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Abstract

	 Through the microwave assisted fast synthesis method, Zinc Magnesium Oxide nanocomposite 
was prepared. Zinc Magnesium Oxide nanocomposite heated at 500ºC was used for further structural, 
optical and antibacterial studies.  The Debye Scherrer equation was used to calculate the average 
particle size of the nanocomposite. The optical characterization of the oxide nanocomposite was 
carried out by UV analysis. From the analysis of the absorption spectra, the optical direct band gap 
of the Zinc Magnesium Oxide nanocomposite was calculated and the result was compared with Zinc 
Oxide and Magnesium Oxide nanocomposites. Antibacterial studies were done in detail. 
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Introduction

	 Nanooxide materials with large surface to 
volume ratio acquire unique magnetic, electronic, 
optical, antibacterial properties and potential 
applications. In the early 1950s, scientists had 
already started the research on Zinc related 
materials as antibacterial agents1. In the areas 
related with textile industries, water disinfection, 
medicine, food packaging etc. these antibacterial 
agents have a major role. Instead of organic 
compounds, inorganic disinfectants like metal oxide 
nanocomposites have several advantages, including 

their non toxicity to the human body. Zinc oxide is 
a wide band gap semiconducting material with a 
lot of applications including light emitting diodes, 
piezoelectric transducers, photocatalysts etc2-4. 

	 Nanomaterials exhibit large surface 
to volume ratio and most of their properties are 
selectively controlled by engineering the size, 
morphology and composition. Such nano crystalline 
metal oxides exhibiting this large surface area can be 
applied to devices including sensors for which a better 
surface effect is required. These new nanomaterials 
can have enhanced properties from their parent bulk 
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materials5. The metal oxide nanocomposites exhibit 
exceptional UV absorbing ability, high stability at high 
temperatures and reactivity as catalyst6-7. 

Experimental procedure
	 Zinc Magnesium Oxide nanocomposite 
was prepared by microwave assisted fast synthesis 
method using analytical grade Magnesium Nitrate 
and Zinc Nitrate as the reagents. When compared 
with other methods, this method has revealed several 
advantages. It was already reported that molecules 
undergo excitations due to electromagnetic radiations. 
By converting microwave radiation into heat energy 
with high efficiency, superheating becomes possible 
at ambient pressure. Zinc Nitrate, Magnesium 
Nitrate and Sodium hydroxide were used as starting 
materials.  Citric acid was used as stabilizer. Aqueous 
solutions of 0.1M Zinc Nitrate, 0.1 M Magnesium 
Nitrate and 0.5 M Sodium hydroxide were mixed 
drop wise and stirred simultaneously into a beaker 
containing aqueous solution of 0.02 M Citric acid. 
The process was carried out in few minutes. Then 
the beaker was kept in a microwave oven. The 
stabilizer is used to prevent growth/agglomeration 
of the particles. 

Characterization

	 XRD studies are ideal  for  the of 
nanocomposites size determination of powder 
samples. The XRD patterns of the powdered 
samples were recorded using XPERT-PRO powder 
diffractometer using Cu- Ka radiation in the 2θ 
range 10° to 80° at 30 mA, 40 kV. Based on the 
line broadening, few techniques involving Scherrer 
equation, integral breadth analysis or Hall-Williamson 
approach and Fourier method of Warren-Averbach 
have been developed8-10. The UV spectrum were 
recorded using Shimadzu UV-2550 UV visible 
spectrophotometer. Antibacterial activity of the sample 
was carried out using diffusion disk method. 

