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Figure S1. SEM images of TiO2 structures depending on the reaction time. Cross-sectional 

view SEM images of TiO2 wire structures with 0.5 M NaOH at 220 
o
C after (a) 4h, (b) 8h, (c) 

12h, (d) 16h, and (e) 24h reaction. (f) Top view SEM image of TiO2 wire structure after 24h 

reaction.
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Table S1. The lengths of nanowire structures after hydrothermal reaction with 0.5M NaOH at 

220 
o
C. 

Reaction Time (hours) 4 8 12 16 24 

Length (μm) 2.8~3.2 5~5.4 7~7.5 8.5~9 10~11 
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 To find out the effect of the reaction temperature, we fabricated TiO2 with various temperatures 

from 130 
o
C to 260 

o
C with constant 0.5 M NaOH concentration and 6h reaction time (Figure S2). The 

sheet structures were fabricated at 130~200 
o
C samples, showing increased sizes with increasing 

temperatures. On the other hand, the wire structures were obtained at 220 
o
C and 260 

o
C due to fast 

reaction rate at high temperatures. The sheet structures were fabricated at low temperatures because of the 

slow rate of reaction. If we change the concentration of NaOH which is another reaction parameter 

determining the reaction rate, the wire structures could be synthesized at low temperature. As can be seen 

from the Figure S3, the wire structures were fabricated at low temperature (200 
o
C) with high 

concentration of NaOH (1 M). In spite of low temperature, the fast rate reaction occurred due to high 

concentration of NaOH. 
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Figure S2. SEM images of TiO2 structures depending on the reaction temperatures. Top 

view SEM images of TiO2 structure with 0.5M NaOH after 6h reaction at (a) 130 
o
C, (b) 180 

o
C, 

(c) 200 
o
C, (e) 220 

o
C and, (f) 260 

o
C. (d) High resolution SEM image of sheet structures which 

were composed of agglomerated particles (reaction temperature of 200 
o
C). 
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Figure S3. SEM images of wire structures. Top view SEM images of TiO2 wire structures with 

1 M NaOH at 200 
o
C after (a) 3 h, (b) 6 h reaction. 
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Figure S4. Scheme of sodium titanate converted into anatase. 
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Bandgap energy of the semiconductor nanostructure could be estimated by using UV-visible 

diffuse reflectance spectrum (DRS) with its representation as a Kubelka–Munk function F(RD), 

where the RD is the diffuse reflection coefficient.  

For an indirect semiconductor such as TiO2, the expected variation of α with the photon 

energy, hv, can be expressed as follows: 

                  (1) 

 

where B is the absorption constant for the indirect transition, h is Plank’s constant, ν is the light 

frequency, and Eg is the optical bandgap energy.
29

 The plot of (α hv)
1/2

 versus hv from 

experimental Kubelka–Munk spectrum and its fitting with relation (1) is presented in Figure S5. 

The fitting yields two tangent lines and two intercepts on the energy axis. Thus, the bandgap 

energy can be calculated as follow: 
1,2

 

            (2)      
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Figure S5. The plot of (αhv)
1/2 

versus the incident photon energy (hv) from experimental absorpt

ion spectrum of brookite sample, obtained from the UV-visible DRS using a Kubelka–Munk fun

ction. The fitting yields two tangent lines and two intercepts on the energy axis. 
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Figure S6. XRD pattern of brookite depend on reaction time. TiO2 nanostructures after 

hydrothermal reaction at 220 ºC with 0.1 M NaOH for (a) 3 h, (c) 6 h, (e) 12 h, and (g) 24 h. The 

samples with HCl and heat treatment after the hydrothermal reactions for (b) 3 h, (d) 6 h, (f) 12 

h, and (h) 24 h. 
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