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Auto-combustion method was employed to synthesize one-dimensional (1D) Zn1-xNixO 

(x = 0, 0.5, 0.1, 0.2, 0.3 and 0.5) nanoparticles for photocatalytic activity. XRD confirmed 

crystalline structure of pure and Ni-ZnO samples. Morphological and surface information 

of the synthesized particles was investigated by SEM. DRS results depicted that 

nanoparticles have direct band gap, which was reduced with Ni doping. The 

photoluminescence study showed that intensity was decreased with Ni concentration due 

to reduction of electron-hole pair rate. The influence of nickel concentration as dopant on 

photocatalytic behavior of Ni-ZnO was investigated. The maximum photocatalytic activity 

was exhibited by Ni-ZnO (x=5%) as compared to other samples. 
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1. Introduction 
 

The researchers have shown great interest in nano-semiconductor photocatalysts due to 

their tremendous applications in overcoming environmental pollutants [1-4]. The one dimensional 

photocatalysts exhibit brilliant performance among the nano size materials. One aspect is larger 

contact surface during reactions owing to large surface area than micro scale powders, the other is 

easy filtration after reactions due to greater width-length ratio than other nanoparticles. 

 ZnO is considered to be first choice semiconductor photocatalyst among II-VI group 

photocatalysts due to its larger quantum efficiency than TiO2 while having almost same band gap 

energy (3.37eV) as that of TiO2 (3.20eV).There are many reports suggesting enhanced 

photocatalytic behavior of ZnO than TiO2 [5-8].  The fast recombination rate of electron-hole pair 

largely affects the photocatalytic behavior of ZnO and this rate is reduced by doping various ions 

into ZnO. Kanade et al reported that Cu doping boosted the photocatalytic behavior of ZnO 

nanoparticles [9]. Chang et al reported enhanced photocatalytic activity of Pd doped ZnO 

nanoparticles [10]. According to Qiue et al, Nitrogen doped ZnO nanoparticles have shown 

intensified photocatalytic activity. The morphology of photocatalyst used in their work was 

spherical tetrapods having size of 1um [11]. Influence of Ni concentration on photocatalytic 

activity of ZnO has not been discussed to date. 

In this paper, we synthesized Ni doped ZnO nanoparticles with various concentrations 

(0.5, 0.1, 0.2, 0.3, 0.5). The structural properties of the synthesized nanoparticles are characterized 

by XRD. The width of optical band gap of Zn1-x NixO nano particles has been derived by taking 

absorption spectra. This research work has focus on a new era of one dimensional (1D) Ni-ZnO 

nanoparticles having approach in both fundamental research and technological applications. 
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2. Experimental  
 

2.1. Preparation of Ni-ZnO nanoparticles 

All reactants were taken in original form in this research work. The auto-combustion 

method was used to synthesize Zn1-xNixO (x= 0%, 0.05%, 0.1%, 0.2%, 0.3%, 0.5%) 

nanoparticles with molar ratio Ψ = 1.7. At first, Zinc nitrate [Zn(NO3)2.6H2O], Nickel nitrate 

[Ni(NO)3] and glycine [NH2CH2COOH] were blended in the required ratio and were placed in 

open air to absorb moisture, subsequently mixture was changed into paste. The paste was made 

homogeneous by stirring along with heat at 120˚C for one hour. On increasing temperature to 

210˚C accompanied by stirring, mixture was turned into gel shape. With passage of time, gel was 

burst with liberation of gases. We obtained a powder after cooling to room temperature and 

powder was further calcinated at 700˚C for 3hours. The synthesized particles were turned into fine 

powder which was collected for characterization. The following chemical equation shows 

preparation of Ni doped ZnO nanoparticles.  

