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Abstract

Two samples of ITQ-2 with different Al content (il = 50 and 25, respectively) and different degree of exfoliation have been
characterized by IR spectroscopy and compared to MCM-22 samples with the same Al content, to assess the changes brought about b
the development of a large external surface. Brgnsted acidity has been measured as the propensity of OH species to either protonate ammon
or engage in H-bonds with suitable molecules (CQ, Mheptane, olefins, aromatics). Lewis acidity has been evaluated by measuring the
spectra of CO adsorbed at room temperature. Comparison with MCM-22 samples shows that no substantial loss in Brgnsted acidity takes
place because of exfoliation, although the bridged species Si(OH)AI exposed at the external surface do not basically survive as such and are
probably converted into new AIOH acidic species. These are not directly detectable in the IR spectra; indirect evidence, however, suggests
their location at the external cups of the surface. Bridged Si(OH)AI species survive instead in the 10-MR channels.
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1. Introduction promising catalytic system. On the other hand, a wholly
delaminated ITQ-2 is, in principle, an “all-surface” system:
Zeolite MCM-22 [1], which combines the properties and the comparison between MCM-22 and ITQ-2 may help
the porosity of 10-MR channels and 12-MR supercages, therefore in understanding the structure of the external
has opened new possibilities in catalytic processes such asurface of a zeolite, a topic of substantial interest, as it has
alkylation of benzene to cumene [2]. A disadvantage is, how- been proposed repeatedly that many catalytic reactions on
ever, the narrow access to the 12-MR supercages througtreolites occur at the outer surfaces.
the 10-MR openings, seriously hampering the diffusion of  Two samples of ITQ-2 have been considered, withA&i
molecules. To avoid this limitation, a new zeolitic structure, ratios equal to 25 and 50, to study the influence of the
ITQ-2, has been developed by Corma et al. [3-5], preparedAl content on the properties of the solid, together with
by swelling and delaminating the same layered precursor,two MCM-22 samples with close BAl ratios, to allow
so obtaining, in principle, a house-of-cards structure of ex- comparison of the acidic properties.
tremely thin sheets. This latter system is attracting much
attention [6,7].
We have in the past studied the Brensted and Lewis 2, Experimental
acidity of MCM-22 by following in the IR the interaction
of weak Lewis bases such as CO ang &hd unsaturated ITQ-2 samples have been prepared following Ref. [3],
hydrocarbons|[8,9]. This study is extended here to ITQ-2and g are referred to hereafter as ITQ-2-50/£8i = 50),
the results are contrasted with those concerning MCM-22. | 1G_2-25 (SyAl = 25), and all-silica ITQ-2 (SIAl ~ o).
The purpose of the present study is twofold. On the oné xpp and BET analysis revealed that ITQ-2-25 was not
hand, it is of interest to gather knowledge about a very completely delaminated, in agreement with the observations
by Schenkel et al. [6]. MCM-22 samples, referred hereafter
* Corresponding author. as MCM-22-50 (SiAl = 50) and MCM-22-25 (SiAl =
E-mail addressgarrone@athena.polito.it (E. Garrone). 25), were prepared according to Refs. [10,11]ASiratios
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have been determined by elemental analysis after calcinationbeen considered. The sheets &2.5 nm thick and consist
and confirmed by energy dispersion spectroscopy (EDS)of a hexagonal array of 12-MR cups (arrow in the figure)

(Philips, 515 SEM equipped with EDAX 9900 EDS). that penetrate into the sheet from both sides, with an aperture
For IR measurements, self-supporting wafers were pre- of 0.7 nm. At the opposite sides of the layer they meet at the
pared and activated under dynamic vacuunt(10orr) for center, forming a double 6-MR window connecting the cups,

