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Synthesis and Characterization of NaGaTgDe 2.4H,0: A New Open-Framework Tellurite Related to
Zemannite
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Three-dimensional open-framework oxide materials are of
current interest owing to their widespread application in catalysis,
energy storage, sorption, and ion exchah§&eolites, or alu-
minosilicates, encompass a specific class of these materials. An
enormous effort has been expended to understand not only their
syntheses and structures but also their physical propérfies.
related research area concerns synthesizing new non-alumino-
silicate zeolitic materials. Beginning with the aluminum phos-
phates, i.e., AIPO’4, this chemistry has been extended to
encompass a variety of transition and main group elentetfts.
Despite these efforts, open-framework tellurites are extremely rare;
in fact, only one naturally occurring open-framework tellurite
mineral, zemannite Mg{(Zn,Fey(Te(s)s]-4.5H,0, has been
found1%12 To the best of our knowledge, only one instance of
synthetic zemannite has been repo#feth this communication
we report the synthesis and structure of NaG&F€.4H,0, an
open-framework tellurite with a zemannite-like structifré®

NaGaTegOg-2.4H,0 is a three-dimensional material consisting
of distorted trigonal pyramidal T&O3; groups linked to GHOg
octahedra, through corner-shared oxygen atoms. If the structure
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1) DavisZ M. E.; Lobo, R. FChem. Mater1992 4, 756.
g; \F/ree;nuctg, 5' |'3: i\’lli(grg;.‘?(;?él?s]'Mcar:gpql'ggzcﬁ Iggl;on Tran$99g 3133. Figure 1. Ball-and-stick and wire representations of NaG#&Je2.4H,0
(4) Estermann, M.; McCuster, L. B.; Baerlocher, C.; Merrouche, A.; Kessler, Showing the 12-MR channels.

H. Nature 1991, 352, 320.

(5) Feng, P.Y.; Bu, X. H.; Stucky, G. INature 1997, 388 735. is viewed down the [001], the similarity to zemannite is apparent
(6) Hausalter, R. C.; Mundi, L. AChem. Mater1992 4, 31. _ (see Figure 1). As with zemannite, this 12-membered ring (12-
) fg‘gg'ff%émuo' D.; Ninclaus, C.; Greneche, J. M.; Fereyzalites MR) is composed of alternating [Te@* cations and, in our case,
(8) Ferey, GAcad. Sci. Ser. 1998 1, 1. [GaGsn)®~ anions. Each [Gag)]®~ anion is linked to two
(9) Chippindale, A. M.; Brech, S. J.; Cowly, A. R.; Simpson, W. Ghem. [TeOs " cations, whereas each [Te@" cation is connected to
(10) X;ﬁr{);:r?ﬁszg %:Zki’e%tham, A. K.; Natarajan, S.; Rao, C. NI.Bolid a [GaQ/Z]& ani.on and an additional [TQQJr Cation'.However’
State Chem1998 139, 207. unlike zemannite NaGa}®s-2.4H,0 does not contain any face-
(11) Matzat, E.Tschermaks Mineral. Petrogr. Mitl967, 12, 108. shared octahedra. Owing to the lack of face-shared octahedra,
&33 sy & 0an. Mineral.1976 14, 367. NaGaTeOy2.4HO contains channels along the [100] and [010]
(14) NaGaTéOG-.ZAHZO Was synthesized unde.r supercritical hydrothermal dlrectlons_ (see Figure 2). These e'ght'mem_bered'”ng (8-MR)
conditions by combining 2.6 M NaOH (0.513 mL), &» (0.0310 g, channels intersect the 12-MR pores and consist of four §EEO

1.65x 10* mol), and Te®@(0.1066 g, 6.68< 10~* mol) in a gold tube cations and four [Gag]®~ anions that alternate around the ring.

(length= 7.5 cm and inner diameter 0.47 cm). The tube was sealed ; _
and placed in a 27 mL Leco Tem-Press autoclave filled with 16 mL of The pore sizes for the three channels are 50 BOA (12-MR)

H,O (60% fill). The autoclave was heated to 4Z5for 72 h and cooled and 2.1 Ax 3.6 A (for both 8-MR), taking into account the atomic
to room temperature at® h™*. The gold tube was opened, and colorless  radii for oxygent®

hexagonal columnar crystals were recovered, by filtration, in 20% yield An interesting feature of NaGaZ®s+2.4H,0 is the occurrence
based on tellurium. )

(15) A colorless prismatic crystal (0.05 mm 0.08 mm x 0.2 mm) was ofa [Na.g—5|-|20]3.+ “C|U5tef" (see Figure 3). The Na atoms form
glued onto a glass fiber. Single-crystal data were collected on a Siemensan equilateral triangle with NaNa distances of 3.336(3) A.

