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A series of Pt—-Sn/Al,O, catalysts supported on Degussa nonporous alumina were characterized
by infrared spectroscopy of adsorbed CO. The nominal platinum loading was kept constant in the
catalysts at 1 wt% and the nominal amount of tin was varied from 0 to 5 wt%. At room temperature
it was found that there was a general trend for the linearly adsorbed CO band to shift to lower
frequencies with increasing amounts of tin in the catalyst, except for one of the catalysts (1.0 Pt—1.0
Sn/ALO;) where a particle size effect seemed to be dominant. The amount of bridge-bonded CO
species was very small and became undetectable in the case of large tin loadings (1 and 5 wt% Sn).
Thermal desorption infrared spectroscopy was used to determine the vibration frequency of the
isolated CO molecule and hence observe if there were any indications of electronic interactions
between tin and platinum. For the monometallic 1.0 Pt/Al,O; sample the singleton vibration fre-
quency was 2041 cm ™', For all the Pt—Sn bimetallic samples it was found that the singleton vibration
frequency lay within the range 2041 = 6 cm™'. This suggests that the electronic effect of Sn on Pt

in our Pt—Sn/Al,O, catalysts is not very large.

INTRODUCTION

Supported bimetallic catalysts are widely
used in reforming reactions in the petroleum
industry. The advantage of these catalysts
as compared to monometallic platinum is
that they provide an increased selectivity
to high-octane products and better activity
maintenance and resistance to coking. Bi-
metallic catalysts can also be used at more
severe reaction conditions than the mono-
metallic platinum catalyst (/-3). The Pt-Sn/
ALO; system is an interesting system to
study because of its potential for use in re-
forming reactions (4, 5). The main questions
that have to be addressed to understand the
behavior of this system are: (a) in what way
does tin influence the behavior of platinum
and to what extent do Pt-Sn alloys form,
and (b) what is the nature of the interaction
between tin and the alumina support?

Previous XPS data on the Pt-Sn/AlO,
catalysts that were used in this study
showed that most of the tin on the surface
of all the samples was present in an Sn (II)
or Sn (1V) state after reduction in hydrogen
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at 673 K (6). A possible structure would be
an ‘‘egg-shell” of tin aluminate stabilized by
its interaction with the alumina support (7,
8). This form of tin in an oxidation state
greater than zero is not a bulk tin oxide (8).
It is of interest to determine how this type
of tin species could affect the catalytic be-
havior of platinum particles that are situated
nearby on the alumina support. By de-
termining the CO singleton vibration fre-
quency one can determine whether there is
a geometric effect, electronic effect, or a
combination of both effects that becomes
operational when tin is added to a catalyst.
There are two ways that one can determine
the CO singleton vibration frequency or the
frequency of the isolated CO molecule free
from any dipole-dipole coupling effect.
One method is isotopic dilution as de-
scribed in detail by Toolenaar et al. (9),
while the other method is thermal desorp-
tion as described by Primet (10). In the case
of the isotopic dilution method (9), diluting
12CO with increasing amounts of *CO at full
surface coverage results in a decrease in
dipole-dipole coupling. At infinite dilution
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one can get the vibration frequency of the
isolated CO molecule, also known as the CO
singleton vibration frequency. If one were
to plot the >)CO peak position versus per-
centage of 2CO in the isotopic mixture for
a monometallic Pt/Al,O; sample and for a
bimetallic sample, one could envision three
possible manifestations of metal-metal in-
teractions. If the second metal were to have
a purely electronic effect on the platinum
leading to a change in the adsorbed C-O
bond strength, then the curve for the bime-
tallic sample would be parallel to the curve
for the monometallic Pt sample. If a pure
geometric effect was present with the sec-
ond metal diluting the Pt ensembles, the two
curves should converge to the same point
at infinite dilution. If both electronic and
geometric effects were present then the ap-
pearance of the curves would be something
in between the two extreme cases and the
difference in 'CO singleton vibration fre-
quency would give the upper limit for any
existing electronic effect in the Pt-Sn
system.

