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ABSTRACT: A facile and simple method was proposed to control the size and shape of  

the MgO nano structures with high surface area in the presence of efficient and cheap templates 

like PEG 200, PEG 600, PEG 4000 and sorbitol at low temperature within a little time. Nano rods 

and Nanoparticles have been achieved by applying these templates and altering other growth 

parameters. The products were characterized by X-Ray Diffraction (XRD), Scanning Electron 

Microscopy (SEM), Transmission Electron Microscopy (TEM) and Thermo Gravimetric Analysis (TGA). 

The surface area of the samples was characterized by BET method. The effect of the growth 

parameters such as template, pH, Mg2+/template, molar ratio and temperature on the growth and 

morphology of MgO nano structures have been investigated in details. By tuning these parameters 

MgO nano rods and nano particles can be formed. 
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INTRODUCTION 

Metal oxides such as magnesium oxide (MgO) are 
extremely important technological materials for use  
in catalyst, catalyst support, electronic and photonic devices. 
The magnesium oxide (MgO) is a very suitable material 
for insulation applications because of their low heat 
capacity and high melting point [1]. Nano MgO is  
a functional material that has been widely used in various 
areas [2,3]. MgO has a good bactericidal performance  
in aqueous environments due to the formation of superoxide (O2

-) 
anions on its surface [4,5]. Klabunde & Coworkers

demonstrated that nano-MgO exhibits high activity 
against bacteria, spores and viruses after adsorption of 
halogen gases due to its large surface area, abundance  
in crystal defects and positively-charged particles which  

can result in strong interactions with negatively-charged 
bacteria and spores [6-8]. During the past several 
years, various methods have been developed for  
the synthesis of nanomaterials that have included 
template-assisted [9], Vapor-Liquid-Solid (VLS) [10], 
colloidal micelles [11], electrochemical processes [12], 
ultrasonic method [13] and domestic microwave  
oven [14]. 

In the present study, we report a simple and 
inexpensive synthesis route of MgO nanostructures by 
co-precipitation method. We have studied the effect of 
different reaction parameters such as temperature, pH, 
kind of template and molar ratio of precursor and 
template on the product morphology. 
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Table 1: Reaction conditions samples of the as- prepared MgO nanostructures. 

Structure Temperature (oC) pH Kind of template Mg2+/template molar ratio Sample 

Agglomerated particles 70 10 PEG 200 2 NO. 1 

Nanorod 70 10 PEG 600 2 NO. 2 

Agglomerated particles 70 9 PEG 200 2 NO. 3 

Agglomerated particles + nanoparticle 70 10 PEG 200 4 NO. 4 

Nanoparticle 70 11 PEG 200 2 NO. 5 

Agglomerated particles +nanorod 60 10 PEG 200 2 NO. 6 

Agglomerated particles + nanoparticle 70 10 Sorbitol 2 NO. 7 

Agglomerated particles 80 10 PEG 200 2 NO. 8 

Agglomerated particles + nanoparticle 70 10 PEG 4000 2 NO. 9 

Nanoflake 70 10 PEG 200 1 NO. 10 

EXPERIMENTAL  SECTION 

Materials and Characterization 

All chemicals such as Mg (NO3)2.6H2O, polyethylene 
glycol 200 (PEG200), polyethylene glycol 600 (PEG 600), 
polyethylene glycol 4000 (PEG 4000), sorbitol and 
ammonia were of analytical grade and used without 
further purification. 

The sample was characterized by Scanning Electron 
Microscopy (SEM) using a Holland Phillips XL30 
microscope. XRD patterns of the samples were recorded 
in ambient air using a Holland Philips X-ray powder
diffraction (Cu K�, �=1.5406 Å), at scanning speed  
of 2o/min from 20o to 80o. TEM images of the samples  
as prepared by Philips Analytical equipment (80 kV). 
Surface area of the desired sample was determined  
by Belsorp adsorption–desorption (BEL Japan Inc.). 

TGA (TA Instruments 951) of the samples was used 
to study the removal of water, CO2 and the fuels residual 
carbonaceous species. A heating rate of 10°C/min  
was used for TGA measurements up to 800°C in air. 

