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OsQ(CO)il was attached to A1,03 surfaces by different reaction routes. An initially formed 
triosmium cluster undergoes thermal degradation at temperatures below 470 K. Degradation 
products are mononuclear tri- and dicarbonyl osmium complexes which can be reversibly 
interconverted. Metal aggregation does not occur below 770 K. A detailed analysis of the infrared 
carbonyl spectra permits the estimation of geometric parameters of the osmium complexes. A 
tentative model of the catalyst structure is presented and the stabilization of a monoatomic 
dispersion is interpreted as being due to an extremely strong osmium-oxygen interaction and the 
steric repulsion between carbonyl ligands of neighboring surface complexes. 

I. INTRODUCTION 

The relations between molecular clusters 
and small metallic particles have attracted 
increasing interest during the last few years 
(I). Moreover, it has been demonstrated 
that supported metal catalysts derived from 
carbonyl cluster compounds may develop 
unique catalytic properties which are not 
achieved by conventionally prepared metal 
catalysts (2-5). The reason for this is sug- 
gested to be due to the very high dispersion 
and small particle size of catalysts derived 
from zero-valent metal cluster compounds 
(5). Supported osmium catalysts have 
found little attention in the past. Carbonyl 
infrared spectra of CO adsorbed on sup- 
ported osmium metal have been published 
(6, 7) and Sinfelt and co-workers (8, 9) 
reported on a very elegant electron micro- 
scopic study of supported osmium parti- 
cles. These catalysts were prepared con- 
ventionally by impregnation with HzOsCls 
and subsequent high-temperature reduc- 
tion. The successful attachment of molecu- 
lar triosmium carbonyl clusters onto ligand- 
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modified silica supports was described 
recently by Brown and Evans (10) and by 
Pierantozzi et al. (I I). Basset and Ugo and 
their co-workers (1244) were the first to 
report on the reaction from solution of 
OSCAR with unmodified hydroxylated 
SiO, and A&O3 surfaces. Deeba and Gates 
(1.5) reported ir spectra of the same cluster 
adsorbed on the surfaces of SiOZ, A&OS, 
TiOn, and ZnO and Watson and Schrader 
(16) demonstrated that the A&O,-supported 
catalysts developed alkene hydrogenation 
activity under mild conditions. A molecular 
trinuclear cluster compound attached to the 
oxide surfaces was detected as the initial 
reaction product by infrared spectroscopy 
(12~f6), quantitative gas analysis (13, 14), 
and EXAFS (14). The structure of this 
compound can be described as follows (A): 

‘.$$. 

;*&& 

,g’ , 

and has well-defined molecular analogues 
(17). This surface cluster was decomposed 
on heating and the resulting surface com- 
plex gave three infrared carbonyl bands at 
2118-2135, 203&2052, and 19551970 cm-l 
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(13, IS). The corresponding carbonyl spec- 
trum was compared with the authentic 
spectrum of [Os(CO),X,], species (X = 
halogen) and the formation of a mononu- 
clear carbonyl osmium surface species was 
postulated on that basis. However, it was 
not checked in all cases whether the three 
observed bands did indeed belong to a 
single species (/5), although the possible 
existence of interconvertible mononuclear 
di- and tricarbonyl species was mentioned 
by Smith et al. (13). 

The two very recent communications by 
Basset and Ugo and their co-workers 
(13, 14) were not known to us when this 
work was first submitted for publication. 
Therefore, some of our experimental data 
parallel their results, and others are com- 
plementary. The main emphasis of the 
present contribution is a careful ir study of 
the osmium cat-bony1 surface complexes on 
A1203 during their decarbonylation and re- 
carbonylation. The vibrational analysis in 
the carbonyl stretching region permitted 
estimation of some structural parameters 
from which a tentative model of the surface 
complexes is deduced. The present paper 
goes beyond the conclusions drawn by 
Smith et al. (13) at least with respect to the 
ir analysis and the description of a model 
structure of the catalysts. 

