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Abstract- Manganese dioxide (MnO,) nanoparticles have been successfully synthesized by microwave-assisted
solution method. Powder X-ray diffraction method is used to the structural analysis of MnO, nanoparticles and
finds that MnO, nanoparticles have a tetragonal structure. Crystallite grain diameter were estimated from powder
X-ray diffraction and confirmed by High Resolution Transmission Electron Microscope. The crystalline grain
size is 20 nm. Vibration spectra studies confirms that MnO, nanoparticles using FTIR spectra. The band gap
energy of nanoparticles is 2.25 ev. It was found from Ultra Violet spectroscopy studies. The absorbance
wavelength of MnO, nanoparticles was found from Ultra Violet spectroscopy studies. Thermal analyses are

carried out of the MnO, nanomaterials.

Index Terms- Nanopartilces, Microwave, Wavelength, Thermal.

1. INTRODUCTION

Nowadays, Research interesting has increased by
nanoparticles. The nanoparticles have unique size
dependent properties. Metal oxides have exhibit
advantageous properties in nanoparticles size and are
being investigated intensively[1]. Physical vapor
deposition (PVD), Solution growth process, and
Reverse micelle method etc., are some of the methods
used by preparation nanoparticles. Among the various
physical/chemical methods to synthesize
nanoparticles, co-precipitation, hydrothermal, micro
emulsion[2], Solution phase method [3] and micro-
oven assisted method [4] is commercially used
because of its very less cost. Micro-oven assisted
method gives advantages like, simple, easily control
temperature, composition and particle size can be
made in this method. Micro-oven method of various
salts (nitrates, sulphates, chlorides, per chlorates etc.)
under a good control of pH by using NaOH solutions
yields corresponding metal dioxide nanoparticles. In
this present study, MnO, nanoparticles were
synthesized by microwave - assisted method. MnO,
nanoparticles are very nice inorganic materials
because of it have good chemical properties and

physical properties. MnO, nanoparticles are many
applications in electrochemical electrodes, biosensor,

and particularly, energy storage. In this work,
preparation of mno, nanoparticles and its
characterization by TGA/DTA, UV- visible

spectroscopy, FTIR, HRTEM and XRD techniques
were discussed.

2. EXPERIMENTAL

2.1. Materials and Methods

The MnO, had been synthesized in microwave
assisted solution technique and finally got brown color
powder [5]. The used materials are NaOH, MnSo,,
MnC,0, and De-ionized water.

2.2. Instrumentation

The Powder X-ray diffraction pattern of the
Manganese dioxide nanoparticles samples were
characterized using powder XRD (XPERT-PRO using
CuKal, 2=0.15 nm radiations). The prepared sample
was scattered the angle of 20 (10° - 80°). The shape
and size of the MnO, nanoparticles carried out the
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High Resolution Transmission Electron Microscope
using JOEL JEM 2000. The FT-IR spectra of the
MnO, powder samples were recorded using Fourier
Transform Infra-Red spectroscopy (FTIR) (JASCO
FTIR-4100). The optical spectra of the MnO, powder
samples were recorded using UV Visible spectroscopy
(UV-2600) in the wavelength range 200-1200 cm™.
TGA/DTA of the MnO, nanoparticles of this study
was carried out simultaneously using Seiko thermal
analyzer in air atmosphere at a heating rate of
25°C/min for a temperature range of 30-820°C. The
alumina crucible was used.

3. RESULTS AND DISCUSSION

3.1. X-RD Studies - Structural characterization

Fig.1 shows powder XRD study of Manganese dioxide
nanoparticles. MnO, was purely crystalline in nature.
The reflection peaks of prepared nanoparticles were
observed and it is perfect match with JCPDS File No.
44-0141.
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Fig 1. X-ray diffraction pattern of manganese dioxide
nanoparticles.

The XRD peaks of the MnO, nanoparticles is (3 1 0),
(330), and (5 2 1), It is confirm tetragonal structure
of MnO, nanoparticles. The obtained value in this
study in very good agreement with the value was
reported by some articles[6]. The unit cell parameters
of the MnO, nanoparticles are found and the observed
valuesare a=9.78A, b=9.78A and c=2.86A
and a =b =c = 90° [7]. The average size of
manganese dioxide nanoparticles was 24 nm [8]. The
crystalline size of MnO, nanoparticles was found 20
nm as calculated by Debye Scherrer’s equation
(Crystallite size D = 0.94/B Cos0) [9].

