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A new open-framework germanium oxide Ge1pO,1(OH)-N4CeH,1 has been hydrothermally synthesized at 180 °C
for 6 days by using the tris(2-aminoethyl)amine (tren) molecule as a structure-directing agent. This compound was
characterized by means of single-crystal X-ray diffraction and FTIR. It crystallizes in the noncentric monoclinic
system Cm (a = 14.0495(2) A, b = 12.8058(3) A, ¢ = 9.2637(2) A, B = 128.406(1)°, Z = 4). Its three-dimensional
framework is built up from GeO4 and GeO3(OH) tetrahedra connected by vertexes to GeOs trigonal bipyramids and
GeOs octahedra. A pseudo-cubic building unit (“4-3" subunit) consists of four GeQO, tetrahedra, two GeOs trigonal
bipyramids, and one GeOg octahedron (Gey). In the “4-3" block, the GeOs trigonal bipyramids share a common
edge. This Gey entity is linked to three tetrahedral units GeOsX (X = O, OH), and this forms an original decameric
building unit Ge19021(OH) which is new in the germanates crystal chemistry. It results in a relatively dense open
framework composed of pear-shape cavities (7862524*3%) encapsulating the triprotonated tren molecule. The inorganic
network contains small pores delimited by 7-ring channels running along [001].

Introduction undergone in the study of the synthesis of germanates;.GeO
Since the pioneering work reporting the possibility of making
some organically templated open-framework germanates by
Xu in the beginning of 1990%.° the research efforts were
lately continued with the characterization of several new
$.19 In contrast with silicon, which is

The synthesis of microporous compounds has been
extensively studied because of their industrial applications
in the fields of catalysis, ionic exchange, molecular sieves,
gas separation, etc. This class of solids was initially zeolites

S ! ies ofypes of framework

(aluminosilicates), and since the past decades, new series o
porous crystalline materials, including phosphates, sulfides,
borat d nitrid di tethe i ti (3) Cheng, J.; Xu, RJ. Chem. Soc., Chem. Comma991, 483.

orates, and ninaes, were discoveretne incorporation (4) Cheng, J.; Xu, R.; Yang, G. Chem. Soc., Dalton Tran991, 1537.
of many elements (Al, Ga, In, Mg, transition metals, etc.) (5) Jones, R. H.; Chen, J.; Thomas, J.hM.; George, A.; Hursthouse, M.
: : ; : ; ; B.; Xu, R.; Li, S.; Lu, Y.; Yang, GChem. Mater1992 4, 808.
into the inorganic framework led to a wide structural diversity ¢, " 5 "xi' R’ Lu, Y. XU, Y. Proceedings of the 9th International
with new architectures. The utilization of organic molecules Zeolite ConferengeMontreal; von Ballmoos, R., et al., Eds.; Butter-
(amine, tetralkylammoniums, etc.) as templates under mild @ ggfstgii'”gm%*g;ié?gﬁgblgﬂ/\é }ﬁﬁgpeSﬁ.A_ ReValero. G
hydrothermal conditions facilitated the formation of a great Angew. Chem., Int. EA998 37, 129. B T
variety of three-dimensional networks. (8) Li, H.; Eddaoudi, M.; Richardson, D. A.; Yaghi, O. M. Am. Chem.

. . . Soc 1998 120, 8567.

~ One of the strategies used for the design of new topologies () ;. yaghi, 0. M.J. Am. Chem. Sod998 120, 10569.
is related to the observation of the different isomorphic (10) Li, H.; Eddouadi, M.; Yaghi, O. MAngew. Chem., Int. EA999 38,

; i ; ; ; ; : 653.
substituted forms of silica SiJ(major constituent in zeo (11) Feng, P-: Bu, X.: Stucky, G. [Chem. Mater1999 11 3025.

