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Abstract
In this paper, the mer-Co(NH3)3(NO2)3 complex was used as a new
precursor for synthesizing spinel-type cobalt oxide nanoparticles
(Co3O4NPs).Thermal decomposition of the complex at low
temperature (175 °C) resulted in the Co3O4NPs without using
expensive and toxic solvents or complicated equipment. XRD, FT-IR,
SEM, EDX, and TEM were employed to characterize the product, and
its optical and magnetic properties were studied by UV-visible
spectroscopy and a VSM, respectively. FT-IR, XRD and EDS
analyses confirmed the formation of single-phase Co3O4 with cubic
structure. The lattice constant calculated from XRD peaks is 8.0650
Å. SEM and TEM images showed that Co3O4NPs have a sphere-like
morphology with an average size of 19 nm. Optical spectrum of
Co3O4NPs revealed the presence of two band gaps at 2.20 and 3.45 eV
values, which in turn confirmed the semiconducting properties. The
magnetic measurement of Co3O4NPs showed a weak ferromagnetic
order at room temperature.
2013 JNS All rights reserved

1. Introduction
Transition-metal oxides nanoparticles exhibit
novelproperties that significantly differ from those of
corresponding bulk solids due to small size effect [1].
Among them, spinel-type cobalt oxide nanoparticles
(Co3O4NPs) have attracted considerable attention
owing to their unique properties and potential
applications in gas sensors [2-3], heterogeneous

catalysts [4-6], electrochemical devices [7], Li-ion
batteries [8-11], magnetic materials [12, 13] and
photocatalysts [14,15]. In recent years, the increasing
interest has been focused on the synthesis of Co3O4
nanomaterials with unique size and specific shape
because of the influences of particle size and
morphology on their properties and applications [1626]. Various chemical and physical routes to
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synthesize Co3O4NPs have been reported such as
hydro-/solvothermal method [27,28], combustion
method [29-31],microwave heating [32-34], sol–gel
process [35], spray pyrolysis [36], sonochemical
method [37], coprecipitation [38], ionic liquidassisted method [39], polyol method [40] and a nonaqueous route [41]. Nevertheless, most of these
methods utilize complex processes, high calcination
temperatures, and expensive and toxic reagents. In
addition, they are either time consuming or require
expensive instruments.
One of the most promising techniques to overcome
the above mentioned problems is thermal
decomposition of molecular precursors. This simple
technique offers several unique advantages and
significant merits over other methods including easy
workup, short reaction time, and production of
various inorganic nanomaterials with narrow size
distribution [42-46]. In this context, several cobalt
coordination compounds such as CoC2O4.2H2O [47],
[Co(Pht)(H2O)]n polymer [48], Co(salophen) [49],
[50],
Co(C6H5COO)(N2H4)2
[Co(NH3)5(OCO2)](NO3)2 [51], and [Co(NH3)6](NO3)3
[52]have been used to synthesize Co3O4 NPs via the
thermal decomposition route. However, the search for
more suitable precursors to synthesize Co3O4
nanoparticles at low temperature is still of great
significance.
In the present work, we report a simple and low
temperature routeto synthesizeCo3O4NPsvia direct
thermal decomposition of the mer-Co(NH3)3(NO2)3
complex as a new precursor without employing
solvent, surfactant and complicated equipment. The
product was characterized by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), energydispersive X-ray spectroscopy (EDS),transmission
electronmicroscopy (TEM), UV-visible spectroscopy,
and magnetic measurements.
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2. Experimental procedure
2.1. Characterization techniques
The composition and phase purity of the as-prepared
product was determined using a Rigaku D/max C III
X-ray diffractometer using Ni-filtered Cu Ka radiation
(λ = 1.5406 Å). XRD patterns were recorded in the 2θ
range of 10°–80° with a scanning step of 0.02°.To
investigate chemical bonding of the compounds,
infrared spectra were recorded on the diluted samples
in KBr pellets using a Schimadzu 160 FT–IR
spectrophotometer in the rangeof 4000–400 cm1
.Optical absorption spectra were recorded on a
Shimadzu 1650PC UV–vis spectrophotometer in the
200–700 nm wavelength rangeat room temperature.
The samples for UV-vis studies were well dispersed
in distilled water by sonication for 30 min to form a
homogeneous suspension. The morphology and
particle size distribution of the as-prepared product
were observed and scanning electron microscope
(SEM, Philips XL-30SEM) at an accelerating voltage
of 20 kV equipped with an energy dispersive X-ray
spectroscopy and a transmission electron microscope
(TEM, Philips CM10). For the TEM measurements,
the powders were ultrasonicated in ethanol and a drop
of the suspension was dried on a carbon-coated
microgrid. The magnetic properties of Co3O4NPs
were measured using a vibrating sample
magnetometer (VSM, Iran MeghnatisDaghighKavir
Company).
2.2. Preparation of Co3O4 NPs
The precursor complex, mer-Co(NH3)3(NO2)3, was
synthesized according to the literature method [53]
and its composition was confirmed by elemental
analysis, and FT-IR. Anal. Calc. for merCo(NH3)3(NO2)3: Co, 23.80; H, 3.63; N, 33.88.
Found: Co, 23.10; H, 3.65; N, 33.72.To prepare
Co3O4NPs, an appropriate amount of the complex
powder (1 to 2 g) was added to a porcelain crucible
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and was then transferred into a muffle furnace. The
sample was heated at the rate of 10 ◦C min−1 from
room temperature to 150 ◦C in air atmosphere and was
maintained at this temperature for 1 h. Similar
experiment was performed for the sample calcined at
175 ◦C. The decomposition productgenerated from the
complex at each temperature was collected for
characterization.

