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Abstract— Nano crystalline oxides are of immense interest 

to scientists due to their high surface area and enriched 

surface chemistry. In the present work magnesium oxide 

MgO nanoparticles were obtained by thermal decomposition 

of magnesium hydroxide Mg(OH)2 nanoparticles. 

Nanoscale MgO particles are generated via a co-precipition 

method using magnesium nitrate hexahyrate and sodium 

hydroxide as starting materials. Effects of the relative 

reactant concentration ratios on characteristics of MgO 

nanoparticles are also investigated. The prepared 

magnesium oxide nanostructures were characterized by 

XRD, FTIR, FESEM and FETEM analysis. Antibacterial 

studies were carried out on gram positive (S.aureus) and 

gram negative (E.coli) bacteria by Agar diffusion method. 
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I. INTRODUCTION 

In past few decades, the unique properties of nanomaterials 

have attracted   several researchers to develop simpler and 

inexpensive techniques to produce   nanostructures. 

Nanostructured magnesium oxide (MgO) has attracted 

considerable attention due to its excellent properties, such as 

unique optical, magnetic, electronic, thermal (1), additive 

properties and good bactericidal performance (2). MgO can 

be prepared various particle sizes and shapes, because it has 

good properties such as  unique solid ionic character, crystal 

structure and simple sstoichiometry. Sundararajan et al., 

reported that the size and shape of the nanocrystalline MgO 

particles endow them with specific surface and reactivity 

(3).The high oil dispersion ability and large specific surface 

area of MgO leads to good additive properties in heavy fuel-

oil. Also MgO possess bactericidal performance in suitable 

aqueous environmental condition (4,5). As nano MgO 

possess unique properties, it has been extensively used in 

various applications such as catalysis (6), adsorption (7), 

ceramics (8), antibacterial materials (3-5), refractory 

material industries, paints, superconductor products and 

toxic waste remediation (9-11) based on its versatile 

properties. Nano MgO exhibits high activity against bacteria 

because of its large surface area.  Recently, it has been 

reported that MgO has a good bactericidal performance in 

aqueous environments due to the formation of superoxide 

(O2) anions on its surface. The positively charged particles 

can interact strongly  with  negatively  charged bacteria 

(12,13). Klabunde and co-workers described that nano MgO 

exhibits high activity against bacterial, spores and viruses 

after adsorption of halogen gases because of its large surface 

area, abundance in crystal defects and positively charges 

particles which can result in strong interactions with 

negatively charged bacteria. 

Commonly, MgO nanostructures were synthesized 

by decomposition of various magnesium salts or 

dehydration of Mg (OH)2  using co-precipitation 

method(14, 15), thermal evaporation(16), flame spray 

pyrolysis(17), sol-gel techniques(2), combustion  aerosol  

synthesis  (18), chemical vapor deposition(19), 

hydrothermal(20) and surfactant methods (21) etc.,. All the 

above methods involve complex procedures, sophisticated 

apparatus/ equipments, high temperature annealing and 

rigorous experimental conditions. Compared with other 

methods in the literature, the present approach  of co-

precipitation method has the advantages of milder 

conditions, lower cost, easier work-up and more stability 

(Rajesh kumar et al.,). 

Hence, in this present work, MgO nanoparticles 

were synthesized by co-precipitation method without using 

any surfactants or organic solvents. Systematic study of the 

structural and morphological properties was carried out 

using different technique like XRD, TG-DTA, FTIR, 

FESEM and FETEM.  Antibacterial activity was studied 

using Agar Diffusion method.  

II. METHODOLOGY 

All the reagents were of analytical grade and they were used 

without further purification. Magnesium nitrate hexahydrate 

Mg(NO3)2.6H2O and sodium hydroxide were purchased 

from Merck company LTD. 

