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Synopsis: The combination of EXAFS (Extended X-ray Absorption Fine Structure) and XANES (X-ray Absorption Near-edge Structure) has been extremely useful for
The near edge structure provides information about oxidation state and coordination
environment of a specific type of absorbing atom. EXAFS yields information about bond distances and coordination to neighboring atoms. Most importantly, for
catalytic applications, these studies can be performed while in the presence of reactant gases and while monitoring reaction products, providing means of acquiring

analysis and study of amorphous and highly dispersed solid structures.

structural information under in-situ and/or operando conditions. For this reason, X-ray absorption spectroscopy has been the tool of choice to investigate both the Au
particle size/oxidation state on a functionalized amorphous silica support and titanium oxide, and the coordination of TiO, in the support phase.
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« Bond lengths, coordination number, and Debye-Waller factor.

« Coordination number relates to particle size

« In-situ studies: particle size changes with variable temperatures, support
type, loading, etc
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Mixed and layered TiO,-SiO, Supports

Interaction between Au and Si is weak:
Utilization of Mixed SiO,/TiO, and Functionalized Sil

Mixed (Si:Ti)O,

Co-synthesis of mesoporous
SiO, and TiO,, with varying
metal ratio Si:Ti = 10, 5.5,
and 2.7; and varying
calcination temperatures
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Size and activity correlation of Au on TiO, catalysts by in situ EXAFS

Goal: Measuring the activity for CO oxidation coupled with in situ EXAFS to obtain catalyst particle size distribution.
Approach: The Au particle size in each catalysts is varied by a sequence of annealing experiments without the complications due
to variable synthesis conditions

The Au EXAFS intensity is
related to the number of
nearest neighbors around
the Au scatterer (CN).
Assuming a particle shape,
the coordination number can
be related to the particle
size
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7.2 wt% Au / P25 following sequential
reduction (at 425 K) and calcination at
increasing temperatures: reactivity
measured for various F/W ratio - rates
measured at F/W = 40,000 mL CO/g.h
(open symbols) or otherwise indicated

Reactor data and EXAFS data are combined:
Plotting below the measured atomic reaction rate AR as a function of particle size
derived by EXAFS.
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Titania Support Structure by EXAFS

Ti XANES - Local coordination structure

Symmetry around Ti atom strongly affects the
XANES. Ability to differentiate 4, 5, 6-fold
coordination environment of Ti based on the pre-

edge position and intensity
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on the silica structure.

where N isthe coordination number around the Ti
atom and R isthe distance



