
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS                                 Vol. 15, No. 7- 8, September – October 2013, p. 989 - 994 
   

Structural and optical study of nickel doped ZnO 
nanoparticles and thin films for dye sensitized solar cell 
applications 

 
 

S. THAKUR, J. KUMAR*, J. SHARMA , N. SHARMA, P. KUMARa 
Department of Physics, Arni University, Kangra (Himachal Pradesh) 
aCenter for Nanoscience and Nanotechnology, DAVIET, Jalandhar (Punjab) 
 
 
 
Nanocrystals and thin films of pure and Ni doped Zinc Oxide nanoparticles have been prepared by solution route spin-
coating process. Crystalline phases, morphology and optical absorption of Ni doped ZnO nanoparticles/Thin films were 
studied by X-ray diffraction, Atomic Force Microscopy and UV visible spectrophotometer. X ray studied revealed that Ni 
doped ZnO crystallised in Hexagonal wurtzite structure. The size strain plot (SSP) method was used to study the individual 
contributions of crystallite size and lattice strain on the peak broadening of Ni doped ZnO nanoparticles. Physical 
parameters such as strain, stress and energy density values were calculated more precisely for all reflections 
corresponding to the wurtzite hexagonal ZnO phase in the range of 20-600 (2� values) by using the SSP method.  The 
optical gap was found to increase from 3.47 to 3.51 eV with the increase in Ni doping. The obtained AFM characteristics are 
in accordance to the results got by means of measurements of X-Ray diffraction spectroscopy. 
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1. Introduction 
 
Semiconductors with dimensions in the nanometer 

realm are important because their electrical, optical and 
chemical properties can be tuned by changing the size of 
particles. Optical properties are of great interest for 
application in optoelectronics, photovoltaic and biological 
sensing. Various chemical synthetic methods have been 
developed to prepare such nanoparticles [1]. Zinc Oxide 
(ZnO) is a unique material with a direct band gap (3.37 
eV) and large exciton binding energy of 60 meV. Because 
of its exceptional optical and electrical properties, zinc 
oxide has been extensively used in many technological 
applications such as near-UV emission, thin film 
transistors, gas sensors, transparent conductor, Biomedical 
and piezoelectric application [2-6]. In addition to these 
applications ZnO also shows its potential in Dye 
Sensitized solar cells. Dye sensitized solar cells (DSSCs) 
are a new type of metal oxide wide-band-gap solar cells 
composed of a semiconductor photoanode absorbed dye 
molecules, and a counter electrode, and an electrolyte 
between photoanode and counter electrode. In recent years, 
a dye sensitized titanium dioxide (TiO2) solar cell made by 
Grätzel et al. has been considered as a cost-effective 
alternative to traditional solar cells. Nowadays, the TiO2 
DSSC modified with other semiconductor materials, such 
as zinc oxide, is widely investigated to improve the cell 
performance. ZnO posses a wide band gap, low resistance 
and high light trapping characteristics that make them 
useful in solar cells applications. 

Most of the ZnO crystals have been synthesized by 
traditional high temperature solid state method which is 

energy consuming and difficult to control the particle 
properties [7]. ZnO nanoparticles can be prepared on a 
large scale at low cost by simple solution based methods, 
such as chemical precipitation, sol-gel synthesis, and 
solvothermal/hydrothermal reaction [8]. Hydrothermal 
technique is a promising alternative synthetic method 
because of the low temperature process and very easy to 
control the particle size [9]. The hydrothermal process 
have several advantage over other growth processes such 
as use of simple equipment, catalyst-free growth, low cost, 
large area uniform production, environmental friendliness 
and less hazardous [10]. The low reaction temperatures 
make this method an attractive one for microelectronics 
and plastic electronics. This method has also been 
successfully employed to prepare nanoscale ZnO and other 
luminescent materials [11]. The particle properties such as 
morphology and size can be controlled via the 
hydrothermal process by adjusting the reaction 
temperature, time and concentration of precursors [12]. 
The present study focuses on the hydrothermal synthesis 
of ZnO nanopowders/thin films concentration of the 
precursors and time of growth on its properties.  

 
 
2. Experimental 
 
2.1 Sample synthesis and geometric  
       characterization 
 
The synthesis of ZnO nanoparticles was carried out by 

hydrothermal method. The starting materials, 
Zn(CH3COO)2.2H2O and Ni(NO3)2.6H2O solution were 
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prepared as follows: Solution A: 1M Zn (CH3COO).2H2O 
dissolved in distilled water and ethanol in 80:20 and 
Solution B: Different concentrations of Ni(NO3)2.6H2O in 
a distilled water and ethanol in 80:20. Mixing these 
solutions has resulted into solution C. The experiment was 
performed at room temperature. Ammonia solution was 
added into the solution C drop by drop. The initial solution 
contains milky colored precipitates of Zinc acetate at low 
concentration of ammonia. Separately, a buffer solution 
was prepared by dissolving appropriate amounts of sodium 
hydroxide. The buffer solution was then added drop wise 
to the vigorously stirred solution C until the turbidity 
appears. The turbid solution was then used to prepare thin 
films using spin coater and to extract precipitates. The 
resulting precipitates are collected, washed, with distilled 
water and dried at 500°C for 1 hour in muffle furnace and 
ground to fine power using agate mortar and pestle. 

