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ABSTRACT 

Zinc oxide (ZnO) nanoparticles were chemically synthesized with magnesium doping and characterized through 

UV–visible spectroscopy, X-ray diffraction (XRD), high resolution transmission electron microscopy (HRTEM),  energy 

dispersive X-ray (EDAX) techniques and photoluminescence (PL) spectroscopy. Magnesium doped ZnO nanoparticles were 

found to be crystalline having a single phase as confirmed by XRD and HRTEM. The antibacterial activity of Mg doped 

ZnO nanoparticles synthesized by a simple co-precipitation technique have been investigated against Escherichia coli and 

Staphylococcus aureus bacterial strains. It has been interestingly observed that Mg doping has enhanced the inhibitory 

activity of ZnO against S. aureus more efficiently than the E. coli bacterial strain.  
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1. INTRODUCTION 

Zinc oxide is a wide band gap semiconductor 

with a direct band gap of 3.37 eV and large excitonic 

binding energy (60 meV) (Janotti et al. 2009). 

Nanostructured zinc oxide has shown a great potential 

for applicationsin UV laser devices (Dai et al. 2003), 

quantum wells with superior interface morphologies 

(Beaur et al. 2011), cell imaging (Xiong et al. 2008) and 

solar cells (Kruefu et al. 2010). Recently, it has been 

reported that the doping of ZnO nanostructures with 

other elements can enhance its various properties. 

Commonly, different elements as a dopant in ZnO can 

be categorized into two groups: one group can substitute 

for zinc (Zn) and the second group for oxygen (O). These 

different dopants can tune various properties of ZnO 

nanostructures (Jung et al. 2011). 

There have been many methods for the 

synthesisof ZnO nano particles and also for doping. For 

thesynthesis of ZnO nanoparticles, mostly 

reportedmethods are from sol–gel (Omri et al. 2014), co-

precipitation (Raoufi et al. 2013), hydrothermal (Kumar 

et al. 2012), solvothermal (Chen et al. 2015), 

mechanochemical (Radzimska et al. 2014), spray 

pyrolysis (Ghaffarian et al. 2011) etc. Among these 

methods, precipitation method is a bestmethod and also 

cost effective. The process can becontrolled easily. In 

this work, Mg was used as dopantto ZnO and their 

structural, optical, antibacterial properties are analysed. 

2. EXPERIMENTAL METHOD 

Mg doped ZnO nanoparticles were synthesized 

byco-precipitation method. Zinc nitrate hexahydrate 

(Sigma Aldrich), Sodium hydroxide (Sigma Aldrich) 

and Magnesium nitrate hexahydrate (Sigma Aldrich), 

were AR grade and used in the synthesis of Mg-doped 

Zinc Oxide without further purification. For synthesis of 

Mg doped ZnO nanoparticles, 0.005 M of aqueous 

Magnesium nitrate hexahydrate solution was added into 

0.095 M of aquous zinc nitrate solution. 0.8 M of aquous 

NaOH solution was added drop by drop to homogenous 

mixture to get a white precipitate. The solution with the 

white precipitate was stirred at room temperature and 

then temperature of 60 °C for 4 hr. This solution was 

refluxed at room temperature for 24 hr. Then, a clear 

solution was obtained, which found to be stabe at a 

ambient condition. Thereafter, the solution was washed 

several times with double distilled water and ethanol. 

Finally, the precipitate was dried at         120 °C. Thus 

Mg doped ZnO nanopowder was obtained. These 

samples were annealed at 500 °C for   6 hr. 

