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Nanoparticles of Co3O4 were successfully synthesized by solid state thermal decomposition of the cobalt(II) macrocyclic Schiff
base complexes [CoL1] (1) and [CoL2] (2)  as novel precursor at 450 oC for 3 hrs without employing toxic solvent or surfactant
and complicated equipment. The products were characterized by Fourier transform infrared spectroscopy (FT-IR), UV-Vis
spectroscopy (UV-Vis), X-ray powder diffraction (XRD), scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). The results show that the Co3O4 products are pure and single phase and have plate-like. The optical
spectra of the Co3O4 products indicated two direct band gaps at about 1.4 and 2.5 eV.
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Introduction

Macrocyclic Schiff base compounds containing
nitrogen and oxygen donor atoms play key role in
understanding the coordination chemistry of transition
metal ions and have received much attention in recent
years [1-7]. Macrocyclic complexes have been received
much attention because of their potential applications in
applied science and bioinorganic chemistry [8-10]. The
cobalt complexes play important roles as catalyst and
also as oxygen carriers [11, 12]. Recently, several groups
used cobalt complexes as new precursor for preparation of
cobalt oxide nanoparticles by various methods [13-22].
Although considerable effort has been dedicated to the
controlled synthesis of Co3O4 nanoparticles from various
precursors [13-26], only little attention was focused on
cobalt(II) Schiff base complexes [19, 21]. Among various
techniques for preparation of cobalt oxide nanoparticles,
such as microwave assisted, hydrothermal, chemical
precipitation and reverse micelles [23-26], thermal
decomposition is one of the best [13-22, 27-30], because it
is inexpensive and don’t used toxic solvent and
surfactant.route where of process conditions, particle size,
particle crystal structure and purity can be easily
controlled. 

Recently, our group has been synthesized metal
oxides nanoparticles via thermal decomposition method
of transition metal Schiff base complexes [31-37].
Herein, we report the synthesis and characterization of

Co3O4 nanoparticles by solid state thermal decomposition
of cobalt(II) macrocyclic Schiff base complexes [CoL1]
(1) and [CoL2] (2)  (Scheme 1). 

Experimental

All reagents and solvents for synthesis and analysis
were commercially available and used as received without
further purifications. Dialdehydes, 1,2-bis (2-formylphenyl)
propane and 1,2-bis (2-formyl-3-methoxyphenyl) propane,
used in the synthesis were prepared by the reaction of
salicylaldehyde or 3-methoxysalicylaldehyde and 1,3-
dibromopropane in the presence of K2CO3 at 80 oC
according to the literature [38].

Elemental analyses were carried out using a Heraeus
CHN-O-Rapid analyzer, and results agreed with calculated
values. Optical absorption spectra were recorded on a
Cary 100 UV-Visible Spectrophotometer, VARIAN EL
12092335 in a wavelength range of 200- 700 nm at room
temperature. The sample for UV-Vis studies was well
dispersed in distilled water by sonication for 10 min to form
a homogeneous suspension. X-ray powder diffraction
(XRD) pattern of the complex was recorded on a Bruker
AXS diffractometer D8 ADVANCE with Cu-Kα radiation
with nickel beta filter in the range 2θ = 10 o- 80 o. The FT-
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Scheme 1. The chemical structures of [CoL1] (1) and [CoL2] (2).



Preparation and characterization of Co3O4 nanoparticles by solid state thermal decomposition of... 487

IR (Perkin-Elmer spectrophotometer) spectra were recorded
as a KBr disk. The transmission electron microscopy
(TEM, Jeol JEM 1400 with an accelerating voltage of
120 kV) and scanning electron microscopy (SEM, Philips
XL-30E) images were obtained.

To a stirred solution of dialdehydes, 1,2-bis (2-
formylphenyl)propane and 1,2-bis (2-formyl-3-methoxy-
phenyl) propane (2 mmol) and Co(NO3)2 • 6H2O
(2 mmol) in methanol (50 mL) was added dropwise 1,3-
phenylenediamine (2 mmol) in methanol (10 mL). After
the addition was completed, the stirring was continued for
2 hrs. The microcrystalline powder of the complexes
were filtered and washed with cold methanol and then
dried in air for 2 days.
Anal. calcd for CoC25H24O10N4 [CoL1] (1): C, 55.55;

H, 4.48; N, 10.37%; Found C, 54.56; H, 4.39; N,
10.26%. FT-IR (KBr, cm-1): 3369 (H2O), 2880-3069 (H
aromatic and aliphatic), 1619 (C = N), 1487-1597
(C = C aromatic), 1384 (NO3). 
Anal. calcd for CoC23H26O11N4 [CoL2] (2): C, 51.68;

H, 4.90; N, 10.48%; Found C, 51.78; H, 4.83; N,
10.56%. FT-IR (KBr, cm−1): 3378 (H2O), 2936 (H
aromatic and aliphatic), 1622 (C = N), 1476-1578
(C = C aromatic), 1383 (NO3). 

