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Abstract— In our study, PEG functionalized undoped and Mn doped MgO nanoparticles were prepared by versatile and cost effective 
chemical precipitation method. Structural and optical characterization of the samples were done by X-ray diffraction (XRD), UV-Vis 
spectroscopy, Fourier transform infrared (FTIR) and photoluminescence techniques. XRD analysis confirmed the hexagonal 
structure of the samples with an average crystallite size of 27.74 nm. Optical studies revealed that the absorption peaks are blue 
shifted indicating that the band gap starts decreasing for higher dopant concentrations. PL and FTIR analysis confirmed the 
existence of surface defects and oxygen vacancies which are the key factors influencing the biological property of the material. The 
antibacterial activities of the samples were tested against different bacterial strains and the results were quite promising. Present 
study reveals the unique interaction mechanism of the samples in bacterial medium which in turn can be extended further for 
anticancer analysis. 
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I. INTRODUCTION 

Nanotechnology deals with the controlled synthesis and manipulation of materials at the nano scale region which remarkably 
alters the physiochemical properties of the material. The advent of this groundbreaking technology facilitates fabrication of 
nanomaterials with tunable properties such as size, shape, surface structure, chemical composition, crystallinity. These 
exceptional properties make nanomaterials suitable for biological and biomedical applications since they are capable of 
inducing several metabolic activities in the reaction medium [1]. Furthermore, metal oxide nanomaterials plays predominant 
role in many areas especially in material science and cancer therapeutics as well. Various organic and inorganic nanomaterials 
such as ZnO, CuO, MnO2, TiO2, Fe3O4 etc have recently gained much attention in cancer therapeutics due to their 
multifaceted properties such as eco-friendly, biocompatibility, charge specific surface area, functionalization etc.  

Several metal oxide nanomaterials are found to exhibit toxic nature and when treated with microbes, they immobilize the 
functioning of intracellular proteins leading to cell death even at low dosage concentrations [2]. Magneto-sensitive doxorubicin 
coated iron oxide nanoparticles exhibited progressive antitumor ability compared to the conventional doxorubicin anticancer 
drug treatment [3]. Photosensitizing agents such as TiO2 are increasingly utilized for photodynamic therapy (PDT) treatment of 
tumor cells. Another novel photosensitizer which is being used widely is Cerium oxide (CeO2) nanoparticles. Upon irradiation, 
site specific toxicity in cancer cells was observed due to the properly tuned optical nature of cerium oxide nanoparticles leaving 
the normal cells intact [4]. Considerable extent on the utilization of Zinc oxide (ZnO) nanoparticles in almost all the areas of 
science and engineering is being done till date. The dose and time-dependent cytotoxic nature of zinc oxide nanoparticles 
against several cancer cells such as HepG2 (liver cancer), MCF-7 (breast cancer) cancer cells and A549 (human lung carcinoma) 
cancer cells were reported in earlier studies [5]. 

Magnesium oxide (MgO) is a wide band gap inorganic material having ample applications in all areas such as adsorbents, 
toxic waste remediation, as protective thin films, spin tunneling devices etc. MgO nanoparticles have been recognized as safe 
materials by FDA. Furthermore, MgO nanoparticles exhibit significant antibacterial property which have been studied and 
reported by several researchers. One of the most widely employed and FDA approved polymer, polyethylene glycol (PEG) can 
be used as capping agent so as to enhance biocompatibility and stability of the prepared MgO nanoparticles. PEG encapsulation 
has become a paradigm in designing new biocompatible anticancer drugs. The ability of MgO nanoparticles to induce ROS 
generation, penetrate into cell membranes and cause cell death in several microbial organisms like Staphylococcus aureus, 
Escherichia coli etc were analyzed and reported [6]. The study focuses the key mechanism involved in the antibacterial nature 
of the prepared MgO nanoparticles against the chosen gram positive and gram negative bacterial medium. PEG functionalized 
undoped and Mn (2.0, 2.5 and 3.0%) Mn doped MgO nanoparticles were synthesized by wet chemical method. The prepared 
samples were characterized and the dose dependent antibacterial activity of the samples was studied against the bacterial 
medium. 
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II. MATERIALS AND METHODS 

2.1 Chemicals 
All the chemicals were of analytical grade, purchased from Merck and were used without further purification. Magnesium 

chloride hexahydrate (MgCl2.6H2O), Manganese chloride (MnCl2), Ammonium hydroxide (NH4OH), De-ionized water and 
Polyethylene glycol (PEG-6000) were used to prepare PEG functionalized pure and Mn doped MgO nanoparticles. Biological 
reagents such as RPMI 1640, fetal bovine serum (FBS), Penicillin/streptomycin, 2,7-dichlorofluoroscein diacetate (DCFH-DA, 
97%), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (methyl tetrazolium, MTT, 97.5%) and phosphate-
buffered saline (PBS, pH 7.4) were purchased from Sigma-Aldrich. 

