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I.R. and E.X.A.F.S. Characterisation of a Supported Osmium Cluster Carbonyl 

By BERNARD BESSON, B. MORAWECK, A. K. SMITH, and J. M. BASSET* 
(Insti tut  de Recherches SUY la Catalyse, 2, avenue Albert Einstein, 69626 Villeurbanne Ceilex, France) 

and RINALDO PSARO, A. FUSI, and R. UGO* 
(Istituto di  Chimica Generale e Inorganica d'ell Univevsitd, Centro C.N.R. ,  21 V i a  Venezia, 20133 Milano, I taly)  

Summary OS,(CO),, and Os,(CO),,(MeCN), react with 
silanol groups of silica a t  150 and 25 OC, respectively, to 
give the grafted cluster Os,(CO),,(H) (OSig) (1) which 
has been characterized by i.r. spectroscopy, gas phase 
analysis, and E.X.A.F.S. ; the model compound Os,- 
(CO),,(H) (OSiPh,), obtained by the reaction of Os,- 
(CO),, with Ph,SiOH, confirms the structure of the sur- 
face compound (1). 

THE use of transition metal cluster carbonyls to prepare 
highly dispersed metal catalysts on inorganic oxide sup- 
ports is of considerable current interest;,,, studies of these 
systems can also give direct experimental evidence for the 
nature of the surface organometallic species and their 
chemistry., Previous papers have considered the chemistry 
of Rh6(C0),6,4~5 Rh4(CO),2,6 and Fe,(CO),,7 supported on 
different inorganic oxides. Also, formation of hydro- 
carbons upon heating various supported carbonyl clusters 
has been observed* and a recent reports discussed the 

anchoring of osmium carbonyl clusters to silica via phos- 
phine or vinyl groups. We report here new ways of 
anchoring Os,(CO),, to a silica surface by direct reaction of 
the molecular cluster with surface silanol groups. 

On highly hydroxylated silica (Aerosil from Degussa, 
200m2/g) degassed at  25 "C for 16 h under lO-,Torr 
(denoted silica,,), the room temperature adsorption of 
Os,(CO),, from CH,Cl, solution leads to a simple physisorp- 
tion of the original cluster. This is shown not only by 
spectroscopy (Figure 1) but also by chemical analysis of the 
gas phase above the impregnated silica surface which shows 
no significant amount of CO, CO,, or H,. (Separate experi- 
ments demonstrated that CO, CO,, and H, cannot be 
adsorbed on silica a t  room temperature.) 
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FIGURE 1. 1.r. spectra of osmium cluster compounds in the 
v(C0) region. (a) after impregnation of a silic+, disc with 
OS,(CO),, in CH,Cl, solution and solvent removal; (b) OS,(CO)1, 
in Nujol mull; (c) (1); (d) (2) in cyclohexane solution (ref. 13); 
(e) (3) in cyclohexane solution (ref. 14); (f)  (4). 

When Os,(CO),, physisorbed on silica,, is heated a t  
150 “C for 4 h under argon, 2 mol of CO per mol of supported 
cluster are evolved without any significant H, or CO, 
evolution. The i.r. spectrum of the species obtained (1) is 
very different from that of the original cluster (Figure 1). 
The wavenumbers and the shape of the v(C0) bands as well 
as the high ratio of CO to 0 s  (10 : 3) suggest that a molecular 
cluster carbonyl is still present on the surface. In no case 

J.C.S. CHEM. COMM., 1980 

did the i.r. spectrum correspond to metallic osmium 
covered with CO which gives two broad bands at  2010 and 
1860 cm-l.lo Since (1) is quite stable a t  room temperature, 
even in the open air, further characterisation using extended 
X-ray absorption fine structure (E.X.A.F.S.) was possible. 

