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Abstract

The importance of the preparation procedure and the understanding of the mechanisms that control this stage on the
final properties of the catalyst are evidenced for PtSn systems obtained via surface organometallic chemistry on metals
(SOMC/M) techniques. The temperature of preparation reaction also plays a fundamental role as regards the nature of the
active phase finally obtained, giving rise to catalytic phases having different levels of selectivity to unsaturated alcohols (UOL)
in the crotonaldehyde hydrogenation. Organobimetallic catalysts lead to very high selectivities to crotyl alcohol (80% at 5%
conversion). © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction transition metals readily achieve the hydrogenation
reaction leading to saturated aldehydes (SAL), satu-
The hydrogenation of carbonyl groups in com- rated alcohols (SOL), and to a lesser extent, UOL.
pounds containing ethylenic bonds for obtaining the In order to improve the selectivity towards UOL, di-
corresponding unsaturated alcohols (UOL) is a very verse alternatives have been studied, such as the use
important reaction in the field of fine chemicals. Ex- of different supports, the increment of the size of the
tensive work has been carried out to develop heteroge-metallic particles, and the promotion of the metallic
neous catalysts for these reactions; in most cases, thephase by the addition of other metals.
catalysts are supported metals of group VIII. On tran-  The use of supports like Ti) where an effect of
sition metals, selective hydrogenation of@ group strong metal-support interaction (SMSI) was observed
is very difficult because the<C double bond hydro-  at high reduction temperature, is one of the recom-
genation is both thermodynamically and kinetically mended routes. It is proposed that Ti®aving coor-
favored [1,2], mainly for small molecules (acrolein dinatively unsaturated Ti cations which could interact
and crotonaldehyde) where additional steric effects with the electron pair donor site of<®© bond, facil-
are not important. Monometallic systems based on itates the adsorption of the unsaturated aldehyde, in
a favorable way to produce UOL [3,4]. Concerning
" Corresponding author. Tel54-221-4210711: the metglllg phase, both theorgtlcal_and experimental
fax: +54-221-4254277. studies indicate that larger particles improve the selec-
E-mail addressferretti@dalton.quimica.unlp.edu.ar (O.A. Ferretti)  tivity to UOL. In effect, it was reported that the selec-
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tivity to UOL in crotonaldehyde hydrogenation with
Pt/SiG increased from 17 to 40%, whereas the metal
dispersion decreased from nearly 100 to 25% [5,6].
A well known alternative is the modification of the
monometallic catalyst by addition of other metals like

Sn, Fe, Ge, Ga [7-12]; among them, tin is the most em-

ployed and it is normally incorporated from inorganic
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[Pt(NHz)4]%" solution, having a concentration so as
to obtain 1% w/w Pt exchanged on the silica. The
solid was kept under stirring for 24 h at 298K and
then the suspension was separated by filtration un-
der vacuum. The solid was repeatedly washed, dried
at 378K, calcined in air at 773K and reduced in
flowing Hp at the same temperature, leading to the

salts. These types of techniques do not assure an ef-monometallic Pt/SiQ catalyst.

ficient control of the bimetallic active phase obtained.
XPS studies showed that most of the tin is in ionic

The catalyst preparation consisted of the reaction of
a solution of SnBy in a paraffinic solventr-heptane

state, although some Sn(0) is also observed. A recentandn-decane, for temperatures below and over 363 K,

study reported that approximately 30% of tin deter-
mined by XPS is in the metallic state for PtSn/C cata-
lysts prepared by usingaPtCl and SnCl precursors
with a ratio (Sn/Pgyx=1 [13]. Although the effect
of tin is not yet completely well understood, it is ex-
plained as follows: the St species have a promoting
effect by inducing the polarization of the=O bond,
whereas either the probable formation of a PtSn alloy
or the dilution of Pt surface atoms by tin would hinder
the G=C bond hydrogenation [14-16]. It has been re-
ported in the literature that, for crotonaldehyde hydro-
genation with PtSn catalysts supported on£i®,03

or C, selectivities to UOL are slightly above 40%.

