J. Am. Chem. S0d.996,118,41674174 4167

Surface Organometallic Chemistry on Metals. Evidence for a
Surface-Stabilized Germylene, Rae(Ad)(H)}/SIO, (Ad =
Adamantyl) Obtained by a Controlled Reaction between
Rh/SiG, and (Ad)GeH

M. Taoufik, C. C. Santini,* J.-P. Candy, A. de Mallmann, and J. M. Basset*

Contribution from the Laboratoire COMS, UMR 9986 CNRS-CPE-Lyon,
43 Boulevard du 11 Neembre 1918, 69616 Villeurbanne Cedex, France

Receied August 10, 1995

Abstract: Selective reaction of (Ad)GeHAd = adamantyl) with a Rh/Si©surface has been carried out at %D

The surface reaction and the characterization of the surface organogermanium complex have been followed by infrared
spectroscopy, surface microanalysis, analysis of the gases evolved during the surface reaction, thermal decomposition
of the surface organometallic complex, and use of CO as a molecular probe. In the absence of metallic rhodium,
(Ad)GeH; does not react significantly with the silica surface at room temperature. It is only reversibly adsorbed,
and the molecular interaction responsible for this adsorption process is a hydrogen-bonding interaction between
either the C-H or Ge—H atoms and the surface silanols. In the presence of metallic Rh, a chemical reaction occurs
exclusively on the metallic particles. (Ad)Gelthitially physisorbed onto the support migrates to the Rh surface
between 25 and 50C, where it quickly loses one molecule of hydrogen. The grafted species still contains one
hydride ligand since the reaction between (Ad)GeRd the rhodium catalyst gives rise to@e—D) vibration at

the expected frequency. Formulation of the grafted entity as Ge(Ad)(H) (major species) is deduced from surface
microanalysis and from its thermal decomposition, which produces adamantane by a reductive elimination process
(concomitant disappearance of th(C—H) and v(Ge—H) vibration bands). The organogermane complex is very
likely grafted onto rhodium for the following reasons: (i) (Ad)Ggttbes not react with the silanols of the support.

(i) The amount of grafted germanium is close to (but lower than) the number of surface rhodium atoms. (iii) The
amount of rhodium accessible to carbon monoxide drops by a factor of 80% after the grafting reaction takes place,
indicating that the metallic surface has been covered by the Ge(Ad)(H) fragment, results that are in agreement with
the elemental analysis (Ge/R& 0.8). (iv) The infrared results indicate a strong electronic interaction between
carbon monoxide adsorbed on the remaining rhodium sites and thelGend. The major species which is present

on the surface after grafting is supposed to be a kind of germylene(ll) surface species stabilized by coordination to
a surface rhodium atom.

1. Introduction supported or unsupported, or eventually that of a single crystal.
The reaction of an organometallic complex with the surface of
a metal leads, in certain cases, to new catalytic materials which

field of chemistry devoted to the study of the reactivity of hibit h hiah tiviti a/ lectivities th
organometallic complexes with surfacdes.he complexes may exnibit much higher activiies and/or Selectivities than conven-
tionally prepared catalysts. For example, the presence of Bu

be those of main group elements, transition metals, lanthanides,
or actinideg™ The surfaces may be those of highly divided Sn fragment_s on the _surface (_)f Rh completely reverses the
inorganic oxide3® or those of zerovalent metallic particleés? CherTEOSile(thlY(;tyhog @:1:1? l?ett";l n fthe hydrq[ggrtlﬁtlfnhmﬁ »

In the latter case, the field is defined as surface organometallic unsaturated aldenydes.= [ IS therelore expected that changing

chemistry on metals (SOMC/metals). The nature of the metallic the nature of the alkyl group of the organometallic fragment

surface may be that of a highly dispersed metallic particle, should resuilt in a possible influence on the chemo-, regio-, or
stereoselectivity of a variety of reactions catalyzed by metallic
* Authors to whom correspondence should be addressed. surfaces.
® Abstract published im\dvance ACS Abstract#pril 15, 1996. . . .
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Basset, J. M., Gates, B. C., Candy, J. P., Choplin, A., Quignard, F., Leconte, the reaction of hydrogenolysis of' R,SnR with a metallic

