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Abstract: MnO: nanoparticles have been synthesized by a simple combustion method using MnSO4.4H20. The crystalline phase,
morphology, optical property and magnetic property of the as prepared nanoparticle were characterized using XRD, FT-IR, FT-
Raman, SEM, UV-Vis, PL and VSM respectively. Structural studies by XRD indicate that the synthesized material as tetragonal rutile
crystal structure. FT-IR and FT-Raman analysis revealed the stretching vibrations of metal ions in tetrahedral co-ordination confirming
the crystal structure. The PL and UV analysis having an emission band at 390 nm, showed a prominent blue peak at 453 nm as well as
a green emission lines at 553 nm with band gap energy of 3.2eV. Magnetic measurements indicate that the Néel temperature of the -
MnO:z structures is 92.5K for He = 100 Oe which showed antiferromagnetic behaviour.
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1. INTRODUCTION

Nanostructured manganese dioxides and their derivative
compounds have special attention owing to their potential
application in photonics, catalysis, magnetic fluids and
magnetic resonance imaging [1] Manganese dioxide (f-
MnOz, Pyrolusite) is a magnetic transition metal consisting of
Mn** cation and O2% anion. The different crystallographic
forms are responsible for their electrochemical and magnetic
properties [2]. The stable isomorph of MnO: is the mineral
pyrolusite, B-MnOa. It is a tetragonal rutile type (P42/mnm
(136) space group), in which the basic motif is an infinite
chain of MnOs 8 octahedra sharing two edges. However, the
bridging Mn-O distances within a chain are shorter than the
apical Mn-O distance within the basal planes. The structure
consists of strings of MnOe octahedra and empty channels
corresponding to a width of (1x1) octahedron [3]. However
there are only few reports on the synthesis of Mn based
nanoparticles and relating its magnetic characteristics with
particle size [4].

Various approaches have been used to fabricate manganese
dioxide, such as self-reacting microemulsion [5], precipitation
[6], room-temperature solid reaction [7], sonochemical [8],
hydrothermal methods [9] and combustion synthesis [10]. The
combustion synthesis method is a powerful approach for
synthesizing various forms of manganese oxides and affords
advantageous features including the use of mild synthesis
conditions such as pH and temperature, and a wide range of
precursors that can be used. Henceforth, the controlled
synthesis of manganese dioxide nanostructures with
favourable surface morphology, phase structure, crystallinity,
and high reproducibility remains a considerable challenge
[11].

This paper reports the controlled synthesis of MnO:
nanostructures via combustion without using any physical
template and addition of any surfactant. The structural,
morphological, vibrational, optical characteristics and field
dependent magnetization study of the synthesized material is
also presented.
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2. EXPERIMENTAL ANALYSIS

2.1 Synthesis of nanopowders

A modified auto igniting solution combustion technique, was
used for the synthesis of MnO2z nanoparticles. Aqueous
solution containing ions of Mn was prepared by dissolving
stoichiometric amount of high purity MnSO4.4H20 in double
distilled water in a beaker. Citric acid was added to the
solution containing Mn ions. Amount of citric acid was
calculated based on total valence of the oxidising and the
reducing agents for maximum release of energy during
combustion. Oxidant/Fuel ratio of the system was adjusted till
the ratio was at unity. The solution containing the precursor
mixture was heated using a hot plate in a ventilated fume
hood. The solution boils on heating and undergoes
dehydration accompanied by foam. The foam then ignites by
itself on persistant heating giving voluminous and fluffy
blackish grey product on combustion. The combustion
product was calcinated at about 750 °C for 1 hour. The final
powder was collected for characterization and characterised as
single-phase nanocrystals of MnOa.

2.2 Characterization.

The as-prepared nanopowders were characterized by XRD
(XPERT - PRO) diffractometer using Cu k. radiation source
in the region 20°-90°. Fourier transform infrared (FT-IR)
spectra were recorded using a Thermo Nicolet, Avatar 370
FT-IR Infrared spectrometer. Fourier transform Raman
spectra were recorded using Bruker RFS FT-Raman
Spectrometer. SEM  picture was recorded using a
JEOL/EOJSM — 6390 instrument. The UV-Vis absorption
spectra were recorded for the as prepared samples using a
Shimadzu UV-Vis 2400 PC spectrophotometer. The PL
spectra were recorded using Shimadzu RF 5301PC
spectrophotometer in the range 300 - 550nm. VSM
measurements were performed using a Quantum Design
Vibrating sample magnetometer. The sample was measured
between 1KOe — 15KOe at 15K. ZFC and FC measurements
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were carried out at 100 Oe and the blocking temperature was
determined.

3. RESULTS AND DISCUSSION

Figure 1a shows the XRD pattern of the synthesised material
where all the diffraction peaks in the pattern can be indexed to
tetragonal B- MnO2 (JCPDS card No 24-0735) with space
group P4z/mnm (136) in primitive lattice. The diffraction
pattern exhibits characteristic peaks having tetragonal phase
of B- MnO2 with lattice constants a = 4.3743 A and ¢ = 2.8573
A, which are in good agreement with the reported data (a =
4.3999 A and c¢c = 2.8739 A). The broad diffraction peaks
maybe due to the nanosize effects on the products. The
calculated average crystallite size was 23.05nm. The XRD
pattern showed that they are predominantly composed of
tetragonal lattice structure.