II. EXPERIMENTAL 

OSCAR was received from Strem 
Chemicals and used without further 

purification. H20s,(CO),, was prepared ac- 
cording to the procedure described by 
Knox et al. (18). The A&O3 used as support 
was A&O3 P llOC1 from Degussa, West 
Germany. This material is prepared by 
flame hydrolysis of AlC& and consists of 
small nonporous spherical particles (5-30 
nm diameter). Its BET surface area was 100 
m”/g . 

The support was first heated in 0, at 670 
K to remove contaminated hydrocarbons 
and then heated in vucuo (< 10 N m-3 at a 
predetermined temperature (usually 670 K) 
for 10 h. After cooling the support to room 
temperature, it was contacted with the clus- 
ter solution under dry N2. The reaction of 
the cluster compounds with the support 
surface was carried out in two ways, either 
by simply stirring the suspension at room 
temperature for 15 h (the solvents were 
either hexane or octane) or by refluxing it in 
dry octane (bp 398 K) under dry N2 for 3 h. 
The materials obtained were thoroughly 
washed with the solvents to remove un- 
reacted, weakly adsorbed clusters, and 
dried in vucuo. Table 1 summarizes the 
samples which were prepared and gives the 
preparation conditions and support pre- 
treatment temperatures. Thin self-support- 
ing wafers were pressed in air and placed 
into a previously described (19) transmis- 
sion infrared cell, which permits in situ heat 
treatments and chemisorption experiments 
to be carried out. 

The infrared spectra were recorded on a 

TABLE 1 

Characterization of Supported Osmium Catalysts 

Sample Original Support and pretreatment 
cluster temp. (K) 

Attachment procedure 

Ia 
Ib 
IC 

IIa 
IIb 
III 

IV 

Al,Os (370) 
Al,4 (670) 
A&O, (870) 
A120s (670) 
A1,OI1 (870) 
A&O, (670) 

SiOl (670) 

Reflux in octane at 398 K 
Reflux in octane at 398 K 
Reflux in octane at 398 K 
Room-temperature adsorption from octane solution 
Room-temperature adsorption from octane solution 
Room-temperature adsorption from octane solution 

Reflux in octane at 398 K 
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Perkin-Elmer spectrophotometer type 225. 
Before exposing the sample to the infrared 
beam the system was pumped at room 
temperature to avoid any interference of 
oxygen. Moreover, to reduce possible heat 
effects induced by the infrared beam the 
light source was usually run at only about 
20% of its maximum power. The spectral 
slitwidth in the carbonyl stretching region 
was typically 3 cm-‘. 

III. RESULTS AND DISCUSSION 

I. Infrared Characterization 

Sample IV, which was prepared by 
refluxing SiO, with an octane solution of 
o%w3l, 7 showed ir carbonyl bands at 
2117, 2078, 2068, 2030, 2015, and 1998 
cm-l. This set of bands was obtained 
after pressing the self-supporting wafer in 
air. The bands compare well with the set 
of bands reported by Basset and Ugo and 
their co-workers (12-24, by Deeba and 
Gates (15), and by Watson and Schrader 
(16). They also correlate with ir carbonyl 
spectra of the authentic reference com- 
pounds [HOs,(CO),,(OCH(CH,),)l (211, 
WOs,(CO),,OHI G’h [HWCOhSRl 
(24, [HOs,(CO),,(HN-n-Bu)] (17), and 
[HOsg(CO)lO-O-Si(Ph)S] (13, 14). It can 
therefore be consistently assumed that 
structure A as suggested first by Basset and 
Ugo and co-workers (12-14) is being 
formed in agreement with the conclusions 
of Deeba and Gates (IS) and of Watson and 
Schrader (16). 

