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ABSTRACT
A new photocatalytic activity (PC) measurement instrument based on the measurement of the photo-induced reduction
of Ag ions was proposed. The feature of this system is to perform “ultraviolet irradiation for PC activation” and “Ag
film thickness determination for PC evaluation” simultaneously and automatically. Realizing a PC measurement system
with high sensitivity, wide dynamic range, easy operation and reproducibility, which is especially suited for the PC
measurement of the coatings on transparent substrates.
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1. Introduction
Since the discovery of the photosensitizing effect of TiO2
electrode on the electrochemical decomposition of water
[1], TiO2 has attracted significant attention, and the photocatalytic properties of TiO2 has become a major area of
intensive research. TiO2 has shown interesting phenomena, such as photo-induced oxidation and reduction, and
photo-induced hydrophilic/ hydrophobic switching [2-5]
and has been widely considered as the most promising
photocatalytic material. For the practical use of this
photocatalyst, coating technology of TiO2 is the key
technology and has intensively been studied for achieving higher photocatalytic activity [6-8]. For this purpose,
reproducible and high-throughput photocatalytic activity
evaluation for coatings is necessary and several methods
have been proposed. The effective surface area of the photocatalytic coatings is very small compared with that of
the powders and hence the photocatalytic activity measurement for coatings should be not only reproducible but
also highly sensitive. Photocatalytic reduction of Ag ions
resulted in Ag film formation on the surface of the photo
catalyst [9] and this phenomenon was used for the photocatalytic activity evaluation [8,9]. This method is very

sensitive and applicable for the evaluation of the photocatalytic activity of the coatings. However, a well-trained
operator is necessary for the reproducible measurement at
high throughput since this method requires “ultraviolet
irradiation” and “Ag film thickness determination” to be
alternated [8]. In this study, we propose a modified Ag photoreduction method, which is capable of performing “ultraviolet irradiation” and “Ag film thickness determination” simultaneously and automatically. Accordingly, sensitive, reproducible and high-throughput photocatalytic
activity evaluation method especially for transparent coatings was realized.

2. Experimental
Three kinds of TiO2 films coated on quartz substrates were
used to demonstrate the potential of the new photocatalytic activity measurement method. A pulse-powered sputtering apparatus, which is described elsewhere in detail [7],
was applied for coating the TiO2 films. The deposition
conditions for the three kinds of films are listed in Table
1. The crystalline structures of the films were evaluated
with an x-ray diffractometer (RIGAKU RINT).

Table 1. Sputter deposition conditions for the three kinds of TiO2 coatings.
substrate

temperature

power

O2

pressure

thickness

time

A

quartz

not heated 300 - 360 K

5000 W

12 sccm

0.5 Pa

410 nm

20 min.

B

quartz

not heated 300 - 416 K

5000 W

12 sccm

0.5 Pa

385 nm

20 min.

