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Abstract

Mesoporous S,N-TiO2 nanocomposite was prepared by a one-pot template free homogeneous co-precipitation technique using titanium oxysulfate sulfuric acid complex hydrate, thiourea, ethanol, and water, having molar ratio of 1:2:24:85. Nano gold deposition on mesoporous S,N-TiO2  was preformed by a borohydrate reduction method, taking HAuCl4.3H2O as source of gold. To evaluate the structural and electronic properties, these catalysts were characterized by XRD, XPS, HR-TEM, UV-vis DRS, Photoluminescent spectra (PL), FTIR, and TPO/TPD. CO adsorption and CO+O2 interaction over these catalysts were investigated. It was observed that for Au/TiO2 catalyst, CO oxidation starts at 353 K, whereas the Au/S,N-TiO2 samples were active at room temperature. Sulfur and nitrogen doping enhances the catalytic activity of Au/TiO2. The promotional effect of sulfur and nitrogen doping could be attributed to the high surface area and large porous channel in which CO and O2 adsorption was favorable. Nitrogen and sulfur modification generated oxygen vacancies (point defects) and create new adsorption sites at Au/TiO2 interfaces for the adsorption and activation of O2 molecules. Sulfur and nitrogen species were in the form of O-Ti-S, O-Ti-SO42- and O-Ti-N linkages, and strong metal support interaction brought the higher catalytic activity in the case of Au/S,N-TiO2. 

1.Introduction

Supported gold nanoparticles were reported to be very active in a wide variety of chemical reactions like oxidation of carbon monoxide and hydrocarbons, hydrogenation of carbon oxides and reduction of nitric oxide [1]. Titania supported gold catalysts exhibit remarkable activity for CO oxidation. Many attempts have been made for improvement of the catalytic activity of Au/TiO2 at ambient temperature. For example, more than a five-fold enhancement was achieved by addition of sulfate to Au/TiO2 for CO oxidation [2].  Present study deals with the preparation of gold catalysts supported on S,N-TiO2 for in situ FTIR CO adsorption and its oxidation study. The study emphasis is to get deeper insight into the nature of the reaction centers to gain additional information about the synergism that exists with the supported gold system. 

2.Experimental

Mesoporous S,N-TiO2 nanocomposite was prepared by a one-pot template free homogeneous coprecipitation technique using titanium oxysulfate sulfuric acid complex hydrate, thiourea, ethanol, and water. Nano gold deposition on mesoporous S,N-TiO2  was preformed by a borohydrate reduction method. To evaluate the structural and electronic properties, these catalysts were characterized by XRD, XPS, HR-TEM, UV-vis DRS, Photoluminescent spectra (PL), FTIR, and TPO. The activities of the catalyst for CO oxidation were measured using a fixed-bed flow reactor and the effluent gases from the reactor were analyzed by online gas chromatography. In situ FTIR studies were performed in transmission mode on a JASCO 610 FTIR spectrophotometer by dosing with either 100 mbar of CO or a CO + O2 mixture (1:1).

3.Results and discussions

The diffraction peaks in the PXRD pattern corresponds only to anatase phase. The mean crystallite diameters of Au/S,N-TiO2 and Au/TiO2 are calculated to be 5.4 and 8.8 nm respectively. The average particle size (from TEM) of gold in the as synthesized Au/TiO2 and Au/S,N-TiO2 catalysts were found to be 10 and 5.9 nm, respectively (Fig. 1 a & b). 
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Fig. 1a. TEM image of Au/S, N-TiO2 (inset is SAED)
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Fig. 1b. TEM image of Au-TiO2 (inset is SAED image)




The surface area of Au/S,N-TiO2 and Au/TiO2 was found to be 74 and 58 m2/g, respectively. The pore size distribution measurement indicates that the Au/S,N-TiO2 sample has pronounced mesoporosity of a narrow pore-size distribution with an average pore size of 5.75 nm and having pore volume of 0.19 cm3/g. Pore size and pore volume of Au/TiO2 is 5.6 nm and 0.18 cm3/g. In FTIR spectra the absorption peaks at 1130 and 1068 cm-1, in case of Au/S,N-TiO2 is characteristic peaks of a bidentate SO42- coordinated to Ti4+. The peak in the range 1460 cm-1 may be due to the ammonium ion produced by the hydrolysis of thiourea. The UV-visible absorbance spectrum of gold in case of Au/S, N-TiO2 and Au/TiO2 was found to be at 572 and 562 nm, respectively (Fig.2). The red shift of plasmon band of Au/S,N-TiO2 would be attributed to the different environment of the Au particles compared with that in the Au/TiO2. There may be interactions between the Au particles and the S,N-TiO2 support. PL intensity of TiO2 was found to decrease by gold, nitrogen, and sulfur doping (Fig. 3). This degree of quenching could be related to the quantity of surface-active sites or oxygen vacancies [3]. Modified TiO2, showing larger quenching in the photoluminescence, is supposed to have higher quantity of surface-active sites. Theoretical studies have shown that electron transfer from defects to the Au cluster facilitates CO oxidation. 
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Fig. 2. DRS of TiO2, S,N-TiO2, Au/TiO2 and Au/S,N-TiO2
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Fig.3. PL spectrum of Au/S,N-TiO2