The K3 Fourier transforms of the E.X.A.F.S. spectra of 
(1) and Os,(CO),, were determined (Figure 2). The effect 
of the phase shift obtained from the known structure of 
OS,(CO),,~~ was 0.23 A and, after correcting for the phase 
shift, the average 0s-0s nearest neighbour distance for 
(1) was found to be 2.68 A. This corresponds to a shorten- 
ing of the average 0s-0s  distance with respect to that of the 
starting cluster Os,(CO),, (average 0s-0s  distance of 
2.88 All). The Fourier transform of the E.X.A.F.S. 
spectrum of (1) does not contain any peak which could be 
attributed to a second 0 s  nearest neighbour, which confirms 
the lack of aggregation to metal particles. 
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FIGURE 2. K, Fourier transform of the E.X.A.F.S. spectra of 
(a) Os,(CO),, and (b) (l), without correction for the phase shift. 

The species (1) can also be obtained by the reaction of 
Os,(CO) lo(MeCN),12 with silica,, a t  room temperature 
with insignificant evolution of CO. Production of (1) from 
either OS,(CO),~ or Os,(CO),,(MeCN), suggests that in this 
surface compound the Os, cluster framework is kept on the 
surface, without aggregation to a metal cluster carbonyl of 
higher nuclearity, or to a metal particle, In such cases the 



J.C.S. CHEM. COMM., 1980 57 1 

ratio CO/Os would decrease below 10:3 (3.33) [see for rather than Os,(CO),,(OSi~),, can be attributed to (1). 
example H,0s4(CO),, (3.0), 0s4(C0),, (3.251, Os,(CO),, (3.2) , 
Os,(CO),, (3.0), Os,(CO),, ( 3 ~ 0 ) ~  and Os,(CO),, ( 2 ~ 8 7 ) I . l ~  

The combination of i.r. spectroscopy, E.X.A.F.S., and 

skeleton with CO carbonyl ligands corresponding to the 
possible surf ace reactions (1) and (2). 

The Scheme summarizes the results. 

gas-phase analysis indicates that  (1) has kept a metal-metal 3 ~ s  KO), 
Os3(CO)10(MeCN)2 \L ,,/ .\ 

/ \  
(OC l3 0s - 0s' f CO), 

f '0' 
Os,(CO),, + SiOH -+ Os,(CO),,(H)(O-Sic) + 2CO (1) 

Os,(CO),, + 2SiOH -+ Os,(CO),,(O-Sic), + H, + 2CO (2) 

In solution PhOH reacts with Os,(CO),, to  form either 
OS,(CO),,(H)(OP~)~~ (2) or Os,(CO),,(OPh),15 (3). The 
surface reaction leading to  (1) is probably a similar oxidative 
addition of a silanol group to an Os-0s bond of Os,(CO),, 
leading to  Os,(CO),,(H)(OSi~) or Os,(CO),,(OSi~),. The 
model compound Os,(CO),,(H) (OSiPh,) (4) was prepared by 
the reaction of Os,(CO),, with Ph,SiOH (high field lH n.m.r. 
signal at 6 21.0 from Me4Si) [equation (3)]. The ix. 

Os,(CO),, + Ph,SiOH - (4) + 2CO (3) 

spectra of (1)-(4) are very similar (Figure 1 and Table). 

TABLE. 1.r. and 'H n.m.r. data for osmium cluster compounds. 

Compound v(CO)/cm-l 6 (H-0s) 
2135vw, 2076vs, 2068s, 2048m, 
2035sh, 2023s, 2003m, 1985m 

Os3(CO),,/Si0,b 2135vw, 2070vs, 2048s, 2040s, 
2025s, 2018sh, 198Om 

1955w sh 
2107w, 2069s, 2055s, 2017s, 1997m, 21.0 
1980m 

(2)"d 2112w, 2073vs, 2064m s, 2025vs, 22-2 
2007m, 1991w sh, 1986mw 

(3)cPe 2109w, 2076s, 2060ms, 2019vs, 
2002ms, 1955mw 

0s3(c0)12a 

(1)b  (25 "C) 2122w, 2088vs, 2075s, 2037vs b - 

(4) 

Nujol mull. b Silica disc. C Cyclohexane. d Ref. 13. 
e Ref. 14. 

