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A merlinoite type zeolite with an enhanced Si/Al ratio (around 3.8) compared to known isostructural materials has
been synthesised hydrothermally from a gel with Si/Al=5 in the presence of tetraethylammonium and K+ cations.
The zeolite has been characterised by a number of techniques and in its calcined form the structure was refined from
synchrotron powder X-ray diffraction data [a=14.1291(10), b=14.1308(10), c=9.9274(5)Å, Immm]. The different
techniques reveal the enhanced Si/Al ratio of the zeolite. Tetraethylammonium is occluded within the tridimensional
small pore channels, forcing the K+ and hence the Al content to diminish by 30–50% compared to conventional
merlinoite-type zeolites. The thermal stability of the material is greatly improved, although if K+ cations in the
zeolite are exchanged by NH4+ the stability decreases as a function of the degree of exchange, suggesting a low
stability for the acidic form of merlinoite.

The SiO2/Al2O3 ratio (x) was varied between 6 and 14Introduction
(Table 1) and the M/(Si+Al ) was kept constant at 0.23 with

Merlinoite is a small pore zeolite characterised by a low Si/Al M= Na+ or K+. The concentration of TEAOH was varied
ratio and its tridimensional interconnected 8 member ring to keep the alkalinity constant at a (OH−−Al )/(Si+Al ) ratio
(8MR) channel system. While it is found in nature as a rare of 0.43. The H2O/(Si+Al ) ratio was fixed at 12.5.
mineral it has also been synthesised in the laboratory and The mixture was crystallised in Teflon lined 60 ml autoclaves
given different names including K-M and Linde W. All the heated at 140 °C under slow rotation (60 rpm). After cooling
natural and synthetic merlinoite-type zeolites reported so far down, the autoclaves the contents were centrifuged, and the
have a narrow window of Si/Al ratios in the range 1.5–2.4. resultant solids washed with distilled water until pH <9 and
On the other hand, even when synthesised in the presence of dried at 100 °C.
both inorganic and organic cations only inorganic cations
were found within the pores.1 Characterisation

It is well established since the original work of Barrer and
Phase purity and crystallinity were determined by conventionalDenny2 that the use of organic cations in the synthesis of
powder X-ray diffraction ( XRD) using a Philips X’Pertzeolites may result in products with an enhanced Si/Al ratio.
diffractometer (Cu-Ka radiation, graphite monochromator)In general the volume occupied by one occluded organic cation
provided with a variable divergence slit and working in thewithin the zeolite framework is much larger than that occupied
fixed irradiated area mode. In situ XRD measurements at highby an inorganic cation. This leads to a reduction in the counter
temperature were recorded on the same apparatus using ancation concentration within the zeolite pores and hence to a
Anton Parr HTK 16 camera provided with a 1 mm thick Ptlower AlO4/2− concentration in the framework. From a cata-
filament. Thermogravimetric analyses were performed on alytic standpoint this is important, since an increase in the Si/Al
Netzsch STA 409 EP thermal analyser in the range 293–1023 Kratio of zeolites generally enhances their thermal stability
with ca. 0.0200 g of sample, a heating rate of 10 K min−1 andwhilst although the concentration of Brønsted acid sites when
an air flow of 6 l h−1. C, H and N contents were determinedthe counter cations are H+ is decreased their acid strength is
with a Carlo Erba 1106 elemental organic analyser. Al and Kincreased. Here we present the synthesis and characterisation
contents were determined with a Varian SpectraAA-10Plus.of a merlinoite-type zeolite using potassium as well as tetra-
MAS NMR spectra of the solids were recorded on a Varianethylammonium cations in the nutrient gel. Incorporation of
VXR 400SWB spectrometer. The 29Si MAS NMR spectrathe large organic cations allows the crystallisation of a zeolite
were recorded with a spinning rate of 5.5 kHz at a 29Siwith a significantly higher Si/Al ratio and an enhanced
frequency of 79.459 MHz with a 55.4° pulse length of 4.0 sthermal stability.
and a recycle delay of 60 s. The 13C MAS NMR spectrum
was acquired with a spinning rate of 5 kHz at a 13C frequency
of 100.577 MHz with a 90° pulse length of 7.5 ms and a recycleExperimental

Synthesis
Table 1 Summary of the synthesis results

Amorphous silica (Aerosil 200, Degussa) was added to a 35%
aqueous solution of tetraethylammonium hydroxide (TEA+ SiO2/Al2O3 M+ Time/days Product
OH− , Aldrich, Na<2 ppm, K<60 ppm) and the resulting

