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FT-IR studies of decarbonylation and recarbonylation of [Pt;(CO)s ]2~
supported on dehydrated SiO,
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Decarbonylation of [Pt3(CO)s}s on SiO, at 373 K produced [Pt;(t-CO);]s species, where all the terminal CO remained.
Complete decarbonylation at 423 K was not observed, which led to aggregation at 473 K. The interaction of some Pt with SiO,

inhibited complete recarbonylation to [Pt3(CO)g)s.
Keywords: FT-IR; [Pt;(CO)s[2~

1. Introduction

The nature of a particle or a cluster of a metal varies
from that of a single atom to that of a group by increas-
ing the number of constituent atoms. Understanding of
the chemistry and function of metal particles will be
advanced by investigating the nature of discrete, structu-
rally uniform metal clusters. This has been vigorously
attempted by forming highly dispersed metal particles
with a known number of atoms on inorganic oxides by
thermal decomposition of a supported organometallic
compound [1,2]. Fixation of metal carbonyl clusters on
oxides with high surface area and their thermal decarbo-
nylation have been examined by infrared (IR) spectros-
copy, extended X-ray absorption fine structure
(EXAFS), etc. [3-8]. It has been found that a part of the
coordinated CO molecules of carbonyl clusters of Os [4],
Ru [5], Rh [6] and Ir [7] are desorbed by thermal treat-
ment below 423 K, and that highly dispersed multi-
nuclear metal sites are generated on the oxides [3].

Supported Pt catalysts have been widely used and
studied by various methods [9]. Recently, attempts have
been made to produce ultra-fine Pt particles on oxide
supports by using Pt carbonyl clusters [8,10-12]. A series
of Pt carbonyl] clusters [Pt3(CO)g]>~ (n = 1 to 6, and 10)
[13,14] can be selectively produced by changing the prep-
aration conditions. One unit of [Pt3(CO)g] includes a tri-
angular Pt; skeleton and three terminal and bridged CO
groups, respectively, and the units join with the unit
planes parallel with each other by numbers of #. The
structure of [Pt3(CO)g]s, where n = 5, is shown in the
inset of fig. 1. The use of these Pt clusters as starting
materials to form Pt particles with uniform numbers of
atoms on oxides will provide valuable information on
the nature of metal particles with small constituent num-
bers, which would be different from that of metal parti-
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cles of a few tens A in size. However, studies on
supported Pt catalysts prepared by Pt carbonyl clusters
are limited because of their poor stability in the air. In
this study, [Pts(CO)s]2~ was anchored on dehydrated
Si0,, and thermal decarbonylation and recarbonylation
by exposure to CO were studied by IR spectroscopy. The
nature and the stability of the clusters are discussed.
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Fig. 1. Thermal treatment of [Pt3(CO)4]s on SiO, at 298 K (a), 348 K

(b-g) and 373K (h,i). Spectra were measured soon (b), at 5 min, (c), 10

min (d), 15 min (e), 20 min (f) and 30 min (g) after the temperature of

the sample was raised to 348 K, and soon (h) and at 5 min (i) at 373 K.

The inset shows the structure of [Pt; (CO)g4s, where X0, ~3- and &5
indicatea t-CO, b-CO and a Pt atom, respectively.
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2.Experimental

[Pt3(CO)g]2~ was prepared in a Schlenk flask accord-
ing to the procedure described in ref. [15]. 1.0 g of
Na,PtClg-nH,O (Kojima Chem. Co. Ltd.) was resolved
in 17.5 ml of CH;0H (Kanto Chem. Co. Ltd.) and
reduced by 1.4 g of CH;COONa (Kosou Chem. Co.
Ltd.) under CO (Toyo Sanso Co. Ltd.) atmosphere for
24 h. After confirming the uniform production of
[Pt3(CO)s]2~ by an IR spectrum, the solution was filtered
and crystallized in 5.0 ml of CH3;OH solution containing
0.5 g of N(n-C4Hy)4Cl (Tokyo Kasei Co. Ltd.). The
obtained [Pt3(CO)g)2~-[N(n-C4Hy)4]; was washed with
CH;OH several times.

