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Research Accomplishments
· We have very recently discovered a new hydrogen-producing photocatalyst is BiNbO4 (Figure 1). BiNbO4 powders prepared by solid state reaction were tested for photocatalytic activity in methanol solutions under UV irradiation. When the material is tested without the presence of a Pt co-catalyst, photocatalytic activity for H2 evolution is superior to that of TiO2. It was also found that BiNbO4 photodegrades into metallic Bi and reduced Nb oxides after use; materials were characterized by SEM, XRD, and XPS. Adding Pt to the surface of the photocatalyst increases photocatalytic activity and importantly, helps to prevent photodegradation of the oxide material. With 1 wt. % Pt loading, photodegradation is essentially absent. BiNbO4 photodegrades into metallic Bi and reduced Nb oxides after use; materials were characterized by SEM, XRD, and XPS. Adding Pt to the surface of the photocatalyst increases photocatalytic activity and importantly, helps to prevent photodegradation of the oxide material. With 1 wt. % Pt loading, photodegradation is essentially absent.
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Figure 1. The amount of H2 evolved over time for BiNbO4 (a) without a co-catalyst, (b) with 0.2 wt.% Pt nanoparticles, and (c) with 1.0 wt.% Pt.
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Figure 2. SEM micrographs of BiNbO4 photocatalysts (A) before use, (B) after use without a co-catalyst, (C) with 0.2 wt.% Pt, and (D) with 1.0 wt.% Pt.  Higher magnification images of delaminated particles found in samples after use (E) without a co-catalyst and (F) with 0.2 wt.% Pt.
· We have investigated BiVO4 as a new visible-light photocatalyst for O2 evolution, the other half of the photocatalytic splitting of water. We have prepared BiVO4 powders with unique particle architectures using USP. Gases created from the evaporation of solvent and the decomposition of precursor materials shape the morphology of the particles as the solids are formed in the heated aerosol. The BiVO4 powder was tested as an oxygen evolving photocatalyst by monitoring the kinetics of O2 formation from an aqueous AgNO3 solution irradiated with ( > 400 nm light. USP prepared BiVO4 was found to have significantly superior photocatalytic activity compared to commercial BiVO4 and WO3 (which is the standard O2 generating photocatalyst in the field), likely due to differences in particle morphology. 
· We also discovered a very simple route to nanostructured carbon materials, produced from simple precursors such as sucrose and sodium carbonate or bicarbonate using a facile, one-step USP process without the need for sacrificial templates. The high surface areas and unique hierarchical pore structures of these materials suggest that they may find use as adsorbents and catalyst supports. The hollow interior (Figure 3) provides a low-density, free-flowing microsphere morphology that may prove especially useful for any applications requiring a fluidized bed reactor or packed chromatographic column.
[image: image3.emf]
Figure 3. TEM images of carbons prepared by ultrasonic spray pyrolysis from 0.5Msucrose and (A) 1.0MNa2CO3, (B) 0.5MNa2CO3, (C) 0.1M Na2CO3, (D) 1.0 M NaHCO3, (E) 0.5 M NaHCO3, and (F) 0.1 M NaHCO3. Furnace residence time is 9 s at 800 _C.
· A novel and facile synthetic approach to prepare hierarchically nanostructured titanium nitride via an in situ dual templating was developed using USP. No pre-structured templates are necessary to produce the hierarchical nanostructures; instead, a template is generated in situ during the synthesis from a liquid core and the resulting spherical shell, and the template is removed in the final heating without any additional chemical etching.
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Interfaces between two band insulators.  Work continued on how to make two dimensional electron systems in oxides. Last year we began a systematic study of inverted LaAlO3 (LAO) to SrTiO3 (STO) interfaces. Instead of preparing a Ti terminated STO substrate and then growing an LAO film on top, our idea was to grow STO on top of LAO. This would effectively solve the problem of contacting the 2DEG which is difficult in the case of LAO on STO since LAO is much more insulating than STO. The charge transfer discontinuity that is thought to give rise to the 2DEG has to be explicitly grown in this case. The architectures grown [image: image8.png]time 2000
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are shown schematically in Figure 4. On top of a substrate, typically STO, we grow a layer of LAO. In Figure 4 this is shown to be only 2 unit cells thick, but often it was substantially thicker. Then to transition to the STO something else must be done. In order to get an electron gas it is necessary to have the same atomic oxide layer structure sequence that is in the “normal” layer. Since layers grown always terminate in the transition metal oxide, to get the same atomic oxide layering it is necessary to grow an interfacial layer of LaTiO3. This requires a very different oxygen environment than either STO or LAO do.
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The layers grown typically showed good crystalline order during growth as evidenced by strong specular RHEED reflections and layer by layer growth as evidenced by spontaneous and self generated oscillations of the RHEED specular intensity. These are shown in Figure 5. Figure 6 shows a cross sectional TEM lattice image taken by students of J-M Zuo in which good crystalline order of the heterostructure can be seen. In transport we continued to observe low temperature anomalies similar to those reported last year. With improved epitaxy we are able to report improved magneto transport results. We obtained a room temperature mobility  of 3.7 cm2/Vsec and a sheet carrier density of 5.3x1014 cm-2. The later number is very close to the value expected for doping via the polarization catastrophe that was originally proposed, but hardly ever reported. Coupled with the good mobility number (good for STO) this may indicate we are producing more ideal 2DEGs. We are interested in continuing this work to determine the properties exhibited by these new materials.
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Figure 4. Layer architecture for both the normal as well as the inverted LAO-STO heterointerface.





Figure 5. RHEED pattern observed during the growth of STO and oscillations of specular spot showing layer by layer growth.





Figure 6. Cross sectional TEM showing the well ordered LAO layer grown on top of the etched STO substrate.
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