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Dibenzyldimethylammonium (DBDM) cations, singly fluorinated at the ortho, meta, and para positions
of the aromatic ring, have been investigated as structure-directing agents (SDAs) for the synthesis of
all-silica zeolites in fluoride media and compared with the nonfluorinated molecule. The nonfluorinated
DBDM cation can direct the synthesis either to an all-silica zeolite beta or to an all-silica zeolite ZSM-
50 with the EUO framework topology. Under the same conditions that DBDM gives zeolite beta, benzyl-
orthofluorobenzyldimethylammoniunmo{FDBDM) readily directs the crystallization of pure all-silica
ZSM-50 [Cmma a = 13.726(3) Ab = 22.171(5) A,c = 20.254(4) A]. Replacing-FDBDM by the
para fluoro derivative @-FDBDM) results in a much slower crystallization of ZSM-50 whereas no
crystalline product results if the meta fluoro derivative FDBDM) is added. Single-crystal diffraction
studies of selected ZSM-50 crystals prepared using DBDMaaRDBDM determine the location of the
template and of charge-balancing fluoride atoms bound to framework silicon atoms and included within
[4'5%67] cages in the framework. Furthermore, tWDBDM is found to order within the structure, with
the fluorine-containing aromatic rings occupying channel, rather than cavity, locations. Computer
simulations indicate how the position of fluorine in the SDA influences the template ordering.

Introduction soluble aluminosilicate species organize around SDAs, and
) . " . . these entities are thought to be able to act as building blocks
The “templating effect” of organic molecules in the . . .
. Lo . for the nucleation and growth of a particular zeolite pHfase.
hydrothermal synthesis of zeolites is based on the experi- . . . .
: ) . .~ Understanding the interactions between the organic and the
mental observation that there is a close geometrical relation- . : . .
X : . .._zeolite framework is, therefore, necessary to achieve tailored
ship between the internal pore space defined by the zeolite : .
. zeolite synthesis.
framework and the surface of the occluded organic mole- Nonbonding interactions between the SDA and the zeolite
cule!* Chemical interaction between the inorganic frame- cavity are dogr]ninated by those between hydrogen atoms at
work and th I rgani k I hrough h . .
ork and the occluded organic takes place through bot the surface of the SDA and the oxygens of the internal cavity

Coulombic and dispersive, nonbonding interactions. The .
dispersive forces are thought to play the decisive role in walls. For all of the diverse compounds that have been used
for zeolite synthesis, the character of the SBzeolite

matching of the organic species to the zeolite cavities. The . o : - : . .
. . . . . interaction is chemically similar. In this work we investigate
inclusion of organic molecules stabilizes the zeolite frame-

works under the conditions of hydrothermal synthesis so thatmg esﬁlcsgsozgzi]hcyslrgah;gzﬁrz(e;rllge fggrtgf% Srles cil;lzhgg%\ng
the organic species required to direct the crystallization of framework interalction) by replacin ,a roton b, a fluorine
zeolite materials are called structure-directing agents (SPAS). yrep gap y

. ) _atom. The size of a fluorine atom is only slightly larger than
The exact role of SDAs remains a matter of debate; water that of a hydrogen atom (the-cH bond length is 1.091 A:

that of C-F is 1.317 A), so that it is possible to replace
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poses, the €F bond is stable under hydrothermal synthesis Table 1. Chemical Analysis of C, H, and R
conditions, provided the pH and temperature are not too high. chemical analysbs(wt %)
The use of fluorinated organic molecules as SDAs for the SDA c H N
synthesis of molecular sieves has been overlooked until very™ papvc 71.98 8.76 535
recently. Zones et al. reported the use of complex SDAs for 73.40 7.70 5.35
the crystallization of SSZ-55, SSZ-53, and SSZ-59 by using ~ ©FDBDM 68.62 7.25 4.99
. ) & \We h 68.69 6.84 5.00
fluorinated as well as nonfluorinated templa ‘We have m-EDBDM 68.28 730 4.99
reported preliminary results of the use of fluorinated SDAs 68.69 6.84 5.00
in the synthesis of both aluminophosphates and zedftes. p-FDBDM 68.03 7.80 4.98

. ; 68.69 6.84 5.00
Here we report the detailed results of using mono-fluoro

derivatives of dibenzyldimethylammonium (DBDM) as

SDAs in the synthesis of pure silica zeolites. literature, we describe our DBDM-templated pure silica
We have studied the role of this SDA in the hydrothermal materials as pure silica ZSM-50.

synthesis of all-silica phases because the hydrophobic

character of fluorine-containing derivatives may make them Experimental Section
more suitable for the crystallization of hydrophobic all-silica
zeolite polymorphs rather than the more hydrophilic alumi-
nosilicate zeolites. Furthermore, contributions to the total lamine (Aldrich, +99%) drop by drop to a solution of benzyl

energy of the_ system due to interactio_ns with the nega_tive chloride (99%, Aldrich) orortho-fluoro-, metafluoro-, or para-
charge associated with framework aluminum may be avoideds;oro.-henzyl chioride (Avocado, 97%) with 10% of molar excess

in this way. The synthesis is performed in fluoride media iy ethanol kept in an ice bath. After 24 h at room temperature, the
because this reduces the concentration of connectivity defectsolution is removed under vacuum at 333 K and the resulting
in zeolite materiald® A fully connected silicate framework  dibenzyldimethylammonium chloride or benzylfluorobenzyldi-

is rendered negatively charged and, therefore, charge-methylammonium chloride is washed repeatedly with diethyl ether
balances the organic cation by the inclusion of fluoride ions and filtered. DBDMCI or FDBDMCI (-90% yield) are recovered.
that coordinate to silicon. DBDM has been selected as the The products have been characterized by chemical analysis (Table
SDA because of the ease of preparation of its fluoro- 1) @nd**C magic-angle-spinning (MAS) NMR (see the following).

derivatives and also its known ability to direct the synthesis The chloride salt was Converte.d into the Corres.pond'ng hydroxide,
. . . DBDMOH or FDBDMOH, by ion-exchange with an Amberlyst
of several high silica zeolite phases of low framework

; . L i IRN78 resin (exch. cap: 4 mequiv/g, Supelco). The solution of
density, the final product sglectmty being strongly dgpendent DBDMOH or FDBDMOH obtained is titrated wit 1 N hydro-
upon the synthesis conditions. For example, zeolite Heta, chjoric acid (Panreac) and phenolphthalein (Aldrich).

