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Abstract 

Tin-containing, medium pore molecular sieves (S i /Sn  ratios above 40) with MEL structure have 
been synthesized hydrothermally and characterized by a variety of techniques. Changes in unit cell 
volume (XRD) account for about 20% of Sn 4 + ions in possible tetrahedral positions, l l9Sn MAS- 
NMR spectra, however, indicate that these are mostly in octahedral coordination. Framework IR 
spectra show an absorption at 970 cm ~ which is associated with S i -O-Sn  vibration. Despite the 
uncertainty of the environment of the Sn 4+ ions in the silicalite structure, these tin-silicates are found 
to be quite active in the hydroxylation of phenol and toluene with aqueous H202 as oxidant. The 
product distribution suggests that most of the Sn 4+ ions are located within the channels of the MEL 

structure. 

Keywords: Tin-silicates; Tin-MEL-silicalites; Sn-silicates synthesis; Hydroxylation on Sn-silicates; Oxidation 
with H202 on Sn-silicates 

I. Introduction 

The possibility of isomorphous substitution of  tin for aluminium in the flame- 
work of a number of zeolites such as faujasites, mordenite, ZSM-5, zeolite L and 
omega either by post-synthesis procedures [1-4]  or by hydrothermal synthesis 
[ 5,6 ] is suggested in the literature but has not been confirmed. Exxon has claimed 
recently the synthesis of stannosilicates of novel structures in presence of alkali 
metals and A1 or Ga, where Sn 4 + ions are reportedly octahedrally coordinated [ 6 ]. 
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Substitution of tin in molecular sieve zeolites is expected to impart certain properties 
which are useful in their application as adsorbents [6], as ionic conductors [7,8] 
and as catalysts in several hydrocarbon conversion processes [ 1-4]. Substitution 
of Sn TM for pV in the A1PO4-5 structure, for instance, is shown to generate Bronsted 
and Lewis acid sites [9]. Substitution of Si by Sn is not reported in the literature 
unless a trivalent element (e.g., A13 +) is present in the framework. In the case of 
Al-free MFI, only a few studies have clearly evidenced the incorporation of another 
tetravalent element like Ti 4 + [ 10] and Ge 4 + [ 11 ]. We have recently communicated 
the synthesis of Sn-containing silicalite-1 (MFI structure) and shown that some of 
the Sn 4+ ions may be in the framework positions [12]. Here, we present our 
findings on the synthesis of Sn-MEL silicates, their characterization by XRD, 
adsorption, IR and 29Si and 1198n NMR spectroscopy and their potential as catalysts 
(like the titanium silicalites) in the oxidation of phenol and toluene using aqueous 
H202 as oxidant. 

2. Experimental 

2.1. Synthesis 

The hydrothermal synthesis of Al-free tin-silicates was carried out using gels of 
the following molar compositions: 1.0 SiO2:xSnO2:0.40 TBAOH:30 H20, where 
x =  0.005 to 0.025 and TBAOH (BuaNOH) is the organic template. In a typical 
synthesis, 0.52 g of SnCI4" 5H20 (Loba Chemie, 99%) was added to a solution of 
15.3 g of tetraethyl orthosilicate (TEOS) (Aldrich, 98%) under stirring. After 15 
min, 18.7 g of TBAOH (40% aqueous solution, Aldrich) was added under vigorous 
stirring. This mixture was stirred for 1 h and 27.7 g of water was then added to the 
resultant clear solution and stirred for another 30 min. The homogeneous reaction 
mixture was charged into a stainless steel autoclave and heated at 433 K for 60 h 
for the crystallization to complete. After crystallization, the product was filtered, 
washed with deionised water, dried at 383 K and calcined at 773 K. The product 
yield was between 70 and 80 mass percentage. Four such Sn-silicalite-2 samples 
(Sn-Sil-2) with Si/Sn ratios of 40, 50, 70, and 100 were prepared. For comparison, 
a silicalite-2 (Sil-2) sample and a Sn-impregnated silicalite-2 sample were pre- 
pared. The latter was made by impregnating Sil-2 with SnC14 solution and then 
calcining at 773 K. An amorphous Sn-silica sample (Si/Sn = 70) was also prepared 
from the gel obtained by mixing thoroughly under stirring a solution of SnC14 • 5 H20 
with TEOS, drying, washing and calcining the resultant material at 773 K. 