lites). In the early 1980s, this strategy gave rise to the (12) Tripathi, A.; Young, V. G., Jr.; Johnson, G. M.; Cahill, C. L.; Parise,

development of the microporous AIR@ family? and their 13) Js B-/lk(ctaDCéystﬁllog'r\}l C5199C9 55, 5196. T Zousxta Crystal
: . : : un, K.; Dadachov, M. s5.; Conradsson, [.; Zou a Crystallogr.
derived compounds. More recently, investigations were C 2000 56, 1092.
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A New Organically Templated Germanate,@©,:(OH)-N4CeH 1

usually tetrahedrally coordinated, germanium may adopt
three types of coordinations (Gg@etrahedron, Gefsquare
pyramid or trigonal bipyramid, and GeQoctahedron) due

to its larger atomic radius. It results in longer metakygen
distances #1.76 A for Ge-O and~1.61 A for Si-0),
which makes possible to have 6G8—Ge angles smaller than
those observed in silicatésTherefore, the occurrence of
3-ring subunits is often encountered in germanate crystal
chemistry* and may favor the formation of solids with very
low framework density? Moreover, the flexibility of the
polyhedral configurations for germanium allows for the
formation of complex three-dimensional networks; some of

Table 1. Crystal Data and Structure Refinement for
Ge10021(OH)-N4CeHa1

empirical formula G@022N4CeH22
fw 1228.00

temp 293(2) K
wavelength 0.71073 A
cryst syst, space group monoclinim

unit cell dimens a=14.0495(2) A
b= 12.8058(3) A = 128.406(1)

c=09.2637(2) A

volume 1306.06(5) A
Z, calcd density 2,3.067 Mgfn
abs coeff 11.433 mmi

R12 = 0.0468, wR2= 0.1103
R4= 0.0568, wWR2=0.1174

final Rindices | > 20(1)]
Rindices (all data)

them present an extra-large pore system as shown in the ar1 = s|F — |FI/SIFel. PWR2 = {S[W(Fo2 — [Fel2?)

germanates FDUZand ASU-162* which exhibit structures

with 24-membered-ring channels. Both phases were prepared

from a mixture of organic solvent (dimethylformamide or
pyridine) and water in the presence of an amine as template

We report herein the hydrothermal synthesis and structural
characterization of a new germanate;§&11(OH)-N4CeH21
obtained with the tren (tris(2-aminoethyl)amine) molecule
in purely aqueous medium. The use of this organic structure-
directing agent was previously reported in the synthesis of
FDU-4* from a dimethylformamide/water mixture as sol-
vent.

Experimental Section

Synthesis. The germanate GgO,;(OH)-N4CsH,1 was hydro-

thermally synthesized under autogenous pressure using tris(2-

SIW(IFo®A}Y2, w = 1/[03(Fe?) + (0.0063%)3 where P = [(Fo?) +

F2)/3.

Slightly more than one hemisphere was recorded with anidth

of 0.3° (exposure time per frame: 10 s). The absorption corrections
were based on symmetry equivalent reflections using the SAD-
ABS?> program. On the basis of systematic absences, the space
groups were determined to @2/m, Cm or C2. The examination

of the statistics intensity distribution shows that the compound
would be compatible with a noncentric space group. The structure
was solved in the space gro@m by using direct methods, and
the topology of the final structure confirmed the noncentric
character. The six unique germanium atoms were first revealed,
and the remaining atoms (O, C, N) were placed from successive
Fourier map analyses. One branch of the template amine is
disordered in two equivalent positions, and the corresponding
nitrogen (N2) and carbon (C1 and C2) atoms have been refined

aminoethyl)amine as structure-directing agent. The starting reactantsyith a 50% occupancy factor. Some shortC (1.24(4) A) or long

