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A series of materials containing 1.7 wt% Pt and with Pt/Sn
atomic ratios varying from 2.25 to 0.6 were prepared using NaY
support. The method used to form PtSn bimetallic is based on the
reaction of tetramethyltin with hydrogen covering performed Pt
particles. Different techniques such as H, chemisorption, CO che-
misorption, IR spectroscopy, TEM and STEM-EDX analysis, and
XPS were used to characterize these materials. It appears that H,
and CO chemisorption are depressed with the addition of tin and
that part of the tin is alloyed with Pt to form a bimetallic. The
bimetallics so formed are rather heterogeneous; neither CO chemi-
sorption and IR spectroscopy nor XPS gives clear evidence of a
possible change in the electronic properties of Pt with the addition
of tin.  © 1995 Academic Press, Inc.

INTRODUCTION

The deactivation of Pt-based catalysts used in reforming
and dehydrogenation reactions is generally a fast process.
It is known that the addition of elements like Re (1), Sn
(2), and In (3) increases the lifespan of the catalysts. The
PtSn-based catalyst has been extensively studied, even
though it is not the dominant commercial catalyst (4, 5);
most of these studies were performed on PtSn/Al,O; sam-
ples. The salient questions and possible answers are:

—Is Pt alloyed with tin? It has been shown that under
reducing conditions, PtSn bimetallic was formed (6, 7, 8,
9) but only part of the tin was alloyed with Pt, the other
part being deposited onto the Al,O; support (6); for low
tin loading the tin is preferentially located on the support
(6, 10). Direct evidence of Sn® formation was obtained
either by Mossbauer spectroscopy (9) or by XPS (6) and
indirect evidence of Sn® formation was obtained by TPR
and chemisorption studies (9).

! To whom correspondence should be addressed.
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—Are the electronic properties of Pt modified by tin
addition? There is some difficulty in showing any change
in the electronic state of Pt in supported PtSn particles
by XPS because the observed shift of Pt4 fbinding energy
is only 0.2 eV when Pt is alloyed with Sn; this value is a
smaller change than can be detected by XPS. So it appears
that on supported PtSn, the electronic effect is rather
small, if it exists. Indirect methods, such as IR spectros-
copy of adsorbed CO help to provide evidence of changes
in the electronic properties of Pt. However, the shift of
the Pt—CO singleton vibrator is also dependent on the Pt
coordination number and thus on the size of the Pt parti-
cles. A small downward shift (5 to 10 cm™") (11, 12) ora
small upward shift (11) of the Pt—CO singleton frequency
is reported. In contrast, for Sn/Pt(111) surface alloys, it
has been shown that Sn has a substantial electronic effect
on the Pt(111) surface chemistry (13).

—What is the role of nonalloyed tin? It has been shown
(10, 14) that ionic tin can be adsorbed onto the support
and hence change the acidity of the support and conse-
quently can affect coke formation.

Recently, it has been shown that PtSn/silicalite and
Ptln/silicalite are excellent dehydrogenation catalysts,
showing low deactivation rates in isobutane dehydrogena-
tion (15); model dehydrogenation catalysts, PtInNaY,
have been recently described (16) and for comparison
PtSnNaY are studied here. To prepare metal or bimetallic
particles in zeolite hosts, various methods can be used
(17). Here we have chosen to react hydrogen Pt-covered
surface with an organometallic tin compound as de-
scribed, by Margitfalvi ez al. (18) and by Travers et al.
(19). According to these authors, the alkytin compound
reacts with Pt—H surface entities as follows:

Pt-H + Sn(C,Hy),— PtSn(C,HJ), + C,H,
PtSn(C,Hg); + 3/2H,— PtSn + 3 C,H;.
0021-9517/95 $12.00
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We report on the preparation and the characterization
of the catalysts and, in a coming paper, we will describe
their catalytic properties in propane dehydrogenation and
hydrogenolysis and in the n-hexane dehydrocyclisation.

EXPERIMENTAL

All the samples were prepared starting with NaY zeolite
from Zeocat (France) as a support. The NaY sample was
exchanged overnight with a solution of Pt(NH,),(OH), at
80°C, typically 5 g of NaY was stirred in 0.5 liter solution
of platinum salt from Johnson Matthey. After having been
washed twice with water, the sample was dried in air
overnight at 373 K. The platinum loading is of 1.7 wt%,
as measured by chemical analysis (atomic absorption
spectroscopy).

