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ABSTRACT 
Nanocrystalline anatase titanium dioxide (TiO2) doped with nickel ions (5 wt. %) was synthesized by sol gel method and was 
characterized by X-ray diffraction (XRD), Fourier-transformed infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM) with Energy dispersive X-ray analysis (EDAX) and Uv-visible spectrophotometer. The results indicated that the 
introduction of Ni expanded light absorption of TiO2 to visible region, increased amount of surface hydroxyl groups and 
physically adsorbed oxygen, and then enhanced separation rate of photogenerated carriers. The photodegradation test of methyl 
orange (MO) under solar light indicated that Ni doped TiO2 nanoparticles have better photocatalytic activities, as compared to 
those of TiO2.  
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1. INTRODUCTION  
Since the first report of photocatalytic splitting of water using titanium dioxide (TiO2) as photoanode by Fujishima and 
Honda in 1972 [1] , TiO2 has been considered very close to an ideal semiconductor for photocatalysis because of its 
high photostability, low cost and safety toward both humans and the environment[2]. However, the wide applications of 
TiO2 are limited due to its large band gap approximately 3.2 eV and 3.0 eV for anatase and rutile, respectively, which 
makes it active only under ultraviolet (UV) (i.e., using less than 5% of the solar energy) [3]. Many efforts have been 
made to achieve the utilization of visible light for TiO2 material, such as transitional metal ion doping Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Zr, etc. nonmetal element doping S ,N,F ,etc.[4] and dye sensitization [5].  
Nickel is one of transition elements used to modify the TiO2 surface. The effects of Ni2+ on the photocatalytic properties 
of TiO2 have been investigated by several authors [6, 7, 8]. Ni2+ has easily gone into TiO2 lattice by substitution of Ti4+ 

and created an impurity energy level. The impurity energy would lead to visible light response for TiO2 photocatalyst 
[9].  
In this article, sol gel method have been used for preparing Ni doped TiO2 nanoparticles to quantify photocatalyst 
activity under solar light, methyl orange (MO) was used as an organic compound for doing photodegradation tests. This 
organic compound was selected since it is a model industrial contaminant and cannot be photodegraded in the absence 
of photocatalyst under light irradiation.  
2. EXPERMANTIAL  
2.1 Materials  
The raw materials ,titanium tetraisopropoxide (TTIP Aldrich 97%), ethyl alcohol (EtOH, GCC 99.9 %), Hydrochloric 
acid (HCl, Merck, 36 %), nickel nitrate (Ni(NO3)2·6H2O Fisher Certified), Methyl orange (MO) (C14H14N3SO3Na) were 
used as received without further purification.  
2.2 Preparation of nanoparticles TiO2 and Ni-doped TiO2  

In a typical synthesis, 1M of TTIP was diluted with 5M of EtOH to avoid strong hydrolysis reactions. Then 1M of 
distilled water and HCl as catalyst dissolved in the 5M remaining EtOH were added dropwise to the EtOH and TTIP 
solution with continuous stirring at room temperature for half an hour. For Ni doped TiO2, 5wt% nickel nitrate was 
then slowly added to the above aqueous solution. The transparent and green gels were obtained for pure and Ni doped 
TiO2 respectively. The yield gels were dried in hot air oven at 55° C for 1.5 h to evaporate water and organic material. 
Then the dried small yellow and green crystals were ground to avoid agglomerates. Finally, the powders were kept into 
muffle furnace and annealed at 600° C for 2 h each subsequently carried out to obtain desired pure and Ni doped TiO2 