which has a three-dimensional channel system with 12MR  The synthesis gel was prepared by adding tetraethylorthosilicate
window apertures, zeolite ZSM-50,with a pore system  (Merck) to a DBDMOH or FDBDMOH solution with continuous
consisting of one-dimensional channels with a 10MR aperturestirring. Once the ethanol has evaporated, hydrofluoric acid
and “side pockets”, and zeolite ZSM-12with a one- (Panreac, 48 wt %) is added drop by drop. The resulting thick gel
dimensional channel system with a 12MR aperture, have all Was introduced into 15-mL Teflon-lined §tainles_s_steel autoclaves
been synthesized in its presence. It should be noted that ZSM-Which were heated at 408 K under static conditions for selected
50 has essentially the same silicate framework type as EU-Per0ds of time. The solid product was filtered, washed, and dried
1, prepared earlier by Casci et al. using the hexamethoniumovemlght at 333 K. The chenjl_cal compositions of the dlffere_nt
> . . synthesis gels and the crystallinity of the product phases are given
ion as SDA!’ the structure of which was solved by Briscoe ;. tapje 2.

et al*® The framework topology code for these materials is  slig products were first characterized by X-ray diffraction
EUO' The different charge distribution of the templates is (XRD) to determine the product phase. Initially a Seifert XRD
thought to influence the aluminum cation siting in ZSM-50 3000P diffractometer, using CuoKradiation and operating in
and EU-12°2! so in an attempt to be consistent with the Bragg-Bentano geometry, was used. However, for samples of
ZSM-50 the patterns were strongly affected by the preferred
orientation of their large prismatic crystals. To minimize these

a All samples contain some watérTheoretical values in bold.

The synthesis of dibenzyldimethylammonium chloride and its
fluorinated derivatives was carried out by adding dimethylbenzy-
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1999 9, 59. density of the samples varies. The crystallinity of the solids was
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Table 2. Gel Compositions, Products of Hydrothermal Syntheses at 408 K, and in Parantheses, Crystallinity of the Products, Expressed as a
Percentage of the Most Crystalline Materials Prepared in This Work

experimental conditions crystallinity
SDA experiment SDAOH SDACI HF Si© H-O 7d 15d 30d 45d 63d

DBDM 1 0.54 0.26 0.54 1 4.60 B (98) B (100)

2 0.54 0.00 0.54 1 7.93 B (34) B (75) B (62)

3 0.44 0.00 0.44 1 7.93 E (7) E (11) E (100)
FDBDM 0-2 0.54 0.00 0.54 1 7.93 E (59) E (46) E (71)

M-2 0.46 0.08 0.46 1 7.93 A A A

P-2 0.54 0.00 0.54 1 7.80 E (6) E (10) E (8)

aB = beta zeolite; E= ZSM-50 (EUO type); A= amorphous material.

Table 3. Experimental Parameters of the Single-Crystal Refinements
of ZSM-50 Crystallized with o-FDBDM and Fully Protonated

DBDM Cations

Table 4. Atomic Coordinates, Fractional Occupancies, and
Equivalent Isotropic Displacement Parameters (& x 10%) for
ortho-Fluorodibenzyldimethylammonium ZSM-50

0-FDBDM—ZSM-50 DBDM-ZSM-50 X y z frac U (eq)
chemical formula  GsH19FN[Si2g0s6F] Ci16H20N[SizgOs6F] Si(l)  02113(1) 0.43268(8) 0.31343(8) 1 0.0211(5)
formula weight 1945.8 1927.85 Si(2) 0.3135(1) 0.37443(8) 0.43591(80 1 0.0223(5)
crystal system orthorhombic orthorhombic Si(3)  0.3862(2) 0.25 0.3846(1) 1 0.0256(6)
space group Cmma Cmma Si(4) 0.3886(2) 0.25 0.2335(1) 1 0.0263(6)
Z 4 4 Si(5)  0.3103(1) 0.37435(8) 0.19170(8) 1 0.0211(5)
a(d) 13.726(3) 13.771(7) Si(6) 0.2129(1) 0.43262(8) 0.07141(8) 1 0.0213(5)
o8 21713 22 0a011) S o SEED omm L ooum
I(oa, . . . .
\C,((A)fg) éggfé()“) 22532(2;10) Si(9a) 0 0.4728(8)  0.3269(5) 05  0.016(2)
diffractometer Ri ; Si(10) 0 0.5463(5) 0.4581(4) 0.5 0.023(2)
gaku MMO007, Rigaku MM007, .
with confocal optics with confocal optics S!(8b) 0 0.550(1) 0.1813(9) 0.5 0.029(4)
emperaure () 93 s SOy 0 pamsg osew o5 ooy
| . . . .
foi';)no o %97 ;8473 (1)6732773 F(n)  0.443(1) 0317(1)  0.279(1) 0.25 0.061(6)
> 0o(1) 0.25 0.5 0.3060(5) 1 0.057(3)
reflections
. 0(2) 0.0946(3) 0.4312(20 0.3178(30 1 0.038(1)
independent 2255 2081 O(3)  0.2409(5) 0.3941(3)  0.2513(3) 1 0.056(2)
observed O(4) 0.2544(5) 0.4021(3) 037703) 1  0.071(2)
reflections O(5)  0.3393(50 0.3068(3)  0.4204(3) 1 0.064(2)
(I > 20l) o®6) 05 0.25 0.3968(5) 1 0.063(4)
20 range 1.84-25.35 2.0£25.35 O(7)  0.3595(6) 0.25 0.3093(3) 1 0.064(3)
R1( > 20l) 0.083 0.098 O(8)  0.3325(5) 0.3047(2)  0.1969(3) 1 0.047(2)
R1 (all data) 0.109 0.137 0(9)  0.2531(4) 0.3849(2) 0.1238(2) 1 0.038(1)
largest diff. e 2.36,—0.909 0.922:-0.635 0O(10) 0.4062(50 0.4134(3)  0.1921(3) 1 0.070(2)
density (eA~3) O(11) 0.25 0.5 0.0892(3) 1 0.031(1)
0(12) 0.25 0.3757(4) 05 1 0.067(3)
O(13) 0.4074(4) 0.4128(3) 0.4491(3) 1 0.070(2)
for the zeolite beta and at 224.5 2@ for zeolite ZSM-50. In 882; g-g957(3) 00-245287(2) 00-20175%2(((5) N 006%%%%)
each_ case th_e signal was corrected for dlffusg scattering and the 0(16) 0.25 0 4132(3) 0.0000 1 0.03 4(2)
packing density and related to the most crystalline sample prepared o(17) 0 0.5157(7) 0.0193(7) 0.5  0.049(4)
in this work. 0(18) © 0.5275(6)  0.1052(7) 0.5  0.035(3)
In addition, the materials were characterized by thermogravi- ©(9) 0 0.4931(80  0.1511(9) ~ 0.5  0.055(4)
metric analysis (TGA; Perkin-Elmer TGA7 instrument, heating rate 8@% 8 g'ggéiggg 8%32283 82 g'gggggg
20 °C/min, air flow 30 mL/mi_n), chemical a_nalysis (Perkin-Elmer  o22) o 0:5297(7) 0:3522(7) 05 0:036(3)
2400 CHN analyzer), scanning electron microscopy (SEM; JEOL 0(23) 0 0.4887(7) 0.4733(7) 0.5  0.049(4)
JSM 6400 Philips XL30 operating at 20 kV), and MAS NMR  O(24) 0O 0.4986(8)  0.3997(8) 0.5  0.051(4)
(Bruker AV 400 spectrometer, using a BL7 probe #8i and'3C N(1) 0 0.25 0.1878(6) 1 0.039(3)
d a BL2.5 probe fol°F). 29Si spectra were acquired using pulses e 0 0.3042(8) 0.2440(9) 05 0.024(%)
andablz.opl 7ol sp a gp C(2) 0.088(1) 0.2788(7) 0.1894(7) 0.5  0.034(3)
of 3.3 us (to flip the magnetizations88 rad) and a recycle delay c@d) 0 0.301(1) 0.125(1) 05  0.034(5)
of 240 s.13C cross polarization (CP) spectra were recorded using C(31) 0 0.2765(8) 0.3120(8) 0.5  0.022(4)
72 rad pulses of 4.5:s and a recycle delay of 3 s. For the ggg 8-832(51()9) 8%2 8-%22%)) 1 8821((3
acquisition of the!3C and?°Si spectra, the samples were spun at : ; ) ;
_ C(34) 0 0.25 0.439(2) 1 0.17(2)
5—5.5 kHz at the magic angle. Fé¥ spectras/2 rad pulses of c(41) o0 0.25 0.063(1) 1 0.077(6)
4.5us recycled delays of 80 s and spinning rates of approximately C(42) 0.0874(9) 0.25 0.0297(6) 1 0.040(3)
20 kHz were used. C(43) 0.086(1) 0.2825(7) —0.0290(8) 0.5  0.041(4)
F(42) 0.159(3) 0.25 0.056(2) 05  0.19(1)

