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Preparation of Ultrafine Titanium Dioxide Crystalline Film via Refluxing of
Benzoic Acid-Added Alkoxide Solution and its Photocatalytic Properties
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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.
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Fig.2 XRD patterns of films (1) N, (2) N-BA, (3) R, (4) R-BA and (5)
A
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Table 1 Physicochemical properties of powders R, R-BA and A.

) Specific Total pore Average
Sample Crystallite g, rface area volume pore size
size / nm 3 1 3 4
/m’g /cm™g / nm
R 5.3 160 0.12 3.0
R-BA 2.5 360 0.26 2.9
A 19 36 0.055 6.2

Absorbance (arb. units)

2000

1600

1200 800 400

Wavenunber / cm’!

Fig.3 IR spectra of films (1) N, (2) N-BA, (3) R and (4) R-BA.
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Scheme 1 lllustration of particle growth of TiO, during refluxing of
benzoic acid-added alkoxide solution.
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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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Fig.5 -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.

ISC Pmax/
Sample 2 Voc IV FF 2
/ yA-cm pW-cm
R 23.6 0.34 0.29 2.3
R-BA 34.8 0.37 0.30 3.8
A 11.2 0.30 0.39 1.3

Isc : short circuit photocurrent density
Voc : open circuit voltage

FF : fill factor

Prmax : maximum power
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