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Abstract: Hydrophobic Y-zeolite (Si02/Al203 = 810) and TiO2 composite photocatalysts
were designed by using two different types of TiO2 precursors, i.e., titanium ammonium
oxalate and ammonium hexafluorotitanate. The porous structure, surface property and state
of TiO2 were investigated by various characterization techniques. By using an ammonium
hexafluorotitanate as a precursor, hydrophobic modification of the Y-zeolite surface and
realizing visible light sensitivity was successfully achieved at the same time after calcination
at 773 K in the air. The prepared sample still maintained the porous structure of Y-zeolite
and a large surface area. Highly crystalline anatase TiO2 was also formed on the Y-zeolite
surface by the role of fluorine in the precursor. The usages of ammonium hexafluorotitanate
were effective for the improvement of the photocatalytic performance of the composite
in the degradation of 2-propanol in the gas phase under UV and visible light
(A > 420 nm) irradiation.
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1. Introduction

Titanium dioxide (TiOz2)-based photocatalytic materials have been used for the decomposition of
undesired and harmful organic compounds in the air and water [1-7]. Electron-hole pairs formed under
light irradiation by using a suitable light source play significant roles in the degradation of organic
compounds into CO2 and H20. TiO2-based photocatalytic materials are also continuously researched for
their importance in relation to the utilization of light energy for the synthesis of chemicals, the production
of clean energy, efc., under carefully-controlled conditions [8—13]. Coating technologies for TiO2-based
photocatalytic materials open the way for the utilization of unique functions, such as photocatalytic
activity, the self-cleaning effect and photoinduced superhydrophilicity [3,14—17]. By increasing the
awareness of environmental issues, purification of diluted organic contaminants in water and air is
becoming an increasingly important agenda. TiO2-based photocatalytic materials have potential to solve
the problem of air pollution by volatile organic compounds in our living spaces, i.e., the cause of sick
house syndrome emitted from interiors. However, photocatalytic performance of TiO: is insufficiently
utilized in our living spaces, due to the limitation of the amount of light in the UV region. Bare TiO2 can
only absorb UV light, which also corresponds to ca. 3% of the energy of natural solar light. Therefore,
many efforts have been devoted to the design of highly efficient photocatalysts, which can work under
not only UV, but also visible, light irradiation. Doping of various heteroatoms, e.g., carbon, nitrogen,
sulfur and transition metals (Cr, V, Fe, efc.), into TiO2 was previously reported and enabled the use of light
in the visible region [18-25]. The modification of the TiO: surface by metals, metal ions and chlorides is
also another method for realizing the sensitivity to visible light [26-28]. Utilization of visible light is also
achieved by the anchoring of phenolic compounds on the TiO: surface by the formation of surface
complexes [12,13].

On the other hand, adsorbents, such as activated carbon, are often used as a disposable material for
the removal of diluted organic contaminants in water and air. The combination of adsorbent and TiO2
photocatalyst is intensively studied for the design of efficient photocatalytic systems with specific
functions [6,29-36]. Adsorption and enrichment of organic contaminants around combined TiO2 from
air and water play crucial roles in the photocatalytic decomposition process and lead to the efficient
removal of diluted organic contaminants in the air and water. The combination of TiO: and silicate
materials, such as zeolite, mesoporous silica and clay minerals, is achieved by applying different
methods, such as wet impregnation and sol-gel processes [29—36]. The physical and chemical properties
of the composites, especially the surface properties, such as hydrophilicity/hydrophobicity or surface
charge, strongly affect the photocatalytic performance. In our former works, surface modification from
a hydrophilic to more hydrophobic state was successfully achieved by the grafting of the fluorine group
containing silylation reagents on zeolite and the mesoporous silica surface [36]. The effect of the direct
and selective modification of the TiO2 surface on mesoporous silica by graphene on the photocatalytic
performance in water purification was also shown in a previously reported paper [37]. In the case of
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composite systems, photocatalytic performance in water and air purification relies on the surface properties.
In the present work, we designed a composite system of hydrophobic Y-zeolite (SiO2/Al203 = 810) and
TiO2 by using two different types of TiO2 precursors (titanium ammonium oxalate ((NH4)2[ TiO(C204)2])
and ammonium hexafluorotitanate ((NHa4)2[ TiFs]). We mainly focus on the application of the composite
in the decomposition of 2-propanol in the gas phase as a model contaminant of air under UV and visible
light (A > 420 nm) irradiation.

