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Abstract: The aim to study the optical and structural properties of sol gel derived Zn1.xNixO(x=0.01) thin films by spin coating 
technique with systematic investigation have been carried out. Zinc acetate dihydrate and nickel acetate tetra hydrate are used as 
the precursor material and dopant, respectively. The thin films of nickel doped ZnO are deposited onto glass substrate in room 
temperature and as-grown film is sintered at 100 oC for 5 minutes and then post annealed in air at 600 oC for 1 hour. The optical 
properties like absorbance, transmittance and hence band gap energy are measured by double beam spectrophotometer which 
show transmittance decreases and gap energy increases with respect to  ZnO thin film. The both thin films exhibit high 
transparency above 70% for Ni doped ZnO and above 80% for undoped ZnO in visible region of optical spectrum. X-ray 
diffraction (XRD) studies on the films show the polycrystalline nature with hexagonal wurtzite structure. The crystallite sizes of 
the films are estimated using the Debye-Scherrer’s formula and have shown 43.29 nm for 002 plane. The lattice parameters a, c 
of Ni doped ZnO slightly increases and crystallite size decreases with respect to undoped ZnO. The calculated value of a, c and 
c/a of 1% Ni doped ZnO are respectively, 3.266 Å, 5.224 Å and 1.599. The optical band gap energies of the films are observed to 
vary from 3.21 eV to 3.23 eV for ZnO and Ni doped ZnO and found to be direct allowed transition. The micrographs by high 
resolution transmission electron microscopy (HR-TEM) show grains with hexagonal structure of broad particle size distribution.  
Keywords: Sol-gel, Spin coating, Thin films, ZnNiO, XRD, HR-TEM, Optical band gap.  

I. INTRDUCTION 
Among II-IV semiconductors, Nickel doped zinc oxide is a versatile multifunctional compound with direct wide band gap (3.37eV 
at 300k) and large excitonic binding energy (60 meV). This semiconductor has several favourable properties, including good 
transparency, high electron mobility, strong room temperature luminescence, outstanding electro-optic and piezoelectric properties, 
and excellent chemical stability which can be useful in emerging applications of electronics and optoelectronics [1]- [5].  Ni doped 
ZnO thin films have been widely used for many devices application such as light emitting diodes [6], nanolasers [7] and have been 
recognized as spintronic material [8]. Also various biological, chemical and gas sensors [9] are based on ZnO thin film. Thin films 
of ZnNiO can be prepared by various techniques; among them are sputtering [10]-[11], metal-organic chemical vapour deposition 
(MOCVD) [12], pulse laser deposition (PLD) [13], spray pyrolysis [14] and sol-gel method [15]-[19] have studied structural and 
optical properties of nano crystalline ZnNiO thin films derived from clear emulation of nano-crystallite Ni doped ZnO nano crystals. 
Compare to the other processes, the sol-gel process has the advantages of control ability of chemical compositions due to its 
simplicity in processing and cost effective. Properties of ZnNiO thin films show dependence on the technique used apart from 
doping to increase the functionality of Ni doped ZnO thin film, the effect of preparation conditions on the properties have to be 
considered for its effective technological applications. In the present work sol-gel spin coating process is employed for film 
preparation. Zinc acetate dihydrate and nickel acetate tetra hydrate were used as the precursor material and dopant, respectively. The 
effects of annealing on the structural and optical properties of Ni doped ZnO thin films in comparison to ZnO thin films at 600 oC 
were studied. Double beam spectrophotometer was used for optical properties as well as XRD and HR-TEM were used for 
structural properties of Ni doped ZnO.  
 

II. EXPERIMENTAL 
Nickel doped ZnO thin films were prepared on glass substrate (5Х2.5cm2) by sol-gel spin coating technique by using ethanol 
[C2H5OH] as solvent. The glass substrates were cleaned with soap solution followed by ultrasonication in water for 1 hour. Then the 
substrates were cleaned successively in distilled water and in acetone. For this purpose 0.5 mole high purity zinc acetate dihydrate 
(ZAD) [Zn(CH3COO)2. 2H2O] and appropriate proportion for 1% mole fraction of nickel acetate tetrahydrate (NAT) 
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[Ni(CH3COO)2. 4H2O] were used to prepare Ni doped ZnO thin films. Mono-ethanolamine (MEA) [C2H7NO] was used as 
stabilizing agent. Appropriate quantity of ZAD and NAT were mixed in 25 ml of ethanol and was stirred by magnetic stirrer at 60 
oC until no solid particulates were found. Then the MEA was dropped to the bluish solution until a clear sol was appeared and the 
as-prepared solution was stirred at same temperature for 1 hour until a homogeneous sol was obtained.  Then the freshly prepared 
sol was dropped onto a pre dried clean glass substrate using spin coating technique in room temperature with a rate of 3000 rpm in 
30 sec. The as-coated film was sintered at 100 oC for 5 minutes immediately to evaporate the solvent. The process was repeated to 
obtain the workable thickness of the film up to seven coating layers. Then, the film is annealed in air at 600 oC for 1 hour in a tube 
furnace to reach the crystal phase. The flow chart is shown in Fig.  
 