2.1 Antimicrobial activity of ZnO NPs 

Antimicrobial activity of Mg doped ZnO 

nanoparticles were done by agar well diffusion method 

against two pathogenic bacterial strains S.aureus (gram 

positive) and E. coli (gram negative) on Muller-Hinton 

agar, according to the Clinical and Laboratory Standards 

Institute (CLSI) (Wright et al. 2000). The media plates 

(MHA) were streaked with bacteria 2-3 times by rotating 

the plate at 60 °C angles for each streak to ensure the 
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homogeneous distribution of the inoculums. Then the 

agar plates were swabbed with 100 mL each of overnight 

cultures of S.aureus and E. coli using a sterile L-shaped 

glass rod. Using a sterile cork-borer, wells (6 mm) were 

created in each petri plate. Varied concentrations of ZnO 

NPs (1 mg/ml, 3 mg/ml and 5 mg/ml for both G+ and G- 

both bacteria) were loaded onto the petri plates followed 

by incubation for 24 hr at 37 °C, for bacteria. After the 

incubation period, the diameter of the zone of inhibition 

(DZI) was recorded. Kanamycin (Hi-Media) was used as 

the positive control against gram negative and gram 

positive bacteria respectively to compare the efficacy of 

the test samples. 

2.2 Characterization Techniques 

The Mg doped ZnO NPs were characterized by 

X-ray diffractometer (model: X’PERT PRO 

PANanalytical). The diffraction pattern was recorded in 

the range of 25°-80° for the ZnO NPs samples where the 

monochromatic wavelength of 1.54 Å used. The 

morphology of the synthesized Mg doped ZnO NPs was 

examined using HRTEM. Sample for HRTEM analysis 

was prepared by drop coating the nanoparticles solutions 

on carbon-coated copper grids at room temperature. The 

excess nanoparticles solutions were removed with filter 

paper. The copper grid was finally dried at room 

temperature and was subjected to TEM analysis by the 

instrument Tecnai F20 model operated at an accelerating 

voltage of 200 kV. The samples were analyzed by 

EDAX (model: ULTRA 55).  The FT-IR spectrum was 

recorded in the range of 400-4000 cm-1 by using Perkin-

Elmer spectrometer. 

3. RESULTS AND DISCUSSION 

3.1 Structural Studies of Mg Doped ZnO 
Nanoparticles 

Fig. 1 shows the XRD pattern of the as 

synthesized Mg2+ doped ZnO nanoparticles. The XRD 

peaks are appeared at angles (2θ) of 31.702˚, 34.364˚, 

36.188˚ and 74.25˚ corresponding to (100), (002) and 

(101) planes of ZnO nanoparticles. Similarly, other 

peaks found at angles (2θ) of 47.490, 56.532, 62.816, 

67.90, 69.15, 72.52 and 76.88 are corresponding to 

(102), (110), (103), (112), (201), (004) and (202) planes 

of ZnO NPS. The standard diffraction peaks show that 

the hexagonal wurtzite structure of ZnO NPs with space 

group of p63mc. It is also confirmed by the JCPDS data 

(card No: 361451). It is also observed that there is no 

impurity phase found in the Mg2+ doped ZnO sample, 

because of ionic radii of Mg (0.66 Å). The average 

crystallite size of the Mg2+ doped ZnO NPs was 

estimated from X-ray line broadening of the diffraction 

peaks using Debye Scherrer’s relation.                   

              Average crystallite size (D) = 
0.9 𝜆

𝛽 cos 𝜃
             (1) 

Where, λ is the wave length of X-ray used (1.54060 Å), 

β is the angular peak width at half maximum in radians 

and θ is Bragg’s diffraction angle. The average 

crystallite size is calculated as 42 nm for Mg2+doped 

ZnO NPs. 

 

Fig. 1: XRD pattern of Mg doped ZnO nanoparticles 

3.2 Morphological Studies of Mg2+ Doped ZnO 
Nanoparticles 

The HRTEM images of the Mg2+ doped ZnO 

nanoparticles are shown in fig. 2a and 2b. From the 

figures we can find that the Mg2+ doped ZnO 

nanoparticles form a fish like structure. The average 

thickness of the particles is found to be 45 nm. The 

thickness is due to the distortion in the host material 

incorporated with Mg2+. The alkaline metal ions 

decrease the nucleation and subsequent growth rate of 

ZnO nanoparticles, so that the nanoparticles thickness is 

reduced. The crystalinity of the synthesized Mg2+ doped 

ZnO nanoparticle was examined by selected area 

diffraction studies.  Fig. 2c shows the fish like structure 

with regular spacing of clear lattice planes. 