2. Results and Discussion
2.1. Characterization of TiO2/Y-Zeolite Composite Photocatalysts

Figure 1 shows the UV-Vis absorption spectra of AO-TiO2/Y and AF-TiO2/Y, which were prepared by
a combination of Y-zeolite and (NH4)2[ TiO(C204)2] or (NH4)2[TiFs] as a TiO2 source, respectively [35].
Both samples exhibited the typical absorption in the UV light region corresponding to the band gap
energy of TiO2 particles loaded on Y-zeolite. The absorption band edge of TiO2 was obviously changed
by the quantum-size effect [38]. The blue shifts of absorption spectra suggest that TiO2 nanoparticles
are successfully loaded on the Y-zeolite surface with a dispersed state. The small differences in the
absorption spectra of AO-TiO2/Y and AF-TiO2/Y indicate the differences of the TiO2 particle size and
crystallinity formed on the Y-zeolite surface [39,40]. The powder color of AO-TiO2/Y was a simple
white, while AF-TiO2/Y was a clear yellow powder. As shown in Figure 1 (inset), AF-Ti02/Y exhibited
visible light absorption from 400 to 500 nm. This visible light absorption was estimated to be induced
by the doping of nitrogen and fluorine into TiO2 during the decomposition of (NHa)2[TiF¢] in the
calcination process. No visible light absorption was attained by use of (NH4)2[ TiO(C204)2], although
both precursors contain a nitrogen source (ammonium cation). The existence of fluorine might induce
the encapsulation of nitrogen within TiO2 formed on the Y-zeolite surface by keeping a charge balance
of each component (Ti*", O?>~, N>~ and F") during the calcination in the air [41,42].

Figure 1. UV-Vis absorption spectra of (a) AO-TiO2/Y and (b) AF-TiO2/Y.
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The state of TiO2 in each sample was investigated by Ti K-edge X-ray absorption fine structure
(XAFS) measurements. Figure 2A—C shows the X-ray absorption near edge structure (XANES) of
AO-Ti02/Y, AF-TiO2/Y and the reference sample (anatase TiO2). The XANES spectrum of anatase TiO2
exhibited several pre-edge peaks (A1, A2, and As) from 4960 to 4975 eV. The A1 peak is assigned to an
exciton band or the 1s to 1tig transition. The A2 and A3 peak is attributed to the 1s to 3d transition, as
well as being also assigned to the 1s to 2t2g and 1s to 3d transitions, respectively [25,43,44]. AO-TiO2/Y
and AF-TiO2/Y exhibited well-defined three pre-edge peaks, which were similar to those for anatase
TiO2 as a reference. These results indicated that anatase TiO2 was formed on the Y-zeolite surface
without relying on the differences of TiO2 precursors. In the Fourier transforms of extended X-ray
absorption fine structure (EXAFS ) spectra (Figure 2a—c), peaks due to the existence of oxygen neighbors
(Ti-O) and the Ti neighbors (Ti-O-Ti) were observed at ca. 1.8 and between 2.0 and 3.0 A (without
phase-shift correction), respectively [39,40]. The clear peak due to the existence of the Ti-O-Ti bond
indicated the formation of aggregated large TiO: particles with octahedral coordination. AF-TiO2/Y
exhibited a relatively intense peak compared to that of AO-TiO2/Y, showing the formation of TiO2 with
relatively high crystallinity by using (NH4)2[TiFs] as a precursor.

