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Abstract

In previous studies, it has been shown that the heats of adsorption at several coverages of each adsorbed CO species (linear, bridged, ar
threefold coordinated) on a 2.9%/Ri,03 catalyst can be obtained from the change in the IR band area of each adsorbed CO species with
the adsorption temperatuf® (in the 300-800 K range) at a constant CO partial presgyrén the present study, this procedure is used
to reveal the eventual impact of the Pt dispersion (range 0.44-0.75) on the heats of adsorption of the linear CO species adsorbed on sever:
Pt/Al,0O3 catalysts. It is shown that the Pt dispersion has no strong impact on this parameter at several coverage values.

0 2003 Elsevier Inc. All rights reserved.

1. Introduction by parameters involved in the catalyst preparation such as
the salt precursor of the metal particles [3]. In the present

To improve the understanding of the CO adsorption Study, the AEIR method is used to reveal the impact of
on supported metal catalysts an effort must be performedthe Pt dispersion on the heat of adsorption of the L CO
to characterize each adsorbed CO species (i.e., linear an@Pecies. This species which dominates the CO adsorption on
multibound). We have previously shown [1] that the heats PYAl20s catalysts is involved in the C@; reaction [4-6].
of adsorption of each CO species (linear, bridged, and
threefold coordinated CO species, denoted by L, B, and 3FC, )
respectively) adsorbed on a 2.9% Ri,Os catalyst can be 2+ Experimental
determined using an analytical procedure called adsorption

equilibrium infrared spectroscopy (AEIR) [2]. The evolution ~ S€veralx% PYAI2Os catalysts £ = 0.1, 1.2, or 2.9 in
of the IR band intensities of each CO species with the Wi%) Were prepared by the incipient wetness method. Alu-

adsorption temperatut® at a given partial CO pressufy mina (Degussa-Al20s, BET area 100 ffyg) was impreg-
allows us to determine for each CO species (a) the evolution"atéd USing an appropriate amount of aqueous solution of
of their coverages witlT, and (b) their heats of adsorption H2PtCl - xH20 (Aldrich). After drying at 373K, the powder

at several coverages [1,2]. It has been observed [1,2] that' treated in air at 7.13 K as previously described [1,2,4—6].
the heats of adsorption (denoté&g) of the three adsorbed Before CO ad;orptlon the cata!ysts were pretreated and re-
CO species linearly decrease with the increase in theirducm.:j according to the fol!owmg procedure: He.(713 K,
coverage (denote®): (a) from £, = 206 kJmol to £, = 10 min)— Oz (713 K, 10 min)~ He (713 K, 10 min)-

o Hz (713 K, 30 min)— He (713 K, 5 min}~ He (300 K).
115 k¥mol for the L species; (b) fronks, = 94 kJ/mol to . . . .
Eg, = 45 kymol for the B species, and (c) fromisrg, The Pt dispersions of the different catalysts were determined

135 kymol to Earc, = 104 kymol for the 3FC species using CO chemisorption at room temperature with an analyt-
The AEIR method zlalllows us to study easily how the he;';\ts ical system described elsewhere [5] using a quadrupole mass

of adsorotion of specific adsorbed CO species are modiﬁedspectrometer as the detector. It permitted the determination
P P P of the composition (molar fractions, denoted MF) of the gas

mixture (flow ratex 100 cn?/min, total pressure= 1 atm)
* Corresponding author. at the outlet of a quartz microreactor after a calibration pro-
E-mail address: daniel.bianchi@univ-lyon1.fr (D. Bianchi). cedure. The CO adsorption at 300 K is performed accord-
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ing to a switch He— 1% CO/2% Ar/He mixture. For the  Table 1
FTIR study the catalyst was compressed to form a disk Pt dispersions, average Pt particle sizes, and heats of adsorption of the L
(@ = 1.8 cm) that was placed in the sample holder of a CO SPecies on stabilized ;03 catalysts

small internal volume stainless steel IR cell (transmission Catalyst Dispersion  Particle  Heats of adsorption/fdl)
. . . . diameter

mode) described elsewhere [7]. This IR cell enabled in situ (nm) =0 o=1

treatments (293-900 K) of the solid, at atmospheric pres- 3 9o, pyAl,04 0.44 25 206 115

sure, with a gas flow rate in the range of 150—2008 min. 1.2% PyAl,03 0.65 1.7 220 106

