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Abstract: Manganese oxide, nickel oxide nano particles and nickel-manganease oxide nano
composites were synthesized by hydrothermal method using potassium permanganate and
nickel chloride hexa hydrate as a starting materials. The synthesized nano particles and nano
composites were characterized by means of X-ray diffraction, scanning electron microscopic,
energy dispersive X-ray and UV-Vis spectroscopic studies and X-ray florescence
spectroscopic studies. The crystallite size of the synthesized nanoparticles and nano
composites were obtained from X-ray diffraction study using Debye-Scherer formula and
it was found to be 12nm for MnO, 14nm for NiO and 5.5nm for NiO/MnO nanocomposite.
The surface morphology of nickel/manganese oxide nanocomposites was analyzed by
scanning electron microscopic study and it was analyzed as rod like structure. The optical
properties were analyzed using UV-studies.
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Introduction

In the recent years, the various size and shape of different nanomaterials has been realized
through a wet-chemical synthesis because of its wide range of application. Owing to this reason
researchers showing an increasing interest to fabricate nanostructured materials®. In this present work we
prepared nano particles and nanocomposites using wet-chemical synthesis?. Its applications are extended by
changing its physical and chemical properties under nanoscale due to large range of surface to volume ratio®.
The chosen metal oxide nanoparticles like manganese oxide and nickel oxide is an important transition metal
oxides of p-type semiconducting materials with a band gap of 3.3 eV and 3.8 eV*>. These metal oxide
nanoparticles and metal oxide nano composites were used as a gas sensors, electro chromic films and fuel
cells etc. Generally nanocrystalline metal oxides and metal oxide nanocomposites have been prepared by wet-
chemical techniques such as sol-gel, solvothermal and co-precipitation methods etc®’. Here we prepared NiO,
MnO nanoarticles and NiO/MnO nano composites by using hydrothermal method®.
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Experimental
Preparation of MnO, NiO nanoparticles:

All Chemicals purchased from E-Merck with 99.9% of purity which is used as received without
further purification. The nano materials were synthesized by hydrothermal method. The manganese oxide
nanoparticles was synthesized by taking 0.1 M of KMnO,, 0.05M of CTAB and 0.05M of urea and it was
dissolved in D.I water. The solution was stirred with half an hour at room temperature and it was transferred
to a Teflon lined stainless steel auto clave with 100 ml capacity and it is placed in an electric oven for 12h at
150°. The product was centrifuged and again placed in an electric oven dried for 12h at100% .The obtain
product was MnO nanoparticles. The same procedure was adopted for the preparation of NiO instead of
KMnO, we used NiCl,.6H,0 as a precursor material®.

Preparation of NiO/MnO nanocomposites:

NiO/MnO [(0.1/0.1)M] nanocomposites were prepared by using hydrothermal method. KMnQy,,
CTAB, NiCl,.6H,0 and urea was used as starting materials. 0.1M of KMnO, 0.1M of NiCl,6H,0, 0.05M of
CTAB and 0.05 M of urea were dissolve in 50 ml of D.l water. The solution was stirred with half an hour at
room temperature and it was transferred to a Teflon lined stainless steel auto clave with 100 ml capacity and it
is placed in an electric oven for 12h at 150%. The product was centrifuged and again placed in an electric
oven dried for 12h at100°. The obtained product was named as NiO/MnO nano composite®. The colour of
MnO is blue color and NiO is a green color when NiO is added with MnO the color of NiO/MnO nano
powders changes to black color. The prepared NiO/MnO nano composite was characterized for their
structural, optical and surface morphological properties. X-ray diffraction pattern (XRD) were recorded using
X-ray diffractometer (X’ Pert PAN Analytical) with CuKa radiation (X=1.5405A). Morphological studies
were carried out using scanning electron microscope (FEI Quanta 200 FEG). XRF analysis was carried out
using X-ray Flurorecence spectroscopy (Philips X’Pert PAN Analytical). Optical properties were studied
using UV-Vis Spectrophotometer (Shimadzu 2450).

Results and Discussion
Structural Analysis Studies for MnO and NiO nanoparticles and NiO/MnO nanocomposites:
Pure Mno nanoparticles:

Fig.1 shows the XRD pattern of the pure Mno nano particles prepared using hydrothermal method. The
XRD peaks were indexed as (111), (201) and (080) planes by comparing with the JCPDS file (card No: 04-
0326) which clearly indicates MnO nano particles are of orthorhombic system. From the XRD peak, the MnO
average crystallite size of particles was calculated from Debye Scherer formula-

D= 0.9)\/ (Bcos6)

