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Abstract. Pt/TiO,«Ny film has been synthesized successfully through the sol-gel method and spin
coating method. The roughness and absorption wavelength were analyzed by atomic force
microscopy (AFM) and ultraviolet and visible spectrophotometer(UV-vis). X-ray photoelectron
spectroscopy(XPS) showed that the elements contain Pt, N, Ti and O. Moreover, the photocatalytic
degradation of methylene blue demonstrate that Pt/TiO,.xNy film is much higher than TiO2.xN.

Introduction

TiO2 is an important functional inorganic material due to good stability, strong oxidizing power, low
cost and non-toxicity [1]. TiO2 as a semiconductor has excellent photo-catalytical properties, which
can be excited by ultraviolet light [2, 3]. Most scholars [4-8] have found that N-doping is the most
promising path towards photo-catalytical applications. Nitrogen ions substituted oxygen atoms in the
TiO2 lattice and thus the band-gap energy are narrower compared with TiO2, as a result, higher
photo-electrochemical efficiencies can be obtained. In addition, deposition of noble metals also
become of current importance for maximizing the photocatalytic efficiency. The noble metals such as
Pt deposited or doped on the TiO2 surface act as electron traps and thus promote the separation of
electron—hole pairs. Despite the positive attributes, there are also a few defects for TiO2nanotubes in
photocatalysis, which are similar to those of TiO2 films. So it is necessary to follow the proven
methods to enhance its photocatalytic activity. In this paper, we report sol-gel method and spin
coating method to synthesize Pt/TiO2-xNy film. The performance of photocatalytic degradation are
improved greatly.

Experimental section

Synthesis of Pt/TiO»xNy films. Titanium isopropoxide [Ti(O-i-C3H7)a, density 0.995 g cm*, purity
98%] was reacted with acetylacetone to obtain a Ti-acetylacetonate precursor. Iso-propyl alcohol was
applied for solvent, and Hexadecyltrimethylammonium bromide (CTAB) of surfactant used as
template. In the reaction, water and hydrochloric acid were added to the mixture, and stirred
vigorously. To determine crystal phase, the samples were heated at 300°C-800°C at normal
atmospherical condition to produce a yellowish powders. To obtain Pt/TiO,xNy film, the TiO,.xNy
coating was formed on the glass substrate in the K,PtClg solution by a dip-coating method, and then the
samples were calcinated at 500°C-550°C for 3 h.

Characterization analysis. The surface roughness was analyzed by atomic force microscopy
(BASO-AFM). X-ray photoelectron spectroscopy (XPS, Kratos Axis Ultra DLD) patterns were
obtained using a monochromatic Al-anode X-ray gun. The UV-vis DRS spectra (Perkin Elmer;
Lambda 35) measurements of the samples were collected as the optical absorption spectra using
an UV-vis spectrophotometer.

Photo-catalytic measurements. A reactor, irradiated by the light source placed above the
methylene blue solution at a certain position, was utilized to perform the photo-catalytic experiments.
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The volume of the reactor was 250 ml. A369 nmUV lamp was used as the light source and 11 mm?
of TiO,xNy film was putted into 50 ml of 9 ppm methylene blue solution to measure the
photodegradation activity of as-prepared photo-catalyst. The photodegradation runs lasted several
hours and samples were taken for examination during the interval of degradation. The concentration
of methylene blue was measured at the maximum absorption wavelength of 664 nm by a
HITACHIU-2800 UV-vis spectrophotometer.

Results and discussions

Figure 1 shows the AFM images of TiO,«Ny and Pt/TiO,.xNy films. The average roughness are 28 and
39 for TiO,«Ny and Pt/TiO.«Ny films, respectively. The higher roughness factor indicates that the
Pt/TiO.«Ny films exhibited a higher specific surface area.

Figure. 1 AFM analysis of (a) TiO,xNy and (b) Pt/TiOxNy films.

