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Abstract: In present work influence of Ni dopant on structural and optical properties of ZnO nanoparticles were 
presented. Pure and Ni doped ZnO nanoparticles are successfully synthesized by simple, low cost, environment 
friendly sol-gel method. Structural and optical properties of nanoparticles including crystalline size, surface 
morphology, optical absorption and emission properties of nanoparticles were analyzed using X Ray Diffraction 
(XRD), Scanning electron microscopy (SEM), UV-Vis optical absorption (UV-Vis) and Photo Luminescence 
(PL) spectroscopy techniques. XRD spectra confirm the formation of hexagonal wurtzite structure with good 
crystallinity. SEM confirms the formation of almost spherical morphology by incorporation of Ni into ZnO 
lattice. Optical absorption spectrum reveals significant blue shift due to Ni doping. PL spectra with high 
luminescence intensity in the ultraviolet, blue and green wave length region confirmed from spectra. This work 
also specifies significance of nanopowders as building materials for fabrication of optoelectronic devices mainly 
LED’s. Copyright © 2016 IFSA Publishing, S. L. 
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1. Introduction 
 

Nanomaterials play significant role in fabrication 
of optoelectronic devices. Nanoscience is associated 
with synthesis, characterization, exploration, and 
exploitation of nanostructured materials [1]. They 
possess unique physical, chemical, electrical, optical, 
magnetic and mechanical properties due to 
considerable increase in surface to volume ratio and 
quantum confinement effect. Semiconductor 
nanomaterials are of current interest in optoelectronic 
devices due to their predominant role in filling gap 
between small molecules and bulk crystals. 
Resistivity of semiconducting materials can be easily 
varied by introducing dopants or external biases [2]. 
Properties of nanoparticles including physical, 
chemical, mechanical, optical and magnetic 
properties can be easily manipulated by introducing 
dopants into wide band gap semiconductor. Metal 

oxides show significant contribution as they possess 
versatile nature due to their diverse properties and 
applications [3]. They have found various advanced 
applications in chemistry, physics and material 
science such as gas sensing, fuel cells, photo catalyst, 
optics, magnetic electric, multiferroic etc. [4]. 
Examples of various metal oxide nanoparticles are 
iron-oxide, tin oxide, aluminum oxide, magnesium 
oxide, tungsten oxide, vanadium oxide, rhenium 
oxide, molybdenum oxide, zirconium, Rhenium 
oxide, Yttrium oxide, Europium oxide, Zinc oxide 
and so on. 

Due to the advancement of materials technology 
over the past decade, wide-band gap semiconductors 
such as SiC, GaN and ZnO have emerged as UV 
sensitive materials that have applications for UV 
lasers, UV photodetector, switches, bio-Sensors and 
solar cells. The semiconductor ZnO is an attractive 
material in the research community due to its Wide 
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direct band gap (Eg -3.3 eV at 300 K), large exciton 
binding energy (60 MeV) which is very suitable for 
short wavelength optoelectronic applications, ZnO 
possess unique piezoelectric, pyroelectric and 
multiple properties [6]. Zinc Oxide (ZnO) 
nanoparticles have their own importance due to their 
vast area of applications such as gas sensor, chemical 
sensor, bio-sensor, cosmetics, storage, optical and 
electrical devices, window materials for displays, 
solar cells, and drug-delivery [7]. Nanoparticles of 
metal oxides comprising zinc elements, particularly 
contain two or more metals at least one of which is 
zinc, offer a unique and surprising way to provide 
such long lasting superior protection. 

Many researchers reported the properties of ZnO 
can be tuned by doping with various metal ions [8]. 
The transition metals (Al, Cu, Ni, Ag, Co) doped 
ZnO show better properties, as Transition metal 
elements have close ionic radius parameter to that of 
Zn2+, which means that these elements can easily 
penetrate into ZnO crystal lattice or substitute Zn2+ 
position in crystal [8]. Doping of transition metals in 
ZnO optimizes the optical, electronic, electrical and 
magnetic properties that are useful for various 
practical applications [9]. 

Nickel is one of the transition metal to improve 
those properties. At room temperature, nickel has a 
slow rate of oxidation and thus has a corrosion 
resistant property. Nickel oxide is one of the most 
popular electrochromic materials that display anodic 
colouration. Nickel oxide has its own advantages due 
to its particular electro chromic efficiency. High 
melting point, 1453ºC,Adherent oxide film, Resists 
alkalis, Ductile, Alloys readily - as solute and 
solvent, Magnetic at room temperature, Deposited by 
electroplating, Catalytic. Ni doped ZnO has great 
influence on their magnetic properties. ZnO with 
Ni2+ was intended to enhance the surface defects of 
ZnO. Ni doped ZnO indicated that it can be used as 
an efficient photo catalyst under visible light 
irradiation. Ni doped ZnO is also used in spintronic 
applications [10, 11]. 

