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Abstract 
Mesoporous MgO microstructures were synthesized using 
magnesium acetate tetrahydrate, ammonium oxalate monohydrate 
and Pluronic F127 via heating at 40 °C for 24 h and subsequent 
calcination. The mesoporous structure of magnesium oxide with the 
specific surface area of 47m2/g, pore volume 0.30 cm3/g and the 
average pore size 24 nm is produced. According to XRD studies, the 
diffraction peaks of the product pattern can be indexed to the cubic 
structure magnesium oxide with the lattice parameter of a = 4.22 Å 
and showing no impurities. The product was characterized by 
Fourier transform infrared spectroscopy, X-ray powder diffraction 
analysis, N2 adsorption-desorption and Scanning electron 
microscopy.  
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1. Introduction 
Recently, investigations about the synthesis 

and properties of oxide nanomaterials have 
aroused the interest of many researchers in the 
interdisciplinary field of nanotechnlogy. The main 
reason is the remarkable physicochemical features 
of different oxide nanomaterials that give rise to 
their dramatically growing applications in science 
and industry [1]. Magnesium oxide, a wide band 
gap insulator, possesses unique properties that 
bring about its miscellaneous utilizations. For 
instance, introducing itself as an effective alkaline 
adsorbent, nanocrystalline MgO shows high 
capacities to adsorb the environmental pollutants 

such as acetone, benzaldehyde, 
trimethylacetaldehyde, ammonia, dimethylamine, 
methanol, acetaldehyde [2] and carbon dioxide 
[3]. It is also used as a support in the structure of 
Fe/MgO catalysts to oxidatively remove hydrogen 
sulfide from biogas [4]. Satisfactory bactericidal 
activity of nontoxic MgO nanoparticles against 
different Gram positive and Gram negative 
bacteria in aqueous environment even as an 
additive in paint has been proved [5,6]. Due to 
high surface area together with reactive 
morphologies, nanocrystalline MgO plays a 
siginificant role in the efficient catalysis of 
various organic reactions including: Baylis-
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Hillman reaction, Strecker reaction, Wittig 
reaction, synthesis of organic carbonates and α-
diazo-β-hydroxy esters, Mannich, cyanosilylation, 
Claisen-Schmidt [7, 8]. In addition, it can be used 
as the catalyst support for Au nanoparticles in low 
temperature CO oxidation [9]. Since a wide 
domain of reactive sites is a critical element in the 
field of catalysis and adsorption, high surface area 
and porosity are two important characteristics 
should be considered for MgO [3, 10]. Thus, this 
group of magnesium oxides could be prepared via 
different routes such as electrosynthesis [11], 
surfactant assisted [12], polyol [13] or thermal 
decomposition of cheap precursors [14]. 
Furthermore, it has found widespread applications 
in superconducting compounds [15], ceramic 
composites [16], pigments [17], lithium-ion 
batteries [18], pharmaceutical industry [19], 
humidity sensor [20] and rubber composites [21].  

The unparalleled properties of MgO 
nanostructures stem from different sizes and 
morphologies which have a crucial relevance to 
different preparation methods and processing 
conditions. Thermal decomposition of MgCO3 or 
Mg(OH)2 or other precursors were known as the 
conventional procedures to produce MgO 
nanoparticles [22]. Today, numerous strategies 
have been employed to control the size and 
morphology of MgO nanostructures 
simultaneously precluding the drawbacks of 
earlier methods. For example, MgO nanoparticles 
were successfully produced by thermal 
decomposition of magnesium alkoxides [23], sol-
gel [24], aerogel [25], ultrasonic [26], solid state 
chemical reaction [27], magnesium combustion 
[28], spray pyrolysis [29] and wet coprecipitation 
methods [30]. Magnesium oxide nanowires were 
generated through self-catalytic VLS growth [14], 
vapor-phase precursor-based [31], polyol-

mediated thermolysis [32] and boron oxide-
assisted catalytic growth techniques [33]. MgO 
nanocubes have been fabricated via thermal 
evaporation of Mg powders in a gas mixture of Ar 
and O2 without using a catalyst [34]. MgO 
nanobelts were successfully prepared by direct 
evaporation of in situ prepared Mg3N2 precursor 
[35] as well as chemical vapor deposition [36]. 
Moreover, other morphologies such as 
nanosheets, thin films, nanoplates, fishbone- or 
fern-like nanostructures, nanotubes, nanotrees, 
nanopowders, nanocrystals, polyhedral shells, and 
cone-shaped branching nanostructures could be 
obtained respectively through wet chemical 
precipitation [37], sol-gel [38], chemical 
precipitation [39], Co-catalyzed growth [40], 
carbon-thermal evaporation of a MgO powder 
[41], carbon assisted synthesis [42], microwave 
assisted solvothermal [43], modified aerogel [44], 
thermal evaporation [45] and CVD processes [46].  

In the current research, we report a facile 
refluxing route to generate a precursor from 
magnesium acetate tetrahydrate, ammonium 
oxalate monohydrate and Pluronic F127. 
Subsequent calcination of the above-mentioned 
compound produced mesoporous MgO 
microstructures. 

 
2. Experimental procedure 
2. 1. Materials  
   All reagents used in this work were of analytical 
grade, purchased from Merck Chemical Co. and 
used without further purification. 
 
2. 2. Synthesis method 
   Magnesium acetate tetrahydrate was used as the 
metal source, ammonium oxalate monohydrate and 
the surfactant of Pluronic F127 were used as the 
capping ligand and stabilizer, respectively. A 
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mixture of metal acetate and the ligand with a 
molar ratio of 1:1 was added to a specific 
concentration of the surfactant solution (250 mL). 
The resulting solution was refluxed at 40 °C for 
24h. Then, it was kept at 80 °C and after washing 
process, it was calcined at 850 °C for 4h in the 
electric furnace to generate magnesium oxide. The 
whole procedure of the synthesis has been shown 
in Scheme 1. 
 