1 hat773Kinan IR cell allowing in situ thermal treatments, bottom to bottom. The 10-MR channel system survives and
gas dosage, and IR measurements both at room temperaruns around the cups inside the sheet [13].
ture and at a nominal temperature of 77 K, presumably in  Figure 2 reports the IR spectra (normalized with respect
fact around 100 K. Spectra were collected on a Bruker IFS to weight) in the OH stretching region of MCM-22-25
55 Equinox instrument equipped with an MCT cryodetector (curve 1), ITQ-2-25 (curve 2), and ITQ-2-50 (curve 3),
working with 2 cnT® resolution. During adsorption mea- after outgassing at 773 K. Curve 1 shows a weak band
surements, equilibration time was a few seconds with CO at 3747 cnT?, due to isolated SiOH species on the external
and Nb and some minutes with organic compounds. When surface. The tailing at lower frequencies (3730-3720tm
spectra of different samples are compared normalization tois probably due either to silanols on the internal surface
unit mass of the sample is used. or to interacting silanols, similar to those observed in
silicalite [14,15]. The main peak at 3624 chis due
to Brgnsted sites Si(OH)AI; according to previous work,

3. Results this band comprises both Si(OH)AI species sitting at the
supercages and those located at 10-MR channels [8,9]. At
3.1. OH species and interaction with ammonia both sides of the band at 3624 tfa minor component is

seen. The very weak one at 3580 this due to a small
The upper part of Fig. 1 depicts the structure of MCM-22, fraction of Si(OH)AI species sitting at the hexagonal prisms,
as derived from XRD measurements [12]: both the 12-MR hardly accessible to molecules [8,9]. The weak component

supercage and the 10-MR channels are clearly visible. Theat 3670 cn? is the signature of Al(OH) species, the nature
lower part of the figure describes the idealized structure of of which is discussed in great detail below.

a sheet of ITQ-2, obtained from the structure of MCM-22  On the basis of the idealized structure in Fig. 1, a sub-
by the splitting of the supercage into two halves. This stantial increase in silanol population is expected on passing
is formally accomplished by hydrolyzing each Si-O-Si from the MCM-22 sample to those delaminated, as well
linear bond with one water molecule, so that both Si atoms as a marginal change in the intensity of the Si(OH)AI
terminate with OH groups: no other change in geometry has species, which are in principle untouched by the delami-

10-MR channels
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Fig. 1. Ideal structures of the zeolite MCM-22 and the layered compound Fig. 2. IR spectra in the O—H stretching regions of MCM-22-25 (curve 1);
ITQ-2. ITQ-2-25 (curve 2); ITQ-2-50 (curve 3).
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Fig. 3. Comparison of IR spectra of ITQ-2-50 (curves 1) and MCM-22-50 (curves 2). (a) The O—H stretching region of the naked samples; (b) ammonium
species formation after Nfadsorption and evacuation at room temperature.

