
JOURNAL OF 
MOLECULAR 
CATALYSIS 
A: CHEMICAL 

ELSEVIER Journal of Molecular Catalysis A: Chemical 118 (1997) lOl- 111 

Support effect on the formation of the well-defined PtSn alloy 
from a Pt-Sn bimetallic complex. Catalytic properties in the 

activation of CO, 

Jordi Llorca a, Pilar Ramirez de la Piscina* a, Jos&Luis G. Fierro b, Joaquim Sales a, 
Narcis Horns a3 * 

a Departament de Q&mica Inorgirnica. Unicersitut de Barcelona. Diagonal 647., 0802X Barcelona, Spain 

’ Institute de Catcilisis y Petroleoquimica, C.S.I.C., Cantoblanco, 28049 Madrid, Spain 

Received 2 April 1996; accepted 9 August 1996 

Abstract 

Platinum-tin catalysts supported on either silica or y-alumina have been prepared from [PtCI(SnCI,XPPh,)2] bimetallic 
complex. The evolution of surface species under hydrogen from 473 to 873 K has been studied by in situ FTIR 
spectroscopy, mass spectrometry analysis of products evolved, X-ray diffraction (XRD), transmission electron microscopy 
(TEM), energy dispersive X-ray analysis (EDX), electron nanodiffraction, and X-ray photoelectron spectroscopy (XPS). The 
genesis of supported PtSn alloy as the only metallic phase on surface is shown for both supports. Catalytic performance and 
catalyst stability on the reaction between CO,, C,H, and H,O to give lactic acid is reported. The characteristics of 
silica-supported catalysts contrast with those of alumina-supported ones. 

Kewords: PtSn catalyst; Supported PtSn alloy; Activation of CO? 

1. Introduction 

Many studies have been devoted to the devel- 
opment of new preparation methods for sup- 
ported Pt-Sn bimetallic catalysts, due to their 
industrial importance and the complexity of the 
system. The preparation method and precursor 
used determine the characteristics of the final 
catalyst, including factors such as the extent of 
Pt-Sn alloy formation and the degree of tin 
reduction. 

* Corresponding authors. Fax: + 34-3-4907725 

The more conventional preparations involve 
precursors like H 2 PtCl,, Pt(NH 3)j(OH)Z and 
SnCl,, and incipient wetness, successive or co- 
impregnation methods [ 1,2]. However, others 
such as sol-gel methods [3], solvated metal 
atom dispersion techniques [4] or different 
methods based on the use of organometallic 
compounds [5-71 have also been used. The 
decomposition of surface organometallic com- 
pounds [5] and the preparation of catalysts from 
organometallic complexes via controlled surface 
reactions [6,7] have been widely used to im- 
prove control of the final characteristics of the 
catalysts. Among all these different possibilities, 

138 I-1 169/97/$17.00 Copyright 0 1997 Elsevier Science B.V. All rights reserved 
PII S 13X I- I 169(96)00378-O 



102 J. Llorca et al./Joumal of Molecular Catalysis A: Chemical 118 (1997) 101-111 

the use of bimetallic Pt-Sn compounds as 
metallic precursors is an attractive way of 
preparing supported platinum-tin bimetallic cat- 
alysts [S], particularly when the Pt-Sn interac- 
tion occurs in the molecular entity and is pre- 
served during the anchoring process [9]. 

We have previously studied the heterogeniza- 
tion of [PtCl(SnCl,)(PPh,),] complex on silica, 
its use as a catalyst in the hydroformylation 
reaction and its carbon dioxide activation capa- 
bilities [ 10,111. Recently, we have reported the 
preparation of the single silica-supported PtSn 
alloy from [PtCl,(PPh,),] and SnCl, [12]. Here 

study evolution of the 
~&SnCl,)(PP~~{] heterogenized on silica or 
alumina during a reduction process under hy- 
drogen from 473K to 873 K. The catalysts have 
been characterized by X-ray diffraction (XRD), 
transmission electron microscopy (TEM), en- 
ergy dispersive X-ray analysis (EDX), electron 
nanodiffraction, and X-ray photoelectron spec- 
troscopy (XPS). The formation and evolution of 
only the well defined silica- (or alumina-) sup- 
ported PtSn alloy was shown during the pro- 
cess, although on alumina-supported catalysts 
chloride and phosphorus species from ligands 
were not fully eliminated during the reduction 
process. A support effect on the catalytic perfor- 
mance and catalyst stability of both the silica- 
and alumina-supported catalysts in the CO, re- 
action with C 2H4 and H,O to give lactic acid is 
reported. 