A disk (81 mg, 20 mm in diameter) of SiO; (Aerosil
300, surface area 300 m? g~!) was dehydrated by evacua-
tion at 773 K for 1 hin an IR cell connected to a closed
gas circulation system. Then the sample disk was cooled
to room temperature under evacuation followed by
introducing Ar. 6.7 ml of the THF solution of
[Pt3(CO)s]%~ (3.5 x 10~* mol £~!) was dropped into the
pretreated SiO, disk in Ar atmosphere, and the solvent
was removed by flowing Ar gas in the system. The
amount of supported cluster was 0.08 wt% or 1 cluster
per 420 A2, assuming that the loaded cluster dispersed
uniformly.

IR spectra were recorded on a Fourier transform
(FT) IR with a triglycine sulfate (TGS) detector at 4
cm ! resolution. 16 scans were averaged for one spec-
trum. All the spectra were obtained after subtracting the
background spectra of SiO, taken under evacuation at
the same temperatures. For recarbonylation and hydro-
gen treatment, 400 Torr of CO and 100 Torr of H, were
exposed to the sample.

3.Results and discussion
3.1. Thermal decarbonylation

The change of IR spectra of [Pt3(CO)sJ2~ supported
on SiO, by heating from 298 to 373 K under evacuation
is shown in fig. 1. After evacuation at 298 K for 15 min
(fig. 1 (a)) two bands were observed at 2064 and 1873
cm~! which are assigned to terminal (t-) and bridged (b-)
CO, respectively. By evacuation at 298 K, slight changes
in IR spectra between before and after evacuation were
observed; the peak of t-CO shifted from 2058 to 2064
cm~! and the full width at half maximum (FWHM)
increased from 25 to 35 cm™'. These changes of the IR
band of t-CO took place alongside the desorption of
THEF, which interacted with surface hydroxyl (silanol)
groups of the support. The free silanol groups regener-
ated after desorption of THF may in turn interact with
the Pt cluster. The increase in the band width was inter-
preted in terms of inhomogeneous broadening resulting
from various types of interaction of [Pt3(CO)sl}~ with
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surface silanol groups. The interaction of the cluster with
silanol groups is regarded as weak hydrogen bonding
because decarbonylation which produces coordination
unsaturated Pt atoms did not proceed at this stage. The
similar IR spectrum of the cluster on the support after
evacuation to that in the solvent denotes that the struc-
ture of [Pt3(CO)s]2~ is not much distorted by hydrogen
bonding, judging from the spectrum. However, the num-
ber of silanol groups interacting with one [Pt3(CO)g)3~
cluster and whether the clusters exist parallel with or per-
pendicular to the surface are not clear, and their varia-
tion is regarded as an origin of the inhomogeneity. At
348 K (fig. 1(b)-(g)) a decrease of the band of b-CO was
observed in the time course, and the band due to t-CO
shifted to lower frequency. The shift of the t-CO band is
unlikely due to dipole—dipole interaction where a band
continuously shifts with increasing or decreasing the
coverage [15]. It is rather interpreted as follows. The fre-
quency of the t-CO band is centered at 2064 cm~! when
b-CO is present. As the b-CO is removed the frequency
shifts to 2045 cm~! which is characteristic for t-CO in the
absence of b-CO. This shift is brought about by the de-
sorption of bridge-bonded CO. Consequently, an
increased back bonding from the b-CO-free Pt atoms to
the t-CO molecules is observed that manifests itself as a
redshift of the C-O stretching frequency. In other words,
the same adsorbed CO species is present in two distinct
environments, i.e. in the presence of b-CO (2064 cm™!
band) and in the absence of b-CO (2045 cm™! band). The
interconversion of t-CO also appeared in the IR spectra
observed by Handy et al. [10], who studied the same
[Pt3 (CO)6]§‘ cluster on -Al,O3, but it was not observed
on MgO [11]. The behavior of the [Pt3(CO)g)2~ cluster
seems to be greatly dependent on the support, as dis-
cussed later. The complete disappearance of b-CO was
not observed at 348 K. When the temperature was
increased to 373 K the desorption of b-CO terminated in
5min. Further evacuationat 373 K caused the successive
desorption of t-CO, as shown in fig. 2. A part of t-CO
was not completely removed even after evacunation at
423 K: the evacuation at 423 K for 120 min resulted in
the same spectrum as that of fig. 2 (e). It is noticed that
the band of t-CO after desorption of b-CO (figs. 1 (i) and
2 (a)) showed a tailing feature to the lower frequency
side. The band at 2045 cm~! in fig. 2 (a) was deconvo-
luted, using a Gaussian function, into two bands: one
centered at 2045 cm™! (FWHM = 36 cm™!) and the
other at 2023 cm~! (FWHM = 80 cm™!). The appear-
ance of two bands for the species in fig. 2 (a) indicates the
existence of two types of t-CO in different environments,
and the t-CO observed in fig. 2 (e) is represented by the
band deconvoluted to 2035 cm~!. Namely, there are two
types of Pt atoms that can adsorb CO: (1) Pt atoms which
are not in direct contact with the silica surface and (2) Pt
atoms which are in contact with the SiO, support. The
first type of Pt atoms produce a sharp, intense CO fea-
ture at 2045 cm~! and desorption of CO from them
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Fig. 2. Thermal treatment of [Pt3(CO),]s on SiO; at 373 K (a—), and

