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Abstract- In this study, we report on the microstructural
and optical properties based on Co-doped Zinc Oxide
(Zn0O) nanoparticles synthesized via co-precipitation
technique. All samples were characterized by using x-ray
diffraction (XRD) and uv-visible (UV) spectroscopy. Pure
and Co-doped ZnO are polycrystalline and well crystalized
in the hexagonal crystal structure. XRD results revealed
that the lattice constants were decreased with increasing
Co doping. Furthermore, cell volume of ZnO sample was
reducing after Co-doping. The average crystallite size was
found to be decrease from 13.14 nm to 10.07 nm. UV-
Visible spectroscopy was used to evaluate the energy band
gap of prepared samples and found to decrease with Co-
doping. The reported structural and optical properties
indicate the potential application of Co-doped ZnO
material for opto-electronics application.
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L INTRODUCTION

Optoelectronics devices are incessantly expanding
their roles in emerging sciences and technologies that
evolve into new industries. In recent decades,
advanced technologies in electronics have shown
rapid growth, particularly in production of vehicles
and telecommunication industries [1, 2]. The entirely
new concept of optoelectronics devices at the
nanoscale level is rapidly becoming the focus of
intense interest and is being intensively investigated
globally. The size reduction from microscope to
nanoscale rapidly increases the active surface area of
materials device and hence the superior the
performance. Nanostructures often have a higher
surface-to-volume ratio which can increase their
efficiency of the device [3 - 5]. Also, the dimensional
have found to be an impact on the material property
behaviour of the nanostructured based optoelectronics

devices. Therefore, zero-dimensional (0D)
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nanostructures such as nanoparticles have been used
for the optoelectronics applications due to high surface
area to volume ratio.

The various metal oxide based nanoparticles such as
Sn0,, In,03, TiO; and CuO have been studied [6 - 8].
Among these, ZnO nanostructures have been widely
employed as different device applications because of
low cost, simple fabrication, outstanding chemical
stability and non-toxicity [9 - 11]. Furthermore, ZnO
material exhibited n-type conductivity, wide band gap,
high exciton binding energy (60 meV), and strong
electron mobility [12]. During the last decades, the
number of industries using optoelectronics device has
increased largely. In fact, there has been a significant
enhance in the interest in developing device which
should present key factors. To develop optoelectronics
device based ZnO material with superior performance
using doping materials via suitable metals [13].

The present study, we selected cobalt as a dopant of
ZnO to improve the optical properties of
optoelectronics device. Cobalt is cheap and non-toxic
to human health other than elements. A co-
precipitation method was used to synthesize undoped
and Co-doped ZnO nanopowders. The effect of Co
doping on the structural property of ZnO were
investigated in details.

IL. EXPERIMENTS SECTION

A co-precipitation method was used in the fabrication
of metal oxides nanoparticles due to the cheaper price,
simple setup, and low temperature. Pure and cobalt-
doped (0 — 3mol%) zinc oxide (ZnO) nanoparticles
were synthesized via a chemical co-precipitation
method. For the synthesis of pure ZnO, zinc acetate
dihydrate was dissolved in 100 mL of double-distilled
water, while a separate solution of potassium
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hydroxide (KOH) was prepared in 100 mL of double-
distilled water. The two solutions were combined
under continuous magnetic stirring at room
temperature for 2 h to form a precipitate.

For the synthesis of Co-doped ZnO nanoparticles,
stoichiometric amounts of zinc acetate dihydrate and
cobalt acetate tetrahydrate were dissolved in 100 mL
of double-distilled water, and a separate solution of
KOH was prepared in 100 mL of methanol. The two
solutions were mixed under constant magnetic stirring
at room temperature for 2 h. In both cases, the resulting
precipitates were isolated by filtration, washed
thoroughly with distilled water and ethanol to
eliminate impurities, and air-dried at 150 °C. Finally,
the dried precursors were annealed in air at 400 °C for
8 h to yield pure and Co-doped ZnO nanoparticles.

The structural properties and crystal phase of the pure
and Co-doped ZnO nanoparticles were analysed by X-

ray diffraction (XRD) using a Rigaku diffractometer.
Additionally, optical absorption spectra were recorded
in the wavelength range of 200-800 nm using UV-Vis
spectrophotometer.