A portion of the as-prepared fresh sample was then
slowly heated under a flow of O, (2 liter/hr) with a ramping
of 0.2 K/min from room temperature to 573 K and main-
tained at this temperature for 2 h; then the sample was
flushed with N, and reduced under H, (2 liter/hr), while
the temperature was increased from 573 Kto 773 K at 1
K/min. After 2 h at 773 K, the temperature was decreased
to room temperature and the solid was stored under He.
The as-prepared sample was utilised as starting material
for preparing tin loaded samples.

Formation of PtSn NaY

In a cell identical to that described in (20) a mixture of
n-hexane and tetramethyl tin (TMT) was contacted with
the sample at RT. The TMT content was varied to obtain
different tin loadings. The n-hexane and TMT mixture
was left overnight in contact with the sample and the
liquid phase was removed by evaporation through a vac-
uum line; the sample was then outgassed, T being in-
creased from RT to 473 K (ramping 0.5 K/min). After
2 h at 473 K, the sample was flushed with hydrogen and
reduced under a flow of H, from 473 K to 773 K (ramping
0.5 K/min); after 2 h at 773 K, the sample was flushed
with N,, cooled down to room temperature, and contacted
with air. This method of forming Pt Sn (18) or Rh Sn (19)
bimetallics has been reported previously. Since after the
reaction of the alkytin with the surface the alkyligands
are removed under H,, carbonaceous fragments are re-
moved in the form of alkanes and alkenes (18, 20) and no
carbon deposit is formed on the bimetallic surface (see
XPS results).

H2 Chemisorption Studies

A volumetric apparatus equipped with a Texas Instru-
ment precision gauge was used to study isotherm adsorp-
tion. Before any measurement, the sample was re-reduced
under dynamic conditions (H, flow, 2 liter/hr) at 773 K
for 3 h and cooled down to RT. Then a first isotherm was
measured and the solid was outgassed for 10 min at RT
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(P = 1072 Pa) before the measurement of a second iso-
therm. The difference between the first and the second
isotherms extrapolated to zero pressure gives the amount
of strongly chemisorbed hydrogen, and the dispersion was
calculated assuming a stoichiometry H/Pt, = 1.

Transmission Electron Microscopy (TEM) and
Scanning Transmission Electron Microscopy—Energy
(STEM) Dispersive X-Ray Analysis (EDX)

A few samples were characterised using transmission
electron microscopy. Particle sizes were measured from
micrographs obtained with a Jeol 2010 TEM, and the
composition of the individual particles was studied by
using the STEM-EDX technique (VG. HB501 apparatus).

X-Ray Photo-Electron Spectroscopy (XPS)

Some samples have been analysed during a Surface
Science Instruments (now Fisons Instruments) XPS spec-
trometer. Monochromated AlKo radiation (1486.6 eV)
was used.

CO Chemisorption Studied by Infrared Spectroscopy

Samples were pressed into thin wafers (15-20 mg),
mounted in a special holder, and introduced into an infra-
red cell, allowing the circulation of gases. The samples
were re-reduced under a flow of H, at 773 K for 2 h and
evacuated at this temperature (p = 1072 Pa) before being
cooled down to room temperature and contacted with CO
(p = 0.2kPa). The IR spectra were recorded with a Bruker
IFS 48 FTIR spectrometer.

RESULTS

Hydrogen Chemisorption

The H/Pt values obtained for different samples are
given in Table 1.

It appears that the addition of tin decreases H, chemi-
sorption. This could be due to the blocking of Pt surface
atoms by tin adduct, a modification of their chemisorption
properties, or an increase in particle sizes with the tin ad-
dition.

TEM AND STEM—-EDX Results

The PtSnNaY samples were analysed by TEM. As indi-
cated in Fig. l1a (PtNaY sample) the Pt particles are quite
small, most of them having a diameter in the range 0.8-1.2
nm, very few being larger than 2 nm. These results are in
good agreement with the hydrogen chemisorption results.
The addition of increasing amounts of tin (Fig. 1, b-d)
causes an increase in the particles’ sizes. The electron
micrographs also showed few large particles. A careful
examination shows that the micrographs of these large
particles are in fact formed by dark centers surrounded
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TABLE 1
H, Adsorption at 298 K

Sample’ Pt;; Pt ;Sngss Pt;;Sng, Pt;;5n, Pt ;S04

H/Pt 1 0.43 0.38 0.26 0.17

“ Pt; ;Sn, (y varying from 0 to 2.4) refers to a sample with 1.7 wt%
Pt and y wt% Sn.

by light-dark crowns (see particle indicated by an arrow,
Fig. 1d).

