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Abstract. Benzene adsorption behavior in a large family of 12R window zeolites (X, Y, EMT, Beta and LTL)

has been examined by means of in-situ FTIR spectroscopy and correlated with the zeolite structure, the type and
number of counter-ions, and the negative charge on framework oxygen atoms of zeolites. The effect of coadsorption
of HCI, NH3 and CHNH, on the benzene location has also been studied. The present work illustrates that besides
the benzene adsorption on counter ions of zeolites, the 12R windows could also be the adsorption sites for benzene.
Upon adsorption of coadsorbates such as HCl; Bkl CHNH,, the migration of preadsorbed benzene molecules

from one type of adsorption sites towards another, i.e. from 12R windows towards the cations for HCl and opposite
direction for Ny and CHNH,, has been evidenced. The lack of adsorption of benzene on 12R windows of
NaBeta even upon coadsorption of a series of basic molecules reveals that benzene adsorption on 12R windows is
most likely governed by a molecular recognition effect where benzene molecule and 12R window should have the
adapted chemical and structural properties like in enzyme-substrate system and zeolites can be referred to as solid
enzymes or zeo-enzymes. This paper indicates also that the adsorption properties of zeolites can be modified and
accommodated by introduction of a co-adsorbate.

Keywords: benzene adsorption, 12R window zeolites, coadsorption of HCk, \itlsNH,, FTIR, molecular
recognition

Introduction catalytic processes of aromatics must be preceded by
selective adsorption of molecules. Hence, the adsorp-

Zeolites, a class of microporous crystalline materials, tion of molecules in the cavities of zeolites is a cen-

are often involved in the catalytic production, transfor- tral step which influences strongly the selectivity and

mation and separation processes of aromatics and, inactivity of the reaction and the efficiency of separation

particular, the 12R window zeolites have mostly been processes. A better understanding of the adsorption be-

selected. It is well known that the separation of aro- havior of aromatics in zeolites is therefore of important

matics in a mixture by adsorption processes and the interest to describe the catalytic and adsorptive proper-
ties of zeolites and to develop advanced catalysts and

. adsorbents.
*To whom correspondence is to be addressed. . .
TCurrent Address Laboratoire de Chimie Organaftillique de The present paper deals with the location of aroma-

Surface, UMR CNRS-CPE 9986, 43 Boulevard du 11 Novembre tiCS using benzene as probe molecule in a large series
1918, 69626 Villeurbanne, &@fex, France. of 12R window zeolites with different Si/Al ratios,
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compensating ions and structures and its change uponrable 1 Chemical composition and characteristics of the zeolites
coadsorption of acid and basic molecules. We try to Studied.

elucidate on a molecular level the dominating factors Zeolite Chemical composition Si/Alratio —8o®

for benzene location.

NaX Nags(Al02)8s(SiO2)106 1.2 0.410
CsX Cs7Napg(AlO2)ss(Si02) 106 1.2 0.463
Experimental HY Hse.4Nag.6(AlO02)57(Si02)135 2.4 0.228
Liy Li 37Nayg(AlO2)s5(Si02)137 2.5 0.345
Materials NaY Nas6(AlO2)56(Si02)136 24 0.350
KY K 54Nao(Al02)s56(Si02)136 2.4 0.380
NaX (Si/Al=1.2), NaY (Si/Al=2.4) and KL (Si/Al RbY RhysNag(Al02)54(Si0s)138 2.6 0.382
= 3.0) were provided by Union Carbide and other al- naypb Naua(AlO2)44(Si02) 148 3.4 0.320
kali cations exchanged X and Y zeolites were prepared yay,, b Nep7(Al02)27(SiOs)165 6.1 0.275
by ion exchange from NaX and NaY using the meth- NaYDou®  Nay(AlO)7(SiOz)1ss 26.4 0.212

