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Introduction

Surface organometallic chemistry (SOMC) deals with the reactivity of organometallic complexes with surfaces [ 1 ] . The organometallic complexes can be those of main-group elements, transition metals, lanthanides, or actinides. The complexes can be mononuclear, polynuclear, or heteropolyn uclear. The surfaces can be made of reduced metallic particles [2], inorganic oxides [ 3], or zeolites [ 4]. The surface can be that of a highly dispersed material or that of a single crystal.

The first objective of SOMC is to open and study a relatively new field of chemistry. This field is totally different from organometallic chemical vapor deposition (OMCVD), since the reaction observed in SOMC concerns less than a monolayer of the surface, whereas the aim of OMCVD is to build multilayered material. The reaction of an organometallic complex with a surface may, in certain cases, lead to new catalytic materials that exhibit higher activities and/or selectivities than conventionally prepared catalysts.

The aim of this publication is to describe a new generation of catalysts in which an organometallic fragment (Sn(n-C4H9)x) can be supported and stabilized on the surface of a rhodium particle. The modified metallic phase is extremely active and selective in the reduction of cisand trans-citral to geraniol and nerol. The selectivity is ascribed to the presence on the rhodium particle of the organo-tin fragment, which totally reverses the selectivity of pure rhodium.

Experimental

Catalyst preparation

Rhodium was impregnated on silica (Degussa Aerosil, 200 m 2 g -1 )

by cationic exchange of the chloropentaammine-rhodium complex [RhCl(NH3)5Cl2]. After calcination in dry air and reduction under hydrogen, both at 573 K, a given amount of reduced catalyst (typically 0.3 g) was loaded at room temperature, under hydrogen (10 mPa) in a closed vessel.

The desired amount of tetra-n-butyltin [Sn(n-C4H9)4] was then introduced without solvent and the vessel was heated stepwise, in increments of 50 K, up to 573 K. For each temperature, maintained for a period of 30 min, a given amount of butane was evolved, which allowed the determination of the average number of butyl groups remaining on the surface. A control experiment carr ied out on silica indicated that under similar experimental conditions no reaction occurred between Sn(n-C4H9)4 and the silica surface. This result was also checked by MAS CP 1 3 C NMR spectroscopy; as long as the ratio Sn/Rhs was lower than ca. unity, no signal corresponding to the species �Si-O-SnBu3 could be detected [5].

Catalytic tests

The reduction of citral was performed in the liquid phase, under hydrogen, at 300 K. The catalyst (0.3 g) was introduced into the autoclave under argon, without any contact with air. The temperature of the autoclave was stabilized at 300 K. The argon was removed by flowing hydrogen, and then a solution of 0.9 ml of citral and 0.4 ml of tetradecane (internal standard) in 20 ml of n-heptane was introduced under hydrogen in the autoclave containing the catalyst. The hydrogen pressure was then raised to 7 .6 MPa. The kinetics of the reaction was followed by analysis of the liquid phase. The catalytic activity is expressed by the first-order rate constant k, according to eqn.

(1):

In{[ citral It/[ citral ]0} = -kt (1) 
where [citral]0 and [citral], are the citral concentrations at the beginning of the reaction and after a time t (h).

The selectivity for geraniol and nerol is expressed as the ratio between the sum of the concentrations of geraniol and nerol at 100% conversion and the initial concentration of citral.

Catalyst characterization

Conventional electron microscopy experiments (CTEM) were performed on a JEOL JEM 100 CX. Scanning transmission electron microscopy (STEM) was performed on a V.G. HB 501. Infrared spectra were obtained with a Fourier transform Nicolet 10 MX. Volumetric measurements were performed on a conventional volumetric apparatus in which the pressure was measured using a Texas Instruments gauge and the gases were analysed by mass spectrometry (V.G. Supavar'•

Results

Careful studies of the reaction between tetraalkyltin and silica-supported group VIII metals M (M =Rh, Ru, or Ni) in their zero-valent or higher oxidation states have already been performed [ 6- 1 1 ] . The results indicate that when the reaction is carried out in the presence of molecular hydrogen on a reduced metallic particle, the reaction of hydrogenolysis of the organometallic compound proceeds stepwise, before leading to the corresponding alloys. Depending on a variety of experimental conditions, surface organometallic fragments are apparently stable on the metallic surface, and the catalyst can be formulated as M5Sn(n-C4H9)x (1<x<4), in which M5 is a urface metal atom. To our knowledge, such metallic catalysts in which the surface is modified, on purpose, by an organometallic fragment have never been tested in any catalytic reaction. We have therefore carried out the synthesis of various rhodium-based catalysts that correspond to the average formula Rh5Sn(n-C4H9)x/Si02 (Sn/Rh5 = I; 1 < x < 4), and we have tried to correlate the 'x' values to the activities and selectivities of these catalysts for the selective hydrogenation of cis and trans citral to geraniol and nerol.

Citral is an a, {3-unsaturated aldehyde offering three kinds of unsaturation: an aldehydic function, conjugated with an aliphatic double bond, and an isolated aliphatic double bond. Depending on the selectivity of the first hydrogenation step, three different products could be obtained: geraniol and nerol, citronellal, or dimethyl-3, 7-octen-2-al (see Scheme 1).