Microcrystalline powder of the mononuclear
cobalt(II) macrocyclic Schiff base complexes [CoL1]
(1) and [CoL2] (2) (about 0.5 g) is loaded into a
platinum crucible and then placed in the electrical
furnace and heated, at a rate of 10 oC/min in air, up to
450 oC. After 3.5 hours, the resulting nanoparticles of
Co3O4 are washed with ethanol-at least three times-to
remove eventual impurities, and then dried in air for 2
days. FT-IR (KBr pellet, cm-1): 3463, 1654 (H2O), 662,
567 (Co-O) for Co3O4 prepared from [CoL1] (1) and
3426, 1650 (H2O), 666, 571 (Co-O) for Co3O4

prepared from [CoL2] (2).

Results and Discussion

The cobalt(II) macrocyclic Schiff base complexes (1
and 2), as novel precursors, were synthesis by
methanolic solution of cobalt(II) nitrate, dialdehyde
and 1,3-phenylenediamine in molar ration 1 : 1 : 1 at
room temperature for 2 hrs. Characterization of the
complexes  were carried out by FT-IR and elemental
analysis (CHN). The proposed structures of the
complexes are presented in Scheme 1, and are similar
to the macrocyclic complexes that reported by Ilhan
and co-workers [1-3]. 

The complexes are insoluble in most common organic
solvents such as methanol, chloroform, ethanol and
acetonitrile. Then the suitable crystals could not be
obtained for single-crystal X-ray structure determination.
The metal-ligand mole ratio was found to be 1 : 1,
according to elemental analysis. 

The characteristic infrared spectrum data are given in
the experimental section. In the FT-IR spectra of the

complexes 1 and 2, a broad band’s appear at 3369 and
3378 cm−1, respectively, corresponding to the frequency
vibrations of OH group of the uncoordinated water
molecules. The bands appeared at 1619 cm−1 (1) and
1622 cm−1 (2) are assigned to the stretching vibration of

νC = N group of macrocyclic Schiff base ligand
indicating coordination of the azomethine nitrogen to
cobalt ion. The stretching frequencies at 1384 (1) and
1383 (2) are corresponding to NO3 counter ion [1-3].

The TGA curves of the complexes are shown in Fig.
1. The thermal decomposition of the complexes
exhibits the presence of two different mass loss steps.
Elemental analysis of the complexes indicate the
presence of three water molecules in the complex
2.The uncoordinated water molecules were determined
using thermal analysis measurements (TGA), in the 25 -
400 oC. The TGA results of complexes only showed that
the water molecules presence in complex 2 and were
removed in the 80-120 oC range. Complex 1 is stable up
to 340 oC, and during further heating undergoes
decomposition in two steps in the temperature range
340-426, and 426-598 oC, while complex 2 is stable up
to 29 oC, and during further heating undergoes
decomposition in two steps in the temperature range 29-
304, and 304-681 oC. The second decomposition step of
the complexes is mainly one of decomposition. The
final product may be residual carbon and cobalt oxide
that exist at 598 for 1 and 681 for 2.

The Co3O4 nanoparticles were obtained by direct
calcinations in an air atmosphere of cobalt complexes
[CoL1] (1) and [CoL2] (2) at 450 oC [20] for 3.5 h.

The infrared spectra of the product Co3O4 samples,
as presented in Fig. 2, that show two absorption bands at
662 and 567 cm−1 for Co3O4 prepared from [CoL1] (1)
and  666 and 571 cm−1 for Co3O4 prepared from [CoL2]
(2), that are assigned to the Co-O stretching bands of
pure normal spinel structure of Co3O4 [14-22]. Two
distinctive bands around 570 and 663 cm-1 are associated
with CoIII-O and CoII-O vibration in octahedral and
tetrahedral sites of Co3O4 lattice, respectively [20].