423K (d, ¢). Spectra were measured at 10 min (a), 30 min (b) and 60 min

(c) after the temperature of the sample was raised to 373 K; and at 15

min (d), and 60 min (e) after the temperature of the sample was raised
t0423K.

occurs at lower temperature. The Pt atoms in direct con-
tact with the SiO, support are electronically and geome-
trically perturbed by the support, and the adsorbed CO
shows a broad band at lower frequency.

The integrated absorbance of bands of the t-CO dur-
ing evacuation with increasing temperature (figs. 1 and
2) is plotted in fig. 3. The integrated absorbance stayed
constant at 298 K, and a monotonous decrease was
observed after 10 min at 373 K and at 423 K. This
decrease indicates the desorption of t-CO above 373 K
on the assumption that the absorption coefficient is
unchanged at 373 and 423 K. On the other hand, the inte-
grated absorbance of t-CO slightly increased in the time
course at 348 K probably due to the changeinabsorption
coefficient between the original and the interconverted t-
CO bands by desorption of b-CO, as mentioned above.
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Itis noted that the amount of t-CO remained unchanged
at 348 K and during the first 10 min at 373 K after termi-
nation of the absorbance increase, assuming that the
absorption coefficient is constant for the same species.
This feature implies that thermal desorption of the t-CO
occurred after the b-CO completely disappeared, and
that the species observed in figs. 1 (i) and 2 (a) could be
regarded as [Pt3(t-CO)s]s or Pt;5(t-CO);5, where b-CO is
absent. The difference of the two expressions is whether
the initial structure of the Pt cluster is maintained (for
[Pt3(t-CO)3]s) or reconstructed (for Pt,5(t-CO);s).

In order to confirm the structure of Pt;5 species after
the disappearance of b-CO species, the observed IR fre-
quency of t-CO species is discussed by comparison with
those adsorbed on Pt single crystal surfaces [16,17] and
on supported Pt particles [18-27]. The adsorption site
and IR frequency of CO were correlated by studying CO
adsorption on a series of Pt particles with different parti-
cle sizes supported on SiO; and by comparing with those
on various surfaces of a Pt single crystal [21-23]. Several
peaks of t-CO were observed, and the ratio of peak inten-
sities of their bands were found to differ from one
another on changing the particle size as follows [21]. The
high frequency band at 2081 cm~! was observed for lar-
ger Pt particles, and was assigned to CO adsorbed on the
terrace facets with high coordination number {21,22].
The medium frequency band appeared at 2070 cm ! very
intensely for the smaller particles (~ 24 A diameter) [21].
The low frequency band at 2060 cm~! was found to
appear for Pt particles with diameter bigger than 14 A
and increased in intensity on increasing the particle size
[21-23]. Then the intensity of the low frequency band
gradually decreased on increasing the Pt particle diam-
eter above 15 A [21]. All the wavenumbers above are
referred from ref. [21] presented as singleton frequencies
without any dipole-dipole interaction. They shift to
higher frequency in the presence of dipole-dipole inter-
action. The medium and low frequency bands were sup-
posed to be attributable to CO adsorbed on corner and
edge sites, respectively [21]. However, on stepped single
crystal surfaces, any clear difference was not found
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Fig. 3. Changein integrated peak intensity oft-CO with time of thermal treatment between 298 and 423 K.
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between CO on corner and edge sites; only a single band
at 2065 cm™! (at initial coverage) was observed and clear
assignments of adsorption sites of CO on corner and
edge sites were not made [21]. In the present study, the
band at 2045 cm~! observed at high CO concentration is
represented as ~ 2040 cm™! by taking the dipole-dipole
interaction into account. The observed peak position of
the species in fig. 2 (a) is still low to be ascribed as those
at corner or edge sites of SiO,-supported Pt particles. On
the other hand, there are some reports on the frequency
of CO adsorbed on SiO,-supported Pt showing the band
at such low frequency as 2045 cm™! [26,27]. It was
reported that adsorption of CO at room temperature
showed a band at 2062-2079 cm~! and gradual heating
(~ 623 K) under evacuation caused a downward shift to
2040 cm™! [26,27]. A hysteresis in coverage—frequency
plot was observed and was interpreted as a transforma-
tion of the adsorption site from terrace to step ones
[26,27]. This confirms us to assign the band at 2045 and
2023 cm~! in fig. 2 (a) to [Pt3(t-CO)s]s where the initial
structure of the cluster is maintained. Consequently, all
the CO adsorbed on corner Pt atoms, and those t-CO
adsorbed on Pt atoms free from interaction with the sup-
port gave a sharp band at 2047 cm~' and those on the
SiO,-interacted Pt atomsat 2023 cm™!.