III.  RESULTS AND DISCUSSION

3.1 Microstructural analysis

Fig. 1 shows the XRD patterns of the pure, 1% and 3%
Co-doped ZnO nanoparticles. The observed peaks are
indexed to the hexagonal (wurtzite) structure of ZnO
in well matched with JCPDS file no. 79 - 0207. the 2q
peaks observed at 20 = 31.07, 34.22, 36.14, 47.44,
56.66, 62.76. and 72.57° corresponding to crystal
planes (100), (002), (101), (102), (110), (103) and
(200) respectively. No any extra peaks were detected
due to the presence of any secondary phases.
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26(Nen.)

Fig. 1. X-ray diffraction patterns of undoped and Co-doped ZnO nanoparticles.

The lattice constants and other parameters are
determined by using the XRD patterns and listed in the
table 1. The lattice constants “a” and “c” showed slight
decrease upon Co doping suggesting the successfully
incorporation of Co into the ZnO lattice. Also, the cell
volume of the ZnO was slight reductions after Co-
doping because of ionic radii of Co?" ions (0.58A) has
smaller than that of Zn>" ions (0.65A ) [14, 15].
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The crystallite sizes of all samples were calculated via
Scherrrer’s equation. The Scherrer’s equation relates
the crystallite size (D), to the FWHM (b), wavelength

() and Bragg’s angle () [16] as follows:
kA
b= Bcosd (1)
The calculated crystallite sizes value is presented in

table 1. The crystallite size of ZnO is decrease with
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increase Co doping concentration. This may be
attributed due to the small grain growth rate of ZnO
sample as compared to Co-doped ZnO samples. Form
this results, it is clear that prepared samples are in
nano-sized suggesting that the samples have
nanostructures [17, 18].

Table 1. Microstructural parameters of Co doped
ZnO nanoparticles.

Samples | Lattice constants | Volume D

Co A) V) (nm)
doping a c Ay

ZnO 3.2488 | 5.2118 | 47.6393 13.14
1% 3.2483 | 5.2118 | 47.6223 14.51
3% 3.2471 | 5.2135 | 47.6041 10.07

3.2 Optical Analysis

Optical analysis of the pure and Co-doped ZnO
samples was conducted wusing a UV-Vis
spectrophotometer (JASCO-7310) over the 200—-1100
nm wavelength range (Fig. 2). As the Co doping
concentration increased (Fig. 2), the absorption edge
shifted towards longer wavelengths (redshift. This
enhanced absorbance in the visible region is attributed
to an increase in structural defect states within the
forbidden bandgap. The relationship between the
absorption coefficient () and photon energy (hv) for
direct transitions are expressed by Tauc's relation:

ahv = B(hv — E))Y? — — — — — )
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Where B is a material constant and Ej is the optical
bandgap energy. Extrapolating the linear region of the
(ahv)? versus hv Tauc’s plots (Fig. 3a-c) revealed a
systematic decrease in E; with increasing Co dopant
concentration (Fig. 3). This bandgap narrowing is
primarily governed by s-d and p-d exchange
interactions between the localized d-electrons of Co?*
ions and the s-band electrons of the host ZnO lattice,
which can be described via second-order perturbation
theory [19, 20]. This results confirming that the
synthesized Co-doped ZnO nanoparticles are highly
promising candidates for optoelectronic device
applications.
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Fig. 2. Absorption spectra of undoped and Co-doped
CuO nanoparticles.
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Fig. 3. Tauc’s plots of undoped and Co-doped CuO nanoparticles.

IV.  CONCLUSION

In summary, optoelectronics device based on Co-
doped ZnO nanoparticles were successfully fabricated
using the co-precipitation technique. X-ray diffraction
analysis revealed a systematic reduction in both the
lattice constants and unit cell volume with increasing
Co content. Optical characterization demonstrated an
enhanced absorbance in the visible region,
accompanied by a bandgap narrowing from 3.13 eV to
2.92 eV, highlighting the suitability of nanoparticles

for optoelectronic device applications.
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