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Abstract: Zn1-xNixO nanoparticles with Ni2+ ions concentration x = 1 to 5 mole % were synthesised by microwave-assisted 

technique. The structural, morphological and optical properties were analyzed as a function of the Ni2+ ion concentration.   

The XRD illustrate the increases in crystallinity of ZnO nanoparticles with increases of Ni2+ ions concentration and doped 

systems at various Ni2+ ions mole fractions x confirmed the exclusive formation of the host ZnSe with the hexagonal wurtzite 

structure. The SEM results show that nanorods having nanoscale diameter and length were successfully synthesized by 

microwave-assisted technique. The UV–visible spectroscopy verified that the band gap of ZnO was reduced due to incorporation 

of Ni into ZnO.  Photoluminescence (PL) spectra of 1 to 5 mole % Ni2+ ion doped ZnO nanoparticles show two distinct ZnO and 

Ni2+ related emissions, both of which are excited via the ZnO host lattice. PL spectra confirmed a huge enhanced deep-level 

emission which attributes to the increase in defects concentration due to Ni2+ ions doping. 

 

I. INTRODUCTION 

Due to increasing environment pollution, the quest for low cost and highly visible light active photocatalyst for efficient 

environmental remediation has emerged as an important area of research. Therefore, semiconductor based nanostructured materials 

have attained a lot of attention as a potential photocatalyst [1-2]. To arrest ecological deterioration, semiconducting photocatalysis 

was applied to deal with a variety of environmental problems such as purification of polluted water and air. Among different 

semiconductor materials, metal oxide such as TiO2, ZnO, WO3, Cu2O and ZrO2 have been intensively investigated as 

photocatalysts due to their high photocatalytic activity, non-toxicity, good stability and low cost [3-4]. Especially, ZnO is a suitable 

alternative photocatalyst to TiO2 because of its distinct advantages including the direct band gap, ease of crystallization, and higher 

exciton binding energy and electron mobility [5]. However, the photocatalytic efficiency remains very low because of the fast 

recombination rate of the photogenerated electron-hole pairs in ZnO [6]. 

In this context, conventional nanostructured based photocatalyst including ZnO with wide band (Eg = 3.37 eV at 300 K) is still 

considered as the most exceptional photocatalyst option due to its outstanding optical properties, environmental sustainability and 

low cost [7–10]. However, the photocatalytic performance of ZnO is low due to low visible light absorption and high 

recombination rate of electron hole pairs which is the main obstacle for its utilization at commercial level [8]. To tackle these 

problems different methods could be applied such as doping with metals, non-metals, co-doping, and making composites/hybrids 

[11]. 

Herein, we prepared Zn1-xNixO nanoparticles with Ni2+ ions concentration x = 1 to 5 mole % by simple, scalable, and 

environmental friendly microwave-assisted technique.  The structure, morphologies with composition and luminescence properties 

of Zn1-xNixO nanoparticles were by X-ray diffraction (XRD), scanning electron microscopy with EDAX and photoluminescence 

intensively investigated and reported. 

 

2. EXPERIMENTAL SECTION 

Zinc nitrate, nickel nitrate and NaOH, material were sourced from Sigma-Aldrich. All these chemicals and reagents were 

utilized as received. 

 

 

2.1 Synthesis of Zn1-xNixO nanoparticles 

Zn1-xNixO nanoparticles with Ni2+ ions concentration x = 1 to 5 mole % were synthesized by using microwave irradiation 

method. The synthesis solution was prepared by mixing of 100 ml of 0.5 moldm-3 zinc nitrate 10 ml of (1 to 5 mole %) nickel 

nitrate taken in a beaker containing 250 ml of deionized water, to this mixture 0.1 N NaOH was added with constant stirring at 

room temperature and the mixture was subjected to microwave irradiation at 400 w for 30 min [12]. Finally, the obtained white 

precipitate (ZnO) and light green precipitate (Zn1-xNixO) was washed with water and ethanol several times followed by during 

about 200 °C for 10-15 min. 
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2.2 Characterization 

X-ray diffraction (XRD) patterns obtained from Plus/D8 model X-ray diffract-meter under Cu Kα radiation at scan rate of 10° 

per min. The surface morphology with chemical composition of samples was tested through scanning electron microscope (SEM) 

with energy dispersive X-ray analysis (EDAX) using Hitachi-S-4300SE with equipped voltage of 10 kV. The optical absorbance 

spectra of Zn1-xNixO nanoparticles were recorded using Shimadzu UV–visible spectrometer in the range 200–2000 nm.   

The luminescence properties were investigated using a PL Mechelle 900 spectrograph in the range 300–1100 nm, using a 325 nm 

He–Cd laser as an excitation source at room temperature. 