The A&O,-supported clusters developed 
the same set of carbonyl bands irrespective 
of the synthesis route when the samples 
were not contacted with the ambient atmo- 
sphere. If the samples were exposed to air 
during the preparation of the self-support- 
ing wafers, additional bands near 2130, 
2030-2050, and 1940-1970 cm-’ were ob- 
served in addition to the characteristic car- 
bony1 bands of structure A. This behavior 
had been reported previously and the addi- 
tional bands can be interpreted as being 
indicative for a cluster degradation to 

mononuclear carbonyl surface species 
(13, 15). The relative degree of cluster deg- 
radation clearly depended on the pretreat- 
ment temperature (i.e., the surface hy- 
droxyl content) of the A&O3 support prior 
to the cluster adsorption. Sample IIb was 
prepared after dehydroxylation at 870 K 
which results in a residual hydroxyl density 
of only about 2.5 x 1Ol4 OH/cm2 corre- 
sponding to approximately 17% of a theo- 
retical monolayer (20). This sample showed 
much less cluster degradation than sample 
IIa (dehydroxylation at 670 K) which con- 
tained initially 5.5 x 1Ol4 OH/cm2 corre- 
sponding to 38% of the theoretical mono- 
layer capacity (20). 

It is interesting to note that these trends 
can be observed although the samples had 
been exposed to the atmosphere during the 
preparation of the ir wafers. Atmospheric 
water and/or oxygen may thus influence 
the stability of structure A; the oxidative 
degradation of the cluster structure by sur- 
face hydroxyl groups, however, must also 
be an important process for the cluster 
degradation. This was further supported by 
independent experiments using a fluorina- 
ted A&O3 surface from which the most 
basic hydroxyl groups were eliminated. 
Structure A was strongly stabilized on this 
support, probably due to the fact that the 
remaining hydroxyl groups had properties 
comparable to those of SiOz surfaces which 
obviously favor the formation of structure 
A even after exposure to air for short 
periods of time. However, it cannot be 
excluded that adsorbed water may be in- 
volved in the cluster degradation when 
heating the samples. 

The ir carbonyl spectra obtained for the 
degradation products were practically iden- 
tical to those reported by Smith et al. (13) 
who have handled their samples without 
exposure to air before thermal decomposi- 
tion. Since this work aimed at a more 
detailed structural analysis of the final deg- 
radation products rather than an under- 
standing of the mechanism of this process, 
severe precautions against exposure to the 
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atmosphere were not considered neces- 
sary. Nevertheless the samples were stored 
under dry N, and only exposed during the 
short time period needed to prepare the 
self-supporting wafers. 

2. Thermal Decomposition 

Ugo et al. (12) and Smith et al. (13), 
reported on the thermal decomposition of 
OSCAR attached to SiOt surfaces. They 
observed the evolution of CH,, CO, COz, 
and Cz and higher hydrocarbons on heating 
OS~(CO)~~ on SiOz at 443 K under argon. 
The yield of C, and higher hydrocarbons 
decreased in favor of CH, on increasing the 
decomposition temperature; even under 
these conditions the osmium species were 
not transformed into metallic OS particles. 

Figure 1 shows the result of a tempera- 
ture-programmed decomposition experi- 
ment of sample Ib, in which the parent 
peaks of CH4, CO, C02, and H,O were 
recorded continuously on a quadrupole 
mass spectrometer while the sample was 

heated in a helium stream at a heating rate 
of 15 K min-‘. Full mass spectra were 
recorded occasionally for the detection of 
further components in the evolved gas. The 
signals for the various components in Fig. 1 
cannot be compared quantitatively, since 
the mass spectrometer was coupled to the 
helium stream via a jet separator which 
works mass specifically and therefore leads 
to a perturbation of the real composition. 
Hydrogen which was probably also evolved 
(12, 13), could not be detected in the pres- 
ently used system. Figure 1 shows the 
evolution of CH4, CO, and CO, in various 
stages. Carbon monoxide shows a very 
pronounced evolution peak at 445 K with a 
shoulder at about 370 K and is then evolved 
continuously as the temperature is in- 
creased with a shoulder at 715 K followed 
by a steep rise up to 770 K. The CO1 
evolution curve shows maxima at 370 and 
700 K before it rises steeply above 730 K. 
Methane is continuously produced above 
340 K and also shows a steep increase at 

