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ABSTRACT
Magnesium nitrate and Sodium hydroxide are used as a starting material for the preparation of nanoparticles of Magnesium
oxide (MgO) via liquid phase method. The XRD analysis shows that nanocrystalline size of MgO remarkably with the 1:1
molar ratio. The respective average crystalline size is found to be 25.91nm. The resistance of MgO nanoparticles is temperature
dependent and decreases exponentially (from 1011  to 107  ). The activation energy of the MgO nanoparticles is found to be
0.49eV or 48.196 KJ/mol by using Arrhenius plot. The I/V characteristics of MgO nanoparticles is found to be linear in nature
and obey the Ohms law in the operating temperature range (50-350 OC).
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1. INTRODUCTION
Now-a-days one dimensional nanomaterial such as nanowires, nanorods, nanofibers of various metal oxides materials
has been growing an interest due to their potential applications in various functional devices and their fundamental
scientific interest [1-4]. The synthesis of nanomaterials can be broadly categories; Liquid-phase, Gas-phase and
Vapour-phase . Under liquid phase the techniques used for synthesis are: co-precipitation, sol-gel processing, microemulsions, hydrothermal /solvo-thermal , microwave , sono-chemical , Template and biomimetic . The MgO has a
good additive properties in heavy fuel oil because of high oil dispersion ability and large specific surface area and also
bactericidal performance in the aqueous environments due to the formation of super oxide [5-7]. As the Magnesium
hydroxide is eco-friendly, non toxic, thermally stable flame retardant and suppressing fumes under fire conditions.
There are various kinds of techniques which are used to synthesize the MgO nano-particles by using different methods
such as pulse laser deposition (PLD) [8], Laser ablation [9], hydrothermal method [10], sol-gel method [10-11],
thermal decomposition of hydroxide or carbonate [12-13] etc. Out of above all the synthesis technique, sol-gel method
has synthesis and large scale production of MgO nanoparticles [14].
The nanosize oxide particles with narrow size distribution can be prepared by using various techniques as given above.
The oxide particle size and morphology can be controlled by various parameters such as preparation conditions as the
pH, temperature of precipitation, different molar concentration or ionic strength, and different calcinations temperature
or time [15].
In the present study is to synthesize and structural characterisation of MgO nanoparticles by using liquid phase method
with large surface area in short reaction time at room temperature and this method is the simplest, cost effective, ecofriendly method. It is also probed for its effect on nanocrystalline size structure via XRD studies and also reported I/V
characteristics, the activation energy of MgO nanoparticles.

2. EXPERIMENTAL
2.1 Synthesis of MgO Nanoparticles
The synthesis of MgO nanoparticles is divided into various steps, such as mixing, stirring, filtering, drying and
calcination [16]. Finally by the calcinating the powder at 400 oC for 3 h, the MgO is obtained in the nanoparticles form,
the flow chart of procedure is as shown in figure 1.
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Figure 1. Flow Chart of Preparation
Magnesium Nitrate Hexahydrade [Mg(NO2)(H2O)6] and Sodium Hydroxide (NaOH) powder of AR grade of high purity
(LOBA Chemicals) used in this work. The distilled water and Ethanol (AR grade 99.9% purity) used as a solvent and
washing reagent in the chemical reaction respectively.
Initially the Magnesium Nitrate Hexahydrade of wt. 5.21 gm (0.2 M) and dissolved in 200ml of distilled water. The
0.8 gm (0.2 M) of NaOH in 200ml distilled water. Then 200ml of NaOH solution is added in solution of
[Mg(NO2)(H2O)6] drop-wise by using glass rod. After that, solution kept under magnetic stirring for 2 h after stirring
the solution was kept on table at rest for 2 h so that, the precipitation is formed at the bottom of beaker. This
precipitation was filtered and washed several times by using distilled water and Ethanol so as to get the final products.
The final product is kept in vacuum oven (Quality Make, India) at 80 °C for 4 h for drying product and removing the
moisture. This dried powder is then crush and make it very fine powder by using mortal pestle. Finally the fine powder
of MgO is calcinated at 400 oC for 3 h for the removal of impurities present in the powder. So that we will get
synthesized MgO possessed high crystallinity with the particle size in nanosized range.

