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Abstract: The three-dimensional microporosity of zeolite frameworks have allowed their widespread use
in industry as heterogeneous catalysts, absorbents, and ion-exchangers. While the phosphate analogues
of zeolites having up to 24 tetrahedral atoms in the pore openings are known, silicate-based zeolites have,
until now, been limited to 14-membered ring pore openings. We now disclose the structure and
characterization of the synthetic zeolite ECR-34, which can be prepared from a mixed alkali metal reaction
gel containing tetraethylammonium (TEA) cations. Its structure has been determined from powder diffraction
data and shows ECR-34 to be hexagonal with the dimensions a, b= 21.030(1) A, ¢ =8.530(1) A, containing
one-dimensional, 18-ring pores with 10 A diameter free openings. ECR-34 is stable to 800 °C and is able
to absorb and ion-exchange large organic molecules. The existence of ECR-34 suggests the potential of
preparing other thermally stable silicate molecular sieves with extra-large pores.

Introduction of silicates, their use in petrochemical applications has been
. . . . . limited. More recently, three new silicate zeolites, UTDQLT-
Zeolites dominate the catalytic conversion of crude oils to _g bl . .

. . . e 58 and OSB-1 containing 14-ring openings have been prepared.
fuels and lubricants and in the synthesis and purification of . . I )

. . - . While the beryllium silicate, OSB-1, is thermally unstable,
petrochemicals. They are sometimes used in detergent builder . o
; o . . .~ UTD-1 and CIT-5 represent the first thermally stable silicate

systems and are of increasing interest in the synthesis of fine

. . zeolites having pore openings larger than 12-ring openings.
chemicals. To manipulate larger molecules or support large gp P g g gop 9

) - S Zeolites are microporous oxides with structures of three-
organometallic catalytic moieties, larger pore systems than those . . L - - ;
: . . - - - dimensional frameworks containing silicon and aluminum oxide
available in conventional zeolites are required. Until recently,

. . . L tetrahedra and having uniform pore openings. Other metals
the pore openings of zeolites have been limited in size to 12 S
o capable of tetrahedral coordination such as B, Ga, Fe, Be, and
tetrahedral atoms. In the past 20 years, new families of

. " . Zn can substitute for aluminum in varying amounts. While there
aluminophosphatéand silicoaluminophosphate-badeablec- . e . o

) : . are several examples of zinc-containing microporous silicates,
ular sieves have been prepared having zeolite type frameworks

: : -~ . . such as VPI-22VPI-8 (and the isostructural SSZ-#}, VPI-
and properties. Like the silicate materials, both trivalent (Fe, 9.2 and RUB-174 and borosilicates, such as RUB-Eavin
Ga, B, etc.) and divalent (Be, Mg, Co, Mn, Zn, etc.) metals are ' ' ' 9

. ; ! no aluminosilicate analogues, there was only one reported
known to substitute for aluminum in phosphate-based molecular 9 y P

. . . gallium-containing silicate zeolite, TsG1% (and the isostruc-
sieves! The syntheses of microporous aluminophosphate ma- . o
. . : tural ECR-97), having no aluminosilicate analogue, even though
terials have led to the discovery of new structures with pore

openings larger than 12 tetrahedra, such as ALPQBJ-55 gallium is we_ll-knovyn to substitute into many alum|r_105|l|ca]t%s_.
. . a . The synthetic zeolite ECR-34,prepared from a mixed alkali
and cloverité. All of these materials contain mixed metal ion

coordinations (octahedral and tetrahedral aluminum), terminal (7) Ereyhardt, &, C; Tsapatsis, M. Lobo, R. F.; Balkus, K. J., Jr.; Davis, M.
hydroxyl groups, or other nontetrahedral framework groups, such () wagner, P.; Yoshikawa, M.; Lovallo, M.; Tsuji, K.; Tsapatsis, M.; Davis,

_ _ _ i ili i M. E. Chem. Commurl997, 2179.
as—OH, —F, and—OH,, that reduce their Stabllltjysmce these .. (9) Cheetham, T.; Fjelldg, H.; Gier, T. E.; Kongshaug, K. O.; Lillerud, K. P.;
large-pore phosphate materials do not have the thermal stability ~ * Stucky, G. T.Stud. Surf. Sci. CataR001, 135 788.
(10) Annen, M. J.; Davis, M. E.; Higgins, J. B.; Schlenker, JJLChem. Soc.,

. ) . Chem. Commuril99], 1175.
TPresent address: Materials Research Laboratory, Penn State University(11) Camblor, M. A.; Yoshikaw, M.; Zones, S. I.; Davis, M. Ezeprints—Am.

