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Photocatalytic property of TiO; loaded with SnO, nanoparticles
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Abstract 2.5 nm-sized SnO, nanoparticles in rutile phase
were loaded on the surface of 25 nm-sized TiO, (Degussa
P-25) to form SnO,/TiO, nano-composite structure. Up to
10 mol%, the loaded SnO, nanoparticles were well-dispersed
on the surface of TiO, without mutual agglomeration. The
Sn0,/TiO, with 1 mol% of SnO, demonstrated 1.5—1.7 times
of photocatalytic activity compared to the pure TiO; in de-
composing gaseous 2-propanol and in evolving CO,. The
role of SnO; nanoparticles on TiO, surface is considered to
be retardation of recombination rate between electrons and
holes by trapping the photo-excited electrons from the con-
duction band of TiO5.

Keywords SnQO, - Nanoparticle - SnO,/TiO, -
Photocatalyst

1 Introduction

Variety of strategies has been applied for the improvement
of photocatalytic activity of TiO, in decomposing organic
pollutants [1-3]. So far, the photocatalytic efficiency of TiO,
has mainly been improved by the loading of some noble
metals, such as Au, Ag, Cu, Pd, etc., on its surface [4-8]. In
the metal-loaded TiO,, the recombination between the pho-
toexcited electrons and holes are suppressed, because the
electrons on the conduction band of TiO, can be trapped to
those metal clusters. It was also reported that the efficient
photocatalysts can be obtained by the doping or incorpora-
tion of some semiconductors such as WO; [9, 10], MoO;
[10], SiO, [11], MgO [12], Fe,03 [13], etc., into the lattice
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or on the surface of the TiO,. The functions of those metal
oxides are complicated, but their main role would be the in-
crease of surface acidity, the generation of defect site, and/or
the increase of surface area, etc. Previously, Kamat et al. re-
ported that a high photodegradation rate of organic dye was
achieved from a mixture of TiO, and SnO, colloidal suspen-
sions [14]. Several research groups indicated that the role
of SnO;, is the electron trapping, since the conduction band
of SnO; is considerably lower than that of TiO, [15-20].
Herein, we prepared the quantum-sized SnO, nanoparticles
junctioned on the surface of TiO, (Degussa P25). The struc-
ture of SnO,/TiO, was characterized, and its photocatalytic
behavior in decomposing gaseous 2-propanol was analyzed.

2 Experimental

To achieve a junction between 2.5 nm-sized SnO, nanopar-
ticles and 25 nm-sized TiO, (Degussa P25), the stoichio-
metric amount of the each powder was mixed in aqueous
solution by stirring and sonication. After drying, the mixture
was heat-treated at 400°C for 2 h. X-ray powder diffraction
patterns for the SnO,/TiO, particles were obtained by us-
ing a Rigaku Multiflex diffractometer, with monochromated
high-intensity Cu K, radiation. For the observation of the
nanoparticles by TEM (Philips CM30 transmission electron
microscope operated a 250 kV), 1 mg of SnO,/TiO, particle
was dispersed in S0 mL of water and a drop of suspension was
then spread on a holey amorphous carbon film deposited on
Ni grid (JEOL Ltd.). UV-visible diffuse reflectance spectra
were obtained by a Perkin-Elmer Lambda 40 spectropho-
tometer.

The prepared SnO,/TiO, samples were tested as photo-
catalysts for the decomposition of 2-propanol in gas phase.
For the photocatalytic measurements the aqueous colloidal

@ Springer



324

J Electroceram (2006) 17:323-326

suspensions containing 2.0 mg of SnO,/TiO, were spread
as a film form on a 2.5 x 2.5 cm?Pyrex glass, and subse-
quently dried at 50°C for 2 h. The gas reactor system used
for this photocatalytic reaction is described elsewhere [10].
The net volume of the gas-tight reactor was 200 mL, and a
SnO,/TiO, particulate film was located in the center of the
reactor. A 300-W Xe lamp emitting UV and visible light
were irradiated to the SnO,/TiO, film through a water filter
and the 2-inch diameter silica window on the reactor. After
evacuation of the reactor, 1.6u¢ of 2-propanol and 3.2u¢ of
water were added. In the reactor their partial pressures were
2 and 16 Torr, respectively. The total pressure of the reac-
tor was then controlled to 700 Torr by addition of oxygen
gas. Under these conditions, 2-propanol and H,O remained
in vapor phase. After irradiation, 0.5 mL of gas sample in the
reactor was automatically picked up and sent to a gas chro-
matograph (Young Lin M600D) by using an autosampling
valve system (Valco Instruments Inc. A60). For the detection
of CO,, a methanizer was installed between the GC column
outlet and the FID detector.

3 Results and discussion

Figure 1 shows TEM images and XRD patterns of SnO,
nanoparticles. The SnO, nanoparticles are highly monodis-
persed and mostly spherical shape with 2.5 nm in diameter,
and each of them consists of a single grain in rutile phase.
Figure 2 shows the TEM images for the 1, 5 and 10 mol%
Sn0O;-loaded TiO,. The 2.5 nm-sized clusters identified to
SnO;, nanoparticles were spread uniformly over the surface
of the large TiO, particles without mutual agglomeration.
This suggests the unusually high binding affinity between
SnO; and TiO;. The image of the individual nanoclusters
junctioned on the surface of TiO, was resolved by a high res-
olution TEM, as shown in Fig. 2—d. The size of cluster was
the same as the original SnO, nanoparticles, and its fringe
pattern with the spacing of 2.64 A clearly indicates the (101)
plane of SnO; in rutile phase.