Numerous routes have been used in the prepa-

ration of bimetallic catalysts. One of them is the

respectively) with the reduced Pt/Si@atalyst be-
tween 363 and 423K under flowingoHAfter 4h
under reaction, the liquid phase was separated and the
solid was repeatedly washed witkheptane and sub-
sequently dried in Ar at 363 K. The solids obtained
after this procedure, identified as organobimetallic
catalysts (PtSn-OM) still had butyl groups grafted to
the surface. The bimetallic phases (PtSn-BM) were
obtained by elimination of the organic groups by ac-
tivation of PtSn-OM catalysts in flowing Hat 773 K

for 2 h. The variation of SnBuconcentration and the
guantity of hydrocarbons evolved during the prepara-
tion reaction were analyzed using a Varian 3400 CX
gas chromatograph equipped with a flame ionization
detector, employing an 10% OV-101 column (1/8in.

so-called surface organometallic chemistry on metals i.d., 0.5m length) and a tricresyl phosphate column

(SOMC/M), which provides technical procedures to
prepare catalytic systems in a controlled way [17-20].

The catalysts thus obtained present both high activ-

ity and selectivity for many reactions in the field of

chemicals and fine chemicals [21-25], as it has been

shown for solids obtained by modifying Rh/Si@ith
SnBuw which catalyze the hydrogenation of citral to
geraniol with a selectivity above 80% [26].

The present work reports the performance of
Pt/SIG, catalysts modified with tetra-butyltin in cro-
tonaldehyde hydrogenation. Techniques derived from
SOMC/M were employed to incorporate tin, by react-
ing Pt/SIQ catalyst with SnByin an H atmosphere.

2. Experimental
2.1. Catalyst preparation

A Degussa silica (Aerosil 200, 200%g1)

(1/4in. and 6 m length), respectively.

2.2. Catalyst characterization

The contents of platinum and tin were determined
by atomic absorption. Hydrogen chemisorption was
measured in a static volumetric apparatus at ambi-
ent temperature. For each sample, a first hydrogen
adsorption isotherm was obtained for the sample
previously reduced at 773K for 4h and then evac-
uated at the same temperature overnight. After the
first isotherm, the sample was evacuated at ambient
temperature and a second adsorption was carried out
in the same manner. The difference between the two
isotherms extrapolated to zero pressure gave the quan-
tity of the irreversibly adsorbed hydrogen H/Pt. The
size distribution of metallic particles was determined
by transmission electron microscopy (TEM) using a

was used as support. The silica was suspended inJEOL 2010 instrument. The samples were ground and

NH4OHag under stirring prior to the addition of the

ultrasonically dispersed in distilled water. To estimate
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the mean particle size, the particles were considered by the following reaction scheme:
spherical and the second moment of the distribution  363—-423K:

was employed. Temperature programmed reduction

(TPR) experiments were carried out in a conventional Pt/SiO; + ySnBu + xy/2H;

flow reactor equipped with a thermal conductivity — P(SnBU;_,),/SiOz + XyBuH (1)
detector by flowing 20 cAmin—! (10% H in Ny) at
a heating rate of 10 K mint. 423-773K:

XPS analysis were obtained with an ESCA 750
Shimadzu spectrometer equipped with a hemispheri- Pt(SnBu_,),/SiOs + (4 — x)y/2H>
cal electron analyzer and a MgaK(1252 eV) X-ray _ — PtSn,/SiO; + (4 — x)yBuH )
source. Fresh samples were mounted onto a manipu-
lator which allowed the transfer from the preparation Blank experiments performed on silica via the
chamber into the analysis chamber. PtSn-OM samplesabove-described preparation procedure did not ev-
were dried and PtSn-BM samples were reduced in situ idence either a variation in the concentration of
at 673K for 1 h. The binding energy (BE) of the C1s tetran-butyltin between 298 and 423K nor a de-
peak at 284.6 eV was taken as an internal standard.tectable concentration of tin in the solids. These
The intensities were estimated by calculating the in- results are in agreement with a previous work on
tegral of each peak after subtraction of the S-shaped y-Al,03 [23].
background and fitting the experimental peak to a The reaction between SnBand Pt/SiQ was fol-
Lorentzian/Gaussian mix of variable proportion. lowed by GC analysis, measuring the variation of
SnBu, concentration in the impregnating solution and
the total quantity of butane evolved per SnBeacted.
The results reported in Figs. 1 and 2 show that: (i) the
reaction rate, measured as the amount of gnigy

The hydrogenation of crotonaldehyde in liquid : .
. . acted at a given temperature, does not depend on its
phase was performed in a batch reactor at atmospheric.

. initial concentration; (ii) an increase in temperature
pressure and 2.98 K, emplgymg 0'59. of catalyst. The has a beneficial influence on both the SpBeacted
aldehyde was introduced into the stirred reactor dis-

solved in isopropyl alcohol. The progress of the reac- with PUSIC; and the rate of reaction (1). In fact, at
. propy . progre 363K, itis possible to fix tin selectively onto platinum
tion was followed by sampling a sufficient number of

microsamples. The composition of the samples was Up to an Sn/Pt ratio of approximately 0.40; whereas

. it increases to 1.40 when the reaction temperature is
analyzed by means of a Varian GC 3400 gas chro- 423 K. The apparent activation energy estimated from
matograph, equipped with a 30m J&W DB-WAX : P oy

illar lumn and a flame ionization detector the initial reaction rate is 55 kJ rmof.
capiary column and a flame lonization detector. The data presented in Table 1 indicate that the cleav-
Pt/SiG, and PtSn-BM catalysts were pretreated un- L
; . : age of Sn—C bonds and the elimination of butyl groups
der flowing H, increasing the temperature from am- as butane depend on the amount of SpBdded and
bient to 773 K, and holding it for 2 h. PtSn-OM cata- P

. on the temperature. When reaction (1) is carried out
lysts were prepared and tested in the same reactor to :
. at 363K, there is complete removal of butyl groups
prevent any contact with the atmosphere.

provided that the Sn/Pt ratio is kept under 0.2 (approx-
imately four BuH evolved per SnBueacted), while
for the plateau (Sn/Rt0.40), the amount of butane
3. Results and discussion eliminated per fixed tin is next to 2.2, leading to an
organobimetallic supported phase with a global sto-
3.1. Preparation of organobimetallic and bimetallic  ichiometry Pt(SnBug)o.4/SiO,. For higher tempera-
catalysts tures, for example 423 K, reaction (1) proceeds with
a complete detachment of butyl groups as BuH, up to
The two-step anchoring process to prepare the an Sn/Pt ratio close to 0.40, whereas for the plateau
PtSn-OM and PtSn-BM catalysts can be representedvalue (Sn/F¥1.40), an evolution of approximately 1.3

2.3. Catalytic tests
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Fig. 1. Variation of SnBy concentration in the impregnation solu-
tion (mmol 1) as a function of time (min). Reaction temperature:
(@) 423K O 3.60mmol !, B 7.32mmol 1, ¢ 1.81mmol 1,

® Si0y); (b) 363K (O 0.47mmoltl, M 0.91mmolt?!, &
2.41mmolt! @ 1.81 mmolt1).
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Fig. 2. Amount of tin fixed (measured as Sn/Pt ratio) as a function
of time (min) at different temperatures: 363 K>(0.47 mmol 1,

® 2.41mmoltt); 393K M 0.91mmolt?, [0 1.81 mmolt?);
423K (A 3.60mmolt?l, A 7.32mmolt?).
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Table 1
Amount of tin fixed (Sn/Pt ratio) and butane evolved per SnBu
reacted (BuH/Sn) at different temperatures

Temperature

363K 393K 423K
Sn/Pt 0.06 0.12 0.24 040 070 040 0.70 1.40
BuH/Sn 38 40 24 22 20 39 24 13

butane per fixed tin is observed and the organobimetal-
lic phase so obtained presents a global stoichiometry
Pt(SnB.7)1.4/SiOs.