Single-Crystal Crystallography. Crystals of as-prepared ZSM-

50 were selected from experiments 3 (protonated DBDM template,

63 days of heating) and O-2-DMDB, 63 days). These were

mounted on glass fibers and examined on a Rigaku MM007

diffractometer, using a Mo & high-brilliance rotating anode
equipped with Molymax confocal optics and an Xstream LT system. discussed in the following.

Data were integrated using CrystalClear. Structures were solved
using SHELXS and refined using SHELXL (Table?3)The final
list of atomic coordinates and selected bond lengths and angles for

aSi(7) is the average Si position of two locations for silicon atoms in
the two B chain configurations, each 50% occupied. These two locations
could not be refined independently.

O-2 are given in Tables46. Details of the refined structures are

(22) Sheldrick, G. M.SHELXL97 University of Gottingen: Gottingen,
Germany, 1987.
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Table 5. Selected Bond Lengths i-FDBDM —ZSM-502

bond distance (A) bond distance (A)
Si(1)-0(1) 1.591(2)  Si(7)-O(17) 1.82(2)
Si(1)-0(2) 1.604(5)  Si(7-0(18) 1.525(14)
Si(1)-0(3) 1.575(5)  Si(7)-0(14)x 2  1.571(5)
Si(1)-0(4) 1.570(5)  Si(7)—-0(17) 1.465(17)
Si(2)-0(4) 1.568(5)  Si(7)-0(19) 1.764(18)
Si(2)-0(5) 1573(2)  Si(8AYO(10)x 2  1.566(17)
Si(2)-0(12) 1.564(5)  Si(8AYO(19) 1.56(3)
Si(2)-0(13) 1.568(5)  Si(8AYO(21) 1.59(2)
Si(3)-0(5) x 2 1.588(6)  Si(OAYO(2)x 2  1.604(11)
Si(3)-0(6) 1.581(3)  Si(9AYO(21) 1.58(3)
Si(3)-0(7) 1.570(7)  Si(9AYO(24) 1.581(19)
Si(4)-0(7) 1.586(7)  Si(8BYO(10)x 2  1.532(18)
Si(4)-0(8) x 2 1.616(5)  Si(8B}O(18) 1.62(3)
Si(4)-0(15) 1.573(4)  Si(8BYO(20) 1.64(3)
Si(4)y-F(4) 1.91(2) Si(9B}0(2) x 2 1.587(2)
Si(5)-0(3) 1.599(5)  Si(9BYO(20) 1.58(2)
Si(5)-0(8) 1.577(5)  Si(9BY0O(22) 1.63(2)
Si(5)-0(9) 1.600(6)  Si(10YO(13)x 2  1.571(8)
Si(5)-0(10) 1577(6)  Si(16}O(23) 1.592(18)
Si(6)-0(9) 1597(2)  Si(10y0(24) 1.587(19)
Si(6)-0(11) 1.619(2)  Si(1BO(13)x 2  1.594(8)
Si(6)-0(14) 1.611(5)  Si(1H0(22) 1.622(16)
Si(6)-0(16) 1593(2)  Si(1H0(23) 1.573(19)
Si(7y-0(14)x 2 1.571(5)

aFor static disorder in the framework (see text) the bond distances of
silicons to the appropriate oxygens are included. Si(7) is the average Si
position of two locations for silicon atoms in the two B chain configurations,
each 50% occupied. These two locations could not be refined independently,
so for Si(7), bond lengths around the two possible configurations are given.

Results and Discussion

Phase Selectivity as a Function of DBDM Chemistry.
The initial stage in the experimental strategy was to optimize
the conditions for the fully hydrogenated DBDM to exhibit
maximum structure-directing activity. The product phases
present were identified predominantly from the X-ray pat-
terns. We have previously observed that DBDM leads to the
spontaneous crystallization of all-silica zeolite b&tapti-
mum conditions for the crystallization of beta requiring low
temperature, high concentration of SDA, and low water
content (Table 2, experiment 1). Dilution of the gel and
reduction of the SDA concentration strongly decrease the
crystallization rate (Table 2, experiment 2). SEM (Figure 1)
shows the truncated tetragonal bipyramidal morphology
characteristic of beta zeolite, whose presence is identified
also from XRD (Figure 2). The crystals obtained from the
more diluted gel, sample 2, are larger and more elongated
than crystals of sample 1, obtained from the concentrated
gel. Further reduction in the SDA concentration effectively
inhibits crystallization of beta, and in its place a minor
amount of ZSM-50 is formed (Figures 1 and 2). The
selectivity of DBDM in producing one or the other of these
zeolites is strongly influenced by the reaction conditions;

