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INTRODUCTION

Cobalt oxide, Co

 

3

 

O

 

4

 

, is an interesting material
among transition-metal oxides. Co

 

3

 

O

 

4

 

 is used as an
active catalyst in air pollution monitoring [1]. It has
been studied mainly for its optical, semiconducting,
magnetic, and electrochemical properties, which render
it attractive for solar photochemical applications [2–4]
and electrochromic devices as a counter electrode [5].
Cobalt oxide has also many potential applications in
nanomaterials science because of its particle size and
surface effects [6]. Nanostructured materials have
many potential applications for nanodevices such as
nanorods, nanowires, nanofibers, and nanotubes [7, 8].

In recent years, to easily obtain black cobalt, Co

 

3

 

O

 

4

 

,
many methods have been developed. Most popular
methods are sol–gel [9], spray pyrolysis [10], chemical
vapor deposition [11], chemical precursor routes [12],
electrochemical, sonochemical synthesis [13], and a
simple reduction oxidation method [14]. However, a
relatively high temperature is necessary in most of the
above methods.

In order to have better control in the preparation of
high-valence and pure cobalt oxides, we have adopted
microwave-assisted decomposition of cobalt nitrate
hexahydrate, Co(NO

 

3

 

)

 

2

 

 · 6H

 

2

 

O. Characterization of the
synthesized tricobalt tetroxide, Co

 

3

 

O

 

4

 

, includes x-ray
powder diffraction (XRD) and FTIR measurements.

EXPERIMENTAL

 

Sample preparation.

 

 Co

 

3

 

O

 

4

 

 was synthesized using
microwave methods. As the starting material, we used
high-purity Co(NO

 

3

 

)

 

2

 

 · 6H

 

2

 

O (Merck, 99.9% purity).
The sample (5 g) was weighed and transferred to a cru-
cible and exposed to microwave energy (2.45 GHz,
750 W) in a domestic-type microwave oven (Arçelik
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MD560) for 10 min. At the end of the experiment, the
sample was allowed to cool inside the oven. The result-
ing product was subjected to XRD and FTIR analyses.

 

Characterization techniques.

 

 The XRD data were
collected using Philips X' Pert-Pro x-ray diffractometer
with a position-sensitive detector, graphite monochro-
mator, and Cu

 

K

 

α

 

 radiation (40 kV, 20 mA, 

 

λ 

 

=
1.54056 

 

Å). IR spectrum was obtained using a Perkin-
Elmer BX-2 FTIR spectrometer in the 4000–400 cm

 

–1

 

region with sample as KBr discs.

RESULTS AND DISCUSSION

 

XRD study.

 

 The microwave-assisted decomposi-
tion reaction of cobalt nitrate hexahydrate, Co(NO

 

3

 

)

 

2

 

 ·
6H

 

2

 

O, can be represented as follows:
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During microwave irradiation, a decomposition
reaction took place and caused NO

 

2

 

 and O

 

2

 

 gases to
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Abstract

 

—In this communication, we report a novel microwave-assisted decomposition reaction of cobalt
nitrate hexahydrate, Co(NO

 

3

 

)

 

2

 

 · 6H

 

2

 

O. Using microwave processing (10 min, 2.45 GHz), phase-pure tricobalt
tetroxide (black cobalt, Co

 

3

 

O

 

4

 

) was obtained. The compound was characterized by x-ray powder diffraction and
infrared spectroscopy.
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Fig. 1. 

 

XRD pattern of Co

 

3

 

O

 

4

 

.
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evolve. The color of the material changed from red to
black.

The XRD pattern and data of the product are given
in Fig. 1 and the table. The XRD peaks attest to the for-
mation of black cobalt, Co

 

3

 

O

 

4

 

, as a main and pure
phase. All the experimental XRD peaks are in excellent
agreement with those reported in the literature for
Co

 

3

 

O

 

4

 

 (JCPDS card no. 01-1152).

 

FTIR study.

 

 Figure 2 shows that the Fourier trans-
form IR spectra for the synthesized black cobalt,
Co

 

3

 

O

 

4

 

. The IR bands at 3400 and 1628 cm

 

–1

 

 may be
due to moisture, and the band at 1384 cm

 

–1

 

 can be
assigned to 

 

ν

 

1

 

 vibrations of carbon dioxide molecules
[15]. The IR spectrum displays two distinct and sharp
bands at 

 

570 (

 

ν

 

1

 

)

 

 and 

 

662 (

 

ν

 

2

 

) 

 

cm

 

–1

 

, which originate
from the stretching vibrations of the metal–oxygen
bond [16–18]. The 

 

ν

 

1

 

 band is characteristic of OCo

 

3

 

vibrations (Co

 

3+

 

 in octahedral coordination), and the 

 

ν

 

2

 

band is attributable to Co

 

2+

 

Co

 

3+

 

O

 

3

 

 

 

(Co

 

2+

 

 in tetrahedral
coordination) vibrations in the spinel lattice [19]. The

presence of these bands confirms the formation of
phase-pure black cobalt, Co

 

3

 

O

 

4

 

.

CONCLUSIONS

Black cobalt, Co

 

3

 

O

 

4

 

, was synthesized successfully
as a pure phase using microwave-assisted decomposi-
tion of cobalt nitrate hexahydrate, Co(NO

 

3

 

)

 

2

 

 · 6H

 

2

 

O.
Compared to traditional methods, microwave synthesis
has several advantages, including a considerably
reduced processing time and energy saving. This
method appears to be a good alternative for the synthe-
sis of black cobalt, Co

 

3

 

O

 

4

 

.
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Fig. 2. FTIR spectrum of Co3O4.
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