For the higher temperatures studied, Sa/P40
might be attributed to tin-anchored species on the
support, formed by migration of activated SnBu
molecules from platinum to the metal-support inter-
face, as in the case of the reaction of SpButh
Rh/SI& [27]. In this study, it has been demon-
strated by NMR that the compound SiO-SnsBu
(Sn/RK=1.3) is formed. The presence of these species,
along with the previously mentioned Pt(SnBuy),
stoichiometry, imply a loss in the control of reaction
(1) for temperature higher than 363 K and Sn/Pt>0.70.

According to the observed global stoichiometry, the
kinetic curves for Sn/Rt0.70, shown in Figs. 1 and
2, indicate a reaction mechanism in two stages; a fast
first one, where SnBumolecules react with superfi-
cial platinum in the presence of hydrogen, causing the
hydrogenolysis of Sn—C bonds and the detachment
of all the butyl groups as butane, and a second stage,
slower, corresponding to the reaction between SnBu
molecules with the supported phase, with detachment
of approximately one molecule of butane per SpBu
reacted. Although it is not possible to distinguish be-
tween the formation of either Pt—Sn or Sn—Sn bonds,
it seems reasonable to propose the formation of a
superficial compound of the type 3PSn—SnBy, in
agreement with the global values shown previously.
For example, in the case of 0.40 atoms of tin fixed per
platinum atom (i.e., the plateau at 363 K), the existence
of that species would be indicating that 0.2 atoms of
tin are fixed on the superficial platinum, a figure that
is coherent with the value of 0.64 obtained for the dis-
persion of the monometallic catalyst (Table 2); the rest
of the tin is fixed on a phase $2Sn, forming Sn—Sn
bonds, with detachment of one butyl group. These two
stages lead, theoretically, to the global elimination
of 2.5 butane molecules per SnBreacted, a value
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Table 2 Table 3

Characterization of bimetallic catalysts PtSn-BM with different Binding energies (eV) and surface atomic fraction of Sn(0) for tin

Sn/Pt ratios modified catalysts

Sn/Pt H/Pt drem (nm) Trer (K) Catalyst  Sn/Pt Binding energies (eV) OgsrP+Snt)
Peak 1 Peak 2 Ptdfy2 SrP3d5/2 S+ 3ds/2

0 0.64 2.4 390 700 PUSIQ; 0 710 - _ _

0.06 0.27 2.7 410 700 PtSn-BM 0.12 71.1 4844  486.5 0.75

0.40 0.20 2.9 430 700 PtSn-BM 0.24 71.1 4844 4865 0.70

PtSn-BM 0.40 71.1 4844 486.5 0.67

PtSn-BM* 0.40 71.2 484.6 486.5 0.65

that is in the order of results from Table 1. These PtSn-BM* 0.70 71.2 4846  486.5 0.64

data suggest the formation of an organobimetallic PtSn-OM 040 710 4844~ 486.5  0.45

supported phase (see Scheme 1), in which tin retaing ©SMOM” 040 710 4846  486.6 1.00

its tetrahedral configuration (as in SnByjust as has aPreparation conditions: catalysts were prepared at 363K, ex-

been presented in the literature [28]. cept those indicated with *, which were obta?ned at 423 K The
sample PtSn-OM* corresponds to a solid obtained by reaction (1),

with no butyl groups attached to the surface (see Table 1).

3.2. TEM, TPR and bichemisorption

The results of the characterization of the studied cific deposition of tin over superficial platinum. Higher

catalysts by TEM, TPR and4themisorption are pre- tin contents only introduce a slight additional decrease
sented in Table 2 in the chemisorbed hydrogen.