nanocrystallites. After the annealing process, the pure TiO2 has white in anatase phase. The Ni doped TiO2 has turned 
from green as gel to dark green. The annealed powders were pulverized to fine powders using agate mortar for further 
characterizations.  
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2.3 Characterization  
The phase composition and size of pure and Ni dopedTiO2 nanoparticles were analyzed by X-ray diffraction (XRD) 
measurement which was carried out at room temperature by using (Bruker ,D2 Phaser) diffractometer system with 
CuKα radiation (0.15406 nm); as an incident beam in the 2-theta mode over the range of 20 –60 , operated at 30 kV 
and 10 mA. Very small peak width of less than 0.05° 2Theta obtained by high-resolution XRD measurement of LaB6 
(NIST SRM 660a) with LYNXEYE detector; 0.1° divergence and 1.5° Soller slit. FTIR spectra were recorded on 
(Shmadzu, IR Prestige-21) Fourier transform infrared spectrometer with KBr as a diluting agent and operated in the 
range of 400–4,000 cm-1 to observe the stretching of metal oxygen bonds. The surface morphology of pure and Ni doped 
TiO2 was observed by a scanning electron microscope (SEM: FEI company, Inspect S50). The dispersion of Titanium, 
Oxygen and Nickel in the products was characterized by energy dispersive X-ray elemental analysis EDAX equipped 
with the SEM instrument. The UV–visible absorption of the preparedTiO2 and Ni doped TiO2 catalyst was carried out 
on UV–visible spectrophotometer (SHIMADZU: UV-1800) using a quartz cell.  
2.4 Photocatalytic procedure  
Photocatalytic activities of the as-synthesized samples were tested by measuring the degradation of Methyl orange 
(MO) in an aqueous solution under a sun light radiation (between 11.00 and 15.00 pm). The 50 mg photocatalyst was 
suspended in a 100 mL of 10 ppm (3× 10−5 M) MO aqueous solution, which was magnetically stirred for 1 h in the dark 
at room temperature to establish an adsorption-desorption equilibrium of MO on the surface of the photocatalyst. At 
certain time intervals, every 3 mL solution was sampled and centrifuged to remove particles inside. The degradation of 
organic dye was monitored by measuring the absorbance of the solutions with DI water as a reference and the 
degradation efficacy was determined from the absorbance intensity at 464 nm wavelength.  
The percentage of degradation D% was calculated using equation [10, 11]: 
 

 
where A0 ,Ai are the absorbance of the MO aqueous solutions before and after degradation, respectively.  
 
3. RESULTS and DISCUSSION  
Fig.1 shows the X-ray diffraction patterns for pure TiO2 nanoparticles. All the peaks were indexed within the tetragonal 
system with anatase phase. The XRD peaks are found to be broad, indicating the fine sizes of the sample grains. The 
pattern of pure TiO2 exhibits prominent peaks at 2 θ values of 25.32, 36.928, 37.79, 48.12, 53.94, and 55.13which are 
similar to the (ASTM-card data 96-900-9087) for anatase titanium dioxide.  
In the view of 5 wt. % Ni–TiO2 from Fig. 2, it looks the same as in pure TiO2 but some rutile peaks (ASTM-card data 
96-900-9084) are observed having orientations of (110), (101), (111), and (211) corresponding to 2θ values of pure 
TiO2.Moreover, peaks corresponding to NiO3Ti phases(ASTM- card data 96-900-7390) were detected in the XRD 
patterns Ni–TiO2 with the diffractions of (104) and(024). The probable reason is that the Ni ions might be not highly 
dispersed in the TiO2 matrix (some Ni ions may be not incorporated into the lattice of TiO2 structure and substituting 
for Ti4+). 

 
Figure1 XRD pattern of TiO2 nanoparticles prepared by sol gel 

 
The average crystallite size of pure TiO2 and Ni doped TiO2 were determined from Debye–Scherrer formula [13] 
 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 5, Issue 2, February  2016              ISSN 2319 - 4847 
 

Volume 5, Issue 2, February 2016                                                                                         Page 39 

where t is the average crystallite diameter (nm), K is the Scherrer constant (0.9), K is the wavelength of X-ray (0.15406 
nm, for Cu Kα radiation), θ is the Bragg angle and βsample is the full width at half maximum(FWHM) (in radian) to the 
(011) reflection. The usual way to measure the instrumental broadening contribution of a diffractometer is to use a 
near-perfect sample whose broadening contribution is negligible in comparison. Suitable materials for this purpose 
include LaB6, BaF2 and KCl. The mean crystallite size of pure TiO2 is 25.6 nm, whereas Ni –TiO2 nanoparticles having 
22.1 nm. 

 
Figure2 XRD pattern of Ni –TiO2 nanoparticles prepared by sol gel method. 

