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MgxZn1-xO (0 ≤ x ≤ 0.4) nanoparticles were synthesized by direct thermal decomposition of Zn and Mg acetates in air at 500 
ºC. As revealed by SEM, pure ZnO sample consisted of nanorods, wheras MgxZn1-xO samples became nanoparticles. The 
Eg increased from 3.13 to 3.22 eV with increasing Mg concentration. The PL spectra of all the samples showed a strong UV 
emission, a weak blue, a weak blue-green, and a weak green bands, indicating their high structure and optical quality.  
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1. Introduction 
 
Zinc oxide (ZnO) is an excellent electronic and 

photonic material having a wide band gab semiconductors 
(Eg ≈ 3.27 eV) and a large exciton binding energy of 60 
meV. Therefore, ZnO is attracting considerable attention 
as one of the important candidates for potential 
applications including gas sensors, photodetectors, light-
emitting diodes, varistors, piezoelectricity [1-5]. Recently, 
MgxZn1-xO materials have attracted much attention 
because of their wider band gap compared to pure ZnO 
and their unique UV-luminescent properties based on 
radiative recombination of electron-hole pairs [6]. 
Magnesium oxide (MgO), with a wide band gab of 7.7 eV 
has high transmission in the ultraviolet region. Changing 
the band gab can be achieved by doping the magnesium in 
ZnO. So far, a variety of techniques have been applied to 
the preparation of MgxZn1-xO, including electrophoresis 
deposition [7], sol-gel [8], pulsed laser deposition [9], and 
molecular beam epitaxy [10, 11]. However, these methods 
involve a strictly controlled synthesis environment, 
expensive equipments and complicated procedures.  

In the present work, we report the optical properties of 
MgxZn1-xO nanoparticles prepared by a direct thermal 
decomposition of Zn and Mg acetates in air at 500 ºC for 4 
h. This method is fast, simple, and cost-effective for 
synthesis of MgxZn1-xO nanoparticles. The structure and 
morphology of synthesized nanocrystallline MgxZn1-xO 
were characterized by XRD and SEM. Optical properties 
of the prepared samples were investigated by UV-VIS and 
photoluminescence spectroscopies. 

 

2. Experimental 
 
For the synthesis of MgxZn1-xO nanopartciles, 

Zn(CH3OO)2.2H2O (≥ 99.5 % Purity, Anala R), and 
C4H6MgO4.4H2O (≥ 99.0 % Purity, Fluka) were mixed 
using a mortar and pestle for several minutes until 
homogeneous mixture powder was obtained. For each 
sample, the mole ratio of Mg: Zn was kept corresponding 
to the nominal composition of MgxZn1-xO (x = 0, 0.1, 0.2, 
0.3 and 0.4). The mixed powder was then placed in an 
alumina crucible covered by alumina lid before loading it 
into oven, and was calcined in air at 500 ºC for 4 h.        
The calcined samples were analyzed by means of X-ray 
diffraction (XRD) using CuKα radiation with                    
λ = 0.15418 nm (Phillips PW3040, The Netherlands), and 
UV-VIS-NIR scanning spectroscopy (UV-3101PC, 
Shimadzu). The particle size and external morphology of 
the fine calcined samples were characterized by scanning 
electron microscopy (SEM) (LEO 1450VP, U.K.). 
Photoluminescence (PL) measurement was carried out on 
a luminescence spectrometer (Perkin–Elmer LS-55B, 
PerkinElmer Instrument, USA) using a Xenon lamp as the 
excitation source at room temperature. The samples were 
dispersed in dichloromethane and the excitation 
wavelength used in PL measurement was 325 nm. 

 
 
3. Results and discussion 
 
XRD patterns of all the samples in Fig. 1 show 

exactly the same peak patterns, which can be indexed as 
the ZnO wurtzite structure in the standard data (JCPDS, 
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36-1451). However, the presence of the second phase as 
MgO (JCPDS, 45-0946) was observed with  Mg 
concentrations of x ≥ 0.2. The crystal sizes of the prepared 
samples were estimated from X-ray line broadening using 
Scherrer’s equation (i.e. ( )θβλ cos/89.0=D , where λ 
is the wavelength of the X-ray radiation, θ  is the 
diffraction angle and β is the full width at half maximum 
(FWHM) [12], and were obtained to be 36.80 ± 2.74 nm, 
32.70 ± 4.99 nm, 30.60 ± 4.63 nm, 28.43 ± 4.02 nm and 
27.23 ± 3.87 nm for x = 0, 0.1, 0.2, 0.3 and 0.4, 
respectively. The wurtzite structure lattice parameters a 
and c calculated from the XRD spectra are (a = 0.32443, c 
= 0.51979), (a = 0.32427, c = 0.51941), (a =0.32423, c = 
0.51922), (a =0.32424, c = 0.51915) and (a =0.32416, c = 
0.51899) nm for x = 0, 0.1, 0.2, 0.3 and 0.4, respectively. 
These values are close to those of lattice a = 0.32488 nm 
and c = 0.52066 nm in the standard data (JCPDS, 36-
1451). The crystallite size and wurtzite structure lattice 
parameters a and c of the samples whose Mg 
concentration x is from 0 to 0.4 have a decrease on 
increasing the Mg concentration as reported previously by 
other research groups [13, 14]. These results indicate that 
the effective ionic radius (0.57 Å) of Mg2+ is smaller than 
that of Zn2+ (0.60 Å) [15].  
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Fig. 1. XRD patterns of the MgxZn1-xO nanoparticles 

prepared in air at 500 °C for 4 h. 
 