nation process. Curve 2 (ITQ-2-25) shows indeed a defi- for similar solids and adsorption centers, it results that,
nitely more intense SiOH band. The band due to Brgnsted although not readily visible in the spectrum of ITQ-2-50,
sites is observed at the same location (3624 bmas acidic OH species are present, able to transfer their protons
with MCM-22; its intensity, though, is weaker than with to ammonia, and the number of Brgnsted sites is basically
MCM-22, notwithstanding the similar Al content. Curve 3 unchanged. The experiment in Fig. 3b also suggests, within
shows the same features in a yet more marked way. Thethe limits of validity of the assumption of a constant
SiOH absorption is very intense, the higher intensity of the extinction coefficient for the ammonium species, that the
SiOH peak in ITQ-2-50 with respect to ITQ-2-25 being in loss of acidic Brgnsted sites due to dealumination is limited:;
line with the lower degree of delamination of the latter. The further support for this is provided below.
band at 3624 cm! is hardly visible. Even taking into ac- Acidity of Bregnsted sites for all samples has been
count that the Al content is about half of that of the other measured by the extent of the shift imparted by several
two samples, a definite peak is expected in the spectrummolecules to the OH-stretching mode. CO andNsorption
at 3624 cnl: instead, a small bump is seen, superimposed has been carried out at a nominal temperature of 77 K.
on a marked tailing of the 3747 cthband to lower frequen- ~ Ethylene and propene adsorption has been carried out
cies. both at room temperature and at a temperature in the
A direct comparison between spectra of the low Al- range 100-150 K. In the case of ITQ-2-50, this latter
containing samples MCM-22-50 and ITQ-2-50, in the OH €experiment gives rise to better-defined bands and for this
stretching region, is made in Fig. 3a. In the spectrum reason corresponding data will be considered. Benzene,
of MCM-22-50, peaks due to isolated silanols on the toluene, and 1,3,5-trimethylbenzene have been studied at
external (3747 cm?!) and internal (3730 cm') surfaces ~ ambient temperature.
are observed. Broad absorption is visible in the range 3700—
3650 cn1t, due to Al(OH) species. The band at 3624 ¢m 3.2. Interaction with CO and N
due to Si(OH)AI species, is well defined, confirming that the
intensity of the same band in ITQ-2-50 is much lower than  Figure 4 reports as difference spectra the changes in
expected on the basis of the aluminum content. the OH stretching region brought about by the adsorption
A possible reason for the decrease of the 3624 tm of CO and N on ITQ-2-50 (solid curves). The broken
band is dealumination, i.e., the loss of framework Al curve refers to the all-silica ITQ-2, used as a reference. The
because of thermal treatments. Figure 3b shows that this isbody of the figure refers to CO adsorption and the inset
presumably not so by comparing the spectra of MCM-22-50 to N, adsorption. Arrows indicate changes in the spectrum
and ITQ-2-50 after adsorption of ammonia and successivewith increasing pressure; negative bands indicate species
evacuation at room temperature for 2 h. The intensity decreasing in intensity along the experiment.
of the band at 1465 cnt due to ammonium species is In all spectra a sharp positive peak occurs at 3751%cm
nearly the same in the two spectra; as the related extinction(accompanied by a negative signal at 3747 &mwhich
coefficient may be reasonably assumed to be fairly constantincreases with pressure; this is a merely physical effect, in
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Fig. 4. Difference IR spectra concerning the adsorption of CO on ITQ-2-50 at nominal 77 @® < 13 mbar). The O—H stretching region is shown
(the broken curve refers to the all-silica ITQ-2 reported for comparison). Inset: the same experiment rup (/ﬂiﬂ'f?\k p < 40 mbar). Arrows indicate
increasing pressure. Forks connect corresponding negative and positive peaks; the asterisk labels the band due to X—OH species (see text).

that the SIOH mode shifts to higher frequency because of the3300 cnt? band, it is ascribable to a species less acidic than
decrease in the sample temperature [16], due to the thermaBi(OH)AI but nonetheless definitely more acidic than SiOH,;
conduction of CO and N which is higher the larger the these species are indicated hereafter as X—OH.
pressure. Similar results are obtained withpNinset): the peaks due

Let as consider first the central part of the figure: at low to Si(OH)AI and silanol species are shifted, as expected,
CO coverages, an absorption appears at about 3308 cm by about 120 cm® (positive band at about 3510 crh
accompanied by a weak negative peak at 3628 %km and 40 cm! (positive band at about 3710 cth), re-
related to the interaction of Si(OH)AI species with CO. spectively [18,19]. A band appears at about 3600 tm
The observed shift (328 cm) is the same measured for (asterisk), again not paired to any negative peak and ascribed
the same species in MCM-22 [8]. At higher CO coverages, to the same X—OH species.

new absorptions appear at about 3460 and 3660 cand Figure 5 reports the same spectra as in Fig. 4 in the
a negative peak increases at 3749 émwith a tailing at CO stretching region. At low coverage three peaks are
lower frequencies. seen at 2243, 2230, and 2176 tinThe two peaks above