STEM-EDX Analysis

Three different types of analysis were performed:

—analysis of large zones (10 wm?) containing several
metallic particles,

—analysis of small zones containing one metallic parti-
cle of large diameter (3—6 nm),
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—analysis of small zones containing one or few individ-
ual particles of less than 2 nm. The results are summarized
on Table 2.

Table 2 indicates that the results of the large zone analy-
sis are in reasonable agreement with the results of the
chemical analysis. For the lowest tin loading the Pt/Sn
ratios obtained from analysis of individual small particles
or from analysis of individual large particles are higher
than the values obtained through large zone analysis, sug-
gesting that for this low tin loading, part of the tin has
reacted with the zeolite surface. For the Pt, ;Sn,sNaY
sample, STEM-EDX analysis has shown also that there
exist on the zeolite support few areas where Sn was the
only metal detected. The Pt/Sn values measured on indi-
vidual small particles are higher than those obtained for
larger particles; apparently, the large Pt particles exhibit
a higher propensity to adsorb TMT as compared with
small Pt particles. This could be due either to a higher
reactivity of Pt—H towards TMT in the case of large parti-

TABLE 2
STEM Analysis of PtSnNaY Samples

Nature of the analysis and, in
parentheses, number of analyses

Sample

Pt/Sn (atomic ratio): highest
value, average value, and

lowest value Pt/Sn*

Pt,;Sny;sNaY Large zones® (7)

Individual large particles® (9)

2.2 2.25
1.9

1.8

4

3.7

3.6

Individual small particles? (10) 6

Pt, ;Sn; 4NaY Large zones (5)

Individual large particles (8)

Individual small particles (11)

Pt, ,Sn, jJNaY Large zones (5)

Individual larges particles® (8)

Individual small particles (11)

5.5

5.2

1.6 1.21
1.4

1.3

1.8

1.7

1.5

3.5

32

3.1

0.8 0.63
0.6

0.5

0.1

0.06

0.04

3.4

29

2.7

4 Atomic ratio from chemical analysis.

b Large zones including a great number of individual particles.

¢ Particles of 3-6 nm (see TEM).
4 Particles of less than 2 nm.

¢ Particles of 3-20 nm (see TEM, Fig. 1d, arrow).
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FIG. 1.

cles or to the low diffusion rate of TMT in the zeolite
channels: one could reasonably assume that small Pt parti-
cles are located within the channels of the zeolite while
large Pt particles are deposited on the external surface of
the zeolite grains. Thus it is suggested that the diffusion
of TMT along the zeolite channels is restricted. The differ-
ence in TMT concentration in the zeolite channels and

TEMs of Pt,-NaY (a), Pt,,Sny;NaY (b), Pt,,Sn, ;NaY (c), and Pt, ;Sn, (NaY (d).

on the zeolite grains should be responsible for the higher
tin uptake for those Pt particles located on the external
surface. For the sample with the highest tin loading, it is
observed that Pt/Sn values obtained for the large particles
are lower than the chemical analysis value; careful exami-
nation of TEM micrographs (see Fig. 1d, arrow) clearly
indicated that these large particles are composed of Pt-
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FIG. 1—Continued

supported tin (darker zones) and patches of tin (clearer
zones) surrounding PtSn particles. Again small particles
have Pt/Sn values much higher than that expected from
chemical analysis; it has to be noticed that when tin load-
ing is increased from 1.4 wt% to 2.7 wt% the composition
of individual small particles remains nearly the same, sug-
gesting that there is a limit in the amount of Sn which can
be deposited onto small particles. It is known from TEM

that these particles are small (0.8 to 1 nm), and if they
are located in the zeolite supercages, the addition of a
few Sn atoms would increase the particle diameter to
nearly that of the supercage and consequently it would
be not possible to add additional tin to these particles.
To summarize, STEM-EDX studies indicate that the
tin distribution is rather inhomogeneous. As a general
rule, small particles located inside the zeolite cavities
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FIG. 2. IR spectra of adsorbed CO on Pt;;NaY (a), Pt| ;Sn,;NaY

(b), Pt1.78nyyNaY (c), Pt, ,Sn, ,NaY (d), and Pt;,Sn, ,NaY (e).

have a tin content lower than that expected from chemical
analysis, but the tin content of these small particles in-
crease with the tin loading up to Pt/Sn values close to 3.