 
 
 

 
 
 

 
 
 
 
 
 
 

    
 

 
Fig1: The flow chart of methodology for preparation of ZnNiO thin film. 

The optical measurements were carried out at room temperature using UV-VIS double beam spectrophotometer (Systronics 2202) in 
the wavelength range of 210nm – 550nm. The XRD [X’Pert High score plus, PANalytical] pattern was obtained with CuKα 
radiation (λ=1.5406 Å) and the HR-TEM [JEM-2100F, Japan] images of Ni doped ZnO nanoparticles cluster were obtained from 
ultrasonicated sample on carbon grid that was prepared from  as-grown thin film. 

III. RESULTS AND DISCUSSION 
A. Structural 
Structural characterizations of Ni doped ZnO and undoped ZnO nanoparticles have been carried out by XRD and HR-TEM. The 
XRD spectrum for scanned angle (2θ) varying from 10o to 90o of ZnO and 1% Ni doped ZnO thin films grown at 600oC is shown in 
Fig. 2. From this figure as-grown sample gives strong diffraction peaks at 2θ = 31.65o, 34.314o and 36.06o for ZnO and 31.60o,  
34.306o, 36.09o  for Ni doped ZnO which corresponds to (100), (002) and (101) peaks and showing growth of both crystallites of 
hexagonal wurtzite structure with higher degree of preference along the c-axis perpendicular to the substrate. The presence of 
prominent peaks shows that the film is polycrystalline in nature. The lattice constants a and c of the both nanocrystalline films were 
determined by using the Debye-Scherrer’s formula. 
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Where,  is the wavelength of X-ray and     is the Bragg angle.  
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Fig2: XRD patterns of ZnO and ZnNiO thin films annealed at 600⁰C. 

The grain size (D) of ZnO nano crystals annealed at 600 oC was calculated using the following relation,                                                                               
                                                                                     (3) 

Where, K is constant and taken to be 0.94 [20] and   is the full width at half maximum (FWHM).  
The dislocation density (δ) defined as the length of dislocation lines per unit volume is estimated using the relation 

                                                              D 2
1


                    (4) 

and the strain (€) of the thin films is estimated using the relation 

                                                                                              4
€  Cos


                                                                                   (5) 
The lattice parameters (a and c) for hexagonal structure can also be calculated by using the relation (6).                   
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Where ݀ℎ be the lattice spacing with Miller indices hkl. 
Table 1 shows the structural parameters and Table 2 shows the calculated lattice parameters of ZnO and 1% Ni doped ZnO as 
obtained from XRD. From Table 2 it shows that the lattice parameters (a, c) and hence unit cell volume (V) increases and crystallite 

size decreases for Ni doped ZnO with respect to undoped ZnO. From XRD parameters it was confirmed that Ni 
dopant does not 

alter so much ZnO structure, which due to the incorporation of Ni ions on Zn sites.
 TABLE I 

Structural parameters of ZnO and Ni doped ZnO thin films: 
Thin films 

  
% of 
Ni 

Planes Inter-Planer 
Spacing d (Å) 

FWHM β  
(×10-3) (rad.) 