The experimental procedure of the AEIR method consisted 0-1% PYAI203 0.75 14 210 100

of introducing at7, = 300 K a 1% CQHe mixture (total
pressure= 1 atm, flow rate= 200 cn?/min) on the reduced
catalyst and theff; was slowly increasedy{ 5-10 K/min) 3.2. Impact of D onthe IR spectra of the adsorbed
to 700 K while the FTIR spectra of the adsorbed species CO species
were periodically recorded. The AEIR procedure imposed
that the evolutions of a specific IR band with the increase in ~ Fig. 1 shows the IR spectra obtained at 300 K after ad-
T, were only due to the adsorption equilibrium and not to sorption of 1% CQ@He on the different solids. The increase
the overlaps of different processes such as adsorption equiin the dispersion leads to a red shift of the IR band of the L
librium and disappearance of the Pt sites by sintering or poi- CO species: 2073, 2066, and 2054 ¢nfor D = 0.44 (2.9%
soning. In a previous study [1,2], it has been observed thatPt/Al203), D = 0.65 (1.2% PtAl>O3), and D = 0.75
the firstincrease iff; with 1% CO/He on a fresh catalystled  (0.1% PYAl03), respectively. These observations are simi-
to a decrease of the number of Pt sites. Then the cycles thatar to those of Fanson et al. [9] on platinum supported silica:
followed CO adsorption at high temperatyfesiuction did 2076, 2065, and 2058 cm for D = 0.60 (3% PySiOy),
not strongly modify the Pt dispersion and the solid was con- D = 0.90 (0.6% PtSiO), and D = 0.99 (0.05% PtSiOo),
sidered stabilized. The experiments performed in the presentrespectively. The authors [8] explained this shift considering
study have been obtained on a stabilized solid after two in- the Blyholder’s model [11] for the bonding of CO molecules
creases iff; with 1% CO/He followed by the reduction pro-  to metal surfaces. For small Pt particles the average number
cedure. of Pt—Pt bonds per Pt atom is less than that in the larger parti-
cles and a higher metal electron density is available for back
bonding into the 2 * orbital of adsorbed CO molecules [8].

3. Results and discussion This leads to a decrease in the C-O bond strength and a re-
sulting decrease in the CO stretching frequency.

Fig. 1 shows that the IR band of the L CO species
dominates the CO adsorption while those of the multibound

CO species in the range 2000-1750Crare very weak
The dispersion has been measured according to the P g y

procedure previously described [5,8]. The total CO uptake
(irreversible and reversible CO species) at 300 K; QTCO,
is obtained from the evolutions of the MFs of Ar and CO
during a switch He— 1% C0O/2% CO/He on the stabilized
2.9% Py Al>03 solid. The amount of reversible CO species
at 300 K; QrCO= 4 umol/gcat, ascribed to B CO species
[1,5]is determined from readsorption experiments according
to 1% CO2% Ar/He — He — 1% CO/2% Ar/He [5].
The adsorption of CO on PAI,O3 catalysts mainly leads

to the L CO species on Pt sites [1] justifying the ratio;
CO/Pt; = 1, for the determination of the dispersion as
recently considered by Fanson et al. [9]. Moreover, it has
been shown that £and H adsorption at 300 K gives similar
dispersion values (Pt = 1 and HPts = 1) for the 2.9%
Pt/Al>O3 [5]. The dispersionD and the average particle
sizesd (d (nm) ~ 1.1/D similar to [10]) of the different
stabilized catalysts are listed in Table 1. The modification - - - -
of the Pt dispersion during the stabilization pretreatment of 2100 2000 1900 1 1800

the 2.9% PtAI,O3 catalyst has been studied in detail [8]. Wavenumber (cm™)

We have used hydrogen chemisorption (1%/206 Ar/He) Fig. 1. FTIR spectra recorded at 300 K on reduced stabilized solids with
to confirm the Pt dispersion on 1.2% /Rt,03 without the 1% CQ'He mixture: (a) 2.9% F#Al,03; (b) 1.2% PtAlOs3; (c) 0.1%
observing significant differences with CO chemisorption.  Pt/Al20s.

3.1. Determination of the Pt dispersion
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(not detected on 0.1% PAI203). This explains that the
impact of the dispersion has only been studied on the heat
of adsorption of the L CO species.