The broad band at about 3660 this due to SiOH 2200 cnmr! are due to two types of exposed Lewis acidic
species H-bonded to CO, the stretching mode of which is centers involving At cations: the band at 2230 cth
shifted from 3749 by about 90 cm, as observed with is often observed in calcined zeolites [16,18]. The peak
Aerosil [17]. The broken curve in the lower part of the figure at 2176 cm! is due to CO molecules interacting with
concerns the all-silica ITQ-2 outgassed in similar circum- Si(OH)AI species, its frequency being the same as that
stances and contacted with CO at low temperature. For com-observed for the Si(OH)AI species in MCM-22 [8].
parison, this broken curve is superimposed on the appropri-  With the increase of CO pressure, the band due to CO
ate curve of the central portion. The two curves coincide as interacting with Si(OH)AI species increases: new bands
far as the interaction of CO with SiOH species is concerned appear at 2156 and 2138 ch due to CO interacting
(positive band at 3660 cnt, negative peak at 3749 cth), with silanols and in a liquid-like phase, respectively. A new
whereas the two bands at 3460 and 3300 tronly fea- shoulder also appears at 2165 thasterisk), due to CO
ture in the spectrum of the Al-containing ITQ-2 sample, thus molecules interacting with species with acidity intermediate
proving to be related to Al species. between silanols and Si(OH)AI species, i.e., the X—OH

The band growing at 3460 cm (asterisk) is not paired  species.
to any negative peak. On the basis of its frequency and As to CO species bonded to Lewis sites, the intensity of
its appearance at higher pressures with respect to thethe peaks at 2243 and 2230 cthincreases only slightly
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Table 1
Shifts Avgy of the OH stretching mode of SiOH, X—OH, and Si(OH)AI
species in ITQ-2: for X—-OH species frequencies observed for the H-bonded
adduct are reported and related shifts are calculated assuming 3760 cm
as the frequency of the free hydroxyl
Av[SIOH] v[XOH] Av[XOH]ag7g Av [Si(OH)AI]
Ny 407 3600 707 1207
n-Heptane 48 3570 100 145
co 9t 3460 2102 3302
ol CoHy 104; 14® 3360 310° 390; 426
5 CsHg 153;19¢ 3260 10 480; 528
2 CgHe 120 3420 250 310
2 C7Hg 147 - - 360
2 1,3,5 TMB 167 3370 300 -
a 100 K.
P 100K<T <150 K.
side the 10-MR channels, and is therefore probably adsorbed
exclusively on the external surface. Figure 6 reports the re-
sults of the experiment as difference spectra. Besides the
. . . ; . . . CH stretching modes in the range 3100-2800 &ntwo
2250 2200 2150 2100 2050 absorptions are observed: an intense band at 3570' cm

Wavenumbers (cm™) and a broad absorption centered at 3370"tnThe for-
mer is due to silanols interacting with the aromatic ring. The
Fig. 5. Difference IR spectra concerning the adsorption of CO on ITQ-2-50 shift (167 Cm—l) is larger than that observed with benzene
at nqminal 77 K (102 < p < 13 mbar) in the CO stretching region. The (120 cnrl), because of the higher basicity of the aromatic
asterisk labels the band due to X—OH species (see text). ring of TMB, due to the+ | inductive effect of the methyl
substituents.
The frequency of the latter band (3370 chnis 50 cnt

with increasing CO pressure: a small shift to higher fre- i
quencies is observed for the latter peak, not discussed hereloWer than that of the band observed for the X-OH species

