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Nanostructures of undoped zinc oxide and nickel-doped zinc oxide (Ni = Zn0.98Ni0.02O, Zn0.96Ni0.04O, and Zn0.94Ni0.06O) were
synthesized by using the coprecipitation process, and their optical and dielectric properties were simultaneously investigated. Te
XRD results confrm the hexagonal structure having space group P63mc. By increasing nickel concentration, the particle size
decreases, while the strain is increased. Fourier-transform infrared (FTIR) analysis was carried out in order to learn more about
the phonon modes present in nickel-doped zinc oxide. UV-Vis spectroscopy further revealed that the optical band gap of nickel-
doped samples varied from 3.18 eV to 2.80 eV. Te SEM analysis confrms the rod shape morphology of the already synthesized
samples. EDX analysis investigates the incorporation of nickel ions into the zinc oxide lattice. Using photoluminescence
spectroscopy, we found that the synthesized materials had oxygen vacancies (Vo) and zinc interstitial (Zni) defects. Dielectric
constant (εr) and dielectric loss (ε) are both improved in nickel-doped zinc oxide compared to undoped zinc oxide. Since more
charge carriers enhanced after the nickel ions were exchanged for the Zn ions, the AC electrical conductivity (σa.c) improves by
nickel doping compared to undoped zinc oxide.

1. Introduction

Transition metal oxide compounds have some special
characteristics among which zinc oxide is an interesting n-
type semiconductor with a wide band gap of 3.37 eV and
a maximum exciton binding energy of 60meV. Due to its
unique properties like nontoxicity, easy synthesis, low cost,
and good electrical and thermal stability, it is a promising
compound for various optoelectronic applications, i.e., solar
cells [1–3], UV photo detectors [4], UV absorbers [5], LEDs
[6–8], capacitors, battery electrodes [9], sensors [10–12],
resonators, and TCO [13], and also can be used as
photocatalyst [14].

For various optoelectronic purposes, zinc oxide is doped
with transition metals (Fe, Co, Ni, Cu, etc.) among which
nickel is the most promising candidate due to its extreme
stability. Numerous research studies have been conducted to

explore the diferent properties of zinc oxide through
a number of dopants. However, nickel-doped zinc oxide is
a good candidate owing to its good photonic ability, high
electrical conductivity, and good chemical stability. Tere-
fore, nickel-doped zinc oxide has high dielectric constant
and low dielectric loss as compared to undoped zinc oxide
and has signifcant electrical conductivity which makes it
a promising candidate for optoelectronic applications. Te
introduction of various defects in metal oxides has a great
infuence on their band structure and donor densities and
hence infuences optical and dielectric properties [15]. Zinc
oxide exhibits numerous induced defects, with the most
favorable ones being the oxygen vacancies labeled as Vo [16].
Many experimental and theoretical works showed that the
electronic charge transport, band structure, and surface
properties are mostly attributed to Vo. Te improvement in
charge generation and separation is attributed to the
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presence of isolated energy levels resulting from the infu-
ence of Vo [17, 18]. In addition, oxygen vacancies are
recognized as dynamic sites for surface adsorption and
desorption phenomena [19, 20]. Recently, a lot of research
was carried out for the stable synthesis of zinc oxide for
investigating its optical and dielectric behavior.

Many routes like hydrothermal method [21], metal or-
ganic chemical vapor deposition [22], polyol method [4, 23],
sol-gel [24], solution combustion [25], coprecipitation
[26, 27], carbothermal evaporation [28], and electrodepo-
sition [29] methods are used to synthesize zinc oxide
nanostructures. Among the mentioned methods, the
coprecipitation method has the advantage of greater yield,
low temperature synthesis, and greater reaction properties.
In the present work, we have prepared pure and nickel-
doped zinc oxide nanostructures via the chemical copreci-
pitation method. Te aim of the study is to investigate the
optical and dielectric properties of the prepared samples for
various optoelectronic applications. Nickel-doped zinc oxide
nanostructures showed enhanced dielectric constant, high
electrical conductivity, and low dielectric loss due to various
defects such as V0 and Zni. It is noteworthy that, prior to this,
there had been limited research on oxygen vacancies to
demonstrate the optical and dielectric properties of nickel-
doped zinc oxide [30–32]. Hence, our explored results show
that nickel-doped zinc oxide can be a favorable candidate for
various optoelectronic applications.