3.3. Evolutions of the IR band of the L CO species with Ty

These evolutions for a constant CO partial presseye
(1% CO/He) on the stabilized 2.9% Al ;03 catalyst have
been described in detail [1,2,12]. However, to facilitate our
presentation the results are briefly summarized here. The
increase inT, with 1% CO/He leads to the increase in the
intensity of the IR band fof’y < 400 K alongside a shift to
2067 cnt! at 398 K. This shift is associated to the detection
of a shoulder at 2086 cmt. This has been tentatively
ascribed to the reconstruction of the @@ surface system
in the course of the CO adsorption. FBy > 400 K, it is . , . ;
observed [1,12] that (a) the shoulder shifts (2080 &rat 2200 2100 2000 1900
564 K and 2068 cm! at 715 K); (b) the main IR band Wavenumber (cm')
also shifts to lower wavenumbers (2059 that 564 K and , . . o
2052 G at 715 K); (0 he IR band area (e shoulder and £5,%"P21°0 e TR shecs e €0 spacks o 1.2
the main IR band are not diﬂ:erentiatEd) is constant between pefore heating and (b) at 323 K after heating.
~ 440 K and~ 600 K; and (d) the IR band area decreases
for T, > 600 K.

The evolution of the IR band of the L CO species for decreases for higher temperatures. The increase in the IR
the stabilized 1.2% PAI>O3 catalyst with 1% CQHe band intensity and the detection of the shoulder at 383 K
leads to similar observations (Fig. 2): (a) the main IR show that the Pt surface is modified by the CO adsorption at
band at 2066 cmt at 300 K shifts to lower wavenumbers: high temperatures as observed on 2.9%APtO3 [1,2,12].
2056 cnt! at 493 K (Fig. 2d) and 2047 cnt at 693 K It must be noted that, if after adsorption at 480 K, the
(Fig. 29); (b) a shoulder at 2080 crhis detected at 373 K catalyst is cooled in the presence of 1% G, the IR
(Fig. 2b); (c) this shoulder shifts to lower wavenumbers band area remains constant (result not shown), indicating
with the increase infy (2064 cnt! at 693 K, Fig. 29); that the modification of the surface during the heating
and (d) the IR band area (the shoulder and the main IR stage in CO is irreversible as previously observed on 2.9%
band are not differentiated) increases Tar< 480 K, then Pt/Al»03 [1,2,12]. However, at the difference of the 2.9%
remains constant for 480 k 7, £ 580 K, and finally Pt/Al,O3 catalyst [1,7,12], cooling of the solid in 1%
CO/He after heating at 693 K reveals a decrease-125%
(Fig. 3) in the IR band area of the L CO species. This
is possibly linked to the poisoning of the Pt surface by
the carbon deposition coming from the disproportionation
reaction; 2CO— Cygs+ COp, detected at high adsorption
temperatures using a mass spectrometer [8]. On 2.9%
Pt/Al>O3 this reaction is also detected but its impact on
the IR band intensity of the L CO species before and after
heating to 713 K is limited [1,7,12].

On the stabilized 0.1% [PAI ;O3 solid, the evolutions of
the IR spectra during the increase Tp with 1% CO/He
(Fig. 4) are similar to those on the othey Rt,O3 catalysts.
However, it can be observed that there is no shoulder at
~ 2080 cnT! on this solid. The IR band of the L CO species
shifts to lower wavenumbers: 2054, 2048, and 2040 tm
at 300, 471, and 698 K, respectively. The IR band area

- ' - (a) increases foff; < 473 K, (b) is constant between 473

2100 2000 1 1900 and 540 K, and (c) finally decreases f@f > 540 K.
Wavenumber (cm™) Similar to the 1.2% PtAl,O3 catalyst the comparison of
Fig. 2. Evolution of the IR band of the L CO species withusing the 1% the IR band area &f; < 470 K before and after heating to
CO/He mixture for 1.2% PtAI,O3: (a)—(g) Ta = 300, 373, 443, 493,603, 700 K reveals a decrease by 25% probably due to the CO
648, 693 K. disproportionation.
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Fig. 5. Evolution of the coverage of the L CO species with for
Pa=1000 PaA, (a) experimental data for 2.9%/ ,O3 (heating stage);

(b) theoretical curve according to the adsorption model (see the text for
more details){], (c) experimental data for 1.2% /1,03 (cooling stage);

X, (d) experimental data for 0.1% /&l ,O3 (cooling stage). Note that (a),
The presence or the absence of the shoulder at 2088 cm  (c), and (d) are experimental data points.

