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Undoped and Mg doped ZnO nano particles were synthesized by wet chemical 

precipitation method and their optical and surface properties were characterized by 

Photoluminescence (PL), Raman spectra and Field Emission Scanning Electron 

Microscope (FESEM) respectively. Reduced structural and intrinsic defects such as zinc 

vacancies and oxygen interstitials was noticed with Mg doping and confirmed by PL 

spectra.  The UV peak broadening and shifting to lower wavelength were evidenced the 

increased crystallite size or particle size and confirmed by Scanning Electron Microscope 

images. Higher Mg concentration in ZnO nano particles altered the band gap very close to 

the theoretical band gap of ZnO. Mg doped ZnO with higher concentration showed 

improved crystallinity by noticed with intense E1high mode than other concentrations. Mg 

doped ZnO nano particles were stress influenced and observed conversion from tensile to 

compressive with higher Mg concentration. SEM analysis showed the formation of flower 

and needle like nano structure of Mg doped ZnO nano particles. Overall the improved 

crystallinity and particles size was noticed with Mg doped ZnO nano particles. 
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1. Introduction 
 

Nanotechnology have revolutionized many technology and industry sectors such as daily 

life materials, information technology, energy, environmental science, medicine, food safety, 

transportation, etc. Two major nanoscale effects are quantum confinement and very large surface 

area [1]. Correspondingly, physical properties such as electrical, thermal, optical and magnetic 

characteristics and chemical properties of nanoscale materials are size dependent and this offers 

the possibility for researchers to fine-tune a material property of interest to suite their application 

[2]. 

In material science, ZnO is classified as a II-VI semiconductor, with undoped ZnO is 

essentially a n-type semiconductor. Bulk ZnO have high mechanical and thermal stability, with 

modulus of hardness and melting point of 4-5 and 1975°C respectively. It also has fairly high 

thermal conductivity of about 1-1.2 Wcm
-1

K
-1

 at room conditions [1]. Meanwhile, the specific heat 

capacity at constant pressure of ZnO is cp=40.3 Jmol
-1

K
-1

. However, thermal conductivity and 

specific heats at low temperature may vary significantly depending on the defects present [3]. ZnO 

is gifted with wide direct band gap (3.37 eV) and large exciton binding energy (60 meV). As the 

result, ZnO exhibit strong absorption and Photoluminescence in Ultra-Violet (UV) range therefore 

is transparent to visible light [4].  

ZnO also has significant technological value particularly in electronic and technology 

industry. Moreover, crystal growth technology for ZnO is simpler, which results in potentially 

lower cost of ZnO based devices [5].  As the result, there are increasing number of reports on 
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researches and applications of ZnO in fabrications of optoelectronic devices such as Light 

Emitting Diode (LED), Laser diodes, photodetectors, photovoltaic cells [6], and Organic Light 

Emitting Diode (OLED) [7]. ZnO have brilliant future in transparent and flexible electronic 

applications [8]. Nanogenerators based on ZnO also become a new candidate for future green 

energy harvesting technology [9]. Moreover, Manganese doped ZnO is found to be a dilute 

magnetic semiconductors (DMS) which exhibit room temperature ferromagnetism. Based on the 

above, detailed study on the effect of metal doping on the ZnO nano structure is required and 

should be addressed their structural defect for tailoring the properties in selected application.   

There are many methods are suggested for the synthesis of ZnO nano particles. Sol–gel 

[10], precipitation [11], hydrothermal [12], solvothermal [13], mechanochemical [14], spray 

pyrolysis [15], etc. are bottom-up process whereas the mechanical milling of ZnO powder method 

[16] is top-down process. Among these methods, the precipitation method, which is a wet 

chemical synthesis route, is relatively simple and low cost than the others [17]. In this study, 

undoped and Mg doped ZnO nano particles are synthesized by precipitation method and their 

surface and optical properties are evaluated. The observed data are reported and discussed here.  

 

 

2. Experimental methodology 
 

Mg doped ZnO nano particles were synthesized by precipitation method. AR grade Zinc 

Nitrate Hexahydrate Zn(NO3)2
.
6H2O, Sodium Hydroxide NaOH (Sigma Aldrich) and Magnesium 

Chloride Hexahydrate MgCl2
.
6H2O (QREC) were used without further purification. For synthesis 

of pure ZnO, 29.749g of Zn(NO3)2
.
6H2O and 8.00g of NaOH were dissolved separately in 200ml 

of double distilled water to prepare 0.5M and 1.0 M solutions respectively. In all the literature, 

NaOH is added into zinc solution. Instead, the zinc solution is added into the NaOH solution 

which is to ensure the dissolution of zinc hydroxide precipitate into zinc complex ion and can 

serves as self-assembly units as well as providing an alkaline environment for reaction [18]. 

Consequently, NaOH solution was stirred by mechanical stirrer at 500 rpm and Zn(NO3)2
.
6H2O 

solution was added dropwise to it to form white precipitates. After the titration, the resulting 

solution was allowed to age for 2 hours. The precipitate was then filtered out, washed for 3-4 times 

with double distilled water and ethanol successively to remove unwanted solutions. Later, the 

precursor was dried in oven at 120°C for 4 hours and crushed into powder using ceramic mortar. 