The results of TEM measurements indicate that the TER afnhal(yj/sis of Pt/SiQevegIs the (_axil'(stencefof twoh
particle size distribution of both mono- and bimetal- peaks of hydrogen consumption, as is known from the

lic catalysts are very narrow, with a mean particle di- 'lterature [29]; the first one, centered around 390K,
ameter around 2.4 nm, for Pt/SiCand with a slight ysually 'aSS|g.ned to a platinum oxide having a weak
increment of the mean, for PtSn-BM. in the order of interaction with the support, and the other one around
approximately 0.3-0.5 nm. 700K WhiCh correspo_nds to a platinum oxide With__a
The chemisorption runs reveal, for Pt/Si@ high stronger interaction with the support (propably, a sili-
metal dispersion (H/Rt0.64) and an important de- cate can be formed). PtSn-BM shovv_ an increment of
crease in H/Pt for PtSn-BM as the tin content in- the lower temperature peak, indicating an important
creases, even for very small quantities of tin added, hydrogen consumption for the reduction of tin oxide,

which might be ascribed to a homogeneous and Spe_Which can be explained in terms of the existence of an
important interaction between platinum and tin, plat-

inum being responsible for Hissociation. TPR pro-
files do not show any peak in the zone corresponding

Z to the reduction of bulk tin oxides, which occurs at
. /f temperatures above 900K [30].
Sln

3.3. XPS results

Table 3 gives the position of all the main photo-
Sn electron peaks after referencing them to the C1s BE
of 284.6eV. For all the studied catalysts in the re-
\ gion corresponding to PtAb at 71.1 eV, there appears
one peak indicating the complete reduction of plat-
inum. Fig. 3 shows the XPS Sngd region for both
Scheme 1. Proposed organobimetallic supported phase formed by PtSN-BM and PtSn-OM catalysts. For the PtSn-BM
reaction between Pt/SiCand SnBuy. series, both Sn(ll, IV) and Sn(0) are found at 486.4

/

Pt — Pt — Pt —pt — Pt
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Sn 3ds; Sn”® s:."*m o lic tin. However, whereas in the case of PtSn-OM*
" (Sn/Pt=0.4, prepared at 423 K), no oxidized tin ap-
pears, a peak at BE486.4eV in the spectrum of
PtSn-OM (Sn/RPt0.4, prepared at 363K) is present,
representing approximately 50% oxidized tin. As was
mentioned previously, the PtSn-OM* is a solid phase
without any butyl groups attached, while in PtSn-OM,
there are approximately two remaining butyl groups.
From these results, some aspects related to the con-
trolled reaction (1) may be discussed. At the begin-
ning, all the SnBymolecules that react onto supported
platinum lose their four Bu groups, giving rise to PtSn
\ sites where Sn(0), probably as adatoms, is decorating
platinum particles. In this sense, quantum-chemical
self-consistent field calculations carried out to ana-
lyze the interaction between an SniMmolecule and
PeSnOM a reduced rhodium cluster showed that the mechanism
\ implies the initial adsorption of alkyltin on rhodium
atoms followed by the cleavage of all Sn—C bonds,
where the tin atom retains its tetracoordination. The
resulting structure is in agreement with a zero oxida-
tion state for the adsorbed tin atoms [28]. A slower
_ ~— second stage takes place leading to an organobimetal-
lic catalyst. The formation of speciessPEn—SnBy
could be proposed to occur in this step, which is com-
\ PtSn-BM patible with the percentage of oxidized tin determined