during the CO adsorption is a parameter which differentiates

the three solids. In a previous study on/Rt03 [12] and  gptained from an adsorption model [1-7,12,15-19]. This
according to Anderson and Rochester [13] this shoulder hasyodel assumes that (a) the adsorbed species are localized
been tentatively attributed to L CO species adsorbed on 44 (b) the heat of adsorption linearly decreases with the
platinum atoms existing in small mats or arrays, possibly jncrease ing. According to assumption (a), the statistical
strongly interacting with the alumina support. However, this thermodynamics [21,22] gives the adsorption coefficient

explanation is not in agreement with the absence of the (a4 of the rate constant of adsorption and desorption)
shoulder on the solid with the highest dispersion (Fig. 4). In

arecent study [9] the authors suggested, considering an early h3 1 Eq— Ea
work of Herz and Shinouskis [14], that this IR band is linked = k(2w mk)3/2 Ta5/2 exp( RT, )
to PP+ site due to the presence of residual chlorine. The
absence of the shoulder on 0.1%/&tO3 is possibly linked

to the low amount of Cl introduced during preparation.

Fig. 4. Evolution of the IR band of the L CO species withusing the 1%
CO/He mixture for 0.1% PtAI,O3: (a)-(h) T3 = 321, 368, 418, 471, 573,
623, 673, 698 K.

(1)

whereh is Planck’s constant, is Boltzmann's constanty is
the mass of the molecule (28103 kg/(6.02 x 10%3)),
T, is the adsorption temperaturEyg and E, are the activa-
3.4. Heats of adsorption of the L CO speciesand Pt tion energies of desorption and adsorption respectively, and
dispersion Eq — E,is the heat of adsorption (denoted BY. Assump-
tion (b) leads to an expression of the coverage for an ad-
In the AEIR method, the coverage of a specific CO sorbed species given by [12,15-19] and references therein
species on several supported metal'cataly.sts (i.e.., Pt [1,2, RTa. (1+ KoPs
7,12], Pd [15-17], Cu [18], Ru [19]) is obtained using the 6 = AE In<m>, 2
ratio between its IR band areaBt and its highest IR band 17a
area considering as shown in [8,20] that (a) the intensity of where AE is the difference in the heats of adsorption at
the IR band is proportional to the amount of the adsorbed & = 0 (Eo) andf =1 (E1), Ko and Ky are the adsorption
CO species on the metal surface; and (b) the IR absorptioncoefficients ab = 0 andd = 1, respectively, and; and P,
extinction coefficient is independent &. Curve a in Fig. 5 are the adsorption temperature and pressure, respectively.
provides forT, > 400 K the change in the coverage of For the determination of1 and Eg we only have to find
the Pt site by the L CO species wiffy for the stabilized the values to be used in (1) and (2) to obtain the best fit be-
2.9% PYAI>03[1,2] solid. Fig. 5a shows that is constant tween the experimental and the theoretical values of the cov-
betweerr: 520 andr 600 K and then decreases in a straight erage [1,2,7,12]. For instance, curve b in Fig. 5 which over-
line in a wide range of temperatures. laps curve a is obtained by using in expressions (1) and (2)
The heats of adsorption of a specific adsorbed CO Ep= 206 k¥ymol andE; = 115 kJ¥mol with an accuracy of
species at several coverages are determined comparingt5 kJ/mol [1,2,12]. In previous studies, it has been shown
the experimental curveg. = f(Ta) to theoretical curves thatthese values are in good agreement (a) with the isosteric



A. Bourane, D. Bianchi / Journal of Catalysis 218 (2003) 447-452 451

heats of adsorption [12] and (b) with certain data in the liter- volved in the reaction as studied in [4—6]. By kinetic model-
ature on Pt-containing solids [1,7,12] and references therein.ing, Zafiris and Gorte [31] concluded that the activation en-

