
 
 
 
 
 

 
 
 

X-Ray Absorption Spectroscopy in Catalysis Research  
 

In the last ten years, with improved capabilities and access to synchrotrons, it is possible to solve problems only 
imagined just a few years ago.  Most often X-ray absorption (XAS) has been used for structural determination of 
heterogeneous catalysts although information about the electronic properties of metal particles is also available 
from the near edge spectra. This seminar will give a few examples for the application of XAS to understand 
structure and reactivity water gas shift (WGS) catalysts.  XAS can also be used to determine the oxidation states 
and structure of organometallic compounds and homogenous catalysts and a few examples will be given.    
 
At 200oC, the turnover rate for the water gas shift reaction on 1.4 nm Au/Al2O3 is about 10 times higher than that 
on 1.6 nm Pt/Al2O3. In situ XAS at both the Au LIII and Pt LIII edges reveal that under reaction conditions, both 
supported catalysts are fully metallic.  From the structural analysis, in the absence of chemisorbed H2, the Pt-Pt 
bond distance in these small nano-particles is 0.15 Å smaller than in bulk Pt foil.  Adsorption of H2 or CO leads to 
a longer bond distance near that of bulk Pt.  Similarly, in small Au nano-particles, there is a significant 
contraction in the bond distance; however, there is little change in bond distance with adsorbates.   
 
Adsorption of CO, H2 and H2O leads to changes in the edge spectra.  The shape is different for each adsorbate and 
can be used to identify and quantify the surface coverage of each species under reaction conditions.  Under WGS 
reaction conditions, the simultaneous coverage of CO, H2O, and H2 are obtained by the linear combination fitting 
of the difference spectra.  For both Pt and Au, CO is the most abundant surface species; however, small amounts 
of H2O are also co-adsorbed.  Pt/Al2O3 adsorbs CO, H2O, and H2 much more strongly than Au/Al2O3, which has a 
very low surface coverage even at room temperature, and the surface coverage under reaction conditions is too 
low to measure. It is concluded that the heats of adsorption of the reactants and products are an important factor in 
determination of the reaction temperature, and catalysts with low heats of adsorption, especially for CO, display 
higher reaction temperatures.  
 
With the appropriate reaction cells, the oxidation state and structure of air and water sensitive homogeneous 
compounds and homogenous catalysts can be determined by XAS.  The potential of XAS for determination of the 
oxidation state from the energy of the near edge spectra is shown for a series of Pd compounds in oxidation states 
from +1 to +4.  XAS can also be used to determine the coordination geometry under reaction conditions, and the 
example will be presented for the time-dependent thermal decomposition of a Ru metathesis catalyst. 
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Refreshments will be available at 3:15 p.m. outside of the seminar room setup by Stephanie Dillon.  

Thanks Stephanie! 