Taking into account that, in the absence of back donation, asi the interaction with benzene (Table 1), and is accordingly
in this case, the extinction coefficient of the CO stretching @Ssigned to X-OH species interacting with TMB. _
mode does not vary much with frequency [20], the low in- As .|t concerns Si(OH)AI species, on the ba§|s of their
tensity of both peaks at 2243 and 2230 Cnwith respect behavior with the other probes, the absorption due to
to the intensity of the bands at 2176 and 2165 ¢ndue these species when interacting with TMB is expected be-
to Si(OH)AI and X—OH species, suggests that the popula- low 3250 cnt!. A weak component is indeed visible in this
tion of Lewis sites is small with respect to that of Brensted egion, weaker than that related to X—OH species. This could
sites. This supports the idea that dealumination is not the Pe evidence for the survival of some Si(OH)Al species at the
main reason for disappearance of the 3624 trhand in outer surfaces. It has, however, to be noted that the presence
the spectrum of ITQ-2-50, in agreement with NMR data re- Of the component at 3250 crh resides on a small nega-
ported by Schenkel et al. [6], which show a small increase tive bump at 3210 cm? (asterisk), which, instead of being
of the signal due to octahedral aluminum when passing from the valley between two peaks, could be an artefact due to

MCM-22 to ITQ-2. an “Evans window” [21], arising from the Fermi resonance
between the overtone of the intense TMB ring vibration at
3.3. Other bases (olefins and aromatics) 1606 cnT! and the tailing of the broad band at 3570Tm

In this latter hypothesis, little or no interaction would occur

For brevity, data are not reported as figures, and resultsbetween TMB and Si(OH)AI species at the external sur-
are gathered in Table 1. Findings similar to those just faces. On the other hand, spectra related to ITQ-2-25 (inset
described are obtained, in that three types of bands arein Fig. 6) clearly show that the adsorption of TMB does
observed in the interactions: (i) bands due to Si(OH)AI not perturb the band at 3624 crh suggesting that vis-
species; (ii) bands due to interacting silanols; (iii) bands at ible Si(OH)AI species are located mainly on the internal
frequencies between those of silanols and those of Si(OH)AI surface (10-MR channels and perhaps residual 12-MR su-
species, assigned to H-bonded X—OH species. percages). In conclusion, the population of Si(OH)AI species

In particular, adsorption of 1,3,5-trimethylbenzene (TMB) at the outer surfaces of ITQ-2, if any, is limited, and ac-
has been carried out to gain information about the location cordingly, only a very weak negative signal can be observed
of X—OH species, because this molecule cannot diffuse in- at 3624 cnt! in the first spectrum in Fig. 6 (arrow).
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Fig. 6. IR spectra concerning the adsorption of TMB on ITQ-2-50 (body of the figure) and ITQ-2-25 (inset). Body: difference spectra at increagmgfamoun

TMB. Arrow: possible occurrence of Si(OH)AI species as a negative band. Asterisk: possible Evans window (see text). Inset: curve a, nakedwe&mple; cur
adsorption of TMB.

4. Discussion the spectrum of the bare sample, and even difference spectra
related to adsorption of probes do not show any definite
4.1. Brgnsted sites component. Lavalley and co-workers reported a similar

result, concerning adsorption of CO on steamed and leached

Delamination of MCM-22 causes an increase of the Y faujasites [16], where a band was observed at 3465'cm
silanol population, as expected, and a decrease of theln the presence of adsorbed CO, not associated with any
Si(OH)AI species responsible of the band at 3624 ¢m  evident peak in the spectrum of the naked sample.
The interaction with basic probes shows that in ITQ-2  To investigate the nature of the X—OH species, and to
these species are the same as those observed in MCM-228SSess the frequency of the related O—H stretch in the free
in terms of both acidity and accessibility. Their acidity SPpecies, we have compared the CO spectra of ITQ-2-50
is strong and similar to that observed with most low- and those concerning a steamed MCM-22 sample with
aluminum zeolites (ZSM-5, beta, mordenite) and they are Si/Al = 14 (Fig. 7) [8]. This latter has two acidic species,
most probably located in the internal surface, i.e., in 10-MR i.€., the Si(OH)AI species which survived steaming, and a
channels. species AIOH responsible for a band at 3670 ¢ndirectly

