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Abstract: Doping metal catalyst into TiO​2 matrix have very often improved the exciting properties of TiO​2​. Herein, Ni has been doped into                      
TiO​2 and the effect of doping has been investigated. The properties of the prepared Ni doped and pure TiO​2 samples have been investigated                       
via, XRD, SEM, HRTEM, EDAX and FTIR. XRD results confirm an increase in grain size on doping Ni. However it is also revealed that on                         
increasing the calcination temperature, the grain size of Ni doped sample decreases. Ni doping has enhanced the growth of particles and this                      
is confirmed through HRSEM and HRTEM results. The effect of doping Ni on the photocatalytic performance of TiO​2 has been investigated                     
through Methylene Blue (MB) degradation under solar light. The results are impressive as Ni doped TiO​2 degrades MB with 30 min. Thus on                       
doping Ni into TiO​2​ matrix both the physical and chemical properties of the sample can be tailored accordingly.  
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1. Introduction  

The dye stuff lost in textile, plastic and leather industries poses a major problem to wastewater sources [1]. The world of photocatalyst                      
projects TiO​2 as one of the best material because of its chemical stability, non-toxicity and low-cost. TiO​2 crystallites exsist in three different                      
structures: brookite, rutile and anatase. These three phases can be generally described as constitute by deal of the same building block-Ti-O​6                     
octahedron in which Ti atom is surrounded by six oxygen atoms situated at the corners. In spite of the similarities in building blocks of Ti-O​6                         
octahedral for these polymorphs, the electronic structures are significantly different. Among them, the anatase phase has the highest photocatalytic                   
activity compared with the rutile and brookite phase [2-4]. However, the performance of the TiO​2 photocatalyst depends on its size, crystallinity,                     
phase ratio, purity, etc. Amongst all these properties, size dependent property of semiconductor nanoparticles is unique. Titanium dioxide is the                    
most active photocatalyst and commonly used in organic compound degradation. The widespread technological use of TiO​2 is impaired by its                    
wide band gap, the fast charge-carrier recombination, and the low interfacial charge-transfer rates [5-8]. It offers a typical opportunity to fabricate                     
new exotic devices of unprecedented nature. 

Anatase has a near to the ground electron hole recombination rate and due to its high photoactivity is thought to be the most favorable                        
phase for solar energy conversion and photocatalysis [9,10]. It is an n-type semiconductor among an indirect bandgap of 3.2 eV [11,12]. Particle                      
size has great influence on the structure and properties of TiO​2​. In the nanometric organization, anatase is the most of stable polymorph [13-15].                       
However, but its full potential application was hampered by its activation only under ultraviolet light irradiation [16-17]. Therefore, current                   
research has sought to improve the photocatalystic properties of TiO​2​. Doping with metals, oxides ions and precursor modification H​2​O​2 have been                     
demonstrated to be same effective routes to extend the absorption of TiO​2 to visible light region [18-21]. Among the metal dopants, Ni is one of                         
the appropriate extensions of visible light photocatalytic activity of TiO​2​. Though various methods have been developed for the preparation of Ni                     
doped TiO​2​, some of them involve expensive equipment or complicated steps.  

Prasetyo Hermawan et.al., Siti Nur Fadhilah Zainudin et.al.,[22,23] they found that the presence of suitable amount of Ni into TiO​2                    
could improve the surface texture and enhance the thermal stability, crystal stability and high visible light utilizing. In the present work, we                      
propose a novel and simple Photon Induced Method (PIM) for the preparation of Ni doped TiO​2 ​nanorods and pure TiO​2 nanoparticles. The effect                       
of doping Ni into TiO​2 matrix has been analyzed and reported. We have also used these nanorods and nanoparticles as photocatalysts to study the                        
photodegradation of Methylene blue under solar light for enhanced photocatalytic activity. 

