt at room temperature 
moment of this dimer at room temperature was calculated from the magnetic susceptibility and found to 
be 4.86 BM in octahedral field. This dimer contains 
behavior. The observed value of 4.86 BM is close to the theoretical value of 4.9 for octahedral centers.

Fig. 4. Hysteresis loops at 297K of [Cu(H
 

Fig. 5. Paramagnetic coupled between 
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The numerous intra- and inter-molecular hydrogen bonds (dashed lines)

cobalt at room temperature exhibited paramagnetic behavior (Fig. 4). The magnetic 
moment of this dimer at room temperature was calculated from the magnetic susceptibility and found to 
be 4.86 BM in octahedral field. This dimer contains of 4 unpaired electrons and shows paramagnetic 
behavior. The observed value of 4.86 BM is close to the theoretical value of 4.9 for octahedral centers.

 
Hysteresis loops at 297K of [Cu(H2O)5Co(dipic)2].2H2O 

 
Paramagnetic coupled between Cu(I) and  Co(II) ions in [Cu(H2O)5Co(dipic)
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(dashed lines) 

paramagnetic behavior (Fig. 4). The magnetic 
moment of this dimer at room temperature was calculated from the magnetic susceptibility and found to 

of 4 unpaired electrons and shows paramagnetic 
behavior. The observed value of 4.86 BM is close to the theoretical value of 4.9 for octahedral centers. 

 

Co(dipic)2].2H2O 
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χV=(M/H ),                  (1)                          
χV=0.98(emu/g)/3795(Oe)=2.5×10
χ g= χv/d→2.5×10-4/1.68(g/cm3) = 1.48×10
χm= χg.M(g/mol)→1.48×10-4 (cm3

/χ  = χ+(sum of all diamagnetic correction),            (4)
/χ  =8.51×10-2  (cm3/mol) + 2.02×10

μ eff= 2.82√χ T= 2.82√1×10-2 (cm3/g)×298=4.86 
 
The CV of H2dipic shows two overlapping irreversible
indicated oxidation processes in the reverse scan, even at the highest scan rate [
shows an irreversible peak at -1.2 V.
couple. The irreversible reduction peak
 
 

Fig. 6. Cyclic voltammogram of [Cu(H
 
CONCLUSION 
Complex of [Cu(H2O)5Co(dipic)2].2H
and UV-Vis. This dimer has a three
interaction between metal centers is paramagnetic. Cyclic voltammetry shows that the Cu(II/I) and 
Co(II)/Co(I) couple are irreversible.
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/g)×298=4.86 →  n=4,         (5)( the number of unpaired electron)

dipic shows two overlapping irreversible reduction peaks at -1.36 V and 
indicated oxidation processes in the reverse scan, even at the highest scan rate [

1.2 V. The irreversible reduction peak at 0.473v is assigned to the Cu(II/I) 
The irreversible reduction peak at -0.189v is assigned to the Co(II/I) couple (Fig. 6).

 
Cyclic voltammogram of [Cu(H2O)5Co(dipic)2].2H2O in CH3CN at scan rates of 100 mVs

].2H2O was synthesized and characterized by FT-IR, elemental analysis 
Vis. This dimer has a three-dimensional network. Magnetic study of this complex shows that the 

interaction between metal centers is paramagnetic. Cyclic voltammetry shows that the Cu(II/I) and 
Co(II)/Co(I) couple are irreversible. 
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