were germanium dioxide (GeQABCR, 99.98%), orthophosphoric
acid (HPO, Prolabo, 85%), tris(2-aminoethyl)amine or tren
(N4CeHss, Acros, 96%), and deionized water. Typically, the reaction
mixture containing the molar ratio 1 Ge®.363 g), 80 HO (4.940
0), 1 HPO, (0.400 g), 2 tren (1.015 g), was placed in a 23 mL
Teflon-lined steel Parr autoclave at 18Dfor 6 days. The synthesis
pH was 10. A white powder was filtered off, washed with deionized
water, and dried in air at room temperature. A preliminary X-ray
powder diffraction pattern showed it to be a mixture of several
unknown phases, but crystals of the title compound are easily
isolated from the bulk product. Although the title compound did
not contain phosphorus, the phosphoric acid is needed for its
formation. Some investigations were performed for the synthesis
of the germanate without any acid or with other inorganic acids
(HCI, H,S0,, ...), and our attempts were unsuccessful.
Single-Crystal X-ray Structure Analysis. A colorless platelet

C—N (1.64(3) A) distances are abnormally observed for the two
branches of the tren molecule. This may reflect the motion of the
organic molecule within the cavities of the structure. The positions
of the carbon atoms revealed from the examination of the difference
Fourier maps may correspond to an average location of the organic
molecule. The final refinement including anisotropic thermal
parameters of all non-hydrogen atoms converged te=R1L0468
and wR2= 0.1103. All the calculations were performed by using
the SHELX-TL2® program on the basis . The crystal data are
given in Table 1. The atomic coordinates and selected bond
distances and angles are summarized in Tables 2 and 3, respectively.
IR Spectroscopy.The IR spectrum was recorded on a Nicolet
550 FTIR spectrometer at room temperature in the range-400
2000 cnl, using a potassium bromide pellet.

Results and Discussion

crystal was selected under a polarizing optical microscope and glued Structure Description. The framework structure is as-

onto a glass fiber for a single-crystal X-ray diffraction experiment.
The diffraction intensities were measured on a Siemens Smart-CCD
three-circle diffractometer equipped with a normal focus, 2.4 kW
sealed tube X-ray source (monochromated Ma kadiation).

(18) Medina, M. E.; Iglesia, M.; Monge, M. A.; Gutiez-Puebla, EChem.
Commun2001 2548.

(19) Cascales, C.; Gomez-Lor, B.; Gutierrez-Puebla, E.; Iglesias, M;
Monge, M. A.; Ruiz-Valero, C.; Snejko, NChem. Mater2002 14,
677.

(20) O’Keeffe, M.; Yaghi, O. M.Chem. Eur. J1999 5, 2796.

(21) Bu, X.; Feng, P.; Stucky, G. 0. Am. Chem. S0d998 120, 11204.

(22) Brunner, G. O.; Meier, W. MNature 1989 337, 146.

(23) Zhou, Y.; Zhu, H.; Chen, Z.; Chen, M.; Xu, Y.; Zhang, H.; Zhao, D.
Angew. Chem., Int. EQ001, 40, 2166.

(24) Plevert, J.; Gentz, T. M.; Laine, A.; Li, H.; Young, V. G.; Yaghi, O.
M.; O'Keeffe, M. J. Am. Chem. So2001, 123 12706.

sembled from a network of Ge@nd GeQ(OH) tetrahedra,
GeG trigonal bipyramids, and Gefbctahedra. There are
six crystallographically inequivalent germanium sites, four
of them are tetrahedrally coordinated to four oxygen atoms
with Ge—O distances ranging from 1.717(7) to 1.769(5) A,
which are similar to those reported for the quartz form of
GeQ (1.741(3) A)?” The oxygen atom 010, which is

(25) Sheldrick, G. MSADABS, Program for Scaling and Corrections of
Area Detector DataUniversity of Gdtingen: Gdtingen, Germany,
1997.

(26) Sheldrick, G. M.SHELX-TLversion 5.03, Software for the Crystal
Structure DeterminatianSiemens Analytical X-ray Instrument Divi-
sion: Madison, WI, 1994.

