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ABSTRACT  

In the present paper we have performed the structural analysis of the undoped and Ni doped ZnO bulk samples. 

The X-ray diffraction measurements reveal the formation of the polycrystalline wurtzite phase of ZnO. From the 

detailed investigation it is observed that incorporation of Ni in ZnO matrix leads to the increase in the lattice 

parameter c which is reflected as a shift in the XRD peak of NiZnO towards lower Bragg angle. EDAX results 

confirm the presence of Ni with effective atomic percentage of 3.84 %. Incorporation of Ni leads to the 

structural distortion in the host matrix. 
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I.INTRODUCTION 

Zinc oxide (ZnO) has established itself as the promising candidate material for making blue light laser sources 

[1, 2]. The versatility of the material lies in the fact that apart from having large band gap and large exciton 

binding energy, this material is also chemically stable and is environment friendly [3]. Band gap engineering in 

ZnO is possible by suitably doping with Cadmium (Cd) or Magnesium (Mg) [4-6]. Room temperature 

ferromagnetism is also reported in ZnO when doped with Co, Ni, and Mn [7, 8] and makes it an important 

candidate in the field of diluted magnetic semiconductors (DMSs) which have potential applicability in 

emerging spintronics devices [9]. It has been reported that doping ZnO with Ni not only gives room temperature 

ferromagnetism, but it also causes lowering of the band gap. Combining these two properties can lead to the 

formation of heterostructures which will give rise to spin specific potential barrier heights to the carriers. NiO is 

also an important semiconductor exhibiting a typical p-type conductivity, which is attributed to the plentiful 

intrinsic acceptor defects [10-14] and has band-gap of 3.7 eV. Some groups have also observed a spin-glass or a 

paramagnetic behavior in their Ni doped samples [15].  

Apart from all the investigations and observations, the successful growth of single phase TM ion doped ZnO is 

still a challenging task. Various important properties and characteristics of ZnO derived systems like room 

temperature ferromagnetism, high conductivity, and optical transparency are believed to be mainly influenced 

by the TM ion doping and the modifications in intrinsic defect levels. Due to low solubility limit of TM ions in 

ZnO, it is somehow difficult to avoid the secondary phase formation. In this scenario it becomes imperative to 

investigate and characterize the TM ion oxide phases in ZnO matrix. In the present work, we report the 
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structural analysis of undoped and Ni doped ZnO (Ni= 3%) by perfromning X-ray diffraction measurement. 

Energy dispersive X-ray analysis has been carried out to confirm the contents of elements present in the grown 

samples.    

 

 

 

 

 

 

 

 

 

 

Figure 1: X-ray diffraction pattern of undoped and Ni doped ZnO bulk samples. Inset shows the zoomd view of 

peak corresponding to Bragg angle  36
o
. * represents the peaks corresponding to NiO phase. The inset reveals 

a clear shift of the peak towards lower Bragg angle when doped with Ni.  

II.EXPERIMENTAL WORK 

Pure ZnO and Ni0.03Zn00.97O bulk targets were prepared by standard solid-state reaction methods. For 

preparation the stoichiometric amounts of starting chemicals using commercial grade powders of ZnO (99.9%) 

and NiO (99.9%) as starting chemicals and were mixed thoroughly following by calcination at 800 
o
C for 12 h 

following several cycles of dry grinding. The obtained powders were pressed into pellets of 5 g by weight and 

25mm diameter at a pressure of 5tons/cm
2
. Prepared pellets were sintered at 1400

o
C for 24 h to remove the 

volatile and other low-temperature volatiles (if present). The samples were characterized for structural analysis 

by X-ray diffraction (XRD) using a Bruker X-ray diffractometer. For elemental analysis, energy dispersive x-

ray analysis was performed. The targets were finally made in the form of 25 mm diameter pellets. prepared.  