Figure 2. (A—C) XANES and (a—c) Fourier transforms of EXAFS spectra of (A,a)
AO-TiO2/Y, (B.,b) AF-Ti02/Y and (C,c) TiO2 (anatase).
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The XRD patterns of AO-TiO2/Y and AF-TiO2/Y are shown in Figure 3. The diffraction peaks
attributed to the framework structure of Y-zeolite (5° <260 <45°) were clearly observed in both samples.
The typical peak assigned to the (101) reflection of the TiO2 anatase phase is observed at around 20 = 25°
in the XRD measurement. AF-TiO2/Y showed an intense peak in this region, while AO-TiO2/Y only
showed a small peak, except for the peaks due to the Y-zeolite. The crystallinity of TiO2 formed on the
Y-zeolite surface was affected to a large degree by the differences of the TiO2 precursors. It has been
reported that crystallization of TiO2 was enhanced by the role of the fluorine ion. The addition of the
fluorine ion in the hydrolysis process of titanium isopropoxide realized the good crystallinity of TiO2 [40,41].
AF-TiO2/Y have thus relatively high crystallinity by the effect of the contained fluorine in (NHa4)2[ TiF¢]
used as a precursor.
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Figure 3. XRD patterns of (a) AO-TiO2/Y and (b) AF-TiO2/Y.
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The textural properties of AO-TiO2/Y and AF-TiO2/Y were investigated by the measurement of
nitrogen adsorption-desorption isotherms at 77 K. As shown in Figure 4A, AO-TiO2/Y and AF-TiO2/Y
exhibited typical type I isotherms with a steep increase in the adsorbed amount of nitrogen at the low
relative pressure region (P/Po < 0.01). The BET surface area of samples was determined to be 664 m*/g
(AO-TiO2/Y) and 645 m?/g (AF-TiO2/Y), respectively. The pore size distribution curve also showed a
peak at around 0.75 nm. These kinds of TiO2 precursors hardly affect the structure of Y-zeolite.

Figure 4. (A) Nitrogen adsorption-desorption isotherms at 298 K and (B) water adsorption
isotherms at 298 K of (a) AO-TiO2/Y and (b) AF-TiO2/Y. The insets of (A) and (B) show the
pore size distribution curves and the adsorbed amount of water at around P/Po = 0.2, respectively.
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The investigations of the surface hydrophilic and hydrophobic nature of both samples were also
carried out by measurement of water adsorption isotherms at 298 K. Figure 4B shows the water
adsorption isotherms of AO-Ti02/Y and AF-TiO2/Y. The adsorbed amount of water on AF-TiO2/Y was
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quite small up to relative pressure, P/Po = 0.8. The inset of Figure 4B shows the adsorbed amount of
water at around P/Po = 0.2 on both samples. The adsorbed amount of water on AF-TiO2/Y was less than
a third of that on AO-TiO2/Y, showing the good surface hydrophobic property of AF-TiO2/Y.

In the case of zeolite, the surface hydrophilic and hydrophobic nature depends strongly on the
S102/A120s3 ratio of samples. As the S102/Al203 ratio of zeolite increases, the adsorbed amount of water
becomes small. Y-zeolite with high Si02/Al203 ratio (S102/A1203 = 810), which has a good hydrophobic
nature in the series of commercially available Y-zeolite, was adopted for the preparation of AO-TiO2/Y
and AF-TiO2/Y. The surface property of samples significantly changed depending on the kinds of TiO2
precursors. By using (NHa4)2[TiFs] as a precursor, the improvement of the surface hydrophobic property
of the TiOz2-zeolite composite was achieved in a brief preparation process. Accompanying the generation
of hydrofluoric acid and ammonia gas, the decomposition of (NHa4)2[TiFs] to TiO2 gradually occurs
above 473 K [45]. Generated hydrofluoric acid gas might be reacting with the surface hydroxyl groups
of Y-zeolite and the formation of fluorinated groups, which make the surface of AF-TiO2/Y quite
hydrophobic. The presence of fluorine moieties (Si-F) on the surface of AF-TiO2/Y were confirmed by
Fis XPS analysis. As shown in Figure 5, AF-TiO2/Y exhibited a weak peak at around 690 eV, while no
peak was observed in the case of AO-Ti02/Y. This peak was assigned to the covalent F atoms, indicating
the formation of Si-F through the reaction of surface hydroxyl groups and generated hydrofluoric acid
gas [36]. The peak attributed to the presence of the F~ ion doped into TiOz is also observed in the same
region [42]. However, no peak was observed in the Nis XPS analysis of AF-TiO2/Y. The concentration
of nitrogen in AF-TiO2/Y was below the detection limitation. Considering these obtained results, the
amount of nitrogen and fluorine doped into TiO2 on the Y-zeolite surface was estimated to be so small,
while AF-Ti02/Y exhibited clear absorption in the visible light region. These results suggested that a
large part of fluorine exists on the Y-zeolite surface and leads to the good surface hydrophobicity. In
fact, AF-TiO2/Y showed small a peak in FT-IR spectrum at around 3740 cm™' as compared to that of
AO-TiO2/Y. This peak is assigned to the surface hydroxyl group of Y-zeolite.