III. EXPERIMENTAL PROCEDURE 

MgO nanoparticles were prepared via co-precipitation 

method using NH3 (NO3)2 6H2O as precursor and NaOH 

as a solvent. To prepare the precursor for MgO, 40ml of 0.2 

M Mg(NO3)26H2O was taken and stirred using magnetic 

stirrer for 10-15 minutes at room temperature. Then 40ml of 

0.1M NaOH solution was slowly added into the above 

solution drop by drop under constant stirring condition. The 

whole process was carried out under constant stirring 

condition for 3 hrs. After completion of this whole reaction 

process, white precipitate Mg(OH)2  settled at the bottom of 

the flask, was separated carefully from the supernatant 

liquid under vacuum pressure. The above precipitation was 

washed thoroughly with the help of doubly distilled water to 

make the precipitate free from tracer of foreign elements. 

The resulting substrate was kept in air oven for proper 

drying at 80oC for 6 hours. Then the white precipitate was 

calcined at 500oC for 4 hours to obtain MgO nanoparticles. 

The white color of the final product resembles with the 

natural color of the MgO. Keeping the molar concentration 

of Mg(NH3)2 6H2O as constant, the same procedure was 

followed for the preparing MgO with  different molar 

concentration ratios of  NaOH (0.5M, 1M and 1.5M). 

Disc diffusion method for antibacterial activity 

The agar disc diffusion method was followed for 

antibacterial susceptibility test Sundararajan et al (3). The 

inhibition zones   were measured around the discs (mm 

diameter). Control was maintained with solvent alone. 

Bacterial cultures were grown overnight at 37˚C by adding a 
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single colony in 100 ml Luria Bertani Broth.  E. coli and S. 

aureus cultures (0.1 ml each) were plated out onto individual 

Nutrient Agar plates using the Aseptic technique. 

Holes/Wells were made on the nutrient agar inoculated with 

bacteria and (about 0.5 mg) MgO nanoparticle suspensions 

were decanted into the wells and the plates were incubated 

overnight at 37˚C. The Zone of inhibition is the area in 

which the bacterial growth is stopped due to bacteriostatic 

effect, the diameter of which is measured against the control 

strain and measured using calipers. 

IV. CHARACTERIZATION 

Thermal gravimetric and differential thermal gravimetry 

(TGA/DTA) analysis were performed under Argon flow at a 

heating rate of 10 C/min using NETZSCH-STA 449 F3 

JUPITER instrument. X-ray Diffraction The powder 

samples were then analyzed with an X-ray diffractometer 

(PANalytical X`Pert-Pro) using the Cu-kα radiation of wave 

length 1.5406 Å to determine their crystal structure and 

phase. The FT-IR spectra were recorded using a 

SHIMADZU-8400 spectrometer with KBr pellets in the 

range of 400-4000 cm. The FE-SEM images were recorded 

using JSM840-A SEM instrument in order to analyze the 

structure and morphology of synthesized MgO samples. The 

elemental analysis has been carried out by EDAX. 

Antibacterial activity studies were carried out the agar disc 

diffusion method. The zones of inhibition were measured 

around the discs (mm diameter). 

V. RESULT AND DISCUSSION 

A. TGDTA 

 
Fig .1: TG-DTA profile of the as-prepared magnesium 

hydroxide nanoparticles 

The obtained precursor was subjected to TG-DTA analysis 

in order to analyse the thermal stability and decomposition 

behavior of Mg(OH)2 into MgO.  A typical TG-DTA profile 

(Fig. 1) shows weight loss occurring in two steps. The first 

small weight loss is due to the removal of adsorbed 

water/alcohol below100 °C. A pronounced weight loss 

occurs in the temperature range of 310°C to 500°C, and a 

corresponding well-defined endothermic peak is observed at 

405°C in the DTA curve that could be attributed to the 

decomposition of Mg(OH)2. 