Preparation of MgO nanostructures 

An appropriate amount of Mg(NO3)2.6H2O  
was dissolved in 300 mL distilled water in order to form 
0.012 M solution (Solution A). Different quantities of 
template (PEG 200, PEG 600, PEG 4000 and sorbitol) 
was added separately to the desired amount of NH3-H2O 
and well mixed by stirring for 5 min. The as-prepared 
solution was added drop wise to the solution A at room 
temperature under stirring. The mixture was heated 

to reaction temperature of 60, 70 or 80oC and kept for few 
minutes. Experiments were carried out in different molar 
ratios of Mg2+� source/template including1, 2, and 4 while 
the pH value was adjusted in 10 during the reaction time. 
As the reaction completed, the as-prepared white solid 
products were washed with distilled water and ethanol  
to remove the ions possibly remaining in the final products, 
and finally dried at 60oC overnight. The product  
was calcined at 550 oC for 2h. To study the effect of other 
growth parameters on morphology and size of the MgO 
nanostructures, reaction parameters such as kind of 
template, different molar ratios of Mg2+� source/template, 
pH and temperature were tuned during the synthesis 
to obtain the desired morphology and size of MgO 
nanstructures that can be used for different applications. 

RESULTS  AND  DISCUSSIONS 

Effect of template and Mg2+/template molar ratio 

Table 1 depicts the experimental conditions studied  
to achieve a controllable growth of MgO nanostructures 
by finding the most effective parameters. Figs. 1 and 2 show 
the XRD patterns of the ten as-prepared MgO 
nanostructures. All the diffraction peaks can be indexed 
to face-centered cubic phase of MgO (JCPDS 87-0653) 
with a preferred orientation along the (200) direction.  
The sharp diffraction peaks indicate the good crystallinity 
of the prepared MgO powders. 

PEG 200, PEG 600, PEG 4000 and sorbitol  
were examined as template in the similar experimental 
conditions. The formation of MgO nanostructures 
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Fig. 1: XRD patterns of the as-prepared MgO nanostructures 

(samples 1,2,3,4,5).

Fig. 2: XRD patterns of the as-prepared MgO nanostructures 

(samples 6,7,8,9,10).
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Fig. 3: SEM images of the as- prepared MgO nanostructures (samples 1,2,7,9) that were prepared with different template (PEG 

200, PEG 600, Sorbitol and PEG 4000 respectively).

Fig. 4: SEM images of the as- prepared MgO nanostructures (samples1,4 ,10) with different Mg2+/template molar ratio (2,4 and 1 

respectively).

may be due to the creation of nuclei by the addition of 
template firstly [14]. Fig. 3 indicates that the variation of 
template can alter the morphology of MgO nanostructures. 
In this figure, the SEM images of samples 1,2,7,9 with 
PEG 200, PEG 600, Sorbitol and PEG 4000 as templates 
respectively were compared with each other. Sample 2 
has well defined nanorod structure. The mixture of 
agglomerated particles and nanoparticles can be seen  
in SEM images of samples 7,9. Nanoparticles rarely exist 
among of agglomerated particles in Sample 1.  

As a result, polymeric glycols (poly ethylene glycol) 
with optimum Moleculer weigth (PEG 600) will be very 
suitable template for the preparation of MgO nanorods 
with this method. High molecular weight of PEG 4000
causes stereo stric problems while PEG 200 and sorbitol 
with low molecular weight cannot be the suitable 
template for the formation of MgO nanorods.  

In order to investigate controllable growth of MgO 
nanostructures, different Mg2+� source/template ratios 
were used, employing PEG 200 as template. Fig. 4 
indicates that the different Mg2+� source/template ratios 
can alter the morphology of MgO nanostructures. In this 
figure, the SEM images of samples 1,4 ,10 with Mg2+�

source/template ratios of 2, 4 and 1 respectively were 
compared with each other. Sample 10 has well defined 
nanoflake structure. The mixture of agglomerated 
particles and nanoparticles can be seen in SEM images of 
sample 4. Nanoparticles rarely exist among of 
agglomerated particles in Sample 1. It is concluded that 
controllable reaction condition can be achieved by using 
low concentration of precursor.   

Effect of reaction temperature  

It is expected that by increasing the temperature 
reaction, the average particle size of the products  
will be increased [15]. Fig. 5 indicates that the different 
temperature reaction can alter the morphology of MgO 
nanostructures. In this figure, the SEM images of samples 
1,6 and 8 with temperature reaction of 70,60 and 80oC 
respectively were compared with each other. The mixture 
of agglomerated particles and nanorods can be seen 
in SEM images of sample 6. Nanoparticles rarely exist 
among of agglomerated particles in Samples 1 and 8.  
At 60oC, a mixed morphology of MgO nanorod/nanoparticle 
has formed. When the reaction temperature increased,  
the rods became thicker and shorter; in contrast, when 
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Fig. 5: SEM images of the as- prepared MgO nanostructures (samples1,6 ,8) with different temperature reaction (70, 60 and 80 oC 

respectively).