(27) Smith G. S.; P. B. Isaacécta Crystallogr.1964 17, 842.
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Table 2. Atomic Coordinates %10% and Equivalent Isotropic Table 3. Bond Lengths (A) and Angles (deg) for
Displacement Parameters{A 10%) for GegO21(OH)-N4CsHo1 Ge10021(OH)-N4CoH212
X y z Ueqp Ge(1)-0(2) 1.720(7) Ge(5)0(5) 1.799(7)
Ge(1)-0(3) 1.748(7) Ge(5)0(12) 1.856(6)

828 ggggg gig?gg B 4§§5°(i()1) 161(%1) Ge(1)-0(4) 1.759(7) Ge(50(14)48  2.048(7)
Ge(3) 5157(1) 5000 —5556(2) 22(1) Ge(1)-0O(2)#1 1.768(5) Ge(6)0(9) 1.850(10)
Ge(4) 3657(1) 2785(1)  —7184(1) 16(1) Ge(2)-0(7) 1.717(7) Ge(6y0(1) 1.890(7)
Ge(s) 1112(1) 3866(1)  —10188(1) 15(1) Ge(2)-0(6) 1.734(7) Ge(6)yO(1)#4 1.890(7)
0(2) 313(9) 5000 —7259(14) 24(2) Ge(3)-0(9) 1.738(10) Ge(6Y0(14) 1.957(9)
0(3) 10851(6) 6684(6) 1284(9) 21(2) Ge(3)-0(10) 1.740(12) N(1yC(1) 1.48(3)
0o(4) 9790(6) 7095(6) 2935(10) 23(2) Ge(3)-0(11) 1.757(8) N(LyC(3)#5 1.64(3)
o(5) 263(6) 3302(6) —12452(9) 24(2) Ge(3)-O(11)#4  1.757(8) N(2¥C(2) 1.47(3)
o(6) 8210(8) 7053(6) —6124(10) 29(2) Ge(4)-0(12) 1.724(6) N(2yC(1) 1.68(3)
o(7) 7844(7) 6062(5) —3868(10) 20(1) Ge(4)-O(6)#5 1.733(7) N(3)C(4) 1.49(4)
0(8) 9092(10) 5000 4960(14) 21(2) Ge(4)-0(11) 1.737(7) C(LyC(2)#4 1.56(4)
0(9) 6468(9) 5000 —3277(13) 21(2) Ge(4)-O(4)#6 1.765(7) C(3)C(4) 1.24(4)
0(10) 5431(13) 5000 —7147(18) 56(4) Ge(5-0(3)#7 1.764(7) C(3N(D)#10 1.64(3)
0(11) 4336(8) 3887(6) —5805(11) 30(2) Ge(5)-0(13) 1.783(5)
0(12) 2388(6) 2977(6) —9438(9) 17(1)
0(13) 2024(8) 5000 —9599(15) 20(2) O(1)-Ge(1}-0(3) 112.4(3)  O(13)Ge(5)-0(12) 92.4(3)
0(14) 9827(8) 5000 —1088(13) 14(2) O(1)-Ge(1)-0(4) 111.7(3)  O(5rGe(5)-0(12) 88.7(3)
N(1) 4074(15) 5000 —2160(20) 42(4) O(3)-Ge(1)-0(4) 104.3(3) O(3)#7Ge(5-O(14)#8  92.5(3)
N(2)* b 6080(20) 6044(16) —1110(30) 35(5) O(1)-Ge(1}-O(2)#1  111.9(4) O(13)Ge(5-O(14)#8  80.2(3)
N(3) 6987(9) 7732(8) —3114(13) 28(2) O(3)-Ge(1}-O(2)#1  110.1(4) O(5)Ge(5)-0(14)#8  91.8(3)
C(1)* 5240(20) 5460(20) —610(40) 39(6) O(4)-Ge(1)-O(2)#1  106.0(4) O(12)Ge(5)-O(14)#8 171.7(3)
C(2)* 6240(20) 5400(20) 340(40) 40(6) O(7)-Ge(2)-0(6) 105.8(4) O(9)Ge(6)-0O(1) 89.3(3)
C(3) 8060(30) 9070(20)  —3290(40) 105(8) O(7-Ge(2-0O(B5y#2  113.4(4) O(9)Ge(6)-O(1)#4 89.3(3)
C(4) 7790(40) 8660(30)  —2370(60) 166(16) 0(6)-Ge(2-0O(By#2  107.6(4) O(HGe(6)-O(1)#4 91.9(4)