The XRD patterns of Co3O4 nanoparticles prepared

Fig. 1. TGA curves of complexes 1 (top) and 2 (bottom).
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from the thermal decomposition of 1 and 2 at 450 ºC
for 3.5 h are shown in Fig. 3. The XRD patterns
reveals diffraction peaks with 2 theta values of 19, 31,
37, 38, 45, 56, 59 and 65 that are assigned to the 111,
220, 311, 222, 400, 422, 511 and 440 crystal planes of
the crystalline phase of Co3O4, respectively. All of the
diffraction peaks are in good agreement with the cubic

Co3O4 phase (JCPDS Card No. 76-1802) [14-19],
confirms that the complexes are decomposed completely
into the cubic Co3O4 phase and are in good agreement
with the FT-IR results.

The morphology of the Co3O4 products was
investigated by SEM. The SEM images of the Co3O4

products are shown in Fig. 4. From the SEM
micrographs, it was observed that the nanoparticles
were similar and uniform sizes but these particles were
agglomerates.

Fig. 5 shows the TEM images of the Co3O4

nanoparticles prepared at 450 oC. The TEM samples were

Fig. 2. FT-IR spectra of Co3O4 nanoparticles prepared from 1 (left)
and 2 (right).

Fig. 3. XRD patterns of Co3O4 nanoparticles prepared from 1 (top)
and 2 (bottom).

Fig. 4. SEM images of Co3O4 nanoparticles prepared from 1 (left)
and 2 (right).

Fig. 5. TEM images of Co3O4 nanoparticles prepared from 1 (left)
and 2 (right).

Fig. 6. UV-Vis spectra of Co3O4 nanoparticles prepared from 1 (left) and 2 (right).

Fig. 7. (αhν)2 ≈ hν curves of Co3O4 nanoparticles prepared from 1 (left) and 2 (right).
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prepared by dispersing the powder in ethanol by ultrasonic
vibration. The uniform of the Co3O4 nanoparticles have
plate-like shapes with weak agglomeration. The
nanoparticles of Co3O4 with particle size about 10-100 nm
are seen inside TEM images. The SEM and TEM results
confirm that the cobalt(II) macrocyclic Schiff base
complexes [CoL1] (1) and [CoL2] (2) are suitable
precursors for the preparation of Co3O4 nanoparticles.

Optical properties of the Co3O4 nanoparticles were
investigated by UV-vis spectroscopy. Fig. 6 shows the
UV-Vis spectra of the Co3O4 products with two
absorption bands in the wavelength ranges of 150-300
and 450-600 nm for nanoparticles prepared from 1 and
2. The first band can be assigned to the O2−

  Co2+ while
the second band can be assigned O2−

 Co3+ charge
transfer [15, 16, 18].

Cobalt oxide is an antiferromagnetic p-type
semiconductor with excellent properties and its optical
band gap can be obtained by the following equation:
(αhν)2 = B(hν-Eg)

The (αhν)2 ≈ hν curves for the Co3O4 nanoparticles
are shown in Fig. 7. The band gap of the Co3O4

products are 2.5 and 1.5 eV for nanoparticles prepared
from [CoL1] (1) and 1.4 and 2.3 eV for nanoparticles
prepared from [CoL2] (2), which are similar to the
previous reports [19, 21, 22], and also revealing
obvious red shift of absorption peaks in comparison
with the previous reports [14-16, 18]. 

Acknowledgments

The financial support from the Golestan University is
gratefully acknowledged.

References

1. I. Yilmaz, S. Ilhan, H. Temel, and A. Kilic. J. Incl. Phenom.
Macrocycl. Chem. 63 (2009) 163-169.

2. S. Ilhan, H. Temel, I. Yilmaz, and M. Sekerci. J.
Organomet. Chem. 692 (2007) 3855-3865.

3. S. Ilhan, H. Temel, and M. Sekerci. Trans. Met. Chem. 32
(2007) 584-590.

4. D. Singh, V. Grover, K. Kumar, and K. Jain, J. Serb. Chem.
Soc. 46 (2011) 385-393.

5. M. Salavati-Niasari, and A. Amiri, Trans. Met. Chem. 31
(2006) 157-162.

6. A.A. Khandar, S.A. Hosseini-Yazdi, M. Khatamian, and
S.A. Zarei, Polyhedron 29 (2010) 995-1000.

7. N.S. Al-Radadi, S.M. Al-Ashgar, and M.M. Mostafa, J.
Incl. Phenom. Macrocycl. Chem. 69 (2011) 157-165.

8. D.S. Kumar, and V. Alexander, Polyhedron 18 (1999)
1561-1568.

9. G.A. Melson, Coordination chemistry of macrocyclic
compounds, Plenum Press, New York, 1979.

10. J.-C.G. Bunzli, and G.R. Choppin, Lanthanide Probes in

Life. Chemical and Earth Sciences, Elsevier, Amsterdam,
1989.