 

Zn(NO3)2.6H2O + Ni(NO)3         
Glycine

                   Zn1-xNixO +gaseous products 

2.2. Characterization techniques  

Powder X-ray diffraction (XRD) was performed using computer controlled panalytical 

X’pert pro XRD with CuKα (λ= 1.5406nm) radiations and data was collected in a step of 0.02˚ at 

2θ value ranging 20˚ to 80˚. The morphological surface and particle size was investigated by SEM 

(HITACHI S-4800). The DRS (λ=300-800nm) was measured by using ultraviolet-visible 

spectrometer (HITACHI, U-4100) along with integrating sphere accessory. The Kubelka-Munk 

function F(R) α K/S = (1-R
2
)/2R was used to obtain absorbance by converting the reflectance, 

where K represents absorption coefficient, S, scattering coefficient and R, diffuse reflectance. The 

Hitachi F-4500 fluorescence spectrophotometer (λ =250-700nm) was used to record the 

photoluminescence (PL) spectra.  

 

2.3. Measurement of photocatalytic activity  

Photocatalytic activity of Zn1-xNixO was examined by taking 3mg of synthesized sample 

and dispersing it in 150ml rhodamine B aqueous solution possessing concentration of 1x10
-5

M. 

Quartz beaker accompanied by magnetic stirring was used and it took 30 min in dark to obtain the 

adsorption equilibrium. Ultraviolet light mercury lamp (350W) with wavelength of 365nm was 

used for irradiation on the dispersion. Heat effect was avoided by keeping distance of 20 cm 

between dispersion surface and light source. 

 

 

3. Results and discussions 
 

3.1. X-ray diffraction 

The XRD patterns of pure ZnO and Ni-ZnO are shown in Fig. 1. It is clear that both have 

hexagonal wurtzite structure. The broad and sharp peaks (100), (002) and (101) are located at 2θ 

values of 31.57
0
, 34.35

0
 and 36.26

0 
respectively.  Other peaks (102) , (110) , (103) , (200) , (112) , 

(201) and (202) have location at 47.62
0
 , 56.63

0
 , 62.9

0
 , 66.23

0
, 68.04

0
 , 69.22

0 
and 77.34

0 
 

respectively.   All peaks are verified by JCPDS 05-0664 and earlier research [12] 

Two specific secondary peaks (111) and (200) located at 38.42
0
, 44.33

0
 correspond to fcc 

structure of nickel as substantiated by JCPDS 04-0850 [13]. The lattice parameters for hexagonal 

wurtzite ZnO are a = 3.2498A
0
 and c = 5.2066A

0
 identified by JCPDS. Enhanced nickel 

concentration in ZnO resulted in varying diffraction peak intensity and shifting of peaks towards 

smaller 2θ values. The XRD pattern indicated poor crystallinity due to presence of trace quantity 

of unburned glycin  which may be attributed to incomplete combustion reaction due to little time, 

moisture and carbonaceous reside in as synthesized powder [l4]. 
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 Fig. 1.  XRD patterns of ZNO and Ni-ZnO. 
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Fig. 2. Particle size Vs Ni concentration in ZnO. 

 

 

The particle size was calculated by estimating full width at half maximum (FWHM) of 

sharp peak (101) by Scherer formula 

 

D= kλ/βcosθ 

 

Both Θ (Bragg’s angle) and β (FWHM) were in radians and λ (wavelength) was in nm 

respectively.  

When nickel was added as dopant in ZnO, particle size decreased due to Ni
+2

 substitution 

by Zn
+2

 into ZnO lattice and also due to Ni
+2

 incorporation to the interstitial site because of ionic 

radii difference of  Ni
+2

 (0.69A
0
) and Zn

+2
 (0.74A

0
) [15]. The particles size was in range 43-40 nm. 

The lattice parameters ‘a’ and ‘c’ of hexagonal wurtzite ZnO and Ni-ZnO were calculated 

by equation below [16]. 

 

1/(dhkl)
2
 = 4/3[ ( h

2
 + hk + k

2
/ a

2
] + l

2
/ c

2 

 

The calculated values of ‘a’ and ‘c’ for ZnO nanoparticles are a= 3.2485A
0
 and c = 

5.2045A
0
 [17] and for Ni-ZnO nanoparticles (x=5%) are a=3.299 and c=3.21 respectively. Lattice 

strain increased the value of parameter ‘a’ and decreased ‘c’ due to ionic radii difference of Ni
+2

 

(0.69A
0
) and Zn

+2
 (0.74A

0
). The dimension of unit cell and impact on crystal structure due to Ni

+2
 

doping in ZnO lattice was determined by peak shift. Figure3 clearly indicates that peak (101) shifts 

towards smaller 2θ values due to ionic difference of Ni
+2

(0.69A
0
) and Zn

+2
(0.74A

0)
, showing that 

Ni
+2

 was substituted to Zn
+2 

successfully [18].  
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Fig. 3. Peak shift of Ni-ZnO with respect to ZnO. 