Mg (OH) 2               
decomposition         MgO + H2O              

 

However, the observed weight loss from 310 to 

450°C is 30 % wt. loss which is slightly lower than the 

theoretical value from Mg (OH)2 to  MgO transformation 

(30.8% wt. loss), which could be due to the incompleteness 

of the decomposition of Mg (OH)2 in a short time during 

this temperature range(1,22). It is clear from DTA/TGA 

results that the formation temperature of MgO was 400-

500°C in air and this analysis is in good agreement with the 

reported survey of Wei wang et.al and Zhengcui wu et al., 

B. XRD Analysis 

 
Fig. 1: XRD patterns of nanosized MgO particles with 

different concentration ratios (A) 1:0.5 (B) 1:1 and (C) 1:1.5 

Fig (2) shows the XRD patterns of the mgo nano-sized 

particles synthesized with various molar concentration ratios 

of (a) 1:0.5 (b) 1:1 and (c) 1:1.5 using co-precipitation 

process. The obtained fundamental peaks due to the 

diffraction from the plane (111), (200) and (220) for the 

synthesized sample A is in good agreement with the 

standard values (JCPDS NO. 74-1225) of MgO. No 

characteristics peaks of Mg (OH)2 and other impurities was 

detected in the xrd pattern (23). Considerably broadened 

lines in the XRD patterns are indicative of the presence of 

nano-size particles. The spectrum reflects the good 

crystanallinity for MgO nanoparticles. Similar reflection 

from the planes (111), (200), (220), (311), and (222) were 

observed for samples B and C indicating the cubic structure 

of magnesium oxide. The average crystallite size is 

calculated using the debye scherrer formula.   

                     D= 0.9λ/βcosθ                                            

where,   λ = the wavelength of the cu-kα  radiation (1.5406) 

β = the full width at half maximum of the diffraction line 

                             θ = angle of diffraction 

The average crystallite size of sample ‘a’ is 

estimated as 8.45nm from the scherrer formula. Similarly 

the average crystallite size of the MgO samples b and c are 

estimated as 8.62nm and 9.66nm respectively.                                                    

The peaks of MgO nanoparticles are broadened in 

the sample B as shown in Fig.1. This indicates that the 

particles are nanosized. In the sample A, only three peaks 

are observed and crystallization is small because of low 

reactant molar concentration of NaOH. Moreover, the 

characteristic peaks of MgO become sharper and stronger as 

the concentration ratio changes from 1:0.5 to 1:1 and to 

1:1.5, indicating that MgO are better crystallized with 

increasing concentration ratio of NaOH.  The crystallite size 

calculated using scherrer formula are given in table.(1). The 

decreasing full width half maxima of the peak for the 

sample C show the better crystallization and increasing 
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crystallite size. The XRD result are in good agreement with 

those reported literature by priya dharshini et.al.,(2).  

C. FTIR 

 
Fig. 3: Fourier transform infrared (FT-IR) spectra of reactant 

molar concentration of 1:1 MgO nanoparticles 

Fig(3) shows the FTIR spectrum of MgO nanoparticles. It is 

well known that MgO chemisorbs H2O and CO2 molecules 

from the atmosphere due to its surface acid-base properties. 

The sharp and intense peak at 3699 cm-1   was due to the 

OH group in Mg(OH)2 and the strong peak at around 445 

cm-1 corresponds to Mg-O strectching vibrations. The weak 

absorption band at 2372 cm-1is ascribed to the stretching 

vibrations of CO2 due to adsorption of atmospheric carbon 

dioxide. The bands at 3444 and 1639 cm-1 are attributed to 

–OH strectching and bending vibrations of physically 

adsorbed water molecules and surface hydroxyl groups 

(24,25) .The FTIR results are in agreement with the reported 

results Mageshwari et.al and Wu et al.,.   