Surface organometallic chemistry (SOMC) is a relatively new

M., Santini, C. C., Eds.; Kluwer: Dordrecht, 1988. surface of rhodium:
(2) Miura, H.; Tagushi, H.; Sugiyama, K.; Matsuda, T.; Gonzalez, R.
D. J. Catal. 1990,124, 194. Rh/SiO, + R, ,SnR + H, —
(3) Yermakov, Y.; Kuznetzov, B. N.; Ryndin, Y. Catal.1976,42, 73. 4x . 2
(4) 1zumi, Y.; Asakura, K.; lwasawa, [l. Catal. 1991, 127, 631. Rh(Sn R R)/SIO, + (4—x—u)R'H + (x—v)RH (1)

(5) Basset, J. M.; Candy, J. P.; Choplin, A.; Santini C. C.!dliee A.
Catal. Today1989 6, 1-26.

(6) Theolier, A.; Custodero, E.; Choplin, A.; Basset, J. M.; Raatz, F. R', R=Bu, tBu, Np (CHCMe,), cyclohexyl
Angew. Chem., Int. Ed. Endgl99Q 29, 805.
(7) El Mansour, A.; Candy, J. P.; Bournonville, J. P.; Ferretti, O. A;; (10) Travers, C.; Bournonville, J. P.; Martino, Broceedings of the
Basset, J. MAngew. Chem., Int. Ed. Engl989 28, 347. 8th International Congress on Catalysdechema: Frankfurt/Main, 1984;
(8) Agnelli, M.; Louessard, P.; El Mansour, A.; Candy, J. P.; Bournon- Vol. IV, p 891.
ville, J. P. Basset, J. MCatal. Today1989 6, 63. (11) Didillon, B.; Houtman, C.; Shay, T.; Candy, J. P.; Basset, J}M.

(9) Margitfalvi, J.; Hegedus, M.; Gablos, S.; Téas, E. K.; Szedlacsek, Am. Chem. Sod 993 115, 9380-9388.
P.; Szabo, S.; Nagy, PProceedings of the 8th International Congress on (12) Didillon, B.; Candy, J. P.; El Mansour, A.; Houtman, C; Basset, J.
Catalysis;Dechema: Frankfurt/Main, 1984; Vol. IV, p 903. M. J. Mol. Catal.1992 74, 43.

S0002-7863(95)02718-1 CCC: $12.00 © 1996 American Chemical Society



4168 J. Am. Chem. Soc., Vol. 118, No. 17, 1996

The obtained results support the fact that the regioselectivity
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or filled with a known pressure of gas (e.g., CO). The adsorption bands

of this hydrogenolysis is weak; but in several cases a unique Were recorded as the difference between the IR spectra of bare and

final surface species could be obtained from different organotin
precursors and formulated as Rh[Sn(R)]. In order to obtain
selectively this kind of surface organometallic species, it is
necessary to choose an organometallic precursor Riihich
the M—X bond is very labile; X= H could be a good choice,
but RSnH derivatives are raté and the Sr-H bond is known
to react also with the hydroxyl group of the silica surfazén
addition, RGeHcan be more easily synthesized and the-Be
bond is much less sensitive to the reaction of protolysis than
the Sn-H bond?4

This article reports results which demonstrate, for the first
time, that it is possible to graft organogermane fragments,
namely, “Ge(Ad)(H)", onto the surface of Rh particles supported
on silica. These organometallic fragments are obtained by
selective reaction of (Ad)Getbn metallic Rh and are thermally
stable on the particle up to a temperature of ca. 200

2. Experimental Section

Adamantyltrihydridogermane (Ad)Gethas been synthesized as
described in the literatufé. The same experimental procedure using
LiAID 4 instead of LiAlH, has been used to obtained (Ad)GeD