 

Table 1. Physical parameters of ZnO and Ni-ZnO nanoparticles. 

         
 

Sr. 

No 

 

Samples 

Name 

 

2θ  

at (Imax) 

 

 

FWHM 

= θ1-θ2 

Crystal  size 

 from XRD  

(nm) 

Lattice Parameters  

‘c/a’ 

Ratio 

 

Unit cell 

volume= 

a
2
cSin60

0
 (A

0
)

3
 

 

‘a’ 

(A
0
) 

 

‘c’ 

(A
0
) 

1 Un-doped ZnO 36.32 0.3419 42.68 3.2635 3.1472 1.0369 29.0274 

2 0.5% Ni doped 

ZnO 

36.35 0.3452 42.27 3.2813 3.1993 1.0256 29.8308 

3 1% Ni doped ZnO 36.36 0.3512 41.55 3.2873 3.1521 1.0427 29.4983 

4 2% Ni doped ZnO 36.31 0.3591 40.63 3.2898 3.1378 1.0484 29.4091 

5 3% Ni doped ZnO 36.32 0.3603 40.49 3.2915 3.1154 1.0565 29.2294 

6 5% Ni doped ZnO 36.33 0.3632 40.18 3.2987 3.2067 1.0287 30.2177 

 

 

3.2. Scanning electron microscopy  

Fig. 4 exhibits SEM images indicating about morphology, shape and growth process of 

ZnO and Ni-ZnO nanoparticles. The synthesized nanoparticles are closely packed, randomly 

oriented and nearly spherical in shape. The density is decreased and an opposite trend is observed 

for porosity due to liberation of gases which rapidly decreased the surface pores and holes. With 

enhanced dopant concentration, the tendency of large agglomeration among smaller particles is 

noted. The particle size is reduced on increasing Ni concentration into ZnO which is in agreement 

with XRD results. Ni-ZnO (x=5%) nanoparticles showed the smallest particles size measured by 

ruler method [19-21].  
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Fig. 4. SEM images for ZnO and Ni-ZnO (X=0.5%, 1%, 5%) respectively 

 

 

3.3. Optical properties 

3.3.1. Diffuse reflectance spectroscopy 

Kubelka-Monk method was used to find the direct band gap of ZnO and Ni-ZnO 

nanoparticles from intersection of two linear regions by plotting absorbance Vs wavelength in 

range of 250-700 nm at room temperature. The specific sharp peak at 366 nm showed suppressed 

impurity and large crystallinity of synthesized nanoparticles. A reduction in band gap and a slight 

shift towards larger wavelength with increasing Ni concentration has been observed due to good 

interaction between oxides of Zn
+2

 and Ni
+2

 [22]. N-type carrier concentration has great role in 

band gap shifting and by enhancing the concentration, there occurred a red shift in band gap from 

UV region to visible region of electromagnetic spectrum due to interaction between d-electrons of 

Ni-ions and s and p-electrons of the host ZnO [23]. Also decrease in band gap was due to 

impurities band overlapping to conduction band [24]. Further, due to Ni
+2

 occupying the interstitial 

sites of ZnO lattice, reduction in direct band gap occurred due to generation of impurities band 

because of interaction between nickel 4d and oxygen 2p orbital, which shuffled Fermi level to 

valence band [25]. 

 
Table 2. Band gap of ZnO and Ni-ZnO nanoparticles. 