2. Experimental 

2. I. Preparation of catalysts 

Two series of catalysts were prepared by 
anchoring cis-[PtCl(SnCl,)(PPh&] on silica 
and alumina carriers. The supports used were a 
Degussa Aerosil-type silica with a BET surface 
area of 200 m*g-’ and a Girdler y-alumina 
with a BET surface area of 188 m* g-i and a 
pore volume of 0.39 cm3g-‘. The complex 
cis-[PtCl(SnCl,)(PPh,),] was prepared and 

characterized according to literature methods 
[13]. All chemicals used were of analytical 
reagent grade. Solvents were distilled, kept un- 
der argon and stored over activated molecular 
sieves. 

Catalyst preparation was carried out in a 
single impregnation step from a methylene chlo- 
ride solution of the complex on the supports, 
which were previously partially dehydrated by 
treatment under high vacuum at 473 K for 16 h. 
The anchoring of the complex was accom- 
plished by treating the impregnates under high 
vacuum at 373 K overnight. All samples were 
prepared with a 3% platinum loading. Individ- 
ual samples were reduced separately with hy- 
drogen flow (40 mlmin-‘) for 16 h at four 
different temperatures: 473, 573, 673 and 873 
K. The resulting catalysts are referred to as 
PtSn/SiO,T or PtSn/Al,O,T, where T indi- 
cates the reduction process temperature in 
kelvin. 

2.2. Characterization of catalysts 

2.2. I. Infrared spectroscopy 
Samples for IR experiments were prepared in 

situ by adsorption of the metallic precursor 
solution onto carrier disks using vacuum-gas- 
line and break-seal techniques. A special grease- 
less infrared cell with CaF, windows which 
allowed thermal treatments was used. Infrared 
spectra were recorded on a Nicolet 520 Fourier 
transform spectrophotometer working with a 
resolution of 2 cm- ‘. The products evolving 
during the reduction processes were character- 
ized by GC-MS in a Hewlett Packard 5890 
instrument equipped with a 5971 mass-selective 
detector. 

2.2.2. Transmission electron microscopy 
Samples for TEM studies were placed on 

carbon-coated copper grids from methanol sus- 
pensions. Bright-field and dark-field studies 
were carried out using a Hitachi H 800-MT 
transmission electron microscope operating at 
175 keV. EDX measurements were performed 
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in STEM mode with a Kevex 8000 Quantum 
System and a 10 nm probe in the range O-10 
keV. Electron diffraction studies were carried 
out using a Hitachi H 800-NA transmission 
electron microscope operating in the convergent 
beam mode at 200 keV with a 2-5 nm probe. 

2.2.3. X-ray diffraction 
X-ray diffraction patterns of powders were 

collected using a Siemens D-500 X-ray diffrac- 
tometer equipped with a graphite monochro- 
mator and a Cu target at a step width of 0.02 
degrees and by counting 10 s at each step. The 
average particle size was estimated using the 
Scherrer formula at various high-intensity re- 
flections corrected from CuK (Y 2 radiation. 

2.2.4. Photoelectron spectroscopy 
Photoelectron spectra were acquired with a 

Fisons ESCALAB 200 R spectrometer equipped 
with a hemispherical electron analyzer and Mg 
Ko X-ray source (1253.6 eV>. The samples 
were mounted on a sample rod placed in a 
pretreatment chamber, and reduced in-situ in 
hydrogen at different temperatures (473, 573, 
673 and 873 K) for lh. The base pressure in the 
ion-pumped analysis chamber was maintained 
below 2 X lop9 Torr (1 Torr = 133.3 N/m*> 
during data acquisition. For each sample, C Is, 
Si 2p (or Al 2p), Sn 3d, Pt 4f, Cl 2p and P 2p 
peaks were recorded working at a pass energy 
of 10 eV). The intensities were estimated by 
calculating the integral of each peak after sub- 
traction of the ‘s’-shaped background and fitting 
the experimental curve to a mixture of 
Lorentzian and Gaussian lines of variable pro- 
portion [ 141. The binding energies were calcu- 
lated using the Si 2p peak at 103.4 eV or the Al 
2p at 74.7 eV. The accuracy of the BE values 
was within +0.2 eV. 