The change in frequency of the t-CO band after de-
sorption of b-CO at 373 and 423 K is plotted in fig. 4 as a

function of integrated peak intensity of t-CO. A linear

correlation between the coverage and the frequency was
observed at initial decrease of t-CO species, which indi-
cates the occurrence of dipole-dipole interaction for the
t-CO appearing at higher frequency. For the low-
frequency t-CO remaining at higher temperature, a clear
change in frequency on decreasing the amount was not
observed because of its broad band shape or of the
absence of dipole—-dipole interaction. Dipole-dipole
interaction was not observed for the t-CO on step sites of
SiO,-supported Pt [26,27] although the IR band was
observed at the same frequency as in the present study.
This is probably due to small concentration of the step
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Fig. 4. Relation between the frequency and the integrated peak
intensity of t-CO.

sites on the catalyst: the large distance between the
adsorbates prohibited the interaction. In the present
study, the observation of the dipole-dipole interaction
for the t-CO species at 2045 cm™! supports the concen-
trated localization of the species, where the five t-CO
species protrude to the same direction. The direction cor-
responds to the vacuum since these t-CO exist on Pt with-
out perturbation by adsorption. Therefore, the [Pts(t-
CO);]s clusters are considered to lay on their sides on the
support with 5 and 10 Pt atoms with and without interac-
tion with the SiO; support. The structure of the Pt cluster
which gave the spectrum in fig. 2 (e) is here formally
referred to as Pt;5(t-CO),, (n < 15) assuming that aggre-
gation did not occur.

3.2. Recarbonylation of [ Pt3(t-CO) 3]s species at 298 K

Recarbonylation of [Pt;(t-CO)s]s species was con-
ducted by introduction of 400 Torr of CO at 298 K, as
seen on the IR spectra shown in fig. 5. The band of t-CO
shifted from 2047 t0 2066 cm~! and a small amount of b-
CO was regenerated by the introduction of CO. By eva-
cuation of gas phase CO, the 2066 cm~! band shifted to a
lower frequency region accompanied by desorption of
some b-CO. These behaviors are the same as those
observed during thermal treatment of the original [Pts(t-
C0)3(b-CO)3]s, and the spectrum in fig. 5 (d) is identical
to that in fig. 1 (h). This species is regarded as [Pts(t-
CO);]5(b-C0O), (n < 15), where the b-CO was incom-
plete in the original cluster. Complete recarbonylation
was not observed on SiO; as on v-Al,03 [10] and MgO
[11]. This is perhaps hindered by the strong interaction
of some Pt atoms with the support surface formed on de-
sorption of b-CO. The structural change of the cluster
from rod-like to hemispherical shape was observed on
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Fig. 5. Recarbonylation of [Pt3(t-CO),]s species at 298 K; (a) before
carbonylation, (b) after contact with CO for 5 min, (c) after evacuation
of gas phase for 30 min, and (d) for 90 min.
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MgO after recarbonylation at room temperature [11].
In the present case, however, almost complete regenera-
tion of the partially recarbonylated [Pt;(t-CO)s]s(b-
CO), (n < 15) species was observed, as evidenced by the
peak transformation from 2047 to 2066 cm~! due to
regeneration of b-CO species. Therefore, the Pt skeleton
of [Pt3(t-CO)s]s species is confirmed as maintaining the
original structure. The structural transformation is
rather considered to take place during decarbonylation
of t-CO than upon recarbonylation of [Pt3(t-CO)s]s spe-
cies.