PtSn-BM*

SN—

by XPS for PtSn-OM (Table 3).
When the catalysts of OM series are activated in
hydrogen at 773 K, they are transformed into bimetal-
lic catalysts (BM series) according to reaction (2).
N~ | Most probably, a superficial PtSn platinum-rich alloy
is formed, with an approximately constant compo-
sition, as it is derived from the slight decrease in
chemisorbed hydrogen as a function of Sn/Pt. As has
Fig. 3. XPS spectra of Sngg level for PtSn-OM¥, PtSn-BM*, been mentioned already, in all BM catalysts, part of
PtSn-OM and PtSn-BM. tin is in oxidized state, even in the case in which
the corresponding OM catalyst has 100% tin in the
and 484.6 eV, respectively. The deconvolution of the zerothvalent state. In fact, PtSn-BM* (Sn&®.40,
spectra allowed to obtain the contribution of these prepared at 423K) has 35% '3h, while the cor-
species in each sample, as is shown in Table 3. Theresponding PtSn-OM* does not present”Sn The
fraction of Sn(0) decreases from 75 to 64% as Sn/Pt presence of tin in oxidized state in BM catalysts could
increases from 0.12 to 0.70. These results differ signif- be explained in terms of the migration of tin atoms to
icantly from those obtained for PtSn bimetallic cata- form ionic species at the metal support interface.
lysts prepared by conventional proceduresof 2,03
or C, for which the fraction of Sn(0) remained be- 3.4. Catalytic tests
low 0.30 [13,31]. The spectra of the organobimetallic
catalysts are somewhat different. A peak at 484.6eV  Catalysts of OM and BM series (Sn#Q.40) and
is always observed, indicating the presence of metal- the monometallic Pt/Si@were submitted to croton-

e

480,5 4825 4845 4865 4885  490,5

Binding Energy (eV)
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Table 4

Reaction rate (molg's1x10P) and apparent activation energy
(kIJmol1) for the hydrogenation of crotonaldehyde on PUSiO
and tin modified catalysts

Catalyst Reaction rate Apparent activation energy
Pt 5.28 26

PtSn-OM 7.54 20

PtSn-OM* 19.4 -

PtSn-BM 13.1 19

aldehyde hydrogenation in liquid phase. The reaction
products were: butyraldehyde (SAL), crotyl alcohol
(UOL), butanol (SOL) and traces of light hydrocar-
bons.

Table 4 gathers the results of reaction rates and ap
parent activation energies for the hydrogenation of cro-
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in good agreement with previously published values
[12,13,32]. Aremarkable result is the increment in the
reaction rate of both organobimetallic and bimetallic
catalysts compared to the monometallic one, in spite
of the decrease in the chemisorbed hydrogen. This fact
may be assigned to the presence of a new kind of ac-
tive site generated by the controlled reaction between
SnBuw and P/SiQ.

The conversion of all samples increased linearly as
a function of time, indicating a negligible deactivation
and an approximately zeroth reaction order for cro-
tonaldehyde.

Fig. 4a—d point out the selectivity behaviour of
Pt/Si©®, PtSn-OM, PtSn-OM* and PtSn-BM as a

-function of crotonaldehyde conversion. It is clearly

evident that the selectivity to UOL of Pt/SjO

tonaldehyde on the studied catalysts. It can be seen that{SyoL ~10%) is improved by the addition of tin in the
the apparent activation energies are quite similar and order PtSn-OM>PtSn-BM>PtSn-OM*, in the 5-95%

v
S

Selectivity %

40 60 100

Conversion %

100
90
80

.

50

70
60

Selectivity %

40 |

30
20 |

20 40 60 80 100

(c)

Conversion %

100

90
80
70
60 -
50 |

40

Selectivity %

30

20

60

Conversion %

80 100

(b)

100

90 |
80
70 +
60

50 |

Selectivity %

40

30

20

20 40 60

Conversion %

80 100

(d)

Fig. 4. Selectivities as a function of conversion for (a) PtSi(®) PtSn-OM, (c) PtSn-BM and (d) PtSn-OM* (for reaction conditions,

see the text)l SAL; O SOL; A UOL).