2.2. Characterization 

Both AAS (Hitachi) and ICP (John Yvun JYU-38 VHR) instruments were used 
for wet chemical analysis of the samples. The Si/Sn ratios of the calcined samples 
were obtained by XRF (Rigaku, model 3070) technique. 
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The crystallinity and phase purity of the samples were checked from the X-ray 
diffraction profiles recorded in a Rigaku (model D Max III VC, Ni-filtered Cu Kc~ 
radiation and graphite monochromator) instrument in relation to the data reported 
by Fyfe et al. [ 13] for the MEL silicalite-2 sample. Silicon was used as internal 
standard for unit cell calculations at a scan rate of 0.25 ° 20 rain 1. The lattice 
parameters were refined using a least square fit. 

The sorption measurements for H20, n-hexane and cyclohexane were carried out 
gravimetrically in a (Cahn, 2000G model) electrobalance at 298 K and at a fixed 
P/Po of 0.5 after equilibration for 3 h. The surface areas and the micropore volumes 
were calculated from the N2 adsorption isotherms at partial pressures of less than 
0.1 using a Coulter (Omnisorb 100 CX) instrument. The mesopore areas were 
obtained from the t-plots of the adsorption data at higher partial pressures. 

The framework IR spectra of the samples were recorded in a Nicolet (60 SXB 
model) FTIR spectrometer using KBr pellets. XPS measurements were carried out 
in a VG Scientific ESCA-3-MK 2 electron spectrometer with A1 Ka  X-ray source. 
A binding energy of 285 eV for C I s level was used as internal standard. 

29Si MAS-NMR spectra were recorded at 59.6 MHz on a Bruker MSL-300 NMR 
spectrometer. 119Sn NMR spectra were obtained at 111.82 MHz. Typically around 
3000 transients were signal averaged before Fourier transformation. The chemical 
shifts (in the case of Sn) were referenced externally to tetramethyltin. 

2.3. Catalytic oxidation reactions 

The catalytic runs were carried out batch wise. In a standard run for phenol 
hydroxylation using aqueous H202 as oxidant, 10 g phenol, 1.0 g of the catalyst 
(particle size of 0.2 to 0.3/xm) and 20 g H20 were placed in the reaction vessel. 
After the required temperature of 348 K was attained, 4.6 g H202 (26% aqueous 
solution) was added through a feed pump. The product aliquots were taken out 
periodically for analysis in a capillary GC (HP 5880) fitted with a 50 m long 
silicon-gum column. For toluene oxidation, 200 mg of the catalyst was used for 
10 g toluene and acetonitrile (20 g) was used as solvent. The conversions are given 
as mol-% of the substrate consumed at a given time and limited by the initial 
substrate to H202 (mole) ratio of 3 in the reaction mixture. 

3. Results and discussion 

3. l. Crystallization, structure and morphology 

The XRD profiles of the Sn-silicate samples match well with that of Sn-free 
silicalite-2 sample (Fig. 1 ). All these samples are highly crystalline and belong to 
tetragonal space group I4m2 [ 13 ]. These are free from any MFI impurity. In the 
XRD patterns, the lines at 20= 9.05 ° and 24.05 ° (both these lines are characteristic 
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Fig. 1. XRD profiles of calcined silicalite-2 (MEL) sample (curve a) and Sn-silicalite samples prepared by 
hydrothermal synthesis with Si/Sn ratios of 40, 50, 70 and 100 (curves b to e, respectively). Inset: increase in 
the unit cell volume with Sn content in the samples. 

of MFI structure) are absent. Further, a peak at 20= 45 ° is present as a singlet. 
Compared to the XRD pattern of silicalite-2 sample, the Sn-silicate samples show 
somewhat broader peaks due to smaller crystallize size. Scanning electron micro- 
graphs of the samples (Fig. 2) indeed show that the crystalline particles are fairly 
uniform and of 3-5 /zm size in the case of Sil-2 and 0.2-0.5 /zm for all Sn-Sil-2 
samples. No other impurity phases are visible. 

During the crystallization, the uptake of tin into the silicalite network depends 
on the conditions of the preparation, particularly the pH of the gel which was 12.3. 
It is important that the reaction between SnCI4 and TEOS is complete before the 
addition of the organic base and that at such pH levels no hydroxide or oxy- 
hydroxide of Sn is precipitated. The chemical analysis (Table 1 ) of the calcined, 
crystalline Sn-Sil-2 samples shows that the Si/Sn ratio is almost similar to that of 
the gel. During the synthesis of Sn-silicalite-1 (MFI) in fluoride medium 
(pH = 6.3), we noticed that very large crystals of silicalite-1 were formed, appar- 
ently with no Sn incorporation into the structure [ 14] (vide infra). 