) i ) O(7)-Ge(2-0(8)#3  113.2(4) O(9GCGe(6)-O(7)#4 91.2(3)
aU(eq) is defined as one-third of the trace of the orthogonalidgd 0(6)-Ge(2-O(B)#3  106.8(4) O(LGe(6)-O(7)#4 179.3(3)

tensor.” (*) Site occupancy factor: 50%. O(5)#2-Ge(2)-0O(8)#3 109.7(4) O(1)#4Ge(6)-O(7)#4  88.4(3)
O(9)-Ge(3)-0O(10)  113.8(6) O(9)yGe(6)-0O(7) 91.2(3)

i ; 0(9)-Ge(3-0O(11)  105.9(3) O(LyGe(6)-0O(7) 88.4(3)

attached to Ge3, is terminal and corre;ponds to a hydroxyl O(0)-Ge@)-O(11) 111.2(4) O(L#4GeE10F)  1793(3)
group (based on bond-valence calculations). The3@—0O 0(9)-Ge(3-O(LL)#4 105.9(3) O(7)#4Ge(6)-O(7) 91.2(4)
angles, 104.3(3)117.2(4y, are within the expected range O(10)-Ge(3)-O(11)#4 111.2(4) O(9)Ge(6)-0(14) 179.6(4)
for a tetrahedral geometry. However, the observation of a 9(11)-Ge(3)-0(11)#4 108.5(6) O(HGe(6)-O(14) 90.4(3)

) i O(12)-Ge(4)-0(6)#5 107.3(4) O(1)#4Ge(6)-0O(14)  90.4(3)
wide variation (from 140.5(4) to 117.5(4)) for the O(12)-Ge(4-0O(11)  117.2(4) O(7)#4Ge(6)-0O(14)  89.1(3)
Ge—-0—Ge angles is often reported in germanate crystal O(6)#5-Ge(4)-O(11) 104.5(4) O(7rGe(6)-0O(14) 89.1(3)

i s ic i 1At i O(12)-Ge(4)-0(4)#6  111.1(3) C(HN(1)—-C(3)#5 155.9(17)
c_h_em|stry. This is in contrast to the S|.tuat|on found in the O(B)#5-Ge(4)-O(A)#6 108.0(4) C(LHAN(L)-C()45  1002(14)
silicate parent family where the SO—Si angles are rather  o(11)y-Ge(4y-0(4)#6 107.4(4) C(3)#5N(1)-C(3)}#13  93(2)
close to 140. The smaller GeO—Ge angle value (117.5- OQ)#7-Ge(5)-0(13) 122.9(4) N(1)}C(1)-C(2)#4 109.2(19)
(4)—118.9(4Y) comes from the existence of 3-ring units in 88%?;%%?}6%? Eg-ggg ggi;ggg:ﬁ((ngo ﬂgg;
the framework. One germanium atom Ge5 exhibits a 5-fold o(3)47-Ge(51-0(12) 94.7(3) C(3C(4)-N(3) 1193)

