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The paper describes the obtaining of TiO2 nanocrystalline powders by sol-gel method. TiO2 nanocrystalline powder was 
obtained by hydrolysis of TiCl3 precursors in alkaline medium. The influence of bath condition (static or magnetic stirring), 
treatment with concentrated H2O2 and thermal treatment at 500 

o
C for one hour was investigated. In the absence of H2O2 a 

crystalline phase containing both anatase and rutile has been obtained, while in the case of oxidized sample anatase alone 
has been identified. Structural analyses were made using X ray diffraction. Optical properties have been determined using 
UV-VIS spectroscopy. The band gap of the obtained powder has been calculated. Thermal treatment and H2O2 oxidation 
leads to the red shift of the band gap energy for all samples. The photoresponse of all samples moved from ultraviolet to 
visible region. The obtained powder can be embedded in a polymer matrix, in order to obtain photoactive composite 
materials. 
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1. Introduction  
 

Titanium dioxide is a semiconductor widely studied 

because of his special properties, such as photocatalytic 

property [1,2]. Titanium dioxide has the ability to 

decompose water and air pollutants under ultraviolet 

radiation by absorbing the radiation and sparking a series 

of photochemical reactions. Bulk anatase TiO2 has the 

energy band gap 3.2 eV while rutile has a band gap value 

of 3 eV. To absorb in visible region, the energy band gap 

of TiO2 must be in the range of 1.4 to 3 eV (corresponding 

to solar spectrum).  

Nanostructured titanium dioxide can be obtained by 

chemical methods: sol-gel [3,4], chemical bath deposition 

[5,6], chemical vapour deposition [7,8] and physical 

methods such as physical vapour deposition [9]. TiO2 film 

or powder was obtained by chemical methods using as 

precursor TiCl3 [10-12]. Thus, Lee et al [10] obtained 

TiO2 film by the immersion of different substrates into 

peroxo titanic acid solution. Cassaignon et al [12] 

synthesized TiO2 nanoparticles (anatase, brookite and 

rutile) by thermohydrolysis and oxidation in aqueous 

medium, thus studying the influence of pH on the 

crystalline phases and morphology. Through hydrothermal 

process, Castro et al [11] synthesized anatase TiO2 

nanopowder, crystallization precursor was done in an 

autoclave. Influence of heat treatment on crystalline phase 

was studied. 

Since the titanium dioxide powder has limitations 

regarding its application in photocatalytic systems using 

solar energy, several methods of obtaining composite 

materials based on titanium dioxide were developed. The 

optical response of those composites was shifted from UV 

to visible region. TiO2/polimer composites can be obtained 

by dispersing nanostructured titanium dioxide powder in 

monomer, followed by polymerization, or by dispersing 

nanostructured powder into melted polymer matrix [13-

19]. Another method of obtaining TiO2 based composites 

is the deposition of titanium dioxide film on polymer 

substrate.  

Displacement of optical response from UV to visible 

of TiO2, can also be achieved through doping TiO2 with 

metals and nonmetals [20-24]. Thus, by doping with 

cadmium, Andronic et al [20] obtained a decreased energy 

band gap from 3.2 eV for pure TiO2, to 2.95 eV for TiO2 

doped with cadmium. When doping with nitrogen, Li et al 

[23] shifted optical response from 3.1 eV for pure TiO2 to 

2.2 eV for TiO2-xNx. Long et al [24] prepared a chlorine-

doped titanium dioxide catalyst by hydrolysis of tetrabutyl 

titanate in hydrochloric acid. Author [24] showed the 

photocatalytic activity of chlorine-doped TiO2 catalyst by 

degradation of phenol under visible light. 

This paper describes the obtaining of titanium dioxide 

powder by sol-gel method, using titanium trichloride TiCl3 

as precursor. Oxidation process was accelerated using 

hydrogen peroxide, for one of the samples. TiO2 powders 

were obtained both in static bath and under magnetic 

stirring. The pH was adjusted to 8 in order to obtain 

anatase phase of TiO2. The mechanism of chemical 

reactions was proposed by Zhang et al [25]: 

 

Ti
3+

 + H2O → TiOH
2+

 + H
+
 

 

TiOH
2+

 + O2 → Ti (IV) oxy species + O2
-
 → TiO2 

 

In our case the general reaction was: 
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2TiCl3 + HCl + 7NH4OH + H2O + 1/2O2 → 2Ti(OH)4 + 

7NH4Cl + H2O  

 

Ti(OH)4 → TiO2 + 2H2O 

 

 

2. Experimental 
 

2.1. Preparation 

 

The deposition solution was prepared using 5 ml of 

titanium chloride III (TiCl3) 10 %, containing 15 % HCl 

(Merck), 5 ml distilled H2O for hydrolysis. A volume of 

10 ml NH4OH (Microchim) was added under continuous 

stirring in order to obtain alkaline pH. Finally 10 ml 

hydrogen peroxide 3% was added for the increasing of the 

oxidation rate. While adding ammonium hydroxide the 

formation of a dark blue precipitate was observed. The 

solution obtained was divided into three samples: sample 

A1 was obtained in a static bath for 24 h, sample A2 was 

obtained by treatment with concentrated H2O2 for rapid 

oxidation and sample A3 was subjected to magnetical 

stirring for 24 h (see Table 1). The precipitates obtained as 

samples A1 and A3 was vigorously washed with distilled 

water several times for removing the impurities (ammonia 

and chlorine ions) and then the obtained precipitate was 

filtered in a ceramic filter crucible with a vacuum pump. 