3.2. High Resolution Transmission Electron
Microscope (HRTEM)

The Information such as particle size, size distribution,
shape, degree of agglomeration etc of MnO,
nanoparticles are obtained from HRTEM. Fig.2a is
presented of images in HRTEM. It was concluded that
the nanoparticles are uniform size and shape. HRTEM
microscope images are observed that the shapes of
most of the MnO, particles are nearly spherical and
slightly elongated.

nanoparticles

The selected area electron diffraction (SAED) pattern
of the MnO2 nanoparticle is shown in fig 2b. The
Debye Scherrer diffraction ring in the SAED pattern is
pronounced in MnO2 nanoparticles highly crystalline
nature, it can be assigned to the reflections (3 1 0), (3
30), and (5 2 1) of a tetragonal structure of the MnO,,
The high resolution images were recorded to get
further insight into the atomic order of the MnO,
nanoparticles. We manually measured the crystalline
grain size for 50 particles to ensure a reliable
representation of the actual size distribution. The
crystallite grain diameter is around 18 to 22 nm as
estimated from the HRTEM micrographs [10]. The
particle grain size is around 20 nm, It is from XRD
patterns and which is in nearly equal to measurable
grain size of MnO, nanoparticle in HRTEM. The
lattice planes of the nanopartcles are shown in the
Fig.2c. Fig. 2d shows arrangements of atom in the
lattice plane of the nanoparticles. It is clearly that the
atoms are arranged in three dimensional lattices.

3.3. FTIR Spectroscopy

Functional groups of prepared MnO;
nanoparticles were effectively found to using
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FTIR spectra. Figure 3 shows FT-IR
spectrum of manganese dioxide
nanoparticles.
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Fig 3. FT-IR spectra of manganese dioxide
nanoparticles

The peak 501.19 cm™ is Mn-O vibrations bond and
allowed us to estimate of the relative amount of Mn
present in our samples [11]. The broad absorption
bands located around 3458.4 cm™ and 1617.7 cm®
corresponds to the O-H and H-O-H vibration of
residual hydroxyl groups and water. Some absorption
band located at 500 cm® to 900 cm® is the
characteristic band of Mn-O bending vibration of
octahedral in MnO,[12]. The bands at about 752.69
cm’ are attributed to the Mn-O vibrations of
MnOQOg octahedra [10]. The FT-IR peaks at about
1114.7, 1316.5, 1336.2, 1411.5, 1915.2, 2858.2,
2922.7, 3736.6 and 3891.6 cm™ are similar to MnO,
Nanoparticles.

3.4. UV - Visible Spectroscopy

Figure 4 & 5 shows UV-Visible spectra of manganese
dioxide nanoparticles prepared as a function of
wavelength. The room temperature ultraviolet-visible
spectra of MnO, nanoparticles sample was recorded
absorption (Fig.4a). The absorption peak placed at
297.99 nm is shown fig. 4a. The peaks at 297.99
nanometer and peaks in the spectra placed at 200-400
nm are measured to be shifted towards lower
wavelength side.
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Fig 4. UV-Visible spectra of manganese dioxide
nanoparticles
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Fig 5. Band gap energy of manganese dioxide
nanoparticles

To be find the value of band gap energy from the
fundamental absorption, this corresponds to electron
excitation from the valence band to conduction band.
The relation between the o and hy can be written as:
ohy = A(hy- Eg). Where A is a constant, hy is a
incident photon energy, o is a absorption coefficient
and Eg is a band gap energy of the materials and the
transitions are direct so we taken as n = 1/2. Band gap
energy can be found accurately from the plots of hv
against (ahv)? [13]. The straight line portion of the plot
(hv vs (ahv)? to a = 0) may be obtained by band gap
energy. Band gap energy of manganese dioxide
nanoparticles was 2.25 ev as calculated using figure 5.

3.5. Thermal analysis

The thermal stability of MnO, nanoparticles were
carried out between 30 and 800°C by thermal
gravimetric (TG) and differential thermal analysis
(DTA). Figure 6 shows TGA/DTA behavior of MnO,
nanoparticles. The actual content each component in
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samples is determined the actual content by TGA. The
variations of the TGA thermogram of MnO,
nanoparticles are shown in the temperature range of
31-135, 135-315, 315-400, 400-525, 525-590, and
590-800 °C. The first weight loss at 31-135°C related
to dehydration of the MnO, nanopaticles. The second
weight loss in the range of 135-315, 315-400, and
400-525 °C could be related to the water molecule
removing from the MnO, nanoparticles. However, the
small weight loss in the ranges of 525-590 °C was
observed in the TGA thermo gram, could be
associated to the omitting the oxygen from manganese
oxide lattice, due to the phase transition of MnQO,. The
TGA analysis of MnO, shows a sharp mass loss from
315-400 °C, which is related to evaporation of the
surface adsorbed water from materials. This is in
agreement with DTA results where endothermic peak
corresponding to the phase transition of layered to
tunnelled MnO, is observed at 145 °C. The sharp
exothermic is observed at 365 °C.
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Fig 6. TG/DTA thermogram of MnO, nanoparticles

4. CONCLUSION

MnO, nanoparticles have been synthesized by
microwave-assisted solution method and they were
characterized by varies studies. XRD spectra predicted
the average crystalline boundary size and structure of
MnO, nanoparticles. HRTEM studies conformed the
crystallite size of the MnO, nanoparticles, The
functional group of the MnO, nanoparticles was
identified from FT-IR spectra. The UV-visible
absorption was found threshold and band gap energy
due to MnO, nanoparticles. The thermal stability of
the samples was studied by TG/DTA analysis.
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