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Abstract

The reactivity of P§Sn(111) has been tested in the 1,3-butadiene hydrogenation reaction and compared to that of Pt(111) by a combina-
tion of polarization modulation absorption reflection infrared spectroscopy, mass spectroscopy and gas phase chromatography technique
PSn(111) is less active than Pt(111) by one order afnitude but it is more seleet into butenes whateveréhnitial surface structure
P(2 x 2) or (v/3 x +/3).

0 2004 Elsevier Inc. All rights reserved.
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1. Introduction A rather detailed knowledge of the parameters at the ori-
gin of enhanced catalytic activities and selectivities is highly
Selectively hydrogenating 1,3-butadiene to butenes is andesirable. Single crystal st already appeared highly rel-
efficient route to upgrade the C4 cuts produced in naphtaevant for modelling the behaviour of high surface area sup-
steam crakers and as such this reaction has been widelyported catalysts since they exclude metal support interac-
studied on various transition and noble metals mostly on tions and in addition, by using standard cleaning procedures,
supported catalystsl—3]. Actually, palladium is a widely  reproducible catalysts can be prepared. Such studies pro-
used catalyst for this reactiolts catalytic performances can vide valuable information relative to the structure sensitiv-
be largely improved by the addition of a promoter or a sec- ity [4,5], to the characterization of the adsorption sites and
ond metal. Furthermore, cokerfoation is generally signifi- geometrieg6,7], to the competitive adsorption of reactants
cantly reduced in bimetallic catalysts. However, there is still and semihydrogenated by-produf8$, and possibly to the
a need for catalysts showing a high selectivity into 1-butene, identification of intermediat surface species or poisons of
a by-product used for the production of low density poly- the reaction.
ethylene. From these model studies, it appears that Pd(110) is the
The catalytic activity and selectivity are driven by nu- pest monometallic catalyst shing a catalytic activity of
merous factors such as the nature of the catalyst and of itsp105 molcn2s71, i.e., a turnover frequency close to2s
support, the pretreatment of the catalyst, its ability to dis- and a selectivity into butenes of 100% at 50% converfdpn
sociate hydrogen, the temperature and partial pressure ofat 300 K and a pressure of hydrogen of 10 Torr. As observed

reactants, the relative adsorption strengths of butadiene angor supported catalysts, these properties of Pd can still be
butenes... They are modified by addition of a promoter or the |5,gely enhanced by alloying effeds.

use of an alloy. The reactivity of platinum sigle crystals has been also

investigated in this reactiod,8,10] It is certainly less per-
* Corresponding author. Fax number: +33 4 72 44 53 99. formant than palladium, however once alloyed to Ni for ex-
E-mail address: jugnet@catalyse.cnrs.{i. Jugnet). ample, both its activity and selectivity are improvgd].
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Actually, in bulk or surface alloy compounds, the thermo- The PM-RAIR spectra were obtained from a NEXUS
dynamic equilibrium induces picular rearrangement of  Fourier transform infrared spectrometer from Thermo Nico-
atoms and generates specific local structures available for thdet within the following configuration. The external IR beam
reaction5]. Indeed surface structure and catalytic properties is focused on the sample inside the reactor at a grazing angle
are intimately correlated. In this respecz $1(111) appears  (8°) via a parabolic mirror. The incident beam is intercepted
as very promising for testing such a reaction since it shows by a ZnSe polarizer and a photoelastic modulator (PEM-
two superstructures with different kinds of Pt atom arrange- 90 from HINDS instruments) allowing very rapid polariza-
ment in the surface layer. Furthermore, PtSn supported cat-tion changes. The polarizer allows the selection of the p-
alysts have been widely investigated for various reactions polarized (light polarized in the plane of incidence) or of the
such as hydrogenation of organic molecljlgs-14]and hy- s-polarized (light perpendicular to the plane of incidence)
drocarbon dehydrogenatifts,16]or reforming[17]. component of the IR beam. The PEM is orientated in such
In this study, we present first results of 1,3-butadiene @ way that the incident light is polarized in a plane which
hydrogenation obtained on an alloy of platinum with tin, is at 4% to its main axis. After reflection on the surface,
the Pg§Sn(111). The surface of this alloy which has been the IR beam is focused onto the mercury cadmium telluride
widely studied by Bardi et al[20], namely by a com- (MCT) detector by an optical lens. After demodulation, two
bination of X-ray photoelectron spectroscopy (XPS), ion Spectra are obtained corresponding toH{(s) and (p— s)
scattering spectroscopies, standard and spot profile analySignals. By combining these spectra, the gas phase insensi-
sis low energy electron diffraction (LEED and SPA-LEED), tive to polarization changes, and the adsorbate phase which
and scanning tunnelling microscopy (STM), displays several is orientated by the surface and else very sensitive to po-
surface structures depending on the annealing temperaturel@rization changes can be separated. Only the p-component
A (+/3 x +/3) ordered structure is obtained at moderate tem- Of the IR beam will contribute to the surface signal, while
perature while a (2 x 2) structure is obtained at higher POth p and s components participate in the gas phase signal.
temperature. The corresponding top surface layers show speJhe surface signal is obtained from the ratio of these spec-
cific Pt atom arrangements which could be at the origin of & (P —)/(p + ), while the gas phase signal is obtained
specific catalytic properties. Both surfaceg3(x +/3) and from the s s_|gnal. Spectra collecte.d during the reaction are
P2 x 2) of PESn(111) have been investigated and com- then normalized by the corresponding reference spectra. The
pared to Pt(111) in the 1,3-butadiene hydrogenation reactionSPectra were collected with a spectral resolution of 4 &m
under identical conditions. The reaction and by-products With 1024 scans co-added. The PEM was operated in the
formation have been analysed by a combined polarization Nalf-wave retardation mode, at a frequency of 50 kHz.
modulation reflection absorption infrared spectroscopy (PM- _1he Pt(111) and B8n(111) samples are small discs of