CO Chemisorption as Studied by IR Spectroscopy

Figure 2 reports the IR spectra obtained after the CO
was chemisorbed at 298 K (15 min, P¢q = 0.5 kPa) and
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evacuated at 298 K (15 min, P = 0.1 Pa). For the Pt, ;NaY
sample, the IR spectrum (Fig. 2a) is composed of two IR
bands, one due to the Pt—CO linear vibrator at 2074 cm ™!,
the other at 1890 cm™! attributed to bridged CO species
(21). A weak shoulder (=2000 cm™!) reveals the presence
of other CO species and has recently been attributed to
linear Pt—CO perturbed by Na™ cations or by the zeolite
framework (22).

Figure 2, b—e indicates that the addition of tin causes

—a decrease in the linear Pt—-CO wavenumber and a
decrease in the intensity of this vibration, and

—a stronger decrease in the intensity of the vibration
due to bridged CO species.

Table 3 gives the wavenumbers of the different vibra-
tions for full CO coverage and those measured at low CO
coverage together with the absorbances of the different vi-
brations.

From Table 3, three major facts emerge:

—As tin loading is increased, the absorbance of linear
and bridged CO decreases, the larger decrease being that
of bridged species.

—vCO (linear singleton) at full CO coverage is higher
for the PtNaY sample than for the PtSnNaY samples.

—vCO (linear singleton) at low CO coverage is lowest
for the PtNaY sample, the addition of Sn causing an up-
ward shift.

XPS Studies

Only three samples were studied by XPS, Pt,;NayY,
Pt, ;Sny;NaY, and Pt, ,Sn, ,NaY. XPS spectra were regis-
tered on samples that had been outgassed at 723 K (P =
1073 Pa) and on samples reduced in situ under H, at 723
K (Py, = 101 kPa).

TABLE 3
CO Adsorption over Pt,Sn )NaY Samples as Studied by IR Spectroscopy

Absorbance of Absorbance of vCO (cm™)
Pt—CO linear bridged CO
Sample species” species® =1 6 =01 (Asyyl Aggg)?
Pt; ;NaY 32 3 2074 2050 0.44
Pt, ,Sny ;NaY 30 0.7 2072 2054 0.25
Pt, -SngoNaY 16 0 2066 2060 0.03
Pt, ,Sn, NaY 11 0 2064 2060 0.03
11 0 2062 2060 0.04

Ptl;,SnuNaY

% As measured in Fig. 2.
® As measured in Fig. 2.

¢ After having evacuated the sample at 523 K until the absorbance of Pt—CO linear species reaches
1/10 of its initial value as registered after evacuation for 15 min at 298 K.
¢ Absorbance of Pt—CO singleton after evacuation for 15 min at 523 K (Asy;) divided by absorbance

after evacuation for 15 min at 298 K (A).
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XPS Si2p and Sn3d spectra of the Pt, ;Sng ;NaY sample. Si2p (a) before reduction and (b) after H, reduction Sn/3d (¢) before reduction

and (d) after reduction. Al2pPt4 f (e) before reduction and (f) after H, reduction.

The spectra of Ptdf, Sn3d, Si2p, and Al2p were regis-
tered, Si2p = 103.5 ev being used as an internal reference.
The spectra in Fig. 3a—f reflect the Pt, ,Sn,,;NaY sample
before and after reduction. Examination of Fig. 3, a and
b indicates that the Si2p lines are identical (shape is un-
changed). By contrast the Sn3d lines are greatly modified
by reduction; this clearly indicates that there is no inho-
mogeneous charging effect and by consequence it will be
possible to discuss the changes observed in the Sn3d line.
Figure 3, e—f allows the determination of Pt4 f;,, binding
energy. In addition to these data, Cls spectrum was regis-
tered for each sampie; after the H, in situ treatment, the
C/Si atomic ratios for Pt,NaY, Pt,Sn;,NaY, and
Pt,Sn, NaY are 1.1 x 1073, 1.3 x 107, and 1.2 x 1073,
respectively. Table 4 reports Pt/Si, Sn/Si, and Pt/Sn ratios
obtained from XPS data using the cross sections tabulated
by Scofield; the binding energies (BE) of Pt and Sn mea-
sured after different treatments are reported on Table 5.