Table 1 shows the tetragonal unit cell volumes of the MEL-type Sn-silicates, 
Voc, which increases with the number of Sn atoms in the sample (total Sn per unit 
cell) (Fig. 1, inset). If at least a part of the tin is located within the framework of 
the silicalite-2 structure, such an increase should take place (Shannon ionic radii, 
0.55 A for Sn 4+ and 0.26 ,~ for Si 4 + ). Based on a theoretical calculation of unit- 
cell volume expansion, we estimate that one fifth of the Sn atoms are probably in 
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Fig. 2. Scanning electron micrographs of Sn-free silicalite-2 (a) and Sn-silicalite-2 sample with Si/Sn = 70 (b). 

the framework positions in these samples. A similar observation was made with 
our Sn-silicate-1 (MFI) samples [ 12]. 

3.2. IR spectra 

The framework IR spectra of three Sn-Sil-2 samples, the amorphous Sn-silica 
(gel) sample, Sn-impregnated Sil-2 and pure SnO2 are given in Fig. 3, curves, a-  
c, d, e and f, respectively. There is a clear shift of the wavenumber of the T -O-T  
lattice vibration ( 1110 cm-  1) towards lower values with increasing tin content per 
unit cell of the Sn-Sil-2 samples. An analogous shift observed for other MFI-type 
metallosilicates has been attributed to heteroatom incorporation into the MFI frame- 
work [ 15,16]. In addition, we also observe a shoulder at around 970 cm i in the 
IR spectra of Sn-Sil-2 samples (curves a-c) and amorphous Sn-silica (gel) sample 
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Table 1 

Composition and physico-chemical characteristics of Sn-silicalite-2 samples 

Sample S i /Sn  (mole ratio) VL,c Sorption capacity a (wt.-  119Sn Surface Mesopore Micropore 
%) N M R  h area area volume 

Gel Producff (~3)  H 2 0  Cyclo-  n- (6  (m 2 ( m 2 g  ' )  ( m l g  ~) 

hexane Hexane ppm)  g ~) 

Chem. XPS 

anal. 

Sn-Sil-2 40 41 39 5370 9.0 11.5 14.2 - 532 39 0.21 

Sn-Sil-2 50 49 44 5360 8.5 11.3 14.0 - 7 3 9  557 30 0.21 

Sn-Sil-2 70 63 65 5358 7.5 I1.0 13.7 - 7 0 5  554 35 0.25 

Sn-Sil-2 100 102 98 5349 7.2 10.5 13.5 - 7 4 0  506 56 0.18 

Sn- 70 70 10.6 12.7 12.5 - 530 256 0.12 

Silica 
(gel )  d 

Sil-2 c - 5345 4.0 8.0 12.4 387 7 0.15 

Sn- 50 50 - 8.6 4.0 9.8 - 6 0 4  467 54 0.15 

impreg. 
Sil-2 

~' Gravimetr ic  (Cahn  balance) adsorption at P/Po-  0.5 and at 298 K. 
b Chemical shift with respect to Me4Sn. 

c Calcined product. Bulk composition by chemical analysis and surface composition by XPS. 

a Amorphous sample, for comparison (see Section 2) .  

" Sn-free silicalite (MEL structure) for comparison, prepared according to the procedure given in US patent 
3 709 979 (1973) .  

(curve d). In silastannoxanes of the type, R3Sn-O-SiR'3, an intense IR band 
observed at 950-980 c m -  1 is associated with asymmetric stretching vibration of 
the S i -O-Sn group [17].  A similar observation for Ti- and V-silicates with MFI 
and MEL structures has been attributed to S i -O-M vibrations from the possible 
substitution of heteroatom (M) in the Si -O-Si  units [9,18]. In Sn-impregnated 
Sil-2 sample, no such vibration is noticed (curve e). Substitution of S n  4 +  cation 
within the oxygen framework of MFI was not evidenced in an earlier study [ 19]. 