 
2.2 Functionalized pure MgO nanoparticles 
The precursors used for Mg and Mn are magnesium chloride hexahydrate (MgCl2.6H2O) and manganese chloride (MnCl2). 

Initially, MgO solution was formed by dissolving 0.5 M of magnesium chloride hexahydrate in 100 mL of de-ionized water 
under vigorous stirring at 25 ºC. To this solution a mixture of ammonium hydroxide (NH4OH) and the capping agent PEG 6000 
were added drop wise until pH 10 is obtained. The final solution was kept stirring for 3 hours at a temperature of 70 ºC. The 
precipitated sample was then filtered, washed several times with de-ionized water and ethanol, dried overnight and finally 
calcined at 500 ºC for 3 hours. 

  
2.3 Functionalized Mn doped MgO nanoparticles 
Different ratio (2.0, 2.5 & 3.0 wt %) of manganese precursor MnCl2 was dissolved separately in 100 mL of de-ionized water 

and kept stirring for 3 hours. MgO solution was prepared again following the above procedure. Then equimolar ratio of 
precursor solution and MgO solution are mixed together under constant stirring for 50 ºC. Finally, the capping agent PEG 6000 
was added drop wise along with NH4OH to maintain pH at 10. The mixture was then kept stirring for 3 hours and then 
ultrasonicated for 2 hours. The resulting mixture was washed with absolute ethanol and de-ionized water, dried in hot air oven 
at 500 ºC for 3 hours. 

 
2.4 Antibacterial Analysis 
The antibacterial activity of the prepared samples were tested against Gram-positive (Staphylococcus aureus, Bacillus subtilis) 

and Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria using disc diffusion method. The inoculums were 
prepared in fresh Luria Bertani broth following McFarland standards. The standardized inoculants were injected in to the 
sterilized plates and kept for inoculation. Then, the petri disks containing the bacterial organism were divided into four sections 
and 100 µg of each of the undoped and Mn doped MgO nanoparticles along with the standard ciprofloxacin (10µg) were added. 
The dishes were incubated at 37 ºC for 24 hours. The diameter of zone of inhibition was finally measured. 

 
 

III. RESULT AND DISCUSSION 

3.1 XRD Analysis 
The XRD patterns of PEG functionalized undoped and Mn doped MgO nanoparticles were recorded using Shimadzu X-ray 

diffractometer (XRD;Bruker AXS: D8 Advance) with CuKa radiation of 1.54 Å at 60 keV over the range of 2θ = 20 – 80 
degrees and is shown in Fig 1. The diffraction peaks are well matched with the face centered cubic structure of MgO (JCPDS 
No. 87-0653). The peaks observed at 37.5º, 43.4º, 62º, 74º and 78º are indexed with the lattice planes (111), (200), (220), (311) 
and (222) respectively. No characteristic peaks were observed, indicating the purity of the prepared MgO sample. However, the 
Mn doped doped samples exhibited a slight shift in the diffraction peaks attributed to the variations induced in the lattice 
parameters. This variation in the lattice parameters may be due to the successful incorporation of Mn2+ ions (ionic radius 81 pm) 
into the MgO lattice sites [7]. Also, it is evident from the figure that on increasing the Mn content (2.0%, 2.5% and 3.0%) a 
minimal increase in the width of the diffraction peaks is observed. Thus particle size influences peak shifting and broadening. 
The average particle size was calculated using Debye-Scherrer equation D = k λ/ βcosθ where D is the crystal size, k is the 
shape factor, λ is the wavelength of X-ray source, β is the full width at half-maximum (FWHM) and θ is the Bragg diffraction 
angle. The average crystallite size of the Mn doped samples was found to be 27.74 nm. 
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Fig.1 XRD pattern of undoped and Mn doped MgO nanoparticles. 

