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ABSTRACT: Metals are able to form a large number of oxides. These 

metal oxides play an important role in many areas of chemistry, physics 

and material science. An important metal oxide known as magnesium 

oxide (MgO) having good reactivity is widely used in producing 

electronics, catalyst, ceramics, oil, paint etc. Magnesium oxide 

nanoparticle is non-toxic and need a small amount, so it is suitable for the 

development of flame-retardant fiber additives. In addition, nano 

magnesium oxide added in fuel can inhibit corrosion. Spherical shaped 

Magnesium oxide nanoparticles were successfully synthesized by sol-gel 

technique at room temperature using magnesium nitrate and sodium 

hydroxide as a precursor. The morphological investigation of MgO 

nanoparticles was done by various analytical techniques. X-ray 

Diffraction (XRD) indicates the crystallinity and crystal size of MgO 

nanoparticle. Transmission electron microscopy (TEM) tells about the 

particle size and morphology. Fourier transform infrared microscopy was 

used to get the infrared spectrum of the sample indicating powdered 

composition of the sample. UV-Visible spectroscopy was used to know 

the optical properties of the sample. Result confirms that brucite phase 

magnesium hydroxide gets converted to magnesium oxide periclase phase 

at room temperature. 

INTRODUCTION: In recent year, nanoparticles 

have attracted a great attention because of their 

unique physical and chemical properties such as 

higher damping property, mechanical stability and 

high strength with good thermal conductivity 
1
. 

Metal oxide nanomaterials having high surface area 

have attracted considerable interest for scientific 

research due to their applications in the field of 

optical electronics, sensing devices and nano 

electronics 
2
.  
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The growing importance of high surface reactivity, 

chemical stability and thermal stability of MgO 

makes it a promising material for the application in 

sensor, catalysis, paint, additives etc. Researchers 

have focused more on the synthesis of both 

nanoparticles and nano composite of MgO due to 

their application in advanced technologies 
3
. 

MgO is an important inorganic oxide which has 

been widely used in many fields 
4
. It is a 

semiconductor which crystallizes in the rock salt/ 

sodium chloride type cubic structure 
5
. Many 

synthesis processes such as sol-gel, hydrothermal, 

flame spray pyrolysis, combustion, aqueous wet 

chemical, surfactant and chemical gas phase 

deposition methods have been studied for the 

synthesis of MgO nanoparticles 
6
. Many 

physicochemical techniques are also there to 
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construct nanosized MgO particles 
7
. The size and 

morphology of oxide particle can be controlled by 

many parameters such as pH, ionic strength, 

temperature of precipitation and different 

calcinations temperature 
8
. Over the past decades, 

various precursors were used in the synthesis of 

nanosized MgO resulting in multiple morphologies. 

Precursors that can be obtained from the synthesis 

methods take many forms such as magnesium 

hydroxide 
9
, magnesium carbonate 

10
 and basic 

magnesium carbonate 
11

.  

Various fabrication techniques are also employed 

to synthesize MgO nanoparticles having their own 

advantages and disadvantages 
12

. Spherical shaped 

magnesium oxide nanoparticles were synthesized 

successfully by sol-gel method using magnesium 

nitrate and sodium hydroxide 
13

. A sol-gel method 

is an important technique for the formation of 

magnesium hydroxide followed by annealing at 

room temperature to form MgO. After synthesis of 

MgO nanoparticles, the study of structural, 

morphological and optical properties was carried 

out by using techniques such as XRD, FTIR, TEM 

and UV visible spectroscopy. The present work 

was aimed to synthesis of MgO nanoparticles 

chemically and their characterization at room 

temperature. 

MATERIALS AND METHODS: 

Materials: The chemicals required for the 

formation of magnesium oxide nanoparticles are 

magnesium nitrate (MgNO3.6H2O), deionized 

water, sodium hydroxide (NaOH), methanol. 

Apparatus: Digital pH meter, magnetic stirrer, 

beaker, funnel, stirrer, filter paper, test tube, 

dropper. UV-visible spectrophotometer, FTIR 

machine, Transmission electron microscope 

(TEM), X-ray diffractometer (XRD). 

Preparation of MgO Nanoparticles: Magnesium 

oxide nanoparticles were prepared by sol-gel 

technique 
13

. These were synthesized using 

magnesium nitrate (MgNO3.6H2O) as a precursor. 

Firstly, 0.2 M magnesium nitrate was mixed in 100 

ml of de-ionized water. Thereafter, 0.5M sodium 

hydroxide solution was added to the magnesium 

nitrate solution (which was prepared earlier) drop 

wise with continuous stirring (30min). 

    Mg (NO3)2 + 2NaOH → Mg (OH)2 + 2NaNO3 

Appearance of white precipitate in the beaker 

shows the formation of magnesium hydroxide. The 

pH of the solutions was 12.5, as measured by the 

digital pH meter. Filtered precipitate washed with 

methanol is dried at room temperature. Washing 

with methanol removes ionic impurities. The dried 

white powder was annealed in air for one to two 

hours to obtain MgO powder (Fig. 1). 