 

3.RESULTS AND DISCUSSION 

3.1 XRD analysis  

Fig. 1 shows the powder X-ray diffraction (XRD) patterns of Zn1-xNixO nanoparticles with Ni2+ ions concentration x = 1 to 5 

mole %. All peak positions of the nanoparticles correspond to the standard diffraction pattern of hexagonal wurtzite structure ZnO. 

Fig. 1 the XRD pattern of ZnO shows the diffraction peaks at 2θ = 31.9°, 34.7°, 36.5°, 47.7°, 56.8°, 63.0°, 66.3°, 67.9°, 69.1°, 73.1 

and 77.0° and corresponds to (100), (002), (101), (102), (110), (103), (200), (112), (201), (004) and (202) diffraction planes. The 

absence of extra peaks in these XRD patterns suggests that the Zn1-xNixO nanoparticles are the actual substitution of dopant into 

the host wurtzite structure, absence of impurities and also no precipitates or large-sized clusters are present in these nanoparticles 

[13].   

 

 
Fig. 1. XRD spectra of Zn1-xNixO nanoparticles 

The XRD peak intensity increased with increase in the concentrations of Ni2+ ions due to elevation of crystallinity.  From the 

high intensity (101) plane, the lattice constants a and c were evaluated using the relation,  

 

     

 (1) 

 

 

where, h,k,l are miller indices and dhkl is distance between the crystallographic planes and these values are presented in  

Table 1. As the effective ionic radius of Ni2+ (0.68 Å) is smaller than that of Zn2+ (0.72 Å) the lattice constant would increase 

with increased Ni2+ substitution. However, Ni2+ doped ZnO nanoparticles retain the wurtzite crystal structure of ZnO suggesting 

that nickel substitution at such low concentrations does not alter the crystal structure.   

The Debey Scherrer formula given by the following relation was used to calculate the crystallite size of the Zn1-xNixO 

nanoparticles. 

                                                       D = K λ/(β cosθ)                                 (2) 

 

where; D is the average crystallite size of Zn1-xNixO nanoparticles, K is Scherrer constant it is the shape factor (dimensionless 

shape factor has a typical value about 0.9), β is the full width half maximum of the diffraction peak in radians or integral breadth, θ 

representing diffraction Bragg angle (in degree) and λ representing the wavelength of X-ray beam (1.5406 A°).  The calculated 

average crystallite sizes were found to be in the range of 200-400 nm and are listed in Table 1. The crystalline sizes reveal that 

there is increase in the crystalline size while increasing Ni2+ ions concentrations. SEM analysis showed that there was a strong line 

between these results is shown in Fig. 2.   
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Table 1 FWHM, lattice parameters, crystallite size, composition of Zn1-xNixO nanoparticles by XRD and EDAX. 

Samples FWHM  of 

XRD peak 

(101) (deg.) 

Lattice parameters (Ǻ) Crystalline 

size (nm) 

Composition (atomic %) 

a c Zn O Ni 

Pure ZnO 0.4251 3.29 5.18 198 49.59 50.41 0 

1 mole % Ni2+ doped ZnO 0.4397 3.31 5.19 232 48.74 50.27 0.98 

2 mole % Ni2+ doped ZnO 0.4512 3.35 5.19 244 46.83 50.18 2.99 

3 mole % Ni2+ doped ZnO 0.4615 3.36 5.21 289 46.77 50.22 3.01 

4 mole % Ni2+ doped ZnO 0.4719 3.39 5.22 321 45.61 50.41 3.98 

5 mole % Ni2+ doped ZnO 0.4899 3.41 5.29 402 45.1 50.12 4.78 

 

3.2 Morphological analysis  

Surface morphology of the pristine and irradiated films was studied by SEM. The SEM images of the Zn1-xNixO 

nanoparticles are shown in Fig. 2 (a)–(f). The Zn1-xNixO nanoparticles SEM images are not uniform with a wide range of grain 

sizes but hexagonal shape was appeared also nickel concentration was increases the size of hexagonal shape also increased. 

The composition analysis of the Zn1-xNixO nanoparticles was carried using energy dispersive X-ray analysis (EDAX) 

spectral data of different regions of the nanoparticles recorded with an incident electron beam of 20 keV.  Fig. 3 (a-c) shows the 

EDAX results of pure, 3 and 5 mole % Ni2+ doped ZnO nanoparticles. The results of the corresponding elements in atomic 

percentage are given in Table 1.  Pure ZnO in the Fig. 3a shows that the relative proportions expressed in the atomic elementals 

ratio for O:Zn were, 1.00:1.00, which is consistent with the theoretical stoichiometry of ZnO. The stoichiometric oxygen content 

suggests absence of oxygen vacancies, which may noticeably alter the aggregate optical and electronic properties of the 

nanoparticles. The EDAX spectra of 3 and 5 mole % of Ni2+ doped ZnO nanoparticles shown in Fig. 3 (b-c) indicated that it 

contained Ni, Zn and O elements.  From Table 1, there is a deviation in the compositions of Zn is observed, when the 

concentration of nickel increases in ZnO nanoparticles. These results indicate that Ni might act as a substitute at a Zn site in the 

ZnO system, suggesting that there could be the formation of Zn1-xNixO compounds [14-15]. 