coordination (trigonal bipyramid) characterized by three a Symmetry transformations used to generate equivalent atoms:+#1
equatorial Ge-O distances ranging from 1.764(7) t0 1.799- 1 y ;4 1. 4o0x+ 1, —~y+ 1,2+ 1, #3x, y, 2 — L; #4x—y + 1,Z #5
(7 A andAtwo longer axial GeO distances 1.856(6) and x— 11/2, y— 1/21, z%ge 1—1/1/2, 1—1/1/2, z+—11;#%x 1 }/, —yi-l]/., z —#11;1#8
2.048(7) A. Whereas all the germanium polyhedra are X~ ¥, 2~ L #9X T 2,y “p, 270 L, #IOX T fo, Y T T2, Z wl1X,
connected by their vertexes to each other, two adjacent Ge” 2+ 11 #12% 7y + Lz Li#13x = Yyt Yz
trigonal bipyramids are linked by a common edge. One ASU-12 and ASU-16*described by Yaghi and co-workers.
oxygen atom of this edge O14 is 3-fold coordinated; it The presence of fluorine induces some termina-Ge
connects two germanium atoms Ge5 with the germanium bondings (for the trigonal bipyramidal Ge®and octahedral
atom Ge6. The remaining germanium atom Ge6 is octahe-GeQF) and generates interrupted open frameworks. This
drally bound to six oxygen atoms with expected longer building block is reminiscent of the cubic species 4-4 (or
Ge—O distances (1.8561.957 A). D4R) composed of eight tetrahedral entities encountered in
The structure can be described from a building unit silicates (for instance, zeolite LTA) or in a recent germanate
comprising a GgDie species attached to three tetrahedral (MesN)e[Ges;0s4]*(H20)451* In our compound, two of the
units GeQ@X (X = O, OH) (Figure 1). The heptameric unit tetrahedral centers of the D4R are replaced by one octahedral
Ge/046 (Figure 1a) contains four Ge@etrahedra, two GeD entity GeQ. An oxygen atom is located at the center of the
trigonal bipyramids, and one Geg©ctahedron. Two GeQ “4-3” unit and is linked to the three germanium atoms Ge6
tetrahedra are connected to the pair of edge-sharing trigonaland Ge5 &2). The location of a central oxygen atom within
bipyramids by forming a four Ge-center ring. This 4-ring the cubic unit is similar to that of a fluorine atom within the
unit is connected to a 3-ring unit composed of the other two D4R cage in some fluorinated gallium phosphates such as
GeQ, tetrahedra and the GgOctahedron. The resulting “4-  cloverite?® Mu-2,2° ULM-5,%° or ULM-182! In these cases,
3” unit was previously observed in the fluorinated germanates the fluorine was slightly shifted toward the gallium atoms
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A New Organically Templated Germanate,&©,:(OH)-N4CeH 1

Figure 1. Ball-and-stick (thermal ellipsoids of 50% probability) and
polyhedral views of the asymmetric units in 88,1(OH)-N4CsH21: (@)
[Ger04¢] building unit and (b) [GeyO21(OH)] building unit; GeQ, white
tetrahedra; Geg)light gray trigonal bipyramids; Gefdark gray octahedra.

Figure 2. View of the 7-ring channels along [001] of the structure of
Geg021(OH)-N4CsH21; GeQy, white tetrahedra; Geflight gray trigonal
bipyramids; Ge®, dark gray octahedra.

and increased the coordination number of the gallium from
4 1o 5. The heptameric unit is connected to three tetrahedral
GeGX units (X = O, OH), and this generates an original
decameric building unit GgO,:(OH). The Geg, species are
linked to each other in order to generate the three-dimen-
sional framework (Figure 2). It results in a relatively dense
network (framework density of 15.3 T/1000®as shown

in Figure 3. The largest pore apertures are delimited by seve
polyhedra, and 7-ring channels (calculated free diameter: 3
x 2.1 A, based on an oxygen radius of 1.35 A) are developed
along [001] (Figure 2). The same orientation adopted by all
the decameric units in the structure justifies the noncentric
space group used in the determination of the structure.

(28) Estermann, M.; McCusker, L. B.; Baerlocher, C.; Merrouche, A.;
Kessler, H.Nature 1991 352, 320.