2.3. Catalytic activity 

The catalytic experiments were carried out in 
a stainless steel continuous flow microreactor 
operating under differential conditions. High 

purity carbon dioxide and ethylene were sup- 
plied from a pressurized manifold via individual 
mass flow controllers. Bi-distilled water was 
introduced into the reactant mixture by a me- 
chanical pump equipped with a ‘ varispeed de- 
vice’. Reaction products were sampled on-line 
through an automated gas sample valve into a 
Varian 3400 gas chromatograph. A DB5 capil- 
lary column connected to a flame ionization 
detector, and a Hayesep column and a 5 A 
molecular sieve column connected to a thermal 
conductivity detector were used to analyze the 
reaction products. The transfer line between the 
reactor and the gas chromatograph and all valves 
in the chromatograph were coated with fused 
silica and heated above 423 K in order to 
eliminate any product loss. A complete analysis 
of the products was made by collecting them in 
a solid CO, trap at the reaction outlet and 
analyzing them by GC-MS using a Hewlett 
Packard 5971 mass selective detector. 

3. Results and discussion 

The chemical route for the heterogenization 
of [PtCl(SnCl,)(PPh,),] on silica had been re- 
ported elsewhere [lo]. A similar method was 
used to anchor this complex on alumina. The 
next step was to examine the evolution of sur- 
face species under reduction conditions. To this 
end, in situ FTIR spectroscopy, mass spectrome- 
try analysis of products evolved and in situ XPS 
analysis were applied, and the catalysts were 
characterized after each reduction step (473, 
573, 673 and 873 K) by XRD, TEM, EDX and 
electron nanodiffraction techniques. 

3. I. Characterization of catalysts 

After HZ-reduction at 473 K, the silica-sup- 
ported sample led to the formation of a hydride 
complex characterized by a vibration mode 
v(Pt-H) at 2132 cm-‘, which was evidenced 
by in situ infrared spectroscopy. Simultane- 
ously, the evolution of hydrogen chloride was 
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observed by mass spectrometry. After 16 h of 
treatment under hydrogen at 473 K TEM analy- 
sis of the silica-supported sample showed the 
formation of a fibrous surface structure on which 
small metallic nuclei about 8 nm in diameter 

were evidenced (see Fig. la), for which differ- 
ent EDX analyses on the fibrous structure only 
showed platinum and tin. The XRD pattern for 
this sample (Fig. 2, pattern a) was assigned 
unambiguously to the hcp PtSn alloy, and no 

Fig. 1. ‘EM micrographs of the silica-supported samples after 16 h under hydrogen at different temperatures CT), PtSn/SiO,T. (a) 
PtSn/Si0,473. (b) PtSn/Si0,573. (c) PtSn/Si0,673. (d) PtSn/Si0,873. 
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Fig. 2. XRD patterns of the silica-supported samples with the 
temperature (i”) of the hydrogen treatment (16 h), PtSn/SiO,T. 
a = PtSn/Si0,473; h = PtSn/Si0,573; c = PtSn/Si0?673: d = 
PtSn/SiO,873. 

other mono- or bimetallic phases could be dis- 
cerned by this technique. 

XP spectra of the samples corresponding to 

Pt 4f 

7.5 73 71 69 

BE W9 

Si 2p, Pt 4f, Sn 3d and Cl 2p core levels were 
recorded. High-resolution Pt 4f and Sn 3d core- 
level spectra for silica-supported samples are 
shown in Fig. 3A and B, respectively. By apply- 
ing peak synthesis procedures, the Sn 3d,,, 
peak could be fitted to three components in all 
catalysts, while the Pt 4f doublet was fit to one 
component, except for the PtSn/Si0,473 which 
was fitted to two doublets. For the 
PtSn/Si0,473 sample (Fig. 3A, spectrum a), 
the presence of Pt” and Pt(I1) species was ob- 
served (see Table 1) (PtO/Pttota, = 0.831. The Sn 
3d doublet is much more complex, and, for the 
sake of clarity only the Sn 3d,,, peak will be 
considered instead the two peaks of the doublet. 
The Sn 3d,,, peak shows three components 
(Fig. 3B): ca. 483.6 eV attributed to Sn”, at ca. 
485.0 assigned to Sn in a PtSn alloy (Sni,) and 