2. Experimental

2.1. Chemicals. Zinc acetate dihydrate [Zn(CH3
COO)2.2H2O], nickel chloride hexahydrate (NiCl2.6H2O),
KOH, and DI water were used for the preparation of
samples. All the chemicals were purchased from Sigma-
Aldrich with 99% purity.

2.2. Sample Preparation. Te pure zinc oxide and
Zn0.98Ni0.02O, Zn0.96Ni0.04O, and Zn0.94Ni0.06O nickel-
doped samples were synthesized by the chemical wet
coprecipitation method.

2.202 g of zinc acetate dihydrate [Zn(CH3COO)2.2H2O]
was dissolved in 100ml DI water, and then 1.125 g of KOH
was dissolved in 10ml DI water. Te KOH solution was
dropwise added to the zinc acetate solution under vigorous
stirring.Te precipitate was then put on hot plate for 3 hours
at 70°C.Te temperature was kept constant, and the reaction
was carried out. Te obtained white precipitate was then
washed with DI water by centrifugation and then then dried
at 80°C for 24 hours. Te prepared powder was then
annealed in a furnace for 4 hours at 600°C. Te same ex-
periment was performed several times, and the same results
were obtained with controlled synthesis. Te synthesis di-
agram is given in Figure 1. Te chemical reaction is given
below:

Zn CH3COO( 2.2H2O + OH⟶ Zn(OH)2 + H2O + 2K CH3COO( 

Zn(OH)2⟶ ZnO + H2O
(1)

2.3. Characterization Tools. Te structural properties of the
prepared samples were carried out through JEOL-3522 X-
ray difractometer with aCu-kα (λ= 1.54057°A) operated at
40 kV in the range of 20 and 80 2θvalues. Te morphological
study was carried out through a conventional MIRA3
TESCAN SEM operated at 15KV. Te chemical composi-
tion was studied through EDX spectroscopy attached to
SEM. Te absorption spectra were studied through UV-Vis
PEAK spectrometer at the wavelength range of 200–800 nm
and the luminescence emission spectra was carried out
through Edinburgh FS5 luminescence spectrometer with
a Xenon lamp as the excitation source. Vibrational bondings
were studied through FTIR spectroscopy and PerkinElmer
spectrometer was used at range of 400−4000 cm−1.

Frequency-dependent dielectric properties and AC
conductivity were examined by using an impedance analyzer
(MICROTEST 6630) at 10–10MHz frequency range.

3. Results and Discussion

3.1. X-Ray Difraction Analysis. Figure 2(a) shows the XRD
pattern of the undoped zinc oxide and nickel-doped zinc
oxide. Te 2θ values were recorded between the ranges of 20

to 80° using X-ray difractometer. Te d-spacing corresponds
to the standard JCPDS card number 01-089-0510 for zinc
oxide. Te fgure reveals that the peaks in the pattern align
with the hexagonal structure of zinc oxide wurtzite planes.
From the 2θ values, the interplanar spacing values are cal-
culated and are listed in Table 1. All the observed peaks
correspond to (100), (002), (101), (102), (110), (103), (200),
(112), and (201) planes of zinc oxide, and no other impurity
peaks are observed related to nickel, oxide of nickel, and Zn
impurity phases. Tis is because nickel (0.69°A) [31] has
a smaller ionic radius than that of Zn (0.74°A) [31], so with
doping, no extra peaks were observed, and due to the small
ionic radius of nickel, it did not change the wurtzite structure.
A shift of about 0.12° in the XRD pattern of nickel-doped zinc
oxide was observed towards higher angle which confrms the
incorporation of the nickel ions into the zinc oxide matrix as
seen in Figure 2(b). Te cell volumes were found by the
following formula [32]:

V �

�
3
2



a
2
c

� 0.866a
2
c,

(2)
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1.125 g KOH

2.202 g of
Zn (CH3COO)2.2H2O

100 ml D.I water 10 ml D.I water

Added 10 ml KOH
solution drop wise to
100 ml solution

Placed over
hotplate for 3 hrs at
70 °C

Washed by
Centrifuge at 5500
rpm 7 times

ZnO Sample
(powder)

Annealed at 600 °C for
4 hrs

Dried at 70 °C Overnight

Figure 1: Synthesis diagram for the preparation of undoped and nickel-doped zinc oxide.
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Figure 2: Continued.
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where a and c are the lattice constants. It was observed that
the volume of the nickel-doped samples was reduced as
compared to the undoped zinc oxide. Tis occurs because
nickel possesses smaller ionic radii (0.69°A) compared to Zn
(0.74°A), leading to a reduction in lattice constants and
consequently, a decrease in cell volume.TeDebye–Scherrer
equation (33) is used to calculate the crystallite size. Te
reported crystallite size values are lower-bound estimates.

D �
kλ

β cos θ
, (3)

where constant K= 0.94, λ is the wavelength of incident X-
ray, β is the full width at half maximum (FWHM), θ is the
difraction angle, and D is the crystallite size. Te average
crystallite size varies from 30 to 23 nm for undoped and
nickel-doped zinc oxide, respectively. Te reduction in the
crystallite size is due to small ionic radii of nickel and the
nickel-induced strain. Microstrain is calculated from the
following formula [34]:

ε �
βhkl

(4 tan θ)
. (4)

By utilizing the formula mentioned above, it was noticed
that a decrease in crystallite size and an increase in nickel
concentration resulted an increase in the calculated strain

from 3×10−4 to 3.6×10−4 [31]. Te crystallite density is
calculated from the following formula [34, 35]:

σ �
1

D
2. (5)

Te calculated crystallite density varies from
1.1× 1011(cm)−2 to 1.7×1011(cm)−2 for undoped and nickel-
doped zinc oxide, respectively. Diferent lattice parameters
are shown in Table 1. Crystallite density versus microstrain
graph is given in Figure 2(c).

3.2. SEM and EDX Analysis. Morphological and elemental
composition study was carried out through scanning elec-
tron microscopy. Figure 3 shows the SEM micrographs of
undoped and nickel-doped zinc oxide. From the SEM mi-
crographs, it is clear that rod-like morphologies are formed
for both the undoped and nickel-doped samples. Te rods
showed some variability which is due to the doping of Ni
into ZnO lattice. Te particle size was seen to decrease with
increasing nickel concentration, and the same was reported
in [36, 37].

Te elemental composition was studied through EDX
analysis, and the results show that there are Zn, and O, and Zn,
O, and nickel ions present in the undoped and nickel-doped
zinc oxide, respectively, which also confrmed the successful
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Figure 2: (a) XRD pattern of undoped and nickel-doped zinc oxide. (b) Shift in XRD. (c) Microstrain and crystallite density.

Table 1: Diferent lattice parameters of pure zinc oxide and nickel-doped zinc oxide.

Sample a� b (Å) c (Å) Cell volume (Å)3 Crystallite size (nm) Microstrain ×10−4 Crystallite density (cm)−2 Eg (eV)

ZnO 3.2507 5.2087 48 30± 1 3.0 1.1× 1011 3.18
Zn0.98Ni0.02O 3.2502 5.2080 48 28± 1 3.1 1.2×1011 3.12
Zn0.96Ni0.04O 3.2496 5.2077 47 27± 1 3.2 1.3×1011 2.90
Zn0.94Ni0.06O 3.2471 5.2061 47 24± 1 3.6 1.7×1011 2.80
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induction of nickel ions into the zinc oxide lattice. No extra
impurities were detected which confrm the high purity of the
samples. Te quantitative analysis is given in Table 2.