The morphology and structure of samples were 
investigated by SEM (Fig. 2). It is clearly seen from the 
SEM micrographs that the morphology of samples was 
affected by the amount Mg concentration. The pure ZnO 
consisted of nanorods of ~ 60-100 nm in diameter with 
200-400 nm in length. Interestingly, the MgxZn1-xO (x ≥ 
0.1) samples consisted of nanoparticles with particles size 
of ~ 20-50 nm. This phenomenon is probably due to the 
affect of impurity (NaCl-type) MgO phase. 

 

 
Fig. 2. SEM micrographs of the MgxZn1-xO nanoparticles prepared in air at 500 °C for 4 h.     (a) x = 0, (b) x = 0.1, (c) x = 0.2, 

(d) x = 0.3, and (e) x = 0.4. 
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The UV-visible absorption spectra of all samples 

shown in Figure 3, exhibited a strong absorption below 
400 nm (3.10 eV) with a well defined absorbance peak at 
around 364 nm (3.41 eV) and 288 nm (4.31 eV). Inset of 
Fig. 3 shows the calculated band gap energies for different 
Mg concentration. The band gap energy increased from 
3.13 to 3.22 eV with increasing in Mg concentrations from 
x = 0 to x =0.4. These values are lower than that the Mg-
doped ZnO reported in the literature [13, 14, 16]. 
However, we expect that the wide band gap of MgO (7.7 
eV) may be responsible for the increase of the band gap in 
our MgxZn1-xO samples.  
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Fig. 3. Room temperature optical absorbance spectra of 
the MgxZn1-xO nanoparticles  with  (a) x = 0, (b)  x = 0.1, 
(c) x = 0.2, (d) x = 0.3, and (e) x = 0.4.  Inset is a plot of 
band gab energy as a function of Mg concentration (x) 

for the MgxZn1-xO nanoparticles. 
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Fig. 4. Room temperature photoluminescence spectra of 
the synthesized MgxZn1-xO samples. The samples  were 
dispersed   in    dichloromethane    and   the  excitation 

wavelength used in PL measurement was 325 nm. 
 

Room temperature PL spectra of the nanocrystalline 
MgxZn1-xO samples measured using a Xenon laser of 325 
nm as an excitation source are shown in Fig. 4. The 
spectra of all samples consist of four emission band: a 
strong UV emission band at ~ 395 nm (3.14 eV), a weak 
blue band at ~ 420 nm (2.95 eV), a weak blue-green band 
at ~ 485 nm (2.56 eV), and a very weak green band at ~ 
530 nm (2.34 eV). The strong UV emission corresponds to 
the exciton recombination related near-band edge emission 
of ZnO [17, 18]. The weak blue and weak blue-green 
emissions are possibly due to surface defect in the ZnO 
samples [19-22]. The weak green band emission 
corresponds to the singly ionized oxygen vacancy in ZnO, 
and this emission is resulted from the recombination of a 
photo-generated hole with the singly ionized charge state 
of the specific defect [23-25]. The low intensity of the 
green emission may be due to the low density of oxygen 
vacancies during the preparation of the MgxZn1-xO 
samples, whereas the strong room temperature UV 
emission intensity should be attributed to the high purity 
with perfect crystallinity of the synthesized MgxZn1-xO 
samples.   

 
 
4. Conclusions 
 
MgxZn1-xO nanoparticles were prepared by a direct 

thermal decomposition using Zn and Mg acetates as 
precursors. The results revealed that the morphology of the 
prepared MgxZn1-xO samples was affected by amount of 
Mg, causing formations of nanorods for pure ZnO and 
nanopaticles for Mg-doped ZnO. The band gap of MgxZn1-

xO samples also increased with increasing Mg 
concentration. Photoluminescence spectra of all the 
samples showed four main emission bands including a 
strong UV emission band, a weak blue band, a weak blue-
green band, and a weak green band at 3.14 eV, 2.95 eV, 
2.56 eV and 2.34 eV, respectively. The strongest emission 
spectrum is found for the MgxZn1-xO (x = 0.3) sample, 
suggesting its better crystallinity and optical properties 
than those of the other samples. This work demonstrates 
the simple synthesis of MgxZn1-xO nanoparticles with good 
crystallinity and optical properties by a direct thermal 
decomposition of acetates at low temperature. The current 
simple synthesis method using cheap precursors can be 
extended to prepare nanoparticles of other interesting 
metal oxide materials.    
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