
NSF Nanoscale Science and Engineering Grantees Conference, Dec 3-6, 2007


Grant # : 0609018

NANO HIGHLIGHT

Tuning the Electronic and Molecular Structures of Catalytic Active Sites with Oxide Nanoligands

NSF NIRT Grant 0609018 

Israel E. Wachs (PI)1*, Christopher J. Kiely (co-PI)2, Michael S. Wong (co-PI)3 and Matthew Neurock (co-PI)4 
1 Operando Molecular Spectroscopy and Catalysis Lab., Chemical Engineering Dept., Lehigh University, Bethlehem, PA 18015 USA

2 Center for Advanced Materials and Nanotechnology, Materials Science and Eng. Dept., Lehigh University, Bethlehem, PA 18015 USA
3 Dept. of Chemical and Bimolecular Engineering and Dept. of Chemistry, Rice University, Houston, TX USA

4 Department of Chemical Engineering, University of Virginia, Charlottesville, VA  USA
*iew0@lehigh.edu 

Supported metal oxide catalytic materials play a dominant role in catalytic processes of the petroleum, chemical and environmental industries. The catalytic active sites in supported metal oxides are significantly affected by the charge transfer between the surface metal oxide active component and the underlying oxide support ligand. The charge transfer can modify the electron density of the surface metal oxide catalytic active sites and dramatically influence the resultant catalytic performance.  Thus, oxide support nanoligands can assist in the design of new and novel catalytic materials.
A series of supported 1-50% TiO2/SiO2 catalysts were synthesized and subsequently used to anchor surface VOx redox and surface WOx acid sites.  The supported TiOx, VOx and WOx phases were physically characterized with TEM, in situ Raman and UV-vis spectroscopy, and chemically probed with CH3OH-IR, CH3OH-TPSR and steady-state CH3OH dehydration.  The supported TiO2 phase was present as fully dispersed surface TiOx species at low titinia loadings and crystalline anatase-TiO2 nanoparticles (~0.5-10 nm) at higher loadings.  The domain size variation in the supported TiO2 phase with titania content gives rise to a decreasing UV-vis edge energy decrease from ~4.3 to ~3.2 eV that reflects the increasing electron delocalization for the supported titania phase.   The CH3OH chemical probe revealed that the surface VOx sites possess are redox in nature and the surface WOx sites contain acidic character.  For the redox surface VOx sites anchored onto the titania component, the redox TOF increased with increasing domain size of the titania phase.  For the acidic surface WOx sites anchored onto the titania component, the acidic TOF decreased with increasing domain size of the titania phase.  The opposite dependencies of the redox surface VOx sites and acidic surface WOx sites reflect the different electronic requirements of redox and acidic catalytic active sites.  This study demonstrates that the catalytic activity of surface redox and acidic sites can be tuned by varying the domain size of oxide support nanoligands.  Current studies with zirconia produce smaller oxide nanoligands and show similar results.

These model studies with titania (and zirconia) nanoligands in a SiO2 matrix have demonstrated for the first time how oxide support nanoligands can tune the catalytic activity of surface redox and surface acidic catalytic active sites. These new insights can assist in the molecular engineering of novel supported metal oxide catalysts by tuning the redox/acidic surface functionalities.