DISCUSSION

From the TEM results it appears that, as reported ear-
lier, the NaY support allows the formation of small Pt
particles, most of them having sizes smaller or equal to
1 nm, in agreement with the chemisorption results. A
relatively few number of larger particles are also observed
(Fig. 1a) so that, within experimental error, the H, chemi-
sorption produced a H/Pt ratio equal to 1.

Adding tin to Pt has several effects and we will discuss
the following questions:

—Are the particle sizes modified with the addition of
tin?

—Are both elements (Pt and Sn) in the same particle,
and if yes, are they forming a bimetallic?

—Are the electronic properties of Pt modified through
the addition of tin?

TABLE 4

XPS Data: Pt/Si, Sn/Si, and Sn/Pt Atomic Ratios as a Function of the Thermal
Treatment for Different Solids

Atomic ratio

PUSi (x 109 Sn/Si (x 10%) Pt/Sn
Sample by XPS* by EA®’ by XPS? by EA®? by XPS? by EA’
Pt, ,NaY 0.57 (.2 — — — —
Pt, -Sng-NaY 0.5 1.2 i 0.8 0.5 1.4
(0.46) 0.6) (0.76)
Pt,-Sn, NaY 0.28 12 3.5 1.6 0.08 0.74
(0.43) 0.7

¢ Values calculated with XPS data. First number, after evacuation at 723 K; number in parentheses,

after reduction in H, at 723 K.
» As measured by chemical analysis.
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TABLE 5

Binding Energies (eV) of Pt and Sn for the
Three Samples under Study as a Function of
the Thermal Treatment

Binding energies? (eV)

Sample Pt4 f;) Sn3ds;,
Pt, ;NaY 71.8 (71.5) —
Pt, ;Sny;NaY 71.6 (71.2) 487.6 484,9°
487.6
Pt, ;Sn; ,NaY 71.5(71.25)  487.4 484.90¢
487.30

Note. Si2p (103.5 ¢V) has been taken as an
internal reference.

4 After evacuation at 723 K and (in parentheses)
after reduction in H, at 723 K.

b Sn species at 484.9 eV represent 90% of the
total Sn.

“ Sn species at 484.90 eV represent 50% of the
total Sn.

Figure I clearly indicates that the crystallite size of the
metal particles increased upon the addition of tin. In this
study, the PtSn particles have been made by depositing
Sn from Sn(CH,), in a monolayer and/or in multilayer
quantities on a Pt crystallite surface. Upon activation in
H, cherry-like structure of PtSn or/and a three dimen-
sional Sn island growth on the Pt surface would develop
which could be responsible for the metal particle growth
observed with TEM. This suggestion is reinforced by the
STEM-EDX analysis which has shown that indeed Pt
and Sn were simultaneously present in both the small and
the large cystallites. For low tin loading, the Pt/Sn ratio
for large and small particles is higher than that measured
from large zone analysis, suggesting that part of the tin
was deposited on the zeolite surface, in agreement with
the observation that tin is detected in zones having no Pt
particles. This observation and the corresponding expla-
nation are valid for higher tin loadings.

For the highest Sn loadings (1.4 wt% and 2.4 wt%) it
is observed that Sn patches (as SnO,?) are deposited in
the vicinity of large Pt particles, rendering difficult the
measurement of Pt/Sn values for individual particles. The
surprising fact is that for all tin loadings, the Pt/Sn ratio
for small particles is higher than that for large particles.
Contrary to expectations, the number of Pt surface atoms
relative to the total number of Pt atoms is higher for small
particles. Two possible explanations for this are pro-
posed:

—The diffusion of TMT along the zeolite channels is
restricted and the difference in TMT concentration (larger
on the surface of the zeolite grain on which large particles
are located and smaller inside the zeolite pores in which
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small particles are located) should be responsible for the
higher tin uptake for those Pt particles located on the
external surface.