The preparation of the monometallic catalyst has been described

elsewheré? The silica support (Aerosil 200 frg~t) was purchased
from Degussa. The Rh was grafted onto silica by cationic exchange
between [RhCI(NH)s]?" ions and surfacesfSiO] [NH4] " groups. The
surface complex obtained was decomposed by calcination at@00

in a flowing nitrogen/oxygen mixture (5/1), reduced in flowing &t
400°C, and then “passivated” at 2& under dry air. The Rh and ClI
loadings were 1.1% and 0.06% (wt), respectively. The particle size
distribution of Rh/SiQ catalyst has been determined by conventional

CO-covered samples.

3. Results and Discussion

3.1. Interaction between (Ad)GeH and SiOxzs0) in the
Absence of Metallic Rh. The reaction of AdGel with
SiOy3s0, at 50°C under vacuum, was monitored by infrared
spectroscopy. Bands duet(C—H) (2930 and 2903 and 2848
cm™1) and 6(CH,) vibrations (1451 and 1344 crt of the
adamantyl group and(Ge—H) vibrations (2055 cm?) of the
hydride ligands are immediately observed. The sharp band at
3747 cnrt attributed tov(OH) vibrations of linear silanol groups
decreases in intensity, and simultaneously, a broad band appears
at 3691 cm. The latter is attributed to hydrogen bonding
between the silanol groups and either thelCor Ge-H atoms
of (Ad)GeHs which has been physisorbed onto the support
(Figure 1a,b). No significant change occurs when the pellet is
heated at 150C for 2 h (Figure 1c). This kind of interaction
is now commonly observed when organometallic complexes
with alkyl or hydride ligands are “physisorbed” on partially
dehydroxylated silicd> No gas is evolved in the gas phase.
At this stage, if the sample is kept under dynamic vacuum during
12 h at room temperature, all bands which were attributed to
adsorbed AdGekldisappear and the band due to free silanol at
3747 cntlis fully recovered (Figure 1d). These infrared and
analytical results confirm that (Ad)GeHs only reversibly
adsorbed on the silica surface and that there is no significant
reaction between the (Ad)GgHand the silica support under
our experimental conditions.

3.2. Interaction between (Ad)GeH and RhySiOx3soy

transmission electron microscopic (CTEM) analysis. The average value |nfrared spectroscopy was the first technique used to follow

for the detectable particles is 1.4 nm. Assuming that the particles have

a cuboctahedral shapéthe dispersion = surface rhodium atoms/
total rhodium atoms) is close to 0.75.

The chemisorption measurements were carried out using conventiona

static volumetric equipment already descriBédThe vacuum was

the reaction of (Ad)Gekiwith the catalyst RISiOy3s0) (Figure
2a). Room temperature adsorption of (Ad)Gedtto the R

[SiO, catalyst in the absence of molecular hydrogen strongly

modifies thev(OH) vibrations of the silica support, which are

achieved by means of a pump, and the equilibrium pressure was initially situated at 3747 cmt (Figure 2a,b). After adsorption

measured with a Schlumberger gauge (pressure rand@@ mbar,

of (Ad)GeH; at room temperature, the silanol band decreases

accuracy 0.1 mbar). The gas phase was extracted from the vessel anéh intensity and a new broad peak appears at ca. 3695.cm

then analyzed by gas chromatography (GC).

The temperature-programmed reaction (TPR) between (Ad) &etH
reduced Rh particles (RI5iO,) was performed in the same apparatus
as described befofé. A given amount of the monometallic Rh/SIiO
catalyst was loaded in the reactor, reduced at 623 K undeahtl
then stabilized at room temperature under vacuum. This catalyst is
described as RItatalyst from here on. The desired amount of AdgeH
was then carefully introduced in the reactor without any contact with
air. The reaction was performed at 30. The gas evolved during

As already mentionned, the new broad peak is believed to be
due to hydrogen bonding between the silanol groups and the
compound (Ad)Gekiwhich has been adsorbed onto the support.
The infrared bands corresponding to (Ad)Gehhostly phys-
isorbed on the silicayide supra are observed at respectively
2055 cn! (v(Ge—H)), 2915 and 2854 cnt (v(C—H)), and
1453 and 1344 cmit (6(CHy)) (Figure 2a,b).