7~ -. 
Sn 3d 

1 t 1. J 

497 493 489 485 481 

BE (eV) 

Fig. 3. XP spectra corresponding to the Pt 4f (A) and Sn 3d (B) levels of the silica-supported samples after hydrogen treatment (16 h) at 
different temperatures, PtSn/SiOIT. a = PtSn/Si0,473; h = PtSn/Si0,573: c = PtSn/Si0,673; d = PtSn/Si01873. 
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Table 1 
Binding energies (eV) of core electrons of the atoms for the 
silica-supported PtSn catalysts a 

Catalyst PI %/2 
b Sn 3d,,, b Cl 2P3/2 

PtSn/Si0,473 71.1 (83) 483.6 (10) 198.2 
72.5 (17) 484.9 (55) 

486.8 (35) 
PtSn/Si0,573 71.2 483.6 (16) 198.5 

484.9 (66) 
486.8 (18) 

PtSn/Si0,673 71.1 483.5 (16) - 
485.0 (62) 
486.9 (22) 

PtSn/Si0,873 71.2 483.6 (21) - 
485.2 (62) 
486.8 (17) 

a The Cls peak at a binding energy of 284.9 eV was taken as an 
internal standard. A value of 103.4 eV was obtained for the Si 2p 
peak in all experiments. 
b Values in parentheses indicate the relative percentage of surface 
species for each sample. 

ca. 486.8 eV attributed to Sri*+. It can be noted 
that most of the XPS studies reported in litera- 
ture allow determination of the chemical state of 
both Pt and Sn but the data do not permit 
definition of whether Sn” is in the form of a 
PtSn alloy. Fortunately, this uncertainty has been 
excluded in the present work due to catalysts 
single-phase content and analyses high resolu- 
tion conditions. Following Wagner et al. [15] 
the relative atomic ratios on the surface were 
calculated from the relative intensities of the 
peaks to the Si 2p peak and the sensitivity 
factors (see Table 2). An enrichment of tin 
species at the surface relative to platinum species 
can be inferred. Table 2 summarizes the atomic 
ratios relative to the silicon peak, some residual 
chlorine species can be inferred for 
PtSn/Si0,473 catalyst and to a lesser extent 
for the PtSn/Si0,573 catalyst. 

After treatment under hydrogen at 573 K, the 
triphenylphosphine ligands were fully elimi- 
nated as evidenced by infrared spectroscopy, 
and the formation of PtSn metallic nuclei was 
confirmed. Fig. 2 shows the evolution of the 
XRD pattern for the silica-supported sample as 
a function of the hydrogen treatment tempera- 
ture. Only the XRD profile of PtSn alloy can be 

seen at any hydrogen treatment temperature up 
to 873 K. 

In Fig. lb, c and d TEM micrographs corre- 
sponding to different silica-supported samples 
after hydrogen treatments at 573, 673 and 873 
K are shown. The formation of hexagonal parti- 
cles after hydrogen treatment at 573 K (see 
PtSn/SiO,573 micrograph, Fig. lb) and specif- 
ically after hydrogen treatment at 673 K (see 
PtSn/Si0,673 micrograph, Fig. lc) is clearly 
visible. The PtSn particles in samples 
PtSn/Si0,573 and PtSn/Si0,673 have a 
plate-like structure, as inferred from TEM ob- 
servations and XRD measurements. XRD pat- 
terns of these samples exhibit a strong textural 
effect, the line profiles of (hk0) peaks (28 at 
44”) are especially narrow in comparison to 
other reflections, thus indicating the presence of 
metallic particles with a platelet morphology on 
a basal plane perpendicular to the [OOl] direc- 
tion. 

The nature of these particles was confirmed 
by multiple EDX analysis and electron nanod- 
iffraction patterns. All EDX analyses only 
showed Pt and Sn and the electron nanodiffrac- 
tion experiments gave patterns which corre- 
sponded well to the PtSn alloy with hcp struc- 
ture. The electron nanodiffraction pattern (Fig. 
4a) and the indexed pattern (Fig. 4b) corre- 
sponding to a representative individual particle 
of PtSn/SiO,573 show the (hcp) structure ori- 
ented in the [OOOl] crystallographic direction. 

