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Abstract- Ni-doped zinc oxide (ZnO) particles were
prepared using the co-precipitation method. We studied the
changes in structural and optical properties of ZnO
nanoparticles at different doping concentration of Ni. X-
ray diffraction (XRD) patterns confirm the wurtzite crystal
structure of ZnO and polycrystalline nature. Also, XRD
date revealed that with an increase in Ni doping level, there
is decrease in lattice parameters. The crystallite size
decreases with increase in Ni doping concentration
confirmed a successfully incorporation of Ni in the ZnO
host matrix. The optical property is investigated by UV-Vis
spectroscopy and found that the optical band gap values
decreased from 3.39 to 3.26 eV after Ni doping because of
p-d exchange interaction.
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L INTRODUCTION

In the past decades, transition metal oxide (TMO)
based semiconductors have attracted immense interest
due to their potential applications in spintronics, gas
sensors, LEDs, optoelectronics, and energy storage
devices [l - 4]. As an important property of TMO,
semiconductor material with a broad simple bandgap
is under extensive study so that it is use in
optoelectronics device applications [5, 6]. Recently,
considerable interests have focused on the magnetic
and optical properties of TMO because of inexpensive
and nontoxic material that can be easily produced with
high chemical and mechanical stability [7]. Compared
with their other TMO, zinc oxide (ZnO) is promising
materials for spintronics and optoelectronics devices
due to its excellent semiconducting property and broad
band gap (3.33¢V) [8]. Due to its superior
optoelectronic profile most notably high optical
transmittance across the visible and near-infrared
spectra zinc oxide (ZnO) is widely recognized as a
pivotal metal oxide [9]. Beyond its tailored bandgap
properties, ZnO offers distinct practical advantages
such as low cost, environmental benignity, and high
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chemical and mechanical durability. These features
make it an attractive platform for integration into
photo-voltaics, advanced optoelectronics, and
heterogenous catalysis [10 - 13].

Transition metal (TM)-doped zinc oxide (ZnO) has
emerged as a compelling material system, combining
charge and spin degrees of freedom for UV sensors
and spintronic devices [14, 15]. Incorporating TM
dopants modulates the optical, electrical, and
mechanical properties of ZnO via quantum
confinement effects. Consequently, extensive research
has focused on tailoring ZnO nanostructures across
various dimensionalities including 1D (nanowires,
nanotubes, nanopipes), 2D (nanoplatelets), and 3D
(nanoparticles) morphologies to optimize performance
for advanced functional applications [16].

Tuning the bandgap and transport properties of ZnO
via dopant engineering is critical for optimizing photo-
detector  performance  without compromising
sensitivity. In particular, Ni** substitution is
exceptionally viable allowing seamless lattice
integration within the wurtzite matrix. Incorporating
transition metal ions like Ni** enhances charge carrier
generation and transport, yielding superior UV
photoresponse, thermal stability, and optoelectronic
performance compared to pristine ZnO [17].

Herein we report the co-precipitation synthesis,
characterization and optoelectronics applications of
new Zinc Oxide based nanoparticles i.e. nanoparticles.
All this nanoparticles of undoped and ni-doped were
characterized for their crystal structure, crystallite
size, lattice parameters were investigated. Finally the
optical properties of zinc oxide nanoparticles of
different doping of nickel are reported.
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IL. EXPERIMENTATION

Undoped and Ni-doped ZnO nanoparticles were
synthesized via a co-precipitation route. For pure ZnO
(x =0.00), stoichiometric amounts of high-purity zinc
acetate dihydrate and potassium hydroxide KOH were
separately dissolved in 50 mL of double-distilled
water. The KOH solution was added drop wise to the
zinc precursor solution under continuous magnetic
stirring for 2h.

For the Ni-doped samples (x = 0.02, 0.04 and 0.06),
required molar ratios of zinc acetate dihydrate and
nickel acetate tetrahydrate were dissolved together in
50 mL of double-distilled water, while KOH was
dissolved in 50 mL of methanol. The alkaline solution
was subsequently introduced into the precursor
mixture under vigorous magnetic stirring for 2h.The
resulting precipitates were collected via filtration,
washed thoroughly with double-distilled water to
remove residual impurities, and dried at 150 °C.
Finally, the dried powders were annealed at 400 °C for

4h to obtain crystalline Ni-doped ZnO nanoparticles.
Structural properties were studied using X-ray
diffractometer (Model: PW-3710). Optical properties
investigated using UV-Vis spectrophotometer
(JASCO-7310) in the wavelength range of 200-800
nm with a step size of 2nm.