Six different samples of Rh5Sn(n-C4H9)x/Si02 (Sn/Rh5 = 1; 1 < x < 4) were prepared by a temperature-controlled reaction between Sn(n-C4H9)4 and Rh0/ Si02 in the presence of hydrogen. For each sample, the amount of butyl groups remaining on the surface was deduced from the amount of n-butane evolved during the steps of hydrogenolysis. The results are shown in Fig. 1. They indicate that the evolution of butane is temperature dependent, with a plateau at ca. 373 K. At this temperature the rhodium surface is covered, on average, by a di-n-butyltin fragment RhsSn(n-C4H9)2/Si02• Above 4 73 K there are no more butyl groups left on the metallic surface, and a rhodium-tin alloy is obtained [11 ].

The selectivity and the catalytic activity for citral hydrogenation drastically depend on the number of butyl groups remaining on the metallic surface (Fig. 2). The maximum selectivity (96%) and the maximum activity are obtained for x = 2. The activities and selectivities are much lower for x = 0 or 4.

Various techniques were applied in order to characterize as precisely as possible the new catalytic material formulated as Rh8Sn(n-C4H9)2• The main conclusions of these studies, which will be published separately [ 12], are the following:

-The tin atoms are present exclusively in the metallic phase. From electron microscopy it was found that the average particle size of rhodium has increased, from 18 A for Rh/Si02 to 22 A for Rh8Sn(n-C4H9)2• It was also found from STEM that the tin signal was always associated with the rhodium signal and that no tin was detected on the silica support as long as the tin/rhodium ratio was lower than unity. In solid state MAS CP 1 3 C NMR spectroscopy no signal could be detected, in agreement with the well known phenomenon of 'knight shift' due to the rhodium particle. In contrast, when the Sn/Rhs ratio was greater than ca. unity, four peaks were observed at 11.3, 13.0, 15.2 and 26.6 ppm and attributed to the species �Si-O-Sn(n C4H9) 3 characterized in our laboratory [ 5 J.

-There is a stable tin-alkyl fragment on the surface. The evolution of butane as a function of temperature clearly indicates a plateau in the temperature range 323-423 K. From infrared spectroscopy it was found (Fig. 3) that the intensities of the v(C-H) bands of the tin-alkyl fragment were almost constant in the temperature range 373-423 K. Further hydro genolysis of this fragment above 423 K liberates the two alkyl groups remaining on the surface.

-Molecular modeling experiments suggest that a Rh8Sn(n-C4H9)2 species is not sterically compatible on the particle at a rhodium coverage of unity.

Consequently, a new model has to be proposed to account for our observations. The model of the particle represented below still corresponds to the average formula Rh8Sn(n-C4H9)2 and is compatible with the other results (XPS, EXAFS, etc.) obtained with this type of catalyst. (n-Bu)3Sn

Sn(n-Bu)3 ' / / Sn ,

•••••• Rh••••••Rh••••••Rh
-The presence of the organometallic fragment on the catalyst after the hydrogenation experiment was also quantitatively proved.

Discussion

Having a relatively precise model of the particle, it is possible to discuss the catalytic results in the light of the various hypotheses that have previously been proposed for the selective hydrogenation of a,f3-unsaturated aldehydes. It is known that Pt-Sn, Pt-Fe, Pt-Ru, Pt-Co, or Pt-Ge supported on nylon [13][14][15] or carbon [16,[START_REF] Fouilloux | Hetrogeneous Catalysis and Fine Chemicals[END_REF] give, for certain compositions, high yields of unsaturated alcohols. In the case of Pt-Sn and Pt-Ge [13][14][15], the authors propose that the Snn+ or Gen+ ions (Lewis acids) activate the carbonyl group by enhancing the positive charge of the C=O carbon atom. The effect of electrophiles on the lone pair of electrons of a carbonyl group is well known in coordination chemistzy; electrophiles are lrnown to increase the elementazy step of CO insertion in metal-alkyl bonds [START_REF] Correa | [END_REF]. In the hydrogenation of a,/3unsaturated aldehydes they would favor the coordination of the multifunctional molecule by its aldehydic fragment. These ions would then be responsible for the increase in selectivity for the C = 0 hydrogenation. Although a tin-alkyl group is certainly not a strong electrophile, a similar explanation could account for our results.

It is also quite possible that there is a strong steric effect due to the supported organometallic fragment that makes obtaining access to the metal difficult. The main consequence of this is that there would be a quite strong steric hindrance to coordination of the incoming molecule to the few available rhodium sites of the surface. It is clear that the presence of a partially poisoned surface will favor the approach of the incoming molecule by its less sterically crowded functionality (the carbonyl group): the coordination of the polyfunctional molecule to the surface is more easily achieved via the oxygen atom of the carbonyl (11-1 coordination) than via the C=C double bond ( 'Y/-2 coordination).

Another alternative, and one that does not exclude the previous one, would be that the modifier is located on specific sites of the particle with low coordination numbers.

Conclusion

This paper reports, for the first time, that an organometallic fragment grafted on the surface of a zerovalent metal particle can render the metallic catalyst chemoselective for a given reaction. The implications for catalysis could be very wide-ranging since it may be possible to change the organ ometallic fragment at will for a given reaction, as is currently done in homogeneous catalysis.
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 12 Fig. 1. Number of butyl groups remaining on the catalyst, x, as a function of the reaction temperature.
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 3 Fig. 3. Evolution of the intensities of the v(G-H) bands with the reaction temperature: (1) 300 K, (2) 323 K, (3) 373 K, (4) 423 K, (5) 473 K, (6) 573 K, (7) 623 K.