11. M.R. Bermejo, A. Castineiras, J.C. Garcia-Monteagudo, M.
Rey, A. Sousa, M. Watkinson, C.A. McAuliffe, R.G.
Pritchard, and R.L. Beddose, J. Chem. Soc., Dalton Trans.
(1996) 2935-2941.

12. M. Watkinson, M. Fondo, M.R. Bermejo, A. Sousa, C.A.
McAuliffe, R.G. Pitchard, N. Jaiboon, N. Aurangzeb, and
M. Naeem. J. Chem. Soc., Dalton Trans. (1993) 31-37.

13. M. Salavati-Niasari, F. Davar, M. Mazaheri, and M.
Shaterian, J. Magn. Magn. Mater. 320 (2008) 575-578.

14. S. Farhadi, and J. Safabakhsh, J. All. Compd. 515 (2012)
180-185.

15. S. Farhadi, and K. Pourzare, Mater. Res. Bull. 47 (2012)
1550-1556.

16. S. Farhadi, and K. Pourzare, S. Sadeghnia, Polyhedron 67
(2014) 104-110.

17. F. Mohandes, F. Davar, and M. Salavati-Niasari, J. Magn.
Magn. Mater. 322 (2010) 872-877.

18. S. Farhadi, K. Pourzare, and S. Bazgir, J. All. Compd. 587
(2014) 632-637.

19. M. Salavati-Niasari, and A. Khansari, F. Davar, Inorg.
Chim. Acta 362 (2009) 4937-4942.

20. A. Hosseinian, S. Jabbari, H.R. Rahimipour, and A.R.
Mahjoub, J. Mol. Struct. 1028 (2012) 215-221.

21. M.Y. Nassar, T.Y. Mohamed, and I.S. Ahmes, J. Mol.
Struct. 1050 (2013) 81-87.

22. A. Khansari, M. Salavati-Niasari, and A. Kazemi
Babaheydari, J. Clust. Sci. 23 (2012) 557-565.

23. S. Vijayakumar, A. Kiruthika Ponnalagi, S. Nagamuthu, and
G. Muralidharan, Electrochim. Acta. 106 (2013) 500-505.

24. W. Yuan, D. Xie, Z. Dong, Q. Su, J. Zhang, G. Du, and B.
Xu, Mater. Lett. 97 (2013) 129-132.

25. C. Vidal-Abarca, P. Lavela, and J.L, Tirado, Electrochem.
Solid State Lett. 11 (2008) A198-A201.

26. S.A. Makhlouf, Z.H. Bakr, K.I. Aly, and M.S. Moustafa,
Superlat. Microstruct. 64 (2013) 107-117.

27. J. Xu, L. Gao, J. Cao, W. Wang, and Z. Chen, Electrochim.
Acta 56 (2010) 732-736.

28. R. Xu, J. Wang, Q. Li, G. Sun, E. Wang, S. Li, J. Gu, and
M. Ju, J. Solid State Chem. 182 (2009) 3177-3182.

29. R.K. Gupta, A.K. Sinha, B.N. Raja Sekhar, A.K.
Srivastava, G. Singh, and S.K. Deb, Appl. Phys. A103
(2011) 13-19.

30. I. Luisetto, F. Pepe, and E. Bemporad, J. Nanopart. Res. 10
(2008) 59-67.

31. A.D. Khalaji, K. Jafari, and S. Maghsodlou Rad, J.
Nanostruct, 2 (2013) 503-506.

32. A.D. Khalaji, M. Nikookar, C. Charles, S. Triki, F. Thetiot,
and D. Das, J. Clust. Sci. 25 (2014) 605-615.

33. A.D. Khalaji, J. Clust. Sci. 24 (2013) 189-195.
34. A.D. Khalaji, J. Clust. Sci. 24 (2013) 209-215.
35. A.D. Khalaji, and D. Das, J. Therm. Anal. Calorim. 114

(2013) 671-675.
36. A.D. Khalaji, and F. Malekan, J. Clust. Sci. 25 (2014) 517-

521.
37. A.D. Khalaji, M. Nikookar, and D. Das, J. Therm. Anal.

Calorim. 114 (2013) 409-417.
38. V. Reyes-Marquez, M. Sanchez, H. Hopfl, and K.O. Lara,

J. Incl. Phenom. Macrocycl. Chem. 65 (2009) 305-315.