6 K+ 35 amorphousmixture was stirred mechanically. To this mixture, a solution
10 K+ 14 MERamade by dissolving metal Al in TEAOH and KOH or NaOH 10 Na+ 7 beta+ANA

was added and the mixture was further homogenised mechan- 10 Na+ 34 ANA+beta
ically. The final gel composition can be expressed as 14 K+ 7 MER+beta

14 K+ 16 beta+MER
x SiO25Al2O35[0.20(x+2)+2]TEAOH5

aSample used for structure refinement. Contains #1% zeolite beta.
0.23(x+2) MOH512.5(x+2) H2O
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Table 2 Data collection and crystallographic parameters for merlinoite

Wavelength/Å 1.200511
2h range/° 10–80
Step size/° 0.01
Count time/s 2
Number of data points 6353
Number of reflections 647
Number of profile parameters 10
Number of structural parameters 38
Unit cell a/Å 14.1291(10)

b/Å 14.1308(10)
c/Å 9.9274(5)
Cell volume/Å3 1982.06(22)

Space group Immm
Residuals 5.58RexpRp 6.82

Rwp 8.69
Rb 8.29
x2 2.45

Fig. 1 Powder XRD pattern of as-made merlinoite. A small zeolite
beta impurity (#1%) is marked with an asterisk.

delay of 15 s. Both 29Si and 13C chemical shifts are reported
relative to TMS. The 27Al MAS NMR spectra were recorded Na+ yields a mixture of zeolite beta and analcime (ANA),
with a spinning rate of 7 kHz at a 27Al frequency of the presence of K+ in a gel with Si/Al=5 leads to a merlinoite-
104.218 MHz with a 10° pulse length of 0.5 ms and a recycle type zeolite having the characteristic XRD pattern shown in
delay of 0.5 s, and the chemical shift is reported relative to Fig. 1. We note however that a very weak peak at 2h#22.4°,
Al(H2O)63+ . The IR spectrum in the region of framework not belonging to merlinoite, was detected. In the synchrotron
vibrations (300–1900 cm−1) was recorded in a Nicolet 710 XRD data five additional very small and broad peaks were
FTIR spectrometer using the KBr pellet technique. also detected enabling us to identify this impurity phase as

zeolite beta. From the area of the peak at 22.4° the relative
XRD data collection and refinement proportion of the beta impurity was estimated as ca. 1%.

Structure-direction by inorganic cations7 appears frequentlyFlat plate high resolution powder diffraction data were
in the synthesis of zeolites with low Si/Al ratios, although itrecorded on a freshly calcined sample of high silica merlinoite
is less common for syntheses in the presence of organic(see Table 1), on station 2.3 of the Daresbury SRS using the
additives whose structure-directing ability usually surpassesparameters summarised in Table 2. The data were normalised
that of the alkali metal cations. It is notable that for verybefore Rietveld refinement3 was undertaken in the program
similar synthesis conditions but with lower Al content theGSAS.4 A model for the framework atomic positions was
products are zeolite beta irrespective of the type of inorganictaken from the structure reported by Bieniok et al.5 for a
cation present (Na+ , K+ or any mixture of Na+ and K+).9merlinoite of composition K10.3 [Si21.7Al10.3O64 ]. A manually
From Table 1, when the Si/Al ratio of the initial mixture isinterpolated background and a pseudo-Voigt6 function to
decreased to three or increased to seven using K+ cations thedescribe the peak shape were used. After initial refinement of
synthesis product is amorphous or a mixture of merlinoite andthe scale factor, cell parameters, zero point and the peak shape
zeolite beta, respectively. Thus, in the presence of tetraethylam-a small quantity of a zeolite beta impurity phase was observed
monium a relatively narrow window of compositions existsand excluded from the refinement. A difference Fourier map
for the synthesis of merlinoite.was calculated at this point which revealed two strong peaks

