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Abstract
Zn0.96-xNi0.04CoxO nanoparticles with different Co concentration from 0% to 6% have been synthesized using

sol-gel method. Phase purity of the synthesized samples was confirmed by X-ray diffraction (XRD) and energy
dispersive X-ray (EDX) spectroscopy. The observed decrease in crystallite size and lattice parameters and also the
increase of micro-strain by Co substitution confirmed the substitution of Co2+ instead of Zn2+ ions. Higher optical
transmittance and optimal value of energy gap (3.44 eV) found in Zn0.92Ni0.04Co0.04O suggested that it can be taken
as possible candidates for the industrial applications especially as transparent electrode. The defects related bluish-
green absorption between 483nm and 495nm were due to the existence of oxygen vacancies and intrinsic defects.
The strong blue and green band emission was noticed at higher Co-doping concentration due to the generation of
new distortion centers in the lattice and surface defects which increases the intensity of green band emission.
Keywords : Ni, Co co-doped ZnO; XRD; Optical properties; FTIR, Photoluminescence

Introduction
Wurtzite zinc oxide (ZnO), II-VI group semiconductor with wide band gap and high optical

gain have been used in a variety of applications such as UV absorption, antibacterial treatment
[1], catalyst [2], photo catalyst [3] and additive in many industrial products. It is also used in
the fabrication of solar cells [4], gas sensors [5], luminescent materials [6], transparent
conducting oxide [7], and coatings [8]. A wide band gab oxide based materials such as TiO2,
ZnO and SnO2 have attracted considerable attention whenever doped with transition metal
(TM) ions (Co, Cr, Mn, Ni, etc.) because of their remarkable electronic optical and magnetic
properties resulting from a large sp-d exchange interactions between magnetic ions and the
band electrons.

Studies on doping effect on physical properties of ZnO with transitional metals like Co, Ni,
and Mn have huge research interests [9]. TMs that have partially filled d states such as Co
(4s23d7) and Ni (4s23d8) have been extensively used as magnetic impurities in DMSs for
spintronic based devices. Among different transition metal (TM) ions, Ni gets much interest
due to its similar electronic shell, physical and chemical properties to those of ZnO [10]. The
solubility of Ni in ZnO lattice was limited at 4 at% and the Ni doping beyond the solubility
limit creates the metallic clusters [11]. The formation of metallic cluster decreases the charge
density of material [12]. Therefore, in the present study doping percentage of first doping
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element, Ni is limited to 4%. The higher doping percentage without metallic cluster is ensured
by the doping of two or more favour TM ions [13].

Sato and Katayama-Yoshida proved that 3d transition metal atoms of Mn, Fe, Co, and Ni
show ferromagnetic ordering in ZnO [14] by a band calculation based on the local density
approximation. Among the different TMs, Co is preferred as second doping element in the
present case because ionic radius of cobalt (0.58Å) matches with Zinc (0.60Å) and also having
significant red-shift [15] in the absorption spectrum of ZnO. Some results on Co-doped ZnO
particles showed that their magnetic properties could be increased due to Co ions doping [16].
Arshad et al. have reported the increase in optical band gap of Co doped ZnO [17]. Faheem et
al. showed room temperature ferromagnetism in Co doped ZnO [18]. Raja et al. [19] described
that hydrogenated Ni doped ZnO have good crystalline structure and better optical properties
which are appreciable for the fabrication of nano-optoelectronic device like tunable light
emitting diode

Experimental Procedure
Preparation of Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06) Nanoparticles

In the present investigation Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06) nanoparticles were synthesized
using sol-gel method by the following procedure: The high purity chemicals (> 99% purity)
such as zinc acetate dihydrate [Zn(CH3CO2)2.2H2O], cobalt (II) nitrate hexahydrate
[(CoNo3)2.6H2O], nickel (III) nitrate hexahydrate [Ni(NO3)3.6H2O], N, N dimethyl-formamide
(DMF) purchased from M/s. Merk were used as the precursors for the sample preparation.
Initially, appropriate amounts of zinc acetates and nickel nitrates were dissolved in N, N
dimethyl-formamide (DMF) and kept in magnetic stirrer for 1h under constant stirring. Again,
the appropriate amount of cobalt (II) nitrate hexahydrate was added into the solution under
constant stirring for another 1h to prepare the homogeneous and clear solution.

The prepared homogeneous solution was kept at 60°C for 1hr under constant stirring to
ensure the complete reaction. Then, the resulting sols were evaporated in hot air furnace and
dried by micro-oven for two hours. The dried precursors were collected and ground in an agate
mortar. The same procedure was repeated for other samples preparation. Finally, the collected
nanoparticles were annealed at 500°C under air atmosphere for 2h followed by furnace cooling.
The same procedure is repeated to the remaining samples synthesized with nominal
compositions of Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06).