3.3. Texture and sorption characteristics 

The N 2 adsorption isotherms at 77 K of Sn-Sil-2 samples are characteristic of 
microporous materials. The adsorption isotherms presented in Fig. 4 show clearly 
the textural difference between the crystalline, microporous silicalite-2, Sn-impreg- 
nated silicalite-2 and Sn-Sil-2(70) on the one hand (curves a,b and d, respectively) 
and the amorphous Sn-silica (gel) (curve c) on the other. The surface areas are in 
the range of 500 m 2 g -  l for all the Sn-samples as against a value of 387 m 2 g -  l 
recorded for Sn-free Sil-2 sample (Table 1). Difference in the particle sizes and 
presence of more defect sites in Sn-Sil-2 samples may account for this variation. 
The meso-pore (t-area) contribution calculated from the adsorption isotherms at 
higher partial pressures is rather small in all Sn-Sil-2 samples. For the amorphous 
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Fig. 3. Framework FT-IR spectra of Sn-Sil-2 samples with Si/Sn ratios of 50, 70 and 100 (curves a, b and c, 
respectively), amorphous Sn-silica (gel) (curve d), Sn-impregnated silicalite-2 (curve e) and SnO2 (curve f). 

Sn-silica (gel) sample, almost 50% of the surface area contribution comes from 
the mesopores (Table 1 ). Pure SnO2 has a low surface area. 
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Fig. 4. N2 adsorption isotherms at 77 K of silicalite-2 ( curve a), Sn-impregnated silicalite-2 (curve b ), amorphous 
Sn-silica (gel) (curve c) and crystalline Sn-Sil-2(70) sample (curve d). 
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One of the important properties of these microporous materials is their sorption 
characteristics. The micropore volumes are in the range of 0.15-0.25 ml g-1 for 
all the samples. The amounts of H20, n-hexane and cyclohexane adsorbed by these 
samples at 298 K and at P/Po of 0.5 are included in Table 1. From the amount of 
H20 adsorbed, it may be concluded that incorporation of Sn into the silicalite-2 
structure decreases the hydrophobicity of the samples. The comparable sorption 
capacities for n-hexane and cyclohexane between Sil-2 and Sn-Sil-2 samples indi- 
cate that the micropores (volumes) are maintained and that occluded SnO2-type of 
species may not be present in these samples. For the Sn-impregnated-Sil-2 sample, 
the sorption capacity for cyclohexane and n-hexane is somewhat lower. 

3.4. XPS and surface composition 

The X-ray photoelectron spectra of the samples showed typical doublets for Sn 
3d3/2 and 3d5/2 electrons with the binding energies of 494.2 and 485.8 eV, respec- 
tively, confirming the presence of Sn in 4 + oxidation state on the surface. The 
surface chemical compositions were calculated from the integrated intensities of 
Sn 3d and Si 2s peaks, taking the values of photoionisation cross sections of the 
photoelectron kinetic energy reported by Scofield [20]. The surface Si/Sn ratios 
of the samples compare reasonably well with the bulk composition of the samples 
(Table 1 ) and confirm the presence of Sn  4+ in the bulk of the samples. Extraction 
with conc. HC1 did not remove any tin from the samples, confirming the absence 
of Sn 2 + ions in our samples. 

3.5. 29Si and 119Sn MAS-NMR spectra 

T h e  29Si NMR spectra (Fig. 5) of the as-synthesized samples exhibit an intense 
resonance at - 112 ppm flanked by a low field signal at - 104 ppm (with respect 
to Me4Si). Upon calcination, the intensity of the low field resonance is reduced. 
The broad high field resonance is due to the Si(OSi) environment, which in a 
material synthesized using fluoride medium (pH 6.3) [ 14] shows the expected 24- 
fold crystallographic multiplicity of monoclinic ZSM-5 lattice. The resonance at 
- 104 ppm arises primarily from Si at the defect sites, containing SiOH, Si(OH)2 
and Si-O-R [21]. Si(1Sn) environment, even if present, is not detectable in the 
29Si NMR spectrum due to high Si/Sn ratio of the samples. Thus, 29Si MAS-NMR 
indicates merely the presence of terminal silanol groups at which site tin is possibly 
located, as further evidenced by l J9Sn MAS-NMR. Despite the high Si/Sn ratio of 
the samples, l l9Sn NMR signals are detectable owing to large sensitivity associated 
with the spin 1/2 of l l g sn  nucleus. They also allow us to probe the tin environment 
directly. In order to get a benchmark on the observed l l9Sn chemical shifts, tin 
NMR spectra were also recorded for a TEOS + SnC14 complex and a Sn-silicalite- 
1 synthesized in fluoride medium [ 14]. The former gave a band of signals in the 
range, - 622 to - 675 ppm, with an intense resonance at - 645 ppm. For the latter, 
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Fig. 5.29Si MAS-NMR spectra of as-synthesized ( bottom left) and calcined ( top left) Sn-Sil-2 ( 50 ) sample, l ]9 S n 
MAS-NMR spectra of calcined Sn-Sil-2(50) (bottom right) and Sn-Sil-2(70) (top right) samples. 