3. Results and discussion
XRD patterns of the decomposition products of
the complex at150 and 175 °C are shown in Fig. 1.
For the complex sample heated at 150 °C (Fig.
1(a)), besides peaks belonged to cubic Co3O4NPs,
some peaks related to the face center cubic CoO
phase (JCPDS card 43-1004) appeared which
marked by “∆” in the pattern. As can be seen in
Fig. 1(b), all peaks (111), (220), (311), (222),
(400), (422), (511), (440), (620) and (533)
appeared for thesample calcined at 175°C could be
indexed to the face centered-cubic phase of spinel
Co3O4, in agreement with the literature values
(JCPDS card file no. 76-1802).
At this
temperature, no diffraction peaks related toCoO
and other impurity phases are observed, indicating
the complete decomposition of the precursor into
pure Co3O4 phase. The XRD results also reveal that
the intensity of the characteristic peaks of the
Co3O4 increases with temperature, indicating that
the crystallinity of the Co3O4 becomes higher with
increasing calcination temperature. As can be seen,
the diffraction peaks are markedly broadened due
to the small size effect of the nanoparticles.The
average particle size was estimated from the X-ray
line broadening of the diffraction peaks using the
Scherrer relation [54]: D= 0.9λ/(Bcosθ), where λ is
the wavelength of Cu Kα radiation, B is the
corrected full-width at half-maximum (FWHM) of
the diffraction peak and θ is the Bragg angle. As
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can be seen in Table 1, the crystallite sizes of the
Co3O4phase calculated based on the FWHM of the
diffraction peaks are in the range of 14 to 26 nm.
From these data, the mean size of particles is
estimated to be approximately 18.83 nm. The
lattice parameter constant (a0) of Co3O4 NPs were
determined using the following relationship.

a0 = dhkl (h2 + k2 + l2)1/2
The a0 calculated from the XRD pattern is 8.0650 Å
which is close to the literature value (JCPDS card file
no. 76-1802).
Table 1. The crystallite sizes of Co3O4phase calculated
based on the FWHM of some diffraction peaks.
Particle

No.

Position
[°2Th.]

(hkl)

dhkl [Å]

FWHM
[°2Th.]

1

31.48

220

2.85

0.4723

size
(D; nm)
17.29

2

37.11

311

2.43

0.4723

17.18

3

38.83

222

2.33

0.5904

14.16

4

59.62

511

1.55

0.4723

19.18

5

65.43

440

1.43

0.3542

26.38

Average crystallite size ≈ 18.83 nm.

