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Facile Synthesis and Characterization
of Mn3O4, Co3O4, and NiO
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Nanoparticles of three transition metal oxides (Mn3O4, Co3O4, and NiO) were prepared by facile and green

method using calcination of mixture of 1 g MCl2 (M = Mn, Co or Ni) and 1 g polyvinyl alcohol (PVA) in weight
ratio 1:1 at 600 ◦C for 3 h. The resulting products were characterized by the Fourier transform infrared spectroscopy,
X-ray diffraction, and transmission electron microscopy. Sharp peaks unambiguously explain all X-ray diffraction
patterns which confirms that the transition metal oxide nanoparticles are pure with high degree of crystallinity.
However, diffraction peaks in Mn3O4 and Co3O4 patterns are narrower than those in NiO which indicates that
the particle size of these oxides is larger than that one of nickel oxide. This result was confirmed by transmission
electron microscopy. The average crystallite size determined for Mn3O4 sample is 101 nm, for Co3O4 sample it is
76 nm and for NiO sample it is 49 nm.
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1. Introduction

In recent years, research on TMO nanoparticles has
been often carried out in order to prepare nanoparticles
with various morphology, sizes, properties and for var-
ious applications [1–5]. To the list of most important
and widely used TMO nanoparticles belong nanoparti-
cles of manganese oxide (Mn3O4) [6, 7], cobalt oxide
(Co3O4) [8, 9], and nickel oxide (NiO) [10, 11]. They
can be synthesized using various techniques [1–14]. How-
ever, advanced equipment which is used for most of these
techniques is often very expensive and not eco-friendly.

Synthesis of transition metal oxides (TMO) nanopar-
ticles [3, 5, 12–14] was a part of our ongoing investiga-
tion. Here, we report the synthesis and characterization
of manganese oxide (Mn3O4), cobalt oxide (Co3O4), and
nickel oxide (NiO) nanoparticles (Fig. 1). The proposed
method is simple, cheap, and eco-friendly.

2. Experimental

All input materials (MnCl2·H2O, CoCl2 ·6H2O, NiCl2 ·
6H2O, and polyvinyl alcohol) are commercially available
from Merck Co. and they were used as received without
further purifications.

2.1. Synthesis of Mn3O4 nanoparticles

Typically, 1 g of MnCl2·H2O was dissolved in 5 ml of
H2O. Then 1 g of PVA was added to the prepared solu-
tion under vigorous stirring. The mixture was stirred
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for 0.5 h, then transferred into a crucible and main-
tained at 80 ◦C for 3 h to dry it completely. After that,
it was annealed at 600 ◦C in air atmosphere for 3 h.
The black product was several times rinsed with deion-
ized water and ethanol and finally it was dried overnight
at 65 ◦C in oven.

2.2. Synthesis of Co3O4 nanoparticles

Cobalt oxide (Co3O4) nanoparticles were prepared by
similar method as manganese oxide (Mn3O4) nanoparti-
cles. The difference is that CoCl2 ·6H2O was used instead
of MnCl2·H2O.

Fig. 1. Preparation procedure of manganese oxide
(Mn3O4), cobalt oxide (Co3O4), and nickel oxide (NiO)
nanoparticles.
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2.3. Synthesis of NiO nanoparticles

Nickel oxide (NiO) nanoparticles were prepared again
by similar routine as manganese oxide (Mn3O4) nanopar-
ticles. NiCl2 · 6H2O was used instead of MnCl2·H2O in
this case.

2.4. Characterization

The Fourier transform infrared (FTIR) spectra were
recorded as a KBr disk on an FTIR Perkin–Elmer spec-
trophotometer. X-ray diffraction (XRD) pattern of the
complex was obtained on Empyrean powder diffractome-
ter of PANalytical in the Bragg–Brentano configuration
equipped with a flat sample holder and PIXCel3D de-
tector (Cu Kα radiation, λ = 1.5418 Å). Transmis-
sion electron microscopy (TEM) images of nanoparti-
cles were recorded on transmission electron microscope
Philips CM120 with a LaB6 cathode operating at 120 kV
and equipped with CCD camera Olympus Veleta.

3. Results and discussion

3.1. FTIR spectra

By the Fourier transform infrared spectroscopy (FTIR)
M–O vibration in the metal oxide were analyzed. In
the FTIR spectrum of nanoparticles, there are some
weak vibrations at about 1600–1630 cm−1 and also at
3250–3350 cm−1. The vibrations are assigned to H–O
bond that confirms adsorption of water on the surface of
nanoparticles [30–35]. Also, there are two sharp peaks
at 430 cm−1 and 592 cm−1 for Mn3O4, at 532 cm−1 and
628 cm−1 for Co3O4, and at 421 cm−1 for NiO. These
peaks confirm occurrence of Mn3O4, Co3O4, and NiO,
respectively [12–14].

3.2. XRD patterns

We used XRD technique for structure and phase analy-
sis of all compounds. Figure 2 shows the XRD patterns of
Mn3O4, Co3O4, and NiO nanoparticles. The clear and
sharp diffraction peaks confirmed that the as-prepared
compounds are pure with high degree of crystallinity and
they were assigned to the standard patterns of Mn3O4

(JCPDS file no. 04-005-9818), Co3O4 (JCPDS file no. 04-
002-0644), and NiO (JCPDS file no. 04-011-8441), re-
spectively. The structure was further refined by the Ri-
etveld fit in crystallographic program Jana2006 [15]. The
sizes of crystallites were calculated from XRD patterns
(Fig. 2) using fundamental parameter approach [16], in-
tegrated in Jana2006 [15], which removes the instrumen-
tal part of the diffraction pattern by means of known
geometry of the diffractometer. The average crystallite
size determined for Mn3O4 sample is 101 nm, for Co3O4

sample it is 76 nm, and for NiO sample it is 49 nm.
We calculated average crystallite sizes from XRD pat-

terns (Fig. 2) using fundamental parameter approach by
Cheary and Coelho [16], which is integrated in crystallo-
graphic fitting program Jana2006.

Fig. 2. The XRD patterns of (a) Mn3O4, (b) Co3O4,
and (c) NiO.

3.3. TEM images

TEM images of the synthesized Mn3O4, Co3O4, and
NiO nanoparticles are shown in Fig. 3. The crucial role
of used type of metal salt in morphology and size of pre-
pared nanoparticles is approached. A huge clusters of
Mn3O4 and Co3O4 nanoparticles were observed. On the
other hand, single particles or clusters of only few parti-
cles can be found in NiO sample. The sizes of particles
are also different. NiO sample contains predominantly
particles with size about tens of nm. Sizes of Mn3O4 and
Co3O4 particles are very difficult to determine from TEM
figures due to cluster-formation. However, it is evident
that these oxides contain larger particles than NiO and
some of them exceed nanoparticle size.
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Fig. 3. The TEM images of (a, b) Mn3O4, (c, d)
Co3O4, and (e, f) NiO at different scales.

4. Conclusions

Nanoparticles of transition metal oxides Mn3O4,
Co3O4, and NiO were prepared by cheap, simple, and
eco-friendly method and the basic characteristics were
performed. According to the XRD and TEM results,
the crystallite size of NiO is finer than sizes of Mn3O4

and Co3O4 particles. This fact confirmed the fundamen-
tal role of metal ion precursor in the morphology and
crystallite size of nanoparticles. It was shown in this pa-
per that the use of facile and green method is suitable
for synthesis of nanoparticles of TMO and that there is
well-founded proposal to use this method for preparation
other TMO nanoparticles such as CuO and Fe2O3.
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