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ABSTRACT
One-dimensional pure and Ni-doped zinc oxide nanorods (NRs) 
were prepared by chemical bath technique. Some physical proper-
ties like optical, morphological and structural were examined for 
prepared NRs. The result of X-ray diffraction XRD was exposed that 
the crystal structure was hexagonal for both pure and Ni-doped 
NRs where there is no change in the crystal system but some small 
shifting in diffraction angle appeared. The chemical composition 
and the presence of Ni atoms in the ZnO were approved by EDX 
test. Additionally, morphology investigation of the scanning elec-
tron microscopy (SEM) is conducted and showed that the shape of 
prepared materials was NRs. A red shift in the absorption spectrum 
and band gap happened after doping with Ni where the energy gap 
dropped from 3.72 for ZnO to 3.5 eV for ZnO:Ni.
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1. Introduction

Because of the one-of-a-kind physicochemical characteristics they possess, materials on 
the nanoscale have recently been the primary focus of attention among researchers. ZnO 
belongs to the class of II–IV semiconductors and has a large bandgap of 3.34 eV. Due to 
its unique conductivity, photocatalytic activity, piezoelectricity, and pyroelectricity, zinc 
oxide has shown to be a viable material for use in sensor, photovoltaic, and solar cell 
applications [1–7].

ZnO has an exciton binding energy that is quite high (60 meV), making it a suitable 
material for the development of optical devices that are based on excitonic activities. ZnO 
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nanostructures can have their characteristics altered by doping with transition metal 
ions, which results in the introduction of inherent donor defects [8].

Due to the intriguing combination of charges and spin degrees of freedom, weak 
magnetic semiconductor materials (DMSs) have garnered a lot of devotion as a hopeful 
functional materials. DMSs are created when rare earth or transition metals ions sub-
stitute a significant number of the intuitive ions in the lattice of semiconductor. Such 
functional materials form the basis of spin electronics (spintronics), a real-world tech-
nology [9].

Doping will cause the Zn ions that are found in the lattice of ZnO to be substituted by 
metals ions, which will result in an increase in the amount of free electrons. The oxide 
semiconductor’s electronic characteristics are consequently improved as a result of 
this [10].

Ni possesses a number of useful qualities, including resistance to corrosion, 
room-temperature ferromagnetic, optical characteristics, and the ability to conduct 
heat and electricity. In addition, the ion radius of nickel is less than that of zinc 
(0.69 compared to 0.74 Ao), which means that in the compound ZnO, the zinc 
ions can be easily replaced by nickel ions. At present time, the majority of the 
scientific study groups have decided to use Ni as the doping element for ZnO 
[11–16].

Therefore, several approaches such as thermal decomposition method, co- 
precipitation method, hydrothermal method, chemical bath deposition, sol–gel process, 
pulsed-laser deposition and solvothermal were used to synthesise Ni-doped ZnO nanor-
ods (NRs) [17–24].

In this work, the ZnO NRs and ZnO that had been doped with nickel were 
manufactured utilising the chemical bath approach. Studies were conducted on the 
structural, morphological and optical aspects of ZnO NRs that had been doped 
with Ni.

1.1. Synthesis of pure ZnO NRs

ZnO NRs synthesis was formed by chemical bath technique. An aqueous solution 
holding 0.005 M zinc nitrate hexahydrate (Zn (NO3)2.6H2O) and 0.005 M of hexamine 
((CH2)6N4) was put on hot plate at 90°C for 4 h. White precipitate was formed at the 
glass backer indicating the formation of ZnO. The precipitates were collected and washed 
with distilled water for two periods of time and washed with methanol once and dried in 
oven at 80°C for 5 h.

1.2. Synthesis of Ni-doped ZnO NRs

ZnO:Ni NRs synthesis was formed by chemical bath technique. An aqueous solution 
containing 0.005 M zinc nitrate hexahydrate (Zn (NO3)2.6H2O) mixed with 3% ele-
mental nickel (Ni) and 0.005 M of hexamine ((CH2)6N4) was put on hot plate at 90°C for 
4 h. White precipitates were formed at the glass backer indicating the formation of doped 
ZnO. The precipitates were collected and washed with distilled water twice and washed 
with methanol once and dried in oven at 80°C for 5 h. Figure 1 displays the preparation 
and testing procedure of NRs.
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2. Results and discussion

Figure 2 shows the morphology and size of ZnO and ZnO:Ni NRs. It can be seen that 
both types of NRs are same in the shape and size. The diameter of rods is in nanoscale 
and their lengths are in microscale. Good yield was obtained and most rods are identical 
with high homogeneity.