The overall Bransted acidity as measured by the ability observable in the inset and as a negative band in the figure
to protonate ammonia does not decrease upon delamination(@rrows). In the CO adsorption experiment, two positive
This is in agreement with data reported by Schenkel et al. bands are accordingly seen, one at 3310 tndue to
concerning pyridine adsorption [6]. The reason is probably Si(OH)AI species, and a band at 3465 thncorresponding
the formation of new OH species, designated so far as X—-OHto the AIOH species at 3670 crh. The spectrum of
(which compensates for the loss of Si(OH)AI species), the ITQ-2-50 (broken curve) also shows these two bands due
acidity of which is strong enough to protonate ammonia, but to H-bonded hydroxyls. Moreover, the stretching frequency
is lower than that of Si(OH)AI species, as H-bonded X—OH of CO molecules interacting with species responsible for the
species are formed systematically at higher pressure of any3670 cnt! band is at 2165 cmt [8], the same frequency
basic probe with respect to Si(OH)AI species. Support to this observed for CO interacting with X—OH species in ITQ-2. In
comes from the stretching frequency of CO interacting with conclusion, a value of 3670 cmh appears to be a reasonable
X—OH species, 2165 crit, as opposed to 2176 crh. candidate for the frequency of free X—OH, though not

In order to measure precisely the acidity of X—OH directly observed, and we assume that the X—OH species
species, the set of shiftavoy with the different probes  may coincide with the AIOH species responsible for that
have to be defined, which implies assuming a value for the band.
frequency of free hydroxyls. No definite signal ascribed to ~ Absorption at 3670 cm! is often observed in zeolite
unperturbed X—OH is visible in the spectrum of ITQ-2: only spectra and generally assigned to hydroxyls linked to ex-
a broad tail in the range 3700-3400 thiis observed in traframework Al species. Most authors consider such species
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Fig. 7. IR spectra concerning the comparison of ITQ-2-50 (broken curves) and a steamed MCM-22 sample (solid curves). Body: adsorption of CO at
nominal 77 K. Inset: comparison of the OH stretching regions of the naked samples. Arrows: location of the AIOH band at3670 cm

as an AlIOH group sitting on aluminum oxide clusters formed OH spectrum of naked fully delaminated ITQ-2-50 (Fig. 2),
by dealumination during calcinations or steaming [22,23]. which could indicate that the O—H vibration of AIOH is
The acidity observed for this species, however, as measuredsmeared out, not yielding a definite band. The reason for this
by Avoy values, is by far larger than that of any OH species spreading might be some structural heterogeneity, due to the
on alumina [24]. This consideration has led to an alternative fact that these species are not proper framework hydroxyls,
interpretation, according to which AIOH species are struc- but rather defects. Moreover, some AIOH species might
tural defects arising from dealumination, but still anchored be in interaction with neighbor species, such as SiOH (as
to the zeolitic framework [25-27]. Additional evidence sup- described in Scheme 1), thus inducing further heterogeneity.
porting this interpretation comes from the study of SAPO-5 It may be assumed that when interaction with a basic
zeotype (a system not subjected to dealumination), which probe occurs, AIOH species, transformed into AIO—B
also exhibits a similar band, suffering the same shift with complexes, are affected by the above factors to a lesser
CO [28]: similar AIOH species might form readily on the extent, so that heterogeneity is reduced in H-bonded species
surface and/or in correspondence to defects of SAPO crys-and a definite absorption is visible. Moreover, the extinction
tals. coefficient of H-bonded hydroxyls is always higher than that
It cannot be ruled out, however, that bands occasionally of free hydroxyls.
observed in the same region are actually due to OH on Scheme 1 proposes a mechanism for the formation of
aluminum oxides. In this case, they should exhibit very low AIOH species from the bridged Si(OH)Al species (spesigs
acidity. which is an extension of that proposed by Zecchina and
The formation upon exfoliation of AIOH species similar Otero Arean for the formation of the Lewis site in zeo-
to those formed in zeolites by incipient dealumination is not lites [18]: it consists in a water-mediated rearrangement
surprising, because both the treatment in HCI solutions dur- (through elimination and readsorption of water) of the sur-
ing the exfoliation of the layered precursor and the following roundings of the Al atom, yielding first the Lewis site
calcinations [3] are likely to bring about hydrolysis of Si— specied, then Brgnsted species. Two possible mechanisms
O-Al bonds. As shown by TMB adsorption, Al-OH species of water readsorption on the Lewis site may be envisaged.
are located on the surface of layers, i.e., on the “new” exter- In the former (right hand side reaction), a water molecule
nal surface produced by exfoliation. Thus, it can be proposedis chemisorbed in a dissociative way, yielding one SiOH
that Si(OH)AI species located in 12-MR supercages of orig- and one AIOH species (specie$. This latter, resulting
inal MCM-22 are precursors of the new AI-OH species in from the cleavage of one Al-O bond, should have Al in
the exfoliated material. trigonal coordination. This type of coordination is not com-
The question to be addressed is why the AIOH species in mon for Al: moreover, such hypothetical trigonal Al species
ITQ-2 are not visible in the IR as such, but only through the should exhibit, besides Brgnsted acidity of the terminal pro-
interactions with basic probes as H-bonded species. Indeedfon, Lewis acidity, e.g., toward CO. Data discussed below
a broad tail between 3700 and 3600 Chis observed inthe  suggest that this is not so. We assume therefore that addi-
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Alternatively (downward reaction, yielding specig,
a water molecule is adsorbed onto the Lewis site in a 3 . ) ]
nondissociative way, giving rise to acidic A-OH species, to AI®* jons in small aluminum oxide clusters formed by