 
3.2 UV-Vis Analysis 
The room temperature UV-Vis spectra of undoped and Mn doped MgO nanoparticles were measured using JASCO (V-770, 

Japan) UV–visible spectrophotometer with wavelength ranging from 200–800 nm. The absorption spectra of the samples are 
shown in Fig 2. 

From the spectra, it is evident that the undoped MgO nanoparticles exhibit prominent absorption in the low UV region. The 
absorption peak of undoped MgO exhibited at around 270 nm. Further it can be seen that the absorption bands vary with the 
incorporation of Mn2+ ions. The absorption peaks shift towards the strong UV region increases on increasing the dopant 
concentration. The band gap energy values of undoped and Mn doped MgO nanoparticles were calculated using the tauc 
relation  

 
Where A is the constant characteristic parameter, hυ is the Photon energy, α is the absorption coefficient.  

 

 
Fig 2. UV-Vis Spectra of undoped and Mn doped MgO nanoparticles 
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To determine the optical band gap of, a graph of  (αhυ)2 versus hυ was plotted and is shown in Fig 3. The straight line 
extrapolation on the graph gives band gap of the undoped and Mn doped MgO samples. From the graph, the optical band gap 
values are estimated to be 4.08 eV for pure MgO nanoparticles and 4.03 ev, 3.96 eV and 3.94 eV for the case of Mn (2.0, 2.5 & 
3.0%) doped MgO nanoparticles [8, 9]. Thus from the optical analysis, it is seen that the band gap energy starts decreasing on 
increasing the Mn concentration. 

 

 
 

Fig 3. Tauc plot of undoped and Mn doped MgO nanoparticles 
 

3.3 FTIR Analysis 
The molecular structure and bonding nature of undoped and Mn doped MgO nanoparticles were analyzed using FTIR 

spectrometer (Perkin Elmer spectrum GX model) as shown in Fig 4. 
 

 
 

Fig 4. FTIR spectra of pure MgO and Mn doped MgO nanoparticles 
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The peak at 3443.44 cm-1 corresponds to the O-H stretching mode of the OH groups present on the surface of MgO 
nanoparticles due to adsorption. A broad band at 1444 cm-1 is attributed to the C=O stretching frequency. The band observed at 
around 2920 cm-1 corresponds to the enlarged vibrations of the C-H triple bond. The absorption peak observed at 2499 cm-1 is 
attributed to the CO2 and C-H modes respectively. The band observed at around 890 cm-1 corresponds to presence of NO3 group 
which can be ascribed to the base compound magnesium nitrate used for the preparation of MgO nanoparticles. The peak 
observed at 470 cm-1 corresponds to the vibrational frequencies of the Mg-O complexes in the finger print region. The peak 
around 890 cm-1 is attributed to the Mg-O-Mg vibration [10]. 

 
3.4 Photoluminescence Analysis 
The room temperature photoluminescence spectra of undoped and Mn doped MgO nanoparticles were recorded by using 

Spectrofluorometer (Perkin Elmer LS55). The optical emission spectra of the samples are shown in Fig 5. Surface defects or the 
oxygen vacancies developed on the surface of the nanoparticles makes them potential candidate for both antibacterial and 
anticancer applications [11]. 

 
 

Fig 5. PL spectra of pure MgO and Mn dopedMgO nanopartciles. 
 

The spectra of undoped MgO exhibited a strong emission peak at around 439 nm is not attributed to band gap emission. 
However, this emission emerges due to the existence of oxygen vacancies or surface defects on the metal oxide formation [12]. 
The oxygen vacancies are constituted by the removal of excess hydroxyl groups during the formation of MgO nanoparticles. 
Our results are in consistent with the reports of the similar work done by kumar et al. Considerable emission bands at 465, 469, 
473 nm are also observed in addition to the previous one. This may be attributed to the distinct energy levels formed by the F-
type anion vacancies. The emission peaks of the Mn doped samples were slightly blue shifted because of the increased surface 
defect density induced by the reduced crystallite sizes due to the percentage of Mn dopant incorporation. From our results, the 
existence surface defects or oxygen vacancies on the undoped and Mn doped MgO nanoparticles has been confirmed. This 
unique property of nanomaterials is very much essential for the enhanced antibacterial and anticancer property. 