Characterization techniques
The crystal structure of Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06) nanoparticles was determined by

powder X-ray diffraction technique. XRD patterns were recorded by RigaKu C/max-2500
diffractometer using Cu K radiation ( = 1.5406 Å) at 40 kV and 30 mA from 2θ = 30˚ to 70˚.
The topological features and composition of Zn, O, Ni and Co were determined by energy
dispersive X-ray (EDX) spectrometer on K and L lines. The surface morphology of Zn0.96-

xNi0.04CoxO (0 ≤ x ≤ 0.06) nanoparticles were studied using a scanning electron microscope
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(SEM, JEOLJSM 6390). The UV–Visible optical absorption study was carried out to explore their
optical properties. The optical absorption and transmittance were determined using UV–Visible
spectrometer (Model: lambda 35, Make: Perkin Elmer) in the wavelength ranging from 300 to
800 nm at room temperature. The chemical bonding existing in Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06)
nanoparticles was studied by Fourier transform infra red (FTIR) spectrometer (Model: Perkin
Elmer, Make: Spectrum RX I) from 400 to 4000 cm-1. The sample used for FTIR studies is in the
form of pellets prepared by mixing the nanoparticles with KBr at 1 weight %. The
photoluminescence (PL) spectra of Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06) nanoparticles have been
carried out between the wavelength ranging from 340 to 600 nm under the excitation of Xenon
lamp laser with 310 nm line using a fluorescence spectrophotometer (F-2500, Hitachi) at room
temperature.

Results and Discussion
X-ray Diffraction (XRD): Structural Studies

The typical XRD patterns of Ni-doped and Ni, Co co-doped ZnO nanoparticles synthesized
by sol–gel method are shown in Fig.1. All the diffraction peaks can be indexed as pure ZnO
phase with a hexagonal symmetry. The XRD spectra of Zn0.96Ni0.04O nanoparticles prepared
using N,N - dimethyl formamide (DMF) as a solvent clearly shows the nanocrystalline nature
corresponding to the diffraction angles 31.59°(100), 34.25° (002), 36.09°(101), 47.39°(102),
56.46°(110), 62.77°(103), 66.24°(200), 67.79°(112) and 68.93° (201) planes. The diffraction data are
in good agreement with the standard JCPDS file for pure ZnO (JCPDS 36 - 1451, a = b = 3.249Å,
c = 5.206Å) with preferred orientation along (101) plane. All the samples match the hexagonal
wurtzite ZnO structure having space group P63mc with preferred orientation along (101) plane.
In addition, there is no impurity or secondary phases such as Ni, NiO, Co, CoO, Co2O were
detected.

Fig. 2 illustrates the magnified and high resolution XRD spectra along (101) plane which
shows the variation of diffraction intensity of Zn0.96-xNi0.04CoxO (0 ≤ x ≤ 0.06) nanoparticles as a
function of 2θ values from 35.3° to 37.1° for different Co concentration from 0% to 6%. It is
noticed from Fig. 2 that the peak position is shifted to lower 2θ side when Co is introduced into
the Zn‒Ni‒O lattice up to 4%. With the further increase of Co shifts the peak position to
higher 2θ side by a small amount. Moreover, the peak intensity and peak position of Ni, Co
dual doped ZnO is always smaller than Ni mono-doped ZnO. All the available reflections of
the present XRD phases have been fitted with Gaussian distribution. The average crystallite
size of the diffraction peaks along (101) plane using Debye scherrer’s formula[35],
Average crystallite size (D) = (1)

where, λ is the wavelength of X-ray used (1.5406Å), β is the angular peak width at half
maximum in radian along (101) plane and θ is Bragg's diffraction angle. The micro strain (ε) can
be calculated using the formula [35],
Micro strain (ε) = (2)
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Photoluminescence (PL) Spectra
The existence of defects such as electron hole recombination centers, vacancies and

interstitials considerably change the PL behaviour of oxide materials. The room temperature PL
spectra of Zn0.96-xNi0.04CoxO nanoparticles with different Co doping concentrations from 0% to
6% between the wavelength ranges between 350 nm and 600 nm are shown in Fig. 9.  It is
noticed from Fig. 9 that all the spectra contain a strong near band (NB) ultra-violet (UV)
emission centered at 356 nm.  Even though no significant shift in UV emission band is
observed, intensity is modified by Co concentration where Co = 4% doped sample have higher
intensity. The strong UV emission is originated from the excitonic recombination
corresponding to the band edge emission of ZnO.

Electrons in the valence band are excited to the conduction band by absorbing a photon
and then the electronic transition from conduction band to valence band gives rise to the
emission around 378-381 nm. The difference between absorption energy and emission energy
may arise from electron–phonon couplings, lattice distortions, and localization of charge
carriers [52]. When Co ions are added into ZnO lattice, they become donors and multi-emission
centers are formed which makes the emission of the donors to the valence band and hence the
intrinsic transition of Co2+ ions. The blue-shift of violet emission from 381 nm (Co = 0%) to 378
nm (Co = 6%) and a band-edge modification are also observed by Co doping.

Conclusions
Following are the results drawn from the
present investigation:
1. Zn0.96-xNi0.04CoxO nanoparticles with

different Co concentration from 0% to 6%
have been synthesized using sol-gel
method.

2. Phase purity of the synthesized samples
was confirmed by XRD and EDX
spectroscopy.

3. The observed decrease in crystallite size
and lattice parameters and also the increase
of micro-strain by Co substitution
confirmed the substitution of Co2+ instead
of Zn2+ ions.

4. Higher optical transmittance and optimal
value of energy gap (3.44 eV) found in
Zn0.92Ni0.04Co0.04O suggested that it can be taken as possible candidates for the industrial
applications especially as transparent electrode.
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