University Park, PA 16802. Chem. Soc., Di Petrol. Chem1995 40, 294.
(1) Davis, M. E.Microporous Mesoporous Matel.998 21, 173. (12) Zones, S. l.; Nakagawa, Y.; Lee, G. S.; Chen, L. Y.; Yuen, L. T.
(2) Wilson, S. T.; Lok, B. M.; Messina, C. A.; Cannan, T. R.; Flanigen, E. M. Microporous Mesoporous Matel998 21, 199.
J. Am. Chem. S0d.982 104, 1146. (13) McCusker, L. B.; Grosse-Kunstleve, R. W.; Baerlocher, C.; Yoshikawa,
(3) Lok, B. M.; Messina, C. A.; Patton, R. L.; Gajek, R. T.; Cannan, T. R.; M.; Davis, M. E.Microporous Mater.1996 6, 295.
Flanigen, E. M.J. Am. Chem. S0d.984 106, 6092. (14) Rthrig, C.; Gies, HAngew. Chem., Int. Ed. Engl995 34, 63.
(4) Flannigen, E. M.; Lok, B. M.; Patton, R. L.; Wilson, S. New (15) Vortmann, S.; Marler, B.; Gies, H.; Daniels, Ricoporous Mater1995
Developments in Zeolite Science and Technojddyrakemi, Y., lijima, 4, 111.
A., Ward, J. W., Eds.; Elsevier: Amsterdam, 1986; p 103. (16) Lee, Y.; Kim, S. J.; Wu, G.; Parise, J. Bhem. Mater1999 11, 879.
(5) Davis, M. E.; Saldarriage, C.; Montes, C.; Garces, J. M.; Crowdéya@lire (17) Vaughan, D. E. W.; Strohmaier, K. G. U.S. Pat. 5,096,686, 1992.
1988 331, 698. (18) Szostak, RMolecular Siees. Principles of Synthesis and Indentification
(6) Estermann, M.; McCusker, L. B.; Baerlocher, C.; Merrouche, A.; Kessler, Van Nostrand Reinhold: New York, 1989; p 212.
H. Nature 1991, 352, 320. (19) Vaughan, D. E. W.; Strohmaier, K. G. U.S. Pat. 5,455,020, 1995.
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Table 1. Sodium, Potassium, and TEA Syntheses in the Gallium Silicate System Showing Crystallization Time and Products Formed?

products®
no. TEA,0:Ga,0; K,0:Ga,03 Na,0:Ga,0; Si0,:Ga,05 H,0:Ga,0, time (days) 1 2 3
1 1.73 0.67 0.80 12 180 11 ECR-34 PAU
2 1.73 0.67 0.80 12 180 17 ECR-34
3 2.40 0.00 0.80 12 180 3 FAU
4 1.30 1.10 0.00 9 140 14 MER CGS
5 0.00 1.00 2.00 9 140 7 CGS MER ECR-34
6 0.80 1.60 0.60 9 140 6 LTL CGS
7 1.00 1.00 1.00 9 140 6 CGS ECR-34
8 3.00 1.85 1.85 20 300 12 CGS ECR-34

a All syntheses used aluminum-containing nucleant seeds such that 2% Ga was replacetiblAk= paulingite; FAU= faujasite; MER= merlinoite;
LTL = zeolite L; CGS= ECR-9.

metal reaction gel containing tetraethylammonium (TEA) the peak profile. Soft constraints were placed on the/Sa—0O bonds
cations, is the second new gallosilicate. This material was (1.67+ 0.02 A) and the tetrahedral-€D distances (2.7 0.05 A).