RAIRS) operated under elevated pressures, quadrupole masd-0 @nd 0.8 cm diameter, respectively. They were prepared
spectroscopy (QMS) and gas phase chromatography. by repeated cycles of Ar sputtering at 300 K and annealing
at 1100 K for Pt(111) and 1000 K (600 K) for48n(111)-

P2 x 2) (PBSN(11D) — (/3 x +/3)) respectively until a
clean surface was observed by XPS. From time to time, the
samples were oxidized in a few 19 Torr O, at 900 K to
remove the carbonaceous contamination. Once cleaned, the
The experimental set-up consists of three main chamberssample is transferred undegHV to the reactor then heated
separated by gate valves with various probes to allow the o the temperature at whiche reaction will take place. The
sample to be transferred between all three chambers undefeactor is then isolated by closing all the valves and reference
ultra high vacuum (UHV). The first two UHV chambers, gspectra are measured at thisnerature. The reactants are
dedicated to sample prepticm and surface characteriza-  then introduced into the reactand the reaction products are
tion, have a base pressure in the low 1®Torr range. They monitored by PM-RAIRS, QMS and gas phase chromatog-
are equipped with XPS, high resolution electron energy loss raphy. The reactor is operated in static mode. The reactive
spectroscopy (HREELS), and a quadrupole mass spectro-C,Hg/H, mixture was prepared in a separate UHV chamber
meter (QMS). The third chamber is a small stainless steel and stored into a large volume stainless steel vessel.
reactor previously describdé1], equipped with two ZnSe
infrared windows allowing infrared measurements in a large
range of pressure from UHV up to atmospheric pressure. 3. Results
The volume of the reactor is about 1 I. Analysis of prod-
ucts is generally made by mass spectroscopy through a leak In order to establish a close correlation between pure plat-
valve. A small chamber (a few cthequipped with a septum  inum and platinum—tin alloy properties, the following exper-
has been added to the reactor in order to sample the reactioiments have been run within the same conditions: tempera-
mixture with the help of a syringe (1 ml), allowing injection ture of the sample 360 K, partial pressure aHg and H in
into a gas phase chromatograph for analysis of the butenethe ratio /10, total pressure in the reactor close to 15 Torr.
isomers. The time between each experintal point is rather long due

2. Experimental
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Fig. 2. Evolution of products measured by gas phase chromatogra-
phy during hydrogenation of 1,3-butadiene on Pt(111). Reaction condi-
tions: T = 360 K, p(Hp)/p(1,3-butadiene)= 10, total pressure in the
reactor= 15 Torr.