TEMPERATURE (K 1 

FIG. 1. Temperature-programmed decomposition of sample Ib. 
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high temperatures above 740 K. The full 
mass spectra taken at certain temperatures 
clearly indicate that Cz-C4 hydrocarbons 
were also formed above approximately 400 
K. These results compare well with those 
reported by Ugo et al. (12) and Smith et al. 
(13) for the SiO,-supported system. A ther- 
mal degradation of the initially predominant 
structure A probably occurs below 470 K 
where the strong CO evolution occurs, the 
degradation products being further decar- 
bonylated at increasing temperatures. Be- 
sides a simple decarbonylation of the sur- 
face osmium species, a water gas shift 
reaction (readsorbed Hz0 was evolved over 
the entire temperature range) and CO hy- 
drogenation must occur to account for the 
production of CO, and CH4 and the higher 
hydrocarbons. 

In a second experiment, CO was read- 
sorbed at 370 K on the sample after the 
thermal decomposition under a pressure of 
lo4 N rn+!. Figure 2 shows the subsequently 
recorded thermal desorption spectra (heat- 

ingrate 15 K min-‘). CO, COP, and CH, are 
produced within the entire temperature 
range up to 770 K. CO2 and CHI evolution 
traces show simultaneously occurring max- 
ima at 440, 530, and 680 K and rise steeply 
above 730 K. CO evolution develops flat 
maxima at about 440 and 635 K and is 
strongly enhanced above 740 K. These de- 
sorption spectra are clearly distinct from 
the thermal decomposition traces. The ex- 
periments demonstrate that the degradation 
products of the supported trinuclear os- 
mium cluster compound can be recarbony- 
lated and that both the water gas shift 
reaction and CO hydrogenation must occur 
also on these new surface species. 

The infrared carbonyl spectra of all 
A&O,-supported samples undergo substan- 
tial changes during thermal treatment at 
temperatures above 370 K. The character- 
istic bands of the cluster structure A vanish 
and three carbonyl stretching bands near 
2130, 2030-2050, and 1940-1970 cm-l de- 
velop. This observation supports the con- 

TEMPERATURE (K I 

FIG. 2. Thermal desorption spectra from sample Ib after temperature-programmed decomposition 
and CO readsorption at 370 K. 
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WAVENUMBERS (cm-11 
FIG. 3. Carbonyl infrared spectra of sample Ih 

during decarbonylation (evacuation < lo-* N m-3. (1) 
Room temperature, (2) 470 K, 6 h, (3) 620 K, 15 h, (4) 
645 K, 15 h. 

elusions from the thermal decomposition 
experiment, namely, the cluster degrada- 
tion below 470 K. Figure 3 shows the 
development of these bands during decar- 
bonylation of sample Ib. After heat treat- 
ment at 470 K in vucuo (< 1.3 x 10m2 N 
m-3 three bands at 2125, 2031, and 1940 
cm-’ are observed. These bands shift to 
higher wavenumbers at increased decar- 
bonylation temperatures with final posi- 
tions at 2130, 2050, and 1970 cm-‘. The 
intensity of the sharp high-frequency band 
at 2130 cm-’ is clearly reduced during de- 
carbonylation, while that of the broad fea- 
ture at 1970 cm-l increases. These trends 
can be reversed on exposure to a CO atmo- 
sphere at elevated temperatures as evi- 
denced in Fig. 4. On recarbonylation at 645 
K the sharp band at 2130 cm-l gradually 

increases in intensity at the expense of the 
broad feature at 1970 cm-‘, while the broad 
band in the center shifts from 2050 to 2040 
cm-‘. The experiments therefore suggest an 
interconversion between at least two differ- 
ent osmium carbonyl species during decar- 
bonylation-recarbonylation cycles after 
degradation of the originally formed cluster 
structure A. 

