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Table 2. Preparation Conditions and Surface Areas of TiO2 Nanotube Products Reported in the Literature 

TiO2 source hydrothermal treatment condition rinsing solution SBET (m
2
/g) ref  

nanoparticles from Ti-(Oi-C3H7)4 using sol-gel method; SBET = 150 

m
2
/g  

2.5-20 N NaOH; 20-110 
o
C for 20 h  0.1 N HCl  ca. 400  [23]  

nanoparticles from precipitates by dropping NH4OH into TiOCl2; 

SBET = 160 m
2
/g  

5 N NaOH; 100-200 
o
C for 12 h  water  180-270  [24] 

nanoparticles from Ti-(Oi-C3H7)4 using sol-gel method; no SBET 

available  

5-15 N NaOH; 100-180 
o
C for 48 h  0.1 N HCl  267-375  [25] 

nanoparticles from precipitates by dropping (NH4)2SO4 or HCl into 

TiCl4, with subsequent NH4OH neutralization; SBET = 5-290 m
2
/g  

10 N NaOH; 110 
o
C for 20 h  0.1 N HCl  107-451  [26] 

nanoparticles P25 of commercial Degussa AG, from hydrolysis of 

TiCl4 in a H2/O2 flame; SBET = 50 m
2
/g  

10 N NaOH; 110-150 
o
C for 24 h  0.1 N HCl  200-400  [27] 

nanoparticles P-25; SBET = 50 m
2
/g 10 N NaOH; 110 

o
C for 20 h HCl and 

distilled water 

270 [38] 

nanoparticles ST-01; SBET = 284 m
2
/g 10 N NaOH; 110-120 

o
C for 6-72 h HCl and 

distilled water 

283 [34-37] 

nanoparticles P-25; SBET = 50 m
2
/g 17 N KOH; 110 

o
C for 20 h HCl and 

distilled water 

390 [Uchida] 

 [23]  T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, K. Niihara, Formation of Titanium Oxide Nanotube, Langmuir, 14 (1998) 3160-3163. 

[24]   D. S. Seo, J. K. Lee, and H. J. Kim, Preparation of nanotube-shaped TiO2 powder, Cryst. Growth, 229 (2001) 428-432. 

[25]   Z. Y. Yuan, W. Zhou, and B. L. Su, Hierarchical interlinked structure of titanium oxide nanofibers, Chem. Commun., 11 (2002) 1202-1203. 

[26]   Q. Zhang, L. Gao, J. Sun, and S. Zheng, Preparation of long TiO2 nanotubes from ultrafine rutile nanocrystals, Chem. Lett., 31 (2002) 226-227. 

[27]   C. –C. Tsai, and H. Teng, Regulation of the physical characteristics of titania nanotube aggregates synthesized from hydrothermal treatment, Chem. Mater., 16 

(2004) 4352-4358. 

[34]  Y. Suzuki and S. Yoshikawa, Synthesis and thermal analyses of TiO2-derived nanotubes prepared by the hydrothermal method, J. Mater. Res., 19 (2004) 982-985. 

[35]  R. Yoshida, Y. Suzuki, and S. Yoshikawa, Effects of synthetic conditions and heat treatment on the structure of partially ion-exchanged titanate nanotubes, Mater. 

Chem. Phys., 91 (2005) 409-416. 

[36]  R. Yoshida, Y. Suzuki, and S. Yoshikawa, Synthesis of TiO2(B) nanowires and TiO2 anatase nanowires by hydrothermal and post-heat treatments, J. Solid State 

Chem., 178 (2005) 2179-2185. 
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Table 1 Examples of dye-sensitized solar cell fabricated by 1D nanostructured TiO2.  

 

Samples Synthesis methods Jsc, Voc, FF, h, thickness Ref. 