Fig. 6: SEM images of the as- prepared MgO nanostructures (samples1,3,5) with different pH (10, 9 and 11respectively).

the reaction was performed at a higher temperature (85oC), 
the morphology inclined to porous structure. In order  
to verify the temperature effect on morphology, the possible 
reactions in an aqueous solution can be expressed  
as follows: 

3 2 3 2 4NH H O NH H O NH HO+ −+ ⋅ +� �

( )
22

3 3 6
Mg 6NH Mg NH

++ + �

( )
2

3 3 26
Mg NH 2HO MgO 6NH 2H O

+ −+ + +�

( )
42
6

Mg 6HO Mg OH −+ −+ �

( )
4

26
Mg OH MgO H O 4HO− −+ +�

( )3 6 14 6 2 2 2 22
Mg NO C H O 6O MgO 2NO 6CO 7H O+ + → + + +

( )3 2 4 2 2 2 22
Mg NO C H O 5O MgO 2NO 2CO 2H O+ + → + + +

It can be seen that MgO nuclei are obtained by  
the dehydration of Mg (OH)6

4- or Mg(NH3)6
2+. It is expected 

that adsorption of ions on the substrate will play 
an important role in determining the particle size.  
It is understood that at lower temperatures there is a high 

density of adsorbed nuclei and at higher temperatures  
the density of nuclei on the substrate is much less. 

It is seen that bigger particles are formed on 
increasing the temperature. Therefore, for lower density 
of nuclei (higher temperature) the crystal grows larger  
in size before being blocked (the possibility of getting 
blocked is low), in comparison to the situation where  
a high density of nuclei (lower temperature) results in small 
crystals before being blocked. The higher density of 
nuclei enhances the possibility of a crystal to get blocked [16]. 

Effect of pH 

pH was found to be an important parameter affecting 
MgO nanostructures synthesis.  

Fig. 6 presents that the variation of pH can alter 
the morphology of MgO nanostructures. In this figure, 
the SEM images of Samples 1,3 and 5 with pH=9,10 ,11 
respectively were compared with each other. Sample 5 
has well defined nanoparticle structure. Nanoparticles rarely 
exist among of agglomerated particles in Samples 1 and 3. 
We suppose that the excess amount of OH- ions  
in the preparation condition of sample 5 may cause 
homogenous formation of Magnesium hydroxide nucleus 
with the least agglomeration. 
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Fig. 7: TEM images of sample 2 with nanorod structure.

Fig. 8: TEM images of sample 5 with nanoparticle structure.

As can be seen, Samples 2 and 5 have well defined and 
homogenous nanostructures (nanorod and nanoparticle 
morphology respectively) among of the as-prepared 
samples. The further characterization of these samples  
is performed by TEM. Fig. 7 indicates TEM images of 
Sample 2 that presents well defined nanorod structure. 
These images were agreed with the result of related SEM 
image. Fig. 8 presents TEM images of Sample 5 that 
indicates well defined nanoparticle structure and were 
agreed with the result of related SEM image. The average 
particle size of the nanoparticles in Sample 5 is about 50 nm 
(in comparison to the previous research that  
was reported 72.4 nm [13]). The average particle size  
can be calculated from XRD pattern by the Debye-Scherrer 
formula.  

( )hkl
0.89

D
cos

λ
=

β θ
  

Where the � is X-ray wavelength (0.1540 nm for Cu-K�), 
� is the width at half maximum of the diffraction peak 
and � is Bragg diffraction angle. 

Surface area of the Samples 2 and 5 was determined by 
Belsorp adsorption–desorption (BET) method at 480 °C. 
The related results are 176 and 231 m²/g for Samples 2 and 5 
respectively. In comparison to the similar previous 

researches and by considering the calcinations temperature [17], 
Samples 2 and 5 have very suitable and high surface area.  

Fig. 9 indicates TGA curves of the Samples 2 and 5 
that was used to study the thermal behavior of the samples.  
A heating rate of 10°C/min was used for TGA measurements 
up to 800°C in air. The weight loss that is observed  
for the Sample 2 and 5 in the temperature range  
of 300-380 °C, can be attributed to the decomposition of 
Mg(OH)2 [18].  

CONCLUSIONS 

In conclusion, a simple and economical method  
was successfully utilized for the synthesis of MgO nanorods 
(Sample 2) and nanoparticles (Sample 5) with high surface 
area (176 and 231 m2/g respectively). Effective reaction 
parameters were investigated in detail. Variation of 
template and pH can alter the morphology of MgO 
nanostructures. By using PEG 600 at pH=10, Sample 2
with nanorod structure and by using PEG 200 at pH=11, 
Sample 5 with nanoparticle structure have been prepared.  

Also variation of temperature and Mg2+/template molar 
ratio can alter the morphology of the samples. Therefore 
by tuning the reaction parameters, we can obtain different 
morphology of MgO nanostructures by this method.  
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Fig. 9: Sample 2,5 TGA analysis. 
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