Or|g|na”y thought to have 12_r|ng pores, but we have determined Although the relative WEIght of these constraints could be reduced
its structure and found it to have 18-ring pores. throughout the refinement, they could not be fully removed and a final

soft constraint weight factor of 5 was used. Complete removal of these
Experimental Section constraints led to unreasonable interatomic distances and only reduced
the agreement factor, Rwp {>w(l, — 1%y wl.% 2 (I, = observed
intensity of each pointl. = calculated intensity of each point, and

w = weight factor), from 8.9 to 8.5%. The positions of the nonframe-
work cations were determined by difference Fourier mapping. Non-
framework cations were modeled as potassium atoms, and no attempt
was made to distinguish between the potassium and sodium atoms. If
unconstrained, the sum of electron density from the total occupancy
of the potassium atoms was slightly higher than that expected from
the sum of the sodium and potassium atoms found from elemental
analysis. Therefore the sum of potassium occupancies for K1 and K2
was constrained to match the electron density found from elemental
analysis for sodium and potassium. There were 3841 total observations
including 40 soft constraints with a total of 70 refinable variables. The
final agreement factors were Rw 6.4%, Rwp= 8.9%, and expected
Rwp = 7.0% (see Supporting Information Table S1).

Synthesis and Characterization A stock potassium, sodium gallate
solution was first prepared by heating K&HH,O (5.23 g, 0.080 mol),
NaOH (3.90 g, 0.096 mol), G&; (11.0 g, 0.059 mol), and 15.0 g of
H2O on a hot plate stirrer until gallium oxide dissolved. The solution
was slightly cooled and #D added to bring the weight of the solution
to 38.4 g. To a plastic beaker was added colloidal silica (49.9 g duPont
Ludox HS-40, 40% Sig 0.332 mol), 40% (TEA)OH solution (36.1
g, 0.098 mol), nucleant se€l§3.67 g of 13.33:1:12.5:267 Na:Al,Oa:
SiOz:H,0, 0.00057 mol of AIO3), potassium, sodium gallate solution
(18.1 g, 0.0277 mol of G&®s), 48% HSO, solution (1.44 g, 0.007
mol), and 25.8 g of kD. The order of addition of the ingredients delays
gel formation and allows for optimum homogenization. The mixture
was mixed with a spatula and then transferred to a 125 mL blender
and thoroughly homogenized. The gel was placed in a 125 mL Teflon
bottle and reacted in an air oven at 100 for 17 days. The white
product was filtered and washed with distilled water. The morphology Results and Discussion
of ECR-34 consists of 0510 um spherical- and irregular-shaped The synthesis of ECR-34 was first discovered during attempts
crystals containing terracelike steps of-8ID0 nm in size. Chemical to make the gallium version of ECR-28which is a low silica/
analysis was performed with a Thermo-Optics IRIS inductively coupled gjumina zeolite having the paulingite structure. It was found
plasma-atomic emission spectrometer. Thermogravimetric analysis Wasi ot three cations, sodium, potassium, and tetraethylammonium,
performed with a TA Instruments 2950 TGA. A sample of ECR-34 were necessary to synthesize ECR-34. Typical impurities
was calcined at 650C for 3 h in air toremove the organic template. . - N . .

identified were faujasite (FAU), merlinoite (MER), zeolite L

Temperature-resolved powder X-ray diffraction was collected with Cu Al .
Ko radiation and BraggBrentano geometry using a Scintag XDS- (LTL), ECR-9 (CGS), and paulingite (PAU) when the relative

2000 diffractometer equipped with an EdmunichBar high-temperature ~ @mounts of sodium, potassium, and TEA cations were varied
attachment. Gas adsorption was measured using an automated Cahfrom the optimum. (The three-letter mnemonics used in this
vacuum microbalance equipped with a furnace, gas inlet manifold, and paper are zeolite framework structure codes as assigned by the
MKS manometer. The calcined ECR-34 sample was first outgassed Structure Commission of the International Zeolite Associat®pn.
overnight at 400°C to a pressure less than>l 10* Torr before When any of the three cations are excluded from, or are not of
perfluorotrin-butylamine uptake measurement at room temperature. high enough concentration in the synthesis, it is not possible to