Results and Discussions
 
XRD Studies
	 The nano crystalline nature of Zinc 
Magnesium Oxide is verified using XRD analysis. 
There is a definite line broadening of the XRD peaks 
which indicates the synthesized materials consist 
of particles in nanometer scale. The peak intensity, 

position and full width at half maximum data are 
obtained from the XRD pattern. The nanoparticle 
sizes are calculated using Debye-Scherrer formula, 
d = 0.9l/bCosθ11, where 0.9 is the Scherrer constant, 

Fig. 1A: XRD Pattern of ZnO 

Fig. 1B: XRD Pattern of MgO

Fig. 1C: XRD Pattern of ZnMgO
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Fig. 2A: UV spectrum of ZnO
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Fig. 2B: UV spectrum of MgO
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Fig. 2C: UV spectrum of ZnMgO

b is the full width at half maximum of XRD lines,  
b is Bragg diffraction angle and wavelength of X-rays,  
l= 1.54060 [Å].  The XRD pattern of Zinc Oxide (ZnO), 
Magnesium Oxide (MgO) and Zinc Magnesium 
Oxide (ZnMgO) heated at 500ºC are shown in fig 1A, 

Fig. 3A: Optical bandgap calculation of ZnO

Fig. 3C: Optical bandgap calculation of ZnMgO

 Fig. 3B: Optical bandgap calculation of MgO
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1B and 1C respectively. The average particle size for 
Zinc Oxide is 19nm, Magnesium Oxide is 7nm and 
Zinc Magnesium Oxide is 46nm. The micro straining 
of crystal structures due to various defects such as 
dislocations and twinning are the major reasons 
behind the broadening of the peaks in the XRD 
pattern. These defects are supposed to be linked with 
chemically synthesized nanocomposites. When the 
crystals suddenly grows during chemical reaction, 
the legands do not get enough time to diffuse to 
an energetically positive site resulting in crystal 
defects12. The XRD peaks of Zinc Oxide, Magnesium 
Oxide and Zinc Magnesium Oxide confirms that they 
are almost free from impurities.

UV spectral studies
	 The UV spectra of Zinc Oxide, Magnesium 
Oxide and Zinc Magnesium Oxide heated at 500ºC 
taken in the wavelength range of 210 to 870 nm are 
shown in fig 2A, 2B and 2C respectively. The optical 
band gap details of the nanocomposites can be 
directly calculated using UV absorption spectra. The 
decrease in absorbance with increase in wavelength 
from the UV spectra is due to the presence of optical 
band gap in the nanomaterials. Using Tauc’s relation, 
the optical direct band gap of the nanomaterials 
can be calculated13. The value of optical direct band 
gap of Zinc Oxide is 3.03 eV, Magnesium Oxide is  
3.2 eV and Zinc Magnesium Oxide nano composite 
is 3.29 eV and are depicted in the figures 3A, 3B and 
3C respectively. So compared to their single counter 
parts, the nano composites have a considerably large 
band gap value. 

Antibacterial studies
	 In order to investigate the antibacterial 
ability of Zinc Magnesium Oxide nanocomposite, the 
diffusion disk method was employed. Staphylococcus 
aureus, Vibrio Cholerae, Escherichia coli and Bacillus 
cereus were selected as test strains14. The inhibition 
zone diameters of Staphylococcus aureus, Vibrio 
Cholerae, Escherichia coli and Bacillus cereus found 
to be 14, 20, 15 and 0 mm respectively (Fig4A). Zinc 
Magnesium Oxide nanocomposite is found to be an 
efficient antibacterial agent towards Vibrio Cholerae. 
However it shows very poor activity towards Bacillus 
cereus.

CONCLUSIONS

	 Nanocomposite of Zinc Magnesium Oxide 
was prepared by microwave assisted fast synthesis 
method. Mean particle sizes obtained from XRD 
studies are 46 nm for Zinc Magnesium Oxide, 19 
nm for Zinc Oxide and 7nm for magnesium oxide 
and are in the nano meter scale. Particle size of 
nanocomposite is greater than their single counter 
parts. The value of direct band gap of  Zinc Magnesium 
Oxide nanocomposite is 3.29 eV which is greater 
than Zinc oxide or Magnesium oxide nanoparticles. 
It can be concluded that highly reactive metal oxide 
nanocomposites of Zinc Magnesium Oxide exhibit 
exceptional antibacterial activity against both gram-
positive and gram-negative bacteria except Bacillus 
cereus.

Fig. 4A: Antibacterial studies of ZnMgO
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