~—The hydrogen chemisorbed on large particles has a
higher reactivity towards TMT than the hydrogen on
small particles.

As pointed out in the introduction, the TMT compound
is reacting with Pt—H groups through the sequence

Pt-H + Sn(CH;), — Pt-Sn(CH,); + CH,,
the reduction under hydrogen giving PtSn via (18)
Pt-Sn(CH,); + 3/2H, — PtSn + 3CH,

For the deposition of tin on the zeolite, asitis evidenced
by STEM-EDX analysis it is likely that the tin deposit
is occuring via (33)

Si-OH
or/and
H + Sn(CH;), — Si—0-Sn(CH,), + CH,

o)

-

N
e

A Si

/' \

+3/2Hy,
—Si~O-Sn + 3CH,,

the reactive OH groups being either silanol groups, as
reported in (18), or protons created through the exchange
and reduction of platinum ions in NaY via

2Na*/Zeol. + Pt** — Pt** zeol. + 2Na*
Pt?*/Zeol. + H, — Pt/Zeol. + 2H"/Zeol.

Results from Table 1 indicate that the H, uptake de-
creased following the deposition of tin on the Pt crystallite
surface; if one assumes that the stoichiometry of hydrogen
chemisorption H/Pt, = 1 does not change with Sn addition
the metal particle size growth and the surface enrichment
with Sn can be seen as responsible for the decrease in
the amount of H, that is chemisorbed. Assuming that the
CO extinction coefficient is independent of the tin loading,
the observed pronounced decrease in the total adsorbed
amount of CO, derived for the IR band intensities of
adsorbed CO, accounts for the growth in particle size and
for the enrichment of the PT surface with Sn, this being
in qualitative agreement with H, chemisorption results.

Another point of discussion concerns the shift in »CO
and the relative intensity changes in the IR bands due to
linear and bridge CO forms. The IR results showed that
the multibonded bridge form decreased more rapidly that
the monobonded form. The more pronounced influence
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of Sn on multibonded CO suggests that Sn and Pt form
bimetallic PtSn, which results in a dilution effect of Pt
in Sn, in agreement with previous works on Pt-based
bimetallic catalysts (23). For PtSn samples, the »CO (sin-
gleton wave number) shifts to a lower wavenumber at full
CO coverage, which is considered an indirect proof of
the dilution effect, indicating that CO vibrators are much
less perturbed by the dipolar effect of the neighbouring
adsorbed CO because of the presence of tin. It is of inter-
est that at low coverage (8 — O) the Pt—CO singleton
vibrates at higher wavenumbers for PtSn samples than for
the pure Pt sample. This shift, attributed to the presence of
tin, is not large but clearly evidenced and it has been
confirmed by using CO BCO mixtures, owing the pro-
gressive decrease of the dipole—dipole interaction (experi-
mental results are not reported here). It could be expected
that the TPD of CO should confirm that CO is desorbed
at lower temperatures for PtSnNaY than for PtNaY. This
is exactly the result reported in Table 3 (last column).

These observations are in line with those reported by
Kogan e al. (24) for PtSn/ALO, or by Paffett ez al. (25)
for Sn/Pt(111) surface alloys. By contrast, there are some
other reports indicating that there is no shift in the Pt—-CO
singleton upon addition of Sn on Pt-supported Al,O, (11)
or that there is a downward shift (12). As pointed out
recently (6) the formation of PtSn bimetallic supported
on Al,O, depends greatly on the nature of the alumina
and on the Sn loading since a part of the tin directly
interacts with alumina, and this could explain the contra-
dictory results reported in the literature.

Here, the observed positive shift in the Pt—~CO linear
singleton with the addition of Sn could be due either to
a change in Pt electronic properties or to a particle growth
effect, which with an increase in the coordination number
of the surface platinum atoms causes shift in the CO band
(11, 26) at high frequencies. Since Sn is expected to donate
charge to Pt, and consequently should induce a downward
shift of CO singleton frequency, the positive shift ob-
served here should indicate that the particle size effect is
larger than the electronic effect, if it exists.

These results are at variance with those obtained for
PtInNaY (16), for which it has been observed that the
Pt—CO bond strength (as measured by TPD) is higher for
PtInNaY than for PtNaY, the »CO wavenumber being
lower for In-containing samples. Since PtSnNaY bimetal-
lic particles are larger than PtInNaY bimetallic particles,
and since similar electronic effects can be expected for Pt
in PtSn or PtIn samples, the different behaviours observed
with the CO probe suggest that the size effects play a
determining role.