The other method used to determine the
vibration frequency of the isolated >CO
molecule is the thermal desorption method
(10). 2CO is adsorbed at 298 K on the sam-
ple and then the sample is evacuated. It is
assumed that the CO surface coverage on
the catalyst is unity (i.e., a monolayer) after
desorption of the weakly held species at 298
K. Then the catalyst is heated under dy-
namic vacuum and the spectra are recorded
at increasing temperatures. The CO surface
coverages at the higher temperatures are de-
termined by taking the ratio of the optical
density of the band at the higher tempera-
ture to the optical density of the band ob-
tained after desorption at 298 K. Then the
adsorbed CO vibration frequency is plotted
against the CO surface coverage. On extrap-
olating this curve to zero surface coverage
the vibration frequency of the isolated CO
molecule can be obtained. Primet (/0) car-
ried out detailed experiments to determine
the frequency of the isolated *CO molecule
on a 5% Pt/Al,O, sample using both the ther-
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mal desorption method and the isotopic dilu-
tion method. The frequencies of the isolated
2CO molecule that were obtained in both
cases lay within 1 cm™! of each other.

In our work on bimetallic Pt-Sn/Al,O,
catalysts, we decided to use the thermal de-
sorption method for determining the value
of the singleton vibration frequency of the
2CO molecule. By comparing these values
with the corresponding value obtained on
the monometallic Pt/Al,O, sample, the ex-
tent of electronic interactions between Sn
and Pt could be ascertained.

There have been some prior infrared stud-
ies on the Pt—Sn/Al,O, system (//-13). Pa-
lazov et al. (11) studied the adsorption of
CO at room temperature on Pt—Sn catalysts
supported on §-alumina. The results of Pala-
zov et al. were presumably obtained after
complete coverage of the catalyst surface
with CO. In the case of the monometallic
5% Pt sample a band of large intensity was
found at 2090 cm ™. This band was assigned
to CO linearly adsorbed on Pt sites. The 5%
Pt-2% Sn sample, on the other hand, had a
peak at 2060 cm™~!. On adding more tin (5%
Pt-5% Sn) the peak shifted to 2053 cm™'.
Hence, with increase in the amount of tin
the CO adsorption band shifted to lower fre-
quencies. This shift has been attributed to
an electronic modification of the platinum
surface by tin. Donation of electrons from
tin to platinum could lead to a lowering of
the CO vibration frequency. Additional evi-
dence for a possible electronic effect of tin
was that the intensity of the CO infrared
band was enhanced in the bimetallic Pt—Sn
samples as compared to the monometallic
Pt sample. In the case of the monometallic
Pt sample a second peak of low intensity
was found at 1850 cm™! corresponding to
bridge-bonded CO. This peak was not found
in the case of the bimetallic samples.

Kogan et al. (12) found that as the Sn/Pt
atomic ratio was increased from 0 to 11 the
CO vibration band frequency shifted to-
wards higher wavenumbers, except at rela-
tively high surface coverages of CO. At low
surface coverages where one deals with
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stronger adsorption sites, the difference in
peak position between the monometallic Pt
sample and the bimetallic samples became
more prominent. At low surface coverages,
an electronic effect due to the shift of the
electron density from the Pt to the Sn was
stated to be a likely reason for the increase
in the CO band vibration frequency with
increasing Sn content. The researchers also
found that the energy homogeneity of the
catalytic surface tended to increase as the
amount of tin in the catalyst was increased.

Bastein et al.(13) studied alloys of Pt—Sn,
Pt—Pb, and Pt-Re supported on y-alumina
using the isotopic dilution method. They
found that in the case of the Pt—Pb alloys on
infinite dilution of 2CO by *CO there was a
significant residual effect that could not be
attributed to a simple geometric dilution ef-
fect. This residual effect tended to increase
with the concentration of lead in the Pt—Pb
alloy. In the case of the Pt—Sn and Pt-Re
alloys, the effect of the second metal seemed
to be mainly a geometric one and the resid-
ual effect was much smaller in comparison
to the Pt—-Pb alloys. The researchers con-
cluded that the desirable catalytic properties
of bimetallic Pt-Re and Pt-Sn alloy cata-
lysts are probably due to a dilution effect of
the platinum combined with the activity of
the second metal component. On the basis
of this work, it seems that the electronic
modification effect of Pt by Sn may not be
significant for catalysts supported on
y-alumina.