Figure 1b shows FT-IR spectra of as-prepared B-MnO:
nanoparticles without any thermal treatment displays three
significant absorption bands in the range of 400 — 700 cm,
where stretching and bending vibrations of [MnQ]n units are
showing up and are in good agreement with the published
[12]. The vibrational frequency located at 574 cm™ is the
characteristic of Mn-O stretching modes in tetrahedral sites.
The bands at 486 and 513 cm™ corresponds to the distortion
vibration of Mn-O in an octahedra framework [13]. A small
band at 3420 cm! is caused by the stretching vibrations of the
OH bond and other weak band at 1631 cm™ due to the
bending vibrations of OH molecules. The peak at 1021cm is
attributed to the OH bending modes to y-OH. The FT-IR
spectrum confirms the crystal structure of the sample and
shows the existence of crystallization water in the sample
which is necessary for battery activity [14].
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The Raman spectrum of $-MnO2 nanopowder in figure 1c has
three bands at 629, 538 and 498 cm™* which agrees well with
the previous reports on the B-MnO2 phase [15]. The Raman
band at 629 cm™ is attributed to the B2y mode and involves
antisymmetric Mn—O vibrations. The Raman band at 538 cm™
can be assigned to the Aig mode and is indicative of a well-
developed rutile-type framework. Here, the E; mode is
assigned to the band at 498 cm™. The Raman scattering band
assignment is consistent with those reported for rutile type
compounds [16]. The peaks at 1824 cm™ and 1168 cm? is
ascribed to stretching and bending vibrations of the OH group
[17].

SEM micrograph shown in figure 1d reveals the overall
appearance of the combustion derived product. The particles
are nearly spherical in shape has uniform size and distribution
with varying sizes and indicates the agglomeration of
nanoparticles [18].
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Figure 2a shows the UV- Vis spectra of MnOz. It is found
that most molecules consists of few humps rather than
sharp lines which shows that the molecule is absorbing
radiation over a band of wavelengths. This is due to an
electronic level transition is usually accompanied by a
simultaneous change between the numerous vibrational
levels. The band gap energy of the as prepared sample is
Eq=3.185 eV [19].

PL spectra were measured for the sample in the range of
300-800nm is shown in figure 2b. The sample was excited
at 360 nm, two sharp peaks at 380nm and 552nm observed
in the emission spectrum. This indicates that MnO:2
nanopowder has a prominent blue emission peak at 380nm
as well as a weak green emission at 553nm [20]. The bandgap
energy was about 3.45eV.

The figure 2c shows the temperature dependence on
magnetization of B-MnOz sample in the zero-field cooling
(ZFC) and field cooling (FC) procedures. The magnetic
moment is enhanced below 100K which can be confirmed
by the deviation from the linear behaviour of the M
against T curve. MnOz has been reported as an
antiferromagnetic material with a Neel temperature, Tn of
92K. Both the ZFC and FC loops deviate from
antiferromagnetism under magnetic field, showing high
remanent magnetism and a strong coercive field. Bulk -
MnO: undergoes a transition to AFM state at Tn = 92.5 K that
exhibits both long and short range magnetic order [21]. Figure
2d shows the hysteresis loop of the 3-MnO2 nanoparticle at
15K. The hysteresis loops are not saturated under +20k Oe
due to the contribution of the antiferromagnetic core
which is a common phenomenon in  nanocrystalline
oxide materials. The hysterisis loop shows a maximum
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symmetric magnetization, Mmax at 0.57093 emu/g and
remanence value is estimated to be 14.339 emu/g with a
remanence ratio of 0.2511.The coercivity Hc of the
synthesized nanoparticle was 50.210e.

4. CONCLUSION

In this paper, a simple auto igniting combustion method
has been successfully used to prepare [B-MnO:2
nanoparticles, which are indexed as tetragonal rutile
pyrolusite. As synthesized MnO:z nanoparticle have been
identified using XRD analysis which were proven to be
single crystal in nature with an average particle size of
23 nm. The structural and functional studies were carried
out using FT-IR and FT- Raman techniques. FT-IR
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analysis showed a vibrational frequency as the
characteristics of Mn-O stretching vibration in the
tetrahedral site. The other two characteristic peak
corresponds to the distortion vibration of Mn-O in an
octahedral framework confirming the rutile B-MnO2. FT-
Raman analysis revealed the characterstic peak with Mn-O
vibration of the rutile type compound. The
photoluminescence study showed two emission lines in the
blue and green region. The UV-Vis analysis showed
vibrational level transitions and some electronic states. The
band gap obtained from PL and UV-Vis was found to be in
the range 3.185eV — 3.45eV. The magnetic measurements
revealed a Neel temperature T of 92.5K at 100e above which
the material behaves as antiferromagnetic. The remanent
magnetization and coercivity was found to be 14.339 emu/g
and 50.210e respectively.
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