 

Samples ZnO Ni-ZnO 

(x=0.05%) 

Ni-ZnO 

(x=1%) 

Ni- ZnO 

(x=2%) 

Ni- ZnO 

(x=3%) 

Ni- ZnO 

(x=5%) 

 

Energy band gap 

( E= hc/λ) 

 

3.37eV 

 

3.34eV 

 

3.28eV 

 

3.21eV 

 

3.17eV 

 

3.08eV 

 

The band gap of ZnO was 3.37eV and reduced to 3.08eV for Ni-ZnO (x=5%) 

nanoparticles due to ionic radii difference between Ni
+2

 (0.69A
0
) and Zn

+2
 (0.74A

0
) [26]. 
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Fig. 5.  UV-Vis absorption spectra. 

 

 

3.3.2. Photoluminescence spectroscopy 

The effect of Ni doping in ZnO lattice was investigated by PL spectroscopy at excitation 

wavelength of 325nm. Fig. 6 shows a plot of emission intensity and spectral content to study 

chemical composition, structure defects and energy transfer of synthesized samples at room 

temperature.  The emission spectra exhibited two prominent fluorescence peaks, one at 395nm in 

UV region due to recombination pairs of conduction band electrons and valence band holes, 

second at 372nm in visible region due intrinsic and extrinsic defects [27]. Ni
+2

 doping to interstitial 

sites in ZnO lattice generated dual space charge and surface impurities which reduced intensity 

due to lower electron hole pair rate [28]. Also Ni
+2

 substituted by Zn
+2

, generated more defects 

between 3d Ni
+2

 and 2p oxygen orbital and created a single acceptor state above valance band 

which reduced the band gap of ZnO [29]. Intensity and electron-hole recombination rate was also 

reduced with nickel concentration due to Ni
+2 

acting as acceptor to trap electrons [30]. A red shift 

in UV region was observed due to small shift in wavelength from lower photon energy to higher 

photon energy, which shifted Fermi level towards valence band and narrowed the band gap [31]. 

Among all synthesized samples, Ni-ZnO (x=5%) nanoparticles exhibited lowest intensity due to 

less electron hole pair rate. 
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Fig. 6. Room temperature PL emission spectra of Ni-ZnO. 

 

3.4. Photocatalytic activity  

Photocatalytic activity of the synthesized Zn1-xNixO nanoparticles was investigated by 

using rhodamine B (RB) as photo degradation investigation [32-35]. Fig. 7 shows  degradation 

effect of RB as photocatalyst RB using Zn1-xNixO and figure 8 demonstrates  In (C0/C) versus 

time curves of the RB photocatalytic activity. Deep impurity levels can occur in band gap due 

transitional metals ions doped II-VI photocatalyst, which caused photocatalyst to absorb visible 

light [36-37], but there was no indication in our work for absorption in visible region of Zn1-

xNixO nanoparticles as confirmed by PL spectra. Hence UV light can be used as irradiation 
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source. The synthesized samples of Zn1-xNixO nanoparticles were tested within 15 minutes 

intervals and absorption spectra gave idea about gaps between Zn1-xNixO nanoparticles. Zn1-

xNixO (x=5%) nanoparticles showed best photocatalytic behavior estimated by degradation of 

rhodamine B (RB). These results are clear indication about positive influence on photocatalytic 

activity of Ni-ZnO nanoparticles in future.  
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Fig. 7.  Degradation effect of RB as photocatalyst RB using Zn1-xNixO. 
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Fig. 8.  In (C0/C) versus time curves of the RB photocatalytic activity. 

 

 

 

4. Conclusion 
 

Zn1-xNixO (x= 0%, 0.05%, 1%, 2%, 3%, 5%) nanoparticles are synthesized by a facile 

auto-combustion method and investigated for photocatalytic hydrogen production. The structural 

properties explored by XRD confirmed hexagonal wurzite structure of prepared Zn1-xNixO 

samples.  Partile size decreased with Ni concentration due to ionic radii difference between Ni
+2

 

and Zn
+2

. The morphology of prepared nanoparticles was studied by SEM and tendency of large 

agglomeration among smaller particle was observed. PL study exhibited large effect of nickel 

doping on charge separation and charge recombination rate of photo induced charge carriers of 

ZnO. Band gap study by DRS showed that it decreases with Ni concentration. The photocatalytic 

performance measured by rhodamine B (RB) showed that Zn1-xNixO (x=5%) nanoparticles have 

highest performances. 
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