The photocatalytic activities for the SnO,/TiO, samples
in various SnO, mol% were evaluated to determine the op-
timum concentration of SnO,. For this purpose, a film-type
sample was prepared by spreading out the suspensions con-
taining 2.0 mg of SnO,/TiO, onto a 2.5 cmx 2.5 cm sized
Pyrex glass. 2-propanol was utilized as a model compound
for the photocatalytic decomposition of organic pollutants,
since their oxidative decomposition process is simple and
well known [10, 21]. 2-propanol is preferentially decom-
posed to acetone, and finally mineralized to CO, and H,O.
Here, the photocatalytic activity was estimated by two ways.
First, the decomposition of 2-propanol to acetone was mon-
itored. The amount of the decomposed 2-propanol after 20
min of irradiation was monitored as a function of SnO, com-
position for the several SnO,/TiO, samples, as shown in
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Fig. 1 TEM images (a) and XRD patterns (b) of SnO, nanoparticles
in 2.5 nm-diameter

Fig. 3(a). 1 mol% SnO,/ 99 mol% TiO, presented the high-
est photocatalytic efficiency. The decomposed 2-propanol in
20 min of irradiation with 1% SnO,/TiO, was 1.7 times of
that with pure TiO,. Second, the amount of CO, evolved as
a function of SnO, composition was evaluated, as shown in
Fig. 3(b). It was also found that the CO, evolved with 1%
SnO,/TiO, was 1.5 times of that with pure TiO;.

Diffuse reflectance spectra for the several SnO,/TiO, in
different compositions were shown in Fig. 4. The band edge
of Degussa P25 with the mixture of 70% anatase and 30%
rutile was not appreciably changed by the loading of various
amounts of 2.5 nm-sized SnO, nanoparticles. This suggests
the junction of SnO, to the TiO, does not modify the band
structure of TiO,.

The band-gap of SnO, is 3.8 eV, which is considerably
larger than that of TiO,, whereas the position of the con-
duction band is lower than that of TiO, by 0.5 eV [14].
With formation of the junction between SnO, and TiO,, the
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Fig. 2 TEM images of (a) 1 mol%, (b) 5 mol%, (c) 10 mol% SnO,-
loaded TiO,, and (d) high resolution TEM image for 5 mol% SnO;-
loaded TiO,
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Fig. 3 Decomposition percentages of 2-propanol (a) and the amounts
of the evolved CO; (b) by photocatalytic reaction as a function of SnO,
composition in SnO,/TiO, particulate films. For each sample 300 W
Xe-lamp was irradiated for 20 min, and the gas compositions in the
reactor were 2.0 Torr of 2-propanol, 16 Torr of H,0, and 682 Torr of
0O,
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Fig. 4 Diffuse reflectance spectra of SnO,/TiO, powders in different
SnO, compositions

photoexcited electrons on the conduction band of TiO, can
be transferred to that of SnO; located in considerably lower
energy, as proposed by Kamat et al. [14]. With this electron-
trapping role of SnO,, the recombination of electrons and
holes in TiO, will be suppressed. As a result, more holes
on the surface of TiO, can participate in the oxidation reac-
tion. The photocatalytic activity was optimized at 1 mol% of
SnO;, and then gradually decreased with further increase of
SnO; mol%. With a heavy loading of SnO, such as 10 mol%,
the photocatalytic efficiency was even lower than that of pure
TiO,. This suggests that the SnO, itself covering the TiO,
surface does not work as a photocatalyst, and it blocks some
of the catalytically-active site of TiO,. The role of SnO,
would be the induction of space-charge separation for the
photo-generated electrons and holes of TiO;, and this role
seems to be basically the same as that of noble metals, such
as Au, Ag, Pd, etc., loaded on the surface of TiO, to improve
photocatalytic activity [4-8].

The loading of SnO; nanoparticles on the surface of TiO,
provides several advantages in producing efficient photocat-
alytic systems, compared with other modifications such as
doping or surface loading [15-20]. The SnO,/TiO, junction
system can be obtained at a low temperature with high re-
producibility, and provides an efficient trapping of electrons,
since the highly crystallized SnO, nanoparticles possessing
clear band structure are applied. In addition, the SnO,/TiO,
system is much more stable under an oxidative condition,
and costs considerably lower preparation expense, compared
with noble metal loaded TiO, system. We expect that this pro-
cess can also be extended to the formation of other junction-
type photocatalysts.

4 Conclusions

The SnO,/TiO,, prepared by the loading of 2.5 nm-sized
SnO; nanoparticles on the surface of Degussa P25 TiO,,
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shows the maximized photocatalytic activity at 1 mol% of
SnO,. It shows 1.7 times of photocatalytic activity in de-
composing 2-propanol and 1.5 times in evolving CO,, com-
pared with the pure TiO,. The role of SnO; in enhancing the
photocatalytic activity is generating the space-charge sepa-
ration between the holes in valence band and the electrons
in conduction band by trapping the photoexcited electrons
from the TiO,. The quantum-sized SnO; nanoparticles are a
promising choice for the formation of efficient photocatalytic
Sn0O,/TiO, system.
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