 

III.RESULTS AND DISCUSSIONS; 

Fig.1. Shows the typical XRD pattern of the as-synthesized ZnO and Ni doped ZnO bulk samples. Both the 

samples are polycrystalline in nature and the preferred structure correspond to wurtizite phase of ZnO. However 

apart from ZnO, two minor peaks corresponding to NiO are also observed. This is mainly attributed to the low 

solubility limit of 3d impurities in ZnO matrix [16]. In ZnO, Zn has the coordination number 4, having an 
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atomic radius of 0.74Å  [17] and forms a stable oxidation state of +2 [18]. However, due to smaller ionic radii of 

Ni 
2+ 

(0.69 Å ), becomes very much unstable in the ZnO matrix. Consequently, it has the tendency to form 

clusters of metallic Ni or NiO as is evident in the XRD pattern. It is also observed that the (002) peak of NiZnO 

sample is shifted towards lower diffraction angle as compared to pure ZnO. The FWHM of the Ni doped ZnO is 

also increased as compared to pure ZnO (0.063 for ZnO  and 0.065 for NiZnO). This is mainly attributed to the 

formation of NiO secondary phase in ZnO matrix. Also, these changes are well reflected in the broadening of 

the peak which might occur due to the reduction in grain size and due to the disorderness present in the Ni 

doped ZnO [19] which are in well agreement with ours results. The shifting of the diffraction peak along with 

the variation of the lattice parameter also hints at the possibility of the incorporation of Ni at Zn site in ZnO 

matrix. 

 To explore the effects of Ni doping in ZnO on its crystal structure we have also calculated the lattice parameters 

from the XRD pattern. According to Bragg’s law, [20] the lattice parameter of hexagonal bulk samples can be 

calculated by;  

                                                                                                                  1 

For the (002) orientation at 2   34.4
o
, the lattice constant “c” can be calculated by;  

                                                                          c =                                                                          2 

using equation (2) the lattice parameter of ZnO and Ni doped ZnO samples are found to be 5.19 Å  and 5.20 Å , 

respectively. Our observations reveal a shift in the lattice parameter indicating that the lattice parameter of the 

NiZnO sample increases slightly as compared to pure ZnO. It can be concluded that despite of the smaller ionic 

radii of the Ni
2+

 as compared to Zn
2+

 there is a slight increase in the lattice parameter c. This can be understood 

in terms of the distortion/disorder in the unit cell due to the formation of the NiO secondary phase. Also, the 

high electronegativity of NiO contributes to the distortion in the system.  

We have also calculated the average grain size (D) by using the Debye Scherrer’s formula as given below;  

                                                                  D =                                                                  3 

 Where k is a constant equal to 0.91 for temperature independent measurements.  is the wavelength of the 

incident radiation which is 1.54106 Å  for Cu K  in the present case. is the full width at half maxima in 

radians and   is the Bragg angle. From our calculations it is observed that the grain size decreases when ZnO is 

doped with Ni. These results are in corroboration with the earlier reported trend [21]. The grain size is reduced 

in Ni doped sample as compared to the pure ZnO. The results reveal that Ni doped ZnO samples can reduce the 

average crystallite size because of the decrease in the reactant mobility with increased Ni content arising due to 

larger Ni-O bonding compared to Zn-O bonding energy [22]. 
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Figure 2. EDAX spectra of Ni doped ZnO sample. 

In order to further verify the existence of Ni in Ni doped sample, we have performed Energy dispersive x-ray 

(EDAX) analysis. Fig. 2 shows the EDAX of the NiZnO sample. It is evident that apart from other elements like 

Zn, Oxygen, Ni is also present in the sample and is 3.84  atomic %. The complete composition and the 

corresponding concentration is shown in Table 1.  

 

 

 

 

 

 

Table 1: Elemental composition in NiZnO sample as obtained from EDAX spectra 

IV.CONCLUSION 

The detailed structural analysis and the role of minor NiO secondary phase in ZnO matrix has been performed 

by performing XRD measurements. EDAX analysis shows that Ni is present with an effective concentration of 

3.84+/- 0.8 atomic%. It is observed that the incorporation of Ni in ZnO matrix leads to the strain and 

disorderness resulting in the large grain size and increased lattice parameter. The c parameter of samples is in 

close agreement to the reported literature.  

 

 

 

 

Element App Intensity Weight% Weight% Atomic% 
 

 
Conc. Corrn. 

 
Sigma 

  

O K 46.14 1.0838 36.96 1.12 70.28 
 

Ni K 9.90 1.1604 7.41 0.71 3.84 
 

Zn K 56.88 0.8878 55.63 1.31 25.89 
 

Totals 
  

100.00 
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