Figure 5. F1s XPS spectra of (a) AO-TiO2/Y and (b) AF-TiO2/Y.
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2.2. Photocatalytic Performance of TiO2/Y-Zeolite Composite Photocatalysts

The photocatalytic performance of AO-TiO2/Y and AF-TiO2/Y was evaluated in the degradation of
2-propanol gas diluted in the air under UV and visible light (A > 420 nm) irradiation. The degradation
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of 2-propanol in the gas phase was adopted as a model reaction. It is well known that 2-propanol was
decomposed to CO2 and H20 via the formation of acetone. In the initial reaction stage, acetone was
mainly formed in the gas phase. The formed acetone is fully decomposed into CO2 and H20 by the
progress of the reaction time [28,36,39]. As shown in Figure 6A, AF-TiO2/Y exhibited a two-times
higher photocatalytic activity than that on AO-Ti02/Y under UV light irradiation. As is obvious from
the XRD measurement, AF-TiO2/Y contained TiO2 with good crystallinity, leading to an enhancement
of photocatalytic performance. The crystallinity of TiO2 is related to various properties, such as electron
conductivity, hole mobility and the electron-hole recombination probability. The good crystallinity of
TiO2 reduces the recombination probability and enhances the photocatalytic reactions [46,47]. In the
case of hydrophilic zeolite, H2O molecules are easily adsorbed on the surface and filled inside of pores.
Organic molecules are thus not preferentially adsorbed on the surface and diffuse into the pores, resulting
in lower photocatalytic activity. The noticeable improvement on AF-TiO2/Y was attained by the
combinational effect of the hydrophobicity of the Y-zeolite support and the good crystallinity of the
formed TiO2. In response to the light absorption property, AF-TiO2/Y also showed photocatalytic
activity under visible light (A > 420 nm) irradiation (Figure 6B). Utilization of (NH4)2[TiF¢] is effective
for realizing the improvement of the hydrophobicity of the support, the good crystallinity of TiO2, as
well as the visible light sensitivity in a simple preparation process.

Figure 6. Conversion in the photocatalytic degradation of 2-propanol gas diluted in the air
on AO-TiO2/Y and AF-TiO2/Y under (A) UV and (B) visible light (A > 420 nm) irradiation
(reaction time: (A) 1 h; (B) 12 h).
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3. Experimental Section
3.1. Materials

Proton type Y-zeolite (Si02/A1203 = 810) used as a support of the TiO2 photocatalyst was supplied
by Tosoh Co. (Tokyo, Japan). Titanium ammonium oxalate ((NHa)2[TiO(C204)2]) and ammonium
hexafluorotitanate ((NHa)2[ TiFs]) were purchased from Kishida Chemicals (Osaka, Japan). 2-propanol was
purchased from Nacalai Tesque Inc (Kyoto, Japan). All chemicals were used without further purification.
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3.2. Sample Preparation

The combination of TiO2 and Y-zeolite (SiO2/Al203 = 810) was carried out by a conventional
impregnation method [35,37]. Y-zeolite was suspended in an aqueous solution of (NHa4)2[TiO(C204)2]
or (NH4)2[TiFs] and was stirred at 323 K for 1 h. Water was then evaporated at 343 K under reduced
pressure. The obtained powder was dried at 373 K for 12 h and then calcined at 773 K for 5 h in the air
(heating rate: ca. 2.5 K/min). The content of TiO2 was adjusted to 10 wt % in both samples. The thus
obtained samples were denoted as AO-TiO2/Y and AF-TiO2/Y, which were prepared by using an
aqueous solution of (NH4)2[ TiO(C204)2] and (NH4)2[ TiF¢], respectively.

