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Abstract-   Ni doped ZnO nanostructure is studied extensively to explore its structural behavior.  Solid state chemical 
reaction route is utilized to fabricate the nanostructures. Formation of nanorods has been visualized by applying 
HRTEM. Concentration of Ni content in ZnO host lattice is the main parameter for experimental investigation. 
Investigation reveals that the crystallite size of the Ni doped ZnO slightly decreases due to Ni doping compared 
to undoped specimen. Study shows that with decreasing size of nanostructures strain also decreases.     
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I. INTRODUCTION 
 

Among the transition metal, Ni is an important dopant; since, Ni 2+ (0.69 A˚) has the same valence as 
Zn2+and its radius is close to that of Zn+ (0.74 A˚), so it is possible for Ni2+ to replace Zn2+ in ZnO lattice. So far, the 
influence of Ni doping in the ZnO lattice host has been reported by several groups. Doping of Ni in ZnO matrix has 
been done by several techniques [1-4], we have fabricated Ni doped ZnO nanpstructures by adopting the solid state 
chemical reaction route as described in earliar works [5, 6]. The concentration of Nickel acetate and Zinc acetate 
were varied within the range 1 at% Ni - 5 at% Ni and accordingly indexed as Ni-1, N-3 and Ni-5. In this paper the 
structural properties are discussed. XRD. EDS. HRTEM were carried out to investigate structural properties of 
Ni:ZnO nanostructures. XRD study ruled out the existence of additional phases in the sample due to Ni doping. 
HRTEM study showed the clear evidence of formation nanorods for Ni:ZnO system.  

II. EXPERIMENTAL 

A.  X- ray diffraction study 

Ni doped samples (Ni-1, Ni-3 and Ni-5) exhibit hexagonal wurtzite structure of ZnO in their XRD patterns 
presented in figure 1. The XRD pattern reveals the absence of any secondary phases due to Ni doping. Compared to 
undoped specimen  Ni doped samples exhibit peak shift in the XRD spectra. The XRD peak shift for the Ni:ZnO 
system can be more clearly visualized from the figure:2, which is obtained by plotting from the XRD data within the 
‘2θ’ range 31o-370 for the reflections by the planes (100), (002) and (101). The values for ‘2θ’ at the peak positions 
corresponding to the diffracting planes (1 0 0), (0 0 2) and (1 0 1) for the samples (ZnO, Ni-1, Ni-3 and Ni-5) are 
presented in the table: 1. Different values for ‘2θ’ corresponding to a particular peak clearly indicates the peak shift. 
The shift of peaks for the Ni doped samples take place towards the higher value of ‘2θ’ from the peak positions for 
pure ZnO sample. The change of XRD peak can be attributed for the change of size and strain of the Ni:ZnO 
nanostructures due to Ni doping. 

The lattice spacing ‘d’ for all samples were estimated from their respective ‘2θ’ values corresponding to the 
diffracting planes (1 0 0), (0 0 2) and  (1 0 1) of the nanocrystals which are shown in the table: 1. From the table ‘d’ 
values were utilizes to estimate the lattice parameters ‘a’ and ‘c’ as 3.237 Å and 5.2 Å respectively.  
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Figure 1.  XRD pattern of bare ZnO and Ni doped ZnO for three Ni samples. 

For determination of size of the nanostructures, FWHM and 2θ values corresponding to the most intense peak     
(1 0 1) were considered for the Scherer formula and the respective values are presented in the table: 1. From the 
estimated size, we have observed that the crystallite size of the Ni doped ZnO slightly decreases due to Ni doping 
compared to undoped specimen. The size of the nanocrystals lies within the range 14.1 nm – 15.51 nm. 

 

 

 

 

 

 

 

 

Figure 2.  Enlarged view of the XRD pattern for the samples (ZnO, Ni-1, Ni-3 and Ni-5) within diffraction angle (2θ) range 31o - 37o 

corresponding to the reflecting planes (100), (002) and (101), showing clear peak shift.   

Table -1 ‘2θ’ values corresponding to the peak positions for diffracting planes (1 0 0), (0 0 2) and (1 0 1) for the samples  ZnO and Ni:ZnO 

 

 

 

 

 

Table -2  Lattice spacing for the diffracting planes (1 0 0), (0 0 2) and (1 0 1) for the samples  (ZnO, Ni-1, Ni-3 and Ni-5) estimated from their 
respective ‘2θ’ values as shown in table: 1. 
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Table -3 Estimated crystallite size of as synthesized nanostructures for the samples (ZnO, Ni-1, Ni-3 and Ni-5) estimated from FWHM and 2θ 
values corresponding to (101) diffracting plane of each sample. 

 

 

 

 

 

 

The size and strain of the nanostructures were also estimated from Williamson-Hall (W-H) plot as 
shown in figure: 3 for the sample Ni-5. In this plot the first six peaks of the XRD pattern have been considered. 
From the intercept (~0.0099) and the slope (~ 7.488 x 10-4) of the plot the average size and strain of the Ni-5 
nanostructures were estimated. In a similar way the size and strain of other samples were also estimated and 
presented in the table- 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  3. Williamson- Hall plot for the sample Ni-5, from the slope and intercept of the straight line strain                  
(7.488 x 10-4) and size (13.9 nm) of the Ni-5 nanostructures were estimated. 

 

Table -4  Crystallite size and strain estimated from Williamson- Hall plot for the samples (ZnO, Ni-1, Ni-3 and Ni-5) 

 
 
 
 
 
 
 

 
 

B. Transmission electron microscopy study 

HRTEM study revealed the formation of nanorods with average length 44.5 nm and diameter 12 nm as observed 
in figure: 4A and 4B. Figure: 4C represents the SAED pattern focused on the isolated nanorod of av. length 56 nm 
and av. diameter 14 nm (inset of figure: 4C). The lattice spacing 0.22 nm has been observed from the HRTEM 
image (figure: 4D) of the isolated nanorod as shown in the inset of figure: 4C. Clear lattice fringe pattern can be 
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attributed due to the high crystalline nature of the as synthesised sample. In case of Ni-5, it is observed a large 
number of isolated nanorods. In this concentration of Ni the growth plane was confirmed along the (101) plane.  

 
 

 

 

 

 

 

 

 
 

Figure 4. TEM image of Ni-5 showing formation of elongated nanostructures.  Figure (A) and (B) depicts formation of nanorods with av. length 
44.5 nm and av. diameter 12 nm. For the sample Ni-5, (C) SAED pattern, Inset : an isolated nanorod of av. length 56 nm and av. diameter 14 nm, 
(D) HRTEM image, when beam was focussed on the isolated nanorod; showing lattice spacing 2.2 Å,. 

IV.CONCLUSION 

 
From the above investigations it has been noticed that with decreasing size of the nanostructures the strain also 
decreases. The highest stain was exhibited by ZnO nanorod with size 16.17 nm, while the lowest strain was shown 
by Ni-5 with size 13.9 nm. The particle size, as obtained from both XRD data is in agreement with the sizes as 
calculated from W-H plot. This may be due to the limitations of Scherrer formula where particle strain is not 
considered. It was observed that along with decrease in size, the strain also decreases. Thus, size and strain of the 
nanostructures can be simultaneously manipulated by changing doping concentration. HRTEM study for all samples 
exhibited clear fringe patterns; it was attributed due to high crystalline nature of the as-synthesised samples. The 
growth direction of the bare ZnO was found along (102), while for all Ni doped samples it was found along (101) 
plane.   
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