a sharp resonance was observed at - 6 0 4  ppm. This matches well with the tin 
resonance in pure SnO2 [ 22 ]. For the as-synthesized and calcined Sn-Sil-2 samples, 
we were able to detect l l9Sn resonance, although the signal to noise ratio was poor 
(Fig. 5). The l]9Sn signal is located in the range, - 7 0 0  to - 7 4 0  ppm for all the 
samples (Table 1). 

It may be noted that the octahedrally coordinated tin in pure SnO2 has a chemical 
shift of - 6 0 4  ppm. In many ternary tin oxides the octahedral tin environment 
resonates in the chemical shift range of - 4 5 0  to - 7 0 0  ppm [22]. For the octa- 
hedrally coordinated tin in the mineral sorensenite, a chemical shift value of - 706 
ppm has been noted [21]. Thus, there is an approximately 300 ppm range for one 
particular type of coordination for Sn 4 +, although the overall []9Sn chemical shift 



242 N. Kishor Mal et al. /Applied Catalysis A: General 125 (1995) 233-245 

Table 2 

Hydroxylation of phenol on Sn-silicalite-2 molecular sieves ~' 

Sample Phenol cony. b H202Sel. ~ Product distribution d (%) 

(mol-%) (tool-%) CAT HQ PBQ Tar 

Sn-Sil-2(50) 20.0 63.1 52.1 42.4 0.3 5.2 

Sn-Sil-2 (70) 17.2 54.1 51.8 43.2 0.2 4.8 

Sn-silica (gel) (70) 16.5 52.5 70.1 23.3 0.6 6.0 

Sn-impreg.-Sil-2(50) 1.0 3.0 67.0 33.0 - - 

SnO~ 0.5 1.5 65.0 35.0 - - 

Reaction conditions: c a t a ly s t / pheno l=  10 g m o l -  ~; solvent (water)  = 2 0  g; phenol/H202 (mole)  = 3; 

temp. = 348 K; reaction time = 24 h; addition of H202 in one lot. 

b Mol consumed for the formation all products per tool initially taken × 100. 

c H202 consumed (mol-%) for the formation of all products. 
d Break up (tool-%) of the products catechol (CAT), hydroquinone (HQ) and para-benzoquinone (PBQ) 

including tar. 
For similar amount of Sn as in the case of Sn-Sil-2(50). 

range spans several thousand ppm [ 23]. The observed chemical shifts for the as- 
synthesized and calcined materials are in overlap with the reported range for octa- 
hedral tin. In view of the much broader t l 9Sn  r e s o n a n c e  observed in these samples, 
we can ascribe tin to be octahedrally coordinated. It is then more probable to think 
of tin incorporation at or very close to the defect sites than of a tetrahedral substi- 
tution in the lattice. This conclusion is consistent with the observation that in the 
material synthesized under fluoride medium, there are practically negligible defect 
sites and the t t 9Sn  MAS-NMR is identical to that of SnO2 [ 14]. 

3.6. Catalytic activi~ 

Interestingly, these Sn-silicates are catalytically active in the hydroxylation reac- 
tions with aqueous HROR [ 12]. The hydroxylation of phenol and the oxidation of 
toluene are performed over two of the Sn-Sil-2 samples ( Si/Sn = 50 and 70) under 
one set of conditions. For comparison, blank reactions were carried out on pure 
S n O  2 and a Sn-impregnated silicalite-2 sample. The results (Tables 2 and 3) show 
that whereas S n O  2 and the Sn-impregnated silicalite-2 samples have negligible 
activity, the Sn-Sil-2 samples show fairly good activity in these hydroxylation 
reactions. In the hydroxylation of phenol, the conversions on the two samples range 
from 17 to 20 mol-% with HzOz selectivity of 54 to 63 mol-% (Table 2). Under 
similar conditions, the phenol conversions are 20 and 25 mol-% over Sn-silicate-1 
(MFI) and TS-1 samples, respectively, with H2Oz selectivity of over 65 mol-% 
[ 12]. For comparison, we have included the results on the catalytic activity of the 
amorphous Sn-silica prepared from the gel (see Experimental). A phenol conver- 
sion of 16.5 mol-% which is comparable to that with Sn-Sil-2(70) sample indicates 
that well-dispersed S n  4+ ions present in both the amorphous and crystalline Sn- 
samples are responsible for the catalytic activity. However, significant difference 
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Table 3 
Oxidation of toluene on Sn-silicalite-2 molecular sieves a 

