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Abstract: 

 Nanocrystalline anatase phase N-doped TiO2 nanocrystals are synthesized by Sol-Gel method. The 

TiO2 nanocrystals are prepared from the reaction of Titanium (IV) isopropoxide, ethyl alcohol, and H2O. The 

crystalline phase is observed from powder X-ray diffraction (PXRD) pattern. PXRD measurements prove the 

exclusive presence of the anatase phase. Fourier transform infrared spectroscopy (FTIR) is investigated in order 

to confirm the vibrations of N-H bond in the N-doped TiO2 crystal lattice, which is found at 3393 cm
-1

. The 

optical band gap value of N-doped TiO2 nanocrystals are estimated from Tauc’s plot. 
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1. Introduction: 

 Titanium dioxide (TiO2) is a nontoxic, relatively inexpensive oxide compound and the well-known 

phase is anatase. TiO2 is used in the preparation of many composites [1, 2], self-cleaning [3, 4] and bactericide 

[5, 6] materials. This material is considered as a wide bandgap oxide semiconductor with the energy gap of 

3.2eV. Among the various semiconductor, TiO2 demonstrates the highest photocatalytic efficiency due to its 

appropriate location of energy band, relatively high adsorption affinity towards organic molecules [7-13]. An 

effective way to extend the absorption of TiO2 from UV to the visible region is doped with non-metal atoms. 

Sol-gel is one of the most exploited techniques, which is used to produce thin films and powder Nanocrystals. In 

this paper, attempt to made synthesis N-doped powder TiO2 nanocrystals by Sol-Gel method at room 

temperature, and the structural and optical characterization results are analysed. 

2. Synthesis of TiO2 Nanocrystals: 

TiO2 nanocrystals are prepared via Sol-Gel method using the precursor Titanium (IV) isopropoxide 

(TTIP, 97%, Sigma Aldrich), deionised water and ethyl alcohol. In this procedure, 100 ml of ethyl alcohol is 

added to 15 ml of TTIP in a beaker. The pH of the above solution is achieved to acidity range using acetic acid. 

Then the mixed solution is stirred 10 minutes using magnetic stirrer. 10 ml of deionised water which contains a 

suitable amount of urea (Urea is the precursor of Nitrogen, 1 and 3W%) is added drop wise to the mixed 

solution. Now the solution transforms to gel. After, aging 24 hours the gel is filtered and dried. The TiO2 we get 

is then powdered and is used for further characterizations. 

3. Material Characterization: 

 The prepared samples are characterized by Powder X-ray diffraction using XPERT PRO powder X-ray 

diffractometer. In the present study, FTIR spectra are recorded with Jasco 4100 model spectro photometer 

equipped with ATR. The UV-Vis absorption spectra are recorded using SHIMADZU UV-Vis spectrophoto-

meter. 

4. Results and Discussion: 

4.1 PXRD Analysis: 

The crystalline phase of the TiO2 nanocrystals is identified using the most common technique powder 

X-ray diffraction [14]. The X-ray diffraction patterns are recorded in the range between 10 and 80˚. Figure (i) 

shows the PXRD spectrum of 1 and 3W% N-doped TiO2 Nanocrystals. The figure confirms the presence of 

anatase crystalline phase and is good agreement with standard JCPDS (JCPDS file no. 21-1272) of an anatase 

crystalline phase [15]. The peaks are indexed accordance with the anatase tetragonal structure. The broad 

diffraction peak in the N-doped TiO2 is also observed which is attributed to the decrease in the particle size [16]. 

Moreover, N-doping leads to the advantage of replacement of oxygen ions into nitrogen ions in the TiO2 crystal 

lattice [17]. It is noted that there is no additional peak is detected related to the dopant. Hence, it is expected 

nitrogen ions merge into the interstitial positions or the substitutional sites of the TiO2 crystal structure [16]. 

Crystallite size of TiO2 nanocrystals are found from full width half maximum value of the (1 0 1) peak using the 

Scherrer formula D=K λ/β cos θ, where D is the crystallite size, λ is the wavelength of X-ray radiation (Cu Kα-

1radiation= 1.54060 Å), K is a constant and is taken as 0.9, β is the full width at half maximum, θ is the half of 

the diffraction angle [18]. The estimated crystallite size is 11 and 13 nm for 1 and 3W% N-doped TiO2 

Nanocrystals, respectively. 
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Figure (i): PXRD spectrum of 1 and 3W% N-doped TiO2 Nanocrystals 

4.2 FTIR Analysis: 
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Figure (ii): FTIR spectra of 1 and 3W% of N-doped TiO2 Nanocrystals 

Figure (ii) shows the FTIR spectra of 1 and 3W% of N-doped TiO2 nanocrystals.The vibrational peak 

observed around 3393 cm
-1

 attributed to the characteristic stretching mode of N-H bond, which confirms the 

successful doping of nitrogen into the TiO2 crystal lattice [19]. Another strong vibration observed in the region 

around 1621 cm
-1

 corresponds to characteristic bending vibrations of O-H bond. The very strong peak observed 

in the range 500-650 cm
-1

 assigned to vibrations of Ti-O bond [20]. Other smaller peaks are vibrations of 

residual organic compounds which exist due to the effect of precursors. 

4.3 UV-Vis Spectral Analysis: 
The optical properties of N-doped TiO2 nanocrystals are investigated by recording UV-Vis absorption 

spectra. In general, the optical band gap of TiO2 nanocrystals is evaluated by using the Tauc’s familiar formula, 

(αhν)
1

n = A (hν − Eg) 
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where α is the absorption coefficient of the material, Eg is the optical bandgap, A is a proportionality constant, hν 

is the energy of the photon, and n is a power factor which depends on nature of transition and is equal to 2 for 

indirect and 1/2 for direct band gap semi conductors [21]. Anatase phase TiO2 is an indirect band gap 

semiconductor [22]. By plotting the graph between (αһν)
1/2 

and photon energy (hν) from UV-Vis absorption 

spectra, the band gap energy Eg of the N-doped TiO2 nanocrystals are obtained by extrapolation of the linear 

portion of higher photon energy to zero absorption coefficient (α=0). The Tauc plot for 1 and 3W% N-doped 

TiO2 nanocrystals is shown in figure (iii). The band gap values obtained from Tauc plot is 3.08 and 3.11 eV, 

which agrees well with the previously reported values [23]. 
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Figure (iii): Tauc plot of 1 and 3W% of N-doped TiO2 Nanocrystals 

5. Conclusions: 

N-doped TiO2 nanocrystals have been synthesized using the Sol-Gel method. The anatase phase of N-

doped TiO2 nanocrystals is confirmed by powder X-ray diffraction (PXRD). Broadening of peaks confirms that 

the size of the crystals is smaller in size. The FTIR spectroscopic study of the TiO2 nanocrystals confirms the 

vibration of N-H bond around 3393 cm
-1

and Ti-O bond around 624 cm
-1

. The optical analysis suggests that the 

bandgap values are lowered on comparing to bulk TiO2. Thus, one could conclude that the nitrogen doping with 

TiO2 leads to band gap lowering towards the visible region, which is highly applicable for visible light photo 

catalysis. 
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