Having established how CO chemisorption is modified
by the addition of tin, we will now discuss the states of
platinum and tin.

However, before this discussion, a few words need to
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be said on the possible contamination of the Pt surface
due the method used to synthesise these bimetallics. This
point has not been discussed in previous studies (18, 19,
20) but since demethylation reactions are occurring during
the reaction of tin with Pt—H, some carbon could poison
the Pt surface atoms and could play a role in the decrease
in H, or CO chemisorption (see previous section). XPS
studies have shown that the C/Si atomic ratios are nearly
the same for all the samples under study, showing that the
reaction of TMT with Pt-H species and the subsequent
demethylation under H, is not producing large amounts
of carbonaceous deposits on the different solids.

From the XPS data (see Table 5) it is rather difficult to
determine if there is a change in the electronic properties
of Pt since the binding energy shift (negative) is of 0.2 eV
when PtNaY and PtSnNaY are compared. Since particle
growth is observed for PtSn samples, this could well in-
duce a change in relaxation effects and by consequence
would modify the Pt 4f binding energy. The literature
related to this question is rather ambiguous since Balak-
rishnam et al. (27) reported a negative shift in Pt binding
energy due to the addition of tin precursor containing no
chlorine and a positive shift with chlorinated tin precur-
sor. A small negative shift was observed when comparing
Pt and Pt;Sn alloy (A = 0.3 eV) and a positive shift (A =
0.2 eV) was observed for Pt and PtSn alloy (28). The
reported XPS studies on Sn/Pt(111) are not of great help
in solving our probiem since the experiments were gener-
ally not performed with an apparatus with angle-resolved
photoemission, which is a prerequisite for estimating,
with this technique, the shift in the binding energy of the Pt
surface atoms (29, 30); nevertheless, other spectroscopy
studies performed on these model systems indicated that
Sn has a substanial electronic effect on Pt(111) surface
chemistry (25, 31).

State of Sn and Possible Nature of Pt, Sn, Alloy

Concerning the tin state, the XPS data clearly indicate
that part of the tin is reduced to Sn° (the binding energy
of Sn3d;,, is 484.8 eV, compared to 484.9 eV for Sn
metal (28)).

Assuming that all Sn° is within the bimetallic phase,
Tables 4 and 5 allow the calculation of Pt/Sn®. The atomic
ratios Pt/Sn® = 1.4 for the Pt,;Sn, ,NaY sample and
Pt/Sn® = 1.5 for the Pt, ;Sn, ;NaY samples were obtained.
These ratios are different from those obtained by
STEM-EDX when focusing the analysis on small parti-
cles, probably because XPS, which is a surface technique,
reflects more the composition of the large particles located
on the external surface of the zeolite grain than that of
the small particles located inside the zeolite channels. Due
to the heterogeneous distribution of tin, it is impossible to
deduce from XPS data any stoichiometry for the bimetal-
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lic phases formed. XPS indicates that together with Sn®,
some oxidized tin is present (binding energy at 487.3 eV),
the oxidized phase being favoured at high tin loadings
(Table 5). It is difficult to discriminate between Sn*>* and
Sn** with XPS since their binding energies are very close.
Since numerous Mdssbauer studies (32, 9) indicated the
presence of Sn®* in PtSn/AlLOs, it is likely that our sam-
ples also contain Sn’*, but the presence of Sn** cannot
be excluded.

CONCLUSIONS

To summarize, these studies indicate that the addition
of tin to PtNaY samples and the subsequent activation
lead to the formation of PtSn particles.

Chemisorption of hydrogen is more depressed by the
addition of tin than was CO chemisorption. In both cases,
the amount of gas chemisorbed decreased with increasing
amounts of tin. TEM and STEM-EDX analyses indicate
that bimetallic particles are formed and are Pt enriched.
With the addition of tin, particle growth is observed, in
agreement with CO chemisorption results. From XPS, it
is observed that only a part of the tin is in the Sn® oxidation
state, the other part being in the Sn?* oxidation state, and
not in interaction with Pt. Neither XPS results nor IR
results give clear evidence of a change in the electronic
properties of Pt with the addition of tin.
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