               Mg (OH)2 → MgO + H2O 

 
FIG. 1:  MAGNESIUM OXIDE PRECIPITATES 

 
FIG. 2: FLOW CHART OF PREPERATION 
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Characterization of MgO Nanoparticles: The 

characterization of synthesized samples was done 

by following analytical techniques, such as FTIR, 

UV-visible, TEM, and XRD.  

UV-visible Spectroscopy: UV-visible spectroscopy 

is used to discuss the optical properties of a sample. 

A monochromatic light is passed through the 

sample and the amount of light being absorbed by 

the sample is measured. At different wavelength, 

absorption of light by sample varies. It follows 

Beer-Lamberts law which states that absorption is 

directly proportional to the incident radiation and 

concentration of solution. 

Fourier Transform Infrared Spectroscopy 

(FTIR): It is a technique used to obtain an infrared 

spectrum of absorption of a sample which may be 

in any form (solid, liquid or gas). The goal of FTIR 

is to measure how well a sample absorbs light at 

different wavelength. FTIR measurement of  

magnesium oxide nanoparticles shows different 

peaks at different levels which corresponds to 

particular functional group and stretch present in it.   

X-ray Diffraction: XRD is a conventional 

technique used for phase identification of a sample 
possessing crystallinity. It also provides information 

on unit cell dimensions. The resulting material is 

ground, homogenized, and bulk composition is 

determined. It is based on Bragg's law which 

relates the wavelength of radiation with the 

diffraction angle and lattice spacing in crystalline 

sample.  

Transmission Electron Microscope: It is used to 

determine the size of a nanoparticle. TEM is a 

microscopic technique in which a beam of light is 

passed through an ultra thin specimen. The 

interaction of electrons with the specimen results in 

formation of image which is then magnified and 
focused onto an imaging device, such as fluorescent 

screen or CCD camera. TEM analyze the quality, 

shape, size and density of nanoparticle at high 

resolution. Nanoparticle can have different shapes, 

but NPs of magnesium oxide have spherical shape. 

RESULTS AND DISCUSSION: 

Fourier Transform Infrared Spectroscopy 

(FTIR) Analysis: The composition of the sample 

was analyzed by the FTIR measurement. The MgO 

powder was mixed with potassium bromide and a 

pellet is made which was used for infrared 

spectroscopic measurement at room temperature: 

The absorption band at 1638.01 cm
-1 

indicates the 

bending mode of vibration in water (H2O) and the 

broad absorption band at 3427.50 cm
-1 

indicates the 

stretching mode of vibration in hydroxyl (OH) 

group. The peak at 1051.94 cm
-1

 is due to 

adsorption of CO2, whereas peaks at 827.78 cm
-1

   

attributes to different Mg-O-Mg vibration modes of 

MgO (Fig. 3). FTIR was done at Pharmaceutical 

Department, MDU Rohtak. 

 
FIG. 3: FTIR SPECTRA OF MgO NANOPARTICLES
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UV-visible Spectral Analysis: The optical properties 
of the MgO NPs were studied by means of the UV-

visible absorption spectra in wavelength range of 

200 - 1000 nm. The maximum absorption band of 

MgO NPs was found at 230.3 nm (Fig. 4).    

It has been found that firstly the absorbance 

decreases with an increase in wavelength. UV-

Visible spectroscopy was done at Zoology 

Department, MDU Rohtak. 

 
FIG. 4: UV SPECTRA OF MgO NANOPARTICLES

X-ray Diffraction (XRD) Analysis: The crystal 

structure of MgO nanoparticle was determined by 

XRD analysis. From the peak width and intensity 

the small particle size and better crystallinity can be 

easily seen. The peaks in XRD pattern of the 

prepared MgO sample is observed at 2θ -19.02,  

29.70, 38.31, 51.11 and 59.98 (Fig. 5). XRD was 

done at Chemistry Department, MDU Rohtak. 

Average particle size of the nanoparticle was 

determined using Debye - Scherrer equation and it 

was found to be 22 nm. 

 
FIG. 5: XRD PATTERN OF MgO NANOPARTICLES

Transmission Electron Microscopy (TEM) 

Analysis: TEM is a technique used as the principle 

characterization for the direct observation of 

nanoparticles generated. The size of MgO 

nanoparticles was found 0.2 µm (Fig. 6) and 100 

nm (Fig. 7).  