SMART diffractometer equipped with a 1K CCD area detector using Coplanar with this triangle are three;® molecules that equa-

graphite-monochromated Mo Kradiation at 293 K. The data were . . -
integrated using the Siemens SAINTprogram, with the intensities torially bridge the Na atoms (NeH:Oeq 2.37(1) A). The two

corrected for Lorentz, polarization, air absorption, and absorption remaining HO molecules are observed directly above and below
attributable to the variation in the path length through the detector the Na triangle interacting with all three Na atoms at a distance

faceplate. Ay-scan absorption correction was applied. The structure “ » ;
was solved by direct methods using SHELXSZand refined using of 2.62(1) A. Between the “clusters , along teeaxis, are the

SHELXL-9318 Crystal data for NaGaTs2.4H:0: trigonal,P31c (No.

165),a=b = 9.216(7) A,c = 16.711(15) AV = 1229.2(2) R, z = (16) SAINT, version 4.05; Siemens Analytical X-ray Systems, Inc.: Madison,
3, R(F) = 0.017,R4(F? = 0.043. Powder X-ray diffraction, using Cu WI, 1995.

Ko radiation, on the product is in good agreement with the generated (17) Sheldrick, G. M.SHELXS-97A program for automatic solution of
pattern from the single-crystal data (see Supporting Information). crystal structuresUniversity of Gdtingen: Gidtingen, Germany, 1997.
Attempts to synthesize the material under subcritical conditions at similar (18) Sheldrick, G. MSHELXL-93-A program for crystal structure refine-
reaction times produced a mixture of starting reagents. Infrared data: ment University of Gdtingen: Gitingen, 1993.

Voo 3200, 1655 cm?, vgao: 780 cnTl; vreo: 703, 665 cm?. (19) Shannon, R. DActa Crystallogr.1976 A32, 751.
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Figure 3. Ball-and-stick representation of the [NebH,O]3+ “cluster”
showing the “axial”, “equatorial”’, and “free” water molecules.

a decrease of crystallinity. The final dehydration step occurs
between 260 and 35 and indicates the loss of the “equatorial”
H,O molecules in the “cluster”. This step is also irreversible, and
powder XRD measurements revealed a complete loss of crystal-
linity. Therefore we suggest that the “free”>® molecules are
lost first, then the axial (NaH O, 2.62(1) A), and finally the
equatorial HO molecules (NaH;0eq 2.37(1) A). Thus, the three
loss events are consistent with the degree of interaction of the
H,O molecules with the Nacations. Interestingly, if NaGa}®©s
2.4H,0 is heated above 40TC, a new crystalline material is
observed (see Supporting Information). Powder XRD measure-
ments reveal a pattern that may be indexed on a primitive
tetragonal cell, with a= b = 9.58 A andc = 9.29 A. Future
work involving the structure of this material is in progress. Initial
ion-exchange experiments indicate that the" Mations can be
exchanged for Lfi. We are currently exploring the exchange of
other cations including Hwith NaGaTgOg:2.4H,0.

Figure 2. Ball-and-stick and wire representations of NaG#Jg2.4H,0
showing the 8-MR channels.

remaining HO molecules. Thus there are three different types h hesized and ch ed
of H,0 molecules in the structure, “equatorial’, “axial”, and “free” In summary, we have synthesized and characterized a rare

(see Figure 3). (The “free” ¥ molecules interact through example of an open-framework tellurite material that is related
O—H--O hydrogen bonding with each other, the “equatorialoH ~ t© the mineral zemannite. The utilization and flexibility of GaO
molecules, and framework oxide atoms.) The dehydration and, @nd T€Q groups as “building blocks” suggests that a large family
in one instance, rehydration of NaGaDg-2.4H,0 can be of open-framework zemannite-type materials are possible. _We
understood by taking into account the environments of tf@ H have very recently synthesized other open-framework tellurites

molecules. TGA experiments revealed three weight losses at 180,2nd Will be reporting on them shortly.
260, and 350C, consistent with the removal of 0.48, 1 H,0,
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320 instrument. The sample was heated at a rate°@f &in* under a Internet at http://pubs.acs.org.
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