ods reported by Su and Barthomeuf (1995). A series
of dealuminated NaY zeolites were made using the
procedure reported by Szostak (1991). EMT and Beta
zeolites were respectively synthesized using 18-crown- KL
6 and tetraethylammonium hydroxide as template in 2Negative charge on oxygen atoms calculated using Sanderson
KULeuven, Belgium (Feijen et al., 1995) and in Insti- electronegativity equalisation principle (Sanderson, 1976; Mortier,
tuto de Technologia Quimica, Spain (Camblor et al., 1978 , o _
1991). To remove organic templates incorporated in ez;?;i;e: from NaY via N by dealumination and then ion
the pores of EMT and Beta zeolites, the as-synthesized '

samples were first calcined in a dry, Mlow with a

heating rate of around 50 K per hour. When the desired the same atmosphere. The sample was further treated
temperature (823 K) was reached, the gas was replacedmdef vacuum for 4 hours at the same temperature. The
by ()2 and the temperature was maintained for5 h. The i.r. cell was then cooled SIOle to room temperature
organic template-free NaEMT and H(Na)Beta zeolites and the spectrum of zeolite phase alone was recorded

were obtained. To obtain fully Naions exchanged @s a reference at room temperature using a Fourier
Beta zeolite, five grams of calcined sample were added Transform Bio-Rad FTS-60A or Perkin-Elmer 1750 or

in 50 mL Of 1M Sodium Ch|0ride so'ution_ The mix- Perkin-EImer Spectrum 2000 Spectometel‘. It Sh0u|d
ture was stirred and heated in reflux condition for 5 h. be noticed that each series of studies was made using
After filtration, the obtained solid was washed with the same spectrometer. The adsorption of the increas-
distilled water and filtrated until all Clions were re-  ing and known amounts of benzene was carried out
moved. The recovered solid was then dried in an oven as described by de Mallmann and Barthomeuf (1989),
at 373 K overnight and labelled as NaBeta. The chem- Su and Barthomeuf (1993, 1995) and Su and Norberg

ical composition and characteristics of these materials (1998) on the pretreated wafer. After each adsorption,
are summarized in Table 1. the sample was maintained at room temperature for

1 hour for equilibration. Our previous work (Su and

Barthomeuf, 1993, 1995) have shown that an equilibra-
Infrared Studies tion of 1 h atroom temperature is sufficient to consider

that the system is at the equilibrium, especially for the
The adsorption experiments were performed on self- low weight of zeolite wafers used since no changeini.r.
supported zeolite wafers (15 mg/€nprepared with spectra recorded has been noted even after 45 h equili-
a pressure of 5 tons/&nThe zeolite sample wafer  bration at room temperature. The spectra (gas phase of
locked in a holder was placed in the i.r. cell, which i.r. cell and zeolite phase containing adsorbed species)
is made of Pyrex with two NaCl windows and directly were then recorded.
connected with a vacuum line with primary and turbo  The influence of coadsorption of HCI, ammonia and
molecular pumps, and heated in-situ in a dry oxygen methylamine on the benzene location was performed
flow from room temperature to 723 K at araf8« per on the samples having a defined benzene loading
minute. The temperature was maintained overnight in (see the text). After recording the spectra of adsorbed

NaEMT Na1(AlO2)21(Si0s)7s 3.6 0.317
NaBeta Na5(Al02)35(Si02)605 17.3 0.240
K 9(AlO2)9(SiO2)27 3.0 0.352




benzene, an increasing and known amount of coadsor-
bate (HCIl or ammonia or methylamine) was introduced
intothei.r. cell. Afte 1 h equilibration atroomtemper-
ature, the i.r. spectra were recorded. The quantities of
molecules introduced into the i.r. cell were expressed
in molecules per unit cell (molecules/u.c.), although,
after saturation of the zeolite, this has no real physical
meaning. However, it does facilitate the comparison of
the results. The amount of adsorbate introduced into
thei.r. cellwas controlled by using a calibrated volume
and an absolute pressure gauge.