Chem. Mater., Vol. 17, No. 17, 200877

Table 6. Selected Bond Angles of the Silicate Framework of
o-FDBDM —ZSM-502

angle angle
moiety (deg) moiety (deg)
O(1)-Si(1)-0(2) 111.0(2) O(14ySi(6)—0O(16) 109.0(2)
O(1)-Si(1)-0(3) 110.4(4) O(14ySi(7y—0(14) 113.4(4)
O(1)-Si(1)-0(4) 110.9(4) O(14ySi(7)—0O(17)x 2 116.0(3)
O(2)-Si(1)-0(3) 106.8(3) O(14ySi(7)—0O(18)x 2 116.7(3)
O(2)-Si(1)-0(4) 108.8(3) O(17Si(7y—0(18) 107.1(7)
O(3)-Si(1)-0(4) 108.8(4) O(14ySi(7)'—0(14) 113.4(4)
O(4)-Si(2)—-0(5) 109.7(4) O(14ySi(7)'—0O(17)x 2 116.0(3)
O(4)-Si(2)-0(12) 109.7(3) O(14Si(7)'—0(19)x 2 116.7(3)
O(4)—-Si(2)—0(13) 110.0(4) O(1AHSi(7)'—0(19) 114.1(8)
O(5)-Si(2)-0(12) 108.0(4) O(10)Si(8A)—0O(10) 110.5(17)
O(5)—-Si(2)—-0(13) 111.5(4) O(10)Si(BA)—O(19)x 2 111.0(9)
0O(12)-Si(2)—0(13) 107.8(3) O(10)Si(BA)—0O(21) x 2 105.6(10)
O(5)-Si(3)—0(5) 104.8(5) O(19)Si(8A)—0O(21) 112.9(18)
O(5)-Si(3)-0(6) x 2 109.3(3) O(2)ySi(9A)—0(2) 108.1(11)
O(5)-Si(3)—0O(7) x 2 110.4(3) O(2ySi(9A)—0(21)x 2 110.8(6)
O(6)—Si(3)—0(7) 112.4(5) O(2)Si(9A)—0(24)x 2 108.4(6)
O(7)—Si(4)—0(8) x 2 108.9(3) O(21)Si(9A)—0(24) 110.2(14)
O(7)—Si(4)—0(15) 118.1(5) O(13}Si(10)-Si(13) 108.0(9)
O(8)—Si(4)—0(8) 97.3(4) O(13)Si(10)-Si(23)x 2 112.5(5)
O(8)—Si(4)-0O(15) x 2 110.8(4) O(13)Si(10)-Si(24)x 2 107.3(6)
O(7)—Si(4)—F(4p 68.2(7) O(23)Si(10)-Si(24) 108.9(11)
O(8)—Si(4)—F(4p 79.8(6) O(10)-Si(8B)—0(10) 114(2)
O(15)-Si(4)—F(4y 74.5(7) O(10)-Si(8B)—0O(18)x 2 107.4(8)
O(3)-Si(5)—0(8) 109.5(3) O(10ySi(8B)—0O(20) x 2 109.4(8)
O(3)—Si(5)—0(9) 108.5(3) O(18)Si(8B)—0(20) 109(2)
O(3)—Si(5)—0(10) 110.1(4) O(2ySi(9B)—0(2) 109.8(13)
0O(8)—Si(5)—0(9) 107.2(3) O(2)Si(9B)—0(20)x 2 108.9(6)
0O(8)—Si(5)—0(10) 112.1(4) O(2ySi(9B)—0(22)x 2 109.9(6)
0(9)-Si(5)—0(10) 109.5(3) O(20}Si(9B)—0(22) 109.3(15)
0O(9)-Si(6)-0(11) 110.7(3) O(13ySi(11)-0(13) 105.8(8)
0O(9)-Si(6)—0(14) 107.2(3) O(13ySi(11)-0(22)x 2 111.8(5)
0O(9)-Si(6)—0(16) 108.3(3) O(13ySi(11)-0(23)x 2 108.6(6)
O(11)-Si(6)—0(14) 111.0(2) O(22ySi(11)-0(23) 110.0(10)
O(11)-Si(6)—0(16) 110.5(3)

aSi(7) is the average Si position of two locations for silicon atoms in
the two B chain configurations, each 50% occupied: bond angles around
the two possible configurations are given for Si(7). Siéf)d Si(7) refer
to the two different configurations around Si(?)Fluoride F(4) is present
at 25% occupancy.

yields are obtained over time periods during which the
organic molecules will resist degradation. The conditions of
experiment 2 fulfill these requirements and were, therefore,
chosen for the examination of the behavior of fluorinated
derivatives of DBDM as potential SDAs (Table 2).

The three mono-fluorinated derivatives of DBDM (o, m,
and p substituted) were used as additives in the same molar
ratio as in experiment 2. The details of the gel compositions,
together with the product phases at different times (as
identified by XRD) are given in Table 2 (experiments 0-2,
m-2, p-2). The results are clear and reproducilsd=DBDM
gives highly crystalline ZSM-50 whereasFDBDM gives
no crystalline phases under these conditions@R®BDM
gives only traces of ZSM-50 (Figure 3). Under exactly the
same conditions the nonfluorinated template gives zeolite
beta. Clearly both the inclusion of fluorine and its position

presumably because the nonbonding interaction energies o ivhin the ring strongly affect the structure-directing selectiv-

DBDM in zeolites ZSM-50 and beta are similar (the reported
calculated nonbonded energies ar®84 kJ/mol and-530
kJ/mol, respectively}* The strongest structure-directing
behavior of an organic is likely to occur under conditions of
relatively slow nucleation and growth but where reasonable

(23) Arranz, M.; Gar@, R.; Peez-Pariente, Btud. Surf. Sci. Catak004
154, 256.

(24) Stevens, A. P.; Gorman, A. M.; Freeman, C. M.; Cox, PJ.AChem.
Soc, Faraday Trans1996 92 (12), 2065.

ity and effectiveness of DBDM. The ZSM-50 crystals formed
in the presence of DBDM and-FDBDM (experiment 3)

are shown by SEM (see Figure 1) to be large and elongated,
with similar aspect ratios (ca. 5) and typical lengths of 200

um. The well-defined shapes are in direct contrast to those

observed from syntheses of ZSM-50 under alkaline condi-

tions, which are usually cuboidal or spherulitic and much

smaller?® The ZSM-50 crystals prepared in this work are,
therefore, suitable for single-crystal study.
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Sample-1 at 15d

Sample-2 at 30d

b) EUO-0-FDBDM

20 pm

a) EUO-p-FDBDM
Sample-1 at 1 Sd* Crystal size.