 
2. Experimental 
2.1 Synthesis of the samples​. Pure and Ni doped TiO​2 were synthesized through Photon Induced Method. All chemicals used are of analytic                      

grade and are used without further purification. Titanium tetra isopropoxide (0.009 moles) and nickel nitrate (0.003 moles) are the starting                    
materials. Ti(OPr)​4 and Ni (NO​3​)​4 are mixed in double distilled water (500ml) and the solution is stirred for 7 hrs under the irradiation of halogen                         
light (250W) and then the solution is left undisturbed in the dark for the remaining 17 hrs. The same procedure is followed for 3 days. After 3​rd                           
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day, the solution is kept in the open space for 3 more days. After which 200ml of double distilled water is added to the above solution and stirred                            
for 1 hr with irradiation of halogen light .Then ammonia solution is added drop by drop until the pH of the solution reached 12. The stirring is                           
continued for another 6 hrs and then solution was left undisturbed in the dark for remaining 17 hrs. Finally, the solution is exposed to Halogen                         
light. The necessary precautions are taken not to disturb the setup for 7 hrs. Thus totally 8 days are taken for the synthesis of Ni doped TiO​2 ​by this                             
method. The same procedure and reaction time is adopted for preparing pure TiO​2 nanoparticles with respect to synthesis. Ni doped TiO​2 and pure                       
TiO​2 ​powder obtained finally are collected, washed, dried and calcinated for 1hr at required temperatures. 
2.2. Characterization Studies 

​X-ray powder diffraction (XRD) pattern of the prepared sample were recorded on a Bruke D8 Advance powder X-ray diffractometer                    
with Cu-Kα (λ = 1.5406 Å). Particle size and morphology were ascertained via (FEI Quanta FEG 200) high resolution scanning electron                     
microscope. High-resolution transmission electron microscopy (HRTEM) was done with transmission electron microscope JEOL 300 kV. EDAX                
measurements were carried out using instrument AMETEX. Perkin Elmer FTIR spectrometer, UV-via spectrometer Varian Cary Bio 50. 
 
3. Results and Discussion  

XRD patterns in figure 1a corresponding to pure TiO​2 nanoparticles calcinated at 500°C shows only anatase phase whereas figure 1b                    
shows XRD pattern of Ni doped powder TiO​2 ​calcinated at 500°C, having rutile and anatase phase. However, traces of Ni element are not                       
detected due to its low concentration. Figure 1(c and d) corresponds to the XRD pattern of pure and Ni doped samples calcinated at 900°C. Both                         
the samples show a mixed phase of rutile and anatase. As the calcinations temperature is increased, the transformation of the phase favoring rutile                       
is witnessed. Also, the doping of Ni into TiO​2 matrix favors the formation of rutile phase TiO​2​. The grain size calculated with the help of Debye                          
Scherrer formula suggest an increase in grain size from 5 nm to 26 nm when the calcination temperature of pure TiO​2 sample is increased from                         
500°C to 900°C. However an opposite behavior is witnessed in the Ni doped samples i.e the grain sizes of Ni doped sample calcinated at 500°C                         
and 900°C are found to be 36 nm and 20 nm respectively. This decrease in the grain size may be correlated to the breaking and deformation up of                            
nanorods [24, 25].  The decrease in grain size is again confirmed through the decrease in peak intensity of (101) plane (fig.1b and d).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  1  XRD  pattern a)Pure TiO​2 ​ calcinated  500°C, b)Ni doped  TiO​2 ​calcinated 500°C, c) Pure TiO​2 ​ calcinated  900°C, d) Ni doped TiO​2  
calcinated  900°C 

 
The surface morphology of pure TiO​2 and Ni doped TiO​2 have been studied using high resolution scanning electron microscope. Figure                    

2a shows the HRSEM image of pure TiO​2 nanoparticles in spherical shape with uniform size distribution. But, on doping Ni multi sized nanorods                       
and spherical particles are witnessed with non uniform distribution as shown in figure 2b. This result is in accordance with the fact that Ni doping                         
can alter the TiO​2 particles growth. ​Figure 3 shows the HRTEM micrographs of pure TiO​2 ​nanoparticles. Figure 3(a and b) correspond to the lower                        
and higher magnification HRTEM micrographs of pure TiO​2 nanoparticles. Spherical nanoparticle with lot of agglomeration is seen. However the                   
approximate particle size is found to be in the range of 40-60 nm. The lower and higher magnification HRTEM images in figure 3(c and d)                         
correspond to the Ni doped TiO​2 samples. Figure 3c shows a mixture of nanoparticles and nanorods. The dimension of the nanorod as obtained                       
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from figure 3d is 35 nm width and 85 nm length. Figure 4 shows the EDAX spectrum of pure and Ni doped TiO​2​. The spectrum shows the                           
chemical constituents of Ti, O and Ni present in the samples 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 HRSEM image of  a) Pure TiO​2  ​calcinated at 500°C, b) Pure TiO​2  ​calcinated at 900°C,c) Ni doped TiO​2 ​calcinated at 500°C and d) Ni 

doped TiO​2  ​calcinated at 900°C 
 
 
 
