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Abstract: A simple and efficient methodology for the low-temperature synthesis of phase-pure nanocrystalline rutile 
titanium dioxide is reported in this paper. Spherical nanocrystalline rutile titania were prepared by a sonochemical method. 
Synthesized titania nanostructures were characterized by Thermogravimetric analysis, X-ray diffraction, Scanning Electron 
Microscopy, Brunauer- Emmett- Teller surface area analysis and Infrared Spectroscopy. The present study provides a simple 
and inexpensive way to prepare mesoporous spherical rutile TiO2 nanoparticles. 
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INTRODUCTION 
 

Titanium dioxide (TiO2) is a functional material for 
several technological applications strongly related to its 
crystalline structure and morphology [1-6]. In the previous 
era, the main applications of TiO2 were in the areas of 
pigments, catalysts and supports, fine ceramics, cosmetics, 
etc. After the first synthesis of nano TiO2, its applications 
are tremendous and being explored in the new area of 
material science, including that of smart materials. For the 
last nearly two decades, the main applications of TiO2 are 
in the field of organic electronics such as sensors, 
semiconductor in opto-electronic devices, including dye 
sensitized solar cells [7-9]. Nano TiO2 is also being used in 
inorganic membranes and environmental purification 
systems [10-14]. The applications of nano TiO2 are mainly 
due to its high chemical stability, good photo activity, 
wide band-gap, relatively low cost and non-toxicity. 

Crystalline TiO2 has three main polymorphs, e.g. 
anatase, rutile and brookite, from these rutile is 
thermodynamically stable phase [15]. Rutile, anatase and 
brookite have the same fundamental structural octahedral 
units with different arrangements [16]. Anatase and 
brookite phases are metastable and readily transformed to 
rutile phase when heated. Conventionally, the optical 
band-gap of rutile titania is 3.00eV. Therefore, 
theoretically it is supposed to absorb in the near UV region 
compared with the anatase phase. In some reports, it has 

been shown that rutile phase could have a higher activity 
over anatase when it has smaller crystallite size [17]. Rutile 
TiO2 has some advantages over anatase phase, such as 
higher refractive index, higher dielectric constant, higher 
electric resistance and higher chemical stability [18]. Rutile 
TiO2 has been used as the main white pigment in paints 
and cosmetic products and also used in capacitor, filter, 
power circuits and temperature compensating condensers 
[12]. Wang et al. reported the high photocatalytic activity 
of rutile TiO2 for decomposition of rhodamine –B in water 
under artificial solar light irradiation [19]. Park et al. 
showed that the photovoltaic characteristics of rutile TiO2 
based dye sensitized solar cells are comparable to those of 
anatase TiO2 based solar cells [20, 21]. Rutile TiO2 
nanoparticles can be obtained via high temperature 
calcination of anatase nanoparticles. However, calcination 
unavoidably leads to agglomeration and growth of the 
nanocrystalline particles [22, 23]. Hydrolysis of TiCl4 in 
aqueous solution can form rutile nanocrystals at relatively 
low temperatures [24]. These methods are easily affected 
by the pH value and autoclaving temperature and cannot 
be controlled easily. Therefore the synthesis of rutile TiO2 

nanocrystals by one step method at room temperature 
would be significant. 

Many techniques have been developed to synthesize 
mesoporous titania using facile template methods such as 
chemical implantation [25], sol- precipitation methods [26] 
and hydrothermal synthesis [27]. One of the most widely 
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used solution based nanoparticle synthesis is the sol-gel 
process which involves evolution of an inorganic network, 
known as a sol, from certain precursor materials and the 
consequent gelation of this inorganic network to form an 
ordered, three-dimensional net structure, and then the 
destruction of the evolved gel resulting in the formation of 
nanocrystalline material. The sol-gel route is very 
attractive because it is relatively easy to perform and 
allows us to tailor the morphology of particles by relative 
rate of hydrolysis and condensation reactions [28]. In the 
present work, mesoporous rutile nano titania was 
synthesized by an ultrasound assisted sol-gel method 
without any surfactant. 

In recent years, ultrasonic irradiation has attracted 
great interest because it can produce the extreme 
conditions and lead to the formation of the novel 
structures. The sonochemical effects of ultrasound arise 
from acoustic cavitation, i.e., the formation, growth and 
implosive collapse of bubble generates localized hot spots 
through shockwave formation within the gas phase of the 
collapsing bubble. Sonochemistry is a promising 
preparation method that may resolve the problems arising 
from the conventional synthesis methods and also, this 
method can save energy and time, thus reducing the cost 
of final products. The synthesis is rapid and reproducible. 