The chemical composition of the merlinoite-type zeolitewhich were tested as potassium sites and a number of weaker
produced in this work is presented in Table 3. For the unitpeaks assumed to be water molecules. The position of the two
cell composition, [C8H20N ]0.8H0.7K5.2[Al6.7Si25.3O64 ]·12H2O,potassium sites were found to coincide with two of the four
we need to introduce a minor amount of H+ to account for asites found from the work of Bieniok et al.5 The two K
small misbalance between the counter cations ( K++TEA+)positions were included into the model and refinement of their
and Al. The Si/Al ratio of our zeolite is found to be 3.8 andoccupancy together with the atomic positions and temperature
is significantly higher than that of previously reported merlino-factors led to agreement factors4 of Rwp=18.5, Rp=12.3. A
ite-type materials. It is noteworthy that in the absence ofsecond difference Fourier map was calculated at this point
tetraethylammonium K-M zeolite (a merlinoite-type material )revealing five strong peaks which were included into the model
could be synthesised from gels with an initial Si/Al ratio inas water sites. Refinement of the occupancy for these sites
the range 0.5–5, while the product of the synthesis had a fairlyshowed them to be stable in the refinement and that the
constant Si/Al ratio (1.5–1.7).7 To the best of our knowledge,quantity of extra framework water was close to that expected
reported Si/Al ratios for merlinoite-type zeolites are always infrom chemical analysis. However for OW(4) the maximum
the range 1.5–2.4 range. There is a wider variability for thepermitted occupancy was fixed to be 0.5 to eliminate unrealistic
natural mineral (Si/Al=1.6–2.4),10 than for the syntheticsymmetry related contacts. In the final cycles of refinement all
analogues (Si/Al=1.5–1.75,7 1.8–1.9,11 1.75,12 1.7,13 2.15).atomic positions and temperature factors (apart from the
Thus, merlinoite appears to be one of the so-called low silicatemperature factors for the extra framework water sites which
zeolites for which, typically, the Si/Al ratio is not only lowwere constrained so as to be equal ) were refined with the final

model converging to Rwp=8.69, Rp=6.82 and Rb=8.29
(Rexp=5.58). Table 3 Chemical composition of merlinoite

K Al C N H H2Oa TEA+,a
Results and discussion

Wt.% 8.2 7.3 3.00 0.48 1.4 8.88 4.33
The synthesis results presented in Table 1 show that K+ exerts Per u.c. 5.2 6.7 6.2 0.8 — 12.1 0.8
a significant structure-directing effect when the conditions

aFrom TGA (H2O<270 °C; TEA+>350 °C).
reported above are used. Whilst synthesis in the presence of
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Fig. 2 Variation of the orthorhombic unit cell volume of synthetic
and natural merlinoites as a function of their Al content.

Fig. 3 Thermogravimetric and differential thermal traces of as-made
merlinoite.but also constrained within a fairly small range of values.

Increasing the Si/Al ratios in such materials by direct synthesis
is generally difficult and may require the use of organic

ture of the exothermic maximum is around 75 °C higher thanadditives. Adopting this strategy under the conditions
that found for TEA+ compensating for AlO4− species in thedescribed in this work we have demonstrated that it is possible
zeolite beta framework,14 probably reflecting diffusional prob-to reduce the Al content of merlinoite by 35–50% compared
lems within the smaller pores of merlinoite. Notably, the waterto other reported synthetic materials. When the unit cell
content (ca. 12 H2O/u.c.) is nearly half that observed in othervolume of the merlinoite presented in this work is compared
natural and synthetic merlinoites (typically 20–24with those of other synthetic or natural orthorhombic mer-
H2O/u.c.),5,11,15 probably due again to the increase in Si/Allinoites in which K+ is the main counter cation a linear
ratio and to the large volume occupied by TEA+ . Morecorrelation between unit cell volume and Al content is obtained
conclusively, calcined merlinoite loses 11.6% weight up to(Fig. 2). From this correlation an expansion coefficient of
around 280 °C, which corresponds to around 15.5 H2O mol-0.155 for the isomorphous substitution of Si by Al in merlinoite
ecules per unit cell, i.e. a 25–35% reduction in the water uptakeis obtained.† The decreased unit cell volume of the merlinoite
that we must ascribe to a decreased hydrophilicity due to thepresented in this work confirms its lower Al content.
enhanced Si/Al ratio.As shown in Table 3, there is a significant amount of organic