T T T T T T T 1

Exp. Length Width AR 5 10 15 20 25 30 35 40
(pm) (pm) 26
1 2 I ~2 Figure 3. XRD patterns of phases obtained with fluorinated DBDM as
2 2 12 02 the SDA at 63 days: (a) sample P-2, poorly crystalline ZSM-50, (b) sample
. 0O-2 (highly crystalline ZSM-50).
3 373 87 ~4
F
02 230 43 -5 | "
SAR® O
Sample-0-2 at 63d Sample-O-2 at 63d
-CH, -CH,
© CHy © “CHp
— — —

S00-grm

200pum - . ©)
A
Sample-3 at 63d Sample-3 at 63d b)

; Figure 4. 13C CP-MAS NMR of (a) DBDMCI salt, (b) DBDM beta sample
S 4 1 at 15 days, (c) DBDM-ZSM-50 sample 3 at 63 days, ())FDBDMCI

Figure 1. SEM of zeolite beta sample 1 and sample 2, ZSM-50 sample salt, and (ep-FDBDM—ZSM-50 sample O-2 at 63 days.

0-2, and ZSM-50 sample 3.

I ¢) EUO-DBDM
c)

b) Beta-DBDM b)
I 2) Beta-DBDM a)
5 10 15 20 25 30 35 40 -40 -60 -80 <100 -120
20 8 ppm

Figure 2. XRD patterns of phases obtained with DBDM as the SDA. (a) Figure 5. 1% MAS NMR of (a) sample 3 at 63 days, DBDNZSM-50,
Sample 2 at 15 days (beta), (b) sample 1 at 15 days (beta), and (c) samplgb) sample O-2 at 63 days;FDBDM-ZSM-50, and (c) sample 1 at 15
3 at 63 days (ZSM-50). days, DBDM beta.

Confirmation that the DBDM Species Are Included —114 ppm that can be observed in the spectra of the sample
Intact: *°C and F MAS NMR. Comparison of thé*C 0-2 (ZSM-50) is due to the fluorine atom bonded to aromatic
CP-MAS NMR spectra of the as-prepared zeolites and the carbon in the ortho positio#, 2 which is additional evidence
solid ammonium salts shows that DBDM aneFDBDM that indicates thav-FDBDM is occluded intact (Figure 5).
cations are present and intact within the as-prepared zeolitesThe 9 MAS NMR signal at low field corresponds to
(Figure 4). The resonance signals of thes@frbups appear  fluoride anions that compensate the positive charge of the
at 49 ppm, and those of the Gldroups appear at 73/8 SDA cations. The spectrum of the sample of beta-DBDMF

ppm; for theo-FDBDM an additional signal is detected from experiment 1 shows two signals-a70 and—37 ppm,
around 65 ppm, because the presence of the fluorine atom
in the ring renders the methylene carbons nonequivalent.(25) Rao, G. N.; Joshi, P. N.; Kotasthane, A. N.; Ratnasanyeplites
Aromatic carbons appear between 125 and 134 ppm and for,_ 1989 9, 483.

. . ., . 26) Simon, A.; Delmotte, L.; Chezeau, J. M.; Huve,@Chem. Commun.
the fluorinated cation there are two additional signals at 114 (26) 1997 3, 263.

and 161 ppm, the last one from aromatie-E 27) gleralta—Cruz, J.; Meza-Toledo, S.Magn. Reson. Chen2004 42,
F MAS NMR spectra of samples 2 (beta), 3 (ZSM-50), (28) Ariza-Castolo, A.; Guerrero-Alvarez, J. A.; Peralta-CruzMagn.

and O-2 (ZSM-50) are presented in Figure 5. The signal at Reson. Chen2003 41, 49.
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Figure 6. (a) TGA and (b) differential thermogravimetry (DTG) of zeolite beta sample 1, 15 days; (¢) TGA and (d) DTG of zeolite ZSM-50, sample O-2,

15 days.

which are thought to be from fluoride anions present in
cavities [45% and [#], respectively?® It is well-known that

the topology of zeolite beta can be described as the
intergrowth of two polymorphs, A and B, and even a third

polymorph C. Itis interesting to observe that the latter cavity
is present only in polymorph &.The cavity [45%] is present

in polymorph A or B, and from the spectrum of Figure 5 it

in this cavity. Both ZSM-50 materials show a signal-at6
ppm. This signal appears also in the clathrate nod&¥il,
where the fluoride is located in the'B#6?] cage. The EUO
framework topology is closely related to that of nonasil, and
this [4'5%6?] cage is present in both structures. Therefore,
fluoride anions should be located in these cages.
Chemical Analysis and TGA To Estimate the Amount
of DBDM in the Zeolite. Very little occluded water is found
by TGA (Figure 6) in the as-made samples of beta and ZSM-
50, as expected for hydrophobic pure silica zeolites. The

Figure 7. EUO framework topology, showing only the tetrahedral
connectivity for clarity.

300 and 400C, corresponding to removal of DBDM from
the channels. Chemical analysis shows a C/N ratio of 16,
suggesting that the DBDM cation is intact in the zeolite at
a level of four molecules per unit cell. ZSM-50 samples show
a small weight loss+{5%) whereas chemical analysis shows
an organic content of 12%. Even at 900 not all of the
organic is removed, presumably due to blocking of some of

prepared with fluorinated and nonfluorinated DBDM were
examined. The structural solution and refinement proceeded
in a similar way for both materials.

Structure solution was performed in the space group
Cmma as reported previously. This gave silicon and oxygen
framework positions that were at first glance as expected
for the EUO topology. However, there appeared to be

the one-dimensional pores by structural defects. Neverthelessgisorder within the framework. and extra-framework scat-

DBDM and o-FDBDM are also shown by the chemical
analysis to be intact (C/N 15.4 and 16.5, respectively) in

tering close to framework positions and within the pore
spaces, so these were investigated further. The reported ZSM-

the ZSM-50 samples, and there are, therefore, at least thre& strycture consists of silicate layers linked by units

DBDM cations per unit cell in both samples.

Structure Analysis of the ZSM-50 Samples.Single-
Crystal Diffraction. The framework structure of EU-1 has
been determined and refined previously from X-ray powder
data and refined from neutron powder diffraction data for
samples prepared under alkaline conditi&t®d.The single
crystals of the isostructural ZSM-50 obtained in this work
are of sufficient quality to permit a full structure solution
and refinement, giving details of cation location, fluoride

(29) Camblor, M. A.; Barrett, P. A.; laz-Cabdaas, M.; Villaescusa, L.
A.; Puche, M.; Boix, T.; Peez, E.; Soller, HMicroporous Mesoporous
Mater. 2001, 48, 11.