In this study, the effect of tin on the ad-
sorptive behavior of platinum is studied for
a series of Pt—Sn/Al,0O; catalysts prepared
by traditional impregnation techniques. The
catalysts were characterized, after in-situ
reduction treatment and high-temperature
evacuation, using FTIR spectroscopy with
CO as the probe molecule. Previous studies
on the same catalyst series have included
the following methods: chemisorption and
XPS (6), n-hexane reactions and detailed
microstructural characterization by high-
resolution and analytical electron micros-
copy (/4), and neopentane reactions (/5).
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EXPERIMENTAL
(a) Catalyst Preparation

The details of catalyst preparation have
been given elsewhere (6, /4, 15). The Pt—Sn/
Al O, catalysts were prepared by coimpreg-
nation of Degussa non-porous aluminum ox-
ide C (BET surface area of 90 m%g) with
hydrogen hexachloroplatinate (IV) hydrate
and tin (II) chloride, obtained from Aldrich
Chemicals. While the nominal platinum
loading was kept constant at 1 wt%, the
nominal amount of tin was increased from
0-5 wt%. In addition, a monometallic 2.0
Sn/Al,O; sample and a blank Al,O; sample
were studied to determine the nature of CO
adsorption on the second metal alone and
on the blank support. Subsequent to the im-
pregnation step, the catalysts were dried at
393 K in flowing air and calcined in air for
2 h at 773 K. After calcination, a portion of
each sample was reduced for 5 h in flowing
hydrogen (15 SCCM) at 673 K. These prere-
duced samples were then used to prepare
the IR wafers. The actual metal composi-
tions and the amount of chlorine were deter-
mined by neutron activation analysis. These
results are summarized in Table 1.

(b) IR Spectroscopy

A high-temperature IR cell (HTC-100,
Harrick Scientific Corporation) was used in
this work (/6). This cell was made out of
stainless steel 316 and could be heated to
around 773 K. It consisted of a cell body into
which the catalyst wafer could be mounted.
The sample was held in place by a spacer
and a clamping screw. Ports were provided
on the cell so that vacuum and gas lines
could be connected. A 2-§" conflat flange
was attached to one side of the cell body.
This arrangement made it possible to re-
place the sample without having to remove
the IR windows each time. Sodium chloride
IR windows were used in the cell. An
iron—constantan thermocouple connected
to an Omega Temperature Controller mea-
sured the temperature in the heating block
of the cell. The cell was heated with the help
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TABLE 1

Component Loadings in the Pt—Sn/Al,O; Catalysts

Catalyst Nominal loading Loading as determined by neutron
(component wt%) activation analysis®
(component wt%)
Pt Sn Pt Sn Ci
1.0 Pt/Al, 0,4 1.00 —_ 0.99 — 0.72
1.0 Pt-0.1 Sn/AlL, O, 1.00 0.10 0.96 0.14 0.97
1.0 Pt-0.5 Sn/AL, 0, 1.00 0.50 1.00 0.53 1.00
1.0 Pt-1.0 Sn/Al,O, 1.00 1.00 0.89 0.99 0.97
1.0 Pt-5.0 Sn/Al,0O, 1.00 5.00 0.94 3.25 0.48
2.0 Sn/AlLO, — 2.00 — 1.90 0.87

9 After impregnation the catalysts were dried in flowing air at 393 K, calcined in flowing air at 773 K, and

reduced in flowing hydrogen at 673 K.

of three cartridge heaters that were inserted
into cavities in the cell. Cooling water ports
were provided to cool the exterior of the cell
and keep the IR windows from getting too
hot during high-temperature operation. Re-
search grade gases were used for all the IR
experiments. An oil diffusion pump and a
mechanical pump were used to evacuate the
IR cell. A liquid-nitrogen baffle on top of the
diffusion pump and a liquid-nitrogen trap
between the foreline and the mechanical
pump were used to prevent backstreaming
of pump oil. The infrared spectrometer was
a Digilab FTS 20/C FTIR. The spectra were
collected at a resolution of 2 ¢cm ™.