In the present study, only the adsorbed phases on
zeolite wafers are reported. The spectrum of zeolite
phase and that of gas phase of the i.r. cell have been
subtracted.

Results

Effect of the Compensating lons on the Location
of Benzene in Zeolites

The interaction of benzene with zeolite has been stud-
ied using several means of investigation in order to
characterize the active adsorption sites for benzene
and aromatics (Su and Barthomeuf, 1993, 1995; Su
and Norberg, 1998; Bull et al., 1993, 1995; Auerbach
et al., 1996). In the €H out-of-plane (0.0.p.) bend-
ing vibration range (2200-1700 ¢, liquid benzene
gives a pair of bands at 1960 and 1815 ¢belong-

ing to the {5 + v17) and @10 + v17) vibrations, respec-
tively. Figure 1 shows the bands of benzene adsorbed
on aseries of Y zeolites exchanged with different alkali
ions or protons. Two pairs of bands are observed on
alkali-exchanged Y zeolites (Fig. 1(b)—(e)) while only
one main pair is detected on HY (Fig. 1(a)). All these

Adsorption Behavior of Aromatics 63

Absorbance

20100 18‘50
Wavenumber (cm™)

Figure 1 IR spectra of €Ho o p. vibrations of benzene adsorbed
on a series of Y zeolites exchanged with k), Lit (b), Na* (c),

K* (d) and R (e) ions. All these zeolites are saturated by benzene
molecules. Note that the absorbance scale for HY is 0.02 and 0.05
for other zeolites.

peaks are shifted towards high wavenumbers compared

to those of liquid benzene. It is known that the shift of
the vibration bands of the-€H, . of adsorbed ben-
zene molecules can provide information on the type
of site interacting with benzene. Benzene molecules,
interacting with cations or protons of zeolites, give a
relatively small shift in wavenumber of around 20—
40 cnt ! compared to the wavenumbers of theldy o p.
bands of liquid benzene since the interaction of the
counter ions with the electron cloud of benzene rings
affects indirectly, and only weakly, the- out-of-
plane bending vibration. This pair of bands was previ-
ously referred to as the low frequency bands (LF) (Su
and Barthomeuf, 1993, 1995; Su and Norberg, 1998).
Adsorption of benzene on the oxygen atoms of the 12R

windows induces a relative high shift in wavenumber
of around 40-100 cmt because the hydrogen atoms
of benzene molecules interact with the oxygen atoms
of zeolites, the €H vibration is directly and strongly
affected. This pair was, hence, referred to as the high
frequency bands (HF). However, the exact shift value
and the presence of two pairs of bands are strongly
dependent on the zeolites used, the Lewis acidity of
cations, the basicity of framework oxygen atoms, the
number and the type of cations present in zeolite, and
the benzene loading. Figure 2 gives a shematic repre-
sentation of these two kinds of interaction of benzene
molecules with zeolite sites.
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a

Figure 2 Schematic representation of the experimentally deter-
mined binding sites for benzene in 12R window zeolites. Interaction
of counter ions withr-electrons of the benzene ring (a), and the
interaction of benzene molecule through its six hydrogen atoms with
the six oxygen atoms of the 12R window. Counter io@¥ ©xygen
atoms of the 12R window (O) and hydrogen atoms of benzene (0).

The two pairs of bands observed on alkali-exchanged
Y zeolites give the shift values of ca. 28 and 60¢m
corresponding therefore respectively to the interaction
of 7 electron cloud of benzene with alkali ions (LF
bands) and that of hydrogen atoms of benzene with
oxygen atoms of 12R windows (HF bands). The pair
of band observed on HY, according to the shift value of
ca. 20 cnTt, can be attributed to the interaction of ben-
zene with the protons of this zeolite. The results just
presented show that in alkali-exchanged Y zeolites, not
only the compensating ions are the adsorption sites for
benzene, the 12R windows can also interact with ben-
zene molecules while in HY, solely the protons interact
with benzene molecules.