Where A is the wavelength of X-rays used (1.5405/&), B is the Full Width Half Maximum (FWHM) in radian
and © is the angle of diffraction. The calculated average crystallite size from the XRD peaks for pure Mno
nanoparticles was found to be 14nm°.
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Fig.1 XRD pattern of Pure MnO nanoparticles
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Pure NiO nano particles:

Fig.2 shows the XRD pattern of the NiO nanoparticles prepared using hydrothermal method. The XRD
peaks were indexed as (111), (200), (220) and (311) planes*® by comparing with the

JCPDS file (card No:47-1049) which clearly indicates NiO nanoparticles of cubic structure. From the
XRD peak, the NiO average crystallite size of particles was also calculated from the above Debye Scherer
formula and it was found to be 12nm®°.
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Fig.2 XRD pattern of NiO nanopatrticles
NiO/ MnO nanocomposites:

Fig.3 shows the XRD pattern of NiO/MnO nanocomposites synthesized by hydrothermal Method.
The XRD peaks (111), (201) and (080) were confirming the formation of NiO/MnO nanocomposite*’. The
stronger peaks are coinciding with the JCPDS file (No: 04-0326) which shows the crystal structure of MnO
belonging to orthorhombic system and the week peaks like (220) and (400) matching with the JCPDS file (No:
47-1049) shows the crystal structure of NiO belonging to the cubic system. The XRD analysis reveals that the
prepared nanocomposite has composed of cubic NiO and orthorhombic MnO. From the XRD pattern, the
average crystallite size of NiO/MnO nanocomposites was calculated from Debye Scherer Formula and its
value was calculated as 5.5 nm.
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Fig.3 XRD pattern of NiO/MnO nanocomposites

Morphology Analysis Of NiO/MnO Nanocomposites:

The size and morphology for the NiO/MnO nano composites was characterized using SEM studies. Fig
4(a),4(b) and 4(c) shows the SEM images morphology of NiO/MnO nano composites with diffent
magnifications.The SEM images clearly indicates that nano rod shape of NiO/MnO particles are formed and
they are agglomerated to form large size structures.For conformation of Mn®* and Ni** ions present in the
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sample .we carried out the EDAX study of the prepared NiO/MnO nano composite®?. The fig. (5a) shows the
EDAX specturm of NiO/MnO nano composites. The EDAX spectrum shows the peaks corresponding to
Mn*, Ni**, and O?* . The EDAX measurements of the nanocomposite show that contains atomic percentage of
nickel (50.97 %), manganease (16.1 %) and oxygen ( 33.2 % ), which is roughly similar to the calculated
values. For further confirmation of the elemental composition of the prepared nanocomposite, XRF analysis
was carried out . The XRF spectrum (Fig. 5b) shows energy peaks corresponding to Manganese, Nickel and
Oxygen. The XRF and EDAX analyses confirms that the prepared nanocomposite have elemental composition
of Mn?*, Ni*" and O*".

Fig.4(a) SEM image of NiO/MnO Fig (4b) SEM image of NiO/MnO
nanocomposite with 1micrometer nanocomposite with 2 micrometer
/
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Fig .5a- EDAX Spectrum for NiO/MnO nanocomposites.
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Fig.5b XRF Analysis for NiO/MnO nanocomposites.

Optical Analysis

UV-vis absorption spectra of NiO/MnO nano composites are shown in fig (6).The fig shows that the
broad and less symmetric absorption peaks were observed at 420 nm, due to blue shifted as compared to the
bulk material. The blue shifting of effects are caused due to the quantum size effect where as the broadening
and assymmetricity are due to the huge size distribution of synthesized materials and it was also conformed to
our SEM results™.

The band gap energy (Eg) of the nano particles was calculated using the formula
a hv=B(hv—Eg)",

Where n takes the value of % and 2 for direct and indirect transition respectively’?, B is a constant
called band tailing parameter and hv is the incident photon energy. This absorption spectrum of chosen
nanocomposite material gives the good relation between the particle and band gap obtain value of particle size
is about5.5nm using the band gap of 4.1eVfor (420 nm) which is exactly coincide with the values obtained from
XRD®. This may be attributed due to the charge transfer between the nanocomposite materials'*. From the UV
analysis we came to the conclusion that the band gap of a material increases when particle size of
nanocomposites decreases’.
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Fig.6 UV —Vis absorption spectrum for NiO/MnO nanocomposites

Conclusion

In this work, pure NiO, MnO nanoparticles and NiO/ MnO nanocomposites were successfully prepared
using hydrothermal method. The XRD analysis confirmed the formation of orthorhombic phase MnO and cubic
NiO. The particle size of nano particles were approximately 5-15 nm. The SEM analysis confirmed the rod
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shape morphology of the NiO/MnO nano particles in the composite sample. From the UV-analysis we found
that the band gap of NiO/MnO increased with decreasing particle size. The results are in good agreement with
earlier work.
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