3.3.Fourier-TransformInfrared (FTIR)Spectroscopy. TeNi-
zinc oxide wurtzite structure was further supported by FTIR
analysis. Te FTIR recorded spectra were between 400 and
4000 cm−1 as shown in Figure 4.Te absorption peak around
460 cm−1 [31] is attributed to Zn-O symmetric stretching
mode. Another peak around 570 cm−1 is assigned to Zn-O
asymmetric stretching mode. Te absorption peaks were
shifted to higher wavenumber values which confrm the
doping of nickel into the zinc oxide. A small absorption peak
around 2360 cm−1 is observed as well which corresponds to
CO2 molecules present in the air.

3.4. UV-Vis Spectroscopy. Te UV-Vis absorption spectra of
undoped and nickel-doped zinc oxide were carried out through
UV-Vis spectrometer in the 300–800nm wavelength range as
given in Figure 5(a). Generally, the position of absorbance value
depends on the size of the nanoparticles, oxygen defciency,
grain structure, band gap, etc. Te absorption band edge in
undoped zinc oxide occurs at 367nm and that in nickel-doped
zinc oxide occurs at 369–375nm which was slightly shifted
towards longer wavelengths. Tis shows that the band gap has
decreased with nickel doping. Te peaks due to nickel doping
are attributed to d-d transition bonds [32], which is the
property of nickel in octahedral symmetry. Tese electronic
transitions confrm that Zn is substituted by nickel into the
octahedral zinc oxide lattice. Tauc relation was used to calculate
the optical energy band gap.

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
keV keV

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
keV keV

Full Scale 58 cts Cursor: 0.000

Full Scale 1271 cts Cursor: 0.000

Full Scale 1271 cts Cursor: 0.000

Full Scale 90 cts Cursor: 0.000

Figure 3: (a–d) SEM images of pure and nickel-doped zinc oxide and the other four are EDX images of pure and nickel-doped zinc oxide.
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Table 2: EDX quantitative analysis of undoped and nickel-doped zinc oxide.

Element Weight (%) Atomic (%)
ZnO
Zn (L) 80.80 50.73
O (K) 19.20 49.27
Zn0.98Ni0.02O
Zn (L) 80.23 50.10
O (K) 19.00 49.43
Ni (K) 0.77 0.47
Zn0.96Ni0.04O
Zn (L) 77.47 48.76
O (K) 18.94 48.72
Ni (K) 3.59 2.52
Zn0.94Ni0.06O
Zn (L) 77.06 46.32
O (K) 17.15 48.95
Ni (K) 5.79 4.73
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Figure 4: FTIR spectra of undoped and nickel-doped zinc oxide.
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Figure 5: (a) UV-Vis absorption spectra. (b) Tauc plot of both undoped and nickel-doped zinc oxide.
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(αh])
n

� A h] -Eg , (6)

where h], α, and Eg are the photon energy, absorption co-
efcient, and band energy, respectively, and n corresponds to
the type of transition. Te band gap was calculated by plotting
(αh])2 versus h] and then the linear part of the absorption edge
was extrapolated to fnd the intercept with energy axis as shown
in Figure 5(b).Te band gap calculatedwas 3.18 eV for undoped
zinc oxide and 3.12 eV, 2.90 eV, and 2.80 eV for Zn0.98Ni0.02O,
Zn0.96Ni0.04O, and Zn0.94Ni0.06O nickel-doped zinc oxide, re-
spectively.Te d electron of nickel and the s and p electrons [32]
of the host matrix are known to have a strong exchange contact,
which may be responsible for the narrowing of the band gap
through sp-d exchange interactions [38].Te wurtzite structure
of zinc oxide is unafected by the presence of Ni+2 ions in the
divalent valency state in an octahedral crystal feld.