Effect of Si/Al Ratio on the Location of Benzene

Figure 3(a)—(d) report the IR spectra of benzene ad-
sorbed on a series of Neexchanged Y zeolites with
different Si/Al ratio. The adsorption of benzene on
NaX (Fig. 3(e)) gives one pair of broad bands at
1991 and 1847 cmt. Because of the shift value of
ca. 30 cnT, this pair can be attributed to the interaction
of benzene with N& ions. Two pairs of bands are de-
tected on NaY (Si/Ak2.4) and NaY, (Si/Al =3.4).

These two pairs of bands are generated from the ad-

sorption of benzene on Ndons (LF bands) and 12R
windows (HF bands) according to their shift values of
ca. 27 and 60 crt, respectively. A pair of shoulders at
1961 and 1817 cm is also seen on NaY (Fig. 3(c))
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Figure 3 IR spectra of benzene adsorbed on a series of faujasite

zeolites with different Si/Al ratios: 26.5 (a), 6.1 (b), 3.4 (c), 2.4 (d)
and 1.2 (e). All these zeolites are saturated by benzene molecules.

zeolites (referred to as pseudo-liquid phase: PL bands).
The wavenumbers of this pair of bands are similar to
those of liquid benzene as previously described by Su
and Barthomeuf (1993). As the Si/Al ratio increases,
the intensity of HF and LF bands decreases while that
of PL bands increases. This is because the number of
adsorption sites (counter ions) decreases as Si/Al ra-
tio increases while the void space of the supercages in
which benzene molecules can be condensed remained
inchanged. Hence, less benzene molecules interact-
ing with adsorption sites but more benzene molecules

and can be ascribed to the condensation of benzene incondensed in the cavities of zeolites can be found. On
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NaYpy (Si/Al =26.4) (Fig. 3(a)), HF bands disappear no benzene adsorption on 12R windows is observed.

completely and PL bands are most intense. The aboveA pair of intense bands at 1962 and 1818¢frcorre-

results demonstrate clearly that the location of benzene sponding to PL bands, is seen on NaBeta (Fig. 4(d)).

on 12R windows depends strongly on the Si/Al ratio. This is because of the high porosity and the low num-

Both very high or very low Si/Al ratio disfavor the lo-  ber of counter-ions of NaBeta. Only part of benzene

cation of benzene on 12R windows. molecules which penetrates into the pores of this zeo-
lite interacts with counter-ions. The other part con-
denses in the pores or interacts with the large number

Effect of Zeolite Structure on the Location of Benzene of silanols present in this zeolite after pretreatment (Su
and Norberg, 1998).

Figure 4 depicts the spectra of benzene adsorbed on

a series of zeolites with different structures. The ad-

sorption of benzene on cations is observed for all four Effect of Coadsorbates on the Location of Benzene

zeolite structures studied. However, only on NaY _ _
(Si/Al = 3.4) (Fig. 4(c)), the location of benzene on Coadsorption of HCI. This was performed on a CsX

12R windows is detected. Although NaEMT and KL wafer in contact with 1.1 molecules of benzene per su-
zeolites have similar Si/Al ratio to that of NgYzeolite, percage. Figure 5 demonstrates the spectra of benzene
adsorbed on CsX upon coadsorption of HCI. Both the

LF and HF bands are observed on this zeolite in the
presence of benzene alone and HF bands are most in-
1818 tense (Fig. 5(a)). Upon coadsorption of HCI, the in-
I tensity of HF bands decreases while that of LF bands
1962 1842—| increases. In the presence of high numbers of HCI
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Figure 5 Change in IR spectra of-€Ho o p. Vibrations of benzene
Figure 4 IR spectra of benzene adsorbed on a series of zeolites adsorbed on CsX zeolite upon coadsorption of different amount of
with different structures, KL (a), NaEMT (b), Nay (c) and NaBeta HCI molecules per surpercage: 0.0 (a), 1.2 (b) and 3.5 (c). The
(d) at benzene saturation condition (a pressure of around 2.7 kPa of experiment was carried out on a sample wafer adsorbed around 1.1
benzene is presentin the i.r. cell and in contact with zeolite wafers). molecules of benzene per supercage.
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molecules in the IR cell (Fig. 5(c)), LF bands become
most intense. The above observation shows clearly a
migration of benzene from the 12R windows towards
the ions upon coadsorption of HCI.