This becomes still more evident on the 
basis of the spectra shown in Figs. 5 and 6 
of sample IIa, which was prepared by 
room-temperature reaction of Os3(CO)12 
with the A1201 surface. After treatment in a 
CO atmosphere (6.5 x lo3 N m-3 at 520 K 
the band at 1970 cm-l has nearly vanished 
and two typical carbonyl stretching bands 
occur at 2128 and 2037 cm-l (Fig. 5). The 
high-frequency band is relatively sharp 
(band half-width 20 cm-‘) as compared to 
the low-frequency band (band half-width 43 

WAVENUMBERS (cm-l 1 

FIG. 4. Carbonyl infrared spectra of sample Ib 
during recarbonylation at 645 K: (1) sample evacuated 
<lo-* N mmp at 645 K, (2) 2.6 x 1oJ N m-z CO for 1 h, 
(3) 2.6 x 109 N m-* CO for 20 h, (4) 105 N m-* CO for 
20 h. 
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WAVENUMBERS (cm-‘) 

FIG. 5. Carbonyl infrared spectra of sample IIa 
during carbonylation: (1) after evacuation < lo-* N 
mm2 for 16 h, (2) 6.7 x 103 N m-* CO at 370 K for 4 h, 
(3) 6.7 x lo3 N m-* CO at 470 K for 4 h, (4) 6.7 x lo3 N 
me2 CO at 520 K for 3 h, (5) 6.7 x 109 N me2 CO at 520 
K for 15 h, (6) 6.7 x lo3 N m-* CO at 570 K for 3 h. 

cm-l). Subsequent decarbonylation leads 
to an intensity loss of the band at 2128 cm-l 
and a shift of the band at 2037 cm-l towards 
2045 cm-l, while the low-frequency band at 
1970 cm+ is being restored (Fig. 6). A 
linear correlation is obtained when the inte- 
grated intensity of the band at 2128 cm-l is 
plotted against that of the band at 1970 cm-l 
(Fig. 7), which clearly suggests the inter- 
conversion of two carbonyl species with 
characteristic stretching bands at 2128 and 
2037 cm-l for the carbonylated state and 
2045 and 1970 cm-’ for the decarbonylated 
state. It is assumed that these two states 
can be described as mononuclear osmium 
tri- and dicarbonyl species, respectively: 

Os(CO), G= Os(CO), + co; 

the osmium being in the 2+ oxidation state 

as evidenced by quantitative gas analysis 
(12, 13) and XPS measurements (30). This 
assignment is based on the comparison of 
the observed infrared spectra with those of 
authentic mononuclear Os2+ carbonyl coor- 
dination compounds, which are summa- 
rized in Table 2. As in the molecular tricar- 
bony1 compounds of the type (Os(CO),X,),, 
the sharp high-tiequency band at 2128 cm-’ 
and the broad band at 2037 cm-l are as- 
signed as the A, mode and the doubly 
degenerate E(B,) mode, respectively. 
These features are typical for tricarbonyls 
with C,, symmetry (26). The second band 
doublet which is typical for the decarbony- 
lated state, must then be assigned as the 
symmetric and antisymmetric carbonyl 
stretching modes of the dicarbonyl species 
6’6). 

An aggregation to metal particles obvi- 

; - , I . I 

WAVENUMBERS (cm-1 1 

FIG. 6. Carbonyl infrared spectra of sample IIa 
during decarbonylation (evacuation < lo-% N m-3: (1) 
after treatment in 6.7 x 10E N me2 CO at 670 K for 3 h, 
(2) evacuation at 570 K for 5 h, (3) 595 K for 5 h, (4) 620 
K for 5 h, (5) 645 K for 8 h. 