XPS analysis, binding energy for Ti2p3/2 were found to be at 458.5 and 458.2 eV and for Au 4f7/2 were 82.9 and 84.2 eV for Au/S,N-TiO2 and Au/TiO2 samples, respectively, suggesting that Ti4+ and Au species exist in metallic state. The BEs for N 1s was found to be a broad peak centered at 399 eV and was attributed to the anionic N- in O-Ti-N linkages.  The binding energy peak of S 2p3/2 state was found in two regions at 168 and 162 eV assigned to SO42- bidentate bond with Ti4+ ion and S-Ti-O bonding where one of the O atoms is replaced (substituted) by an anionic S atom in the TiO2 lattice. More oxygen uptake ability of the Au/S,N-TiO2 as compared to Au/TiO2 was examined by TPO studies.

Gold promoted S,N-TiO2  exhibited higher catalytic activity than Au/TiO2. It was observed that for Au/TiO2 catalyst, CO oxidation starts at 353 K, whereas the Au/S, N-TiO2 samples were active at room temperature. At 353 K there is only 7% conversion where as the Au/S,N-TiO2 sample achieves 95% conversion at the same temperature (Fig.4). So it can be concluded that S,N-doping enhances the catalytic activity of Au/TiO2.


[image: image5.wmf]300

320

340

360

380

400

420

440

460

0

20

40

60

80

100

CO conversion (%)

Temperature (K)

 Au/S,N-TiO

2

 Au/TiO

2


Fig. 4. CO oxidation as a function of Temperature.
Adsorption of CO over pristine TiO2 at ambient temperature resulted in appearance of IR absorption band at 2184 cm-1 attributed to weakly adsorbed CO on Ti4+ ion. Dispersion of gold on TiO2 resulted in considerable reduction in CO adsorption on Ti4+ sites and in appearance of IR bands at ~ 2126 and 2113 cm-1 assigned to linearly adsorbed CO on oxidized gold and metallic gold, respectively (Fig. 5).  In presence of oxygen (Fig. 6) bands at 2348 cm-1 due to CO2 formation and those due to surface carbonate species were observed in 1800-1200 cm-1 region. 
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Fig.5. CO adsorption over different catalysts
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Fig. 6. CO+O2 adsorption over different catalysts


Intensity of IR bands due to CO2 and carbonate type species were found in order similar to that observed during catalytic activity measurement i.e. Au/S, N-TiO2 > Au/TiO2 > TiO2. It was observed that for Au/TiO2 catalyst, CO oxidation starts at 353 K, whereas the Au/S, N-TiO2 samples were active at room temperature. At 353 K there is only 7% conversion, whereas the Au/S,N-TiO2 sample achieves 95% conversion at the same temperature. The promotional effect of sulfur and nitrogen doping could be attributed to the high surface area and large porous channel in which CO and O2 adsorption was favorable. Nitrogen and sulfur modification generated oxygen vacancies (point defects) on metal-oxide supports. It has more capacity to up take oxygen. S and N species were in the form of O-Ti-S, O-Ti-SO42- and O-Ti-N linkages, and strong metal support interaction brought the higher catalytic activity in the case of Au/S,N-TiO2. Evacuation at 573 K resulted in almost complete removal of carbonate-like species. These species were reported to be detrimental to the catalyst performance, and their removal regenerated the catalyst.

4.Conclusion

In summary, S,N-TiO2 nanocomposite was synthesized by homogeneous co-precipitation method. Gold promoted S,N-TiO2  exhibited higher catalytic activity than Au/TiO2. Promotional effect of sulfur and nitrogen doping could be attributed to the high surface area and large porous channel in which CO and O2 adsorption was favorable. Nitrogen and sulfur modification generated oxygen vacancies (point defects) on metal-oxide supports. Sulfur and nitrogen species were in the form of O-Ti-S, O-Ti-SO42- and O-Ti-N linkages and strong metal support interaction brings the higher catalytic activity in case of Au/S,N-TiO2. 
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