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ABSTRACT
Zinc oxide nanorods and diluted magnetic semiconducting Ni-doped ZnO nanorods had been prepared
byco-precipitation method. This method is straightforward and costs powerful. Ni-doped and undoped ZnO of trendy
components nanoparticles Zn1-xNixO, (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08) were correctly synthesized by
co-precipitation approach. The structure and the optical properties of obtained samples have been investigated using X-ray
Diffraction (XRD), energy dispersive X-ray spectroscopic analysis (EDX), Transmission Electron Microscope (TEM) and
UV–visible absorption spectroscopy.
XRD patterns of doped samples display that the lattice constants of Zn1-xNixO, of x > 0.0 are slightly larger than
the ones of pure ZnO. However, XRD reveals that both exhibit hexagonal wurtzite structure. The energy band gap has also
been estimated using measured UV-VIS optical absorption spectra. EDX spectroscopy was used to identify the elemental
constituents of a material. Also, TEM investigations give further insight to the morphology and the structural features of
Ni-doped ZnO nanorods.
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INTRODUCTION
In a previous couple of decades, metal oxide nanoparticles had been significantly investigated because of their
atypical applications in the subject of spintronics [1], photo electronic [2], sensor [3], lasing devices [4] and light emitting
diodes [5], etc. Zinc oxide (ZnO) is a transparent n-type semiconductor with a band gapof3.37eV.ZnO
nano-particles acquired superb attention because of their unique catalytic, electrical, gas sensing, and optical properties
[6-9]. Nickel oxide (NiO) is a transparent p-type semiconductor with a wide bandgap in the range of 3.6–3.8 eV [6, 10, 11].
Wide band-gap oxide semiconductors, when doped with transition metal ions (Mn, Fe, Co, and Ni) have attracted great
deal interest for their promising versatile applications [12].Diluted Magnetic Semiconductors (DMS) shape a brand new
class of magnetic substances, which fill the gap between ferromagnets and semiconductors [13].Doping of ZnO with
magnetic ions induces magnetic properties, allowing awide range of applications [14]. Currently, a few effects have been
performed regarding the room-temperature (RT) ferromagnetism, as predicted theoretically, in Ni-doped ZnO [15, 16].
Furthermore, Ni2+ (0.69Åhas the equal valence in comparison to Zn2+ and its radius is close to Zn2+ (0.74Å), so it is
possible for Ni2+ sub-lattice to replace Zn2+ in ZnO lattice. some researches on Ni-doped ZnO had been stated and several
effects showed that the one of a kind houses of ZnO has been changed after putting Ni into ZnO matrix [17, 18].
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Various chemical techniques were evolved to prepare nanoparticles of different materials of interest. Most of the
ZnO crystals had been synthesized by a conventional high-temperaturesolid-state method, wherein, it's miles hard to
govern the particle properties and additionally, energy ingesting. ZnO nanoparticles can be prepared on a huge scale at low
cost by simple solution based method, such as chemical precipitation, sol-gel synthesis, and hydrothermal reaction [19-24].
Co-precipitation is the name given by analytical chemists to a phenomenon whereby the fractional precipitation of a
specified ion in a solution results in the precipitation not only of the target ion but also of other ions existing side by side in
the solution [25].
Within the present paper, we will report the synthesis of Ni-doped ZnO in the form of nanoparticles that are
investigated the use of X-ray diffraction (XRD), energy dispersive x-ray spectroscopy (EDX) and UV-Visible
spectrometer.

EXPERIMENTAL
Samples Preparation
The DMS Samples of (Zn1-xNixO) have been prepared the use of the chemical precipitation method. The
beginning materials Zn (Ch3Coo) 2H2O and Ni (Ch3Coo) 4H2Ohad been blended then PVP introduced with a value. The
stoichiometric quantity of Zinc acetate (Zn(Ch3Coo)2H2O) and Nickel acetate (Ni(Ch3Coo)4H2O) are dissolved in distilled
water with (1gm) of poly-vinylpyrrolidone(PVP) and kept in a magnetic stirrer for five hours. The experiment was
performed at room temperature. The final ingots have been dried at 70 ˚C for one day and annealed at 300 ˚C for six hours.