The pure ZnO nanopowder was obtained. For Mg doping, MgCl2
.
6H2O solution is added along 

with Zn(NO3)2
.
6H2O and prepared solution. In order to change the atomic concentration of Mg for 

doping to ZnO, the weight of MgCl2
.
6H2O was varied and mixed with Zn(NO3)2

.
6H2O to achieve 

the doping concentration as mentioned in table – 1.  

 
Table -1 Molar concentration of Mg in ZnO nano particles and sample name 

 

Sample Name 
Atomic Percentage 

(%mol) of MgCl2
.
6H2O 

0MZO 0 (pure ZnO) 

2MZO 2 

4MZO 4 

6MZO 6 

8MZO 8 

10MZO 10 
 

 

For easy understanding, the sample name, in which the front number represents the Mg 

doping percentage. For example, 2MZO represents 0.2 mole % Mg doped ZnO. Hereafter, the 

sample name is pronounced based on this nomenclature. The Raman spectrum of all samples was 

captured by using Horiba Jobin Yvon HR 800 UV Raman/Photoluminescence spectrometer with 

Argon laser source at 20mW as the excitation source. The 514.55 nm filter was inserted into the 
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system's optical compartment and the grating with 1800 grooves/mm was selected. The spectra 

was taken by the charge couple device which was peltier cooled at -77°C, and hence intensity of 

the Raman scattered infrared was recorded with respect to their Raman shift in terms of 

wavenumber from 200-800 cm
-1

. Photoluminescence (PL) spectra for all samples were recorded 

by the using the same system as we used for Raman spectra but He-Cd laser source at 20mW was 

used for illumination. In order to study the surface morphology, the FESEM images of undoped 

and Mg doped nano particles were captured and the surface properties are discussed. 

 

 

3. Results and discussions 
 

3.1 Photoluminescence spectra analysis 

Room temperature PL spectra of all samples were recorded as shown in fig. 1. Generally, 

from the PL spectra, there should be three main peaks such as a UV peak near band-edge emission 

around 380 nm, a green emission peak around 520 nm and an orange-red emission around 600 nm. 

From the fig.2, it is clearly seen that there are two distinct peaks positions are identified from the 

undoped and Mg doped samples which are identified at around ~380 nm and ~550 nm. The small 

intensity peaks at ~380 nm are attributed to the effect of the free-exciton recombination.  

 

 
Fig. 1 PL spectra of undoped and Mg doped ZnO nano particles. Inset fig: PL spectra  

observed between 330 nm and 450 nm 

 

 

The broad peaks around ~550 nm state the structural defects and impurities in the 

structures. It is assigned as green emission peak and attributed to defects present in ZnO crystals, 

such as vacancies and interstitials of zinc and oxygen. The intensity of this peaks decreases with 

Mg concentration increases and might be related to the lower oxygen vacancies in the Mg doped 

samples. This green emission also involves transition from the band edge (or shallow level close to 

band) to a defect level. 

It is also clearly seen that the intensities of PL peaks are decreasing as Mg concentration 

increasing. It refers that the structural defects are gradually decreasing as the Mg doping to ZnO 

lattice increasing. As observed the absence of broad orange-red emission from the PL spectra, the 

prepared samples are not having the oxygen interstitial defects [19]. Moreover, the characteristic 

peak of defects in ZnO (~505 nm) is not observed from our samples [20]. A broad deep level 

emission in the visible region near 470 nm is ascribed for the structural defects and impurities in 

the system and not observed in our samples [21]. The intensity of deep level emission decreases as 

the Mg concentration increases and it is the evidence of reduced intrinsic defects such as zinc 
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vacancies and oxygen interstitials in the Mg doped samples. The observed results are contradicted 

to the published results [22] where the intensity of deep level emission was increased with Mg 

concentration.  

According to the literatures [23,24], peaks related to a deep-level or trap-state emission 

located at 500 nm and 510 nm were not observed in our samples. From the fig. 1, the intensity of 

the exciton recombination related to the near-band edge emission decreases gradually with Mg 

concentration increases. Very low intensity was noticed with 8MZO samples. The intensity 

reduction is referred to the degradation of crystalline quality (see inset of fig.1). The peak 

broadening of PL spectra observed from the Mg doped samples is due to the strain developed in 

the doped samples. The FWHM value of UV emission increases with Mg concentration increases. 

It is attributed to the narrow size distribution of the nanoparticles in the prepared samples and 

agrees with the published results from different author [25]. The peak broadening of UV emission 

is also representing the decreased crystallinity with increased Mg concentration. 