Many sonochemical methods have already been 
established for the preparation of titanium dioxide 
nanoparticles. Gedanken and colleagues reported the 
preparation of mesoporous titania by sonication of 
ethanol/ water solution containing titanium tetra 
isopropoxide and structure directing agent dodecylamine 
under ambient conditions for 6 hours [29]. Wang and co-
workers have synthesized rutile titania nanocrystal by the 
hydrolysis of TiCl4 in the presence of water and ethanol 
under ultrasonic irradiation at 70°C for 3 hours [30]. Amir 
and colleagues reported mixture of rutile and anatase 
nano crystal titania by sonochemical method by the 
hydrolysis of titanium tetra isopropoxide in ethanol using 
sodium hydroxide and deionised water at 50°C for 1.5 
hours [31]. Hernandez-Perez and co-workers reported 
sonochemical synthesis of anatase tiatania nanocrystal 
using titanium butoxide in acetone and methanol [32]. The 
present method differs from the existing methods that 
mesoporous rutile titania nanoparticles synthesized from 
isopropanol without addition of surfactant and it is a room 
temperature reaction completed within 30 minutes. 

The present work describes the synthesis of 
mesoporous rutile titania nanoparticles with spherical 
morphology by ultrasound assisted sol-gel method.  
The synthesis was carried out in isopropanol using 
titanium tetra isopropoxide as the titanium precursor and 
HCl is used as the acid. The method is simple, efficient and 
requires low temperature. 

 

EXPERIMENTAL 
 
Materials 
 

Titanium tetra isopropoxide (TIP) (Merck), isopropyl 
alcohol (Merck) and hydrochloric acid (Merck) have been 
used in the synthesis of nanocrystalline titania particles. 
All the reagents used were of analytical grade and no 
further purification was done before use. 
 
Methods 
 

In a preparation procedure, 2mL of titanium tetra 
isopropoxide was first dissolved in 20mL isopropyl 
alcohol by sonication for 10 minutes using high intensity 
ultrasonic probe (Vibronics, Ti horn, 200V) immersed 
directly in the reaction solution. To this solution a mixture 
of 1mL HCl in 9mL distilled water is added and again 
sonicated for 30 minutes. The clear sol formed 
immediately converted to a gel. The gel was then dried in 
the oven at 80°C overnight to evaporate the organic 
materials to the maximum extent. The dried crystals were 
calcined at 500°C for 2 hours. 

Thermal decomposition nature of the sample was 
investigated by thermogravimetric analyzer, Perkin 
Elmer-TGA 4000, under nitrogen atmosphere at a heating 
rate of 20°C/min. X-ray diffraction analysis patterns for 
the phase analysis were obtained with a Rigaku Miniflex 
II diffractometer, using Cu-Kα radiation. The morphology 
of the sample was characterized by scanning electron 
microscope using JEOL 5600 SL microscope. N2 
adsorption- desorption measurements were done on a 
volumetric micrometrics tristar apparatus at liquid N2 
temperature (77.35K). The sample was treated at 300°C 
before measurement.  On an average 33 points were taken 
for the sample and the average mass of the sample was 
0.3g. Pore size distributions were calculated using the 
Barrett-Joyner-Halenda  method  and  surface area  were
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 calculated from the adsorption isotherm by the Brunauer-
Emmett-Teller method. The average pore size was 
calculated from the t-plot method.  Infrared spectra were 
measured on a Shimadzu FT-IR 8400 S spectrometer as 
potassium bromide disc.  

 

RESULTS & DISCUSSION 
 
Thermo Gravimetric Analysis (TGA) 
 

Figure 1 shows the thermogram of synthesized titania 
sample before calcination. The degradation has occurred 
in a single step. This weight loss is due to desorption of 
physisorbed water and alcohol on the external surface of 
the crystallites. The initial weight loss is started at 50°C 
and is attributed to the loss of alcohol and water from the 
surface and the mass loss is 7.348%. There is no separate 
identified weight loss. However, there is a constant 
degradation up to 500oC. Above 500°C till 800oC, an 
essentially constant mass (81% sample) has been found 
indicating the thermal stability of the sample. 

X-ray Diffraction Analysis (XRD) 
 
Figure 2 shows the XRD patterns of calcined titania 

particles. The 2 values are observed at 27°, 36°, 39°, 41°, 
44°, 54°, 56°, 62°, 64° and 69°, which are in terms with the 
JCPDS Card Files, No. 77-0441. These peaks confirm the 
formation of rutile phase of titania. Based on this XRD 
values, the crystallite size and phase percentage of anatase 
and rutile can be determined [33].  