3.3. Characterization Techniques

Nitrogen adsorption-desorption isotherms at 77 K, as well as water adsorption isotherms at 298 K
were measured by a BEL-SORP max (BEL Japan, Inc., Osaka, Japan). Prior to the measurements of
isotherms, each sample was degassed under vacuum at 473 K for 2 h. Diffuse reflectance UV-Vis spectra
were recorded at 298 K with a Shimadzu UV-2450A double-beam digital spectrophotometer. FT-IR
measurements were carried out at 298 K in transmission mode with a resolution of 4 cm ™! using a JASCO
FT/IR-6100. Prior to FT-IR measurements, self-supporting pellets of samples were degassed at 673 K
for 1 h. XPS measurements were carried out by using a Shimadzu ESCA-3200 using Mg Ka radiation.
The powder XRD measurements were performed using a Rigaku Ultima IV X-ray diffractometer with
Cu Ka radiation. Ti K-edge X-ray absorption fine structure (XAFS) measurements were carried out at the
BL-7C facility of the Photon Factory (high energy acceleration research organization, Tsukuba, Japan).
XAFS spectra were measured at 298 K in the fluorescence mode. A Si(111) double crystal was used to
monochromatize the synchrotron radiation from the 2.5 GeV electron storage ring. The obtained data
were examined using the analysis program (Rigaku REX2000). Fourier transformations were performed
on k*-weighted EXAFS oscillations in the range 3-10 A™! to obtain the radial structure function.
Thermogravimetry-differential thermal analyses for determining the decomposition temperature of
(NHa4)2[TiFs] was performed using a TG-DTA2000S (MAC Science Co. Ltd., Tokyo, Japan) from RT
to 1073 K at a heating rate of 10 K/min under an air flow (50 mL/min).

3 4. Photocatalytic Reaction

The photocatalytic activity of samples was evaluated by monitoring the decomposition of 2-propanol
gas in the air under UV and visible light irradiation. A sample (10 mg) was fixed on a glass filter in
accordance with previous papers [27,28]. After pretreatment for the removal of residual organics on the
surface, the gas phase in a glass reactor equipped with a flat quartz window was replaced with artificial
air. 2-propanl gas (0.13 mmol) was then injected into the reactor. The irradiation of UV light was carried
out by using a 200-W mercury xenon lamp (UVF-204S, San-ei Electric Co., Ltd., Osaka, Japan) under
controlled light intensity (5 mW/cm? at around 360 nm). Visible light (A > 420 nm) irradiation was also
performed by using the same light source through a colored filter (HOYA; L-42). The progress of the
reaction was monitored by gas chromatography analysis (Shimadzu GC-14B with FID and TCD,
Kyoto, Japan).
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4. Conclusions

Comparative studies were carried out by using composite photocatalysts (AO-TiO2/Y and AF-TiO2/Y)
prepared by a combination of Y-zeolite (SiO2/Al203 = 810) and two different types of precursors
((NHa4)2[ TiO(C204)2] and (NHa4)2[TiFs]). AF-TiO2/Y, having visible light sensitivity, good crystallinity
of Ti0z2 and a highly hydrophobic surface property, was successfully achieved by using (NHa4)2[TiFs] as
a precursor. Instead of the use of (NH4)2[TiO(C204)2] as a precursor, these additional and advanced
functions were realized at the same time in a simple preparation process. Based on these functions,
AF-TiO2/Y exhibited a good photocatalytic performance in the decomposition of 2-propanol in the gas
phase under not only UV, but also visible, light (A > 420 nm) irradiation.

Acknowledgments

This study was supported by a Grant-in-Aid for Scientific Research (KAKENHI) from the Ministry
of Education, Culture, Sports, Science and Technology (MEXT), Japan (No. 26420786, 26220911). The
X-ray absorption measurements were performed at the BL-7C facility of the Photon Factory at the
National Laboratory for High-Energy Physics, Tsukuba, Japan (2012G126).

Author Contributions

T.K.and H.Y. designed research; T.K., Y.I., and R.K. performed research and analyzed the data; T.K.
and H.Y. wrote the paper. All authors read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Fox, M.A.; Dulay, M.T. Heterogeneous Photocatalysis. Chem. Rev. 1993, 93, 341-357.

2. Hoffmann, M.R.; Martin, S.T.; Choi, W.Y.; Bahnemann, D.W. Environmental Applications of
Semiconductor Photocatalysis. Chem. Rev. 1995, 95, 69-96.

3. Fujishima, A.; Rao, T.N.; Tryk, D.A. Titanium Dioxide Photocatalysis. J. Photochem. Photobiol.
C: Photochem. Rev. 2000, 1, 1-21.

4. Chen, X.; Mao, S.S. Titanium Dioxide Nanomaterials: Synthesis, Properties, Modifications, and
Applications. Chem. Rev. 2007, 107, 2891-2959.