Fig. 1. Evolution of products measured by QMS during hydrogena-
tion of 1,3-butadiene on Pt(111). Reaction conditior’s:= 360 K,
p(H2)/p(1,3-butadieney= 10, total pressure in the reacterl5 Torr.

to the successive measuremdnysthe three different tech- 2966
nigues, PM-RAIRS, QMS and gas phase chromatography. I

3.1. Pt(111)

Fig. 1 shows the evolution of the reactants and products
1,3-butadiene, butenes (1-butepeis-2-butenet trans-2-
butene not separated by QMS), and butane measured by
mass spectroscopy as a function of time. Only the first
part of the reaction is shown corresponding to the total

ABSORBANCE

H H H W L L L
conversion of 1,3-butadiene. In fact, Fhe reaction has been 3,00 3100 3000 2000 2800 1200 1100 1000 900 800
tested until complete conversion which was obtained af- WAVENUMBER (cm™")
ter 1200 min. At low conversion and up to 50% con- .
version, the selectivity into butene® defined as:S; = Fig. 3. Evolution of the reaction products measured by PM-RAIRS during

1,3-butadiene hydrogenation on Pt(111) at 360 K as a function of time:
> buteneg) (butenest butang reaches a value close to (2) 20 min, (b) 1 h, (¢) 2 h, (d) 3 h, (e) 4.5 h and (f) 19.5 h. Reation

89% then decreases slightly until 80% conversion. The ac- conditions:7 = 360 K, p(Hs)/p(L,3-butadiene):- 10, total pressure in the

tivity is equal to 47 x 10 molcm ?s~1. Compared to  reactor=15 Torr.

Pt(111) at 300 K[4,10], this reaction performed at 360 K

is more active but also more selective. With increasing reaction timéhe features characteristic of
More information is produced by gas phase chromatog- 1,3-butadiene decrease while gradually new bands develop,

raphy, since the three butene isomers are now separatednamely at 2966 cm® (Fig. 3c—f), 912 cnt® (Fig. 3d) and

The results are reported iRig. 2 The 1-butene is the 961 cnt?! (Fig. 3). In order to highlight the changes appear-

most abundant of the butene isomers until complete con-ing in the gas phase, difference spectra obtained by rationing

version. Then it starts to decrease while the cis and transa current spectrum by the immiately preceding one are re-

isomers increase continuously until complete conversion ported inFig. 4. Positive bands indicate the presence of new

of butenes. The selectivity into 1-buterf® defined as species while negative bands indicate the consumption of a

S> = 1-buteng) " butenes is 0.87 at 50% conversion. The product. For comparison the gas phase spectra characteris-

cis/trans ratio is 0.86 at 50% conversion and decreases tic of pure 1,3-butadiene, butenes and butane are reported.

slightly to 0.72 at higher conversion. 1,3-Butadiene, 1-butene and butane spectra have been mea-
Fig. 3 shows the evolution of the gas phase measuredsured in our system, while the spectra fos- and trans-

by IR as a function of reaction time at 360 K. At the 2-butene are issued from the literatfi22]. The difference

very beginning of the reactiorF{g. 3a), the IR spectrum  spectraA(b —a), A(c — b), A(d —¢), andA(e — d), cor-

is similar to the gas phase spectrum of pure 1,3-butadienerespond to equivalent reaction times, viz about 1 h. They

with bands in the range of 2976-3108 thicorrespond-  can be compared with each other. The last one shows what

ing to a combination of symmetric and asymmetr@H and happens during the last 15 h of the reaction. The first spec-

vCHj stretching vibrations and at 1013 th 987 cntt and trum, A(b — a), clearly shows a decrease of the bands at

908.4 cnr! characteristic of the CH bending, GHock- around 3100 cm! and at 1018 and 908 cm indicating

ing and Ch wagging deformation vibrations, respectively. the consumption of 1,3-butadiene. In the mean time, new
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Atte) ‘ : Fig. 5 exhibits the mass spectroscopy results obtained
o) W at 160 K for the P§Sn(111)-¢/3 x +/3). Compared to
l\ oo 3%53\912 Pt(111) (seeFig. 1), the activity is quite lower but the

“V[/‘ product distribution indicates a more selective conver-

Alf-e)

sion of 1,3-butadiene. During the 1,3-butadiene decrease,
only a small amount of butane is formed: less than 1%
at 50% conversion while it was close to 6% on Pt(111).
/\Jr/ The selectivity into butenes§; is 98% at 50% conversion
and keeps this value until 90% of conversion. The ac-
tivity is equal to 05 x 10 molcm™?s™1, i.e., ten times
less than that of Pt(111). The gas phase chromatography
spectra not reported here show that the selectivity into 1-
butenesS, is 79% at 50% conversion with @s/trans ratio
of 0.85.