(29) Reinert, P.; Marler B.; Patarin, Chem. Commurl998 1769.

(30) Loiseau, T.; Feey, G.J. Solid State Chen1994 111, 403.

(31) Taulelle, F.; Samoson, A.; Loiseau, T/;r&g G.J. Phys. Chem. B
1998 102 8588.

n

Figure 3. Projection of the framework of GgD21(OH)-N4CsH>; viewed
along [101]; Ge@, white tetrahedra; Geflight gray trigonal bipyramids;
GeQ;, dark gray octahedra.

Figure 4. Representation of the tren molecule encapsulated in the cavity
(786%524*3?). Each node of the cage represents a germanium center. Oxygen
atoms are omitted for clarity.

The tren molecule is encapsulated in the middle of a pear-
shape cage (Figure 4) delimited by eight 7-ring, two 6-ring,
two 5-ring, four 4-ring, and two 3-ring windows (cage
786°524%3?%). This complex cavity has internal dimensions of
10 x 8.3 A (calculations based on an oxygen radius of 1.35
A). One branch (C1, C2, and N2) of this tetraamine is
disordered in two equivalent positions due to the symmetry
of the structure. The three terminal nitrogen atoms of the
branched amine are protonated, and the positive charges of
these ammonium groups balance the negative charges from
the inorganic framework. Only the central nitrogen atom is
not protonated with respect to its very lowpvalue (gKa
< 2). The tren molecule interacts through hydrogen bonds
with the terminal ammonium groups and some oxygen atoms
of the framework. The N-O observed distances range from
2.73(3) to 3.10(1) A and involve only the N2 and N3 atoms.
The NZ--O interactions are much weaker and are character-
ized by N--O distances greater than 3.77(2) A. Upon
calcination, the decomposition of the organic molecule
induces the collapse of the structure from 340 It results
in the formation crystalline germanium oxide at 5T0.

IR Analysis. The FTIR spectrum of GgO,1(OH)-N4CsH>1
is shown in Figure 5. The peaks at 1603, 1532, and 1507
cm ! correspond to the asymmetric and symmetric bond-
bending frequencies of the terminal ammonium groups

Inorganic Chemistry, Vol. 41, No. 15, 2002 3965
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Figure 5. FTIR spectrum of Gg0,1(OH)-N4CesH1.

2000 1800 1600 600

(RNHz™) of the encapsulated tren molecule. The absorption
bands at 822, 790, and 736 chcan be assigned to the
asymmetric stretching vibrations of G® bonds®? The
peaks at 585 and 526 crhare attributed to the symmetrical
stretch of Ge-O bonds®® A Ge—0O bending vibration is
observed at 484 cm. The presence of a terminal hydroxyl
group bound to the germanium atom Ge3 is not confirmed

Beitone et al.

Conclusion

A novel germanate with a 5/11 Ge/O ratio has been
synthesized hydrothermally at 180C using tren as a
structure-directing molecule. This specific stoichiometry
slightly differs from that observed in the dense phase quartz
type GeQ. It was recently reported in the germanate with a
layered anionic network G@;;H*° intercalated by proto-
nated Dabco molecules. The structure shows another type
of building unit which has not been previously encountered
in other templated germanates. It consists of a pseudo cubic
unit with seven germanium centers forming a “4-3" entity
attached to three tetrahedral units GeThe resulting deca-
meric unit GgyO,, units are linked to each other by gen-
erating a three-dimensionnal network composed of a pear-
shape cavity hosting the triprotonated tren molecule.

Supporting Information Available: Tables of supplementary
crystal data and structure refinement and anisotropic displacement
parameters. Crystallographic information in CIF format. This
material is available free of charge via the Internet at http://
pubs.acs.org.

by this technique since the signature of such a speciesiC020193M

overlaps with that of RNkt in the range 30563500 cn.
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