5. Kuwahara, Y.; Kamegawa, T.; Mori, K.; Yamashita, H. Design of New Functional Titanium
Oxide-based Photocatalysts for Degradation of Organics Diluted in Water and Air. Curr. Org. Chem.
2010, /4, 616-629.

6. Qian, X.; Fuku, K.; Kuwahara, Y.; Kamegawa, T.; Mori, K.; Yamashita, H. Design and
Functionalization of Photocatalytic Systems within Mesoporous Silica. ChemSusChem 2014, 7,
1528-1536.

7. Kubacka, A.; Fernandez-Garcia, M.; Colon, G. Advanced Nanoarchitectures for Solar
Photocatalytic Applications. Chem. Rev. 2012, 112, 1555-1614.



Molecules 2014, 19 16486

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lang, X.; Ma, W.; Chen, C.; Ji, H.; Zhao J. Selective Aerobic Oxidation Mediated by TiO2
Photocatalysis. Acc. Chem. Res. 2014, 47, 355-363.

Palmisano, G.; Garcia-Lopez, E.; Marci, G.; Loddo, V.; Yurdakal, S.; Augugliaro, V.; Palmisano, L.
Advances in Selective Conversions by Heterogeneous Photocatalysis. Chem. Commun. 2010, 46,
7074-7089.

Shiraishi, Y.; Sugano, Y.; Tanaka, S.; Hirai, T. One-Pot Synthesis of Benzimidazoles by Simultaneous
Photocatalytic and Catalytic Reactions on Pt@TiO2 Nanoparticles. Angew. Chem. Int. Ed. 2010,
49, 1656-1660.

Kominami, H.; Yamamoto, S.; Imamura, K.; Tanaka, A.; Hashimoto, K. Photocatalytic Chemoselective
Reduction of Epoxides to Alkenes Along with Formation of Ketones in Alcoholic Suspensions of
Silver-loaded Titanium(IV) Oxide at Room Temperature without the Use of Reducing Gasses.
Chem. Commun. 2014, 50, 4558-4560.

Kamegawa, T.; Seto, H.; Matsuura, S.; Yamashita, H. Preparation of Hydroxynaphthalene-Modified
TiOz2 via Formation of Surface Complexes and their Applications in the Photocatalytic Reduction
of Nitrobenzene under Visible-Light Irradiation. ACS Appl. Mater. Interfaces 2012, 4, 6635-6639.
Kamegawa, T.; Matsuura, S.; Seto, H.; Yamashita, H. A Visible-Light-Harvesting Assembly with
a Sulfocalixarene Linker between Dyes and a Pt-TiO2 Photocatalyst. Angew. Chem. Int. Ed. 2013,
52,916-919.

Wang, R.; Hashimoto, K.; Fujishima, A.; Chikuni, M.; Kojima, E.; Kitamura, A.; Shimohigoshi, M.;
Watanabe, T. Light-induced Amphiphilic Surfaces. Nature 1997, 388, 431-432.

Wang, R.; Hashimoto, K.; Fujishima, A.; Chikuni, M.; Kojima, E.; Kitamura, A.; Shimohigoshi, M.;
Watanabe, T. Photogeneration of Highly Amphiphilic TiO2 Surfaces. Adv. Mater. 1998, 10, 135-138.
Kamegawa, T.; Suzuki, N.; Yamashita, H. Design of Macroporous TiO2 Thin Film Photocatalysts
with Enhanced Photofunctional Properties. Energy Environ. Sci. 2011, 4, 1411-1416.

Kamegawa, T.; Shimizu, Y.; Yamashita, H. Superhydrophobic Surfaces with Photocatalytic
Self-Cleaning Properties by Nanocomposite Coating of TiO2 and Polytetrafluoroethylene.
Adv. Mater. 2012, 24, 3697-3700.

Choi, W.; Termin, A.; Hoffmann, M.R. The Role of Metal lon Dopants in Quantum-Sized TiOz:
Correlation between Photoreactivity and Charge Carrier Recombination Dynamics. J. Phys. Chem.
1994, 98, 13669—-13679.