Due to vast areas of applications, various 
synthesis methods such as ball milling, hydrothermal, 
coprecipitation, spray pyrolysis, solution combustion, 
sol-gel, vapor deposition etc. were employed to 
fabricate various ZnO Nanoparticles [12]. In present 
work pure and Ni doped ZnO Nanopowders 
fabricated by Sol-gel process. Sol gel process possess 
is simple, inexpensive and has low temperature 
sintering capability [13]. The main objective is to 
analyze influence due to Ni doping on crystalline 
size, morphology, optical absorption and 
luminescence properties of ZnO Nanopowders. 
 
 

2. Experimental Procedure 
 
2.1. Materials Required 
 

Zinc Chloride(ZnCl2), Sodium hydroxide 
(NaOH), Nickel Chloride (Ni(Cl2)), Ethanol. The 

chemicals used are of Analytical grade and they were 
used without further purification. Nickel chloride 
serves a dopant source in fabrication of Ni doped 
ZnO nanopowders. 
 
 
2.2. Synthesis Procedure 
 

In present work pure and Nickel doped ZnO 
Nanoparticles were synthesized by sol-gel method. 
For the synthesis procedure of pure ZnO aqueous 
ethanol solution of Zinc chloride (0.2 M) was 
prepared with constant stirring of zinc chloride for 
one hour using magnetic stirrer. Aqueous Ethanol 
solution of Sodium hydroxide (0.2 M) was also 
prepared in the same way with constant stirring for 
one hour. After complete dissolution of Zinc Nitrate, 
aqueous solution of sodium hydroxide was added to 
Zinc chloride solution. After few hours of constant 
stirring, the aqueous solution of sodium hydroxide 
was added to zinc chloride solution. The resulting 
mixture constantly stirred for one hour till the 
solution turns milky. The obtained solution was 
precipitated by centrifugation. Precipitate finally kept 
in an oven and dried at 70ºC.finally to obtain a fine 
powder [14]. 

For the synthesis of Ni doped ZnO Nanopowders, 
aqueous solution of Nickel chloride was prepared and 
added to Zinc chloride solution before adding NaOH 
solution and same procedure repeated to obtain Ni 
doped ZnO. The obtained Nanopowders were further 
characterized. 
 
 
2.3. Characterization 
 

The obtained nanopowders were characterized 
using X-Ray diffraction, Scanning electron 
Microscopy, UV-Visible optical absorption and 
Photo Luminescence spectroscopic Techniques. 
Structural properties including crystalline size, lattice 
strain were obtained from XRD spectra. The XRD 
patterns of the powdered samples were recorded 
using XRD (Rigaku) diffractometer with a Cu Kβ 
radiation (λ=1.5406 Ao). The crystallite size was 
estimated using Debye-Scherer equation of the high 
intense XRD peak. SEM images reveal the 
Morphology of Nanopowders. Morphology of the 
nanoparticles obtained from SEM (Carl Zeiss 
SUPRA-55) spectra. The micrographs were collected 
at different magnifications. UV- Vis spectrum of 
samples was recorded using UV-VIS 
Spectrophotometer (Perkin Elmer Spectrum) in the 
wavelength range 190 nm - 900 nm. The powdered 
sample were dispersed in ethyl alcohol and mounted 
in the sample chamber while pure ethyl alcohol was 
taken in the reference beam position. The essential 
information about the physical properties of materials 
at molecular levels, including shallow and deep level 
defects and band gap state for energy level were 
determined using Photoluminescence spectra. 
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(Bruker S4 pioneer). Photoluminescence spectrum of 
samples recorded in the wave length range 150 nm -
700 nm. 
 
 
3. Results and Discussions 
 
3.1. XRD 
 

Crystalline size and lattice strain of pure and Ni 
doped ZnO Nanopowders were obtained from XRD 
spectra. Figs. 1 and 2 represent XRD spectra of pure 
and Ni doped ZnO nanopowders recorded in the 2θ 
range of 20º to 80º. The spectra show optical 
diffraction peaks in the nanopowders. In Fig. 1.1 the 
diffraction peaks were observed at angle 18.24º, 
26.90º, 29.34º, 31.87º, 34.40º, 35.30º, 38.57º and 
59.06º respectively belong to the (100), (002), (101), 
(102), (110), (103), (200), (112), and (201) planes 
respectively. In Fig. 1.2 diffraction peaks observed at 
angles 19.1772º, 27.0336º, 31.12º, 32.42º, 33.098º, 

33.92º, 36.1º, 47.3º, 56.3º, 62.7º, 66.2º, 67.5º and 
68.8º belong to the (100), (002), (101), (102), (110), 
(103), (200), (112), and (201) planes respectively. 
These peaks show very good agreement with the 
reported values of the Joint Committee on Powder 
Diffraction Standards data (JCPDS 36-1451) and 
confirm the formation of hexagonal wurtzite zinc 
oxide [15]. No peaks correspond to impurities were 
detected, thus implying presence of high purity. The 
average crystalline size of Nanopowders were 
obtained from XRD peaks using Scherer’s equation 
D = 0.9 λ/β Cos θ where λ is the wave length of 
incident XRD beam [16]. θ is the Braggs’ diffraction 
angle. β is the width of the X-ray pattern line at half 
peak-height in radians. 