 
The crystallite size (D) can be calculated by the 

Scherrer formula [34] as expressed in Eq. (1): 
 
D   =    kλ   (1)   
         β cosθ 
 
Where D is the crystallite size, λ is the wavelength of 

X- ray radiation, k is a constant taken as 0.89, β is the line 
width at half maximum height (FWHM) of the peak and θ 
is the diffraction angle. The crystallite size of the titania 
from the present sol-gel study found to be 27.7 nm. 

 

 
 

Fig 1. Thermogram of rutile TiO2 
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Fig 2. XRD of rutile TiO2 

 
Scanning Electron Microscopy (SEM) 
  

Scanning electron microscopy (SEM) of the 
nanocrystalline TiO2 was carried out to estimate the 
surface morphology. XRD and SEM together give the exact 
knowledge about the particle size and characteristics of the 
synthesized sample. Figure 3 shows the SEM image of the 
synthesized sample. As shown in the graph, the titania 
particle is composed of very tiny spherical nanoparticles. 
From the SEM image, the grain size of the nanoparticle is 
seen and in XRD, the crystallite size is observed. From the 
SEM image, titania nanoparticles with non-uniform grain 
size are observed. 
 

 
 

Fig 3. SEM microphotograph of rutile TiO2 

 

Brunauer-Emmett-Teller (BET) Analysis 
 
BET surface area measurements were also made on 

the TiO2 nanoparticle. Figure 4 shows the N2 adsorption-
desorption, which is close to type IV of the IUPAC 
classification with an evident hysteresis loop suggesting 
the sample is mesoporous. This hysteresis is an H3 type 
hysteresis loop in the relative pressure range (p/p0) 0.7-
1.0. Type H3 usually found on solids with a very wide 
distribution of pore size.  

 

 
Fig 4. N2 adsorption- desorption 

isotherm of rutile TiO2 
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As shown in Figure 4, the capillary cohesion of TiO2 
occurred at the highest pressure, suggesting that the 
sample TiO2 had the large pore size and the H3 hysteresis 
loop also suggested the sample had a wide pore size 
distribution and slit-shaped pores [35]. The specific 
surface area of the sample calculated by the BET method 
is 24.33m2g-1. The pore size distribution is shown in Figure 
5. The size of the most of the pores concentrate between 5 
to 40nm with an average pore size of 21.1nm estimated 
with BJH method. The BET surface area and the pore 
volume were determined to be 24.33m2/g and 0.128cm3/g, 
respectively. 
 

 
Fig 5. BJH pore size distribution 

of rutile TiO2 
 
Fourier Transform Infrared Spectroscopy (FT-IR) 
 

 
Fig 6. FT-IR spectrum of rutile TiO2 

 

FT-IR spectrum of synthesized titania sample after 
calcination is shown in Figure 6. The characteristic peaks 
are observed at 3110, 1446, 688, 474 and 418cm-1. Even after 
the calcinations, the presence of water is observed (peak at 
3110cm-1, which corresponds to O-H stretching vibration 
and peak at 1446cm-1, corresponds to O-H bend vibration 
of water). The Ti-O vibrations are observed at peaks 
688cm-1, 474cm-1 and 418cm-1 [36]. 

 

CONCLUSIONS 
 

Pure spherical rutile titania nanoparticles were 
successfully synthesized using simple and cost effective 
sol-gel technique by ultrasonic irradiation. Ultrasonic 
irradiation reduced the sol-gel reaction time. The TGA 
analysis confirms the thermal stability of titania 
nanoparticles. Nearly 81% remained after 500°C. XRD 
shows the formation of high-purity rutile titania 
nanoparticles and the size is 27.7nm. Surface 
morphological studies obtained from SEM micrograph 
showed that the particles with the spherical shape. 
Mesoporous structure of the synthesized titania 
nanoparticle confirmed by BET analysis. The mesoporous 
titania nanomaterials could have a wide range of potential 
applications in catalysis and optoelectronics. 

 

ACKNOWLEDGEMENT 
 

One of the authors (Swapna M.V.) acknowledges the 
Council of Scientific and Industrial Research (CSIR), New 
Delhi, India, for the financial support. 
 

REFERENCES 
 
1. Karch J, Birringer R, Gleiter H. Nature, 1987, 330, 556. 
2. Oregan B, Gratzel M. Nature, 1991, 353, 737. 
3. Wang R, Hashimoto K, Fujishima A, Chikuni M, 

Kojima E, Kitamura A, Shimohigoshi M, Watanabe T. 
Nature,1997, 388, 431. 

