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ABSTRACT 
 

Cauliflower-like TiO2 has been prepared by hydrothermal method using 
tetrabutyl titanate or titanium butoxide as titanium source and then tablet-like TiO2 
has been obtained from cauliflower-like TiO2 after heating it at 10000C for 2 hrs. The 
optical properties have been tuned due to the morphological modification of TiO2 
nanostructures from cauliflower like structure to tablet like structure. The optical band 
gap has been blue shifted from 3 eV to 3.05 eV and photoluminescence emission peak 
shifts towards shorter wavelength by 5.5 nm. The photoluminescence emission peak 
has been observed at 417nm and 411.5 nm for cauliflower-like TiO2 and tablet-like 
TiO2 structures, respectively. 
 
Keywords: Nanostructures; Annealing; Sol-gel growth; Photoluminescence 
spectroscopy. 

 
1.  INTRODUCTION 

 
In the last two decades, the design and fabrication of the nanostructured 

semiconductors based on metal oxides have received considerable attention due to their 
interesting physical and chemical properties, and their potential applications in industry and 
technology1–7. Among all the metal oxide nanoparticles, TiO2 has been widely used in solar 
cells, photocatalysts, gas sensors, pharmaceuticals and paints8-12. Many techniques such as sol-
gel template method, metal-organic chemical vapour deposition, sono-chemical synthesis, 
inverse micro-emulsion method have been developed to synthesize different types of TiO2 

nanostructures13-16.  There are a lot of reports focusing on the synthesis of various shapes of 
TiO2 nanoparticles like sphere17-18, flake19, wire20-22, tube23-24 cube25. Thus, many researchers 
successfully synthesized nano sized TiO2 using different techniques and they succeeded to 
tune the physical and chemical properties of TiO2 nanomaterials. Amongst the different 
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techniques to synthesize nano sized TiO2, hydrothermal method is easiest and effective 
technique. However, the main attention has been directed towards the control over structure 
and morphology of titania only by varying the reaction temperature, reaction time and pH of 
the solution during hydrothermal treatment. But it will be more effective to modify the 
morphology of the TiO2 by post synthesized treatment because we will be able to tune the 
properties according to our desire without synthesizing the materials again and again. This 
technique must be cost effective and easy.  

In this paper, we are reporting the preparation of cauliflower-like TiO2 and their 
morphological modification to tablet-like nanostructures by heating. We have studied the 
optical band gap and photoluminescence of both the samples and have observed the blue shift 
in absorption and emission band of TiO2 nanoparticles (NPs) due to morphological 
modification.                     
 

2. EXPERIMENTAL SECTION  
 

2.1 Synthesis Technique 
 

All the chemicals were of analytical grade and were used without further purification. 
Cauliflower-like TiO2 structures were synthesized from titanium butoxide (TBT) by 
hydrothermal method. At first 5 ml of HCl was mixed with 25 ml of double distilled water 
under magnetic stirring, and then 2 ml of TBT was mixed with that transparent solution by 
vigorous stirring. The obtained solution is transferred into a 50 ml Teflon-lined stainless steel 
autoclave and the autoclave was kept at 200o C for 4 hrs and then cooled to the room 
temperature. Finally, the resultant sample was filtered off and then dried at 80o C to obtain 
cauliflower-like TiO2 structures. The TBT is rapidly hydrolyzed in presence of water and 
formed titanium hydroxide. The titanium hydroxide transforms into titanium dioxide on 
heating. Hydrochloric acid (HCl) has been used to maintain the ph of the solution to take place 
the reaction properly. The prepared cauliflower-like TiO2 structures were heated at 1000o C for 
2 hrs to obtain tablet-like TiO2 NPs. 
 

2.3 Characterization 
 

The synthesized TiO2 samples were characterised by Scanning Electron Microscopy 
(SEM), Field Emission Scanning Electron Microscopy (FESEM), UV-visible and 
photoluminescence spectroscopy. SEM and FESEM images were obtained on Evo LS10, Zeiss 
and on JEOL JSM 6700F, respectively. UV-Visible absorption spectra were recorded on UV-
vis spectrophotometer (UV-3600, Shimadzu, Japan) and Photoluminescence (PL) spectra were 
recorded on PTI QM 40.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Morphology of TiO2 
 

The cauliflower-like TiO2 was synthesized by hydrothermal method shown in Fig. 1. 
From Fig. 1, it is clear that the synthesized TiO2 are of high uniformity and high yield. Figure 
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1 shows the SEM (top two) and FESEM (bottom two) images of the cauliflower-like TiO2 with 
different magnification. The average diameter of the cauliflower-like TiO2 is 1.5 μm obtained 
from SEM macrograph. The synthesized TiO2 looks like cauliflowers and they are composed 
of small spherical like nanoparticles as shown in FESEM images in Fig.1 (bottom). The 
cauliflower-like TiO2 burst into tablets like shape after heating for two hours at 10000C. The 
heated TiO2 having tablets like shape, are shown in Fig. 2. Figure 2 shows the SEM images of 
tablets like TiO2 with different magnifications at different sites of the sample. The average 
diameter of the tablet- like TiO2 is 100 nm with thickness few nm. The schematic diagram of 
growth mechanism of cauliflower-like TiO2 and its morphological modification to tablet-like 
structures is shown in Fig. 3. 
 