(30) Newsam, J. M.; Treacy, M. M. J.; Koetsier, W. T.; de Gruyter, C. B.
Proc. R. Soc. London, Ser. ¥988 420, 375.

(31) van de Goor, G.; Freyhardt, C. C.; Behren& PAnorg. Allg. Chem.
1995 621, 311.

comprising two [45%6%] cages that share the four-membered
ring. These double-cage pillaring units are arranged to give
intersheet 10MR channels parallel to [100], with side pockets
leading off the channel along [001] and [QQalternately.
This is shown, for clarity without oxygens, in Figure 7.
Within the layers, two different kinds of chains of silicate
tetrahedra run parallel to tleeaxis and link within the plane

of the layer, along [100]: a double chain of tetrahedra,
A-type, and a single silicate chain, B-type (Figure 8). Close
inspection of the single silicate B chains showed that there
are two possible locations for each oxygen atom linking
silicon atoms along the chain, and the silicon atoms Si(8),
Si(9), and Si(10) refine with strongly anisotropic temperature
factors, with residual electron density, either side of them.
Furthermore, for these B-chain silicon atoms the-Si
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0 9 o+ 0 0 o 00 o+ 0 0 disordered, in different domains throughout the structure.
Similar observation of two different configurations of a
; zeolite framework has recently been reported by Zones et
> 90+ 00 > 00 @0 ¢ al. for the pure silica polymorph of ZSM-23 (MT3.
Difference Fourier analysis of the data also enables the
. fluoride anion that charge balances the organic cation to be
88—+ 89 o €9 ¢+ 00— located in the [45%67 cages, as expected from the NMR
' (Figure 10). The occupancy of the site must be 0.25 to
balance the template charge, which corresponds to one per
s 90 + 90 + 90 9+ €0 “double cage” unit, disordered over the four sites. The exact
location of the fluoride will change the local bond lengths
and angles: by doing this it may consequently favor one of
o @ & ¢+ 0 & o+ 0 0 o+ 00 . the two possible B chain conformations in the adjacent layer.
No alternative space group symmetry that might result from
B A B ordering could be observed, suggesting that although there
o may be local ordering, these two features of the structure
}: %‘. are averaged over the different sites over space and/or time.
; The carbon and nitrogen positions of the DBDM SDA are
x also found directly within the structure, distributed over two
symmetrically equivalent positions and occupying space in
both sidepockets and channels (Figure 11). For atoms close
}:’ to the mirror plane, it is difficult to resolve symmetry-
v

9o o * 9 0 * 9 0 * 0 o *
0 & + @ 0 o 0 0 o 8 0
L 9 . *0 . 0 . o0 L]

I equivalent positions, giving rise to a slight amount of
apparent nonplanarity in the aromatic rings. Nevertheless the
position of the SDA is found unambiguously and is very
close to that predicted by energy minimization studies of
g Cox et al. for nonfluorinated DBDM? Furthermore, and
N }: _ .é‘: remarkably, the fluorinated ring is found to be located solely
: i % I Y i in the channel, rather than in the sidepocket. Attempts to
" x :"p N -& Z }«'. o!etet_:t f!uorine at the ortho position of the other arqma_tic
= L ring indicated that only hydrogen was present at this site.
& a This specificity in the fluorine location may go some way
Figure 8. Two different kinds of chains of tetrahedra run parallel toche O indicating how the fluorinated SDAs act differently than
axis in the silicate layers of structures with the EUO topology and link the nonfluorinated ones.

within the plane of the layer, along [100]: a double chain of tetrahedra, A . . . .
type, and a single silicate chain, B type. These tetrahedral are represented To _Conﬂrm_that the fluoride’s p0§|t|0n in the cage_s and
as medium-grey and dark-gray spheres, respectively. the disorder in the framework chain are not a function of

the SDA being fluorinated, the crystal structure of the sample
distances in the refinement differed widely from chemically from DBDM-containing gel was also examined. The same
reasonable values (]_—4_9 A) It was possib|e to sp|it each features of fluoride ion location, fluorine and framework
Si(8)—Si(10) into two sites and to link each split silicon to  disorder, and SDA location are observed, although in this
two of the four oxygen positions along the direction of the case it is only possible to split Si(10) into two positions in
chain. In this way two chain configurations, each with 50% the disordered chain, and as a resultSidistances from
occupancy, are observed and can be refined in a stable wayi(7), Si(8), and Si(9) are alternately too short (34549
with much more reasonable bond lengths (Figure 9). The A) or too long (1.79-1.89 A). In fact, these silicon positions
remaining silicon atom in the B chain was not as anisotropic Si(7)—Si(9) are an average of the two true positions of the
as Si(8)-Si(10) and so was left as a single site, even though Silicon atoms in each case.
the Si(7)-0(18), O(19) bond distances [1.525(14) and 1.764-  X-ray Powder Diffraction Confirms that the Materials Are
(18) A] suggest this position is also an average of two sites, Phase PureConstrained Rietveld refinement of the ZSM-
but they could not be refined independently. To check that 50 structure against the X-ray data was performed using the
this observation was not a result of too high a symmetry general structure analysis (GSAS) progfaiable 7). The
being chosen, structure solutions and refinements in alterna+efinements show that both samples consist of pure all-silica
tive space group€mn2, Cn2a, andC2mb consistent with ZSM-50: the measured structures for the single-crystal data,
the observed reflections and absences were also attempted,
but no improvement was observed in the fit. The same (32) zones, S. I.; Darton, R. J.; Morris, R. E.; Huang, Sl.Phys. Chem.

observation of two configurations for the B chain was made B 2005 109 652. .
9 (33) Andrews, S. J.; Casci, J. L.; Cox, P. A.; Shannon, M. 1Rth

) :_:iif.'{

for the ZSM-50 prepared with nonfluorinated DBDM. It may, International Zeolite Conferenc@altimore, MD, July 5-10, 1998;
therefore, be concluded that the high resolution of the single- 34 '\L/IaterlalsA Rgse\?rchDSOClletyF:{ \é\/;arrendlaée, PA, 199A9; 2|35_5.S

: . . : . arson, A. C.; Von Dreele, R. Bseneral Structures Analysis System
crystal diffraction experiment permits the resolution of two (GSAS) National Laboratory Report LAUR 86-748; Los Alamos

symmetry-related configurations of the B chain that occur, National Laboratory: Los Alamos, 2000.
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Figure 10. Difference Fourier analysis enables the fluoride anion that
charge-balances the organic cation to be located in th&*d4 cages
(represented here as a stereoview). Each fluoride position has 25%
occupancy, and the positions of Si, F, and O are average positions. Grey,
fluoride anions; white, oxygen atoms; black, silicon atoms.