Coadsorption of NH. The study was made on HY,
NaEMT, KL and NaBeta zeolite wafers with benzene
loading of 8.0, 20.5, 2.5 and 6.0 molecules per unit
cell, respectively. At the benzene loading used, all the
adsorption sites of these four zeolites are occupied by
benzene molecules according to Su and Barthomeuf
(1993, 1995) and Su and Norberg (1998). Figures 69
show the spectra of benzene adsorbed on HY (Fig. 6),
NaEMT (Fig. 7), KL (Fig. 8) and NaBeta (Fig. 9) upon
coadsorption of Ni. In the presence of benzene alone
(spectrum a of Figs. 6-9), only one pair of bands, as-
signed to the adsorption of benzene on counter-ions
(LF bands) is observed in these four zeolites. Upon
coadsorption of Nl both on HY (Fig. 6) and NaEMT

1 8I90
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1 1 1 1

2200 2000 1900 1800
Wavenumber (cm™")

Figure 6 Change in IR spectra of-€Ho op. vibrations of benzene
adsorbed on HY with introduction of increasing and known amounts
of ammonia molecules per supercage: 0.0 (a), 32.8 (b) and 120 (c).
The benzene loading used for this study is 8.0 molecules of benzene
per unit cell of HY.

1874,

2C|)14

Absorbance

2200 2000 1850

Wavenumber (cm™")

Figure 7. Change in IR spectra of-€Hq . Vibrations of ben-
zene adsorbed on NaEMT with introduction of increasing and known
amounts of ammonia molecules per unit cell: 0.0 (a), 99.6 (b), 153.2
(c) and 215.3 (d). The benzene loading used for this study is 20.5
molecules per unit cell.

(Fig. 7) zeolites, the HF bands appear while the LF
bands decrease simultaneously in intensity. The HF
bands become most intense in the presence of a high
number of NH in the IR cell (Figs. 6(c) and 7(d)).
This indicates clearly that the 12R windows become
adsorption sites for benzene and benzene molecules
migrate from cations towards the 12R windows upon
coadsorption of Nkl However, none of this migration

is observed either in KL (Fig. 8) or in NaBeta (Fig. 9).
Only the LF bands are present upon coadsorption of
NH3; and their intensities decrease due to the adsorp-
tion of NH3 on those zeolites which desorbs benzene
molecules. A large band at 1935 chis observed on
NaBeta zeolite and has been ascribed to the framework
overtones modification (Zecchina et al., 1995), which
indicates anincrease in lattice parameter and the defor-
mation of the framework. This deformation of zeolite
framework observed in NaBeta zeolite in the presence
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Wavenumber (Cm- ) Figure 9. Change in IR spectra of-€Hq o, Vibrations of ben-

zene adsorbed on NaBeta with introduction of increasing and known
Figure 8 Change in IR spectra of-€Ho o p. Vibrations of benzene amounts of ammonia molecules per unit cell: 0.0 (a), 1.0 (b), 3.0
adsorbed on KL with introduction of increasing and known amounts (c), 5.0 (d), 8.0 (e), 10.0 (f), 15.0 (g) and a pressure of 2.7 kPa of
of ammonia molecules per unit cell: (a): 0.0, (b): 12.3, (c): 30.4, ammonia present in the cell (h). The benzene loading used for this
(d): 48.4, (e): 75.5 and a pressure of 4.2 kPa of ammonia present in study is 6.0 molecules per unit cell.
the cell (f). The benzene loading used for this study is 2.5 molecules
per unit cell.