3. RESULTS AND DISCUSSION
3.1 Characterization of MgO materials

Figure 2. XRD of Magnesium Oxide
Figure 2. shows the XRD of the MgO calcinated at 400 oC, it is clearly observed that the highest intensity peak is
obtained at (200) crystal planes of MgO with FCC phase (lattice constant a of cubic unit cell: 0.421 nm), owing to
diffraction peaks assigned to (111), (200) and (220) crystal planes (JCPDS Card No. 87-0653) [17]. The sharp
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diffraction peaks were clearly seen and they are perfectly matches with crystal structure of MgO, therefore, we get clear
crystallinity of MgO particles having average crystalline size in nano order. The estimated crystallite size of the
synthesized MgO from the line broadening of (200) diffraction peak, which is the most preferentially oriented crystal
plane, using Debye Scherrer equation [18] is approximately 25.91 nm. The Debye-Scherrer equation is as under eq. 3.1,
(3.1)
Where, D – is the average crystalline size, 0.94 – is the particle shape factor which was depend on the shape and size of
the particle, λ- is the CuKα radiation (1.54A˚), β–is full width at half maximum (FWHM) of the selected diffraction
peaks (β=0.545), θ– is the Braggs angle obtained from 2θ values which was corresponding to the maximum intensity
peak in XRD pattern. (θ =0.7501rad)
3.2 Temperature Dependence of MgO Nanoparticles
We have recorded the change in resistance of MgO nanoparticles by using Keithley picoammeter (Model No. 6487,
Keithley Instruments Inc. USA) with increasing temperature from 50 oC to 350 oC by using digital temperature
controlled furnace (Tempo Make, Mumbai).

Figure 3. The variation of the resistance of MgO nanoparticles with temperature.
Figure 3 shows the variation of the resistance of MgO nanoparticles with temperature, it is seen that the resistance of
MgO nanoparticles varies exponentially decrease (from 1011  to 107  ) with increase in the temperature of sample.
i.e. the resistance of MgO nanoparticles is temperature dependent.
We have calculated dc conductivity of MgO nanoparticles by using formula given by equation 3.2.1
(3.2.1)
dc = (1/ s) × ( / )
Where, Rs is sample resistance, is the thickness and is the area of the sample
The Arrhenius equation gives the relation between dc conductivity and absolute temperature (reciprocal) (1/T) is given
by equation 3.2.2
−
/
(3.2.2)
dc ( ) =
Where,
is a pre exponential factor,
temperature (K).

is the activation energy,

is the Boltzmann constant, and

is the

Figure 4. Arrhenius plot
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Figure 4 represents Arrhenius plot between logarithmic of DC conductivity ln( dc) and 1000/ . The Arrhenius
behavior (linear relations) is exist between ln( dc) and 1000/ for MgO nanoparticles, which indicate the temperature
dependence of dc conductivity satisfies the Arrhenius relation. The activation energy of the MgO nano particles,
calculated from ln( dc) - 1000/T plot, is found to be 0.49eV [19] or 48.196 KJ/mol [20]. The value of activation energy
is less than 1eV, so that our sample shows the predominance of electronic conductivity.

Figure 5. I/V Characteristics of MgO at various constant temperatures
I/V characteristics of MgO nanoparticles recorded by using Keithley voltage source (Model No. 2400, Keithley
Instruments Inc. USA) in the (+10 to 0 V ) and (0 to -10 V) voltage interval in the temperature range 50oC to 350oC.
Fig.5 represents the I/V characteristics of MgO nanoparticles found to be linear in nature and obey Ohms law in the
entire operating temperature range and I/V characteristics is also temperature dependents [19].

4. CONCLUSIONS
The major conclusions of this work can be summarized as follows;
i) We are succeed to synthesize Nano-crystalline size MgO via liquid phase method i.e. sol-gel technique so as this
technique is simple, fast and effective.
ii) The activation energy is found to be equal obtained from literature survey.
iii) The current-voltage characteristic is found to be linear and temperature dependence.
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