344 KNGZINGER AND ZHAO 

TABLE 2 

Infrared Carbonyl Bands of Molecular Mononuclear 
Osmium Species 

Solvent &I Ref. 
(cm-‘) 

os(com, 
Os(CO),Br, 
oscoM~ 
oscohL 
0s(c0MPPh3)*cI, 
Os(COMAsPh&CI, 
Os(CO),(SbPh,),CI, 
Os(CO),(EtPh,P)CI, 

CCL 2136, 2061 
CCL 2129, 2057 
CCI, 2119, 2051 
Nujol mull 2119, 2045, 1988 
CH,CI, 2040, 1975 

CH,CI, 2038, 1971 

CH,CI, 2031, 1966 
CH,CI, 2043, 1971 

(24) 
(24) 
(24) 
(24) 
(24, 25) 

(24, 25) 
(24, 25) 

(25) 

ously does not occur on heating the A1,03- 
supported osmium species, in agreement 
with Ugo et al. (12) for SiO,-supported 
catalysts. This suggests that a very strong 
osmium support interaction occurs. More- 
over, the OS-CO bond must be extremely 
strong, since a complete decarbonylation 
was not possible on vacuum treatment at 
temperatures up to 770 K. Sample IIb 
showed the two strong bands at 2045 and 
1970 cm-’ typical of the dicarbonyl species 
even after heating in vucuo at about 800 K. 
The stability of the surface carbonyl spe- 
cies and the strength of the metal-CO bond 
was also demonstrated by the fact that 13C0 
exchange did not occur at low temperatures 
and was still extremely slow at tempera- 
tures around 650 K. It was therefore not 
possible to prove the above assignments by 
isotopic labelling experiments. 

However, a more detailed analysis of the 
tricarbonyl spectra permits the estimation 
of some geometric structure parameters of 
the surface species. If a local C,, symmetry 
is tentatively assumed for the surface tri- 
carbonyl species with the C3 axis perpen- 
dicular to the surface as shown below, 

$3 

the angles Q, (between the OS-C bond and 
the surface) and 8 (between two OS-C 

bonds) can be estimated from the ratio of 
the integrated intensities Z(A,) and Z(E) of 
the A,, and E modes, respectively (26): 

Z(A,)/Z(E) = tan2@ = a 3 cot [ 2i~kll* 

As a result, the two angles were estimated 
to be 8 = 97” and Q = 30”. Together with 
the spatial requirements of the relatively 
bulky CO ligands and bond distances (dc-, 

1.15&r,= 1.50-1.53&r,= 1.25-1.3OA 
(%‘), dos-c = 1.90 A), a tentative model for 
the closest approach of neighboring surface 
tricarbonyl complexes can be developed, 
which is shown in Fig. 8. The steric interac- 
tion of the CO ligands of neighboring tricar- 
bony1 complexes is clearly evident and 
leads to a shortest possible OS-OS distance 
of about 5.9 8, which contrasts to 2.9 A in 
the Os3(CO)13 cluster. Strong OS-OS inter- 
actions will thus not be possible in these 
systems and the surface species have to be 
considered as individual mononuclear com- 
plexes, which are apparently strongly 
bound to the support surface. As a matter 
of fact, osmium forms extremely strong 
bonds with oxygen. The bond dissociation 

20 

1 1 \ 
10 

FIG. 7. Correlation between band intensities of 
bands at 2128 and 1970 cm-l (data from Fig. 6). 
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FIG. 8. Tentative model for nearest-neighbor ap- 
proach of Os(CO), species. 

energy of the diatomic OS-O species was 
reported to be close to 590 kJ mol-’ (31). 
The strong osmium-support interaction 
and the steric interaction between CO li- 
gands, which are very tightly bound to 
osmium atoms, must therefore be responsi- 
ble jointly for the atomic dispersion of the 
osmium species. 