3.5. Photoluminescence (PL) Spectroscopy. At room tem-
perature using a PL spectrometer, we were able to acquire the
PL emission spectra of both undoped and nickel-doped zinc
oxide across the wavelength range of 200–800 nm. All the
samples were excited at 340 nm. Tere are emission obser-
vations in two diferent regions: one in the ultraviolet range
and the other in the visible range. PL spectra are shown in
Figure 6, along with their respective nickel contents. Te
reason for the emission peak being observed at 395 nm [32] is
because of the free exciton emission that occurs in the zinc
oxide nanostructures. Te transition of an electron from
a narrow donor level of Zni to the uppermost valence band
correlates to the violet absorption peak that occurs at around
412 nm [33, 39]. It is believed that singly ionized zinc or other
inherent defects are responsible for the blue [4, 35] emission
peak that occurs about 451 nm. Tere is a possibility that
singly ionized oxygen defects are responsible for the peak that
is found in the green spectrum about 558 nm [21]. Te peaks
that appear in the red [40] region around 640–680 nm are
attributed to electron recombination that occurs between the
donor level and the acceptor level. Te donor level is asso-
ciated with oxygen defects, and the acceptor level is associated
with vacancies, particularly as a result of doping. Te various
peak shifts due to nickel doping are given in Table 3.

It was noted that in the doped samples, there are least
defects in the undoped zinc oxide sample having less intense
spectra, while there are a large number of vacancies in the
Zn0.94Ni0.06O sample presenting more intense emission
spectrum. Te various vacancies were validated by the Pl
emission spectra. Tese fndings are linked to the UV-visible
absorption spectra for both samples which exhibited low and
high absorption, respectively, as well as the results of the
SEM examination, which revealed that the rods in the
Zn0.94Ni0.06O sample did not develop properly owing to the
higher nickel content.

3.6. Dielectric Properties

3.6.1. Dielectric Constant. Te frequency dependence of the
dielectric constant for undoped zinc oxide and nickel-doped
zinc oxide that has been annealed at 600°C is shown in

Figure 7. Using a pellet presser, the produced samples were
compressed into the shape of circular pellets, from which the
capacitance, dielectric loss, and alternating current con-
ductivity were measured as a function of frequency. Ca-
pacitance was measured by stacking silver paste electrodes
on top of the pellets to make a circular parallel plate. To
calculate the dielectric constant of both undoped and nickel-
doped zinc oxide, the following equation was used:

εr �
Cd
ε0A

, (7)

where εr is the relative permittivity, C is the capacitance, d is
the pellet’s width, ε0 is the permittivity of free space, and A is
the pellet’s cross-sectional area.

Te εr values of both undoped and nickel-doped zinc
oxide were found to decrease with frequency up to
1× 103Hz. At higher frequencies, the values of εr are nearly
consistent between samples. Nickel-doped samples were
found to possess a higher dielectric constant than undoped
zinc oxide; this value was found to bemaximum in the nickel
content (x� 0.06) at low frequencies. According to the
“Maxwell–Wagner” interfacial model, dielectric materials
should feature a dual layer of fne transporting grains
consisting of disconnected grain boundaries [38]. Nickel
doping causes a large increase of oxygen vacancies, which
trap charge carriers and generate massive polarization in the
system, leading to a high permittivity at low frequencies.
High dielectric constants are caused by both space charge
polarization (SCP) and rotating directional polarization
(RDP). Because of the structural inhomogeneity brought
forth by the grains’ high surface-to-volume ratio, interfacial
polarization is enhanced. Te pellets, made up of bonded
nanograins, may have surface efects, oxygen voids, mi-
cropores, and other vacancy clusters. Tese oxygen de-
fciencies can be categorized into single or double states
[41, 42]. When positive and negative ions bond, they create
a plethora of dipole moments, each with its own random
orientation that may be polarized with an external feld.
Tese dipole moments align with the direction of the applied
feld, causing a rotational polarization to occur (RDP). Grain
boundaries become electrically active due to the capture of
space charge carriers travelling in the opposite direction of
the applied feld by defects, mostly oxygen vacancies [43],
etc., that induce SCP in the nanostructures, leading to an
increase in the dielectric constant at low frequencies. Te
decrease in the dielectric constant at higher frequencies is
caused by any species that is sensitive to polarizability falling
behind the supplied feld at those frequencies. Higher sur-
face-to-volume ratios result in greater SCP and RDP because
of the increased border capacity. Nickel impurities, or
dopants, introduced into zinc oxide result in an increase in
oxygen vacancies, which in turn boost SCP and RDP and, by
extension, εr.