 

Fig. 2: (a & b) HRTEM images & (c) SAED studies of Mg2+ 
doped ZnO nanoparticles 
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3.3 Energy Dispersive Analysis X-ray (EDAX) 
Studies 

The compositional analysis of the Mg2+ doped 

ZnO NPs are carried out by using EDAX analysis. The 

typical EDAX spectrum of the alkaline metal ion (Mg2+) 

doped ZnO NPs are recorded in fig. 3. From the EDAX 

analysis, the amounts of metals present in the Mg doped 

ZnO NPs are Zn = 63.68%, Mg = 1.04% and O = 

16.76%. It is evident that, the expected elements are 

present in the synthesized samples. 

 

Fig. 3: EDAX spectrum of Mg2+ doped ZnO nanoparticles 

3.4 UV-visible Studies of Mg2+ Doped ZnO 
Nanoparticles 

The optical properties of Mg2+doped ZnO NPs 

are characterized by UV-vis spectrumas shown in fig. 4. 

From the absorption spectra, the absorption peaks are 

found at 391 nm for pure ZnO NPs whereas the peaks 

are observed at 388 nm for Mg doped ZnO NPs, which 

can be attributed to the photo excitation of electrons from 

valence band to conduction band. 

 

Fig. 4: UV-vis spectrum of Mg2+ doped ZnO nanoparticles 

The results also show that theincrease in Mg 

concentration leads to an increase in transmittance (Liu 

et al. 1992). 

3.5 Fourier Transform Infra-Red (FT-IR) 
Spectroscopic Analysis 

FT-IR spectroscopic analysis reveals the 

vibrational frequencies of the alkaline metal ion (Mg2+) 

doped ZnO NPs. The recorded FT-IR spectra are shown 

in fig. 5. A peak in the range of 3020-3650 cm-1 

corresponds to the vibrational mode of O-H bond (Zandi 

et al. 2011). The symmetric C=O bands are observed at 

1442 cm-1 for the pure ZnO samples. The band at 

1435cm-1 is attributed to Mg-O stretching vibration 

(Munoz Hernandez et al. 2009). In the present 

investigation, Mg doped ZnO shows the stretching 

vibration at 1436 cm-1.  

 

Fig. 5: FTIR spectrum of Mg2+ doped ZnO nanoparticles 

3.6 Photoluminescence Studies 

The photoluminescence spectra of the as-

synthesized Mg2+doped ZnO NPs sample is recorded 

with the excited wavelength of 325 nm are shown in fig. 

6. The PL emission is observed for the synthesized 

sample covering from the very short wavelength of 388 

nm to long wavelength of 524 nm, which is in 

accordance with results in the literature (Singh et al. 

2012; Malkaj et al. 2007; Fan et al. 2005). A relatively 

sharp, weak UV emission band at 3.25eV (388 nm) and 

a broad stronger emission band in the green partof the 

visible spectrum with a maximum intensity at 2.6eV 

(524 nm) are observed. The UV band is due to the 

radiative annihilation of excitons (exciton emission). 

The origin ofthe broad green emission band at 2.38 eV is 

attributed to surface anion vacancies (Malkaj et al. 

2007). It involves the tunnelling of surface-bound 

electrons through pre-existing trapped holes. Surface 

state is regarded as a main factor that determines visible 

luminescence of ZnO due to its defects or vacancies 

which are mainly located on the surface of NPs. The ZnO 
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NPs are highly crystallized, i.e., there are almost no 

amorphous phases on the ZnO surface. 

