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Three regimes of catalyst characterization  
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Support

Metal or alloy

Gas phase kinetics 

(GC, mass spec., etc.)

Operando observation of reaction 

intermediates (IR, Raman, etc.)

Catalyst characterization:

-Surface (XPS, ISS, BET,  

Chemisorp., etc.)

-Bulk (XRD, XAS, etc.)

Structure-Function relationships derived through:

• qualitative correlations

• computational catalysis  
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Work at Tufts University under the NIRT program aims at 

identifying and understanding potential differences in identifying and understanding potential differences in 

reactivity between oxidized clusters of reactivity between oxidized clusters of AuAu
nn
++ or or PtPt

nn
++ stabilized stabilized 

in various supports and in various supports and AuAuoo or or PtPtoo nanoparticlesnanoparticles for low-

temperature catalytic oxidation reactions. 

We have earlier shown the importance of oxidized gold and 

platinum clusters in ceria for the water-gas shift reaction           

(Science 301 (2003) 935). 

In recent work we have found that the dry CO oxidation 

reaction is much more facile on Auo than on oxidized gold 

clusters, as shown here for Au-CeO2 catalysts.The difference 

is due to a much stronger CO-Au bond on the oxidized 

clusters than on metallic gold nanoparticles.                   

(J. Catalysis, accepted).                   

Senior team members: T. Haas (co-PI, Tufts) H. Saltsburg (co-PI, 

Tufts); J. Rodriguez (collaborator, Brookhaven National Lab);   

A. Frenkel (collaborator, Yeshiva U.) Other collaborators:                    

F. Boccuzzi (U.Torino); F. Meunier (Queens U. Belfast)
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Aun
+-CO   

2130-2140 

reaction with O2

@ r.t
@ 100 oC
@ 150 oC

CO adsorbed on Aun
+ clusters is irreversible  to 

outgassing at r.t. Is is also stable in heating with O2 . 

T > 150 oC  is required to totallydeplete the band at 

2130-2140 cm-1.Catalytic tests corroborate the IR data. 

In situ FTIR spectra of CO 

adsorbed on 0.6%Au+-CeOx
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Biocatalysis

Vadim Guliants, U. Cincinnati (UC), CTS - 0403897

Effects of surface Effects of surface 

curvature and confined curvature and confined 

nanoscalenanoscale environment environment 

on on biocatalyticbiocatalytic activity.activity.
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This collaborative project, involving the groups of Professors Francisco Zaera

(University of California, Riverside), Sergio Fuentes (UNAM, Ensenada), and Giorgio 

Zgrablich (University of San Luis, Argentina), aims to develop a better molecular-

level understanding of the nature of catalysts for NOx reduction.

The project has two components: one where the fundamental chemistry of NOx on Rh

single crystals is studied by molecular beams and Monte Carlo simulations, and 

another where novel sol-gel synthetic methods are used to prepare palladium catalysts 

supported on zirconia and lanthana oxide mixed with alumina.

The data on the right corresponds to recent work on the first. The kinetics of N2O 

decomposition on Rh(111) single-crystal surfaces were investigated to understand two 

unusual observations derived from our previous work on this system, namely: (1) the 

lower rates for N2O decomposition seen at higher reaction temperatures; and (2) the 

lower total nitrogen yields and final oxygen surface coverages that accompany that 

behavior.  Experimentally, it was determined that after the rhodium surface is 

rendered inactive by N2O decomposition at high (520 K) temperatures, significant 

activity is still possible at lower (350 K) temperatures.  The Monte Carlo simulations 

explain these observations by assuming that the surface sites required for the 

activation of adsorbed N2O increase in size with increasing reaction temperature [R. O. 

Uñac et al., J. Chem. Phys. 125 (2006) ASAP].

In the second, ceria-zirconia-alumina supports with different Ce/Zr ratio were 

prepared by a sol-gel technique. FTIR characterization of CO adsorbed on oxidized 

and reduced samples revealed that the Ce/Zr ratio modifies both the surface properties 

of the support and the oxidation state of the palladium. The catalyst with a 50:50 

Ce/Zr molar ratio displays the highest ability to stabilize palladium in an oxide state 

and the highest activity to oxidize CO [G. Perez-Osorio et al., Appl. Catal. A (2006) in press].

Time evolution of isothermal rates of N2

production from N2O decomposition on clean 

Rh(111).  Data from Monte Carlo simulations 

(solid lines) are contrasted with results from 

molecular beam experiments for different 

temperatures.  Good agreement is seen in all cases.
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EngineerableEngineerable, uniform , uniform 
asymmetric catalysts based on asymmetric catalysts based on 

metalmetal--organic frameworksorganic frameworks

Susannah Scott 
UC Santa BarbaraCTS-0500489

DFT-calculated structures

Cr

O

S
i

experimental XANES

0.0

0.5

1.0

5.98 6.00 6.02 6.04 6.06

photon energy / keV

silica (200� C)
silica (800� C)

difference

simulated XANES

0.0

0.5

1.0

5.98 6.00 6.02 6.04 6.06

ab
so

rb
an

ce

photon energy / keV

8-ring
6-ring

difference

Redesigning Cr/SiORedesigning Cr/SiO22
polymerization catalystspolymerization catalysts