Fig. 1. XRD patterns of the decomposition products of the
Co(NH3)3(NO2)3 complex at:(a) 150 °C and (b) 175 °C.
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FT-IR spectra of the mer-Co(NH3)3(NO2)3
complex and its decomposition products are shown in
Fig. 2. For the complex in Fig. 2(a), the characteristic
bands of NH3ligand are observed at approximately
3500-3000, 1600-1500, 1050 cm-1 and bands of the NO2 ligand appeared at 1450-1250 and 650cm-1 [55].
For the complex sample heated at 150 °C as shown in
the Fig. 2(b), most of the bands associated with the
complex disappeared and two characteristic bands of

distribution of Co3O4 NPs has also been determined
from the TEM image. The size distribution of the
Co3O4NPshas also been investigated from the
particles visualized under TEM analysis. The
particle size histogram was determined by counting
more than 100 particles in randomly selected
regions on the TEM copper grid. The histogram
based on TEM analysis is shown in the inset of
Fig.4. From the inset, it can be seen that the

the spinel-type Co3O4 structure at 661.54 (߭1) and

nanoparticles possess a narrow size distribution in
the range of 14to26 nm, and the mean particle
diameter is approximately 19 nm which is very close
to the average size calculated by the Scherrer
relation.

−1

566.10 (߭2) cm

are observed [32]. The ߭1band is

characteristic of Co3+–O vibration in an octahedral
site, and the ߭2 band is attributable to the Co2+–O
vibration in a tetrahedral site of the Co3O4 lattice. As
can be seen in Fig. 2(c), for the sample calcined at
175 °C only two characteristic bands of the Co3O4
phase
are
observed,
confirming
complete
decomposition of the complex to the Co3O4 phase as
indicated by the XRD results.
The morphology of the product was investigated
by SEM. Fig. 3 shows the SEM images of Co3O4
NPs in two different magnifications. From the SEM
images, it is clearly evident that the sample consists
of sphere-like fine particles which were loosely
aggregated. It seems that the particles are sizehomogeneous and appreciably dispersed. It could be
concluded that this preparation method has
successfully
overcame
the
problem
of
agglomeration and is appropriate to obtain the
Co3O4 NPs with smaller size. Since it is very
difficult to measure the exact size of particles by
SEM, we used TEM analysis to ascertain the
physical nature of the Co3O4 NPs. Fig. 4 shows
TEM image of the Co3O4 powder prepared by thermal
decomposition of the mer-Co(NH3)3(NO2)3 complex
at 175 °C. The TEM sample was prepared by
dispersing the powder in ethanol by ultrasonic
vibration. The Co3O4particles have sphere-like
shapes with weak agglomeration. The size

Fig. 2. FT-IR spectra of (a) theCo(NH3)3(NO2)3 complex
and its decomposition products at (b) 150 °C and (c)
175 °C.
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Energy dispersive X-ray spectrometry (EDX)
analysis was employed to determine the composition
of the Co3O4 NPsprepared at175 °C. As shown in
Fig. 5, the EDX spectrum of the product contains only
oxygen and cobalt elements. No other elements can be
detected in the spectrum, indicating high purity of the
Co3O4 nanoparticles. The experimental atomic
percentages of Co and O are found to be 43.22% and
56.78%, respectively, which is near to the theoretical
ratio (3:4) of Co3O4.

Fig. 3. SEM images of the Co3O4 nanoparticles
prepared from the decomposition of the merCo(NH3)3(NO2)3complex at175 °C.

Fig. 5. EDX spectrum of the Co3O4 nanoparticles
prepared at 175 °C.

Fig. 4. TEM image of the Co3O4 nanoparticles prepared
from
the
decomposition
of
the
merCo(NH3)3(NO2)3complex at175°C.

The optical absorption properties of the as-prepared
Co3O4 NPs were investigated at room temperature by
UV–vis spectroscopy. As can be seen in Fig. 6, two
absorption bands appear in 200–360 and 380–600 nm
wavelength ranges. As has been reported in the
literatures [16,30], the first absorption band can be
assigned to the O2−toCo2+ charge transfer process
while the second one to the O2−toCo3+ charge transfer.
Co3O4 is a p-type semiconductor and the absorption
band gap Eg can be determined by the following
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equation: (αhv)n = K(hv-Eg),where hv is the photo
energy, α is the absorption coefficient, K is a constant
relative to the material, and n is either 2 for a direct
transition or 1/2 for an indirect transition. Here n is 2
for Co3O4 NPs sample. The plot of (αhv)2 versus hv is
shown in the inset of Fig. 6. The value of hv
extrapolated to (αhv)2= 0 gives an absorption band
gap energy ( Eg). The absorption bands in Fig. 6 yield
two Eg values of 3.45 and 2.20 eV for the sample

The maximum field applied (8 kOe) does not saturate
the magnetization, and the magnetization at this
applied field is approximately 0.35 emu/g. The low
coercive field and remanent magnetization confirm
that the Co3O4 nanoparticles exhibit a weak
ferromagnetic order. This behavior is similar to that
of Co3O4 NPs obtained by previously reported
methods [47,48,57] and may be explained by
uncompensated surface spins and/or finite size effects

which are blue-shifted relative to reported values for
the bulk sample (2.19 and 1.48 eV, respectively) [56].
The increase in the band gaps of the Co3O4 NPs may
ascribe to the quantum confinement effects of
nanoparticles.

of the Co3O4 NPs [58].