Structure Refinement. For Rietveld refinement a calcined/ | ,5ke ECR-34 (see Table 1). For example, in the absence of
gegﬁdﬁid ?E:Eli:fiE;Rliﬁe\’vaﬁhzefggnﬂﬁr;’f;ﬂ?:qjﬁig?otmn potassium, faujasite is made, or when sodium or TEA is

' a priary . P y removed, ECR-9, merlinoite, or zeolite L is obtained. The;SiO

powder X-ray diffraction pattern was measured at Beamline X-10B at 0 is also | Both | d hiah i0s bri
Brookhaven National Laboratory at a wavelength of 0.872 62 A from G&0; ratio is also important. Both lower and higher ratios bring

2t0 40.0 26 and a step size of 0.01The program GSAS was used in gallosilicate ECR-9 and other impurities. The addition of
to perform Rietveld refinement. The framework tetrahedral atoms and Nucleant seeds prevents the formation of zeglignd alternate
oxygen atoms were constrained to have the same isotropic thermalsilica sources such as silica gel and sodium silicate gave
parameters. A shifted Chebyshgfunction with 16 parameters was  mixtures of faujasite, ECR-9, and merlinoite.

used to fit the background, and a six-parameter pseudo-Voigt furfétion, ECR-34 can be synthesized from low-silica, nucleant-seeded,
gallia gels prepared from colloidal silica at a temperature of

(20) Vaughan, D. E. W.; Edwards, G. C.; Barrett, M. G. U.S. Pat. 4,340,573,
1982. (23) Thompson, P.; Cox, D. E.; Hastings, J.BAppl. Crystallogr.1987, 20,
(21) Larson, A. C.; VonDreele, R. BGSAS: General Analsysis Structural 79

SystemLos Alamos National Laboratory: Los Alamos, NM, 2000. (24) Véughan, D. E. W.; Strohmaier, K. G. U.S. Pat. 5,013,536, 1991.
(22) Handbook of Mathematical FunctionStegun, I. A., Abramawitz, M., Eds.; (25) Baerlocher, Ch.; Meier, W. M.; Olson, D. HAtlas of Zeolite Framework
U.S. Government Printing Office: Washington, DC, 1972. Types 5th ed.; Elsevier: Amsterdam, 2001.
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100°C for 17 days. A relatively pure sample of ECR-34 was
prepared from a gallium-containing gel of stoichiométry

1.73:0.67:0.8:(0.98,0.02):12:180:0.27 TEAK,O:Na,0:
(Ga,Al),0,:Si0,:H,0:Na,SO,

where TEA is tetraethylammonium. The calcined sodium,
potassium form of ECR-34 was found to be thermally stable to
>800°C by temperature-resolved powder X-ray diffraction (see
Supporting Information Figure S1).

The powder X-ray diffraction pattern for as-synthesized ECR-
34 was indexed with a hexagonal unit cell, dimensians
20.970(1) A andc = 8.611(1) A. Systematic absences in the
X-ray diffraction pattern indicated that ECR-34 belonged to one
of thre_e_ possible space_gro_u;ﬁ!ﬁgmc P62C'_ or Pé/mmc The Figure 1. Polyhedra found in ECR-34: lefalg cage also seen in PAU
gallosilicate ECR-$S which is orthorhombic and has the CGS  framework; right, open hexagonal prisms also seen in CGS framework.
framework, has am dimension of 8.64 A very close to the
dimension of 8.61 A for ECR-34. Also, the infrared spectra of although not the correct answer, gave a calculated pattern similar
both ECR-9 and ECR-34 are almost identical in the mid-infrared to the experimental pattern. Inspection of this model down the
region (400-1300 cn1?), characteristic of the structural groups c-axis revealed a projection that indicated the proper way of
of zeolite frameworks (see Supporting Information Figure S2). connecting the open hexagonal prisms into a hexagonal unit
These facts, and the fact that ECR-9 frequently cocrystallizes cell with the correct dimensions.
with ECR-34, strongly suggest that these two gallosilicates are  The structure of ECR-34 is built of open hexagonal prisms
structurally related, possibly containing the same secondary (see Figure 1), the same secondary building unit as that found
building units or polyhedra. in gallosilicate ECR-9 and cobalt gallium phosphat&-Bpth