similar to those invoked to explain the acidity of clays. complete dealumination [23].
On the basis of the present data, it is not possible to o _
propose a definite choice between the two alternatives. 4.3. Acidity of AIOH species
4.2. Lewis sites Comparison of the acidity of different species by spec-

troscopic means is usually carried out in solution or in the

Two sites have been observed by CO adsorption, with gas phase through the Bellamy—Hallam-Williams plot. The
bands at 2230 and 2243 cth The former species is likely  shifts undergone by two different hydroxyls with the same
to coincide with species in Scheme 1, as interconversion set of base molecules are plotted one against the other:
between the CO species at 2230 dnmand the OH band  a straight line passing through the origin is obtained, the
at 3670 cnt! has been observed. Indeed, with MCM-22 slope of which is a measure of the relative acidity. Figure 8
steaming gives rise to the 3670 thband at the expense of  reports such a BHW plot for the AIOH species (broken line)
the CO band at 2230 ct. With ITQ-2-25 outgassed fora by assuming as independent variables the shifts observed for
shorttime, a band at about 3670 thhas been occasionally  the isolated silanol species. The full line represents schemat-
observed (spectra not reported), without adsorption of CO ically the data for the Si(OH)AIl species of MCM-22 [9], and
revealing any peak at 2230 crh prolonged outgassing itis reported for comparison. The marked difference in slope
(removal of chemisorbed water?) led to disappearance of theevidences the lesser acidity of the AIOH species with respect
3670 cnt ! band in the spectrum of the naked sample and the to Si(OH)AI groups. The former, though, can give a proton
appearance of the 2230 cthbond upon adsorption of CO.  transfer to ammonia. Together with the residual Si(OH)AI

This strongly suggests that the band at 2230~tm  species, they are likely to be responsible for the catalytic
observed with CO is due to Lewis sites, which can be properties of ITQ-2. This has been interpreted as a balanced
converted, in the presence of water, into Brgnsted sites withcombination of acid strength higher than that of WICM-
stretching frequency around 3670 th 41 and silica—aluminas and accessibility of acidic sites easier

The CO peak at 2243 cnt is indicative of very strong  than for microporous zeolites [7,29].
Lewis sites, being as high in frequency as the strongest In Fig. 8, the point related to TMB does not lie on
sites observed on alumina, implying the most coordinatively the straight line, in that the corresponding shift is smaller
unsaturated A cations [22]. On this basis it is assigned than expected. Similar behavior has been observed for
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