 
The FTIR transmission spectra of pure and Ni (5 wt. %) doped TiO2 nanoparticles annealed at 600 °C in air are shown 
in Fig. 3, 4. The reaction between precursor materials of pure and Ni doped TiO2 resulted in the white and green 
powdered products, respectively. The FTIR study of these TiO2 nanoparticles show the characteristics of the formation 
of high purity products and the peaks correspond to anatase dioxide. The spectroscopic band is observed around 3425 
cm -1 for TiO2 and around 3390 nickel doped TiO2 nanoparticles, which is described to the both symmetric and 
asymmetric stretching vibrations of the hydroxyl group (Ti–OH).Whereas, the characteristic peaks in between 1627 and 
3962 cm -1 for TiO2, and in between 1624and 3128cm-1 for Ni doped TiO2 are associated with the O–H bending 
vibration of the absorbed water molecules. Hence, the presence of OH bands in the spectrum was owing to chemically 
and physically adsorbed H2O on the surface of nanoparticles [14]. The existence of these bands can be attributed to the 
absorption of some atmospheric water during FTIR measurements. In the spectrum of pure TiO2, the peak at 462 cm -1 

should be attributed to Ti–O bond in the TiO2 lattice (anatase dioxide), it indicates that the organic solvent was 
completely eliminated after the annealing process. 
 

 
 

Figure3 FT-IR spectrum of pureTiO2 nanoparticles prepared by sol gel method. 
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For Ni–TiO2 nanoparticles, the vibrational bands at 621 and 678 cm-1 are assigned to the Ti–O–Ti stretching modes. 
The peaks located in the region 593 and 563 cm-1 indicating the Ti–O–O bond and the broad band at 520 cm -1 

illustrates the metal–oxygen bond (Ti–O) inTiO2. 
 

 
 

Figure4 FT-IR spectrum of Ni – TiO2 nanoparticles prepared by sol gel method 
 
SEM images of pure TiO2 and Ni doped TiO2 nanoparticles prepared by sol gel method and annealed at 600°C are 
shown in Fig.5, 6. It is clear from SEM images that the prepared nanoparticles have roughly spherical shape and 
agglomeration nanoparticles. The particles are in the range 50-150 nm of diameter  
The elemental analysis of pure TiO2 and Ni dopedTiO2 nanoparticles was analyzed by using electron diffraction X-ray 
analysis (EDAX). The strong X-ray peaks associated with Ti Kα and O Kα were found in the EDAX spectrum Fig. 7, 
indicating that the TiO2 matrix has composed of titanium and oxygen. Likewise, the X-ray peaks associated with Ti Kα, 
O Kα and Ni Kα were found in Fig. 8 depicted the successful doping of Ni into TiO2 matrix according to the relative 
atomic and weight percentages of Ni. It is clear from the elemental analysis that 5wt%. Ni element is present in the 
doped TiO2 sample and it can also be revealed that the Ni2+ ions are incorporated in Ti4+ lattice sites. 
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Fig. 9 reveals absorption spectra of MO (10 ppm) decomposed in the presence of Ni doped TiO2 photocatalyst under 
sun light irradiation. The spectra range from 300 to 700 nm with a peak at the wavelength of 464 nm. It can be seen 
that thecharacteristic absorption peak intensity of MO decreases with increasing degradation time. After 150 min of sun 
light irradiation, the degradation of MO is up to 87% and the absorption peak is totally removed. Fig.10 displays the 
decoloration of MO suspension at different degradation times. The color changefrom orange to colorless indicates that 
the MO has been degraded by the Ni dopedTiO2 nanoparticles under solar light.  
The effect of photocatalytic degradation activity of pure TiO2 and Ni-dopedTiO2 in MO under solar light is illustrated in 
Fig.11. Ni-dopedTiO2 shows higher activity for a degradation of MO in an aqueous solution compared to pureTiO2. The 
photodegradation percent of prepared TiO2 and Ni-doped TiO2 are 87.1% and 36.8%, respectively .Moreover, Ni2+ 

activated an important role in trapping the electrons and helps in charge separation, and therefore photocatalytic 
activity is comparatively good. 
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4. COCLUSINS  
Pure TiO2 and Ni doped TiO2 nanoparticles have been synthesized using sol gel method and its photocatalytic 
performance was tested by Methyl orange (MO) degradation under sun light irradiation. Doping of Ni shifted the band-
gap absorption edge to visible light region and reduce recombination of photogenerated electron-hole pairs. Hence, the 
as-synthesized Ni doped TiO2 nanoparticles shows better photodegradation rate of reactive MO as compared to that of 
pure TiO2 under sunlight irradiation.  
 
