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Abstract

Nanostructured nickel oxide (NiO) semiconductor materials were synthesized effectively by the novel microwave irradiation method using glycine as the fuel. The prepared NiO nanopowders were characterized by powder XRD, elemental composition analysis (EDX), FT-IR spectra, HR-SEM, and room temperature vibrating sample magnetometer (VSM) analysis. The powder XRD results were established the formation of single pure cubic phase NiO structure. The formation of NiO nanoparticle-like morphology was confirmed by HR-SEM analysis. The magnetic characterizations of NiO nanoparticles were investigated with VSM analysis and the observed magnetic hysteresis loop was confirmed the weak ferromagnetic nature of NiO sample. The saturation magnetization of the sample is 20.93 emu/g confirmed ferromagnetic behavior.
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1. Introduction

Recently, semiconductor nanomaterials exhibit distinctive properties than that of their bulkiness materials [1]. Amongst them, metal oxide materials with nano-sized morphology have acknowledged great attention, due to their significance in materials science and nanotechnology [2]. However, nickel oxide (NiO) nanoparticles have mostly studied by many researchers, because of low cost and low toxicity in nature. Recently, nanosized NiO has potential applications in many fields, such as sensors, catalysts and solar cells. Also, NiO nanoparticles have been used extensively in opto-electomagnetic materials [3-5]. Moreover, NiO is a semiconductor material (p-type) with a wide energy band gap of 3.6 eV. 

Several techniques such as sol-gel, hydrothermal, co-precipitation [6-8] methods, etc. have been used for the synthesis of metal oxide nanoparticles. Moreover, the above methods meet some disadvantageous such as higher energy overriding and necessitate slightly long reaction times to complete the products formation. Recently, microwave irradiation method has been used for the preparation of such functional metal oxide nanostructure. This method has more advantages such as high purity products than the above said conventional methods [9-16]. 
Hence, in the present work, we have reported NiO nanoparticles prepared by unique microwave irradiation method and investigated their structural, morphological and magnetic properties. The prepared NiO nanoparticles was characterized by powder XRD, EDX analysis, FT-IR analysis, HR-SEM and room temperature VSM analysis and the observed results are discussed in this article.
2. Experimental 

2.1 Preparation of NiO nanoparticles by Microwave Irradiation Method 

In this method nickel nitrate (Ni(NO3)3.6H2O) act as oxidizing agent, whereas glycine act as a reducing agent as well as fuel. Stoichiometric amount of metal nitrate and glycine were dissolved individually in 20 ml of distilled water and taken in a alumina crucible and stirred for 15 minutes, and the placed in a microwave-oven for 10 minutes [9-15], the solution was vaporized and immediately became a solid. The solid powder was washed with ethanol and dried in an electric oven at 80°C for 2 h. This product was labeled as NiO. 
2.2. Characterizations 

The structural analysis was performed using a Philips X’pert X-ray diffractometer (λ = 1.540 Å). The formation of functional groups was analyzed by Perkin Elmer FT-IR spectra. Morphological analysisand elemental composition analysis have been performed with a Jeol JSM6360 HR-SEM.  Saturation magnetization, remnant magnetization and coercivity were investigated using room temperature VSM measurement.
3. Results and discussion

3.1. Powder XRD analysis

The average crystallite size, structural and phase purity of NiO nanoparticles was analyzed by powder XRD pattern. Fig. 1 shows the powder XRD pattern of NiO sample. The XRD diffraction peaks at 2 θ values positioned at 37.35, 43.38, 62.93, 75.47, and 79.46º, matching to (111), (200), (220), (311) and (222) planes (JCPDS No. 78-0643), showed the formation of a single phase and pure cubic NiO, which confirmed that the microwave heating completely decomposed the precursors and produced NiO nanoparticles. 
The average crystallite size of  NiO nanoparticles was calculated using Debye Scherrer’s formula given in Eq. (1)
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where L is the crystallite size, θ, the Bragg diffraction angle, λ is the X-ray wavelength, and β is the full width at half maximum (FWHM). The average crystallite size is 17.15 nm. 
The lattice parameter of NiO nanoparticles was calculated using the formula given in Eq. (2): 
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where θ is the diffraction angle, h, k, and l are Miller’s indices and λ is the incident wavelength 
(λ = 1.540 Å). The lattice parameter of NiO sample is found to be a = 5.012 Å and c= 13.695 Å, which are extremely close to the reported values (a = 5.033 Å and c = 13.753 Å, JCPDS No. 89-0598).
3.2. FT-IR Spectroscopy

Fig. 2 shows FT-IR spectra of  NiO  sample.  A wide-ranging vibration band at ~3450 cm-1 to 3250 cm-1 is connected with the hydroxyl (OH) stretching vibrations of H2O molecules, representing superior amount of surface OH, while those at ~1610 cm-1 are related with their bending mode.  The one is commonly observed in the range 850-450 cm-1, and it match to stretching vibrations of the NiO sample. 
3.3. SEM studies

The surface appearance or morphology surface of the powders was established by the HR-SEM analysis. Fig. 3 shows the HR-SEM image of NiO nanostructure.  From the image, we can see the particle like morphology of the samples. Also, it was experimental that the presence of smaller agglomerated nano-crystals. Hence, we can assume that the NiO nano-crystals have been shaped during the microwave irradiation process. 
3.4. EDX Analysis 

The elemental analysis and purity of NiO nano-crystals was determined by EDX spectra as shown in Fig. 4. The EDX analysis showed the presence of Ni and O elements by the manifestation of Ni and O peaks with no any other impurity peaks. Hence, the microwave irradiation method reactions are authoritative evidence to propose that the sample NiO product only.

3.5. VSM Measurements
The magnetic properties (saturation magnetization, remnants magnetization and coercivity) and dia/para and ferromagnetic nature of the materials was confirmed by the VSM analysis [17-20].  Fig. 5 shows the room temperature VSM results for NiO nanoparticles in the magnetic field range from -10000 to +10000 Oe. It is well known that the nickel oxide (NiO) is very important semiconductor magnetic metal oxide, due to their potential applications in multidisciplinary areas. From the analysis, it was observed that lower values of coercivity (Hc), saturation magnetization (Ms) and remnant magnetization (Mr) of NiO sample.  Also, we can propose that the NiO nanoparticles exhibit ferromagnetic behavior [21-27].  The significant ferromagnetic behavior with moderately higher magnetization (Ms) values of NiO by this simple irradiation method.  The Ms value of NiO sample ise  20.93 emu/g, and Mr value is 0.901 emu/g respectively. The observed Hc value ise 14.43 Oe. However, it was observed that NiO nanoparticles prepared by this novel method called microwave irradiation process showed a ferromagnetic behavior of NiO nanoparticles [27-32]. 
4. Conclusions
A simple and rapid microwave irradiation method has been used for the preparation of NiO nanoparticles using nickel nitrate and glycine as the fuel. The crystallite size was establish to vary faintly in the range of 15 to 20 nm. The single and pure phase was confirmed by powder XRD results. The nanoparticle like morphology of the sample was confirmed by HR-SEM analysis. VSM measurements exposed that the NiO nanoparticle, exhibited ferromagnetic behavior.  The VSM analysis of NiO nanoparticle showed high magnetic saturation (20.93 emu/g) value. 
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Figure 1. Powder XRD result of NiO sample.
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Figure 2. FT-IR spectra of NiO sample.
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Figure 3. HR-SEM image of NiO sample.
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Figure 4. EDX spectrum of NiO sample.
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Figure 5. VSM hysterisis loop of NiO sample.
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