Yamashita, H.; Harada, M.; Misaka, M.; Takeuchi, M.; Neppolian, B.; Anpo, M. Photocatalytic
Degradation of Organic Compounds Diluted in Water Using Visible Light-responsive Metal
Ion-Implanted TiO2 Catalysts: Fe lon-implanted TiO2. Catal. Today 2003, 84, 191-196.
Yamashita, H.; Harada, M.; Misaka, J.; Takeuchi, M.; Ikeue, K.; Anpo, M. Degradation of Propanol
Diluted in Water under Visible Light Irradiation using Metal Ion-implanted Titanium Dioxide
Photocatalysts. J. Photochem. Photobiol. A-Chem. 2002, 148, 257-261.

Kamegawa, T.; Sonoda, J.; Sugimura, K.; Mori, K.; Yamshita, H. Degradation of Isobutanol Diluted
in Water over Visible Light Sensitive Vanadium Doped TiO2 Photocatalyst. J. Alloys Compd. 2009,
486, 685—-688.

Asahi, R.; Morikawa, T.; Ohwaki, T.; Aoki, K.; Taga, Y. Visible-Light Photocatalysis in
Nitrogen-Doped Titanium Oxides. Science 2001, 293, 269-271.



Molecules 2014, 19 16487

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

Sakthivel, S.; Kisch, H. Daylight Photocatalysis by Carbon-Modified Titanium Dioxide.
Angew. Chem. Int. Ed. 2003, 42, 4908-4911.

Ohno, T.; Akiyoshi, M.; Umebayashi, T.; Asai, K.; Mitui, T.; Matsumura, M. Preparation of
S-doped TiO2 Photocatalysts and their Photocatalytic Activities under Visible Light. Appl. Catal.
A: Gen. 2004, 265, 115-121.

Maeda, K.; Shimodaira, Y.; Lee, B.; Teramura, K.; Lu, D.; Kobayashi, H.; Domen, K. Studies on
TiNxOyF; as a Visible-Light-Responsive Photocatalyst. J. Phys. Chem. C 2007, 111, 18264-19270.
Kisch, H.; Zang, L.; Lange, C.; Maier, W.F.; Antonius, C.; Meissner, D. Modified, Amorphous
Titania-A Hybrid Semiconductor for Detoxification and Current Generation by Visible Light.
Angew. Chem. Int. Ed. 1998, 37, 30345-3036.

Irie, H.; Kamiya, K.; Shibanuma, T.; Miura, S.; Tryk, D.A.; Yokouyama, T.; Hashimoto, K. Visible
Light-Sensitive Cu(Il)-Grafted TiO2 Photocatalysts: Activities and X-ray Absorption Fine Structure
Analyses. J. Phys. Chem. C 2009, 113, 10761-10766.

Kitano, S.; Hashimoto, K.; Kominami, H. Photocatalytic Degradation of 2-propanol over
Metal-ion-loaded Titanium(I'V) Oxide under Visible Light Irradiation: Effect of Physical Properties
of Nano-crystalline Titanium(IV) Oxide. Appl. Catal. B: Environ. 2011, 101, 206-211.

Corma, A.; Garcia, H. Zeolite-based Photocatalysts. Chem. Commun. 2004, 1443—1459.

Qian, X.F.; Kamegawa, T.; Mori, K.; Li, H.X.; Yamashita, H. Calcium Phosphate Coatings
Incorporated in Mesoporous TiO2/SBA-15 by a Facile Inner-pore Sol-gel Process toward Enhanced
Adsorption-photocatalysis Performances. J. Phys. Chem. C 2013, 117, 19544—19551.

Yamashita, H.; Nose, H.; Kuwahara, Y.; Nishida, Y.; Yuan, S.; Mori, K. TiO2 Photocatalyst Loaded
on Hydrophobic Si3N4 Support for Efficient Degradation of Organics Diluted in Water. Appl. Catal.
A: Gen. 2008, 350, 164—168.

Kuwahara, Y.; Aoyama, J.; Miyakubo, K.; Eguchi, T.; Kamegawa, T.; Mori, K.; Yamashita, H.
TiO2 Photocatalyst for Degradation of Organic Compounds in Water and Air Supported on Highly
Hydrophobic FAU Zeolite: Structural, Sorptive, and Photocatalytic Studies. J. Catal. 2012, 285,
223-234,

Inumaru, K.; Kasahara, T.; Yasui, M.; Yamanaka, S. Direct Nanocomposite of Crystalline TiO2
Particles and Mesoporous Silica as a Molecular Selective and Highly Active Photocatalyst.
Chem. Commun. 2005, 2131-2133.