Thin films of the above-mentioned pure and Ni doped 
ZnO samples were prepared by spin coating method. Well 
cleaned glass slides were used as substrates. The solution 
was dropped onto glass substrate, which was rotated at 300 
rpm for 30 s. After deposited by spin coating, the films 
were dried at several conditions for 5 min to evaporate the 
solvent and remove organic residuals. The procedure from 
coating to drying was repeated fifteen times until the 
desired thickness of sintered films was reached. The films 
were then annealed at 3500C for 1 hour. 

The crystal structure and the particle size of the thin 
films were identified using a X-ray diffractometer (XRD 
Model: D8 Focus). A UV-2501 UV–vis spectrophotometer 
(SHIMADZU, Japan) with an integrating sphere was used 
to directly record diffuse reflectance spectra of the pure 
and Ni doped ZnO. 

 
 
3. Results and discussion 
 
3.1 XRD Analysis 
 
Fig. 1 shows the XRD patterns of Ni-doped the 

prepared sample. It is clearly seen that the FWHM of the 
reflection peaks decreases with increased dopent cations, 
indicating growth of the crystallinity or changes in the 
crystal strains [13]. There is also a negligible shift in peak 
positions, and their FWHM obviously decreased for the 
samples that were doped with different concentration of Ni 
compared to the un-doped ZnO-NPs. By replacing Ni with 
Zinc in the lattice, the strain changed as shown in the peak 
shift. 

In this study, hydrothermal method was used to 
prepare pure and Nickel doped ZnO  (Zn1-x Nix O, where x 
= 0.1 to 0.4). A absolute evaluation of the mean crystalline 
size of the compounds obtained from powder XRD 
procedures is reported. The strain due to lattice 
deformation associated with the different concentration of 
nickel doped ZnO and pure ZnO heated at 5000 C was 
estimated by the size- strain plot method (SSP), which 
provides information on the stress- strain relation and the 
strain � as a function of energy density [14]. 

 

 
Fig. 1. The XRD pattern of Pure ZnO -NPs and Ni doped 
ZnO- NPs  heated at 5000 C.(a) Pure ZnO- NPs, (b) 
Ni 1.0 -doped ZnO- NPs,  (c) Ni 2.0 - doped ZnO- NPs, (d) 

Ni 3.0 -doped ZnO –NPs, (e) Ni 4.0 -doped ZnO NPs. 

 
 
Wurtzite lattice parameters such as the values of  d, 

the distance between adjacent planes in the Miller indices 
(hkl), lattice constants a, b, and c, interplaner angle (the 
angle φ   between the planes (h1 k1 l1), of spacing d1 and 
the plane (h2 k2 l2 ) of spacing d2 ), and unit cell volumes 
were calculated from the Lattice Geometry equation 
presented below [15] .The lattice parameters of the powder 
samples heated at 5000 C with different concentration are 
summarized in Table 1. 
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 Table 1. The structure parameter of un-doped and Ni-doped ZnO NPs heated at 500 0 C. 
 

 
 

Size- Strain plot method 
A better evaluation of the size-strain parameter can be 

obtained by considering an average size-strain plot (ssp), 
which has the advantage that less weight is given to data 
from reflections at high angles, where the precision is 
usually lower. In this approximation, it is assumed that the 
crystallite size profile is described by a lorentzian function 
and the strain profile by a Gaussian function [16]. 
Accordingly, we have 

 

( ) (cos)cos( 22 += θβθβ hklhklhkl
hkl
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     (4) 

 
Where k is the constant that depends on the shape of the 
particles: for spherical particles it is given as ¾. In Fig. 2, 
the term 2)cos( θβ hklhkld  is plotted with respect to 

)cos( 2 θβ hklhkld  for the all orientation peaks of pure and 
doped ZnO-NPs. The particle size is determined from the 
slope of the linearly fitted data and the root of the y- 
intercept gives the strain. According to Hook’s law, a 
linear proportionality between the stress and strain as 
given as σ  = Y є, where σ  is the stress of the crystal 
and Y is the modulus of elasticity or Young’s modulus, for 
a significantly small strain. This equation deviates from 
this linear approximation with increasing strain [17]. 
 

 
Fig. 2.  The SSP plot of  Ni – doped and undoped ZnO 
NPs heated at 500 0 C (a) undoped ZnO NPs        (b) 
Ni 1.0  doped ZnO NPs        (c)   Ni 2.0  doped ZnO NPs 

(d) Ni 3.0  doped ZnO NPs (e) Ni 4.0  doped ZnO NPs. The 
particle size is achieved from the slop of the linear fitted  
      data and the root of y- intercept gives the strain. 
 