RESULTS AND DISCUSSIONS
Structural Determination
X-ray diffraction (XRD) patterns of Zn1-xNixO (x=0, 0.02, 0.04, 0.05, 0.06, 0.08) are shown in Figure 1. The
located peaks imply that all samples are having polycrystalline nature with hexagonal wurtzite shape. The found peaks are
corresponding to (100), (002), (101), (102), (110) and (103) planes. The d-spacing of the peaks are properly matched with
widespread records (JCPDS: 01-079-0208) for (x=0.00) and (JCPDS: 01-075-2820) for (x=0.02, 0.04, 0.05, 0.06, 0.08). No
impurity phase turned into finding within the Ni-doped ZnO sample due to the smaller ionic radii of the Ni2+ ions (ionic
radius: 0.69 Å) are easily substituted within the internal of Zn2+ ions (ionic radius 0.74 Å) [26,27]. The XRD patterns of
Ni-doped ZnO are similar to that of pure ZnO.
It’s far obtrusive from XRD spectra that there is no existence for the peaks corresponding to Ni, oxides of Ni, Zn
or Ni related secondary and impurity phases. Despite the fact that, there aren't any secondary phases detected with the aid
of XRD analysis, the existence of secondary phases cannot be completely excluded due to the limitation of this
characterization approach [28]. We are able to conclude that the doping of Ni does not change the wurtzite structure of
ZnO and hence Ni2+ substitutes Zn2+ site into the crystal lattice.
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Figure 1: XRD Pattern of Zn1-xNixO, (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08) at 300OC
The average crystal size of the samples is calculated after appropriate background correction from X-ray line
broadening of the diffraction peaks of (101) plane using Debye–Scherrer’s formula [29].
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Where, λ is the wavelength of X-ray used (1.5408 °), β is the angular peak width at half maximum in radian
along (101) plane, and ' is the Bragg’s diffraction angle.
ZnO has hexagonal structure, the plane spacing is related to the lattice constants (a, c) and the Miller indices by
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The micro-strain (5) can be calculated using the formula [30],
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Table1. Cell Parameters ‘a’ and ‘c’, ‘c/a’ Ratio, Average Crystal Size (D)
and Micro-Strain (6 of Different Zn1-xNixO Samples
% of Doping of Ni
0.00
0.02
0.04
0.05
0.06
0.08

C(002)nm
0.52042333
0.52170843
0.5192144
0.52119327
0.52064163
0.52076882

a(101)nm
0.32499537
0.32579177
0.3241018
0.32548132
0.32506656
0.3252187

c/a
1.601325
1.601355
1.60201
1.6013
1.601646
1.601288

D
27.16298
29.72556
29.80187
27.79042
29.01175
28.02397

6(10-3)
1.151152
1.04677
1.046829
1.11996
1.074859
1.298611

The observed data reveal that lattice parameters ‘a’ and ‘c’ are almost composition independent. This can easily
be accounted for the small difference between the ionicradius of Zn and Ni.
The Energy Dispersive X-ray Spectroscopic Analysis (EDX)
The EDX spectroscopy is used to analyze the chemical composition of grain sample. Also is used to product maps
of elements, place, concentration, and distribution.
To confirm the presence of Ni ions in the synthesized nanoparticle ZnO,EDX measurements were done for all
samples Zn1-xNixO for (x=0.00, 0.02, 0.04, 0.05, 0.06, 0.08) figure 2. It is determined that there is two peaks belong to Zn
and Ni, through growing Ni concentration in samples heights of its peak increase.

Figure 2: EDX Pattern of Zn1-xNixO, (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08)
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The data of EDX spectroscopy are presented in table 2. EDX spectra show good agreement with the experimental
concentration used for Zn1-xNixO samples.
Table 2: The Percentage of Ni in Different Zn1-xNixO Samples Using EDX Analysis
Samples
ZnO
Zn0.98Ni0.02O
Zn0.96Ni0.04O
Zn0.95Ni0.05O
Zn0.94Ni0.06O
Zn0.92Ni0.08O

Percentage of the Elements % Atomic(%)
Zn
Ni
Ni/Zn Ratio
100.0
98.13
1.87
0.019
96.32
3.86
0.038
59.40
4.60
0.048
49.55
5.5
0.058
93.4
6.89
0.073

Transmission Electron Microscope (TEM)
As proven in Figure. 3, the TEM image of Ni (0.08, 0.05, 0.02) doped ZnO symbolizes nanorods. in step with the
TEM image in Figure. 3(b), the diameter of the nanorod is ~ 48 nm. The “d” value indicating (002) plane of the hexagonal
structure of ZnO is obtained as 0.264 nm. The HR-TEM image of undoped ZnO has already been reported and the “d”
value is 0.260 nm [31]. The slight increase in the “d” value of Ni-doped ZnO is due to the smaller ionic radius of Ni2+ than
that of Zn2+. This change in lattice parameter was also observed and reported in Ni-doped ZnO [32].