148

conversion range. At 5% conversion, tBgo, val-
ues are: 80% (PtSn-OM), 62% (PtSn-BM) and 40%
(PtSn-OM*). It is to be noted that the PtSn-OM* sam-
ple, in which tin is completely reduced, results in the
less selective tin-modified catalyst. For both PtSn-OM
and PtSn-BM samples5yoL presents a slower de-

crease as a function of conversion. For a conversion

level around 90% SyoL is 60% for PtSn-OM and
48% for PtSn-BM, respectively.

The above-presented selectivity data are in agree-

ment with previous works. The improvement in se-
lectivity might be explained by considering that the
ionic tin polarizes the €0 bond in such a way that
the attack of hydrogen would be favored with respect
to the hydrogenation of olefinic bond. XPS analysis
showed that platinum catalysts modified by tin, which
present an important contribution of ionic tin, are both
more active and selective to UOL. PtSn-OM catalysts
prepared from a controlled SOMC/M technique, in
which half of tin was in ionic state and approximately
two butyl groups were stabilized in the organobimetal-

G.F. Santori et al./Applied Catalysis A: General 197 (2000) 141-149

systems, where tin is found mainly in the zerothva-
lent state (forming superficial alloys with platinum),

although oxidized tin is always observed (probably
located in the interface with the support). The propor-
tion of oxidized tin increases with the concentration
of tin in the catalyst.

Discarding important changes in the size of metal-
lic particles, as well as any effect of the support of
the SMSI type, the modifications observed in the cat-
alytic properties are clearly assignable to the effect of
tin and the way in which it modifies platinum. In ev-
ery case, tin improved the activity level of the cata-
lysts, and specially the selectivity towards UOL, even
for the system in which it is found 100% as Sn(0)
(PtSn-OM*). This fact is indicative of a change in the
nature of the active site.

PtSn-OM (Sn/RPt0.4) catalyst, in which the active
phase presents stable organic groups attached to the
surface and tin is both as oxidized and metallic species,
presents exceptional levels of selectivity, not reported
previously for PtSn/Si@ catalysts in the hydrogena-

lic phase, presented the higher selectivity to date for tion of crotonaldehyde at atmospheric pressure. The

crotyl alcohol on platinum catalysts at atmospheric

pressure. This result might be assigned to both elec-

tronic and esteric effects: electronic, from ionic tin,
and steric, due to Bu fragments that facilitate the ad-
sorption of crotonaldehyde through the@ bond.

4. Conclusions

This work reported on the addition of tin to a

behaviour of this system may be explained on the ba-
sis of a combined effect: the presence of tin in oxi-
dized state leads to a more appropriate polarization of
the G=O bond, and the alkyl groups favor sterically
the adsorption of the carbonyl group. The bimetallic
PtSn-BM catalyst obtained after the activation step (in
which part of the tin is in oxidized state) also gives
rise to important selectivity values towards UOL, al-
though always below the PtSn-OM catalyst.

Finally, the importance of setting the appropri-

Pt/SiQ catalyst by using the so-called SOMC/M ate experimental conditions for the preparation of
technique, which generated a very selective Pt—Snthese catalysts employing techniques derived from
interaction. The results obtained clearly address both SOMC/M can be remarked on, just as it is put in evi-
the importance of the catalyst preparation procedure dence from the different catalytic properties observed
to improve the activity/selectivity and the need to un- for PtSn-OM and PtSn-OM*. These two catalysts
derstand the mechanism that controls the final prop- were prepared starting from the same precursor com-
erties of the catalysts. At 363K, an organobimetallic pounds in the same concentration (Se/@#), and
phase is obtained, for which a3REn-SnBy stoi- the only difference was the temperature at which the
chiometry is proposed. In this phase, tin is found both experimental procedure was held.

in oxidized and metallic states in similar proportions;

however, for higher temperatures (for instance, 423 K)

and the same Sn/Pt ratio, all the organic groups are Acknowledgements

detached from the surface and tin is 100% in the
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