The precipitate treated with 30 % hydrogen peroxide 

(sample A3) was left for a few days for aging in order to 

form a gel. After the gel was formed it was subjected to 

heat treatment at 500 
0
C for 1h. Samples A1 and A3 have 

been subjected to thermal treatment in the same 

conditions. 

 

2.2. Characterization of powder 

 

XRD measurements were performed using a XRD-

6000 Shimadzu diffractometer, with a monochromator of 

graphite, for the CuKα radiation operating in the reflection 

mode between 10–60
0
 (2). The particle sizes of the 

nanocrystalline powder were calculated using the Debye-

Scherrer’s equation: 

 






cosB

k
d


                             (1) 

 

Where: k - particle shape factor; k = 0.9;  - wavelength of 

CuKα radiation, λ = 1.54056 [Ǻ]; B - the full width half 

maximum of the peak [radian];  – Bragg’s diffraction 

angle [degree]. 

The absorbance of suspensions containing TiO2 

powders was measured using a UV-Visible LAMBDA 35 

spectrometer. The measurements were taken in a 

wavelength range of 200–1100 nm.  
 

3. Results and discussion 
 

The synthesis conditions of the TiO2 samples were 

listed in Table 1. 

 
Table 1. Synthesis condition of TiO2 samples. 

 

Sample Synthesis conditions Crystallite size* (nm) 

A1 Static at room temperature 13.51 

A2 Treatment with hydrogen peroxide 30% 9.21 

A3 Magnetic stirring for 24h, 340 rpm/min 13.91 

                         Note: * crystallites size was calculated with Debye-Scherrer’s equation. 
 

 

3.1. X-ray diffraction 

 

The XRD patterns of the titanium dioxide particles 

obtained by sol-gel method are presented in Fig. 1. The 

peak at 2 = 25.18
 0

 (101), 2 = 37.76
0
 (004), 2 = 47.8 

(200), 2 = 55.06 (211) was assigned to anatase crystalline 

phase of titanium dioxide and the peak at 2 = 27.08 

(110), 2 = 35.82
0
 (101), 2 = 41.24

0
 (111), was attributed 

to rutile crystalline phase. The crystallite average size was 

calculated with Equation (1) for sample A1 with diffraction 

plane (111), (200) and (211), and it was found to be 13.51 

nm (Table 1). For sample A2, diffraction plane (004), 

(200) and (211) was taken, the crystallite average size was 

9.21 nm, and for sample A3 was used the diffraction plane 

(111), (200) and (211). The crystallite average size was 

13.91 nm. For all the samples, was calculated the 

crystalline average size from the crystalline phase. 

One can see that all the samples show an amorphous 

phase, which indicates that temperature of heat treatment 

was not high enough to completely transform the 

amorphous phase to crystalline phase or heat treatment 

time was not long enough. It was also observed that the 

sample A2, treated with hydrogen peroxide, was 

completely transformed into anatase phase. According to 

Sasirekha et al [26] the decrease in particle size can be 

attributed to the oxygen atom existing in the H2O2. During 

heat treatment the oxygen atoms were released from the 

particles which lead on the decrease of particle diameter. 

For the samples A1 and A3 the crystallites size was very 

close, which shows that the magnetic stirring do not 

influence the crystallites size. Powders with similar 

crystallite sizes were reported by Castro et al [11]. He 

obtained titanium dioxide powder with crystallites size 

between 12 ÷ 27 nm, using as precursor TiCl3 in presence 

of ammonium hydroxide.  
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Fig. 1. XRD patterns of titanium dioxide samples after 

heat treatment at 500 0C, for 1 h: A1 – static bath, A2 - 

treatment with H2O2 30%, A3 – magnetic stirring; ● - 

anatase, ♦ - rutile. 

 

 

3.2. UV–Vis spectroscopic analysis 

 

In Fig. 2 was presented the absorbance spectra of as 

prepared titanium hydroxide samples and the titanium 

dioxide obtained following heat treatment at 500 
o
C for 1h.   
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Fig. 2. Absorbance spectra for: a) sample A1; b) sample 

A2; c) sample A3; before heat treatment (BHT), after heat 

treatment (AHT). 

  

After heat treatment the shape of absorption spectra 

modify due to the transformation of titanium hydroxide in 

titanium dioxide, revealing absorption peaks at 262 nm for 

the sample A1, at 259 nm for the sample A2 and at 258 nm 

for the sample A3. By heat treatment the amorphous 

titanium hydroxide converted to partially crystalline TiO2 

and the size of crystallites increases. According to Ge et al 

[27] the absorption peak of the TiO2 shifts toward higher 

wavelengths by heat treatment. Another absorption peak is 

situated at wavelengths smaller than 200 nm for all 

samples. 