 
 

 
 
 
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 HRTEM show in (a and b) lower and higher magnification image of  pure TiO​2  ​calcinated at 900°C and (c and d) lower and higher 
magnification image of  Ni doped  TiO​2  ​calcinated at 900°C 
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Figure 4 EDAX  a)   pure TiO​2  ​calcinated at 900°C b) Ni doped TiO​2  ​calcinated at 900°C 

 
The presence of Ni confirms the doping of Ni in TiO​2 matrix. The FTIR spectrum of pure and Nickel doped TiO​2 nanoparticles are                       

shown in figure 5 (a and b). The broadband spectrum occuring at 530-750 cm​-1 correspond to metal oxides [26, 27]. This may be attributed to the                          
Ti-O bending vibration and shows the formation of metal oxide bonding in the prepared sample. Whereas, the characteristic peaks at 1619 cm​-1                      
and 3962 cm​-1 are associated with the O-H bending vibration of the water molecules absorbed on TiO​2 surfaces in pure TiO​2 and Ni doped TiO​2                         
[28,29]. Also the peaks obtained at 3420 cm​-1 is due to stretching vibration of O-H groups in the samples surface [30]. The adsorption of water                         
from moisture during sample preparation has been reported earlier [31 -33].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 FTIR Spectrum of calcinated at 500°C a) Pure TiO​2 ​and b) Ni doped TiO​2 
 
Temporal evolution of the spectral changes taking place during the photodegradation of Methylene blue mediated by typical Ni doped                   

TiO​2 ​and pure TiO​2 ( 900°C for 1 hr) under solar light is displayed in figure 6. Methylene blue showed a major absorption band at 664 nm. The                            
reduction in the intensity of the absorption band at 664 nm in turn suggests the reduction in the MB concentration. In the presence of Ni doped                          
TiO​2​, MB is fully degraded within 30 min, while pure TiO​2 did not fully degraded MB at 30 min under solar light. Figure 7 shows visible Light                           
Photocatalytic Mechanism. The formation of superoxide anion and hydroxide radical are clearly depicted in the figure. These identities are                   
responsible for the decomposing of organic contaminants in the presence of photocatalyst and photons. The superoxide anion and hydroxide                   
radical convert the organic dye into CO​2 and H​2​O. Thus the concentration of the organic dye reduces with time in the presence of solar light and                          
photocatalyst. A detailed mechanism involved in photocatalysis has been discussed in our earlier publication [22] 
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Figure 6 Photodegradation of Methylene blue  a) pure TiO​2  ​calcinated at 900°C under solar light degradation  b) Ni doped TiO​2  ​calcinated at 

900°C  under solar light degradation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Photocatalytic Mechanism 
 
4 Conclusion  

The pure and Ni doped TiO​2 powders are successfully synthesized by novel Photon Induced Method. The effect of doping Ni on the properties                        
of the prepared TiO​2 samples have been studied, compared and reported. XRD results reveal that doping Ni favours the rutile phase formation.                      
Moreover, the HRTEM results reveal a formation of nanorod like structures on doping with Ni. However with increase in calcination temperature                     
the crystallite size and particle size of pure TiO​2 increases whereas the Ni doped TiO​2 samples show a decreasing trend. The EDAX spectrum                       
confirms the doping of Ni into TiO​2 matrix. The photocatalytic performance of the TiO​2 catalyst seen to get promoted on doping with Ni. The Ni                         
doped TiO​2 samples degraded Methylene blue dye in the presence of sunlight within 30 min, thus the photocatalyst prepared by this novel method                       
opens the gate for new research.  
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