In order to confirm the formation of nickel-doped zinc oxide NRs, EDX analysis was 
performed. As can be seen in Figure 3, EDX was used to perform an investigation of the 
chemical composition of both pure and Ni-doped ZnO NRs. EDX examination sub-
stantiates the hypothesis that there is nickel present in the ZnO system, and the wt% is 
almost identical to that which was utilised in experimental production.

The X-ray diffracted patterns of pure ZnO and 3% nickel-doped ZnO are presented in 
Figure 4. The XRD patterns that were obtained demonstrate that the samples are 

Figure 1. The preparation and testing procedure of NRs.

Figure 2. FESEM micrographs of (a) ZnO:Ni and (b) ZnO NRs.
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composed of zinc oxide in a hexagonal arrangement. On the other hand, after doping, the 
intensity of the ZnO diffraction peaks begins to rise. Because there are no other diffrac-
tion patterns that follow on following Ni, this suggests that the dopant has been 
completely dispersed throughout the material [25]. When compared to ZnO, Ni-doped 
ZnO exhibits a very minor shift towards a lower angle in its diffraction peaks. It 
is possible that this is because of doping with Ni atoms [17,26]. Crystallite sizes for all 
the prepared samples were calculated using Scherrer equation and found to be equal to 
18 nm for pure ZnO and 14 nm for Ni-doped ZnO. Tables 1 and 2 show the diffraction 
angles, inter-atomic distance and corresponding miller indices for ZnO and ZnO:Ni, 
respectively.

UV-Vis spectroscopy had been applied to obtain the absorbance spectra and calcu-
lated the energy gap of pure and Ni-doped ZnO NRs at regions of wavelengths (250– 
1000) nm. Figure 5 shows the absorption spectra of ZnO and ZnO:Ni. From the figure, it 

Figure 3. EDX spectra of (a) ZnO:Ni and (b) ZnO NRs.

Figure 4. XRD patterns of ZnO and ZnO:Ni NRs.
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can be seen that the absorption peak of ZnO was located at 310 nm; after doping in the 
case of ZnO:Ni, this peak faced a red shift towards the higher wavelengths and located at 
340 nm.

The energy band gap, Eg, of each sample that was synthesised is determined by 
applying the tauc relation. Figure 6 reveals the energy gap of prepared NRs where the 
bang gap for pure ZnO was equal to 3.7 eV and for ZnO:Ni it was equal to 3.5 eV, which 

Table 1. Diffraction angles, inter atomic distance and corresponding miller indices for ZnO.
Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Matched by

31.7893 1142.14 0.2400 2.81265 100
34.4509 1027.71 0.2400 2.60120 101
36.2713 2312.71 0.1920 2.47471 002
47.5295 650.19 0.3360 1.91150 102
56.5677 1015.26 0.2880 1.62565 110
62.8320 1069.00 0.1920 1.47780 103
66.3279 151.07 0.2400 1.40813 200
67.9067 817.34 0.2880 1.37918 112
69.0721 391.09 0.2400 1.35873 201
72.5220 76.63 0.1440 1.30236 004
76.9497 130.53 0.2400 1.23808 202

Table 2. Diffraction angles, inter atomic distance and corresponding miller indices for ZnO:Ni.
Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Matched by

31.7758 1759.40 0.1920 2.81382 100
34.4234 1477.73 0.2400 2.60322 101
36.2459 3254.68 0.2400 2.47639 002
47.5079 750.74 0.2880 1.91231 102
56.5554 1250.01 0.3840 1.62598 110
62.8101 1161.27 0.1920 1.47826 103
66.3224 163.98 0.1920 1.40823 200
67.8929 858.77 0.2400 1.37943 112
69.0438 395.91 0.2880 1.35922 201
72.5170 82.22 0.1440 1.30244 004
76.8998 121.67 0.2880 1.23876 202

Figure 5. Absorption spectra of ZnO and ZnO:Ni NRs.
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means there is a red shift to lower energy because presenting Ni atoms in the ZnO 
[27–31]. 

3. Conclusions

In conclusion, we have investigated the influence that the Ni doping on the 
structural, morphological and optical properties of Ni-doped ZnO NRs that were 
generated using the chemical bath approach. The structure investigation revealed 
that the as-prepared ZnO before and after doping have a single-crystalline Wurtzite 
Hexagonal structure, and the NRs did not contain any other secondary phases. 
Absorption spectra measurements confirmed that both the ZnO and ZnO:Ni 
NRs show a strong UV absorption peaks. The FESEM result concludes that ZnO 
and ZnO:Ni are rod-shaped particles. The energy gap showed a reduction after 
doping.
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