Table 7. Crystallographic Data
0o-FDBDM—ZSM-50  DBDM—-ZSM-50

pattern @ range 5-80 5-80
step scan increment?  0.02 0.02
space group Cmma Cmma
Cell Constants
a(A) 13.7136(3) 13.7039(6)
b (A) 22.2022(5) 22.2171(5)
c(A) 20.2620(9) 20.2440(9)
Rup 0.1189 0.0802 Figure 11. Crystallographically determined location of the SDA within
Ry 0.0920 0.0620 the EUO framework (only the arrangement of tetrahedra is shown). The

fluorinated ring is located solely in the channel, rather than in the side pocket,
with each fluorine atom present at 50% occupancy (fluorine atoms and
fluoride anions in blue, carbon in black, and nitrogen in dark gray).

Geometrical Restraints
Si—0 (A) 1.60(0) 1.60(0)
0-0(A) 2.6(0) 2.6(0)

including fluoride ion position, SDA location, and disordered for the isostructural EU-1a =13.695(1) A,b = 22.326(1)
chains fit the observed powder data closely. Lattice cell A, andc = 20.178(1) A8 (Figure 12).

parameters oft = 13.7136(3) A,b = 22.2022(5) A,c = Computational Study. To understand the difference in
20.2620(9) ARup = 11.89%, andR, = 9.20% foro-FDB- structure-directing ability between DBDM and its ortho-
DMF—ZSM-50 (sample O-2 at 63d) arsd= 13.7039(6) A, fluorinated derivative and the observed location of the ortho-
b =22.2171(5) Ac = 20.2440(9) AR, = 8.0%, andR, fluorinated aromatic ring of the benzyl group in pure silica
= 6.2% for DBDMFZSM-50 (sample 3 at 63d) are in ZSM-50, a computational molecular-mechanics-based study
agreement with the lattice cell parameters reported previouslywas performed. Only the DBDM armsiFDBDM molecules
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a) Sample-3, EUO-DBDMF.

I I I I I T
*

b) Sample O-2, EUO-0-FDBDMF.
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Figure 12. Observed, fitted, and difference X-ray powder diffraction profiles of constrained Rietveld refinements for as-prepared samples of, above, DBDM
ZSM-50 and, belowp-FDBDM—ZSM-50.

were studied, because the location of the fluoride anions isto all the systems. The atomic charges inside the organic
known from the crystal structure refinement only for these SDA cations were calculated by the charge-equilibration
SDAs and not for thep-F andm-F derivatives. method®” under the constraint of a total net molecular charge
The structure of the organic molecules and their interaction of +1.

with the inorganic framework are described with the CVFF
force field?® with van der Waals and Coulombic terms; the

latter are calculated by Ewald summation. The zeolite
structuré® was kept fixed during all the calculations involving

SDA molecules, taking the average position of Si atoms with
half occupation. Periodic boundary conditions were applied

To determine which interactions are responsible for the
ordered arrangement of the fluorinated phenyl groups of
DBDM cations within the channel (rather than within the
sidepockets), three types of interactions must be considered,
separately or together: SDAsilica framework, SDA:-
SDA, and SDA:-fluoride ion. Modeling studies in which
(35) Dauger-Osguthorpe, P.: Roberts, V. A Osguthorpe, D. I.: Wolff, 3. one or more of these interactions are excluded can highlight

Genest, M.; Hagler, A. TProteins: Struct., Funct., Genet98§ 4, their relative importance.
21.

(36) Briscoe, N. A.; Johnson, D. W.; Shannon, M. D.; Kokotailo, G. T.;
McCusker, L. B.Zeolites1988 8, 74. (37) Rappe, A. K.; Goddard, W. A., IIJ. Phys. Chem1995 95, 3358.
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Figure 13. Relative orientation ob-FDBDM and fluoride anions in the simulations; (a) relative orientation of fluorinated SDA molecules (dashed white
lines indicate the channel location); (b) relative orientation of fluoride anions with respect to the fluorinated SDA molecules.

Model 1: “No-Fluoride”. We start first with a model in Two different locations are possible for tbetho-fluoro-
which no fluoride ion is present in the structure, which SDA in the EUO structure type: the phenyl ring carrying
focuses on the interaction between the organic moleculesthe fluorine atom can be located in the cavity (f-cav
and the zeolite structure. We label this model as no-fluoride. configuration) or in the channel (f-chan). Furthermore,
The net molecular charge of the SDA cations was compen-0-FDBDM molecules can be packed with fluorine atoms of
sated by the framework; charge-balance for the four (3DA) adjacent molecules facing each other (“face” configuration)
molecules in each unit cell was provided by decreasing or on opposite sides (“opp” configuration; see Figure 13a),
uniformly the atomic charge of each silicon atom, fret.4 giving rise to four different configurations of the SDA
(as in the CVFF force field for pure-silica zeolites) to molecules inside the framework. These four possibilities were
+2.3643. The initial locations of the SDA molecules were Sstudied for the ortho-fluorine derivative, and the resulting
the same as those obtained in the crystal structure refinementinteraction energies are reported in Table 8 (no-fluoride
four molecules were loaded in the unit cell. The final location Model). The location of the molecules from the computational
of the molecules was obtained by geometry optimization of Work was found to be essentially the same as measured in
the systems, and the interaction energies were calculated byhe experimental study.
subtracting the energy of four isolated (SDA)cations The calculated energies show that packing-6fDBDM
optimized in a vacuum from the energy of the interacting molecules is much more stable when fluorine atoms locate
system (framework- SDA molecules). on opposite sides (opp configuration), minimizing therA~
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Table 8. Calculated Interaction Energies, in kcal/mol per Unit Cell of Pure Silica EUO, for the Different Configurations and Models Described
in the Text?