The synthetic merlinoite reported here shows a very goodmatter within the final zeolite. The C/N ratio of our as-made
thermal stability. Calcination at 580 °C removes the organiczeolite is close to, although slightly smaller than the theoretical
cation with only a marginal loss of crystallinity (>90%value for TEA,8 suggesting that most of the occluded organic
retained). Furthermore, in situ XRD experiments in static airremains intact as TEA+ cations inside the zeolite pores. 13C
show a relatively good stability of the structure of the calcinedMAS NMR of as-made merlinoite shows two bands at d 51.5
material even up to 900 °C, although upon further heating atand 8.1 assigned to the methylene and methyl groups, respect-
1000 °C significant structure collapse occurs (Fig. 4). This isively, of TEA+ . Interestingly, in previous reports concerning
in stark contrast to the reported stability of a syntheticthe synthesis of merlinoite-type materials from gels containing
merlinoite containing Na+ , K+ and Sr2+ cations, which beganmixtures of K+ and tetramethylammonium (TMA+) or K+,
losing crystallinity at 350 °C.13 While the improved thermalNa+ and TMA+, no organics were found in the zeolite.1 The
stability can be in part attributed to the enhanced Si/Al ratio,conclusion drawn from these experiments was that this zeolite
we believe the cation content may also have a strong influencestructure could not accommodate the large TMA+ cations.
on the stability. Thus, after NH4+ exchange the stability isObviously, this is not the case since we have found the even

larger TEA+ in our final product. There are around 0.8 TEA+
cations per unit cell of 32 T atoms (T=Si or Al ) with the
amount of occluded K+ and the total cation content much
smaller than that required to balance the amount of Al
generally encountered in merlinoite, which forces the Si/Al
ratio of the zeolite to increase. Thus, it appears that encapsul-
ation of the large TEA+ cation within the zeolite pores is
responsible for the observed increase in the Si/Al ratio, in
agreement with other studies on different low-silica zeolites
containing large organic cations.7

Thermogravimetric and differential thermal analyses of our
merlinoite reported here in flowing air are in sharp contrast
to those previously reported for other merlinoites (Fig. 3). At
temperatures up to 270 °C there is a large weight loss associated
with an endothermic process that we attribute to the desorption
of occluded water. At temperatures above 350 °C there is a
smaller weight loss in an exothermic process centred at around
500 °C, assigned to burning of the TEA+ cations. The tempera-

Fig. 4 Crystallinity of calcined merlinoite determined by XRD at†The expansion coefficient is defined as a=(V
x
/V0-1)/x where x is the

molar fraction of Al and V
x

and V0 are the cell volumes for an Al different degrees of NH4+ exchange (indicated near each plot) as a
function of the temperature during in situ thermal treatment underfraction of x and 0, respectively. Here V0 is obtained from the fitted

linear correlation in Fig. 2. ambient air.
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Fig. 5 IR spectra of as-made (a) and calcined (b) merlinoite in the
framework vibrational region.

reduced inasmuch as K+ is exchanged by NH4+ (Fig. 4). This
seems to reflect a low stability of the acidic form of the zeolite.

The IR spectra of as-made and calcined merlinoite in the
Fig. 7 29Si MAS NMR spectra of as-made (a) and calcined (b) mer-framework vibrational range (Fig. 5) are very similar to that
linoite. For each material the upper trace is the experimental spectrumreported by Belhekar et al. for merlinoite containing Na+ , with the simulation and the deconvoluted components depicted in the

K+ and Sr2+ cations,13 confirming the isomorphism of both middle and bottom traces, respectively.
materials. However, there are significant blue shifts in the
spectrum of our material, in agreement with its enhanced Si/Al

material with Si/Al=2.1 clearly showed five lines implicitlyratio. This is particularly clear for the most intense asymmetric
assigned to n=0, 1, 2, 3 and 4, with the n=2 resonance beingstretching band which appears at 1046 cm−1 in our calcined
the most intense. These differences between both spectrasample and at around 1000–980 cm−1 in the spectrum given
[number and relative intensities of the Si(nAl ) resonances]in ref. 13 (reported at 1006 cm−1 for zeolite W by Breck).16
reflect the enhanced Si/Al ratio of our material. Actually,SEM photographs show an unusual habit for the crystallites
deconvolution of the spectra in Fig. 7 allowed us to calculateof merlinoite synthesised in this work (Fig. 6). Natural mer-
a Si/Al ratio of around 3.3 for both the as-made and calcinedlinoite typically appears as pseudo-tetragonal prismatic crystals
merlinoite materials presented here. This value, while slightlyelongated along the c-axis and terminated by orthorhombic
smaller than that found by chemical analysis, again confirmsprisms.10 Usually, synthetic merlinoite-type crystals have also
the enhanced Si/Al ratio of the zeolite. We note here that thean elongated prismatic shape.5,12,13 In contrast, most of the
chemical shift of every Si(nSi) resonance in the spectra incrystallites of the merlinoite presented here are not elongated
Fig. 7 is in good agreement with the values reported bybut appear to be cuboids of 1×1×1 to 3×3×3 mm3 . These
Belhekar et al.,13 while disagreeing with those in ref. 5 wherecuboids show flat and clean faces together with rough faces.
5–6 ppm low-field shifts are apparent for every resonance. AIn the few crystallites which do actually show a small elong-
calculation of the expected chemical shifts using the averageation, the rough faces are perpendicular to the direction of
TMOMSi angles given in ref. 5 and in this work (see below)elongation.
and using the equations of Thomas et al.17 [ for Si(0Al )] or29Si MAS NMR of the as-made and calcined merlinoite are
Radeglia and Engelhardt18 [ for Si(nAl )] shows there to be adepicted in Fig. 7. Three well resolved resonances at d −109,
very close agreement with our chemical shift values and−103 and −98 are clearly distinguished. There is also a low
suggests the spectrum in ref. 5 was misreferenced.intensity shoulder at lower field (d −93). These lines are