C

quartz

heated 573 K

5000 W

12 sccm

0.5 Pa

400 nm

20 min.
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3. Results and Discussion
Figure 2 shows the x-ray diffraction patterns of three kinds
of TiO2 films coated on quartz glass substrates. An amorphous film (sample A: Figure 2(a)), a slightly crystallized film (sample B: Figure 2(b)) and a well-crystallized film (sample C: Figure 2(c)) were obtained, respectively. The x-ray diffraction peaks of the sample C
were assigned to those of the TiO2 with anatase and rutile
structures. It was revealed that sample C was mainly crystallized into anatase structure and small amount of rutile
structure was observable by x-ray diffraction. The sample B
showed only one broad peak, which was assigned to the
rutile structure. The photocatalytic activity measurement
for coatings should be much more sensitive compared
with that of the powder materials since the effective surface area of the coatings are much smaller than that of
the powders. As a result, it has been very hard to evaluate
the photocatalytic activities of the TiO2 coatings especially with poor crystalline quality (e.g. samples A and B)
since the photocatalytic activities for those coatings are
quite low.
Figure 3 shows the results of the photocatalytic activity measurement for the three samples (A, B and C) by
the method described above. The transmittances of the
visible light of the samples are plotted against UV irradiation time. The higher the photocatalytic activity of the
sample is, the curve of the transmittance shifts to the
lower left of the graph (shown by an arrow in Figure 3).
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The schematic drawing of the photocatalytic activity
measurement apparatus is shown in Figure 1. The TiO2
film coated quarts glass is placed in a quartz cell and the
cell was filled with aqueous AgNO3 solution of 0.1 mol/l.
The lights from the D2 lamp and Xe lamp was mixed by
a half mirror and irradiated on the surface of the TiO2
coating. The ultraviolet light intensity measured by an
ultraviolet photometer (MINOLTA UM-10 + UM-360)
at the sample was 0.03 mW/cm2. Note that the irradiation
should be done from the coated side of the quartz glass.
The Ultraviolet lights with the wavelength smaller than
380 nm act as excitation light for the photocatalytic reaction and adsorbed with traveling through the TiO2 coating. The lights with the wavelength larger than 380 nm
travel through the TiO2 coating, the substrate, the cell
and finally reaching the spectrometer, which is capable
of measuring the optical transmittance of the sample.
On the surface of the TiO2 coating, the ultraviolet irradiation induced photocatalytic reduction of the Ag ions
occurs and resulting in the Ag film formation on the surface of the TiO2 coating. The optical transmittance of the
sample gradually decreases with the growth of the Ag
film on the surface. The higher the photocatalytic activity
of the coating is, the quicker the decrease of the optical
transmittance becomes. Hence by recording the transition
curve of optical transmittance of the sample (transmittance vs time), the photocatalytic activity of the coatings
can be evaluated. The optical transmittance was measured every 12 seconds and recorded automatically by
the optical spectrometer (Shimadzu Multispec 1500). The
measurement time was set to 120 minutes for one sample,
resulting in 600 points for one transition curve. All the
operator has to do for measuring one sample is to put the
sample in the quartz cell filled with aqueous AgNO3 and
set it on the photometer and start the measurement software. Hence this method is reproducible (not dependent
on the skill of the operator) as well as easy operation.
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Figure 1. The schematic drawing of the photocatalytic activity measurement apparatus proposed in this study.
Copyright © 2012 SciRes.

Figure 2. The x-ray diffraction patterns of three kinds of
TiO2 films coated on quartz glass substrates. An amorphous
film (sample A: (a)), a slightly crystallized film (sample B:
(b)) and a well-crystallized film (sample C: (c)) were obtained, respectively. The letters “a” and “r” denote the anatase and rutile structures, respectively.
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transparent substrates, was realized.
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Figure 3. The results of the photocatalytic activity measurement for the three samples (A, B and C) obtained by the
photocatalytic activity measurement apparatus proposed in
this study. The transmittances of the visible light of the
samples are plotted against UV irradiation time. The higher
the photocatalytic activity of the sample is, the curve of the
transmittance shifts to the lower left of the graph.

The transmittance curve of the sample C was observed at
the lower left side of those of the samples A and B, reflecting the better crystalline quality of the sample C. Note
that the photocatalytic activity of the amorphous sample
(sample A) was measurable and a clear decrease in transmittance due to the Ag film formation on the sample surface was observed (Figure 3(a)) demonstrating the very
high sensitivity for photocatalytic activity measurement
of this method. It is also worth noticing that the photocatalytic activities of the amorphous sample (sample A)
and the slightly crystallized sample (sample B) were clearly
distinguishable (Figures 3(a) and (b)). Thus the high sensitivity combined with the wide dynamic range of this
photocatalytic activity measurement was demonstrated.

4. Conclusion
A new photocatalytic activity measurement system based
on the measurement of the photo-induced reduction of
Ag ions was proposed. The feature of this system is to
perform “ultraviolet irradiation for photocatalytic activation” and “Ag film thickness determination for photocatalytic activity evaluation” simultaneously and automatically. This method was applied on the TiO2 coatings on
quartz glass substrates and was proven to be sensitive
enough for evaluating the TiO2 coating with amorphous
structure. Thus a photocatalytic activity measurement system with high sensitivity, wide dynamic range, easy operation and reproducibility, which is especially suited for the
photocatalytic activity measurement of the coatings on
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