This model is admittedly strongly 
oversimplified and ignores the structure of 
the A&O3 surface; it is, however, a first 
approach towards a structural description 
of the surface species and explains some 
possible reasons for the high dispersion of 
osmium. Additional evidence for this 
comes from an electron microscopy study 
of the same sample which will be reported 
shortly (30). It is also interesting to note 
that the size of osmium very closely resem- 
bles that of the 02- ions of the A&O3 
surface. Moreover, the distance between 
neighboring doubly or triply bridging sites 
on the low-index faces of the AlzO, surface 
is approximately 2.85 A (20). The predicted 
OS-OS distance of about 5.9 8, can thus be 

approached very closely if the osmium car- 
bony1 complexes are being placed into 
every second site bridging either two or 
three 02- ions on the surface. 

The steric restrictions for the approach of 
the surface complexes become less strin- 
gent when the dicarbonyl species is being 
formed. Assuming a local C,, symmetry for 
this complex, the angle 8 between the two 
OS-C bonds can be calculated (26) from 

ZsYmlZasm = cot2 $ 0 
and turns out to be 92”. If a vertical orienta- 
tion of the symmetry axis relative to the 
surface is assumed, two relative orienta- 
tions of the dicarbonyl complexes would be 
possible with the planes containing the CO 
ligands either perpendicular or parallel to 
each other. In the first case, the steric 
repulsion of the CO ligands would allow for 
a shortest OS-OS distance of 4.2 A, while in 
the second case rows of complexes with an 
OS-OS distance of only about 3.0 8, would 
be possible. 

3. The Frequency Range 1900-1000 cm-’ 

It is most interesting to mention that the 
formation of carbonate or bicarbonate spe- 
cies could not be detected after exposure of 
the samples to a CO atmosphere at elevated 
temperatures. This shows that the observed 
CO, evolution cannot be due simply to a 
thermal decomposition of surface carbon- 
ates or bicarbonates chemisorbed on the 
A&O3 support. However, strong bands de- 
veloped at 1595, 1395, and 1380 cm-’ on 
heating sample IIb at 648 K in CO. The 
band intensities were dependent on the CO 
pressure. This band pair must be assigned 
as the antisymmetric and symmetric 
stretching vibrations of a formate species 
(28). A formate species would certainly not 
form during CO adsorption on pure Al,O, 
surfaces; it had, however, been detected as 
an intermediate of the water gas shift reac- 
tion by Amenomiya (29) when A1203 was 
exposed to CO2 + H, mixtures between 570 
and 770 K. The formation of the formate 
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species on the present system is therefore 
not surprising since the water gas shift 
reaction with production of Hz and CO, 
does occur, although it could still not be 
tested whether the formate acts as an inter- 
mediate or not. 

IV. CONCLUSIONS 

The reaction of OSCAR with the sur- 
face of A1203 leads initially to the formation 
of structure A which can be degraded by 
thermal treatments. Degradation products 
are tri- and dicarbonyl mononuclear os- 
mium complexes which can be reversibly 
interconverted. Strong evidence has been 
found for very strong osmium-support in- 
teractions, which must be responsible for 
the atomic dispersion of the species. The 
raft-like structures observed by Prestridge 
et al. (8) for supported osmium catalysts 
may be due to this strong osmium-support 
interaction. However, for the present sys- 
tems, the steric repulsion between CO li- 
gands appears strongly to influence the Os- 
OS distance, too. This suggests that 
mononuclear carbonyl complexes may pos- 
sibly play an important role for CO reac- 
tions at high pressures on supported os- 
mium catalysts. These complexes could 
perhaps be formed from small particles or 
the raft-like structures, when coordination 
of CO ligands to metal atoms and the repul- 
sive forces between them overcome attrac- 
tive forces between the metal atoms. The 
“nuclearity” of the surface species present 
under working conditions may critically 
determine activity and selectivity of the 
catalysts. 
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