Fig. 6. UV-Visspectrum and (Ahv)2-hv curve (inset) of
theCo3O4Co3O4nanoparticles prepared at 175 °C.

Room-temperature magnetic measurements of the
Co3O4 NPs prepared at 175°Care shown in Fig. 7. Fig
7(a) shows that the magnetization curve versus the
applied magnetic field is approximately linear with a
fine hysteresis loop. From Fig. 7(b), the coercive field
and the remanent magnetization are estimated to be
approximately 135Oe and 0.05emu/g, respectively.

Fig. 7. (a) Magnetization curve as a function of applied
magnetic field for Co3O4 nanoparticles at room
temperature and (b) the expansion of magnetization vs.
field near the lower applied field.

In Table 2, we have compared the reaction
conditions and some physical properties of Co3O4 NPs
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obtained in the present method with some reported
studies.From Table 2, it is clear that the present
method is more suitable and/or superior to other
methods with respect to the reaction conditions,
reaction temperature and time, average particle size
and particle size distribution.We can see that most of
the reported methods are associated with one or more
disadvantages such as long preparation times, high
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temperature requirement, use of expensive and/or
toxic solvents and surfactants, and the formation of
particles with large sizes and wide size distribution.
By the present method, Co3O4 NPs with a narrow size
distribution could be prepared at lower temperature
without the use of solvent, surfactant and any
expensive complicated equipment.

Table 2. Comparison of reaction conditions and properties of the Co3O4 nanoparticles prepared in the present work with
some reported methods.
Entry

Method

Reaction conditions (solvent, and
surfactants)

Temperature
(°C )

Time
(h)

Particle
size (nm)

1

Hydrothermal

Water, Polyvinylpyrrolidone.

150

16

350

[27]

2

Combustion

Water, urea

450-550

0.5

25

[30]

3

Microwave irradiation

Ethylene glycol, Trioctyl
phosphine oxide.

400

3

6

[34]

4

Sol-gel

Liquid N2, Propionic acid

260

2

300

[35]

5

Sonochemical

Deoxygenated water or
Water/DMF, Ar atmosphere, RT

Ultrasonic
irradiation

3

30

[37]

Ionic-liquid assisted

[BMIM]OHa/H2O2/NaOH

RT

6

10-50

[39]

7

Polyol

ethylene glycol//PEG/

200

12

90-110

[40]

8

Thermal decomposition of
CoC2O4·2H2O nanorod

No solvent or surfactant

450

4

60

[46]

220

1

20-30

[47]

5

30-50

[48]

20

[49]

6

9

a

Thermal decomposition of
[Co(Pht)(H2O)]n

Oleic acid,Triphenylphosphine

Ref.

10

Thermal decomposition of
Co(salophen)

No solvent or surfactant

500

11

Thermal decomposition of
Co(C6H5COO)(N2H4)2

water

heating with
a flame
gently

12

Thermal decomposition of
[Co(NH3)6](NO3)3

No solvent or surfactant

200

1

15

[51]

13

Thermal decomposition of
mer-Co(NH3)3(NO2)3

No solvent or surfactant

175

1

19

This
work

[BMIM]OH = 1-n-Butyl-3-methylimidazolium hydroxide (an ionic liquid).
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4. Conclusions
In conclusion, Co3O4 NPs with an average particle
size of 19 nm have been successfully prepared via the
thermal decomposition of the mer-Co(NH3)3(NO2)3 at
175 °C. The Co3O4 NPs are formed from this
complex via a redox reaction between NH3 and the
NO2- ions. This method yields sphere-like Co3O4 NPs
with a narrow size distribution and weak
ferromagnetic behavior. The estimated optical
absorption band gaps of the Co3O4 NPs are relatively
blue-shifted, compared to the values for the bulk
sample. This approach provides a one-step simple and
inexpensive route for the preparation of high-purity
Co3O4 NPs for the industrial and high-technology
applications.
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