Treatment of the solid fo2 h at 50°C and then under

the reaction was trapped at liquid nitrogen temperature in another partdynamic vacuum for 12 h at room temperature (same experi-
of the apparatus, to avoid possible feedback of the gas on the catalyticmental conditions as with the silica surface) causes the frequency
surface and further hydrogenolysis. After each step, the gas phase wagnd intensity of thev(OH) bands of the starting silica to be

analyzed by GC and volumetric measurements.
Infrared spectra were obtained with a Nicolet 10 MX Fourier

transform instrument. The samples were placed on a sample holder

which could move inside a closed reactor from the treatment position
(located in an oven) to the analysis position (located in between two
Cak, windows in the infrared beam). The reactor could be evacuated

(13) Cordonnier, M.-A. Doctoral thesis, University of Lyon |, France,
1994.

(14) Davies, A. G.; Smith, P. J. I€omprehensie Organometallic
Chemistry Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon:
Oxford, 1982; Vol. 2.

(15) Nedez, C.; Theolier, A.; Lefebvre, F.; Choplin, A.; Basset, J. M.;
Joly, J. F.J. Am. Chem. S0d.993 115 722.

(16) Gar, T. K.; Chernysheva, O. N.; Kisin, A. A.; Mironov, \Zh.
Obshch. Khim1985,55, 1057-1063.

(17) Candy, J. P.; Ferretti, O. A.; El Mansour, A.; Mabilon, G.;
Bournonville, J. P.; Basset, J. M.; Martino, G. Catal. 1988 112 201.

(18) Van Hardeveld, R.; Hartog, Burf. Sci.1969 15, 189.

quite fully restored, whereas the broad peak at ca. 3695 cm
decreases to its initial intensity. But, in contrast to the behavior
of the same complex on silica alone, the presumgsle—H)
band at 2055 crrt, thev(C—H) bands at 2915 and 2854 cif

and thed(CH,) bands at 1453 and 1344 cicorresponding to
the adamantyl group are still observed (Figure 2c,d).

In conclusion, these infrared results support the conclusion
that (Ad)GeH is grafted onto the surface of the catalystyRh
SiO,. Since the/(O—H) bands of silica are almost fully restored
(Figure 2c,d) one can reasonably assume that most of the
germanium complex is grafted onto the metallic rhodium
particles.

In order to assign with certainty the band at 2055 énthe
same work as above was repeated with (Ad)geDhe infrared
spectra of pure (Ad)Geland (Ad)GeH are reported in Figure
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Figure 1. IR spectra of (Ad)Gekiphysisorbed on silica: (a) siliggoy (b) after sublimation of (Ad)Geklonto silicasso) and heating at 50C for
2 h; (c) sample b after heating at 180 for 2 h; (d) after evacuation for 12 h at room temperature.
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Figure 2. Infrared spectra corresponding to the interaction between (Ady@e#l Riysilicasooy (a) Rhy/silicaassoy (b) after sublimation of (Ad)-
GeH; at room temperature; (c) after heating at8Dfor 2 h, followed by evacuation for 12 h at ambient temperature; (d) difference spectrum of
sample c obtained by subtracting the background spectrum gilRiaso).