Since no H, is evolved in the reaction of Os,(CO),, with 
surface silanol groups, the structure Os,(CO),,(H) (OSiS), 

SCHEME. 
room temp.; iii, >%OH, 160 "C, Ar, 4 h, - 2CO. 

i, 3SiOH, room temp., - MeCN; ;ii, silica,,, CH,Cl,, 

The species (1) is, to our knowledge, the first case of a 
grafted cluster in which the immobilisation results from an 
oxidative addition of a silanol group to a metal-metal 
bond. It is also the first supported cluster to be charac- 
terised using E.X.A.F.S. The shortening of the average 
Os-0s bond distance is probably more important for the 
Os(l)-Os(2) distance than for Os(3)-Os( 1) and Os(3)-Os(2) 
distances, but the shape of the E.X.A.F.S. spectrum does 
not allow any distinction between the three 0 s  distances. 
The species (1) is also a unique model of the well known 
metal-support interaction in heterogeneous catalysis, 
although, so far, the type of chemical interactions between 
zero-valent particles and support has not been elucidated. 
Here we present good evidence for a chemical bonding via 
siloxane bridges. Studies on alumina, in progress, tend to 
indicate related types of aloxane bridges with alumina- 
supported osmium clusters. Finally the high selectivity of 
this supported cluster towards methane in Fischer-Tropsch 
synthesis* might be related to the stabilisation of a tri- 
angular frame which could accommodate methylene 
fragments as shown by Calvert and Shapley.ls 

The authors thank Mr. Ravier for technical assistance. 

(Received, 10th March 1980; Cow. 263.) 

A. Brenner, J .  Chem. SOL, Chem. Commun. ,  1979, 251; M. Ichikawa, ibid., 1976, 11, 26. 
R Anderson, P. S. Elmes, R. F. Howe, and D. E. Mainwaring, J .  Catal, 1977, 50, 508. 

3 J .  M. Basset and R. Ugo in 'Aspects of homogeneous Catalysis,' Vol. 3, ed. R. Ugo, Reidel P. C., Dordrecht-Boston, 1977, p. 138; 
R. Ugo, Catal. Rev., 1975, 11, 225; E. L. Muetterties, T. H. Rhodin, E. Band, C. F. Brucker, and W. R. Pretzer, Chem. Rev., 1979, 
79, 91. 

J .  L. Bilhou, V. Bilhou-Bougnol, W. F. Graydon, J .  M. Basset, A. K. Smith, G. M. Zanderighi, and R. Ugo, J .  Organornet. Chem., 
1978, 153, 73. 

A. K. Smith, F. Hugues, A. Theolier, J .  M. Basset, R. Ugo, G. M. Zanderighi, J. L. Bilhou, V. Bilhou-Bougnol, and W. F. Graydon, 
Inorg. Chem., 1979, 18, 3104. 

A. Theolier, A. K. Smith, M. Lecomte, J .  M. Basset, G. M. Zanderighi, R. Psaro, and R. Ugo, J .  Organomet. Chem., in the press. 
F. Hughes, A. K. Smith, T. Ben Taarit, J. M. Basset, D. Commereuc, and Y .  Chauvin, J .  Chem. SOC., Chem. Commun., 1980, 68. 

* A. K. Smith, A. Theolier, J. M. Basset, R. Ugo, D. Commereuc, and Y .  Chauvin, J .  Am. Chem. SOC., 1978, 100, 2590. 
* S. C. Brown and J. Evans, J .  Chem. SOC., Chem. Commun., 1978, 1063. 
lo C. R. Guerra and J. H. Schulman, Suvf. Sci., 1967, 7, 229. 
l1 M. R. Churchill and J. de Boer, Inorg. Chem., 1977, 16, 878. 

la C. R Eady, B. F. G. Johnson, and J.  Lewis, J .  Organornet. Chem., 1972, 37, C39; J .  Chem. SOC., Dalton Trans., 1975, 2606. 
l4 K. A. Azam, A. J. Deeming, R. E. Kimber, and P. R. Shukla, J .  Chenz. SOC., Dalton Trans., 1976, 1853. 
l6 A. J . Deeming, personal communication. 

M Tachikawa and J. R. Shapley, J .  Organomet. Chem., 1977, 124, C19. 

R. B. Calvert and J. Shapley, J .  Am. Chem. SOC., 1977, 99, 5225. 