The increase in temperature up to 873 K 
produced a sintering of silica-supported PtSn 
particles, but no segregation of any other phase 
was observed by TEM (Fig. Id) or XRD (Fig. 
2, pattern d). In the XRD profile of this sample 

Table 2 
Surface atomic ratios (XPS) for the silica-supported PtSn catalysts 

Catalyst PW, Sn/Si,, PW% Cl/S&, 

PtSn/Si0,473 0.0304 0.0587 0.94 0.0163 
PtSn/Si0,573 0.0265 0.0490 0.82 0.0016 
PtSn/Si0,673 0.0090 0.0196 0.74 traces 
PtSn/Si0,873 0.0084 0.0168 0.81 - 
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the (hk0) reflections no longer have distintive 
width, thus indicating a sintering of the particles 
in all directions. 

Table 3 summarizes the crystal size of sup- 
ported PtSn particles for all catalysts prepared. 
For silica-supported samples it was possible to 
find crystal size values from TEM and XRD 
patterns, and a good agreement between them 
was observed. EDX patterns for all the silica- 
supported samples treated from 473 to 873 K 
showed similar platinum-to-tin peak ratios, as 
expected from the invariant composition of 
metallic particles during the reduction process. 

XP spectra for samples treated at 573 K or 
higher show in all cases only metallic Pt species 
(Fig. 3A) and the three tin species, i.e., Sn2+, 
Sni, and Sn” (Fig. 3B). The relative atomic 
ratios on the surface shown in Tables 1 and 2 
indicate a segregation of tin on the surface, 
which has a high reduction degree. 
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Fig. 4. (a) Electron nanodiffraction pattern coorresponding to a 
representative particle of PtSn/SiO, 573 sample. (b) Indexed nan- 
odiffraction pattern shown in (a). The particle has the PtSn (hcp) 
structure oriented in the [OOOI] crystallographic direction. 

20 
Fig. 5. XRD patterns of the alumina-supported samples with the 
temperature (T) of the hydrogen treatment (16 h), PtSn/A120,T. 
a = PtSn/Al,0,473; h = tSn/A1,0,573: c = PtSn/A120,673; 
d = PtSn/Al~0~873. 

The [PtCl(SnCl,)(PPh,),] complex was an- 
chored on alumina carrier in a similar manner as 
on silica, and aliquots of the supported precur- 
sor were reduced in H, at temperatures from 
473 to 873 K. Fig. 5 displays the XRD patterns 
for alumina-supported samples reduced at dif- 
ferent temperatures. Only the presence of alu- 
mina-supported PtSn alloy is observed by this 
technique; this phase is seen after a reduction 
process at 573 K. 

In Fig. 6 TEM micrographs obtained for each 
sample are shown. For PtSn/A1,0,473 sample 
spherical aggregates (125-3 12 nm diameter) can 
be seen (Fig. 6a), which evolve to smaller 
hexagonal particles after treatment under hydro- 
gen at 573 and 673 K (Fig. 6b and c). As occurs 

Table 3 
Particle size of silica- or alumina-supported PtSn alloy determined 
from TEM and XRD 

Catalyst PtSn particle size (nm) 

TEM XRD 

PtSn/Si02473 8 12 
PtSn/SiO, 573 20x5’ 21 h 
PtSn/Si0,673 25X6” 37 h 
PtSn/SiO, X73 59 51 
PtSn/A120,573 14x3 L - 

PtSn/A1,0,673 17X4” 
PtSn/A1?0,873 31 - 

a Values expressed as A X B, where A indicates the basal plane 
direction and B the c axis direction. 
’ Values corresponding to the basal plane direction. 
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Fig. 6. EM micrographs of the alumina-supported samples after 16 h under hydrogen at different temperatures (j”). WWAWJ (a) 
PtSn/A1,03473. (b) PtSn/A1,0,573. Cc) PtSn/Al,O,673. Cd) FGn/A1203873. 

in silica-supported samples, an increase in tem- 
perature up to 873 K led to sintering of PtSn 
alloy particles and no segregation of other phases 
was observed. At a given temperature, PtSn 

particles generated on alumina were smaller 
than those generated on silica (see Table 3). 
EDX analysis of alumina samples treated from 
573 to 873 K showed similar platinum-to-tin 
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peak ratios, which also agrees with the similar 
composition of metallic particles produced dur- 
ing the reduction process. 