No-Fluoride Model

o-FDBDM
f-cav-opp f-cav-face f-chan-opp f-chan-face
DBDM SDA orientation SDA orientation SDA orientation SDA orientation
total interaction energy —637.0 —638.5 —630.6 —642.6 —627.3
F~—SDA Model
o-FDBDM
f-cav-opp f-chan-opp
SDA orientation SDA orientation

M down F up F down F up F

down F- up F- orientation orientation orientation orientation
orientation orientation ss 0s ss 0s ss 0s Ss 0s
relat. Coul. energy +31.7 0.0 +30.1 +43.4 -0.8 +20.9 +7.6 +14.6 -29.1 -19.3

aThe zero point energy for the ' =SDA model has been defined as the interaction energy of the DBDM-up configuration.

electrostatic repulsion. However, locating the fluorinated ring zeolite structure, to include all the long-range ordered
in the cavity or in the channel does not introduce a noticeable electrostatic terms in the crystal.

difference in the interaction energy of the FDBDM Four different locations of the fluoride anions within the
molecule with the framework. This suggests strongly that [415¢6?] cavity are possible, known from the experimental
the ordering of fluorinated rings in DBDM within the  yegyits (see Figure 13b). These are symmetry equivalent with

channels rather than the cavities is not due to a destabilizingrespect to the framework but not with respect to the SDA
interaction with the framework atoms of theses cavities; in jons, and these four possibilities need to be evaluated

other words, there is enough space inside the cavity to hostindividually. We refer to them as “up” and “down”, “os”

the fluorinated benzyl ring. The failure of this model to (other-side) and “ss” (same-side) relative to the orientation
reproduce the experimental results seems to indicate that thQ)f the SDA molecule in the cage next to the fluoride position,
main reason for the preferred location of the fluorinated as detailed in Figure 13b. All these configurations were built
benzyl ring in the channel must be associated with the for DBDM and for the different orientations @tFDBDM,
presence of the fluoride anions, which are not accounted for and their electrostatic energies were calculated. The different
in the no-fluoride model. interaction energies are shown in Table 8FDA model),
Model 2: Including the Coulombic Effect of Fluoride lons taking as zero the energy for the DBDM-up case.
“F~—SDA". The next step was, therefore, to study the  First of all, results clearly show that, in all orientations of
influence of the fluoride anions on the location and orienta- the SDAs, the “up” position of the fluoride anions with
tion of the fluorinated SDAs. The location of the fluoride respect to the organic cations is much more stable than the
anions is known from the crystal structure refinement, and “down” one, probably due to a shorter distance of the fluoride
that of the SDA molecules is known from both the jon from the benzyl ring in the neighboring channel. In the
experimental and the computational work described above.DBDM case, the two sides (os and ss) in which fluoride
The shortest distance between fluoride and one of the SDAanions can locate are equivalent. However, the introduction
atoms is of~4 A so that the van der Waals interaction of a fluorine substituent in the SDA breaks this degeneration.
between fluoride and SDA is negligible compared to their The most stable orientation occurs when fluorine from the
Coulombic interaction. We have, therefore, formulated a new SDA and fluoride anion are on the same side (ss). The most
simplified model to estimate the electrostatic interaction stable configurations for each possible orientation of the
between fluoride and SDA ions, which we refer to as-F SDAs are shown in bold in Table 8. TleeFDBDM SDA
SDA'. In this model, the SDA molecules were positioned with the fluorinated ring in the channel (f-chan) shows now
in the same location as that derived in the no-fluoride casea pronounced stability with respect to the nonfluorinated
(for each of the SDA orientations) and the fluoride anions SDA and the fluorinated derivative in the f-cav configuration.
inside the [45%67 cavities in the positions known from the  This result is a clear indication that the higher stability of
experimental crystal refinement. Net atomic charges havethe ortho fluorine molecule when the benzyl ring containing
been assigned to each atom of the SDA molecules accordinghe fluorine atom is located in the channel is due to a
to the charge-equilibration method, and the formal charge stabilizing electrostatic interaction with the fluoride ions. In
of —1 has been assigned to the fluoride ions. We have thenthe no-fluoride model, the energy range separating different
calculated the electrostatic energy associated with thisorientations was of-15 kcal/mol; in the F—SDA model
distribution of charge. The framework atoms of the zeolite the energy range is 0f30 kcal/mol (taking into account
were removed from the calculation, to focus on the electro- only the most stable fluoride position for each configuration
static interaction between SDA cations and fluoride anions of the SDAs in the structure, or up to 70 kcal/mol considering
in the required location for crystallization of ZSM-50. The all the F locations); this comparison strengthens the
periodicity of these models was the same as that for the conclusion that it is the electrostatic interaction that is
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fluorine in channel fluorine in cavity

Figure 14. Relative orientation ob-FDBDM and fluoride anions in the EUO framework. Left: f-chan (see text) and fluoride in the most stable position
(ss) in the “up” configuration. Right: f-cav (see text) and fluoride in the most stable position (ss) in the “up” configurat{bludj and G (grey) atoms
of the C-F bonds and fluoride anions (blue) are displayed as balls (dashed white lines indicate the channel location).

responsible for the ordering of fluoride and SDA ions in the molecules toward the “f-chan” configuration, in such a way
structure. as to maximize the stabilizing interaction between the
The introduction of fluorine in the SDA molecule induces positive part of the €-Fc dipole and the fluoride anion,
the formation of a dipole between the carbon and the fluorine hence, stabilizing the system, which is the main factor driving
atoms of the new bond, with the carbon atom being positively the self-assembly of fluoride armdFDBDM ions toward the
charged and the fluorine atom negatively charged. The “f-chan-opp-up-ss” configuration observed experimentally.
experimentally observed stabilization of the system due to _
the introduction of fluorine in the molecule involves the Conclusions
alignment of the €F dipoles in the electrostatic field It has been found that the role of DBDM cations as SDA
generated by the fluoride ions. The=DBDM SDAs orient  for the synthesis of all-silica zeolites in fluoride media is
in such a way as to approach the positively charged carbonstrongly affected by the substitution of one hydrogen atom
atom (G) to the negative fluoride anion (F stabilizing  py a fluorine atom in one of the phenyl rings, and this effect
interaction) and move the negatively charged molecular has heen observed to depend on the fluorine positioning in
fluorine (Fc) away from the fluoride anions (f-destabilizing  the ring. All-hydrogen DBDM leads to the spontaneous
interaction). nucleation of zeolite beta, while the ortho-fluorinated cation
The relative locations of SDA and fluoride ions in the ajlows the crystallization of ZSM-50 (framework type EUO),
stable “up-ss” configurations are shown in Figure 14. The gnly traces of this phase are obtained for the para derivative,
closest £—F" distance (destabilizing interaction) is similar - and no crystalline products are formed for tme=DBDM
for both f-chan and f-cav configurations (5.98 and 5.92 A cation.13C and'*F MAS NMR show the cations to be intact
in the up-ss configuration, respectively); however, the inside the zeolite cavities, evidencing the stability of therC
stabilizing interaction between the positive carbon atoms andphond under the hydrothermal conditions present during the
fluoride anions is much more pronounced in the f-chan crystallization process. The electrostatic interaction between
configuration (the closesti(SF~ distance is 5.25 and 7.28  fjyoride anions and the SDA molecules plays a determining
A for f-chan and f-cav, respectively). The higher stabilizing role during the crystallization of the microporous material,

interaction between the fluoride ion and the-Edipole of  determining the orientation of the SDA molecules inside the
the o-FDBDM molecule when the ring containing the mijcroporous structure.

fluorine atom is located in the channel prevents the molecules
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