REFERENCE  
[1] A. Fujishima, andK.Honda “Electrochemical photolysis of water at a semiconductor electrode,” Nature, (238), pp. 

37-38, 1972.  
[2] U.I.Gaya, A.Abdullah “Heterogeneous photocatalytic degradation of organic contaminants over titanium dioxide: A 

review of fundamentals, progress and problems,” Journal of Photochemistry and Photobiology C: Photochemistry 
Reviews,(9),pp.1-12,2008. 

[3]G. Y. Z. Jiang, H. Shi, T. Xiao, and Z.Yan “Preparation of highly visible-light active N-doped TiO2 photocatalyst,,”  
Journal of Materials Chemistry, (20), pp.5301–5309, 2010.  
[4] U.G. Akpan,and.H. Hameed “The advancement s in sol–ge l method of doped-TiO2 photocatalysts,” Applied 

Catalysis A: General, (375).pp.1-11, 2010.  
[5] H.S. Hilal, L.Z. Majjad, N. Zaatar, andA. El-Hamouz “Dye-effect in TiO2 catalyzed contaminant photo-

degradation: Sensitization vs. charge-transfer formalism,”Solid. State. Science, (9), pp.9 -15, 2007.  
[6] D. H. Kim, K.S. Lee, Y.S. Kim, Y.C. Chung,and S.-J. Kim “Photocatalytic activity of Ni 8 wt%-doped TiO2 

photocatalyst synthesized by mechanical alloying under visible light,” Journal of the American Ceramic Society, 
(89), pp.515–518,2006.  

[7] M. Teimouri, P. Aberoomand, S. Moradi, M. Zhalechin,and S. Piramoon “Synthesis of Nickel-doped TiO2 nano 
crystalline by the sol-gel method and influence of ultrasonic irradiation for the photo catalytic degradation of 
Tartrazine dye,”In Proceedings of the 4th International Conference on Nanostructures (ICNS 4) ,pp.994-995, 2012.  

[8] N. S. BEGUM, H. AHMED and K R GUNASHEKAR “Effects of Ni doping on photocatalytic activity of TiO2 thin 
films prepared by liquid phase deposition technique,” Bull. Materials. Science, (31) ,pp.747–751,2008.  

[9] X. Zou, X. Dong, L. Wang, H. Ma, X. Zhang, and X.Zhang,Inte. “Preparation of Ni doped ZnO-TiO2 composites 
and their enhanced photocatalytic activity,” International Journal of Photoenergy, (2014), pp.1-8.2014.  

[10]A. Eyasu, O.P.Yadav, R.K.Bachhet “Photocatalytic degradation of methyl orange dye using Cr-doped ZnS 
nanoparticles under visible radiationInter,” International Journal of ChemTech Research (5), pp. 1452-1461, 2013.  

[11] M.A. Rauf, S. Ashraf, S.N. Alhadrami “.Photolytic oxidation of Coomassie Brilliant Blue with H2O2,”Dyes. and 
pigments, (66),pp. 197-200,2005.  

[12] H. M. Yadav, S. V. Otari, R. A. Bohara, S. S. Mali ,S. H. Pawar, S. D. Delekar” Synthesis and visible light 
photocatalytic antibacterial activity of nickel-doped TiO2 nanoparticles against Gram-positive and Gram-negative 
bacteria” Journal of Photochemistry and Photobiology A: Chemistry (294),pp. 130–136, 2014.  

[13] B. Cullity, “Elements of X-Ray Diffraction), Addison-Wesley, MenloPark, CA: 99.1978.  
[14] K. Olurode, G.M. Neelgund, A. Oki, and Z. Luo “A facile hydrothermal approach for construction of carbon 

coating on TiO2 nanoparticles,” Spectrochim Acta A Mol Biomol Spectrosc, ( 89),pp.333-336,2012.  
 
AUTHOR  
Ban M. Alshabander received the B.S. degree physics from Technology University and M.S. degrees material science 
from Baghdad University in 1996 and 2006, respectively. During 1998-2001, she worked in Physics Laboratory (Solid 
States Lab., Electronic Lab., and atomic Lab.).She stayed in Materials Research Laboratory since 2006 till now. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