Figure. 2 shows diffuse reflectance UV-vis spectroscopy of TiO,.xNy and Pt/TiO,xNy films with a
wavelength range of 300-800 nm. An obvious red-shifts comparing with TiO,.xNy film may be owing
to differences in the surface state. It is because that existence Pt can modify the optical properties, to
extend the range of excited spectrum and favor the absorption light in visible region.
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Figure.2 UV-vis RDS spectra of TiO,.,N, and
Pt/TiO,.Ny films.
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Figure. 4 The photodegradation reaction
of methylene blue by Pt/TiO,xNy and TiO,.«Ny films

The chemical components of Pt/TiO,«Ny films were examined by XPS, as shown in Figure 3. Figure
3 (A) shows the spectra of Pt/TiO,.xNy films over the wide scan range. The elements of Pt/TiO,.xNy
films contain Pt, N, Ti and O. High resolution XPS spectra of the Pt for the surface of Pt/TiO,.xNy
films were shown in Figure 3 (B). The XPS peak of Pt 4f around 70.9 eV, was clearly observed.
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Figure. 3 XPS of Pt/TiO,4Ny films in (A) the wide scan range, (B) the Pt 4f level peak.
The concentration of methylene blue was determined by a UV-vis spectrophotometer. The
photo-catalytic decolorization of methylene blue is first-order reaction and its kinetics can be
expressed as followed [Eq. (1)] ®*%:

Binding Energy (eV)

C
In— = —kt Eg. (1
c, g. (1)

Where k is the apparent reaction rate constant, C, and C are the initial concentration and the
reaction concentration of methylene blue, respectively.

The photodegradation reaction of methylene blue by Pt/TiO,.xNy film were measured as shown in
Figure 4. Clearly, the photocatalytic degradation of methylene blue demonstrate that Pt/TiO,.«Ny film
is much higher than TiO2.xN,.

Conclusions

Pt/TiO.xNy film has been synthesized successfully through the sol-gel method and spin coating
method. The roughness of Pt/TiO».xNy film is much higher than TiO,.xNy film. XPS showed that the
elements contain Pt, N, Ti and O.The photocatalytic degradation experiments were examined and
they demonstrated that methylene blue remarkably enhanced the degradation for Pt/TiO,.xNy film
compared with TiO2.«Ny film.

Acknowledgement

The authors would like to express their gratitude to Ph.D. program of Harbin University of Commerce
for supporting this research under the grant 14LG13.

References

[1]. S. Sreekantan, R. Hazan, Z. Lockman, Photoactivity of anatase—rutile TiO, nanotubes formed
by anodization method, Thin Solid Films. 518 (2009) 16-21.

[2]. A. Fujishima, K. Honda, TiO, Photoelectrochemistry and photocatalysis, Nature 238 (1972) 37.

[3]. A.L. Linsebigler, G. Q. Lu, J. T. Yates, Photocatalysis on TiO, surface: Principles, Mechanisms
and Selected Results, Chem. Rev. 95 (1995) 735-758.

[4]. R. Quesada-Cabrera, C. Sotelo-Vazquez, J. A. Darr. Critical influence of surface nitrogen
species on the activity of N-doped TiO; thin-films during photodegradation of stearic acid under
UV light irradiation. Appl. Catal. B Environmental. 160-161(2014) 582-588.

[5]. G.H. Liu, M. Zhang, D. Z. Zhang. Ultrahigh responsivity UV detector based on TiO,/Pt-doped
TiO, multilayer nanofilms. Journal of Alloys and Compounds. 616(2014) 155-158.

[6]. J.F.Lei, K. Du, R. H. Wei. Assembly of binary templates for fabricating arrayed pores of TiO,
film with hierarchical structures. Materials Letters. 133(2014) 163-167.

129



[7]. H. Irie, Y. Watanabe, K. Hashimoto, Nitrogen-concentration dependence on photocatalytic
activity of TiO,.xNx powders. J. Phys. Chem. B 107 (2003) 5483-5486.

[8]. T. Lindgren, J. M. Mwabora, E. Avendano, J. Jonsson, Photoelectrochemical and optical
properties of nitrogen doped titanium dioxide films prepared by reactive DC magnetron
sputtering. J. Phys. Chem. B 107 (2003) 5709-5719.

[9]. A. Syoufian, K. Nakashima, Degradation of methylene bule in aqueous dispersion of hollow
titania photocatalyst: Optimization of reaction by peroxydisulfate electron scavenger. J. Colloid
Interface Sci. 313 (2007) 213-218.

[10].H. Li, X. Y. Zhang, X. L. Cui. International Journal of Photoenergy. 2014,
http://dx.doi.org/10.1155/2014/414281

130


http://dx.doi.org/10.1155/2014/414281