Thermogravimetric analysis showed a 4.4% organic weight having the CGS structure. In the CGS framework, these
loss at 365°C and elemental analysis gave 17.8% Ga, 0.16% secondary building units are arranged in a manner to form an
Al, 22.4% Si, 2.24% Na, and 5.46% K. This represents a product grthorhombic cell with 10-ring pore openings having the
stoichiometry of dimensions of 3.5¢ 8.1 A, which is too small for hydrocarbons

) ) ] i i i i to pass through. The structure of ECR-34 is built from the same

0.54:0.37:0.12:[0.98,0.02]:6.1L,R:Na,0:TEAO: open hexagonal prisms but arranged in a hexagonal cell to form
[Ga,05,Al,04]:SiO,. one-dimensional channels having 18-ring openings with a

) ) diameter of 10 A. Gallosilicate ECR-34 is the first silicate
The TGA template weight loss at 38E is at a temperature  gjecular sieve having 18-ring pore openings.

typical for the loss of a tetraalkylammonium template from a
large pore. A sample of ECR-34 was calcined in air3d at
600 °C, and its density was measured in a pycnometer with
m-xylene and found to be 1.93 g/émafter correcting for the
amount of mxylene absorbed (6.0%) as measured by gas
adsorption. This represents a framework density of about 49
T-atoms per unit cell or about 15 T-atoms/(1008).A

Initial attempts to build hexagonal models of ECR-34 using
the open hexagonal unit of CGS did not generate any suitable
models. A method for trial framework generation which uses
simulated annealing to predict low-energy configurations based
upon geometric constraints derived from known silicate struc-
tures was developed by Deem and New&aamd extended by
Falcioni and Deerd Simulated framework annealing automati-

The coordinates of the tetrahedra atoms from the model were
taken and oxygen atoms placed at positions halfway between
the tetrahedral framework silicon atoms. This oxygen-containing
model was then subjected to geometric distance least-squares
refinement (DLSY° to optimize the coordinates using as input
a S0 distance of 1.67 A based upon a Si/Ga ratio of 3. The
DLS reliability index,Rors = {3 (W[D;® — Dj])%/3 (wD;°)%} /2
(D;° = prescribed interatomic distance of typ®; = calculated
interatomic distance of type andw; = weight ascribed to the
interatomic distance of typp, value of 0.0037 indicates that
this model has interatomic distances and angles consistent with
known silicate structures. The calcined dehydrated form has unit
cell dimensions of, b = 21.030(1) A,c = 8.530(1) A. The
. . - . results of the DLS refinement for the ECR-34 model using these
cally determines ways in which the required number of T-atoms dimensions were used as initial coordinates. Final atomic

can be ple_lced within the unit cell to generate V|at_)le zeolite coordinates and thermal parameters (with estimated standard
models. Since the space group and number of unique atoms

it cell of ECR-34 Id not be determined with certaint deviations) are given in Table 2, and the comparison of the
perltl.Jnll cetlo f th -~ colut gof €de erlinlne WII cerainty, - aiculated and observed X-ray diffraction patterns is shown in
muttiple runs ot the simulated framework annhealing program Figure 2. The final interatomic distances and angles are given
were used to generate a suitable trial framework. Although many;, Supporting Information Table S2, although it is noted that
g_exago_nal mo%els were generated ha;vtlrr:g _th_(t':f clorregt Iunr']t Ze”these values reflect the soft constraints used in the refinement.
IMensIons and space group, none ot the initial models ha aNonetheIess, the final results are consistent with other known
calculated X-ray diffraction pattern close to that measured for
ECR-34. Finally, a trial framework with five unique T-atoms,

(29) Chippindale, A. M.; Cowley, A. RMicroporous Mesoporous Matet998

(26) Vaughan D. E. W.; Strohmaier, K. G. Unpublished data. (30) Baerloéher, C.; Hepp, A.; Meier, W. MDLS-76, A Program for the
(27) Deem, M. W.; Newsam, J. M. Am. Chem. S0d.992 114 7189. Simulation of Crystal Structrues by Geometric Refinemerdtitute of
(28) Falcioni, M.; Deem, M. WJ. Chem. Phys1999 110, 1754. Crystallography and Petrography:“izh, Switzerland, 1977.
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Table 2. Final Atomic Coordinates and Thermal Parameters from Rietveld Refinement with Estimated Standard Deviation in Parentheses?