Dislocation  

Density  δ  

(×1014) (lines/m2)       

Strain € 
(×10-4) 

 
ZnO  

 

 
0 

(100) 2.827 1.458 0.938 3.50 
(002) 2.613 3.209 4.486 7.67 
(101) 2.491 2.918 3.672 6.94 

 
Zn0.99Ni0.01O 

 

 
1 

(100) 2.831 0.1171 1.842 4.914 
(002) 2.614 0.2007 5.337 8.364 
(101) 2.489 0.1673 3.672 6.938 




cos
KD 
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TABLE II 
Calculated Lattice parameters of the ZnO and Zn0.99Ni0.01O  thin film: 

Thin films 
 

% of 
Ni 

a (Å) c (Å) Unit Cell 
Volume 
V (Å3) 

Crystallite Size 
 D (nm) 

 
ZnO 

 
0 

 
3.262 

 
5.222 

 
144.36 

 
47.22 

 
Zn0.99Ni0.01O 

 
1 

 
3.266 

 
5.224 

 
144.75 

 
43.29 

 
1) HR-TEM analysis:  Figures 3(a) and 3(b) show the low magnification TEM micrograph of cluster of Ni doped ZnO and 

undoped ZnO nanoparticles annealed at 600 oC. These micrographs show grains with hexagonal structure of broad particle size 
distribution. 

  
(a)                                                                                                              (b)                              

Fig. 3: The cluster of low magnification TEM images of (a) ZnNiO and (b) ZnO nanoparticles 

Crystallinity of each nanoparticles of Ni doped ZnO sample is confirmed from selected area electron diffraction (SAED) pattern as 
shown in Fig. 4. In this pattern bright spots make concentric rings that reveal the ZnNiO nanoparticles are polycrystalline nature. 

 
Fig. 4: SAED Pattern showing the polycrystalline Ni doped ZnO nanoparticles. 
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High resolution TEM image of the lattice planes of Ni doped ZnO sample is shown in Fig. 5(a). The corresponding equal spacing 
peaks arising from those parallel planes with inter planer spacing d= 2.338 Å is shown in Fig. 5(b).  

 
(a)                                                                                                                  (b) 

Fig. 5: An atomic level lattice image of a magnified ZnNiO nanoparticles and histogram of d-spacing: (a) 1 nm regime and (b) 
corresponding peaks showing plane of inter planer spacing d= 2.338 Å.  

B. Optical Properties 
Figure 6 shows the optical transmittance spectrum of clear ZnO sol before spin coating process, nanocrystalline Ni doped ZnO and 
undoped ZnO thin films after annealing at 600 oC. It is clearly shown from these graphs that the clear sol of ZnO, undoped ZnO and 
doped ZnO thin films exhibit a high transmittance above 90%, 80% and 70%, respectively in visible region of optical spectrum. The 
position of the absorption edge is observed to be shifting towards lower wavelength side with increase in Ni concentration in ZnO 
indicating an increase in the band gap (Figure7) with Ni doping.  
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Fig. 6:  Transmittance spectra of clear ZnO sol, undoped ZnO and Ni doped ZnO thin films as a function of wavelength )( . 
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Fig. 7:  Plot of (αhν) 2 vs. Photon energy (hν) showing variation of band gap with Ni doping annealed at 600 ⁰C and inset shows the 
band gap of 2.73 eV of clear ZnO sol before spin coating. 

The band gap was estimated by extrapolation of linear portion of  2h   versus h  curve (Fig. 7) by using the Tauc plot relation 
  

                                                                             
   gEhBh   2

                                                                                  (7)
 

for the direct band gap semiconductor between the absorption coefficient ( ) and the optical energy band gap ( gE ), where h is the 

Planck’s constant and   is the frequency of the incident photon and  B is a constant. Band gaps are observed to vary from 3.21eV 
for ZnO to 3.23 eV for Ni-doped ZnO thin films annealed at 600⁰C with increase of the nickel concentration as shown in the Fig. 7. 
This optical energy band gap widening and the absorption edge blue shift can be attributed to an increase in the carrier concentration 
and principle can be explained by the Moss-Burstein band filling effect, which is frequently observed in n-type semiconductors. 

IV. CONCLUSIONS 
The structural and optical characterisation of nanocrystalline ZnO and Ni doped ZnO thin films grown by sol-gel spin coating using 
X-ray diffraction, HRTEM and UV-VIS double beam spectrophotometer have been investigated. The substitution of Zn sites by 
Ni2+ ions in wurtzite ZnO was confirmed by XRD. The SAED pattern confirms the nano particles are polycrystalline nature. The 
low magnification TEM images show the nano crystalline are hexagonal and the HRTEM analysis shows the inter planer spacing of 
the lattice planes. Blue shift in the band gap with Ni doping has been observed which may be due to the Moss-Burstein band filling 
effect. 
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