243 

Sample Toluene H202 Product distribution d (%) 
c o n v .  b s e l .  c 

(mol-%) (mop 
%) 

o-Cresol p-Cresol m-Cresol Benzyl Benzaldehyde 
alcohol 

Others 

Sn-Sil-2(50) 7.6 45.2 5.0 8.2 1.6 10.2 72.2 2.8 
Sn-Sil-2(70) 7.2 43.1 4.1 8.8 1.2 11.5 71.4 3.0 
Sn- 5.0 18.3 8.0 29.0 0.5 32.3 26.0 4.2 
Silica( gel ) (70) 
Sn-impreg.-Sil- 0.5 1.5 nd c 70.0 nd nd nd 30.0 

2(50) 
SnO~ 0.0 . . . . . . .  

Reaction conditions: catalyst/toluene= 20 gmol ~; solvent (acetonitrile)= 20 g; toluene/H202 (mol )=  3; 
temp. = 353 K; reaction time = 24 h. 
b Toluene consumed (mol-%) in the formation of all products. 
c H202 consumed (mol-%) in the formation of cresols, benzyl alcohol and benzaldehyde. 
J Break up (mol-%) of products. 
e Not detected. 
f For similar amount of Sn as in the case of Sn-Sil-2 (50). 

in the product distribution between these two samples is noticed (Table 2). In the 
product distribution, a catechol to hydroquinone ratio of 1.2 for the two crystalline 
Sn-Sil-2 samples indicates a certain degree of shape selectivity which is not 
observed with amorphous Sn-silicate (gel) sample. It may be noted that a catechol 
to hydroquinone ratio of 0.9 to 1.1 has been reported for the titanium silicalites 
(TS-1 and TS-2) earlier [ 24]. These results indicate that in addition to being well- 
dispersed, the Sn 4+ ions are probably located within the channels of the MEL 
structure in the Sn-Sil-2 samples. 

Table 3 compares our results on the oxidation of toluene over the Sn-samples. 
Both SnO2 and Sn-impregnated Sil-2 samples show negligible activity. The Sn- 
Sil-2 samples are active in this reaction (7.2 to 7.6 mol-% conversion of toluene in 
24 h) and catalyze the hydroxylation of the aromatic molecules to give essentially 
o- and p-cresols (more para selective) as well as the oxidation of the methyl 
substituent to give benzyl alcohol and benzaldehyde in the product. In this respect 
the Sn-silicate molecular sieves appear to be similar to the vanadium silicalites 
(VS-2) [25]. Even though the amorphous Sn-silica (gel) is also active, the H202 
selectivity is poor. From the product distribution, it is seen that the side chain 
oxidation is more extensive with Sn-Sil-2 samples than with the amorphous Sn- 
silica. Presumably, the reason for the catalytic oxidative activity of the Sn-silicates 
is due to the reduction of isolated Sn 4 + to Sn 2 +, the Sn 2 + being oxidised back with 
H 2 0 2 ,  but further detailed studies are required before possible mechanisms of 
oxidation could be discussed. These Sn-silicate molecular sieves are thermally 
stable and can be regenerated after the reaction without significant loss of catalytic 
activity. 
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4. Conclusions 

Sn-silicalite molecular sieves (Si /Sn molar ratios>40) synthesized under 
hydrothermal conditions are very similar both structurally and texturally to silical- 
ite-2 (MEL type) material, with a part of the Sn 4 + ions probably in the framework 
positions. The formation of Si-O-Sn linkage is indicated in the framework IR 
spectra of the samples. The MAS-NMR studies indicate that most of the Sn species 
are octahedrally coordinated and that they are probably linked to the silicalite 
structure through defect sites. These are active in the hydroxylation/oxidation 
reactions. The hydroxylation of phenol and toluene with aqueous H202 is catalyzed 
by isolated Sn species. The observed product shape selectivity indicates that the 
active Sn species are located within the channels of the MEL structure. 
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