3. Thev(Ge—-H) andv(Ge—D) are respectively observed at the grafted germanium species has retained both the adamantyl
2055 and 1485 cmi at the expected frequency (observed ratio fragment and one or several hydrides.

v(Ge—H)/v(Ge—D) = 1.41 instead of 1.38 (calculated)). After In order to have an average formula for the grafted organo-
addition of (Ad)GeD onto the pellet of R{SIO, and treatment metallic fragment, quantitative analysis of the gas phase was
for 2 h at 50°C and then 12 h under dynamic vacuum at room performed during the grafting reaction. For this particular
temperature, the infrared spectra shef€—H) bands at 2915  experiment, the amount of (Ad)Gelitroduced was calculated
and 2853 cm?, ad(CHy) band at 1451 cm' corresponding to so that the ratio of Ge introduced per surface Rh atom was fixed
the adamantyl group, andéGe—D) band at 1485 crrt (Figure to ca. 0.8. This reaction was followed by qualitative and
4a). This latter band can be replaced under molecular hydrogenquantitative analysis of the gas evolved during the TPR study.
by the »(Ge—H) one previously observed at 2055 th After reaction at 50°C during 2 h, 1 mol of hydrogen was
(Figure4b)32:33 One can conclude from these experiments that evolved per mole of (Ad)Getintroduced (Figure 5).
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Figure 3. Infrared spectra of (a) pure (Ad)Geldnd (b) pure (Ad)Gep

2915

—

(4-a)

]

DO SVDT 00T

(4-b)

J

e 1 I |
2800 2400 2000 1600
Wavenumbers (cm-1)

U -
4000 3600 3200

Figure 4. IR spectra corresponding to the interaction between (Ad}Gefd RHsilicasse (the spectrum of R¥SIO, was removed by
subtraction): (a) after sublimation of (Ad)GeBt ambient temperature and treatment atGGor 2 h, followed by evacuation for 12 h at ambient
temperature; (b) afte3 h of reaction with molecular hydrogen (30 Torr) at room temperature.

Chemical analysis of this sample gave a Ge/Ritio equal In order to confirm that this fragment is effectively located
to 0.76 (expected value 0.8), which shows that the germanium on the rhodium particle, chemisorption of carbon monoxide was
complex has almost fully reacted with the surface rhodium carried out on the pure Rh/Sj@nd on the presumed B&e-
atoms. Additionally a C/Ge ratio of 8 was found, indicating (Ad)(H)],/SiO; species. The isotherm of chemisorption of CO
that the Ad/Ge ratio is equal to 0.8. This value indicates that, on Rh/SiQ was measured at & (Figure 6a). This isotherm
for 20% of the (Ad)GeH introduced, Ad-Ge bond cleavage  shows a plateau, at an equilibrium pressure of 10 kPa of CO.
had occurred with formation of adamantane. Effectively some The amount of adsorbed CO was corrected for the amount of
white crystals of adamantane were found to be condensed ongas adsorbed on the silica support. The accepted stoichiometry
the cold part of the vessel. These data support the fact that theat the above mentioned equilibrium pressure is ca. 1 CO
main reaction (80%) leads to a grafted [Ge(Ad)(H)] fragment molecule per surface Rh atofhl®
and a side reaction (20%) leads to the cleavage of the Ge

adamantyl bond. (19) Yang, A. C.; Garland, C. Wl. Phys. Cheml1957, 61, 1504.
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50 For temperatures below 12%&, the discontinuity observed
between the two curves of Figure 8 is probably due to the fact
that adamantane formed at low temperature remains adsorded
0y o on the silica surface as we always observe for any alkane above
4 Cs (adamantane sublimes at 200/760 Torr).

CO has been used as a “molecular probe” to characterize the
307 metallic phase remaining accessible after grafting the Ge
organometallic fragment. The volumetric experiments of
adsorption of CO previously described suggest that only 20%
207 of the rhodium surface is accessible to this probe molecule. IR
experiments were carried out on a reduced Rh sample which
was exposed to CO (1 atm) at room temperature. The resulting
107 IR spectrum is typical of CO adsorbed on a fully reduced Rh
particle, with two main bands at 2064 and 1875 ¢min
agreement with previous studies (Figure $a¥’ The narrow
peak at 2064 cmi has already been ascribed to the linear form
of coordinated CO, while the broader band at 1875 tiis

