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Abstract: The process, that the polycrystalline TiO2 powders were converted into TiO2 nanotubes, 
was observed with transmission electron microscope.  The results obtained indicated that in 
concentrated NaOH aqueous solution, anisotropic swelling appears on the polycrystalline TiO2 
granula at first, and then the nanotubes are formed. 
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Since the carbon nanotubes were discovered by Iijima1, the tube-shaped nano-structured 
material attracted extensive attention, owing to their novel properties.  Various methods, 
such as electric arc discharging of graphite or pyrolysis of small molecule hydrocarbon 
was used for the preparation of carbon nanotubes2-4.  In 1998, Kasuga et al. found that 
the TiO2 nanotubes can be obtained through the treatment of the powdered 
polycrystalline TiO2 in concentrated NaOH solution5.  Afterwards, we studied its 
morphological structure and physicochemical properties6.  Obviously, the formation 
process and mechanism of TiO2 nanotube is different from that of carbon nanotubes.  
Study on its formation process will helpful to understand the mechanism of formation of 
TiO2 nanotubes in the solution. 

In this paper, using transmission electron microscope (TEM), the formation process 
of TiO2 nanotubes in the concentrated NaOH solution was investigated.  The results 
indicated that TiO2 nanotubes are formed in the stage of alkali treatment of polycry- 
stalline TiO2, and not in the stage of the acid treatment following the alkali treatment.  
This conclusion differs from Kusuga7. 

100 mL of 9 mol/L NaOH aqueous solution was placed in a PTFE bottle, equipped 
with a reflux condenser.  Then, the bottle was placed in an oil bath.  When the aqueous 
solution was heated up to 110oC, 10 g anatase TiO2 was added and stirred magnetically.  
An aliquot of sample was withdrawn after 2, 12, 30 min, and their morphological 
structures were observed using TEM.  After 20 h, the reaction was ceased.  When the 
reaction mass was cooled down to room temperature, the solid was separated and washed 
with deionized water repeatedly until the conductivity of the supernatant reached 0.8 
µs/cm.  Then a half of the solid was soaked in 0.1 mol/L HCl solution for 10 min, and 
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washed with deionized water again until the conductivity reached 5.0 µs/cm.  The 
morphology and Na+ content were determined by TEM and EDS. 

Figure 1a and 1b show the TEM images of the raw TiO2 and the sample treated 
with alkali for 2 min respectively.  Obviously, they are different in size, the latter is 
bigger than the former, which reveals that the alkali treatment leads to the granular 
crystals swelling.  Figure 2a and 2b show the high-resolution TEM images of the 
sample treated with alkali for 12 min.  From Figure 2a, the swelling stripes can be seen 
on the side pointed by arrow, but not observed on the side perpendicular to it.  This 
phenomenon hints that the swelling is anisotropic.  In Figure 2b, there are fragments 
peeling off from the granular crystal pointed by arrow.  After treating for 30 min, the 
tube-shaped TiO2 emerges (see Figure 3).  The TEM images of the sample treated with 
alkali for 20h and washed with deionized water are shown in Figure 4a, 4b and 4c.  In 
Figure 4a, only TiO2 nanotubes are present, the particles disappear.  In Figure 4b, a 
four-layered nanotube with inner diameter 6.4 nm, outer diameter 9.3 nm and distance  

 
 
 
 
 
 
 
 
 
 

 

Figure 1  TEM images 
 

Figure 2  HRTEM images (After reaction with alkali for 12 min) 

a) Raw TiO2; b) After treatment of alkali reaction for 2min. 

a) Swelling side (pointed by arrow); b) Fragments peeling off from granular TiO2. 
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Figure 3  TEM image (After reaction with alkali for 30 min) 

Figure 4  TEM images (After reactiion with alkali for 20 h) 

0.8 nm 

outer inner 

Figure 5  The schematic model of nanotube TiO2 

a), b), c) Washed by deionized water; 
d) Treated by 0.1 mol/L HCl and washed with deionized water. 
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between adjacent layers 0.8 nm is observed.  In Figure 4c an eight-layered nanotube 
with inner and outer diameter 6.4 and 18.6 nm, and distance between adjacent layers 
0.8nm is observed.  Figure 4d shows the image of sample, treated with 0.1mol/L HCl 
and washed with deionized water again.  Comparing 4a and 4d, it can be seen that there 
is no evident morphological difference, but the EDS analysis indicates the sample(4a) 
contains 5.8 atomic percent of Na and the latter(4d) contains only trace of Na, it shows 
that the treatment with HCl solution is helpful for the removing of Na+ ion from TiO2 
nanotubes.  

Why the distance between adjacent layers is 0.8 nm?  Because the adjacent layers 
of nanotube are kept apart by wall of OH- groups (shown as Figure 5).  Theoretically, 
the distance of the layers of the wall should be 4 −OHγ +2 +4Tiγ =4×0.12 nm+2×0.075 
nm=0.63 nm8.  Owing to the repulsive force between OH- groups, the distance of the 
layers of the wall broadens to 0.8 nm. 

Based on the above results, it can be concluded that the anisotropic swelling took 
place first, then the structured fragments peeled off from the particles.  The TiO2 
nanotubes are assembled with the structured fragments. Further investigations on 
formation mechanism are now in progress. 
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