The 27Al MAS NMR spectra of the as-made and calcinedassigned to Si[4Si, (4−n)Al ] species with n=0, 1, 2 and 3,
merlinoites show a prominent resonance at d 58.3 and 58.6,respectively, and the one for n=1 is the most prominent one.
respectively, assigned to tetrahedral Al in the frameworkThe reported spectrum of a K+-containing merlinoite-type
(Fig. 8). No octahedral aluminium signals are detected, sug-

Fig. 8 27Al MAS NMR spectra of as-made (bottom) and calcined
Fig. 6 Scanning electron microscopy image of as-made merlinoite. (top) merlinoite. Spinning side bands are marked with an asterisk.
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Table 5 Framework bond distances (Å) and angles (°) with esds in
parentheses

Si(1)MO(1) 1.659(10) O(1)MSi(1)MO(3) 102.7(11)
Si(1)MO(3) 1.633(9) O(1)MSi(1)MO(5) 121.3(7)
Si(1)MO(5) 1.659(10) O(1)MSi(1)MO(6) 110.4(9)
Si(1)MO(6) 1.595(17) O(3)MSi(1)MO(5) 98.6(8)

O(3)MSi(1)MO(6) 119.4(9)
O(5)MSi(1)MO(6) 104.9(6)

Si(2)MO(2) 1.658(10) O(2)MSi(2)MO(4) 118.3(9)
Si(2)MO(4) 1.696(7) O(2)MSi(2)MO(5) 110.2(8)
Si(2)MO(5) 1.587(18) O(2)MSi(2)MO(6) 99.5(9)
Si(2)MO(6) 1.658(15) O(4)MSi(2)MO(5) 108.8(7)

O(4)MSi(2)MO(6) 105.7(7)
O(5)MSi(2)MO(6) 114.2(6)
Si(1)MO(1)MSi(1) 133.3(12)Fig. 9 Rietveld plot for merlinoite: experimental data (+), calculated
Si(2)MO(2)MSi(2) 143.9(14)(——) and difference ( lower trace). Tick marks represent the positions
Si(1)MO(3)MSi(1) 142.3(13)of allowed reflections. Note the excluded regions represent a small
Si(2)MO(4)MSi(2) 142.1(8)quantity (#1%) of a zeolite beta impurity phase.
Si(1)MO(5)MSi(2) 139.0(6)
Si(1)MO(6)MSi(2) 144.4(8)

gesting there is little, if any, dealumination occurring during
the calcination.

Structure Table 6 Extraframework atom distances (Å) with esds in parentheses

The true topological symmetry for the merlinoite framework Pair Frequency per unit cell
(structure code MER)19 is tetragonal, space group I4/mmm.12

K(1)MO(1) 2.731(18) 2However like Bieniok et al.5 we too observe that the refinement
K(1)MO(4) 3.071(14) 2is better in the orthorhombic subgroup Immm, although no
K(1)MO(6) 3.449(16) 4actual splitting of the peaks is observed in the diffraction
K(1)MOW(4) 2.449(20) 2pattern, with the deviation from the idealised tetragonal sym- K(2)MO(2) 3.002(19) 2

metry being much lower in our case (a−b=0.0017 Å cf. K(2)MO(6) 3.122(16) 4
0.1078 Å in ref. 5). This can be understood by the lower Al K(2)MOW(3) 2.818(22) 2