Time (mn) usually attributed to the multiply-bonded-(; or u—3) forms of
Figure 5. Volumetric determination of the amount of molecular CO coordinated to two or three Rh atoms (“bridging” COY’
hydrogen evolved during the reaction of (Ad)GaMth Rhysilicasso) The absence of any detectable bands at ca. 2080 and 2020 cm
which would correspond to the species'@®®©), confirms that
the rhodium atoms are totally reduced and that there are no
unreduced isolated Rlerganometallic fragments on the silica

Nb. H2 (pmol)

0 200 400 600 800

100

0- / ________________ e . support3.24
[ Infrared spectroscopy was then used to study the mode of
- coordination of CO on the pellet of RBIO, treated with (Ad)-
60 Gehg, as described above, and for which ad&e(Ad)(H)]
i surface fragment has been formed (Figure 10a). When this
material is treated under CO at room temperature y{Ge—
H) band initially present at 2055 crhis shifted immediately
to 2032 cnrt with approximately the same intensity. Simul-
b taneously two weak and broad bands centered at 1975 and 1850
cm! are observed (Figure 10b). By treatment under oxygen
/ for 72 h at room temperature, the startir(@e—H) band initially
o © present at 2055 cnd is fully restored in frequency and intensity
whereas the other low-frequency ones are eliminated (Figure

0 100 200 300 400 10c).

The fact that there is a reversible shift under CO of the
(Ge—H) band suggests that carbon monoxide is chemisorbed
Figure 6. Volumetric determination of the amount of CO adsorbed i the vicinity of the Ge(Ad)(H) fragment which is chemically
on the catalyst described as (2)#3flic3so) and (b) [RIYsilicasso + modified by the probe molecule. The fact that the two weak
0-8(Ad)GeH]. bands at 1975 and 1850 chrapidly disappear after exposure

Volumetric adsorption of CO has also been used to quantify to 10 Torr of dry oxygen at room temperature 2 h with
the number of Rh atoms still accessible to this probe molecule formation of CQ indicates that these low-frequency bands are
when the metallic surface is covered by the presumefiGeh due to carbon monoxid.

(Ad)(H)],/SIO, fragment. As indicated in Figure 6b, a sharp
decrease of the amount of CO adsorbed is observed: ap-
proximately 20% of the Rh surface still remains accessible to
the CO molecule. These results, when compared with the ™ 50y yates, 3. T.; Duncan, T. M.; Worley, S. D.; Vaugham, R. W.
amount of grafted Ge (0.76/Bhsuggest that, on average, one Chem. Phys1979 70, 1219.

germanium atom blocks one surface rhodium atom. (21) Rice, C. A; Worley, S. D.; Curtis, C. W.; Guin, J. A; Tarrer, A.

" R.J. Chem. Phys1981, 74, 6487.
Thermal decomposition of the presumedRie(Ad)(H)}/ (22) Worley, )é D.;lRice, C. A,; Mattson, G. A.; Curtis, C. W.; Guin, J.

SiO; fragment was followed by infrared spectroscopy (quantita- A ; Tarrer, A’ R.J. Chem. Phys1982,76, 20; J. Phys. Chem1982 86,
tive disappearance of th§C—H) andv(Ge—H) bands). Figures  2714. _

7 and 8 indicate that the surface species begins to decomposgllgm) Primet , M.; Vedrine, J. C.; Naccache, L.Mol. Catal. 1978 4,
at 50 OC’ and is almost fully deF:Ompqsed at ca. 300. (é4) Smith, A. K.; Hugues, F.; Tiodier, A.; Basset, J. M.; Hugo, R.;
Interestingly, the decrease of the intensity of #H{{€—H) and Zanderighi, G. M.; Bilhou-Bougnol, V.; Grazydon, W. Forg. Chem.
v(Ge—H) vibrations is concomitant above ca. 1Z5. This can 1979,18, 3104.