The pretreatment procedure of catalyst
powders for IR experiments consisted of the
following steps: 110 mg of prereduced sam-
ple was pressed into a thin wafer between
1” stainless steel dies at 4000 psi for 1 min.
After mounting the pellet in the cell, the
cell was evacuated and the temperature was
raised to 673 K and kept under dynamic
vacuum for 4 h. The catalyst pellet was re-
duced for 16 hours under 1 atm of static H,
(1 atm = 101.3 kPa). Then, the cell was
evacuated at 693 K for 4 hr, and then the
heating was turned off. While the cell was
cooling down reference spectra were ob-
tained at 673, 623, 573, 523, 473, 423, 363,
and finally at 298 K.

After collecting a reference spectrum at
298 K, the pellet was exposed to 1 atm of
CO for 1 hr. Then spectra were collected
immediately after removal of the gas phase,
and after evacuation with the diffusion
pump at room temperature for an hour. By
this evacuation step all the weakly adsorbed
CO species could be removed. It was as-
sumed that the surface coverage of CO was
unity after evacuation at 298 K, in
agreement with CO chemisorption results
(6). The sample was then heated under dy-
namic vacuum to the temperatures at which
reference spectra had been previously col-
lected. After 10 min of evacuation at these
temperatures spectra were again collected.
This step was repeated at higher tempera-
tures until the CO vibration frequency be-
came too small to be accurately determined.
The CO surface coverages at the higher tem-
peratures were obtained by dividing the to-
tal integrated area of the CO vibration band
at each temperature by the total integrated
areca obtained after room temperature evac-
uation. Then the CO vibration frequencies
were plotted against the CO surface cover-
age and by back extrapolating the curve to
zero surface coverage, the CO singleton vi-
bration frequency was obtained. Only the
band due to CO linearly adsorbed on Pt sites
was used to calculate the area as the amount
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F1G. 1. Infrared spectra of linearly bonded CO at
298 K for catalysts of the Pt-Sn/AlL O, series (spectra
obtained after removal of gas phase CO): (a) blank
ALO;; (b) 2.0 S/ALO;; (c) 1.0 P/ALO;; (d) 1.0 Pt—0.1
Sn/ALO;; (e) 1.0 Pt-0.5 Sn/ALO;; (f) 1.0 Pt-1.0
Sn/ALOs; and (g) 1.0 Pt-5.0 Sn/ALO;.

of bridge-bonded species in all the catalysts
was negligibly small.

RESULTS AND DISCUSSION

Figure 1 shows the CO adsorption peak
corresponding to CO linearly adsorbed on
Pt sites for the different catalysts belonging
to the Pt—-Sn/Al,O; series at 298 K. These
spectra were obtained by removing the gas
phase CO after exposing the reduced and
evacuated sample to CO gas. In this and all
the other spectra shown the corresponding
reference spectrum is subtracted. In this
figure, no bridge-bonded CO species are no-
ticeable. However, when the intensity scale
of this region is magnified (Fig. 2), the pres-
ence of very small amounts of bridge-
bonded CO can be observed. Figure 3 dis-
plays a typical sequence of spectra for the
linearly adsorbed CO peaks obtained at vari-
ous temperatures of desorption for the 1.0
Pt~1.0 Sn/AL O, catalyst. Similar sequences
of spectra were obtained for all the other
catalysts. A summary of the CO peak posi-
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tions as a function of the CO coverage is
given in Fig. 4 for the various catalysts.
The points on this plot were obtained from
the thermal desorption experiments. The
curves for each catalyst were extrapolated
to zero surface coverage to determine the
vibration frequency of the isolated CO mole-
cule or the singleton vibration frequency.
The 298-K data shown in Figs. 3 and 4 corre-
spond to CO strongly adsorbed (obtained
after evacuation with the diffusion pump),
while the data shown in Figs. 1 and 2 corre-
spond to total CO adsorption at 298 K, just
after removal of gas-phase CO.