TEM image of MgO sample, shows that MgO nano 

crystallite exhibit spherical shape and very 

homogenous crystal structure without any 

observable pores. TEM was done at AIIMS (All 

India Institute for Medical Science), New Delhi. 
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FIG. 6: TEM IMAGE OF MGO NANOPARTICLES (0.2µM)       

 
FIG. 7: TEM IMAGE OF MGO NANOPARTICLES (100 nm) 

CONCLUSION: In the present work, MgO was 

successfully synthesized by liquid phase method 

i.e. sol-gel technique as this technique is simple, 

fast and effective. Magnesium oxide nanoparticles 

were chemically synthesized using magnesium 

nitrate as a precursor. Shape, size and other 

characteristics of nanoparticles are characterized by 

various analytical techniques. FTIR measures 

infrared intensity v/s wavelength of light. It 

determine the nature of functional groups and 

structural features of biological extracts with 
nanoparticles. It shows different peaks corresponding 
to different functional groups.  

XRD is a conventional technique which is used to 

understand crystallographic structure and 

morphology. From UV-visible spectroscopy, 

optical properties of MgO nanoparticles were 

known. TEM is considered as the best tool in 

confirming the shape and size of nanoparticles. 

Magnesium oxide nanoparticles have various 

applications in different fields such as oil, paints,  

ceramics, medicine, drugs etc. It is used as an 

additive in heavy fuel oils reflecting and anti-

reflecting coatings in optics.  

ACKNOWLEDGEMENT: Nil 

CONFLICT OF INTEREST: The authors declare 

no conflict of interest. 

REFERENCES: 

1. Gray JE and Luan B: Protective coatings on magnesium 

and its alloys- a critical review. Journal of Alloys and 

Compounds 2002; 336: 88-113.  

2. Jintakosol T and Singjai P: Effect of annealing treatment 

on luminescence property of MgO nanowires. Current 

Applied Physics 2009; 9: 1288-1292.  

3. Nga NK, Hong PT, Lam TD and Huy TQ: A facile 

synthesis of nanostructured magnesium oxide particles for 

enhanced adsorption performance in reactive blue19 

removal. Journal of Colloidal Interface 2013; 398: 210-6. 

4. Sawai J, Kojima H, Igarashi H, Hasimoto A, Shoji S, 

Sawaki T, Hakoda A, Kawada E, Kokugan T and Shimizu 

M: Antibacterial characteristics of magnesium oxide 

powder. World Journal of Microbiology and Bio--

technology 2000; 16:187-194. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Nga%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=23489606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=23489606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=23489606
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huy%20TQ%5BAuthor%5D&cauthor=true&cauthor_uid=23489606


Sharma et al., IJPSR, 2018; Vol. 9(4): 1576-1581.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1581 

5. Spoto G, Zecchina A, Bordiga S, Ricchiardi G, Martra G, 

Lefanti G and Petrin G: Cu(I)-ZSM-5 zeolites prepared by 

reaction of H-ZSM-5 with gaseous CuCl: Spectroscopic 

characterization and reactivity towards carbon monoxide 

and nitric oxide. Applied Catalysis B 1994; 3: 151-172.  

6. Kumar A and Kumar J: On the synthesis and optical 

absorption studies of nanosize magnesium oxide powder. 

J. Phys. Chem. Solids 2008; 69: 2764-2772 

7. Nga NK, Hong PT, Lam TD and Huy TQ: Surfactant-

assisted size control of hydroxyapatite nanorods for bone 

tissue engineering. Journal of Colloid Interface Science 

2013; 398: 210 -216. 

8. Laska M, Valtyni J and Fellner P: Influence of pH on the 

crystal size distribution of Mg(OH)2 prepared by the 

hydration of MgO. Crystal Research 1993; 28: 931. 

9. Kamarulzaman N and Yoozbashizadeh: Mechanically 

activated synthesis of single crystalline MgO nano- 

structures. Journal of Alloys Compounds 2010; 506: 715-

720.  

10. Kumari L, Li WZ, Vannoy CH, Leblanc RM and Wang 

DZ: Synthesis, characterization and optical properties of 

Mg(OH)2 micro-/nanostructure and its conversion to 

MgO. Ceramic International  2009; 35: 3355-3364 

11. Mastuli MS, Kamarulzaman N, Nawawi MA, Mahat AM, 

Rusdi R and Kamarudin N:  Growth mechanisms of MgO 

nanocrystals via a sol-gel synthesis using different 

complexing agents. Nanoscale Reearch Letter 2014; 9: 

134. 

12. Shukla SK, Parashar GK, Mishra AP, Misra P, Yadav BC, 

Shukla RK, Bali LM and Dubey GC: Nano-like 

magnesium oxide films and its significance in optical fiber 

humidity sensor. Sensors and Actuators B: Chemical 2004; 

98: 5-11. 

13. Rizwan W, Absari S, Dar M, Kim Y and Shin H: Synthesis 

of magnesium oxide nanoparticles by sol-gel process. 

Material Science Forum 2007; 1: 558-559. 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Sharma M, Gandhi D and Sharma M: Synthesis of nanostructured magnesium oxide by sol gel method and its characterization. Int J Pharm 

Sci & Res 2018; 9(4): 1576-81. doi: 10.13040/IJPSR.0975-8232.9(4).1576-81. 