Figure 3: TEM Images of Zn1-xNixO, (where x = 0.02, 0.05and 0.08)

OPTICAL PROPERTIES
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UV-Visible spectroscopy
The optical absorption spectra of undoped and Ni-doped ZnO (where x = 0.00, 0.02, 0.04, 0.05, 0.06, 0.08)
samples in the variety of 300 to 800 nm were measured. The measurement was carried out using (LAMBDA 35) UV-Vis
UV
spectrophotometer. Optical absorption spectra of the measured samples are shown in Figure 4.
4

Figure 4: Absorbance Spectra of Zn1-xNixO, Samples: (a) x=0.00; (b) x=0.02;
(c) x=0.04; (d) x=0.05; (e) x=0.06 and (f) x=0.08 as a Function of Wavelength
All samples observe not unusual pattern, wherein a single sharp absorption peak is found inside the UV region.
Moreover, the placement of which is independent on Ni+2 ions concentration. This peak is followed by an exponential
decrease in absorption. Evaluation of XRD well-known shows that Ni+2 ions substitute Zn+2 ions i.e. we are handling
substitution solid solution. In the present case, we can count on that Ni ions are acted upon with the aid of an octahedron
field.
Nickel (II) can act upon by octahedral, square-planar and tetrahedral symmetries depending upon the composition
[33].The presence of a number of absorption bands and their position not handiest depend on upon crystal structure but
also rely upon the chemical composition and the particle morphology [34,35].The
The absorption band edge of undoped ZnO is
observed at 375 nm. Within the present study, the optical absorption ofNi-doped ZnO shows asingle absorption peak at 377
nm (3.77 x10-5 cm).Commonly, divalent Ni ions in an octahedral symmetry showcase three main bands at about 8300,
14.080, 24.995 cm-1. Those bands are usually assigned due to the spin-allowed
spin
triplet-triplet
triplet transitions: [36]
3

A2g(F) → 3T2g(F), 3A2g(F) → 3T1g(F) and 3A2g(F) → 3T1g(P)

The obtained data reveal that the observed absorption peak is most likely due to
3

A2g(F) → 3T1g(P)

26
cm-1
Where this transition is localized at 26525
The optical band gap was calculated using Tauc’s relation
7ℎ
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Where, ℎ is the photon energy, ;< is the optical band gap of the film, α is the absorption co-efficient, A is a
(

constant, and the exponent n is corresponding to the type of transition. The exponent n is equal to , 2,
/

,
/

?@ 3 according

to the allowed indirect, direct, forbidden indirect and forbidden direct band gaps, respectively. The energy band gap of
undoped and Ni-doped ZnO can be obtained by plotting (αhν)2 versus hν and extrapolating the linear portion of absorption
edge to find the intercept with energy axis as shown in Figure 5.

Figure 5: Band Gap Spectra of Zn1-xNixO, (x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08)
The observed linear relation between (αhν)2in opposition to hν suggests that the direct optical transition is the
dominant absorption mechanism. This is an acceptable result, since in crystalline systems the Hamiltonian commute with
the operators of symmetry (i.e. the momentum)is conserved and is an integer quantum number. This means that the direct
transition is the most probable. Band gap of the samples became determined to decrease from 3.06 eV to 2.57 eV with the
increase of Ni concentration. It might be due to the increase in the grainsize [37] in addition to the decreasing of the
conduction band prompted by using donor level created by the Ni defects [38].
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The envisioned energy band gaps of undoped and Ni-doped ZnO are 3.06 eV, 2.67 eV, 2.49 eV, 2.41 eV, 2.30 eV
and 2.22 eV, respectively, as shown in figure 6.

Figure 6: The variation of energy gap of Zn1-xNixO,
(x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08) as a Function of Ni Concentrations
Zn1-xNixO (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08) exhibits red shift with increasing Ni content, i.e. the band
gap decreases with increasing the Ni concentration. The decrease in the band gap may be additionally due to the
sp-d exchange interactions among the band electrons and the localized d electrons of the substituted divalent ions [39-43].
The truth that Ni+2 ions substitute Zn+2 ions i.e. we are handling substitutional solid solution. This allows applying
rigid band model. Subsequently, the shape of Brillioun zone is fixed and the band gap can be slightly changed with small
composition change [44]. Accordingly, Ni ions exist in an octahedral crystal field in the divalent valency state without
changing the wurtzite crystal structure of ZnO.

CONCLUSIONS
The undoped and Ni-doped ZnO samples were synthesized by way of the chemical co-precipitation method. XRD
exhibits that there is no additional peak corresponding to secondary phases of Ni in ZnO. EDX data confirmed the presence
of Ni in prepared samples of Zn1-xNixO,(where x= 0, 0.02, 0.04, 0.05, 0.06, 0.08). UV-Vis spectroscopy reveals that Ni
ions exist in octahedral crystal field in the divalent valence state without changing the wurtzite crystal structure of ZnO.
Thus, Ni2+ ions substitute Zn2+ions in the crystal lattice.
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