The enhancement of selectivity with respect to Pt(111) is
also illustrated irFig. 6 by IR spectra of the gas phase. The
spectra clearly show, as a function of time, the decrease of
1,3-butadiene bands, the formation of 1-buteRay.(6d—

f) identified by the bands at 3088, 2976 and 984 ¢m
followed by an increased productiontoéins-2-butene iden-
tified by the band at 963 cm. As said previously, the
observation ofcis-2-butene is not straightforward since it
does not possess a real fingerprint on the spectra due to a
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Fig. 4. Difference spectra between successive IR data of the previous figure.large band overlap. o
For comparison, the gas phase spectraiabt on pure butadiene, 1-butene, On the P$Sn(111)-g2 x 2) surface, both activity and

cis- andtrans-2-butene, and butane arepmted. Spectra corresponding to  selectivity are still slightly improved by comparison to
1,3-butadiene, 1-butene and bugamave been measured during this work Pt3$n(111)-@/§ x ﬁ) The QMS and IR results are re-

while those forcis- andtrans-2-butene are from literatuf@2)]. Except for P S 5 _2
the trans-2-butene, where the measurement pressure was not indicated, a”ported inFigs. 7 and 8The activity is 0.6x 10> mol cm

-1 .o . .
the gas phase spectra are normalized to a common pressure. s *. The selectivity into butene$; is now more than 99%
at 50% conversion. This high selectivity is confirmed by IR

results inFig. 8 where no butane which would lead to the

" 1
Pc:js.'tlvt.e bair;dsfare o?servfe d at 294§‘értmndh2_9h7 7me th appearance of a sharp band at 2966 tiis observed until
indicating the formation of new products which, from the complete conversion of butadierféid. 8g).

reference spectra, can be attributed to 1-butene and butane. Al these results show a very good complementarity be-

Fro“.” thISfSIpeCt:rL]Jm, gggespondlng t(t) a 1I,3(;buttr?d|ene CON"4veen the three techniques used in this work. It would have
Version ot fess than 0, We cannot exciude the presence, ., very interesting to observe also the surface species

{emsiy ofthe most sensie bands of butaciene remains con PreSSN dUrngthe reacion sehe PN-RAIR spectroscopy
y is a good tool for doing so; however, no surface species has

stant (see curveA(c — b) andA(d — ¢)) indicating a linear

decrease of butadiene content as a function of time, in per- 100
Pt,Sn(111) - (v3 x ¥3)

fect agreement with the QMS drchromatography results.
Meanwhile, the characteristic band of butane at 2942%cm
increases more rapidly than that of 1-butene at 2977%cm
Later on, spectruni (e — d) clearly shows a negative band

80

R

at 3089 cn1! indicating the consumption of 1-butene. This z 60 360K
observation is corroborated by the decrease of the bands at 3 O CH,
995 and 912 cmt. Finally, in the last 15 hours, as shown in 40 . © CH,
spectrumA( f — e), the negative bands observed at 3039, r ® CH,
1063 and 963 cm® indicate the consumption dfans-2- 20
butene at the benefit of butane formation. /

o B W— —
3.2, PtsSn(111)-(v/3 x +/3) and PtzSn(111)-p(2 x 2) TIMBI: " g1 120

The reactivity of P{Sn(111) has been studied under sim- Fig. 5. Evolution of the products measured by QMS during hy-

ilar conditions for both surface structurés/3 x +/3) and drogenation of 1,3-butadiene on 3Bh(111)-¢/3 x +/3) at 360 K.
p(2 x 2). p(H2)/p(1,3-butadiene}= 10, total pressure in the reacter14.5 Torr.
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Fig. 6. Evolution of the reaction pducts measured by PM-RAIRS during Fig. 8. Evolution of the reaction products measured by PM-RAIRS dur-
1,3-butadiene hydrogenation ongBh(111)-¢/3 x +/3) as a function of ing 1,3-batadiene hydrogenation ong®n(111)-p(2x 2) as a function
time: (a) 15 min, (b) 1.35 h, (c) 5 h, (d) 19.5 h, (e) 28.2 h, (f) 69.45 hand of time: (a) 15 min, (b) 1.20 h, (c) 5.15 h, (d) 19.30 h, (e) 25.0 h