K(2)MOW(5) 2.870(32) 2and K content in our material which is again reflected in the
lower unit cell volume obtained here [1982.06(22) Å3 ] with
respect to the earlier reported materials (see Fig. 2 above).
The final Rietveld plot in Immm is given in Fig. 9 and the
final atomic positions in Table 4. Selected distances and angles possible to refine a more idealised model for this structure
for framework and extraframework atoms are given in Tables 5 whereby OW(2) was assigned to a K site and water molecules
and 6, respectively. In Immm two T-sites are present in the close to Wyckoff sites 2c and 2d [OW(1) and OW(4)] were
asymmetric unit both of which from the average TMO dis- constrained onto these positions since in the absence of this
tances (1.637 and 1.656 Å) are thought to contain the Al ions added condition the model is less stable. The refined potassium
in this structure. The two principal potassium sites seen in the content of ca. 6.2 and total water content of ca. 15.3 molecules
difference Fourier maps are observed to be close to the per unit cell are still close to that expected. However, it was
positions K(1) and K(2) found by Bieniok et al.5 noticeable that the framework bond distances and angles as

Since the refined occupancy for these two sites was found well as the temperature factors for the extraframework sites
to be close to that expected from chemical analysis the other were less satisfactory despite the fact that the agreement factors
sites found from analysis of the Fourier maps were assigned were comparable to the earlier model. For these reasons we
to water positions. We note however that one of the assigned have maintained our model with two K sites but can not rule
water positions, OW(2), is close to one of the sites suggested out the possibility that there is some disorder over the sites
in the earlier work to be a K position but refinement of this occupied by the extraframework atoms.
as a third K site led to a higher than expected potassium The merlinoite topology comprises an interconnected set of
content per unit cell and a lower water content. It did prove 8MR channels of different dimensions, ([100] 3.1×3.5 Å, [010]

2.7×3.6 Å, [001] 3.4×5.1 Å+3.3×3.3 Å)19 and directed along
each of the three principal crystallographic directions. Fig. 10Table 4 Positions of framework atoms, isotropic temperature factors

and occupancy for merlinoite (Si/Al=3.8) with esds in parentheses shows sections of the channel system along the [001] and [010]
directions illustrating the positions of the extraframework

Atom x y z Uiso/Å2 Occupancy sites. In Fig. 10(a), the K(1) sites ( large circles) can be
distinguished lying in the 3.3×3.3 Å channel with their coordi-Si(1) 0.1093(5) 0.2686(6) 0.1534(7) 0.0329(19) 1.0
nation made up by four framework oxygens and approximatelySi(2) 0.2585(6) 0.1135(5) 0.1588(6) 0.0339(20) 1.0
two water molecules. The K(2) position is found at the centreO(1) 0.1174(10) 0.3144(12) 0 0.016(5) 1.0

O(2) 0.2893(12) 0.1327(14) 0 0.103(8) 1.0 of the channel parallel to [010] coordinating to four framework
O(3) 0 0.2314(14) 0.1587(20) 0.046(4) 1.0 oxygens forming the eight ring window as well as to approxi-
O(4) 0.2486(12) 0 0.2123(11) 0.023(6) 1.0 mately four water molecules. The remaining extraframework
O(5) 0.1632(11) 0.1679(11) 0.1927(7) 0.056(7) 1.0 sites treated here as water molecules are found within theO(6) 0.1453(8) 0.3428(9) 0.2657(14) 0.036(4) 1.0

3.4×5.1 Å channel lying parallel to [001]. We postulate thatK(1) 0.1715(13) 0.5 0 0.177(9) 0.915(13)
the template in the as-prepared material may well reside inK(2) 0 0.3398(13) 0 0.047(9) 0.467(15)

OW(1) 0.5 0.4646(25) 0.5 0.120(8) 0.426(17) the relatively large cage formed by the crossing of this channel
OW(2) 0.5 0.5 0.2473(15) 0.120(8) 0.800(18) and the ones running along [100] and [010]. Monte Carlo
OW(3) 0 0.5 0.3310(25) 0.120(8) 0.919(15) type solids docking calculations undertaken using the Biosym
OW(4) 0 0.4746(26) 0 0.120(8) 0.5 Insight II software20 showed this to be a possible location forOW(5) 0.4140(17) 0.3442(17) 0 0.120(8) 0.631(12)

the template in this structure.
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thus lowering the amount of framework Al. The enhanced
Si/Al ratio of the zeolite is reflected by a number of character-
istics including blue shifts in the framework vibration bands,
a lower unit cell volume, a decreased distortion from the
tetragonal symmetry, a reduced hydrophilicity and an
improved thermal stability.
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