 
3.5 Antibacterial Activity 
The antibacterial activity of the undoped and Mn doped MgO nanoparticles were tested against Gram-positive 

(Staphylococcus aureus, Bacillus subtilis) and Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria by agar 
diffusion method. Ciprofloxacin (10 μg/disc) was used as the reference drug. The antibacterial efficiency of the samples was 
calculated by measuring the zone of inhibition against the chosen organisms shown in Fig 6.. Metal oxide nanoparticles usually 
exhibit bacteriostatic or bactericidal effect which means that the treated bacteria do not die but stop to reproduce or grow in the 
selected medium. 

Table 1 summarizes the antibacterial activity of Mn doped MgO nanoparticles against all the tested organisms. MgO 
nanoparticles interact with the cells and affect the cell membranes through which the nanoparticles enter into the cells. The 
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penetrated nanoparticle induces oxidative stress within the bacterial cells resulting in inhibition of cells and cell death. Gram 
negative bacteria in general are more resistant to antibodies and antibiotics compared to that of gram negative bacteria since 
they have thick impermeable layer of cell wall. On the other hand, gram positive bacterial organisms do not have outer cell 
membrane and its outer wall is comprised only of thick peptidoglycan multilayers. Thus the gram negative bacteria can readily 
be affected by nanoparticles. 

Furthermore the positive surface charge on the outer cell wall of gram positive bacteria interacts rapidly with the undoped 
MgO nanoparticles compared to that of gram negative bacteria which is evident from the zone of inhibition depicted in Table 1. 

 

 
 

Fig 6.  Gram-positive and Gram-negative bacterial Inhibition zones of undoped and Mn doped MgO nanoparticles. 
 

The results also show that the antibacterial activity of both bacterial organism decreases on increasing the Mn dopant 
concentration. The minimal antibacterial activity of the Mn doped MgO samples may be due to the anomaly induced by the 
incorporation of the samples into the bacterial medium. The doped samples deteriorate the stability of the oxygen groups 
developed at the surface resulting in the reduction of pH value of the medium [13]. Most gram positive and gram negative 
bacterial organism posses a unique acid resistance mechanism which helps them to tolerate several critical surviving acidic 
environments.  

 
Table 1. Inhibition zone diameters of gram-positive and gram-negative bacteria against pure and Mn doped MgO 

nanoparticles 

Organism 
Zone of inhibition (nm) 

Control 
Pure 
MgO 

MgO:Mn(2%) MgO:Mn(2.5%) MgO:Mn(3%) 

G
ra

m
 p

os
it

iv
e 

Staphylococcus 
aureus 

28 24 13 11 13 

Bacillus subtilis 29 23 11 10 12 

G
ra

m
 

n
eg

at
iv

e 

Escherichia coli 40 12 10 10 11 

Pseudomonas 
aeruginosa 

41 12 09 09 11 
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From table 1 it is seen that the gram positive bacteria (S. aureus & B. subtilis) were more sensitive to undoped MgO 
nanoparticles compared to Mn doped MgO nanoparticles. However, only a minimal variations were observed for the gram 
negative bacteria ( E.Coli & P. aeruginosa) against both undoped and Mn doped samples. This might be due to the characteristic 
property of the polymer coated samples and the interaction mechanism of bacterial cells with the nanoparticles [14, 15]. The 
explicit antibacterial mechanism of Mn doped MgO nanoparticles have not been clearly understood yet and hence more 
investigation is needed. 

IV. CONCLUSIONS 

Surface functionalized pure and Mn doped MgO nanoparticles were prepared using chemical precipitation method. XRD 
analysis inferred the variation in lattice parameters and reduction of particle size upon increasing the Mn dopant concentration 
in the MgO lattice sites. The average crystallite size was found to be 27 nm. The capping agent PEG plays the vital role in 
controlling the particle size. UV-Vis spectra exhibited blue shift indicating the band gap widening and the band gap energy 
value starts increasing for increased dopant concentration. PL and FTIR spectroscopic technique validated the presence of 
surface defects and induced oxygen vacancies which are essential for enhancing the antibacterial and antimicrobial efficiency of 
the samples. Finally, antibacterial activity of the prepared nanoparticles were tested against gram positive and gram negative 
bacterial organisms and found that gram negative bacteria showed minimal response even for highest concentration of samples 
in the medium. However, the gram positive bacteria were more sensitive and the zone of inhibition was significantly large 
depicting the effective antibacterial nature of the samples against specific bacteria. Further investigations can be done using 
various capping agent so that the antibacterial activity of the nanoparticles can be tuned for all the bacterial organisms. 
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