; ; [N (25) Watters, K. W.; Howe, R. F.; Chojnacki, T. P.; Fu, C. M.; Schneider,
be interpreted as a reductive elimination to afford AdH angt Rh R. L. Wong, N. B.J. Catal. 1980 66, 424,

[G€”] which is nearly complete at 30TC: (26) Worley, S. D.; Rice, C. A.; Mattson, G. A; Curtis, C. W.; Guin, J.
A, p=10-6Torr A.; Tarrer, A. R.J. Chem. Phys1982 76, 20.
RhJAdGeH] ——oc (27) Kraus, L.; Zaki, M. I.; Kriginger, H. J.J. Mol. Catal. 1989 55,
55

A, p=10-¢Torr (28) Dufour, P.; Houtman, C.; Santini, C. C.; Basset, JJMol. Catal.
© > 125°C Rhs[GeO] + [AdH] 1992 77,257—-272 and references therein.

40

Nb. CO (pmol)

20

P (mbar)

These results are consistent with a coordination of carbon
monoxide in the vicinity of the Ge(Ad)(H) fragment. This

RhJGe"] + [AdH] 4
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Figure 7. Infrared spectra in the (left)(C—H) and (right)»(Ge—H) regions during the thermolysis of the surface specieg[(FtAd(H)]/SiO..

12 4. Conclusion

 om— t/A ............... A In the course of this paper we have studied the selective
. h reaction of (Ad)GeHwith a silica-supported Rh particle. (Ad)-
GeH; does not react significantly with the silica surface under

‘ L the experimental conditions used in this work. It is only
- 7“ R reversibly adsorbed, and the molecular interaction responsible
- b S T . for this adsorpion process is a hydrogen-bonding interaction

04 R between either the €H or Ge-H atoms and the surface
“a.. T silanols. Such molecular interactions are known to occur when
3 tin—alkyl or tin hydrides are physisorbed on the surface of
silica3! This lack of chemical reaction between (Ad)Gedhd
A the surface silanols at room temperature is consistent with other
0’050 150 250 350 studies carried out in our laboratoty. At room temperature
and up to 100°C, (Ad)Geh is simply physisorbed.
In the presence of metallic Rh, a chemical reacion occurs
exclusively on the metallic particles. (Ad)GeHnitially
physisorbed onto the support migrates to the Rh surface between

electronic interaction between two adjacent ligands at the Surface'?'igncrja??;g’sW2§{éaslts?ilrlllegxtgiiso%lehmglr(ie;: lﬁ anzygifgf?ﬁe
of a metallic particle has precedent in surface chemitry. 9 P y Y

reaction between (Ad)Gefand the rhodium catalyst gives the
grafted Ge-D at the expected frequency fowé&e—D) surface

Température(°C)

Figure 8. Variation of intensity of the/(C—H) andv(Ge—H) bands
during the thermolysis of the surface species8BAd(H)],/SiO..

species.
v(Ge-H) = 2032em” Formulation of the grafted entity as Ge(Ad)(H) (major
o species) may be deduced from surface microanalysis, which give
/H | V(CO =1975em’ a Ad/Ge ratio of 0.8 instead of unity. This discrepancy is not
Ge (iv) very significant considering the accuracy of the surface mi-
t croanalytical methods and the fact that some adamantane is also
Rh——Rh formed during the reaction of the organometallic with the
/H v(Ge-H) = 2055em* M v(GeH) =2055em surface
or
/ \ (31) Nedez, C.; Choplin, A.; Lefevbre, F.; Basset, J.-M.; Benazzi, E.
Rh Rh Rh——Rh Inorg. Chem.1994 33, 1099-1102.
(32) Note that during this reaction we observe the appearance of a sharp
medium peak at 2766 crh This can be attributed toidSi—OD) vibration.
(29) (a) Primet, M.; Basset, J.-M.; Mathieu, M. V.; Prettre, MCatal. The formation of this band may be associated with an exchange between
1973 28, 368. (b) Primet, M.J. Catal. 1984 88, 273. (c) Blyholder, G.; D, formed during the reaction of (Ad)Ge®nto the Rh/Si@ surface.
Ralph, J.J. Catal. 1972 27, 301—306. (33) The fact that the band at 2055 chis the same for AdGetHand