Moreover, the position of the near-band edge emission peaks of samples 4MZO, 6MZO 

and 10MZO are also shifting towards the left side (lower wavelength) and it is attributed to the 

effect of Mg doping in particle size and observed low intensity of the peak refers the increased 

particle size. The presence of the blue-shifting is remarkable because it suggests that the 

nanocrystals do not produce extra defects due to the introduction of the Mg ions [26]. Near band 

emission peaks tell us the bandgap of the prepared material and it is shifting towards low 

wavelength and approaches the theoretical energy band-gap of ZnO (3.37 eV). Especially, the 

samples named as 4MZO, 6MZO and 10MZO are very close to the band gap of ZnO. This blue 

shift of such peaks is attributed to the quantum confinement effects. 

 

 

3.2 Raman spectra analysis 

The microscopic nature of structural and morphological properties of nanocrystalline 

powder can be analyzed by using Raman spectra. Consequently, Raman spectra were recorded for 

all samples as shown in fig.2. it clearly shows that there are two distinct peak observed at ~367 

cm
-1

 and ~439 cm
-1

 along with a broad peak at ~578 cm
-1

.  
 

 
Fig.2. Raman Spectra of undoped and Mg doped ZnO nano particles 

 

 

The peak observed at 439 cm
-1 

corresponds to the E2 high mode of wurtzite ZnO. The peak 

at ~578 cm
-1

 is assigned to the E1 (LO) mode of ZnO quantum dots and the peak intensity is 

enhanced and shifted to lower wavenumber due to a resonance at the excitation wavelength and 

the presence of impurity (Mg) induced scattering [27].The strong peak at ~382 cm
-1

 are assigned to 
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A1(TO) mode of hexagonal ZnO and their intensity decreases noticeable for Mg doped ZnO. A 

small peak at ~ 332 and ~380 cm
-1

 are also noticed with the Mg doped ZnO nano particles and 

assigned the second order (E2 (high) – E2 (low)) and A1 (TO), respectively [28]. The same 

observation was noticed for Cu doping in other work [29]. The second order (E2 (high) – E2 (low)) 

peaks are not observed with undoped ZnO particles but a peak located at ~382 cm
-1

 are observed 

as shoulder peak for the undoped ZnO nanoparticles and it is assigned to A1 (TO) modes. 

The presence of highly intense E2 high band is the indication of highly crystalline nature 

of Wurtzite ZnO nanostructure. From the fig. 2, it is clearly seen that the crystalline nature of the 

ZnO increases with Mg doping concentration increases. High value of the peak intensity is noticed 

with 10MZO sample than other samples. There is no peak shifting for ~ 332 cm
-1

 emission. The 

increase in peak intensity was also noticed with Cu doping in other research work [30]. For 

10MZO sample, a small intensity peaks are observed at ~539 & ~578 cm
-1

 and assigned to A1 

(LO) and E1 (LO) modes respectively. The presence of these two modes are attributed to the 

random orientation of ZnO [31] and also assigned to surface optical modes predicted theoretically 

and O vacancies, Zni or combination of the two[32].  

The E2 high mode shift towards higher frequency for 8MZO sample and attributed to the 

effect of stress developed in the ZnO lattice.  Generally, shift of E2 phonon frequency is 

considered as a stress deciding factor from the Raman spectra. An increase in the E2 phonon 

frequency is ascribed to compressive stress, whereas a decrease in the E2 phonon frequency is 

ascribed to tensile stress. This is because of the lattice mismatch and distortion in the crystal 

lattice. It can be altered by introducing a dopant to the lattice and cause the lattice distortion in the 

crystal which is usually different from the atomic radii of different elements [33]. Based on this 

assessment, it is concluded that the 8MZO sample is under compressive stress i.e., a conversion 

from tensile to compressive was occurred as with Mg concentration increases in the ZnO. 

 

3.3 Surface morphology analysis 

The recorded surface morphology of all samples is displayed in fig.3. It clearly reveals the 

change in surface properties of doped ZnO nano particles. An interesting surface morphology was 

notice with all Mg doped samples.  

 

 
Fig.3 FESEM images of undoped and Mg doped ZnO nano particles 

 

 

From the fig.3, it is observed that a flower type nano structure (yellow square) is noticed 

with all Mg doped samples especially for 2MZO, 6MZO, 10MZO samples. Undoped sample 

shows the big grain with agglomeration. It can be seen from the fig.3, that the particle are needle 
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like structure and their thickness or diameter increases with Mg concentration increases. Grain 

agglomeration is noticed clearly with 4MZO samples and it clearly indicates the needle like 

structure (orange circle). Fig.3 also shows the increased particle size with Mg concentration 

increases. Highly dense particles are noticed with 10MZO samples with needle like crystal 

structure. It is also noticed from the fig.3 that the nano structure growth is in particular direction 

and the nano crystal is acting as seed crystal for further growth. 

 

 

4. Conclusion 
 

Mg doped ZnO nano particles were synthesized by Wet chemical root and analyzed by PL 

and Raman spectra. PL spectra was evidenced the formation of high crystalline ZnO nano particles 

with reduced structural defects for Mg doping. The particle size improvement for Mg doped ZnO 

was noticed by SEM analysis and proved by UV emission from PL spectra. The band gap tuning 

close to theoretical value was demonstrated by Raman spectra. Flower and needle like nano 

structure of Mg doped ZnO were confirmed by SEM analysis. 
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