The experimental curve§. = f(Ty) for the stabilized ergy of the reaction which decreases by 44rkdl from 164
1.2% PyAl,03 and 0.1% PtAI,O3 catalysts are shown to 120 kJmol ford = 1.7 nm andd = 14 nm respectively is
Figs. 5¢c and 5d, respectively, using the FTIR spectra equal to the heat of adsorption of CO. The present study re-
recorded during the cooling stage in 1% @4 (to prevent  veals that it is not the change in the heat of adsorption of the
the impact of the C deposition on the IR band area). The L CO species (the plausible adsorbed intermediate species
values of the heats of adsorption at high and low coverageof the CQ/O; reaction [4—6]) which can be used to explain
to fit the experimental data (see Table 1) are very close tothe impact ofD on the rate of the C@D; reaction. However,
those found on the 2.9% Al ;03 catalyst [1,2,12]; roughly  the kinetic modeling which supports the conclusion in [31]
whatever the Pt dispersidf , = 212+ 8 kJ/molandE, = is based on a formal mechanism which does not consider
1054 5 kJ/mol. This indicates that the Pt dispersion does the nature of the adsorbed CO species (i.e., L or B) involved
not have a strong impact on the heat of adsorption of L CO in the CQ/O; reaction. For instance, it can be noted that in
species although it affects its IR band position (Fig. 1). In a [31] TPD experiments after CO adsorption revealed a strong
previous study [23] on a 0.5% RirO, solid with a low Pt CO peak at 410 K associated to a smaller peak at 510 K
dispersion P = 0.05), it has been observed using the AEIR on large Pt particles while on 1.7 nm Pt particles a strong
method thatt , = 195 andE|, = 96 kJ/mol. These values  peak at 510 K with a weak shoulder at 410 K was observed.
are not very different from those on /.03 catalysts This is interpreted mainly considering differences in the re-
with higher Pt dispersions confirming the above conclusion. pulsive interaction between CO neighboring molecules with
Moreover, E, = 212+ 8 kJ/mol for D in the 0.44-0.75  the particle size. However, this can be also interpreted by the
range are close to that found at a low coverage by Yeo etmodification withD of the proportion of two adsorbed CO
al. [24] on Pt(100) using single crystal microcalorimetry, species with different activation energies of desorption such
225 kI mol. This also confirms that the Pt dispersion has a as L (highest energy) and B (lowest energy). In a forthcom-
limited impact on the heat of adsorption of the L CO species. ing paper in line with previous studies ([4—6], Bourane and
The E|, value also agrees with theoretical calculations Bianchi, submitted for publication), it is shown that the Pt
for the adsorption of the L CO species on Pt clusters: dispersion (in the 0.44-0.75 range) affects the kinetic para-
Liao et al. [25] determined 185 kol at low coverage  meters of some surface elementary steps of th¢@Qe-
on a Pip while Curulla et al. [26] on Rp found 192 action on PtAI,O3 catalysts showing that the reaction can
and 199 kJmol on center and corner atoms, respectively. be structure sensitive in agreement with [31]. However, it
In a recent study Podkolzin et al. [27] showed using is not the modification of the heat of adsorption of the L CO
microcalorimetric measurements at high temperatures underspecies (the CO adsorbed intermediate species of th©eO
adsorption equilibrium conditions that the heat of adsorption reaction) which can be involved in the explanation.
of CO on 5.6% PtSiO; (D = 0.62) at a low coverage is at
least 190-180 kdnol in agreement with DFT calculations
for linear CO species on Ptclusters, 217 kdmol. It seems 4. Conclusion
clear from the present study and the data in the literature that
the Pt dispersion has a very limited impact on the heat of  In the present study, the AEIR method [2] has been used
adsorption of the L CO species at low coverage. In addition, t0 determine the impact of the Pt dispersion on the heat
the AEIR method leads to the conclusion that this is also true Of adsorption of the L CO species on/Rt;03 catalysts.
for high coverage values. This agrees with Sen and Vannice's The evolution of its coverag@ with 73 has been obtained
[28] study on the impact of Pt crystallite sizes of 8IO0, from the change in the intensity of its characteristic IR band.
catalysts on the integral heat of adsorption of CO at 300 K The comparison of the experimental curv@s= f(Ta)
using a microcalorimetric method. They showed that there is With those obtained from an adsorption model allows us to
no significant variation of this parameter, 1236 kJ/mol determine the heats of adsorption of the L CO species at
in the 1.3 to 22 nm particle size range. Note that this value is Several coverages. It has been shown that the Pt dispebsion
probably the average of the heats of adsorption of the variousin the 0.44-0.75 range does not affect significantly the heats
adsorbed CO species even if the L CO species dominates théf adsorption of the L CO species which linearly decrease
adsorption (Fig. 1). Similar results have been obtained by With the increase i from 212+ 8 kJ/mol at6. =0 to
Sharma et al. [29] on 1.22%, 3.55%, and 7.18%Si®;. 108+ 7 kJ/mol atf =1.
The authors determined an average value of#t&kJ/mol
for dispersion values in the range 0.51-0.76.