Photoelectron spectroscopy provides addi- 
tional information. In Fig. 7 XP spectra of the 
Pt 4f (Fig. 7A) and Sn 3d (Fig. 7B) levels for 
alumina-supported samples are presented. Be- 
cause the A12p peak of the alumina overlaps 
with the Pt 4f peaks, a curve synthesis proce- 
dure was carefully performed assuming an in- 
tensity ratio of Pt 4f,,, to Pt 4f,,, of 1:0.75. 
Table 4 compiles Pt 4f,,,, Sn 3d,,,, Cl 2p,,, 
and P 2p binding energies of core electrons 
corresponding to alumina-supported samples. 
From these XP data for the alumina-supported 
catalysts, no complete removal of chlorine and 
phosphorus species coming from the ligands of 
[PtCl(SnCl,)(PPh,),] precursor had occurred. 
Binding energies of Cl 2p,,, corresponded well 
for all alumina catalysts to the presence of 
surface chloride species. On the other hand 

I I 

79 76 73 70 
BE WI 

Table 4 
Binding energies (eV) of core electrons of the atoms for the 
alumina-supported PtSn catalysts ’ 

Catalyst Pt 4f,,, Sn 3d,,> b Cl 2~,,~ P 2p h 

PtSn/Als0,473 71.2 485.3 (43) 198.6 130.7(43) 
487.0 (57) 132.5(57) 

PtSn/A120,573 71.3 483.9 (20) 198.7 134.1 
484.8 (52) 
486.9 (28) 

PtSn/Al,O,673 7 I .2 483.7 (21) 198.7 134. I 
484.8 (35) 
487.0 (44) 

PtSn/Ala0,873 71.2 483.4 (18) 198.9 134.3 
484.6 (35) 
486.7 (47) 

a The C Is peak at a binding energy of 284.9 eV was taken as an 
internal standard. A value of 74.5 eV was obtained for the Al 2p 
peak in all experiments. 
b Values in parentheses indicate the relative percentage of surface 
species for each sample. 

surface phosphorus species developed along 
with the reduction process. After reduction at 
473 K, phosphine (P 2p binding energy 130.7 

r 

BE WI 

in 3d Sn, El 

Fig. 7. XP spectra corresponding to the Pt 4f (A) and Sn 3d (B) levels of the alumina-supported samples after hydrogen treatment (I 6 h) at 
different temperatures, PtSn/A120,T. a = PtSn/A1,0,473; b = PtSn/Al,0,573: c = PtSn/A1,0,673; d = PtSn/A120,873. 
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Table 5 Table 6 
Surface atomic ratios (XPS) for the alumina-supported Pt.% cata- 
lysts 

Catalyst P/AL, Cl/Al,, Pt/*l,, PVSn,r 

PtSn/A1,0,473 0.104 0.198 0.145 0.66 
PtSn/A1,0,573 0.031 0.025 0.028 0.88 
PtSn/A1,0,673 0.028 0.022 0.017 0.74 
PtSn/A1,0,873 0.035 0.010 0.026 0.67 

Lactic acid production over PtSn/Si0,673 from CO,, C,H, and 
H,O a 

T (K) 373 393 423 423 423 473 
P (bar) 35 35 25 30 35 35 
pm01 lactic acid min- ’ g- ’ cat. 4 23 2 47 90 20 

a Molar ratio CO,:C,H,:H,O = 1:l:l; catalyst charge 0.9 g; 
lo-* total mol reactantsmin-’ g-’ catalyst. 

eV) and phosphonium (P 2p binding energy 
132.5 eV> species were observed at the catalyst 
surface. These species evolved to phosphate (P 
2p binding energy 134.3 eV> species after a 
treatment at 573 K, probably by interaction with 
OH groups of y-alumina. The binding energy of 