atom site X y z occupancy Uiso (B)
Si/Gal 12d 0.7451(6) 0.1059(6) 0.0165(29) 0.76/0.24(0) 0.017(4)
Si/Ga2 12d 0.6672(7) 0.1847(5) 0.1510(19) 0.76/0.24(0) 0.017(4)
Si/Ga3 12d 0.6416(8) 0.9720(9) 0.2287(34) 0.76/0.24(0) 0.017(4)
SilGa4 12d 0.6143(7) 0.0740(8) 0.4425(31) 0.76/0.24(0) 0.017(4)
o1 12d 0.7447(12) 0.0736(15) 0.8377(33) 1.0(0) 0.021(9)
02 6¢C 0.8306(11) 0.1694(11) 0.0620(50) 1.0(0) 0.021(9)
03 12d 0.6909(16) 0.1424(17) 0.0143(25) 1.0(0) 0.021(9)
04 12d 0.7159(12) 0.0422(12) 0.156(4) 1.0(0) 0.021(9)
Oo5 6¢c 0.7253(8) 0.2747(8) 0.146(6) 1.0(0) 0.021(9)
06 6¢c 0.5839(15) 0.1678(30) 0.099(5) 1.0(0) 0.021(9)
o7 12d 0.6625(17) 0.1479(13) 0.3294(0) 1.0(0) 0.021(9)
08 12d 0.5844(15) 0.9157(12) 0.093(4) 1.0(0) 0.021(9)
09 12d 0.5950(14) -0.0002(12) 0.339(5) 1.0(0) 0.021(9)
010 6¢ 0.5342(12) 0.0684(24) 0.491(5) 1.0(0) 0.021(9)
K1Pb 6¢c 0.5449(16) 0.4551(16) 0.849(7) 0.62(2) 0.08(2)
K2°b 6¢C 0.3844(18) 0.1922(9) 0.540(6) 0.86(2) 0.12(2)

aSpace grougP6s/mc (No. 186). Unit cell dimensiona, b = 21.030(1),c = 8.530(1).? Nonframework cations were refined as potassium.

10000

Intensity

5000

0 r e
TrF T YT T o T AT T o T T T T I A W M TR

10 20 20 40 Figure 3. Framework structure of synthetic ECR-34 viewed down ¢he
direction showing the 18-ring channel. Framework oxygen atoms and

2Theta
. . . . nonframework cations are omitted for clarity.
Figure 2. Final calculated (red line), experimentat), and difference (blue y

lower) plot from Rietveld refinement of calcined/dehydrated ECR-34. Tick .
marks show the location of allowed reflections, and the green line is the ~ The channel walls are composed of ribbons of 4 T-atom

fitted background curve. The inset pattern has2b intensity scale. member rings having 8-ring windows to theg cages. The
arrangement of these 4-ring ribbons is such that the walls of

framework structures, the agreement values are very good, antthe channels are irregular with shallow side pockets of 10-ring

the simulated XRD pattern closely matches the experimental yindows at the channel and 8-ring openings to plgecages.

data. The 18-ring opening is puckered. Assuming an oxygen radius
The unit cell contains four unique T-atoms and 10 unique of 1.35 A, the pore size of ECR-34 is 10.1 A, along the
oxygen atoms. The measured density, 1.93 §/ésrwithin the direction not quite perpendicular to tlreaxis. This compares

experimental error of the calculated density, 1.89 g/@hthe to the 12.7 A channel of the more planar 18-ring opening of
final structure. The framework density is 14.7 T-atoms/(1000 the aluminophosphate VPI-5 (VFI) structure. A perfectly planar
A3), lower than that found for the CGS structure (15.6 T-atoms/ 18-ring channel has a free diameter of approximately 133 A.
(1000 &%) and slightly higher than that for the 18-ring VFI  The size of the pore was confirmed experimentally by the ability
framework (14.2 T-atoms/(1000%. of ECR-34 to ion exchange with tetrabutylammonium cations

The structure of ECR-34 can be described as a three- (molecular diameter about 10 A; data not shown) and by its
dimensional tetrahedral framework built from open hexagonal apility to absorb perfluorotri+butylamine (molecular diameter
prisms to form one-dimensional 18-ring channels as shown in = 10 A, Figure 4).