2. 3. Characterization 
   The powder X-ray diffraction (XRD) patterns of 
products were obtained on a JEOL diffractometer 
with monochromatized Cu Kα radiation (l = 
1.5418 Å). Fourier transform infrared (FT-IR) 
spectra were recorded on a Shimadzu-8400S 
spectrometer in the range of 400–4000 cm-1 using 
KBr pellets. Scanning electron microscopy (SEM) 
images were taken on a Philips XL-30 with gold 
coating. The surface area and porosity of the as 
made MgO were determined by ASAPTM 
micromeritics 2020 adsorption analyzer. 
 
3. Results and discussion  
3. 1. XRD pattern 

Chemical compositions of generated 
nanoparticles are verified by powder X-ray 
diffaraction analysis. The XRD pattern of MgO is 
given in Fig. 1. The diffraction peaks can be 
indexed to the cubic structure magnesium oxide 
with the lattice parameter a = 4.22 Å, which is in 
good agreement with the standard values (JCPDS 
card no. 74-1225). The diffraction peaks at 2θ 
values of 36.86˚, 42.82˚, 62.17˚ and 78.44˚ 
matching with the 111, 200, 220 and 222 of cubic 
MgO, respectively. There are no other peaks 
related to the impurities. 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
  
  
  
  
 

Scheme 1. Synthesis process for MgO nanostructure 
 

 
Fig. 1. XRD pattern of MgO 

 
3. 2. SEM studies 

The morphological studies of the synthesized 
magnesium oxide have been carried out by 
scanning electron microscopy. Fig. 2 displays the 
SEM image of the product. As it can be observed, 
the product is consisted of agglomerated 
nanoparticles constructing microstructures in the 

Mg(OAc)2.4H2O 
+  

(NH4)2C2O4.H2O 

Aging at 80°C  
Filtration, washing 

precipitate with DI 

Dry at 80°C for 

Calcination in an electric furnace at 850°C, 4h  
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range of 1-2 μm. They are composed of amorphous 
pores with the mean diameter of 26 nm. 

 

 

 
Fig. 2. SEM images of MgO (a) High magnification and 
(b) Low magnification 

 
3. 3. FT-IR spectra 

Fig. 3 shows the FT-IR spectra before (Fig.3-a) 
and after heating treatment at 850 °C for 4h (Fig. 
3-b). The appeared peaks in Fig. 3-a are related to 
the organic section of the precursor. The 
absorption band at 3394 cm-1 is assigned to the OH 
stretching vibration of H2O molecules. The 
observed peaks in 1641-1666 cm-1 are attributed to 
the stretching vibration of C=O, shifting to these 
wavenumbers from 1700 cm-1 as a result of metal 
coordination. The observed bands at 1325 and 
1371cm-1 are due to δ(C=O) and νs(C-O) [47].  

The appeared peak at 501 cm-1 belongs to Mg-O 

vibrations in precursor. Heating process gives rise 
to the removal of the organic section in MgO, as  
depicted vividly in Fig. 3-b. There is a strong peak 
at 441 cm-1, which is attributed to Mg-O vibrations 
[23]. Calcination of the precursor at high 
temperatures evolves water, carbon dioxide and 
nitrogen oxide. Hence, MgO synthesis is 
confirmed by FT-IR studies. 

 

 
Fig. 3. FT-IR spectra of (a) precursor and (b) MgO 
nanostructure 

 
3. 4. BET mesearment 

Results of the BET measurements of the product 
show that it has mesoporous structure with 
irregular pores. This can be well proved by the 
nitrogen adsorption-desorption isotherm (Figs. 4, 
5) of the product. It shows H3 hysteresis with 
irregular and lamellar structures that is in good 
agreement with SEM image. The irregularity in 
size and morphology of the pores is clearly seen in 
BJH diagrams (Fig. 5). The size distribution of the 
pores is in the range of 1-100 nm and the mean 
pore diameter is 24 nm. The parameters calculated 
from BET measurements are summarized in  Table 
1. 
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Fig. 4. Nitrogen physisorption isotherm of MgO 
 

 
Fig. 5. Pore size distribution of MgO  
 
Table 1. BET measurement results 

as,BET  

g-1) m2( 
Total pore volume  

g-1) cm3(  
Mean pore diameter  

)nm(       

47  0.30          24     

 
4. Conclusion  
   In summary, MgO microstructures were 
synthesized easily via a low temperature refluxing 
and following calcination at 850 °C for 4h. 
Magnesium acetate tetrahydrate was used as the 
metal source, ammonium oxalate monohydrate and 
the surfactant of Pluronic F127 were used as the 
capping ligand and stabilizer, respectively. The use 
of ammonium oxalate and Pluronic F 127 might be 
the main cause of mesoporous structures with the 
specific surface area of 47 m2/g but it should be 
taken into consideration that other parameters such 
as solvent and calcination temperature might also 
have a noteworthy effect on the result. Upon 
addition of ammonium oxalate monohydrate to the 

solution of the surfactant and magnesium acetate 
tetrahydrate leads to form magnesium oxalate. The 
reaction was completed through heating at 40 °C 
for 24 h. Nucleation process on the surface of the 
product increased as a result of aging at 80 °C for 
100 h, which formed more pores on the surface. 
Spongy porous MgO nanostructures with a specific 
surface area of 47 m2/g and pore diameter of 24 nm 
were generated via calcinations at 850 °C for 4h.  
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