(h) 116 h. Reaction condition§: = 360 K, p(H2)/p(1,3-butadieney= 10, and (f) 43.40 h and (h) 53.30 h. Reaction conditions:= 360 K,
total pressure in the reacter 14.5 Torr. p(Ho)/p(1,3-butadieng= 10, total pressure in the reacterl4.2 Torr.
100 i ¥ — 4. Discussion
80 |- 1,3-butadiene hydrogenation on the three studied sur-
< Pt,Sn(111)-p(2x2) faces, Pt(111), BSN(111)-¢/3 x +/3) and P4Sn(111)-p2 x
S 60} 360K 2), is characterized by a linear decrease of the 1,3-butadiene
I . . . . . .
& content with time (se€igs. 1, 5 and Yindicating a con-
40t O CH stant reaction rate. This suggests that the reaction does not
© C:H: depend on the 1,3-butadiene pressure and that it is of a zero
201} 3 ® CH, order with respect to the hydrocarbon.
L Whatever the surface, Pt(111) og8h(111), the catalytic
0 T activity remains constant up to about 80% conversion. Sim-
0 10 20 30 40 50 60 70 ilarly the butanegis- andtrans-2-butenes relative amounts
TIME (h) increase linearly with time in the same range of percentage
Fig. 7. Evolution of the products measured by QMS during hy- conversion. .
drogenation of 1,3-butadiene on 3Bn(111)-g2 x 2) at 360 K. The values of the aCt'V't)’ and of the perceqtages of
p(Hp)/p(1,3-butadiene)- 10, total pressure in the reacterl4.2 Torr. butane and butenes determined at 50% conversion are re-

ported inTable 1 On Pt(111), the selectivity into butenes

S1 (89%) is actually more than that measured near 300 K
been observed. Several reasons can explain the nonobsebn Pt(111)[10], Pt films[23], and Pt/ApOs supported cat-
vation of surface species (adsorbate or intermediate). Thealysts[19,24] Let us just remark that in the present work,
adsorption geometry may be not propitious to measurementsthe reaction was run at 360 K \lta most measurements re-
by RAIRS. Let us just remind that only the dipole mo- ported in the literature were performed near 300 K and with
ment variations having a component along the normal to a smaller hydrogett,3-butadiene ratio which could explain
the surface will contribute to the RAIRS signal. For exam- the apparent discrepancy. Thus, for example, Pradier et al.
ple, in the case of a 1,3-butadiene molecule lying flat on the [4] have seen noticeable variations of the adsorption of the
surface, no CH or CC stretching vibration band is observ- different products with temperature on Pt single crystals.
able by RAIRS. On the contrary, a signal is expected for Thetrans/cis ratio of 2-butene is slightly larger than unity,
the out of plane CH deformation bands. However, it also a value which differs again from that measured on nonselec-
greatly depends on the IR activity of these bands. As ob- tive Pt films[23] and Pt/AbO3 supported catalysts for which
served inFig. 4, when the stretching bands are intense, the it is about two[19,24]
corresponding deformation ones are small and vice versa. The activity of both the {/3 x +/3) and the 2 x 2)
Concerning the nonobservation of intermediates species, itsurfaces of the B6n(111) alloy is one order of magnitude
can be due to their very short lifetime on the surface, es- lower than that of Pt(111) but the selectivity into butenes is
pecially at the temperature of the reaction (360 K), but largely increased by comparison to pure platinum; this ef-
also to a very small amount of such species on the sur-fect is even more pronounced on the$(111)-g2 x 2)
face. surface structure for which the butane content is only 0.5%.
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Table 1
Activity, butane % and butene composition measured on Pt(114$nP111)-¢/3 x +/3) and P§Sn(111)-p2 x 2) at 50% conversion, 360 K and a total
pressure of 15 Torrf, / p(1,3-butadienej= 10)

Sample Activity Butane Composition (%)

(1015 molem2s~1) (%) 1-Butene cis-2-Butene trans-2-Butene
Pt(111) 47 11 74 12 14
PSn(111)-¢/3 x +/3) 05 2 79 10 11
P3Sn(111)-p2 x 2) 0.6 05 - - -

As observed with Pt(111), the 1-butene is the most abun-"-
dant product on the alloy surfaces and the relative amount of~
2-butene isomers is almost the same.