III.  RESULTS AND DISCUSSION

A) Structural study

The phase purity of the ZnO nanoparticles of different
doping levels of Ni was investigated based on the
XRD patterns as shown in fig. 1. All the observed
diffraction peaks were in worthy arrangement with the
hexagonal ZnO as per the 80-0075 JCPDS data file
card. Also, no evidence for extra impurity phases was
detected in the XRD pattern. The peaks indexed to the
(100), (002), (101), (102), (110), (103) and (112)
planes in the XRD patterns were sharp which proposes
a polycrystalline nature of the prepared undoped and
Ni-doped ZnO particles.
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Fig.1. XRD patterns of undoped and Ni-doped ZnO nanoparticles.

As Ni doping increase, the most intense peaks of
(100), (002) and (101) are shifted to the higher angle
as shown in fig. 2. This could be ascribed to the
difference between the radii of Ni** and Zn?*. From
fig. 2, it is also clear that the intensity of these peaks
decreases gradually after Ni doping indicating the
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incorporation of Ni?" ions into the ZnO host matrix
[18]. The average crystallite sizes of undoped and Ni-
doped ZnO nanoparticles are estimated from full width
at half maximum of XRD peaks by Scherrer’s formula
[19]. The average crystallite size and dislocation
density of prepared nanoparticles are given in table 1.
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The average crystallite sizes of pure, 2% Ni, 4%Ni and
6% Ni-doped ZnO nanoparticles are found to be 20.73
nm, 19.04 nm, 14.66 nm, and 9.91 nm respectively.
The dislocation density of ZnO is found to be increase
from 2.327x10 nm? to 10.73x10 nm" 2estimated
from crystallite size.

The incorporation of Ni?* ions can also be verified by
the change in lattice parameters and cell volume as

function of Ni doping. The lattice parameters “a” and
“c” are found to decrease with an increase in Ni
content as shown in table 1. The cell volume of ZnO
is higher as compared to the Ni-doped ZnO
nanoparticles due to the smaller ionic radii of Ni*" as

compared to Zn?" ions [20].
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Fig.2. Diffraction peaks of (100), (002) and (101) broadening of undoped and Ni-doped ZnO nanoparticles.

Table 1. Structural parameters of undoped and Ni-
doped ZnO nanoparticles.

Structural ZnO 2% 4% 6% Ni

Parameters Ni Ni

a(A) 3.253 | 3.249 | 3.249 | 3.242
9 9 5 7

c(A) 5.209 | 5.206 | 5.206 | 5.194
8 6 9 8

Volume of 47.77 | 47.62 | 47.61 | 47.31

cell (A)?

D (nm) 20.73 | 19.04 | 14.66 | 9.91

Dislocation 2.327 | 2.758 | 4.649 | 10.17

density (nm?2) | x102 | x103 | x102 | 3x107
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B) Optical studies

The optical absorption of undoped and Ni-doped ZnO
nanoparticles is represents in fig. 3. All nanoparticles
are measured between 200 nm to 800 nm. All prepared
films are positioned in the visible region and the
variation of absorption edge is found to be 300 nm to
350 nm. The absorption edge is going to increase with
increase in Ni-doping. It may be due to decrease in
crystallite size and surface roughness [21].
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Fig.3. Optical absorption spectra of undoped and Ni-
doped ZnO nanoparticles.

The optical band gap results of the prepared
nanoparticles were calculated via the principal of
absorption energy which associated with electron
excitation from valence band to the conduction band.
Absorption coefficient and photon energy are two

b(mw /

factors plays an important role in determining band
gap energy given by relations [22]

ahv= A(hv - E)? (1)

Where, A is a constant and Eg is the optical gap. Fig. 4
showed that the square of the optical absorption
coefficient versus photon energy (Tauc plot). Tauc’s
plot technique was used to determine the optical direct
band gap of wundoped and Ni-doped ZnO
nanoparticles. The optical band gap decreased with
increase in Ni concentration. 3.39 eV for undoped
ZnO and 3.38 eV, 3.34 eV, 3.26 eV respectively for
2%, 4%, 6% Ni-doped ZnO nanoparticles. The band
gap decrease after incorporation of Ni because of sp-d
exchange interaction between the the band electrons
and the localized d electrons of Ni%* ions. Similar
results were obtained by previous reported literature
[23].
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Fig.4. Optical band gap values of undoped and Ni-doped ZnO nanoparticls.

IV.  CONCLUSION

Undoped ZnO and Ni-doped ZnO nanoparticles at
different doping concentration of Ni was successfully
synthesized via co-precipitation method. XRD
patterns revealed that all synthesized samples have
wurtzite (hexagonal) crystal structure of ZnO. The
lattice parameters and cell volume of ZnO was
decreased with increase in Ni doping. The average
crystallite size was going to be decrease from 20.73
nm to 9.91 nm. The dislocation density was increases
after Ni-doping indicating that Ni ions successfully
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incorporation in the ZnO host lattice. The absorption
edge decrease with increase in Ni doping and the
optical band gap decreased from 3.39 eV to 3.26 eV.
Therefore, Ni-doped ZnO samples have a potential to
become a satisfactory optoelectronics material in
future.
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