As expected, the Zn0.94Ni0.06O nickel-doped zinc oxide
sample has the highest dielectric constant of all the syn-
thesized samples, with the undoped zinc oxide sample
having the lowest. When the nickel content was enhanced,
oxygen vacancies increased, leading to a higher dielectric
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constant. EDX and photoluminescence study indicated that
the Zn0.94Ni0.06O nickel-doped sample contains the maxi-
mum amount of vacancies and hence displays the highest
dielectric constant.

3.6.2. Dielectric Loss. Figure 8 depicts the frequency-
dependent change in dielectric loss, ε″, for both undoped
and nickel-doped zinc oxide (nickel� 0.02, 0.04, and 0.06)
nanostructures. Figure 8 gives the impression that ε″ de-
creases with increasing frequencies. Each sample exhibits
scattering at low frequencies and frequency-independent
behavior at high ones. Increasing frequencies may have
resulted in less dielectric loss due to SCP. It is assumed that
the resonance of the domain wall is responsible for inducing

the dielectric loss and for forcing the polarization to rotate.
For all samples, it is found that dielectric losses are minimal
at higher frequencies, which may be because the domain
wall’s motion is impeded. Te weakening of ε″ at higher
frequencies may also be brought on by the migration of ions
within the sample. At low frequencies, it was also observed
that increasing the nickel content of zinc oxide (nickel-
� 0.02, 0.04, and 0.06) decreased dielectric loss and in-
creased the dielectric constant. Nickel-doped zinc oxide’s
constant dielectric loss at high frequencies and low dielectric
loss at lower frequencies make it a useful material for high-
frequency device fabrication. Ionic hopping may account for
the dielectric losses at low and intermediate frequencies,
while ionic migrations may account for the conduction
losses.
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Figure 6: PL emission spectra of undoped and nickel-doped zinc oxide.

Table 3: Position of PL emission peaks of undoped and nickel doped zinc oxide.

Peak no ZnO (nm) Zn0.98Ni0.02O (nm) Zn0.96Ni0.04O (nm) Zn0.94Ni0.06O (nm)
1 395 396 397 398
2 412 415 416 418
3 449 450 451 453
4 558 560 561 562
5 680 684 685 688
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Figure 7: Frequency-dependent dielectric constant of undoped
and nickel-doped zinc oxide.
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Pure zinc oxide has the maximum dielectric loss among
the synthesized samples, whereas the Zn0.94Ni0.06O nickel-
doped zinc oxide sample has the lowest dielectric constant
due to its higher nickel content. As nickel concentration
rose, dielectric loss reduced. Te lowest dielectric loss was
seen in the Zn0.94Ni0.06O nickel-doped sample, which was
validated by EDX and photoluminescence analysis to have
the maximum number of vacancies, leading to greater
conduction of charges.

3.6.3. Electrical Conductivity. Figure 9 depicts the electrical
conductivity of undoped and nickel-doped zinc oxide
nanostructures as a function of frequency for an alternating
current. It is often believed, and supported by research [44],
that AC electrical conductivity increases as frequency in-
creases. Te electrical conductivity of all the samples is al-
most nil at very low frequencies, rising steadily with
increasing frequencies and then dramatically increasing at
extremely high frequencies. Te Maxwell–Wagner in-
terfacial model can explain this frequency-dependent con-
ductivity performance. Te charge carriers are met with
resistance at the grain boundaries. Tese ions are free to
move about inside the grains, but their resistive nature
prevents them from leaving the grains. Te little increase in
conductivity at low frequencies can result from the tunneling
or hopping efect, and charge carriers might be transported
by an endless number of pathways between grains. In order
to promote conductivity, a material needs a high frequency
so that the charge transporters have enough energy to
overcome the barriers, freeing the charges. When nickel is
introduced into the Zn1−xNixO lattice, a signifcant number
of charge transporters are generated, leading to an increase
in conductivity. Te AC conductivity of undoped and
nickel-doped zinc oxide is calculated using the following
formula:

σa.c � εε″ ω. (8)

Since (ω= 2πf ) f is the frequency, (σa.c) is the electrical
conductivity of alternating current, (ε) is the imaginary
component of the dielectric constant, (ε0) is the dielectric
constant of free space.

