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Introduction 
Molecular organometallic precursors that react simply with supports offer excellent 
opportunities for synthesis of structurally uniform site-isolated mononuclear transition metal 
complex catalysts.  We now report the synthesis of an iridium complex with reactive ethylene 
ligands bonded to DAY zeolite cages and its characterization by time-resolved EXAFS 
spectroscopy.  The data demonstrate aggregation of the iridium to form extremely small 
clusters and de-aggregation of the clusters in ethylene to regenerate mononuclear iridium sites; 
under conditions of catalytic ethylene hydrogenation, EXAFS and IR spectra identify 
mononuclear iridium complexes as the catalytically active species.  
 
Materials and Methods 
A zeolite-supported catalyst containing 1 wt% Ir was prepared by bringing Ir(C2H4)2(acac) 
[acac is CH3COCHCOCH3] in contact with highly dealuminated HY zeolite (DAY) (Zeolyst 
CBV760).  Measurements of the catalytic activity for ethylene hydrogenation were carried out 
with a conventional once-through tubular reactor operated at atmospheric pressure and room 
temperature,1 and IR and EXAFS measurements were also made during the catalytic 
hydrogenation of ethylene.  Time-resolved EXAFS spectra of the catalyst in various 
atmospheres were recorded in transmission mode every 3 min at beamline MR-CAT of the 
Advanced Photon Source at Argonne National Laboratory.  Details of the X-ray absorption 
spectroscopy experiments and data analysis procedures are described elsewhere,2 as is the 
EXAFS cell that served as a flow reactor.3  During the initial treatment of the catalyst in 
flowing H2, the temperature was increased to 80°C and then kept constant as the gas flow was 
subsequently cycled between H2 and C2H4.   
 
Results and Discussion 
Time-resolved EXAFS results obtained during heating of the initial supported iridium complex 
in H2 show that iridium clusters started to form (as Ir−Ir contributions appeared in the EXAFS 
spectrum) at about 75°C.  When a similar experiment was performed with He instead of H2 
flow, no Ir−Ir contribution was observed, even at 120°C.  This comparison shows that H2 plays 
an important role for the formation of the iridium clusters.  The first data obtained at 80°C 
under H2 flow indicate clusters with an Ir−Ir first-shell coordination number of approximately 
4, on average, with an Ir−Ir bonding distance of 2.63 Å; thus, the clusters are approximated as 
Ir6 octahedra. 
 

When the H2 flow was replaced by C2H4 at 80°C, the Ir−Ir contributions decreased and 
disappeared gradually in about 20 min; again site-isolated mononuclear iridium complexes 
formed.  The data determine the rates of these cluster formation and de-aggregation processes.  
The sample in the presence of mixtures of H2 and ethylene was found to be active for the 
catalytic formation of ethane, with a turnover frequency of 0.07 s-1 at room temperature in the 
presence of flowing H2 at 30 Torr and C2H4 at 30 Torr.  EXAFS spectra of the functioning 
supported catalyst demonstrate the presence of mononuclear iridium complexes, with no 
detectable clusters.  The Ir atoms in the samples consisting of the disassembled clusters were 
spaced at an average distance of 3.2 Å, consistent with nearby single-Ir atom fragments and the 
reversibility of the cluster formation-aggregation process, which was demonstrated by repeated 
cycling of the catalyst between H2 and C2H4 flows.  Thus, the EXAFS results indicate that the 
catalytically active species are mononuclear iridium complexes and not clusters under these 
conditions, and that ethylene bonds strongly enough to the iridium to fragment small clusters. 
 
Significance 
This work is new in exemplifying structural changes in a working catalyst, including metal–
metal bond breaking and formation following step changes in the feed composition, determined 
in time-resolved EXAFS measurements at a third-generation synchrotron.   
 

 
Figure 1.  Radial distribution function determined from time-resolved EXAFS measurements 
recorded during heat treatment experiment in H2 (blue) and C2H4 flow (red) 
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