Pt 4f,,, indicates in all cases the presence of 
surface Pt” species. A peak synthesis procedure 
applied to Sn 3d XP spectra again showed the 
presence of oxidized tin, and two types of re- 
duced tin: One of them similar to that found on 
silica supported catalysts, assigned to Sn al- 
loyed with Pt, and the other one, less abundant, 
with smaller values of binding energies, due to 
metallic tin. Table 5 displays surface atomic 
ratios relative to the alumina peak, a significant 
content of surface chloride and phosphorus 
species and a tin segregation relative to plat- 
inum can be inferred. 

able; after running under reaction conditions for 
three weeks the characteristics of the catalyst 
were unchanged, as evidenced by XRD, TEM 
and catalytic activity values. Only silica-sup- 
ported PtSn particles were observed, whose size 
and morphology were essentially unchanged af- 
ter reaction. 

3.2. Catalytic activity 

The coupling catalytic reaction between CO,, 
C,H, and H,O was studied on PtSn/Si0,673 
and PtSn/A1,0,673 catalysts at 25 to 35 bar 
total pressure and in the temperature range 373- 
473 K. We had reported the production of lactic 
acid in these conditions over a catalyst prepared 
from monometallic precursors but with the sin- 
gle PtSn bimetallic phase on silica [ 121. 

In contrast, PtSn/A1,0,673 catalyst showed 
no activity in this reaction and no lactic acid 
was obtained with any reaction conditions used. 
In spite of the similar Sn 3d and Pt 4f features 
for the catalysts supported either on silica or on 
alumina it appears that the role of y-alumina as 
support determines its final characteristics. The 
interaction of the ligands of the catalyst precur- 
sor with the surface of y-alumina prevents its 
complete removal during the reduction process, 
and the presence of chloride and phosphate 
species on the surface are evidenced after any 
hydrogen treatment to 873 K. At the end of the 
catalytic run the PtSn/A1,0,673 catalyst was 
treated with an aqueous solution of HCl, and 
after CH,OH addition, the presence of the 
methyl esther of lactic acid was observed in the 
solution. The possibility of formation of lactic 

Results of lactic acid production over 
PtSn/Si0,673 catalyst are shown in Table 6. 
This catalyst with the single PtSn phase sup- 
ported on silica showed comparable activity 
values to those already reported, which had 
similar composition [12]. The resistance to ag- 
ing of this PtSn/Si0,673 catalyst is remark- 

Fig. 8. TEM micrograph of PtSn/A1,0,673 sample after reac- 
tion. 



J. Llorca et al./Journal ofMolecular Catalwis A: Chemical 118 (1997) 101-111 III 

acid on the PtSn phase supported on alumina 
cannot be ruled out, although it may remain 
strongly adsorbed on the highly basic surface 
species mentioned above. Moreover, significant 
morphological changes seem to occur in 
PtSn/A1,0,673 catalyst under reaction condi- 
tions. The TEM micrograph of PtSn/A1,0,673 
catalyst after reaction is shown in Fig. 8. Metal- 
lic particles no longer have platelet morphology, 
and the destruction of initial alumina-supported 
PtSn particles is observed. Besides the segrega- 
tion of small platinum particles indicated by 
EDX, sintered bimetallic aggregates can also be 
observed. 

4. Conclusions 

Silica and alumina supported bimetallic PtSn 
catalysts have been prepared by anchoring the 
precursor [PtCl(SnCl,)(PPh,),] bimetallic com- 
plex. After hydrogen treatments at temperatures 
in the range 473-873 K a bimetallic PtSn alloy 
was developed at the catalyst surface. The gene- 
sis of this alloy was monitored by in situ FTIR 
spectroscopy, X-ray diffraction, transmission 
electron microscopy, energy dispersive X-ray 
analysis, electron nanodifraction and photo- 
electron spectroscopy. Due to its high surface 
sensitivity, photoelectron spectroscopy revealed 
not only the PtSn alloy but also a variable 
proportion of both mu-educed Sn2+ and reduced 
SnO species, depending on the temperature of 
reduction. The PtSn alloy was found to be 
active in the coupling reaction of CO, with 
ethylene and water to form lactic acid. While 
the yields were moderately high on the silica 
carrier, on alumina carrier a strong adsorption 

of the products on the basic sites, produced 
through phosphine degradated fragments, 
blocked catalyst activity. 
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