Some catalytic reactions are structure sensitive: their ratesReferences
(i.e. urnover nur.n.ber) depend on the crystalite size .[30] as [1] A. Bourane, O. Dulaurent, D. Bianchi, J. Catal. 196 (2000) 115
observed by Zafiris and ,Gorte [31] for the 0Oy regptlop [2] A. Bourane: O. Dulaurent,’ K. Chande’s, D. Bianchi, Appl. CataI.A214
on PYa-Al203(0001). This must be due to the modifications (2001) 193.
of the kinetic parameters of the surface elementary steps in- [3] M. Nawdali, D. Bianchi, Appl. Catal. A 231 (2002) 45.



452 A. Bourane, D. Bianchi / Journal of Catalysis 218 (2003) 447-452

[4] A. Bourane, D. Bianchi, J. Catal. 202 (2001) 34. [18] O. Dulaurent, X. Courtois, V. Perrichon, D. Bianchi, J. Phys. Chem.
[5] A. Bourane, D. Bianchi, J. Catal. 209 (2002) 114. B 104 (2000) 6001.
[6] A. Bourane, D. Bianchi, J. Catal. 209 (2002) 126. [19] O. Dulaurent, M. Nawdali, A. Bourane, D. Bianchi, Appl. Catal. A 201
[7] T. Chafik, O. Dulaurent, J.L. Gass, D. Bianchi, J. Catal. 179 (1998) (2000) 271.
503. [20] S. Zeradine, A. Bourane, D. Bianchi, J. Phys. Chem. B 105 (2001)
[8] A. Bourane, O. Dulaurent, D. Bianchi, J. Catal. 195 (2000) 406. 7254.
[9] P.T. Fanson, W.N. Delgass, J. Lauterbach, J. Catal. 204 (2001) 35. [21] S. Glasstone, K. Laidler, H. Eyring, The Theory of Rate Processes,
[10] S.Y. Wang, S.H. Moon, M.A. Vannice, J. Catal. 71 (1981) 167. McGraw-Hill, New York/London, 1941.
[11] G. Blyholder, J. Phys. Chem. 68 (1964) 2773. [22] K.J. Laidler, Catalysis 1 (1954) 75.
[12] O. Dulaurent, D. Bianchi, Appl. Catal. A 196 (2000) 271. [23] O. Dulaurent, D. Bianchi, Appl. Catal. A 207 (2001) 211.
[13] J.A. Anderson, C.H. Rochester, J. Chem. Soc. Faraday Trans. 87 [24] Y.Y. Yeo, C.E. Wartnaby, D.A. King, Science 268 (1995) 1731.
(1991) 1479. [25] M.S. Liao, C.R. Cabrera, Y. Ishikawa, Surf. Sci. 445 (2000) 267.
[14] R. Herz, E.J. Shinouskis, Appl. Surf. Sci. 19 (1984) 373. [26] D. Curulla, A. Clotet, J.M. Ricart, Surf. Sci. 460 (2000) 101.
[15] O. Dulaurent, K. Chandes, C. Bouly, D. Bianchi, J. Catal. 188 (1999) [27] S.G. Podkolzin, J. Shen, J.J. de Pablo, J.A. Dumesic, J. Phys. Chem.
237. B 104 (2000) 4169.
[16] O. Dulaurent, K. Chandes, C. Bouly, D. Bianchi, J. Catal. 192 (2000) [28] B. Sen, M.A. Vannice, J. Catal. 130 (1991) 9.
262. [29] S.B. Sharma, J.T. Miller, J.A. Dumesic, J. Catal. 148 (1994) 198.

[17] O. Dulaurent, K. Chandes, C. Bouly, D. Bianchi, J. Catal. 192 (2000) [30] M. Boudart, Adv. Catal. 20 (1969) 153.
273. [31] G.S. Zafiris, R.J. Gorte, J. Catal. 140 (1993) 418.



	Heats of adsorption of the linear CO species on Pt/Al2O3 using infrared spectroscopy: impact of the Pt dispersion
	Introduction
	Experimental
	Results and discussion
	Determination of the Pt dispersion
	Impact of D on the IR spectra of the adsorbed CO species
	Evolutions of the IR band of the L CO species with Ta
	Heats of adsorption of the L CO species and Pt dispersion

	Conclusion
	References