For a hexagonal crystal, Young’s modulus is given by 

the following relation: 
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Where s11 , s13 ,s33 , s44 are the elastic compliance of ZnO 
with values of 7.858 × 10-12  ,   -2.206 × 10-12 , 6.940 × 10-

12, 23.57 × 10-12 m2N-, respectively [18]. Young’s modulus 
for the pure ZnO and Ni doped ZnO was calculated, and 
then the stress was calculated according to the equation 

(4). For an elastic system that follows Hooke’s law, the 
energy density u (energy per unit) can be calculated from u 
= (є 2/)2

hklY . The results obtained from the size strain 
plot model are summarized in Table 2. 

 
Table 2.  Geometric parameters of pure and Ni doped ZnO heated at 500oC. 

 

 
 

3.2 AFM analysis 
 
A comparison of AFM image of Ni doped ZnO 

(ZnO:Ni) films grown on glass substrates is shown in Fig. 
3. The surface morphologies of the films are presumably 

same, i.e., Ni- doped ZnO films present pillar-like growth 
characteristic. 2D-AFM images show grain growth with 
increased Ni content. The average sizes of nanoparticles 
are comparable with those obtained from the XRD studies.  

 
 

Fig. 3. AFM 2D (500x500nm) and 3D topography images of Ni- doped ZnO (ZnO:Ni) films at different concentration. 
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3.3 Optical analysis 
 
Diffuse reflectance spectra were recorded to estimate 

the optical band gap of the pure and nickel doped zinc 
oxide with different concentrations (Zn1-x Nix O, where (x 
= 0.1 to 0.4)). Difused reflectance spectroscopy (DRS) on 
powders or pallets is roughly analogous to transmission 
measurements on thin films. Fig. 4 shows the plot for the 
percentage of reflection as a function of band gap energy 
(hυ ) of the nanoparticles synthesized via hydrothermal 
method. Doped ZnO samples exhibited absorption peaks 
in the visible region in addition to the absorption edge, 
since the samples containing nickel ions will have bands 
from crystal-field transitions of ions in tetrahedral 
coordination. As an example, the absorption spectrum of 
Ni2+ doped ZnO shows the mid-band-gap states appearing 
at about 419 nm, corresponding to the d-d transition bands, 
which are characteristic of Ni (II) with tetrahedral 
symmetry. In the case of Ni doped ZnO, absorption peaks 
are expected to arise due to electronic transitions from the 
3T1(F)  ground state to the 3T1(P) state for the tetrahedral 
Ni(II).[19] 

 
 

 
 

Fig. 4. Diffused spectra of Nickel doped ZnO 
nanoparticles  with  different  concentration of Ni (i. e for 
                                 x = 0.0 to 0.4). 
 
The optical band gaps of pure and doped zinc oxide 

are estimated from the plots of reflectance verses energy. 
The band gap estimated for pure zinc oxide 3.42 eV that is 
slightly higher than the bulk zinc oxide (3.37 eV). The 
diffused reflectance spectra of Ni doped zinc oxide (Zn1-x 
Nix O, where (x = 0.1 to 0.4)) shows that, as the 
concentrations of nickel increases (x = 0.1 to 0.4), the 
band gaps also increases. The band gap values were 
deduced from the intersection of the two linear regions 
Table 3. 

 
 
 
 

Table 3. Variations of Optical band gap of Nickel doped 
ZnO nanoparticles with different concentration of Ni i.e 
(a) Ni 1.0 -doped ZnO- NPs,  (b) Ni 2.0 - doped ZnO- NPs, 

(c) Ni 3.0 -doped ZnO –NPs, (d) Ni 4.0 -doped ZnO NPs at  
                                      5000C . 

 
Diffused spectra indicate that the Ni- doping causes 

little structural disorder in the Zinc oxide lattice. With the 
increased concentration of Nickel, more and more Ni+2 

replace the position of Zn+2 and resulted in widening of the 
band gap (Table3). The widening of band gap in case of 
heavily doped semiconductors is due to the blocking of the 
low energy transitions by the donor electrons occupying 
the states at the bottom of the conduction band, which is 
known as Burstein- mass effect [20]     

 
 
4. Conclusion 
 
In this work, nanocrystals of pure and nickel doped 

ZnO with different concentration (0.1 to 0.4) at 5000C 
were synthesized by using a hydrothermal method. The 
crystalline structure, morphology and optical properties 
were determined by XRD and UV- visible spectra. XRD 
analysis showed that the prepared samples are in 
hexagonal wurtzite phase. The particle size was analyzed 
by the size-strain plot method. The line broadening of ZnO 
–NPs and nickel doped ZnO with different concentration 
(0.1 to 0.4) at 5000C was due to the lattice strain. 
Decreased strain values were observed for samples 
estimated with larger particle size. Widening of the band 
gap with increased Ni doping was also discussed with 
Burstein-mass effect. Thus based on enhanced optical and 
structural properties of Ni doped ZnO can be considered a 
suitable candidate for DSSC applications. 
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