D. FESEM with EDAX 

 
Fig 4 FESEM images of various reactant molar 

concentration ratio`s of MgO nanoparticles (A) 1:1(B)1:1.5   

(C) EDAX spectrum showing distribution of magnesium 

and oxygen elements present in the sample 

The morphology and size of as-prepared samples were 

characterized with field emission scanning microscopes 

(FESEM). Fig(4) shows the FESEM images of MgO 

samples with high density. In figure A (sample B), the 

diameters of the nanoparticles are   25±5nm.  A closer view 

reveals that most of the nanoparticles have uniform 

diameter. The fabricated nanoparticles were composed of 

nearly spherical shape with slight agglomeration as sample 

B. In figure B (sample C), the agglomeration of 

nanoparticles are also seen in the image, which is due to the 

increase in reactant concentration ratio (26). Suresh et al 

reported that the agglomeration is caused due to the increase 

in reactant ratio. The EDAX analysis of MgO is shown in 

Fig(5). The EDAX spectrum confirms the presence of 

elements Mg and O, along with Au and C due to the coating 

material used. 

E. FETEM with SAED 

 
Fig. 5: Field emission transmission electron microscopy 

(FETEM) analysis of the resulting MgO. A) typical FETEM 

image of the MgO nanoparticles. B) selected area electron 

diffraction (SAED) from image 

Fig. 5 shows the typical FETEM image and SAED pattern 

of MgO nanoparticles (sample B). TEM image (Fig. 5(a)) 

further confirms the formation of MgO cubic particles. 

FETEM images revealed that the fabricated nanoparticles 

were composed of cubic shape with slight agglomeration 

(27). The selected area electron diffraction (SAED) pattern 

confirms the nanocrystalline nature of the sample (Fig. 5c) 

and show reflections corresponding to (111), (200) and 

(220) planes, supporting the presence of MgO in cubic 

phase. 

F. Antibacterial Study 

 
Fig. 6: Antibacterial effect of MgO nanoparticles against 

bacteria A) S. aureus B) E. coli 

MgO nanoparticles showed the bactericidal activity against 

both gram-positive and gram-negative bacteria. Sawai et al 

investigated antibacterial activity of MgO against E.coli or 

S.aureus. They suggested that the presence of active oxygen, 

such as superoxide on the surfaces of MgO nanoparticles 

was one of the primary factors that produce their 

antibacterial activity (28). The effects of MgO nanoparticles 

were tested on gram positive (S.aureus) and gram negative 

(E.coli) bacteria by the Disc diffusion agar method. 

Antibacterial activity towards bacteria E.coli MTCC1195 

and S.aureus MTCC3160 at different concentration of 

magnesium oxide nanoparticles of 500 μl and 600 μl have 

been taken. The zone of inhibition, the clearing zones 

around the disc without visible bacterial growth, was 



Characterization and Antibacterial Behavior of MGO Nanoparticles Synthesized Via Co-Precipitation Method 

 (IJSRD/Vol. 4/Issue 01/2016/392) 

 

 All rights reserved by www.ijsrd.com 1420 

measured from plates. These zones indicate the antibacterial 

activity of MgO, since no bacterial growth is observed in 

those areas. The antibacterial activity of MgO is higher 

against S.aureus than that observed in E. coli tests are shown 

in the table. 

VI. CONCLUSIONS 

MgO nanoparticles was successfully synthesized by co-

precipitation method followed by calcination at 500oC. The 

TG-DTA analysis confirmed the formation of MgO 

nanoparticles beyond 500oC. The XRD results reveals the 

crystalline nature of the prepared MgO nanostructures. The 

FTIR results also confirms the presence of Mg – O bands. 

The FESEM micrographs shows the formation of spherical 

particles of size around 20nm. . The FETEM and SAED 

analysis confired that the MgO nanoparticles are cubic in 

nature and supported by   XRD reports.  Antibacterial 

studies done against S.aureus and E.coli by Mueller Hinton 

Agar diffusion test shows that zone of inhibition was more 

in gram positive (S.aureus) bacteria compared with gram 

negative (E.coli) bacteria. 
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