 
Fig. 1 - SEM images (top two) and FESEM images (bottom two) of cauliflower-like TiO2 with different 
magnification. 
 
3.2 UV- Visible absorption spectroscopy:  
 

The UV-Visible absorption spectra of cauliflower-like TiO2 and tablet-like TiO2 are 
shown in Fig. 4. The absorption band shifts towards shorter wavelength due to the 
morphological modification of TiO2 from cauliflower to tablet-like structures by 5.5 nm. We 
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have estimated optical band gap of both the samples to measure the exact shift in absorption 
band. The optical band gap is determined by the following equation by considering direct band 
gap approximation: 
                                                      /                                               (1) 
 

Where α is the absorption coefficient, Eg is the optical band gap, A is constant and depends on 
type of transition. The band gap is determined by extrapolating the linear portion of (αhυ)2 vs 
hυ plot to the energy axis as shown in Fig. 5. The obtained band gaps from Fig. 5 are 3 eV and 
3.05 eV for cauliflower and tablet-like TiO2, respectively. Therefore, the optical band gap is 
blue shifted with the morphological change of TiO2 from cauliflower to tablet-like structures. 
Although such shift is very small, approximately, 0.05 eV, but it is the activation energy to 
make the transformation of TiO2 nanostructures possible. 
 

 
 

Fig. 2 - SEM images (top two) and FESEM images (bottom two) of tablet-like TiO2 with different 
magnifications at different sites of the sample. 
 

3.3 Photoluminescence spectroscopy:  
 

We have recorded photoluminescence excitation (PLE) spectra for both samples to 
identify the excitation wavelength of the incident light source. The PLE spectra are shown in 
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Fig. 6. The PLE spectra show the peaks at 327 nm and 325 nm, respectively, for TiO2 
cauliflower and tablet-like structures. Therefore, if we excite TiO2 samples with excitation at 
325 nm, the electronic transition from the highest occupied molecular orbital (HOMO) to the 
lowest unoccupied molecular orbital (LUMO) will happen for both the samples of TiO2. We 
have recorded PL emission spectra of the samples at room temperature (300K) with excitation 
wavelength 325 nm. The PL emission spectra of cauliflower-like and tablet-like TiO2 are 
shown in Fig 7. We have observed PL emission peaks at 417 nm and 411.5 nm, respectively, 
for cauliflower and tablet-like TiO2. The PL emission peak has been blue shifted by 5.5 nm 
due to morphological modification of TiO2 from cauliflower to tablet-like structures. Such 
shift very much corresponds to the shift of absorption spectra and band gap. Most importantly, 
we did not observe any full width half maxima (FWHM) change of such spectra. So, there is 
no intensity variation observed due to the transformation of structural configuration. Although, 
the geometry has been changed but no enhancement of intensity is noticed and keeping the 
intensity profile variation intact, because of no variation of number of charges in compare to 

others. Only the electrostatic interaction energy represented by , where A is the 

Madelung constant and r is the shortest inter-ionic distance, is slightly changed which is 
contributed as the activation energy demonstrated by blue shift. 
 

 
Fig. 3 – The schematic diagram of growth mechanism of cauliflower-like TiO2 and its morphological 
modification to tablet-like structures. 
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Fig. 4 – UV-visible absorption spectra (recorded at room temperature) of  TiO2 samples. 

 

 
Fig. 5 – Optical band gap of  TiO2 samples. 

 

 
Fig. 6 – PLE spectra (recorded at room temperature) of the prepared TiO2 samples. 
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Fig. 7- PL emission spectra, recorded at room temperature with excitation wavelength 325 nm for 
cauliflower-like and tablet-like TiO2. 
 
4. CONCLUSION 
 

We have successfully fabricated cauliflower-like TiO2 by simply hydrothermal 
method using titanium butoxide as titanium source, and then we have easily modified the 
morphology of TiO2 from cauliflower-like to tablet-like nanostructures by heating. The blue 
shift in optical band gap and PL emission maximum has been observed in tablet-like TiO2. The 
optical band gap has been blue shifted from 3 eV to 3.05 eV and photoluminescence emission 
peak shifts towards shorter wavelength by 5.5 nm. The photoluminescence emission peak has 
been observed at 417nm and 411.5 nm, respectively, for cauliflower-like TiO2 and tablet-like 
TiO2. The absorption and emission properties have been tuned due to morphological 
modification of TiO2 from cauliflower-like to tablet-like nanostructures.  
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