Torimoto, T.; Okawa, Y.; Takeda, N.; Yoneyama, H. Effect of Activated Carbon Content in
TiO2-loaded Activated Carbon on Photodegradation Behaviors of Dichloromethane. J. Photochem.
Photobiol. A: Chem. 1997, 103, 153-157.

Kamegawa, T.; Kido, R.; Yamahana, D.; Yamashita, H. Design of TiO:-zeolite Composites
with Enhanced Photocatalytic Performances under Irradiation of UV and Visible Light.
Microporous Mesoporous Mater. 2013, 165, 142-147.

Kuwahara, Y.; Maki, K.; Matsumura, Y.; Kamegawa, T.; Mori, K.; Yamashita, H. Hydrophobic
Modification of a Mesoporous Silica Surface Using a Fluorine-Containing Silylation Agent and Its
Application as an Advantageous Host Material for the TiO2 Photocatalyst. J. Phys. Chem. C 2009,
113, 1552—-1559.



Molecules 2014, 19 16488

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Kamegawa, T.; Yamahana, D.; Yamashita, H. Graphene Coating of TiO2 Nanoparticles Loaded on
Mesoporous Silica for Enhancement of Photocatalytic Activity. J. Phys. Chem. C 2011, 114,
15049-15053.

Lassaletta, G.; Fernandez, A.; Espinos, J.P.; Gonzalez-Elipe, A.R. Spectroscopic Characterization
of Quantum-Sized TiO2 Supported on Silica: Influence of Size and TiOz-SiO: Interface
Composition. J. Phys. Chem. 1995, 99, 1484—1490.

Yamashita, H.; Honda, M.; Harada, M.; Ichihashi, Y.; Anpo, M.; Hirao, T.; Itoh, N.; Iwamoto, N.
Preparation of Titanium Oxide Photocatalysts Anchored on Porous Silica Glass by a Metal
Ion-Implantation Method and Their Photocatalytic Reactivities for the Degradation of 2-Propanol
Diluted in Water. J. Phys. Chem. B 1998, 102, 10707-10711.

Liu, Z.; Davis, R.J. Investigation of the Structure of Microporous Ti-Si Mixed Oxides by X-ray,
UV Reflectance, FT-Raman, and FT-IR Spectroscopies. J. Phys. Chem. 1994, 98, 1253—1261.

Du, X.; He, J.; Zhao, Y. Facile Preparation of F and N Codoped Pinecone-Like Titania Hollow
Microparticles with Visible Light Photocatalytic Activity. J. Phys. Chem. C 2009, 113, 14151-14158.
Yu, J.C.; Yu, J.; Ho, W.; Jiang, Z.; Zhang, L. Effects of F~ Doping on the Photocatalytic Activity
and Microstructures of Nanocrystalline TiO2 Powders. Chem. Mater. 2002, 14, 3808-3816.
Greegor, R.B.; Lytle, F.W.; Sandstrom, D.R.; Wong, J.; Schultz, P. Investigation of Ti02SiO2
Glasses by X-ray Absorption Spectroscopy. J. Non-Cryst. Solids 1983, 55, 27-43.

Chen, L.X.; Rajh, T.; Wang, Z.; Thurnauer, M.C. XAFS Studies of Surface Structures of TiO2
Nanoparticles and Photocatalytic Reduction of Metal lons. J. Phys. Chem. B 1997, 101, 10688—10697.
Chen, D.; Jiang, Z.; Geng, J.; Zhu, J.; Yang, D. A Facile Method to Synthesize Nitrogen and
Fluorine Co-doped TiO2 Nanoparticles by Pyrolysis of (NH4)2TiFs. J. Nanopart. Res. 2009, 11,
303-313.

Furube, A.; Asahi, T.; Masuhara, H.; Yamashita, H.; Anpo, M. Charge Carrier Dynamics of
Standard TiO2 Catalysts Revealed by Femtosecond Diffuse Reflectance Spectroscopy. J. Phys.
Chem. B 1999, 103, 3120-3127.

Kominami, H.; Murakami, S.; Kato, J.; Kera, Y.; Ohtani, B. Correlation between Some Physical
Properties of Titanium Dioxide Particles and Their Photocatalytic Activity for Some Probe
Reactions in Aqueous Systems. J. Phys. Chem. B 2002, 106, 10501-10507.

Sample Availability: Samples are available from the authors.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