the HF bands become most intense. A large band at

1935 cntlis also observed, indicating the deformation
of NH3 does not modify the benzene adsorption be- Of the framework in the presence of @H; in the IR
haviour of this zeolite. cell. However, this is not observed on KL zeolite upon

coadsorption of Nl This leads us to suggest that the
Coadsorption of CHNH,. Figures 10 and 11 de- appearance of benzene adsorption on 12R windows of

pict the spectra of benzene adsorbed on KL (Fig. 10) KL zeo.Iite is very likely related to this deformation
and NaBeta (Fig. 11) upon coadsorption of 4Bt . of zeolite structure. However, on NaBeta, only thg
These studies were made equally on the KL and LF bands are detected and broaden upon coadsorption
NaBeta wafers in contact with 2.5 and 6.0 molecules of of CH?’N'_JZ.' no HF bands appear. The large banq at
benzene per unit cell, respectively, i.e. the saturation 1935 cnt is also present, '”d'c"?‘“”g the deformatlpn
of zeolite adsorption sites by benzene according to the of the framework of NaBeta zeohtg upon coadsorption
previous work of Su and Barthomeuf (1993) and of Su 9f CH3NH2.’ hqvvever no change in benzene adsorp-
and Norberg (1998). In the presence of benzene alonet’o" behaviour is observed.

(spectrum a of Figs. 10 and 11) only the LF bands are

present. Upon coadsorption of @KH, on KL, the HF Discussion

bands appear and their intensities increase with an in-

creasing amount of C#NH, introduced whereas the The benzene adsorption behavior in above zeolites
intensity of LF bands decreases simultaneously. In the is correlated with the negative charge on framework
presence of high amount of GNH> in the IR cell, oxygen atoms+{4Jo), the zeolite structure, and the type
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Figure 11 Change in IR spectra of benzene adsorbed on NaBeta
zeolite upon coadsorption of GNH, molecules per unit cell: 0.0
(a), 2.0 (b), 6.0 (c) and a pressure of 20 torr present in the cell (d).
This experiment was made on a NaBeta sample wafer in contact with
6.0 molecules of benzene per unit cell.

Figure 10 Changein IR spectra of benzene adsorbed on KL zeolite
upon coadsorption of different amount of giRH, molecules per
unit cell: 0.0 (a), 3.5 (b), 5.0 (c), 7.0 (d). This experiment was made
on a KL sample wafer in contact with 2.5 molecules of benzene per
unit cell.

and number of counter-ions. The negative charge on of benzene on 12R windows in the presence of benzene
framework oxygen atoms of all zeolites studied here alone in HY, NaBeta, Nay;, and NaYsy;, should be re-
was calculated by using Sanderson electronegativity lated to their low—3p value. Although the-§o value
egalisation principle (Sanderson, 1976) which was first of NaEMT and KL zeolites is very similar to that of
introduced in the field of zeolites by Mortier (1978)and NaYp, and NaY, no benzene adsorption on their 12R
is listed in Table 1. The adsorption behavior of ben- windows is observed. This suggests that the negative
zene in the series of zeolites studied here in the pres-charge on oxygen atoms is not the only factor domi-
ence of benzene alone and upon coadsorption of HCI, nating the location of benzene on 12R windows. Other
NH3 and CHNH, is summarized in Table 2. The cor- factors such as the shape and the flexibility of 12R
relation between the benzene adsorption behavior in windows are believed to strongly affect the benzene
these zeolites and their physico-chemical characteris- adsorption on 12R windows. On the other hand, in this
tics including the calculated average negative charge of calculation the negative charge calculated is only based
framework oxygen atoms of these zeolites shows that on the chemical composition of zeolites, the structural
the adsorption of benzene on counter-ions is a gen- factors such as bond angle and length are not taken into
eral trend, however, the location of benzene on 12R account in calculation.

windows is strongly dependent on the negative charge  NaX has a very high-§o value and the same struc-
on oxygen atoms. The highdo value can enhance ture as NaY. However, no benzene molecules are found
the interaction of hydrogen atoms of benzene with the on its 12R windows at least at high benzene loadings.
oxygen atoms of 12R windows. The lack of adsorption This is because in NaX, there arg S/, S, Sy, S
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Table 2 Benzene adsorption behavior observed in the zeolites studied.