Figure 3. The 18-ring channel is down ttiaxis along the origin One cation was located in the 8-ring window of the open
of the unit cell. These 18-ring channels are interconnected hexagonal prism and is similar to the location found in
through 8-ring windows tlg cages' of the type 46°8° (a gallosilicate TsG-18 This cation is coordinated to the frame-

polyhgdra containing six 4-rings, two 6-rings, and _SiX 8-rings; work O6 and O9 atoms. The other cation position, K2, was
see Figure 1). The actual symmetry of iblg cages in ECR- {504 in the 8-ring window of thelg polyhedra in the 18-ring

34 is reduced from the idealized? Symmetry to symmetry  cpanne| and is coordinated to the O8 framework atoms. As
because of the distortion allowed by tRésmc space group.  mentioned above sodium, potassium, and TEA cations are all
Theplg cage is also seen in the PAU structure along the [111] pecessary to synthesize ECR-34, suggesting that the combina-

direction of the unit cel?: tions of these cations stabilize the secondary building units of

(31) Smith, J. V.Stud. Surf. Sci. Catall989 49A 29.

(32) Bieniok, A.; Joswig, W.; Baur, W. HNeues Jahrb. Mineral., Abi1996 (33) Breck, D. W.Zeolite Molecular Siges Krieger: Malabar, FL, 1984; p
171, 119. 65.
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Perfluorotributylamine adsorption on ECR-34 at 22°C

g ¥

% weight gain
8

2 8

01 0.3 05 06

pressure - torr

Figure 4. Adsorption of perfluorotrin-butylamine (kinetic diameter
10.2 A) on calcined/dehydrated ECR-34 atZ2

ECR-34 10.1A

. N *
By e T
‘._.a
i P R
R At el

DON 8.1 x8.2A CFI7.2X75A

VFI12.7A

Figure 5. Comparison of the pores of ECR-34 compared to other large-
pore frameworks: VFE VPI-5; DON = UTD-1; CFl = CIT-5.

the ECR-34 structure during crystallization. The fact that the
location of K1 is similar to that found in TsG-1 indicates that

A comparison of the ECR-34 pore to some other large-pore
frameworks is shown in Figure 5. ECR-34 is the only molecular
sieve framework with circular pores of a size midway between
the 12-ring and 14-ring zeolites€® A) and the 18-ring VPI-5
molecular sieve. This 10 A pore zeolite has potential for
applications in separations and reaction chemistry not feasible
with other zeolites.

Conclusion

In conclusion, the framework structure of gallosilicate ECR-
34 has been determined from a combination of simulated
framework annealing and model building. Its calcined/dehy-
drated structure was refined from powder X-ray diffraction data
using Rietveld refinement and has unit cell dimensions of
a, b =21.030(1) Ac=8.530(1) A with space group symmetry
P6smc (No. 186). Gas adsorption, ion exchange of TBA
cations, and FTIR data are consistent with the one-dimensional,
18-ring model. The framework of ECR-34 is built from
structural units of open hexagonal prisms aid polyhedra,
which are also present in the CGS and PAU frameworks,
respectively. It may be viewed as “extended building units”
producing multiple topologies within a given compositional
space or as a “boundary phase” crystallizafibrECR-34
contains one-dimensional pores of diameter 10.1 A and is the
first silicate molecular sieve to contain 18-ring pore openings.
The existence of thermally stable ECR-34 shows that extra-
large-pore silicate frameworks are viable, which suggests the
potential of preparing other silicate molecular sieves with extra-
large pores.
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Supporting Information Available: Crystallographic data,
interatomic distances and angles of ECR-34, variable temper-

potassium cations appear to stabilize the open hexagonal chainsature XRD, and IR (PDF). This material is available free of
It is also noted that these same cations are also necessary fogharge via the Internet at http:/pubs.acs.org.

synthesizing the PAU framework, suggesting that some com-

bination of Na, K, and TEA helps to stabilizegg polyhedra
found in both the PAU and ECR-34 frameworks.
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