 

Fig. 6: Photoluminescence spectrum of Mg2+ doped ZnO 
nanoparticles 

3.7 Antibacterial Activity 

In the present scenario, the NPs are studied 

extensively to explore their utility as a potential 

antibacterial agent. Several factors such as less toxicity 

and heat resistance are accountable forthe use of NPs in 

the biological applications (Prasad et al. 2010; Brayner 

et al. 2006).  

In the current study, Mg2+ doped ZnO NPs are 

tested against gram negative (Escherichia coli) and 

gram-positive bacteria (Staphylococcus aureus) using 

disc diffusion method to determine their ability as a 

potential antimicrobial agent. They clearly indicate that 

the Mg2+ doped zinc oxide nanoparticles inhibit the 

growth of both gram-negative and positive bacteria and 

the zone of inhibition increases with the increase in 

concentration of  nanoparticles which are shown in table 

1.  

Table 1. Zone of inhibition of Mg2+ doped ZnO 
nanoparticles against bacterial strains 

S. 

No. 

 

Conc. of 

Mg2+ doped 

ZnO 

nanoparticles 

(μL) 

Zone of inhibition (mm) 

Gram positive 

strains 

Gram 

negative 

strains 

S. aureus E. coli 

1 1 13.5 11 

2 3 15.0 12 

3 5 16.0 14 

 

It is clear from table 1, that Mg2+ doped zinc 

oxide nanoparticles have shown almost similar 

antibacterial activities against all the pathogens. The 

variation in the sensitivity or resistance to both gram-

positive and gram-negative bacteria populations could 

be due to the differences in the cell structure, physiology, 

metabolism or degree of contact of organisms with 

nanoparticles. 

The antibacterial efficiency of ZnO NPs 

generally depends on the higher ROS which is mainly 

attributed to the larger surface area, increase in oxygen 

vacancies, the diffusion ability of the reactant molecules 

and the release of Zn2+  (Brayner et al. 2011). The 

superoxide radical, hydroxyl radical and hydrogen 

peroxide belonged to ROS group can cause damage to 

DNA, cellular protein and may even lead to cell death 

(Becker et al. 2011). Generally, nanoparticles with better 

photo catalytic activity have larger specific surface area 

and smaller crystal size that increase oxygen vacancies 

yielding to higher ROS (Brayner et al. 2006). In 

addition, crystal growth direction is another important 

factor for generation of ROS. Earlier studies have proved 

that the terminal polar face (001) is more active than the 

nonpolar surface (00-1) for photocatalytic H2O2  

generation (Applerot et al. 2009). Similarly, Zn polar 

terminal has exhibited strong UV luminescence rather 

than On polar terminal (Jang et al. 2006). Fig. 7 shows 

the zone of inhibition formed around each disc loaded 

with test samples indicating the antibacterial activity. 

 

Fig. 7: Zone of inhibition of Mg doped ZnO nanoparticles 
against S. aureus and E. coli 

4. CONCLUSION 

Chemical synthesis of Mg-doped ZnO 

nanoparticles was successfully achieved with crystalline 

and wurtzite like structure. From the HRTEM images, 

the particles were found to have nano fish like 

morphology. From the EDAX analysis, the chemical 

compositions were estimated for the prepared samples. 

Using the recorded FT-IR spectra, the various 

vibrational frequencies were assigned for the Mg doped 

ZnO samples. Photoluminescence studies showed that 

doping materials altered the band emission, which is due 

to zinc vacancy, oxygen vacancy and surface defects. 

The antibacterial studies performed against a set of 

bacterial strains showed that the Mg doped ZnO NPs 

possessed more antibacterial property. The antibacterial 

property of the ZnO samples was found mainly due to 
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the combination of reactive oxygen species and the 

release of Zn2+. The effect was not originated from the 

release of Mg2+ because any peak (impurity phase) 

corresponding to Mg was not observed from the XRD 

pattern of the Mg doped ZnO NPs.  
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