3.3. Recarbonylationof Pt;5(t-CO), (n < 15) species
at298 K

Recarbonylation of the Pt;5(t-CO), (n < 15) species
(fig. 2 (e)) mentioned in section 3.1 was attempted at 298
K inthe same manner as that of the [Pt3(t-CO)s]s species.
The t-CO on the recarbonylated Pt;5(t-CO), (n < 15)
gave the band at 2073 cm~!, as observed in fig. 6 (a). The
fact that this IR band appeared at higher frequency than
ever observed implies that the structural change was
derived from the desorption of t-CO species at 423 K,
which resulted in a weaker adsorption of t-CO than the
original ones. The integrated absorbance also changed,
becoming much less than that of the [Pt3(t-CO)s]s spe-
cies. It is possible to consider that the amount of
adsorbed t-CO decreased due to the aggregation to lar-
ger clusters and that the formally inscribed Pt;5(t-CO),
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298 K
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Fig. 6. Recarbonylation of Pt;5(t-CO), (n < 15) species at 298 K;

(a) after evacuation of gas phase CO at 298 K, (b) after H, treatment of

(a), () recarbonylation of (b}, and (d) recarbonylation of Pt;5(t-CO),
(n <« 15) species after H; treatment.

(n <« 15) species was not in its form. However, when the
species observed in fig. 6 (a) was treated by 100 Torr of
H; at 373 K, the spectrum changed to that shown in fig. 6
(b), which is identical to that of [Pt3(t-CO)s]s (see fig. 5
(a)). It was thus found that the structure of recarbony-
lated Pt;5(t-CO), (n < 15) species was reformed to
[Pt3(t-CO)s]s species by Hj treatment, and that the cause
of the intensity decrease of t-CO should not be attributed
to aggregation but to a decrease in absorption coeffi-
ciency. The origin of the decrease in absorption coeffi-
ciency to about 46% as well as that of the 27 cm™!
blueshift is not clear in the present study. This fact sup-
ports that the number of Pt atoms in formally defined
Pt;5(t-CO), (n < 15) both before and after recarbonyla-
tion stayed at 15, i.e., the Pt;5 cluster did not aggregate.
Therefore, the structure of Pt;5(t-CO), (rn < 15) was
confirmed and the recarbonylated species before H,
treatment is regarded as Pt;5(t-CO);5, where the number
of the t-CO recovered to 15. The b-CO is evidently
absent in spectrum (b), since there in no excess CO pres-
ent that can produce this species. Further adsorption of
CO to [Pt3(t-CO)s]s species (fig. 6 (b)) at 298 K gave a
spectrum as shown infig. 6 (c). A small amount of regen-
eration of b-CO and an upward frequency shift were
observed. The feature by comparison with the recarbo-
nylation of the original [Pt(t-CO)s]s species in fig. 5 indi-
cates that the species in fig. 6 (c) is represented as [Pts(t-
CO)3]5(b-CO),, (n < 15) species. The direct H, treatment
of Pt;5(t-CO), (n < 15) species prior to recarbonylation
resulted in the same species Pt;5(t-CO);5 as observed in
fig. 6 (d). In this case, t- and b-CO were produced simul-
taneously. Although the clear structure of Pt;5(t-CO),
or Pt;5(t-CO);5 cannot be suggested from the present
study, the capability of the Pt;s cluster for 15 t-CO spe-
cies indicates that such form involving any bulk Pt atoms
inside the cluster is unlikely and that the reconstruction
is not much extensive. Consequently, the original stuc-
ture is regenerated by H, treatment, however, details of
the restructuring process are not clear. The scheme of
thermal desorption, recarbonylation and H, treatment
is summarized in scheme 1, and the possibility of aggre-
gation is excluded.

