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There has been much interest in bimetallic heterogeneous cata­
lysts since the 1940 1 s [l]. The addition of a second less or non­
active metal to a monometallic catalyst has often been found to 
increase activity, promote favorable selectivity and/or enhance 
durability. A conventional industrial preparation of these catalysts 
was by bulk mixing of the metal salts or oxides with the supported 
material, leading to ill-defined surface species. In addition, the 
metal salts often contained counterions or ligands with elements 
known to inhibit specific catalytic reactions [2]. 

Organometallic compounds, conunonly metal carbonyls, have recently 
gained attention as precursors in heterogeneous catalysis [3,4]. They 
provide better control over the purity and dispersion of supported 
metal particles by comparison with conventional methods. The use of 
heteronuclear clusters has added an additional aspect to this expanding 
field. With these discrete clusters, one has for the first time the 
potential of controlling surface metal particle stoichiometry. This 
may allow one to discern the role of components in a bimetallic cata­
lyst, and perhaps effectively create catalysts with the optimal mixed­
metal composition and/or structure. Applications have been limited 
due, in part, to a lack of suitable compounds [51. 

The compounds (n 5-CsHs)xMxir4-x(CO) i2-x (M =Mo, W; x = 1, 2) 
have previously been prepared by Foose [3]. The crystal structures 
of the tungsten-containing clusters show a tetrahedral core of metal 
atoms. The molybdenum-containing clusters are assumed to be isostruc­
tural [6]. These compounds have been supported on alumina (Al203), 
with studies of W-Ir/Al 203 initially being carried out by Hardwick 
[3,7]. The properties of the mixed-metal cluster derived catalysts 
were compared with those derived from stoichiometric mixtures of 
Ir4 (CO) i 2 and (n 5-CsHs) 2Mo2 (CO) 6· 

The samples were slowly heated to 500°C in flowing hydrogen. 
This activation procedure removed surface carbon in the form of methane. 
The methane evolution profiles for the mixed-metal samples were dif­
ferent from those of the stoichiometric mixtures. The stoichiometric 
mixtures appeared to be reacting as separate components on the surface, 
by comparison with the profiles of Mo 2/Al20 3 and lr4/Al 203. 

Further characterization of the activated samples included selec­
tive chemisorption measurements, reactive thermal desportion of ad­
sorbed carbon monoxide and iridium-based n-butane hydrogenolysis. 
Both mixed-metal cluster-derived samples exhibited unique properties, 
not obtainable with the stoichiometric mixtures ([Ir4 + Mo2]/Al203). 
These properties can be attributed to various mixed-metal interactions. 

Direct observation of proposed mixed-metal interactions was 
carried out by x-ray absorption spectroscopy of the molybdenum K-edge 
[8]. The x-ray absorption near edge structure (XANES) provided inform­
ation related to the chemical nature (oxidation state and coordination 



sphere) of the absorbing atom. The extended x-ray absorption fine 
structure (EXAFS) was used to determine the identity, radial dis­
tances and coordination number of atoms surrounding the absorbing 
atom. Results indicate that the mixed-metal cluster precursors did 
provide molybdenum-metal interactions not obtainable through 
stoichiometric mixtures. The initial tetrahedral metal core ap­
parently did not remain intact on the alumina surface. 

References 

1. Sinfelt, J. H., "Bimetallic Catalysts"; John Wiley & Sons: 
New York, 1983. 

2. Anderson, J. R., "Structure of Metallic Catalysts"; Academic 
Press: New York, 1975. 

3. Shapley, J. R.; Hardwick, s. J.; Foose, D. S.; Stucky, G. D.; 
Churchill, M. R.; Bueno, C.; Hutchinson, J.P., "Bimetallic 
Catalysts from Pseudotetrahedral Iridium-Tungsten Clusters. 
Synthesis and Crystal Structures of (n 5 -C 5 H5 )Wir 3 (CO) 11 and 
(n 5-C sHs) 2W2Ir2(CO) lo," J. Arn. Chem. Soc. 1981, 103, 7383. 

4. Hartwell, G. E.; Garron, P. E., U.S. Patent (to Dow) 4144191 
(1979); Chem. Abstr. 1979, 2.Q_, P203478t. 

5. Gladfelter, W. L.; Geoffroy, G. L., "Mixed-Metal Clusters," 
Adv. Organomet. Chem. 1980, 18, 207. 

6. Foose, D.S., "New Group Six-Group Eight Mixed-Metal Clusters"; 
Ph.D. Dissertation, University of Illinois at Urbana-Champaign, 
1981. 

7. Hardwick, S. J., "Properties of Bimetallic Catalysts Prepared 
from Alumina-Supported Mixed-Metal Catalysts"; Ph.D. Disserta­
tion, University of Illinois at Urbana-Champaign, 1981. 

8. Scott, R. A., "X-ray Absorption Spectroscopy", In "Physical 
Techniques in Biological Research", vol. 2; Rousseau, D., Ed.; 
Academic Press: New York, 1984. 

6 


	1984-1985 8
	1984-1985 9