At 298 K no significant infrared peaks are
visible on the blank Al,O, sample and on the
monometallic 2.0 Sn/ALO, sample (Figs. 1
and 2). In the case of the monometallic 1.0
Pt/Al,0O; sample the main peak correspond-
ing to CO linearly adsorbed on Pt sites is
present at 2073 cm~!. There is a shoulder
on this main peak on the high frequency side
at around 2086 cm~!. Haaland (/7) in his
infrared investigation of a 1.0 Pt/AL,O; sam-
ple found that on adsorbing CO on the sam-
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F1G. 2. Infrared spectra of multiply bonded CO on at
298 K for catalysts of the Pt—Sn/Al,O; series (spectra
obtained after removal of gas phase CO): (a) blank
AlLO5; (b) 2.0 Sn/ALO;; (¢) 1.0 PY/ALO;; (d) 1.0 Pt—0.1
Sn/ALO;; (e) 1.0 Pt-0.5 Sn/ALO;; () 1.0 Pt-1.0
Sn/AlLO;; and (g) 1.0 Pt-5.0 Sn/AlLO;.
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F1G. 3. Thermal desorption infrared spectra of lin-
early bonded CO for the 1.0 Pt~1.0 Sn/Al,O; catalyst
with spectra obtained at the following desorption tem-
peratures: (a) 298 K, (b) 363 K, (c) 423 K, (d) 473 K,
(e) 523 K, (f) 573 K, (g) 623 K, (h) 673 K, and (i)
723 K.

ple at 300 K a main infrared peak was found
at close to 2075 cm ™. This peak possessed
a low energy shoulder at around 2025 cm™~!.
He attributed the peak doublet to CO lin-
early adsorbing on two different types of
platinum surface sites. The peak at 2075
cm ™! was said to correspond to CO linearly
adsorbed on the flat terraces of the platinum
particles while the broad shoulder at 2025
cm ™! was attributed to the adsorption of CO
on Pt atoms situated on high-Miller-index
steps or corners of the platinum particles
(17). Barth et al. (I18) conducted detailed
CO adsorption infrared studies on platinum
supported on alumina. They found that on
adsorbing CO at room temperature on a 1.0
Pt/Al,0, sample, the main CO adsorption
band at 2060 cm ™! possessed a shoulder at
a higher frequency (2078 cm ™). In our work
a similar result has been observed. The main
CO adsorption band that was obtained by
Barth et al. (I18) was attributed to CO ad-
sorption on platinum particles that do not
possess extended crystal faces as a result of
either the platinum particle morphology or
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due to the very small size of the particles.
The high frequency shoulder was said to be
possibly due to CO adsorption on extended
crystalline planes of platinum. The presence
of peaks at very low frequencies (~2025
cm™') was said to be formed by CO adsorp-
tion on platinum that interacts with the sup-
port (18). Hence based on these previous
studies (/7, 18) one can assign the 2073 cm ™'
peak obtained in our work to CO adsorption
on platinum particles that do not possess
extended crystal faces, and the 2086 cm ™'
shoulder can be attributed to CO adsorbed
on well-defined platinum crystal faces. It
should be reasonable to assume that this
sample possesses a particle size distribution
that is broad, since both the peaks were
present in the CO adsorption spectra. Elec-
tron microscopy (I/4) showed that there
were many particles smaller than 20 A,
though the particle size distribution ex-
tended to about 100 A. Hydrogen chemi-
sorption experiments (6) gave a surface av-
erage particle size of 29 A. From Fig. 2 one
can observe that there is a peak correspond-
ing to bridge-bonded CO on the Pt/AlO,
sample located at 1838 cm~!. This peak is
much lower in intensity as compared to the
peak corresponding to CO linearly adsorbed
on Pt sites. Hence the amount of CO in
the bridge-bonded mode is much smaller as
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F1G. 4. Infrared peak positions of linearly bonded
CO for varying CO surface coverages for catalysts of
the Pt—Sn/Al,O; series. (@) 1.0 Pt/Al,O;; (@) 1.0 Pt—0.1
Sn/ALO;; (A) 1.0 Pt-0.5 Sn/ALO;; (O) 1.0 Pt-1.0
Sn/Al;03; and (O) 1.0 Pt-5.0 So/ALLO,.
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compared to the amount in the linearly ad-
sorbed mode.