4. Kavan L, Gratzel M, Rathousky J, Zukal A. J. 
Electrochem. Soc., 1996, 143, 394. 

5. Jiang XC, Herricks T, Xia YN. Adv. Mater., 2003, 15, 
1205. 

6. Han S, Choi SH, Kim SS, Cho M, Jang B, Kim DY, Yoon 
J, Hyeon T. Small, 2005, 1, 812. 
 



Volume 88 Number 2 | The Chemist | Page 6  © The AIC 2015. All rights reserved. 
   
 

7. Cosnier S, Gondran C, Senillou A, Gratzel M, 
Vlachopoulos N. Electroanalysis, 1997, 9, 1387. 

8. Clark W, Sutin DJ. J. Am. Chem. Soc., 1977, 99, 4676. 
9. Hamnett A, Dare-Edwards M, Wright R, Seddon K, 

Goodenough J. J. Phys. Che., 1979, 83, 3280. 
10. Hoffmann MR, Martin ST, Choi W, Bahnemann DW. 

Chem. Rev., 1995, 95, 69. 
11. Fujishima A, Honda K. Nature, 1972, 238, 37. 
12. Fox MA, Dulay MT. Chem. Rev., 1993, 93, 341. 
13. Kumar K-NP, Keizer K, Burggraaf AJ. J. Mater. Chem., 

1993, 3, 1141. 
14. Mandelbaum PA, Regazzoni AE, Blesa MA, Bilmes SA. 

J. Phys. Chem. B, 1999, 103, 5505. 
15. Li Y, Lee NH, Lee EG, Song JS, Kim S. J. Chem. Phys. 

Lett., 2004, 389, 124. 
16. Cheng H, Ma J, Zhou Z, Qi L. Chem. Mater., 1995, 7, 663. 
17. Zhang Q, Gao L, Guo J. Appl. Catal. B, 2000, 26, 207. 
18. Pei-Sheng L. Trans. Nonferrous Met. Soc. China, 2009, 19, 

743. 
19. Wang Y, Zhang L, Deng K, Chen X, Zou Z. J. Phys. 

Chem. C, 2007,111, 2709. 
20. Park NJ, Schlichthorl G, Van de Lagemaat J, Cheong 

HM, Mascarenhas A, Frank AJ. J. Phys. Chem. B, 1999, 
103, 3308. 

21. Park NJ, Van de Lagemaat J, Frank AJ. J. Phys. Chem. B, 
2000, 104, 8989. 

22. Yanagisawa K, Ovenstone J. J. Phys. Chem. B, 1999, 103, 
7781. 

23. Zhang H, Banfield JF. J. Phys. Chem. B, 2000, 104, 3481. 
24. Dhage SR, Choube VD, Samuel V, Ravi V. J. Mater Lett., 

2004, 58, 2310. 
25. Tseng WJ, Chao PS. Ceram. Int., 2013, 39, 3779. 
26. Bala H, Yu Y, Zhang Y. Mater. Lett., 2008, 62, 2070. 
27. Tang GG, Liu SS, Tang HT, Zhang D, Li CS, Yang XF. 

Ceram. Int., 2013, 39, 4969.  
28. Donga L, Liub YC, Tongb YH, Xiaoa ZY, Zhanga JY, Lua 

YM, Shena DZ, Fana XW. J. of Colloid and Interface 
Sci., 2005, 283, 380. 

29. Wang Y, Tang X, Yin L, Huang W, Hacohen R, 
Gedanken A. Adv. Mater., 2000, 12, 1183.  

30. Wang XK, Wang C, Guo WL. Adv. Mater. Res., 2011, 
356, 399. 

31. Amir HR, Kazemazadeh SM, Vaezi MR, Shokuhfar A. 
J.  Cera. Process. Res., 2011, 12, 299.  

32. Hernandez-Perez I, Maubert AM, Rendon L, Santiago 
P, Herrera-Hernandez H, Diaz-Barriga, Arceo L, 
Garibay Febles V, Gonzalez EP, Gonzalez Reyes L. Int. 
J.  Electrochem. Sci., 2012, 7, 8832. 

33. Chen J, Yao M, Wang X. J. Nanopart. Res., 2008, 10, 163. 
34. Cullity BD, Stock SR in Elements of X-ray diffraction, 3rd 

ed., Prentice-Hall Inc., 2001, pp 167-171. 
35. Rojas F, Kornhauser I, Felipe C, Esparza JM, Cordero S, 

Dominguez A, Riccardo JL. Phys. Chem. Chem. Phys., 
2002, 4, 2346. 

36. Chena L, Pang X, Yu G, Zhang J. Adv. Mat. Lett., 2010, 
1, 75. 


	Cover
	Vol-88 No-2 Board and Table of Content
	Vol-88 No-2