Crystalline size and lattice strain is found to be 
61.26 nm and 0.0024 in the case of Pure ZnO and 
35.58 nm and 0.0048 in the case of Ni doped ZnO 
Nanopowders. From results it was clear that 
incorporation of Ni into ZnO lattice improves 
crystalline quality. 
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Fig. 1. XRD spectrum of Pure ZnO Nanoparticle. 
 
 

 
 

Fig. 2. XRD spectrum of Ni doped ZnO Nanoparticle. 
 
 

3.2. Scanning Electron Microscopy (SEM) 
 

A SEM is probably the most widespread 
analytical instrument available in analytical 
laboratories destined to characterize physical 
properties such as morphology, shape, size or size 

distribution of materials at the micro and nanoscale 
[17]. Figs. 3 and 4 represent SEM images of undoped 
and Ni doped ZnO observed at different 
magnifications. Images represent formation of 
nanoparticles of ZnO. From pictures it was very clear 
that morphology of nanocrystals converted to almost 
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spherical like due to Ni dopant. The nanoparticles 
represent agglomeration of particles with irregular 
particle size distribution. Particles with better 
Morphology can be obtained by introducing Ni 
dopant into the lattice of ZnO. 

 
 

  
 

 
 

 
 

Fig. 3. SEM images of pure ZnO nanoparticles. 

 
 

 
 

 
 

Fig. 4. SEM images of Ni doped ZnO nanoparticles. 
 
 
3.3. UV-Visible Optical Absorption Spectra 

(UV-Vis) 
 

Optical absorption properties of nanopowders 
were analyzed from UV-Visible optical absorption 
spectra [18]. Figs. 5 and 6 represent optical 
absorption spectra of pure and Ni doped ZnO 
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nanopowders. The spectra represent optical 
absorption peaks in Ultra violet and visible region of 
absorption spectra. Both the samples have exhibited a 
strong absorption peak in the vicinity of absorption 
edge that is from 200-250 nm. It is clear that the 
absorption edge systematically shifts to the lower 
wavelength side due to Ni dopant. This pronounced 
and systematic shift in the absorption edge is due to 
the quantum size effect. In addition, sharp peak 
shows that the particles are in nanosize, and the 
particle size distribution is narrow. 

 
 

 
 

Fig. 5. Optical absorption spectra of pure ZnO 
nanoparticles. 

 
 

 
 

Fig. 6. Optical absorption spectra of Ni doped ZnO 
nanoparticles. 

 
 

3.4. Photo Luminescence Spectra (PL) 
 

Optical properties of emission were analyzed 
from Photo luminescence spectra. Fig. 7 and 8 
represent PL spectra of pure and Ni doped ZnO 
nanopowders observed at room temperature. The 
emission bands were observed in the ultra violet and 
visible region of PL spectra recorded in the wave 
length range 300 - 600 nm. The spectra exhibit 
luminescent peaks around 300 nm- 400 nm 
corresponding to UV region and peaks around  
400-500 nm corresponding to blue luminescence and 

around 520 nm corresponds to green emission. 
Significant shift is due to the incorporation of Ni 
atoms in the ZnO lattice. 
 
 

 
 

Fig. 7. FTIR Spectra of pure ZnO nanoparticles. 
 
 

 
 

Fig. 8. FTIR Spectra of Ni doped ZnO nanoparticles. 
 

 
4. Conclusion 
 

In the present work pure and Ni doped ZnO 
Nanopowders were synthesized from simple, low 
cost, environment free sol-gel process. The structural 
and optical properties of Nanopowders were analyzed 
by performing various characterizations using XRD, 
SEM, UV-Visible and PL spectroscopic Techniques. 
XRD data clearly confirmed the formation of 
wurtzite hexagonal structure. The Crystalline size and 
lattice strain is found to be 29.43 nm and 0.0047 in 
the case of Pure ZnO 35.58 nm and 0.0048 in the 
case of Ni doped ZnO and 26.63 nm and 0.0048 in 
the case of Ni doped ZnO Nanopowders. 
Nanoparticles with nearly spherical morphology was 
obtained from SEM images spectra of Ni doped ZnO 
nanopowders. The presence of functional groups 
analyzed from FTIR spectra. Significant blue was 
observed from optical absorption spectra due to Ni 
dopant. Photoluminiscence spectra with significant 
green and blue luminescence were observed from 
spectra of Ni doped ZnO nanopowders. These 
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Nanopowders can be utilized in optoelectronic 
devices especially in LED’s. 
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