3.4. Thermal treatment at 573 K

When the sample was evacuated at 573 K, complete
decarbonylation took place. Recarbonylation of the
completely decarbonylated Pt sample gave the spectrum
shown in fig. 7 (a). It is seen that formation of b-CO was
totally prohibited and that the line shape of the band is
much narrower than the bands ever observed. This indi-
cates that the morphology of the Pt cluster changed from
[Pt3(t-CO)s]s or Pt;5(t-CO), (n < 15) after the complete
decarbonylation at 573 K. From the frequency (2066
cm™! at full coverage), the t-CO is assigned to those
adsorbed on steps or kinks of larger Pt particles or those
of Pt(111) surface [21,23] as mentioned in section 3.1.
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evacuation at 348 K

[Pty(t-CO)I(b-C0),

+CO

Pl 0Ol

H, treatment

+CO :

evacuation at 373 K
for 10 min

evacuation at 423 K

+CO

H, treatment

[Ptl5t-00)y (n<<15)

Scheme 1. Proposed reaction schemes of carbonylation and decarbonylation of [Pt3(CO)ls supported on SiO;.

The same H, treatment as performed for Pt;5(t-CO),
(n < 15) was also conducted to this species and gave an
apparently different IR spectrum (fig. 7 (b)): regenera-
tion of the [Pt3(t-CO);]s species was not observed in this
case. The band shifted to a higher frequency region, on
the contrary, and decreased in intensity. The redshift is
unlikely due to H-coadsorption, since it is reported to
cause decrease in CO stretching frequency [28]. This
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Fig. 7. Recarbonylation of Pt cluster at 298 K after thermal treatment

at 573 K; (a) after recarbonylation, (b) after H; treatment of (a),

(c) recarbonylation after H treatment of the Pt cluster at 573 K, and
(d) after H, treatment of (c) at 373 K.

would rather be also a kind of H,-induced structure
transformation and confirms that the irreversible
change of the Pt cluster took place at 573 K. In order to
look into the b-CO formation, H, treatment at 573 K
was performed before exposure to CO at 298 K. The
resulting spectrum is shown in fig. 7 (¢). No b-CO was
formed, which supports the great diversity in the struc-
ture of the Pt cluster. Once the sample was treated with
H, at 573 K, there was not any considerable frequency
shift of regenerated t-CO after additional H; treatment
at 373 K (fig. 7 (d)). However, desorption of ca. 15% of
CO occurred by the H, treatment as seen from the
change of fig. 7 (¢) to (d), on the basis of equal absorption
coefficient, although the same H, treatment did not
cause any desorption when Ps was maintained.

The time course of desorption of t-CO from various
species under evacuation at 423 K is plotted in fig. 8. All
the samples were evacuated at 298 K after exposure to
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Fig. 8. Time course of integrated peak intensities t-CO in various Pt

clusters during evacuation at 423 K;; (O) [Pt3(t-CO);], species in fig. 5

(d), (O) [Pt3(t-CO),]5 species in fig. 6 (d), (A) Pty5(t-CO), s species in
fig. 6 (a), and (@) Pt cluster infig. 7 (d).
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CO, and the temperature was increased to 423 K. The
integrated absorbance was normalized by the initial
amount, the absorbance observed soon after the tem-
perature reached 423 K. The open circles and the squares
correspond to the [Pt3(t-CO)3]s species in figs. 5 (d) and 6
(d), and the triangles to the Pt;5(t-CO);5 species in fig. 6
(a). The gradual release of t-CO was observed for the
three samples, and t-CO were not removed completely at
the temperature. On the other hand, the t-CO in the clus-
ter represented by the spectrum shown in fig. 7 (d)
showed rapid desorption, which completed within 15
min of t-CO. Therefore, the treatment at 573 K is consid-
ered to cause aggregation of the Pt;s clusters, while the
number of the Pt atoms in a cluster presumably stays 15
after thermal treatment below 423 K.

4. Summary

The decarbonylation of [Pt3(CO)¢]s grafted on dehy-
drated SiO, was found to produce [Pt;(t-CO)3]s species
by evacuation at 373 K for 10 min. Two different types
of t-CO were identified by IR spectra and were assigned
to t-CO on Pt atoms in different environment; with and
without interaction with the support. The complete dec-
arbonylation was not observed even at 423 K to leave
some t-CO in Pt;5(t-CO), (rn < 15) form but was
observed at 473 K to result in the aggregation of the Pt
cluster. The complete recarbonylation of either [Pt;(t-
CO);]s or Pt;5(t-CO), (n < 15) to the original [Pts(t-
CO0)3(b-CO)s]s was not observed and was regarded as
due to the interaction of some Pt atoms with the SiO,
surface.
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