Benzene adsorption

Upon coadsorption

Benzene alone HCI N CH3NH>
Zeolites C 12R C 12R C 12R C 12R
Nax XXx@ - - - x€  xxxP - -
CsX X XXXX  XXXX X - - — -
HY XXXX * — - * XXXX - -
LiY XXX XX - - X xxxx? - -
NaY XXX XX - - X o - -
KY XXX XX — - — - - -
RbY XXX XX - - - - - -
NaYp,@ XXX XX - - X ook — -
NaYpy®  xx X - - X xxP - _
NaYpu? X * - - - - - -
NaEMT XXXX * - - X XXXX - -
NaBeta XXXX * — - XXXX * XXX b
KL XXXX * - — XXXX * X XXX
— No data.

*Trace or no observable.

aNumber of x represents relative amount of benzene adsorbed.

bFrom de Mallmann (1989).

and S sites for cations, 64 out of 86 Ndons occupy
half ofthe §, S/, S, and §- sites and 22 others locate
on §; and S’ sites which are near the 12R windows.
These Na ions interacting with benzene will hinder
the adsorption of benzene on 12R windows. At high
Si/Al ratio, the number of Naions is reduced and;S
and ;- are not occupied by Naions, resulting in this
hindrance effect not being present. Thg 8nd

respectively. The change in location of benzene on
CsXupon coadsorption of HCland on HY and NaEMT
upon coadsorption of Niiis related to this modifica-
tion. The—§g value of CsX is reduced upon coadsorp-
tion of HCI, the adsorption of benzene on 12R win-
dows is thus destabilized. Benzene molecules migrate
therefore towards the cations. On HY and NaEMT,
upon coadsorption of Nilthe—3o value is increased,

sites have recently been proved to be adsorption sitesthe 12R windows which are initially not the adsorp-

for benzene by Auerbach et al. (1996) usifgNMR

tion sites for benzene in the presence of benzene alone

technigue and molecular mechanics. We can also no-due to their low intrinsic negative charge on oxygen
tice the great difference of adsorption behavior of ben- atoms become indeed the adsorption sites for benzene
zene in NaX (Fig. 1(c)) and in CsX (Fig. 5(a)). Thisis and benzene molecules migrate from cations towards
due to the difference in the §o value between these the 12R windows. However, thedo value of NaBeta
two zeolites (Table 1) and weak interaction between is also strengthened upon coadsorption of ;Nitd
Cs' ions and benzene molecules compared to the inter- further upon coadsorption of GNH», a more basic
action between Naions and benzene molecules. The molecule, no benzene adsorption on 12R windows is
comparison of benzene adsorption behavior in these observed. This suggests that the lack of benzene ad-
two zeolites and the effect of the Na contentin CsX ze- sorption on 12R windows results from other factors.
olite have been previously reported (de Mallmann and The shape of the 12R windows in NaBeta is very likely
Barthomeuf, 1989). not compatible with the shape of benzene molecules. In
It is well-known that the adsorption of an acid or NaBeta, there are two types of 12R windows, one is in
a basic molecule can modify the negative charge on saddle shape and too smallg% 5.5,&) to be hosttore-
oxygen atoms which will be decreased or increased, ceive benzene molecules4 6.2 x 6.9 A). However,
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Table 3 Classification of zeolites with regards to the location of benzene on 12R windows.

