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Titanium dioxide nanocrystalline films were prepared via refluxing of titanium alkoxide precursor solutions. The effects of benzoic 
acid addition to the precursor solution on the crystallization process and photocatalytic properties of the titanium dioxide film were 
investigated by surface and electrochemical analyses. Benzoic acid tended to decelerate the crystallization during the refluxing. 
Consequently, smaller sized crystallites were obtained. The benzoic acid did not remain in the titanium dioxide film after the 
refluxing. The higher photocatalytic activity and photoelectric conversion efficiency were observed in the ultrafine film prepared 
from the benzoic acid-containing precursor due to its higher specific surface area and density. 
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Fig.1  SEM images of electrodes (a) R and (b) R-BA. 

Fig.2  XRD patterns of films (1) N, (2) N-BA, (3) R, (4) R-BA and (5) 
A. 
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Scheme 1  Illustration of particle growth of TiO2 during refluxing of 
benzoic acid-added alkoxide solution. 

Fig.4  Time course of relative concentrations of methylene blue in 
water with films (1) R, (2) R-BA and (3) A in the dark and during UV 
irradiation. 
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Table 1  Physicochemical properties of powders R, R-BA and A. 

Sample Crystallite 
size / nm 

Specific 
surface area

 / m3·g -1

Total pore 
volume 

 / cm3·g-1

Average 
pore size

 / nm 

R 
R-BA 

A 

5.3 
2.5 
19 

160 
360 
36 

0.12 
0.26 

0.055 

3.0 
2.9 
6.2 

Fig.3  IR spectra of films (1) N, (2) N-BA, (3) R and (4) R-BA. 



－15－

Journal of Flux Growth Vol.6, No.1, 2011

R R-BA A 85 % 78 % 97 %
R R-BA A

R-BA R

R-BA
R A R-
BA

Fig.3 IR R R-BA

IR

Fig.5 R R-BA A
I−V Table 2

ISC VOC Pmax

R-BA R A

[15] FF
A R-BA

R

R-BA

1

[22]
R-BA

SEM XRD UV-
Vis

References 
1) B. O’Regan, M. Grätzel, Nature, 1991, 353, 737. 
2) M. K. Nazeeruddin, A. Kay, I. Rodicio, R. Hamphry-Baker, E. 

Müeller, P. Liska, N. Vlachopoulos, M. Grätzel, J. Am. Chem. 
Soc., 1993, 115, 6382. 

3) M. Grätzel, J. Photochem. Photobiol. C: Photochem. Rev., 
2003, 4, 145. 

4) Y. Li, T. J. White, S. H. Lim, J. Solid State Chem., 2004, 177, 
1372. 

5) Y. J. Yun, J. S. Chung, S. Kim, S. H. Hahn, E. J. Kim, Mater. 
Lett., 2004, 58, 3703. 

6) Y. Hu, C. Yuan, J. Cryst. Growth, 2005, 274, 563. 
7) L. Ge, M. Xu, M. Sun, H. Fang, J. Sol-Gel Sci. Technol., 2006, 

38, 47. 
8) S. Liu, N. Jaffrezic, C. Guillard, Appl. Surface Sci., 2008, 255, 

2704. 
9) S. Zhang, Z. Chen, Y. Li, Q. Wang, L. Wan, Y. You, Mater. 

Chem. Phys., 2008, 107, 1. 
10) S. Priya, J. Robichaud, M. C. Méthot, S. Balaji, J. M. Ehrman, 

B. L. Su, Y. Djaoued, J. Mater. Sci., 2009, 44, 6470. 
11) H. Nishikiori, Y. Uesugi, N. Tanaka, T. Fujii, J. Photochem. 

Photobiol. A: Chem., 2009, 207, 204. 
12) D. D. Dunuwila, C. D. Gagliardi, K. A. Berglund, Chem. 

Mater., 1994, 6, 1556. 
13) P. A. Venz, J. T. Kloprogge, R. L. Frost, Langmuir, 2000, 16, 

4962. 
14) R. Parra, M. S. Góes, M. S. Castro, E. Longo, P. R. Bueno, J. 

A. Varela, Chem. Mater., 2008, 20, 143. 
15) T. Kitsui, H. Nishikiori, N. Tanaka, T. Fujii, J. Photochem. 

Photobiol. A: Chem., 2007, 192, 220. 
16) H. Nishikiori, T. Fujii, J. Phys. Chem. B, 1997, 101, 3680. 
17) H. Nishikiori, N. Tanaka, Y. Minami, A. Katsuki, T. Fujii, J. 

Photochem. Photobiol. A: Chem., 2010, 212, 62. 
18) P. Tarte, Physics of Non-Crystalline Solids, North Holland, 

1965, p.549. 

Fig.5  I−V curves of electrodes (1) R, (2) R-BA and (3) A during UV 
irradiation. 

Table 2  Photoelectric conversion properties of electrodes R, R-BA 
and A. 

Sample 
ISC

/ μA·cm-2 VOC / V FF 
Pmax /  

μW·cm-2

R 
R-BA 

A 

23.6 
34.8 
11.2 

0.34 
0.37 
0.30 

0.29 
0.30 
0.39 

2.3 
3.8 
1.3 

ISC : short circuit photocurrent density 
VOC : open circuit voltage 
FF : fill factor 
Pmax : maximum power 
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