In the case of the bimetallic sample having
small amounts of tin (1.0 Pt-0.1 Sn/Al,O;)
the linearly adsorbed CO adsorption peak is
present at 2068 cm ™' and it is also of a larger
intensity as compared to the peak for the
monometallic 1.0 Pt/ALO; sample. The
high-frequency shoulder attributed to CO
adsorption on extended Pt crystal faces is
not visible in this sample. This suggests that
Pt might be dispersed to a larger extent on
the alumina support as compared to the mo-
nometallic Pt sample, in agreement with hy-
drogen and CO chemisorption results (6)
Clearly, the CO peak has shifted to lower
frequencies as compared to the monometal-
lic 1.0 Pt/ALO; sample. A similar shift to-
wards lower wavenumbers by adding tin to
platinum at room temperature has been re-
ported previously by Palazov et al. (I11).
This type of shift has been noted before for
other supported bimetallic systems con-
taining platinum as the primary metal, and
a host of second components like Au (/9),
Cu (9), Pb (20), Re (13), and MoO; (21).
From Fig. 2 the presence of small amounts
of bridge-bonded species is detected. The
amount of tin might not have been sufficient
to block all the sites corresponding to
bridge-bonded CO on platinum sites. On the
addition of more tin (1.0 Pt-0.5 Sn/Al,0;),
the amount of bridge-bonded CO has de-
creased significantly. On further addition of
tin (1.0 Pt-1.0 Sn/ALO; and 1.0 Pt-5.0
Sn/Al,O,) the presence of bridge-bonded
CO on Pt is no longer detected. Palazov
et al. (11) also noted that addition of tin
prevented the formation of bridge-bonded
CO. Hence, when more and more tin is
added the geometric effect of tin becomes
predominant making it less likely to find
sites consisting of contiguous ensembles of
Pt atoms.

On comparison with 1.0 Pt—-0.1 Sn/Al,O;,
it is clear that in the 1.0 Pt-0.5 Sn/AlO,
sample there is a further shift in the linearly
adsorbed CO peak towards lower frequen-
cies (Fig. 1). Now the peak is present at 2059
cm~!. On further addition of tin (1.0 Pt—1.0
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Sn/Al,O,) the peak shifts to a slightly higher
frequency (2062 cm 1Y), This shift could be
due to a particle size effect (22, 23) which
could be dominating over other effects. Sol-
omennikov et al. (22) found in their work
on CO adsorption on alumina and silica sup-
ported platinum that, on increasing the tem-
perature of reduction of the catalysts from
673 K to 973 K, the band due to CO linearly
adsorbed on platinum shifted towards
higher frequencies. The platinum metal dis-
persion on the other hand dropped on in-
creasing the temperature of reduction.
Hence they showed that the main reason for
the increase in CO adsorption peak fre-
quency with an increase in average particle
size was due to the dominating effect of the
so-called ‘‘geometric factor.”” As the aver-
age platinum particle size increased this had
the effect of increasing the coordination
number of the surface platinum atoms re-
sulting in a lesser degree of back-donation
of electrons into the antibonding 7 * orbitals
of CO. This would tend to increase the C-O
bond strength hence causing a high fre-
quency shift of the CO band. This effect
would dominate over the metal-support
electronic interaction effect that would tend
to move the infrared band in the opposite
direction (22). Toolenaar er al. (23) in their
work on Ir/Al,O; catalysts also noticed a
similar shift of the band due to CO adsorp-
tion with change in average particle size. In
our work we find that for the 1.0 Pt-1.0
Sn/Al,O; catalyst the CO adsorption band
lies at slightly higher frequency (3 cm™!)
than in the case of the 1.0 Pt-0.5 Sn/Al,O,
catalyst. Electron microscopy results (/4)
show that in the case of the 1.0 Pt—1.0 Sn/
Al O, sample there are more particles lying
in the size range greater than 80 A than in
the case of the 1.0 Pt—0.5 Sn/Al,O, sample.
Here two effects are simultaneously taking
place. One effect is the effect of the second
metal (Sn) shifting the infrared peak towards
lower frequencies, while the opposing parti-
cle size effect tends to shift the infrared band
towards higher frequencies. Since the parti-
cle size effect is dominating it is observed
that there is a net shift in the infrared band