It has been often proposed that the distribution of the
products may depend on the adsorption state of 1,3-buta-
diene[23] and on its adsorption strength relative to that of \3xV/3 p(2x2)
adsorbed butenes. Recent theoretical calculaijag} on Fig. 9. Scheme of the PSn(111) surface structures followifig0]. Shaded
Pt(.lll) suggest that the 1’.2’3’4-te‘br?}dsorptlon state, in cir?:les are shown here to highlight the Pt sites (binary with /8 & /3)
which all the carbon atoms interact with Pt, is the most prob- _ 4 ternary with the @2 x 2) surfaces respectively.
able (adsorption energy —160 kJ mot?) at low coverage
followed by the 1,4-dis-2,3-r and 1,2-die-3,4-7 states
slightly less strongly adsorbed. The observation of a zero
order with respect to 1,3-butadiene in this experiment is in-
dicative of a surface saturated in reactive hydrocarbonated
species, i.e., in which the hydrocarbon coverage is high. In
such a case, the repulsive interactions between ad-molecule
would lead to different adsorption states. A more slightly & . . .
di-o bonded species appear then as the most prolagle time to be simply observed, and electronic interactions be-

In that case, the adsorbed state of butenes resemble thosl¥veen platinum atoms and the neighbouring tin atoms. By
of 1,3-butadiene with a very similar adsorption energy, cal- Y€ of CO as a probe molecule on Pt and PtSn catalysts, it has

L. . 1

culated at-45 kJmotL. The desorption of butenes (via its been shown thqt tin !ndut_:es.only a small shif(c ) of
competition with butadiene) is thus not favored and rather thevCO stretghmg wbrg‘uon interpreted as a decrease of the
leads to a catalyst poorly selective into butenes. electron density of platinum atoms when alloyed to[#8].

In the case of the BSn-(/3 x +/3) and P§Sn(111)- In this work, dye to the lack .of resolution of a standard
p(2x 2) ordered structures, the presence of the tin atoms mayXP'S analyser, it was not possible to show on the Ptaf core
play two major roles in connection with their catalytic prop- €VelS any chemical shift between Pt(111) angSp(111).
erties. Firstly, due to the geometric arrangement of surface!N fact, Rodriguez et af26] from ab initio SCF calcula-
atoms Fig. 9 some adsorption states of the butadiene mole- {10nS have shown that the Pt-Sn bond is complex, involv-
cules which were available on Pt(111) are not allowed any- "9 @ Sn(5s,5p)> Pt(6s,6p) charge transfer and a Ptsd
more if one assumes that the tin surface atoms are inactive P1(68,6p) rehybridization that localizes electrons in-between
For example, the 1,2,3,4-tetraadsorption state, considered the metal centers. More recently, Janin ef2l] have shown
as the most favorable at low hydrocarbon coverage on purePY high resolution photoelectron spectroscopy performed
platinum, is not possible on the alloy since it would require a On Pt4f,2 core levels of P(111), Pt(111)-Sn{22) and
specific diamond-shaped site made of 4 Pt atoms. SecondlyPt(111)-Sn{/3 x +/3) a negative surface core level shift of
and probably more important, is the dilution effect played by —370,—210 and—-230 meV respectively relative to the bulk
the surface tin atoms. In fact, even if the surface is saturatedvalue. The shift induced by tin on Pt is thus small, in the
into 1,3-butadiene, these Sn atoms which are ordered onrange of 140-160 meV and certainly not measurable by stan-
the surface will contribute to move away the 1,3-butadiene dard XPS.
molecules from each other (less available sites) and then
to lower the interactions between ad-molecules. One can
then think of possible adsorption of 1,3-butadiene through 5. Summary and conclusions
di-o 4+ w-bonding. Such ad-molecules would be less reac-
tive but would avoid the formation of butane by increasing  The present work shows that the 1,3-butadiene reacts se-
the competition in favor of adsorbed butadiene {di- 7 - lectively on P§Sn(111) and more precisely when the surface
bonded) with respect to adsorbed buteneso(dionded). is p(2 x 2) reconstructed. This increase of selectivity is ac-
It would have been very important to identify the reactive companied by a decrease of activity. The role of tin can be
species at surface, but unfortunately, as said previously, PM-tentatively explained by dition effects leading to specific

RAIRS measurements have not allowed the observation of
such species.

Other effects could also be invoked to explain the dif-
ferences between pure Pt ang$t alloy: the presence on
ghe studied surfaces of differeintermediates species, which
probably are in too low concentration and of too short life-
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adsorption sites with reduced molecular interactions and [9] J. Massardier, J.C. Bertolini, A. Renouprez, in: M.J. Philips, M. Teman

probably new adsorption states of different adsorption ener-

gies. A comparative study of emisorption of 1,3-butadiene
and butenes on Pt(111) ang8n(111) surfaces is now im-

portant to strengthen these conclusions. Anyhow, these first
results show that PtSn could be a catalyst of interest for se-

lective hydrogenation of 1,3-butadiene.
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