Chemical Structural Location on
Category property property 12R windows Examples
1 Favorable Favorable Yes LiY, NaY, KY, RbY, CsX, NgY
2 Unfavorable Favorable No HY, NaEMT, NaYp;, NaYpy
3 Favorable Unfavorable No KL
4 Unfavorable Unfavorable No NaBeta

aUpon coadsorption of a basic molecule, the 12R windows can become adsorption sites for benzene.
bThe coadsorption of CkNH> induces the deformation of the framework, the 12R windows become
suitable for the location of benzene.

In any case, the 12R windows are not preferential adsorption sites for benzene.

the other one is large enough46 7.6 A). The absence s possible only when benzene molecule and 12R win-
of adsorption of benzene on 12R windows in NaBeta dows have the adapted chemical and structural proper-
zeolite is probably due to the fact that the 12 oxygen ties. The adsorption of benzene on the 12R windows
atoms are not in the same plane. Even though coadsorp-of the zeolites should be considered as an example of
tion of CHsNH, induces a deformation of framework, —molecule recognition. The chemical properties of 12R
the 12R windows in this zeolite are not suitable for ad- windows can be easily modified by the ion exchange
sorption sites for benzene. In KL, upon coadsorption and by the isomorphous substitution etc. The structural
of NH3z, no benzene adsorption on 12R windows is ob- compatibility can be also accommodated by introduc-
served and is probably due to its incompatible shape tion of a coadsorbate for several zeolite structures.
of 12R windows for benzene as in NaBeta. However, Regarding the benzene adsorption behavior, 12R
upon coadsorption of CHNH, the 12R windows be-  window zeolites can be classified into four different
come finally the adsorption sites for benzene. This is categories which are listed in Table 3. This classifica-
because of the important deformation of the frame- tion should be very useful in the design of new cata-
work in the presence of Ci#lH,. The presence of a  lysts and adsorbents used in the industrial treatment of
large band at 1935 cm proves this deformation. We  aromatics.
will discuss further elsewhere the origin of these broad
bands upon adsorption of methylamine. As a result of
this important deformation, the shape of 12R windows Conclusion
becomes compatible with the benzene molecule and
the adsorption of benzene on 12R windows becomes The present work reveals that the zeolite structure, the
possible. chemical composition of zeolites, the type and number
It has been observed from this work that the ad- of counter-ions and the coadsorption of an acid such as
sorption of benzene on the counter-ions located in the HCl or a basic molecule such as Nend CHNH, can
large cavities of 12R window zeolites is a general trend affect strongly the benzene adsorption behavior of ze-
because the chemical properties are often favourableolites. It shows also that the adsorption of benzene on
and there is practically no steric hindrance. This is a counter-ions is a general trend, however, the location
simple guest-host interaction and not controlled by the of benzene on 12R windows is dependent on both the
molecular recognition effect owing to the concept de- negative charge of oxygen atoms and the compatibility
scribed by Lhen (1997). However, in the case of the of the 12R windows with benzene molecules and is a
adsorption on the 12R windows, this does not occur in multi-interaction, i.e., six hydrogen atoms of benzene
all the 12R window zeolites because it is governed by molecules interacting simultaneously with six oxygen
both the chemical and structural factors. The adsorp- atoms of 12R windows. The adsorption of benzene
tion or fixation of benzene molecules on the 12R win- on 12R windows is probably governed by a molecular
dows, concerning a multiple interactions phenomenon, recognition effect, in which the substrate and adsorbent
is through the interactions of six hydrogen atoms of should involve the adapted chemical properties and
benzene molecules and six oxygen atoms of the 12R the compatible geometry such as in enzyme-substrate
windows. The adsorption of benzene on 12R windows systems. The adsorption of benzene on 12R windows
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could be an example of zeolites as solid enzyme and Adsorption with Acido-Basicity of (Cs, Na)X Zeolites Studied

zeolites can be referred to as zeo-enzymes.
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