498

towards higher frequencies, though the shift
is not very significant. On adding more tin
(1.0 Pt-5.0 Sn/AlLO5) the CO adsorption
peak shifts to lower frequencies and is de-
tected at 2058 cm~'. The total integrated
intensity of the linearly adsorbed CO band
increases with the addition of small amounts
of tin. The intensity increase can be ex-
plained by the hydrogen and CO chemisorp-
tion results (6). Both hydrogen and CO ad-
sorption data showed an initial increase in
the gas uptake with addition of small
amounts of tin. This means that the amount
of Pt exposed on the surface increases with
the addition of small amounts of tin. This
increase of surface Pt atoms leads to an in-
crease in the intensity of the CO adsorption
band as more CO gas is adsorbed on the
catalytic surface. In the samples with higher
tin loading, the integrated intensity of the
CO band starts to decrease, in agreement
with decreasing CO gas uptake values ob-
tained in chemisorption experiments.
Figure 3 shows what happened to the lin-
early adsorbed CO band as the 1.0 Pt-1.0
Sn/Al,O; sample was heated to tempera-
tures higher than 298 K while simultane-
ously applying a dynamic vacuum. Similar
series of spectra were obtained for all the
catalysts. From Fig. 3 two changes in the
nature of the IR band can be observed as a
result of increasing temperatures of desorp-
tion, namely, shifts in peak position and
changes in integrated peak intensities. As
the temperature of desorption is increased
the position of the IR band shifts to lower
frequencies. In the case of the 1.0 Pt-1.0
Sn/Al,O, sample the CO adsorption peak
after desorption at 298 K is present at 2059
cm~! and this peak shifts to 2047 cm ™! at
673 K. It is also observed that there is a
decrease in the total integrated intensity of
the bands, indicating a decrease in the CO
surface coverage with increasing tempera-
ture. As the surface coverage decreases
there is a decrease in the dipole—dipole cou-
pling of the adsorbed CO molecules and the
band shifts towards lower frequencies. Ulti-
mately at temperatures >673 K the CO ad-
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sorption band almost completely disappears
as all the CO on the catalyst surface is de-
sorbed.

From Fig. 4 the CO singleton vibration
frequencies were obtained. In the case of
the monometallic 1.0 Pt/Al,O; sample the
singleton vibratio.” frequency was 2041
cm™!. In the case ot all the Pt—Sn bimetallic
samples it was found that the vibration fre-
quency lay within the range 2041 = 6 cm ™.
This deviation of 6 cm ™! is not a very large
one. Hence it is obvious that if there is an
electronic effect of Sn on Pt in our Pt-Sn/
Al O, catalysts then it is not very large. Po-
nec and co-workers (/3) had also noted in
their work on Pt—Sn/Al,O; samples that the
residual electronic effect was very small
(5-10 cm™!) and hence it seems that the
electronic or ligand effect does not play
a big role in alumina-supported Pt—Sn cata-
lysts.

In conclusion, infrared spectroscopy re-
sults indicate that there does not seem to
be evidence of much electronic interactions
between tin and platinum in reduced Pt—-Sn/
Al O, catalysts. Though microscopy work
(14) indicated the presence of a few Pt—Sn
alloy particles in the case of the high-tin-
loading bimetallic samples, most of the plati-
num was present in form of monometallic
particles, some of them situated in proxim-
ity to ionic tin. It is clear from XPS results
(6) that the tin on the catalytic surface is
mainly present in the Sn (II, IV) form after
reduction. This form of tin could be stabi-
lized by interacting with the alumina sup-
port. The interaction between this ionic tin
and platinum particles situated nearby could
be the reason for the positive bimetal effects
that have been observed in this catalytic
system, namely, a lower rate of deactivation
and a greater selectivity to products that
increase the octane number.
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