 
Fig. 2  SEM images of Ni2+doped ZnO nanoparticles with unposed (a), 1 (b), 2 (c), 3 (d), 4 (e) and 5 (f) mole % Ni2+ ions. 
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Fig. 3  EDAX spectra of Ni2+doped ZnO nanoparticles with unposed (a), 3 (b), and 5 (c) mole % Ni2+ ions. 

 

3.3 UV-Vis DRS analysis 

Fig. 4 shows the UV-vis DRS spectra of Zn1-xNixO nanoparticles optical absorption spectra is considered a versatile tool to 

reveal electronic transition, when Ni2+ ions are incorporated into ZnO lattice and substituting for Zn2+ at tetrahedral sites of the ZnO 

wurtzite structure.  In the spectra of Ni2+ doped films absorption edge is slightly red shifted compared to pure ZnO compound and 

this in the absorption edge towards lower energy indicates that incorporation of Ni2+ ions in ZnO lattice reduces the band gap [15]. 

Absorption spectra of pure ZnO shows only a sharp absorption edge, but the doping of Ni2+ ions in the concentration of 1,2 3, 4 and 

5 mole % into ZnO lattice leads clearly to the appearance of one well defined additional absorption peak at 273 nm, 295nm, 272 

nm, 302 nm, and 296 nm, respectively.  This additional peak may be related to the d-d transitions of Ni2+ ions involving crystal 

filed levels in tetrahedral crystal symmetry. But the relative intensity of this additional peak does change with 3 mole % nickel 

concentration [16].   

 
Fig. 4 Optical absorbance spectra of Zn1-xNixO nanoparticles 

3.4Photoluminescence analysis 

 Photoluminescence (PL) measurements of Zn1-xNixO nanoparticles were carried out to investigate the luminescent 

characteristics in the visible region at room temperature as shown in Fig. 5. The measurement conditions were identical in all cases 

and therefore relative intensities can be compared.  The PL spectra for the pure ZnO nanoparticles showed that the strong broad 

emission band at 478 nm is attributed to the band-band gap luminescence. Two PL emission lines are observed for 1 to 3 mole % 

(c) 

(b) (a) 
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Ni2+ ions doped ZnO nanoparticles. The high intensity and strong PL emission lines are at the different position for the 1 to 5 mole 

% Ni2+ ions doped ZnO nanoparticles. Although the radii of Ni2+ ions (0.68 Ǻ) seem to be too smaller to allow them to replace Zn2+ 

ions (0.72 Ǻ) in cubic crystal lattice.  With the increase of Ni2+ ions doping concentration, the emission intensity showed decreases 

4 to 5 mole % Ni2+ ions concentration, but shape and position of this peak did obviously change during this process [17].  

We suppose that the lattice vibrations induced by Ni2+ ions in single tracks help to the reorientation of these areas and minimization 

of inter-facial energy between ZnO grains. For the 4 to 5 mole % Ni2+ ions concentration ZnO samples, the intensity of the 

luminescence peak is lower compared to the pure ZnO indicating loss of luminescent property of the ZnO compound after Ni2+ ions 

concentration. This further confirms the increased crystal lattice size on the interfacial surface of the sample due to Ni2+ ions 

concentration [18]. 

 
Fig. 5 Photoluminescence spectra of Zn1-xNixO nanoparticles 

 

4.Conclusions 

A good quality single crystalline nanoparticle of ZnO doped with Ni2+ in various concentrations has been successfully 

synthesized from microwave irradiation technique.  

The XRD patterns confirm that pure and Ni2+ doped ZnO crystallizes in the hexagonal wurtzite structure phase without any 

precipitated (secondary phase) dopant related phase.  Lattice parameters ‘a’ and ‘c’ show variation (increasing) by increasing the 

substitution level of Ni2+ ions in ZnO, indicating the substitution of dopant Ni2+ into Zn2+ positions in the ZnO lattice.  

The fundamental absorption edge of the Ni2+ into ZnO nanoparticles show a large change due to Ni2+ incorporated into the ZnO 

lattice. The crystallinity and surface structure of the nanoparticles strongly influence the optical properties. Thus the stronger PL 

intensity Zn1-xNixO nanoparticles could be attributed to the increases grain size. 
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