(30) (a) Burgess, K.; Guerin, C.; Johnson, B. F. G.; LewisJJ. for RhsGe(H)(Ad) may appear surprising. However, the stretching vibration
Organomet. Chenl985 295,C3—-C6. (b) Anema, S. G.; Mackay, K. M.; Ge—H is poorly dependent on the number of hydrido ligands coordinated
McLeod, L. C.; Nicholson, B. K.; Whitter, J. MAngew. Chem., Int. Ed. to Ge. For example, the(Ge—H) vibrations for (PhCH);Ge—H and
Engl. 1986, 25, 759. (c) Anema, S. G.; Audett, J. A.; Mackay, K. M.;  (PhCH),Ge—H; are respectively situated at 2034 and 2037 tncross,
Nicholson, B. K.J. Chem. Soc., Dalton Tran$988 2629. R. J.; Gockling, FJ. Organomet. Chenml965 3, 146-155.
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Figure 9. Infrared spectra in the(CO) region (the spectrum of RBiO, was removed by subtraction): (a) &dilicaasse) exposed to 10 Torr of
CO at room temperature; (b) [RBIO, + 0.8(Ad)GeH] treated at 50°C for 2 h followed by evacuation for 12 h at room temperature and then
exposed to 10 Torr of CO at room temperature.
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Figure 10. IR spectra in the/(CO) region: (a) CO adsorbed on [ilicaasse) + 0.8(Ad)GeH] treated at 50°C for 2 h followed by evacuation

for 12 h at room temperature; (b) sample a exposed to CO (10 Torr) at room temperature; (c) spectrum obtained after 72 h of reaction with

molecular oxygen (10 Torr) at room temperature.
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Formulation of the grafted entity as Ge(Ad)(H) may also be (iv) The infrared results indicate a strong electronic interaction

deduced from its thermal decomposition producing-Atiwith between the carbon monoxide adsorbed on the remaining
c_oncqmitant disappearance of th¢C—H) and v(Ge—H) rhodium sites and the(Ge—H) vibration demonstrating a kind
vibration bands. of proximity effect between the CO and the germylene species.

The organogermane complex is very likely grafted onto . . . S
rhodium for the following reasons: (i) (Ad)Gegldoes not react In conclusion, the major: Species which is present on the
with the silanols of the support. (i) The amount of grafted Surface after grafting is a kind of germylene surface species
germanium is close to the number of surface rhodium atoms. Stabilized by coordination to a surface rhodium atom. The
(If one introduces a Ge/Rhatio of 0.8, the micoanalysis after ~formation of a germylene(ll) species suggests that the grafting
grafting indicates a value of 0.76). (iii) The amount of rhodium has occurred by a reductive elimination of-H from the Ge-
accessible to carbon monoxide drops by a factor of 80% after (Ad)Hz. The mechanism of this reductive elimination is not
the grafting reaction takes place, indicating clearly that the clear, but perhaps, as already suggested ferdikyl adsorption
metallic surface has been covered by the Ge(Ad)(H) fragment. on rhodium surfaces, a pentacoordination of Ge could be a
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precursor state before reductive elimination of molecular of a Rh(H)(Ge(Ad)(H) species. There are several examples

hydrogent? of oxidative addition of a GeH bond to zerovalent metafs.
This surface species Rh(H)(Ge(Ad)@yould then reductively
g ll\d " Ad_ M eliminate hydrogen with formation of the surface germylene.
_ R\ Ge
AdGetl; + > [H T‘“H} ~N AdGeH, H N
Rh H, Rh AdGeH; + Rh —» Rh -~ Gf
H, Rh

Another possible mechanism could be the oxidative addition
of a Ge-H fragment to the zerovalent rhodium, with formation JA952718Y