TiO2 (P-25)-derived nanotubes 

(270 m
2
/g) 

P-25 (50 m
2
/g) and NaOH (10 M) hydrothermal at 

110 
o
C for 20 h 

Jsc = 6.26 mA/cm
2
, Voc = 0.704 V,  

FF = 0.66, h = 2.9 % 

[1] 

TiO2 (P-25)-derived nanowires 

(390 m
2
/g) 

P-25 (50 m
2
/g) and KOH (17 M) hydrothermal at 110 

o
C for 20 h 

Jsc = 7.10 mA/cm
2
, Voc = 0.725 V, FF = 0.71, 

h = 3.66 %, thickness = 6.1 m 

[2] 

TiO2 (ST-01)-derived nanotubes 

(283 m
2
/g) 

ST-01 (284 m
2
/g) and NaOH (10 M) hydrothermal at 

120 
o
C for 72 h 

Jsc = 7.3 mA/cm
2
, Voc = 0.64 V, FF = 0.67,  

h = 3.1 %, thickness = 7.8 m 

[34-35, 37] 

TiO2 (ST-01)-derived nanowires 

(20 m
2
/g), TiO2 (B) 

ST-01 (284 m
2
/g) and NaOH (10 M) hydrothermal at 

150 
o
C for 72 h, 500 

o
C for 2 h 

Jsc = 2.0 mA/cm
2
, Voc = 0.59 V, FF = 0.43,  

h = 0.57 %, thickness = 12 m 

[36-37] 

TiO2 (ST-01)-derived nanowires 

(10-20 m
2
/g), TiO2 (anatase) 

ST-01 (284 m
2
/g) and NaOH (10 M) hydrothermal at 

150 
o
C for 72 h, 700 

o
C for 2 h 

Jsc = 5.3 mA/cm
2
, Voc = 0.65 V, FF = 0.62,  

h = 2.1 %, thickness = 14 m 

[36-37] 

TiO2 anatase nanofibers + TiO2 

rutile nanoparticles (by addition 

TiCl4 aq. solution) 

TiO2 electrode electrospun directly onto the substrate 

from a mixture of titanium propoxide and poly(vinyl 

acetate) in dimethyl formamide (DMF). 

Jsc = 11.24 mA/cm
2
, Voc = 0.77 V, FF = 0.58, 

h = 5.02 % 

[41-43] 

TiO2 nanorods 10 wt% + P-25 

90 wt% 

Hydrolyzed TiCl4 using an anodic alumina membrane 

(AAM) as template. 

Jsc = 9.0 mA/cm
2
, Voc = 0.67 V, FF = 0.62,  

h = 3.74 %, thickness = 12 m 

[40] 

TiO2 (ST-01)-derived partially 

nanowires (174 m
2
/g), TiO2 

(anatase nanowires+ rutile 

particles) 

ST-01 (284 m
2
/g) and NaOH (10 M) hydrothermal at 

150 
o
C for 24 h, 300 

o
C for 4 h 

Jsc = 11.9 mA/cm
2
, Voc = 0.754 V, FF = 0.673, 

h = 6.01 %, thickness = 5.6 m 

[38] 

TiO2 (ST-01)-derived nanowires 

(20 m
2
/g), TiO2 (B) 10 wt% + 

P-25 90 wt% 

ST-01 (284 m
2
/g) and NaOH (10 M) hydrothermal at 

150 
o
C for 72 h, 500 

o
C for 2 h 

Jsc = 12.8 mA/cm
2
, Voc = 0.73 V, FF = 0.66,  

h = 6.17 %, thickness = 15.6 m 

[36-37, 39] 

 Nanorods/nanoparticles TiO2 

(203 m
2
/g), TiO2 anatase 

TiBu-ACA-amonia 28%, hydrothermal at 150 
o
C for 

20 h 

Jsc = 13.97 mA/cm
2
, Voc = 0.73 V, FF = 0.70,  

h = 7.12 %, thickness = 8.3 m 

(chapter 6) 

Nanosheet-like TiO2 (642 m
2
/g), 

TiO2 anatase 

TiBu-ACA-amonia 28%, hydrothermal at 130 
o
C for 

12 h 

Jsc = 16.35 mA/cm
2
, Voc = 0.703 V, FF = 

0.627, h = 7.08 %, thickness = 8.4 m 

(chapter 7) 
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