Since the dielectric loss decreases with frequency while
the conductivity increases, it is obvious from the preceding
equation that the tangent loss alone determines the AC
conductivity. Tis result is consistent with the literature,
which demonstrates that a series of opposing efects [44]
support the trend of increased σa.c with higher frequencies.

Tere are two possible explanations for this increase in
AC electrical conductivity: either the electrical energy as-
sociated with a high AC frequency applied feld enables
charge transporters to hop between the nanostructures, or
the polarization of zinc oxide nanoparticles is reduced to
a greater extent at higher frequencies, making the material
more dielectric. When the concentration of the dopant is
increased, more oxygen vacancies are created, which bind
the charge transporters. Te supplied feld has a lot of energy
at higher frequencies, and hence the AC conductivity in-
creases suddenly as a result of the discharge of these charges.

Terefore, a rise in nickel content leads to an increase in
oxygen vacancies, which in turn increases the density of
charge carriers and the AC conductivity of the material.
When it comes to the AC conductivity of our manufactured
samples, Zn0.94Ni0.06O nickel-doped zinc oxide comes out
on top, followed by Zn0.96Ni0.04O and Zn0.98Ni0.02O doped
samples with the maximum number of oxygen vacancies,
respectively, while undoped zinc oxide has the lowest.

4. Conclusion

Te undoped and nickel-doped zinc oxide nanostructures
were prepared by the chemical wet precipitation method.
XRD analysis confrmed the only hexagonal wurtzite
structure without any other impurity phase of Zn, Ni, and
NiO. EDX confrmed the substitution of nickel into the
host zinc oxide lattice in diferent concentrations. UV-Vis
spectroscopy revealed that nickel was present in octahedral
symmetry without disrupting the wurtzite structure, and
a red shift was due to the incorporation of nickel into zinc
oxide matrix. PL showed various defects density, and the
red shift observed was due to the doping of nickel in the
zinc oxide lattice, attributed to the sp-d exchange in-
teractions of the localized and band electrons of the nickel.
Dielectric properties showed enhancement as the dielectric
constant was increased with nickel doping and the di-
electric loss was decreased. AC electrical conductivity also
showed increase in the nickel-doped zinc oxide. Hence,
after investigating various optical and dielectric properties,
nickel-doped zinc oxide may be a helpful compound for
various optical and frequency-dependent applications.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding authors upon request.
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Figure 9: Frequency-dependent AC electrical conductivity of
undoped and nickel-doped zinc oxide.

Nanomaterials and Nanotechnology 9



Ethical Approval

Tis research was conducted in a legal and ethical way and is
completely in compliance with the ethical standards.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

All the authors contributed equally to this work.

Acknowledgments

Tis study was self-funded.

References

[1] D. Liu and T. L. Kelly, “Perovskite solar cells with a planar
heterojunction structure prepared using room-temperature
solution processing techniques,” Nature Photonics, vol. 8,
no. 2, pp. 133–138, 2014.

[2] H. Zhou, Y. Zhang, C.-K. Mai et al., “Polymer Homo-tandem
solar cells with best efciency of 11.3%,” Advanced Materials,
vol. 27, no. 10, pp. 1767–1773, 2015.

[3] V. Vohra, K. Kawashima, T. Kakara et al., “Efcient inverted
polymer solar cells employing favourable molecular orien-
tation,” Nature Photonics, vol. 9, no. 6, pp. 403–408, 2015.

[4] I. Ben Elkamel, N. Hamdaoui, A. Mezni, R. Ajjel, and L. Beji,
“High responsivity and 1/f noise of an ultraviolet photode-
tector based on Ni doped ZnO nanoparticles,” RSC Advances,
vol. 8, no. 56, pp. 32333–32343, 2018.
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