The energy band gap, Eg, of the powders before and 

after heat treatment were determined using the absorption 

UV-Vis spectra. On the absorption curve slope was drew a 

line and then was read absorption wavelength of the 

sample. The optical energy band gap was calculated using 

the relationship [28]: 

 

                            








1240ch
Eg   (2) 
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h – Planck’s constant, h = 4.135×10
-15

 (eV·s), c - speed of 

light (m/s), c = 3×10
8
 (m/s),  - wavelength of TiO2 (nm).  

Band gap can be also calculated with Tauc’s low, by 

plotting (αh)
n
 vs. (h) and then by extrapolating the linear 

part of the curve to (αh)
n
 = 0 [10,29]. The relationship 

between the absorption coefficient α and incident photon 

energy (h) can by written as: 

  )( g

n
EhAh                          (3) 

Where: α - the absorption coefficient, (h) - photon 

energy, A – a constant which does not depend on photon 

energy, Eg - band gap energy, n – a constant, which 

depends on the type of transition. For indirect allowed 

transition n = ½, while for direct transitions n = 2. The 

plots of (αhυ)
2
 for allowed direct transitions of TiO2 

powders versus photon energy are shown in Fig. 3 [30]. 
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Fig. 3. The plot of (αh)2 vs. (h) of the samples A1 

obtained static at room temperature, A2 treated with 

hydrogen peroxide 30%, and A3 subjected to magnetic 

stirring. All the samples were subjected to heat treatment  

                                at 500 0C for one hour. 

The obtained values for energy band gaps for TiO2 

powders, after heat treatment, determined with the 

absorption spectra and by plotting (αh)
2
 vs. (h) are 

presented in Table 2. 

 
Table 2.  Values for energy band gap after heat treatment   

for direct transition. 

 

Sample Eg determined from 

absorbance spectra 

[28] 

[eV] 

Eg determined 

applying Tauc’s low 

Direct band gap  

[eV] 

A1 2.48 3.00 

A2 2.23 3.04 

A3 2.72 3.10 

 

One can see that the band gap of TiO2 samples 

suffered a small decrease from the value corresponding to 

bulk TiO2 for the both methods. A poor correlation 

between the estimated values for Eg using the two 

methods was noticed.  

Because the most used and recognised method for Eg 

determination is the one based on Tauc law, we will take 

into consideration the values from column 3 from Table 2.   

Comparing the values for Eg one can conclude that the 

obtaining conditions has a small influence on the band gap 

of the titania powders. The smallest value was obtained in 

the case of the sample obtained from static bath while the 

highest value correspond to the sample obtained under 

magnetic stirring. Solution mixing leads to a slight 

increase of crystallite size.  

The small decrease of Eg comparing to the value 

corresponding to bulk material can be explained by the 

presence of chlorine in the titania network. EDS spectra 

(not presented) of samples obtained in conditions close to 

the conditions of the samples presented in this paper 

revealed the presence of chlorine. According with Long et 

al [24] and Rehman et al [31] chlorine doping introduces 

new levels in the band gap of titania, the energy for 

electron excitation in TiO2 can be decreased and enables 

titania to absorb light with wavelengths as high as 400 nm. 

In order to improve the response of TiO2 powders a 

further decrease of Eg is necessary for obtaining response 

in visible region.   

Even if the values obtained for Eg were high, the 

preliminary tests on the degradation of methylene blue 

revealed a good photocatalytic activity under solar 

radiation.    

Nanostructured materials exhibit quantization effect. 

This is known as quantum size effect. This shows that 

there is a correlation between the increase of energy band 

gap of the semiconductor and the decrease of particle size. 

Quantization effect plays a vital role in controlling the 

photoelectrochemical and photocatalytic behaviour of 

semiconductors [2]. It is also well known that heat 

treatments lead to the increasing of crystallites size and to 

the decreasing of the energy band gaps of semiconductors 

[32,33,34]. One can suppose that an increasing of the 

treatment time could lead to smaller Eg due to the 

increasing of grain sizes.  
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4. Conclusion 
 

TiO2 nanocrystalline powder was successfully 

prepared using titanium trichloride as a precursor. By heat 

treatment at 500 
o
C, for 1 h, anatase and rutile crystalline 

phase of TiO2 have been obtained both from static and 

magnetically stirred solutions. The treatment with H2O2 of 

sample A3 leads to the formation of anatase (photoactive 

phase) alone. Energy band gaps slightly decreased for all 

the samples from the value of bulk titania (from 3.2 eV to 

3 – 3.1 eV). It was assumed that the slight decrease of 

energy band gap was caused by chlorine from precursor 

solution used in preparing of titanium dioxide powder. 

After heat treatment we suppose that chlorine entered into 

TiO2 network playing a pole of a dopant. This theory will 

be discussed in our next paper. A poor correlation between 

the grain size determined by X ray diffraction and the band 

gap has been noticed.     
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